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Abstract
Dural arteriovenous fistulas (DAVFs) presenting with ocular symptoms, such as exophthalmos and
chemosis, are commonly situated in cavernous sinus (CS). DAVFs at the sphenoid wing with a drainage
route into the superior orbital vein (SOV) should be considered as one of differential diagnosis of ocular
symptoms.

A 41-year-old woman presented with progressive left-sided chemosis and proptosis after left

pulsating tinnitus that disappeared spontaneously. Cerebral angiography showed that the fistula was
situated along the inferior edge of the superior orbital fissure on the greater sphenoid wing and drained
solely into the SOV without flowing into the CS that caused ocular symptoms. Transvenous selective
catheterization was performed via the facial vein and SOV. The fistula was then embolized using
detachable coils. After embolization, the ocular symptoms resolved, and the patient was discharged
without neurological deficit. Herein, we discuss the developmental mechanism of the unique drainage
pattern, including the clinical symptoms and anatomical features of greater sphenoid wing DAVFs.

Key word: dural arteriovenous fistula, greater sphenoid wing, superior orbital vein, transvenous
embolization, target coil embolization, venous thrombus
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Introduction
Dural arteriovenous fistulas (DAVFs) at the cavernous sinus (CS) commonly involve drainage flow into
the superior orbital vein (SOV) accompanied by ocular symptoms such as exophthalmos and chemosis.
Although a rare entity, a DAVF situated at the sphenoid wing with drainage flow into the SOV should be
considered one of the differential diagnoses of ocular symptoms. Transvenous embolization (TVE) for
such cases after an inaccurate evaluation of the fistulous area may lead to deteriorating ocular symptoms
due to the mass effect of too many coils inserted into the SOV.1 Herein, we present a rare case of a greater
sphenoid wing DAVF with a unique drainage pattern, a single drainage route into the SOV without
involvement of the CS or the cortical vein. To our knowledge, this is the first report to describe the
developmental mechanism of this sole drainage route into the SOV, including the clinical symptoms and
anatomical features of greater sphenoid wing DAVFs.

Case report
A 41-year-old woman presented with left pulsatile tinnitus that disappeared in 2 weeks. She then
experienced progressive left exophthalmia and chemosis for 1 month, and was referred to our hospital by
an ophthalmologist. Physical examination revealed increased conjunctival vascularity and painless left
exophthalmia. No apparent oculomotor paralysis or loss of visual acuity was found. Intraocular pressure
in the left eye was 31.0 mmHg (17.9 mmHg in the right). She had no history of trauma, surgery, infection
or autoimmune disease.
Magnetic resonance angiography demonstrated enlarged left SOV and extending narrow
hyperintense area in the anterior part of the middle temporal fossa without abnormal hyperintensity in the
CS (Fig. 1A). On magnetic resonance image, both T1- and T2-weighted images without contrast media
showed a hyperintense area in the anterior part of the CS that was considered a thrombus (Fig. 1B).
Contrast-enhanced three-dimensional computed tomography also revealed the dilated SOV and a rod-like
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enhanced area in the greater sphenoid wing, which connected to the SOV in the superior orbital fissure
(Fig. 1D). Left common carotid angiography revealed a DAVF supplied concurrently by the meningeal
branches from ophthalmic artery and middle meningeal artery, and that drained into the SOV and facial
vein (Fig. 2A, B). A frontal view on left common carotid angiography revealed contrast media
concentrating on the rod-like region, which was a shunt point on the greater wing, and flowing medially
to drain into the SOV (Fig. 2B). Venous-phase left internal carotid artery angiography showed normal
venous flow in the left hemisphere from the superior middle cerebral vein to the CS, and there was no
communication in the normal venous flow between the CS and shunt flow in the SOV.
We planned TVE for the DAVF via the SOV. To approach the SOV, we chose not the trans-CS
approach but the trans-facial vein approach because opening the channel between the CS and the SOV,
which had arterial pressure because of the fistula, may raise the pressure of normal venous flow. Under
general anesthesia, coaxial 4-French and 6-French guiding catheters were introduced into the left facial
vein via the femoral vein. An Excelsior SL-10 microcatheter (Stryker Neurovascular, Fremont, CA) was
advanced into the SOV via the facial vein. After the microcatheter was introduced into the rod-like area in
the greater sphenoid wing, superselective angiography suggested reflux into the SOV (Fig. 2C). We
assigned this area in the greater sphenoid wing as the fistulous point, and first, the fistula was occluded
using a 3.0-mm/8-cm Target 360 soft coil (Stryker Neurovascular, Fremont, CA) followed by the use of
additional down-sized coils. Complete obliteration of the fistula was achieved by the insertion of 10 coils,
equaling the length of 35 cm (Fig. 2D, E). Post-treatment cone-beam computed tomography and skull
roentgen examination revealed that the location of inserted coils (the fistulous point) was the anterior part
of middle temporal fossa at the greater sphenoid wing (Fig. 3 A-C).
After the procedure, the patient experienced a decrease in chemosis and exophthalmia. The
intraocular pressure decreased to 14.0 mmHg. The 3-month angiographic follow-up revealed no evidence
of fistula recurrence.

4

Discussion
Sphenoid wing DAVFs have been reported as DAVFs of the middle cranial fossa,2 sphenoid bone,3 lesser
sphenoid wing,4,5 greater sphenoid wing,1 sphenobasal sinus,6,
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or sphenoparietal sinus.8-10 Shi et al

classified sphenoid wing DAVFs into two entities, DAVFs in the lesser and greater sphenoid wings. And
they revealed that DAVFs in the sinus of the lesser sphenoid wing tend to drain into the CS, whereas
those within the greater wing are located in the sphenobasal or sphenopetrosal sinus and tend to drain into
the superficial middle cerebral vein (SMCV).11 DAVFs of the greater sphenoid wing tend to be
accompanied by harmful cortical venous drainage, and some cases presenting with subarachnoid
hemorrhage have been reported.6, 7, 11, 12
Two systems of venous drainage in the region of the sphenoid bone have been defined
embryologically.13 One is the prootic sinus system and the other is the primitive tentorial sinus system.
The former system receives blood from the primitive maxillary vein, which later develops into the
ophthalmic vein, and the prootic sinus finally forms the CS in the 12-week-old embryo. The latter system
develops into the SMCV and runs posteriorly, connecting with the transverse sinus in the 8-week-old
embryo. Then these two systems anastomose with each other to various degrees until the prenatal stage.
13-15

Based on this embryological theory, DAVFs in the sphenoid bone seem to drain into either the CS or

the cortical vein, or both simultaneously. The mechanism of the draining system solely into the SOV
without the CS involvement in present case was unexplainable only by embryology.
Table 1 summarizes the drainage patterns of DAVFs in the greater sphenoid wings. Among four
cases with drainage routes including both the SOV and CS, one case was associated with drainage into
the CS first, and then into the SOV. Greater sphenoidal wing DAVFs draining solely into the SOV with no
involvement of the CS are very rare, and only two previous cases are reported.1, 2 In these cases, the blood
is collected in the sphenoid greater wing, and then drained directly into the SOV. A fistulous point located
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near the junction of SOV and CS, and obstructive lesions, such as thrombosis or compartmentalization in
the CS, blocking the flow into the CS are potentially involved in the pathogenesis of SOV-only drainage.1
In the present case, T1- and T2-weighted images showed a hyperintense area in the anterior part of the CS
that was considered a subacute thrombus.16

The fact that the patients experienced left pulsative tinnitus

2 weeks before presenting with exophthalmos and chemosis may indicate that the shunt flowed into the
CS and the SOV first, causing left-sided tinnitus (Fig. 4A), followed by obstruction of the drainage into
CS, causing drainage into the SOV with subsequent resolution of tinnitus (Fig. 4B). Reports on the
natural history of DAVFs demonstrated that arteriovenous fistulae cause an increase in pressure, resulting
in thickening of the intima in the affected sinus and adjacent draining venous channels. This progressive
steno-occlusive change was then followed by spontaneous occlusion with thrombus formation. 17, 18
The two reported cases of greater wing DAVFs with a single drainage route into the SOV were
treated with transarterial embolization in one case, and TVE of the SOV by direct cannulation with
surgical exposure in the other.1, 2 In the latter case, proptosis remained due to the mass effect caused by
coils inserted in the SOV. Recently, superselective shunt occlusion has been reported, which involves
complete extirpation of DAVFs achieved by the insertion of few coils into the restricted loci of
arteriovenous shunts.19 Closer evaluation of the fistulous sites using three-dimensional angiography and
the use of appropriate coils enabled us to perform superselective shunt occlusion with a minimum number
of coils and improve the patient’s proptosis. Trans-arterial embolization with glue or Onyx was another
possible therapeutic option for this present case. However, this alternative presented a risk of visual
disturbance due to potential embolization to the central retinal artery, either directly, or indirectly through
the anastomosis from the middle meningeal artery. Moreover, trans-arterial embolization often results in
incomplete radiographic occlusion of the fistula, and is therefore best avoided. The fistulous point in the
greater sphenoid wing and the SOV was accessible via a direct surgical approach. However, surgical
exposure of the fistula may cause exclusion of the thrombus in the anterior part of the CS, and is more
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invasive than endovascular therapy. Thus, we considered surgical closure of the fistula as a second-line
option.
Intraocular DAVFs, which involve a fistula from the ophthalmic artery to the draining
ophthalmic veins and are associated with ocular symptoms, must be differentiated from CS DAVFs. The
drainage route of intraocular DAVFs involves only the SOV and subsequent flow into the CS.2, 20, 21
Although the fistulous points of intraocular DAVFs are not identified in the optic nerve sheath in all cases,
Piske and Lasjaunias reported that DAVFs situated along the optic nerve may be quite similar to
conventional intracranial meningeal arteriovenous shunts because the optic nerve is contained within an
arachnoid and dural sheath.2
In conclusion, greater wing DAVFs should be considered during the differential diagnosis of
CS DAVFs. The thrombus formation in the anterior part of the CS contributed to the establishment of a
unique drainage pattern that solely flowed into the SOV without involving the CS. The fistulous point
should be carefully evaluated throughout treatment to obtain favorable endovascular surgery results.
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Figure legends
Figure 1
A:

A source magnetic resonance angiography image demonstrating enlarged left superior orbital vein
(SOV, large arrow) and extending narrow hyperintensity area in the anterior part of the middle
temporal fossa (arrowhead) without abnormal hyperintensity in the cavernous sinus (small arrow).

B, C: T1- (B) and T2- (C) weighted images showing a small hyperintense area (double arrow) just behind
the flow void at the anterior part of the middle cranial fossa (dotted arrow), which is considered the
shunt flow.
D:

A three-dimensional computed tomography angiography image with reconstruction at the middle
cranial fossa, posterior view shows a rod-like fistulous region in the middle cranial fossa
(arrowheads).

Figure 2
A:

Left common carotid angiography, lateral view demonstrates an arteriovenous shunt fed by the
recurrent meningeal artery from the ophthalmic artery (large arrowhead) and middle meningeal
artery (small arrowhead), and subsequently draining into the superior orbital vein (SOV) (large
arrow) and facial vein (small arrow).

B:

The frontal view of left common carotid angiography reveals contrast media concentrated on the
rod-like region of the greater wing (arrowhead) and then flows medially to drain into the SOV
(arrow).

C:

An injection from a microcatheter at the shunt point (arrowhead) reveals the fistulous zone and
drainage route into the SOV (arrow).

D:

The coil mass is limited to the narrow area of the fistulous zone (arrowhead).

E:

Final left common carotid angiography showing complete obliteration of the fistula.
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Figure 3
A-C: Post-treatment computed tomography (A) and skull roentgenogram images, frontal (B) and lateral
(C) view show the coil mass located at the anterior part of the middle cranial fossa at the greater
sphenoid wing.

Figure 4
A, B: Changes in the drainage flow pattern. Initial drainage (A) flowed into both the superior orbital vein
and the cavernous sinus (arrows) from the fistulous area of the greater sphenoid bone (arrowhead)
when the patient complained of left pulsating tinnitus. After the thrombus formed in the anterior part
of the cavernous sinus (B; dotted arrow), the shunt flow from the fistulous area (arrowhead) drained
solely into the superior orbital vein (arrows) without involving the cavernous sinus. At this point, the
exophthalmos and chemosis became rapidly exacerbated instead of the tinnitus disappearing.
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Greater wing dural arteriovenous fistulas should be considered during the differential diagnosis
of cavernous sinus dural arteriovenous fistulas.



The thrombus formation in the anterior part of the cavernous sinus contributed to the
establishment of a unique drainage pattern that solely flowed into the superior orbital vein
without involving the cavernous sinus.



The fistulous point should be carefully evaluated throughout treatment to obtain favorable
endovascular surgery results.
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Abstract
Dural arteriovenous fistulas (DAVFs) presenting with ocular symptoms, such as exophthalmos and
chemosis, are commonly situated in cavernous sinus (CS). DAVFs at the sphenoid wing with a drainage
route into the superior orbital vein (SOV) should be considered as one of differential diagnosis of ocular
symptoms.

A 41-year-old woman presented with progressive left-sided chemosis and proptosis after left

pulsating tinnitus that disappeared spontaneously. Cerebral angiography showed that the fistula was
situated along the inferior edge of the superior orbital fissure on the greater sphenoid wing and drained
solely into the SOV without flowing into the CS that caused ocular symptoms. Transvenous selective
catheterization was performed via the facial vein and SOV. The fistula was then embolized using
detachable coils. After embolization, the ocular symptoms resolved, and the patient was discharged
without neurological deficit. Herein, we discuss the developmental mechanism of the unique drainage
pattern, including the clinical symptoms and anatomical features of greater sphenoid wing DAVFs.

Key word: dural arteriovenous fistula, greater sphenoid wing, superior orbital vein, transvenous
embolization, target coil embolization, venous thrombus
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Introduction
Dural arteriovenous fistulas (DAVFs) at the cavernous sinus (CS) commonly involve drainage flow into
the superior orbital vein (SOV) accompanied by ocular symptoms such as exophthalmos and chemosis.
Although a rare entity, a DAVF situated at the sphenoid wing with drainage flow into the SOV should be
considered one of the differential diagnoses of ocular symptoms. Transvenous embolization (TVE) for
such cases after an inaccurate evaluation of the fistulous area may lead to deteriorating ocular symptoms
due to the mass effect of too many coils inserted into the SOV.1 Herein, we present a rare case of a greater
sphenoid wing DAVF with a unique drainage pattern, a single drainage route into the SOV without
involvement of the CS or the cortical vein. To our knowledge, this is the first report to describe the
developmental mechanism of this sole drainage route into the SOV, including the clinical symptoms and
anatomical features of greater sphenoid wing DAVFs.

Case report
A 41-year-old woman presented with left pulsatile tinnitus that disappeared in 2 weeks. She then
experienced progressive left exophthalmia and chemosis for 1 month, and was referred to our hospital by
an ophthalmologist. Physical examination revealed increased conjunctival vascularity and painless left
exophthalmia. No apparent oculomotor paralysis or loss of visual acuity was found. Intraocular pressure
in the left eye was 31.0 mmHg (17.9 mmHg in the right). She had no history of trauma, surgery, infection
or autoimmune disease.
Magnetic resonance angiography demonstrated enlarged left SOV and extending narrow
hyperintense area in the anterior part of the middle temporal fossa without abnormal hyperintensity in the
CS (Fig. 1A). On magnetic resonance image, both T1- and T2-weighted images without contrast media
showed a hyperintense area in the anterior part of the CS that was considered a thrombus (Fig. 1B).
Contrast-enhanced three-dimensional computed tomography also revealed the dilated SOV and a rod-like
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enhanced area in the greater sphenoid wing, which connected to the SOV in the superior orbital fissure
(Fig. 1D). Left common carotid angiography revealed a DAVF supplied concurrently by the meningeal
branches from ophthalmic artery and middle meningeal artery, and that drained into the SOV and facial
vein (Fig. 2A, B). A frontal view on left common carotid angiography revealed contrast media
concentrating on the rod-like region, which was a shunt point on the greater wing, and flowing medially
to drain into the SOV (Fig. 2B). Venous-phase left internal carotid artery angiography showed normal
venous flow in the left hemisphere from the superior middle cerebral vein to the CS, and there was no
communication in the normal venous flow between the CS and shunt flow in the SOV.
We planned TVE for the DAVF via the SOV. To approach the SOV, we chose not the trans-CS
approach but the trans-facial vein approach because opening the channel between the CS and the SOV,
which had arterial pressure because of the fistula, may raise the pressure of normal venous flow. Under
general anesthesia, coaxial 4-French and 6-French guiding catheters were introduced into the left facial
vein via the femoral vein. An Excelsior SL-10 microcatheter (Stryker Neurovascular, Fremont, CA) was
advanced into the SOV via the facial vein. After the microcatheter was introduced into the rod-like area in
the greater sphenoid wing, superselective angiography suggested reflux into the SOV (Fig. 2C). We
assigned this area in the greater sphenoid wing as the fistulous point, and first, the fistula was occluded
using a 3.0-mm/8-cm Target 360 soft coil (Stryker Neurovascular, Fremont, CA) followed by the use of
additional down-sized coils. Complete obliteration of the fistula was achieved by the insertion of 10 coils,
equaling the length of 35 cm (Fig. 2D, E). Post-treatment cone-beam computed tomography and skull
roentgen examination revealed that the location of inserted coils (the fistulous point) was the anterior part
of middle temporal fossa at the greater sphenoid wing (Fig. 3 A-C).
After the procedure, the patient experienced a decrease in chemosis and exophthalmia. The
intraocular pressure decreased to 14.0 mmHg. The 3-month angiographic follow-up revealed no evidence
of fistula recurrence.
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Discussion
Sphenoid wing DAVFs have been reported as DAVFs of the middle cranial fossa,2 sphenoid bone,3 lesser
sphenoid wing,4,5 greater sphenoid wing,1 sphenobasal sinus,6,
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or sphenoparietal sinus.8-10 Shi et al

classified sphenoid wing DAVFs into two entities, DAVFs in the lesser and greater sphenoid wings. And
they revealed that DAVFs in the sinus of the lesser sphenoid wing tend to drain into the CS, whereas
those within the greater wing are located in the sphenobasal or sphenopetrosal sinus and tend to drain into
the superficial middle cerebral vein (SMCV).11 DAVFs of the greater sphenoid wing tend to be
accompanied by harmful cortical venous drainage, and some cases presenting with subarachnoid
hemorrhage have been reported.6, 7, 11, 12
Two systems of venous drainage in the region of the sphenoid bone have been defined
embryologically.13 One is the prootic sinus system and the other is the primitive tentorial sinus system.
The former system receives blood from the primitive maxillary vein, which later develops into the
ophthalmic vein, and the prootic sinus finally forms the CS in the 12-week-old embryo. The latter system
develops into the SMCV and runs posteriorly, connecting with the transverse sinus in the 8-week-old
embryo. Then these two systems anastomose with each other to various degrees until the prenatal stage.
13-15

Based on this embryological theory, DAVFs in the sphenoid bone seem to drain into either the CS or

the cortical vein, or both simultaneously. The mechanism of the draining system solely into the SOV
without the CS involvement in present case was unexplainable only by embryology.
Table 1 summarizes the drainage patterns of DAVFs in the greater sphenoid wings. Among four
cases with drainage routes including both the SOV and CS, one case was associated with drainage into
the CS first, and then into the SOV. Greater sphenoidal wing DAVFs draining solely into the SOV with no
involvement of the CS are very rare, and only two previous cases are reported.1, 2 In these cases, the blood
is collected in the sphenoid greater wing, and then drained directly into the SOV. A fistulous point located
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near the junction of SOV and CS, and obstructive lesions, such as thrombosis or compartmentalization in
the CS, blocking the flow into the CS are potentially involved in the pathogenesis of SOV-only drainage.1
In the present case, T1- and T2-weighted images showed a hyperintense area in the anterior part of the CS
that was considered a subacute thrombus.16

The fact that the patients experienced left pulsative tinnitus

2 weeks before presenting with exophthalmos and chemosis may indicate that the shunt flowed into the
CS and the SOV first, causing left-sided tinnitus (Fig. 4A), followed by obstruction of the drainage into
CS, causing drainage into the SOV with subsequent resolution of tinnitus (Fig. 4B). Reports on the
natural history of DAVFs demonstrated that arteriovenous fistulae cause an increase in pressure, resulting
in thickening of the intima in the affected sinus and adjacent draining venous channels. This progressive
steno-occlusive change was then followed by spontaneous occlusion with thrombus formation. 17, 18
The two reported cases of greater wing DAVFs with a single drainage route into the SOV were
treated with transarterial embolization in one case, and TVE of the SOV by direct cannulation with
surgical exposure in the other.1, 2 In the latter case, proptosis remained due to the mass effect caused by
coils inserted in the SOV. Recently, superselective shunt occlusion has been reported, which involves
complete extirpation of DAVFs achieved by the insertion of few coils into the restricted loci of
arteriovenous shunts.19 Closer evaluation of the fistulous sites using three-dimensional angiography and
the use of appropriate coils enabled us to perform superselective shunt occlusion with a minimum number
of coils and improve the patient’s proptosis. Trans-arterial embolization with glue or Onyx was another
possible therapeutic option for this present case. However, this alternative presented a risk of visual
disturbance due to potential embolization to the central retinal artery, either directly, or indirectly through
the anastomosis from the middle meningeal artery. Moreover, trans-arterial embolization often results in
incomplete radiographic occlusion of the fistula, and is therefore best avoided. The fistulous point in the
greater sphenoid wing and the SOV was accessible via a direct surgical approach. However, surgical
exposure of the fistula may cause exclusion of the thrombus in the anterior part of the CS, and is more
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invasive than endovascular therapy. Thus, we considered surgical closure of the fistula as a second-line
option.
Intraocular DAVFs, which involve a fistula from the ophthalmic artery to the draining
ophthalmic veins and are associated with ocular symptoms, must be differentiated from CS DAVFs. The
drainage route of intraocular DAVFs involves only the SOV and subsequent flow into the CS.2, 20, 21
Although the fistulous points of intraocular DAVFs are not identified in the optic nerve sheath in all cases,
Piske and Lasjaunias reported that DAVFs situated along the optic nerve may be quite similar to
conventional intracranial meningeal arteriovenous shunts because the optic nerve is contained within an
arachnoid and dural sheath.2
In conclusion, greater wing DAVFs should be considered during the differential diagnosis of
CS DAVFs. The thrombus formation in the anterior part of the CS contributed to the establishment of a
unique drainage pattern that solely flowed into the SOV without involving the CS. The fistulous point
should be carefully evaluated throughout treatment to obtain favorable endovascular surgery results.
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Figure legends
Figure 1
A:

A source magnetic resonance angiography image demonstrating enlarged left superior orbital vein
(SOV, large arrow) and extending narrow hyperintensity area in the anterior part of the middle
temporal fossa (arrowhead) without abnormal hyperintensity in the cavernous sinus (small arrow).

B, C: T1- (B) and T2- (C) weighted images showing a small hyperintense area (double arrow) just behind
the flow void at the anterior part of the middle cranial fossa (dotted arrow), which is considered the
shunt flow.
D:

A three-dimensional computed tomography angiography image with reconstruction at the middle
cranial fossa, posterior view shows a rod-like fistulous region in the middle cranial fossa
(arrowheads).

Figure 2
A:

Left common carotid angiography, lateral view demonstrates an arteriovenous shunt fed by the
recurrent meningeal artery from the ophthalmic artery (large arrowhead) and middle meningeal
artery (small arrowhead), and subsequently draining into the superior orbital vein (SOV) (large
arrow) and facial vein (small arrow).

B:

The frontal view of left common carotid angiography reveals contrast media concentrated on the
rod-like region of the greater wing (arrowhead) and then flows medially to drain into the SOV
(arrow).

C:

An injection from a microcatheter at the shunt point (arrowhead) reveals the fistulous zone and
drainage route into the SOV (arrow).

D:

The coil mass is limited to the narrow area of the fistulous zone (arrowhead).

E:

Final left common carotid angiography showing complete obliteration of the fistula.
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Figure 3
A-C: Post-treatment computed tomography (A) and skull roentgenogram images, frontal (B) and lateral
(C) view show the coil mass located at the anterior part of the middle cranial fossa at the greater
sphenoid wing.

Figure 4
A, B: Changes in the drainage flow pattern. Initial drainage (A) flowed into both the superior orbital vein
and the cavernous sinus (arrows) from the fistulous area of the greater sphenoid bone (arrowhead)
when the patient complained of left pulsating tinnitus. After the thrombus formed in the anterior part
of the cavernous sinus (B; dotted arrow), the shunt flow from the fistulous area (arrowhead) drained
solely into the superior orbital vein (arrows) without involving the cavernous sinus. At this point, the
exophthalmos and chemosis became rapidly exacerbated instead of the tinnitus disappearing.
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Table 1 Review of cases with the greater sphenoid wing dural arteriovenous fistulas
Reference
Shi et al.

11

Zhou et al. 7
Nomura et al. 6
12

Proptosis, chemosis, tinnitus
Proptosis, chemosis
Proptosis, tinnitus
Proptosis, Chemosis, visual disturbance
Visual disturbance
Temporal lobe hematoma
Subarachnoid hemorrhage

Venous Drainage
SOV
CS
+
+
+
+
+
+
+
+
+
-

Cortical vein
+
TAE+TVE
+
TAE
TAE
TAE
+
TAE+TVE
+
TAE
+
TAE+Surgery

Cure
Cure
Cure
Cure
Cure
Cure
Cure

Subarachnoid hemorrhage

-

+

Surgery

Cure

TAE
TAE+TVE
TAE
TAE
TVE
TVE

Cure
Cure
Cure
Cure
Proptosis persisted
Cure

Age (years)
, sex
60, F
29, F
37, F
54, M
62, M
78, M
42, M

Clinical presentation

59, F

-

Treatment

44, M
Headache
+
58, M
Dizziness
+
2
56, M
Visual disturbance
+
Piske et al.
52, F
Proptosis, chemosis, tinnitus
+
1
8, F
Proptosis, chemosis, tinnitus
+
Cohen et al.
Present case
42, F
Proptosis, chemosis, tinnitus
+
CS; cavernous sinus, SOV; superior orbital vein, TAE; transarterial embolization, TVE; transvenous embolization
Fukuda et al.
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