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A Novel, Self-Expanding, Nitinol Stent in Medically
Refractory Intracranial Atherosclerotic Stenoses
The Wingspan Study
Arani Bose, MD; Marius Hartmann, MD, PhD; Hans Henkes, MD; Hon Man Liu, MD;
Michael M.H. Teng, MD; Istvan Szikora, MD; Ansgar Berlis, MD; Jurgen Reul, MD;
Simon C.H. Yu, MD; Michael Forsting, MD; Matt Lui, MD; Winston Lim, MD; Siu Po Sit, PhD
Background and Purpose—The purpose of this study was to assess the safety and performance of the Wingspan stent
system and Gateway percutaneous transluminal angioplasty balloon catheter in the treatment of high-grade, intracranial
atherosclerotic lesions in patients who had failed medical therapy.
Methods—In this prospective, multicenter, single-arm study, medically refractory patients with a modified Rankin score
ⱕ3 and recurrent symptoms attributable to angiographically demonstrated intracranial stenosis ⱖ50% in a vessel 2.5 to
4.5 mm in diameter were enrolled. Intracranial lesions were predilated with an undersized Gateway balloon catheter to
80% of the native vessel diameter, followed by deployment of the self-expanding Wingspan stent to facilitate further
remodeling of the atherosclerotic plaque and to maintain vessel patency. Neurologic examinations and angiograms were
performed at 6 months after the procedure.
Results—Among the 45 patients enrolled, the degree of stenosis was reduced from a baseline of 74.9⫾9.8% to
31.9⫾13.6% after stenting and 28⫾23.2% at the 6-month follow-up. The 30-day composite ipsilateral stroke/death rate
was 4.5% (2/44); at the 6-month follow-up, the ipsilateral stroke/death rate was 7.0%, the rate for all strokes was 9.7%,
and all-cause mortality was 2.3%. Physician-reported follow-up in 43 patients (average of 13 months) conducted outside
the study protocol (not adjudicated by the clinical event committee) reported 1 additional ipsilateral stroke.
Conclusions—In medically refractory patients with high-grade intracranial atherosclerotic stenoses, a new treatment
paradigm involving predilation with an undersized Gateway percutaneous transluminal angioplasty balloon catheter and
placement of a self-expanding Wingspan stent system appears to be safe, may facilitate remodeling, and may contribute
to favorable angiographic outcomes. (Stroke. 2007;38:1531-1537.)
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I

t has been reported that intracranial (IC) atherosclerosis
may be the underlying pathology in up to 15% of patients
with ischemic stroke.1–5 Stroke prevention by open surgical
vascular intervention in patients with extracranial atherosclerotic disease was demonstrated by a landmark study in
symptomatic patients with stenosis ⬎70% of the internal
carotid artery.6 These benefits were subsequently confirmed
in patients with less severe stenoses (50% to 70%).7
In contrast to extracranial atherosclerotic stenosis, little is
known about the natural history or best therapy for the
management of IC stenosis. As illustrated by the recent
termination of the Warfarin-Aspirin Symptomatic Intracranial Disease Study (WASID), the safety and efficacy of

antithrombotics in the treatment of IC atherosclerotic lesions
has yet to be defined.8,9
Recent reports involving small numbers of patients with IC
atherosclerotic disease who were treated with coronary angioplasty catheters or balloon-expandable stents have shown
promising results.10 –27 However, the safety of these procedures may be compromised by (1) limited flexibility of the
coronary balloons or balloon-mounted stent delivery systems;
(2) high inflation pressure required to deploy stainless steel
stents in fragile IC vessels; (3) risk of shearing the stent from
the balloon while navigating to the target lesion; and (4)
difficulty in accurately sizing the balloons and stents to the
vessel diameter. To our knowledge, there have been no
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reports of treatment paradigms using a combination of IC
balloon angioplasty and self-expanding stent systems for the
management of this disease.
The purpose of this clinical investigation was to assess the
safety and performance of a novel, nitinol, self-expanding
stent system (Wingspan stent system and Gateway percutaneous transluminal angioplasty [PTA] balloon catheter; Boston Scientific Corp) in medically refractory patients with
high-grade, symptomatic IC atherosclerotic stenoses. This
stent system is designed to support a treatment paradigm
different from that of balloon-expandable stents. Target
lesions are predilated with an undersized Gateway balloon
catheter at nominal pressure with slow inflation, followed by
deployment of the self-expanding Wingspan stent system to
further remodel the target vessel to maintain patency without
the need for postdilation. The results of this investigation
were used to support an application to the US Food and Drug
Administration for a humanitarian device exemption application, which received approval in August 2005.

Methods
The protocol for this study received institutional review board or
ethics committee approval at the respective clinical centers before
enrolling any patients. Primary safety end points at the 6-month
follow-up (ipsilateral stroke or death) and selected other events were
adjudicated by a clinical events committee (CEC) composed of
specialists in the areas of neuroradiology, neurology, and interventional neuroradiology. All angiographic results were adjudicated by
an independent core laboratory. A qualified contract research organization monitored data collection. The degree or percent stenosis of
the target lesion was determined from the formulas as described by
the WASID method.28

Patients
From January 29, 2004 to September 21, 2004, 45 patients were
enrolled at 12 international centers. All patients provided signed,
informed consent before enrollment. Target patients had high-grade,
symptomatic IC atherosclerotic lesions, had failed antithrombotic
therapy, and had no alternative treatment options. Enrollees were
between 18 and 80 years of age, were at least 7 days after stroke, had
a modified Rankin Scale score (mRS) ⱕ3, and had recurrent
symptoms attributable to angiographically demonstrated IC stenosis
ⱖ50% in a vessel 2.5 to 4.5 mm in diameter. Pregnant women
were excluded.

Description of Stent System
The Wingspan stent system is intended for use in the treatment of IC
atherosclerotic stenosis. The stent system comprises a self-expanding
nitinol stent preloaded in a delivery catheter and a separately
packaged Gateway PTA balloon catheter. The balloon catheter is
used to predilate the stenotic lesion; the stent is then deployed across
the lesion, further remodeling the target vessel to maintain luminal
patency (Figure 1).

Preprocedure Evaluation
Baseline assessments included a blood test, urinary pregnancy test
for women of child-bearing potential, physical examination,
neurologic examination, and stroke scales (mRS, National Institutes of Health Stroke Scale, Barthel Index). Preoperative evaluation of stenotic lesions was performed by digital subtraction
angiography (DSA). Four-vessel cerebral angiography with at
least 2 orthogonal views was performed to delineate minimum
lumen diameter. An independent core laboratory evaluated the
films; the measurements obtained were used as source data for
analyzing angiographic end points. Target-lesion stenosis was
determined by the WASID method.4

Figure 1. Illustration of the Wingspan stent.

Preprocedure Medical Therapy
Each patient received clopidogrel (75 mg PO QD for 3 days before
the procedure or 225 mg PO on the day before treatment) and aspirin
(300 or 325 mg PO QD for 3 days before procedure or 300 to 650 mg
PO on the day before treatment). Anesthesia was administered in
accordance with the standard of care at each participating center. A
bolus and continuous intravenous infusion of heparin were given
before the procedure to raise and maintain the activated clotting time
at 2 to 3 times baseline throughout the procedure.

Procedure
The Wingspan stent system was available in 5 diameters (2.5 to
4.5 mm) and 3 lengths (9, 15, and 20 mm). Size selection was based
on the native diameter of the target vessel (fully expanded stent
diameter was 0.5 to 1.0 mm greater than the labeled diameter) and
length of the stenotic lesion (deployed stent to extend at least 3 mm
on either side of the lesion).
The stent delivery catheter was a 3.5F, coaxial, over-the-wire
catheter with segments of varying stiffness and a nominal working
length of 135 mm. The outer body of the delivery catheter was
hydrophilically coated, and the distal end of the inner shaft had a
soft, atraumatic tip for trackability. An integrated rotating hemostasis
valve permanently attached to the proximal end of the outer body
allowed continuous heparinized saline flush and provided a hemostatic seal around the inner body. The stent was constrained by the
outer body shaft before deployment. The recommended Gateway
balloon diameter (when inflated at the nominal pressure of 6 atm)
was 80% of the native vessel diameter. The undersizing of the PTA
balloon was intended to restrict the barotrauma to the plaque while
minimizing intimal damage to the native parent vessel.

Postprocedure Evaluation and Medical Therapy
On completion of angioplasty and stenting, each patient was evaluated by DSA. Investigators evaluated several aspects of the procedure by clinical research questionnaires. Heparin infusion was
continued for 24 hours to maintain the activated clotting time at 2 to
3 times baseline or a partial thromboplastin time at 70 to 90 seconds.
Each patient received clopidogrel (75 mg PO QD) for 30 days and
aspirin (300 or 325 mg PO QD) for life.

Follow-Up
Each patient was evaluated with a neurologic examination (including
stroke scales) at discharge and at 30-day and 6-month follow-ups.
Angiographic follow-up with DSA was conducted postoperatively
and at 6 months.

End Points
The primary end points were composite ipsilateral stroke/death at 30
days, stent success, and procedure success. Stent success was defined
as adequate device performance based on an investigator rating
system and a reduction in the degree of stenosis to ⬍50% immediately after implantation. Each procedure was evaluated by an
investigator who completed a clinical research questionnaire form on
various aspects (tracking, maneuverability, accuracy of positioning,
deployment, visibility of markers, overall functioning/reliability/
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defined as stent success without stroke or death at discharge. The
secondary end points were angiographic evidence of vessel dissection, symptomatic restenosis, stent migration, access-site complications, and clinical outcomes at the 6-month follow-up.
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Lesion Locations and Baseline Characteristics

Location

n

Percent

10

22.2
11.1

Anterior circulation
Middle cerebral artery (M1)

Statistical Methods

Carotid artery, petrous segment

5

Analyses of the data gathered from this trial were primarily descriptive. Simple descriptive statistics (n, mean, median, SD, minimum
and maximum for continuous variables, and n and percentage for
discrete variables), graphs, and patient listings were used to summarize most data.
Primary and secondary end points were analyzed on an intent-totreat basis as well as on the evaluable patients. Evaluable patients
were those patients who met eligibility requirements for primary
end-point assessment and who received a Wingspan stent. The
primary safety and performance end points measured immediately
after the procedure and at discharge, 30-day follow-up, and 6-month
follow-up were reported.

Carotid artery, cavernous segment

4

8.9

Carotid artery, ophthalmic segment

1

2.2

Carotid artery, communicating segment

1

2.2

Carotid artery, supraclinoid segment

1

2.2

Carotid artery, terminus

1

2.2

13

28.9

Results

Posterior circulation
Vertebral artery
Basilar trunk

9

Lesion dimensions

Mean⫾SD

Range

Lesion length, mm

7.2⫾2.9

1.30–14.0

Reference vessel diameter, mm

3.1⫾0.8

1.3–4.8

Patient Characteristics

Minimum lumen diameter, mm

Forty-five patients were enrolled in the study. One enrollee
was not treated owing to problems with guidewire access
through the patient’s tortuous anatomy; the remaining 44
patients were treated with the Wingspan stent system. The
mean length of hospital stay for these patients was 5.1 days
(range, 1 to 20 days).
Thirty-three of the 45 patients (73.3%) in the study were
male, 33 (73.3%) were white, and 12 (26.7%) were Asian.
The mean age at enrollment was 66 years. Forty-two patients
(93.3%) had stroke as the qualifying event; 3 patients (6.7%)
had a history of transient ischemic attack. The most common
risk factors reported were hypertension (41 [91.1%]), hypercholesterolemia/hyperlipidemia (26 [55.6%]), smoking (24
[53.3%]), diabetes (24 [53.3%]), and angina/coronary artery
disease (10 [22.2%]). All 45 patients enrolled into the study
were taking antithrombotic medications at the time of entry.
Of these, 38 patients (84%) were taking ⱖ1 antiplatelet
medications (aspirin, clopidogrel, or ticlopidine), 19 (42%)
were taking anticoagulants (heparin or warfarin), and 12
(27%) were taking a combination of antiplatelets and anticoagulants. Further analysis indicated that 80% of the patients
were taking aspirin and 13% were taking warfarin, either as
monotherapy or in combination.
Preoperative neurologic exams revealed the following
most common presenting symptoms: hemiparesis (18 [40%]),
transient neurologic deficit (12 [26.7%]), focal neurologic
deficit (10 [22.2%]), and ataxia (7 [15.6%]). Stroke scale
evaluations were consistent with the presenting neurologic
symptoms. The majority of the patients had mild to moderate
residual neurologic and functional deficits (mRS ⱕ3, National Institutes of Health Stroke Scale ⱕ8, Barthel Index
ⱖ55) from before or ongoing cerebral ischemia associated
with IC atherosclerosis.
Table 1 summarizes lesion locations and dimensions as
determined by preoperative DSA. Twenty-three (51.1%) of
the lesions were located in the anterior circulation, and 22
(48.9%) were located in the posterior circulation. The mean
degree of stenosis was 74.9%; all patients had ⱖ50% stenosis
at baseline.

Percent stenosis*

20

0.8⫾0.4

0.0–2.0

74.9⫾9.8

57.0–99.0

*The degree (%) of stenosis was determined by the WASID method.28

Treatment Results
Primary End Points
Two patients experienced stroke or death within 30 days of
the procedure. One patient had an ipsilateral hemorrhagic
stroke 24 hours after the procedure and expired 10 days later.
Another patient was successfully treated and discharged
neurologically intact but subsequently had an ipsilateral
circumscribed infarction in the deep pons 7 days after the
procedure. Thus, the 30-day composite ipsilateral stroke or
death rate was 4.5% (2/44).
Preprocedure and postprocedure angiographic results for
the Wingspan stent system are summarized in Table 2. The
mean percent stenosis at the target lesion was reduced from
74.9% to 50.0% after angioplasty and further reduced to
31.9% after stent placement. Mean responses from the investigators’ device performance rating on a scale of 1 (poor) to
5 (excellent) ranged from 4.3 to 4.5 for the Gateway PTA
balloon catheter and 4.4 to 4.6 for the Wingspan stent system.
Stent success was 100% (ie, all target lesions were reduced to
⬍50% stenosis with adequate device performance), and
procedure success was 97.7% (1 patient had a hemorrhagic
stroke and expired before discharge).
Secondary End Points
Of the 43 patients evaluated at 6 months, 1 additional patient
had an ipsilateral stroke and another had a contralateral
stroke, resulting in a 6-month ipsilateral stroke rate of 7.1%
(3/43) and an all-stroke rate of 9.7% (4/43). There were no
additional deaths; the 6-month composite ipsilateral stroke or
death rate was 7.1% (3/43). In the nonadjudicated, physicianreported follow-up of 43 patients ranging from 7 to 22
months (average of 13 months) conducted outside the study
protocol, there was 1 additional ipsilateral stroke and no
additional neurologic deaths. Thus, the ipsilateral stroke rate
at 1-year follow-up was 9.3%.
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TABLE 2. Angiographic Evaluation of IC Vessel Treatment Results With the
Wingspan or NEUROLINK Stent System
Baseline

After Stenting

6 Months

n⫽45

n⫽44

n⫽40

Mean⫾SD

3.1⫾0.8

3.2⫾0.8

3.1⫾0.8

Range, minimum, maximum

1.3, 4.8

1.3, 4.8

1.3, 4.8

Mean⫾SD

0.8⫾0.6

2.1⫾0.5

2.2⫾0.8

Range, minimum, maximum

0.0, 2.0

1.3, 3.2

0.4, 4.0

Mean⫾SD

74.9⫾9.8

31.9⫾13.6

28.0⫾23.2

Range, minimum, maximum

57.0, 99.0

⫺8.0, 49.0

⫺33.0, 81.0

45 (100)

0 (. . .)

3 (7.5)

n⫽42

n⫽42

n⫽27

Mean⫾SD

3.3⫾0.7

3.3⫾0.7

3.3⫾0.7

Range, minimum, maximum

1.7, 4.6

1.9, 4.7

2.0, 4.4

1.0⫾0.5

2.6⫾0.7

1.9⫾1.0

0, 2.0

1.5, 4.2

0.4, 4.2
43.4⫾24.1

Wingspan
Reference vessel diameter, mm

Minimum lumen diameter at lesion, mm

Percent stenosis*

ⱖ50% stenosis, n (%)
NEUROLINK†
Reference vessel diameter, mm

Minimum lumen diameter at lesion, mm
Mean⫾SD
Range, minimum, maximum
Percent stenosis*
Mean⫾SD

71.1⫾13.1

19.7⫾15.7

Range, minimum, maximum

42.0, 100

⫺9.1, 50.0

40 (95.2)

1 (2.4)

ⱖ50% stenosis, n (%)

0, 84.4
10 (37.0)

*The degree (%) of stenosis was determined by the WASID method.28
†IC vessels only.

Forty of the patients were examined angiographically at 6
months; their mean percent stenosis (28.0%) was similar to
that observed immediately after the procedure. Three patients
showed a late loss of lumen diameter leading to regression of
stenosis to ⬎50% but were asymptomatic. No stent migration
or parent-vessel dissections was reported after the procedure
or at the 6-month follow-up. Five patients experienced a total
of 7 access site–related adverse events during the 6 months
after stenting. Four of the events (hematomas [3] and infection [1]) required treatment but resolved without further
complications.
One patient required retreatment 72 days after an uneventful procedure. Angiographic evaluation indicated a new
stenosis of ⱖ90% within the implanted stent but at a location
distal to the previously treated target lesion. The degree of
stenosis at the previous lesion was unchanged. The CEC
determined that this was not a restenosis. The investigator
implanted a balloon-expandable, drug-eluting coronary stent
within the Wingspan stent, and patency was restored.

Adverse Events
Eighteen procedural adverse events were reported in 12
patients, but none resulted in long-lasting sequelae. Vasospasm was observed in 5 patients. One patient sustained an
asymptomatic frontal medial branch occlusion in a small
territory of the middle cerebral artery. Other procedural
adverse events reported were hematoma (3 patients), hyper-

tension (3 patients), and arrhythmia, fever, hypervolemia,
hyperglycemia, neurologic symptom (nystagmus), and respiratory failure due to epiglottis edema (1 patient each). There
were no reports of procedural in-stent thrombosis or parentvessel dissection or perforation.

Discussion
In the United States, of the ⬇700 000 patients who experience new or recurrent stroke, 88% are diagnosed as ischemic.1 Of these, up to 15% are thought to be related to
atherosclerosis.2,3 The rate of ischemic events (stroke or
transient ischemic attack) in patients with IC atherosclerosis
can range from 10% to 50% per year, depending on the
severity of the lesions and other conditions.1–5,8,9 In this
report, we present the first clinical evidence of a new
treatment paradigm with undersized predilation followed by
deployment of a novel, self-expanding stent without the need
for postdilation. The device was able to access distal lesions
safely and provided sufficient appositional force to remodel
an atherosclerotic lesion, with patency maintained for at least
6 months after the procedure (Table 2, Figure 2). The patient
population evaluated was a stroke cohort with high-grade IC
stenosis refractory to standard antithrombotic therapy. The
preponderance of evidence in the literature suggests these
patients are at high risk of recurrent events but have no other
treatment options.3,4,8,9,29,30
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Figure 2. Angiographic results in the
anterior (A) and posterior (B) circulations
before and after treatment with the
Wingspan stent system. A, 72-year-old
female patient with stenosis of the right
carotid bifurcation before treatment
(79%), after stenting, and at 6-month
follow-up. B, A 62-year-old male patient
with stenosis of the right vertebral artery
before treatment (71%), after stenting,
and at 6-month follow-up. Note the continuing remodeling observed on the
6-month follow-up angiogram.

The treatment paradigm for the self-expanding Wingspan
stent system is different from that of balloon-expandable
stents and is designed to offer several advantages. First, the
undersizing of the angioplasty balloon confines the remodeling force to the atherosclerotic plaque, minimizing barotrauma to the adjacent normal parent vessel. Second, the
nitinol stent is more flexible than balloon-mounted stents and
is designed to reach distal lesions through tortuous anatomy.
Third, the self-expanding stent facilitates sizing as well as
conformability in curved and tapered vessels. A balloonexpandable stent must be oversized to provide good wall
apposition, which makes sizing problematic in tapered vessels. In contrast, Wingspan is designed to conform to vessels
that vary in diameter across the length of the stent. Finally,
the Wingspan stent provides a force of ⬍0.1 atm at deployment, a small fraction of the 6 to 9 atm required to deploy a
balloon-expandable stent, thus reducing trauma to the vessel
and the risk of vessel rupture. The results of this study support
the assumptions behind the new treatment paradigm. Wingspan was able to reach all lesions that could be accessed by a
guidewire, including 9 in the M1 territory. The study also
demonstrated a low rate of acute and periprocedural complications with no instances of procedural stroke, vessel rupture,
or stent migration.
The new treatment paradigm also demonstrated an
ability to maintain patency compared with the only prospective study of a balloon-expandable stent. Table 2
compares the angiographic results observed in the current
investigation with those from the SSYLVIA trial, which
assessed the safety and performance of a balloonexpandable stent system (NEUROLINK; Guidant Corp) in a
similar stroke cohort.11,13 NEUROLINK-treated lesions appeared to regress over time, both in the mean degree of stenosis
(from 19.7% to 43.4% stenosis) and in restenosis of the target
lesion to ⱖ50% (37% of patients). Wingspan-treated patients

showed an opposite trend, with the mean degree of stenosis
declining slightly (from 31.9% to 28%) and 7.5% of the patients
showing restenosis to ⱖ50% at 6 months (Table 2). There were
no instances of symptomatic restenosis in the Wingspan patients.
The NEUROLINK trial also reported intraprocedural serious
adverse events of stroke, arterial dissection, carotid cavernous
fistula, nerve paresis, and acute stent occlusion,11,13 whereas
none were reported for the Wingspan patients. At 6 months after
the procedure, the ipsilateral stroke rate was 14% for the
NEUROLINK-treated patients and 7.1% for the Wingspan
patients.11,13 These results indicate that acute endovascular
intervention with the Wingspan stent system not only did not
pose undue risk but also may have contributed to acceptable
clinical outcomes in patients at high risk of recurrent IC ischemic
events, who, having failed medical therapy, had no other
treatment options available to them.
Previous studies provide the context for understanding the
potential risks and benefits of IC angioplasty and stenting
with the Wingspan stent system compared with antithrombotic therapy. The 6-month event rate of the Wingspan
patients appears to be less than expected for this cohort. For
example, in the GESICA study, it was observed that patients
with symptomatic IC atherosclerotic stenosis on antithrombotic therapy had a 2-year event rate of 38.2%, and those with
more severe lesions had an event rate as high as 60.7%.31 The
median time to recurrent ischemic events was only 2 months
from the first qualifying event. The WASID group compared
the efficacy of aspirin and warfarin in patients with symptoms
attributable to high-grade (50% to 99%) stenosis of an IC
artery. It reported the 1-year rate for ischemic stroke in the
territory of the lesion in patients on warfarin or aspirin
therapy to be 11% and 12%, respectively.8 Analysis of the
cumulative probability of these events revealed a steep rise in
the event curves within the first 3 months of enrollment,
perhaps an indication of the unstable nature of the atheroscle-
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TABLE 3.

Cohort Risk Factor Profiles: Wingspan vs Historical Controls

Risk Factor

Wingspan
(n⫽45)

SSYLVIA13
(n⫽61)*

Thijs and Albers3
(n⫽51)

GESICA31
(n⫽102)

WASID8
(n⫽569)

Age, y

66

63

66.5

63.3

63.6

Male

73.3%

80.3%

59.6%

71.6%

61.5%

Hypertension

91.1%

63.9%

73.1%

73.5%

84.1%

History/current smoking

53.3%

52.5%

42.3%

70.6%

64.5%

Diabetes mellitus

53.3%

32.8%

26.9%

30.4%

38%

Hypercholesterolemia/hyperlipidemia

55.6%

54.1%

38.5%

59.8%

70.8%

Angina/coronary artery disease

22.2%

24.6%

23.1%

33.3%

27.1%

Qualifying event
Transient ischemic attack
Stroke

6.7%

39.3%

N/A

48.4%

39%

93.3%

60.7%

44.2%

51.6%

61%

51.1%

36.1%

59.6%

48%

39.7%

Target vessel
Posterior circulation
Anterior circulation
Mean % stenosis of target lesion

48.9%

34.4%

74.9%

69.9%

40.4%
ⱖ50%

52%

54.1%

ⱖ50%

63.7%

*Including extracranial vessels.

rotic plaque in this high-risk cohort (Figure 2 of Chimowitz et
al8). This observation is consistent with results reported in a
retrospective study by Thijs and Albers,3 wherein the event
rates of patients with high-grade (ⱖ50%), symptomatic IC
atherosclerosis who failed antithrombotic therapy were assessed. In a follow-up (median 13.6 months) of 29 patients
who failed antithrombotic therapy, the median time to event
(24.1% all-cause stroke, 6.9% death, and 27.6% composite
all-cause stroke/death) was 36 days.
The favorable event rates in the Wingspan-treated patient
cohort compared with other published series is more compelling, considering that at baseline, the Wingspan patients had
higher incidences of hypertension, diabetes, and stroke as the
qualifying event, as well as a higher degree of mean stenosis
of the affected artery (Table 3). This last characteristic is
particularly relevant, because WASID identified severe stenosis (ⱖ70%) as one of the primary risk factors for recurrent
stroke in the territory of the lesion.9 In the WASID patients
who entered the study with stroke and severe stenosis, the
ipsilateral stroke rate was 23% at 1 year.9
Because of the small sample size, these findings are unable
to assess the potential effectiveness of the Wingspan stent
system in the prevention of stroke/death in these high-risk
patients. However, the short-term treatment results and
follow-up analysis provide compelling evidence supporting
the safety of endovascular therapy with the Wingspan stent
system for stroke prevention in a very high-risk patient
population.

Conclusions
The short-term treatment results and follow-up analysis
reported herein provide evidence demonstrating the safety of
the Wingspan stent system when used as endovascular
therapy in a high-risk patient population. The treatment
paradigm of predilation by slow inflation of an undersized
Gateway PTA balloon catheter followed by deployment of
the self-expanding Wingspan stent without postdilation may

have contributed to the favorable procedural and 6-month
angiographic outcomes observed in this study.

Appendix
Imaging Core Laboratory: Professor Olav Jansen, MD, Universitatsklinikum Schleswig-Holstein Campus Kiel, Kiel, Germany.
CEC: Professor Olav Jansen, MD, Dr Karsten Alfke, and Dr
Robert Stingele, Universitatsklinikum Schleswig-Holstein Campus
Kiel, Kiel, Germany.
Participating centers principal investigator (PI), coinvestigator(s)
(Co), and study coordinator(s) (SC) in order of enrollment (N):
PI: Hans Henkes, MD; Co: Elina Miloslavski, MD, Jörg Reinartz,
MD, Stephan Lowens, MD; SC: Petra Häckmanns-Hanf; Robert
Janker Klinik and Alfried Krupp Krankenhaus, Bonn, Germany (15).
PI: Prof Marius Hartmann, MD, PhD; Co: Peter Ringleb, MD,
Stefan Hähnel, MD; University of Heidelberg Medical Center,
Heidelberg, Germany (9).
PI: Hon Man Liu, MD; Co: Yao-Hung Wang, MD, Ping-Keung
Yip, MD; National Taiwan University Hospital, Taipei, Taiwan (4).
PI: Michael Mu Huo Teng, MD; Co: Feng-Chi Chang, MD,
Chao-Bao Luo, MD, Han-Hwa Hu, MD, Li-Chi Hsu, MD, JiingFeng Lirng, MD, Wen-Jang Wong, MD; Taipei Veterans General
Hospital and National Yang Ming University, Taipei, Taiwan (4).
PI: Istvan Szikora, MD; Co: Zsolt Kulcsar, MD, Judit Afra, MD;
National Institute of Neurosurgery, Budapest, Hungary (3).
PI: Ansgar Berlis, MD; Co: Prof Martin Schumacher, MD, Stefan
Kretzer, MD, Andreas Hetzel, MD; Klinikum der Universität
Freiburg, Freiburg, Germany (2).
PI: Jurgen Reul, MD; Co: Simon Holm, MD; SC: Michaela
Becker; Kreiskrankenhaus Siegen, Siegen, Germany (2).
PI: Simon C.H. Yu, MD; Co: Prof Lawrence Wong, MD, Thomas
Leung, MD; SC: Roxanna Liu; Prince of Wales Hospital, Hong
Kong (2).
PI: Prof Michael Forsting, MD; Co: Isabel Wanke, MD, Arnd
Dörfler, MD; Universitätsklinikum Essen, Essen, Germany (2).
PI: Matt Lui, MD; Co: Kai Ming Au-Yeung, MD, Raymond
Cheung, MD; SC: Kam Wah Lam, Shan Boo Man; Queen Mary
Hospital, Hong Kong (1).
PI: Winston Lim, MD; Co: Christopher Chen, MD, Bien Soo Tan,
MD, Kiang Hiong Tay, MD; SC: Nelson Wong Chen Ru, Huey Bee
Pey; Singapore General Hospital, Singapore. (1).
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