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Objectives: We evaluated the incidence, clinical presentation, and angiographic in-
stent restenosis (ISR) pattern of late target lesion revascularization (TLR) after siroli-
mus-eluting stent (SES) implantation. Background: Late TLR is an unusual finding
beyond 6–9 months after bare-metal stent implantation. However, late TLR after SES
implantation has not been sufficiently evaluated. Methods: The study population con-
sisted of 804 patients with 1,020 native lesions that were patent at 6-month follow-up
angiogram after SES implantation. Results: Late TLR was performed in 18 patients
with 18 lesions (1.8%) at 24.1 6 2.6 months (range; 18–30 months) after SES implanta-
tion. Clinical presentation of late TLR patients was silent ischemia in eight patients
and recurrent angina in 10 patients, but none had an acute coronary syndrome. Angio-
graphic ISR pattern of late TLR lesions were focal ISR in 12 lesions (67%) and diffuse
ISR in six lesions (33%). Serial quantitative coronary angiographic analysis of these
lesions showed a minimal lumen diameter of 2.6 6 0.5 mm immediately after SES im-
plantation, 2.4 6 0.4 mm at 6-month follow-up and 0.7 6 0.6 mm at 24-month follow-up
(ANOVA P < 0.001). By stepwise multiple logistic regression analysis, the only inde-
pendent predictor of late TLR was stent length (P < 0.001, OR 5 1.040, 95% CI 5
1.019–1.061). Conclusions: Late TLR was performed in 1.8% of 1,020 native lesions that
were patent at 6-month follow-up angiogram. Clinical presentations of late TLR was ei-
ther silent ischemia or recurrent angina, but not acute coronary syndrome. Two-thirds
of late TLR lesions had a focal angiographic ISR pattern. ' 2008 Wiley-Liss, Inc.
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INTRODUCTION

Serial intravascular ultrasound and quantitative
angiographic studies showed that the main mechanism
of in-stent restenosis (ISR) after bare-metal stent
(BMS) implantation was intra-stent intimal hyperplasia
[1,2] with a biphasic response of lumen loss in the first
6 months and lumen enlargement between 6 months
and 1–3 years [3,4]. Therefore, target lesion revascu-
larization (TLR) beyond 6–9 months after BMS im-
plantation was unusual. Sirolimus-eluting stents (SESs,
Cypher, Cordis/Johnson and Johnson, Miami, FL) have
significantly reduced the rate of restenosis as compared
with BMS [5,6]. One long-term study showed that in-
stent lumen dimensions remained unchanged at 4-year
follow-up [7]. However, there was a recent report of
two patients with late ISR at 19 and 20 months after
SES implantation [8]. There is little long-term follow-
up data to evaluate late (beyond 6 months) TLR after
SES implantation. Therefore, the purpose of the current
study is to evaluate the incidence, clinical presentation,
and angiographic findings of late TLR after SES im-

plantation in a large, unselected group of patients
undergoing routine SES implantation.
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MATERIALS AND METHODS

Study Population

From March 2003 to July 2004, SESs were
implanted into 1203 nonconsecutive patients with
1,547 native lesions at Asan Medical Center. The
inclusion criteria for initial SES implantation were
objective evidence of myocardial ischemia, �50%
angiographic diameter stenosis in a native coronary
lesion (visual estimate), and reference vessel diameter
�2.25 mm. Six-month follow-up angiographic data
were obtained in 853 patients (71%) with 1,105 lesions
(71%). Six-month angiographic restenosis was docu-
mented in 49 patients with 64 lesions (5.8%); in these
49 patients there were 21 additional SES-treated
lesions that were patent at 6-month follow-up. There-
fore, the patient population of this study composed of
804 patients with 1,020 lesions that were patent at 6-
month angiographic follow-up. Figure 1 shows a flow
diagram of this population during the 2-year period of
the study. Two-year clinical follow-up data were avail-
able in all 804 patients. After 6-month angiographic
follow-up, stress test with treadmill test or radionuclide
thallium scintigraphy was routinely recommended in
all patients at out-patient clinics at 9–12 months inter-
vals. Asymptomatic patients with positive results of
stress test (silent ischemia) or symptomatic patients
during 2-year follow-up were recommended to receive
additional follow-up angiography.
We excluded 350 patients from this analysis who

did not take 6-month follow-up angiogram; refusal of
6-month follow-up angiography in 172 patients, 18
patients with a left ventricular ejection fraction <30%,
49 patients with poor renal function (serum creatinine
level >2.0 mg/dl), 52 patients with a combined other

serious systemic disease or malignancy and 59 elderly
patients (>75 years or age). Baseline clinical charac-
teristics between 853 patients with 6-month follow-up
angiogram and 350 patients without 6-month follow-up
angiogram are shown in Table I.
All patients received a 300 mg loading dose of clo-

pidogrel followed by clopidogrel 75 mg/day for 6
months and aspirin 200 mg/day indefinitely. Cilostazol
200 mg/day for 3–6 months after SES implantation
was additionally prescribed in five (28%) patients with
late TLR and 201 (26%) patients without late TLR (P
5 0.5) [9]. Eight (44%) late TLR patients and 372
(47%) nonlate TLR patients (P 5 1.0) continued to
receive clopidogrel 75 mg/day for 5.3 6 3.1 and 5.3
6 4.1 months, respectively (P 5 0.7), beyond the 6-
month angiogram.

Quantitative Coronary Angiographic Analysis

Coronary angiography was performed after the
administration of 0.2 mg intracoronary nitroglycerin.
Quantitative coronary angiographic (QCA) analysis
was done by two independent angiographers. Using the
guiding catheter for magnification-calibration and an
on-line system (CAAS QCA V2.0.1, Pie Medical
Imaging B.V., Netherlands), minimal luminal diameter
(MLD) and diameters of the reference segments were
measured before and after stenting and at 6- and 24-
month follow-up from diastolic frames in a single,
matched view showing the smallest MLD. The target
lesion MLD included the stent as well as 5 mm mar-
gins proximal and distal to the stent. The reference
vessel diameter was the average of the proximal and

Fig. 1. Flow diagram of study population.

TABLE I. Baseline Clinical Characteristics

Six-month follow-up

angiogram No Yes P-value

Number of patients 350 853

Age (years) 61 6 12 58 6 10 0.021

Male gender 226 (76%) 628 (74%) 0.4

Hypertension 176 (50%) 403 (47%) 0.4

Diabetes mellitus 108 (31%) 226 (27%) 0.14

Hypercholesterolemia

(Total cholesterol

� 240 mg/dl) 74 (21%) 149 (18%) 0.16

Cigarette smoking 122 (35%) 266 (31%) 0.21

Number of diseased vessels 0.195

1 126 (36%) 355 (42%)

2 133 (38%) 297 (35%)

3 91 (26%) 201 (23%)

Clinical presentation 0.086

Stable angina 161 (46%) 445(52%)

Unstable angina 140 (40%) 318 (37%)

Acute myocardial infarction 49 (14%) 90 (11%)
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distal reference lumen diameters. Late angiographic
ISR was defined as diameter stenosis �50% at 2-year
follow-up, but <50% at 6-month follow-up. Late loss
was calculated as poststent MLD minus MLD at fol-
low-up. The pattern of angiographic ISR was classified
as suggested by Mehran et al. [10].

Statistical Analysis

Categorical data are presented as frequencies and
compared using v2 statistics or Fisher’s exact test.
Continuous data are presented as mean 6 1 SD and
compared using Student’s t-test, Mann-Whitney U-test,
or ANOVA for repeated measures with the Bonferroni
correction for post-hoc analyses. Multiple stepwise
logistic regression analysis was performed to assess in-
dependent predictors for late TLR. P-value <0.05 was
considered statistically significant.

RESULTS

Mean duration of clinical follow-up after SES im-
plantation were 24.4 6 3.2 months in patients with
late TLR and 23.3 6 4.5 months in patients without
late TLR (P 5 0.3). During long-term clinical follow-
up (from 6- to 24-months after SES implantation),
acute myocardial infarction (not related to the SES-
treated vessel) occurred in one patient, late stent
thrombosis (development of stent thrombosis more
than 1 month after stent implantation) occurred in
three patients, and five patients died (three from car-

diac causes and two from noncardiac causes) (Fig. 1).
Repeat percutaneous or surgical intervention of the tar-
get lesion was performed in 18 patients with 18 lesions
(1.8%) at 24.4 6 3.2 months (range; 18–30 months)
after SES implantation. Cutting balloon angioplasty
was used in five lesions, additional SES implantation
in seven lesions, paclitaxel-eluting stent implantation
in two lesions, and coronary artery bypass surgery in
four lesions.
There were no baseline clinical characteristic differ-

ences between patients with versus without late TLR
(Table II). The clinical presentation of patients with
late TLR was silent ischemia in 8 patients and recur-
rent angina in 10 patients; but none of these 18
patients had symptoms or objective evidence of an
acute coronary syndrome.
The angiographic ISR pattern of late TLR lesions

was focal in 12 lesions (67%: focal body in nine
lesions, focal margin in two lesions, and multi-focal in
one lesion) and diffuse in six lesions (33%: intra-stent
in one lesion and total occlusion in five lesions). QCA
analysis of 18 late TLR lesions showed an MLD of
2.6 6 0.5 mm immediately post-SES implantation, 2.4
6 0.4 mm at 6-month follow-up, and 0.7 6 0.6 mm at
24-month follow-up (ANOVA P < 0.001). Late loss
was 0.23 6 0.45 and 1.90 6 0.77 mm at 6- and 24-
month follow-up, respectively. The cumulative fre-
quency distribution curves are shown in Fig. 2.
Procedural findings and serial QCA measurements

between lesions with versus without late TLR are
shown in Table III. Lesions with late TLR were longer
pre-SES implantation, were treated with longer SESs,
and had smaller post-SES MLDs compared with
lesions without late TLR. There were no striking dif-
ferences of clinical characteristics and serial QCA
measurements between patients with recurrent angina

TABLE II. Baseline Clinical Characteristics

Late TLR

Nonlate

TLR P-value

Number of patients 18 786

Age (years) 57 6 10 58 6 10 0.6

Male gender 15 (83%) 573 (75%) 0.4

Hypertension 7 (39%) 376 (48%) 0.6

Diabetes mellitus 6 (33%) 202 (26%) 0.7

Hypercholesterolemia

(Total cholesterol

� 240 mg/dl) 4 (22%) 135 (17%) 0.4

Cigarette smoking 6 (33%) 246 (31%) 0.5

Duration of dual antiplatelet

therapy (months) 8.5 6 2.2 8.4 6 4.1 0.3

Number of diseased vessels 0.6

1 6 (33%) 336 (43%)

2 6 (33%) 270 (34%)

3 6 (33%) 180 (23%)

Clinical presentation 0.4

Stable angina 11 (61%) 414 (53%)

Unstable angina 4 (22%) 290 (37%)

Acute myocardial infarction 3 (17%) 82 (10%)

TLR: target lesion revascularization.

Fig. 2. The cumulative distribution of the minimal luminal di-
ameter in lesions treated with late TLR is shown immediately
after stenting, at 6-month follow-up, and at 2-year follow-up.
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versus silent ischemia, and those between lesions with
versus without angiographic ISR pattern of total occlu-
sion. There was no significant relationship between the
site of late ISR and site of original (pre-SES) stenosis.
Stepwise multiple logistic regression analysis was

performed to determine independent predictors of late
TLR. The following variables were tested (all with P
< 0.2 in univariate analysis): lesion length, stent
length, ACC/AHA lesion morphology, poststent MLD
and MLD at 6-month follow-up. The only independent
predictor of late TLR was stent length (P < 0.001, OR
5 1.040, 95% CI 5 1.019–1.061).

DISCUSSION

In this retrospective analysis of 1,020 native lesions
that were treated with SES implantation and that were
patent at 6-months (documented angiographically), there
were 18 lesions (1.8%) in which TLR was performed at
24.4 6 3.2 months (range; 18–30 months) after SES im-
plantation. Silent ischemia or recurrent angina, but not
acute coronary syndrome was the clinical presentations
of these patients. The angiographic ISR pattern of late
TLR was mostly focal ISR. Longer stent length was the
only independent predictor of late TLR.
Delayed intimal hyperplasia (or late ISR) has been

observed in patients treated with brachytherapy, both
after de novo radioactive stent implantation [11] and
after treatment of BMS restenosis [12,13]. The de
novo implantation of 6–12 lCi radioactive stents
resulted in a 19% rate of target vessel or lesion revas-

cularization between 6- and 12-month in patients who
had been event-free at 6 months [11]. In the random-
ized Scripps Coronary Radiation to Inhibit Proliferation
Post-Stenting (SCRIPPS) trial [12] and the randomized
Washington Radiation for In-Stent Restenosis (WRIST)
trial [13], modest late catch-up or more late TLR
events were observed between 6 months and 3–5 years
among patients with BMS restenosis treated with g-
radiation.
The possibility of late ISR or TLR after intracoro-

nary radiation suggested the possibility of a similar
phenomenon after drug-eluting stent implantation. In
the first clinical experience of the 7-hexanoyltaxol-elut-
ing polymer stent system, despite the initial encourag-
ing results of a 13.3% ISR rate at 6-month follow-up,
there was a delayed ISR rate of 61.5% [14]. There
have been isolated case reports of late ISR after SES
implantation [8]. In the current study, clinical benefits
were maintained in most of the 804 patients at 2-year
follow-up—similar to what was seen in the San Paolo
experience [7]. The need for late TLR was seen in
only a minority of lesions in the current study (1.8%).
In previous studies the predictors of early (with 6–9

month) ISR (or TLR) after SES implantation included
diabetes mellitus, lesion length, stent length, reference
lumen diameter, and post-SES MLD [6,15,16]. In our
intravascular ultrasound study, the independent predic-
tors of early ISR were post-SES minimum stent area
and stent length [17]. Predictors of early ISR implanta-
tion in these previous studies [6,15–17] did not predict
late TLR in the current study other than stent length.
This suggests that late recurrence might be higher in
diffuse, long lesions treated with multiple or long SES.
Previous studies in small numbers of patients showed

that the angiographic pattern of early (within 6–9
months) ISR after SES implantation was almost exclu-
sively focal ISR and was located at the edge or body of
the stent [18,19]. Similarly, most of the late ISR lesions
in the current study were focal. Because focal ISR is
regarded to be more benign with excellent long-term
outcomes and higher success rate for repeat percutaneous
intervention [10], most late ISR lesions in the current
study were treated with repeat percutaneous intervention.
However, the incidence of total occlusion (28%, 5/18)
was higher in this study compared with what has been
reported (0–10%) in previous studies of early ISR
[18,19]. Three of five patients with totally occluded pat-
tern of late ISR underwent coronary artery bypass sur-
gery in this study. There were no consistent predictor’s
of late total occlusions in this study.

Limitations

This was a retrospective, observational analysis from
a single center. Routine follow-up angiography was

TABLE III. Procedural Findings and Quantitative Coronary
Angiographic Measurements

Late TLR

Nonlate

TLR P-value

Number of lesions 18 1002

Lesion length (mm) 37 6 19 23 6 15 <0.001

Reference vessel diameter (mm) 2.8 6 0.4 2.9 6 0.6 0.26

Minimal lumen diameter (mm)

Preintervention 0.9 6 0.5 1.0 6 0.6 0.5

Postintervention 2.6 6 0.5 2.8 6 0.5 0.053

6-month follow-up 2.4 6 0.4 2.7 6 0.6 0.006

Late loss (mm) at

6-month follow-up 0.23 6 0.45 0.15 6 0.46 0.5

Stent length (mm) 49 6 21 29 6 19 <0.001

Use of intravascular ultrasound 12 (67%) 772 (77%) 0.5

Chronic total occlusion lesions 1 (6%) 60 (6%) 0.7

Bifurcation lesions 5 (28%) 215 (22%) 0.3

Ostial lesions 2 (11%) 61 (6%) 0.3

ACC/AHA lesion morphology 0.048

A 65 (7%)

B1 1 (6%) 255 (25%)

B2 1 (6%) 119 (12%)

C 16 (88%) 563 (56%)

TLR: target lesion revascularization.
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not performed in all patients at 2-year after SES im-
plantation. The number of late TLR events might be
relatively small for 2-year follow-up to draw clear con-
clusions. The possibility of development of restenosis
between 6 and 12 months after SES implantation may
be excluded by the timing of late TLR (at 24.4 6 3.2
months, range; 18–30 months after SES implantation).

CONCLUSIONS

In the present long-term follow-up study after SES
implantation, late (beyond 6-months) TLR was
observed in a minority (1.8%) of lesions—especially in
lesion treated with multiple or long stents.
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