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Case Report

Primary Stenting for High-grade Basilar Artery Stenosis

Constantine C. Phatouros, James E. Lefler, Randall T. Higashida, Philip M. Meyers, Adel M. Malek,
Christopher F. Dowd, and Van V. Halbach

Summary: We report two patients with symptomatic high-
grade stenosis of the basilar artery refractory to appropri-
ate maximal medical therapy in whom endovascular stent-
ing was performed successfully without preliminary
balloon angioplasty. Excellent angiographic results were
achieved and there were no procedural or periprocedural
complications. The patients were asymptomatic and neu-
rologically intact at a mean clinical follow-up of 6.5
months. Primary stenting of basilar artery stenosis may be
an alternative to balloon angioplasty for patients with
symptomatic lesions refractory to medical therapy or in
whom anticoagulation is contraindicated.

Patients with symptomatic stenosis of the basilar
artery are usually initially treated medically with
antiplatelet agents and/or systemic anticoagulation.
Despite this, the risk of stroke remains high. The
Warfarin-Aspirin Symptomatic Intracranial Disease
(WASID) study reported the annual risk of stroke
in the basilar artery territory as 20% for patients
with symptomatic basilar artery stenosis treated
with aspirin and 12% for those treated with war-
farin (1). For the subset of patients for whom med-
ical therapy fails, the therapeutic options are lim-
ited. Surgical bypass-grafting for basilar artery
stenosis is technically demanding and the results
are often disappointing (2). Successful balloon an-
gioplasty of the basilar artery was first reported by
Sundt et al in 1980; however, intraprocedural vessel
rupture, elastic recoil, and flow-limiting intimal dis-
section remain potential problems that have re-
stricted its use (2).

The advent of new-generation, flexible stents has
enabled reliable and atraumatic percutaneous ac-
cess of the intracranial vasculature. We report two
cases in which elective primary stenting without
preceding balloon angioplasty of symptomatic,
high-grade, basilar artery stenosis was performed
without complications and with excellent angio-
graphic results (no residual stenosis). The possible
indications for primary stenting of basilar artery

Received August 26, 1999; accepted after revision March 13,
2000.

From the Division of Neurovascular Interventional Radiol-
ogy, University of California at San Francisco Medical enter.

Address reprint requests to Constantine C. Phatouros,
MBBS, FRANZCR, Interventional Neuroradiology Unit, Roy-
al Perth Hospital, GPO Box X2213, Perth, WA, 6001,
Australia.

q American Society of Neuroradiology

occlusive disease and the technical aspects of this
procedure are discussed.

Case Reports

Case 1

A 77-year-old man presented with an 18-month history of
recurrent drop attacks. He was symptomatic despite having
taken oral clopidogrel, 75 mg/day, for the preceding 6 months.
An MR angiogram suggested the diagnosis of basilar artery
stenosis, which was subsequently confirmed by a diagnostic
cerebral angiogram. In view of the patient’s drop attacks, sys-
temic anticoagulation with warfarin was considered contrain-
dicated because of the risk of cerebral hemorrhage occurring
with potential head trauma. At presentation, the patient was
neurologically intact, and a baseline MR image of the brain
revealed no definite evidence of posterior fossa infarction. The
patient was examined by a neurovascular neurologist at our
institution who agreed the symptoms were related to vertebro-
basilar ischemia. In view of this, endovascular therapy of the
basilar lesion was performed.

Diagnostic cerebral angiography revealed a high-grade, ec-
centric, atherosclerotic stenosis (.75%) of the lower basilar
artery above the level of the right anterior inferior cerebellar
artery (AICA). The left AICA arose from the ipsilateral pos-
terior inferior cerebellar artery (PICA). Additionally, there was
severe focal stenosis of both posterior cerebral arteries at the
P1/P2 junctions, and a moderately severe stenosis of the left
vertebrobasilar junction. The right vertebral artery was domi-
nant. The posterior communicating arteries (PCoAs) were ab-
sent bilaterally (Fig 1).

Endovascular treatment was performed using an AVE GFX-
2 stent (Advanced Vascular Engineering, Santa Rosa, CA) with
a nominal diameter of 4 mm and a length of 12 mm. The stent-
deployment balloon was inflated to its nominal pressure of 8
atm (unconstrained stent diameter of 4 mm). The normal mid-
basilar artery diameter was 3.9 mm. An excellent angiographic
result was achieved with complete normalization of the vessel
diameter. There were no procedural complications, and the pa-
tient was asymptomatic and neurologically intact at the 7-
month clinical follow-up examination.

Case 2

A 57-year-old obese man with a history of hypertension,
diabetes mellitus, hypercholesterolemia, and coronary artery
disease presented with recurrent episodes of vertigo associated
with nausea and vomiting and severe gait ataxia. MR imaging
and MR angiography of the brain revealed a small area of
infarction within the left cerebellar hemisphere associated with
a high-grade stenosis of the basilar artery. The patient was
started on oral clopidogrel, 75 mg/day; however, the episodes
of gait ataxia persisted over the next 4 months. Systemic an-
ticoagulation was considered contraindicated because of his
episodes of severe gait ataxia. Neurologic examination per-
formed at presentation to our institution was unremarkable
apart from a mild right upper limb pronator drift and difficulty
performing tandem gait. The patient was examined by a neu-
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FIG 1. Anteroposterior oblique views of
the basilar artery.

A, Eccentric high-grade (.75%) steno-
sis of the lower basilar artery above the
origin of the right AICA. The left AICA aris-
es from the left PICA. Note bilateral ste-
nosis of the posterior cerebral arteries (ar-
rows) and a stenosis involving the distal
left vertebral artery at the vertebrobasilar
junction.

B, Stent is positioned across the steno-
sis without preliminary balloon angioplasty.

C, After stent deployment, normal vessel
lumen is restored. Although not obvious on
this image, the inferior margin of the stent
covers the right AICA origin; however, the
vessel continues to opacify normally
(arrow).

D, Nonsubtracted lateral oblique view of
the posterior fossa shows the basilar ar-
tery metallic stent posterior to the clivus
(arrow).

rovascular neurologist, who agreed his symptoms were related
to vertebrobasilar ischemia.

Diagnostic cerebral angiography revealed a high-grade, ec-
centric, atherosclerotic stenosis (.70%) of the lower basilar
artery immediately below the origins of the AICAs. The right
PCoA was absent and of normal size on the left. The vertebral
arteries were codominant (Fig 2).

Endovascular treatment was performed using an AVE GFX-
2 stent with a nominal diameter of 3.5 mm and a length of 8
mm. The stent-deployment balloon was inflated to a pressure
of 10 atm (unconstrained diameter of 3.6 mm). The normal
midbasilar artery diameter was 3.7 mm. An excellent angio-
graphic result was achieved with complete normalization of
the vessel diameter. There were no procedural complications,
and the patient was asymptomatic and neurologically intact at
the 6-month clinical follow-up examination.

Description of the Technique
In both our cases, oral aspirin, 325 mg/day, was

started 3 days before the procedure in addition to
the oral clopidogrel, 75 mg/day, the patients were
already taking. With the patients under general an-
esthesia, a 7F groin sheath was inserted into the
right common femoral artery, and a full diagnostic
cerebral angiogram was obtained, which revealed
high-grade, eccentric, atherosclerotic stenosis
(.70%) of the lower basilar artery in both cases.

A loading dose of 5000 U heparin was admin-
istered intravenously, resulting in an activated clot-

ting time of more than 250 seconds. After this, the
patients were maintained on a continuous heparin
infusion of 1200 U/h. A 6F guide catheter (Brite
Tip, Cordis, Miami Lakes, FL) was placed into a
vertebral artery (right and left vertebral arteries for
patients 1 and 2, respectively). A 2.3F microcath-
eter (Rapid Transit Cordis, Miami Lakes, FL)
primed with a 0.014-inch guidewire (Transend, Sci-
med, Maple Grove, MN) was navigated across the
basilar artery stenosis under digital roadmap guid-
ance. The tip of the microcatheter was positioned
within the P1 segment of the left posterior cerebral
artery, and the guidewire was exchanged for a
0.014-inch, 300-cm exchange-length guidewire
(Balance, ACS, Redwood City, CA) and the micro-
catheter removed. The tip of the exchange guide-
wire was positioned beyond the P2 segment of the
left posterior cerebral artery.

An AVE GFX-2 stent was then passed over the
guidewire and positioned across the basilar ste-
nosis. An angiographic run was performed to con-
firm optimum stent positioning. The stent was
then deployed by a slow balloon inflation (30 sec-
onds) to 8 atm (nominal diameter). In case 2, a
second balloon inflation to 10 atm was performed.
An immediate postdeployment angiographic run
showed no evidence of residual stenosis, with all
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FIG 2. A and B, Anteroposterior (A) and lateral (B) views of the basilar artery show an eccentric high-grade (.70%) stenosis of the
lower basilar artery projecting from the anterior wall (arrow, B). The AICAs originate immediately above the lesion.

C, Anteroposterior view of the basilar artery shows positioning of the stent across the lesion without preliminary balloon angioplasty.
Note that positioning of the stent delivery catheter across the stenosis results in significant flow compromise, confirming the high-grade
nature of this lesion.

D and E, Anteroposterior (D) and lateral (E) views of the basilar artery after endovascular stent deployment show restoration of normal
vessel lumen. Although not obvious on these images, the superior margin of the stent covers the origins of both AICAs (arrows, D),
which, however, continue to opacify normally.

F, Nonsubtracted lateral oblique view of the posterior fossa shows the basilar artery metallic stent. The tip of the stent delivery catheter
has been retracted inferiorly with the 0.014-inch exchange guidewire still in place.

previously visible vertebrobasilar branches opaci-
fying normally.

A careful neurologic examination, performed af-
ter the patients were awakened from anesthesia, re-
vealed no evidence of deficit. Heparinization was
continued overnight with a target activated partial
clotting time of 60 to 80 seconds. The groin sheaths
were removed immediately after the procedure with
the patients fully heparinized using a percutaneous
suture delivery device (Perclose, Redwood City,
CA). Both patients were monitored for a period of
24 hours in the intensive care unit. Postprocedural
recovery was uneventful in both cases, and the pa-
tients were discharged home on the third postop-
erative day on oral aspirin, 325 mg indefinitely, and
oral clopidogrel, 75 mg for a period of 6 weeks.
Both patients were neurologically stable with no
further symptoms of vertebrobasilar ischemia at a
mean clinical follow-up period of 6.5 months. Fol-
low-up angiography at 12 months was planned.

Discussion

Patients with stenosis of the basilar artery have
a significant risk of disabling stroke. Moufarrij et
al (3) reported 44 patients with at least 50% ste-
nosis of the intracranial vertebral (36%) or basilar
(64%) artery who were followed up for an average
of 6 years, 73% of whom had experienced a pre-
vious vertebrobasilar territory stroke or definite
vertebrobasilar ischemic symptoms. During follow-
up, 18% of patients sustained a stroke (37% of
which were fatal), which was 17 times the expected
stroke rate for a matched population.

The WASID study represents the most compre-
hensive investigation to date examining the thera-
peutic effect of antithrombotic agents for intracra-
nial arterial stenosis. The authors reported on 68
patients with at least 50% stenosis of an intracranial
vertebral (n 5 31), basilar (n 5 28), posterior ce-
rebral (n 5 6), or posterior inferior cerebellar (n 5
3) artery who were followed up for a median pe-
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riod of 14 months. All patients had experienced a
previous transient ischemic attack or stroke in the
territory of the stenotic artery and were treated with
warfarin (n 5 42) or aspirin (n 5 12). The stroke
rate was highest in patients with basilar artery ste-
nosis, reported as 15.0 and 10.7 per 100 patient-
years of follow-up for strokes in any territory or in
the corresponding vascular territory, respectively.
The authors concluded that ‘‘the high rate of stroke
in the territory of a severely stenotic vertebral or
basilar artery with either antithrombotic agent sug-
gests that adjunctive stroke-preventive therapies
(eg, intracranial angioplasty) may be needed for pa-
tients with symptomatic high-grade vertebral or
basilar artery stenosis’’ (1).

The prognosis for patients with basilar artery
atherothrombotic occlusion is even less favorable,
with a greater than 70% mortality rate if untreated
(4–6). Even with modern local intraarterial fibri-
nolytic treatment, death is still a probable outcome
for these patients (7–9).

Despite being first reported in 1980 (2), simple
balloon angioplasty of the basilar artery has not
gained widespread use owing to its significant lim-
itations. The insubstantial muscularis and adventi-
tial layers possessed by the basilar artery result in
an elevated risk of vessel perforation during bal-
loon angioplasty that is invariably fatal. Acute bas-
ilar occlusion due to elastic recoil, vasospasm,
thrombosis, or intimal dissection may occur. Terada
et al (10) performed balloon angioplasty in 12 pa-
tients with severe basilar (n 5 5) or distal vertebral
artery (n 5 7) stenosis. The degree of intraluminal
stenosis decreased from a mean of 84% to a mean
of 44% after angioplasty. Four complications
(33%) occurred: two intimal dissections resulting
in abrupt vessel occlusion and two thromboembolic
complications. The periprocedural rate of major
stroke or death was 17%. Because of the risk of
vessel perforation, particularly with eccentric
plaque, some authors have advocated underdilating
basilar artery stenotic lesions to no more than one
half the normal midbasilar diameter (11, 12).
Hence, balloon angioplasty rarely results in nor-
malization of the vessel diameter.

The use of stents for the treatment of intracranial
disease has previously been limited by rigid stent
and stent delivery catheter designs that are unable
to atraumatically maneuver acute vascular bends.
The advent of flexible coronary stents has allowed
safe and relatively reliable endovascular access of
the intracranial arteries by using small-diameter de-
livery systems. In 1997, Higashida et al (13) re-
ported the first clinical use of a stent (Palmaz-
Schatz, Johnson & Johnson Interventional Systems,
Warren, NJ) in the basilar artery; however, this was
for treatment of a ruptured fusiform aneurysm, with
the stent acting as a scaffold to support electrolyt-
ically detachable coils. In 1999, Phatouros et al
(14) reported the first use of a percutaneous stent
(Gianturcot-Roubin II, Cook Cardiology, Bloo-
mington, NJ) to treat a basilar artery atherosclerotic

stenosis after failed balloon angioplasty in a patient
with acute basilar artery thrombosis. Although the
patient eventually died of cardiogenic shock and
sepsis, the stent was successful at restoring normal
basilar artery flow. Lanzino et al (15) reported the
successful use of a coronary stent (AVE GFX) for
the treatment of a symptomatic lower basilar artery
stenosis after attempted balloon angioplasty was
unsuccessful in relieving the stenosis and further-
more resulted in an intraplaque dissection. Similar-
ly, Joseph et al (16) used a stent to successfully
treat a symptomatic basilar artery stenosis recalci-
trant to balloon angioplasty. Horowitz et al (17)
described three patients with symptomatic basilar
artery stenosis (n 5 2) or occlusion (n 5 1) in
whom stenting without preceding balloon angio-
plasty was successfully performed. However, one
patient incurred a postprocedural hemiparesis sub-
sequent to a pontine infarct, which resolved over 4
weeks.

In the largest series to date, Gomez et al (18)
reported on the use of stents to electively treat 12
patients with symptomatic basilar artery stenosis.
All patients either had undergone unsuccessful
medical therapy or had contraindications to long-
term anticoagulation. Predilatation with balloon an-
gioplasty was used before stent deployment, and
technical success was achieved in all cases. One
patient incurred postprocedural sixth and seventh
nerve pareses, which resolved within 8 weeks. Dur-
ing a mean clinical follow-up period of 5.9 months,
one patient experienced a transient ischemic attack
prompting cerebral angiography, which revealed a
basilar artery occlusion proximal to the stent. This
was successfully treated with balloon angioplasty.

Primary stenting is usually defined as the use of
a stent intentionally to treat a vascular stenosis rath-
er than as a bail-out measure in the case of failed
balloon angioplasty (secondary stenting). However,
primary stenting may require predilatation of the
lesion with simple balloon angioplasty to allow
safe and atraumatic crossing of the lesion by the
stent delivery catheter. The AVE GFX-2 is a pre-
mounted, balloon-expandable stent requiring the
minimal use of a 6F guide catheter. We aimed to
closely match the stent diameter to the native bas-
ilar artery diameter. Oversizing of the balloon-
mounted GFX stent may lead to an increased risk
of intimal dissection at the stent margins owing to
the phenomenon of ‘‘dumb-belling’’ or ‘‘dog-bon-
ing’’ of the balloon, which refers to the propensity
for initial enlargement of the uncovered proximal
and distal ends of the balloon before expansion of
the stent, per se, occurs (19). Since in our cases,
the minimum residual lumen measured approxi-
mately 1 mm in both patients, we chose to primar-
ily cross the lesion with the stent delivery catheter
rather than predilate with balloon angioplasty.
There was no difficulty in navigating the stent to
and/or across the lesion. Primary stenting has a
lower risk of flow-limiting intimal dissection and
distal thromboembolism than does simple balloon
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angioplasty. The risk of vessel perforation may also
be reduced by the use of a stent, since the stent
may provide additional wall support.

We prefer to initially traverse the lesion with a
microcatheter primed with a soft-tip 0.14-inch
guidewire (Transend Platinum Tip, Scimed, Ma-
ple Grove, MN) rather than an exchange-length
0.14-inch guidewire (Balance, ACS, Redwood
City, CA) because of the reduced likelihood of
plaque trauma and dislodgment. The stent in case
1 was placed above the level of the AICAs and
hence a theoretical risk of covering the ostia of
small perforating vessels of the brain stem was pre-
sent. The magnitude of this risk and of the risk of
an associated brain stem stroke is unknown. Ex-
perimental evidence in dogs suggests that small,
lateral, carotid branches, which approximate intra-
cranial perforating vessels relative to their diameter
and angle of origin, remain patent if less than 50%
of the ostial diameter is covered by the stent struts
(15). In the aforementioned six reports of basilar
artery stent placement (13–18), in which 19 pa-
tients were treated, one proved case of brain stem
infarction possibly related to perforator occlusion
by the stent metalwork was encountered. Indeed,
the lower margin of the stent in our case 1 at least
partially covered the origin of the right AICA, and
in case 2, the superior margin of the stent covered
the origins of both AICAs. However, all these ves-
sels continued to opacify normally.

The use of adjunctive antithrombotic agents is
critical in preventing acute stent thrombosis and
maintaining patency, particularly at stent diameters
of 4 mm or less. The concurrent use of aspirin and
clopidogrel has been shown experimentally to have
a synergistic effect on platelet antiaggregation (20,
21). We chose to use intravenous heparin intrapro-
cedurally; however, the intraprocedural administra-
tion of platelet glycoprotein IIb/IIIa inhibitors, such
as abciximab or eptifibatide, has been shown to de-
crease mortality and morbidity in coronary stent
studies (22–24). Although the prophylactic or bail-
out role of such platelet glycoprotein IIb/IIIa inhib-
itors remains undefined in intracranial stenting pro-
cedures, they may be used for the treatment of
acute intraprocedural stent thrombosis, since plate-
let aggregation (white thrombus) represents the pri-
mary mechanism (25).

Conclusion
In two patients, primary stenting of high-grade

symptomatic basilar artery stenosis refractory to
medical therapy was performed without prelimi-
nary balloon angioplasty. Both procedures resulted
in complete (100%) normalization of the basilar ar-
tery lumen without any intra- or periprocedural
complications. Although the number of reported
cases of stenting for basilar artery stenosis remains
small, the advent of flexible stents that require
small-diameter delivery systems may result in this
being a potential therapeutic alternative to balloon

angioplasty in patients with symptoms refractory to
medical therapy or in whom anticoagulation is con-
traindicated. Long-term follow-up assessing the pa-
tency rates of these small-diameter intracranial
stents is required.
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