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Techniques for the diagnosis of vertebral
artery origin stenosis and considerations
for determining treatment and fiming

Vertebral artery origin stenosis (VAOS) is a treatable cause of posterior circulation stroke in 9-20% of
cases. VAOS can cause stroke due to artery—artery thromboembolism or flow-related posterior circulation
hypoperfusion. It is recommended to maximize medical treatment of asymptomatic VAOS. Endovascular
treatment of symptomatic VAOS is technically safe and effective, and may be used in secondary stroke
prevention in light of the low complication rate of the procedure. The major concern with endovascular
treatment appears to be long-term durability owing to significant restenosis rates.

KEYWORDS: balloon-mounted stent percutaneous transluminal angioplasty
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Patients with cerebrovascular disease have a
20-40% incidence of atherosclerotic lesions of
the vertebral artery origin [1.2]. The diagnosis of
vertebral artery origin stenosis (VAOS) is facili-
tated by the increased use of magnetic resonance
(MR) and computed tomography angiography
(CTA) following a transient ischemic attack
(TTIA) or stroke. Patients with symptomatic
VAOS have an increased risk of stroke [3] but the
risk of stroke in asymptomatic VAOS patients is
unknown.

Anatomy

The vertebral artery (VA) is usually the first and
largest branch of the subclavian artery, originat-
ing from its superior-posterior wall. However, in
2-5% of cases, the left VA arises directly from
the aortic arch between the left common carotid
artery and the left subclavian artery, rather than
from the subclavian artery. Beyond its origin, the
VA runs behind the anterior scalenus muscle,
entering the foramina transversarium of C6 in
88% of people, C5 or C7 in 6% of people, and
C4 in 4% of people [4].

The VA is divided into four segments. The
first segment (V1) extends from the subclavian
artery to the entrance into the foramina trans-
versarium, and the second segment (V2) extends
from its entrance into the foramina transversar-
ium to C2, and ascends almost straight, pass-
ing through the foramina transversarium of
each vertebra. As patients age, this segment can
become tortuous and can be impinged on by
bony spurs arising from the cervical spine. The
third segment (V3) extends from C2 to the point
at which the VA pierces the dura mater. Within
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this segment, the VA leaves the foramina trans-
versarium of C2, forming a lateral convex curve,
and reaches the foramen of C1. The fourth seg-
ment (V4), also known as the intradural segment,
extends from the point at which the VA enters
the dura mater to the vertebrobasilar junction [s].
Arterial supply to the cervical spinal cord comes
predominantly from the V2 and V4 segments.
Muscular branches originate from the second
and third segments of the VA and supply the cer-
vical muscles with rich anastomoses leading to
the thyrocervical and costocervical trunks and
the external carotid artery. Knowledge regard-
ing these anastomoses is extremely important
since they can provide important collateral flow
to the distal VA in instances of severe proximal
atherosclerotic disease [4].

Incidence & natural history
The overall prevalence of asymptomatic VAOS,
as detected by duplex ultrasound, is approxi-
mately 7% in patients with clinically manifest
atherosclerotic arterial disease [6,7]. The preva-
lence of VAOS as determined in routine cath-
eter angiography is low (5.4%), increases with
patient age and correlates with factors such as
anterior circulation infarct (18.4%), posterior
circulation infarct (33.3%), carotid athero-
sclerosis (30.8%) and vertebrobasilar insuffi-
ciency (33%) (8.9]. Moreover, the New England
Posterior Circulation Stroke Registry suggest
that 9-20% of posterior circulation strokes are
caused by VAOS [2].

A recent analysis of the Second Manifestation
of Arterial disease (SMART) study reported a
higher incidence of posterior circulation stroke
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Study (year)

Chastain et al. (2001)
Jenkins et al. (2001)

Albuquerque et al.
(2003)

Lin et al. (2004)

Hatano et al. (2005)

Dabus et al. (2006)

Taylor et al. (2008)
Vajda et al. (2009)
Ogilvy et al. (2010)

Zhou et al. (2011)

Patients (n)/lesions Endovascular

(n)

50/55
32/38
30/33

58/67
101
25/28

44/48
48/52
50/50

61/63

Intervention

Aspirin

Clopidogrel

LDL

Blood pressure

Lifestyle counseling in diet and exercise
Smoking cessation

(0.4% annual stroke rate) in patients with
asymptomatic VAOS (>50%) than in patients
without stenosis [6].

There is scarce data regarding the natural his-
tory of VAOS. The Carotid and Vertebral Artery
Transluminal Angioplasty Study (CAVATAS)
included 16 patients with VA ostial stenosis, eight
of which were assigned to medical treatment.
After more than 4 years of follow-up, two patients
in the medical treatment arm had transient
ischemic attacks and none had a stroke [10].

Pathophysiology
VAOS is mainly related to two stroke mecha-
nisms: artery—artery thromboembolism and
flow-related hemodynamic hypoperfusion. The
New England Posterior Circulation Registry
actributed 49% of VAOS strokes to artery—
artery embolism and only 16% was thought to
be ‘hemodynamic’ in origin [2]. Moreover, the
most common occlusive sites in this registry were
extracranial VAs (52 of 407 patients, 15 bilateral),
intracranial VAs (40 patients, 12 bilateral) and
basilar arteries (BAs; 46 patients) [1].

In the New England Posterior Circulation
Registry, 59% patients had strokes without TIAs,
24% had T1As followed by strokes and 16% had

Complications'

Intervention (n/%)
BMS 0
BMS 0
BMS 1/3
BMS 6/9
BMS 0
23 BMS 2/7
5 PTA

BMS 3/6
DES 0
35 BMS 0
15 DES

BMS 1/2

"Includes procedural complications and periprocedural (30-day) mortality and morbility.

BMS: Bare-metal stent; DES: Drug-eluting stent; M: Months; PTA: Percutaneous transluminal angioplasty.
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325 mg daily for 90 days
75 mg daily for 90 days
<70 mg/d|

<140/90 (<130/80 diabetic)

only TIAs [1]. Infarcts most often included the
distal posterior circulation territory (rostral brain-
stem, superior cerebellum and occipital lobes); the
proximal (medulla and posterior inferior cerebel-
lum) and middle (pons and anterior inferior cere-
bellum) territories were equally involved. Embolic
mechanism, distal territory location and BA
occlusive disease carried the poorest prognosis.

Embolism usually affects distal branches and
may manifest with TTAs or strokes. An infarct
of an embolic source is more likely to transform
into a hemorrhagic infarct than an infarct with
a hemodynamic cause [5]. Some investigators
state that hemodynamic impairment is the most
important mechanism of infarction when cardio-
embolic sources are excluded [11,12]. Furthermore,
the plaque of VAOS is generally smooth, firm
and nonulcerated [13], carrying a lower risk of
embolism than carotid bifurcation plaques
(14.15]. Hemodynamic symptoms usually result
from VAOS when associated with contralateral
VA absence, occlusion, stenosis or hypoplasia.
Patients usually experience symptoms when the
arterial blood pressure drops, become dehydrated
or experience orthostatic events [5].

From their autopsy study, Fisher and col-
leagues concluded that VAOS are seldom

Follow-up  >50% restenosis Ref.
(mean M) (%)

6 10 [33]
3.5 3 [35]
16.2 43 (28]
1 25 [35]
6 8 (36]
24 26 9]
7.7 48 (37]
7.7 12 [38]
21.3 31 (39]
12.5 27 (40]
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symptomatic [16]. The benign course of these
lesions, according to Fisher, is attributed to the
capacity to develop collateral reconstitution of the
VAOS - the usual presence of two viable arteries
that join together intracranially, so that if one is
compromised, the contralateral artery could com-
pensate — and the slow development of luminal
VAs compromised by atherosclerotic plaques
allows the development of collateral flow [17].

Posterior circulation signs and symptoms sug-
gestive of vertebrobasilar insufficiency include:
dizziness, vertigo, impaired balance, dysarthria,
syncope, diplopia, ataxia, nausea, vomiting,
tinnitus, cortical blindness, nystagmus, motor
and sensory deficits, dysphagia and decreased
levels of consciousness [15,9]. Symptoms are
more severe with contralateral VA occlusion [9].
A recent report of the New England Medical
Center Posterior Circulation Registry reported
dizziness (47%), unilateral limb weakness
(41%), dysarthria (31%), headache (28%), and
nausea or vomiting (27%) as the most frequent
posterior circulation symptoms [18].

Diagnosis

The gold standard for the diagnosis of VAOS
is catheter angiography. The subclavian arter-
ies and intracranial vessels should be carefully
imaged in order to determine the degree of
VAOS, VA dominance and flow dynamics that
may play a role in the development of symptoms.
Moreover, catheter angiography may provide
information about the plaque characteristics,
such as ulceration, extent and degree of stenosis.
Ultimately, an aortic arch angiogram may pro-
vide further information about the presence of
intra and extracranial collaterals, as well reverse
flow, as in the case of subclavian steal.

Duplex ultrasound has a high specificity
(93-98%) but a relatively low sensitivity (70%)
for the diagnosis of extracranial VA stenosis
(19]. Developments in the protocols of imaging
modalities, such as CTA and MR angiography,
have improved the visualization and diagnosis
of VAOS [4]. However, routine clinical time of
flight magnetic resonance angiography (MRA)
significantly overestimates VAOS, and CTA
tends to underestimate the degree and preva-
lence of VAOS [s]. Contrasted MRA may be
more accurate in determining the degree of

VAOS when compared with time of flight MRA.

Treatment modalities
There is no consensus on the optimal therapeu-
tic approach for symptomatic VAOS. Medical

management should maximize secondary stroke
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Figure 1. Patient 1 MRI. Magnetic resonance
diffusion-weighted imaging of the brain
demonstrating a left paramedian pontine stroke
(arrow).

prevention. The Stenting versus Aggressive
Medical Management for Preventing Recurrent
Stroke in Intracranial Stenosis (SAMMPRIS)
study is a good example of the effectiveness of
medical management in the treatment of pro-
gressive atherosclerotic lesions [20. SAMMPRIS
achieved a 30-day incidence of stroke and death
0f 5.8% in the medical arm, which is superior to
a previous intracranial atherosclerosis trial that
reported a 10.7% incidence of stroke and death
(21]. The medical treatment in the SAMMPRIS
study had been set rigorous goals (Taste 1) in the
treatment of atherosclerosis and achieved supe-
rior results compared with the interventional
arm, which involved angioplasty and stenting
of intracranial atherosclerotic stenoses. Although
SAMMPRIS is an intracranial atherosclerosis
trial, the effectiveness of the medical arm pro-
tocol may be extrapolated to the treatment of
extracranial atherosclerosis as well. SAMMPRIS
also exemplifies the power of medical man-
agement in a disease with high morbility and
mortality.

Surgical approaches for the treatment of
VAOS include endarterectomy, vertebral anas-
tomosis to the subclavian or common carotid
arteries and bypass. Open surgical reconstruc-
tion of the vertebral artery in the treatment of
VAOS carries high mortality (8.4%) and mor-
bidity (13.3%) rates and is generally not rec-
ommended [22]. Moreover, surgical repair of the
VAOS has a high incidence of cranial neuropa-
thies and non-neurological complications [23].
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Figure 2. Patient 1 endovascular treatment. (A) Left subclavian artery
angiography demonstrating approximately 75% stenosis of the left vertebral artery
origin. (B & C) Post-stenting unsubstracted and substracted views demonstrating
no residual stenosis and successful deployment of the stent across the area of

stenosis.
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These surgical procedures are often laborious
and technically complex. Nowadays, with the
advent of endovascular techniques, an open sur-
gical approach is rarely used.

Percutaneous transluminal angioplasty (PTA)
was the first endovascular alternative to open
surgery. Common complications with angio-
plasty are dissection, occlusion, vasospasm and
thromboembolism. The first report of a VAOS
angioplasty was described by Motarjeme ¢t 4/. in
1981 [24]. Later Higashida ez /. published work
on a series of 41 patients treated with angioplasty
(34 with V1-segment stenosis) [25]. Three per-
manent complications (7.1%) were reported in
this series, including two strokes and one vessel
rupture. Overall, angioplasty is associated with
an approximately 9% risk of transient neuro-
logical deficits and an up to 15% restenosis rate
(15.25-27]. The ostial segment of the vertebral
arteries, much like coronary and renal ostia, is
characterized by a large amount of elastin and

Interv. Cardiol. (2012) 4(4)

smooth muscle, both of which can produce high
recoil forces after angioplasty and stenting [28,29].
PTA of VAOS is associated with approximately
9% of TIAs and has a restenosis rate of up to
15% [25,27].

Endovascular treatment of the VAOS gained
increasing popularity in the 1990s with the
availability of stents. Storey et al. reported the
first vertebral artery stenting in 1996 [30]; since
then, multiple series have followed (Tasie 2).
Stent placement is believed to decrease the
incidence of elastic recoil and restenosis when
compared with PTA [12,15]. In addition, it may
protect against distal embolism by smoothing
luminal irregularities, reconstructing the ves-
sel anatomy and decreasing flow turbulence
(15.26]. A large systematic review of the litera-
ture regarding the endovascular treatment of
VAOS, including 1099 patients, determined
that the percutaneous reconstruction of the
proximal vertebral artery with stents is a safe
and effective procedure, with low periopera-
tive stroke and death rates. In this review, six
(0.5%) patients sustained a periprocedural pos-
terior circulation-related stroke, and another six
died within 30 days of intervention [31]. Another
review, which included 993 patients, found that
11 patients (1.1%) experienced a stroke and eight
(0.8%) experienced a TTA within 30 days of
the procedure [32]. These retrospective reviews
suggest that the overall rate of periprocedural
stroke and death after the endovascular treat-
ment of VAOS is low.

In summary, there is no strong evidence to
favor medical treatment, surgical reconstruc-
tion or endovascular treatment in the treat-
ment of symptomatic VAOS. A randomized
controlled trial evaluating PTA and stenting
for symptomatic vertebral artery stenosis com-
pared with medical therapy showed no benefit
of endovascular treatment: no patient in either
arm experienced a recurrent vertebrobasilar ter-
ritory stroke up to 8 years after randomization
(10]. However, these results are limited given the
small sample size (eight patients in each arm).
A larger trial assessing the best medical treat-
ment with or without stenting for symptomatic
vertebral artery stenosis is underway [41].

Treatment considerations

In our opinion, asymptomatic VAOS patients
should be treated medically. However, if the
patient is experiencing posterior circulation
events despite maximized medical therapy, and
no other sources of embolism have been identi-
fied, endovascular PTA with or without stenting

future science group



should be considered. Symptomatic patients
with bilateral VA disease who fail maximized
medical therapy should be treated endovascu-
latly, despite the limited evidence. The low com-
plication rate of an endovascular procedure may
justify an intervention when compared with the
natural history of the disease.

In our practice, we treat symptomatic patients
at the time of their presentation. In The New
England Medical Center Posterior Circulation
Stroke Registry, 24—59% of patients presented
with TIAs before developing a stroke [1.42].
Posterior circulation strokes may also have an
insidious course characterized by multiple TIAs
that finally culminate in a stroke. The fact that
at least a forth of posterior circulation strokes
are preceded by TIAs underscores the need for
urgent treatment in a disease that can have a
recalcitrant course. As has been demonstrated in
symptomatic carotid stenosis disease [43], most
patients with VAOS may benefit from treatment
within 2 weeks of symptom onset.

Restenosis

One caveat of PTA and stenting is the risk of
restenosis, which can range from 0 to 48%
(4.9.28.37). The degree of restenosis was quantified
in all studies by follow-up catheter angiograms,
obtained between 7 and 24 months. Mechanisms
involved in the development of restenosis include
injury of the arterial wall during angioplasty and
stent deployment and artificial straightening of
the vessel [28,44]. Mechanical strain in an ana-
tomic location with strong pulsatile movement
and unfavorable angulation of the subclavian
and VA may play a role in the development of
restenosis [38]. Moreover, a tortuous origin of the
VA, which arises in a sharp angle from the sub-
clavian artery, may lead to straightening at the
time of endovascular stenting and, later, resteno-
sis [45]. Cigarette smoking, vessel tortuosity and
small diameter have also been associated with a
higher risk of restenosis [37.40].

Pre- and post-intervention antiplatelet man-
agement is crucial in preventing restenosis. Most
series have described dual antiplatelet therapy
for at least 3 months following the intervention
(31]. Albuquerque ez al. reported one of the high-
est restenosis (43%) rates of all the published
series, probably because the investigators used
dual antiplatelets for only 3 weeks [23].

The interventional cardiology experience in
the use of sirolimus or paclitaxel-eluting stents
(drug-eluting stents [DES]) has shown a signifi-
cant reduction in the rate of restenosis by inhib-
iting neointimal hyperplasia [46]. The largest
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Figure 3. Patient 2 MRI and catheter-angiogram. (A) Magnetic resonance
diffusion-weighted imaging demonstrating a large right and a small left paramedial
cerebellar ischemic stroke. (B) Right subclavian artery angiography demonstrating
an approximately 80% stenosis at the origin of the right vertebral artery (arrow).

series of DES in the treatment of vertebral artery
ostial stenosis reported a restenosis rate of 12%
at a mean follow-up of 7 months [38]. This is one
of the lowest rates of restenosis reported in the
literature (Tasie2). Moreover, a systematic review
of the literature found that DES are associated
with lower restenosis rates (11%) compared with
bare-metal stents (30%) at a mean of 24 months
follow-up [32].

Technical considerations of VAOS
stenting

Patients are preloaded with dual antiplatelet
therapy at least 24 h before the intervention:
300-600 mg of clopidogrel and 325 mg of
aspirin. Most procedures are performed under
conscious sedation. The procedure can be per-
formed through different approaches: trans-
femoral, transbrachial and transradial access
(47]. Anticoagulation is administered with intra-
venous heparin to achieve an activated clotting
time that is two—three times the baseline value.
We usually use balloon-expandable coronary
stents because of their radial force, low crossing
profile and limited foreshortening. DES may be
used in diabetic patients and may decrease the
rate of restenosis [4,38].

In our practice, we oversize the length of the
stent by at least 3 mm at both ends of the stenotic
arterial segment. The proximal end of the stent
is usually deployed within the subclavian artery
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Figure 4. Patient 2 endovascular treatment. (A) Percutaneous transluminal
angioplasty, followed by deployment of a 3 by 15-mm balloon-mounted Xience
stent (Abbott Vascular, Temecula, CA, USA) across the area of stenosis.

(B & C) Substracted and unsubstracted views demonstrating less than 20%
residual stenosis and successful deployment of the stent.

(1 mm below the origin of the VA) in order to
cover the whole atherosclerotic plaque that usu-
ally originates at this level. Leaving the proximal
end of the stent ‘hanging’ in the subclavian (by

Figure 5. Patient 3 CTA and catheter-angiogram. (A) Approximately 60%
stenosis of the right vertebral artery origin as determined by computed tomography
angiography. (B) The degree of stenosis was more severe (80%) as demonstrated
by catheter angiography. (C) Successful angioplasty and stenting of the lesion.

424

Interv. Cardiol. (2012) 4(4)

more than 2 mm) is not advised by other authors
owing to the theoretical shearing force at the
ostium of the VA, originated by pulsation [38].
Distal protection devices to prevent cerebro-
vascular events during wire/catheter manipu-
lation and stent placement are rarely used. In
one study, 12 consecutive patients undergoing
PTA for subclavian and VAOS of atherosclerotic
origin were studied using transcranial Doppler
sonography monitoring before, during and after
angioplasty for 30 min at a time (48]. No embolic
signals were detected in any patient before angio-
plasty. During angioplasty, one embolic signal
was detected immediately after balloon deflation
in one of 12 patients. Several embolic signals
were detected immediately after the procedure
in six of 12 patients. These signals were detected
despite the routine administration of antiplatelets
and heparin. Qureshi ez a/. used distal protection
devices in 12 patients and visualization of embolic
debris occurred in eight devices [49]. In view of the
low procedural risks of PTA and stenting dem-
onstrated in the vast majority of case series pub-
lished, we do not advocate the use of protection
devices in the treatment of VAOS at this time.

Case examples

HCase 1

A 57-year-old man with hypertension, diabe-
tes and hyperlipidemia presented with an acute
onset of right hemiparesis. A brain MRI dem-
onstrated a left paramedian pontine infarction
(Fieure 1). A diagnostic cerebral angiogram dem-
onstrated the absence or occlusion of the right
vertebral artery and an approximately 75% left
VAOS (FIGURE 2A).

This type of stroke is generally associated
with occlusion of one of the BA perforators due
to intrinsic small-vessel ischemic disease in the
perforator or the presence of an atherosclerotic
plaque in the BA. However, a thromboembolic
event from the left VAOS could not be excluded.
Since the left VA was dominant and enlarged,
and the contralateral VA was not visualized, it
was decided to proceed with endovascular PTA
and stenting of the left VAOS in order to pre-
vent further strokes. The patient was loaded with
600 mg of clopidogrel and 325 mg of aspirin and
underwent endovascular stenting (Ficure 2B & C)
7 days after presentation. After successful stent-
ing of the left VAOS, he was discharged on
clopidogrel for 3 months and aspirin indefinitely.

B Case 2
A 60-year-old man with a history of hyperten-
sion presented with a 3-day headache and gait
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instability. Brain MR diffusion-weighted imag-
ing demonstrated the presence of a right cer-
ebellar stroke and a small left paramedian cer-
ebellar stroke (Ficure 34). A diagnostic cerebral
angiogram demonstrated approximately an 80%
right VAOS (Fieure 3B) and occlusion of the distal
branches of the right and left posterior inferior
cerebellar arteries. The patient underwent PTA
followed by stenting of the right VAOS (Ficure 4).

m Case 3

A 48-year-old with hypertension and diabe-
tes presented with left hemiparesis. Brain MRI
demonstrated a right pontine stroke. A CTA sug-
gested the presence of a 60% right VAOS and
occlusion of the left VA (Ficure 54). A diagnostic
cerebral angiogram demonstrated that the degree
of VAOS was underestimated by CTA. The VA
had approximately 80% stenosis at the origin.
The patient underwent successful angioplasty and
stenting of this symptomatic lesion (Ficure 5B & ©).

Diagnosis of vertebral artery origin stenosis

Conclusion

VAOS is a treatable cause of posterior circulation
strokes. PTA and stenting of the VAOS appear
to be safe with a 30-day stroke and death rate of
approximately 1% based on recent large system-

atic reviews of the literature [31,32]. A lower rate of

restenosis is observed with the use of DES [31,32,35].
The best treatment for symptomatic VAOS when
patients fail maximized medical therapy is yet to

be determine. PTA and stenting are endovascular

options that should be considered.
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Incidence & natural history of vertebral artery origin stenosis
The incidence of vertebral artery origin stenosis (VAOS) is between 5 and 7%.
The New England Posterior Circulation Stroke Registry suggests that 9-—20% of posterior circulation strokes are caused by VAOS.

Pathophysiology of VAOS strokes

Artery—artery thromboembolism and hemodynamic hypoperfusion are the main physiological processes in VAOS strokes.

Treatment modalities of symptomatic VAOS

Optimized medical management is the first treatment option.

Surgical procedures are often laborious and technically complex; nowadays they are rarely used.

Percutaneous transluminal angioplasty is associated with an approximately 9% risk of transient neurological deficits and up to a 15%

restenosis rate.

Endovascular stenting of VAOS has a 1% complication risk and appears to have less restenosis than percutaneous transluminal

angioplasty.
Restenosis

Mechanisms involved in the development of restenosis include injury of the arterial wall during angioplasty and stent deployment, and

artificial straightening of the vessel.

Cigarette smoking, vessel tortuosity and small diameter have been associated with a higher risk of restenosis.

DES have shown a significant reduction in the rate of restenosis by inhibiting neointimal hyperplasia.
Endovascular treatment considerations of symptomatic VAOS

Patients should be preloaded with dual antiplatelets before the procedure and then continue taking double antiplatelet therapy for at

least 3 months.

Distal protection devices are not routinely used during the procedure.
The stent is usually oversized by 3 mm at both ends of the stenotic arterial segment.
Balloon-expandable coronary stents are usually used for stenting because of their radial force, low crossing profile and limited

foreshortening.
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