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Stenting of Symptomatic Stenosis of the
Intracranial Internal Carotid Artery

Nadim Al-Mubarak, Camilo R. Gomez, Jiri J. Vitek, and Gary S. Roubin
Summary: Percutaneous balloon angioplasty has been re-
ported to be useful in the treatment of intracranial athero-
sclerotic arterial stenoses; however, arterial dissection with
increased risk of stroke has limited its widespread imple-
mentation. Although vascular stenting has improved the
outcome of similar procedures in the extracranial vascula-
ture, its intracranial application has been limited by the
lack of suitable stents. We report a case of successful
percutaneous stenting of a symptomatic intracranial ca-
rotid artery using a second-generation, flexible, coronary
stent.

The application of percutaneous balloon angio-
plasty to the treatment of intracranial atherosclerotic
arterial stenosis has been tempered by the increased
risk of stroke resulting from distal embolization, ves-
sel dissection, or arterial rupture (1, 2). Stenting has
been shown to increase the safety and efficacy of
balloon angioplasty in the treatment of extracranial
carotid artery atheroscleroses (3–6). Nevertheless,
stenting of intracranial atherosclerotic lesions has
been limited by the lack of stents suitable for this
purpose. We describe the successful treatment of a
symptomatic intracranial carotid artery atheroscle-
rotic lesion with the use of a second-generation, bal-
loon-expandable, flexible, coronary stent.

Case Report
A 59-year-old man had had multiple episodes of transient

right arm paralysis for 4 months, despite treatment with aspirin
and optimal doses of warfarin. Findings at a neurologic exam-
ination performed between episodes were normal, and an ex-
tensive cardiac evaluation did not reveal any other potential
sources of embolization. Digital subtraction cerebral angiogra-
phy showed a severe, diffuse, and ulcerated lesion of the pe-
trous and precavernous segments of the left internal carotid
artery (Fig 1A and B). Because of the continued recurrence of
symptoms despite optimal anticoagulation therapy, the option
of percutaneous angioplasty with stenting was discussed with
the patient as part of a protocol approved by the local institu-
tional review board.

Percutaneous access was obtained via the right femoral ar-
tery. The left common carotid artery was engaged with a 5F
catheter, which was directed into the artery over a 0.038-inch
r 7, 1997; accepted after revision April 6, 1998.
ents of Internal Medicine, Division of Cardiovascu

sity of Alabama at Birmingham.
quests to Camilo R. Gomez, MD, Comprehensive S

y of Neuroradiology

1949
hydrophilic-coated wire. After obtaining a preliminary angio-
gram, the 5F catheter was exchanged for an 8F multipurpose
guiding catheter, which was positioned just proximal to the
common carotid bifurcation. Preprocedural angiographic im-
ages were then obtained in the orthogonal plane (Fig 1). The
lesion was crossed with an exchange-length, hydrophilic-tipped
coronary wire, the tip of which was positioned in the middle
cerebral artery to ensure maximum wire support. The stenosis
was then predilated with a 2.5 3 20-mm coronary balloon
catheter at 6 atm for 20 seconds. Online quantitative angiog-
raphy after balloon inflation showed reduction of the stenosis
from 88% to 57% (Fig 1C and D). A second-generation coro-
nary stent (GRII, Cook Cardiology, Bloomington, IN) was then
successfully deployed over the wire (Fig 1E and F). The 100-
cm-long guiding catheter had to be advanced into the internal
carotid artery in order for the stent system to reach the lesion.
Final quantitative angiography showed further reduction of the
stenosis to 8%, with resolution of the dissection (Fig 1G and
H). No neurologic events occurred during the procedure or in
the postoperative period prior to discharge. The patient had
been premedicated with aspirin and ticlopidine, both of which
were continued for 4 weeks, after which, he was treated only
with aspirin (325 mg/day). At follow-up, 3 months later, he
reported no recurrence of neurologic symptoms.

Discussion

Percutaneous transluminal angioplasty is a well-
established technique for the treatment of atheroscle-
rotic lesions of the coronary, iliac, and renal arteries.
Its use in the cerebral vessels, however, has been
tempered by concerns of distal embolization of
plaque material, dissection, or vessel rupture (1, 2).
More recently, adjunctive stenting has proved to be
useful in treating vascular dissections. Theoretically,
stenting improves acute and long-term patency and
minimizes the risk of distal embolization by trapping
plaque material between the stent and the vessel wall
(3–6). Several reports have described the safety and
efficacy of extracranial carotid stenting with low mor-
tality and stroke rate and favorable long-term patency
(3–6). Despite these advances, the use of stents to
support angioplasty of the intracranial arteries has
not been feasible, largely because of the inability of
existing stents to track well into the cranial portion of
the vasculature.
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FIG 1. 59-year-old man with 4-month
history of multiple episodes of transient
right arm paralysis.

A and B, Lateral and anteroposterior
views of stenotic petrous and precavern-
ous portions of the left internal carotid ar-
tery.

C and D, Lateral and anteroposterior
views of the vessel after balloon angio-
plasty show recoil of the stenotic lesion
(arrows).
Feldman et al (7) successfully deployed a balloon-
expandable coronary stent across a petrous internal
carotid artery. The lesion in their patient was more
proximal and was located in a larger (.4.5-mm diam-
eter) and less tortuous portion of the vessel. The
stented segment was shorter than that in our patient.
Nevertheless, these investigators faced similar diffi-
culty in trying to reach the lesion using a regular-
length guiding catheter stent delivery system, having
to advance these to a point within the common ca-
rotid bifurcation (7). They recognized the need for a
shorter guiding catheter and a more trackable stent to
be able to treat intracranial lesions efficiently. The
present report establishes the feasibility of stenting
small, more distal, and tortuous intracranial arterial
segments using a low-profile, more flexible, and
highly trackable stent. We chose the GRII stent be-
cause of previous difficulties in getting other available
stents to track into the intracranial cavity.

The maturity of interventional cardiovascular tech-
niques and the considerably advanced equipment
used in this field significantly contributed to the suc-
cess of the procedure. The guidewire used has a
hydrophilic-coated soft tip, allowing it to be placed in
the distal intracranial vasculature while providing ad-
equate support for stent deployment. The balloon
used has a low profile, is moderately compliant, and is
highly trackable, making it capable of reaching even
the distal middle cerebral artery. The design of the
GRII stent, including its low profile, flexibility, and
high trackability, may have significantly influenced its
successful deployment in the intracranial portion of
the internal carotid artery. The GRII consists of a flat
coil stent with a single longitudinal strut. This combi-
nation allows it to maintain the position of the coils
and confers its flexibility. The only potential limita-
tion of the technique described relates to the poten-
tially low radial strength of the GRII stent. This is not
critical in the precavernous or cavernous portions of
the internal carotid artery, but it may become a prob-
lem in the treatment of lesions in its petrous portion,
where the vessel walls are surrounded by bone. This
vascular environment may limit the outward expan-
sion of the arterial wall during angioplasty, and may
lead to stent collapse after deployment. If this were to
be followed by acute stent closure, the need to per-
manently occlude the internal carotid artery may be-
come an issue. In this case, prior assessment of the
collateral capabilities of the circle of Willis would be
indispensable and should guide any attempts at bail-
out. At the time this patient was treated, the remain-
ing available stents would not have been useful in the
event of a complication of that nature. At present,
new stents are rapidly being introduced into the mar-
ket. It is likely that some of these will further facilitate
the treatment of intracranial lesions.

The demonstration of carotid endarterectomy as an
effective method for reducing the risk of stroke in
patients with significant extracranial atherosclerotic
carotid artery lesions has made carotid revasculariza-
tion the standard of care for these patients (8). How-
ever, for patients whose lesions are not readily acces-
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E and F, Lateral views show deployment
of the GRII stent. A 0.014-inch wire is an-
chored in the left middle cerebral artery
(curved arrows). Markers at the end of the
deployment balloon (straight solid arrows)
are distinguishable from markers of the
stent (open arrows).

G and H, Lateral and anteroposterior
views of the vessel after stenting show the
segment in which the stent was deployed
(arrowheads).
sible to surgery, medical therapy has been the only
therapeutic option. It seems intuitive that angioplasty
represents a feasible solution for effective reduction
of stroke risk in these patients, yet the inherent risk of
vessel dissection, distal embolization, or rupture has
limited its widespread use.

Conclusion

Our case shows that stenting may improve the re-
sults of endovascular treatment of lesions in the in-
tracranial segments of the carotid artery, as has been
the case in its extracranial segments. Nevertheless, it
has not been until recently that newly designed suit-
able stents have become available. Still, the future
awaits further experience for better definition of the
role of stenting in the treatment of intracranial ca-
rotid atherosclerotic lesions.
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