
Introduction

With widespread access to MRI, transcranial ultrasound
and angiographic examinations, intracranial athero-
sclerotic arterial stenoses are increasingly identified as
the cause of brain ischemia. Asymptomatic intracranial
stenoses may be associated with a benign prognosis [1].
Atherosclerotic intracranial stenoses are found, how-
ever, in about 8–10% of the patients with stroke or TIA
[2]. The annual stroke rate for these lesions is in the

range of 7–8% [3, 4] and the prognosis for patients
under medical treatment is even worse [5]. Not infre-
quently, intracranial arterial stenoses lead to stroke with
permanent neurological deficit without preceding tran-
sient ischemic attacks. Patients with a symptomatic
intracranial atherosclerotic stenosis are insufficiently
protected against ischemic stroke by medication with
platelet aggregation inhibitors [6]. Permanent anti-
coagulation with warfarin is accompanied by significant
hemorrhagic risks and does not reliably prevent pro-
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Abstract The endovascular treat-
ment of atherosclerotic intracranial
arterial stenoses has previously been
based on balloon dilatation or the
deployment of a balloon expandable
stent. Both methods have advanta-
ges (balloon: flexibility; balloon
expandable stent: high radial force)
and drawbacks (balloon: risk of
elastic recoil and dissection; balloon
expandable stent: limited flexibility,
risk of injury to the vessel due to
excessive straightening, overexpan-
sion at ends of stent). A new com-
bination of balloon dilatation,
followed by the deployment of a self-
expanding microstent has been
applied in 15 patients with athero-
sclerotic arterial stenoses, symptom-
atic despite medical treatment. An
anatomically and clinically adequate
result was achieved in all patients.
The initial degree of stenosis was
72% (mean). Balloon dilatation
resulted in an average residual
stenosis of 54% (mean), reduced

further to a mean of 38% after stent
deployment. Arterial dissection,
occlusion of the target artery or
symptomatic distal emboli was not
encountered. In one patient, a side
branch occlusion occurred after
dilatation of a M1 stenosis, with
complete neurological recovery.
All patients were either stable or
improved 4 weeks after the treat-
ment. Recurrent TIA did not occur
in any patient. Balloon dilatation
and subsequent deployment of a
self-expandable stent for the treat-
ment of symptomatic intracranial
arterial stenoses combines the
advantages of both techniques and
allows a rapid, clinically effective
and technically safe treatment of
these frequently challenging lesions.
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gression of atherosclerotic stenosis or from the occur-
rence of thrombotic vessel occlusion as the final step of
this disease [6, 7].

The treatment of such stenoses by the use of balloon
dilatation and stent implantation has been increasingly
accepted during the last 10 years. Balloon dilatation
without a stent runs the risk of an immediate vascular
occlusion (either by so-called ‘‘elastic rebound’’ or
‘‘elastic recoil’’ or by arterial dissection). Dilatation with
coronary balloon-expandable stents or variants thereof
is sometimes technically difficult due to the limited
flexibility of these stents, particularly in vessels of the
anterior circulation. The previously reported occurrence
of serious complications during (stent) dilatation of
intracranial stenoses has prevented the general accep-
tance of this treatment modality.

The technique of endovascular coil occlusion of wide-
necked intracranial aneurysms was advanced by the
introduction of flexible self-expanding nitinol stents
(Neuroform; Smart Therapeutics/Boston Scientific) [8].
These stents can atraumatically be inserted through, and
released off, a wire-guided microcatheter. They adapt to
the shape and anatomy of the target vessel much better
than balloon-expandable stents.

In this study, we present the first clinical results of the
endovascular treatment of intracranial atherosclerotic
stenoses by a new procedural concept. The treatment
starts with a stent-less balloon dilatation, followed by
covering the previously dilated stenosis with a self-
expanding nitinol stent (WingSpan; Smart Therapeutics/
Boston Scientific). This stent is a reinforced modification
of the Neuroform device. This technique was developed
to decrease the procedural risks compared to pure bal-
loon dilatation or the use of relatively rigid balloon-
expanded coronary stents. Presuming that the occur-
rence of intimal hyperplasia and in-stent-stenosis are
influenced by the adaptation of an implanted stent to the
vessel wall and its radial force, improved long-term re-
sults can be expected from this implant.

Materials and methods

Fifteen patients (ten male, five female, mean age
64 years) with atherosclerotic stenoses of intracranial
arteries were enrolled. These stenoses had caused ische-
mic clinical symptoms and/or infarcts while under
medical therapy. All endovascular procedures were
performed following the requirements of the clinical
study of the WingSpan-system (Smart Therapeutics/
Boston Scientific). The ethics committee of the Univer-
sity Duisburg-Essen approved the study. According to
the protocol of this study, patients with intracranial
arterial stenosis >50%, symptomatic under medical
therapy and with a brain ischemia attributable to this
stenosis can be enrolled.

Medication

At the time of stent treatment, all patients were pre-
medicated either by preceding administration of a
combination of 100 mgASA and 75 mg clopidogrel daily
or by taking a loading dose of 500 mg ASA and 300 mg
clopidogrel at least 2 days preceding the treatment, fol-
lowed by the intake of the above mentioned daily dose.
After introduction of a 6F femoral sheath into the right
femoral artery, 5000 IU heparin and 500 mg aspisol were
given intravenously. Following the procedure, a single
subcutaneous dose of 0.8 ml low molecular heparin
(Fraxiparin) was given on the day of treatment. On the 2
following days 0.6 ml Fraxiparin was administered
subcutaneously twice a day. Additionally, permanent
medications of 100 mg ASA per os daily and 75 mg
clopidogrel per os daily were administered for 2 months.

Treatment technique

All procedures were performed by one of the authors
(HH) under general intravenous anesthesia with com-
plete relaxation using a high-resolution bi-plane DSA
system (Philips Integris Allura 12/15). A 6F-guiding
catheter (Guider softip; Target Therapeutics/Boston
Scientific) was introduced through a femoral sheath into
the target supraaortic vessel. An angiographic exami-
nation of the target vessel with the intracranial stenosis
and of the distal vasculature was then performed.

From a series of projections, one, which showed the
stenosis without foreshortening or overlap, was chosen.
Two external markers (steel ball bearings with a diame-
ter of 1 cm) were used for quantitative measurements of
stenosis and target vessel diameter and length. Using the
standard software of the DSA system, the narrowest
diameter of the stenotic vessel, the length of the stenosis
and the diameter of the target vessel proximal and distal
to the stenosis was determined.

The stenosis was then crossed with an exchange mi-
croguidewire (0.014 in., 300 cm). The following micro-
guidewires proved suitable: Transend 14 (Boston
Scientific), Synchro 14 (Boston Scientific), X-celerator 14
(MTI/ev3). The introduction of the guidewire was lim-
ited to a position just far enough to provide a sufficient
stability in the area of the stenosis, minimizing the risk
of a vessel perforation with the guidewire tip.

The dilatation balloon was chosen in a way that
its diameter at nominal pressure would not exceed 80%
of the diameter of the vessel either proximally or distally
to the stenosis, whichever was smaller. Generally, an
‘‘over-the-wire’’ balloon (Gateway, Boston Scientific)
was used. In one patient, a coronary monorail balloon
(Aqua, Cordis) was used.

The dilatation balloon was introduced until the ste-
notic vessel segment was covered. The manometer-con-
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trolled vessel dilatation was performed very slowly for a
maximum of 90 s until complete balloon inflation was
achieved. With one exception, pressure of three atmo-
spheres was sufficient for full balloon opening without a
waist.

During deflation and withdrawal of the balloon, the
guidewire was left in place. The dilatation results were
angiographically documented and, finally, the self-
expanding stent was introduced and deployed. For all
patients, the diameter of the stent was chosen slightly
larger than the diameter of the previously used balloon.
The stent length was selected to completely cover the
dilated stenosis with an overhang of at least a few mil-
limeters on both sides. Approximately 10 min after
deployment of the stent and withdrawal of the guide-
wire, a final angiographic examination terminated the
intervention. The time period from the first to the last
DSA run was registered as the duration of the proce-
dure.

Results

The initial diagnostic findings and treatment results are
summarized in Table 1. Figures 1 and 2 shows the
treatments of a stenosis of the internal carotid artery and
basilar artery, respectively.

In this series, the intracranial stenoses were located at
the intracranial internal carotid artery (n=3), the M1
segment (n=3), the intracranial vertebral artery (n=4)
or the basilar artery (n=5). In all patients, the passage
and dilatation of the stenoses with the balloon catheter
was successful. No dissection or elastic recoil was
encountered. The high flexibility and the low profile of
the Gateway balloon catheter significantly facilitated
this part of the procedure. The introduction and
deployment of the stents was performed readily, without
any visible damage to the target vessels, with the high
flexibility of the WingSpan stent proving clearly
advantageous compared to balloon expandable stent
systems. The balloon dilatation results were improved
by WingSpan deployment to a variable extent, but there
was usually a significant additional dilatation effect due
to the stent.

The stenoses before the treatment were measured as
72% mean (minimum 55%, maximum 87%). After
balloon dilatation the stenoses were reduced to 54%

Fig. 1 Symptomatic high-grade stenosis of the left internal carotid
artery proximal to the posterior communicating artery (PcomA).
Angiography prior to the treatment (a), after balloon angioplasty
(2/20 mm, 6 atm) (b), and after deployment of a self-expanding
stent (c,d). Minor residual stenosis with unchanged opacification of
the PcomA
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mean (minimum 13%, maximum 79%) and after the
stent deployment further reduced to 38% mean (mini-
mum 11%, maximum 51%). The final reconstructed

lumen proved sufficient to provide adequate blood flow
in all patients. The procedure time from the first to the
last DSA run was 60 min mean (minimum 20 min,
maximum 133 min). In-stent thrombosis did not occur.
In one patient with a MCA stenosis a MCA branch was
occluded by the procedure, with a transient increase of a
pre-existing hemiparesis. In the remaining 14 patients,
the ischemic symptoms that were observed under an-
tiaggregation or anticoagulation before the endovascu-

Fig. 2 Symptomatic near-occlusive stenosis of the middle basilar
artery at the level of the origin of the anterior inferior cerebellar
artery (AICA). Initial angiographic finding (a), the result after
balloon dilatation (2/10 mm, 3 atm) with significant residual
stenosis (b), and after deployment of a self-expanding stent (c)
with residual stenosis. The stent covers both AICA origins without
evident hemodynamic effect on them (d)
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lar treatment did not recur after the WingSpan treat-
ment.

Discussion

Intracranial atherosclerotic stenoses are a major risk
factor for ischemic stroke. Bypass surgery proved inef-
fective for the treatment of ICA and MCA stenoses [9].
The ultimate cause of cerebral ischemia is related to the
hemodynamic effect of the stenotic vessel segment.
Thrombo-embolic events are of uncertain significance in
this pathophysiology. This may explain why medical
therapy with either antiaggregation or anticoagulant
drugs is of limited efficacy. The medication with platelet
aggregation inhibitors is accompanied by relatively
minor side effects, but provides insufficient protection
for the patient. More aggressive anticoagulation pro-
vides better protection from stroke, but is accompanied
by a significant incidence of hemorrhagic complications
[6].

Balloon dilatation of symptomatic intracranial ste-
noses without stent deployment has been carried out in
specialized centers after the advent of single lumen bal-
loon microcatheters since about 1992 with fairly good
results [10–12]. High frequency of adverse events, as
reported by Gupta et al. [13] with a 50% major com-
plication rate and a 17% fatality rate, illustrate the
potentially hazardous nature of these procedures. The
main causes of adverse events are vessel dissection or
perforation, elastic recoil, distal injury to the vessel wall
from the microguidewire and embolic vessel occlusion.

With the availability of balloon expandable coronary
stents, secondary stent deployment became an option in
the case of insufficient effect of balloon dilatation or
immediate vessel occlusion due to elastic rebound [14].
In order to avoid the variable outcomes of balloon-only
procedures, several authors started to promote the pri-
mary use of balloon expandable coronary stents [15]. In
a series of 34 patients with intracranial stenoses, stented
by Lylyk et al. [16], the global morbidity rate was 18%,
with a 6% neurologic morbidity rate and a 6% mortality
rate. Jiang et al. [17] achieved good results in 42 symp-
tomatic M1 stenoses, with a 10% total complication rate
but incomplete follow-up data. In a recently published
prospective study, far from ideal results were reported
[18]. In three out of 61 patients of this series, the stent
placement was not possible. At 6 months, follow-up 12
of 37 patients (32%) with intracranial lesions had a
>50% restenosis. In the first 30 post-procedural days
the stroke rate was 6.6%, with an additional stroke rate
of 7.3% thereafter.

This device-related dilemma can be summarized as
follows: balloon dilatation without a stent is technically
easier, but provides insufficient control of dissection and
elastic recoil while balloon-expandable stent deployment

is associated with a significant risk of vessel injury,
mainly due to over-sizing of the stent and dog-bone ef-
fect of the balloon.

When choosing both balloon and stent diameter, it
always has to be kept in mind that an exponential
relation between vessel diameter, cross-section area and
blood flow volume exists. Due to this relation, doubling
a vessel diameter will result in a 4-fold increase in blood
flow. Since the risk of complications increases with the
dilated diameter, intentional under-dilatation is a well-
accepted strategy. For such an under-dilatation, bal-
loon-expanded stents are not well suited, as there is a
risk that an undersized stent will not be fixed to the
vessel wall and will therefore move within the dilated
vessel.

The passage of the previously dilated artery segment
with the WingSpan stent-catheter over a microguidewire
kept in place during the whole procedure seems in
prospect more difficult than it finally proves. The
rounded tip of the stent-catheter allows for atraumatic
insertion, assuming that the guidewire is not accidentally
withdrawn during removal of the balloon catheter or
introduction of the stent. The stent itself is not radi-
opaque, but carries radiopaque markers on its distal and
proximal ends, which allow accurate positioning. It was
our impression that the WingSpan stent conforms very
well to the vessel wall and, despite its limited radial
force, makes sufficient contact with it.

Several limitations of these data must be mentioned.
The high success and low complication rate in this series
are partly due to the desirable physical properties of the
device under investigation. Safety and efficacy may,
however, vary significantly with both experience and
skills of the operator and familiarity of the operator with
the device. The restrictions placed on the use of the de-
vice, mentioned at the outset, are unlikely to be applied
so rigorously in general clinical use. So far, no data can
be given on the frequency of recurrent stenoses. For
coronary lesions >30% restenosis rates after self-
expanding stent implantation has been reported [19],
however, these data may not be directly applicable to the
intracranial arteries, where flow patterns are different
and the radial force of the stent is lower. Only long-term
follow-up will address these issues. Stent surface modi-
fication seems to be one possible way to improve long-
term patency rates [20]. Experimental data have shown
that self-expandable stenting alone reduces the rate of
restenosis compared with balloon dilatation followed by
stent deployment [21]. If this is also true for intracranial
stenoses the use of a modified self-expanding stent with
an increased radial force might yield reduced recurrent
stenoses.

In conclusion, in the endovascular treatment of ath-
erosclerotic intracranial arterial stenoses, intentional
under-expansion should be the aim. The combination of
balloon dilatation and subsequent deployment of a self-
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expanding stent increases the safety of this procedure
without compromising efficacy. Mid-term and long-term
patency and stroke rates are pending.
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