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Clinical and Angiographic Outcomes of ingspan Stent
Placement for Treatment of Symptomatic Intracranial
Stenosis: Single Center Experience with 19 Cases

Jun Hyoung Lee, MD, Ji Kwang Yun, MD, Dae Won Kim, MD, Sung Don Kang, MD
Department of Neurosurgery, Institute of Wonkwang Medical Science, School of Medicine, Wonkwang University,

lksan, Korea

Objective : The limitations of medical management of symptomatic intra-
cranial arterial stenosis (ICS] have prompted development of new strat-
egies, including endovascular treatment. However, stenting of symptomatic
ICS remains investigational. Here, we have reported and analyzed a series
of 19 endovascular procedures involving placement of a Wingspan stent.

Methods : We conducted a retrospective review of a series of ICS in
which patients were treated with percutaneous transarterial balloon an-
gioplasty and stent placement (PTAS). Patients included in the study were
diagnosed as symptomatic ICS between May 2010 and September 2011.

Results : Nineteen patients (median age, 65 years; 12 males, seven wom-
en) were treated with the Wingspan stent system for symptomatic ICS
ranging from 50% to 99%. The technical success rate was 100%. The lo-
cation of ICS included the internal carotid (n = 5; 1 petrous, 3 cavernous,
and 1 clinoid segments), vertebral (n = 1; V4 segment), basilar (n = 1),
and middle cerebral (n = 12; 9 M1, 3 M2) arteries. There was no occur-
rence of procedure-related mortality. Periprocedural morbidity occurred in
two cases (10.5%), including carotid-cavernous fistula (n = 1) and sub-
arachnoid hemorrhage (n = 1). No ipsilateral stroke was recorded beyond
30 days during a mean follow-up period of 13.2 months (range 9-19
months). Restenosis (> 50%) was observed in one patient (6.3%), who
was asymptomatic, on follow-up imaging.

Conclusion : Wingspan stent for symptomatic ICS can be performed with
a high rate of technical success and acceptable periprocedural morbidity
rates. Our initial experience indicates that this procedure represents a via-
ble treatment option for this patient population.
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INTRODUCTION

With widespread access to magnetic resonance
imaging (MRI), computed tomographic angiography
(CTA), and cerebral angiography, intracranial arterial

stenosis (ICS) is increasingly diagnosed as a cause of

cerebral ischemia. In the United States, 8 to 10% of is-
chemic strokes are attributed to ICS.*"® ICS ac-
counts for an even larger proportion of the disease in
Asian countries, and is found in 22 to 26% of patients

417)23

who suffer ischemic stroke. ) The risk of recurrent

ischemic stroke in patients with ICS is estimated to be

Volume 14 - Number 3 - September 2012 157



WINGSPAN VASCULAR STENTING FOR INTRACRANIAL STENOSIS

approximately 15% per year.”” According to findings
of the recent Warfarin Aspirin Symptomatic Intracranial
Disease (WASID) trial,” despite medical treatment
with warfarin or aspirin, ipsilateral vascular territory
stroke occurred in 25% of patients with 70-99% steno-
sis and 11% of patients with 50-69% stenosis within
two years.

These limitations to medical management of symp-
tomatic ICS have prompted development of new strat-
egies, including endovascular treatment. Percutaneous
transarterial balloon angioplasty (PTA) without stent
implantation was initially attempted, however, there
was a risk of peri- and post-procedural vascular oc-
clusion caused by elastic rebound or recoil or arterial
dissection.?"  Therefore, PTA with stenting for
symptomatic ICS is now under investigation. According
to findings of the Stenting and Aggressive Medical
Management for Preventing Recurrent Stroke in
Intracranial Stenosis (SAMMPRIS) trial,'® there was a
high risk of stroke and death within 30 days (14.7%
vs 5.8%) after percutaneous transarterial balloon an-
gioplasty and stent placement (PTAS) using the
Wingspan stent. However, other studies have re-
ported good results, indicating that PTAS were per-
formed using the Wingspan stent.”’”) We also focused
on the technical success and periprocedural complica-
tion rates of PTAS using this device in a series of 19
endovascular procedures using the Wingspan stent

system.

MATERIALS AND METHODS

Between May 2010 and September 2011, 19 patients
in our institution with 50-99% ICS in 19 vessels were
enrolled in this study. All patients underwent PTAS
using the Wingspan stent system (Striker/Boston
Scientific, Fremont, USA). Each patient had experi-
enced ipsilateral transient ischemic attack (TIA) and/
or stroke believed to be secondary to embolus or he-
modynamic compromise related to the ICS lesion.

Patient characteristics, lesions, and periprocedural
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complications were recorded. Success was defined
upon completion of Gateway balloon angioplasty
with placement of a Wingspan stent in the target ves-
sel, and cases with some degree of residual stenosis
(< 50%) or procedure-related complications were still

deemed successful.

Pre-procedural medication

To reduce the risk of periprocedural thrombosis and
restenosis, aspirin (100 mg) or clopidogrel (75 mg)
therapy was initiated in all patients at least five days
before the procedure or patients were given 400 mg
of aspirin and 300 mg of clopidogrel one day before
stent placement. Patients also received 80 mg of ator-
vastatin at least one day before the procedure. During
the procedure, all patients received bolus 5,000 IU in-
travenous (IV) heparin. Protamine sulfate was readily

available for treatment of hemorrhagic complications.

Procedure

After administration of local anesthesia, we injected
IV 2 mg/hour of nimodipine to prevent vasospasm.
The right common femoral artery was cannulated and
the 6F catheter access system was introduced and ad-
vanced into the targeted supra-aortic vessel. Three-di-
mensional (3D) angiographic images were obtained in
order to evaluate the characteristics of the target ves-
sel, including the proximal and distal diameters of the
parent vessel and the diameter and length of the sten-
otic lesion. A guidewire was passed through the sten-
otic lesion and the microcatheter was introduced over
the guidewire; the guidewire was then exchanged for
a 0.014-inch microwire. The Gateway angioplasty bal-
loon and Wingspan stent were advanced and the mi-
crocatheter was removed. In each case, the balloon
length was chosen to match the length of the stenotic
lesion, and the balloon diameter was approximately
80% of that of the parent artery. The balloon was ad-
vanced over the microwire until the stenotic lesion
was completely covered. Angioplasty was performed
by gradual inflation of the balloon at a pressure not

greater than the burst pressure indicated on the prod-



uct label. After deflation and withdrawal of the bal-
loon, conventional angiography was performed to
confirm dilatation of the stenotic lesion. Then, the
self-expanding Wingspan stent was advanced into the
area of the lesion and deployed. A stent with a diam-
eter slightly larger than that of the parent artery and
a length sufficient to cover the stenotic lesion and in-
cluding an excess of a few millimeters on either side
of the stenotic lesion was chosen. After deployment of
the stent, a final angiogram was obtained; if residual
stenosis was observed, additional balloon angioplasty

was performed in 13 cases.

Post-procedural management

All patients were admitted to an intensive care unit
for approximately one day, and then transferred to
the general ward until it was assured that there were
no complications. After discharge, all patients were
instructed to take 100 mg aspirin, 75 mg clopidogrel,
and 10 mg atorvastatin daily for six months.

Follow-up CTA studies were available for 15 pa-
tients with 16 stenotic lesions at approximately six
months or later and cerebral angiography studies
were available for 10 patients with 11 stenotic lesions
at approximately one year or later. The aim of these
follow-up studies was to check for restenosis exceed-

ing 50% luminal narrowing of the treated vessels.

RESULTS

A total of 19 patients underwent PTAS for 19 sten-
otic arteries. A summary of patient data is shown in
Table 1. The median age of patients was 65 years
(range 53-74 years), and there were 12 males and sev-
en females. Eleven of 19 patients (57.9%) were found
to have an ipsilateral infarction related to the stenotic
lesion confirmed by MRI, and eight patients (42.1%)
had experienced TIA referable to the stenotic lesion.
The location of ICS included the internal carotid (n =
5, 1 petrous, 3 cavernous, and 1 clinoid segments),
vertebral (n = 1, V4 segment), basilar (n = 1), and
middle cerebral (n = 12; 9M1, 3M2) arteries. We en-
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Table 1. Clinical and demographic data of 19 patients
treated with PTAS.

Characteristics Results
Patients No 19
Median Age (range) 65yr (53-74)
Gender
Male 12 (63.2%)
Female 7 (36.8%)
Primary symptom
infarction 11 (57.9%)
TIA 8 (42.1%)
Location of Stenosis
ICA 5 (26.3%)
MCA 12 (63.1%)
Basilar artery 1 (5.3%)
Vertebral artery 1 (5.3%)
Success rate 19/19 (100 %)
Residual stenosis >50% 0 (0 %)
Complications
CCF 1 (5.3%)
SAH 1 (5.3%)
Restenosis > 50% 1/16 (6.3%)

No = number; Yrs = years; TIA = transient ischemic attack; ICA
= internal carotid artery; MCA = middle cerebral artery; CCF =
carotid-cavernous fistula; ICH = intracerebral hemorrhage

rolled patients with stenosis exceeding 50%; the initial
median stenosis was 63% (range, 52-99%). Thirteen of
19 patients were mild stenosis (range 50-69%), and six
of 19 patients were severe stenosis (70-99%). After the
procedure, successful reduction (< 50%) was achieved
in all patients, and final post procedural angiography
indicated increasing blood flow to the arteries distal
to the stent implantation site. The periprocedural
complications reported in two cases included occlu-
sion due to thrombosis followed by carotid-cavernous
fistula (CCF) and subarachnoid hemorrhage (SAH)
presumably due to vessel injury. There was no occur-
rence of procedure-related mortality.

All patients were available for initial follow-up with
CTA at a median time of seven months (range 3-11
months). One of these patients had an asymptomatic
restenosis of the right MCA of approximately 45%. At
a median time of 14 months (range, 9-19 months)
post-procedure, 16 of 19 patients were available to
undergo cerebral angiography, while three were lost
to follow up. One patient (6.3%) had developed reste-
nosis of approximately 60% by 14 months and under-
went repeat balloon angioplasty. After the procedure,
the patient remained asymptomatic, without TIA or

stroke at regular follow-up.
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Illustrative cases

Case 1 (Fig. 1)

A 6l-year old male patient presented with memory
impairment and transient left hemiparesis. He had a
history of treatment for hypertension for approx-
imately one year. MRI findings were consistent with
an old infarct of the right periventricular white mat-
ter, and magnetic resonance angiography indicated
severe stenosis at M1 and M2. Cerebral angiography
confirmed right M1 stenosis (60%) with ulceration
and 90% of M2 stenosis. We planned PTAS for the
M1 lesion, and, due to the small M2 diameter, PTA
for the M2 lesion. Balloon angioplasty was performed
using a gateway balloon (2.25 x 15 mm) for the M1

stenosis, followed by placement of a 3 X 22 mm

Wingspan stent. Balloon angioplasty (1.5 x 15 mm)

Fig. 1. (A) Cerebral angiography shows M1 (black arrow) and
M2 (open arrow) stenosis (60% and 90%). (B) Cerebral angiog-
raphy after percutaneous transarterial balloon angioplasty and
stent placement (PTAS) with a Wingspan stent for M1 stenosis
and percutaneous transarterial balloon angioplasty (PTA) for M2
stenosis shows successful reduction of the stenosis. (C) Follow
up computed tomography (CT) image shows subarachnoid
hemorrhage (SAH) in the right fontal and temporal area.
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was then performed for the M2 stenosis. Initial imag-
ing suggested successful reduction of both lesions.
The next day, the patient showed deterioration and
developed a gradually worsening headache. Brain CT
showed SAH in the right frontal and temporal area,
however, clinically there was no focal neurological
deficit. The patient received conservative manage-
ment, therefore, the hemorrhage showed complete
resolution, and the headache showed improvement.
On six-month follow up CTA, there was no evidence

of restenosis in both the M1 and M2 lesions.

Case 2 (Fig. 2)

A 64-year old female patient presented with tran-
sient dizziness and memory impairment. She had a
history of previous ischemic stroke with a 10-year
medical history of diabetes mellitus and hypertension.
Findings on MRI revealed an old border zone infarct
at the right fronto-parietal lobe, and old small in-
farctions at the basal ganglia and the right para-
median pons. Cerebral angiography indicated right
cavernous ICA stenosis of approximately 75%. During
insertion of guiding catheter, acute thrombosis oc-
curred and the patient developed left hemiparesis
(motor grade 2). After thrombolysis with 300,000 IU
urokinase, the occluded artery was recanalized and
the left hemiparesis showed improvement, allowing
us to perform balloon angioplasty using a Gateway
balloon (2.5 x 15 mm) with successful placement of a
4 x 20 mm Wingspan stent. We obtained post-proce-
dure images indicating reduction of stenosis (stenosis
25%). However, cerebral angiography revealed CCF at
the stent implantation site. Transvenous coil emboli-
zation was performed successfully through the right
inferior petrosal sinus. After three days, the patient
developed third nerve palsy, including ptosis and pa-
ralysis of extraocular movement, however, diffusion
MRI did not reveal any abnormalities. The third nerve
palsy showed gradual improvement, and showed

complete resolution within three months.
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Fig. 2. Antero-posterior (A) and lateral (B) cerebral angiography shows 75% stenosis of the right cavernous internal carotid artery
(ICA). (C) PTAS was performed successfully. Some degree of residual stenosis is shown (~25%). (D) Cerebral angiography shows a
carotid-cavernous fistula (CCF) after PTAS. (E) After coil embolization, cerebral angiography shows near total occlusion of the CCF.

DISCUSSION

Medical therapy with warfarin or aspirin was unsat-
isfactory for prevention of recurrent stroke, brain
hemorrhage, or death in ICS patients.8>21) Several alter-
native strategies for revascularization, including surgi-
cal bypass, PTA alone, and PTAS, have been
advanced. Despite good patency rates after surgical
bypass, approximately 96% of bypass surgeries are
still found to yield no benefit at long term follow up,
when compared with medical treatment.'")

Since the introduction of single lumen balloon mi-
crocatheters in 1992, PTA alone for intracranial steno-
sis has been used in some centers, and outcomes have
compared favorably to those of medical treatment.”'*?
In a study reported by Mark et al.,” the 30-day rate
for stroke and death was 5.8%, and the annual rate of
stroke in the ipsilateral territory of the stenotic lesion
was 3.2%. However, residual stenosis, periprocedural
morbidity, and restenosis should also be considered;
in the same study, 40.7% of patients who were treated
with PTA alone had residual stenosis of > 50%. To re-
duce the rate of residual stenosis, sufficient balloon
inflation is needed, which can increase the risk of peri-
procedural morbidity, including dissection, arterial rup-
ture, and distal embolization. Major periprocedural
morbidity was reported in up to 50% of cases, with a

fatality rate of 17%.” Among the morbidities, the in-

cidence of vessel dissection was 20.2%, although, in
some cases, this has been repaired with immediate
stent implantation.13> In addition, because PTA alone
may have poor durability, the rate of restenosis is rel-
atively high. In a nonrandomized single center data-
base review, the rate of restenosis after PTA alone
was 50%."

In treatment of coronary artery stenosis, PTAS showed
better results than PTA alone.?™® Therefore, PTAS be-
came a standard treatment option in treatment of cor-
onary artery stenosis. Thereafter, to avoid variable
outcomes of PTA alone for treatment of cerebral le-
sions, primary PTAS was introduced. In the SSYLVIA
(Stenting of Symptomatic Atherosclerotic Lesions in
the Vertebral or Intracranial Arteries) study,”” use of
balloon expandable stents resulted in delivery of
more ideal results than PTA alone. At six-month fol-
low up evaluations, only 32% of patients with intra-
cranial arterial stenosis had a > 50% restenosis, and
the stroke rate during the first 30 post-procedural
days was 6.6%, with an additional stroke rate of 7.3%
thereafter. However, several problems were identified,
including vessel dissection, perforation, mainly due to
over-sizing of the stent, and the “dog-bone” effect of
the balloon. To reduce these complications, intentional
under-dilatation has become a widely accepted strat-
egy; however, under-dilatation has resulted in stents

that are not fixed to the vessel wall and can therefore
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be movable within the dilated vessel.”

Into this scenario came the Wingspan stent delivery
system which claimed several advantages. Because
these stents are self-expanding, over-dilatation of the
vessel during balloon inflation is not necessary. For
this reason, a reduction in the number of balloon dila-
tation-induced vessel injuries, such as perforation, dis-
section, and distal embolization was anticipated. In
the present study, two of 19 patients (10.5%) had a
vessel injury (case 1, 2). However, one (case 2) vessel
injury was not actually associated with balloon in-
flation, but was due to a guidewire-induced injury.
Because we did not perform follow-up MRIs, we re-
viewed other studies reporting on distal embolization
seen on MRL In a study of PTAS using the Wingspan
stent, the incidence of distal embolization on diffusion
MRI was 34.2%, and 70% in a study of PTAS using
the balloon expandable stent.’” Advantages of the
Wingspan system include a highly flexible micro-
catheter delivery system that is trackable to facilitate
access through relatively tortuous cerebrovascular
vessels and a round-tip microcatheter to facilitate
atraumatic catheter placement. These features help to
avoid unnecessary vessel distortion and reduce risk of
spasm and dissection of parent vessels. The highly
flexible nature also prevents accidental guidewire
withdrawal during removal of the balloon catheter
and stent delivery, as well as unnecessarily aggressive
distal microwire delivery. Finally, because the Wingspan
stent is designed to be self-expandable and highly
flexible, it promotes vessel wall apposition in curved
and tapered vessels and contributes to a potentially
high rate of success. The stent features a flexible open
cell design for enhanced conformability and access,
particularly with longer stent lengths. In addition, in
the long term, the self-expandable feature interrupts
periprocedural elastic recoil as well as restenosis. In
our study, the rate of successful stent implantation
was 100%. Restenosis occurred in one of 16 patients
(6.5%) during a one-year follow up period, and there
were two periprocedural complications. Further data

collection and continued long-term follow up will be
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necessary in order to evaluate exact restenosis and
long-term patency rates.

To reduce the risk of periprocedural complications,
we addressed several considerations in our PTAS
procedures. In selection of the target vessel, there
must be careful tension while advancing the guiding
catheter and inflating the balloon. In addition, we rec-
ommend use of high dose statins in patients under-
going PTAS for ICS. In stenting for myocardial in-
farction (MI), a lower rate of periprocedural complica-
tions and 30-days adverse events was observed in pa-
tients who received high dose statins (80 mg atorvas-
tatin) than in those who received conventional dose
statins (10 mg atorvastatin) (5.8 vs 10.6%).” As in
stenting for MI, we believe that use of high dose sta-
tins in stenting for cerebral stenosis might result in a
reduction of periprocedural complications.

The present study is limited by the relatively small
number of patients, and more data with longer fol-
low-up are needed in order to more thoroughly eval-
uate the efficacy of PTAS.

CONCLUSION

PTAS for symptomatic ICS can be safely and suc-
cessfully performed using the Gateway balloon
Wingspan stent system. Our initial experience sug-
gests the potential for this procedure as a viable treat-
ment option with a high rate of technical success and
acceptable periprocedural morbidity for this patient

population.
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