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BACKGROUND The main feeding artery of an anterior condylar arteriovenous fistula (AC-AVF) is the ascending pharyngeal artery and rarely the
internal maxillary artery.

OBSERVATIONS A 58-year-old male with a history of sinusitis since adolescence presented with a 5-year history of bilateral pulsatile tinnitus and a 2-month
history of right ocular symptoms. Angiography showed that the peripheral branches of the bilateral internal maxillary arteries were the main feeding arteries of
the AC-AVF and that they gathered in the clivus with a relatively large shunted pouch in the left jugular tubercle. Shunt flow drained to the right external jugular
vein via the right superior ophthalmic vein. A sheath was placed in the right external jugular vein, and a small distal access catheter was guided to the right
superior ophthalmic vein to allow the microcatheter to reach the shunted pouch. Selective angiography of the contralateral sphenopalatine artery allowed us to
confirm the gathering site of the feeding arteries and the shunted pouch and archive the complete occlusion.

LESSONS Selective angiography of the contralateral sphenopalatine artery may be useful to confirm the gathering site of the peripheral branches of
the bilateral internal maxillary arteries in an AC-AVF.

https://thejns.org/doi/abs/10.3171/CASE23452
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Anterior condylar-arteriovenous fistula (AC-AVF) is a relatively rare
AVF that forms around the hypoglossal canal. In an AC-AVF, the
main feeding artery is often the ascending pharyngeal artery, which
runs near the hypoglossal canal, and is rarely the internal maxillary
artery.1–4 We report the case of an AVF for which the main feeding
artery was the bilateral internal maxillary arteries.

Illustrative Case
History and Examination

A 58-year-old male had hypertension, hyperuricemia, and a his-
tory of chronic sinusitis since adolescence but no history of head
and neck trauma or surgery. He presented with a 5-year history of
bilateral pulsatile tinnitus and a 2-month history of conjunctival hy-
peremia, proptosis, and abducens nerve disease in the right eye.
Magnetic resonance angiography showed high signal intensity in
the left jugular tubercle and intraosseous part of the clivus and faint

high signal intensity in the left anterior condylar vein and right cav-
ernous sinus, suggesting a left AC-AVF (Fig. 1A and B). Computed
tomography showed the loss of cancellous bone in the left jugular
tubercle and left maxillary sinusitis (Fig. 1C). A fusion image of
computed tomography angiography and venography showed that
the outflow from the shunted pouch of the left AC-AVF drained into
the right superior ophthalmic vein via the right cavernous sinus.
(Fig. 1D).

The left external carotid angiography showed that the sphenopa-
latine artery, the artery of the foramen rotundum, and the artery of
the pterygoid canal, which are peripheral branches of the internal
maxillary artery, mainly flowed into the left AC-AVF. The cavernous
sinus branch of the middle meningeal artery, the accessory menin-
geal artery, and the ascending pharyngeal artery also flowed into
the shunted pouch (Fig. 2A–C). Outflow was divided into two direc-
tions of the anterior condylar vein and the basilar plexus from the
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shunted pouch. Furthermore, blood flow from the basilar plexus
was divided into two pathways, one draining from the right inferior
petrosal sinus to the right internal jugular vein and the other drain-
ing through the right cavernous sinus, right superior ophthalmic
vein, and right facial vein to the right external jugular vein. Blood
flow from the left anterior condylar vein flowed to the left lateral
condylar vein and the left posterior condylar vein, and downstream
the blood flow was divided into the vertebral venous plexus and the
deep cervical vein via the suboccipital cavernous sinus. On the
other hand, blood flow from the left anterior condylar confluence
formed a return pathway that flowed directly to the left internal jugu-
lar vein, in addition to a return pathway via the prevertebral vein to
the right internal jugular vein. Selective angiography of the left sphe-
nopalatine artery showed numerous feeding arteries that gathered
and flowed into the shunted pouch from the medial side (Fig. 2D).
Right external carotid angiography showed that the sphenopalatine
artery, artery of the foramen rotundum, artery of the pterygoid canal,
accessory meningeal artery, and ascending pharyngeal artery gath-
ered in the clivus from the sphenoid bone to the occipital bone and
flowed from the medial side into the shunted pouch within the left
jugular tubercle (Fig. 2E and F). Selective angiography of the right
sphenopalatine artery showed that the feeding arteries gathered and
flowed into the shunted pouch from the medial side (Fig. 2G). Selec-
tive angiography of the left ascending pharyngeal artery showed
diffuse inflow into the shunted pouch from the anterior caudal side
(Fig. 2H and I). No cortical venous reflux was observed, and a diag-
nosis of AC-AVF (Borden type I, Cognard type IIa) was made.

Endovascular Surgery
Transvenous embolization was performed with the patient under

general anesthesia. A 6-Fr guide catheter was placed in the bilat-
eral external carotid arteries for intraoperative angiography during
transvenous embolization, and a microcatheter was placed in the
right sphenopalatine artery and left ascending pharyngeal artery, re-
spectively, for selective angiography. First, we tried to reach the
shunted pouch from the right femoral vein via the right internal jugu-
lar vein, right inferior petrosal sinus, and basilar plexus, but the mi-
crocatheter showed bending behavior in the right cavernous sinus
and we could not reach the shunted pouch. Next, we tried to ap-
proach the right external jugular vein from the right subclavian vein,
but the bifurcation angle of the right external jugular vein from the

right subclavian vein was very steep, making it difficult to select the
right external jugular vein. The pathways from the vertebral venous
plexus and the left deep cervical vein to the shunted pouch via the
left anterior condylar vein were also very tortuous, and it was difficult
to approach the shunted pouch via these pathways. Therefore, direct
puncture of the right external jugular vein was chosen, an ultrasound-
guided direct puncture was performed, and a 6-Fr short sheath was
placed. We then introduced a small-diameter distal access catheter
(3.2/3.4-Fr Guidepost, Tokai Medical Products) and a microcatheter
(Headway Duo, Terumo) guided by a microguidewire (Chikai 14,
Asahi Intecc). A distal access catheter was placed via the right facial
vein into the right superior ophthalmic vein, and then a microcatheter
was advanced via the right cavernous sinus, right inferior petrosal si-
nus, and basilar plexus into the shunted pouch (Fig. 3A). A micro-
catheter was advanced to the lateral posterior portion of the shunted
pouch, where the left ascending pharyngeal artery gathered, and coil
embolization was performed. We then reversed the microcatheter
within the shunted pouch and guided it to the most proximal side of
the gathering site of the peripheral branches of the bilateral internal
maxillary arteries (Fig. 3B). Selective angiography of the right sphe-
nopalatine artery showed that the microcatheter tip was located at
the most proximal side of the gathering site of the feeding arteries
(Fig. 3C), which was densely embolized (Fig. 3D). Selective angiog-
raphy of the right sphenopalatine artery after embolization confirmed
the disappearance of shunt blood flow (Fig. 3E). Selective angiogra-
phy of the left ascending pharyngeal artery showed residual shunt
blood flow to the shunted pouch, so we continued to embolize the
shunted pouch and basilar plexus, which was considered the outflow
from the shunted pouch (Fig. 3F). Right external carotid angiography,
selective angiography of the left sphenopalatine artery, and left exter-
nal carotid angiography each confirmed complete occlusion of the
shunt (Fig. 3G–I), and the operation was completed.

Postoperative Course
There were no new findings of neurological symptoms in the post-

operative period, and the right-eye conjunctival hyperemia and bilat-
eral tinnitus disappeared immediately after the operation. The swelling
and protrusion of the right eyelid disappeared the day after operation,
and the abducens nerve disease in the right eye improved over time.
Magnetic resonance angiography and time-of-flight imaging performed
on the second postoperative day confirmed the disappearance of the

FIG. 1. Preoperative magnetic resonance angiography (MRA) and computed tomography (CT) images. A: MRA showing high signal intensity in the
shunted pouch (SP) of the left AC-AVF and faint high signal intensity in the left anterior condylar vein (ACV) and right cavernous sinus (CS) as the outflow
tracts. B: Time-of-flight (TOF) MRA image showing the SP of the left AC-AVF in the left jugular tubercle. C: CT showing the loss of cancellous bone in the
SP of the left jugular tubercle and left maxillary sinusitis. D: A CTangiography (orange) and venography (blue) fusion image showing the SP of the left
AC-AVF and outflow via the right CS into the right superior ophthalmic vein (SOV).
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high signal intensity in the shunted pouch in the left jugular tubercle
observed preoperatively (Fig. 4A and B). Computed tomography
showed coil masses filling the gathering site of the peripheral branches
of the bilateral internal maxillary arteries in the caudal side of the sphe-
noid bone, the shunted pouch in the jugular tubercle and the clivus

bone (Fig. 4C and D). Thereafter, the abducens nerve disease in the
right eye disappeared completely, and the patient was discharged
home on the fourth postoperative day. Magnetic resonance imaging
was performed on an outpatient basis, and postoperative angiography
performed at 6 months confirmed complete occlusion of the AVF.

FIG. 2. Preoperative angiography images. Frontal view of angiography (A) and three-dimensional (3D) rota-
tional angiography of the left external carotid artery (B) showing the left AC-AVF with the peripheral branches
of the left internal maxillary artery as the main feeding arteries. Axial view of cone-beam CT reconstructed
from 3D rotational angiography (C) of the left external carotid artery showing the sphenopalatine artery
(SPA), artery of pterygoid canal (APC), artery of foramen rotundum (AFR), accessory meningeal artery
(AMA), and CS branch of the MMA gathering in the sphenoid bone and the clivus of the occipital bone and
flowing into the SP in the left jugular tubercle. Frontal view of selective angiography (D) of the left SPA show-
ing the feeding arteries gathering and flowing into the SP. Frontal view of angiography (E) of the right external
carotid artery showing the left AC-AVF with the peripheral branches of the right internal maxillary artery
being the main feeding arteries. Axial view of cone-beam CT reconstructed from 3D rotational angiography
(F) of the right external carotid artery showing the SPA, APC, AFR, AMA, and ascending pharyngeal artery
(APA) gathering in the sphenoid bone and the clivus of the occipital bone and flowing into the SP in the left
jugular tubercle. Frontal view of selective angiography (G) of the right SPA showing the feeding arteries
gathering and flowing into the SP. Frontal view of selective angiography of the left APA (H) and axial view of
cone-beam CT reconstructed from 3D rotational angiography of the left APA (I) showing the feeding arteries
diffusely flowing into the SP from the anterior caudal side. ACC5 anterior condylar confluence; BP5 basilar
plexus; DCV5 deep cervical vein; FV5 facial vein; IJV5 internal jugular vein; IPS5 inferior petrosal
sinus; LCV5 lateral condylar vein; MMA5 middle meningeal artery; PCV5 posterior condylar vein;
PVV5 prevertebral vein; SCS5 suboccipital cavernous sinus; SOV5 superior ophthalmic vein;
SP5 shunted pouch; VVP5 vertebral venous plexus.
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Patient Informed Consent
The necessary patient informed consent was obtained in this study.

Discussion
Observations

In the AC-AVF of the present case, the peripheral branches of the
bilateral internal maxillary arteries were the main feeding arteries.
Typical feeding arteries of the AC-AVF are the ascending pharyngeal
artery (92% of AC-AVFs), occipital artery (56.3%), meningeal
branches of the vertebral artery (47.3%), and clival branches of the

meningohypophyseal trunk (21.4%). These feeding arteries, which
run near the hypoglossal canal, often form bilateral feeding arter-
ies.2,5 Rarely, the posterior auricular artery (13.4%), middle meningeal
artery (14.3%), and internal maxillary artery (5.4%) are the feeding
arteries of an AC-AVF.2 Mizutani et al.1 identified the ipsilateral sphe-
nopalatine artery as the feeding artery in two (28.6%) of seven cases
of AC-AVF on cone-beam computed tomography, and detailed analy-
sis can relatively often identify the peripheral branches of the internal
maxillary artery as the feeding artery. The peripheral part of the inter-
nal maxillary artery is called the pterygopalatine segment and runs

FIG. 3. Intraoperative imaging findings. A sheath was inserted directly into the right external jugular vein
(black arrowhead is the tip of the sheath, A) and a small-diameter distal access catheter was placed in the
right SOV via the right facial vein (gray arrowhead). A microcatheter was guided to the SP via the right
cavernous sinus and basilar plexus using the distal access catheter.White arrowheads indicate access
routes. After embolization of the lateral posterior portion of the SP, the microcatheter was reversed within the
SP and guided to the most proximal side (arrow, B) of the gathering site of the peripheral branches of the
bilateral internal maxillary arteries. Selective angiography of the right SPA (C) confirmed the presence of
the microcatheter tip (arrow) for embolization at the most proximal side of the gathering site of the feeding
arteries. The gathering site of the peripheral branches of the bilateral internal maxillary arteries was densely
embolized with coils (D). Frontal view of selective angiography of the right SPA (E) after coil embolization of
the gathering site of the peripheral branches of the bilateral internal maxillary arteries showing the disappear-
ance of shunt blood flow. The SP and its outflow tract, the basilar plexus, were embolized with coils (F). Right
external carotid angiography (G), selective angiography of the left SPA (H) and left external carotid angiography
(I) after coil embolization of the SP and basilar plexus confirmed complete disappearance of the shunt blood
flow.
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through the pterygopalatine fossa to the nasal cavity as a terminal
branch of the sphenopalatine artery. In the present case, cone-beam
computed tomography confirmed that the sphenopalatine artery run-
ning from the pterygopalatine segment of the internal maxillary artery
through the sphenopalatine foramen, the artery of the pterygoid canal
running through the pterygoid canal, and the artery of the foramen ro-
tundum running through the foramen rotundum formed bilateral feed-
ing arteries. Normally, the sphenopalatine artery does not flow into
the cranium because it reaches the nasal cavity, but in the present
case it penetrated the sphenoid bone and formed a feeding artery.
The feeding arteries from the peripheral part of the bilateral internal
maxillary arteries anastomosed with the cavernous sinus branch of
the left middle meningeal artery and the bilateral accessory menin-
geal arteries in the sphenoid bone. These feeding arteries gathered
in the sphenoid bone and then anastomosed with the right ascending
pharyngeal artery in the clivus of the occipital bone, with the feeding
arteries running a relatively long distance and flowing into the
shunted pouch in the left jugular tubercle. Kulanthaivelu et al.6 exam-
ined the angiography images of seven cases of anterior cranial fossa
AVF and confirmed that the sphenopalatine artery was the feeding
artery in three (42.9%) of seven cases, suggesting that the spheno-
palatine artery is the main feeding artery of the anterior cranial fossa
AVF near the nasal cavity.7 Furthermore, in AVFs formed within the
sphenoid bone, the peripheral part of the internal maxillary artery has
been identified as the main feeding artery.8,9

It is recognized that AVFs are triggered by trauma, infection, in-
flammation, surgery, tumors, venous sinus thrombosis, venous hyper-
tension associated with venous occlusion or stenosis, and factors
inducing angiogenesis.10 Considering the relatively large shunted
pouch formed in the jugular tubercle and the clivus of the occipital
bone and the 5-year history of tinnitus, the duration of the disease
since the onset of the AC-AVF seems relatively long. Angiogenesis
induced by the long-term increase in venous pressure associated
with AVF may have enlarged the shunted pouch and anastomosed
the peripheral part of the internal maxillary artery further away from
the shunted pouch as a feeding artery. The gathering site of the
feeding arteries in the present case was continuous within the occipi-
tal and sphenoid bones. Mizutani et al.1 speculated that there are
abundant intraosseous venous channels, such as the jugular tubercle
venous complex, around the hypoglossal canal, and that AC-AVF is
formed due to blood flow congestion and thrombosis in these intra-
osseous venous channels. There are also abundant venous tracts

within the clivus.11 Therefore, it is possible that the venous tract con-
gestion and thrombosis within the jugular tubercle and clivus caused
a physiological anastomosis between these venous tracts and the in-
trasphenoidal venous tract, and that further angiogenesis led to the
formation of an AVF.12,13 Furthermore, the patient had a history of si-
nusitis since adolescence, and preoperative computed tomography
showed left maxillary sinusitis just anterior to the sphenopalatine fora-
men. It is speculated that sinusitis or infection of the skull base trig-
gered thrombosis of the intraosseous veins, resulting in acquired AVF
formation in the bone.8 In the present case, sinusitis may have been
related to the fact that a branch vessel in the peripheral part of the
internal maxillary artery, far from the jugular tubercle, became the
feeding artery.

In AC-AVF, various feeding arteries and outflow veins form a
rich network, and the vascular structure is complex and overlapping,
making it difficult to ascertain the vascular architecture around the
shunt by ipsilateral carotid angiography.2 Selective microcatheteriza-
tion or contralateral carotid angiography to minimize the delineation
of the arteries around the shunt as much as possible can be useful
to obtain an accurate delineation of the fistulous point.14–16 In the
present case, it was difficult to delineate the fistulous point and the
shunted pouch in detail by ipsilateral external carotid angiography
(Fig. 2A), but the gathering site of the feeding arteries and the
shunted pouch were clearly delineated by contralateral external ca-
rotid angiography and selective angiography of the sphenopalatine
artery (Fig. 2E and G). In the present case, the feeding arteries of
the contralateral external carotid artery gathered in one site, so
there was no significant difference in the depiction of the gathering
site and the shunted pouch when comparing external carotid angi-
ography and selective angiography of the sphenopalatine artery, but
the usefulness of selective angiography is suggested in cases with
diffuse inflow into the shunted pouch. Furthermore, because the
sphenopalatine artery is a terminal branch of the internal maxillary
artery, there is no need to select the branch to guide microcatheters
into the internal maxillary artery. In the present case, insertion of
the microcatheter at the deepest part of the gathering site of the
feeding arteries was identified on selective angiography of the con-
tralateral sphenopalatine artery, allowing dense embolization of the
gathering site of the feeding arteries and elimination of shunt blood
flow from it (Fig. 3C–E).

In general, AC-AVF has a rich network in the outflow veins, result-
ing in various access routes to the shunted pouch.2 In the present

FIG. 4. Postoperative imaging findings. Magnetic resonance angiography (A) and TOF imaging (B) confirmed the disappearance of high signal intensity in
the SP (arrow). Axial (C) and coronal (D) sections of CT showing coils in the feeding arteries (arrowhead) with the peripheral branches of the bilateral inter-
nal maxillary arteries gathering in the caudal sphenoid bone and also in the SP of the jugular tubercle and the clivus.
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case, there was outflow from the shunted pouch, primarily to the bas-
ilar plexus and anterior condylar vein, and access to the shunted
pouch via the basilar plexus was considered the first choice for caus-
ing the ocular symptoms. Access from the femoral vein to the right
inferior petrosal sinus or right external jugular vein to the basilar
plexus and the shunted pouch was difficult. Furthermore, access to
the anterior condylar vein and the shunted pouch via the vertebral
venous plexus or deep cervical vein was also difficult. Finally, the
shunted pouch could be reached via the facial vein, superior ophthal-
mic vein, cavernous sinus, and basilar plexus by inserting a sheath
directly into the right external jugular vein. A case of an AC-AVF has
been reported, in which the superior ophthalmic vein was surgically
exposed at the supraorbital margin followed by direct puncture of the
superior ophthalmic vein to reach the shunted pouch and densely
embolize the shunt.17 However, in addition to cosmetic problems, this
method of direct puncture of the superior ophthalmic vein exposed by
resection may cause bleeding and difficulty in identification of the su-
perior ophthalmic vein, supraorbital nerve injury, and eyelid elevator
muscle injury.18 To our knowledge, no case has been reported in
which direct puncture of the external jugular vein was used to access
the shunted pouch of an AC-AVF and embolization was safely
achieved. When a sheath is inserted directly into the external jugular
vein, the interference between the distal access catheter and the
guide catheter caused by the difference in catheter length is elimi-
nated, allowing the small-diameter distal access catheter to reach as
far as possible. With adequate support from the distal access cathe-
ter, the microcatheter easily reached the shunted pouch, turned in
the shunted pouch, and was guided deep into the gathering site of
the feeding arteries, resulting in dense embolization of the gathering
site.

Lessons
Selective angiography of the contralateral sphenopalatine artery

may be useful to confirm the gathering site of the peripheral
branches of the bilateral internal maxillary arteries in an AC-AVF.
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