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Venous Anatomy of the Cavernous Sinus
(0000 and Relevant Veins

Shuichi Tanoue,” Masaru Hirohata,? Yasuharu Takeuchi,? Kimihiko Orito,? Sosho Kajiwara,? and Toshi Abe’

The cavernous sinus (CS) is a dural sinus located on each side of the pituitary fossa. Neoplastic and vascular lesions,
such as arteriovenous fistulas, frequently involve the CS. This sinus plays a role as a crossroad receiving venous blood
flow from the facial, orbital, meningeal, and neural venous tributaries. The relationship between these surrounding relevant
veins and the CS, as well as the CS itself, varies anatomically. For safe and effective surgical and endovascular treatment
of lesions involving the CS, knowledge of the anatomy and variations of the CS and the relevant surrounding veins is
highly important. In this section, the anatomy and variations of the CS and the relevant surrounding veins are outlined.
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| Introduction

The cavernous sinus (CS) is the dural sinus that lies on the
bilateral sides of the pituitary fossa of the sphenoidal body.
It functions as a venous channel receiving many types of
venous structures, including facial and orbital veins, men-
ingeal veins, pituitary veins, and cerebral superficial and
deep veins. These surrounding venous structures present
complex anatomy, and the CS can be affected by neo-
plasms and vascular disease. Such lesions can be targeted
by endovascular treatment. When planning endovascular
treatment, the neuronal venous drainage, which can termi-
nate at the CS or other surrounding veins, should be care-
fully considered. Thus, knowledge of the anatomy and
variations of the CS and its surrounding venous structures
is important for the treatment of pathological conditions. In
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this section, the functions and imaging anatomy of the CS
and relevant surrounding veins are reviewed.

! Basis Anatomy of the CS and
Its Variations

Basic anatomy

The CS is a dural sinus located between the superior orbital
fissure and the petrous apex of the temporal bone at the
medial part of the sphenoid body, and is surrounded by
periosteum and dura mater. Campero et al. reported that the
CS is a dural sinus surrounded by two layers, the outer
layer and the inner layer, and the construction of the layers
differs depending on the aspects of the sinus.” The lateral
and superior walls of the CS comprise the outer layer and
the inner layer. Umansky and Nathan also revealed that the
lateral wall of the CS was formed by two layers, the super-
ficial layer and the deep layer.?) According to the report, the
superficial layer is the dense fibrous membrane that contin-
ues laterally to the middle cranial base, medially to the dia-
phragma sellae, anteriorly to the sphenoid wing, and
posteriorly to the tentorium cerebelli.? The deep layer is a
thin and transparent layer comprising loose connective tis-
sue, which contains the cranial nerves III, IV, V1, and V2
on their way passing through the lateral wall.!» The medial
wall of the CS consists of a single outer layer. The inner
cavity of the CS contains the trabeculated venous channel,
through which the internal carotid artery and cranial nerve
VI travel (Figs. 1 and 2).
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meningeal dural layer

Fig.1 Schematic drawing of basic anatomy of CS (anterolateral
view of coronal section). Lateral and superior walls of the CS
comprise meningeal dural layer (gray-colored layer) and peri-
ostic dural layer (light green-colored layer). Meningeal dural
layer continues laterally to middle cranial base, medially to
diaphragm sellae, anteriorly to sphenoid wing, and posteriorly
to tentorium cerebelli. Periostic dural layer contains cranial
nerves lll, 1V, V1, and V2 on their way. Medial wall of CS con-
sists of meningeal dual layer. Inner cavity of CS contains tra-
beculated venous channel, through which ICA and cranial
nerve VI travel. CS: cavernous sinus; ICA: internal carotid
artery; SMCV: superficial middle cerebral vein; UV: uncal vein;
I1I: third cranial nerve; IV: fourth cranial nerve; V1: first branch
of fifth cranial nerve; V2: second branch of fifth cranial nerve

Variations

The formation of the trabeculations in the CS can vary
among individuals. According to a previous histologi-
cal study of 34 CSs, densely formed trabeculations
were noted in 18%, some trabeculations running inferi-
orly in the medial side of the internal carotid artery
were noted in 64%, and a few trabeculae were noted in
the remaining 18%.% In another report of 46 CSs, the
trabeculations were densely or scarcely observed in
92%, whereas scattered small venous channels were
observed within the adipose and connective tissues in
8%.4 Endothelial cell linings were also found on the CS
wall and trabeculations.)

Variations in the locations of the internal carotid artery
and cranial nerve VI, and their frequencies were previ-
ously reported as follows: type A, both the internal
carotid artery and the sixth cranial nerve were sur-
rounded by the venous sinus in 48%; type B, the internal
carotid artery was surrounded by the venous sinus and
the sixth cranial nerve traveled in the lateral wall of the
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Fig.2 MR image of normal CS. Coronal reconstruction of con-
trast-enhanced fast-field echo MRI demonstrates internal
configuration of CS. Ill, VI, V1, V2, and VI cranial nerves
travel through lateral wall and internal part of CS. Linear
hypointensity areas indicating trabeculations are also seen
(arrowheads). CS: cavernous sinus; lll: third cranial nerve;
V1: first branch of fifth cranial nerve; V2: second branch of
fifth cranial nerve; VI: sixth cranial nerve

CS in 24%; type C, both the internal carotid artery and the
sixth cranial nerve traveled in the lateral wall in 24%; and
type D, the internal carotid artery traveled in the lateral
wall and the sixth cranial nerve was surrounded by the
venous sinus in 4%.3

The slit-like venous channel is known to exist in the
lateral wall of the CS.® This venous channel was reported
as the laterocavernous sinus, which was considered a
drainage route of the superficial middle cerebral vein
(SMCV) in previous studies.>® San Millan Ruiz et al.
reported that the laterocavernous sinus was able to be
observed in 14 (24%) of 58 sides in 29 cadavers.” There
was no detailed description about the relationship
between the laterocavernous sinus and the dural layers in
their report, but their histological examination suggested
that the laterocavernous sinus existed within the menin-
geal dual layer. Most laterocavernous sinuses were a
venous channel that functioned as a drainage route of the
SMCWV. In their study, this was noted in 13 of 14 sides of
the CS; the remaining one side was a drainage route of the
uncal vein (UV).Y The laterocavernous sinus itself
drained into the superior petrosal sinus in 10, the ptery-
goid plexus in three, and the posterior part of the CS in
one. Gailloud et al. reported that the SMCYV drained into
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Fig. 3 Schematic drawing of anatomy of laterocavernous sinus
(anterolateral view of coronal section). Laterocavernous
sinus is a slit-like venous channel lying at the outer layer of
lateral wall of CS. This channel plays a role of a drainage
route of SMCV and UV. Laterocavernous sinus drains into
the posterior part of CS, the superior petrosal sinus, the pter-

ygoid plexus, and their combination (arrows). CS: cavernous
sinus; SMCV: superficial middle cerebral vein; UV: uncal vein

Cavernous Sinus and Relevant Veins

the laterocavernous sinus in 22% on internal carotid arte-
riography, and among them, the laterocavernous sinus
emptied into the pterygoid plexus in 27%, the posterior
part of the CS in 32%, and the superior petrosal sinus in
18%.9 Ide et al. investigated the uncal venous drainage
route in 118 cases of carotid arteriography. According to
the report, 13% of the UV drained into the laterocavern-
ous sinus; the drainage routes of the laterocavenous sinus
were the CS in 1%, pterygoid plexus ion in 5%, and both
the CS and pterygoid plexus in 7%.7

These previous anatomical and radiological reports
revealed that the laterocavernous sinus exists at a certain fre-
quency and that it functions as a drainage route from the
SMCYV and the UV. The laterocavernous sinus itself can drain
into the posterior part of CS, the superior petrosal sinus, the
pterygoid plexus, and their combination (Figs. 3 and 4). The
SMCYV and the UV demonstrate variable drainage patterns
because of the combination of their terminations and the ter-
mination of the laterocavernous sinus (Fig. 5).

Fig. 4 MR image of laterocavernous sinus. (A—D) Coronal reconstructions of contrast-enhanced fast-field
echo MRI (in rostral to caudal order) demonstrate SMCV draining into laterocavernous sinus and pter-
ygoid plexus (arrowheads). Laterocavernous sinus is bounded medially by linear low intensity from
CS (C and D, arrows). CS: cavernous sinus; SMCV: superficial middle cerebral vein
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Fig. 5 Diagram showing relationships among CS
and other relevant venous structures. SMCV,
UV, LCS, CS, and other relevant venous
structures show complicated relationships
generated by combinations of various drain-
age patterns. CS: cavernous sinus; LCS: lat-
erocavernous sinus; SMCV: superficial
middle cerebral vein; UV: uncal veina

! Basic Anatomy of Relevant
Surrounding Veins and
Their Variations

The CS is connected by many surrounding veins. It receives
the facial and orbital venous drainage anteriorly via the
ophthalmic veins, the meningeal and osseous venous drain-
age laterally via the sphenoparietal sinus, the neuronal
venous drainage via the SMCV and UV, the pituitary venous
drainage medially, and the clival meningeal/osseous
venous drainage posteromedially. The CS has also connec-
tions to the contralateral sinus medially via the intercavern-
ous sinus. The CS may also receive bridging veins from the
pontine veins at the posterior part and the superior petrosal
sinus at the posterolateral part.

The venous outflow from the CS empties into other
venous structures via several routes. It drains into the jug-
ular vein via the inferior petrosal sinuses and into the pter-
ygoid venous plexus via the emissary veins.

Superior/inferior ophthalmic veins

The superior ophthalmic vein exhibits a constant course. It
originates from the superomedial orbital rim, obliquely
courses along the orbital roof, and enters into the cranial
space to join the anterior aspects of the CS via the superior
orbital fissure.® This vein also communicates with the
facial veins medially via the angular vein and with the trib-
utary of the superficial temporal vein superolaterally. These
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potential communications are similar to the anatomical
relationships among the supraorbital artery, facial artery,
lacrimal artery, and transverse facial artery.

The inferior ophthalmic vein courses via the inferior
orbital fissure to empty the pterygoid plexus and flows into
the superior ophthalmic vein or the CS posteriorly.?)

SMCV and UV

The SMCV generally courses along the lesser sphenoid
wing and flows into the anterolateral part of the CS directly
or via the sphenoparietal sinus. The UV joins the proximal
part of the SMCV or the lateral part of the CS. In other vari-
ations, the SMCV may join the laterocavernous sinus poste-
riorly, as described earlier; course along the middle cranial
base and join the pterygoid plexus (paracavernous sinus); or
posteriorly travel along the middle cranial fossa to join the
superior petrosal sinus or lateral tentorial sinus (Figs. 6
and 7).9%19 The type of SMCV passing posteriorly along
the middle cranial base was named as “sphenopetrosal
vein” by Hacker.') The type of SMCV passing through the
middle cranial base to join the pterygoid venous plexus is
known as “sphenobasal vein.”') According to the report of
Gailloud et al., using DSA images, the SMCV was absent in
19%, drained into the lateral wall of the CS in 20%, drained
into the laterocavernous sinus in 22%, and drained into the
paracavernous sinus in 39%.% The UV exhibits anatomical
variations in its course. It may drain into the lateral wall of
the CS, the SMCYV, the laterocavernous sinus, or the para-
cavernous sinus (Figs. 7 and 8).7

Superior petrosal sinus

The superior petrosal sinus has been recognized as a dural
sinus connecting the CS with the transverse-sigmoid junc-
tion. This sinus plays a role as a venous drainage route from
the petrosal vein, emptying the cerebellar and brain stem
venous flow. A recent radiological investigation demon-
strated that this sinus does not have constant continuity from
the CS to the transverse—sigmoid junction; it demonstrated
several patterns of venous flow from the petrosal vein to only
the posterior segment of the superior petrosal sinus, from the
petrosal vein to only the anterior segment of the superior
petrosal sinus, and from the petrosal vein to the anterior and
posterior segments of the petrosal sinus with interruption of
the middle portion of the superior petrosal sinus.'?

Inferior petrosal sinus
The inferior petrosal sinus connects the posterolateral part
of the CS with the jugular vein. The merging point of this
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Fig. 6 Schematic drawings of variations in terminations of SMCV. SMCYV runs along Sylvian fissure and terminates in the proximal segment of
sphenoparietal sinus, lateral wall of CS (A), laterocavernous sinus (B), pterygoid plexus via foramen ovale (paracavernous sinus) (C),
and superior petrosal sinus, or lateral tentorial sinus (D). CS: cavernous sinus; SMCV: superficial middle cerebral vein

Fig. 7 Angiographic findings of variations in termination of SMCV and UV. (A and B) Venous phase of right internal carotid arteriography (A, fron-
tal view; B, lateral view) shows SMCV terminating in the lateral wall of CS (black arrowheads). UV terminating in SMCYV is also identified
(white arrowheads). (C and D) Venous phase of right internal carotid arteriography (C, frontal view; D, lateral view) shows SMCV (black
arrowheads) terminating in slit-like venous structure (laterocavernous sinus). Laterocavernous sinus is draining into pterygoid plexus via
middle cranial fossa (arrows). UV terminating in SMCV is also identified (white arrowheads). (E and F) Venous phase of right internal
carotid arteriography (E, frontal view; F, lateral view) shows SMCV (black arrowheads) terminating in pterygoid plexus via middle cranial
fossa (paracavernous sinus). UV terminating at SMCV is also identified (white arrowheads). (G and H) Venous phase of right internal
carotid arteriography (G, frontal view; H, lateral view) shows SMCV (black arrowheads) terminating in transverse sinus via lateral tentorial
sinus. UV terminates at lateral wall CS (white arrowheads). CS: cavernous sinus; SMCV: superficial middle cerebral vein; UV: uncal vein

sinus to the jugular bulb can exhibit variations. A previous
study demonstrated variable merging points, including the
jugular bulb, the segment of the jugular vein close to the
lateral opening of the hypoglossal canal, the lower extra-
cranial segment of the jugular bulb, the vertebral venous
plexus without the connection to the jugular vein.'»

Intercavernous sinus

The intercavernous sinus is the sinus connecting the bilateral
CSs at the midline. This sinus lies between the meningeal
dural layer surrounding the pituitary gland and the endosteal
dural layer on the floor of the sella turcica.' This sinus
exists in any part of the intercavernous area, but it generally
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Fig. 8 Schematic drawings of variations in terminations of UV. UV terminates in the lateral aspect of CS (A) or SMCV emptying to CS (B), lat-
erocavernous sinus (C), or SMCV emptying to laterocavernous sinus, pterygoid plexus via foramen ovale or SMCV emptying to pterygoid
plexus (paracavernous sinus drainage type SMCV) (D). CS: cavernous sinus; SMCV: superficial middle cerebral vein; UV: uncal vein

exists in the anterior and/or posterior part of the sella tur-
cica.' According to a previous study, the sinus most fre-
quently exhibits both anterior and posterior intercavernous
sinuses, and less frequently only anterior or posterior.'¥

Bridging vein

The CS receives the bridging veins draining venous blood
flow from the venous networks surrounding the brain stem.
These bridging veins are difficult to identify on conven-
tional angiography in the case of normal venous flow.
According to a previous anatomical and radiological
report, the bridging veins frequently connect the transverse
pontine vein and the anterior pontomesencephalic vein
with the posterior aspect of the CS.!¢17)

Emissary veins and pterygoid venous plexus
The venous blood flow of the CS empties into the infratem-
poral fossa via the emissary veins through the foramina. The
foramen ovale emissary vein constantly exists with draining
the venous blood flow from the CS to the pterygoid venous
plexus.'’®19 There can be an inconsistent communication
between the CS and the pterygoid venous plexus via the fora-
men Vesalius emissary vein.'® The foramen Vesalius emis-
sary vein is located anteromedially to the foramen ovale.
The pterygoid venous plexus is a complex plexiform
venous structure that lies around or within the pterygoid
muscles. This venous plexus anteriorly receives the orbital
and nasopharyngeal venous blood flow via the inferior oph-
thalmic vein and sphenopalatine vein.?” This posteriorly
converges to form the internal maxillary vein and drain into
the superficial temporal vein. This venous plexus also has
communications anterolaterally with the facial vein.??

Basilar venous plexus
The basilar venous plexus is a plexiform venous channel
that lies at the clivus. This venous channel interconnects
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Fig. 9 Schematic drawing of superficial tributaries of external and
internal jugular vein (left anterior oblique view of face).
Superficial temporal vein draining into external jugular vein
and facial vein draining into internal jugular vein anasto-
mose with superior ophthalmic vein via angular vein sur-
rounding anterior orbital opening. These venous networks
can be alternative access routes into CS (curved arrows).
CS: cavernous sinus

the bilateral inferior petrosal sinus, the CS, and the mar-
ginal sinus at the internal surface of the clivus. This venous
plexus also has communications with the cervical epidural
vein and vertebral venous plexus.?" The basilar venous
plexus plays a role of providing the collateral pathway
from the CS to the extracranial veins.

Inferior petroclival (petro-occipital) vein
The inferior petroclival (petro-occipital) vein (IPCV) is a
venous structure that regularly connects the CS with anterior
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Fig. 10 A case with right CS dural arteriovenous fistula. (A) Lateral view of right external carotid arteriogram shows cavernous dural arteriove-
nous fistula mainly fed by artery of foramen rotundum and CS branch of middle meningeal artery (white arrowheads) and draining into
superior ophthalmic vein and inferior petrosal sinus (black arrowheads). (B and C) Venous phase of right internal carotid arteriogram
(B, frontal view; C, lateral view) shows SMCV and UV draining antegradely into pterygoid plexus via middle cranial fossa (arrowheads).
(D-H) Postcontrast images of 3D fast-field echo sequence (D-G, axial reconstructions in rostral to caudal order; H, oblique sagittal
reconstruction) show SMCV emptying to pterygoid plexus via foramen ovale (arrowheads) without connection to CS. In this case, there
was little risk of reflux into SMCV. CS: cavernous sinus; SMCV: superficial middle cerebral vein; UV: uncal vein

condylar confluence. Ruiz et al. reported that the IPCV
regularly existed as a tributary of the anterior condylar
confluence draining from the carotid canal venous plexus
(CCVP) at the foramen lacerum in 12 cadaveric study.??
IPCV runs extracranial aspect of the petroclival fissure par-
allel with the inferior petrosal sinus. The IPCV communi-
cates with other veins at clivus and petrous apex. Mizutani
et al. reported the clival diploic venous networks among
the IPCV, the inferior petrosal sinus, the basilar venous
plexus, the anterior/lateral/posterior condylar vein, and the
anterior condylar confluence.?» They called the diploic
venous networks mainly within the jugular tuberculum as
the jugular tuberculum venous complex.

Superficial tributaries of external/internal

jugular vein

Facial vein

The facial vein lies lateral to the nose bottom collecting the
venous blood flow from the superficial face and nose. This
connects with the superior ophthalmic vein via the angular

vein at the medial angle of the eye and travels downward
and backward to join the anterior branch of the retroman-
dibular vein to form the common facial vein. The common
facial vein drains into the internal jugular vein. This vein
may drain into the external jugular vein and rarely into the
subclavian vein (Fig. 9).2%

Superficial temporal vein

The superficial temporal vein receives the venous blood
flow from the scalp and descends at the temporal region.
This vein joins with the posterior auricular vein to form the
retromandibular vein. The retromandibular vein gives off
the anterior branch and posterior branch; the anterior
branch drains into the internal jugular vein forming the
common facial vein, and the posterior branch drains into
the external jugular vein. The retromandibular vein may
form single trunk and drain into the external jugular vein
receiving the facial vein.?> The superficial temporal vein
can anterosuperiorly anastomose with the superior ophthal-
mic vein via the supraorbital vein and the superior palpebral
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Fig. 11 Acase with left CS dural arteriovenous fistula involving laterocavernous sinus. (A and B) Left external carotid arteriogram (A, fron-
tal view; B, lateral view) shows cavernous dural arteriovenous fistula mainly fed by artery of foramen rotundum (arrowheads) and
draining into inferior ophthalmic vein and SMCV (arrows). (C and D) Color fusion images of 3D external carotid arteriogram (C,
axial reconstruction; D, coronal reconstruction) demonstrate draining into SMCV via laterocavernous sinus (arrows). Laterocav-
ernous sinus is connected with CS at posterior compartment. Note arteriovenous shunt at the caudal part of laterocaverous sinus
(D, arrowhead). (E) Fluorogram after navigation of microcatheter and guidewire (arrowheads) into laterocavernous sinus and
SMCYV through connection at posterior segment. (F) Lateral view of left common carotid arteriogram after coil packing of SMCV,
ophthalmic vein, laterocavernous sinus, and CS shows complete disappearance of dural arteriovenous fistula. CS: cavernous

sinus; SMCV: superficial middle cerebral vein

vein, which are tributaries of the superficial temporal vein
(Fig. 9).

! Clinical Implications of the Anatomy
and Variations of the CS and
Surrounding Veins

For endovascular treatment of cavernous sinus dural arte-
riovenous fistulas (CSDAVF), transvenous embolization is
generally selected as the first-line treatment. When consid-
ering transvenous embolization, the locations of the shunts
(shunted venous pouch), their feeding arteries and the
drainage route, including the accessible routes, should be
determined. In addition, the normal venous flows of the
SMCV and UV or the coexistence of retrograde venous
reflux into them and bridging veins should also be care-
fully evaluated. Kiyosue et al. reported that shunted venous
pouches were able to be observed in the posteromedial,
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posterolateral, medial and lateral parts of the CS on evalu-
ation of the 3D-DSA images of patients with CSDAVF.?9
Selective transvenous embolization for shunted venous
pouches is feasible to reduce the number of coils and to
avoid damaging the sixth cranial nerve and unexpected
increase in shunt flow into the cortical veins during closure
of the outflows.

When selective embolization of the shunted venous
pouches is difficult due to lack of the shunted venous
pouch, coil embolization of the outlet to the SMCV and
UV, and/or packing of the CS should be considered in
cases of retrograde cortical venous reflux. In such situa-
tions, the operators should confirm the accessibility to cor-
tical veins. The anatomical relationships between the CS
and the SMCV and UV, and the existence of the laterocav-
ernous sinus should be carefully evaluated using the recon-
structed images of 3D-DSA and/or MRI before treatment
(Fig. 10).
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Fig. 12 A case with right CS dural arteriovenous with retrograde venous reflux to posterior fossa via bridging vein. (A and B) Right external
carotid arteriogram (A, frontal view; B, lateral view) shows cavernous dural arteriovenous fistula draining into superior ophthalmic vein
and the deep venous system via anterior pontomesencephalic vein and peduncular vein (arrowheads). (C and D) Partial MIP recon-
structions of 3D rotational right external carotid arteriogram (C, axial reconstruction; D, sagittal reconstruction) show contrast filling of
anterior pontomesencephalic vein via bridging vein (arrowheads). (E) Fluorogram after navigation of microcatheters. One catheter is
navigated into the posterior segment of CS after deflection within anterior segment (black arrowheads). Another catheter is navigated
into superior ophthalmic vein (white arrowheads). (F) Fluorogram during insertion of microcoils. Microcoils were initially placed in the
posterior compartment of CS to occlude retrograde reflux into the deep venous system. (G) Lateral view of right common carotid arte-
riogram shows complete disappearance of dural arteriovenous fistula after packing of CS. CS: cavernous sinus

CSDAVF sometimes develop in patients with cortical
venous drainage into the laterocavernous sinus. Okahara et
al. reported four cases of CSDAVF involving the latero-
cavernous sinus in their 27-case series.?” According to the
report, the shunt points were observed at the posterior seg-
ment in three and the anterior segment of the laterocavern-
ous sinus in one. All four cases exhibited retrograde venous
reflux into the SMCYV, UV, or both. When the shunt point is
at the laterocavernous sinus, sinus packing of the CS alone
may lead to residual reflux into the cortical veins and loss
of the accessible route. In cases of CSDAVF combined
with laterocavernous sinus drainage of the shunt flow for
which transvenous embolism is planned, detailed assess-
ment of the relationships between the laterocavernous
sinus and the SMCYV, UV, and CS is needed (Fig. 11). Pre-
vious reports revealed several routes between the CS and
laterocavernous sinus, with connections at the medial or
posterior part of the lateral wall of the CS.627

CSDAVF occasionally combine retrograde reflux into the
veins in the posterior fossa, causing pontine and cerebellar

congestion/hemorrhage. Retrograde reflux can present via
three routes, the bridging vein—transverse pontine vein, the
UV-basal vein of the Rosenthal-lateral mesencephalic
vein, and the superior petrosal sinus—petrosal vein. Resid-
ual or recurrent flow after the transvenous embolization of
the CSDAVF may cause a markedly poor outcome; thus,
the outlet of reflux into the posterior fossa veins should be
predominantly embolized (Fig. 12). Careful evaluation of
the anatomical relationships between the CS and the veins
to the posterior fossa is essential.

The common transvenous approach route to the CS is
the inferior petrosal sinus. When the route is not accessi-
ble, the surrounding veins including basilar plexus, the
IPCV, and the pterygoid plexus can be alternative approach
routes. In addition, if the transvenous approach through the
occluded inferior petrosal sinus is difficult, especially in
case with the CSDAVF, the extracranial venous networks
around the orbit can be the approach route via the anasto-
moses with the superior ophthalmic vein (Fig. 13).283% In
such cases, the accessible drainage route can be demonstrated

Journal of Neuroendovascular Therapy Vol. 14, No. 12 (2020) ‘ 555 ‘
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Fig. 13 A case with left CSDAVF treated by a superficial temporal venous approach. (A) Lateral view of left external carotid arte-
riogram shows CSDAVF mainly fed by artery of foramen rotundum (white arrowhead) and draining into superior ophthalmic
vein (black arrowheads). (B and C) Frontal view of left common carotid arteriogram (B, early venous phase; C, late venous
phase) shows extracranial venous drainage via angular vein, facial vein (white arrowheads), and superficial temporal vein
(black arrowheads). (D) Lateral fluorogram of transvenous coil embolization via superficial temporal vein and superior oph-
thalmic vein. (E) Lateral view of left common carotid arteriogram shows complete disappearance of DAVF. CSDAVF: cav-
ernous sinus dural arteriovenous fistulas; DAVF: dural arteriovenous fistulas

on the preoperative postcontrast CT and/or MRI as well as
the angiograph. The careful assessment of these imaging
findings is mandatory.

As mentioned earlier, for safe and effective transvenous
embolization, precise assessment of the shunt points on the
CS and laterocavernous sinus, and of the venous drainage
routes, including access routes, is highly important.

| Conclusion

The CS and related venous structures exhibit anatomical
variations. Knowledge and careful assessment of the imag-
ing anatomy and variations are of significant importance,
especially for transvenous embolization of CSDAVF.

| Disclosure Statement

The authors have no conflicts of interest directly relevant
to the content of this study.
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