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Summary

Percutaneous transluminal angioplasty (PTA)
has been a useful therapy to treat stenosis of cer-
vical internal carotid artery (ICA) or vertebral
artery (VA). Here we show that our clinical re-
sults regarding preventive effect of stenting on
restenosis after PTA in the ICA and VA origin.
We also show our experimental studies with gene
transfer techniques aiming reduction of resteno-
sis after balloon-injury in rat carotid artery. It
has been reported that drug-eluting stent inhibits
restenosis after coronary angioplasty. Further
understanding of the mechanism of restenosis
and application of these new modalities may
lead to better clinical results in angioplasty of the
craniocervical arteries.

Introduction

Recently, percutaneous transluminal angio-
plasty (PTA) has been regarded as a useful
therapy for stenosis of supraaortic arteries in-
cluding internal carotid artery (ICA) and ver-
tebral artery (VA)*°". Although this therapy
has lots of advantages because of its less-inva-
siveness, restenosis is observed three to six
months after angioplasty in significant percent-
age of the patients'>. It was reported that stent-
ing was useful for the stenosis of the ICA and
VA 8011 To reduce restenosis after PTA, we
have also employed stenting for the stenosis of

the ICA, VA, and intracranial arteries. On the
other hand, we have been studying molecular
mechanisms of restenosis after balloon injury
in rat carotid artery to find a way to prevent
restenosis after procedure *.

Here we show that retrospective analysis of
our clinical results of PTA/stenting, and experi-
mental studies regarding restenosis prevention
after balloon injury. We also refer to possible
impacts of new treatments, including gene ther-
apy and drug-eluting stent**®, on inhibition of
neointimal hyperplasia after PTA.

Clinical Study

Material and Methods

Under local anesthesia, PTA or PTA/stent-
ing was performed in a total of 137 patients
with high grade stenosis of cervical ICA or VA
origin in our clinic: ICA, 105 cases, 14 females
and 91 males, age; 43-84 (mean 65.9) year-old;
VA origin, 32 cases, five females and 27 males,
age; 52-78 (mean 63.8) y.o. Indication of
PTA/stenting was based on NASCET ’ or
ACAS? criterions. Follow-up angiography was
performed three to six months after proce-
dures. Restenosis was diagnosed when it was
more than 50% on the angiograms’.

Results of Clinical Study

Restenosis was observed on the follow-up
angiography as follows (figure 1):
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1- IC stenosis: PTA group, 8 cases (16.0%),
Stenting group, three cases (5.4%).

2- VA origin stenosis: PTA group, five cases
(20.7%), Stenting group, none (0% ).

Representative Case

A 70-year-old man had right hemiparesis and
motor aphasia due to previous cerebral infarc-
tion in the territory of the left middle cerebral
artery. A high grade stenosis of the left I[CA was
confirmed by carotid angiography, and success-
fully treated with PTA with a self-expandable
stent (SMART stent, J&J) (figure 2 A,B). How-
ever, restenosis was observed on the follow-up
angiography performed 3 months after the pro-
cedure. The restenosis needed to be treated
again with PTA and stenting (figure 2 C,D,E).

Basic Study

Material and Methods

Male SD rats were anesthetized with keta-
mine and the left common carotid artery (CCA)

Table 1 Effect of decoy oligonucleotide transfection on ne-
ointilman formation of rat carotid artery after ballon injury

/ intimal/medial ratih
untreated 175202
scrambled decoy 1.81 £0.3
nuclear factor-kB 0.62 + 04*

AP-1 1.86 £ 0.5

& *: p<0.01 versus untreated, scrambled decoy and AP-1 /

was surgically exposed. Vascular injury of the
CCA was produced by the 3 times passages of
inflated balloon catheter (2 Fr. Fogarty cathe-
ter) through an arteriotomy in the external
carotid artery (ECA). In case of gene transfer, a
cannula was introduced into the CCA via the
ECA, and the injured site was incubated with
200 microliter HVJ liposome complexes con-
taining decoy oligonucleotide (ODN) or anti-
sense ®. One or two weeks after injury, each ca-
rotid artery was processed for pathological and
molecular experiments.

Results of Basic Experiments

In vivo transfection of NFkB decoy ODN, in-
to balloon-injured carotid artery resulted in the
inhibition of neointimal formation at 14 days
after injury as compared with vessels transfect-
ed with control ODN (table 1). Gene expres-
sion of ICAM-1/VCAM-1 and the migration of
macrophages/T-lymphocytes were markedly
decreased by NFkB decoy transfer . These re-
sults suggested that clinical application of gene
transfer would be possible to inhibit neointimal
hyperplasia after angioplasty.

Discussion

Our clinical study indicated that application
of stenting following PTA significantly reduced
restenosis on the follow-up angiography. By ap-
plication of stenting, restenosis was reduced
from 16.0% to 5.4% in the cervical ICA, and
20.7 to 0% in the VA origin. This effect was
possibly caused by prevention of elastic recoil
and vascular remodeling after PTA.

On the other hand, stenting is known to be
ineffective to prevent intimal hyperplasia. Also,
in the field of the intracranial arteries, stenting
is not always possible because of existence of
the important perforating artery and difficulty
of the stent insertion to tortuous vessels. There-
fore, to reduce restenosis after stenting, intimal
hyperplasia should be inhibited by other treat-
ments.

The molecular mechanisms of restenosis af-
ter angioplasty have been studied in rat carotid
artery after balloon injury. Using this model, we
have also tried to inhibit intimal hyperplasia
with drug or gene transfer after angioplasty.
NFkB is known to enhance restenosis or ather-
oscrelosis by activating adhesion molecules
such as ICAM-1 or VCAM-1'*.
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Figure 2

Then, we have tried to inhibit this molecule
by in vivo transfection of decoy oligonucleotide
by incubating the intraluminal space of the
carotid artery just after balloon injury.

In our study, several molecules were targeted
such as NFkB and AP-1. As shown in table 1,
transfection of NFkB decoy ODN, but not AP-
1 decoy, inhibited neointimal hyperplasia in in-
jured carotid artery of rat. In the same experi-
ment, NFkB transfection inhibited local inflam-
matory actions through the downregulation of

adhesion molecules ®. These results suggested
that gene transfer technique targeting these
molecules would be applicable after repeated
evaluation using the other types of animals. On
the other hand, gene transfer technique should
be modified for the cerebral arteries.

1- To avoid embolic complications, vectors
should be changed for cerebral artery.

2- To avoid gene transfer to the brain, a spe-
cial catheter, such as a double balloon infusion
catheter, should be developed. A gene-eluting
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stent would be useful for these reasons. Re-
cently drug-eluting stents, especially Silorimus
(rapamycin)-coated stents, have been reported
as highly effective treatment to inhibit resteno-
sis after coronary angioplasty .

Not only basic experiments, but also clinical
studies, have shown that the rapamycin-coated
stents have a strong effect to inhibit neointimal
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