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ABSTRACT

Vertebrovertebral arteriovenous fistula is an uncommon vascular disease with no clear management guidelines. It is most
commonly caused by iatrogenic injury. We have presented the details of two iatrogenic cases and a review to discuss
strategies for endovascular and surgical approaches. From the digital subtraction angiography findings, the verte-
brovertebral arteriovenous fistulas were occluded by endovascular coil positioning (patient 1) and surgical ligation of the
fistulas (patient 2). Although endovascular approaches are increasing in popularity and considered well-tolerated
treatments, open surgical treatment is still reserved for the most complex cases and those not feasible for endovas-
cular treatment. (J Vasc Surg Cases and Innovative Techniques 2021;7:206-10.)
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Vertebrovertebral arteriovenous fistula (VVAVF) is a rare
vascular disorder that results in a direct high-flow shunt
between the extracranial vertebral artery (VA) or its
branches and adjacent veins such as the vertebral
venous plexus, venous lakes, or jugular veins. latrogenic
VVAVF is a unique branch of the disorder that can result
from internal jugular vein catheterization or after angiog-
raphy injury to the vertebral artery,” leading to tinnitus,
palpable pulsating masses, neurologic deficits, and,
even, ocular symptoms.>* Using surgical or endovascular
techniques, VVAVFs can be treated by direct fistula
closure or occlusion of the VA above and below the fis-
tula. To date, only a few cases of iatrogenic VVAVFs
have been reported, with no definitive guidelines on its
clinical management.?® With the patient’s consent for in-
formation usage and report, we have described two
cases of iatrogenic VVAVF, which were successfully
treated with selected coil embolization and open repair,
respectively.

CASE REPORT
Patient 1. A 63-year-old woman with previous cervical spon-
dylosis and acupuncture treatment was admitted to our
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department for complaints of right-sided pulsatile tinnitus and
objective vertigo of 9 months’ duration. The physical examina-
tion revealed bruits located at the right mastoid and carotid
region. Carotid ultrasonography showed a fistula between the
right VA and vein (Fig 1, A), where the pulsatile vein was located
behind the VA. Computed tomography angiography (CTA)
revealed multiple dilated serpiginous vessels surrounding the
right VA at the C4 level. Imaging studies of the right internal
jugular vein and epidural venous plexus revealed a V2 segment
VVAVF (Fig 1, D). Digital subtraction angiography also showed a
dilated extracranial segment between the muscular branches of
the VA and a dilated periradicular venous plexus (Fig 1, B). Given
that significant tortuosity and narrowing of the arterial lumen
were present, which prevented the passage of detachable bal-
loons and stent, an embolization coil approach was chosen.
Because the imaging studies showed the dominant left VA
supplying the posterior circulation and retrograde filling to the
fistula in the right VA, which demonstrated the safety of block-
ing the right VA, A 6F introducer sheath (Cordis, a Cardinal
Health Co, Dublin, Ohio) was placed in the right subclavian ar-
tery, and the right VA was catheterized. A microcatheter (Turbo
Tracker 18; Boston Scientific, Marlborough, Mass) was placed
proximal to the arterial edge of the fistula, and coiling was
attempted with six interlocking detachable coils (Cook Medical,
Bloomington, Ind), which resulted in complete occlusion of the
right VA and fistula (Fig 1, C). The patient tolerated the procedure
without neurological deficits or discomfort. Her pulsatile tinnitus
had resolved after treatment, and she was discharged the next
day after postoperative CTA had revealed the success of the
treatment (Fig 1, E).

Patient 2. The second patient was a 40-year-old woman with
notable history of right internal jugular vein catheterization
5 years previously. She was admitted to our hospital because of
right-sided tinnitus, a pulsatile neck mass, and an overlying
audible bruit, which was more striking during sleep. On exami-
nation, a palpable fremitus and a continuous audible bruit were
found over her right neck. Carotid ultrasound scanning showed
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Fig 1. A, Carotid ultrasound scan showing a fistula between the right vertebral artery (VA) and vein. B,C, Digital
subtraction angiogram revealing multiple dilated serpiginous vessels surrounding the right VA and epidural
venous plexus. D,E, Preoperative and postoperative computed tomography angiograms (CTAs) showing the

diagnosis and confirming successful treatment.

a fistula between the right VA and vein, and the pulsatile
vertebral vein was found located in front of the VA (Fig 2, A). CTA
demonstrated multiple dilated vessels surrounding the Vi1
segment of the right VA and epidural venous plexus (Fig 2, B). A
dominant left VA was also found, which supplied the posterior
circulation, with retrograde filling to the fistula in the right VA.
An endovascular approach was chosen at first. With the pa-
tient under local anesthesia, a 5F Roadmaster guiding catheter
(Goodman Co, Ltd, Aichi, Japan) was placed in the right VA via
the right femoral artery. Angiography showed increased shunt
flow, reflux, and enlargement of the fistula. However, during
the procedure, we found an oversized venous portion of the fis-
tula, which prevented reliable and stable occlusion. Therefore,

the use of detachable balloons was abandoned. We also consid-
ered coil embolization. Nonetheless, coil embolization carries
the risk of embolus material migration or ischemic complica-
tions resulting from the high flow velocity through the VA and
fistula. In addition, the evident tortuosity at the beginning of
the VA prevented us from choosing endovascular stent therapy.
Therefore, open surgery was chosen as the alternative. With the
patient under general anesthesia, the right VA was exposed
through the supraclavicular incision. Continuous dilated fistulas
were found between the VA and vertebral vein. Their compli-
cated structure corroborated our perspective that endovascular
therapy was not the most reliable option. Because of the good
collateral circulation, right VA occlusion was planned. Ligation
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Fig 2. A, Carotid ultrasound scan showing a large fistula between the right vertebral artery (VA) and vein. B,
Preoperative computed tomography angiogram (CTA) showing the diagnosis of multiple oversized fistulas with
significant tortuosity. C, Follow-up CTA at 3 months after the procedure demonstrating successful treatment.

of the VA was performed above and below the fistula. The pa-
tient’s pulsatile tinnitus had immediately resolved after surgery,
and she did not experience neurologic deficits. Follow-up CTA
was performed 3 months after surgery and confirmed the
absence of recurrence of the right cervical VA fistula (Fig 2, C).

DISCUSSION

VVAVFs are rare entities without sufficient clinical data
and guidelines?® Typically, VVAVFs arise from trauma or
iatrogenic punctures but can also develop spontane-
ously owing to a possible genetic disorder.> A literature
review of 280 cases showed that 24% of VVAVFs were
secondary to iatrogenic complications. The three most
common causes of iatrogenic vertebrovertebral fistulas
are central venous catheterization (65%), angiographic

catheterization (9%), and C1-C2 pedicle or transarticular
screw fixation during cervical surgery (79%).°

Tinnitus and audible bruit are most common symp-
toms owing to the rapid arteriovenous shunting. The
diagnosis will be incidental at routine clinical examina-
tions for some patients, who will remain asymptomatic.
Neurologic symptoms of vertigo and diplopia can occur
secondary to the vertebral arterial steal phenomena
resulting from partial cutoff of the cerebral blood
supply.”

Management of VVAVFs, especially the optimal stan-
dard treatment, has not yet been defined. Although
guidelines are available for treating VA injuries after non-
penetrating cervical trauma,® guidelines specific to
VVAVFs would be important and beneficial given the
general lack of experience. Although spontaneous
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VVAVF occlusion has been reported in pediatric cases,>'°
a delay in treatment for adult patients should not be rec-
ommended to the best of our knowledge. A delay in
intervention will allow time for the fistula to recruit extra
feeding vessels, leading to more difficulties and hinder
possible treatment in the future. Therefore, we believe
that for patients with symptomatic bruit or existing retro-
grade, intracranial, or spinal cord venous drainage, treat-
ment is required for symptomatic relief.

Regarding the treatment technique, endovascular ther-
apy has been increasing in popularity as the treatment
modality for VVAVFs in recent years.!" Depending on
the patient's individual anatomy, endovascular treat-
ment can be constructive or deconstructive. Constructive
treatment selectively occludes the fistula, and keeps the
parent artery intact.””® Several studies have demon-
strated that detachable balloons are most appropriate
for the occlusion of fistulas because they can be repeat-
edly inflated and deflated, allowing for precise place-
ment and achievement of optimal fistula occlusion.'*®
However, the balloon could deflate, resulting in recur-
rence of the fistula. Although covered stent reconstruc-
tion offers a therapeutic alternative and has achieved
success in reported studies,'®'” it also shares the risks of
stent migration, kinking, fracture and fistula recurrence,
especially in tortuous vessels.'®?° Deconstructive treat-
ment supplements constructive treatment, excluding
the partial risks of recurrence and complications by
blocking the fistula and parent artery containing the fis-
tula. It is considered relatively safe to block the parent ar-
tery if the patient has adequate contralateral VA flow,
because the ipsilateral VA will compensate and exclu-
sively feed the fistula.

Given that our first patient presented with significant
tortuosity, which prevented the passage of detachable
balloons, and considering all the factors we have dis-
cussed, VA sacrifice with coil embolization was chosen.
We also performed adequate preparation and evaluation
preoperatively, such as imaging measurements of the
bilateral VA diameter, which we believe are important
before treatment. For our first patient, we used interlock-
ing detachable coils. Their use was relatively safe in our
first patient because the blood supply from the contra-
lateral VA was adequate. However, if the VA that contains
the fistula were dominant, covered stent reconstruction
might still serve as a good option. Although detachable
coils can slow the flow and lower the pressure within
the fistula, other embolic agents such as the nonadhe-
sive and well-penetrating Onyx (Medtronic, Dublin,
Ireland) can also be used. However, the embolic agents
that present with the characteristics of high adhesive-
ness and early polymerization should be avoided during
arteriovenous fistula treatment according to the re-
ported data.?'**

Although open ligation surgery might seem more inva-
sive and challenging owing to the anatomic position and
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the artery’s course through the cervical vertebrae® some
selected cases can still be, and should be, treated by sur-
gery, especially when endovascular treatment is not
feasible or carries a high risk of failure in patients with
complicated pathologic cases.?* In our second patient,
the preoperative carotid ultrasound scan showed high
flow in the VA fistula, with confirmation by digital sub-
traction angiography. Although no classification system
of velocity for VVAVFs is available, we thought the flow
was strong enough to potentially result in the risk of
embolization and material migration through the fistula.
In addition, multiple arterialized venous channels,
evident tortuosity, and inaccessibility of the fistula were
present. Thus, we did not choose endovascular therapy.
With a dominant left VA supplying the posterior circula-
tion, as demonstrated by the imaging studies, we
believed that occlusion of the VA had a relatively low
risk of causing significant basilar territory ischemia.
Therefore, ligation of the VA was performed above and
below the fistula to achieve complete obliteration of
the fistula, which can prevent retrograde flow from the
contralateral VA, leading to systemic pressurization or fis-
tula recurrence. Although the patient's symptoms
resolved, long-term follow-up is necessary to fully assess
the eventual outcome.

CONCLUSIONS

The clinical strategy is important to surgeons regarding
the treatment of iatrogenic VVAVFs. To date, no guide-
lines are available for the best treatment of VVAVFs.
Although the use of endovascular coiling or detachable
balloons is considered well-tolerated treatment, open
surgical treatment should still be reserved for the most
complex cases and those not feasible for endovascular
treatment.
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