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Abstract
The authors reported an extremely rare case of bilateral spontaneous vertebro-vertebral arteriovenous fistulas
(VVAVFs) associated with fibromuscular dysplasia (FMD).
A 53-year-old hypertensive woman has been placed on antiplatelet drug following diagnosis of supratentorial ischemic
stroke for 2 years. Few months before hospitalization, she
developed bilateral audible bruits and progressive spastic
quadriparesis. Magnetic resonance imaging (MRI) of the
cervical spine showed bilateral dilated epidural venous
pouches, causing cervical spinal cord compression. Angiography revealed bilateral high-flow VVAVFs with diffuse ectasia, and typical “string of beads” appearance. The left-side
fistula located at C2-3 intervertebral foramen and the rightside at C3-4 intervertebral foramen. Reconstitution of bilateral vertebral arteries from bilateral occipital and ascending
cervical arteries was also noted distal to the fistulous site.
Other multivessel involvement included bilateral extracranial internal carotid, right renal, and intracranial arteries. The
right internal carotid studies showed short segment of fenestration or duplication of the distal cervical internal carotid
artery (ICA) combined with a small pseudoaneurysm at the
distal end of the fenestrated segment, probably representing previous arterial dissection. Under general anesthesia,
the fistulas were successfully treated by bilateral V2 segments sacrifice involving fistulous sites using fibered coils.
Follow-up MRI and angiography confirmed complete obliteration of the fistulas and resolution of large epidural venous

pouches. The patient has gradually improved and returned
to her normal daily activities within six months after
treatment.
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Introduction
Remaining a disease of unknown etiology, pathogenesis and long- term outcome data, fibromuscular
dysplasia (FMD) is non-inflammatory, non-atherosclerotic arteriopathy affecting commonly in renal, extracranial carotid, and vertebral arteries. However, FMD
may affect any artery, including visceral and extremity arteries [1-7]. Multisite involvement is common [8].
The disease may manifest with a serious vascular event
following nonspecific symptoms, resulting in delay in
diagnosis. FMD can be identified by its characteristic
angiographic appearance. In addition, histopathologic
confirmation of the diagnosis of FMD was available in
only small number of patients. Therefore, the diagnosis
of FMD was based on angiographic or noninvasive im-
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aging [9,10]. According to the three main arterial wall
layers, FMD is then classified into intimal, medial, and
adventitial fibrodysplasia. The most common type of
FMD is medial fibroplasia, representing with the typical
“string of beads” appearance [1,11]. Vertebral artery
(VA) FMD is less common than internal carotid artery
(ICA) FMD and usually associated with carotid lesions
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[3,8,10,12-14]. The rate of angiographic incidence of extracranial VA FMD is approximately 0.17%-0.27% [4,12].
Another study of 36 patients with cervico-cephalic FMD
by Pasquini, et al. [8], they found that all patients had
ICA involvement, bilateral in 61% and 50% had associated VA involvement, bilateral in 44%. According to the
study of 70 patients with FMD by Manelfe, et al. [12],

Figure 1: T2 weighted images of sequential images from right to left side of sagittal (a, b, c), upper to lower level of axial (d,
e, f), and anterior to posterior aspect of coronal (g, h) views of the cervical spine show irregularity, ectasia, and tortuosity in
V1-V2 segments of both vertebral arteries, and demonstrate markedly dilatation of bilateral anterolateral epidural venous
plexus as tubular flow voids of the spinal canal from C2 to C5 level, causing severe cervical cord compression. There is T2
signal hyperintensity within upper cervical cord, representing compressive myelopathy. Contrast-enhanced magnetic resonance angiographic image of the neck (i) confirms bilateral vertebro-vertebral arteriovenous fistulas and fusiform dilatation
with focal dysplastic change of bilateral distal cervical internal carotid arteries (ICAs). A small saccular aneurysm of the right
supraclinoid ICA is also noted (white arrowhead).
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Figure 2: Anteroposterior (a, b, c) and lateral (d, e, f) views of the left vertebral artery (VA) injection show high-flow vertebro-vertebral arteriovenous fistula (VVAVF). There is diffuse ectasia with alternating dilatation and stenosis of V2 segment
with drainage into enlarged left epidural venous plexus, posterior cervical veins, sigmoid sinus, and internal jugular vein. The
fistulous site is located at C2-3 intervertebral foramen (arrow). Anteroposterior (g, h, i) and lateral (j, k, l) views of the right VA
injection reveal high-flow VVAVF. There is diffuse ectasia with alternating dilatation and stenosis of V2 segment with drainage
into enlarged right epidural venous plexus, and posterior cervical veins. The fistulous site is located at C3-4 intervertebral
foramen (arrowhead). No antegrade flow of bilateral VAs is noted.
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they found VA FMD in 24% and among these, bilateral
vertebral lesions at the rate of 30%. The formation of
arteriovenous fistula in patients with FMD may result
from the rupture of the aneurysm located on dysplastic
vessels, representing a complication of pre-existing arterial fibrodysplasia [2,5,15].
Spontaneous vertebro-vertebral arteriovenous fistulas (VVAVFs) are non-traumatic abnormal connections
between the extracranial VA or its branches and neighboring veins including epidural venous plexus, paravertebral veins, internal jugular vein, and/or perimedullary
veins [16,17]. Spontaneous VVAVFs have been associated with FMD, Neurofibromatosis Type 1 (NF1), and
Ehlers-Danlos syndrome (EDS) [18-22]. Bilateral VVAVFs
are extremely rare and usually traumatic cause, especially by bilateral iatrogenic puncture [23,24]. Spontaneous bilateral VVAVFs associated with FMD are also
extremely rare. To the best of our knowledge, only
one case of bilateral VVAVFs associated with FMD has
been shown previously in the data table of the series of
VVAVFs by Beaujeux, et al. [17].
The authors described a patient with spontaneous
bilateral VVAVFs associated with FMD manifested with
cervical bruit and progressive myelopathy. The fistulas
were successfully treated by bilateral V2 segments
sacrifice using fibered coils.

Case Report
A 53-year-old, right-handed, non-smoker woman
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with medical history of hypertension and dyslipidemia
was admitted to the local hospital because of right
hemiparesis. She had no family history of stroke or other
cerebrovascular diseases. By computed tomography
(CT) scan, she was diagnosed as cerebral infarctions
at left lentiform nucleus, head of caudate nucleus,
internal capsule, and centrum semiovale. She had been
placed on antiplatelet drug and returned to normal
daily activities. Two years later, she suffered from
right hemiparesis and bilateral audible bruits without
history of trauma. She went to the same local hospital
and was investigated by CT scan. She was diagnosed as
recurrent stroke and obtained echocardiography and
doppler ultrasound of both carotid arteries with results
of normal study. She was discharged home 2 days later
and made appointment in next one month. Two weeks
later, she developed quadriparesis (power grade 3-4/5),
predominantly affecting the right more than the left
side, with incontinence of bowel and bladder. She went
back to the hospital and was sent to our institute one
month later. On physical examination, a palpable thrill
and loud bruit were evident over both sides of neck. No
abnormal skin lesions were detected. The neurological
examination revealed evidence of spastic quadriparesis
(power grade 1-2/5), the lack of pinprick sensation
below C4 level, absent of proprioception, loss of anal
sphincter control, hyperreflexia of upper and lower
extremities, clonus, and presence of Babinski’s sign.
Magnetic resonance imaging (MRI) and contrast-en-

Figure 3: Anteroposterior (a, c) and lateral (b, d) views of the left and right occipital arteries injections, respectively, show
reconstitution of bilateral vertebral arteries (VAs). Anteroposterior (e) and lateral (f) views of the left ascending cervical artery
injection also reveal reconstitution of the left VA. Lateral views (g) and 3D reconstruction (h) of the right internal carotid
artery (ICA) injection demonstrate short segment fenestration or duplication of the cervical ICA combined with a small
pseudoaneurysm at the distal end of the fenestrated segment.
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hanced magnetic resonance angiography (MRA) of the
cervical spine showed bilateral high-flow VVAVFs. Enormous dilatation, markedly tortuosity, and irregularity
of the V1-V2 segments of both vertebral arteries were
apparent. Abnormal enlarged epidural vertebral venous
plexus as tubular flow voids of the spinal canal from
C1-C5 level on both sides compressed severely anterolateral aspect of cervical cord, especially at C2-C3 level.
There was swelling of spinal cord from C1-C7 with abnormal hypersignal T2 change of the spinal cord from
C2-C4, representing myelopathy (Figure 1). In addition,
MRA of renal arteries showed dysplastic change and
stenosis of the right side.
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Digital subtraction angiography (DSA) revealed bilateral high-flow VVAVFs with diffuse ectasia, and alternating areas of dilatation and stenosis of bilateral
V1-V2 segments, representing typical “string of beads”
appearance. The left-side fistula located at C2-3 intervertebral foramen and drained directly into enlarged
left anterior internal (epidural) vertebral venous plexus
with another route draining into left posterior cervical
veins and internal jugular vein, subsequently upward
draining into left sigmoid sinus and suboccipital veins.
The right-side fistula located at C3-4 intervertebral foramen and drained directly into dilated right anterior
internal (epidural) vertebral venous plexus with another route draining into right internal jugular and posteri-

Figure 4: Anteroposterior (a, c) and lateral (b, d) views of the left and right vertebral arteries (VAs) injections, respectively,
after packing with fibered coils at fistulous site and V2 segments proximal to the fistulas show residual shunts with antegrade
flow of both VAs.
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or cervical veins. No antegrade filling of distal VAs was
seen (Figure 2). Reconstitution of bilateral VAs from bilateral occipital and ascending cervical arteries was also
noted distal to the fistulous site (Figure 3a, Figure 3b,
Figure 3c, Figure 3d, Figure 3e and Figure 3f). The right
internal carotid studies showed short segment of fenestration or duplication of the distal cervical ICA combined
with a small pseudoaneurysm at the distal end of the
fenestrated segment (Figure 3g and Figure 3h). A small
saccular aneurysm was detected at superior aspect of
the right clinoid ICA. Fusiform dilatation and mild focal
dysplastic change of bilateral distal cervical ICAs were
observed.
Under general anesthesia with bilateral femoral approaches, the left V2 segment occlusion was performed
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at the fistulous site and proximal portion to the fistula
with 10 detachable fibered coils (Interlock™-35, Boston
Scientific, Natick, MA). The same procedure was then
performed at the right V2 segment with 22 fibered coils.
The size of fibered coils used for embolization in our
case varied from 5 mm × 15 cm to 12 mm × 30 cm. Immediate postembolization, DSA revealed residual shunt
at both sides but significant reduction of flow with antegrade filling of distal VAs was seen (Figure 4).
One day after treatment, the audible bruits and neck
thrill disappeared, and power grade of the patient improved to grade 2-3/5. The patient gradually improved
following continuous rehabilitation program. MRI follow-up one-month after embolization showed disappearance of bilateral dilated epidural venous plexus

Figure 5: One month after embolization, T2 weighted images of sequential images from right to left side of sagittal (a, b,
c), upper to lower level of axial (d, e, f), and anterior to posterior aspect of coronal (g, h, i) views of the cervical spine reveal
disappearance of bilateral dilated epidural venous plexus with resolution of cervical cord compression. Enlarged bilateral
vertebral arteries are still observed with T2 hyperintensity instead of T2 hypointensity from previous study, suggesting flow
reduction.
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with resolution of cervical cord compression. Enlarged
bilateral VAs were still observed with hyperintense on
T2-weighted MRI sequence instead of hypointense from
previous study, suggesting flow reduction of the fistulas (Figure 5). Follow-up DSA, obtained three months
after embolization, revealed residual shunt on the left
side and complete obliteration of the right fistula. There
was significant regression of the irregular enlarged VAs.
Reconstitution of the VAs distal to the site of embolization through occipital and enlarged ascending cervical
arteries was noted (Figure 6). The patient got back to
her normal daily activities with full recovery of bowel
and bladder functions six months after treatment. Two
years after embolization, follow-up DSA confirmed no
recurrent of the fistulas with residual right VA proximal
to the pack of coils. There was a good collateral circulation from bilateral occipital and ascending cervical arteries (Figure 7).
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Discussion
Regarding venous drainage of the VVAVF, the fistula directly drained into the anterior and/or posterior
internal vertebral venous plexus (epidural). Intervertebral vein, communicating with internal vertebral venous plexus, may be distended by shunting and exited
through cervical neural foramen to paravertebral veins
and external venous plexus, including the suboccipital
venous system, internal jugular vein, and/or deep cervical veins. Retrograde venous drainage into medullary
system (intradural) drained via the bridging vein between intervertebral vein and radicular vein, running
along the cervical nerve root [25].
The mechanism of myelopathy in VVAVFs can result
from direct spinal cord compression from epidural
venous engorgement, and/or venous hypertension
from pial venous reflux [18,26]. Undoubtfully, the
mechanism of severe cervical cord compression in our

Figure 6: Three months after embolization, anteroposterior views of the left (a) and right (C) vertebral arteries (VAs) and
left (b) and right (d) thyrocervical trunks injections reveal residual shunt on the left side and complete obliteration of the right
fistula. There has been significantly regression of the irregular enlarged VAs. Reconstitution of the VAs distal to the site of
embolization through enlarged ascending cervical arteries is noted.
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Figure 7: Two years after embolization, anteroposterior (a, c) and lateral (b, d) views of the right and left subclavian arteries
injections, respectively, confirm no recurrent of the fistulas with residual right vertebral artery (VA) proximal to the pack of coils.
There is good collateral circulation from hypertrophic ascending cervical arteries. Anteroposterior views of the right (e) and left
(f) occipital arteries also reveal reconstitution of bilateral VAs.
Iampreechakul et al. Clin Med Rev Case Rep 2018, 5:248
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case can occur from forceful epidural compression from
bilateral dilated epidural venous pouches. The large
epidural venous pouch compressing spinal cord from
spontaneous VVAVF was found more frequently in the
fistula associated with NF1 [21,26-31].
Bilateral VVAVFs are extremely rare. They can be
caused by trauma or may occur spontaneously. For
traumatic cause, bilateral VVAVFs may result from
iatrogenic puncture of both VAs [23,24]. Most of
these fistulas tend to resolve spontaneously because
of the small size of the fistulas. Bilateral spontaneous
VVAVFs have rarely been reported in EDS, NF1, and
FMD [17,20,26,27]. Goyal, et al. [20] reported bilateral
VVAVFs at the level of C2 and C4 in the patient associated
with EDS. Due to asymptomatic fistulas, they left
untreated. The first case of bilateral VVAVFs associated
with NF1 was reported by Hasegawa, et al. [26] They
speculated that the atlantoaxial dislocation probably
plays an important role in the formation of the bilateral
VVAVFs. Only left-sized fistula was successfully treated
by a combination of balloon embolization and surgery
followed by occipitocervical fusion. Subsequently,
Siddhartha, et al. [27] reported another similar case of
bilateral VVAVFs associated with NF1 presenting with
neck pain and quadriparesis. At the level of C5 bilaterally,
the left fistula and VA were successfully occluded with
balloons following successful occlusion of the right
fistula and VA with coils in separate sessions at 2 days
interval without test occlusion due to reformation from
bilateral ascending cervical, ascending pharyngeal, and
occipital arteries. The patient improved significantly
and able to walk with support at 6 months follow-up.
In series of 35 VVAVFs in 34 patients of various causes
reported by Beaujeux, et al. [17], they found one patient
of bilateral spontaneous VVAVFs associated with FMD
presenting with tinnitus. Both fistulas were located
at the level of C1 to C2 and successfully treated with
balloons embolization. Other data in this patient were
not available in the published study.
Rarely, the patients with VVAVF may develop an
embolic posterior circulation stroke, producing vertigo,
ataxia, or homonymous hemianopia [32,33]. Thromboembolism may result from abnormal flow pattern within the venous outlet, producing reflux of venous clot,
leading to stroke in posterior fossa. Similarly, John, et
al. [32] reported a case of spontaneous VVAVF causing
acute ischemic stroke and cervical myelopathy. However, the stroke with right hemiparesis in our case was
compatible with an anterior circulation or supratentorial stroke, probably related to dysplastic changes of the
left ICA.
Based on 6 angiographic observations of apparent
fenestration of the cervical ICA, Gailloud, et al. [34]
have termed “pseudofenestration”, i.e. short segment
fenestration or duplication of the cervical ICA, and
strongly suggested that this condition probably was
a sequela of a segmental arterial dissection with a
Iampreechakul et al. Clin Med Rev Case Rep 2018, 5:248
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double lumen sign rather than a congenital anatomical
variant. Interestingly, they also found that 3 out of
6 patients in their series had angiographic features
of FMD. Thromboembolic events may relate to
pseudofenestration of the cervical ICA [35]. Therefore,
we believe that short segment fenestration of the right
cervical ICA combined with a pseudoaneurysm at the
distal end of the fenestrated segment in our case were
the pseudofenestration secondary to previous arterial
dissection on segment of ICA FMD.
According to the United States (US) registry for
FMD in 447 patients by Olin, et al. [10], FMD occurred
primarily in middle-aged woman and commonly affects
the renal, extracranial carotid, and VAs. Of 357 patients
obtained at least 2 vascular beds imaged, they found
that 35.3% had FMD in 2 vascular beds, representing
common multivessel involvement. Hypertension,
headache, pulsatile tinnitus, and dizziness are the most
common presenting symptoms of this disease. There
was a significant delay in diagnosis from the first onset
of clinical symptoms and signs of 4.1 years in woman.
These patients also had a transient ischemic attack or
stroke with a high frequency. The most common clinical
presentation of renal artery FMD is hypertension in
young woman [14]. Therefore, stroke in young and
middle-aged with hypertension should be investigated
for FMD by non-invasive imaging in cervico-cephalic
and renal arteries. In addition, the patients with
cervico-encephalic FMD should be obtained computed
tomography angiography (CTA) or MRA of renal arteries
for diagnostic confirmation [6].
Subsequently, after 921 patients enrolled in the US
FMD registry, the study revealed that these patients
have high prevalence (41.7%) of aneurysm (common
in the extracranial carotid, renal, and intracranial
arteries) and/or dissection (common in the extracranial
cervical, renal, and coronary arteries) prior to or at the
time of FMD diagnosis [7]. However, this largest series
of FMD did not mention about arteriovenous fistula
of involving vessels, confirming being extremely rare
condition. In addition, the diagnosis and treatment of
VVAVF associated with FMD may be delayed, leading to
potentially serious sequelae as in the current case which
was delayed in diagnosis of FMD for 2 years following
first symptoms of stroke.
Pasquini, et al. [8] studied the prevalence of multisite
involvement and prognosis in 36 patients with cervico-cephalic FMD and found that renal artery FMD was
present in 43% of patients. They disagreed that FMD is
usually considered as a relative benign disease because
the risk of recurrent stroke, death, or FMD progression
was high. From the meta-analysis in 498 patients with
FMD involving ICA and/or VA by Cloft, et al. [36], the
prevalence of incidental, asymptomatic intracranial saccular aneurysms was approximately 7%. We also found
an unruptured intracranial aneurysm in the current case.
• Page 9 of 12 •
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Varennes, et al. [6] have demonstrated the less common imaging findings of FMD, including vascular loops,
fusiform vascular ectasia, arterial dissection, aneurysm,
and subarachnoid hemorrhage. In the present case, we
also found fusiform vascular ectasia of both carotid arteries, pseudofenestration of the right cervical ICA, and
intracranial aneurysm of the right ICA. FMD usually affects middle and distal portions of internal carotid and
vertebral arteries [5,9]. Interestingly, in the present
case, VA FMD also involved bilateral proximal portions.
The goal of the treatment of the VVAVF is the
obliteration of the fistula and preservation of VA flow.
However, preservation of the VA is often not possible
[20]. Proximal occlusion or trapping procedure without
obliteration of the fistula may be ineffective because
collateral vessels, i.e. segmental branches of VA,
ascending cervical, deep cervical, ascending pharyngeal,
and/or occipital arteries, may maintain the fistula
patency [16,22,24].
Initially, the obliteration of the VVAVFs by endovascular treatment with preservation of vertebral flow or
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trapping procedure can be performed mainly by detachable balloons [16,17]. Occasionally, the fistula requires a
combination of endovascular treatment and surgery for
achieving completely obliteration. By surgical treatment
alone, it is difficult, and often unsatisfactory because
of uncontrollable massive bleeding from the engorged
veins. Due to unpredictable complication, such as early
deflation of the balloon, coiling and stenting have been
increasingly used as an alternative treatment in recent
decades. In addition, it is difficult to navigate balloon
catheter through tortuous and irregular arteries involved by FMD [15,17,26,28]. According to anatomically
based approach for embolization of VVAVFs by Yeh, et
al. [37], they proposed that the fistula in V1-V2 segments
of the VA could be treated effectively by covered stent
with preserving of the patency of the VA. Stent graft may
be used in a single large hole and high-flow VVAVF with
no apparent difference between the proportions of the
proximal VA and distal to the fistula site [28]. For the fistula associated with FMD, however, it is also difficult to
navigate the stent through tortuosity of the vessels.
Generally, endovascular treatment of large VVAVFs

Figure 8: Schematic illustration of the vertebrobasilar system superimposed on a grid representing fibromuscular dysplasia
(FMD) of bilateral vertebral arteries (VAs) with arterial variations, including bilateral occipital-vertebral anastomoses at level of
C2 and bilateral ascending cervical-vertebral anastomoses at level of C3. (Adapted from Lasjaunias P, et al. [38]).
Iampreechakul et al. Clin Med Rev Case Rep 2018, 5:248
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with liquid embolic materials should be avoided due
to high risk of distal embolic events from high-flow
fistula. N-butyl cyanoacrylate (NBCA) may be injected
to completely occlude the fistula following packing of
coils [22]. Recently, the VVAVF with drainage into large
epidural venous pouch may be treated by endovascular balloon-assisted coiling and Ethylene vinyl alcohol
(EVOH) embolization [32]. However, myelopathic symptoms may be delayed in improvement by this technique
because of remaining mass effect from coils and liquid
embolic materials inside large venous lake. By technique of closure of the fistulas and VAs sacrifice as in
our case, MRI of cervical spine one month after embolization revealed complete resolution of the epidural venous enlargement and rapid resolution of myelopathic
symptoms occurred within few months.
VA sacrifice in spontaneous VVAVFs is often necessary but well tolerated [20]. Similar to extracranial fistula in NF1 patients, the optimal treatment for VVAVFs in
FMD is sacrifice of the affected artery due to the pathologic changes in the arterial wall. Complete assessment
of the angioarchitecture or vascular anatomy of the
VVAVFs and identification of the collateral flow from
the uninvolved VA is imperative before planning endovascular treatment [21].
Adapted from Lasjaunias, et al. [38], arterial variations in our case were plotted on a diagrammatic representation of the vertebrobasilar system (Figure 8). In
occlusive conditions of the VAs, a potential source of
collateral circulation may be occurred from the anastomoses at the level of C1 to C4. Common extradural variations of the VA include occipito-vertebral anastomoses
at the level of C1 to C2 (embryonic arterial remnants of
proatlantal I and II), and the ascending cervical artery
entering the vertebral canal at the level of C3 to C4. In
addition, another anastomotic filling of the distal ipsilateral VA may arise from the ascending pharyngeal artery
[21,27,31].
Without surgical decompression, few case reports
including our case demonstrated that the huge dilated
venous structures resolved following the occlusion
of fistulous site and parent artery with coils and/or
balloon [25,31]. Furthermore, bilateral obliteration of
the fistulas and VAs sacrifice in our case can achieve in
the same session.
In order to promote thrombus formation, we preferred to use fibered coils in the present case because
fibered coils are more thrombogenic than bare coils,
leading to significantly improved obliteration rates
[39]. Serial follow-up vertebral angiography in our case
revealed gradually resolution of the fistulas until complete closure, confirming further thrombogenicity of
fibered coils.
In the present case, FMD manifesting with a serious
vascular event following 2 years of continuous antiplateIampreechakul et al. Clin Med Rev Case Rep 2018, 5:248
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let therapy after mild stroke symptoms supported poor
prognosis in the FMD patients. However, the disabled
patient can return to a normal life with good outcome
following prompt endovascular treatment.

Conclusion
The authors illustrated an extremely rare case of
bilateral spontaneous VVAVFs associated with FMD
involving multivessel. Compressive cervical myelopathy,
leading to progressive deterioration of symptoms,
caused by forceful bilateral enlarged epidural venous
lakes. By endovascular treatment with fibered coils,
we have achieved complete closure of the fistulas and
parent VAs with excellent outcome.
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