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Abstract

Aims: This paper studies in-stent restenosis (ISR) after percutaneous coronary intervention (PCI) following
bare-metal stent (BMS) and drug-eluting stent (DES) in all consecutive patients between 2004 and 2007
undergoing PCI for ISR lesions at our centre.

Methods and results: We compared the clinical presentation, pattern and angiographic outcomes in 838
patients with BMS ISR (487) and SES ISR (351). About 18% of the patients presented with acute coronary
syndrome with 2% presenting as ST elevation myocardial infarction, similar in both groups. Angiographic
pattern was predominantly focal with SES ISR (47%SES ISR vs. 19% BMS ISR; p<0.001) and diffuse with
BMS ISR (SES ISR 16% vs. BMS ISR 36%; p=0.003). In our series the use of balloon angioplasty was
higher for the treatment of SES ISR patients as compared to BMS ISR (41.6% vs. 18.3%; p<0.001) and the
usage of stent was higher in BMS ISR patients (38.6% vs. 23.4%; p<0.001). Angiographic recurrent
restenosis with conventional treatment in a consecutive series of patients was 38.6% and target lesion
revascularisation was seen in 33.6%. These outcomes were seen slightly higher in SES ISR group (41.1%
vs. 36.9%, p=ns). We have identified unstable angina at presentation (OR 3.02; 95%Cl: 1.58-5.77,
p=0.001), focal pattern of ISR (OR 0.50; 95% ClI: .25-.99, p=0.04), stent usage (OR .25; 95% CI .13-.47,
p<0.001), and baseline% diameter stenosis (OR1.03; 95%Cl: 1.03-1.06, p=0.01) as independent
predictors of BMS ISR recurrent restenosis. Unstable angina, focal pattern of ISR, reference vessel
diameter, and% diameter stenosis were shown to be independent predictors of SES ISR.

Conclusions: ISR is not a benign condition, and one fifth of the patients presented with acute coronary
syndrome. The pattern of restenosis is predominantly non-focal with BMS ISR and focal with SES ISR.
Recurrent restenosis rates are high following conventional treatment and further optimal therapies mainly
with SES ISR needs to defined.
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Introduction

Percutaneous coronary intervention (PCI) has provided a safe and
reasonable revascularisation strategy in patients with symptomatic
coronary artery disease. Stenting is now performed for a majority of
the lesions, and the restenosis rates with bare metal stents (BMS)
remains high!?. Drug eluting stents (DES) have reduced the
restenosis rates following BMS in-stent restenosis®®. With the
increasing complexity of cases and off-label use of DES, the
restenosis rates with DES are rising and the optimum treatment for
DES ISR is not fully defined®®. The clinical presentation for both
BMS in-stent restenosis and DES in-stent restenosis can vary from
stable to unstable. There are limited studies in literature comparing
the clinical profile and angiographic patterns of BMS and DES in-
stent restenosis in contemporary practice.

The purpose of our study is to compare the clinical profile, clinical
presentation, risk factors, angiographic patterns, and treatment factors
in a consecutive series of in-stent restenosis patients between BMS in-
stent restenosis and sirolimus eluting stents (SES) in-stent restenosis.

Methods
Study population

All consecutive patients who underwent treatment for in-stent
restenosis between January 2004 and December 2007 at the
Toyohashi Heart Centre, Toyohashi, Japan are included in this
study. This included all patients with in-stent and stent edge
restenosis undergoing treatment. A total of 838 patients underwent
treatment for ISR; 487 patients with BMS ISR were compared with
351 patients with SES ISR. All data was prospectively collected,
entered in a dedicated database and the present analysis was
performed retrospectively. Follow-up angiography was performed
routinely at six to nine months, or earlier if clinically indicated, and
the results of 625 patients (75%) were available.

PCI procedure

The angioplasty procedure was performed according to the standard
techniques exisiting at the time they were performed and the final
treatment device was selected on operator’s discretion. During the
procedure, patients received weight adjusted dose of heparin to
achieve activated clotting time (ACT) >300 sec. All patients were
pre-treated with aspirin and ticlopidine and were continued on these
agents as per standard procedure. Dual antiplatelet therapy was
continued for three months, with the use of balloon angioplasty,
rotational atherectomy and bare metal stent implantation. This was
continued for six months, with paclitaxel eluting stent, and for twelve
months following sirolimus eluting stent implantation.

Angiographic analysis

Coronary angiograms during procedure and at follow-up were
analysed by two experienced observers after administration of
intracoronary nitroglycerine using quantitative angiographic analysis
system (CMS-MEDIS, Medical Imaging Systems, Leiden, The
Netherlands). Lesion length, reference diameter, minimal lumen
diameter (MLD), and% diameter stenosis were measured.
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Definitions

Clinical presentation at the time of treatment was classified as
unstable angina: new onset angina, angina at rest, and non-ST
elevation myocardial infarction; Canadian Cardiovascular Society
(CSS) class IlI/IV: severe angina needing hospitalisation; acute
myocardial infarction: prolonged ischaemic chest pain associated
with ST segment elevation and concomitant elevation of biochemical
markers (CK AND CK-MB>3 times); and the remaining patients were
classified as stable angina.
Angiographic restenosis and recurrent restenosis was defined as
diameter stenosis 0f>50% occurring within stent and 5 mm on each side.
Baseline angiographic pattern of restenosis was defined as:
— Focal, intimal hyperplasia involving less than 10 mm of the
stented segment or at the stent edge;
— Tubular, involving between 10-20 mm;

— Diffuse, involving greater than 20 mm length of the stented
segment and includes proliferative and totally occlusive lesions.
Chronic total occlusion (CTO) was defined as totally occlusive ISR

lesion with TIMI O or 1 flow of > than three months duration.

Statistical analysis

Data for continuous variables were expressed as means + S.D and
the categorical variables were expressed as frequencies. Continuous
variables were compared using Student’s f test and categorical
variables using chi-square test or Fischer's exact test. Logistic
regression analysis was performed on all variables to identify the
predictors of recurrent ISR in ISR patients. A forward stepwise model
was used with variable entry (0.05) and removal (0.10) at each step.
All tests were two tailed and p<0.05 was considered significant.

Results
Baseline characteristics

Baseline characteristics and clinical presentation is shown in
Table 1. Patients with SES ISR were significantly older and had a
higher incidence of diabetes. The remaining baseline risk factors
were similar in both groups. There were more patients with renal
failure on haemodialysis in SES ISR group (p=0.001).

Clinical presentation was seen to be acute myocardial infarction in
2.1% of the patients with a non-significant increase in patients with
SES ISR. Unstable angina and angina, CCS class IlI/1V, was the
presenting syndrome in 16% and 11% of the patients respectively,
and was similar between the BMS and SES groups. The groups with
and without follow-up angiography did not differ significantly with
regard to clinical, lesion, or procedural characteristics. However, the
206 patients without follow-up angiography had a higher incidence
of CTO lesions (p<0.01), a higher incidence of diffuse ISR (p=.05),
and a larger residual% diameter stenosis (p=0.01) than the 625
patients in whom follow-up angiography was performed.

Angiographic characteristics

As shown in Table 2, the target vessel was predominantly RCA
followed by LAD and LCX, which was similar in both groups. The
ISR target lesion was a chronic total occlusion in 10% of the



Table 1. Baseline characteristics and presentation of patients with
in-stent restenosis.

Variables Total patients BMS ISR SESISR  pvalue
n=838 n=487 n=351

Age, yrs, mean+SD 67.68+10.73 66.69+10.92  68.63£10.41 0.029
Male 684(81.6%)  396(81.3%)  288(82.1%)  0.085
Diabetes mellitus ~ 370(44.2%)  193(39.6%)  177(50.4%)  0.002
Hypertension 543(64.8%)  311(63.9%)  232(66.1%)  0.510
Hyperlipidaemia 280(33.4%) 163(33.5%)  117(33.5%) 1.000
Family history 95(11.3%) 57(11.7%)  38(10.8%)  0.741
Smoking 180(21.5%)  105(21.6%)  75(21.4%)  1.000
Renal failure on HD  124(14.8%) 54(11.1%) 70(19.9%) 0.001
Previous MI 568(67.8%)  327(67.1%)  241(68.7%)  0.654
Previous CABG 88(10.5%) 53(10.9%)  35(10.0%)  0.732
Presenting syndrome

Acute MI 18(2.1%) 8(1.6%) 10(2.8%) 0.234

Unstable angina  142(16.9%) 78(16.0%)  64(18.2%)  0.398

CCS III / IV 97(11.6%) 55(11.4%)  42(12.1%)  0.755
Body surface area 1.630.19 1.64+0.17 1.63£0.18 0.289

patients and a bifurcation lesion in 7% of the patients, which was
similar in both groups. Moderate or severe calcification and ostial
location were seen similarly in both groups. There was a higher
incidence of tortuous lesions in patients with SES ISR (p=0.01).

Table 2. Angiographic characteristics of patients with in-stent
restenosis.

Variables Total patients  BMS ISR SESISR  pvalue
n=838 n=487 n=351
Vessel
LAD 286(34.1%)  169(34.7%)  117(33.3%)  0.680
RCA 363(43.3%)  208(42.7%)  155(44.2%)  0.676
LCX 137(16.3%)  76(15.6%)  61(17.4%)  0.493
LMT 12(1.4%) 8(1.6%) 4(11%)  0.545
Branch 35(4.2%) 24(4.9%) 11(3.1%) 0.545
VG 5(0.6%) 2(0.4%) 3(0.9%) 0.795
Chronic total occlusion  84(10.0%)  54(11.1%) 30(8.5%) 0.245
Side branch at site 123(14.7%) 92(18.9%) 31(8.8%) <0.001
Bifurcations lesion 63(7.5%)  41(8.4%) 22(6.2%) 0.035
Tortuosity
Moderate 66(7.9%) 27(5.5%) 39(11.1%) 0.013
Severe 14(1.7%) 9(1.8%) 5(1.4%)
Calcification
Moderate 131(15.6%)  72(14.8%)  59(16.8%)  0.425
Severe 51(6.1%) 29(6.0%) 22(6.3%)
Ostial location 0.525
Aortic 34(4.1%) 21(4.3%) 13(3.7%)
Non-aorto ostial 98(11.7%)  54(11.1%)  44(12.5%)
QCA preprocedure
Length, mm 16.85+12.14  20.85+13.52 11.32+6.77 <0.001
Reference diameter, mm  2.88+0.57 2.90+/0.58 2.87+0.57 0.235
% Diameter stenosis 68.03+28.78  67.84+16.4 68.29+40.13 0.842
Lumen area (IVUS), mm? 2.55+1.45 2.370.93 2.74+1.85 0.005
QCA post-procedure
% Diameter stenosis 19.73£14.48  19.92+14.92  19.41+13.88 0.664
Lumen area, mm? 7.27+2.78 7.58+2.71 6.92+2.83 0.005
IVUS use 769(91.8%)  450(92.4%)  319(90.9%)  0.447
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Lesion length was significantly longer in BMS ISR group (p=<0.001)
with similar reference vessel diameter and baseline percent diameter
stenosis. Postprocedure QCA showed similar residual stenosis in both
groups with final lumen area higher in BMS ISR group (p=0.005).

Pattern of restenosis, treatment factors and
outcomes

As shown in Table 3, BMS ISR presented predominantly with a non-
focal pattern of restenosis and SES ISR presented with a predominantly
focal pattern of restenosis. In the SES ISR patients, 47% presented with
a focal pattern as compared to 19% in the BMS ISR group (p<0.0001).
A diffuse pattern of ISR was seen in 36% of the BMS ISR group as
compared to 16% in SES ISR group (p=0.003). The predominant
treatment strategy for patients with BMS ISR was cutting balloon
angioplasty, plain old balloon angioplasty (POBA), stents, and
directional atherectomy (DCA) in 33%, 18%, 38%, and 5% of these
patients respectively. On the other hand, the predominant treatment
strategy in SES ISR was cutting balloon angioplasty, POBA, stent, and
DCA in 31%, 41%, 23%, and 3% of the patients respectively. The use
of POBA was significantly higher in SES ISR group (41.6% vs. 18.3%,
p<0.001), and the use of stents was significantly higher in BMS ISR
group (38.6% vs. 23.4%, p<0.001). A majority of the patients who were
treated with stents underwent sirolimus eluting stent implantation
(88.9% in BMS ISR group vs. 74% in SES ISR group) and the rest were
treated with paclitaxel or bare metal stents.

The angiographic recurrent restenosis at nine months was seen in
38.6% of the patients, and target vessel revascularisation was
observed in 33.4% of the patients, with higher numerical rates in
the SES ISR group as compared to BMS ISR group. There was a
significantly higher incidence of sirolimus eluting stent usage in
patients with no recurrent restenosis as compared to recurrent
restenosis (p<0.001), with no significant impact of paclitaxel eluting
or bare-metal stent (Table 4).

Table 3. Angiographic pattern and outcomes in patients with in-
stent restenosis.

Variables Total patients  BMS ISR SESISR  p value
n=838 n=487 n=351

Angiographic pattern
Focal 250(30.9%)  94(19.3%)  165(47.0%)  <0.0001
Tubular 335(40%)  214(43.9%) 121(34.5%)  0.005
Diffuse 244(29.1%) 179(36.8%)  65(18.5%)  0.003

Main treatment device
Cutting balloon 273(32.6%) 163(33.5%)  110(31.3%)  0.515
POBA 235(28.0%)  89(18.3%)  146(41.6%)  <0.001
ROTA 19(2.3%)  19(3.9%) 0(0%) 0.515
DCA 38(45%)  25(5.1%)  13(3.7%)  0.326
STENT 270(32.2%)  188(38.6%) 82(23.4%)  <0.0001

Stent usage

Sirolimus eluting stent 227 (27.0%) 166(34.0%)  61(17.4%)  <0.001
Paclitaxel eluting stent 25 (3.0%) 8 (1.6%) 17 (4.8%) 0.070
Bare metal stent 18 (2.2%) 14 (2.8%) 4 (1.1%) 0.139
Angiographic restenosis  241(38.6%) 140(36.9%)  101(41.1%) 0.314
(N=625)
Target vessel 209(33.4%) 118(31.1%) 91(37.0%)  0.140
revascularisation
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Table 4. Baseline, angiographic pattern and treatment factors in patients with and without recurrent restenosis.

Variable Total patients Patients with no recurrent ISR Patients with recurrent ISR p value
n (%) n=625 n=384 n=241
Male sex 503 (80.5) 315 (82.0) 188 (78.0) 0.254
Age, yrs, mean+SD 67.52+10.75 67.25+10.82 67.95+10.65 0.429
Diabetes 280 (44.8) 165 (43.0) 115 (47.7) 0.249
Renal failure on HD 80 (12.8) 46 (12.0) 34 (14.1) 0.462
Unstable angina 114 (18.2) 53 (13.8) 61 (25.3) <0.001
€10 44 (7.0) 21 (5.5) 23 (9.5) 0.053
Severe calcification 36 (5.8) 20 (5.2) 16 (6.6) 0.513
Pattern of ISR

Focal 195 (31.2) 137 (35.7) 58 (24.1) 0.002

Tubular 260 (41.6) 152 (39.6) 108 (44.8) 0.211

Diffuse 170 (27.2) 95 (24.7) 75 (31.1) 0.096
BMS ISR 379 (60.6%) 239 (62.2) 140 (58.1) 0.511
SES ISR 246 (39.4) 145 (37.8) 101 (41.9) 0.483
Treatment devices

Cutting balloon 218 (34.9) 137 (35.7) 81 (33.6) 0.515

Balloon angioplasty 156 (25.0) 83 (21.6) 73 (30.3) 0.017

Stent 197 (31.5) 146 (38.0) 1(21.2) 0.001
Stent usage

Sirolimus eluting stent 169 (27.04) 131 (34.1) 38 (15.8) <0.001

Paclitaxel eluting stent 16 (2.5) 9 (2.3) 7 (2.9) 0.796

Bare metal stent 12 (1.9) 6 (1.6) 6 (2.5) 0.551
QCA- Baseline

Lesion length, mm 17.07+12.02 16.15£11.3 18.57+£12.88 0.022

Ref vessel diameter, mm 2.89+0.57 2.94+0.59 2.82+0.51 0.012

% diameter stenosis 66.25+15.81 64.06+16.28 69.71+14.41 <0.001
Baseline IVUS lumen area mm? 2.56+1.56 2.68+1.59 2.35+1.48 0.042
QCA post-procedure % diameter stenosis 19.08+12.33 18.13+11.94 20.62+12.8 0.017
Post-procedure IVUS lumen area mm? 7.39+2.88 7.63+3.09 6.95+2.41 0.011

Predictors of angiographic recurrent restenosis

Univariate analysis as shown in Table 4, identifies unstable angina,
chronic total occlusions, treatment with balloon angioplasty, lesion
length, baseline% diameter stenosis, and post-procedure residual
stenosis as predictors of recurrent restenosis

Multivariate analysis for BMS and SES recurrent ISR is shown in
Table 5. We have identified unstable angina at the time of
presentation, baseline% diameter stenosis, focal pattern of
restenosis, and stent usage as independent predictors of BMS
recurrent ISR. Unstable angina at presentation, focal pattern of ISR,

reference vessel size, and baseline% diameter stenosis were shown
to be independent predictors of recurrent SES ISR with no impact of
stent usage.

Discussion

The main finding of our study are as following: 1) 19% of patients
presented with acute coronary syndrome including acute MI and
unstable angina, which was similar in both groups; 2) around half of
the patients presented a focal pattern of restenosis in SES ISR group
as compared to only 20% in the BMS ISR group; more patients
presented with a diffuse and tubular pattern of restenosis in the

Table 5. Multivariate analysis for predictors of angiographic recurrent restenosis following BMS ISR & SES ISR treatment.

Variables BMS recurrent ISR SES recurrent ISR

0.R 95% C.I p value 0.R 95% C.I p value
Diabetes 1.19 0.73-1.93 0.474 0.95 0.49-1.87 0.902
Previous CABG 0.57 0.22-1.46 0.246 0.21 0.06-0.79 0.02
Unstable angina 3.02 1.58-5.77 0.001 2.28 1.02-5.10 0.043
Focal pattern of ISR 0.50 0.25-0.99 0.049 0.47 0.23-0.97 0.041
Stent use 0.25 0.13-0.47 <0.001 0.70 0.27-1.78 0.45
Reference diameter 0.78 0.48-1.27 0.325 0.45 0.23-0.90 0.025
Baseline % diameter stenosis 1.03 1.01-1.06 0.011 1.07 1.04-1.11 <0.001
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BMS ISR group; 3) recurrent restenosis after conventional
treatment is high (38%), being slightly higher in the SES ISR group;
4) We have identified unstable presentation, reference vessel
diameter, and baseline% diameter stenosis as independent factors
of recurrent restenosis, irrespective of the stent type.

Presentation of ISR

Previous studies have reported the initial presentation as acute
coronary syndrome in patients with ISR ranging from 30% to 60%
with bare metal and drug eluting stent in-stent restenosis!®!*. The
lower rates of patients presenting with acute coronary syndrome in
our study could be due to differences in the definitions used, and
we have reported separately on CCS angina status lI/1V, which
were included in some of the earlier reports as acute coronary
syndromes. However, the presentation of ISR is not benign and
around one third of these patients present with severe angina or
ACS. Our series has shown a non-significant higher percentage of
patients presenting with acute Ml in SES ISR group, also observed
in Steinberg’s group!.

There is evidence that neointimal proliferation occurs in association
with macrophage accumulation and extensive neovascularisation
providing the substrate for mural thrombus formation'®. It has also
been shown that proliferative tissue within the stent is rich with
tissue factor associated with thrombogenic risk!®. These risks could
increase the chances of an unstable plaque and thrombus
formation in patients with ISR resulting in unstable presentation.

Patterns of ISR

The angiographic patterns of restenosis have been studied in earlier
studies. Kini et al'? has reported focal ISR in 22% patients, with
78% presenting with non-focal ISR in the Palmaz —-Schatz stent ISR.
Similarly, Steinberg et al** has reported 75% of patients with BMS
ISR and 50% of patients with DES ISR presenting with non-focal
pattern of restenosis. Park et al'* has shown that two third of the
patients with DES ISR present with a focal pattern. Similar results
are reflected in our study.

The different angiographic pattern of restenosis with BMS and DES
could be explained as a result of different underlying
pathophysiological mechanisms of ISR. In BMS ISR the neointimal
tissue proliferation is uniform and it occurs along the length of the
stent’>. In DES ISR patients, the underlying mechanism in the
majority of the patients are mechanical factors resulting in unequal
local drug delivery leading to a more focal pattern. This also is
reflected in our observation of the increased length of the restenotic
lesion seen in the BMS ISR group.

Recurrent restenosis in ISR

There is limited literature regarding the recurrent restenosis rates in
this subgroup of patients with BMS and DES ISR. Kini et al*? has
reported overall recurrent restenosis rate of 46%, with diffuse
pattern and 14% with focal pattern following BMS ISR treatment
with POBA, stenting and rotational atherectomy. Two landmark
randomised trials have shown benefit of DES over brachytherapy in
patients with BMS ISR*5. Angiographic binary restenosis rate was

Clinical research

reported as 19.8% following use of sirolimus eluting stent for BMS
ISR in SISR study*. In our study, drug eluting stents were used in
only 38% of the patients with BMS ISR and this could explain the
higher incidence of angiographic restenosis in this group.

Treatment of DES ISR

The optimal treatment modality of DES ISR has not been well
defined and there are conflicting outcomes with different
treatments. Lemos et al® evaluated the clinical and angiographic
outcomes of 24 patients presenting with SES ISR following different
treatments. This group reported overall recurrent restenosis rates of
42.9% and 29.3% with repeat DES implantation. Cosgrave et al’
has reported outcomes following similar DES or different DES
implantation following DES ISR and reported similar rates of target
vessel revascularisation (15.9% vs. 16.0%). Garg et al® has
reported a 28.8% rate of target vessel revascularisation following
treatment of DES ISR with repeat DES. Recently, Steinberg et al*
has compared outcomes between BMS ISR and DES ISR following
treatment with DES in 238 patients. They reported higher rates of
target vessel revascularisation with patients with DES ISR group
(16.0% with BMS ISR vs. 25.2% with DES ISR, p=0.08). Park et
al'® reported high recurrent restenosis rates after treatment of DES
ISR with DES (53.6%). Solinas et al®® has shown in a consecutive
series of 182 lesions of DES ISR, the focal pattern of restenosis was
observed in 69.5% of the lesions and the target vessel
revascularisation rate was 8% at one year.

In our study, the angiographic recurrent restenosis and target vessel
revascularisation were similar to the published literature and similar
between BMS ISR and SES ISR. There was a non-significant
increases in restenosis and target vessel revascularisation in the
SES ISR group. This difference could be explained due to the
different treatment modalities used to treat this group in our study
as compared to the above mentioned studies. However, the
recurrent restenosis rate remains high with DES ISR with the
current available treatment.

Pathogenesis of ISR

The pathogenesis of ISR could be different in BMS and DES ISR,
and targeted therapy is needed to reduce the incidence of recurrent
restenosis. In BMS ISR, the restenotic tissue can be suppressed by
DES implantation, but the response could vary with the initial
pattern and aggressive nature of the restenosis. However, DES ISR
could be due to mechanical factors like incomplete stent expansion
which could well be treated with repeat balloon inflation. In some
cases this could be due to the resistance to the drug and the repeat
DES implantation could be detrimental with increasing incidence of
restenosis due to multiple layers of stent and polymer. Further
randomised studies are needed to further elucidate the mechanism
and optimal treatment for the restenosis in BMS and DES ISR.

Predictors of recurrent ISR

We have also identified the presentation of unstable angina as one
of the independent predictors of recurrent ISR, this phenomenon
could potentially be explained by more aggressive nature of
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restenosis in patients presenting with unstable angina. Further
studies are needed to confirm this association in large studies.
Usage of the stent (DES) for the treatment of BMS ISR was shown to
have a negative impact on recurrent restenosis as compared with
the balloon based treatment, and is consistent with published
literature*®. However, stent usage for SES ISR was not associated
with recurrent ISR. The focal pattern of ISR was also associated with
less recurrent ISR.

Limitations

Our study has several limitations: firstly, the retrospective nature of
the study can be subject to selection bias; secondly, in our study,
the treatment of ISR was at the operators discretion and some of the
differences could account for this; thirdly, incomplete angiographic
follow-up could effect the outcomes, however the follow-up was
similar in both groups and there was no significant difference
between the baseline and angiographic characteristics of patients
who failed to follow-up.

Conclusion

We have shown in our study that the presentation of ISR is not
always benign with one-third of patients presenting with ACS or
severe angina. The pattern of restenosis is different between SES
and BMS ISR, and the recurrent restenosis rates are high and
similar in both groups with current treatment. Further studies are
needed for a better understanding of the pathophysiology and
treatment for this group of patients.

References

1. Fischman DL, Lean MB, Baim DS, Schatz RA, Savage MP, Penn |,
Detre K, Veltri L, Ricci D, Nobuyoshi M. A randomised comparison of
coronary stent placement and balloon angioplasty in the treatment of
coronary artery disease. N Engl J Med 1994;331:496-501.

2. Cutlip DE, Chauha MS, Baim DS, Ho K, Popma JJ, Carrozza JP,
Cohen DJ,Kuntz RE. Clinical restenosis after coronary stenting: perspec-
tives from multicenter clinical trials. J Am Coll Cardiol 2002;40:2082-9.

3. Saia F, Lemos PA, Arampatzis CA, Hoye A, Degertekin M, Tanabe K,
Sianos G, Smits PC, van der Giessen WJ, de Feyter PJ, van Domburg RT,
Serruys PW. Routine sirolimus eluting stent implantation for unselected in-
stent restenosis: insights from the Rapamycin Eluting Stent Evaluated At
Rotterdam Cardiology Hospital (RESEARCH) Registry. Heart
2004;90:1183-1188.

4. Holmes DR Jr., Teirstein P, Satler L, Sketch M, O'Malley J, Popma JJ,
Kuntz RE, Fitzgerald PJ, Wang H, Caramanica E, Cohen SA. Sirolimus-
eluting stents vs vascular brachytherapy for in stent restenosis within bare
metal stents: the SISR randomised trial. JAMA 2006;295:1264-1273.

5. Stone GW, Ellis SG, O'Shaughnessy CD, Martin SL, Satler L, Mc
Garry T, Turco MA, Kereiakes DJ, Kelley L, Popma JJ, Russell ME.
Paclitaxel-eluting stents vs vascular brachytherapy for in stent restenosis
within bare-metal stents: the TAXUS V ISR randomised trial. JAMA
2006;295:1253-1263.

6. Lemos PA, van Meigham CA, Arampatzis CA, Hoye A, Ong AT,
McFadden E, Sianos G, van der Giessen WJ, de Feyter PJ, van Domburg RT,
Serruys PW. Post Sirolimus eluting stent restenosis treated with repeat

- 846 -

percutaneous intervention: late angiographic and clinical outcomes.
Circulation 2004;109:2500-2502.

7. Cosgrave J, Melzi G, Corbett S, Biondi-Zoccai GG, Mabic R, Airoldi F,
Chieffo A, Sangiorgi GM, Montorfano M, Michev [, Carlino M, Colombo A.
Repeated drug eluting stent implantation for drug eluting stent restenosis:
the same or different stent. Am Heart J 2007;153:354-359.

8. Garg S, Smith K, Torguson R, Okabe T, Slottow TL, Steinberg DH,
Roy P, Xue Z, Gevorkian N, Satler LF, Kent KM, Suddath WO, Pichard AD,
Waksman R. Treatment of drug eluting stents restenosis with the same
versus different drug eluting stent. Catheter Cardiovasc Interv 2007;70:9-14.

9. Whan Lee C, Kim SH, Suh J, Park DW, Lee SH, Kim YH, Hong MK,
Kim JJ, Park SW, Park SJ. Long term clinical outcomes after sirolimus
eluting stent implantation for treatment of restenosis within bare metal
stents versus drug eluting stents. Catheter Cardiovasc Interv
2008;71:594-598.

10. Walters DL, Harding SA, Walsh CR, Wong p, Pomeranstev E, Jang IK.
Acute coronary syndrome is a common clinical presentation of IN-Stent
restenosis. Am J Card 2002;89:491-494.

11. Bainey KR, Norris CM, Graham MM, Ghali WA, Knudtson ML,
Welsh RC. Clinical in stent restenosis with bare metal stents: Is it truly a
benign phenomenon? Int J Cardiol 2008;18:378-382.

12. Kini A, Marmur JD, Dangas G, Choudhry S, Sharma SK.
Angiographic patterns of in stent restenosis and implications on subse-
quent revascularization. Cathet Cardiovasc Intervent. 2005;49:23-29.

13. Park CB, Hong MK, Kim YH, Park DW, Han KH, Lee CW, Kang DH,
Song JK, Kim JJ, Park SW, Park SJ. Comparison of angiographic patterns
of in stent restenosis between sirolimus and paclitaxel eluting stent. Int J
O Cardiol. 2007;120:387-390.

14. Steinberg DH, Gaglia MA, Slottow TP, Roy P, Bonello L, Labriolle AD,
Lemesle G, Totguson R, Kineshige K, Xue Z, Suddath WO, Kent KM, Satler
LF, Pichard AD, Lindsay J, Waksman R. Outcome differences with the use
of drug eluting stents for the treatment of in stent restenosis of bare metal
stents versus drug eluting stents. Am J Card 2009;103:491-495.

15. Hoffmann R, Mintz GS, Dussaillant GR, Popma JJ, Pichard AD,
Satler AF, Kent KM, Griffin J, Leon MB. Patterns and mechanisms of in-
stent restenosis. A serial intravascular ultrasound study. Circulation
1996;94:124-7.

16. Kearney M, Pieczek A, Haley L, Losardo DW, Andres V, Schainfield R,
Rosenfield K, Isner JM. Histopathology of in stent restenosis in patients
with peripheral artery disease. Circulation 1997;95:1998.

17. Kornowski R, Hong MK, Tio F, Choi SK, Bramwell O, Leon MB. In-
stent restenosis: contributions of inflammatory responses and arterial
injury to neointimal hyperplasia. J Am Coll Cardiol 1998;31:224.

18. Komatsu R, Ueda M, Naruko T, Kojma A, Becker AE. Neointimal
tissue response at sites of coronary stenting in humans: macroscopic, his-
tological, and immunohistochemical analyses. Circulation 1998;98:224.

19. Moreno PR, Palacios IF, Leon MN, Rhodes J, Fuster V, Fallon JJ.
Histopathologic comparison of human coronary in stent and post balloon
angioplasty restenotic tissue. Am J Cardiol 1999;84:462-6.

20. Solinas E, Dangas G, Kirtane AJ, Lansky A, Bond TF, Boland P,
Syros G, Kim YH, Gupta A, Mintz G, Fahy M, Collins M, Kodali S, Stone GW,
Moses JW, Leon MB, Mehran R. Angiographic patters of drug eluting stent
restenosis and one year outcomes after treatment with repeated percuta-
neous coronary intervention. Am J Cardiol 2008;102:311-315.





