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Abstract
Background  The sphenoid wing dural arteriovenous fistula (AVF) is rare, and can manifest with severe symptoms, particu-
larly in cases classified as greater sphenoid wing type. Endovascular therapy is generally employed, however, open surgical 
intervention could be warranted in cases with complex fistula.
Method  We present a case with ruptured greater sphenoid wing dural AVF (Cognard type IV), in which endovascular embolization 
using liquid material was performed, followed by open surgery to concurrently disconnect the fistula and evacuate the hematoma.
Conclusion  The sphenoid wing dural AVFs may be effectively cured by open surgery for fistula disconnection in conjunc-
tion with endovascular embolization.
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Abbreviations
AVF	� Arteriovenous fistula
CT	� Computed tomography
DSA	� Digital subtraction angiography
ECA	� External carotid artery
EVT	� Endovascular treatment
ICA	� Internal carotid artery
SAH	� Subarachnoid hemorrhage
SMCV	� Superficial middle cerebral vein

Relevant surgical anatomy

Sphenoid wing dural arteriovenous fistulas (AVFs) are 
extremely uncommon, representing approximately 1% of 
all intracranial dural AVFs [7]. They can be classified 
into two types: lesser wing and greater sphenoid wing 
region. The greater wing dural AVF exhibits more cortical 
venous reflux, which received venous drainage from the 
laterocavernous sinus (sphenobasal and sphenopetrosal 
sinus) to the superficial middle cerebral vein (SMCV), 
as well as harboring the venous varice which manifests 
more aggressively [4]. In contrast to the lesser wing dural 
AVF, which often collects the venous drainage from the 
sinus of the lesser sphenoid wing and empties into the 
cavernous sinus or SMCV, this type is less likely to drain 
directly to the cortical veins [1, 4, 7]. As a result, the 
greater sphenoid wing dural AVFs are considered as the 

Key points 
1. Differentiating between the lesser and greater wing dural 
AVF is crucial because of their differences in natural history, 
morphology, and prognosis.
2. Dural AVF affecting the greater sphenoid wing is associated with a 
considerably higher likelihood of intracerebral hemorrhage and a high 
propensity for cortical venous reflux.
3. Endovascular treatment comprised of transarterial, transvenous, and 
transarterial venous approaches have been utilized for the treatment of 
sphenoid wing dural AVF.
4. In cases where endovascular therapy is insufficient to cure the 
fistula or when there is a surgical hematoma, open surgery might be 
necessary.
5. It is crucial to carefully assess the dangerous anastomoses between 
the external carotid artery (ECA) and internal carotid artery (ICA) 
while using liquid material embolization.
6. A hybrid operating room is advantageous for complex neurovascular 
conditions, particularly when employing the combined approach.
7. Open surgery can be employed in conjunction with endovascular 
therapy to facilitate access and provide concurrent treatment.
8. Intraoperative digital subtraction angiography is beneficial for 
diagnosis and confirms the completeness of fistula obliteration.
9. Embolization via the transarterial route can encounter challenges 
when attempting a complete cure due to the small size and tortuous 
nature of the sphenoid emissary veins. However, caution must be taken 
when performing transvenous access in cases presenting with ruptured 
AVF and the presence of venous ectasia.
10. A dually trained neurovascular surgeon has an advantage in treating 
complex diseases by being fully equipped with both open surgery and 
endovascular skills.
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non-sinus type AVF, where the shunting has the potential 
to drain directly to the cortical vein without entering the 
cavernous sinus.

In this case, a 50-year-old female patient presented 
with a sudden severe headache. The brain computed 
tomography (CT) showed a diffuse subarachnoid hem-
orrhage (SAH) with temporal lobe hematoma (Fig. 1a). 
The CT angiography showed an abnormal dilatation of 
sphenobasal vein and sphenoid emissary veins at the 
greater sphenoid wing region with the cortical venous 
reflux to the SMCV (Fig. 1b, c). The digital subtraction 
angiography (DSA) showed the greater sphenoid wing 
dural AVF which was supplied by ECA branches (middle 
meningeal artery and accessory meningeal artery) with 
cortical venous reflux. There was no arterial supply from 
the right ICA, left carotid system, and vertebrobasilar 
arteries (Fig. 1d-h). The diagnosis was ruptured greater 
sphenoid wing dural AVF (Borden III, Cognard IV) due 
to having venous ectasia. A schematic illustration of this 
case is shown in Fig. 2. Following the cerebral angiogra-
phy, the patient had mental status changed to drowsy with 
left hemiparesis. The follow-up CT revealed re-ruptured 
of the dural AVF despite the strict blood pressure control 
(Fig. 3a).

Description of the technique

We opted for a combined approach combining endovascular 
treatment (EVT) and open surgery to concurrently evacuate 
the hematoma. The open surgery alone might be used to 
obliterate the fistula along with clot evacuation. However, 
there was a re-rupture risk when manipulating the venous 
varix during hematoma removal since the shunt was in a 
high-flow state. Therefore, EVT was performed to reduce 
the flow and also facilitate the surgical disconnection. The 
change in the flow condition was not a concern since we 
can check the obliteration status by an intraoperative DSA.

The transvenous approach was deemed risky in light of 
the SMCV venous ectasia and a ruptured presentation. The 
transarterial venous approach was considered unfeasible due 
to the small and tortuous of the sphenoid emissary veins. 
The procedures were performed by the first author (G.D.).

Endovascular procedure

The procedure was conducted in the hybrid operating 
suite. The patient was set in a supine position under the 
general anesthesia. The cranium was sterile and draped 

Fig. 1   a Axial view of the non-contrast CT shows a diffuse subarach-
noid hemorrhage and temporal lobe hematoma. b, c Axial and sagit-
tal view of CT angiography reveal abnormal dilatation of the sphe-
nobasal vein (red arrow) and cortical venous reflux to the Sylvian 
vein (superficial middle cerebral vein, SMCV) with venous ectasia 
(white arrowheads). d, e Digital subtraction angiography (DSA) dem-
onstrated the greater sphenoid wing dural AVF supply from the mid-

dle meningeal artery (black arrowhead), accessory meningeal artery 
(white arrow) with reflux to the Sylvian vein (white arrowheads) 
harboring the venous ectasia (white asterisk), which drain to Labbe 
vein and transverse-sigmoid sinus (black arrow). f–h DSA of the 
right ICA, left common carotid artery, and the vertebrobasilar system 
shows no arterial supply to the fistula, respectively
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to prepare for the frontotemporal craniotomy The trans-
femoral approach was used to access the right external 
carotid artery (ECA) using a 6 Fr Envoy guiding catheter 
(Cerenovus, Johnson & Johnson, USA). The intraopera-
tive DSA run in three dimensions revealed arterial feeders 
originating from the middle meningeal artery, and acces-
sory meningeal artery (Fig. 3b). The 1.5 Fr microcath-
eter (Marathon, Medtronic, USA) and 0.008″ hydrophilic 
guidewire (Mirage, Medtronic, USA) were navigated to 
the middle meningeal artery in a wedge configuration. 
Subsequently, the Onyx 18™ (Medtronic, USA) was 
introduced under the roadmap to obliterate the fistula 
(Operative Video). The injection of liquid material man-
aged to enter the fistula pocket by partially penetrating 
the sphenoid emissary veins (Fig. 3c). The post-embo-
lization DSA revealed a gradual flow of contrast mate-
rial into the remaining fistula (Fig. 3d). The decision was 
made to disconnect the fistula by transcranial approach 
since it was determined that it would not be possible to 
completely embolize the fistula via the transarterial route.

Craniotomy with AVF disconnection

The curvilinear incision was made then the fronto-
temporal craniotomy was performed. After appropri-
ate hemostasis, the dural incision was made. A partial 
evacuation of the hematoma was performed to decrease 
brain edema and aid in subsequent dissection. The sub-
temporal approach was utilized to expose the vascular 

malformation and the primary venous drainage with 
evidence of the liquid material in the fistula channels 
(Fig. 3f, g). The sphenobasal vein as the primary venous 
drainage was cauterized and disconnected for complete 
fistula obliteration (Fig. 3h). The ECA run demonstrated 
complete fistula obliteration (Fig. 4a, b). Although the 
fistula had disappeared, there was still bleeding originat-
ing from the venous varice, which was believed to be 
due to the retrograde flow of normal venous drainage. 
The venous varice was cauterized and safely disconnected 
since it is not utilized for normal brain venous drainage.

The intraoperative brain CT showed appropriate clot 
evacuation and resolution of the brain edema (Fig. 4c). 
The postoperative course was uneventful, and the modi-
fied Rankin scale was evaluated at 1 upon discharge. At 
12 months follow-up, the modified Rankin scale was eval-
uated at 0. Additionally, the DSA revealed no remaining 
or recurrent fistula (Fig. 4d-f).

Indications

Utilizing a combination of open surgery and EVT can 
be advantageous for treating complex dural AVFs. The 
transcranial approach can facilitate access to the fistula 
[2] and allows for simultaneous eradication of the fistula 
along with hematoma evacuation as demonstrated in this 
particular case. EVT is the primary treatment for sphe-
noid dural AVFs. However, in cases when the liquid sub-
stance cannot reach the fistula site through the sphenoid 
emissary vein, open surgery is necessary.

Limitations

The dually trained hybrid neurovascular surgeon is neces-
sitated in performing combined open and endovascular 
surgery. In addition, there is a need for a hybrid operating 
room to facilitate complex operations.

How to avoid complications and specific 
perioperative considerations

There are various techniques to eliminate the fistula, 
including transarterial, transvenous, and transarterial 
venous embolization, or surgical disconnection [3, 5, 6]. 
Considering the presence of a large amount of subarach-
noid hemorrhage caused by venous ectasia in the SMCV, 
we believe that transvenous embolization was deemed 
high-risk in this particular case. The objective of tran-
sarterial embolization is to mitigate the excessive blood 

Fig. 2   Schematic illustration. SMCV, superficial middle cerebral 
vein; IMA, internal maxillary artery; MMA, middle meningeal 
artery; AMA, accessory meningeal artery; SOV, superior ophthalmic 
vein; SLSW, sinus of lateral sphenoid wing; CS, cavernous sinus; 
SpBV, sphenobasal vein; SpPV, sphenopetrosal vein; FO, foramen 
ovale; IPS, inferior petrosal sinus; SPS, superior petrosal sinus; SS, 
sigmoid sinus; TS, transverse sinus
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Fig. 3   a Axial view of the non-contrast CT shows a large temporal 
lobe hematoma with subfalcine herniation. b Three-dimensional digi-
tal subtraction angiography (DSA) shows arterial feeders from ECA 
(white arrowheads) and venous ectasia (white arrow). c Post-embo-
lization ECA run shows gradual filling of the contrast into the Syl-
vian vein (superficial middle cerebral vein, SMCV) with remaining 

arterial supply from the deep temporal artery (white arrow). Intra-
operative findings after frontotemporal craniotomy. d The sphenoid 
emissary veins (black asterisk) were identified at the temporal base 
following the subtemporal approach with evidence of the previously 
injected Onyx. e The sphenobasal vein (black asterisk) was identified 
at the proximal segment before emptying into the SMCV

Fig. 4   Intraoperative digital 
subtraction angiography. a, b 
Anteroposterior (AP) view of 
the right common carotid artery 
contrast injection demonstrated 
complete fistula oblitera-
tion. c An intraoperative CT 
shows significant resolution 
of brain edema. Follow-up 
digital subtraction angiography 
at 12 months postoperation. 
d Lateral view of right ECA 
injection shows no residual or 
recurrent fistula. e, f AP view 
of right ICA and left common 
carotid artery injection shows 
no arteriovenous shunting
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flow in the fistula, which is then followed by surgical 
disconnection. It is important to carefully assess the dan-
gerous anastomoses when embolizing the ECA branches 
to prevent cranial nerve palsy, particularly concerning the 
middle meningeal artery.

Specific information to give to the patient 
about surgery and potential risks

The greater sphenoid wing dural AVF is associated with 
a significant incidence of cortical venous reflux, which is 
indicative of a more aggressive presentation and a greater 
likelihood of intracerebral hemorrhage when compared to 
the lesser sphenoid wing dural AVF. The probability of 
experiencing cortical venous reflux and venous ectasia 
can reach up to 65% and 100%, respectively [1, 7].
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