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Intracranial Vertebrobasilar Stenosis:
Angioplasty and Follow-up

Hans C. Nahser, Hans Henkes, Werner Weber, Elisabeth Berg-Dammer, Tarek A. Yousry, and Dietmar Kühne

BACKGROUND AND PURPOSE: When medication fails to improve symptoms of athero-
sclerotic stenosis of the intracranial vertebral and basilar arteries, percutaneous transluminal
angioplasty (PTA) is considered. However, because investigators disagree on the usefulness of
this procedure, we conducted a retrospective study to evaluate the indications, efficacy, and
safety of PTA.

METHODS: Twenty patients underwent PTA of the vertebral (n 5 14) or basilar (n 5 6)
artery, 18 for neurologic signs and symptoms of arterial stenosis that recurred or progressed
despite pharmacotherapy and two prophylactically. Neurologic examinations were performed
before and after the procedure and arterial patency was evaluated at follow-up by digital
subtraction angiography and/or MR angiography. Imaging follow-up was available for 14
(70%) of the 20 patients, neurologic follow-up for 15 (75%).

RESULTS: The stenosis was successfully dilated in all patients, and on follow-up neurora-
diologic examinations, vessel patency could be seen in 12 (86%) of 14 patients. Only one (7%)
of 15 patients who returned for a follow-up neurologic examination had new symptoms (caused
by occlusion of the vertebral artery 4 months after the procedure). One patient had a reversible
neurologic deficit and one had hemiparesis after PTA. No patient died as a result of PTA.

CONCLUSION: In our study, PTA of intracranial vertebrobasilar arteries was associated
with a low mortality and morbidity rate and with a high degree of patency. This technique
may therefore be regarded as an effective means of improving the patency of stenotic arteries.
In selective cases, it might be considered for use prophylactically.

Atherosclerotic stenosis of cranial vessels can dam-
age brain tissue by causing either a thromboem-
bolic territorial infarct or a hemodynamic infarct.
Treatment of such a stenosis depends on its path-
ophysiological effects. If the stenosis results in
thromboemboli, then antiplatelet aggregation, an-
ticoagulant medication, or a combination of both is
prescribed; the appropriate medication is still a
matter of debate (1–6). If the stenosis causes he-
modynamic abnormalities, the effects may be at-
tenuated by treatment designed to improve the pa-
tient’s cardiac output and raise blood pressure (7,
8), although this is a controversial procedure when
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used on a regular basis, since, in some patients,
signs and symptoms of stenosis recur or progress
despite medication.

Decreasing the risk of stroke in patients with ste-
nosis of intracranial arteries is challenging. Endo-
vascular procedures, such as percutaneous translu-
minal angioplasty (PTA), have been increasingly
advocated when established treatments fail to re-
lieve the effects of stenosis. In particular, PTA has
been found to be effective and to be associated with
low morbidity and mortality when used to treat ath-
erosclerotic stenosis in the extracranial and anterior
intracranial circulation (9, 10); however, in the pos-
terior intracranial circulation, results of PTA per-
formed to relieve stenosis have been conflicting
(11–17). Because of these conflicting results, we
conducted a retrospective study to evaluate the in-
dications, efficacy, and safety of PTA in the intra-
cranial vertebral and basilar arteries.

Patients and Methods

Patients

The findings in all patients who underwent PTA of intra-
cranial vertebral or basilar arteries at our institution between
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1997 and 1999 were analyzed retrospectively. All patients gave
informed consent to the procedure.

A total of 20 patients (17 men and three women) were in-
cluded in the study. Ages ranged from 41 to 77 years (mean
age, 60 years), and risk factors for cerebral infarction included
hypertension (n 5 16), hyperlipidemia (n 5 12), obesity (n 5
1), diabetes mellitus (n 5 2), smoking (n 5 11), arterial oc-
clusive disease (n 5 1), and coronary heart disease (n 5 5).
All patients were being treated with anticoagulant or antiplate-
let medication (Table 1). In 18 patients, the Barthel index was
100; for the remaining two, it was 50 (case 12) and 85 (case
13), respectively.

Indications for PTA

In general, PTA was planned to decrease the risk of new or
recurrent cerebral infarction in patients with significant athero-
sclerotic stenosis of the intracranial vertebral or basilar arteries
when 1) symptoms of stenosis recurred or progressed despite
antiplatelet or anticoagulant pharmacotherapy, 2) coronary ar-
tery bypass surgery was planned, or 3) previous infarctions
had occurred and collateral circulation could not be estab-
lished. This spectrum of indications is represented in the fol-
lowing brief case descriptions.

PTA was indicated in 18 patients because symptoms of ste-
nosis recurred or progressed despite appropriate medical ther-
apy (warfarin: international normalized ratio [INR], 3.0–4.0;
heparin: activated partial thromboplastin time [APTT], two to
three times baseline). We did not administer a combination of
antiplatelet and anticoagulation medication. One of the symp-
tomatic patients, a 50-year-old man (case 3) reported recurrent
sensorimotor hemiparesis of the left side, lasting each time for
10 to 15 minutes. He was admitted to the stroke unit and was
treated with heparin (APTT, two to three times baseline). Al-
though under medication, the patient experienced daily tran-
sient ischemic attacks (TIAs), beginning with perioral hypes-
thesia, dysarthria, and hemiparesis of the left side, which
resolved when the blood pressure was raised. Neurologic ex-
amination in the interval between TIAs revealed no motor or
sensory deficit. MR imaging as well as CT showed no signs
of infarction or hemorrhage. Doppler sonography showed in-
adequate vasomotor reserve and no signals typical of emboli.
Digital subtraction angiography (DSA) revealed an 85% ste-
nosis of the basilar artery. PTA was indicated for recurrent
hemodynamic TIAs despite anticoagulant medication.

Another symptomatic patient, a 70-year-old woman (case
8), reported recurrent vertigo, ataxia, and double vision over
a period of 6 months. She presented after experiencing a
transient dysarthria that lasted 30 minutes. Because of an
earlier myocardial infarction, the patient had been on anti-
platelet therapy for over 20 years. MR and CT studies
showed no signs of infarction or hemorrhage. Doppler so-
nography and DSA revealed an 85% stenosis of the V4 seg-
ment of the left vertebral artery. The right vertebral artery
was hypoplastic. PTA was recommended for recurrent TIAs
despite medication.

In one of the two asymptomatic patients (case 6), MR im-
ages showed infarcts in the pons and thalamus and supraten-
torial white matter lesions, and angiographic studies revealed
a 95% stenosis in the V4 segment of the dominant right ver-
tebral artery and a 90% stenosis at the origin of the right ver-
tebral artery. The left vertebral artery was hypoplastic. PTA
was recommended because coronary artery bypass surgery was
planned and the results of preoperative imaging studies indi-
cated that the patient would be at high risk for cerebral in-
farction due to intraoperative hypotension.

The second patient without recurrent or progressive symp-
toms of intracranial vertebral or basilar artery stenosis (case 4)
had homonymous hemianopsia as a result of previous cerebral
infarction and evidence of generalized severe atherosclerosis
of cerebral vessels. MR images showed a large infarct in the
territory of the right middle cerebral artery and multiple white

matter lesions. Intraarterial DSA showed an occlusion of the
right internal carotid artery, a 30% stenosis of the left common
and left internal carotid artery, a 70% stenosis of the left mid-
dle cerebral artery, a 90% stenosis of the right dominant and
left hypoplastic vertebral artery (which filled mainly by the
posterior inferior cerebellar artery), and two 70% stenoses of
the P1 segment of the left posterior cerebral artery. As a result
of these stenoses, the basilar artery was filled primarily by the
right vertebral artery, and collateral circulation could not be
established through the posterior communicating artery. In ad-
dition, Doppler sonography showed inadequate vasomotor re-
serve. PTA was recommended because the perfusion of the
basilar artery was considered to be at risk and the vasomotor
reserve was inadequate.

Angioplasty Technique

Before, during, and after angioplasty, patients were given
heparin intravenously (APTT, two to three times baseline). All
PTA procedures were performed with the patient under general
anesthesia. Balloon angioplasty was performed in all cases by
neuroradiologists experienced in interventional techniques, us-
ing a procedure similar to that described previously (12, 15,
17–19). In short, a 6F sheath was introduced into the femoral
artery, through which a 6F guiding catheter (Cordis Envoy,
Cordis Endovascular Systems, Miami Lakes, FL) was threaded
so that the tip rested in the cervical portion of the vertebral
artery (20). A 0.014-inch guidewire (Dasher-14, Target Ther-
apeutics, Fremont, CA) was navigated across the stenosis to
permit placement of the balloon dilatation microcatheter
(Stealth, Target Therapeutics) at the site of the stenosis. The
guidewire was then removed and replaced by a Stealth valve
wire (Target Therapeutics). Dilatation was achieved by inflat-
ing the balloon to about 6 to 8 atm for 10 to 20 seconds. After
the balloon was deflated, the result was verified and, eventu-
ally, inflation was repeated. The length of the balloon used
was determined by the length and the anatomic site of the
stenosis, but the balloon was always longer than the stenosis
itself. The balloon was inflated to a diameter equal to or less
than the diameter of the normal vessel. The sheath was re-
moved after the procedure.

Immediately after angioplasty, each patient underwent a
complete neurologic examination, after which his or her neu-
rologic status was monitored closely for 24 hours. The Barthel
index was determined before and after angioplasty. Patients in
whom a good PTA result was achieved were acclimated to an
antiplatelet therapy 2 weeks after the procedure; when residual
stenosis remained, anticoagulant therapy was continued, with
a change from heparin to warfarin (INR, 3.0–4.0).

Follow-up

Three patients (cases 2, 6, and 7) were lost to follow-up and
two additional patients (cases 16 and 18) were treated recently
and follow-up findings have not yet been established. In the
remaining 15 cases (75%), the time between angioplasty and
the last follow-up examination ranged from 2 to 18 months
(mean, 8 months). All 15 patients underwent follow-up neu-
rologic examination, 14 (70%) had follow-up MR imaging,
including MR angiography, and five patients (25%) also had
DSA.

Results
The percentage of stenosis of the intracranial

vertebral or basilar arteries was 95% in seven pa-
tients, 90% in seven patients, 85% in four patients,
and 80% in two patients. The stenosis was located
in the basilar artery in six patients and in the intra-
dural segment of the vertebral artery in 14 patients.
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FIG 1. A–D, Angiographic findings in a
patient (case 2) with a filiform stenosis of
the proximal basilar artery before (A and
B) and after (C and D) PTA. A and C, an-
teroposterior view; B and D, lateral view.

FIG 2. A–C, Angiographic findings in a patient (case 9) with a high-grade stenosis of the distal vertebral artery (V4 segment). Stenosis
evident before PTA (A) was completely resolved immediately afterward (B); follow-up MR angiogram (C) showed no restenosis.

In one patient (case 6), who underwent PTA pro-
phylactically before coronary artery bypass sur-
gery, stenosis in the extracranial portion of the right
dominant vertebral artery was also dilated. Imme-
diate and follow-up results of PTA in the 20 pa-
tients are summarized in Table 1.

Immediate Results of Angioplasty
Immediately after angioplasty, the vessel lumen

was seen to be completely restored to normal di-
ameter (0% stenosis) in 10 (50%) of the 20 patients
or almost completely restored (up to 10% stenosis)

in six (30%) of the patients (Figs 1 and 2). In four
patients (20%), residual stenoses of 20% (cases 5,
11, and 17), 30% (case 20), and 40% (case 19)
caused no appreciable hemodynamic alterations. A
small dissection was observed angiographically in
the arterial wall of one patient (case 8, Fig 3) and
it was suspected at MR angiography in a second
patient (case 16). In another patient (case 5), blood
flow stopped after the first balloon dilatation but
was restored after the second dilatation; and at the
end of the procedure, no appreciable abnormality
in blood flow was evident. The Barthel index of all
patients but one (case 18) remained unchanged.
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FIG 3. A and B, Angiographic findings in
a patient (case 8) with a high-grade ste-
nosis of the left distal vertebral artery (V4
segment). Stenosis before angioplasty (A)
was completely gone immediately after-
ward, but a clinically asymptomatic minor
dissection is evident (arrow, B).

This patient experienced a permanent neurologic
deficit most probably due to emboli. His Barthel
index decreased from 100 to 90. One patient (case
10) had transient (2 days) symptoms of Wallenberg
syndrome.

Among the 18 patients with symptoms of ste-
nosis, these symptoms resolved after PTA and did
not recur in 17 patients (94%). In the remaining
patient (case 5), symptoms (TIAs) resolved im-
mediately after PTA and then recurred, but re-
solved again with warfarin therapy, which had not
been effective before PTA. One of the patients
(case 6) who was asymptomatic before PTA re-
mained asymptomatic after the procedure and un-
derwent planned bypass surgery with no neurologic
sequelae. The second patient (case 4) who had no
symptoms of stenosis before PTA also had no
symptoms after the procedure.

Follow-up Results
Of the 14 patients who returned for follow-up

neuroradiologic examinations, the patency of the
treated artery remained unchanged in eight (no ste-
nosis in seven patients and a 10% stenosis in one
patient). In one patient (case 5), who had a 20%
stenosis immediately after PTA, the stenosis was
the same at the 2-month follow-up examination as
immediately after the procedure, but at the 12-
month follow-up examination the stenosis was
95%. In another patient (case 11), who had a 20%
stenosis immediately after angioplasty, the verte-
bral artery was found to be occluded at the 4-month
follow-up examination. In three patients, a 10%
stenosis (case 10), 20% stenosis (case 17), and 30%
stenosis (case 20) resolved completely. In the last
patient, with a residual 40% stenosis (case 19),
DSA 6 months after PTA showed a decrease of the
stenosis to 20%. After an additional 12 months of
warfarin therapy, MR angiography showed the ste-
nosis to be unchanged at 20%, and the patient re-
mained free of symptoms.

Of the 15 patients who underwent follow-up
neurologic examinations, 10 were asymptomatic,
two had improved, and two remained stable at the
final examination. Specifically, the patient in whom

restenosis occurred (case 5) was free of signs and
symptoms of stenosis. At final follow-up, the last
patient (case 11) had developed a hemiparesis as-
sociated with occlusion of the vertebral artery 4
months after angioplasty.

Discussion
Studies of the natural history of stenosis of the

intracranial vertebral and basilar arteries show that
this condition poses a high risk for brain stem is-
chemia (21). Medication is the first line of treat-
ment, but this is problematic for patients who are
already being treated medically for recurrent or
progressive symptoms of stenosis. Although by-
pass surgery may be appropriate to treat stenotic
portions of the artery in the anterior or extracra-
nial circulation, bypass surgery for stenosis in the
posterior intracranial circulation is associated with
a significantly higher risk of complications (22).
Our study shows that PTA is an effective and safe
alternative for management of medication-refrac-
tory stenosis in the intracranial vertebrobasilar
arteries.

Efficacy of Angioplasty
In our study, stenoses in the intracranial verte-

brobasilar arteries were alleviated by PTA in all 20
patients (100%) and symptoms resolved after PTA
in all 18 (100%) of the patients who had symptoms
of stenosis before the procedure. Only one patient
(5%) sustained a permanent neurologic deficit.

The affected portion of the artery was patent in
12 (86%) of our 14 patients who returned for fol-
low-up neuroradiologic examinations between 3
and 18 months after PTA. Only one (7%) of the 15
patients who returned for follow-up neurologic
evaluation had new symptoms after PTA; the other
14 patients (93%) were symptom-free or had no
progression of symptoms caused by infarcts present
before the procedure.

Restenosis rates in studies reported in the liter-
ature range from 0% to 25% after angioplasty of a
vessel in the posterior circulation and as high as
36% after angioplasty of a vessel in the anterior
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circulation (15, 18). Our restenosis and occlusion
rate of 14% compares well with these results. The
importance of following up patients with residual
stenosis is emphasized by our observation that
among our five patients with 20% to 40% stenosis
after PTA, the vessel occluded in one and resten-
osed in another (40%) (Table 1). Patients with re-
sidual stenosis should therefore be followed up
noninvasively by MR angiography, which Mori et
al (18) suggest be performed every 3 months.

Overall, the efficacy of PTA in our series com-
pares favorably with results reported in the litera-
ture (Table 2), indicating that PTA is effective in
both the short and longer term in patients with re-
current or progressive neurologic signs and symp-
toms of stenosis of intracranial vertebrobasilar
arteries.

Safety of Angioplasty

We found no associated mortality with the use
of PTA, although one patient (5%) suffered a per-
manent neurologic deficit and another (5%) sus-
tained a reversible ischemic deficit. The first re-
ported intracranial angioplasty (of a basilar artery)
was performed through surgical exposure of the ex-
tracranial vertebral artery at the base of the skull
and involved resection of the arch of the atlas (23).
With the development of new technology, the in-
vasiveness of this procedure was reduced consid-
erably, although it was still associated with a mor-
tality rate of 37.5% (20) (Table 2). Further
technological improvements resulted in a decisive
decrease in mortality (10, 12, 13, 15–18, 24–26)
(Table 2).

The rate of permanent neurologic deficits in
larger series reported to date has ranged from 0%
(17) to 33% (13) (Table 2). Our study of 20 pa-
tients represents one of the largest reported series
of patients undergoing angioplasty for chronic ath-
erosclerotic stenosis in the posterior circulation
accompanied by a very low rate (5%) of perma-
nent neurologic complications. In terms of mor-
tality and morbidity, therefore, our results com-
pare favorably with those reported by other
investigators (Table 2).

Recently, several reports have been published
concerning the successful deployment of stents for
atherosclerotic disease in the intracranial internal
carotid artery or in the intradural vertebral artery
(27–31). Although the role, safety, and efficacy of
intracranial stent placement have yet to be evalu-
ated, the availability of this technique will make it
an important adjunct in the treatment of intracranial
atherosclerotic stenosis (31). In particular, the pos-
sibility of treating PTA-related dissections (al-
though asymptomatic in our series) might prove to
be significant in further reducing the morbidity of
this procedure (32).

Indications for Angioplasty

The medical treatment of symptomatic intracra-
nial stenosis has not been established definitively.
Although antiplatelet therapy offers only moderate
protection (5), it is often regarded as the first treat-
ment choice. Warfarin has been shown to be sig-
nificantly more effective than aspirin (4); however,
in one study, it was found to be associated with a
significantly higher rate of intracerebral bleeding
(2). A recent analysis revealed that patients with
cerebral ischemia from presumed arterial origin
treated with anticoagulation had a 19-fold higher
risk of intracranial hemorrhage than did treated
patients with atrial fibrillation (33). Although pa-
tients with acute stroke seemed to benefit from a
combined antiplatelet and anticoagulation regimen
(34), a combination of low-intensity, fixed-dose
warfarin and aspirin was inferior to an adjusted
dose of warfarin in patients with atrial fibrillation
(1). An ongoing study comparing the efficacy of
low-dose anticoagulation plus acetylsalicylic acid/
dipyridamole therapy with acetylsalicylic acid
therapy alone might help improve the therapeutic
outlook for patients with cerebral ischemia of ar-
terial origin (3).

In previous reports, patients selected for angio-
plasty had to meet two criteria: they had to have
recurrent or progressive neurologic symptoms de-
spite appropriate medical therapy and these symp-
toms had to be related to an atherosclerotic stenosis
of at least 60% to 70% (10–13, 15, 17, 18, 23, 35,
36). Although 18 of our patients met these criteria,
we believed that PTA was indicated in two addi-
tional patients with asymptomatic stenosis in intra-
cranial vertebrobasilar arteries.

The first patient with asymptomatic stenosis in
whom we performed PTA had previously suffered
an infarction in the territory of the basilar artery
and was scheduled to undergo coronary artery by-
pass surgery. Although he was neurologically sta-
ble, stenosis in the intracranial or extracranial cir-
culation in combination with intraoperative
hypotension presented an important risk for stroke.
Therefore, when the results of routine preoperative
Doppler sonography and DSA showed stenosis of
the vertebral artery, we decided that, considering
the low morbidity of PTA in our series, the risk of
angioplasty in this case was outweighed by the risk
of stroke from bypass surgery without angioplasty.
Angioplasty was thus performed prophylactically
in this patient. In the second patient in our series
who underwent PTA prophylactically for asymp-
tomatic stenosis in the vertebrobasilar circulation,
the basilar artery was filled by a single vertebral
artery with a high-grade stenosis. Because this pa-
tient’s anterior circulation had no vasomotor re-
serve and because the anterior circulation could not
fill the posterior circulation, no collateral circula-
tion could be produced to compensate for basilar
artery insufficiency. Angioplasty was therefore per-
formed as prophylaxis against stroke in this patient
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as well. In both of these patients with asymptom-
atic stenosis of the intracranial vertebrobasilar cir-
culation, prophylactic PTA seemed justified be-
cause of the high risk of stroke and the low rate of
complications of PTA in our series and in those
reported by others (12).

Conclusion
PTA of the posterior intracranial circulation can

be performed with a low complication rate and a
high patency rate. The results in our series are in
line with those of the recent literature. Taken to-
gether, they help establish this method as an addi-
tional treatment option for patients with intracranial
atherosclerotic stenosis. Nevertheless, precise in-
dications must still be determined and can only be
assessed in a prospective study. The treatment of
asymptomatic patients goes beyond the current in-
dications and could be regarded as an option in
individual and complex cases. Currently, though,
PTA cannot generally be considered as a viable
treatment choice in asymptomatic patients with in-
tracranial vertebrobasilar stenoses.
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