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transvenous embolization of a cavernous sinus dural arteriovenous fistula (CS DAVF) when
the ipsilateral inferior petrosal sinus is angiographically occluded. However, navigating the
microcatheter can sometimes be difficult because of stenosis or tortuous angulation at the
junction between the angular vein and SOV. We present a novel transvenous access route
to treat a CS DAVF using the ipsilateral deep facial vein through the SOV to reach the cav-
Keywords: ernous sinus. A 66-year-old woman presented with left-sided chemosis, exophthalmos, and
external ophthalmoplegia. Angiography showed a left CS DAVF associated with a dilated
SOV and retrograde cortical venous reflux. A dilated drainage vein, which branched from
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the SOV, ran through the lateral aspect of the orbit and exited the orbit through the infe-
rior orbital fissure. This vein connected with the ipsilateral deep facial vein draining into
the facial and internal jugular veins. We performed transvenous embolization via the SOV
approach through the deep facial vein and achieved complete obliteration, by placing 3 plat-

inum coils, without complications. Ophthalmic veins may connect with the cavernous sinus
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and pterygoid plexus, passing through the superior and inferior orbital fissures, respectively.
Our case suggests that the deep facial vein may provide access to the SOV through the in-
ferior orbital fissure without passing the difficult tortuous angle between the angular vein

and SOV.

© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
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Introduction

Cavernous sinus (CS) dural arteriovenous fistulas (DAVFs) are
recognized as a common subtype of intracranial DAVF, which
is defined as an abnormal arteriovenous connection involv-
ing the dura mater within or near the wall of the CS [1]. Al-
though the natural history of CS DAVFs is reported to be rel-
atively benign, with the potential to spontaneously resolve
through thrombosis, aggressive lesions involving retrograde
cortical venous reflux require prompt treatment [2]. Transve-
nous embolization (TVE) via the ipsilateral inferior petrosal
sinus (IPS) is preferred as the primary approach route when
treating a CS DAVF, regardless of the opacification of the IPS.
However, an angiographically occluded IPS sometimes makes
catheterization difficult, with a reported success rate of ap-
proximately 50%-80% [3]. An ipsilateral superior ophthalmic
vein (SOV) approach should be considered as another option
[4] in cases of good contrast opacification of the SOV. The most
commonly used approach to reach the CS through the SOV is
the ipsilateral facial vein (FV), however, navigating the micro-
catheter from the FV to the SOV can sometimes be difficult
because of severe stenosis or tortuosity at the junction of the
angular vein and SOV [5].

We describe a case of CS DAVF successfully treated via the
SOV approach through the ipsilateral deep facial vein (DFV).
The DFV may provide a relatively straight and short access
course to the SOV through the inferior orbital fissure, without
passing the difficult tortuous angle between the angular vein
and SOV. To our knowledge, there are no published reports re-
garding the usefulness of the DFV in reaching the SOV for the
treatment of CS DAVE.

Case presentation

A 66-year-old woman who presented with left-sided chemo-
sis, exophthalmos, and diplopia was referred to our hospital.
On ophthalmological examination, a Hess chart showed a
unilateral external ophthalmoplegia. Her intraocular pressure
was 24 mmHg in the left eye and 14 mmHg in the right
eye. Three-dimensional computed tomographic angiography
images showed a left CS DAVF associated with a dilated SOV.
A dilated vein (Fig. 1A, B, white arrows) ran along the lateral
aspect of the orbit and drained into the DFV. Bone-subtracted
computed tomographic angiography clearly showed that the
dilated drainage vein (Fig. 1C, white arrows) was connected
with the SOV near the junction of the CS. Right common
carotid angiograms showed that a dilated draining vein
branched from the SOV connected with the ipsilateral DFV

(Fig. 2A, B, black arrows) and no opacification was recognized
in the ipsilateral IPS. A shunting point in the superior-medial
wall of the CS was also clearly visible (Fig. 2A, asterisk). The
late venous phase of the right common carotid angiograms
(Fig. 2C, D, black arrows) showed that the DFV was draining
into the internal jugular vein through the ipsilateral FV.

Endovascular treatment was performed under local anes-
thesia. Consistent with reports in the literature, we usually se-
lect ipsilateral IPS cannulation as the primary TVE approach,
regardless of IPS opacification. However, as catheterization
of the occluded IPS was unsuccessful after several attempts,
we changed our strategy. We planned to perform TVE via
the SOV approach through the DFV. A 4-French distal access
catheter (Cerulean G; Medikit, Tokyo, Japan), supported by
a 7-French guiding catheter (Roadmaster; Goodman, Aichi,
Japan), was advanced into the ipsilateral DFV just below
the inferior orbital fissure (Fig. 2E-H, white arrows). A mi-
crocatheter (Excelsior 1018; Stryker Neurovascular, Fremont,
MN, USA) was advanced (Fig. 2E, F, black arrows) over a 0.016
inch microguidewire (GT wire 16; Terumo, Tokyo, Japan) into
the SOV through the dilated vein running along the lateral
aspect of the orbit (Fig. 2E, F, black arrows). When the micro-
catheter reached in the SOV, we carefully advance the tip of
the microcatheter into the shunting point (Fig. 2E, F, white
arrowheads). Three detachable platinum coils were delivered
into the shunt and complete obliteration of the CS DAVF was
achieved (Fig. 2G, H). During microcatheter positioning and
coil delivery, the 4-French distal access catheter placed in the
DFV offered substantial support (Fig. 2G, H, white arrows). To-
tal procedure time from groin puncture to removal of sheaths
was 185 minutes, including the time of initial attempt for the
catheterization into the occluded IPS. No procedure-related
complications were observed during the perioperative period.
The patient’s postoperative course was uneventful, and her
ocular symptoms resolved completely within 1 week. Her
diplopia had completely disappeared by her 6-month visit to
the outpatient clinic, and no recurrent findings were observed
on her 12-month-follow-up angiograms.

Discussion

The aim of the treatment for CS DAVF is to completely obliter-
ate both the fistula and cortical venous reflux, while avoiding
introducing new cranial nerve palsy. Endovascular treatment
has been widely used to achieve this outcome; TVE is the pre-
ferred method and is performed by accessing the CS via the
ipsilateral IPS or SOV. The ipsilateral IPS is frequently selected
as the primary treatment route, regardless of its occlusion, be-
cause it provides a relatively straight and short course to the
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Fig. 1 - Three-dimensional computed tomographic angiography (3D-CTA) images. The images (A: anteroposterior view, B:
lateral view, C: subtracted CTA of the lateral view) show the left cavernous sinus dural arteriovenous fistula (CS DAVF)
associated with a dilated superior ophthalmic vein (SOV) and retrograde cortical venous reflux into the superficial middle
cerebral vein. The dilated drainage vein (white arrows) branching from the SOV runs along the lateral aspect of the left orbit
and drains into the deep facial vein (DFV) through the inferior orbital fissure.

Fig. 2 - Right common carotid angiograms (A: anteroposterior view, B: lateral view) show the left cavernous sinus dural
arteriovenous fistula (CS DAVF) and dilated superior ophthalmic vein (SOV) associated with the drainage vein (black arrows)
running through the lateral aspect of the left orbit. The asterisk in panel A indicates the shunting point on the
superior-medial wall of the CS. The narrowing of the drainage vein is visible where it passes through the inferior orbital
fissure. The late arterial phase of the right common carotid angiograms (C: anteroposterior view, D: lateral view) show the
dilated deep facial vein draining into the ipsilateral facial vein (black arrows). Super-selective angiograms (E:
anteroposterior view, F: lateral view), after advancing the microcatheter to the shunting point, show the venous
angioarchitecture in the CS. White arrowheads mark the tip of the microcatheter placed in the shunting point. Note the
microcatheter (black arrows) supported by the 4-French distal access catheter (white arrows) running through the deep
facial vein. Unsubtracted, final right common angiograms (G: anteroposterior view, H: lateral view) show the complete
obliteration of the CS DAVF and the coil configuration placed at the shunting point. Note the tip of the 4-French support
catheter (arrows) placed just proximal to the inferior orbital fissure.

CS [6]. Because the ipsilateral IPS is occluded in more than half
of cases, access through the sinus is problematic and, in these
situations, access to the CS must be achieved through other
venous approaches. Multiple alternative approach routes have
been reported in the literature, including the contralateral IPS
through the circular sinus, pterygoid plexus, superior petrosal
sinus, clival venous plexus and facial vein-SOV [7-9]. In sit-
uations when the ipsilateral IPS is not an accessible route,
the facial vein-SOV approach should be considered a reason-
able alternative [10]. However, severe tortuosity, abrupt angle

and/or stenosis at the junction of the angular vein and the
SOV sometimes prevent the navigation of the microcatheter
into the SOV. To overcome this, various approaches have been
reported, such as direct puncture of a surgically exposed SOV
[11] or percutaneous preseptal puncture [12]. In this report, we
present a novel transvenous access route to reach the CS from
the ipsilateral DFV directly connecting with the SOV. To our
knowledge, there are no reported cases of CS DAVF treated by
TVE through the ipsilateral DFV. The advantage of this access
route is that it can provide an easy access to the SOV through
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the inferior orbital fissure, without passing the difficult angle
between the angular vein and SOV. Our total procedure time
was 185 minutes, most of it was spent as an initial attempt
for the catheterization into the occluded IPS. After deciding to
change the approach route, we could reach the CS in a short
time without passing the severe tortuosity at the junction of
the angular vein and SOV. Thus, the procedure time for our
novel access route was considered to be shorter than stan-
dard approach [4]. There have been reports in the literature
regarding the potential risk of procedural complications, such
as venous injury or rupture, when passing the tortuous route
between the angular vein and the SOV. The facial vein-SOV
route is surrounded by soft tissue and not supported by bony
and dural structures, which is an important difference from
the IPS route. Thus, improper manipulation of devices carries
a greater risk of procedural complications, such as preseptal
hematoma formation during the procedure [4]. The disadvan-
tage of our method is that a 4-French distal access catheter
cannot be passed through the inferior orbital fissure (Fig. 2E-H,
white arrows), then the catheter may not provide enough sup-
port to deliver the microcatheter more distally. However, the
DFV in our case was relatively straight and directly connected
with the SOV near the CS. Therefore, we were able to reach the
CS with the microcatheter and manipulate it into the shunt-
ing point, resulting in complete obliteration of the fistula us-
ing a minimum number of coils. We should also discuss the
potential complications associated with our approach com-
pared with the standard procedure. Because the most of the
catheterization procedure in our approach is extracranial, we
believe that the introduction of our novel approach does not
increase unusual risks. However, careful manipulation of the
microguidewire or microcatheter is mandatory to prevent the
intraorbital hemorrhage, which can be caused by penetration
of a fragile intraorbital vein.

Anatomically, the ophthalmic veins communicate with the
pterygoid plexus through the inferior orbital fissure, and the
pterygoid plexus also communicates with the FV via the vari-
ous branches of the DVF [13,14]. This venous angioarchitecture
makes the SOV approach through the DFV possible when an
occluded IPS makes access difficult. To date, there have been
few detailed descriptions of the connection between the CS
and the pterygoid plexus. Jahan et al. [15] reported the case
of a CS DAVF treated with TVE via the contralateral pterygoid
plexus. In their report, retrograde catheterization to the ptery-
goid plexus was achieved through the maxillary vein sup-
ported by the guiding catheter placed in the retromandibular
vein. Communication between the CS and pterygoid plexus
consists of the vein passing the foramen of Vesalius and the
emissary vein of the foramen lacerum. These veins were used
in their report to reach the CS, however, they concluded that
the technical difficulties of the catheterization was the ma-
jor disadvantage. In our case, the direct connection between
the CS and DFV made it easy to navigate the catheter with-
out passing the pterygoid plexus. Although a venous connec-
tion in our case is rare, our novel approach route, a relatively
straight and short course though the DFV to the SOV, should
be considered when this route is clearly recognizable on the
angiograms of patients with a CS DAVE.

Conclusion

Although TVE via ipsilateral IPS, regardless of its occlusion,
is a first-line treatment approach that should be considered
when treating a CS DAVF, an understanding of variable ve-
nous anatomy is essential for various alternative approaches
to the CS. We present a rare case of CS DAVF treated by TVE via
the ipsilateral DVF; this novel approach allowed easy access
to the SOV through the inferior orbital fissure without pass-
ing the difficult tortuous angle between the angular vein and
the SOV.
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