
Frontiers in Neurology 01 frontiersin.org

Endovascular treatment for 
sphenoidal region dural 
arteriovenous fistula
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Sphenoidal region dural arteriovenous fistulas (DAVFs) are rare. Endovascular 
treatment (EVT) is an effective treatment approach. However, understanding 
and performing EVT for sphenoidal region DAVFs are difficult and challenging. 
Therefore, we  performed a review to explore this issue further. In this review, 
we  discuss the dural feeders and venous structures of the sphenoidal region, 
the angioarchitecture of sphenoidal region DAVFs, the role and principle of EVT, 
various EVT techniques, and the prognosis and complications associated with EVT. 
We found that various EVT techniques, including transarterial embolization (TAE), 
retrograde transvenous embolization (TVE), and direct puncture EVT, can be used 
to treat sphenoidal region DAVFs. TAE represents the most commonly utilized 
approach. TVE and direct puncture EVT should be  limited to highly selective 
cases. EVT must penetrate the fistula and very proximal venous recipient pouch 
with a liquid embolic agent or coil the fistula point to have a complete curative 
effect. Successful EVT can lead to the obliteration of sphenoidal region DAVFs and 
a good clinical outcome. However, these complications cannot be neglected.
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1 Introduction

Sphenoidal region dural arteriovenous fistula (DAVF) is a rare aberrant connection 
between meningeal branches from the external carotid artery (ECA) and the internal carotid 
artery (ICA) and venous structures of the sphenoid region (1–3). A DAVF may be spontaneous, 
traumatic, or iatrogenic (4–7). When a DAVF results in venous hypertension, patients 
experience brain edema and hemorrhage. Treatment for DAVFs, including open surgery, 
endovascular treatment (EVT), and stereotactic radiosurgery, is necessary (8, 9).

Currently, EVT is an effective alternative for treating these lesions. Because of complex 
venous drainage in the sphenoidal region, sphenoidal region DAVFs have complex 
angioarchitectures, which make EVT challenging (1). To date, insufficient knowledge has been 
produced regarding EVT for sphenoidal region DAVFs. Therefore, we performed a review to 
explore this issue further and provide some illustrative cases.

2 Dural feeders and venous structures of the 
sphenoidal region

The sphenoidal region is located in the central cranial fossa and is composed of the 
greater and lesser wings (Figure 1A). The meningeal branches from the ICA and ECA 
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supply the dura of the sphenoidal region. Several dural sinuses 
and bridging and diploic veins can be involved in venous drainage 
of the sphenoidal region (Figures 1B–E).

2.1 Dural feeders

Normal arterial contributions to the dura of the sphenoid region 
arise from ECA branches, including the middle meningeal artery 
(MMA), accessory meningeal artery (AMA), foramen rotundum 
artery, and middle deep temporal artery; from cavernous ICA 
branches, including the inferolateral trunk (ILT) and 
meningohypophyseal trunk (MHT); and from recurrent meningeal 
branches of the ophthalmic artery (OphA) (1, 10).

2.2 Dangerous anastomosis

Dural feeders of the sphenoid region can anastomose together, 
forming a dangerous anastomosis. The OphA is the core of dangerous 
anastomosis (11). The anterior convexity branch of the MMA runs 
along the greater wing of the sphenoid to supply the dura and 
communicates with the lacrimal branch of the OphA via the 
meningolacrimal artery. This artery can anastomose to the proximal 
OphA or ILT via the recurrent meningeal artery. The petrosal branch 
of the MMA can anastomose to the branches of the ILT and MHT (12, 
13). The intracranial branch of the AMA passes through the foramen 
ovale or the foramen Vesalius to anastomose to the ILT and MHT at 
the cranial base (14).

2.3 Venous structures

The venous structures of the sphenoidal region include the 
cavernous sinus (CS), sphenoparietal sinus (SphPS), paracavernous 
sinus (PCS; sphenobasal and sphenopetrosal sinuses), laterocavernous 
sinus (LCS), superior middle cerebral vein (SMCV), uncal vein (UV) 
and middle meningeal vein (MMV). These venous structures connect 
with each other because, embryologically, there are two anastomosed 
venous systems, the prootic sinus and primitive tentorial sinus 
systems. The former develops into the ophthalmic vein and CS, and 
the latter develops into the SMCV to connect to the lateral sinus (15).

2.3.1 SphPS and PCS
SphPS begins at the lateral tip of the sphenoid lesser wing and 

courses in the dura mater just below the sphenoid ridge. The SphPS 
may communicate indirectly with the superior sagittal sinus via the 
MMV (16, 17). SphPSs may receive tributaries from vessels, including 
the SMCV and, occasionally, deep Sylvian veins, the MMV, diploic 
veins, and small dural veins (18, 19). The SphPS may empty into the 
anterior part of the CS. SphPSs can join the sphenoidal emissary vein 
into the pterygoid plexus through the foramen rotundum, where it is 
referred to as the sphenobasal sinus. SphPSs can join the superior 
petrosal sinus (SPS) or lateral sinus, where they are referred to as the 
sphenopetrosal sinus (16, 18, 20, 21). Sphenobasal and sphenopetrosal 
sinuses are located in the middle fossa base along the sphenoid greater 
wing, laterally and medially, respectively (Figures 1B,E).

2.3.2 LCS, SMCV, UV, and MMV
The LCS is a venous space located between two dural layers that 

forms the lateral wall of the CS (Figure 1C) (22, 23). The LCSs can 
be identified as contiguous to the SMCV drainage site. LCSs can drain 
into the lateral sinus via the SPS, into the pterygoid plexus via the 
venous plexus of the foramen rotundum, or into the posterior aspect 
of the CS via anastomosis (24, 25). The SMCV courses under the 
sphenoid lesser wing and can connect with the proximal SphPS or 
directly drain into the lateral aspect of the CS, into the LCS, or into the 
PCS following a more lateral trajectory (Figures 1B–E) (21).

The UV is a small deep vein and can drain into the CS, SMCV, 
LCS, or PCS (19). The UV can serve as an anastomotic channel 
between the CS and the basal vein of Rosenthal (Figure 1D). After 
leaving the anterior branch of the MMA at the lateral tip of the 
sphenoid lesser wing, the MMV can join the SphPS and drain into the 
CS or sphenoidal emissary vein. The MMV can also accompany the 
posterior branch of the MMA into the lateral sinus. Because the MMV 
has an intradiploic course, it can reach the orbital and anterior 
temporal diploic veins (16, 26).

3 Angioarchitecture of sphenoidal 
region DAVF

3.1 Classification

Sphenoidal region DAVFs are middle cranial fossa DAVFs; 
however, middle cranial fossa DAVFs still include CS and SPS-DAVFs 
(Figures  2A,B) and do not belong to the sphenoidal region (5). 
Sphenoidal region DAVFs are composed of sphenoid lesser or greater 
wing DAVFs (27–29). Sphenoid lesser wing DAVFs occur along the 
sphenoid ridge from the medially anterior clinoid process to the 
lateral pterion (Figure 2C) (5, 30–32). Sphenoid greater wing DAVFs 
include PCS and LCS DAVFs (Figure 2D) (24, 33, 34). PCS DAVFs 
include sphenopetrosal and sphenobasal DAVFs (35).

In addition to the anatomical location, there are other 
classifications for sphenoidal region DAVFs. These tumors can also 
be divided into fine-network and single-channel types based on the 
fistulous structure, into high-flow and low-flow types based on the 
shunting blood flow, and into dural type and intraosseous diploic 
types based on the remodeling or erosion of the sphenoid bone (28, 
29, 36–38).

3.2 Arterial supply

Although sphenoid region DAVFs vary in location, they share 
similar feeding arteries (35). The most important feeding arteries for 
these lesions arose from the MMA and AMA of the ECA. The 
meningeal branches of the ICA included the ILT and the recurrent 
meningeal branch from the OphA (Figure 3A) (30, 32, 36). Sphenoid 
region DAVFs can recruit additional feeding arteries, such as the 
MHT, ethmoidal branch of the OphA, artery of the foramen 
rotundum, deep temporal artery, meningoorbital artery, superficial 
temporal artery, anterior auricular artery, and ascending pharyngeal 
artery (1–3, 5, 9, 30, 33, 39–41). Even feeding arteries from the 
contralateral ICA and ECA can be recruited (40, 42).

https://doi.org/10.3389/fneur.2024.1348178
https://www.frontiersin.org


Yu 10.3389/fneur.2024.1348178

Frontiers in Neurology 03 frontiersin.org

3.3 Venous drainage

Sphenoid region DAVFs can drain into the SphPS, CS, PCS, LCS, 
SMCA, ophthalmic vein (OphV), and diploic or transosseous 
emissary veins (5, 8, 28, 33, 35, 43–45). Sphenoid intraosseous diploic 

DAVFs may drain via the diploic vein or MMV (29). These venous 
drainage tubes must then be used to find adjacent outlets. On rare 
occasions, retrograde filling into the basal vein of Rosenthal and vein 
of Galen is observed (Figure 3B) (17, 39, 40, 46, 47). The basal vein of 
Rosenthal anastomosis to the lateral mesencephalic vein may result in 

FIGURE 1

Range and venous structures of the sphenoidal region. (A) Reconstructive three-dimensional CT image showing the sphenoidal region (red circle) and 
bony structures (arrows). (B) CTA image showing the SphPS, SMCV, and sphenopetrosal sinus (arrows). (C) CTA image showing the LCS (arrow), CS, 
and SMCV. (D) DSA image showing the vein of Galen, the basal vein of Rosenthal (red dotted line), the foramen rotundum plexus, the pterygoid plexus 
(arrows), the IPS, the CS, the SMCV, and the UV. (E) DSA showing the foramen rotundum plexus, pterygoid plexus and sphenobasal sinus (arrows), CS, 
and SMCV. CS, cavernous sinus; CT, computed tomography; CTA, CT angiography; DSA, digital subtraction angiography; IPS, inferior petrous sinus; 
LCS, laterocavernous sinus; SMCV, superior middle cerebral vein; SphPS, sphenoparietal sinus; UV, uncal vein.
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drainage into the venous system of the brainstem (47). Venous 
hypertension often results in ectasias and aneurysms in the arterialized 
draining vein (8, 31, 36, 48). Therefore, Borden type III and Cognard 
type IV lesions are common (49, 50).

4 Clinical presentation

The venous drainage pattern of sphenoid region DAVFs determines 
clinical presentation (2, 44). DAVFs of the sphenoid greater wing, 

FIGURE 2

Middle cranial fossa DAVFs. (A) Number 1 panel: CTA image showing a CS-DAVF (frame) outside the sphenoidal region (red circle); Number 2 panel: 
Roadmap DSA image showing that the fistula (asterisk) was catheterized via the FV and superior OphV. Number 3 panel: DSA image showing that the 
fistula was obliterated. (B) Number 1 panel: CTA image showing an SPS-DAVF (frame) outside the sphenoidal region (red circle); Number 2 panel: DSA 
image showing the fistula (asterisk) supplied by the OA and MMA. Number 3 panel: DSA showing that the fistula was obliterated via the MMA. 
(C) Number 1 panel: CTA image showing a sphenoidal lesser wing DAVF (frame) in the sphenoidal region (red circle); Number 2 panel: DSA image 
showing the fistula (asterisk) supplied by numerous ECA branches; Number 3 panel: venous phase DSA image showing the fistula (asterisk) draining 
into the SMCV and cortical veins into the SSS. (D) Number 1 panel: CTA image showing a sphenoidal greater wing DAVF (frame) in the sphenoidal 
region (red circle); Number 2 panel: DSA image showing the fistula (asterisk) supplied by the ICA branch; Number 3 panel: DSA image showing the 
fistula (asterisk) supplied by the ECA draining into the SMCV and transverse sinus via the sphenopetrosal sinus. CS, cavernous sinus; CTA, computed 
tomography angiography; DAVF, dural arteriovenous fistula; DSA, digital subtraction angiography; ECA, external carotid artery; FV, facial vein; MMA, 
middle meningeal artery; OA, occipital artery; OphV, ophthalmic vein; SMCV, superior middle cerebral vein; SPS, superior petrous sinus; SSS, superior 
sagittal sinus.
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including PCS and LCS DAVFs, often drain into the SMCV, resulting 
in cortical venous hypertension with a greater frequency of varices (1). 
Therefore, subarachnoid and intraparenchymal hemorrhages are 
common in DAVFs of the sphenoid greater wing due to fistula or 
draining vein rupture (1, 33, 47).

DAVFs of the sphenoid lesser wing often exhibit epidural venous 
drainage into the CS, leading to eye symptoms similar to those of a CS 
DAVF (2, 3, 5, 9, 27). However, due to venous drainage variants and 
occlusive or stenotic drainage into the CS, DAVFs cannot drain into 
the CS but can retrograde into the cortical vein, the basal vein of 
Rosenthal, or the MMV, resulting in symptoms such as DAVFs of the 
sphenoid greater wing, also presenting with subarachnoid and 
intraparenchymal hemorrhages (2, 9, 47, 51).

5 EVT role and principles

5.1 Role and status of EVT

Currently, EVT for sphenoidal region DAVFs is becoming an 
effective option due to progress in EVT products and techniques. 
However, the use of EVT for these complex lesions is challenging due 

to the rarity and lack of accessible transarterial or transvenous routes. 
Not all lesions can be  cured by EVT. In Shi et  al.’s report of 11 
sphenoidal region DAVFs, only 9 lesions were cured by EVT (1). In 
Shimizu et al.’s review of 15 sphenoid wing DAVFs, only 8 lesions were 
cured by EVT (52).

When EVT fails, open surgery in a hybrid operating room can 
be  performed (Figure  4). DAVFs can be  cured by coagulation of 
feeding arterial networks, disconnection of venous drainage close to 
the fistula, and resection of the lesion (1, 8, 9, 46, 53). For lesions at 
high risk of surgery and EVT, radiation is an alternative; however, the 
main disadvantage of radiation is the delayed effect of this 
treatment modality.

5.2 EVT aims and principles

For EVT, it is important to recognize the venous draining pattern 
and the anatomy of sphenoidal region DAVFs (44). For EVT to have a 
curative effect, the fistula point must be coiled completely or the fistula 
and most proximal venous recipient pouch must be penetrated with a 
liquid embolic agent. Any recruited draining veins were obliterated. Only 
occlusion of the feeding arteries allows the recruitment of the feeding 

FIGURE 3

Feeding arteries and venous drainages of sphenoidal region DAVFs. (A) Left: DSA image showing the DAVF (asterisk) supplied by the recurrent 
meningeal branch of the OphA; right: DSA image showing the DAVF (asterisk) supplied by the MMA and drained into the SMCA and then into the TS. 
(B) DSA image of the anterior posterior view (left) and lateral view (right) showing the DAVF (asterisks) supplied by the MMA and drained into the SMCA 
and basal vein of Rosenthal into the vein of Galen. DAVF, dural arteriovenous fistula; DSA, digital subtraction angiography; MMA, middle meningeal 
artery; OphA, ophthalmic artery; SMCV, superior middle cerebral vein; TS, transverse sinus.
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arteries of the DAVF to recanalize. In addition, incomplete occlusion of 
DAVFs may divert blood flow into cortical or deep veins.

6 Various EVT techniques

Various EVT techniques, including transarterial embolization 
(TAE), retrograde transvenous embolization (TVE), and direct 

puncture EVT, can be used to treat sphenoidal region DAVFs. These 
approaches may be used individually or in combination (27). Among 
these techniques, TAE represents the most commonly 
utilized approach.

6.1 Embolic agents

For EVT of sphenoidal region DAVFs, coil and liquid embolic 
agents can be used. The liquid embolic systems used included Onyx 
(Medtronic, Irvine, California, United States), Squid (Balt Extrusion, 
Montmorency, France), and PHIL (MicroVention, Inc., Aliso Viejo, 
CA, United States), as well as “glue,” such as N-butyl cyanoacrylate 
(NBCA; Cordis, Miami Lakes, FL, United States). Onyx was more 
popular than other liquid embolic agents for treating DAVFs.

For DAVFs with a venous recipient pouch, if the fistula connection 
or venous recipient pouch can be  catheterized, only coiling may 
be  sufficient (4, 36, 43). Coils can be  delivered by microcatheters 
(0.014 in.) of Echelon-10 (Medtronic, Irvine, California, United States), 
SL-10 (Stryker Neurovascular, Fremont, CA, United  States), and 
Headway-17 (MicroVention, Inc., Aliso Viejo, CA, United States). In 
addition, if coiling is insufficient, after coils are detached into a high-
flow shunt to better visualize and control flow, definitive occlusion 
with additional liquid embolic agents can be  performed (1). In 
addition, coils can also be used to create a plug to lock the working 
microcatheter via the “pressure cooker” technique.

Onyx is a nonadhesive embolic agent that can significantly 
increase the efficiency of penetrating fistulas. The reflux-hold-
reinjection technique allows deep and controlled Onyx penetration 
into the fistula and proximal draining vein (1). Onyx had Onyx-34 and 
Onyx-18 types. The Onyx can be  cast mainly by a Marathon 
microcatheter (Medtronic, Minneapolis, MI, United States), an Apollo 
microcatheter with a detachable tip (Medtronic, Minneapolis, MI, 
United  States), or an Echelon-10 microcatheter (Medtronic, 
Minneapolis, MI, United States). For TAE, Onyx-18 was preferred. For 
TVE, Onyx-34 can be chosen. Onyx-34 can also be used to create a 
plug in the ‘pressure cooker’ technique (28).

NBCA can be used as an adhesive glue. A less tortuous feeder with 
a smaller caliber and slower flow should be  selected to allow a 
microcatheter to be wedged into position. After the NBCA penetrates 
the fistula, sphenoidal region DAVFs can be  obliterated (29, 39, 
40, 54).

The squid is a novel nonadhesive liquid embolic agent similar to 
Onyx (55). Two major innovations in comparison with Onyx are that 
squid has a very small grain size of admixed radiopaque tantalum 
powder and an additional extra-low viscous formulation, which leads 
to a slowdown of this sedimentation process, potentially extending the 
duration of adequate visibility and lowering the risk of microcatheter 
occlusion. In a recent report, squid was found to be a safe and effective 
liquid embolic agent for the treatment of high-grade DAVFs (56). It 
was appropriate to use this technique to embolize DAVFs in the 
sphenoid region.

PHIL is a nonadhesive agent comprising a copolymer dissolved in 
dimethyl sulfoxide. An iodine component is chemically bonded to the 
copolymer to provide radiopacity for fluoroscopic visualization. The 
potential advantages of PHIL include good forward flow with less 
reflux, together with the capability for repeated injections allowing for 
controlled target embolization. In Leyon et al.’s report of the use of the 
PHIL in treating cranial and spinal DAVFs, the PHIL was proven to 

FIGURE 4

Open surgery after incomplete EVT for a sphenoidal region DAVF. 
(A) CT image showing a right temporal lobe hematoma. (B) CTA 
image showing a right sphenoidal lesser wing DAVF (asterisk); 
numbers 1 and 2 with arrows indicate venous drainage. (C) Three-
dimensional DSA image showing that the DAVF was supplied by the 
recurrent meningeal branch of the OphA; the numbers 1 and 2 with 
arrows indicate venous drainage. (D) Selective angiography showing 
the DAVF (asterisk). (E) Unsubtracted DSA showing Onyx casting 
(frame) via the recurrent meningeal branch of the OphA. (F) DSA 
image showing the residual DAVF (arrow). (G) Intraoperative image of 
an open surgery showing the arterialized draining vein (arrow); then, 
the vein was coagulated and cut. (H) Immediate DSA showing that 
the DAVF was obliterated. CT, computed tomography; CTA, 
computed tomography angiography; DAVF, dural arteriovenous 
fistula; DSA, digital subtraction angiography; EVT, endovascular 
treatment; R, right; OphA, ophthalmic artery. After EVT, the patient 
suffered right eye blindness.
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be an excellent alternative embolic material (57). It can be used to 
embolize DAVFs in the sphenoid region.

6.2 TAE

For sphenoidal region DAVFs, the MMA or AMA can act as the 
gold arterial path of TAE (Figure 5). The most complete TAEs for 
sphenoidal region DAVFs via MMA and AMA can be found in reports 
by Rezende et  al. (40), Unterhofer et  al. (4), Fukuda et  al. (39), 
Macdonald et al. (2), Yako et al. (29), Park et al. (54), Kandyba et al. 
(17), and Shimizu et al. (52). In addition, on rare occasions, complete 
TAE for sphenoidal region DAVFs can be achieved via the artery of 
the foramen rotundum (39, 58). During TAE via the MMA or AMA, 
other large feeding arteries can be occluded with coils or balloons to 
reduce blood flow and facilitate liquid embolic agent casting (39).

During TAE, the microcatheter may even have difficulty accessing 
the fistula point due to the tortuous arterial approach. In this 
circumstance, retrograde reflux of the liquid embolic agent was often 
unavoidable. In addition, due to the presence of concurrent blood flow 
in DAVFs, liquid embolic agents can be prevented from penetrating 
fistulas. The “pressure cooker” technique was useful for preventing 
retrograde reflux of the liquid embolic agent and for driving the liquid 
embolic agent toward the fistula. A Scepter Mini balloon microcatheter 
(Microvention, Aliso Viejo, CA) can be used to conveniently establish 
the “pressure cooker” effect (59). However, the balloon microcatheter 
may be too stiff to close the fistula.

The “pressure cooker” technique can be  established by using 
double microcatheters. Before performing liquid embolic agent 
casting using a working microcatheter, a plug made by another 
microcatheter can be established to occlude the distal feeding artery 
to prevent reflux of the liquid embolic agent. Working microcatheters 
may use Marathon or Apollo microcatheters. When using an Apollo 
microcatheter, the plug should be distal to its detachment point to 
facilitate microcatheter removal (1, 17, 33).

When the patient is wearing a casing liquid embolic agent via the 
“pressure cooker” technique, the uninvolved normal branch of the 
MMA can be coiled in advance to avoid liquid embolic agent entering 
into dangerous anastomosis into the ICA or OphA (17). In addition, 
to avoid inadvertent liquid embolic agent reflux into the ICA, a 
protective balloon can be  navigated into the cavernous ICA and 
temporarily inflated to block retrograde liquid embolic agent from 
entering the ICA (17, 39, 40).

6.3 TVE

TVE can be used for sphenoidal region DAVFs fed by multiple 
small arterial feeders or a very tortuous course of feeding arteries; 
however, there are patent venous pathways to access fistulas, such as 
the facial vein and OphV, inferior petrous sinus and CS, superior 
sagittal sinus and cortical bridging vein, pterygoid plexus, and vein of 
Galen and vein of Rosenthal (1, 6, 7, 42). However, TVE should 
be limited in highly selective cases.

For TVE, when the fistula was catheterized, only coiling the fistula 
connection or venous pouch was a good option. For instance, in Kim 
et al.’s (60) and Misaki et al.’s (15) reports, transvenous catheterization 
to SphPS DAVFs by an SL-10 microcatheter was performed via the 

facial vein and superior OphV, after which the DAVF was completely 
coiled. In Akamatsu et al.’s report, a PCS DAVF was catheterized by an 
SL-10 microcatheter via the superior sagittal sinus (SSS) and SMCV, 
and the DAVF was completely coiled (43). In San et al.’s report, an LCS 
DAVF was completely coiled through the pterygoid plexus via the 
external jugular vein (61).

When coiling is unsatisfactory, liquid embolic agents can 
be combined with each other (1). In Agnoletto et al.’s report, a SphPS 
DAVF was accessed by two Echelon-10 microcatheters via the inferior 
petrous sinus and CS; coils were deployed through a microcatheter to 
obstruct outflow and serve as a lattice, and Onyx was then injected at 
the fistulous point through another microcatheter with good filling of 
the fistulous connection (6).

For TVE, four-dimensional (4D) digital subtraction angiography 
(DSA) and three-dimensional (3D) fused images are important for 
planning EVT strategies. In Ishibashi et al.’s report, a DAVF in the 
sphenoid bone with a large venous pouch was completely coiled via 
the inferior petrous sinus, and the CS after a microcatheter in the 
venous pouch was identified by 4D-DSA and 3D fused images (42).

In addition to routine microcatheters for delivering coils, the 
Marathon microcatheter can be used; it has both flow-guided and 
guidewire-guided characteristics so that it is useful both for advancing 
through the tortuous drainer and for selecting the target cavity. It has 
a distal inner diameter of 0.013. The Marathon microcatheter is not 
designed to deliver traditional coils. However, it can be used in the 
delivery of certain coils, such as detached Axium Prime coils 
(Medtronic, Irvine, CA, United States), Kaneka ED extrasoft coils 
(Kaneka, Kanagawa, Japan), and barricade coils (Blockade Medical, 
Irvine, CA, United States) (62–64). In Fukuda et  al.’s report, after 
coiling the large feeding arteries of a sphenoidal wing DAVF to result 
in flow reduction, the Marathon microcatheter was introduced via the 
superior sagittal sinus, vein of Trolard, and anterior temporo-basal 
vein into the venous side of the fistula, and Kaneka ED coils were used 
to complete successful obliteration (39).

Recently, there have been two types of available coils made in 
China that can be delivered via the Marathon microcatheter, the Visee 
coil (Visee Medical Devices Co., Ltd., Shandong, China) and the 
Jasper®SS-10 coil (Achieva Medical Co., Ltd., Shanghai, China), which 
provide additional options for coiling (Figure 6).

6.4 Direct puncture EVT

Sphenoidal region DAVFs can be embolized by direct puncture 
EVT. The puncture point can guide the draining vein directly or via a 
surgically created window or burr hole. In Cohen et al.’s report, after 
microsurgical exposure of the superior OphV allowed direct 
cannulation and catheterization, complete occlusion of a sphenoid 
greater wing DAVF was achieved by coiling (7). In White et al.’s report, 
after a burr hole was made over the diploic draining vein of an 
intraosseous DAVF of the sphenoid bone, coiling followed by Onyx 
casting was used to completely embolize the fistula and very proximal 
draining vein (45).

Direct puncture can be performed if the fistula is located in 
the bone or in the sinus of the epidural or intradural space. 
However, direct puncture should be  guided by a navigation 
system. In the report by Nerva et  al., after the TAE and TVE 
approaches failed to treat an intraosseous DAVF of the sphenoid 
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bone and parasellar region, under Xper-computed tomography 
(CT) guidance from the DSA machine, a transfacial puncture was 
used to access the venous pouch. After embolization with coils 
and Onyx, the DAVFs within the sphenoid bone were embolized 
(28). In Dye et al.’s report, using a neuronavigation system with 

CT angiography images, the exact location of the fistula sac of a 
PCS DAVF was identified. Next, a spinal needle was used to guide 
the PCS, the Onyx was cast under fluoroscopic visualization, and 
the DAVF was resolved (41). In addition, endoscopic visualization 
was helpful for performing precise punctures. In Karas et  al.’s 

FIGURE 5

Complete EVT via the MMA for a sphenoidal region DAVF. (A) MRI image showing a high signal (asterisk) at the left sphenoidal ridge. (B) DSA image 
showing the DAVF (asterisk) supplied by the recurrent meningeal branch of the OphA. (C) DSA showing a sphenoidal ridge DAVF (asterisk) supplied by 
the MMA. The arrowhead indicates the anastomosis with the recurrent meningeal branch of the OphA. (D) Selective angiography of the MMA showing 
the DAVF. (E) Unsubtracted DSA showing the Onyx casting. (F) Post-EVT DSA showing that the DAVF was obliterated. DAVF, dural arteriovenous fistula; 
DSA, digital subtraction angiography; EVT, endovascular treatment; MMA, middle meningeal artery; MRI, magnetic resonance imaging; OphA, 
ophthalmic artery.
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report, under stereotactic guidance and endoscopic visualization, 
after direct puncture to the venous pouch, Onyx casting 
completely embolized a PCS DAVF (65).

7 Prognosis

Only occlusions of the distal feeding artery and fistula cannot cure 
sphenoidal region DAVFs; although angiography confirmed no 
residual DAVF, recanalization can occur (66). Occlusions of distal 
feeding arteries, fistula connections, and the very proximal segment 
of the draining vein can lead to obliteration of DAVFs and a good 
clinical outcome via TAE or TVE (1, 15, 17, 39, 40, 54, 58). For 
instance, in Lv et al.’s report, 7 LCS DAVFs were completely embolized, 
and good outcomes were achieved (67). In Shi et al.’s report of 11 
sphenoidal region DAVFs, 9 successful EVTs were obtained, a good 
prognosis was achieved, and no recurrence was observed (1). In 

Shimizu et al.’s review, 8 sphenoid wing DAVFs were cured by 4 TAEs, 
2 VE, and 2 TAEs plus TVE (52).

8 Complications

When a liquid embolic agent is cast via the MMA or AMA to treat 
a sphenoidal region DAVF, the embolic agent can migrate into the 
OphA, resulting in eye blindness because of potential embolization to 
the central retinal artery through dangerous anastomosis from the 
MMA or AMA to the OphA. In addition, care should be taken to 
avoid reflux in the cavernous and petrosal branches of the MMA or 
AMA, as reflux may result in trigeminal or facial nerve palsy. 
Therefore, care should be taken to avoid reflux of the liquid embolic 
agent in the MMA to the foramen spinosum (1). When performing 
TAE via the meningeal branch of the OphA, there is a risk of occlusion 
of the central retinal artery. Because ILT and MHT of the ICA often 
act as feeders of sphenoidal region DAVF, during TAE via other 
feeders, a liquid embolic agent can go reflex into the cavernous ICA 
via the ILT or MHT. Therefore, the protective balloon in the ICA was 
helpful in preventing ICA occlusion. Because the toxicity of dimethyl 
sulfoxide can result in cardiac arrest due to the trigeminocardiac 
reflex, it was necessary to inject dimethyl sulfoxide slowly to prepare 
for cardiac resuscitation. Some complications, such as venous system 
occlusion, venous perforation, venous infarction, and intracranial 
hemorrhage, are associated with TVE.

9 Summary

EVT for sphenoidal region DAVFs is challenging. Curative EVT 
is needed to occlude fistulas and proximal venous drainage tubes. 
Various techniques can be  used, including TAE, TVE, and direct 
puncture EVT. Among these methods, TAE was commonly used, and 
MMA or AMA can act as the gold standard. TVE should be limited 
in highly selective cases. As a last resort, sphenoidal region DAVFs can 
be embolized by direct puncture EVT. Complete EVT can lead to the 
obliteration of sphenoidal region DAVFs. However, these 
complications cannot be neglected.

Author contributions

JY: Conceptualization, Writing – original draft, Writing – review 
& editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Conflict of interest

The author declares that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

FIGURE 6

Delivery of coils via a Marathon microcatheter. (A) Roadmap DSA 
showing that the Marathon microcatheter (arrow) accessed the 
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(upper and lower). DSA, digital subtraction angiography.

https://doi.org/10.3389/fneur.2024.1348178
https://www.frontiersin.org


Yu 10.3389/fneur.2024.1348178

Frontiers in Neurology 10 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Shi ZS, Ziegler J, Feng L, Gonzalez NR, Tateshima S, Jahan R, et al. Middle cranial 

fossa sphenoidal region dural arteriovenous fistulas: anatomic and treatment 
considerations. AJNR Am J Neuroradiol. (2013) 34:373–80. doi: 10.3174/ajnr.A3193

 2. Macdonald A, Plaha P, Byrne J. An unusual presentation of a dural arteriovenous 
fistula of the sphenoparietal sinus. J Neurointerv Surg. (2015) 7:e12. doi: 10.1136/
neurintsurg-2014-011103.rep

 3. Watanabe T, Matsumaru Y, Sonobe M, Asahi T, Onitsuka K, Sugita K, et al. Multiple 
dural arteriovenous fistulae involving the cavernous and sphenoparietal sinuses. 
Neuroradiology. (2000) 42:771–4. doi: 10.1007/s002340000332

 4. Unterhofer C, Chemelli A, Waldenberger P, Bauer R, Ortler M. Traumatic fistula 
between the middle meningeal artery and the sphenoparietal sinus. Acta Neurochir. 
(2009) 151:1301–4. doi: 10.1007/s00701-009-0251-3

 5. Osbun JW, Kim LJ, Spetzler RF, McDougall CG. Aberrant venous drainage pattern 
in a medial sphenoid wing dural arteriovenous fistula: a case report and review of the 
literature. World Neurosurg. (2013) 80:e381–6. doi: 10.1016/j.wneu.2013.02.022

 6. Agnoletto GJ, Imbarrato GJ, Granja MF, Monteiro A, Aldana PR, Hanel RA. A De 
novo Sphenoparietal Dural arteriovenous fistula: unveiling the deceitful culprit. World 
Neurosurg. (2019) 127:375–80. doi: 10.1016/j.wneu.2019.04.120

 7. Cohen JE, Gomori JM, Grigoriadis S, Spektor S, Rajz G. Dural arteriovenous fistula 
of the greater sphenoid wing region in neurofibromatosis type 1. Pediatr Neurosurg. 
(2008) 44:172–5. doi: 10.1159/000113124

 8. Srinivasan VM, Singh R, Labib MA, Catapano JS, Graffeo CS, Lawton MT. Clip 
occlusion of a Sphenoparietal sinus Dural arteriovenous fistula: 2-dimensional operative 
video. Oper Neurosurg. (2023) 24:e118–9. doi: 10.1227/ons.0000000000000480

 9. Hartke JN, Srinivasan VM, Rahmani R, Catapano JS, Labib MA, Rumalla K, et al. 
Sphenoparietal sinus Dural arteriovenous fistulas: a series of 10 patients. Oper Neurosurg. 
(2022) 23:139–47. doi: 10.1227/ons.0000000000000269

 10. Martins C, Yasuda A, Campero A, Ulm AJ, Tanriover N, Rhoton A Jr. Microsurgical 
anatomy of the dural arteries. Neurosurgery. (2005) 56:ONS-211–51. doi: 10.1227/01.
NEU.0000144823.94402.3D

 11. Rinaldo L, Brinjikji W. Dangerous extracranial-intracranial anastomoses: what the 
Interventionalist must know. Semin Interv Radiol. (2020) 37:140–9. doi: 
10.1055/s-0040-1709155

 12. Tanoue S, Kiyosue H, Mori H, Hori Y, Okahara M, Sagara Y. Maxillary artery: 
functional and imaging anatomy for safe and effective transcatheter treatment. 
Radiographics. (2013) 33:e209–24. doi: 10.1148/rg.337125173

 13. Martínez JL, Domingo RA, Sattur M, Porto G, Rivas GA, Al Kasab S, et al. The 
middle meningeal artery: branches, dangerous anastomoses, and implications in 
neurosurgery and Neuroendovascular surgery. Oper Neurosurg. (2022) 22:1–13. doi: 
10.1227/ONS.0000000000000010

 14. Geibprasert S, Pongpech S, Armstrong D, Krings T. Dangerous extracranial-
intracranial anastomoses and supply to the cranial nerves: vessels the 
neurointerventionalist needs to know. AJNR Am J Neuroradiol. (2009) 30:1459–68. doi: 
10.3174/ajnr.A1500

 15. Misaki K, Uchiyama N, Mohri M, Aida Y, Uno T, Nakada M. Unique venous 
drainage of a sphenoid wing Dural arteriovenous fistula with ocular symptoms. World 
Neurosurg. (2017) 97:753.e1–5. doi: 10.1016/j.wneu.2016.10.055

 16. Rhoton AL Jr. The cerebral veins. Neurosurgery. (2002) 51:S159–205. doi: 
10.1097/00006123-200210001-00005

 17. Kandyba DV, Babichev KN, Stanishevskiy AV, Abramyan AA, Svistov DV. Dural 
arteriovenous fistula in the sphenoid bone lesser wing region: endovascular adjuvant 
techniques of treatment and literature review. Interv Neuroradiol. (2018) 24:559–66. doi: 
10.1177/1591019918777233

 18. Tubbs RS, Salter EG, Wellons JC, Blount JP, Oakes WJ. The sphenoparietal sinus. 
Neurosurgery. (2007) 60:ONS9-12. doi: 10.1227/01.NEU.0000249241.35731.C6

 19. Ide S, Kiyosue H, Tanoue S, Okahara M, Sagara Y, Hori Y, et al. Anatomical 
variations in termination of the uncal vein and its clinical implications in cavernous 
sinus dural arteriovenous fistulas. Neuroradiology. (2014) 56:661–8. doi: 10.1007/
s00234-014-1383-6

 20. San Millán Ruíz D, Fasel JH, Rüfenacht DA, Gailloud P. The sphenoparietal sinus 
of breschet: does it exist? An anatomic study. AJNR Am J Neuroradiol. (2004) 25:112–20.

 21. Tanoue S, Kiyosue H, Okahara M, Sagara Y, Hori Y, Kashiwagi J, et al. Para-
cavernous sinus venous structures: anatomic variations and pathologic conditions 
evaluated on fat-suppressed 3D fast gradient-echo MR images. AJNR Am J Neuroradiol. 
(2006) 27:1083–9.

 22. Lv X, Jiang C, Li Y, Liu L, Liu J, Wu Z. The laterocavernous sinus system: venous 
inflows, venous outflows, and clinical significance. World Neurosurg. (2011) 75:90–3. 
doi: 10.1016/j.wneu.2010.09.016

 23. San Millán Ruiz D, Gailloud P, de Miquel Miquel MA, Muster M, Dolenc VV, 
Rufenacht DA, et al. Laterocavernous sinus. Anat Rec. (1999) 254:7–12. doi: 10.1002/(SI
CI)1097-0185(19990101)254:1<7::AID-AR2>3.0.CO;2-Y

 24. Inui T, Okuno S, Hashimoto H, Fujimoto K. Successful surgical treatment of an 
extrasinusal dural arteriovenous fistula located in the lateral wall of the cavernous sinus: 
a case report. No Shinkei Geka. (2014) 42:53–7. doi: 10.11477/mf.1436102159

 25. Gailloud P, San Millán Ruíz D, Muster M, Murphy KJ, Fasel JH, Rüfenacht DA. 
Angiographic anatomy of the laterocavernous sinus. AJNR Am J Neuroradiol. (2000) 
21:1923–9.

 26. Takahashi S, Sakuma I, Otani T, Yasuda K, Tomura N, Watarai J, et al. Venous 
anatomy of the Sphenoparietal sinus: evaluation by MR imaging. Interv Neuroradiol. 
(2007) 13:84–9. doi: 10.1177/15910199070130S111

 27. Ghali MGZ. Sphenoid dural arteriovenous fistulas. Neurosurg Rev. (2021) 
44:77–96. doi: 10.1007/s10143-019-01209-x

 28. Nerva JD, Hallam DK, Ghodke BV. Percutaneous transfacial direct embolization 
of an intraosseous dural arteriovenous fistula. Neurosurgery. (2014) 10:E178–82. doi: 
10.1227/NEU.0000000000000213

 29. Yako R, Masuo O, Kubo K, Nishimura Y, Nakao N. A case of dural arteriovenous 
fistula draining to the diploic vein presenting with intracerebral hemorrhage. J 
Neurosurg. (2016) 124:726–9. doi: 10.3171/2015.2.JNS142227

 30. Ushikoshi S, Honma T, Uchida K, Yasuda H, Ajiki M. Dural arteriovenous fistula 
at the anterior clinoid process draining directly into the superficial middle cerebral vein. 
Neurol Med Chir (Tokyo). (2013) 53:195–8. doi: 10.2176/nmc.53.195

 31. Sakata H, Nishimura S, Mino M, Hori E, Fujita T, Midorikawa H, et al. Serial 
angiography of dynamic changes of traumatic middle meningeal arteriovenous fistula: 
case report. Neurol Med Chir. (2009) 49:462–4. doi: 10.2176/nmc.49.462

 32. Uchiyama T, Horiuchi T, Murata T, Hongo K. Dural arteriovenous fistula between 
inferolateral trunk of the internal carotid artery and superficial sylvian vein. Neurol Med 
Chir. (2011) 51:642–4. doi: 10.2176/nmc.51.642

 33. Sahu CD, Bhargava N. Intra-arterial onyx embolisation of sphenobasilar sinus 
fistula using pressure cooker technique: case report and review of the literature. 
Neuroradiol J. (2021) 34:131–4. doi: 10.1177/1971400920972512

 34. Kim DJ, Park W, Park JC, Ahn JS, Lee DH, Byun J. Microsurgical treatment of 
lateral cavernous sinus wall dural arteriovenous fistula with large venous aneurysm: a 
case report. J Cerebrovasc Endovasc Neurosurg. (2021) 23:41–8. doi: 10.7461/jcen.2020.
E2020.08.001

 35. Hiramatsu M, Sugiu K, Haruma J, Hishikawa T, Takahashi Y, Murai S, et al. Dural 
arteriovenous fistulas in the Parasellar region other than the cavernous sinus. J 
Neuroendovasc Ther. (2020) 14:593–604. doi: 10.5797/jnet.ra.2020-0042

 36. Inoue S, Fujita A, Shinoda K, Yamashita S, Lee TJ, Kuroda R, et al. Non-sinus-
type Laterocavernous sinus Dural arteriovenous fistula treated by Transarterial venous 
coil embolization: a Case report. J Neuroendovasc Ther. (2022) 16:225–31. doi: 
10.5797/jnet.cr.2021-0021

 37. Geibprasert S, Pereira V, Krings T, Jiarakongmun P, Toulgoat F, Pongpech S, et al. 
Dural arteriovenous shunts: a new classification of craniospinal epidural venous 
anatomical bases and clinical correlations. Stroke. (2008) 39:2783–94. doi: 10.1161/
STROKEAHA.108.516757

 38. Park ES, Jung YJ, Yun JH, Ahn JS, Lee DH. Intraosseous arteriovenous 
malformation of the sphenoid bone presenting with orbital symptoms mimicking 
cavernous sinus dural arteriovenous fistula: a case report. J Cerebrovasc Endovasc 
Neurosurg. (2013) 15:251–4. doi: 10.7461/jcen.2013.15.3.251

 39. Fukuda H, Miyake K, Kunieda T, Murao K. Endovascular treatment of sphenoid 
wing dural arteriovenous fistula with pure cortical venous drainage. J Stroke Cerebrovasc 
Dis. (2014) 23:1730–5. doi: 10.1016/j.jstrokecerebrovasdis.2013.12.037

 40. Rezende MT, Piotin M, Mounayer C, Spelle L, Abud DG, Moret J. Dural 
arteriovenous fistula of the lesser sphenoid wing region treated with Onyx: technical 
note. Neuroradiology. (2006) 48:130–4. doi: 10.1007/s00234-005-0020-9

 41. Dye JA, Buchanan CC, Gonzalez NR. Integrated open surgical and endovascular 
embolization treatment of a paracavernous venous plexus fistula: case report. J 
Neurosurg. (2015) 122:933–8. doi: 10.3171/2014.11.JNS14958

 42. Ishibashi T, Maruyama F, Kan I, Sano T, Murayama Y. Four-dimensional digital 
subtraction angiography for exploration of intraosseous arteriovenous fistula in the 
sphenoid bone. Surg Neurol Int. (2021) 12:85. doi: 10.25259/SNI_858_2020

https://doi.org/10.3389/fneur.2024.1348178
https://www.frontiersin.org
https://doi.org/10.3174/ajnr.A3193
https://doi.org/10.1136/neurintsurg-2014-011103.rep
https://doi.org/10.1136/neurintsurg-2014-011103.rep
https://doi.org/10.1007/s002340000332
https://doi.org/10.1007/s00701-009-0251-3
https://doi.org/10.1016/j.wneu.2013.02.022
https://doi.org/10.1016/j.wneu.2019.04.120
https://doi.org/10.1159/000113124
https://doi.org/10.1227/ons.0000000000000480
https://doi.org/10.1227/ons.0000000000000269
https://doi.org/10.1227/01.NEU.0000144823.94402.3D
https://doi.org/10.1227/01.NEU.0000144823.94402.3D
https://doi.org/10.1055/s-0040-1709155
https://doi.org/10.1148/rg.337125173
https://doi.org/10.1227/ONS.0000000000000010
https://doi.org/10.3174/ajnr.A1500
https://doi.org/10.1016/j.wneu.2016.10.055
https://doi.org/10.1097/00006123-200210001-00005
https://doi.org/10.1177/1591019918777233
https://doi.org/10.1227/01.NEU.0000249241.35731.C6
https://doi.org/10.1007/s00234-014-1383-6
https://doi.org/10.1007/s00234-014-1383-6
https://doi.org/10.1016/j.wneu.2010.09.016
https://doi.org/10.1002/(SICI)1097-0185(19990101)254:1<7::AID-AR2>3.0.CO;2-Y
https://doi.org/10.1002/(SICI)1097-0185(19990101)254:1<7::AID-AR2>3.0.CO;2-Y
https://doi.org/10.11477/mf.1436102159
https://doi.org/10.1177/15910199070130S111
https://doi.org/10.1007/s10143-019-01209-x
https://doi.org/10.1227/NEU.0000000000000213
https://doi.org/10.3171/2015.2.JNS142227
https://doi.org/10.2176/nmc.53.195
https://doi.org/10.2176/nmc.49.462
https://doi.org/10.2176/nmc.51.642
https://doi.org/10.1177/1971400920972512
https://doi.org/10.7461/jcen.2020.E2020.08.001
https://doi.org/10.7461/jcen.2020.E2020.08.001
https://doi.org/10.5797/jnet.ra.2020-0042
https://doi.org/10.5797/jnet.cr.2021-0021
https://doi.org/10.1161/STROKEAHA.108.516757
https://doi.org/10.1161/STROKEAHA.108.516757
https://doi.org/10.7461/jcen.2013.15.3.251
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.12.037
https://doi.org/10.1007/s00234-005-0020-9
https://doi.org/10.3171/2014.11.JNS14958
https://doi.org/10.25259/SNI_858_2020


Yu 10.3389/fneur.2024.1348178

Frontiers in Neurology 11 frontiersin.org

 43. Akamatsu Y, Gomez-Paz S, Moore JM, Thomas AJ, Ogilvy CS. Endovascular 
embolization of a Paracavernous arteriovenous fistula through a cortical venous access: 
2-dimensional operative video. Oper Neurosurg. (2020) 19:E604. doi: 10.1093/ons/
opaa210

 44. Gutiérrez-González R, Boto GR, Rivero-Garvía M, Pérez-Zamarrón A. 
Intraventricular haemorrhage caused by the rupture of a dural arteriovenous 
malformation of the middle cranial fossa. Acta Neurochir. (2009) 151:1009–12. doi: 
10.1007/s00701-009-0197-5

 45. White AC, Folzenlogen ZA, Harland TA, Case DE, Roark CD, Kumpe DA, et al. 
Intraosseous cannulation of a Calvarial Diploic vein for embolization of a symptomatic 
Dural arteriovenous fistula: a technical Case report. Oper Neurosurg. (2020) 18:E132–7. 
doi: 10.1093/ons/opz179

 46. Watanabe J, Maruya J, Nishimaki K. Surgical treatment of a Dural arteriovenous 
fistula in the sphenoid wing with a unique drainage pattern through the basal vein of 
Rosenthal. NMC Case Rep J. (2015) 2:88–92. doi: 10.2176/nmccrj.2014-0400

 47. Nakajima H, Ishiguro T, Terada A, Komiyama M. Dural arteriovenous fistula of 
the sinus of the lesser sphenoid wing presenting with pontine hemorrhage. World 
Neurosurg. (2017) 98:871.e17–21. doi: 10.1016/j.wneu.2016.11.139

 48. Nomura S, Anegawa S, Nakagawa S, Tomokiyo M, Koga H, Hayashi T. 
Subarachnoid hemorrhage caused by Dural arteriovenous fistula of the Sphenobasal 
sinus. Case report. Neurol Med Chir (Tokyo). (2002) 42:255–8. doi: 10.2176/nmc.42.255

 49. Borden JA, Wu JK, Shucart WA. A proposed classification for spinal and cranial 
dural arteriovenous fistulous malformations and implications for treatment. J Neurosurg. 
(1995) 82:166–79. doi: 10.3171/jns.1995.82.2.0166

 50. Cognard C, Gobin YP, Pierot L, Bailly AL, Houdart E, Casasco A, et al. Cerebral 
dural arteriovenous fistulas: clinical and angiographic correlation with a revised 
classification of venous drainage. Radiology. (1995) 194:671–80. doi: 10.1148/
radiology.194.3.7862961

 51. Smith JE, Epps J, Press HC Jr, Adair LB. Traumatic arteriovenous fistula between 
the middle meningeal artery and the sphenoparietal sinus: a case report and review of 
the world literature. J Natl Med Assoc. (1981) 73:274–8.

 52. Shimizu Y, Tokuda K, Park C. Sphenoid wing dural arteriovenous fistula: a case 
report and literature review. Surg Neurol Int. (2020) 11:438. doi: 10.25259/SNI_571_2020

 53. Tanaka T, Kato N, Arai T, Hasegawa Y, Abe T. Surgical treatment of a sylvian-
middle fossa dural arteriovenous fistula draining into the basal vein of Rosenthal with 
frontotemporal craniotomy. J Stroke Cerebrovasc Dis. (2012) 21:333–7. doi: 10.1016/j.
jstrokecerebrovasdis.2010.09.007

 54. Park JW, Lee JY. Traumatic intracerebral and subarachnoid hemorrhage due to a 
ruptured Pseudoaneurysm of middle meningeal artery accompanied by a medial 
sphenoid wing Dural arteriovenous fistula. Korean J Neurotrauma. (2017) 13:162–6. doi: 
10.13004/kjnt.2017.13.2.162

 55. Gioppo A, Faragò G, Caldiera V, Caputi L, Cusin A, Ciceri E. Medial tentorial 
Dural arteriovenous fistula embolization: single experience with embolic liquid polymer 

SQUID and review of the literature. World Neurosurg. (2017) 107:1050.e1–7. doi: 
10.1016/j.wneu.2017.08.050

 56. Vollherbst DF, Boppel T, Wallocha M, Berlis A, Maurer CJ, Weber W, et al. 
LIQUID—treatment of high-grade dural arteriovenous fistulas with squid liquid 
embolic agent: a prospective, observational multicenter study. J Neurointerv Surg. (2023) 
15:1111–6. doi: 10.1136/jnis-2022-019859

 57. Leyon JJ, Chavda S, Thomas A, Lamin S. Preliminary experience with the liquid 
embolic material agent PHIL (precipitating hydrophobic injectable liquid) in treating 
cranial and spinal dural arteriovenous fistulas: technical note. J Neurointerv Surg. (2016) 
8:596–602. doi: 10.1136/neurintsurg-2015-011684

 58. Murakami T, Nakamura H, Nishida T, Ozaki T, Asai K, Kidani T, et al. Transarterial 
sinus embolization for a Dural arteriovenous fistula in a sinus of the lesser sphenoid 
wing: a Case report. NMC Case Rep J. (2017) 4:47–50. doi: 10.2176/nmccrj.cr.2016-0076

 59. Mehta T, Hassan A, Masood K, Tekle W, Grande A, Tummala R, et al. The next 
step in balloon assisted endovascular neurosurgical procedures: a case series of initial 
experience with the scepter Mini balloon microcatheter. Interv Neuroradiol. (2021) 
27:298–306. doi: 10.1177/1591019920972884

 60. Kim MJ, Shin YS, Ihn YK, Kim BM, Yoon PH, Oh SY, et al. Transvenous 
embolization of cavernous and Paracavernous Dural arteriovenous fistula through the 
facial vein: report of 12 cases. Neurointervention. (2013) 8:15–22. doi: 10.5469/
neuroint.2013.8.1.15

 61. San Millán Ruíz D, Oka M, Fasel JH, Clatterbuck R, Gailloud P, Murphy K. 
Transvenous embolization of a dural arteriovenous fistula of the laterocavernous sinus 
through the pterygoid plexus. Neuroradiology. (2007) 49:665–8. doi: 10.1007/
s00234-007-0245-x

 62. Beckett JS, Duckwiler GR, Tateshima S, Szeder V, Jahan R, Gonzalez N, et al. Coil 
embolization through the Marathon microcatheter: advantages and pitfalls. Interv 
Neuroradiol. (2017) 23:28–33. doi: 10.1177/1591019916667722

 63. Bhogal P, AlMatter M, Hellstern V, Bazner H, Ganslandt O, Henkes H, et al. High-
grade Dural arteriovenous fistulas: use of Kaneka ED coils with the Marathon 
microcatheter for Transvenous coil embolization. Clin Neuroradiol. (2019) 29:653–60. 
doi: 10.1007/s00062-018-0724-y

 64. Stidd DA, Lopes DK, Chen M. Aneurysm coil embolization using a 1.5-fr distal 
outer diameter microcatheter. Neurointervention. (2014) 9:39–44. doi: 10.5469/
neuroint.2014.9.1.39

 65. Karas PJ, Lee JE, Oliver BT, Allison RZ, Lees KA, Shaltoni H, et al. Endoscopic 
endonasal transsphenoidal Onyx embolization of a paracavernous dural arteriovenous 
fistula. J Neurointerv Surg. (2023) 15:1055. doi: 10.1136/jnis-2022-019971

 66. Gross BA, Du R. Surgical treatment of high grade dural arteriovenous fistulae. J 
Clin Neurosci. (2013) 20:1527–32. doi: 10.1016/j.jocn.2012.12.015

 67. Lv X, Jiang C, Li Y, Lv M, Wu Z. Endovascular treatment of dural fistulas with the 
venous outflow of laterocavernous sinus. Eur J Radiol. (2010) 75:e129–34. doi: 10.1016/j.
ejrad.2010.02.003

https://doi.org/10.3389/fneur.2024.1348178
https://www.frontiersin.org
https://doi.org/10.1093/ons/opaa210
https://doi.org/10.1093/ons/opaa210
https://doi.org/10.1007/s00701-009-0197-5
https://doi.org/10.1093/ons/opz179
https://doi.org/10.2176/nmccrj.2014-0400
https://doi.org/10.1016/j.wneu.2016.11.139
https://doi.org/10.2176/nmc.42.255
https://doi.org/10.3171/jns.1995.82.2.0166
https://doi.org/10.1148/radiology.194.3.7862961
https://doi.org/10.1148/radiology.194.3.7862961
https://doi.org/10.25259/SNI_571_2020
https://doi.org/10.1016/j.jstrokecerebrovasdis.2010.09.007
https://doi.org/10.1016/j.jstrokecerebrovasdis.2010.09.007
https://doi.org/10.13004/kjnt.2017.13.2.162
https://doi.org/10.1016/j.wneu.2017.08.050
https://doi.org/10.1136/jnis-2022-019859
https://doi.org/10.1136/neurintsurg-2015-011684
https://doi.org/10.2176/nmccrj.cr.2016-0076
https://doi.org/10.1177/1591019920972884
https://doi.org/10.5469/neuroint.2013.8.1.15
https://doi.org/10.5469/neuroint.2013.8.1.15
https://doi.org/10.1007/s00234-007-0245-x
https://doi.org/10.1007/s00234-007-0245-x
https://doi.org/10.1177/1591019916667722
https://doi.org/10.1007/s00062-018-0724-y
https://doi.org/10.5469/neuroint.2014.9.1.39
https://doi.org/10.5469/neuroint.2014.9.1.39
https://doi.org/10.1136/jnis-2022-019971
https://doi.org/10.1016/j.jocn.2012.12.015
https://doi.org/10.1016/j.ejrad.2010.02.003
https://doi.org/10.1016/j.ejrad.2010.02.003

	Endovascular treatment for sphenoidal region dural arteriovenous fistula
	1 Introduction
	2 Dural feeders and venous structures of the sphenoidal region
	2.1 Dural feeders
	2.2 Dangerous anastomosis
	2.3 Venous structures
	2.3.1 SphPS and PCS
	2.3.2 LCS, SMCV, UV, and MMV

	3 Angioarchitecture of sphenoidal region DAVF
	3.1 Classification
	3.2 Arterial supply
	3.3 Venous drainage

	4 Clinical presentation
	5 EVT role and principles
	5.1 Role and status of EVT
	5.2 EVT aims and principles

	6 Various EVT techniques
	6.1 Embolic agents
	6.2 TAE
	6.3 TVE
	6.4 Direct puncture EVT

	7 Prognosis
	8 Complications
	9 Summary
	Author contributions

	References

