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SUMMARY - Percutaneous transluminal angioplasty (PTA) has recently become a noteworthy
treatment option for significant stenosis involving the vertebral artery (VA) in selected patients. We
conducted a prospective study to evaluate the efficacy, safety and mid-term follow up results of 206
cases received PTA with or without stent implant to treat their symptomatic atherosclerotic VA ste-
nosis in all segments (V1-V4). In a prospective mono-arm trial from October 2008 to July 2012 in
a single center, 239 lesions affecting the intra or extracranial VA (171 in V1, 17in V2, 14 in V3, 21
in V4 and 16 in combined segments) were treated by PTA with or without stent implant. Non-disa-
bling stroke patients who had failed conservative medical treatment and had angiographic evidence
of >50% stenosis in the dominant VA with clinical signs and symptoms of VB stenosis were included
in this study. They were mean followed for 13.15+5.24 months after treatment. Overall, 206 patients
underwent the procedure. A stent was implemented in 199 patients (96.6%). The periprocedural
complication rate was 7.2%. The procedural (technical) success rate was 97.6%. Of the total 239
lesions, 223 were treated with stent implant. Clinical success was achieved in all 206 symptomatic
patients after the procedure. Restenosis occurred in 15.9% after a mean 10.8 (6-24) months. Of
those, 63.1% and 34.2% had mild and moderate stenosis that was treated medically, whereas one
case (2.6%) with severe restenosis underwent balloon angioplasty. No deaths occurred during the
follow-up period. The follow-up complication rate was 6.3%. TIA occurred in 4.4%, a minor stroke
in 1.4% and a major stroke in one patient. The overall patient event-free survival was 92.4%. These
results demonstrate the safety and feasibility of PTA with or without stent implant, with a high
technical success rate, a low complication rate, a low restenosis rate and durable clinical success in
patients with symptomatic VA stenosis. This approach seems to improve patients’ immediate and
mid-term clinical results. Randomized controlled trials are necessary to further validate this treat-
ment option.

Introduction tion events have a higher risk for subsequent

stroke or death in the acute phase compared

Strokes are 80% ischemic in origin, of which
20-25% involve the posterior circulation of the
brain, the part supplied by the vertebrobasilar
(VB) circulation *. Data from a systematic re-
view on the prognosis of ischemic events have
shown that patients with posterior circula-
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with patients who present with anterior cir-
culation symptoms ‘. Nevertheless, much less
is known about the incidence of vertebral ar-
tery (VA) stenosis (VAS) in the general popu-
lation. Patients with symptomatic VB circula-
tion ischemia have a 25-40% incidence of VAS
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> and the incidence in patients with atheroscle-
rotic peripheral arterial disease (PAD) is 40%
¢, The prognosis for patients with atheroscle-
rotic occlusion or thrombosis of the VB system
is poor, with 80-100% mortality ’. Three ap-
proaches for symptomatic VAS have been de-
scribed comprising medical therapy, surgical
therapy and endovascular methods. Surgery
for VAS is technically difficult, potentially haz-
ardous, and is not considered in most centers.
Therefore, VAS has traditionally been treated
conservatively with medical care alone .
However, traditional treatments for VAS are
usually unlikely to achieve long-lasting effec-
tiveness, and a VAS prognosis is often poor -2,
Hence, selection of a proper therapeutic strat-
egy for VAS has been challenging for clinicians
and management has shifted to endovascular
techniques with the evolution of endovascular
device technologies. Endovascular procedures,
such as percutaneous transluminal angioplasty
(PTA), have been increasingly advocated when
established treatments such as surgical ther-
apy with mortality rates of 10-20% ' fail to
relieve the effects of stenosis. A nonrandomized
case series suggested that VAS may be treated
using an endovascular method such as PTA
and/or stenting and is associated with low mor-
bidity and mortality **¢. However, results of
PTA performed to relieve stenosis in the poste-
rior intracranial circulation have been conflict-
ing ', Thus, we conducted a prospective study
to evaluate the efficacy, safety, and long-term
follow-up of 206 patients who received PTA
with a stent implant to treat their symptomatic
atherosclerotic VAS.

Materials and Methods
Patients

In a continuation of the first published re-
port of this prospective non-controlled study 2,
211 patients who presented with a wide vari-
ety of posterior circulation ischemia symptoms
despite receiving adequate medical treatment
and were referred to our institute (a single
center) were evaluated prospectively from Oc-
tober 2008 to July 2012. An episode of posterior
circulation ischemia was defined as the sudden
onset of two or more symptoms attributable
to the posterior circulation which were pre-
sumed to be of non-traumatic vascular origin
after adequate investigation. Symptoms com-
monly included vertigo, visual changes, Wal-
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lenberg syndrome, ataxia, numbness, paresis,
and other symptoms (headache or confusion).
Patients were diagnosed with VAS by clinical
assessment coupled with transcranial Doppler
ultrasound or magnetic resonance angiography
(MRA) and confirmed by an independent neu-
rological evaluation conducted by a member of
the stroke team not participating in the inter-
vention, or intra-arterial catheter angiography
before any endovascular intervention.

Stenosis severity was calculated according
to the carotid stenosis method proposed in the
North American Symptomatic Carotid Endar-
terectomy Trial (NASCET) and Carotid and
Vertebral Artery Transluminal Angioplasty
Study (CAVATAS) and was classified as mild
(0% to 49%), moderate (50% to 69%), severe
(70% to 99%), or occluded 2. Aortic arch, renal
artery angiography and four-vessel digital sub-
traction angiography (DSA) were performed
to evaluate extra and intracranial arteries in
all patients. Special attention was paid to the
subclavian, VAS, and the collateral blood flow
to the posterior cerebral circulation. A duplex
study of the carotid, vertebral and renal ar-
teries, and transesophageal echocardiography
was performed in each patient.

Arterial stenosis was considered to be angi-
ographically significant when the stenosis was
>50%, but only if the other VA was equally dis-
eased or absent. The intensity of neurological
deficit at admission was assessed by neurolo-
gists using the National Institutes of Health
Stroke Scal *.

Cases with angiographic evidence of >50%
stenosis in the dominant VA with clinical signs
and symptoms of VB stenosis confirmed by an
experienced stroke neurologist were included
in this study. The exclusion criteria were: tan-
dem intracranial stenosis lesions (lesions in
other arteries spatially in the basilar artery
except in the involved VA and several lesions
in a single VA not considered tandem lesions),
other potential cause of stroke, such as a car-
diac source embolism, VA dissection, vasculitis,
terminally ill patients, patients unable to give
their informed consent or unwilling to undergo
intervention, and those with a disabling stroke
(NIHSS<10).

A standard protocol was used to evaluate
all patients. Demographic features and vas-
cular risk factors were recorded by an expert
neurologist including hypertension (defined as
receiving medication for hypertension or blood
pressure >140/90 mmHg on repeated measure-
ments), diabetes mellitus (defined as receiving
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medication for diabetes mellitus, fasting blood
glucose level >126 mg/dl), ischemic heart dis-
ease, dyslipidemia (defined as receiving lipid
lowering agents or having an overnight fasting
cholesterol level >200 mg/dl and low-density li-
poprotein >100 mg/dl), current cigarette smok-
ing (current smokers or those who quit smoking
<6 months) and previous transient ischemia
attack (TIA) (neurologic deficit lasting <24
hours) (Table 1). All patients’ paraclinical data
were evaluated, including red and white blood
cell and platelet counts, blood glucose and gly-
cosylated hemoglobin, lipid profile, serum elec-
trolytes, liver transaminase, blood urea and
creatinine levels, measurement of prothrombin
and activated partial thromboplastin time, an-
tinuclear antibodies, antiphospholipid antibod-
1es, anticardiolipin antibodies, lupus anticoag-
ulant, troponin, creatine kinase, antithrombin

Table 1 Patient characteristics®.
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III, protein C, protein S, and factor V Leiden.
They also underwent brain magnetic resonance
imaging (1.5 Tesla) after the initial brain com-
puted tomography (data not shown).

Patients with confirmed acute symptomatic
VB insufficiency underwent a standard proto-
col by the stroke team and were usually dis-
charged one week after primary admission.
Stent eligible patients were recalled four to six
weeks after the acute event and a neuroradi-
ologist informed the patients about the benefits
and potential risks of endovascular stent im-
plant therapy. Patients who gave informed con-
sent received aspirin (80 mg/d) and clopidogrel
(75 mg/d) three days before the procedure and
were transferred to the angiography room. All
these patients were required to have no con-
traindications for endovascular procedures (re-
nal failure, coagulopathy, or contrast allergy).

Characteristics 206 (100%)
Gender
Male 121 (58.7%)
Female 85 (41.3%)

Age (years)

67.88+8.42

Vascular risk factors:
Diabetes
Hypertension
Dyslipidemia
Cigarette smoking

89 (43.2%)
153 (74.3%)
24 (11.7%)
49 (23.8%)

Presenting symptoms:

Ataxia 95 (46.1%)
Visual disturbance 19 (9.2%)
Vertigo 32 (15.5%)
Wallenberg syndrome 10 (4.8%)
Numbness 24 (11.6%)
Hemiparesia 16 (7.7%)
Others 10 (4.8%)
Functional status (initial mRS+t score)
1 3 (1.5%)
2 85 (41.3%)
3 111 (53.9%)
4 7 (3.4%)
Initial National Institutes of Health Stroke Scale (NIHSS) 7.94+2.61

Concomitant arterial lesion:
Unilateral internal carotid artery (ICA) stenosist
Bilateral ICA stenosis
Unilateral ICA occlusion
Unilateral renal artery stenosis
Unilateral subclavian stenosis

146 (100%)
57 (39.0%)
15 (10.2%)
4 (2.7%)

41 (28.0%)
24 (16.4%)

Unilateral middle cerebral artery (MCA) stenosis 4 (2.73%)
Unilateral anterior cerebral artery (ACA) stenosis 1 (0.6%)
Degree of vertebral arteries stenosis 70.93+8.645

* Data are presented as mean + SD or n (%).
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Table 2 Procedural data.

The Neuroradiology Journal 26: 454-463, 2013

Characteristics N (%)
Treated Artery: 206
Left vertebral 110 (53.4%)
Right vertebral 79 (38.3%)
Bilateral 17 (8.3%)
Lesion locations: 239
V1 171 (71.5%)
V2 17 (7.1%)
V3 14 (5.8%)
V4 21 (8.8%)
Total combined ipsilateral lesions: 16 (6.6%)
Vi+v2 5 (2.0%)
Vi+v3 2 (0.8%)
Vi+v4 3 (1.2%)
V3+vl 2 (0.8%)
Via+vl 2 (0.8%)
Va+v2 2 (0.8%)
Procedure: 206
Percutaneous transluminal angioplasty (PTA) 7 (3.4%)
PTA and stent implant 199 (96.6%)
Stent number 223
Stent type: 223
Balloon expandable bare-metal 199 (89.2%)
Self expandable stent 24 (10.8%)

PTA and stent implantations were performed
using a transfemoral artery approach (all stent-
ing procedures were performed under local an-
esthesia) by the same interventional neurora-
diologists who implemented the angiography.
Diagnostic four-vessel angiography and a gen-
eral anesthetic were administered if required.
All collateral flow to the infarcted area was
systematically assessed. The artery that was
clinically assumed to be obturated was inves-
tigated last and endovascular therapy was per-
formed directly after diagnostic angiography.

Procedure

PTA was planned to decrease the risk of new
or recurrent cerebral infarction in patients
with significant atherosclerotic stenosis of the
dominant vertebral artery when 1) symptoms
of stenosis recurred or progressed despite an-
tiplatelet pharmacotherapy, and 2) previous in-
farctions had occurred and the collateral circu-
lation could not establish adequate blood flow
to that region. PTA and stent implants were
applied to those who had VA involvement at
the v1, v2, or v4 segments, and those who had
v3 segment stenosis underwent PTA alone. Bal-
loon-mounted stents were used for vl and v2
stenotic segments and self-expandable stents
were applied for v4 segment involvement. All

patients were fully heparinized during the pro-
cedure (100 IU/kg plus 1,000-2,000 IU/h) and
this was continued for 24 hours following the
procedure. Blood pressure and heart rate were
continuously monitored and controlled pre and
post procedurally. Balloon angioplasty was per-
formed in all cases by neuroradiologists expe-
rienced with interventional techniques. Dilata-
tion was achieved by inflating the balloon to
about 8-10 atmospheres for 10-20 seconds to
deploy the stent into the inner arterial wall.
For those who underwent PTA only, the balloon
was deflated, the result verified and eventually
inflation was repeated if necessary. The length
of the balloon and stent used was determined
by the length and the anatomic site of the sten-
osis by quantitative angiography before balloon
angioplasty and stent placement, but the bal-
loon 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.
In five cases (four patients with v1 stenosis and
one with v4 stenosis) we could not perform any
endovascular procedure because of difficult ac-
cessibility and severe stenosis. Although these
patients fulfilled the inclusion criteria, we ex-
cluded them because of our procedural failure
and performed our procedure on 206 cases.
DSA was performed to assess the treated
vessel immediately after the procedure. All
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patients underwent a complete neurologic ex-
amination after which their neurological sta-
tus was monitored closely for 24 hours. Careful
attention was paid to the intracranial circula-
tion to rule out any sign of distal embolization.
NIHSS and mRS scores were determined be-
fore and after angioplasty. Technical success
was defined as reduction of stenosis to <20%
of the completely enveloped lesion after the
procedure without in-hospital stroke or death.
Clinical success was defined as technical suc-
cess with resolution of VBS symptoms.

Clinical and angiographic follow-up

Patients were discharged from the neurologi-
cal ward two to seven days (mean, four days)
after the procedure, when their neurological
condition was stable. Clopidogrel (75 mg/d) was
continued for six months after the procedure
in all patients and then they were maintained
on daily aspirin indefinitely. All patients re-
ceived a low-dose statin (atrovastatin, 20 mg/
daily) for at least six months and it was con-
tinued in patients with hypercholesterolemia.
All cases were managed similarly and followed
up clinically every month for six months and
then every two months until the end of follow-
up time (this will occur when the last patient
has been followed for six months). The follow-
up was performed by independent neurologists
(not involved in the interventional procedure)
via an outpatient visit to assess any changes in
previous symptoms, appearance of new symp-
toms, and to manage vascular risk factors. If
new neurological signs occurred during these
visits and were suspected to be posterior circu-
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lation ischemia, the neurologist examined the
patient for a future study by magnetic reso-
nance imaging or brain computed tomography.
TCD and color duplex sonography were used
during the follow-up period to assess stent
patency. Control angiography was performed
in all patients after six months and repeated
every six months. The stented artery and other
major intra and extracranial arteries were re-
examined in the control angiography but the
main focus was to find any restenosis or occlu-
sion in the target artery. High blood pressure
(preferred systolic blood pressure was <140
mm Hg and <130 mm Hg) was treated aggres-
sively and patients who smoked were asked to
stop cigarette smoking and become involved
in a lifestyle modification program including
weight reduction, exercise and nutritional diet.
Target vessel revascularization was defined as
repeat intervention of the target vessel driven
by clinical symptoms with >70% stenosis. In-
stent restenosis was described as recurrent
artery stenosis with >30% luminal narrowing
after excluding post stent implant residual
stenosis. In these cases, severe restenosis was
treated with balloon angioplasty and if there
was moderate and mild stenosis or no symp-
toms the patients were treated medically based
on NASCET and CAVATAS classification. The
occurrence of clinical adverse events (AEs) for
all patients was evaluated until the follow-up
ended. The AEs were classified as procedure-
related and follow-up adverse events (FAEs).
The FAEs arose 30 days after enrollment dur-
ing the follow-up period and included ischemic
stroke (stroke in territory of qualifying artery),
TIA, and mortality related to these events. The

Table 3 Complications and follow-up results of 206 patients who underwent endovascular procedures®.

Periprocedural complication

15/206 (7.2%)

Hematoma

12/206 (5.8%)

Bradycardia

2/206 (1%)

Dissection (without the need for transfusion)

1/206 (0.5%)

Follow up results

Transient ischemic attack (TIA)
Non disabling stroke

Disabling stroke

Follow-up (months)

Restenosis: 38/239 (15.9%)
Vi1 26/38 (68.4%) (14 mild, 11 moderate, 1 severe)
V2 4/38 (10.5%) (4 mild)
V3 3/38 (7.9%) (3 mild)
V4 5/38 (13.1%) (3 mild, 2 moderate)
Complications: 13/206 (6.3%)

9 (4.4%)
3 (1.4%)
1 (0.5%)
13.15+5.24

* Data are presented as mean + SD or n (%).
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patients were informed that whenever symp-
toms suggestive of AEs occurred that they
should visit their physicians. All AEs were ar-
bitrated by expert neurologists during outpa-
tient visits. mRS scores were calculated at the
end of the follow-up period. The results of AEs
and follow-up are summarized in Table 3.

Statistical method

Numerical variables are presented as mean
+ standard deviation, whereas categorical vari-
ables are summarized as absolute frequencies
and percentages. Observation time was from
study enrollment to the last patient’s six-month
follow-up ended. Survival rates were calculated
with the Kaplan-Meier product limit method.
SPSS version 13.0 for Windows (SPSS Inc.,
Chicago, IL, USA) was used for the analysis.
All p-values were two-tailed, and p <0.05 was
considered significant.

Results

Overall, 206 patients with confirmed symp-
tomatic VA stenosis underwent the procedure
at our institute over a 46 month period. The
mean age of all patients was 64.73 + 9.85 years
(range, 40-86 years). Male gender was predomi-
nant (58.7%). Stents were implemented in 199
(96.6%) patients, and the remaining patients
underwent balloon angioplasty only because
of difficult anatomical access but achieved sig-
nificant dilatation and symptom relief. The pa-
tient characteristics are summarized in Table
1. The prevalence of vascular risk factors was
74.3%, 43.2%, 23.8%, and 11.7% for hyperten-
sion, diabetes mellitus, hyperlipidemia, and
cigarette smoking, respectively. Concomitant
PAD involvement was found in 5.8% of cases
for subclavian artery stenosis and in 10.1% of
patients for renal artery stenosis. Ataxia was
the most frequent (46.1%) presenting symptom
in our cases. The baseline mRS and NIHSS
scores were 2.59 + 0.58 (range, 1-4) and 7.94 +
2.6 (range, 3-17), respectively. Procedural data
are presented in Table 2. The left VA was the
most frequent (53.4%) treated site, whereas the
pure vl segment was the most affected part
(71.5%) overall. The frequency of combined le-
sions ipsilateral to the main lesion is listed in
Table 2. Internal carotid artery involvement oc-
curred in 52% of concomitant arterial lesions.
Balloon-mounted stents were utilized in most of
our cases (89.2%). Procedural data and follow-
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up outcomes are summarized in Table 3. The
periprocedural complication rate was 7.2%. An
access site local hematoma was the most fre-
quent (5.8%) periprocedural complication. We
had only one case of artery dissection during
the wiring procedure in a 75-year-old woman
with a history of diabetes and hypertension who
presented with homonymous hemianopia and
underwent PTA and stent implanting in the
left v1 segment. The patient complained of neck
pain after the dissection occurred and a balloon-
mounted stent was implanted immediately at
the dissection site to successfully control the
dissection (Figure 1). She was followed up for 11
months without complications. No other patients
developed any serious changes in conscious-
ness, electrocardiographic waves, or arterial
oxygen saturation rates during the procedure.
The mean post procedure NIHSS score was
4.52 + 2.23 (range, 1-10). Mean follow-up time
was 13.15 + 5.24 months (range, 6-30 months).
The procedural (technical) success rate was
97.6% (206/211). The total number of lesions
was 239 and 223 were treated with stent im-
plants (the lesions in the v3 segment [16 cases]
were treated only by angioplasty). Clinical suc-
cess was achieved in all 206 symptomatic pa-
tients after the procedure. Restenosis occurred
in 15.9% (38/239) after a mean of 10.89 + 5.0
months (range, 6-24 months), and 63.1% and
34.2% of them had mild and moderate steno-
sis that were treated medically. Only one PTA-
treated case (2.6%) had severe restenosis. Of
all 206 patients, clinical follow-up was obtained
in 100% with a mean duration of 13.1 + 5.24
months (range, 6-30 months). Of these, 56.3%
has at least a one-year follow-up. The mean fi-
nal mRS score was 0.36 + 0.63 (range, 0-5). No
mortalities were observed during the follow-
up. The follow-up complication rate was 6.3%.
TIAs occurred in 4.4% (nine cases) at a mean
duration of 4.68 + 2.90 months. A minor stroke
occurred at 1.4% (three cases) of patients at a
mean duration of 8 + 2.64 months. One case
experienced a major stroke. The overall patient
event-free survival was 92.4% (Figure 2).

Discussion

The current trial showed the feasibility of
stent-assisted angioplasty for VAS in 206 cases
treated with PTA with or without stents placed
at different sites of the VA, with low peri-pro-
cedural complication rates. Our mean follow-
up time of 13.15 months showed the durabil-
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Figure 1 A 75-year-old woman with a history of diabetes and
hypertension who presented with homonymous hemianopia.
DSA revealed occlusion of the right vertebral artery (A), and
severe stenosis in the orifice of the left side (B). There was evi-
dence of dissection after wire manipulation (C).
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Figure 2 Kaplan-Meier curve of cumulative events-free sur-
vival exclude restenosis. Note that all adverse events occurred
within 1 to 10 months after the procedure.
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ity of treatment outcome and long-term clini-
cal outcomes. Clinical success and procedural
(technical) success rates were 100% and 97.6%,
respectively. Restenosis occurred in 15.9% of
cases (63.1% mild, 34.2% moderate and 2.6%
severe) after 10.8 months. TIA occurred in
4.4% (nine cases), minor stroke in 1.4% (three
cases) and major stroke in 0.5% (one case) dur-
ing the follow-up period. All of these patients
were followed up for 14.92 + 6.33 months, and
they showed a significant improvement in their
clinical outcomes. The overall patient event-
free survival was 92.4%.

Pharmacotherapy and surgical intervention
are traditional treatments for VAS. However,
the risk for stroke is still relatively high in pa-
tients with VB artery stenosis receiving routine
pharmacotherapy and their prognosis remains
poor. A previous investigation demonstrated
that the incidence of stroke in the region sup-
plied by stenotic arteries remains high even if
patients are treated with warfarin or aspirin 2.

The development of interventional techniques
such as stent-assisted angioplasty has been an
effective strategy for treating VB artery steno-
sis due to its minimal invasiveness and high ef-
ficiency *. PTA with a stent implant for sten-
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otic arteries recanalizes the arteries, improves
blood supply, and attenuates symptoms. In ad-
dition, a stent can prevent the atherosclerotic
plaque from tearing and reduce the risk for
stroke due to atherosclerotic plaque.

In a review study on endovascular VA inter-
ventions, the 30-day major stroke and death rate
was 3.2% and the 30-day TIA and nondisabling
stroke rate was 3.2%. This meta-analysis sug-
gested that VA stenting is safe and effective .

Kim et al. evaluated the feasibility and follow-
up results of 17 consecutive patients treated
with stent-assisted angioplasty for symptomatic
intracranial VB artery stenosis with a mean fol-
low-up duration of 17 months. Periprocedural
complications occurred in 12%. Three patients
(17.6%) had TIA and one (5.9%) developed a mi-
nor stroke after the procedure during the fol-
low-up period. Restenosis occurred in 11.7% of
cases and no mortalities were reported *.

Du et al. evaluated the safety, feasibility, and
long-term results of stent-assisted angioplasty
in 48 cases of atherosclerotic ostial stenosis
of the VA. Technical success was achieved in
97.9% of the lesions, and restenosis occurred in
34.6%. The clinical follow-up outcomes showed
that there were no lesion-related strokes and
deaths, but that three patients appeared to
have a TTIA®.

Zavala et al. evaluated the results of PTA
and stent implants for symptomatic VB insuf-
ficiency unresponsive to medical therapy in 28
patients and reported a technical success rate
of 96% and a clinical success rate of 88% with
a follow-up of 14.2 months (range, 3.5-24.3
months). Their restenosis rate was 3.5% and
mortality rate was 3.5% 2. Weber et al. dem-
onstrated a technical success rate of 100%,
morbidity rate of 14%, and a restenosis rate of
9.9% without clinical symptoms in their inves-
tigation of stent angioplasty for intracranial
VB stenosis in 21 symptomatic patients ®.

Jenkins et al. reported a high procedural
success rate with low morbidity in a series of
patients undergoing endovascular stent place-
ment for symptomatic VA stenosis at their
institution over an 11l-year period. Procedural
and clinical success was achieved in 105 (100%)
and 95 (90.5%) patients, respectively. The
periprocedural complication rate was 4.8%.
The one-year mortality rate was 5.7%, and the
stroke rate was 5%. They concluded that stent-
ing for symptomatic VA stenosis can be accom-
plished with a very high success rate (100%),
with few periprocedural complications, and the
procedures are associated with durable symp-
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tom resolution in the majority (approximately
80%) of patients .

Dabus et al. evaluated 25 cases of endovas-
cular treatment for VA stenosis in patients pre-
senting with symptomatic VB ischemia. Over-
all technical success was achieved in 92.8%. No
procedure-related TIA, stroke, or death was
noted #. KEdgell et al. assessed the safety and ef-
ficacy of VA origin angioplasty and stenting for
stroke prevention in a multicenter clinical ex-
perience. A total of 148 patients were included
with a mean age of 66.2 + 11.5 years. One pa-
tient (0.8%) had a stroke at one month and
5.2% patients had TIAs at three months. No
immediate procedural events or deaths were
reported. The restenosis (>50%) rate on follow-
up angiography was 15.5%. They concluded
that endovascular intervention for a VA orifice
stenosis is associated with low periprocedural
complication rates *.

Taken together, the results of our case se-
ries offer further evidence in favor of this new
treatment option in patients with sympto-
matic VA stenosis. In SSYLVIA the incidence
of re-stenosis was as high as 32.4% within six
months after the procedure . The restenosis
rates in different series are difficult to compare
due to the different techniques used to image
the treated VA segment during follow-up, but
the lower rate of restenosis in our investiga-
tion may result from super-selection of pa-
tients (NIHSS<10; restricted and characterized
lesion, exclusion of any diseases affecting this
process, close observation and aggressive con-
trol of risk factors) and the use of appropriate
techniques by an experienced team of neuro-
interventionists. The overall periprocedural
complication rate was 7.2%. However, stent-
assisted PTA for VB artery stenosis has some
advantages such as a high success rate, fewer
complications, prevention of recurrent stroke,
and better short-term clinical improvement
238 hut still presents a risk for rupture, artery
dissection, perforating artery occlusion, throm-
bosis, cerebral hyperperfusion, and restenosis
»4_ However the incidence of these complica-
tions is relatively low and some of these can be
avoided with experience.

Some limitations of our study should be
mentioned. It is known that morphological fac-
tors of vertebral artery lesions may affect the
outcome of stent therapy. For example, lesion
length affects the restenosis rate and excessive
vessel tortuosity precludes successful stent de-
livery. We did not have a control group to com-
pare other treatment options.
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Conclusion

Our results demonstrate the safety and fea-
sibility of PTA with or without stent implants
with a high technical success rate, low compli-
cation rate, low restenosis rate, and durable
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