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Dural arteriovenous fistulas (DAVFs) are acquired pathological arteriovenous connections in-
volving vessels that usually supply the meninges. A DAVF in the region of the hypoglossal canal 
is a rare form of fistula that involves the anterior condylar confluence or anterior condylar vein. 
We report a case of hypoglossal canal DAVF that was successfully embolized transvenously 
through a superior ophthalmic vein (SOV) approach. After failed attempts through jugular 
access, our patient was treated by a unique percutaneous direct puncture approach through 
the SOV, achieving complete obliteration of the fistula. A step-by-step description of the endo-
vascular technique was described. The clinical course was uneventful without any new neuro-
logic deficit. The eye symptoms and third nerve palsy had completely resolved at the 3-month 
follow-up visit. Hypoglossal canal DAVFs are rare and may exhibit complex venous drainage 
patterns. Knowledge of the complex venous anatomy is essential for planning an alternative 
transvenous route if the standard approach is not feasible. Xper CT (Philips Healthcare, Best, 
The Netherlands) is an excellent tool for identifying the exact site of the fistula as well as for 
confirming a safe position of the catheter tip for successful occlusion of this complex dural AV 
fistula.
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INTRODUCTION

Dural arteriovenous fistulas (DAVFs) in 
the region of the hypoglossal canal (HC) 
are a rare form of fistula that involves 
the anterior condylar confluence (ACC) 
or anterior condylar vein (ACV).1 The 
fistula location near the condylar con-
fluence predisposes hypoglossal canal 
dural arteriovenous fistulas (HCDAVFs) 
to a complex venous network involv-
ing the orbital veins, cavernous sinus, 

dural sinuses, and the vertebral venous 
system.2 The standard approach for 
management of HCDAVFs is transve-
nous and/or transarterial embolization. 
When antegrade venous drainage of 
the fistula to the internal jugular vein (IJV) 
is restricted, then the drainage may be 
retrograde to the cavernous sinus and 
ophthalmic veins via the inferior petrosal 
sinus (IPS).  In such scenarios, accessing 
the ACC through IJV is not possible, leav-
ing the cavernous sinus as an alternative 
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approach for embolization. Direct transorbital puncture of 
the superior ophthalmic vein (SOV) has been rarely reported 
and is mostly limited to the management of cavernous sinus 
DAVF. We present our experience in treating a case of ACC 
DAVF by direct transorbital puncture of the superior ophthal-
mic vein as an alternative endovascular approach.

CASE REPORT 

A 55-year-old male was presented to our hospital with a 
1-month history of left eye chemosis, proptosis, and third 
nerve paresis. His ophthalmological examination showed 
elevated intraocular pressure. Magnetic resonance imaging 
revealed a dilated right SOV with an engorged cavernous 
sinus. Magnetic resonance angiography showed an abnor-
mal flow-related enhancement of the right cavernous sinus 
and IPS. A cerebral angiogram was carried out in the neu-
rointerventional suite (Azurion Biplane; Philips Healthcare, 

Best, The Netherlands). 3D rotational angiography and Xper 
CT imaging were also performed (20s DR-Head protocol, 
Xper CT; Philips Healthcare). The angiogram revealed right 
HCDAVF fed by the hypoglossal branches of the ascending 
pharyngeal artery and stylomastoid branch of the occipital 
artery. Retrograde venous drainage occurred predominantly 
through the IPS towards the cavernous sinus with cortical 
venous drainage into the superficial middle cerebral vein. 
The SOV was dilated, draining into the facial vein (Figs. 1A, 
1B, 2). No connection was noted between the ipsilateral IJV 
and the ACC. With the patient under general anesthesia, 
arterial access was achieved via the right common femoral 
artery. Venous access through the right femoral vein had 
been performed to attempt a transvenous approach. A 5F 
diagnostic catheter was placed into the right external carot-
id artery to perform control angiogram and road mapping 
imaging. The transarterial approach was not attempted as 
it carries a substantial risk of cranial nerve palsies with liquid 
embolic agents. A contralateral IPS approach to reach the 

Fig. 1. Right ascending pharyngeal artery digital subtraction angiogram lateral projection (A) demonstrating hypoglossal canal dural arteriovenous 
fistula (asterisk) with arterial supply from neuromeningeal trunk of ascending pharyngeal artery (dashed arrow). Retrograde venous drainage is seen 
directed into the inferior petrosal sinus (arrow), cavernous sinus (open arrow), superior ophthalmic vein (SOV) (arrowhead) with cortical venous reflux 
(black arrow). (B) Axial 3D rotational angiography images show multiple arterial feeders (white arrow) and the dilated anterior condylar vein and 
venous pouch (asterisk) in the hypoglossal canal. (C, D) Roadmap guided puncture of anterior apsidal tribute of the SOV (inferomedial approach).  
(E) During the procedure, the catheter tip was placed inadvertently in the basilar plexus (arrow), which was checked with Xper CT (Philips Healthcare, 
Best, The Netherlands. (F) A safe position of the microcatheter tip (arrow) inside the fistulous pouch was confirmed with Xper CT. (G) Axial recon-
struction of the post-coiling Xper CT scan shows coil mass inside the hypoglossal canal (arrow). Post embolization angiogram, lateral view (H) shows 
complete obliteration of the fistula.
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right cavernous sinus via inter-cavernous sinus failed. Venous 
access through the facial vein was also not possible because 
it drained to multiple small tortuous veins. Hence, it was 
decided to perform a direct percutaneous approach. The 
right eye region was prepared in a sterile fashion. The infer-
omedial approach was chosen and the medial third of the 
lower eyelid was the entry point. The eyeball was gently dis-
located superiorly with the thumb. With the patient’s head 
in a neutral position, a 20-gauge 2 inch puncture needle was 
advanced towards the extraconal portion of the SOV under 
roadmap guidance (Fig. 1C, D). When the puncture needle 
reached the SOV in the lateral roadmap, the inner stylet was 
taken out and backflow of blood was observed. The outer 
cannula of the puncture needle was fixed as access and 
attached to a rotating hemostatic valve. After stabilizing the 
cannula, venography was performed to confirm the position 

of the cannula inside the SOV. Then, a Marathon 1.5F micro-
catheter (Medtronic, Irvine, CA, USA) and 0.014-inch Traxcess 
micro-guidewire (Microvention, Aliso Viejo, CA, USA) combi-
nation was navigated via right cavernous sinus, IPS, and ad-
vanced into the ACV. Initially, the catheter tip was placed in-
advertently into the basilar plexus due to overlapping of the 
veins in the roadmap, which was identified in Xper CT (Fig. 
1E). Subsequently, the catheter was repositioned and a safe 
position of the catheter tip inside the fistulous pouch was 
confirmed with Xper CT again (Fig. 1F). Occlusion of the ACV 
was performed with Barricade platinum coils (Balt, Irvine, CA, 
USA) under a 2D biplane roadmap. Control angiography re-
vealed complete obliteration of the fistulous shunt (Fig. 1H). 
Post-embolisation Xper CT demonstrated the coils confined 
to the right HC (Fig. 1G). The microcatheter was removed 
and hemostasis of the puncture site was achieved with 
gentle finger pressure. The clinical course was uneventful 
without any new neurologic deficit. The eye symptoms and 
third nerve palsy had completely resolved at the 3-month 
follow-up visit.

DISCUSSION

Most DAVFs are considered to be acquired, although the 
exact etiology is unknown. DAVFs account for 10–15% of 
intracranial vascular malformations, and 3–4% of those occur 
in the HC, known as ACC DAVF or HCDAVF.1 The clinical man-
ifestations are variable and depend on the site and venous 
drainage pathway. Our patient primarily presented with ocu-
lar and periorbital symptoms with raised intraocular pressure, 
features mimicking cavernous sinus DAVFs. 

Various therapeutic methods can be used to treat ACC 
DAVFs. Transarterial embolization is considered to be less 
effective and is associated with a substantial risk of lower cra-
nial nerve palsies (9th–12th) and embolic stroke, particularly 
when a liquid embolic agent is used.3 Transarterial polyvinyl 
alcohol particle embolization also carries a higher recurrence 
rate, although it may help to reduce fistula flow. Surgery may 
be indicated in patients with Type 3 HCDAVFs with eloquent 
or poorly accessible feeders.4 

Transvenous embolization appears to be the most ef-
fective treatment for eliminating ACC DAVFs when venous 
access is available, with a clinical success rate of 91% and a 
lower therapeutic risk (permanent morbidity 2.9%).4 In most 
cases, a microcatheter is navigated to the ACC/ACV through 

Fig. 2. Diagrammatic illustration of type 2 hypoglossal canal dural 
arteriovenous fistula with the fistula point in the anterior condylar con-
fluence (asterisk). Dominant retrograde venous drainage to the inferior 
petrosal sinus (arrow) → cavernous sinus (arrowhead) → superior oph-
thalmic vein (dashed arrow), with cortical venous reflux (double arrow). 
Arterial feeders are depicted from the neuromeningeal division of the 
ascending  pharyngeal artery (open arrow).
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ipsilateral trans-jugular access. In some cases, a transvenous 
approach via the ipsilateral IJV may be impossible because of 
hypoplasty, tortuosity, or occlusion of IPS. In those situations, 
a crossover transvenous route through the opposite IJV and 
IPS may be feasible.5 Alternatively direct surgical access to 
SOV is a possible option for TVE. In the majority of cases, coils 
are used to occlude the fistulous pouch at the ACC (92.7%), 
and other embolic agents were Onyx (2.9%) or Onyx and 
coils (2.9%).4

Our management of choice for ACC DAVF is transvenous 
embolization through the IJV and IPS. This case poses a ther-
apeutic challenge as it belongs to type 2 HCDAVF without 
antegrade drainage via the IJV. The ACC must be accessed 
via the ipsilateral cavernous sinus, as there is no connection 
between ACC and IJV. In the current case, the right IPS could 
not be recanalized and the right cavernous sinus could not 
be accessed through the left cavernous sinus due to the 
presence of multiple tiny channels in the intercavernous si-
nus. SOV could not be accessed through facial veins, as they 
were draining into small tortuous veins rather than a single 
major vein. Direct cannulation of the SOV via surgical cut-
down is a widely used technique, but it may be complicated. 
It may injure the superior root of the fifth cranial nerve, caus-
ing forehead numbness and it may also cause levator muscle 
palsy resulting in ptosis.6 So a percutaneous approach to the 
SOV or cavernous sinus is an alternative solution. As direct 
cavernous sinus puncture has its inherent risks, we opted for 
direct percutaneous SOV puncture. 

White et al.7 successfully treated 8 cases of cavernous sinus 
dural AV fistula by direct cavernous sinus or inferior ophthal-
mic vein puncture without the need for a surgical cut-down. 
Percutaneous venous puncture carries some advantages 
over direct surgical exposure like lower risk of infections, 
better cosmetics, and the need for an ophthalmic surgeon 
in the latter. The direct cavernous sinus puncture also carries 
some potential risks, including ocular perforation, damage 
to the II, III, IV, V, and VI cranial nerves, intraorbital hemor-
rhage, and injury to the cavernous ICA. As an alternative, the 
direct-puncture approach of the extraconal portion of SOV 
provides direct access without the requirement for surgical 
exposure, eliminating the risks in direct cavernous sinus 
puncture.8 The extraconal component of the SOV is thicker 
and safer than the intraconal segment. Also, when SOV is the 
predominant draining vein, it will get more dilated and thick-
er over time, making puncture easier and safer. Since the 
extra-conal portion of the SOV is superficial, hemostasis can 

also be achieved easily by applying direct gentle pressure.9 
The ideal site for SOV puncture is the supero-medial aspect 

of the orbit, where superior and inferior roots converge to 
form SOV near the trochlea. However, in our case, peripheral 
roots and the anterior portion of the first segment of SOV 
were tortuous and small; hence, we chose the hypertrophied 
anterior apsidal vein tribute of the SOV for vascular access. 
The anterior apsidal vein drains into the posterior aspect of 
the first segment, which marks the junction of extra and in-
traconal portions of the SOV.9 Direct SOV puncture may pre-
cipitate venous thrombosis and re-routing of the drainage 
routes, leading to worsening of orbital symptoms or cerebral 
venous congestion. However, these complications can be 
minimized by safe puncture methods and adequate hepa-
rinization.10

The 3D digital subtraction angiography method helps us 
for the exact identification of the fistulous point and venous 
drainage pathway, including draining vein stenosis in rela-
tion to bony structures of the skull base. Awareness of the 
complex venous drainage at the skull base is vital for treat-
ment planning and for understanding the symptoms of ACC 
DAVFs. In this case, the microcatheter tip was inadvertently 
placed in the basilar plexus initially, which was repositioned 
into the fistulous pouch after confirming with the Xper CT. 
Precise localization of the shunt point by 3D RA and per-
forming Xper CT during the procedure may enable exact 
placement of the coils within the fistulous pouch and pre-
vent coil overpacking. 

CONCLUSION

HCDAVFs are rare and may exhibit complex venous drain-
age patterns. Knowledge of the complex venous anatomy 
is essential for planning an alternative transvenous route if 
the standard approach is not feasible. After failed attempts 
through jugular access, our patient was treated by a unique 
percutaneous direct puncture approach of the SOV, achiev-
ing complete obliteration of the fistula. Xper CT is an excel-
lent tool for identifying the exact site of the fistula as well as 
for confirming the safe position of the catheter tip for suc-
cessful occlusion of this complex dural AV fistula.
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