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Endovascular treatment for isolated dural arteriovenous fistula (DAVF) in the middle cranial
fossa (MCF) with pure cortical venous drainage poses challenges, including the absence of a
safe access route for transvenous embolization (TVE) and the risk of ischemia to neuro feed-
ing vessels and dangerous anastomosis at the sphenoid wing. Therefore, surgical treatment
involving direct blockage of venous reflux via craniotomy is typically preferred. We describe
the case of a 63-year-old woman presented with generalized seizures and was diagnosed
with a Borden III left MCF-DAVF. Initial TVE was unsuccessful due to an occluded inferior
petrosal sinus and a lack of connection between the cavernous sinus and the shunt point.
After reducing the shunt flow with transarterial embolization, retrograde TVE through cor-
tical drainage enabled successful treatment for the DAVF. We used a triple coaxial system
(4-French guiding sheath, 3.2-French intermediate distal access catheter, and 1.5-French mi-
crocatheter) to retrogradely navigate a microcathter from the right jugular vein through the
superior sagittal sinus, the vein of Trolard, and into the superficial middle cerebral vein, ul-
timately achieving shunt occlusion using several coils. This case demonstrates that TVE for
MCF-DAVFs with pure cortical venous drainage is feasible when a safe anatomical route is
established using appropriate strategies and instruments and provides a safe and effective
treatment option for similar cases.
© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
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(http://creativecommons.org/licenses/by-nc-nd/4.0/)

* Competing Interests: The authors declare that they have no known competing financial interests or personal relationships that could
have appeared to influence the work reported in this paper.
** Acknowledgments: This research received no specific grant from any funding agencies.

* Corresponding author.

E-mail address: y-kadono@nsurg.med.osaka-u.ac.jp (Y. Kadono).

https://doi.org/10.1016/j.radcr.2024.08.036
1930-0433/© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.radcr.2024.08.036
http://www.sciencedirect.com/science/journal/19300433
http://www.elsevier.com/locate/radcr
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:y-kadono@nsurg.med.osaka-u.ac.jp
https://doi.org/10.1016/j.radcr.2024.08.036
http://creativecommons.org/licenses/by-nc-nd/4.0/

5400

RADIOLOGY CASE REPORTS 19 (2024) 5399-5403

Introduction

Dural arteriovenous fistula (DAVF) is a disease caused by
abnormal vascular communication, an arteriovenous shunt,
within the meninges. Dural arteries supply DAVFs, while du-
ral sinuses and/or cortical veins drain them. DAVFs located in
the middle cranial fossa (MCF), excluding the cavernous sinus
(CS), are uncommon but aggressive lesions associated with
cortical vein reflux. According to the classifications by Borden
etal. [1] and Cognard et al. [2], intracranial DAVFs with a direct
shunt to a cortical vein and retrograde drainage of a cortical
vein pose a high risk of neurological symptoms or intracra-
nial hemorrhage due to impaired cerebral perfusion caused
by cortical venous reflux. These advanced DAVFs require im-
mediate surgical and/or interventional treatment due to their
malignant nature.

The traditional curative endovascular treatment for DAVFs
involves transvenous occlusion of the affected sinuses [3,4]. In
cases of DAVFs within the MCF, the preferred endovascular ap-
proach is transvenous embolization (TVE) through the inferior
petrosal sinus (IPS) using coils rather than transarterial em-
bolization using liquid materials. This preference arises due to
the risk of cranial nerve complications around various danger-
ous foramina and the risk of migration to the connecting nor-
mal cerebral arteries. Because Borden III DAVFs without ante-
grade venous drainage have no simple connection to the af-
fected sinus, these isolated DAVFs are usually treated by pen-
etrating the obstructive outlet or by direct surgical disconnec-
tion of the pial venous drainage through craniotomy [5,6]. Usu-
ally, retrograde embolization through pial veins is generally
avoided due to the perforation risk associated with their tor-
tuous and fragile origin. Moreover, the retrograde approach is
not preferred due to the need for long and complex catheter-
ization pathways.

Recent advancements in neuroendovascular techniques
and instruments have enabled the successful treatment of
DAVFs using retrograde TVE through cortical veins. Several
case reports have highlighted the feasibility and safety of this
approach, particularly in challenging cases where traditional
routes are inaccessible [7-10]. Herein, we report a challeng-
ing TVE procedure performed through the vein of Trolard and
the superficial middle cerebral vein (SMCV) for an isolated
type of MCF-DAVF and review relevant literature on retrograde
endovascular embolization for DAVFs through cortical veins.
This novel technique allows access to otherwise unreachable
shunt points, offering a viable alternative to open surgical in-
terventions.

Case description

A 63-year-old woman presented to our emergency room with a
generalized seizure following a partial facial seizure. She was
subsequently diagnosed with symptomatic epilepsy. A year
earlier, she had developed facial paralysis and was initially
diagnosed with multiple DAVFs. At that time, magnetic reso-
nance imaging (MRI) revealed aggressive DAVF with intracra-
nial venous reflux, prompting her to consider a close examina-
tion and treatment. However, we postponed the treatment at

her request. After starting antiepileptic medications, she still
had weakness on her right side and difficulty speaking. Mag-
netic resonance angiography (MRA) showed multiple DAVFs
with aggressive intracranial venous reflux, and perfusion im-
ages revealed increased blood flow in the left side of her brain,
leading to a diagnosis of symptomatic left MCF-DAVF (Borden
type III) with other DAVFs (Figs. 1A-C).

One week after admission, an embolization following di-
agnostic angiography under general anesthesia was planned.
An angiogram showed a left MCF-DAVF with broad intracra-
nial venous reflux and cerebral venous congestion (Figs. 1D-F).
The angiogram also revealed multiple feeders of MCF-DAVF,
including many branches from the internal maxillary artery,
but the middle meningeal artery was not involved (Fig. 1D).
The main draining vein was the SMCV to the vein of Tro-
lard, while deep drainage occurred through the uncal vein to
the basal vein of Rosenthal. However, the CS and pterygoid
plexus were occluded. Following diagnostic angiography, we
determined the shunt point to be the laterocavernous sinus.
Consequently, we planned TVE through the occluded IPS ac-
cessed from the femoral vein and could reach the lateral wall
of the CS (Fig. 1G), however, we were unable to reach the shunt
pouch. Finally, we abandoned TVE, and performed transarte-
rial coil embolization of the anterior and middle deep tempo-
ral artery for flow reduction (Fig. 1H). Postoperative MRA indi-
cated a partial reduction of shunt flow (Fig. 2A), but cerebral
venous congestion remained.

Three weeks later, we attempted a different TVE by access-
ing the SMCV through the vein of Trolard from the jugular
vein (Fig. 2B). First, we advanced a 4-French Cerulean (Medikit,
Tokyo, Japan) into a 4-French long sheath placed in the right
jugular vein to the transverse sinus but failed. Next, we ap-
plied a smaller 3.2-French distal access catheter, Guidepost
(Tokai Medical Products, Aichi, Japan), which we successfully
placed at the connection of the vein of Trolard and the su-
perior sagittal sinus (SSS) (Figs. 2C and D). Despite attempts
to advance a 1.5-French Marathon catheter (Medtronic, Irvine,
CA, USA) through the distal access catheter toward the SMCV
using multiple wires, we could not reach the shunt pouch.
Finally, we successfully inserted a 1.5-French DeFrictor Bull
(Medicos Hirata, Osaka, Japan) with a CHIKAI X10 microwire
(Asahi Intecc, Aichi, Japan) into the distal access catheter,
which we placed at the shunt point through the SMCV (Fig. 2C).

TVE commenced using an unshaped i-ED Infini coil
(Kaneka Medix, Osaka, Japan) for the large pouch. However,
due to its high flow, the coil was not placed directly around the
shunt point. Second, some 3D-shaped coils (Barricade; Cen-
tury Medical, Tokyo, Japan) (i-ED complex; Kaneka Medix, Os-
aka, Japan) were used to make anchor frames near the shunt
point and the orifice of the uncal vein (Fig. 2D). After framing, i-
ED Infini coils were utilized to fill large spaces; and, finally, 3D
and helical coils were used for internal filling. Following the
placement of the 29th coil, a final angiogram showed almost
no shunt flow (Figs. 2E and F). Additionally, postprocedure CT
scans revealed that the coils were appropriately placed at the
MCF near the foramen ovale (Fig. 2G). An MRI the following day
confirmed complete obliteration of the shunt with improved
venous congestion (Fig. 2H). The patient had no complications
such as cranial nerve palsy or cerebral infarction after the in-
tervention. Other DAVFs were treated in subsequent sessions,
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Fig. 1 - (A) Axial arterial spin labeling magnetic resonance images of the brain show posticteric left-hemispheric
hyper-perfusion. (B) Magnetic resonance angiography and (C) its maximum intensity projection show a left middle cranial
fossa (MCF)-dural arteriovenous fistula (DAVF) and other DAVFs. Many feeders from the left external carotid artery pour into
the shunt pouch (black circle) at the left MCF. (D) Lateral view of the left external carotid artery angiography shows the left
MCF-DAVF supplied from the left anterior (white arrow) and middle (thombus) deep temporal arteries, the left accessory
meningeal artery (white arrowhead), the left artery of the foramen rotundum (asterisk), and the left ascending pharyngeal
artery (black arrow). However, the left middle meningeal artery (black arrowhead) is not involved by the MCF-DAVF. (E)
Anteroposterior and (F) lateral views of the left common carotid artery angiography show the broad left hemispheric venous
congestion and illustrate the occluded original outlets and many retrograde cortical refluxes. (G) The transfemoral approach
from the occluded left inferior petrosal sinus reaches the lateral wall of the cavernous sinus (arrow) but is not inserted into
the shunt pouch. (H) Post-transarterial embolization from the left anterior (white arrowhead) and middle (black arrowhead)
deep temporal arteries; lateral view of the left external carotid artery angiography reveals the left MCF-DAVF shunt point
(circle) and the retrograde drainage into the left superficial middle cerebral vein (white arrow) and the left uncal vein (black

arrow) leading to the left basal vein of Rosenthal.

and a follow-up angiography a year later indicated no recur-
rence of the MCF-DAVE.

Discussion

The successful TVE of an isolated MCF-DAVF through the
vein of Trolard and SMCV using an intermediate distal access
catheter, a long, flexible microcatheter, and an ultra-flexible
microwire represents a notable advancement in endovascu-
lar treatment techniques. Kuwayama first reported an effec-
tive approach of TVE through the SMCV. This approach in-
volved a surgical craniotomy and a direct puncture of the
SMCV [5]. Since then, several cases involving directly punctur-
ing the SMCV have been documented [6,11]. However, our case
is unique as it is the first reported instance of percutaneous
TVE through the vein of Trolard and SMCV for a noncavernous
sinus MCF-DAVF. Previous successful TVE cases involving cor-
tical veins without craniotomy are summarized in Table 1. A
notable instance involving percutaneous transvenous access
through the cortical vein was the transjugular embolization
of a sphenoid wing DAVF through the vein of Trolard [7] and

the transfemoral embolization of CS-DAVF through the vein of
Labbé [8]. Similarly, lampreechakul reported successful percu-
taneous TVE through the vein of Trolard and the SMCV for a
CS-DAVF [10]. These cases and ours reveal favorable outcomes
without major complications, highlighting the feasibility and
safety of this approach.

Compared to traditional methods like craniotomy and di-
rect puncture, the described technique offers several advan-
tages, including reduced invasiveness and potential compli-
cations. However, precise navigation through complex venous
anatomy and the risk of vessel perforation remain challenges.
Previous failed attempts in TVE, such as unsuccessful access
from antegrade occluded veins or poor catheter traceability
over long distances, informed our successful strategy. By se-
lecting an intermediate distal access catheter with excellent
traceability and employing a long, flexible microcatheter, we
overcame these challenges. The vein of Trolard and the vein
of Labbé are prominent cortical veins connecting the SSS or
transverse sinus to the SMCV. In our case, the large and acces-
sible connection between the vein of Trolard and the SMCV
potentially dilated by high-flow vein reflux and anchored by
brain edema, facilitated safe catheterization. While technical
details are crucial, the most impactful aspects were the choice
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Fig. 2 - (A) Post-transarterial embolization, magnetic resonance angiography shows a partial reduction of the shunt flow. (B)
The plan for the second session includes retrograde transjugular venous embolization through the superior sagittal sinus,
the vein of Trolard, and the superficial middle cerebral vein. For the long distance to the shunt pouch (asterisk), an
intermediate distal access catheter (dashed line) and a long flexible microcatheter (dotted line) were prepared. (C) Lateral
and (D) anteroposterior intra-operative projections show the tip of the distal access catheter (arrowhead) and the tip of the
microcatheter (arrow). (E) Anteroposterior and (F) lateral views of the postoperative left external carotid artery angiography
show a semi-complete obstruction of the shunt flow of the middle cranial fossa arteriovenous fistula. (G) A coronal view of
computed tomography shows the coil mass in the shunt pouch placed at the middle cranial fossa. (H) Magnetic resonance
angiography the next day shows the complete obstruction of the shunt flow and the disappearance of venous refluxes.

Table 1 - Literature review of middle cranial fossa arteriovenous fistulas treated with transvenous embolization through

cortical veins without craniotomy.

Authors Age/Sex Side Locationand Venous drainage Treatment Approach
fistula type Outcome

Fukudaetal. [7] 58/Male Rt SW-DAVF Rt uncal vein, the TVE through the vein of  Juglar vein GR

vein of Trolard Trolard

and anterior

temporobasal

vein
Kontasetal. [8] 61/Female Lt CS-DAVF Lt SMCV TVE through the vein of  Femoral vein GR

Labbé and SMCV
Ghosh et al. [9] 48/Female Rt CCF Rt SMCV TVE through SMCV Burr hole on SMCV ~ GR
under image guide

Iampreechakul  46/Female Lt CS-DAVF Lt SpPS and TVE through the vein of  Femoral vein GR
et al. [10] SMCV Trolard, SMCV, and SpPS
Present case 62/Female Lt MCF-DAVF Ltuncal vein and TVE through the vein of  Juglar vein GR
(2024) SMCV Trolard, SMCV

CCF, carotid cavernous fistula; CS, cavernous sinus; DAVF, dural arteriovenous fistula; GR, good recovery; Lt, left; MCF, middle cranial fossa;
Rt, right; SMCV, superficial middle cerebral vein; SpPS, sphenoparietal sinus; SW, sphenoid wing; TVE, transvenous embolization.

of an intermediate distal access catheter with excellent trace-
ability, the use of a long flexible microcatheter, and an ultra-
flexible microwire. The flex microcatheter, DeFrictor Bull, is
characterized by its 100 cm hydrophilic coating, a 27 cm flex-
ible tip, and an opaque marker positioned 5 mm before the
tip. These components were vital for navigating the tortuous
anatomy of the cortical veins and ensuring successful coil
placement.

Another difficulty was ensuring precise coil placement to
avoid overfilling or new cranial nerve palsies. MCF-DAVFs are
known to be aggressive, often exhibiting deep vein drainage
connecting to the basal vein of Rosenthal. Shi et al. [12] classi-
fied sphenoid wing DAVFs involving MCF-DAVFs into greater
and lesser sphenoid wing types. Further, Su et al. reviewed
26 cases of non-CS MCF-DAVFs and reported that 19 were
treated with TAE, 2 were treated with TVE, 5 were treated
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surgically, and 2 remained uncured by either endovascular or
surgical methods [13]. Additionally, they mentioned that para-
cavernous sinuses may not be amenable to TVE via the CS
due to a lack of connection in most patients. This observa-
tion aligns with a study by Tanoue and Ide et al. that explored
the variation in connections between the paracavernous si-
nus, uncal vein, and SMCV within the MCF [14,15].

While our technique offers promising results, further re-
search is needed to refine our approach and explore its ap-
plicability to other complex vascular malformations. This
technique could be refined using improved catheter designs
and other safe embolic materials, enhancing its application
in similar cases. Additionally, advancements in fluoroscopic
imaging equipment could further reduce procedural risks
and improve outcomes based on precise, individual vascu-
lar anatomy. The ability to perform TVE without craniotomy
opens new avenues for minimally invasive treatments, poten-
tially expanding the options available to patients with aggres-
sive DAVFs.

Conclusion

This case demonstrates that TVE can be a viable treatment
option for MCF-DAVFs involving pure cortical venous drainage
when a safe anatomical approach is available. The appropri-
ate strategies for navigating long distances within a complex
venous structure and use of flexible microcatheters and mi-
crowires may offer a less invasive alternative to traditional
surgical methods. This alternative could impact future clini-
cal practice by providing safe and effective treatment options
for similar cases.

Declaration of generative Al and Al-assisted
technologies in the writing process

The authors confirm the limited usage of artificial intelligence
(Al)-assisted technology for assisting in English editing and
that no images were manipulated using Al

Patient consent

The authors obtained the patient’s written consent for this
study.

REFERENCES

[1] Borden JA, Wu JK, Shucart WA. A proposed classification for
spinal and cranial dural arteriovenous fistulous
malformations and implications for treatment. ] Neurosurg
1995;82(2):166-79. doi:10.3171/jns.1995.82.2.0166.

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(3):671-80. doi:10.1148/radiology.194.3.7862961.

2

[3] Kiyosue H, Hori Y, Okahara M, Tanoue S, Sagara Y,
Matsumoto S, et al. Treatment of intracranial dural
arteriovenous fistulas: current strategies based on location
and hemodynamics, and alternative techniques of
transcatheter embolization. Radiographics
2004;24(6):1637-53. doi:10.1148/rg.246045026.

Meyers PM, Halbach VV, Dowd CF, Lempert TE, Malek AM,

Phatouros CC, et al. Dural carotid cavernous fistula:

definitive endovascular management and long-term

follow-up. Am ] Ophthalmol 2002;134(1):85-92.
doi:10.1016/s0002-9394(02)01515-5.

[5] Kuwayama N, Endo S, Kitabayashi M, Nishijima M, Takaku A.

Surgical transvenous embolization of a cortically draining

carotid cavernous fistula via a vein of the sylvian fissure.

AJNR Am ] Neuroradiol 1998;19(7):1329-32.

Hurley MC, Rahme R], Fishman AJ, Batjer HH, Bendok BR.

Combined surgical and endovascular access of the

superficial middle cerebral vein to occlude a high-grade

cavernous dural arteriovenous fistula: case report.

Neurosurgery 2011;69(2):E475-82.

d0i:10.1227/NEU.0b013e3182192478.

Fukuda H, Miyake K, Kunieda T, Murao K. Endovascular

treatment of sphenoid wing dural arteriovenous fistula with

pure cortical venous drainage. ] Stroke Cerebrovasc Dis
2014;23(6):1730-5.
doi:10.1016/j.jstrokecerebrovasdis.2013.12.037.

Konstas AA, Song A, Song ], Thanos A, Ross IB. Embolization

of a cavernous carotid fistula through the vein of Labbé: a

new alternative transvenous access route. ] Neurointerv Surg

2018;10(6):e11. doi:10.1136/neurintsurg-2017-013229.rep.

Ghosh R, Al Saiegh F, Mahtabfar A, Mouchtouris N, Khanna O,

Sweid A, et al. Burr hole-assisted direct transsylvian venous

catheterization for carotid-cavernous fistula embolization: a

case report. Oper Neurosurg (Hagerstown)

2020;19(2):E196-200. doi:10.1093/ons/opz394.

[10] Iampreechakul P, Wangtanaphat K, Hangsapruek S,
Wattanasen Y, Lertbutsayanukul P, Siriwimonmas S, et al.
Transfemoral transvenous embolization through the vein of
Trolard and superficial middle cerebral vein for cavernous
sinus dural arteriovenous fistula with isolated cortical vein
drainage: a case report and literature review. Surg Neurol Int
2022;13:34. d0i:10.25259/SNI_1162_2021.

[11] Chaudhary N, Lownie SP, Bussiére M, Pelz DM, Nicolle D.
Transcortical venous approach for direct embolization of a
cavernous sinus dural arteriovenous fistula: technical case
report. Neurosurgery 2012;70(2 Suppl Operative):343-8.
doi:10.1227/NEU.0b013e31823fcc6e.

[12] Shi ZS, Ziegler ], Feng L, Gonzalez NR, Tateshima S, Jahan R,
et al. Middle cranial fossa sphenoidal region dural
arteriovenous fistulas: anatomic and treatment
considerations. AJNR Am ] Neuroradiol 2013;34(2):373-80.
doi:10.3174/ajnr.A3193.

[13] SuX, Song Z, Tu T, Ye M, Ma Y, Zhang H, et al. Middle cranial
fossa non-cavernous sinus dural arteriovenous fistulas: 20
years of experience. Neurosurg Rev 2024;47(1):46.
d0i:10.1007/s10143-023-02274- z.

[14] 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 ]
Neuroradiol 2006;27(5):1083-9.

[15] 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(8):661-8.
doi:10.1007/s00234-014-1383-6.

4

6

7

[8

[9


https://doi.org/10.3171/jns.1995.82.2.0166
https://doi.org/10.1148/radiology.194.3.7862961
https://doi.org/10.1148/rg.246045026
https://doi.org/10.1016/s0002-9394(02)01515-5
http://refhub.elsevier.com/S1930-0433(24)00820-3/sbref0005
http://refhub.elsevier.com/S1930-0433(24)00820-3/sbref0005
http://refhub.elsevier.com/S1930-0433(24)00820-3/sbref0005
http://refhub.elsevier.com/S1930-0433(24)00820-3/sbref0005
http://refhub.elsevier.com/S1930-0433(24)00820-3/sbref0005
http://refhub.elsevier.com/S1930-0433(24)00820-3/sbref0005
https://doi.org/10.1227/NEU.0b013e3182192478
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.12.037
https://doi.org/10.1136/neurintsurg-2017-013229.rep
https://doi.org/10.1093/ons/opz394
https://doi.org/10.25259/SNI_1162_2021
https://doi.org/10.1227/NEU.0b013e31823fcc6e
https://doi.org/10.3174/ajnr.A3193
https://doi.org/10.1007/s10143-023-02274-z
http://refhub.elsevier.com/S1930-0433(24)00820-3/sbref0014
http://refhub.elsevier.com/S1930-0433(24)00820-3/sbref0014
http://refhub.elsevier.com/S1930-0433(24)00820-3/sbref0014
http://refhub.elsevier.com/S1930-0433(24)00820-3/sbref0014
http://refhub.elsevier.com/S1930-0433(24)00820-3/sbref0014
http://refhub.elsevier.com/S1930-0433(24)00820-3/sbref0014
http://refhub.elsevier.com/S1930-0433(24)00820-3/sbref0014
http://refhub.elsevier.com/S1930-0433(24)00820-3/sbref0014
https://doi.org/10.1007/s00234-014-1383-6

	Transvenous embolization of a Borden III middle cranial fossa dural arteriovenous fistula through the vein of Trolard and superficial middle cerebral vein: A technical case report
	 Introduction
	 Case description
	 Discussion
	 Conclusion
	 Declaration of generative AI and AI-assisted technologies in the writing process
	 Patient consent
	 References


