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Abstract

The classification of spinal extradural arteriovenous fistulas (AVFs) was reported based on a case 
series treated by microsurgery in 2009 and endovascular interventions in 2011. The present 
report describes a patient with extradural AVFs at the cervical spine manifesting gradual pro-
gressive radiculomyelopathy of bilateral upper extremities. Magnetic resonance imaging (MRI) 
revealed a mass sign from C1 to C4 at the right ventral side and the spinal cord was deviated to 
the left and indicated as a flow void sign. Diagnostic angiography revealed an extradural AVFs 
located at the C1–C4 level that was supplied by bilateral radicular artery from the vertebral 
artery (VA) and right ascending cervical artery (ACA). The shunting points were recognized mul-
tiply at C2/3 and C3/4 levels on the right. The transvenous embolization to the enlarged extradu-
ral venous plexus around the shunting points via right hypoglossal canal and the transarterial 
embolization against multi-feeders of the branch of left radicular artery, right ACA achieved 
complete occlusion of the lesions. His symptom was gradually recovered, and angiography per-
formed 2 weeks after embolization showed no recurrence. When the arteriovenous shunts in the 
upper cervical spine were high flow shunts, transvenous approach via the hypoglossal canal 
might be one option for the treatment of spinal extradural AVFs.

Keywords: extradural arteriovenous fistula, cervical spine, endovascular treatment, anterior condylar 
emissary vein

Introduction

Spinal arteriovenous malformations (AVMs) including 
spinal arteriovenous fistulas (AVFs) were classified 
into four types based on the vascular supply, vascular 
drainage, and nidus location according to the 

traditional classification system.1–4) Dural AVFs are 
most common forms of spinal AVMs and extradural 
AVF accounts for approximately 1.6% of all spinal 
AVMs5) The classification of spinal extradural AVFs 
was reported based on the case series treated by 
microsurgery in 2009 and endovascular interventions 
in 20116–9) Moreover, the review and treatment 
strategy of spinal extradural AVFs according to the 
venous drainage patterns were reported.7,8) Rangel- 
Castilla et al. classified that extradural AVFs have 
two distinct subtypes: extradural AVFs with intra-
dural venous drainage (type A) and extradural AVFs 
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with pure extradural drainage only (type B). The 
type B extradural AVF in the cervical spine is rare 
among extradural AVFs and over a dozen cases 
were reported in the literature6–22) and almost cases 
were treated with transarterial approach. Takai et al. 
proposed that the goal of the treatment is the mass 
reduction of the venous plexus in patients with 
extradural AVFs without intradural venous drainage 
which was classified as type B. Because, the cause 
of compressive myelopathy is considered due to 
the compression from the enlarged extradural verte-
bral venous plexus.12) Endovascular embolization of 
the feeding arteries was performed as the first-choice 
treatment to block arterial reflux into the extradural 
venous plexus. 66.7% (2/3 cases) could complete 
or nearly complete embolization with transarterial 
embolization.12) Here, we report a case of a cervical 
spinal extradural AVFs without intradural venous 
drainage, which was successfully treated with the 
combination of transvenous and supplementary 
transarterial embolization.

Case Report

A 59 year-old man, who had a past history of 
myasthenia gravis, presented to our hospital. He 
had no traumatic episode and no prior cervical 
spine surgery. He had been aware of bilateral 
upper limbs pain, skillful movement disorders, 
and gait disturbance from approximately 5 months 
before and the symptoms had gradually progressed. 

Cervical X-ray showed a dilation of the right 
foramen at C3/4 and no instability. On magnetic 
resonance imaging (MRI), an epidural mass was 
recognized located around the right foramen of 
the C2–C4 compressing the spinal cord to the left 
(Fig. 1a–1c).

The mass was consisted with low signal intensity 
both on T1 and T2 suggesting a flow void of a 
vascular lesion. A part of the mass lesion was 
enhanced using contrast enhancement (Fig. 1d). 
3D-computed tomography angiography indicated 
extradural AVFs on the right in the cervical spine 
with multi-feeders (Fig. 1e).

Angiogram indicated multi-shunting points at the 
epidural space of right foramens of C2/3 and C3/4. 
The right subclavian artery angiogram demonstrated 
a high flow arteriovenous shunts at the extradural 
space around the right foramen of C3/4 from multi-
branches of the ascending cervical artery (ACA) 
which consisted the main portion of the AVF 
(Fig. 2a). Right vertebral artery (VA) angiogram 
demonstrated arteriovenous shunts at the extradural 
space around the right foramen of C3/4 from radic-
ular artery of V1 portion (Fig. 2b). Left VA angiogram 
demonstrated arteriovenous shunts at the extradural 
space around the right foramen of C2/3 and C3/4 
from radicular artery of V1 portion (Fig. 2c). The 
flow was drained to the extradural vertebral venous 
plexus without intradural and intracranial drainage. 
Cone beam CT images more clearly suggested that 
it was extradural AVF (Fig. 3). Based on the above 

Fig. 1 Preoperative MR images and CTA image. (a) T2 on sagittal view, (b) T2 on axial at C2/3, (c) T2 on axial 
at C3/4, (d) Gd-enhanced T1 on sagittal view, and (e) 3D construction image (red: artery, blue: vein). CTA: computed 
tomographic angiography, Gd: gadolinium, MR: magnetic resonance, 3D: three-dimensional. 
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findings, it was diagnosed as extradural AVF clas-
sified as type B1 by Rangel-Castilla L.

Endovascular treatment was performed under 
general anesthesia and systemic heparinization to 
maintain the activated clotting time at level above 
twofold to threefold of the baseline value. First, 
transvenous embolization was conducted. First, 
6 French intermediate catheter assembled with 8 
French guiding catheter system was placed in the 
right internal jugular vein via right femoral vein. 
The microcatheter (Excelsior 1018; Stryker, Fremont, 
CA, USA) was coaxially inserted into extradural 
space at C3/4 on the right side nearby the shunting 
point via anterior condylar emissary vein in the 
hypoglossal canal and coil embolization was 
performed (Fig. 4). After this procedure, most of 
the shunt volume decreased. Second, 5 French 
guiding catheter (Envoy; Cordis, Miami Lakes, FL, 
USA) was placed in the left VA via left femoral 
artery. The microcatheter (Excelsior SL-10; Stryker, 
Fremont, CA, USA) was coaxially inserted into 
the radicular artery at left V1 portion and coil 
embolization was done. Third, the same 5 French 

guiding catheter was repositioned in the origin 
of right ACA and the branches of right ACA 
embolized with n-butyl cyanoacrylate (NBCA; 33% 
concentration) to prevent the recurrence form the 
collateral branches. The combination of transve-
nous and transarterial embolization leaded complete 
arteriovenous shunts obliteration (Fig. 5). The 
systemic heparinization was naturally reversed 
because the AVF was not related to the intraspinal 
venous reflux. The myelopathy gradually recovered 
and the follow up angiogram 2 weeks later demon-
strated complete shunt obliteration.

Discussion

Spinal dural AVFs commonly cause the progressive 
myelopathy because the arterial blood reflux into 
the intradural veins increase medullary venous 
pressure.23) On the other hand, spinal extradural 
AVFs cause myelopathy or radiculopathy because 
abnormal direct connection between arteries and 
the extradural venous plexus within spinal canal 
causes venous hypertension, mechanical compression, 

Fig. 2 Angiogram. (a) Right subclavian angiogram, (b) right VA angiogram, and (c) left VA angiogram. 
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Fig. 3 Cone beam CT image with right and left VA angiogram showed the direct reflux to extradural vertebral 
venous plexus. (a) Axial image with right VA angiogram at C2 level, (b) axial image with left VA angiogram at 
C3 level, (c) axial image with right VA angiogram at C2 level, (d) axial image with right VA angiogram at C3 
level, and (e) coronal image with right VA angiogram. CT: computed tomography, VA: vertebral artery. 

Fig. 4 Cone beam CT image demonstrated that the microcatheter was inserted into extradural space at C4 body 
level via hypoglossal canal. White ring: hypoglossal canal. (a–d) Coronal image, (e, f) sagittal image. CT: computed 
tomography. 
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and vascular steal effect.6,8,18,24–26) Extradural AVFs 
rarely causes hemorrhage.18)

Kiyosue et al.27) reviewed angiographic and clin-
ical characteristics of epidural and dural AVFS in 
the thoracolumbar spine. In the review of epidural 
AVFs in 59 and dural AVFs in 108, epidural AVFs 
and dural AVFs showed similar symptoms and male 
predominance. There were no significant differences 
in age, sex, or symptoms. A history of spinal surgery 
or trauma was less frequently observed in the dural 
AVF (12%) than epidural AVFs (36%). Huang et al.8) 
reviewed spinal extradural AVFs in 2013. In this 
review, 54 cases in cervical spine were summarized. 
As a pertinent history, neurofibromatosis type 1 of 
NF1, prior spinal surgery, and prior spinal trauma 
were 16/54 (30%), 5/54 (9%), and 7/54(13%), 
respectively. 50/54 (92%) showed extradural drainage 
only. This review was excellent study but contained 
many old reports and it is unclear whether its exact 
diagnosis of extradural AVF was correct.

In 2011, Rangel-Castilla et al.7) classified that 
extradural AVFs have two distinct subtypes: extra-
dural AVFs with intradural venous drainage (type 
A) and extradural AVFs with pure extradural drainage 
only (type B). In 2012, Takai et al.28) analyzed and 
reviewed the spinal extradural AVFs with or without 
intradural venous drainage published between 1990 
and 2011. In the review, posttraumatic and postop-
erative extradural AVFs were excluded because the 
spinal extradural AVF is defined as a spontaneous 

abnormal direct connection between an artery or 
arteries and the extradural venous plexus. According 
to the reviews, spinal extradural AVFS with intra-
dural venous drainage (type A) are diagnosed in 
patients around the 6th decade of life and causes 
myelopathy due to venous congestion, which is 
similar to dural AVFs. On the other hand, spinal 
extradural AVFs without intradural venous drainage 
(type B) are diagnosed in patients around the 3rd 
decade of life and had a tendency to show a normal 
signal intensity of the cord with a severe mass effect 
due to an enlarged extradural venous plexus; they 
commonly occurred in the cervical and upper 
thoracic regions (18/22, 82%). Therefore, type B 
extradural AVFs present with compressive myelop-
athy or radiculopathy due to the compression of 
the thecal sac or root sleeves by the enlarged extra-
dural venous plexus. We summarized the extradural 
AVFs without venous drainage (type B) in the 
cervical spine by adding the cases reported after 
2012 (Table 1). In almost cases, transarterial approach 
is chosen for spinal extradural AVFs. In Huang W’s 
review, 65 cases of extradural AVFs in whole spine 
among 101 cases underwent endovascular approach 
and the approach was transarterial in 87% of cases, 
transvenous in 11%, and a combination in 2%.8) 
Embolization materials included NBCA in 34% of 
cases, coils in 34%, balloons in 23%, and Onyx in 
17%. Takai et al.12) reported that 66.7% (2/3 cases) 
could complete or nearly complete embolization 

Fig. 5 Final angiogram. (a) Right subclavian angiogram. Arteriovenous shunts were obliterated. (b, c) Bilateral 
VA angiogram at the same time. Arteriovenous shunts were obliterated. VA: vertebral artery. 
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Table 1 Summary of clinical characteristics in patients with type B spinal extradural AVFs

Authors Year Age (years), 
sex Presentation

Loca-
tion of 

extradural 
veins

Feeders Diffuse T2 
high on MRI

Mass effect 
on MRI Treatment Occlusion 

of AVFs Outcome

Brinjikji 
et al.

2020 13, F Tetraparesis C4–C7 VA, 
thyrocervical 
trunk

+ + TAE (PVA) Total Improved

Takai et al. 2018 38, M Tetraparesis C3–C6 VA, ACA, 
DCA

– + TAE (NBCA, coils), 
microsurgery

Subtotal Improved

20, F Epidural hematoma, 
Tetraparesis

C5-T1 ACA – + TAE (NBCA, coils) Total Improved

77, M Epidural hematoma, 
Tetraparesis

C7 DCA – + TAE (NBCA, coils) Subtotal Improved

Nakagawa 
et al.

2014 54, M SAH C1–2 VA, ASA No 
description

No 
description

TAE (NBCA) Subtotal Improved

Puri 2014 45 Headache C1–C2 VA – – TAE (onyx) Total Improved

Rangel-
Castilla et al.

2011 57, M Myelopathy C2-T1 ACA – + TAE (onyx, coils) Total Improved

Wang et al. 2011 20, F Myelopathy C3–C7 VA, ACA – + TAE (onyx, coils) Total Improved

Paolini et al. 2008 26, M Myelopathy, NF1 C1–C5 VA,ECA,DCA – + TAE (balloon, coils), 
microsurgery

Total Improved

Tenjin, et al. 2005 72, F Myelopathy C6 VA – + TAE (coils) Total Improved

Chuang et al. 2003 4, F Epidural hematoma, 
Myelopathy

C6–C7 DCA – + TAE (NBCA), 
microsurgery

Total Improved

Kahara et al. 2002 38, M Neck pain, NF1 C2–C4 VA – + TAE (coils) Total Improved

Asai et al. 2001 24, M Myelopathy C5-T2 ACA, DCA + + TAE (NBCA), 
microsurgery

Partial Improved

Taylor et al. 2001 41, F Radiculopathy C1-T1 VA – + TAE (coils) Total Improved

44, F Radiculopathy C2–C7 VA – + TAE (balloons) Total Improved

Goyal et al. 1999 68, M Myelopathy Cervical VA, ECA, 
ACA, DCA

– + TVE (coils), 2 times Partial Improved

Szajner et al. 1999 48, F Klippel-Trenaunary 
syndrome

C5–C7 VA, ACA, 
DCA

– + TAE (coils, NBCA), 
TVE (NBCA) 2 
times

Total Improved

ACA: ascending cervical artery, DCA: deep cervical artery, ECA: external carotid artery, NF1: neurofibromatosis type 1, VA: vertebral artery.
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with transarterial embolization. In the lumbar spine, 
Kiyosue et al.29) reported and classified the ventral 
epidural AVFs regarding the draining routes; the 
perimedullary venous drainage type (PM type), the 
paravertebral venous drainage type (PV type), and 
the combined perimedullary and paravertebral 
venous drainage type (PMPV type).29) The type B 
extradural AVF in the cervical spine defined by 
Rangel-Castilla et al. was considered to correspond 
to the PV type by Kiyosue et al. and our case was 
also diagnosed as this type.

In our case, we tried transarterial embolization 
of the main feeders from ACA, but we judged that 
it was dangerous because the shunts were high 
flow and the NBCA and coils might flow over the 
shunting points into the jugular vein. Moreover, 
the coil embolization might result in only feeder 
occlusion and recurrence of the epidural AVFs 
because it could not obliterate the draining vein 
over multi-shunting points. Therefore, transvenous 
approach was performed as a first choice. Anterior 
condylar emissary vein in the hypoglossal canal 
from right jugular vein was chosen as the route to 
the enlarged cervical extradural venous plexus. 
Arteriovenous shunts from multi-branches of ACA 
almost disappeared. Next, transarterial embolization 
with coil and NBCA leaded complete obliteration 
of the AVFs. Theoretically, coil embolization into 
the venous plexus might be avoided because the 
coils may remain as a mass and may compress the 
dural sac and the root sleeve. However, the foramen 
at C3/4 on right was enlarged and the discontinu-
ation of the arterial pulsation might improve 
myelopathy.

In this case, we did not choose microsurgical 
resection because the arteriovenous shunts supplied 
from bilateral VA and had multi-shunting points 
and was located at the ventral side. It would be 
very difficult to resect multi-feeders from bilateral 
VA and multi-shunts to control and stop bleeding 
even if complete removal of the facet joints was 
done with anterior or posterior approach.

Conclusion

Extradural AVF of the cervical spine is a rare disease 
and its treatment strategy should be discussed 
carefully. When it is an extradural AVFs without 
intradural venous drainage and cause compressive 
myelopathy due to an enlarged vertebral venous 
plexus, flow reduction is necessary. Transvenous 
approach via anterior condylar emissary vein in the 
hypoglossal canal might be one option when the 
arteriovenous shunts in the upper cervical spine 
has a high flow shunt.
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