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BACKGROUND AND PURPOSE: Restenosis after CAS is a postoperative problem, with a reported
frequency of approximately 2%–8%. However differences in stent design, procedure, and the anti-
platelet agent appear to affect the incidence of restenosis. We assessed the frequency of restenosis
and the effect of the antiplatelet agent CLZ in preventing restenosis after CAS by the standard
procedure using the CWS.

MATERIALS AND METHODS: Between May 2010 and October 2011, 62 lesions in 60 consecutive
patients underwent CAS using the CWS at 4 medical institutions, and all patients were followed
clinically and assessed by sonography, 3D-CTA, or angiography at 3 and 6 months postoperatively.
Restenosis was defined as �50% stenosis. The incidence of restenosis and the variation in the
incidence of restenosis by the difference in type of antiplatelet agent between the CLZ group (n � 30;
aspirin, 100 mg, and CLZ, 200 mg) and the non-CLZ group (n � 32; aspirin, 100 mg, and clopidogrel,
75 mg [n � 29]; or ticlopidine, 100 mg [n � 2] or 200 mg [n � 1]) were retrospectively investigated.
Two antiplatelet agents were given starting 1 week preoperatively until at least 3 months
postoperatively.

RESULTS: Restenosis occurred in 5 patients (8.3%), but all were cases of asymptomatic lesions in the
follow-up period. All 5 patients with restenosis were in the non-CLZ group, with no cases of restenosis
in the CLZ group; the difference was significant (P � .0239).

CONCLUSIONS: The restenosis rate after CAS by using the CWS was 8.3%. CLZ was associated with
significant inhibition of restenosis.

ABBREVIATIONS: CAS � carotid artery stenting; CEA � carotid endarterectomy; CLZ � cilostazol;
CWS � Carotid Wallstent; EPC � endothelial precursor cell; EPD � embolic protection device;
PTA � percutaneous balloon angioplasty

CAS is becoming an alternative to CEA.1 However, resteno-
sis is a postoperative problem, with a reported frequency

of 2.27%– 8%,2-5 though those figures include several stents
and stents that are no longer used. Stents for the carotid artery
are now also being developed. These stents come primarily in
the form of self-expanding open-cell and closed-cell stents,
with differences in stent design and radial force. It is currently
recommended that poststent balloon dilation should be per-
formed conservatively in the consensus standard CAS tech-
nique.6 Differences in stent design and procedure appear to
affect the incidence of stenosis, and the antiplatelet agent CLZ
has also been reported to inhibit restenosis.7 The aim of this
study was to investigate the frequency of restenosis and the
effect of CLZ in preventing such restenosis after CAS by the
standard procedure using the CWS (Boston Scientific, Natick,
Massachusetts).

Materials and Methods
During 18 months between May 2010 and October 2011, 62 lesions in

60 consecutive patients with common or internal carotid artery ste-

nosis underwent elective CAS by using the CWS at 4 medical institu-

tions (Ishinkai Yao General Hospital, Higashiosaka City Hospital,

Heisei Memorial Hospital, Nara Medical University Hospital) with

written informed consent. The study included 60 patients (54 men,

6 women; age range, 51–97 years; mean, 72.9 years) and 62 lesions

(26 symptomatic lesions of �50%, 36 asymptomatic lesions of

�80%; mean stenosis [NASCET method]),8 81.5%; all arterioscle-

rotic stenosis). All cases of CAS were successful, and perioperative

complications in cases of CAS consisted only of minor stroke in 2

patients (3.3%), both of which resolved within 30 days postopera-

tively. All patients were monitored with time on the basis of clinical

and imaging findings.

CAS Procedure
CAS was performed in all patients by the standard procedure on

which consensus has been obtained in the United States.6 The EPD

(FilterWire EZ; Boston Scientific) was first introduced, the lesion was

then predilated with a balloon 3 or 4 mm in diameter, the stent

was placed, conservative postdilation was performed, and the

EPD was then removed. Conservative postdilation means that

postdilation was performed by using a PTA balloon with a diameter

no greater than approximately 80% of the normal luminal diameter

somewhat distal to the stenosis as determined by intravascular

sonography (postdilation balloon diameter, 4 – 6 mm; mean,

4.75 mm). The minimum lesion diameter after the procedure was

Received February 8, 2012; accepted after revision February 28.

From the Departments of Radiology and Interventional Neuroradiology (K.T., K.M.) and
Neurosurgery (S.K.), Ishinkai Yao General Hospital, Yao, Japan; Department of Radiology
(T.T., T.W., M.S., K.K.), Nara Medical University, Nara, Japan; Department of Radiology
(H.N.), Nara Prefectural Nara Hospital, Kashihara, Japan; and Department of Radiology
(K.F., S.I.), Higashiosaka City General Hospital, Higashiosaka, Japan.

Please address correspondence to Katsutoshi Takayama, MD, Department of Radiology and
Interventional Neuroradiology, Ishinkai Yao General Hospital, 1-41 Numa Yao, Osaka,
Japan, 581-0036; e-mail: takayamaneuroivs@par.odn.ne.jp

http://dx.doi.org/10.3174/ajnr.A3127

IN
TERVEN

TIO
N

A
L

ORIGIN
AL

RESEARCH

AJNR Am J Neuroradiol ●:● � ● 2012 � www.ajnr.org 1

 Published May 17, 2012 as 10.3174/ajnr.A3127

 Copyright 2012 by American Society of Neuroradiology.



2.85– 6.4 mm (mean, 3.68 mm). The procedure was completed with

as much as 30%– 40% residual stenosis on angiography.

Antiplatelet Medication
All patients were given at least 2 antiplatelet agents starting 1 week

preoperatively. The treatment was continued for at least 3 months

postoperatively. The antiplatelet agents were aspirin (100 mg) and

ticlopidine (100 mg) in 2 patients, ticlopidine (200 mg) in 1 patient,

aspirin and clopidogrel (75 mg) for 29 lesions in 28 patients, and

aspirin and CLZ (200 mg) for 30 lesions in 29 patients. The agents

were administered while previous medication was continued with-

out modification. The administration of CLZ was prioritized in

cases with comorbid arteriosclerosis obliterans and was otherwise

randomized.

Analysis
The frequency of restenosis during follow-up and variations in the

incidence of restenosis by the difference in type of antiplatelet agent

(the CLZ group and the non-CLZ group) were retrospectively ana-

lyzed. Restenosis, defined as �50% stenosis, was assessed by sonog-

raphy, 3D-CTA, or angiography 3 and 6 months postoperatively. The

�2 test was used for comparison of proportions, and the unpaired

t test, for comparison of means in clinical characteristics and findings

on procedures between the both groups. Data are shown as

mean � SD. Statistical significance was defined as P � .05.

Results
Restenosis occurred in 5 patients (8.3%), all within 6 months
(within 3 months in 2 patients and within 6 months in 3 pa-
tients). Three patients (5.0%) were retreated (PTA in 1 patient
and PTA following open-cell stent placement in 2 patients)
because of 80% or greater restenosis in asymptomatic lesions.
No ipsilateral stroke was observed during follow-up (3.5–20.5
months; median, 13.0 months).

All 5 cases of restenosis were in the non-CLZ group: Four
were from the clopidogrel group, and 1 was from the ticlopi-
dine group. The restenosis rate in the non-CLZ group was
15.6% (5/32), while the restenosis rate in the CLZ group was
0% (0/30); the difference was statistically significant (P �
.0239). Comorbidities of the study group included hyper-
tension in 50 (83.3%), hypercholesterolemia in 50 (83.3%),
diabetes mellitus in 29 (48.3%), and being a smoker in 25
(41.7%). There were no statistically significant differences in
parameters other than CLZ treatment between the 2 groups.
Parameters (the CLZ group versus the non-CLZ group) were
the following: age (73.1 � 9.2 years versus 72.7 � 6.9 years);
sex (male 27, female 2 versus male 27, female 4); type of lesion
(symptomatic: 15 versus 11; asymptomatic: 15 versus 21);
length of lesion (short, �2 cm: 9 versus 16; long, �2 cm: 21
versus 16); comorbidities such as hypertension (24 versus 27);
hypercholesterolemia (13 versus 18); diabetes mellitus (12
versus 9); being a smoker (15 versus 10); severity of stenosis
(82.47 � 9.72% versus 80.37 � 11.24%); postballoon diame-
ter (4.608 � 0.548 mm versus 4.828 � 0.617 mm); stent di-
ameter (6 mm: 0 versus 2; 8 mm: 19 versus 17; 10 mm: 11
versus 13); residual stenosis postprocedure (25.00 � 12.3%
versus 20.97 � 10.82%); and minimum lesion diameter post-
procedure (3.63 � 0.46 mm versus 3.70 � 0.67 mm).

Discussion
CLZ is an antiplatelet agent with clinical vasodilating action,
but it has been reported to inhibit smooth-muscle cell prolif-
eration and to act on endothelial cells.9,10 Kubota et al11 first
reported that CLZ prevented intimal hyperplasia after stent
placement in an experimental study. In this study in dogs,
self-expanding Z-stents were placed in the iliac arteries to
compare a group given CLZ orally and an unmedicated group.
The thickness of the neointima was significantly thinner in
the CLZ group than in the unmedicated group at 24 weeks.
The authors concluded that oral administration of CLZ was
an effective method of preventing thrombotic occlusion and
intimal hyperplasia after stent placement. However, the dis-
tinct mechanism involved in specifically preventing restenosis
is not yet known. In a report by Kawabe-Yako et al12 in 2011, a
carotid balloon injury model (in rats) was used to compare
a group given CLZ mixed in feed starting 2 weeks before inti-
mal injury and a group fed a normal diet. Comparison re-
vealed accelerated re-endothelialization 2 weeks after carotid
intimal injury in the CLZ group, resulting in significant inhi-
bition of neointimal formation after 4 weeks compared with
the control group. The proposed mechanism was stated as
follows: CLZ increases the number of bone marrow– derived
EPCs and promotes EPC recruitment to sites of arterial injury,
thereby inhibiting neointimal formation by promoting re-
endothelialization with EPCs as well as existing vascular endo-
thelial cells.

The inhibitory effect of CLZ on poststenting restenosis
clinically has been reported in arteriosclerotic stenotic diseases
throughout the body (carotid artery, coronary artery, and
femoropopliteal artery). Takigawa et al7 reported a compari-
son of a group using CLZ (27 patients) and a group not using
CLZ (70 patients) after CAS; the restenosis rate was 15.7% in
the non-CLZ group with no restenosis in the CLZ group,
showing a significantly greater reduction in restenosis in the
CLZ group. Several different kinds of stents were used in this
study. Closed-cell stents (Wallstent; Boston Scientific) were
used more often (in approximately 70%), but open-cell stents
were also used. In a report by Tanabe et al13 involving a com-
parison of 112 lesions after coronary angioplasty (aspirin,
81 mg [64 lesions]; CLZ, 200 mg [48 lesions]) and 118 lesions
after coronary artery stent placement (aspirin, 81 mg, and
CLZ, 200 mg [63 lesions]; aspirin, 243 mg; and ticlopidine,
200 mg [55 lesions]), the incidence of restenosis after coronary
angioplasty was 12.5% in the CLZ group and 43.8% in the as-
pirin group, and the incidence after coronary artery stent
placement was 14.3% in the CLZ group and 32.7% in the
ticlopidine group. There was better inhibition of restenosis by
CLZ in both.

Douglas et al14 reported a randomized double-blind placebo-
controlled trial in 705 subjects after coronary artery stent
placement; there was significantly inhibited restenosis in the
CLZ group, with a restenosis rate of 22.0% in the CLZ group
and a restenosis rate of 34.5% in the placebo group. Iida et al15

reported that in a prospective randomized study on vaso-
dilation and stent placement procedures for femoropopliteal
lesions (characterized by high rates of restenosis), a compari-
son of 63 lesions treated with aspirin and CLZ and 64 lesions
treated with aspirin and ticlopidine showed that the patency
rates after 1, 2, and 3 years were 87%, 82%, and 73%, respec-
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tively, in the CLZ group, and 65%, 60%, and 51%, respec-
tively, in the ticlopidine group, with significant inhibition of
restenosis by CLZ.

The incidence of restenosis in CAS reportedly ranges from
2.27% to 8%, but differences in stent design are associated
with differences in incidence. The reported incidence was
3.8% in studies in which open-cell stents were used in 91% of
cases,4 8% in studies in which closed-cell stents were used in
98% of cases,3 and 4.85% in studies in which open-cell stents
were used in 65% and closed-cell stents were used in 35% of
cases.5 Open-cell stents appear to be associated with a lower
incidence of restenosis than closed-cell stents. This may be
the result of the stent structure. Closed-cell stents have
weaker radial force and somewhat poorer wall apposition than
open-cell stents. In addition, postoperative stent shortening
often occurs with the Wallstent and the CWS, which are both
closed-cell stents. Restenosis has reportedly occurred when
stents deployed in stenotic sites shifted as a result of stent
shortening.16 In the present study, no case of restenosis was
found to involve shortening.

The incidence of restenosis was 8.3% with the closed-cell
CWS used in all cases in the present study; in particular, the
rate was 16.1% in the non-CLZ group. The long-term results
in the BEACH study,17 in which the same CWS as in the pres-
ent study was used, showed a 2.7% (12/447) incidence of
ipsilateral neurologic events from 31 days to 1 year after CAS,
an 8.9% (40 of 447) restenosis (�70% stenosis) rate, and a
4.7% (20 of 425) retreatment rate. It is believed that the inci-
dence of restenosis, if defined as at least 50% stenosis, would
be even higher and would presumably be as high as in the
present study. Lin et al18 reported that 97%, 94%, 89%, and
85% of 380 patients in whom the CWS was used were stroke-
free for 1, 2, 3, and 4 years, respectively, with restenosis (�60%
stenosis) rates of 3%, 6%, 8%, and 10%, respectively, in-
dicating that the incidences of restenosis and stroke increased
with time.

Meanwhile, using open-cell stents, the results of the SAP-
PHIRE study19 on the use of the Precise self-expanding stent
(Cordis, Miami Lakes, Florida) showed a 1.3% incidence of
ipsilateral stroke from 31 days to 1 year after CAS and a 0.6%
retreatment rate (1/167). Although the incidence of restenosis
was not reported, the retreatment rate of 0.6% suggests that
the restenosis rate may be lower when carotid open-cell stents
are used than when carotid closed-cell stents are used. Jansen
et al20 stated that on the basis of the results of a trial comparing
CEA and CAS in conventional-risk patients (CEA for symp-
tomatic stenosis �60%; SPACE trial) reported in 2004, ipsi-
lateral stroke and stroke death were significantly lower in pa-
tients treated with closed-cell stents (closed-cell stents, 5.5%
[24/435]; open-cell stents, 11.0% [14/127]). Analyzed by type
of stent, the incidence of ipsilateral stroke and stroke death was
lowest with the CWS (5.5%, 24/436), followed by the Acculink
stent (Guidant, St Paul, Minnesota) at 9.8% (9/92) and the
Precise self-expanding stent at 14.3% (5/35).

Takayama et al21 reported that stroke occurred in 1 case
(6.7%) during the initial use of the open-cell Precise self-
expanding stent in 15 subjects after CAS, with a positive rate of
53.3% on postoperative DWI. On the other hand, favorable
results were reported with the initial use of the CWS in 15 cases
after CAS, in which not a single case of TIA, stroke, or death

was found, with a positive rate of 6.7% on DWI.22 In a review
of 1363 cases in 32 studies, Schnaudigel et al23 also reported
that the incidence of ipsilateral ischemic lesions treated by
CAS, as determined on DWI, was 31% with closed-cell stents
and 51% with open-cell stents, revealing a significantly lower
incidence with closed-cell stents. It appears that closed-cell
stents are a better option for lowering the incidence of periop-
erative stroke in cases of CAS.

In the United States, the use of 2 agents (aspirin, 81–
325 mg; and clopidogrel, 75 mg) is recommended for at least
1 month as the perioperative antiplatelet treatment regimen in
cases of CAS.6 In Japan, however, the recommended use of
2 agents includes not only aspirin (100 mg) and clopidogrel
(75 mg) but also aspirin (100 mg) and CLZ (200 mg). In
addition, life-long monotherapy with aspirin is recommended
in both the United States and Japan when patients are
switched from 2-agent treatment to monotherapy. However,
in the prospective study Cilostazol for Prevention of Second-
ary Stroke (CSPS 2),24 which compared aspirin, 81 mg, and
CLZ, 200 mg, in preventing cerebral infarction in 2672 Japa-
nese patients, the annual stroke incidence was 2.76% in the
CLZ group and 3.71% in the aspirin group, indicating signif-
icant prevention of stroke in the CLZ group. In addition, the
incidence of hemorrhagic events was 1.2% in the aspirin group
versus 0.036% in the CLZ group, demonstrating the superior-
ity of CLZ. Recently Kato et al25 reported that CLZ also signif-
icantly prevented progression of contralateral asymptomatic
carotid artery stenosis in 95 patients treated by CAS. It might
be worthwhile to recommend the life-long use of CLZ rather
than aspirin as the antiplatelet agent after CAS.

Although this study has the limitation of a nonrandomized,
nonprospective, noncomparative study at 4 centers with a
rather small sample size, the effectiveness of CLZ for prevent-
ing restenosis after CAS was suggested. For further evaluation,
a prospective comparative study involving a greater number of
patients may be needed in the future to properly assess these
initial results. A prospective study on the use of open-cell
stents with the standard procedure may also be needed to as-
sess the effect of CLZ in preventing restenosis in all cases of
CAS.

Conclusions
The restenosis rate was 8.3% after CAS with the CWS by
the standard procedure. There was no significant restenosis in
the CLZ group by using the CWS. CLZ prevents restenosis
after CAS involving use of the CWS.

Acknowledgments
We acknowledge Drs Ryota Kimura and Hideaki Mishima at
Ishinkai Yao General Hospital; Drs Akihira Kotani and Kazu-
hiro Yokoyama at Higashiosaka City Hospital; Drs Masashi
Kotsugi and Kazuo Goda at Heisei Memorial Hospital; and
Drs Hisashi Kawai, Ichiro Nakagawa, and Hiroyuki Nakase at
Nara Medical University Hospital.

References
1. Brott TG, Halperin JL, Abbara S, et al. 2011 ASA/ACCF/AHA/AANN/AANS/

ACR/ASNR/CNS/SAIP/SCAI/SIR/SNIS/SVM/SVS guideline on the manage-
ment of patients with extracranial carotid and vertebral artery disease: exec-
utive summary—a report of the American College of Cardiology Foundation/

AJNR Am J Neuroradiol ●:● � ● 2012 � www.ajnr.org 3



American Heart Association Task Force on Practice Guidelines, and the
American Stroke Association, American Association of Neuroscience Nurses,
American Association of Neurological Surgeons, American College of Ra-
diology, American Society of Neuroradiology, Congress of Neurological
Surgeons, Society of Atherosclerosis Imaging and Prevention, Society for
Cardiovascular Angiography and Interventions, Society of Interventional Ra-
diology, Society of NeuroInterventional Surgery, Society for Vascular Medi-
cine, and Society for Vascular Surgery developed in collaboration with the
American Academy of Neurology and Society of Cardiovascular Computed
Tomography. J Am Coll Cardiol 2011;57:16 –94

2. Wholey MH, Wholey M, Mathias K, et al. Global experience in cervical carotid
artery stent placement. Catheter Cardiovasc Interv 2000;50:160 – 67

3. Chakhtoura EY, Hobson RW 2nd, Goldstein J, et al. In-stent restenosis after
carotid angioplasty-stenting: incidence and management. J Vasc Surg 2001;33:
220 –25, discussion 225–26

4. Criado FJ, Lingelbach JM, Ledesma DF, et al. Carotid artery stenting in a vas-
cular surgery practice. J Vasc Surg 2002;35:430 –34

5. Simonetti G, Gandini R, Versaci F, et al. Carotid artery stenting: a single-centre
experience with up to 8 years’ follow-up. Eur Radiol 2009;19:982– 89

6. Bates ER, Babb JD, Casey DE Jr, et al. ACCF/SCAI/SVMB/SIR/ASITN 2007
clinical expert consensus document on carotid stenting: a report of the Amer-
ican College of Cardiology Foundation Task Force on Clinical Expert Consen-
sus Documents (ACCF/SCAI/SVMB/SIR/ASITN Clinical Expert Consensus
Document Committee on Carotid Stenting). J Am Coll Cardiol 2007;49:126 –70

7. Takigawa T, Matsumaru Y, Hayakawa M, et al. Cilostazol reduces restenosis
after carotid artery stenting. J Vasc Surg 2009;51:51–56

8. North American Symptomatic Carotid Endarterectomy Trial Collaborators.
Beneficial effect of carotid endarterectomy in symptomatic patients with
high-grade carotid stenosis. N Engl J Med 1991;325:445–53

9. Tanaka T, Ishikawa T, Hagiwara M, et al. Effects of cilostazol, a selective cAMP
phosphodiesterase inhibitor on the contraction of vascular smooth muscle.
Pharmacology 1988;36:313–20

10. Ikeda Y, Kikuchi M, Murakami H, et al. Comparison of the inhibitory effects of
cilostazol, acetylsalicylic acid and ticlopidine on platelet functions ex vivo:
randomized, double-blind cross-over study. Arzneimittelforschung 1987;37:
563– 66

11. Kubota Y, Kichikawa K, Uchida H, et al. Pharmacologic treatment of intimal
hyperplasia after metallic stent placement in the peripheral arteries: an exper-
imental study. Invest Radiol 1995;30:532–37

12. Kawabe-Yako R, Masaaki I, Masuo O, et al. Cilostazol activates function of

bone marrow-derived endothelial progenitor cell for re-endothelialization in
a carotid balloon injury model. PLoS One 2011;6:e24646

13. Tanabe Y, Ito E, Nakagawa I, et al. Effect of cilostazol on restenosis after coro-
nary angioplasty and stenting in comparison to conventional coronary artery
stenting with ticlopidine. Int J Cardiol 2001;78:285–91

14. Douglas JS Jr, Holmes DR Jr, Kereiakes DJ, et al. Coronary stent restenosis in
patients treated with cilostazol. Circulation 2005;112:2826 –32

15. Iida O, Nanto S, Uematsu M, et al. Cilostazol reduces restenosis after endovas-
cular therapy in patients with femoropopliteal lesions. J Vasc Surg 2008;48:
144 – 49

16. Yoon SM, Jo KW, Baik MW, et al. Delayed carotid Wallstent shortening re-
sulting in restenosis following successful carotid artery angioplasty and stent-
ing. J Korean Neurosurg Soc 2009;46:495–97

17. Iyer SS, White CJ, Hopkins LN, et al. Carotid artery revascularization in high-
surgical-risk patients using the Carotid Wallstent and FilterWire EX/EZ:
1-year outcomes in the BEACH Pivotal Group. J Am Coll Cardiol 2008;51:
427–34

18. Lin PH, Zhou W, Guerrero MA, et al. Carotid artery stenting with distal pro-
tection using the Carotid Wallstent and FilterWire neuroprotection: single-
center experience of 380 cases with midterm outcomes. Vascular 2006;14:
237– 44

19. Yadav JS, Wholey MH, Kuntz RE, et al. Protected carotid-artery stenting ver-
sus endarterectomy in high-risk patients. N Engl J Med 2004;351:1493–501

20. Jansen O, Fiehler J, Hartmann M, et al. Protection or nonprotection in carotid
stent angioplasty: the influence of interventional techniques on outcome data
from the SPACE trial. Stroke 2009;40:841– 46

21. Takayama K, Nakagawa H, Iwasaki S, et al. Initial experience of using the filter
protection device during carotid artery stenting in Japan. Radiat Med
2008;26:348 –54

22. Takayama K, Taoka T, Nakagawa H, et al. Initial experience of carotid artery
stenting using the Carotid Wallstent and FilterWire EZ in Japan. Jpn J Radiol
2011;29:51–58

23. Schnaudigel S, Groschel K, Pilgram SM, et al. New brain lesions after carotid
stenting versus carotid endarterectomy: a systematic review of the literature.
Stroke 2008;39:1911–19

24. Shinohara Y, Katayama Y, Uchiyama S, et al. Cilostazol for Prevention of Sec-
ondary Stroke (CSPS 2): an aspirin-controlled, double-blind, randomised
non-inferiority trial. Lancet Neurol 2010;9:959 – 68

25. Kato T, Sakai H, Takagi T, et al. Cilostazol prevents progression of asymptom-
atic carotid artery stenosis in patients with contralateral carotid artery stent-
ing. AJNR Am J Neuroradiol 2012 Mar 1. [Epub ahead of print]

4 Takayama � AJNR ● � ● 2012 � www.ajnr.org


