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R apamycin is known to have anti-
hyperplastic (anti-inflammatory
and anti-proliferative) properties.1,2

Many studies to date have demonstrated a
reduction in restenosis following the im-
plantation of sirolimus-eluting stents (SES)
as a result of the inhibition of intimal hyper-
plasia.3 However, the implantation of such
stents does not completely eliminate re-
stenosis, which is still seen in certain cases.4

The aim of this study was to evaluate the
medium term clinical and angiographic re-

sults following angioplasty and SES im-
plantation in everyday clinical practice and
to discuss the cases of restenosis occur-
rence and treatment.

Methods

Since May 2002 SES (Cypher, Cordis, Euro-
pa, NV) have been used in our laboratory
on a regular basis, with no particular clinical
or anatomical exclusion criteria. All pa-
tients who have an SES implanted are en-
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tered into a database with a view to evaluating the use
of these stents in everyday clinical practice. These pa-
tients are followed up clinically and paraclinically
(scintigraphic assessment of myocardial perfusion) af-
ter 6-8 months. Any occurrences of angina are also
recorded and where necessary a repeat procedure is
carried out (percutaneous or surgical), either in the
vessel where angioplasty was performed, or in anoth-
er vessel, or both, as required. 

In the present study we analysed the clinical and
angiographic characteristics of a subgroup of patients
who had had SES implanted and subsequently under-
went repeat angiography 8 ± 2.4 months after the origi-
nal procedure. This included both patients who had a
recurrence of angina and asymptomatic patients with or
without a positive thallium stress test.

A total of 91 patients were evaluated (63 men, mean
age 58 ± 8.1 years) with 116 stenoses in all. This repre-
sented 17.4% of all patients who had an SES implanted
during the study period. All patients were given a com-
bination of aspirin (100 mg) and clopidogrel (300 mg
bolus 24 hours before the angioplasty procedure and
75 mg after) over a 12-week period. Platelet glycopro-
tein IIb/IIIa inhibitors were given in certain cases, based
on clinical indications (mainly in patients with acute is-
chaemic syndrome and the presence of intraluminal
thrombus). Balloon predilatation and overinflation of
the stent after implantation were optional. The number
of stents implanted per patient was based on angio-
graphic criteria.

Aims of the study

The aims of the study were to describe the angiographic
and clinical results from the follow up of all patients
and the management of any cardiac events. Angio-
graphic endpoints were restenosis and late loss of lu-
men. Restenosis was defined as stenosis >50% and was
classified as either in-stent or in-segment (outside the
stent but within 5 mm of its ends). Late loss was defined
as the difference between the minimum lumen diame-
ter following the angioplasty procedure and that calcu-
lated from the repeat angiography. The type of resteno-
sis (in-stent, in-segment, localised, diffuse) was assessed
for each patient.

Clinical endpoints included the following:
ñ Target lesion revascularisation. Percutaneous or

surgical reperfusion because of in-stent or in-seg-
ment restenosis.

ñ Target vessel revascularisation. Percutaneous or
surgical reperfusion because of restenosis in the

target vessel but at a different location from the orig-
inal lesion.

ñ In-stent thrombosis (subacute or late).
ñ Myocardial infarction.
ñ Death.

A correlation was sought between the above clini-
cal and angiographic endpoints and the following pa-
rameters: ejection fraction <40%, diabetes mellitus,
vessel diameter, lesion length, lesion calcification, to-
tal occlusion, restenosis from a previously treated le-
sion, degree of overlap between stents, absence of stent
predilatation and overinflation. 

Statistical analysis

Simple logistic regression analysis was used to assess
any correlations and to show any statistically significant
differences between the above parameters. The ¯2 test
was used for the comparison of variables. Continuous
variables are given as mean ± standard deviation and
comparisons between mean values in subgroups were
made using the Student t-test. Pearson’s correlation co-
efficient was used to examine linear correlations be-
tween quantitative parameters and late loss of lumen. A
p-value <0.05 was the criterion of statistical signifi-
cance.

Results

Characteristics of patients and stenoses

The clinical and angiographic characteristics are
given in table 1. Of the patients examined, 43% had
unstable angina, 26.7% were diabetic, 6% had an
ejection fraction <40%, 5.2% had restenosis from a
previously treated lesion (Figure 1). Of the lesions,
14.7% were calcified, 6.9% were chronic total occlu-
sions, 16.1% involved a bifurcated vessel and 23.8%
contained a significant amount of thrombus. The ma-
jority of the lesions (90.5%) were classified as B or C
according to the system of the American Heart Asso-
ciation.

Technical characteristics

Of the total of 116 lesions for which SES were implant-
ed, 58 were in the left anterior descending coronary
artery branch, 36 in the circumflex, 16 in the right coro-
nary artery and 6 were in grafts. Platelet glycoprotein
IIb/IIIa inhibitors were given in 35% of patients. A to-
tal of 165 SES were implanted (1.8 stents/patient) and
overlapping stents were used in 31% of lesions. The
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mean SES diameter was 3 ± 0.18 mm and the mean
length was 20 ± 12.1 mm. SES placement without
predilatation was used in 46% of vessels. The maxi-
mum inflation pressure was 14 ± 2 Atm and overin-
flation with a larger balloon was performed in 68% of
vessels (Table 2).

Quantitative coronary angiography

The mean vessel diameter was 2.5 ± 0.48 mm and the
mean lesion length was 12.61 ± 1.54 mm. Table 3
shows the luminal stenosis as a percentage, the mini-
mum lumen diameter and the late loss of lumen (0.04
± 0.49 mm) in and around the stent.

Sirolimus-Eluting Stents
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Table 1. Clinical and angiographic characteristics of the patients (n=91).

Clinical syndrome Clinical characteristics Angiographic characteristics

Stable angina (55%) Diabetes (26.7%) Restenosis from prior lesion (5.2%)
Unstable angina (43%) History of infarction (44.8%) Type B (78.5%)
Acute myocardial infarction (2%) Ejection fraction <40% (6%) Type C (12%)

Renal failure (1.2%) Calcified lesions (14.7%)
Complete occlusion (6.9%)
Bifurcated vessels (16.1%)

Figure 1. Diffuse in-stent resteno-
sis in a diabetic patient (anterior
descending branch, 2 long conven-
tional stents) treated with 2 long
sirolimus-eluting stents. Before
(A), immediately after (B) and 9
months after (C) angioplasty.

A

C

µ



Clinical and angiographic results – restenosis
characteristics

Table 4 shows the major undesirable cardiac events
from all patients. No patient died. One suffered an
acute myocardial infarction due to late thrombosis 3
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Table 2. Technical characteristics

Vessel LAD: 58, Cx: 36, RCA:16, grafts: 6
Number of stents 165 (1.8 stents/patient)
Stent length 30 ± 12.1 mm
Stent diameter 3 ± 0.18 mm
Without predilatation 46%
Maximum inflation pressure 14 ± 2 Atm
Overinflation 76%
Overlapping stents 31%

LAD – left anterior descending coronary artery branch; Cx – cir-
cumflex artery; RCA – right coronary artery

months after angioplasty (clopidogrel was stopped 7
days before the event). Repeat angiography showed
total occlusion of the responsible vessel and the pa-
tient was treated conservatively. Restenosis was seen
in 10 patients (12 vessels), 4 of whom were diabetics.
The restenosis was in-stent in 7 vessels, in-segment in
5, and was localised (length of restenosis <10 mm)5 in
all patients. Seven patients (9 vessels) with restenosis
(6 vessels in-stent, 3 vessels within 5 mm before the
stent) were treated with repeat angioplasty and im-
plantation of a new SES (Figure 2). Two patients with
restenosis were treated with coronary bypass surgery.
In both cases the restenosis proximal to the stent in-
cluded the final section of the main branch and the
initial stenosis (anterior descending branch and cir-
cumflex artery) was at the ostium. One patient under-
went aortocoronary bypass because of the develop-
ment of coronary artery disease in the same vessel,
but at a different location from the original lesion (tar-

Figure 2. Significant stenosis in the
bifurcation of the anterior descend-
ing and great diagonal branches,
treated with a long sirolimus-elut-
ing stent followed by a kissing bal-
loon in both vessels. Before (A), im-
mediately after (B) and 6 months
after (C) angioplasty. The patient
(non-diabetic) developed a signifi-
cant degree of in-segment resteno-
sis (C), which was treated by im-
planting an additional sirolimus-
eluting stent.

A B

C



get vessel revascularisation). One patient with moder-
ate restenosis was free of symptoms and was treated
conservatively. All the patients with restenosis who
were treated with repeat angioplasty and a new stent
remain free of symptoms 8 ± 1.5 months after the re-
peat procedure.

Of the clinical and angiographic parameters re-
ferred to above (Table 5), only diabetes showed a sta-
tistically significant correlation with restenosis (Fig-
ure 3). In addition, diabetes, chronic occlusion, lesion
length and vessel reference diameter were all signifi-
cantly correlated with late loss of lumen (Table 6). 
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Table 3. Quantitative coronary angiography before and immediately after angioplasty and stenting and on repeat coronary angiography.

RD LL DS MLD Late Loss
(mm ± SD) (mm ± SD) (% ± SD) (mm ± SD) (mm ± SD)

Before 2.50 ± 0.48 12.61 ± 11.54 59 ± 14.3 0.86 ± 0.4

After 16 ± 9.53 2.26 ± 0.3

Repeat 21 ± 14.1 2.23 ± 0.5 0.04 ± 0.49

p: NS p: NS

RD – vessel reference diameter, LL – lesion length, DS – diameter stenosis, MLD – minimum lumen diameter, Late Loss - late loss of lu-
men. p refers to the difference between “After” and “Repeat” values.

Figure 3. Correlation between
diabetes and angiographic re-
stenosis.

Discussion

Compared to previous studies concerning SES implan-
tation,6-8 the present study included patients with more
risk factors (diabetes), more complex and longer le-
sions. These are patients who are encountered in every-
day clinical practice. The clinical results, with a low inci-
dence of undesirable events, and the angiographic find-
ings on follow up confirm the low percentages of re-
stenosis and clinical events associated with the use of
SES that have been reported in multicentre studies.
Thus, the treatment of complex lesions with SES is a
fully acceptable method. No aneurysms were seen in



any patient who underwent repeat angiography. It is al-
so worth noting that the incidence of thrombosis was
low.

The type of restenosis is different when SES are
used. Restenoses associated with conventional stents
are more often diffuse,9 while in SES the restenosis is
localised in the majority of cases. Our findings are in
full agreement with those of a previous study that re-
ported restenosis data after SES implantation.10 Such
localised restenotic lesions can be treated more easily
and effectively, either by simple balloon angioplas-
ty11,12 or with a new SES implantation. In our patients
with restenoses we preferred repeat angioplasty with
new SES implantation. The most common type of
restenosis occurs at the margins of the stent (in-seg-
ment), mainly at the proximal margin, and this was
the case in 42% of our patients who showed resteno-
sis. According to previous studies,3,10 restenosis at the
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Table 4. Major cardiac events.

Death 0
Infarction 1
Subacute thrombosis 0
Late thrombosis 1
Target lesion revascularisation 7 (angioplasty)

2 (bypass)
Target vessel revascularisation 1 (bypass)

ends of the stent is mainly due to incomplete covering
of the lesion, which extends beyond the stent bound-
ary. This can sometimes create problems. Two of our
patients who had restenosis before the stent needed
surgical treatment because the restenosis extended to
the peripheral part of the main stem. Thus, our cur-
rent technique, in accordance with the most recent
indications and studies,3,10,13 includes predilatation
(when necessary) with smaller balloons, the use of
longer stents aimed at fully covering the lesion, and,
again when judged necessary, high pressure inflations
using short balloons, within the stent margins. Since
this technique has been in force we have not encoun-
tered any further cases with restenosis beyond the stent
boundaries.

The outcomes in patients who showed restenosis,
either in-stent or in-segment, and were treated with
repeat angioplasty and new SES have been good so
far, with all those patients remaining free of symp-
toms since the repeat procedure. However, it is still
too early to draw firm conclusions or to make general
treatment recommendations for this group of pa-
tients.

Diabetes, chronic occlusion, lesion length and ves-
sel diameter are clinical and angiographic parameters
that are correlated with the late loss of lumen. Only dia-
betes was found to be positively correlated with angio-
graphic restenosis (>50% luminal stenosis).

Table 5. Correlation of clinical and angiographic parameters with restenosis in 116 treated lesions (¯2 test of independence).

Restenosis

No Yes p

Ejection fraction <40% No 95 (94.1%) 14 (93.3%) ¯2 = 0.012
Yes 6 (5.9%) 1 (6.7%) p: NS

Diabetes No 78 (77.2%) 7 (46.7%) ¯2 = 6.229
Yes 23 (22.8%) 8 (53.3%) p <0.05

Restenosis from prior lesion No 96 (95.0%) 14 (93.3%) ¯2 = 0.078
Yes 5 (5.0%) 1 (6.7%) p: NS

Chronic occlusion No 93 (92.1%) 15 (100.0%) ¯2 = 1.276
Yes 8 (7.9%) 0 (0.0%) p: NS

Calcification No 88 (87.1%) 11 (73.3%) ¯2 = 1.987
Yes 13 (12.9%) 4 (26.7%) p: NS

Overlapping stents No 70 (69.3%) 10 (66.7%) ¯2 = 0.043
Yes 31 (30.7%) 5 (33.3%) p: NS

Without predilatation No 53 (52.5%) 10 (66.7%) ¯2 = 1.060
Yes 48 (47.5%) 5 (33.3%) p: NS

Overinflation No 26 (25.7%) 2 (13.3%) ¯2 = 1.098
Yes 75 (74.3%) 13 (86.7%) p: NS



Limitations of the study

This study was not randomised and angiographic fol-
low up was not possible in all patients who underwent
SES implantation. As a result, the overall restenosis
rate could not be determined. Also, the lack of the
systematic use of intracoronary ultrasound did not
permit a more detailed description of the features
and mechanisms responsible for the restenosis in
some patients.

Conclusions

The incidence of major cardiac events and restenosis
associated with the use of SES in everyday clinical
practice is low, even in the case of complex lesions,
confirming the benefit from the use of these stents
that has been reported in large studies.3,14 Restenosis
is mainly localised and occurs in-stent and in-segment
with about the same frequency. It is seen more often
in diabetic patients.

It appears that, while SES are being used more
and more often to treat more and more complex le-
sions in sicker and sicker patients, their long term ef-
ficacy continues to be good. However, the results re-
ported here need to be confirmed by large, randomised
studies.
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Table 6. Correlation of clinical and angiographic parameters with
late loss of lumen (Pearson’s correlation).

Late Loss

Coefficient (r) p

Lesion length 0.197 <0.05

Reference diameter - 0.249 <0.01

Diabetes 0.106 <0.01

Total occlusion 0.230 <0.05


