
n

936

© Europa Edition 2011. All rights reserved.

C L I N I C A L  R E S E A R C H

EuroIntervention 2
0

11
;7

:936-943  p
u

b
lish

 on
lin

e ah
ead

 of p
rin

t A
u

gu
st 2

0
1

1   
D

O
I: 10.4

2
4

4
/E

IJV7
I8

A
1

4
8

Comparison of zotarolimus-eluting stents versus sirolimus-
eluting stents versus paclitaxel-eluting stents for primary 
percutaneous coronary intervention in patients with ST-
elevation myocardial infarction: results from the Korean 
Multicentre Endeavor (KOMER) acute myocardial infarction 
(AMI) trial
Woong Chol Kang1, MD; Taehoon Ahn1, MD*; Kyounghoon Lee1, MD; Seung Hwan Han1, MD;  
Eak Kyun Shin1, MD; Myung Ho Jeong2, MD; Jung Han Yoon3, MD; Jong-Seon Park4, MD; Jang Ho Bae5, MD; 
Seung Ho Hur6, MD; Seung Woon Rha7, MD; Seok Kyu Oh8, MD; Doo Il Kim9, MD; Yangsoo Jang10, MD;  
Jae Woong Choi11, MD; Byung Ok Kim12, MD

1. Gil Hospital, Gachon University of Medicine and Science, Incheon, Republic of Korea; 2. Chonnam National University Hospital, 
Gwangju, Republic of Korea; 3. Wonju Christian Hospital, Wonju, Republic of Korea; 4. Yeungnam University Hospital, Daegu, 
Republic of Korea; 5. Konyang University Hospital, Daejeon, Republic of Korea; 6. Keimyung University Dongsan Medical Center, 
Daegu, Republic of Korea; 7. Korea University Guro Hospital, Seoul, Republic of Korea; 8. Wonkwang University Hospital, Iksan, 
Republic of Korea; 9. Inje University Busan Paik Hospital, Busan, Republic of Korea; 10. Severance Hospital, Seoul, Republic of 
Korea; 11. Eulji Hospital, Seoul, Republic of Korea; 12. Inje University Sanggye Paik Hospital, Seoul, Republic of Korea

Abstract
Aims: The aim of this study was to compare the efficacy and safety of zotarolimus-eluting stents (ZES), 
sirolimus-eluting stents (SES) and paclitaxel-eluting stents (PES) in patients with ST-segment elevation myo-
cardial infarction (STEMI) undergoing primary percutaneous coronary intervention (PCI).

Methods and results: This study was a prospective, single-blind, multicentre, randomised trial. The pri-
mary endpoint was major adverse cardiac events (MACE) at 12 months post-procedure, defined as cardiac 
death, recurrent myocardial infarction (MI), or ischaemia-driven target lesion revascularisation (TLR). An 
angiographic substudy was performed at nine months among 348 patients. From October 2006 to April 2008, 
611 patients with STEMI undergoing primary PCI were randomly assigned to treatment with ZES (n=205), 
SES (n=204), or PES (n=202). The cumulative incidence of MACE was 5.9% in the ZES group, 3.4% in the 
SES group and 5.7% in the PES group at 12-month follow-up (p=0.457). There was a trend towards a lower 
rate of ischaemia-driven TLR at 12- (p=0.092) and 18-month (p=0.080) follow-up in the SES group com-
pared to the ZES and PES groups. No difference was observed in rates of cardiac death, recurrent MI and 
combined death and/or recurrent MI among three groups at 12- and 18-month follow-up. The rate of stent 
thrombosis was similar among the three groups (2.0% in each group, p=1.000).

Conclusions: As compared with SES and PES, the use of ZES in patients with STEMI undergoing primary 
PCI, showed similar rates of MACE, cardiac death and recurrent MI at 12 and 18 months. There was a trend 
towards a higher rate of TLR with ZES or PES compared to SES.
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Introduction
Although several registry studies have shown conflicting results1-4, 
randomised controlled trials describing the use of drug-eluting stents 
(DES) during primary percutaneous coronary intervention (PCI) for 
ST-segment elevation myocardial infarction (STEMI) have demon-
strated that DES are superior compared to bare metal stents (BMS) in 
the reduction of major adverse cardiac events (MACE)5-8. In previous 
randomised trials and registry studies conducted in patients with sta-
ble coronary artery disease, late luminal loss, rate of angiographic 
restenosis or target lesion revascularisation (TLR) varied according 
to the type of DES9-12. To date, however, there is limited data compar-
ing the use of different types of DES in patients with STEMI. More-
over, recent concerns have emerged on the safety of DES including 
risk of stent thrombosis (ST) that might be even more pronounced 
among STEMI patients13-16. For these reasons, we evaluated the clini-
cal and angiographic outcomes of a series of consecutive patients 
with STEMI treated with zotarolimus-eluting stents (ZES, Endeavor; 
Medtronic, Minneapolis, MN, USA), sirolimus-eluting stents (SES, 
Cypher; Johnson & Johnson, Miami Lakes, FL, USA) and paclitaxel-
eluting stents (PES, Taxus Express2; Boston Scientific, Natick, MA, 
USA) as part of a primary PCI strategy.

Methods
STUDY DESIGN AND PATIENT POPULATION
This prospective, single-blind, multicentre, randomised study called 
the Korean Multicentre Endeavor (KOMER) acute myocardial 
infarction (AMI) trial, was conducted to evaluate the efficacy and 
safety of ZES, SES and PES in consecutive patients undergoing pri-
mary PCI in STEMI from October 2006 to April 2008. The study 
protocol was approved by the ethics committee at each participating 
institution. All patients gave written informed consent before enrol-
ment. We enrolled consecutive patients who were 18 years of age or 
older if they had an AMI with ST-segment elevation (≥ 20 minutes of 
chest pain and at least 2 mm of ST-segment elevation in at least two 
contiguous leads or a new left bundle-branch block). Reperfusion 
was expected to be achieved within 12 hours after the onset of symp-
toms, and the native coronary artery was considered to be suitable for 
primary PCI with stent implantation (diameter stenosis >50%, 
≥2.5 mm to ≤4.0 mm, de novo lesion in native coronary artery). We 
excluded patients if they had received thrombolytic therapy; if the 
infarction was caused by in-stent thrombosis or restenosis; if there 
was a known hypersensitivity or contraindication to aspirin, clopi-
dogrel, heparin, zotarolimus, sirolimus, paclitaxel, stainless steel or 
contrast media; if they were participating in another clinical trial; if 
cardiogenic shock was evident before randomisation; if the left ven-
tricular ejection fraction was below 25%; if they had left main steno-
sis (>50% by visual estimate); if they had severe kidney dysfunction 
(creatinine level >3.0 mg/dL or dependence on dialysis); or if the 
estimated life expectancy was less than 12 months.

SELECTION AND RANDOMISATION
Randomisation was performed either immediately after coronary 
angiography if the infarct-related vessel was spontaneously patent 

or after re-establishing coronary-artery blood flow by the place-
ment of a guidewire or by balloon angioplasty. Random assign-
ments to the treatment groups were generated in blocks of four and 
were distributed in random tables to each participating centre. 
Patients were randomly assigned to the groups in a 1:1:1 ratio. 
Patients received either a ZES, SES or PES. Patients, but not inves-
tigators, were unaware of the treatment assignment.

PROCEDURE
Patients were pre-medicated with aspirin (at least 100 mg) and 
unfractionated heparin (10,000 IU). A loading dose of 300 mg of 
clopidogrel was administered either before or immediately after 
PCI. A glycoprotein IIb/IIIa receptor blocker was administered at 
the discretion of the operator. Coronary angiography was performed 
through the femoral or radial artery with standard techniques.

The use of thrombectomy devices, intravascular ultrasound, distal 
protection devices and an intra-aortic balloon pump was at the opera-
tors’ discretion. Direct implantation of a stent without previous balloon 
angioplasty was allowed if the culprit lesion was adequately visualised 
during the initial contrast injection or after guidewire placement. In 
case of insufficient stent expansion, the stent was dilated after place-
ment with another angioplasty balloon that was shorter than the total 
length of the stent. If more than one stent was implanted, the same type 
of stent was recommended. Intervention in non-infarct-related arteries 
during the initial procedure was discouraged. Heparin was adminis-
tered throughout the procedure in order to maintain an activated clot-
ting time of 250 seconds or longer. Final angiography was performed 
to obtain views similar to those obtained before the procedure.

DATA COLLECTION AND FOLLOW-UP
Clinical follow-up was performed at 30 days, 6, 12 and 18 months 
after the procedure. Combined antiplatelet therapy included daily 
administration of aspirin (100 mg) and clopidogrel (75 mg). Dual 
antiplatelet therapy was recommended for at least 12 months, and 
aspirin therapy was recommended indefinitely. Patients were una-
ware of their treatment assignments throughout the follow up period.

QUANTITATIVE CORONARY ANGIOGRAPHY
Technicians at an independent angiographic core laboratory (Sever-
ance Hospital, Seoul, Republic of Korea), who were unaware of 
treatment assignment, analysed all angiographic images using an off-
line QCA system (CMS, Medis Medical Imaging System, Nuenen, 
The Netherlands). Binary restenosis was defined as stenosis of more 
than 50% of the luminal diameter. Late luminal loss was calculated as 
the difference between the minimum luminal diameter immediately 
after the procedure and at nine months. In-segment was defined as the 
in-stent segment plus the proximal and distal 5 mm edge segments. 
Flow in the infarct-related vessel was graded according to the Throm-
bolysis in Myocardial Infarction (TIMI) trial classification.

STUDY ENDPOINT AND DEFINITIONS
Procedural success was defined as no laboratory deaths, no emer-
gency bypass surgery, and TIMI 3 flow in the distal part of the 
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infarct-related artery with a residual stenosis of less than 30%. 
Cardiac death included death from AMI, cardiac perforation or 
pericardial tamponade; an arrhythmia or conduction abnormality; 
complications of the interventional procedure at baseline; stroke 
(including bleeding) within 30 days after the procedure or in con-
nection with the procedure. All deaths were considered to have 
been from cardiac causes unless a non-cardiac cause could be 
identified. Recurrent MI was defined as recurrence of clinical 
symptoms or occurrence of electrocardiographic changes accompa-
nied by a new increase of creatine kinase-MB to >3 times the upper 
limit of normal. The level of creatine kinase required for the diag-
nosis of recurrent MI depended on the interval from the index 
infarction: the creatine kinase level had to be at least 1.5 times the 
previous value if new symptoms appeared within 48 hours and at 
least three times the upper limit of normal if new symptoms 
appeared after 48 hours. Ischaemia-driven TLR was defined as 
repeated PCI or bypass grafting of the target lesion, driven by 
clinical symptoms of myocardial ischaemia, a positive stress test, 
or electrocardiographic evidence of ischaemic changes at rest 
attributable to the target lesion.

The primary endpoint of the study was MACE, defined as the 
composite of cardiac death, recurrent MI, or ischaemia-driven TLR 
at 12 months. The secondary endpoints included MACE at 18 
months; individual components of the composite primary endpoint 
at 12 and 18 months; the rate of procedural success, stent thrombo-
sis and late luminal loss in both in-stent and in-segment at nine-
month angiographic follow-up.

DEFINITION OF STENT THROMBOSIS
Stent thrombosis was classified by the Academic Research Consor-
tium definition as definite (when presence of an acute coronary syn-
drome with angiographic or autopsy evidence of thrombus or 
occlusion), probable (when unexplained death within 30 days after 

the procedure or acute MI involving the target vessel territory with-
out angiographic confirmation), acute (when <24 hours after proce-
dure), subacute (when one day to 30 days after procedure), or late 
(when >30 days after procedure).

STATISTICAL ANALYSIS
All analyses were performed according to the intention-to-treat 
principle. Baseline data are presented as proportions or mean 
(±standard deviation [SD]) values. The differences among the DES 
groups were evaluated by analysis of variance or the nonparametric 
Kruskal-Wallis test for continuous variables, if appropriate. Fish-
er’s exact test was used for the analysis of categorical variables. 
The cumulative incidence rates of the primary and secondary end-
points during the 18-month follow-up period were analysed by the 
Kaplan–Meier method. The significance of differences in rates of 
the endpoints between treatment groups was assessed by the log-
rank test. All statistical analyses were performed with SPSS 11.0 
software (SPSS, Inc., Chicago, IL, USA). A two-sided p-value of 
less than 0.05 was considered to indicate statistical significance.

Results
PATIENT POPULATION
From October 2006 to April 2008, 611 patients with STEMI under-
going primary PCI were randomly assigned to treatment with ZES 
(n=205), SES (n=204) or PES (n=202). A trial flow diagram is shown 
in Figure 1. The baseline features of the groups were well matched 
(Table 1). The mean age was 59.8 years; 78.9% of the patients were 
men; and the prevalence of diabetes mellitus was 20.8%.

PROCEDURAL RESULTS
The angiographic characteristics (Table 2) and procedural results 
(Table 3) were also similar among the groups except that the lesions 
in the patients assigned to receive PES were slightly larger, neces-

Figure 1. KOMER AMI study design diagram.

611 Patients enrolled and randomised

205 Allocated to ZES 204 Allocated to SES

1 was lost to follow-up2 were lost to follow-up

202 Allocated to PES

8 were lost to follow-up

194 Participated 
in follow-up

203 Participated 
in follow-up

203 Participated 
in follow-up

114 Participated 9-M 
angiographic study

120 Participated 9-M 
angiographic study

114 Participated 9-M 
angiographic study

203 Underwent analysis
in 12 and 18-M 
follow-up study

203 Underwent analysis
in 12 and 18-M 
follow-up study

194 Underwent analysis
in 12 and 18-M 
follow-up study
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sitating the use of slightly larger stents compared to the other two 
groups. Almost 50% of patients had single vessel disease and 
underwent PCI of the left anterior descending artery.

Twenty percent of patients received glycoprotein IIb/IIIa inhibi-
tors. The sizes of infarcts, reflected by the mean peak value of the 
creatine kinase MB isoenzyme, were similar among the three groups. 
Procedural success was achieved in 92% to 94% in each group.

CLINICAL OUTCOMES AT 30-DAY FOLLOW-UP
Follow-up data at 30 days after PCI were available for all patients 
(Table 4). There were no differences in the occurrence of cardiac 

Table 1. Baseline clinical characteristics.

ZES 
(n=205)

SES 
(n=204)

PES 
(n=202)

p-value

Age, yrs 60±13 59±12 60±13 0.649

Male, N (%) 156 (76) 166(81) 160 (79) 0.555

Hypertension, N (%) 79 (38.5) 86(42.2) 90 (44.6) 0.611

Diabetes mellitus, N (%) 41 (20) 47(23.0) 39 (19.3) 0.593

History of smoking, N (%) 104 (50.7) 117(57.4) 114 (56.4) 0.602

Hypercholesterolaemia, N (%) 63 (30.7) 70(31.3) 68 (33.7) 0.795

Previous MI, N (%) 5 (2.4) 4(2.0) 3 (1.5) 0.668

Previous CABG, N (%) 0 0 0

Previous PCI, N (%) 8 (3.9) 6(2.9) 3 (1.5) 0.278

Family history of CAD, N (%) 3 (1.5) 10(4.9) 5 (2.5) 0.135

LVEF, % 51.9±1.3 52.0±10.3 51.8±9.7 0.966

Systolic BP at PCI, mmHg 126±25 127±26 127±24 0.928

Diastolic BP at PCI, mmHg 78±16 77±15 79±15 0.725

Peak CK-MB, U/L 194±189 209±194 188±174 0.163

hs-CRP, mg/L 5.3±11.9 4.7±11.7 4.3±9.3 0.685

Total cholesterol, mg/dL 189±45 186±41 191±45 0.515

LDL-cholesterol, mg/dL 123±50 126±96 123±42 0.843

Anterior wall MI, N (%) 120 (58.5) 111 (54.4) 98 (48.5) 0.148

Killip class 0.859

I 168 (82.0) 166 (81.4) 169 (83.7)

II 30 (14.6) 28 (13.7) 23 (11.4)

III 3 (1.5) 3 (1.5) 2 (1.0)

IV 4 (2.0) 7 (3.4) 8 (4.0)

Time from pain onset to ED, min 200±189 211±251 227±347 0.588

Door-to-balloon time, min 105±92 96±72 117±151 0.168

Use of GP IIb/IIIa inhibitor, N (%) 56 (27.3) 52 (25.5) 45 (22.3) 0.399

Medications at discharge, N (%)

Aspirin 199 (97.1) 202 (99.0) 200 (99.0) 0.522

Beta-blockers 164 (80.0) 166 (81.4) 162 (80.2) 0.931

ACEI/ARBs 173 (84.4) 171 (83.8) 173 (85.6) 0.874

Thienopyridine 199 (97.1) 202 (99.0) 200 (99.0) 0.522

Cilostazol 61 (29.8) 73 (35.8) 69 (34.2) 0.408

Statins 173 (84.4) 176 (86.3) 175 (86.6) 0.784

ZES: zotarolimus-eluting stent; SES: sirolimus-eluting stent; PES: paclitaxel-eluting 
stent; CABG: coronary artery bypass graft; PCI: percutaneous coronary intervention; 
CAD: coronary artery disease; LVEF: left ventricular ejection fraction; BP: blood 
pressure; CK-MB: creatine kinase-MB; hs-CRP: high sensitivity C-reactive protein; 
ED: emergency department; GP-IIb/IIIa inhibitor: glycoprotein-IIb/IIIa inhibitor, ACEI/
ARB: angiotensin converting enzyme inhibitor/angiotensin receptor blocker

death (four deaths in ZES patients due to: heart failure [n=2], sud-
den death [n=1], recurrent MI [n=1]; two deaths in SES patients due 
to: heart failure [n=1], sudden death [n=1]; one death in PES 
patients due to cardiac rupture), recurrent MI and combined cardiac 
death and/or recurrent MI. No ischaemia-driven TLR events 
occurred in the first 30 days post procedure. The cumulative inci-
dence of MACE at 30 days was 2.4% in the ZES group, 2.9% in the 
SES group and 2.0% in the PES group (p=0.82). The occurrence of 
ST events was not statistically different among the three groups.

We documented four (2.0%) ST in the ZES group including one 
acute ST; four (2.0%) subacute ST in the SES group; and one acute 
and two subacute (2.0% total) in the PES group. ARC definite ST 
events occurred in three ZES, four SES, and four PES patients, and 
ARC probable ST events occurred in one ZES patient.

CLINICAL OUTCOME AT 12- AND 18-MONTH FOLLOW-UP
Clinical follow-up was completed in 99.0% of patients in the ZES 
group, 99.5% in the SES group and 96.0% of those in the PES 
group. The cumulative incidence of MACE was 5.9% in the ZES 

Table 2. Baseline angiographic variables and procedural results.

ZES 
(n=205)

SES 
(n=204)

PES 
(n=202)

p-value

Coronary artery disease, N (%) 0.833

1 Vessel 120 (58.5) 111 (54.4) 118 (58.4)

2 Vessels 55 (26.8) 56 (27.5) 55 (27.2)

3 Vessels 30 (14.6) 37 (18.1) 29 (14.4)

Infarct related artery, N (%) 0.241

LAD 120 (58.5) 111 (54.4) 98 (48.5)

LCX 20 (9.8) 18 (8.8) 17 (8.4)

RCA 65 (31.7) 75 (36.8) 87 (43.1)

Baseline TIMI flow grade, N (%) 0.602

0 112 (54.6) 118 (57.8) 102 (50.5)

1 16 (7.8) 23 (11.3) 30 (14.9)

2 34 (16.6) 32 (15.7) 34 (16.8)

3 43 (21.0) 31 (15.2) 35 (17.3)

Tortuosity, N (%) 34 (16.6) 39 (19.1) 36 (17.8) 0.828

Calcification, N (%) 22 (10.7) 26 (12.7) 25 (12.4) 0.956

Thrombus present, N (%) 108 (52.7) 117 (57.4) 107 (53.0) 0.531

Thrombectomy before PCI (%) 10 (4.9) 11 (5.4) 9 (4.5) 0.942

Multivessel PCI, N (%) 21 (10.2) 27 (13.2) 20 (9.9) 0.493

Distal embolisation, N (%) 7 (3.4) 5 (2.5) 5 (2.5) 0.771

Final TIMI flow grade, N (%) 0.529

0 0 0 0

1 1 (0.5) 0 0

2 11 (5.4) 16 (7.8) 11 (5.4)

3 193 (94.1) 188 (92.2) 191 (94.6)

Procedural success, N (%) 193 (94.1) 188 (92.2) 191 (94.6) 0.349

ZES: zotarolimus-eluting stent; SES: sirolimus-eluting stent; PES: paclitaxel-eluting stent; 
LAD: left anterior descending artery; LCX: left circumflex artery; RCA: right coronary artery; 
TIMI: thrombolysis in myocardial infarction; PCI: percutaneous coronary intervention
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Table 3. Quantitative angiographic analysis.

ZES 
(n=114)

SES 
(n=120)

PES 
(n=114)

p-value

Baseline

Lesion length, mm 19.7±5.3 19.7±6.0 19.2±6.1 0.754

Diameter of reference vessel, mm 2.94±0.40 2.92±0.43 3.06±0.44 0.043

Minimal luminal diameter, mm 0.47±0.64 0.30±0.56 0.43±0.53 0.122

Stenosis-% of luminal diameter,% 84.0±21.7 89.8±18.4 85.9±17.3 0.097

After procedure

Stents per lesion, N 1.2±0.4 1.2±0.4 1.2±0.4 0.163

Stent diameter, mm 3.17±0.35 3.20±0.33 3.44±1.35 0.047

Stent length, mm 23.9±5.1 24.5±6.1 23.9±5.9 0.479

Diameter of reference vessel, mm 3.12±0.40 3.08±0.41 3.20±0.42 0.102

Minimal luminal diameter, mm 2.73±0.40 2.70±0.39 2.80±0.41 0.156

Stenosis-% of luminal diameter,% 12.3±8.7 11.1±17.4 11.9±11.0 0.794

Acute gain, mm 2.72±0.57 2.68±0.52 2.75±1.62 0.424

Follow-up at 9 months

Diameter of reference vessel, mm 2.99±0.44 3.02±0.41 3.11±0.50 0.134

Minimal luminal diameter, mm 2.04±0.70 2.59±0.47 2.43±0.63 <0.001

Stenosis-% of luminal diameter, % 32.0±22.4 14.1±13.6 21.1±21.1 <0.001

Late luminal loss, mm

In-stent 0.68±0.67 0.11±0.40 0.37±0.57 <0.001

In-segment 0.79±0.67 0.34±0.39 0.51±0.55 <0.001

Binary restenosis, N (%) 16 (14.0) 2 (1.7) 5 (4.4) <0.001

ZES: zotarolimus-eluting stent; SES: sirolimus-eluting stent; PES: paclitaxel-eluting 
stent

Figure 2. Kaplan–Meier time-to-event curves for MACE, cardiac 
death/ recurrent MI, ischaemia-driven TLR and stent thrombosis.
ZES: zotarolimus-eluting stent; SES: sirolimus-eluting stent; PES: 
paclitaxel-eluting stent; MACE: major adverse cardiac event; MI: 
myocardial infarction; TLR: target lesion revascularisation
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group, 3.4% in the SES group and 5.7% in the PES group at 
12-month follow-up (Table 4). No difference was observed in terms 
of cardiac death, recurrent MI and combined death and/or recurrent 
MI among the three groups at 12- and 18-month follow-up (Table 
4). As compared to SES, ZES showed a trend towards increased 
ischaemia-driven TLR at 12- and 18-month follow-up, but this was 
not statistically significant (Table 4 and Figure 2). The cumulative 
incidence of MACE was 6.9% in the ZES group, 3.9% in the SES 
group and 6.2% in the PES group at 18-month follow-up (Table 4 
and Figure 2). Late ST occurred in one patient (0.5%) in the PES 
group and none in the ZES or SES groups (p=NS).

ANGIOGRAPHIC FOLLOW-UP STUDY
Analyses of the angiographic follow-up data at nine months 
included 114 ZES patients, 120 SES patients and 114 PES patients. 
Minimal luminal diameters (MLD) were 2.04±0.70 mm in the ZES 
group, 2.59±0.47 mm in the SES group and 2.43±0.63 mm in the 
PES group. In-stent late luminal loss was higher in the ZES group 
(0.68±0.67 mm) than in the SES group (0.11±0.40 mm, p<0.001) or 
the PES group (0.37±0.57 mm, p<0.001, Table 3, Figure 3); and 
compared to the SES group, in-stent late luminal loss in the PES 
group was higher (p=0.002, Figure 3). In-segment late luminal loss 
was also higher in the ZES group than the SES or PES groups (Fig-

Table 4. Clinical events at 30 days, 12 and 18 months, and stent 
thrombosis.

ZES 
(n=203)

SES 
(n=203)

PES 
(n=194)

p-value

Follow-up at 30 days

MACE, N (%) 5 (2.4) 6 (2.9) 4 (2.0) 0.822

Cardiac death & MI, N (%) 5 (2.4) 6 (2.9) 4 (2.0) 0.822

Cardiac death, N (%) 4 (2.0) 2 (1.0) 1 (0.5) 0.372

Non-cardiac death, N (%) 0 0 0 1.000

Recurrent MI, N (%) 1 (0.5) 4 (2.0) 3 (1.5) 0.409

Ischaemia-driven TLR, N (%) 0 0 0 1.000

Follow-up at 12 months

MACE, N (%) 12 (5.9) 7 (3.4) 11 (5.7) 0.457

Cardiac death & MI, N (%) 7 (3.4) 7 (3.4) 8 (4.1) 0.919

Cardiac death, N (%) 5 (2.5) 3 (1.5) 2 (1.0) 0.520

Non-cardiac death, N (%) 2 (1.0) 1 (0.5) 1 (0.5) 0.725

Recurrent MI, N (%) 2 (1.0) 4 (2.0) 6 (3.1) 0.325

Ischaemia-driven TLR, N (%) 5 (2.5) 0 3 (1.5) 0.092

Follow-up at 18 months

MACE, N (%) 14 (6.9) 8 (3.9) 12 (6.2) 0.406

Cardiac death & MI, N (%) 7 (3.4) 7 (3.4) 9 (4.6) 0.777

Cardiac death, N (%) 5 (2.5) 3 (1.5) 2 (1.0) 0.520

Non-cardiac death, N (%) 2 (1.0) 1 (0.5) 1 (0.5) 0.725

Recurrent MI, N (%) 2 (1.0) 4 (2.0) 7 (3.6) 0.194

Ischaemia-driven TLR, N (%) 7 (3.4) 1 (0.5) 3 (1.5) 0.080

Stent thrombosis, N (%) 4 (2.0) 4 (2.0) 4 (2.0) 1.000

Acute 1 (0.5) 0 1 (0.5) 0.605

Subacute 3 (1.5) 4 (2.0) 2 (1.0) 0.719

Late 0 0 1 (0.5) 0.363

ZES: zotarolimus-eluting stent; SES: sirolimus-eluting stent; PES: paclitaxel-eluting 
stent; MACE: major adverse cardiac event; MI: myocardial infarction; TLR: target 
lesion revascularisation
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ure 3). The rate of in-segment binary restenosis in the ZES group 
was higher at 14.0% compared with 1.7% in the SES group 
(p<0.001) or 4.4% in the PES group (p=0.020, Table 3).

Discussion
The main results of our study conducted to compare the benefits 
and safety of ZES, SES and PES in patients with STEMI undergo-
ing primary PCI are as follows:

First, the cumulative incidence of MACE (a composite of cardiac 
death, recurrent MI or ischaemia-driven TLR) and the rate of ST 
were not significantly different among the three DES groups at 12- 
and 18-month follow-up. No difference was observed in rates of 
cardiac death, recurrent MI and combined death and/or recurrent 
MI among the three groups at 12- and 18-month follow-up.

Second, although the rates of cardiac death or recurrent MI were 
similar in comparison with previous randomised trials5,6,17, the rate 
of TLR was relatively low, which resulted in a lower rate of MACE.

Third, the angiographic follow-up study showed lower rates of 
in-stent late luminal loss and restenosis in the SES group, which 
translated into a trend towards a lower ischaemia-driven TLR in the 
SES group compared to the ZES and PES group.

Although several randomised trials have shown that DES are 
associated with a significant reduction in restenosis and TLR in 
patients with STEMI undergoing primary PCI5,6,18,19, data compar-
ing clinical and angiographic outcomes among different DES in 
these patients is limited. A meta-analysis of previous randomised 
trials showed that SES and PES compared to BMS are associated 
with a significant reduction in TLR at one and two-year follow-up 
in STEMI patients undergoing primary PCI20,21. The benefits from 
SES in terms of reducing clinical and angiographic restenosis with-
out an increase in death or MI have been confirmed in subsequent 
randomised trials such as the TYPHOON5 and SESAMI trials7. 
However, PES showed only a weak trend toward a reduction in 
TLR (5.3% vs. 7.8%, p=NS) compared to BMS. These results 
might be associated with the less marked reduction of neointimal 
hyperplasia with paclitaxel compared to sirolimus, or a better out-

Figure 3. In-stent and segment late luminal loss at nine-month 
follow-up angiography. ZES: zotarolimus-eluting stent; SES: sirolimus-
eluting stent; PES: paclitaxel-eluting stent; DES: drug-eluting stent
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In-stent late luminal loss In-segment late luminal loss come with the control stent17. In contrast to the PASSION trial, PES 
in the HORIZON-AMI trial6 showed significantly reduced angio-
graphic evidence of restenosis and recurrent ischaemia necessitat-
ing repeat revascularisation procedures compared to BMS. In the 
PASEO trial8, as compared to BMS (14.4%), both PES (4.4%, 
p=0.023) and SES (3.3%, p=0.016) were associated with a signifi-
cant reduction in TLR at one-year follow-up. As a result, PES and 
SES were associated with significant benefits in MACE (PES: 
16.7%, p=0.015; SES: 15.6%, p=0.009, respectively) compared to 
BMS (32.2%) at two-year follow-up. In comparison with previous 
randomised trials, our study showed lower rates of TLR but similar 
rates of cardiac death or recurrent MI.

There are a number of possible explanations for this difference. 
First, ischaemia-driven TLR was performed for only those who had 
clinical symptoms of myocardial ischaemia, a positive stress test or 
electrocardiographic evidence of ischaemic changes at rest attribut-
able to the target lesion. In post-MI patients, even significant reste-
nosis may have developed in the absence of ischaemic symptoms, 
owing either to partial viable myocardium or to a defective warning 
system. In fact, one total occlusion of the stent at nine-month fol-
low-up angiography and two subacute ST at second staged PCI dur-
ing hospitalisation were noted without clinical presentation in the 
ZES group. Second, the study was performed in patients with a 
short (19.5 mm) culprit lesion where there was a decreased risk of 
restenosis (1.7% in SES, 4.4% in PES). Third, our study design did 
not include routine angiographic follow-up in all patients, and 
restenosis observed during routine follow-up angiography could 
have led to reintervention without symptoms or objective evidence 
of ischaemia, thus increasing the event rate.

Recent concerns have emerged regarding an increased risk of ST 
associated with any DES13-16. Compared to stable coronary artery dis-
ease, in the highly thrombotic environment at the time of stent implan-
tation, the potential for suboptimal stent deployment and decreased 
blood flow in a vessel that supplies infarcted myocardium might be 
pronounced in the setting of primary PCI for STEMI. As most episodes 
of ST result in MI, this increase with DES may impact mortality, par-
ticularly after primary PCI, as reinfarction is a major determinant of 
survival. In a recent prospective multicentre primary angioplasty regis-
try (PREMIER), the use of DES was associated with a higher risk of 
mortality within the first six months, but most of the events were 
related to early discontinuation of antiplatelet therapy22. However, the 
results of two large, randomised, controlled trials, TYPHOON and 
PASSION, suggest that DES can be used safely in the setting of pri-
mary PCI with an acceptable risk of ST5,17. Furthermore, long-term 
follow-up of the TYPHOON and STRATEGY studies demonstrated 
no increase in sustained safety and efficacy4,18. The overall rate of ST 
(2.0%) in our study was compatible with other studies5,6,17 and without 
statistically significant differences among the three groups. Like other 
studies, most of the ST events were acute and subacute, which might be 
associated with the highly thrombotic environment in the AMI setting 
rather than DES type. Only one late ST occurred at three months after 
PCI in the PES group, which was associated with discontinuation of 
clopidogrel for dental care.
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Recently, the ZEST-AMI trial showed similar comparative 
results among the three DES (Endeavor stents vs. Cypher stents vs. 
TAXUS Liberté stents) in a relatively smaller AMI population23. At 
12 months, the cumulative incidence rates of MACE in the ZES, 
SES and PES groups were 11.3%, 8.2% and 8.2%, respectively 
(p=0.834), which were relatively higher than those of our study. Of 
interest, there was a non-significant trend in favour of ZES in the 
rate of ST compared to SES and PES (0% vs. 3.6% vs. 2.7%, 
p=0.157). However, this study did not have sufficient statistical 
power to allow definite conclusions23.

There are several potential limitations of our study. First, we made 
a serious error in sample size calculation. The revised power calcula-
tion requires a total of 1,623 patients, but we only recruited 611. 
Therefore, this study was underpowered to compare the efficacy and 
safety among DES in patients with STEMI. Second, the follow-up 
duration may be too short to conclude on the long-term efficacy and 
safety of DES in AMI. Third, our results cannot be generalised to all 
patients with AMI since high-risk patients were excluded, and due to 
a relatively late randomisation strategy (after initial angiography). 
Fourth, because small vessels (less than 2.5 mm) were excluded, our 
patient population had a relatively large (2.96 mm) mean reference 
diameter compared to those included in previous randomised trials. 
Fifth, to avoid any bias due to duration of clopidogrel prescription, 
we preferred to prescribe clopidogrel up to 12 months in all DES 
groups. Lastly, the rate of patients lost at follow-up was somewhat 
higher in patients in the PES group, which might affect the results.
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