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BACKGROUND AND PURPOSE: Stent placement has been shown to increase the safety and
effectiveness of balloon angioplasty in cervical carotid disease. Here, the authors investigated
the feasibility, safety, and short-term outcome of stent-assisted angioplasty for the treatment of
intracranial stenoses.

METHODS: Thirty-four patients (age range, 12–77 years; mean age, 54 years) with symp-
tomatic intracranial atherosclerotic lesions and dissections that produced stenosis of more than
50% were selected and treated with stents. Eighteen lesions (53%) were located in the anterior
circulation, and 16 (47%) were in the vertebrobasilar complex. The mean stenosis was 75%.

RESULTS: At follow up, 21 patients (62%) improved clinically, 11 (32%) remained stable, and
the condition of two patients (6%) deteriorated. In all patients, the angiographic degree of
stenosis was reduced to less than 30%. In 10 patients (29%), two or more stents were implanted:
Two stents were implanted in six patients, and three, in four patients. The transient procedural
morbidity rate was 12%, and the transient neurologic morbidity rate was 6%. One patient had
hemorrhagic transformation due to reperfusion and died, and another patient had a massive
myocardial infarction after 5 months. Twenty patients were followed up with angiography for at
least 6 months, and none required repeat angioplasty.

CONCLUSION: Endovascular revascularization of intracranial arteries by means of stent-
assisted angioplasty is technically feasible, effective, and safe in selected patients.

Little is known about the natural history of stenosis
caused by intracranial atherosclerosis. However, as
many as 6–29% of all ischemic strokes are related to
stenotic lesions located in intracranial large vessels,
and an increased risk for stroke, heart disease, and
death has been consistently observed (1–6).

Traditionally, aggressive anticoagulation has been
used, but it has notable morbidity and death rates,
which prompt a search for additional treatment strat-
egies (7). The benefits of revascularization of stenotic
segments in preventing stroke have been unequivo-
cally demonstrated in patients with cervical carotid
artery disease (8–10). However, the treatment of pa-
tients with intracranial atherosclerosis lesions still is
controversial. The results of endovascular revascular-
ization of intracranial vessels with balloon angioplasty
have been tempered by the increased risk of stroke,
which results from distal embolization, vessel dissec-

tion, and acute vessel occlusion secondary to dissec-
tion or platelet aggregation (11, 12). Stent use has
been shown to increase the safety and effectiveness of
balloon angioplasty in cervical carotid disease (3, 14).
Recently, the advent of a new generation of more
flexible stents has prompted consideration of stent-
assisted angioplasty as an alternative approach in in-
tracranial stenoses (15–19).

The purpose of this study was to investigate the
effectiveness, safety, and short-term outcome of stent
placement for the treatment of symptomatic intracra-
nial artery disease.

Methods
From June 1996 through November 2000, 36 consecutive

patients with symptomatic intracranial atherosclerotic stenotic
lesions and dissections that produced significant stenosis were
selected for PTA and stent placement as a part of a feasibility
protocol approved by our institutional review board. Significant
stenosis was defined as 50–99% stenosis, as depicted on angio-
grams, according to North American Symptomatic Carotid
Endarterectomy Trial (NASCET) criteria (8). Inclusion crite-
ria for this study included failure of antithrombotic therapy
(n� 32)—defined as the occurrence of ischemic events (one or
more transient ischemic attacks [TIAs] and/or strokes) while
they were using therapeutic doses of aspirin (�81 mg/d), war-
farin (international normalized ratio � 2.0), ticlopidine (500
mg/d), clopidogrel (75 mg/d), or heparin (prolongation of par-
tial thromboplastin time of �1.5 times the baseline value)—

Received April 20, 2001; accepted after revision September 19.
From the Department of Neurosurgery and Interventional Neuro-

radiology, Eneri, Clinica Medica Belgrano, Buenos Aires, Argentina.
Presented in part at the 21th International Congress of Radiol-

ogy, Buenos Aires, Argentina 2000, and the AANS-CNS Joint
Meeting, Hawaii, 2001.

Address reprint requests to Pedro Lylyk, MD, Sanchez de Bus-
tamante 2184, PB Dpto B (1425), Buenos Aires, Argentina.

© American Society of Neuroradiology

AJNR Am J Neuroradiol 23:430–436, March 2002

430



and a contraindication to antithrombotic therapy (n� 4). In
two patients, the selected stent was not able to reach the target
because of extreme tortuosity; these patients were excluded
from further analysis. The patient population was composed of
29 male and five female subjects (age range, 12–77 years; mean
age, 54 years).

All patients had a stenotic lesion that was considered to be
directly responsible for the symptoms, and they were selected
for stent-assisted angioplasty on the basis of a number of
factors, including the following: failure or contraindication for
medical therapy; nonfeasibility, failure, or contraindication to
surgery; poor neurologic grade; and poor medical status. Eigh-
teen (53%) of the lesions were located in the internal carotid
artery (ICA) territory (Fig 1), and 16 (47%) were in the ver-
tebrobasilar complex (Figs 2 and 3). The most common loca-
tion was the distal vertebral artery (VA) (n � 11 [32%])
followed by the petrocavernous ICA (n � 10 [29%]), vertebro-
basilar junction (n � 3 [9%]), basilar artery (n � 2 [6%]),
supraclinoid ICA (n � 5 [15%]), ICA M1 segment (n � 2
[6%]), and M3 segment (n � 1 [3%]).

All the patients underwent preoperative CT or MR imaging
or both and cerebral digital subtraction angiography (DSA).
Preprocedural quantitative angiographic measurements (Inte-
gris; Phillips Medical System), were obtained in the target
vessel and lesion. The degree of stenosis was calculated accord-
ing to the NASCET criteria for grading carotid stenosis. The
measurements were calibrated by using the guiding catheter as
a reference. Atherosclerotic lesions were classified, according
to the method of Mori et al (20), into three groups on the basis
of lesion morphology. Type A lesions were 5 mm or shorter,

concentric or moderately eccentric, and not totally occlusive.
Type B lesions were 5–10 mm in length, extremely eccentric or
totally occlusive, and younger than 3 months, and type C lesions
were longer than 10 mm, angulated more than 90°, excessively
tortuous or totally occluded, and older than 3 months.

Patients received aspirin and ticlopidine (Ticlid; Roche) or
clopidogrel (Plavix; Sanofi), 72 hours before the procedure.
Combined therapy was continued for 6 months, and aspirin was
continued indefinitely. In this series, clinical follow-up was
performed at 1, 3, 6, and 12 months. Angiographic follow-up
was conducted at 3 and 6 months. No patient was lost to
follow-up monitoring.

Evaluation of the Procedure
The primary objective was reduction in degree of stenosis to

less than 50% without worsening of the neurologic status.
Accordingly, we defined grade I as a reduction in the degree of
stenosis to less than 50%, and grade II was any reduction a
stenosis of less than 50%.

Postprocedural Clinical Evaluation
To assess the postoperative neurologic status, we defined a

five-grade scale as follows: I, neurologic improvement (no
recurrent TIAs or ischemic symptoms); II, no changes and no
neurologic complications; III, transient neurologic complica-
tions; IV, neurologic deterioration and permanent neurologic
complication; and V, death associated with the procedure.

FIG 1. Angioplasty and stent placement in a lesion in the ICA
territory.

A, Lateral angiogram of the left ICA shows a petrocavernous
atherosclerotic lesion.

B, Lateral magnified radioscopic view demonstrates the distally
placed guidewire, balloon marks, and implanted stent.

C, Postoperative angiogram reveals correction of the diseased
segment.
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General Surgical Technique
Every patient was taken to the endovascular suite for sub-

sequent cerebral angiography and endovascular treatment.
General anesthesia was routinely indicated. Brainstem-evoked
potentials, cerebral oxygen saturation, and invasive arterial
pressure were appropriately monitored. A unilateral intraarte-
rial approach was used after a standard Seldinger puncture and
catheterization, and an 8F introducer sheath was placed in the
right femoral artery with full heparin therapy. Our protocol
consisted of the administration of a 10,000 IU bolus dose just
before starting the therapeutic procedure, and a maintenance
booster of 1500 IU was administered every hour to provide an
activated clotting time of longer 250 seconds before stent place-
ment. Abciximab (Reo-pro) was infused intraprocedurally. Pa-
tients received uncoated aspirin (500 mg by mouth once a day)
and ticlopidine (250 mg by mouth twice a day) for days before
stent placement, and both medications were continued for at
least 90 days.

Selective DSA was performed, and the target lesion was
routinely outlined and measured in multiple projections with
rotational D angiography. A 6F Envoy guiding catheter (Cor-
dis, Miami, FL), 6F coaxial catheter attached to an 8F Envoy
catheter, was then advanced into the target vessel by using a
standard 0.035- or 0.038-inch guidewire. Occasionally, predila-
tion with a balloon may have been required, especially when
proximal or distally located atherosclerotic plaques prevent
advancement of the stent. In general, dilation was performed
by using a balloon diameter–vessel diameter ratio of 1:1 . We
then advanced a microcatheter—Excel (Boston Scientific),
Prowler (Cordis Endovascular Systems), or Rapid transit (Cor-

dis Endovascular Systems)—over a tapered 0.014-inch-diame-
ter 150-cm-long guide wire (Transend-14; Scimed Life Sci-
ences, Maple Grove, MN) and performed microcatheter
exchange with the magnetic device (The Magnet, Scimed Life
Sciences) for the balloon-premounted stent delivery system
(four cases). Alternatively, the microguidewire was replaced by
a 0.014-inch-diameter 300-cm-long exchange microguidewire
(Choice, Scimed Life Sciences), and the microcatheter was
subsequently withdrawn. Adequate support was needed to
guide the stent device over the microguidewire, and this was
achieved by navigating the wire across the target as far as
M2-M3 or P2-P3 segments.

Stent Selection and Description
Careful sizing of stents is very important. In general, the

stent size should match the diameter of the reference vessel
and correspond with the length of the lesion. In the first cases,
we used devices currently used in interventional cardiology,
such as the Velocity stent and the AVE gfx steel stent (Arterial
Vascular Engineering, Santa Rosa, CA), which is made of
stainless steel. More recently, a new generation of stents has
been introduced into clinical practice. These stents, such as the
AVE inx (Medtronic), are metallic radiopaque stents with a
more flexible design and delivery-deployment catheter. The
AVE inx stent was positioned across the lesion with enough
overlap on each side of the target to properly anchor the
device. The device was then deployed by inflating the balloon
delivery system for 15–30 seconds at 6 atm of pressure.

FIG 2. Angioplasty and stent placement in a lesion in the left VA.
A, Anteroposterior angiogram of a long stenotic lesion in the left

VA. Note that the plaque is centered on the posteroinferior cere-
bellar artery (PICA) origin.

B, Postoperative anteroposterior view shows correction of the
stenotic segment.

C, Close-up radioscopic oblique view demonstrates three tele-
scoped stents fully deployed.
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Results
The overall success in reaching the target lesion

with stents was 94% (of 36 targets), and two proce-
dures were aborted because of an inability to manip-
ulate the device in tortuous anatomy. In 10 instances
(2%), complete coverage of the lesion required the
implantation of a second (six cases) or even a third
(four cases) abutted stent. The rest of the targets were
treated with one stent each (24 cases [71%]). A total
of 48 stents were implanted (mean, 1.41 stents per
lesion): The AVE inx was implanted in 7% (n � 34),
followed by AVE gfx (n � 8 [17%]), Velocity (n � 3
[6%]), and others (n � 3 [6%]). Twenty-four patients
(71%) received AVE inx stents; four (12%), AVE gfx
stents; and six (18%), a combination of stents. Mean
lesion length 12.7 mm (range, 3–27 mm). Six lesions
(20%) were classified as type A; 16 (53%), as type B;
and eight (27%), as type C. Preprocedural stenosis
varied from 55% to 95% (mean, 75%), and postop-
erative residual stenosis varied from 0% to 30%
(mean, 18%).

Twenty-one patients had symptomatic relief (clini-
cal grade I, 62%), nine remained neurologically stable
(clinical grade II, 26%), two remained stable but had
transient neurologic complications (clinical grade III,
6%) and two patients died (clinical grade V, 6%).

Technical Limitations and Procedural
Complications

Inability to Reach the Target.—In two patients, we
were not able to reach the target with the stent. Both
targets were located on the ICA at the cervical seg-
ment or the anterior bend of the cavernous segment.
This subgroup had no procedure-related morbidity.

Unintended Stent Dislodgement.—Neuronavigation
through tortuous vessels induced friction with the
ascending mounted stent. With closed angles, track-
ing friction may have induced stent dislodgement
from the delivery catheter. Permanent fluoroscopic
control of the ascending mounted stent was essential
to detect undesired displacements. Two stents (one
AVE gfx and one AVE inx) were unintentionally
dislodged from the balloon before the target was
reached; one was recovered with a snare. However,
one stent was not recovered; it was partially expanded
at a proximal site, with no clinical complications.

Stent Displacement.—Upon balloon inflation, we
observed that balloon-mounted stents tended to ad-
vance from the selected position because of flow pro-
pulsion, but they could be repositioned easily. A
loosely positioned stent may have been displaced
backward when we attempted to remove a balloon

FIG 3. Angioplasty and stent placement in a lesion in the basilar
artery.

A, Anteroposterior angiogram of the right VA shows an athero-
sclerotic lesion of the basilar artery.

B, Immediate postoperative angiogram reveals re storation of
the diseased segment. Note the intentional underdilation of the
diseased segment.

C, Follow-up angiogram obtained after 12 months demon-
strates no signs of in-stent stenosis.
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from the stent lumen after deflating it. The use of a
stent with an inadequate diameter or underexpansion
of the stent for fear of rupture may have accounted
for this event. This occurred in three cases; one re-
quired the implantation of a telescoped proximal
stent. Three patients had sudden hypertension re-
lated to balloon inflation, and one had associated
bradycardia. Two embolic events were successfully
treated with selective urokinase infusion. No acute or
subacute stent thrombosis, wire perforations, or arte-
rial ruptures occurred. The procedural morbidity rate
was 12%.

Postoperative Morbidity and Follow-up
At immediate postoperative follow-up, two patients

had a TIA, and one had a myocardial infarction. One
patient with bilateral severe stenoses of the supracli-
noid and proximal M1 segments was successfully
treated, and adequate revascularization of the left
ICA and M1 was achieved. However, the patient had
a postoperative cerebral hematoma related to the
reperfusion of a chronically ischemic non autoregu-
lating parenchyma. The patient underwent surgery
but had a contralateral infarction and died. Postmor-
tem pathologic examination of the stented artery re-
vealed amyloid angiopathy.

Twenty patients were followed up clinically and
angiographically for at least 6 months. This subset of
patients remained clinically and angiographically sta-
ble, and repeat angioplasty was not required in any of
the cases. One patient with type C vertebrobasilar
atherosclerotic stenosis died from a myocardial in-
farction 5 months after the procedure.

The clinical follow-up period varied from 1 to 42
months (mean, 5 month). Good short-term clinical
outcomes were achieved in 32 patients (94%). Angio-
graphic follow-up varied from 1 to 24 months (mean,
4 months). No evidence of angiographic in-stent de
novo stenosis or restenosis was recognized in seven
cases that were followed up clinically and angio-
graphically for at least 12 months. Two patients had
incidental focal arterial dissection at the target parent
vessel. Both were successfully treated with anticoag-
ulation. The global morbidity rate was 18% (six of
32), the neurologic morbidity rate was 6% (two of 32),
and the mortality rate was 6% (two of 34).

Discussion

Indications for any therapy depend on both the
risks of the untreated disease and the safety and
effectiveness of the therapeutic procedure. The nat-
ural history of intracranial stenoses has not been
studied as well as that of extracranial stenoses, but
they consistently have a high rate for stroke. Patients
with intracranial ICA stenoses who were followed up
for an average of 3.9 years had a TIA or stroke rate of
27.3%, (3, 4, 6). Stenoses of the MCA occur at a rate
of at least 8% per year (21–22). Posterior fossa lesions
managed with either warfarin or aspirin therapy for a

mean of 13.8 months have a stroke rate of 8–40%,
depending on the site of the lesion (7, 23, 24).

Advantages of stent-assisted angioplasty include
exclusion of the plaque and regions of dissection from
the vessel lumen, as well as prevention of vessel recoil
and rupture. In the intracranial circulation, the appli-
cation of stents has been limited largely because of
the inability to manipulate existing stents in the cra-
nial vessels. However, the availability of recently in-
troduced flexible stents, the development of potent
antiplatelet inhibitors, and the increasing evidence
from experimental and clinical studies of intracranial
stents have encouraged the use of stents in the man-
agement of ischemic and hemorrhagic intracranial
cerebrovascular disease (15–19, 25–33).

We report findings in a series of 36 consecutive
patients, focusing on the 34 whom we were able to
treat with angioplasty and stent placement. In two
cases, we were unable to place the stent in the desired
location because of technical limitations. Both cases
involved lesions in the supraclinoid carotid artery,
and the limiting segment was the cervical segment or
the anterior bend of the cavernous carotid artery. In
two other patients, we prematurely dislodged the
stent before reaching the target. Retrospective anal-
ysis of these four cases revealed that the radius of the
curve of the major vascular loop (carotid siphon)
proximal to the target lesion was smaller than that of
patients in whom stents were successfully deployed.
In no case were we unable to place the stent because
of lesion complexity, but three cases (9%) required
fibrinolysis and predilation with an angioplasty bal-
loon before the stent could be placed.

In our series, the most common site for intracranial
angioplasty was the distal vertebral artery (Fig 2). The
issue that must be considered is whether a stenotic
vertebral artery should be treated when the contralat-
eral artery is normal and provides adequate supply to
the basilar artery if the risk of thrombus formation
and distal embolization is not eliminated. This patho-
genic mechanism prevails in 25% of patients with
vertebrobasilar insufficiency (34). When the stenotic
artery ends in PICA, protection of this particular
territory may also warrant intervention (35).

Compared with balloon angioplasty, stent place-
ment produced a better angiographic result. In terms
of the mean residual stenosis in intracranial vessel dis-
ease, stent placement seems to be a feasible, safe, and
effective treatment. The mean postoperative residual
stenosis was 18% after stent placement, whereas that of
previously reported balloon angioplasty was 41–47%
(11, 36); limitation of the plaque recoil phenomena
account for this difference. Balloon overdilation is not
an accepted practice in the intracranial circulation, and
it may be especially dangerous in the basilar artery,
where different authors advocate underdilation (to not
more than half of the normal diameter) because of the
insubstantial muscularis and adventitial layers of the
artery wall and the subsequent elevated risk of perfora-
tion (37–38) (Fig 3). In a recent case (not included in
this series), fatal arterial rupture occurred after stent
deployment. This patient had a severe symptomatic
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basilar lesion in the middle third of the basilar trunk. An
acceptable angiographic result was initially achieved,
with the restoration of the arterial diameter, to as much
as to 50%, without complications. However, a better
result was considered possible, and further balloon in-
flation provoked artery rupture. Vascular and neuro-
logic complications related to intracranial angioplasty
include vessel rupture, dissection, thrombosis, thrombo-
embolism, and death.

Our neurologic morbidity rate of 12% and mortal-
ity rate of 6% compares favorably with those of other
reports (11, 36, 39–43). Our treatment protocol in-
cluded a high level of heparin with the concomitant
use of platelet glycoprotein IIb/IIIa receptor inhibi-
tor. Adequate anticoagulation is essential for the pro-
cedure, and we did not find consistent data to cause
us to reduce its level. In this series, we found no
hemorrhagic complications that were specifically at-
tributed to this approach; this observation confirms
previously published data (44).

Conclusion
Endovascular revascularization of intracranial ves-

sels with angioplasty and stent placement is feasible,
safe, and effective. Continued development of flexible
balloon and stent systems—with a focus on tracking,
flexibility, radiopacity, and thrombogenic properties—in
essential to overcome technical limitations. The po-
tential advantages of endovascular revascularization
of the inaccessible intracranial vessels with angio-
plasty and stent placement are encouraging.
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