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Endovascular Treatment of Vertebral Artery
Steal Syndrome from an Arteriovenous Fistula
Between the Internal Mammary Artery and
Superior Vena Cava

Jessica S. Huang, BS, Daniel Picus, MD, and Daniel B. Brown, MD

Vertebrobasilar insufficiency resulting from subclavian steal syndrome and high flow through hemodialysis fistulas
has been described. The present report describes a case of vertebral artery steal syndrome from an arteriovenous (AV)
fistula between the right internal mammary artery and superior vena cava with the unusual pattern of antegrade flow
through the vertebral artery in the setting of classic symptoms of steal. The AV fistula likely developed during earlier
cardiac catheterizations. The patient presented with progressively worsening gait and limb ataxia. Angiography
demonstrated the AV fistula and antegrade flow through the vertebral artery. Coil embolization of this high-flow
fistula resulted in complete resolution of symptoms.
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Abbreviations:

“STEAL” is a term that has been used
to describe the pathophysiologic pro-
cess of blood flow diversion from one
vascular bed to another lower resis-
tance-vascular bed (1,2). Subclavian
steal syndrome is perhaps the most
commonly described type of steal syn-
drome. It classically results from ste-
nosis of the subclavian artery proxi-
mal to the vertebral artery such that
flow is retrograde in the ipsilateral
vertebral artery. Subclavian steal syn-
drome presents clinically as upper-ex-
tremity claudication with associated
vertigo, ataxia, and visual distur-
bances suggestive of vertebrobasilar
ischemia.
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AV = arteriovenous, RIMA = right internal mammary artery, SVC = superior vena cava

Other causes of vertebral artery
steal are rare. In the literature, patients
with hemodialysis fistulas have been
reported to develop ipsilateral verte-
bral artery steal (3). We report a case of
vertebral artery steal syndrome from a
high-flow arteriovenous (AV) fistula
between the right internal mammary
artery (RIMA) and the superior vena
cava (SVC) that precipitated symp-
toms of vertebrobasilar insufficiency.
The steal syndrome was successfully
treated with use of endovascular tech-
niques.

CASE REPORT

This case report did not require re-
view by our center’s institutional re-
view board. An 18-year-old right-
handed man presented in April 2003
with a 7-month history of episodic loss
of balance that acutely progressed to a
constant feeling of disorientation and
severe, unsteady gait. Of note, the pa-
tient had a history of Wolff-Parkinson-
White syndrome that was treated in
1991 with two cardiac ablations. Ap-
proximately once per month, begin-

ning in September 2002, he experi-
enced an unsteadiness and imbalance
that required him to catch himself. In
April 2003, his condition precipitously
worsened, resulting in a fall at home.
He reported nausea and several epi-
sodes of emesis. He also reported feel-
ing confused and disoriented and in-
creasing lightheadedness, particularly
when standing. His symptoms were
noticeably worsened when his posi-
tion changed from lying or sitting to
standing. The patient noted difficulty
holding a pen and writing with his
right hand. He denied any history
of head injuries, including distant
trauma or loss of consciousness with
his recent fall.

The patient underwent magnetic
resonance (MR) imaging of the brain
and brainstem to evaluate a possible
cerebellar lesion. The MR imaging
findings were normal. A cerebral an-
giogram including imaging of the aor-
tic arch, both common carotid arteries,
and both vertebral arteries was then
obtained to evaluate for possible ver-
tebral artery dissection. Examination
of the carotid and vertebral arteries
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Figure 1. Flush aortogram in the right anterior oblique projection reveals tortuosity and
dilation of the right subclavian artery proximal to and extending to the origin of the
vertebral artery.

(extracranial and intracranial) had
completely normal findings. However,
angiography of the right subclavian
artery revealed a high-flow AV fistula
from the RIMA to the SVC (Figs 1,2).
There was a subtle irregularity of the
subclavian artery at the origin of the
vertebral artery, which was thought to
be caused by long-term increased tur-
bulent flow. Of interest, flow was
noted to be antegrade through the ver-
tebral artery during the study. It was
believed that his RIMA-to-SVC fistula
was iatrogenic in nature and likely re-
sulted from venous access attempts
during earlier cardiac ablations for
Wolff-Parkinson-White syndrome.

A 5-F H1 catheter (Cook, Blooming-
ton, IN) was used to selectively cathe-
terize the right subclavian artery. With
use of the same 5-F H1 catheter, the
RIMA was selectively catheterized.
Angiography demonstrated a 1-cm

AV fistula between the RIMA and
SVC located approximately 3-4 cm
distal to its origin from the subclavian
artery. Multiple 3-mm Gianturco coils
(Cook) were placed in the RIMA be-
yond the AV fistula. Multiple 5-mm
Gianturco coils and one 8-mm Gian-
turco coil were then deployed along
the ostium of the AV fistula and prox-
imal to the fistula. Postembolization
digital subtraction arteriograms dem-
onstrated successful embolization of
the AV fistula (Fig 3).

Immediately after embolization, the
patient had complete resolution of his
symptoms, including ataxia and dis-
orientation. The patient was asymp-
tomatic with normal findings on a
neurologic examination at 1-month
follow-up, and he continues to remain
without symptoms 2 years after embo-
lization.

DISCUSSION

Embolism, atherosclerosis, and ar-
terial dissection are the most common
causes of vertebrobasilar artery dis-
ease (4). Steal syndromes are an infre-
quent cause of vertebrobasilar insuf-
ficiency. We describe a patient with
a RIMA-to-SVC fistula causing verte-
bral artery steal syndrome with the
unusual finding of antegrade flow
through his vertebral artery and clini-
cally significant vertebrobasilar insuf-
ficiency. The patient presented with
classic vertebrobasilar ischemic symp-
toms of gait and limb ataxia, as well as
episodes of emesis. Vertebral artery
insufficiency commonly manifests as a
sudden loss of balance, with ataxic
events occurring when there is a re-
duction in blood flow or blood pres-
sure, which happens with standing
(4). Our patient also described in-
creased unsteadiness with standing.

Our patient had an AV fistula be-
tween the RIMA and SVC, with flow
diverted from the right vertebral ar-
tery to the low-resistance SVC. Al-
though retrograde flow in the verte-
bral artery is classically seen in steal
syndromes, our patient’s angiogram
demonstrated antegrade flow through
the right vertebral artery. Antegrade
flow in the vertebral artery has been
reported in six cases with angio-
graphically proven subclavian steal
syndrome (5), which underscores the
concept that it is the volume of blood
the brain receives and not the direc-
tion of flow that controls symptoms. In
the six cases of subclavian steal syn-
drome with antegrade flow, factors in-
fluencing symptoms were largely re-
lated to extensive collateralization and
concomitant carotid atherosclerotic
disease (5). Although no collateral ves-
sels were observed and intra- and ex-
tracranial vessels were normal except
for the high-flow AV fistula between
the RIMA and SVC, our patient’s clin-
ical presentation was pathognomonic
of vertebrobasilar insufficiency and
subclavian steal syndrome.

One explanation for the angio-
graphic findings of antegrade flow in
the vertebral artery in the setting of a
classic steal syndrome is that the right
vertebral artery may have been able to
maintain its intraluminal pressure
while our patient was in a supine po-
sition. Therefore, the pressure in the
right vertebral artery did not decrease
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Figure 2. Flush aortogram in the left anterior oblique projec-
tion demonstrates the AV fistula (arrow) between the RIMA and
SVC.

below the pressure in the left vertebro-
basilar artery and flow was antegrade
during angiography. However, with a
positional change, the vessel walls
may not have been able to sufficiently
compensate such that flow may have
become retrograde, accounting for the
worsening of our patient’s symptoms
with standing. The angiogram also
showed irregularity and widening of
the right subclavian artery at the ori-
gin of the right vertebral artery, sug-
gesting an area of turbulent flow. This
may have contributed to the decreased
perfusion of the posterior fossa.

The etiology of steal syndrome in
this patient was likely multifactorial.
Decreased inflow coupled with inade-
quate collateralization and decreased

Figure 3. Completion embolization angiogram with multiple
coils distal and proximal to the AV fistula and along the ostium
of the AV fistula demonstrates a lack of residual flow of contrast
medium.

perfusion pressure caused by the AV
fistula likely contributed to his symp-
tomatic vertebral artery steal syn-
drome. Resolution of the patient’s
symptoms after embolization of his
AV fistula confirms that the AV fistula
was the source of symptoms. Also, the
patient’s classic presentation of symp-
tomatic vertebrobasilar insufficiency
with a high-flow AV fistula without
any other radiographic or angio-
graphic abnormalities further con-
firms the diagnosis of a vertebral ar-
tery steal syndrome in this patient.
We postulate that this patient’s
RIMA-to-SVC fistula was associated
with the cardiac catheterizations he
had undergone earlier. In ablation
therapy for Wolff-Parkinson-White

syndrome, the right heart is accessed
through the femoral vein, subclavian
vein, or internal jugular vein (6). Dur-
ing this patient’s cardiac catheteriza-
tion, it is likely that the fistula was
created unknowingly from the SVC to
the RIMA, as cardiac catheterizations
are often performed with use of a
right-sided subclavian approach. The
patient had no other history of blunt
or penetrating trauma to his chest. The
patient was asymptomatic for more
than 10 years as his fistula increased in
size sufficiently that symptoms devel-
oped.

To our knowledge, antegrade flow in
the vertebral artery with vertebral artery
steal is uncommon, and this cause of
vertebral artery steal has not been de-
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scribed in the literature. In young pa-
tients with posterior fossa symptoms
and a history of procedures in which the
central veins are used for access, an AV
fistula causing vertebrobasilar insuffi-
ciency should be considered.
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