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Stenting for vertebrobasilar artery stenosis
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Summary

We report our experience with stenting for symptomatic vertebro-
basilar artery stenosis. One hundred and sixteen patients with verte-
brobasilar artery stenosis (101 vertebral ostial stenosis, 15 intra-
cranial vertebrobasilar artery stenosis) were treated with stenting.
Indication criteria of treatment were 1) symptomatic lesion, 2)
angiographical stenosis more than 60%. Under local anesthesia,
pre-dilatation was first performed, then stents were placed to the le-
sion. Successful dilatation was obtained in 115 cases. The stenosis
rate reduced to 2% post-stenting in ostial lesions and 16% in intra-
cranial lesions. Transient neurological complications developed in 2
patients. Follow-up angiographies more than 6 months after stenting
were performed in 94 patients with ostial lesions and all patients with
intracranial lesions. Of these, 8 patients (9.5%) with ostial lesions and
4 patients (27%) with intracranial lesions developed restenosis. All
patients with restenosis were treated successfully with PTA (percuta-
neous transluminal angioplasty). During the follow-up period, 3 pa-
tients developed recurrence of VBI (vertebro-basilar insufficiency)
symptoms due to restenosis. One patient developed brain stem in-
farction due to in-stent occlusion 8 months after stenting.

Conclusion. Stenting for vertebrobasilar artery stenoses is feasible
and safe. Prevention of restenosis, especially in intracranial arteries,
is the next problem to be solved.
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Introduction

In the treatment of vertebrobasilar artery insuffi-
ciency, medical therapy had been the mainstay of
treatment because of the high morbidity rate associ-
ated with surgical treatment [1, 7, 12]. Recently, percu-
taneous transluminal angioplasty (PTA) has evolved
to a viable treatment of these lesions. PTA, however,
sometimes induces wall dissection and elastic recoil,
which results in insufficient dilatation, or, on rare occa-
sions, abrupt closure. Furthermore, the restenosis rate
after PTA is high [3, 6, 10, 14]. Using stents may re-
solve these problems. We investigated the feasibility,
safety and outcome of stenting for vertebrobasilar
artery stenosis.

Stenting for vertebral artery ostial stenosis

Patients and methods

A total of 101 patients with symptomatic vertebral
artery ostial stenoses were treated with stenting in our
hospital between October 1997 and April 2004. These
patients consisted of 85 males and 16 females with a
mean age of 71.5 years (range 46—84 years). Indica-
tions for stenting were clinically symptomatic patients
having over 60% angiographical stenoses.

Procedure

Aspirin and ticlopidine were administered for at
least one week before treatment and one month after
treatment. In all but one case, the endovascular tech-
nique was performed via a transfemoral approach
under local anesthesia. After placement of femoral
artery access sheaths (§8F-25 cm or 6F-90 cm), heparin
was administered. During the procedure, the patient’s
activated clotting time was adjusted to greater than
250 seconds. A guiding catheter (90-100 cm in length,
8F in diameter) or an ultra-long sheath (90 cm
in length, 6F in diameter) with a coaxial catheter
(125 cm in length, 6F in diameter) and a guidewire
was guided to the subclavian artery just proximal to
the ostium of the vertebral artery. Firstly the lesion
was dilated with an undersized semicompliant balloon.
After predilatation, we evaluated the characteristics of
the plaque and the normal size of the vessels using in-
travascular ultrasound (IVUS). Then, an appropriate
stent was applied to the lesion. Balloon-expandable
type stents were used in all cases. After careful posi-
tioning, the stent was deployed. Figure 1 illustrates
what we consider to be the best position for stents. Re-
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Fig. 1. (a) Anteroposterior left subclavian angiogram demonstrating left vertebral artery ostial stenosis. (b) Angiography after stenting

showed excellent dilatation of the lesion

cently, we moderately over-dilated stents, ranging
from 0.3 mm to 1 mm. Follow-up angiography was
performed six months after stenting. Restenosis was
defined as greater than 50% stenosis.

Results

Successful dilatation, defined as less than 30% resid-
ual stenosis, was obtained in 100 of 101 cases (99%).
The stenosis rate, which was 81% pre-stenting, reduced
to 2% post-stenting. The angiograms just after stenting
did not show any wall dissections of lesions or any dis-
tal occlusions of major intracranial branches. Tran-
sient neurological complications occurred in 2 patients
(hemiparesis, visual acuity disturbance). No patients
experienced permanent neurological complications.
Follow-up angiographies more than 6 months after
stenting were performed in 94 patients. Of these, 8 pa-
tients developed restenosis (9.5%). All patients with
restenosis were treated successfully with PTA. As for
clinical symptoms, 58% of total patients improved 30
days after stenting. During the follow-up period, two
patients developed recurrence of transient VBI symp-
toms due to restenosis. No patients developed any
strokes in the posterior circulation.

Representative case

A 7l1-year-old man with a history of hypertension
and angina developed vertigo and hemiataxia and

consulted our hospital. MRI showed a left cerebellar
infarction and angiography showed right vertebral ar-
tery occlusion and left vertebral artery ostial stenosis
(Fig. 1 a). Ten days after admission, we performed
stenting for left vertebral artery stenosis. A guiding
catheter was positioned in the left subclavian artery.
After predilatation, a Palmaz stent (1 cm in length)
was applied to the lesion. Angiography after stenting
showed excellent dilatation of the lesion (Fig. 1 b). A
follow-up angiogram 6 months after stenting showed
no restenosis. The patient’s symptoms almost dis-
appeared 3 months after stenting.

Stenting for intracranial vertebrobasilar artery
stenosis

Patients and methods

Twelve patients with intracranial vertebral artery
stenosis and 3 patients with basilar artery stenosis
were treated with stenting. These patients included 12
males and 3 females, with a mean age of 68.2 years
(53-79 years). Indication for endovascular treatment
of intracranial arterial lesions was clinically symptom-
atic patients with over 60% angiographical stenoses.
In the treatment of intracranial artery stenosis, PTA
was firstly performed in all patients. Stenting was per-
formed only in cases with insufficient dilatation, dis-
section or restenosis after PTA.
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Fig. 2. (a) Anteroposterior left VA angiogram demonstrating stenosis of the left intracranial vertebral artery. (b) Angiography after PTA
showed wall dissection (arrow). (c¢) After stenting, the lesion was sufficiently dilated

Procedure

Stenting methods for these lesions were basically the
same as those for ostial lesions. Percutaneous access
was achieved via a femoral artery, where a 6F or 8F
sheath was introduced. A 6F guiding catheter was ad-
vanced up to the level of the second cervical vertebra.
Using a load-mapping technique, a 0.014 inch wire
was advanced to the second portion of one of the pos-
terior cerebral arteries. PTA was performed with a
2.0-3.0 x 9.0 mm coronary balloon. The stents we
used in intracranial lesions were flexible and had a
low profile (S670, S660 stent). Stents were expanded
to a diameter slightly less than the diameter of the
lumen of the normal distal artery. Angiographical
follow-up was performed 1 month, 3 months and 6
months after stenting.

Results

Technical success rate was 100% and complication
rate was 0%. The stenosis rate, which was 84% pre-
stenting, reduced to 16% post-stenting. Four patients
(27%) developed restenosis. All patients with resteno-
sis were treated with PTA successfully. In all, 80% of
patients were clinically improved 30 days after stent-
ing. Two patients developed transient episodes of VBI
due to restenosis within six months of stenting. One
patient developed in-stent occlusion 8 months after
stenting and 2 months after the 2nd PTA for resteno-
sis. This patient suffered a major stroke.

Representative case

A 78 year-old male with a history of hypertension
and diabetes mellitus presented with dizziness and
ataxia. MRI imaging revealed a small area of infarc-
tion within the left cerebellar hemisphere. His angiog-
raphy revealed left vertebral artery stenosis (Fig. 2 a).
Endovascular treatment was performed 3 weeks after
onset. A 6F guiding catheter was positioned at the left
vertebral artery. The lesion was crossed with a 0.014-
inch wire. PTA was performed with an undersized
semicompliant balloon (2.5 mm x 9 mm). Angiogra-
phy just after PTA showed wall dissection (Fig. 2 b).
Stenting was performed using an S660 stent with a
nominal diameter of 2.5 mm and a length of 9 mm.
The stent-deployment balloon was inflated to a pres-
sure of 10 atm (unconstrained diameter of 2.5 mm).
After stenting, the lesion was sufficiently dilated with-
out complications (Fig. 2 ¢). Follow-up angiography 6
months after stenting revealed no restenosis.

Discussion

Transient ischemic attacks of posterior circulation
are associated with a 22% to 35% risk of stroke in five
years, and infarction of the vertebrobasilar artery
carries a serious prognosis [2, 5, 16]. Although open
surgery, such as carotid-vertebral transposition, endar-
terectomy and bypass surgery, have been performed
for obstructive lesions of vertebrobasilar arteries, they
are technically demanding and fraught with complica-
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tions [12]. Medical treatment such as anticoagulation
and antiplatelet aggregation therapy does not consis-
tently benefit patients [24]. PTA for vertebrobasilar
artery stenosis was introduced in the early 1980s as an
alternative to surgery by Sundt et al. [13]. Its usefulness
has been limited by immediate complications includ-
ing elastic recoil, wall dissection and vessel rupture [3,
6, 10, 14]. These limitations have fueled interest in
treating these lesions by using stents. Theoretically,
stenting improves acute and long-term patency and re-
duces the risk of acute closure from dissection by trap-
ping plaque material between the stent and arterial
wall.

Stenting for vertebral artery ostial stenosis

The vertebral artery origin is easily accessible with
an endovascular technique, so PTA has become the
treatment of choice for these lesions since the 1980s
[3, 6]. The usefulness of PTA has been limited by
some factors. Arterio-ostial stenoses involving verte-
bral artery ostial lesions are more elastic than non-
arterio-ostial lesions. Therefore, these lesions are resis-
tant to PTA. The use of larger balloons in an attempt
to overcome recoil often results in dissection. The diffi-
culty in achieving an adequate dilatation of the verte-
bral artery origin with PTA only and the potentially
high restenosis rate have encouraged the use of stents
at this site. In our series, lesions were accessible to
stents in all cases. Successful dilatation was obtained
in all patients except the initial case. Since 2001, we
have performed moderate over-dilatation of stents
without any complications. Between 1997 and 2000,
the restenosis rate after stenting was 12%. Since 2001,
restenosis rate has been reduced to 4.5%. Moderate
over-dilatation of stents can be effective in preventing
restenosis at this site. The low restenosis rate and low
complication rate of stenting for ostial lesions may jus-
tify performing primary stenting for vertebral artery
ostial stenosis.

Stenting for intracranial vertebrobasilar artery

The tortuous nature of atherosclerotic intracranial
vertebrobasilar arteries has limited the use of stents in
this area. Although stent devices are less flexible and
trackable than PTA balloon catheters, the advent of
new-generation, flexible stents has enabled reliable
and atraumatic access to intracranial arteries [4, 8, 9,
11]. In our series, technical success was achieved in all
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patients. The mean stenosis rate was reduced to 16%
after stenting in our patients, whereas other reported
series had greater than 40% mean stenosis after bal-
loon angioplasty [10]. Although this residual stenosis
rate after stenting was smaller than that of PTA for in-
tracranial arteries, it was greater than that of the ostial
lesions in our patients. Intracranial arteries are delicate
and thin-walled vessels, with a greater risk for rupture,
which can result in lethal bleeding [10]. Therefore, we
only under-dilate in these arteries, the relative under-
dilatation can prevent procedural complications, such
as subarachnoid hemorrhage. Indeed, the complica-
tion rate was 0% in our patients. This result was better
than that of reported series after PTA or stenting [4, 8—
11]. On the other hand, the restenosis rate after stent-
ing for intracranial lesions was high, accounting for
27% of total patients. We speculated that reasons
were due to the small diameter of intracranial arteries
and under-dilatation of stents. Prevention of restenosis
in the intracranial artery is the next problem to be
solved. Using self-expandable stents or drug-eluting
stents may be an answer to this problem.

References

1. Ausman JI, Shrontz CE, Pearce JE, Diaz FG, Crecelius JL
(1985) Vertebrobasilar insufficiency. A review. Arch Neurol 42:
803-808

2. Cartlidge NE, Whisnant JP, Elveback LR (1977) Carotid and
vertebral-basilar transient cerebral ischemic attacks. A commu-
nity study, Ronchester, Minnesota. Mayo Clin Proc 52: 117-120

3. Courtheoux P, Tournade A, Theron J, Henriet JP, Maiza D,
Derlon JM, Pelouze G, Evrard C (1985) Transcutaneous angio-
plasty of vertebral artery atheromatous ostial stricture. Neuro-
radiology 27: 259-264

4. Gomez CR, Misra VK, Liu MW, Wadlington VR, Terry JB,
Tulyapronchote R, Campbell MS (2000) Elective stenting of
symptomatic basilar artery stenosis. Stroke 31: 95-99

5. Heyman A, Wilkinson WE, Hurwitz BJ, Haynes CS, Utley CM
(1984) Clinical and epidemiologic aspects of vertebrobasilar and
nonfocal cerebral ischemia. In: Bergler R, Bauer RB (eds) Verte-
brobasilar arterial occlusion disease. Medical and surgical man-
agement. Raven Press, New York pp 27-36

6. Higashida RT, Tsai FY, Halbach VV, Dowd CF, Smith T,
Fraser K, Hieshima GB (1993) Transluminal angioplasty for
atherosclerotic disease of vertebral and basilar arteries. J Neuro-
surg 78: 192-198

7. Hopkins LN, Martin NA, Hadley MN, Spetzler RF, Budny J,
Carter LP (1984) Vertebrobasilar insufficiency. Part 2. Micro-
surgical treatment of intracranial vertebrobasilar disease. Re-
view. J Neurosurg 66: 662-674

8. Levy EI, Horowitz MB, Koebbe CJ, Jungreis CC, Pride GL,
Dutton K, Purdy PD (2001) Transluminal stent-assisted angio-
plasty of the intracranial vertebrobasilar system for medically
refractory, posterior circulation ischemia: early results. Neuro-
surgery 48: 1215-1223



Stenting for vertebrobasilar artery stenosis

9.

10.

12.

13.

Levy EI, Hanel RA, Boulos AS, Bendok BR, Kim SH, Gibbons
KJ, Qureshi Al, Guterman LR, Hopkins LN (2003) Compari-
son of periprocedure complications resulting from direct stent
placement compared with those due to conventional and staged
stent placement in the basilar artery. J Neurosurg 99: 653-660
Marks MP, Marcellus M, Norbash AM, Steinberg GK, Tong
D, Albers GW (1999) Outcome of angioplasty for atheroscler-
otic intracranial stenosis. Stroke 30: 1065-1069

. Rasmussen PA, Perl J, Barr JD, Markarian GZ, Katzan I, Sila

C, Krieger D, Furlan AJ, Masaryk TJ (2000) Stent-assisted
angioplasty of intracranial vertebrobasilar atherosclerosis: an
initial experience. J Neurosurg 92: 771-778

Spetzler RF, Hadley MN, Martin NA, Hopkins LN, Carter LP,
Budny J (1987) Vertebrobasilar insufficiency. Part 1: Microsur-
gical treatment of extracranial vertebrobasilar disease. J Neuro-
surg 66: 648—661

Sundt TM Jr, Smith HC, Campbell JK, Vlietstra RE, Cucchiara

14.

15.

16.

141

RF, Stanson AW (1980) Transluminal angioplasty for basilar
artery stenosis. Mayo Clin Proc 55: 673—-680

Terada T, Higashida RT, Halbach VV, Dowd CF, Nakai E,
Yokote H, Itakura T, Hieshima GB (1996) Transluminal angio-
plasty for atherosclerotic disease of the distal vertebral and basi-
lar arteries. J Neurol Neurosurg Psychiatry 60: 337-381
Prognosis of patients with symptomatic vertebral or basilar ar-
tery stenosis. The Warfarin-Aspirin Symptomatic Intracranial
Disease (WASID) Study Group (1999) Stroke 29: 1389-1392
Whisnant JP, Cartlidge NE, Elveback LR (1978) Carotid and
vertebral-basilar transient ischemic attacks: effects of anti-
coagrants, hypertension, and cardiac disorders on survival and
stroke occurrence — a population study. Ann Neurol 3: 107-115

Correspondence: Taketo Hatano, 1-1 Mukaihata-cho, Fukakusa,

Fushimi-ku, Kyoto City, Kyoto-fu, Japan. e-mail: taketo@sc4.so-

ne

t.ne.jp





