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ABSTRACT 

Background and Objectives：Sirolimus-eluting stents (SESs) have a considerably lower optimal minimal stent 
area (MSA) threshold compared to bare metal stents (BMSs). In the SIRIUS IVUS sub study, the absolute opti-
mal stent expansion (OSE) of SESs was described as ≥5.0 mm2. The purpose of this study was to evaluate the 
impact of the OSE on long-term outcomes following SES implantation using absolute IVUS criteria. Subjects and 
Methods：The study included 157 patients (BMS: 57; SES; 100), who underwent 6-month follow-up angiography 
and 18-month clinical follow-up after bare metal stent or drug-eluting stent (DES) implantation. According to the 
absolute measurement IVUS criteria, patients were divided into two groups: OSE and non-OSE. The IVUS criteria 
for OSE were MSA ≥6.5 mm2 for BMS implantation and MSA ≥5.0 mm2 for SES implantation. Results：Angio-
graphic binary restenosis was higher in the non-OSE than the OSE group with BMS (33.3% vs. 11.4%; p<0.039), 
but the rates were similar between the two groups with SES (4.5% vs. 3.2%; p=1.00). With the BMS, the MACE 
rates were 5.7% and 30% in the OSE and non-OSE group, respectively (p=0.017). However, with the SES, the MACE 
rates were similar between the two groups (OSE group, 3.2% vs. non-OSE group, 4.5%, p=1.00). Conclusion：
After SES implantation, there were no significant differences in the late outcomes in relation to the achievement 
of absolute OSE. A variety of restenosis related factors should be considered for better outcomes after DES im-
plantation. Therefore, the concept of OSE in the era of DESs might need to be revisited. (Korean Circulation J 
2007;37:244-250) 
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Introduction 

 
Despite the widespread clinical use of intra-coronary 

stents, angiographic information has potential limitations 
in providing an accurate assessment of the results of 
stent procedures. In contrast, intravascular ultrasound 
(IVUS) can visualize the echoreflective metallic struts, 
providing comprehensive insights into the vessel and 
stent geometry.1-4) A number of IVUS studies following 
coronary stenting have demonstrated the stents frequ-
ently under-expanded, despite an adequate angiographic 
appearance.5) IVUS observations have been the key to 

defining optimized stent deployment strategies, and have 
improved the outcomes and techniques of successful 
stenting.6) 

Of these IVUS findings, the minimal stent area(MSA) 
has been reported as a consistent predictor of ISR and 
a poor clinical outcome following bare metal stent (BMS) 
implantation;7-9) therefore, the “bigger is better” theory 
is likely to be a superior strategy during BMS implantat-
ion. In addition, many studies have suggested several 
IVUS criteria for optimal stent expansion(OSE) using 
absolute(which was directly measured from the MSA) 
or relative MSA(the ratio of MSA and reference lumen 
area) as a predictor of restenosis; the absolute MSA has 
been reported to be a more reliable predictor of a good 
outcome.9) Drug-eluting stents(DESs) have recently been 
introduced into practice, and appear to be a promising 
approach for the treatment of target lesions.10)11) Because 
DES can dramatically reduce neointimal proliferation, 
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OSE during DES implantation may have a less impor-
tant role in determining an improved late outcome. 
There is little data on the direct relationship between 
MSA after DES implantation and the long-term an-
giographic and clinical outcomes. Therefore, the aim 
of this study was to evaluate and compare the impact 
of an optimal stent expansion (OSE), as assessed by 
IVUS, on the angiographic and clinical late outcomes 
with sirolimus-eluting stents(SESs) compared to BMSs. 

 
Subjects and Methods 

 
Study population 

From October 2001 until December 2004, 157 patients 
with 172 de novo coronary lesions who had undergone 
successful IVUS guided implantation of a single or 2 
overlapping stent(s), were included. The BMS group 
was enrolled between October 2001 and September 2003, 
and SES group was enrolled between February 2003 and 
December 2004. All patients were requested to visit the 
outpatient clinic at 1, 6, 12 and 18 months after the 
procedure, and agreed to receive 6 to 9-month follow-
up coronary angiography. The SES group consisted of 
100 patients, with 107 native coronary lesions(73 men 
and 27 women; mean age: 57±10 years). As controls, 57 
patients, with 65 native coronary lesions, who under-
went a bare metal stent(BMS) implantation, were in-
cluded(37 men and 20 women; mean age: 57±9 years. 
The written informed consent was obtained from all 
patients. 

Patients were eligible for inclusion if they had: 1) an 
acute coronary syndrome or stable angina, which requ-
ired elective percutaneous transluminal coronary angio-
plasty and stent implantation, 2) de novo target lesions 
>70% the diameter stenosis, as assessed by quantitative 
coronary angiographic(QCA) analysis, 3) successful stent 
implantation resulting in a TIMI III flow, without a 
dissection, 4) IVUS performed for the assessment of 
stented segments, as well as the proximal and distal re-
ference segments, 5) a 6 to 9 month follow-up coronary 
angiogram and a 18-month clinical follow-up and 6) 
to be above 18 years of age, with a negative pregnancy 
test, if the patient was female, and had to agree to sign 
an informed consent. Exclusion criteria included: 1) prior 
coronary intervention within 6 months, 2) intolerance 
or a contraindication to aspirin or clopidogrel, 3) adv-
anced heart failure or an ejection fraction under 30%, 
4) chronic renal insufficiency or hepatic dysfunction or 
5) a major life threatening illness, such as cardiogenic 
shock. 

 
Stent implantation procedure 

Coronary angioplasty was performed using the Judkins 
method, via a femoral or radial approach. The patients 
were pretreated with aspirin and clopidogrel, and an 

intravenous bolus dose of weight adjusted heparin(100 
U/kg) was given before the procedure. Predilation of the 
lesion was performed to facilitate stent passage across 
the lesion. After predilation, the stent size was determined 
using a digital cardiac imaging system or intravascular 
ultrasound. Multiple stent implantations were allowed 
at the discretion of the surgeon. In the DES group, only 
the sirolimus-eluting stent(Cypher, Cordis Corporation, 
a Johnson and Johnson Company, Miami Lakes, Flori-
da) was used. However, in the BMS group, Bx Velocity 
(Cordis Corporation, a Johnson and Johnson Company, 
Ohio, USA) stents were used in 26 lesions(40.0%), Ex-
press(Boston Scientific Corp., Massachusetts, USA) stents 
in 23 lesions(35.4%) and Arthos (AMG, International 
GMBH, Raesfeld Erle, Germany) stents in 16 lesions 
(24.6%). All stents were inflated with a nominal to 
moderately high pressure using a stent delivery balloon. 
For the anti-thrombotic regimen, all patients received 
100 mg aspirin and 75 mg clopidogrel daily(or cilostazol 
100 mg twice daily, for those with an allergic response 
to clopidogrel) for at least 6 months after a SES implan-
tation, and 1 month after a BMS implantation. The 
patients also received β-blockers, isosorbide dinitrate 
and statins at the discretion of the physician. 

  
Follow-up evaluation 

Data regarding the baseline clinical and angiographic 
characteristics, interventional procedures and clinical 
outcomes were obtained from a chart review. Follow-
up angiography was performed at 6 to 9 month, with 
clinical follow-up performed 18 months following stent 
implantation in both the DES and BMS groups. Cli-
nical follow-up was conducted by telephone contact or 
office visit. During the follow-up period, major adverse 
cardiovascular events(MACE), including cardiac death, 
non-fatal myocardial infarction and target lesion reva-
scularization, were evaluated. 

 
IVUS imaging protocol 

All IVUS studies were performed using a commercially 
available ultrasound system(Cardiovascular Imaging 
System/Boston Scientific Corp., San Jose, California). 
The coronary vessel was imaged using a 2.9 Fr or 3.2 
Fr monorail imaging sheath, with a 30-MHz single-
element beveled transducer, rotating at 1,800 rpm. 
After an intracoronary administration of 200 μg of 
nitroglycerin, the imaging catheter was positioned at 
least 5 mm distal to the stent, and withdrawn with an 
automated pullback device, at 0.5 mm/sec, through 
the stent at more than 5 mm proximal to the stent. The 
IVUS images were recorded on a 0.5-in high-resolu-
tion s-VHS tape for off-line analysis. There were no 
procedural or postprocedural in-hospital complications 
related to the IVUS procedures. 
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Quantitative Coronary Angiographic(QCA) Analysis 
Coronary angiography was performed according to 

the standard technique. All angiograms were analyzed 
by a computer-assisted system for a quantitative coronary 
angiographic analysis(Digital Cardiac Imaging System, 
Philips Inc, the Netherlands), according to the standard 
methodology, using end-diastolic frames and a contrast- 
filled guiding catheter for calibration. Angiographic res-
tenosis was defined as a diameter stenosis ≥50% within 
the treated site on follow-up. 

 
Quantitative IVUS measurements 

Quantitative IVUS measurements were obtained wi-
thin the stented segments and at reference segments 5 
mm proximal and distal to the stent edge. The quanti-
tative parameters consisted of: (1) the stent and reference 
lumen cross-sectional area(CSA), (2) the stent and refer-
ence external elastic membrane(EEM) CSAs, and (3) 
the percentage of plaque burden(%PB). The vessel CSA 
was measured by tracing the leading edge of the adven-
titia. The lumen area was measured by tracing the leading 
edge of the intima before stenting and of the stent after 
intervention. The percentage of plaque burden was cal-
culated as(vessel CSA-lumen CSA)×100/vessel CSA. 
The post-intervention minimal stent area was deter-
mined as the smallest lumen CSA within the stent, using 
visual estimation. The CSA in the reference segments 
was measured at the site of the minimal plaque accumu-
lation, within 5 mm proximal and distal to the lesion. 
To evaluate the efficacy of the IVUS criteria on the an-
giographic and late clinical outcomes, the absolute IVUS 
criteria were used, as recently described.12)13) It was con-
sidered that OSE had been achieved when the final 
MSA was ≥6.5 mm2 after a BMS implantation,12) and 
≥5.0 mm2 after a SES implantation.13) All lesions were 
divided into two groups and then analyzed: when OSE 
had been achieved, the patients were enrolled into the 
OSE group, otherwise they were enrolled into the non-
OSE group. 

 
Statistical analysis 

Statistical analyses were performed using the SPSS 
statistical software, version 11.0(SPSS, Inc., Chicago, 
Illinois). The Student t-test was used to compare the 
continuous variables, with Chi-squared or Fisher’s ex-
act tests used for the categorical variables. Continuous 
variables are presented as the mean±SD. A p<0.05 was 
considered statistically significant. 

 
Results 

 
Patients characteristics 

The baseline patient demographics and lesion chara-
cteristics are shown in Table 1. The baseline character-
istics were similar between the BMS and SES groups. 

The incidence of diabetes, frequency of patients with 
multi-vessel disease, lesion complexity and target vessel 
site were also similar between the BMS and SES groups. 

 
Angiographic and IVUS results 

Quantitative angiographic and IVUS results are shown 
in Table 2. With a BMS, the reference vessel diameter, 
deployed stent diameter, post-intervention MLD and 
acute gain were greater in the OSE(MSA ≥6.5 mm2) 
than the non-OSE group(MSA <6.5 mm2). However, 
the pre-intervention MLD, lesion lengths, deployed 
stent lengths and balloon pressures were no different 
between the two groups. Adjunctive balloon inflation 
was performed in 8.6% of the OSE group and 13.3% 
of the non-OSE group(p=0.70). In the IVUS findings, 
the external elastic membrane(EEM) CSA and lumen 
CSA in the proximal and distal reference segments were 
larger in the OSE than the non-OSE group(p<0.001). 
The MSA was larger in the OSE than the non-OSE 
group(8.2±1.3 mm2 vs. 5.0±1.0 mm2; p<0.001). With 
the SES, the reference vessel diameter, deployed stent 
diameter, post-intervention MLD and acute gain were 
larger in the OSE(MSA ≥5.0 mm2) than the non-OSE 

Table 1. Baseline patient characteristics 

 BMS SES p

Patients/Lesions 57/65 100/107 

Age (years) 56.5±9.0 57.2±10.1 0.42

Male, n (%) 37 (64.9) 73 (73.0) 0.37

Risk factors, n (%)   

Diabetes 15 (26.3) 27 (270.) 1.00

Hypertension 21 (36.8) 44 (44.0) 0.40

Hypercholesterolemia 13 (22.8) 16 (16.0) 0.29

Smoking 29 (50.9) 48 (48.0) 0.74

Clinical presentation, n (%)   0.24

Stable angina 19 (33.3) 44 (44.0) 

Acute coronary syndrome 38 (66.7) 56 (56.0) 

Past history, n (%)   

Myocardial infarction 1 (1.8) 7 (7.0) 0.26
Prior coronary  

intervention 
3 (5.3) 10 (10.0) 0.39

Target vessel, n (%)   0.40

Left anterior descending 31 (54.4) 62 (62.0) 

Left circumflex 9 (15.8) 12 (12.0) 

Right coronary 17 (29.8) 26 (26.0) 

Involved vessel, n (%)   0.18

Single 25 (43.9) 56 (56.0) 

Multiple 32 (56.1) 44 (44.0) 

Type of lesions,* (%)   0.25

A/B1 6.2/32.3 2.8/22.4 

B2/C 7.7/53.8 13.1/61.7 

Value is presented as mean±SD. *: described by ACC/AHA. BMS:
bare metal stent, SES: sirolimus-eluting stent, ACC/AHA: Ame-
rical College of Cardiology/American Heart Association 
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group(MSA<5.0 mm2). The lesion length and deployed 
stent length were similar between the two groups. The 
balloon inflation pressure was higher in the OSE than 
the non-OSE group(16.0 atm vs. 15.1 atm, p=0.011). 
Adjunctive balloon inflation was performed in 18.0% 
of the OSE group and 19.3% of the non-OSE group 
(p=1.00). In the IVUS analysis, the EEM CSA, lumen 
CSA and MSA were larger in the OSE than the non-
OSE group. The MSA was larger in the OSE than the 
non-OSE group(6.5±1.0 mm2 vs. 3.9±0.8 mm2; p< 
0.001). 

 
Angiographic and clinical outcomes 

The angiographic and clinical follow-up results are 
listed in Table 3. With a BMS, there was a trend toward 

a larger reference vessel diameter and minimal lumen 
diameter in the OSE compared to the non-OSE group, 
but without statistical significance. The occurrence of 
late loss was similar between the two groups. The an-
giographic restenosis rate was lower in the OSE than 
the non-OSE group(11.4% vs. 33.3%; p=0.039). The 
incidences of death and nonfatal myocardial infarction 
were similar between the two groups. However, the tar-
get lesion revascularization was lower in the OSE than 
the non-OSE group(5.7% vs. 30.0%, p=0.017), which 
translated into a lower MACE rate in the OSE group 
(5.7% vs. 30.0%, p=0.017). With a SES, the reference 
vessel diameter was larger in the OSE than the non-OSE 
group(3.39±0.38 mm vs. 3.15±0.47 mm, p=0.005). 
The late loss was 0.31±0.55 mm in the OSE group and 

Table 2. Quantitative coronary angiographic and IVUS results 

Bare metal stent Sirolimus-eluting stent 
 OSE group 

(MSA ≥6.5 mm2)
Non-OSE group
(MSA <6.5 mm2)

p 
OSE group 

(MSA ≥5.0 mm2) 
Non-OSE group 
(MSA <5.0 mm2) 

p 

Lesion number 35 30  63 44  

QCA       

Pre-intervention       

Reference diameter (mm) 3.59±0.37 3.10±0.38 <0.001 3.27±0.31 3.01±0.31 <0.001

Minimal lumen diameter (mm) 0.49±0.34 0.45±0.31 <0.72 0.56±0.27 0.50±0.25 <0.28

Diameter stenosis (%) 85.5±9.8 85.2±10.2 <0.93 82.2±8.0 82.3±8.3 <0.95

Lesion length (mm) 16.8±6.8 19.8±6.4 <0.08 21.3±8.5 23.0±8.2 <0.33

Deployed stent       

Diameter (mm) 3.74±0.33 3.27±0.36 <0.001 3.22±0.26 3.04±0.20 <0.001

Length (mm) 20.5±5.7 22.5±5.8 <0.16 26.1±9.1 27.5±8.4 <0.42

Pressure (atm) 14.1±2.9 14.4±2.7 <0.65 16.0±1.9 15.1±1.8 <0.011

Additional balloon (%) 3 (8.6) 4 (13.3) <0.70 9 (18.0) 11 (19.3) <1.00

Post-intervention (mm)       

Minimal lumen diameter (mm) 3.53±0.32 3.14±0.36 <0.001 3.18±0.33 2.94±0.37 <0.001

Diameter stenosis 8.2±4.0 8.6±3.7 <0.72 8.3±3.8 10.2±4.6 <0.020

Acute gain (mm) 3.04±0.43 2.68±0.46 <0.002 2.63±0.38 2.44±0.41 <0.020

IVUS       

Proximal reference segment       

EEM CSA (mm2) 18.1±3.9 15.0±4.5 <0.004 17.5±4.3 14.1±3.6 <0.001

Lumen CSA (mm2) 11.0±3.6 8.1±3.8 <0.002 9.1±2.6 7.1±2.5 <0.001

Plaque burden (%) 39.8±12.6 45.9±13.5 <0.060 46.6±12.8 48.6±15.4 <0.45

Lesion segment       

EEM CSA (mm2) 18.3±3.8 12.7±3.6 <0.001 15.7±4.0 10.9±4.4 <0.001

MSA (mm2) 8.2±1.3 5.0±1.0 <0.001 6.5±1.0 3.9±0.8 <0.001

Plaque burden (%) 53.9±8.4 59.2±10.7 <0.029 65.7±9.7 61.0±9.9 <0.029

Distal reference segment       

EEM CSA (mm2) 16.1±3.2 11.3±4.9 <0.001 13.4±4.2 8.9±3.5 <0.001

Lumen CAS (mm2) 9.3±2.9 6.1±1.6 <0.001 7.8±2.2 5.8±2.0 <0.001

Plaque burden (%) 42.6±13.9 41.3±18.3 <0.73 39.5±14.2 32.1±16.3 <0.014

Plaque type (%)   <0.83   <0.72

Fibro-fatty/Fibrous 40.0/54.3 46.7/46.7  19.0/71.4 11.6/74.4  

Mixed/Calcified 0/5.7 0/6.7  3.2/6.3 4.7/9.3  

Values are presented as mean±SD. IVUS: intravascular ultraound, OSE: optimal stent expansion, MSA: minimal stent area, QCA: quan-
titave coronary angiography, EEM: external elastic membrane, CSA: cross-sectional area 
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0.38±0.70 mm in the non-OSE group(p=0.56). The 
minimal lumen diameter was larger in the OSE than 
the non-OSE group(2.92±0.46 mm vs. 2.55±0.68 mm, 
p=0.001). The angiographic restenosis rates were 3.2 
and 4.5% in the OSE and non-OSE groups, respec-
tively(p=1.00). During the 18 month clinical follow-up, 
there were no differences in the rates of MACE between 
the two groups. There was no evidence of acute or sub-
acute thrombosis with a BMS or DES. 

 
Discussion 

 
IVUS provides more vessel information for determin-

ing whether a stent is adequately deployed following 
implantation. In the BMS era, several studies have de-
monstrated that the MSA after coronary stenting was a 
consistent predictor of in-stent restenosis, and was also 
associated with poor clinical outcomes.7)8)14)15) Hoffmann 
et al.7) reported that ostial lesion location, IVUS pre-
interventional plaque burden and post-interventional 
final lumen dimensions were the most consistent pre-
dictors of angiographic in-stent restenosis in 291 patients 
with 382 lesions. The study by de Feyter et al.8) showed 
that MSA was inversely related to in-stent restenosis; 
whereas, the stent length was directly related to in-stent 
restenosis. In the final results of the CRUISE(Can Ro-
utine Ultrasound Influence Stent Expansion) study, a 
larger MSA was obtained by IVUS-guidance, with a 
lower target vessel revascularization rate observed in the 
IVUS-guided group compared to the angiographic guided 
group.14) 

Various IVUS criteria for OSE, mainly the absolute 
or relative MSA, have been proposed and empirically 
used in the BMS era. One IVUS study reported that 

the relative MSA could predict a favorable outcome at 
follow-up.15) In their study, a MSA ≥55% of the average 
reference vessel area was associated with a higher proba-
bility of freedom from restenosis, independently from 
the vessel size, in 425 consecutive patients with 496 le-
sions. However, other IVUS studies have demonstrated 
that the absolute MSA might be a more reliable predic-
tor for late outcomes.9) 13) An IVUS sub study, from a large 
cohort multi-center trial, demonstrated that an MSA 
of 6.5 mm2 was the optimal threshold for minimizing 
target lesion revascularization.13) A similar finding was 
also supported by one investigating group,9) which sugge-
sting that the absolute MSA (≥7.0 mm2) was the optimal 
threshold for the reduction of the 6-month angiogra-
phic restenosis of the seven IVUS criteria examined. In 
the current study, the absolute MSA(MSA of ≥6.5 mm2) 
most likely predicted both lower rates of angiographic 
restenosis and MACE with a BMS(11.4% vs. 33.3%, 
p=0.039 for and 5.7% vs. 30.0%, p=0.017, respectively). 
Based on these observations, a larger MSA may better 
predict late angiographic and clinical outcomes. Achiev-
ing the largest possible post-procedure lumen size could 
ensure a safety margin for an unexpectedly severe neo-
intimal hyperplasia, which can occasionally follow con-
ventional stenting. Therefore, high pressure stent delivery 
is required for optimal stent expansion with a BMS.16) 
However, the question of “How big is big enough?” still 
remains unsolved, particularly in the era of BMSs. 

In the era of DESs, it has been considered if the MSA 
may be an important predictor of late outcomes, because 
the drug can substantially inhibit neointimal prolifer-
ation.11)17) To date, there have been few reports on IVUS 
guidelines for optimal DES expansion. One previous 
study showed that angiographic restenosis increased 

Table 3. Angiographic and clinical follow-up outcomes 

Bare metal stent Sirolimus-eluting stent 
 OSE group 

(MSA ≥6.5 mm2)
Non-OSE group
(MSA <6.5 mm2)

p 
OSE group 

(MSA ≥5.0 mm2) 
Non-OSE group 
(MSA <5.0 mm2) 

p

Lesion number 35 30  63 44  

Angiographic       

Reference diameter (mm) 3.28±0.47 3.11±0.42 0.14 3.39±0.38 3.15±0.47 0.005

Minimal lumen diameter (mm) 2.27±0.90 1.94±1.05 0.17 2.92±0.46 2.55±0.68 0.001

Diameter stenosis (%) 31.7±24.3 39.1±31.3 0.30 13.2±10.5 18.4±18.2 0.10

Late loss (mm) 1.25±0.98 1.20±1.08 0.84 0.31±10.5 0.38±0.70 0.56

Net gain (mm) 1.78±1.00 1.47±1.14 0.26 2.32±0.64 2.06±0.64 0.06

In-stent restenosis, n (%) 4 (11.4) 10 (33.3) 0.039 2 (3.2) 2 (4.5) 1.00

Clinical, n (%)       

Death 0 0 1.00 0 (0) 0 (0) 1.00

Nonfatal MI 1 (2.9) 2 (6.7) 0.59 1 (1.6) 0 (0) 1.00

TLR 2 (5.7) 9 (30.0) 0.017 1 (1.6) 2 (4.5) 0.57

MACE 2 (5.7) 9 (30.0) 0.017 2 (3.2) 2 (4.5) 1.00

Values are presented as mean±SD. OSE: optimal stent expansion, MI: myocardial infarction, TLR: target lesion revascularization, MACE:
major adverse cardiovascular event 
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when the MSA was <5 mm2 in patient treated with a 
SES.18) An IVUS sub study from the SIRIUS trial de-
monstrated that if the long-term stent patency was 
defined as an MSA of >4.0 mm2, then an MSA of ≥
5.0 mm2 post-intervention would be the optimal IVUS 
threshold for long term SES patency in patients recei-
ving a SES.12) In fact, interventional cardiologists are 
frequently faced with the problem of the MSA being < 
5.0 mm2 in patients who have small vessel disease or a 
large plaque burden and/or calcified plaque after a su-
ccessful SES implantation. In the current study, the 
rates of angiographic restenosis and MACE were simi-
lar between the OSE and non-OSE groups for a SES 
(p=NS); therefore, the absolute MSA threshold for 
SES(≥5 mm2) may not be sufficient to predict favorable 
late outcomes. Furthermore, despite additional evaluat-
ion of different MSA cut-off values for OSE, no optimal 
MSA threshold could be suggested from this study in 
terms of favorable late outcomes for a SES. A plausible 
explanation of this result is that the smaller late loss 
with few MACE at follow-up with a SES may have over-
come the safety margin for the biological response of a 
BMS. Therefore, OSE using the absolute MSA may be 
less important in late outcomes after DES implantation. 
However, it may be important for the longterm safety. 
Stent thrombosis still remains a major concern after 
DES implantation. Recent studies have reported that 
the angiographic incidence of stent thrombosis after 
DES implantation ranged between 0.37% to 1.27% by at 
least the 1 year follow-up.19)20) Using a multivariate ana-
lysis, the predictors for stent thrombosis were cessation 
of clopidogrel, renal failure, bifurcation lesions and in-
stent restenosis.20)21) Stent under expansion is also asso-
ciated with stent thrombosis.22)23) Therefore, obtaining 
an adequate stent dimension an not be disregarded, es-
pecially in relation to safety. 

In the current study, no case of stent thrombosis was 
observed for up to 18 months after a SES implantation. 
It was speculated that all patients had taken at least 
two different anti-thrombotic medications for up to 12 
months after the procedure; however, few clinical events 
were observed, regardless the OSE status. However, a 
small number of patients, with relatively short follow-
up periods, may underestimate the true incidence of 
stent thrombosis after DES implantation. Larger num-
bers of patients, with longer follow-up, will be required 
to assess stent thrombosis. 

The current study has several other limitations. A re-
latively large coronary vessel, with both BMS and DES, 
may favorable affect the late outcomes. Also, the refer-
ence vessel size in the non-OSE group was less than that 
in the OSE group, which may have influenced the res-
tenosis gradient in these groups. In fact, patients with 
small vessel disease have been reported as having a higher 
rate of restenosis, as well as worse clinical outcomes.24)25) 

An IVUS study was not conducted at follow-up; there-
fore, no important IVUS findings, such as late incom-
plete stent apposition or stent under expansion at follow-
up, can be provided. Also, the real neointimal prolifer-
ation could not be measured in this study. The BMS and 
SES groups were not simultaneously enrolled. There-
fore, no direct comparison could be undertaken. With 
a SES, the balloon inflation pressure was higher in the 
OSE than the non-OSE group, which may have influ-
enced the late outcomes. In the BMS group, the impl-
anted stents were heterogeneous. Finally, the sites of 
MSA with both stents were determined by visual asse-
ssment. A larger randomized prospective study may be 
required to verify this result. 

In conclusion, following SES implantation, the late 
outcomes did not differ significantly in relation to the 
achievement of absolute OSE. The outcomes after a 
DES implantation may be determined using a variety 
of other restenosis-related factors. Thus, the concept 
of an OSE might need to be revisited in the era of DESs. 
 
■ Acknoewledgments 
This work was supported by a grant, No. RTI04-01-01, from the Re-
gional Technology Innovation Program of the Ministry of Commerce, 
Industry and Energy(MOCIE). 

 
REFERENCES 

1) Colombo A, Hall P, Nakamura S, et al. Intracoronary stenting 
without anticoagulation accomplished with intravascular ultra-
sound guidance. Circulation 1995;91:1676-88. 

2) Mudra H, Regar E, Klauss V, et al. Serial follow-up after opti-
mized ultrasound-guided deployment of Palmaz-Schatz stents: 
in-stent neointimal proliferation without significant reference 
segment response. Circulation 1997;95:363-70. 

3) von Birgelen C, Gil R, Ruygrok P, et al. Optimized expansion of 
the Wallstent compared with the Palmaz-Schatz stent: on-line 
observations with two- and three-dimensional intracoronary ul-
trasound after angiographic guidance. Am Heart J 1996;131: 
1067-75. 

4) Gorge G, Haude M, Ge J, et al. Intravascular ultrasound after 
low and high inflation pressure coronary artery stent implan-
tation. J Am Coll Cardiol 1995;26:725-30.  

5) Goldberg SL, Colombo A, Nakamura S, Almagor Y, Maiello L, 
Tobis JM. Benefit of intracoronary ultrasound in the deployment 
of Palmaz-Schatz stents. J Am Coll Cardiol 1994;24:996-1003. 

6) von Birgelen C, Erbel R. The stent is here to stay: a note on sten-
ting, ultrasound imaging, and the prevention of restenosis. Eur 
Heart J 2002;23:595-7. 

7) Hoffmann R, Mintz GS, Mehran R, et al. Intravascular ultra-
sound predictors of angiographic restenosis in lesions treated 
with Palmaz-Schatz stents. J Am Coll Cardiol 1998;31:43-9. 

8) de Feyter PJ, Kay P, Disco C, Serruys PW. Reference chart 
derived from post-stent-implantation intravascular ultrasound 
predictors of 6-months expected restenosis on quantitative coronary 
angiography. Circulation 1999;100:1777-83. 

9) Hong MK, Lee CW, Kim JH, et al. Impact of various intrava-
scular ultrasound criteria for stent optimization on the six-month 
angiographic restenosis. Catheter Cardiovasc Interv 2002;56: 
178-83. 

10) Sousa JE, Costa MA, Abizaid AC, et al. Sustained suppression of 



 
 
250·Korean Circulation J 2007;37:244-250 

 

neointimal proliferation by sirolimus-eluting stents: one-year an-
giographic and intravascular ultrasound follow-up. Circulation 
2001;104:2007-11. 

11) Morice MC, Serruys PW, Sousa JE, et al. A randomized com-
parison of a sirolimus-eluting stent with a standard stent for 
coronary revascularization. N Engl J Med 2002;346:1773-80. 

12) Morino Y, Honda Y, Okura H, et al. An optimal diagnostic thre-
shold for minimal stent area to predict target lesion revasculari-
zation following stent implantation in native coronary lesions. 
Am J Cardiol 2001;88:301-3. 

13) Sonoda S, Morino Y, Ako J, et al. Impact of final stent dimen-
sions on long-term results following sirolimus-eluting stent impl-
antation. J Am Coll Cardiol 2004;43:1959-63. 

14) Fitzgerald PJ, Oshima A, Hayase M, et al. Final results of the 
Can Routine Ultrasound Influence Stent Expansion (CRUISE) 
study. Circulation 2000;102:523-30. 

15) Moussa I, Moses J, di Mario C, et al. Does the specific intrava-
scular ultrasound criterion used to optimize stent expansion have 
an impact on the probability of stent restenosis? Am J Cardiol 
1999;83:1012-7. 

16) Kim KY, Hur SH, Cho YW. Optimal stent expansion by nominal 
pressure balloon inflation: an intravascular ultrasound study. 
Korean Circ J 2002;32:666-73. 

17) Moses JW, Leon MB, Popma JJ, et al. Sirolimus-eluting stents 
versus standard stents in patients with stenosis in a native coro-
nary artery. N Engl J Med 2003;349:1315-23. 

18) Takebayashi H, Kobayashi Y, Mintz GS, et al. Intravascular 
ultrasound assessment of lesions with targer vessel faiure after si-
rolimus-eluting stent implantation. Am J Cardiol 2005;95:498-502. 

19) Ong AT, McFadden EP, Regar E, de Jaegere PP, van Domburg 
RT, Serruys PW. Late angiographic stent thrombosis (LAST) 
events with drug-eluting stents. J Am Coll Cardiol 2005;45: 
2088-92. 

20) Kuchulakanti PK, Chu WW, Torguson R, et al. Correlates and 
long-term outcomes of angiographically proven stent thrombosis 
with sirolimus- and paclitaxel-eluting stents. Circulation 2006; 
113:1108-13. 

21) Park DW, Park SW. Stent thrombosis in the era of the drug-
eluting stent. Korean Circ J 2005;35:791-4. 

22) Fujii K, Carlier SG, Mintz GS, et al. Stent underexpansion and 
residual reference segment stenosis are related to stent throm-
bosis after sirolimus-eluting stent implantation: an intravascular 
ultrasound study. J Am Coll Cardiol 2005;45:995-8. 

23) Park SH, Hong GR, Seo HS, Tahk SJ. Stent thrombosis after su-
ccessful drug-eluting stent implantation. Korean Circ J 2005;35: 
163-71. 

24) Schunkert H, Harrell L, Palacios IF. Implications of small refer-
ence vessel diameter in patients undergoing percutaneous coro-
nary revascularization. J Am Coll Cardiol 1999;34:40-8. 

25) Popma JJ, Leon MB, Moses JW, et al. Quantitative assessment 
of angiographic restenosis after sirolimus-eluting stent implan-
tation in native coronary arteries. Circulation 2004;110:3773-80. 

 
 
 
 


