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IN-STENT RESTENOSIS

The introduction of intracoronary stents into clinical practice has
dramatically changed treatment of obstructive coronary artery disea-
se. Unfortunately, the procedure’s utility is limited by a frequent
complication: restenosis At the moment, repeat balloon angioplasty is
considered to be the first line treatment option, especially in focal le-
sions. The recent introduction of drug-eluting stents (DESs) may
help prevent ISR. However, DESs have not been universally success-
ful, and they may introduce new complications that require further
refinement. This review summarizes the current understanding of the
pathogenesis of ISR and provides an objective overview of DESs.
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OZET
Stent ici Restenoz

Koroner girisimlerde stentlerin kullanilmasi1 koroner arter hastaligimin
tedavisini dramatik olarak degistirmistir. Ancak bu girigsim siklikla res-
tenoz adi verilen bir siiregle sinirlanmaktadir. Restenozun 6zellikle fo-
kal restenozlarmn ilk tedavi segenegi tekrarlayan balon anjiyoplastiler-
dir. Son yillarda ilag kapl stentlerin (IKS) kullanilmaya baslanmasiyla
birlikte stent i¢i restenoz oranlar1 azalmaya baslamistir. Bununla bera-
ber IKS kullaniminda universal bir basar1 tammlanmanus iistelik yeni
komplikasyonlarin taninmaya baglamasiyla tartigilir hale gelmistir. Bu
derlemede stent i¢i restenozun fizyopatolojisini giincel bilgiler 1s18inda
anlamay1 ve IKS lerin bu siireci nasil etkiledigini gdzden gegirecegiz.

INTRODUCTION

lutionized the management of patients with coronary ar-

tery disease. The introduction of intracoronary stents in-
to clinical practice has dramatically changed treatment of obs-
tructive coronary artery disease. Unfortunately, the procedure’s
utility is limited by a frequent complication: restenosis. Coro-
nary stenting prevents the elastic recoil and negative remode-
ling that can occur after angioplasty. Since having been shown
to significantly reduce restenosis as compared to PTCA in se-
lected lesions, 1,2 the indication for stent implantation has be-
en widened substantially. But, by inciting varying degrees of
intimal expansion, it can also produce arterial renarrowing,
known as in-stent restenosis (ISR). Restenosis is an iatrogenic
novel “disease”. As a result of a dramatic increase in implan-
tation numbers worldwide in less selected and more complex
lesions (bypass grafts, restenostic lesions, unstable angina,
myocardial infarction), in-stent restenosis has been disclosed
as a new entity with significant clinical and socioeconomic
implications.

P ercutaneous transluminal coronary angioplasty has revo-
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The initially favourable outcome data in “ide-
al”, benestent/stress-type lesions (i.e. focal le-
sions <15mm in length in native vessels (3mm
diameter)1.2 accounts for =25% of those lesi-
ons treated in a ‘realworld’ setting. Results of
stenting in more complex coronary lesion subt-
ypes (for example ostial, bifurcation, thrombo-
tic or long lesions) have proved less impressi-
ve, with angiographic and clinical restenosis
rates ranging between 30% and 60%.3,4

With more than 1 000 000 stent implantations
per year and an estimated overall clinical reste-
nosis rate of 15-25%, between 150 000 and
250 000 patients were expected to present with
in-stent restenosis in the year 2002 and require
treatment.5,6 The precise mechanisms invol-
ved in the pathogenesis of ISR are incomple-
tely understood. Despite a variety of different
therapeutic options, the most effective treat-
ment modality for ‘in-stent restenosis’ has as
yet not been identified. This is, in part, due to
a lack of randomized, controlled trials for most
of the existing treatment modalities.

At the moment, repeat balloon angioplasty is
considered to be the first line treatment option,
especially in focal lesions. The recent introduc-
tion of drug-eluting stents (DESs) may help
prevent ISR. However, DESs have not been
universally successful, and they may introduce
new complications that require further refine-
ment. This review summarizes the current un-
derstanding of the pathogenesis of ISR and
provides an objective overview of DESs.

IN-STENT RESTENOSIS

The first percutancous transluminal coronary
angioplasty (PTCA) was performed in 1977 by
Andreas Gruentzig.7 This procedure resulted
in significant objective improvement in myo-
cardial ischemia and thus became increasingly
popular.8 However, PTCA soon proved to be
limited by an important complication: 25 to
45% of patients experienced restenosis of the
dilated lesion, defined as a renarrowing of the
dilated lesion of greater than 50% of vessel di-
ameter.9 The processes resulting in postangi-
oplasty restenosis are now understood and ine-
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lude mechanical collapse of the artery wall du-
¢ to elastic recoil, negative remodeling, as well
as variable amounts of intimal expansion se-
condary to cell proliferation, migration and
abundant matrix production .10

The concept of endoluminal splinting was first
proposed in 1964, however it was more than 20
years before the first human coronary stent was
implanted.12,13 Coronary stents act as luminal
scaffolds that are permanently inserted into di-
seased arteries to enlarge the lumen and impro-
ve blood flow downstream, thereby eliminating
arterial recoil and constrictive remodeling.14
Indeed, numerous randomized clinical trials
have demonstrated a 30-50% decrease in the
rate of restenosis with stents compared to bal-
loon angioplasty alone.1,2 But the problem of
lesion renarrowing post-stenting is by no me-
ans solved, for the frequency of stent renarro-
wing (or in-stent restenosis, ISR) remains in
the range of 10-40%. As described below, the
pathogenesis and hence the therapeutic chal-
lenges associated with ISR are currently evol-
ving.

Many studies report the incidence of ISR to be
low, afflicting only 10-20% of lesions.1,2 But
in some instances, complex lesions(bypass
grafts, restenostic lesions, unstable angina,
myocardial infarction) with unfavourable cha-
racteristics for long term success are being in-
tervened upon, and these particular interventi-
ons drive the frequency of ISR into the 30-40%
range or higher.3

With this widespread practice of stent inserti-
on, a recent estimate suggested that over
100,000 cases of ISR will develop worldwide
annually.7 Hence, there is an acute need to de-
velop effective treatment strategies for the ex-
panding problem of ISR. Like post-PTCA res-
tenosis, ISR is usually defined angiographi-
cally as a binary event with greater than 50%
diameter renarrowing. It is important to note
that not all patients with ISR will be sympto-
matic (e.g., due to collateral supply or medical
therapy) and therefore, to accurately ascertain
the frequency of ISR in a patient population,
repeat angiography must routinely be perfor-
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med. With the exception of patients enrolled in
clinical studies, follow-up angiography is neit-
her cost effective nor is it practical for many
patients. Hence, clinical estimates of the frequ-
ency of ISR may be lower than those reported
in angiographic studies.

THE CLINICAL AND ECONOMIC
IMPORTANCE OF IN-STENT RESTE-
NOSIS

The majority of studies to date have failed to
demonstrate a convincing link between resteno-
sis and short or long-term mortality. In contrast
to de novo lesions, where plaque rupture and lo-
cal thrombus formation can lead to acute myo-
cardial infarction (MI) and death, restenosis
tends to present as a gradual recurrence of angi-
nal symptoms rather than an acute event.
Weintraub et al.15 reported that restenosis was
a predictor of MI, but not of long-term morta-
lity. Their data mostly reflected the outcome
following balloon angioplasty without stenting.
In a later study, Schuhlen, et al.16 analysed re-
sults from nearly 2,000 patients undergoing co-
ronary stenting and routine follow-up angiog-
raphy. They found a significantly greater morta-
lity rate at four years among patients with angi-
ographic restenosis compared with and those
without (9% versus 6%, respectively).

It is notable that a substantial proportion of pa-
tients with angiographic restenosis are entirely
asymptomatic. 17 Nevertheless, when ISR does
occur in symptomatic patients, it is difficult to
treat and has a high recurrence rate.3 Despite
the lack of differences in long-term survival
between surgical and percutaneous coronary re-
vascularisation, the rates of reintervention fol-
lowing PCI is five to tenfold higher than that
following CABG.18 This in itself has major
economic implications. In addition, restenosis
has an adverse impact on quality of life (QOL),
as demonstrated in the Optimum Percutaneous
Transluminal Coronary Angioplasty versus Ro-
utine Stenting (OPUS-1) trial where patients
without restenosis had less frequent angina, fe-
wer physical limitations and improved QOL
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compared with patients with restenosis.19 The
Stent Primary Angioplasty in Myocardial In-
farction (Stent- PAMI) trial comparing balloon
angioplasty with stenting found that stenting
was associated with lower rates of angiographic
and clinical restenosis and a significantly better
(QOL at six months.20 These factors, taken to-
gether, have led to considerable efforts towards
the development of new strategies to treat and
reduce the rate of ISR.

PATHOPHYSIOLOGY AND MORP-
HOLOGICAL PREDICTORS OF

IN-STENT RESTENOSIS

Stent characteristics may also play a role in the
pathogenesis of ISR, as there are variations in
the number of struts and the amount of metal
surface area that is in contact with the artery
wall.21 Currently, most stents are made of a
stainless steel alloy with either a slotted tube or
modular design. However, as platelet adhesion
and the potential release of oxidized heavy me-
tal ions from the steel struts is a concern, other
materials such as platinum and titanium alloys,
including nitinol, a mixture of nickel and titani-
um, have been investigated.22 Unfortunately,
most of these other alloys fail to match the ne-
cessary mechanical characteristics of stainless
steel (e.g., recoil of self-expanding nitinol
stents is a concern).23.24 Alternate stent coa-
tings (e.g.. gold, carbon, silicon carbide) have
also been used but with variable results.25,26
Nevertheless, recent registry data with a cobalt
chromium stent are encouraging.27

There is a triphasic temporal distribution pat-
tern for stent occlusion. Acute and subacute
stent closure is different from ISR and typically
occurs within the first 24 hours and 2 weeks
post-stent deployment, respectively. While acu-
te and subacute stent closure occurs in <1% of
patients receiving stents, the usual causes are
thrombosis within a stent that is mal-apposed to
the vessel wall due to under-expansion of the
balloon deploying the stent or dissection with
thrombus accumulation in the artery segment
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immediately adjacent to the stent. In rare ins-
tances, acute and subacute stent closure may be
due to an underlying hypercoagulable state or
inadequate anti-platelet therapy. In contrast.
ISR refers to stent renarrowing or closure that
typically occurs within 3-12 months after stent
implantation. Patients with ISR often note an
insidious recurrence of the cardiac symptoms
they experienced prior to stenting and infrequ-
ently suffer an acute event (e.g., myocardial in-
farction).

Once formed, not all ISR lesions are alike.
Mehran and colleagues classified ISR into focal
and diffuse patterns (Table 1).

Table 1: Classification of In-Stent Restenosis

Macroscopic Description

* lesions 10mm in length

= at unscaffolded segment
= al body of stent

= proximal OR distal margin

Class I: Focal

Class I: Multi-focal = lesions at combmation of
“focal’ sites

Class 1I: Dnffuse intra-stent = lesions =10mm in length

* confined within stent(s)

* no extension outside stent
margins

Class 111: Diffuse proliferative = lesions =10mm in length

= extends beyond stent margins

Class IV: Total occlusion * lesions with TIMI O flow

TIMI = thrombolysis in myocardial infarction.

Adapted from Mehran, et al.3

3 Focal ISR may occur at gaps or articulation
sites in stents, at the stent margins, or at one or
more sites within the body of the stent. In con-
trast, diffuse ISR may either be limited to wit-
hin the stented segment or extend beyond the
margins of the stent.

While it is often difficult to predict which sten-
ted lesions will develop ISR, a number of clini-
cal and angiographic predictors of ISR have be-
en identified. Several studies have consistently
identified a number of predictors of both angiog-
raphic and clinical restenosis following stent
implantation. These include a small (< 2.5mm)
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reference vessel diameter, occlusions, ostial lesi-
ons, lesions within vein grafts, a longer lesion
length, use of multiple stents, a history of previo-
us restenosis and the presence of diabetes .

TREATMENT STRATEGIES IN
IN-STENT RESTENOSIS PTCA

The treatment of ISR with conventional PTCA is
still the prevailing therapy. Although technically
straightforward, a number of studies have shown
rates of angiographic and clinical restenosis ran-
ging between 30% and 80% following this stra-
tegy.31,32 It 1s thought that the majority of lumi-
nal enlargement is achieved through additional
stent expansion, with the rest being due to com-
pression of neointimal tissue. Neointimal tissue
may undergo re-intrusion through the stent struts
soon after initial balloon expansion, with an acute
loss of benefit.

a.“Cutting” Balloon Angioplasty

The “cutting’ balloon (Boston Scientific Corp., In-
terventional Technologies Europe Ltd, Letter
Kerry, Ireland), a balloon catheter with three or
four microsurgical blades bounded longitudinally
to its surface, was introduced as a potential tool to
incise and facilitate redistribution of ISR plaque.
However, a large multicentre, prospective, rando-
mised trial showed no significant benefit in redu-
cing recurrence of ISR (target lesion revasculari-
sation (TLR) of 14% versus 13%) or major adver-
se cardiac events (16% versus 15%) compared
with conventional PTCA.33

b. Directional Coronary Atherectomy

The *debulking’ technique of directional coronary
atherectomy (DCA) involves removal of neointi-
mal tissue from within stents, resulting in acute
gain in luminal diameter. Despite reports from
small series of patients of relatively low (25%) ra-
tes of TLR at 12 months, concerns over increased
morbidity have limited the use of this techniqu-
e.34

¢. High-speed Rotational Atherectomy (HSRA-
Rotablation)

Theoretically, mechanical debulking of neointi-
mal with rotablation prior to PTCA should mini-
mise vessel trauma and thus result in less subsequ-
ent recurrent neointimal proliferation compared
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with PTCA alone. This was demonstrated in an
animal model of ISR.35 A single-centre study of
100 cases reported favourable outcomes with ro-
tablation compared with historical controls of
PTCA.36 However, the multicentre Angioplasty
versus Rotational Atherectomy for Treatment of
Diffuse In- Stent Restenosis Trial (ARTIST) of
randomised patients with ISR to either conventio-
nal PTCA or rotablation showed a better six-
month event-free survival after PTCA compared
with rotablation (91% wversus 80%, respectively;
p=0.005). Both treatment strategies resulted in
high restenosis rates (51% in PTCA group versus
65% in rotablation group).37 The single-centre
randomised trial of Rotational Atherectomy Ver-
sus Balloon Angioplasty for Diffuse In-stent Res-
tenosis (ROSTER) reported less residual intimal
hyperplasia and lower TLR rates with HSRA
compared with PTCA alone.38 It is important to
note that the ARTIST and ROSTER trials are not
directly comparable, as the latter study excluded a
third of patients after baseline intravascular ultra-
sound (IVUS) assessment and significantly more
patients underwent additional stenting in the
ROSTER PTCA arm compared with the rotablati-
on arm.

d. Excimer Laser Coronary Angioplasty
Another atheroablative tool is the excimer laser
and this has been shown to ablate in-stent neointi-
mal tissue safely and effectively, with a trend to-
wards lower TLR at six months follow-up compa-
red with PTCA alone (21% versus 38%, respecti-
vely; p=0.05).39 However, a randomised trial
comparing the excimer laser and rotablation fo-
und no significant difference between TLR rates
for both strategies at one year.40

e. Intravascular Brachytherapy
Brachytherapy has been shown to reduce the inci-
dence of angiographic and clinical restenosis in
trials of both de novo disease and ISR.41-43 The
landmark Scripps Coronary Radiation to Inhibit
Proliferation Post-Stenting (SCRIPPS) study re-
ported favourable results following intravascular-
radiation to treat restenosis (two-thirds was within
stents) in humans.44 The six-month angiographic
restenosis rates were significantly lower in the tre-
atment group compared with placebo (17% versus
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54%, p=0.01) and this difference was sustained at
three vears. The composite clinical endpoint of
death, MI or TLR was also lower in the treated
group compared with placebo (23% versus 55%,
p=0.01).

The efficacy of A-brachytherapy for the treat-
ment of ISR was later confirmed by the Washing-
ton Radiation for In-Stent Restenosis Trial
(WRIST), Gamma-1 and the Angiorad Radiation
Technology for In-Stent Restenosis Trial in Nati-
ve Coronaries (ARTISTIC).45.46

B-radiation has advantages over A -radiation in
that it involves lower total body dose exposure
and shorter (three to six minutes versus 15-20 mi-
nutes) intracoronary dwell times. Thus, B-brachy-
therapy can be carried out within catheter labora-
tories in the presence of clinical staff and without
the need for extra radiation protection. The theore-
tical disadvantages of -radiation compared with
A-radiation include lower vessel wall penetration
and hence a less homogenous delivery of radiati-
on. However, the Beta-WRIST trial, a single-cen-
tre registry using a yttrium B- radiation source,
showed similar results to the original A-trial 47
thereby suggesting that the mechanism of action
and clinical results of A and B-radiation are bro-
adly similar.

The use of B-emitting P-32 stents was evaluated
by the IRIS-1 registry and was found to be safe
and feasible, but with a high angiographic reste-
nosis rate of 39%.48 Subsequent European dose-
ranging studies have been equally disappointing,
with IRIS-2 showing a 44% restenosis rate, predo-
minantly at the stent edges. This so-called ‘edge
effect” is related to radiation dose, where the
length of the radiation source does not fully cover
the injured artery segment; hence, a segment of
injured endothelium receives a low dose of radi-
ation at the edges of the source.

An additional application for brachytherapy was
suggested more recently with vein graft resteno-
sis.49 Thus, brachytherapy has been demonstrated
to be a safe and relatively effective strategy for the
treatment of ISR, albeit with some limitations
such as edge restenosis and late thrombotic occlu-
sions. The latter phenomenon, reported in up to
9% of patients receiving brachytherapy to treat
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ISR, is postulated to be as a result of failure of re-
endothelialisation of the ‘bare’ stent struts, lea-
ding to a prolonged thrombotic risk. Therefore,
long-term (=6 months) therapy with clopidogrel is
recommended in addition to acetylsalicylic
acid.50

The issue of dosimetry has been clarified by seve-
ral studies, whereby too little radiation appears to
be, at best, ineffective and may have a proprolife-
rative effect. Other concerns regarding the long-
term safety of this technology include questions
on late vessel wall degeneration (leading to ane-
urysm formation), late fibrosis (leading to delayed
restenosis) and the development of radiation-in-
duced tumours, either locally or at distant sites.
Finally, overall, only about a 10% absolute reduc-
tion of restenosis was achieved by brachytherapy.
This means that 10 patients have to be irradiated
in order to prevent one of them from having a re-
peat intervention. Mortality and infarction rates
are not reduced. In real terms, brachytherapy is
not an entirely economical strategy.

f. Drug Eluting Stents

The evolution of drug eluting coronary stents has
followed a remarkably rational course. For
example, as organizing thrombus is considered an
important initiating event in the development of
ISR, therapies directed against both platelets and
thrombin were early candidates for stent-based
delivery. Unfortunately, stents dipped in the
glycoprotein-lIbllla receptor antagonist abcixi-
mab failed to reduce the incidence of ISR.51 A si-
milar lack of success was encountered with hepa-
rin. While variable benefit was exhibited in seve-
ral animal studies with heparin-coated stents, non-
randomized human trials involving a broad range
of patients demonstrated ISR rates that were com-
parable to those of trials of uncoated stents n si-
milar patient populations.52, 53-58

Moreover, it should be noted that several of the
early landmark clinical trials that established the
superiority of stents to angioplasty alone used he-
parin coated  stents. 30,59,60 The incidence of
ISR in these studies varied from 16% in a low risk
population to 55% in a population at high risk. Fi-
nally, a randomized clinical trial comparing a he-
parin-coated stent with an uncoated stent failed to
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demonstrate a difference in binary ISR rates (e.g.,
33% and 30%, respectively).61

Inflammation in the peri-strut vascular tissue is
thought to play a key role in the genesis of ISR.
Therefore, corticosteroids, because of their potent
anti-inflammatory properties, have also been in-
vestigated in porcing models of stenting. While
one study using methylprednisolone did reveal
less neointimal thickening with the drug-coated
stent, two others with dexamethasone showed no
such benefit.62-64

A third target for the prevention of ISR is smooth
muscle cell proliferation. While it has been de-
monstrated that smooth muscle cell proliferation
is exceedingly rare in tissue specimens removed
from established human ISR lesions, little is
known about the proliferation profile in the vessel
segment early after stent implantation .65,66

If one extrapolates from animal models of sten-
ting, peak proliferative activity is observed 7 days
after stent insertion.67 Hence, several agents with
anti-mitotic properties have been studied. Cur-
rently, two agents, sirolimus and paclitaxel, have
shown remarkable efficacy in clinical trials, and
will be discussed separately.

The concept of local drug delivery via coated
stents is attractive, in that it combines biological
and mechanical strategies in order to maximise
the final angiographic result and also moderate the
reaction of the vessel to the injury caused by stent
implantation. The development of stents coated
with antimitotic drugs, in particular sirolimus (ra-
pamycin) and paclitaxel, has had a significant im-
pact on the outcome of coronary stenting of non-
complex de novo lesions in native coronary arte-
ries, with a marked reduction in the incidence of
angiographic restenosis.

There are several key factors involved in the cons-
truction of a coated stent. These include the com-
patibility of the stent coating with the artery wall,
the means by which the therapeutic agent is initi-
ally retained and then released in vivo, the release
kinetics (especially duration), the local distributi-
on of the agent into the artery wall vs. the blood,
the potential and relative toxicity of the agent to
various cells in the artery wall (e.g., endothelial
cells, SMCs, mononuclear cells), and finally the
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stent design, since the number of struts and the
metallic surface area of the stent are important in
determining the dose of therapeutic agent that will
be available for delivery.

Sirolimus is a naturally occurring macrolide anti-
biotic produced by Streptomyces hygroscopicus
and originally identified in 1975 from a soil samp-
le from Rapa Nui (Easter Island). Initially, the
drug was developed as an antifungal (rapamycin),
but its clinical utility as such was undermined by
its potent immune-suppressing effects. In 1999,
sirolimus was approved by the FDA for the pre-
vention of renal allograft rejection. Sirolimus is li-
pophilic with low aqueous solubility, thereby allo-
wing for minimal drug loss in the blood and likely
enhanced resident time in cell membrane lipids
when delivered using a stent-based platform. The
net effect of sirolimus is a cytostatic arrest of cell
cycle progression from G1 phase to S phase. Stu-
dies in vitro and in vivo support the concept that
sirolimus inhibits SMC proliferation and neointi-
mal formation .68-70

“First In Man™ (FIM) was the first human study of
a coronary stent eluting an anti-proliferative agent
(sirolimus). Forty-five patients with stable coro-
nary artery disease from two different centers we-
re treated with a single sirolimus-coated BX Velo-
city stent, and the results were reported in two se-
parate manuscripts. Using quantitative coronary
angiography and 3D volumetric IVUS measure-
ments obtained immediately post-procedure and 4
months later, there was minimal neointimal area
formation in both groups (11.0 £ 3.0% and 10.4 £+
3.0% of lumen area for the slow and fast release
formulations, respectively), and no in-stent or ed-
ge restenosis was detected. Furthermore, there
were no major clinical events through 8 months of
follow-up, including stent thrombosis, repeat re-
vascularization, myocardial infarction or death.
Angiographic follow-up revealed an absence of
ISR at 12 months.71

The Study of Sirolimus Eluting Stent in De Novo
Native Coronary Lesions (SIRIUS) study aimed
to assess the usefulness of DESs in a more “real-
life” population.72 De novo coronary artery ste-
noses in 1058 patients were randomized to recei-
ve either a sirolimus-coated or an uncoated BX
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Velocity stent. Compared with previous study po-
pulations, the patients in SIRIUS were at signifi-
cantly higher risk for ISR: 25% were diabetic,
over 40% had multivessel disease and the lesions
were at least 15 mm in length. The SIRIUS study
showed a 12-month TLR of 5% with sirolimus
eluting stents compared with 20% in the control
*bare metal’ stent group (p<0.001).73
Understandably, less favourable outcomes were
observed in more complex subgroups such as long
lesions, bifurcations, small (<2.5mm diameter)
vessels, diabetics (especially insulin-dependent
diabetics) and in vein graft interventions.

Finally, it should be noted that while these siroli-
mus DES data are very encouraging, oral siroli-
mus therapy has also been tested in patients un-
dergoing PClL. Preliminary results from ORBIT,
an open-label trial of intracoronary stenting with a
30-day treatment of oral sirolimus in 22 patients at
high risk for ISR, demonstrated that oral sirolimus
was ineffective in preventing ISR.74

The second drug to be delivered on a stent and
prevent ISR is paclitaxel. This agent, produced in
the bark of the Pacific yew tree, has potent anti-
neoplastic properties and is FDA-approved for the
treatment of ovarian cancer.75 The drug acts by
interfering with cell microtubule function, causing
the formation of abnormally long and stable mic-
rotubules that serve to inhibit cell division and
migration, as well as intracellular signaling and
protein secretion. Thus, like sirolimus, paclitaxel
inhibits SMC proliferation ostensibly via a cytos-
tatic mechanism. As well, similar to sirolimus,
paclitaxel is lipophilic and insoluble in water, and
therefore, well suited for stent-based delivery.
The ASPECT trial compared the safety and effi-
cacy of a low dose (1.3 pg/mm2) and high dose
(3.1 pg/mm2) paclitaxel eluting nonpolymeric
stent with a control stent in 177 patients.76,77 The
ELUTES trial (European Eval.Uation of PacliTa-
xel-Eluting Stent) assigned 192 patients in a ran-
dom manner to one of five groups: four paclitaxel-
eluting stent groups receiving four different doses
and an uncoated stent group.78 Finally, the TA-
XUS I trial randomized 61 patients to receive eil-
her a slow-release coated stent with paclitaxel em-
bedded in a polymer or a conventional stent.79 Si-
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milarly, the TAXUS II study of two paclitaxel
formulations (slow release, SR, and moderate re-
lease, MR; each with |1 pg/mm2 of drug per stent)
randomized 536 patients to a drug-coated vs. a ba-
re NIR conformer 15 mm stent (Boston Scientific
Corp., Natick, Mass.). The TAXUS I study repor-
ted a 6 month angiographic restenosis rate of 8%
in paclitaxel eluting stents compared with 23% in
the control *bare metal” stent group (p<0.0001).80

POTENTIAL DISADVANTAGES OF DESs

There are several theoretical problems associated
with the use of DESs. Potential drawbacks of
DESs can be classified into two general categori-
es: suboptimal efficacy and overwhelming effi-
cacy (or toxicity). While these potential pitfalls
continue to be carefully evaluated and DESs have
for the most part been demonstrated to be safe.
There are several problems with DESs that relate
to their possible lack of efficacy in preventing
ISR. Obviously, the first factor to consider is the
drug itself.

The drugs that are currently being explored are lo-
gical choices, and some have multiple modes of
action (e.g.. anti-proliferative and anti-inflamma-
tory). Therefore, until more biological and mole-
cular information is available regarding the pro-
cesses involved in stent renarrowing, relatively
broad spectrum therapeutic strategies will conti-
nue to be tested.

The second factor of vital importance is the dose
of the anti-ISR drug. The ASPECT and ELUTES
trials with paclitaxel-coated coronary stents cle-
arly demonstrate a dose-response relationship bet-
ween drug and ISR prevention. 76,81 However,
this issue is not as simple as the amount of drug
per unit of stent surface area. Therapeutic success
relates rather to the amount of drug per area of
vessel wall. Thus, the relationship between stent
and vessel wall is critical. Unfortunately, this rela-
tionship is highly variable and is determined by
several factors including the configuration and to-
pography of the involved blood vessel.

The third theoretical problem of DESs is “edge ef-
fect.” Edge effect was a common complication of
brachytherapy and refers to restenosis immedia-
tely adjacent to the proximal and distal margins of
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the stent.82 Angiographically, the appearance is
similar to that of a candy wrapper. Edge resteno-
sis has been attributed to geographic miss, (i.c.
balloon-mediated injury with insufficient admi-
nistration of radiation to the artery wall at the ed-
ges of a lesion).83,84 This same complication co-
uld conceivably affect DESs: injury to coronary
artery segments not covered by DES. In clinical
trials, this specific 1ssue 1s being addressed by as-
sessing not only the incidence of ISR, but also in-
segment restenosis (in-segment restenosis is com-
monly defined as binary restenosis within the
stent plus the region 5 mm proximal or distal to
the stent). In RAVEL, IVUS follow-up in a subset
of 95 patients did not demonstrate a significant
difference between the 2 groups in either lumen or
plaque volume at the proximal and distal edges.85
A fourth concern regarding the long-term success
rate of DESs is the so-called “catch-up phenome-
non.” Specifically, if a drug is eluted from the
stent over a period of 14 to 30 days, what happens
thereafter? In other words, is ISR significantly re-
duced by DESs or just postponed? Farb et al. de-
monsirated that intimal hyperplasia was inhibited
at 4 weeks in their rabbit study of paclitaxel-elu-
ting stents, but the effect was not sustained at 90
days.86 The longest available human follow-up of
DESs comes from the FIM study. After 3 years,
92% of patients remained free of any major adver-
se cardiac events, and none occurred between ye-
ars 2 and 3.87 While the human evidence accumu-
lated thus far has failed to demonstrate a catch-up
phenomenon, longer follow-up of larger numbers
of patients is required.

Important questions about the outcomes of DESs
do not stem solely from their possible lack of effi-
cacy, as problems may also arise from their po-
tency. Specifically, if ISR is a form of arterial re-
pair, what are the consequences when this tissue
response is inhibited? Perhaps thrombosis may
occur due to delayed endothelial regrowth, or ane-
urysm formation and stent malapposition may de-
velop in response to medial and adventitial at-
rophy? Incomplete healing along with intimal he-
morrhage has been observed in animal studies of
paclitaxel-eluting coronary stents.88

In humans, DESs do appear to possess a propen-
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sity for late thrombotic complications. The SCO-
RE trial compared a coronary stent eluting the ta-
xane derivative 7-hexanoyltaxol, also known as
QP2, to a bare stent.89 Although ISR rates were
(% 1n the coated stent group vs. 52% in the con-
trol group, the trial was terminated prematurely
because of a high incidence (8%) of late stent
thrombosis in the coated stent group.

Aneurysm formation, a potential complication re-
lated to the toxicity of anti-proliferative agents de-
livered to the coronary artery wall, may result in
late stent malapposition. In their studies of pacli-
taxel-coated stents in pigs, Heldman and colleagu-
es noted a reduction in medial thickness along
with focal neointimal and medial wall hemorrha-
ge and cell necrosis.90 While there are scattered
unpublished reports of stent malapposition in the
various DES trials, these have yet to be conclusi-
vely linked to clinical adverse events but will re-
quire carcful long-term scrutiny.

DES TREATMENT OF IN-STENT RES-
TENOSIS

As noted repeatedly, the treatment of in-stent res-
tenosis remains one of the most vexing shortco-
mings in interventional cardiology.

Finally, DESs have been evaluated as a possible
treatment for ISR, and the results have been mi-
xed. Sousa et al. reported the results of the Brazi-
lian cohort of the ISR trial investigating the siroli-
mus-eluting BX Velocity stent as a treatment for
ISR.91 Afier 12-month follow-up, only one pati-
ent developed ISR, and there were no major ad-
verse cardiac events (MACESs). In the European
cohort of the same study, however, results were
less favourable.92 Angiographic follow-up at four
months revealed that 3/16 patients (19%) had de-
veloped ISR, and after 9 months of clinical fol-
low-up 3 patients experienced a MACE, including
two deaths. Finally, TAXUS-III evaluated another
paclitaxel coated stent in patients with established
ISR.93 The 6- month ISR rate after insertion of a
DES was 16%. MACE occurred in 29%, and most
events were due to target vessel revascularization.
Thus, the efficacy and safety of DESs in the treat-
ment of ISR remain to be established.
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CONCLUSION

In-stent restenosis is a pathophysiological process
that occurs principally as a result of aggressive ne-
ointimal hyperplasia following stent implantation.
This iatrogenic phenomenon has proved to be a
problematic and stubborn entity. Deploying a
stent in a human coronary artery lesion causes ar-
terial injury and sets into motion a sequence of
events that can result in clinically important renar-
rowing. These events include thrombus formati-
on, inflammation, smooth muscle cell infiltration,
and perhaps the involvement of blood-bome pre-
cursor cells, followed by the generation of an
abundant extracellular matrix. Stents that elute
drugs such as sirolimus and paclitaxel signifi-
cantly decrease the incidence of both angiograp-
hic and clinically relevant ISR compared to un-
coated stents. However, follow-up of patients has
been relatively short, and more data are needed re-
garding potential complications including edge
effect, late thrombosis and late malapposition.
The next several years will be exciting as the role
of DES in daily practice is clearly defined.

For now., the high cost of DES will also contribu-
te to the continued existence of ISR as it is difhi-
cult to imagine the use of DES in all patients, and
like before bare metal stents will still be used in
the majority of patients.

ABBREVIATIONS

DES = Drug-eluting stent

FIM = First in man

ISR = In-stent restenosis

IVUS = Intravascular ultrasound

MACE = Major adverse cardiac events

PCI = Percutaneous coronary intervention

PTCA = Percutaneous transluminal coronary an-
gioplasty

TVF = Target vessel failure
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