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Abstract

The cavernous sinus (CS) is one of the cranial dural venous sinuses. It differs from other dural sinuses 
due to its many afferent and efferent venous connections with adjacent structures. It is important to 
know well about its complex venous anatomy to conduct safe and effective endovascular interventions 
for the CS. Thus, we reviewed previous literatures concerning the morphological and functional venous 
anatomy and the embryology of the CS. The CS is a complex of venous channels from embryologically 
different origins. These venous channels have more or less retained their distinct original roles of venous 
drainage, even after alterations through the embryological developmental process, and can be categorized 
into three longitudinal venous axes based on their topological and functional features. Venous channels 
medial to the internal carotid artery “medial venous axis” carry venous drainage from the skull base, 
chondrocranium and the hypophysis, with no direct participation in cerebral drainage. Venous channels 
lateral to the cranial nerves “lateral venous axis” are exclusively for cerebral venous drainage. Venous 
channels between the internal carotid artery and cranial nerves “intermediate venous axis” contribute 
to all the venous drainage from adjacent structures, directly from the orbit and membranous skull, indi-
rectly through medial and lateral venous axes from the chondrocranium, the hypophysis, and the brain. 
This concept of longitudinal venous axes in the CS may be useful during endovascular interventions for 
the CS considering our better understandings of its functions in venous drainage.
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Introduction

the cranial dural sinuses are venous channels situ-
ated between the two layers of dura matter that carry 
venous drainage from the brain. some dural sinuses 
close to the cranium also participate in osseous 
venous drainage through the meningeal veins.1,2) 
the cavernous sinus (Cs) is a cranial dural sinus 
situated on each side of the sella turcica between 
the periosteum of the sphenoidal bone and the dura 
propria of the cerebrum. this large interperiosteodural 
space3) directly continues to the extracranial spaces 
(orbit and nasopharynx) and is in close contact with 
the adjacent cranium, the hypophysis, as well as the 

brain. thus, venous channels in the Cs also have 
many afferent and efferent venous connections with 
these adjacent structures of different embryological 
origins through their tributaries. this complex venous 
anatomy of the Cs is always a matter of interest. to 
conduct safe and effective endovascular interventions 
for the Cs, it is essential to understand not only the 
morphological but also the functional venous anatomy 
around the Cs. the knowledge of Cs embryology will 
also facilitate our better understanding of Cs anatomy. 

The Embryological Meningeal and 
Venous Development around the CS

according to o’rahilly et al.,4) at the early embryonic 
stage, the primitive brain is surrounded by a loose received December 23, 2015; accepted March 9, 2016
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the cerebral drainage role once, and is called the 
pro-otic sinus,7) that is the precursor of the Cs.5,7–9) 

at the end of the second month of gestation, 
accompanying the growth of the chondrocranium 
and membranous skull, the medial tributaries of the 
pro-otic sinus around the iCa and between the otic 
and basioccipital cartilages are newly developed. 
the former forms the primitive Cs and the latter 
forms the future inferior petrosal sinus (iPs). the 
iPs becomes the main drainage route from the Cs 
after the caudal part of the primary head-sinus 
dwindled. the intercavernous sinuses are formed as 
mid-line extensions of the bilateral Cs.5) the middle 
meningeal vein (MMV) is also developed in the 
outer layer of the primitive dura as lateral tributaries 
of the pro-otic sinus and drains the membranous 
skull.5,9) Primary visceral venous drainage into the 
primary head-sinus through the primitive maxillary 
vein and dorsal pharyngeal vein reverse their flow 
direction through the development of the external 
jugular venous system. this forms an adult venous 
drainage pattern from Cs to the pterygoid plexus 
through emissary veins traversing the foramina in 
the middle cranial fossa.5) 

the dural ends of the pia-arachnoidal veins in 
the caudoventral part of the telencephalon, called 
telencephalic veins (future middle cerebral veins), 
form the embryonic tentorial sinus that empties 
into the transverse sinus. this embryonic tentorial 
sinus is elongated posteriorly and migrates medially 
in the middle cranial base as the cerebral hemi-
sphere enlarges and anastomoses to the Cs in the 
late fetal or postnatal period.5) it is noteworthy that 
Padget5) described the embryonic tentorial sinus in 
the primitive dura as belonging to the inner dural 
layer rather than the MMV that is situated in the 
outer dural layer. the superior petrosal sinus (sPs) 
is formed from a dural stem of the ventral meten-
cephalic vein (future superior petrosal vein). the 
ventral metencephalic vein is the pia-arachnoidal 
vein that drains the ventral region of the meten-
cephalon (future cerebellum and pons). it primarily 
empties laterally into the transverse sinus. Medial 
anastomosis to the posterior aspect of the Cs is 
secondary in a process similar to the embryonic 
tentorial sinus connection to the Cs in the late fatal 
period or after birth.5) 

Kehrli et al.10) showed the embryonic meningeal 
differentiation of the parasellar mesenchymal space, 
and speculated that venous channels of different 
shapes and emergence times in the primitive Cs 
might have different embryological origins, supporting 
the descriptions of the primitive Cs by Padget.5) 
according to hashimoto et al.,11) who examined the 
development of the Cs in the fetal period based on 

mesenchyme with no discriminating features, which 
is referred to as the primary meninx. this primary 
meninx differentiates into contiguous but distinct 
layers. First, the pia mater develops on the surface 
of the brain. this is followed by the meshwork 
formation (future arachnoid space) in the central 
part of the mesenchyme adjacent to the brain, and 
the mesenchymal condensation (future dura mater) 
between the dural limiting layer and the skeletog-
enous layer in the peripheral mesenchyme. the 
cartilaginous and membranous craniums are formed 
within the skeletogenous layer. 

Padget5) described in detail about the embryonic 
development of the cranial venous system that 
differentiates in a continuous but independent 
fashion in each layer of the meninx. in the early 
embryonic phase (5–8 mm of length), the primitive 
brain is covered by a primitive capillary plexus in 
the undifferentiated mesenchyme (primary meninx) 
and drains superficially into the venous plexus in 
the future dural space (the embryonic dural plexus) 
through numerous short venous channels traversing the 
future arachnoid layer, especially in the dorsolateral 
aspect of the primitive brain.5,6) the embryonic dural 
plexus drains into the primary head-sinus situated 
ventrolaterally in the dural layer on both sides of 
the primitive brain. the primary head-sinus drains 
all structures in the head region, not only the brain 
but also ocular and visceral structures through the 
primitive maxillary vein [future superior ophthalmic 
vein (soV)] and the dorsal pharyngeal vein (future 
sphenoid emissary vein of the foramen ovale) into 
the anterior cardinal vein (future internal jugular 
vein).5) in the parasellar region, the primary head 
sinus is situated between the trigeminal nerve and 
the dorsal aorta [future internal carotid artery (iCa)].5) 

through the embryonic period, accompanying 
the differentiation of the meninx, numerous small 
venous channels in the future arachnoid layer once 
connecting the primitive pial and dural layers 
decrease in number, converging into a few elongated 
and augmented veins (the pia-arachnoidal veins, 
future bridging veins).5) the adult configuration of 
venous drainages from the brain into dural sinuses 
through bridging veins is established by this process 
of blood vessel cleavage.7) Due to the dorsolateral 
convergence of embryonic dural plexuses and the 
developing longitudinal anastomoses between them 
(formation of the superior sagittal, transverse, and 
sigmoid sinuses), the primary head-sinus becomes 
attenuated, especially in the area ventral to the 
otic capsule. the connections of the dural plexus 
to the primary head-sinus for cerebral drainage 
also dwindle.5) the remaining rostral part of the 
primary head-sinus under the trigeminal nerve loses 
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histological sections of autopsied fetuses, many small 
venous channels dotting the parasellar mesenchyme 
around 13–15 weeks of gestation enlarge and unite 
to form large lumens by 28 weeks. it may also 
represent the developmental course of the medial 
tributary of the pro-otic sinus around the iCa. they 
also speculated that the secondary anastomoses 
between the embryonic tentorial sinus and the Cs 
are one cause of this enlargement of venous chan-
nels in the primitive Cs. beautiful photographs of 
histological sections in their article also showed 
the topological contiguousness of the embryonic 
tentorial sinus to the inner dura matter. 

in summary, the Cs develops from the rostral part 
of the primary head-sinus with its primary venous 

continuities to the orbit and nasopharynx, the 
later extensions for osseous drainage, and the late 
secondary anastomoses for cerebral drainage (Fig. 1).

Venous Drainage into the CS from 
Different Structures

1. Cerebral venous drainage into the Cs
the Cs carries venous drainage from the brain 
through bridging veins in a varied fashion. the 
superficial middle cerebral vein (sMCV) that drains 
the lateral part of the cerebral hemisphere empties 
into the Cs directly by penetrating its lateral wall,12–17) 
indirectly through the sphenoparietal sinus,13,16,17) 
or through the laterocavernous sinus (LCs).12,14,15) 

Fig. 1 Schematic drawing of the embryological venous development in the parasellar region (axial view at the 
level of the trigeminal nerve). At the early embryonic stage, capillary network (a) on the surface of the primi-
tive brain (b) drains superficially into the embryonic dural plexus (c) in the primary meninx. This dural plexus 
empties into the primary-head sinus (d) that also receives the venous drainage anteriorly from the orbit and 
ventrally from the pharynx (e) through the dorsal pharyngeal vein (f). During the embryonic period, with the 
differentiation of the meninx, original numerous small venous channels (g) traversing the future arachnoid space 
decrease in number and converge into a few pia-arachnoidal veins. Superficial middle cerebral vein (SMCV) 
(h) is derived from one of the pia-arachnoidal veins in the ventrocaudal region of the cerebral hemisphere. In 
late embryonic stage, medial (i) and lateral (j) tributaries of the pro-otic sinus (k) that is the rostral remnant of 
the primary-head sinus (d) are newly developed, respectively, for the growing chondrocranium (l) derived from 
notochord (m) and membranous skull (n). The former forms a part of the future cavernous sinus, and the latter 
forms the future middle meningeal vein. The sphenoid emissary vein of the foramen ovale (o) is derived from 
the dorsal pharyngeal vein (f) with reversing its flow from afferent to efferent direction. The embryonic tentorial 
sinus (p) as a dural end of the SMCV secondarily connects to the cavernous sinus in late fatal or postnatal stage. 
q: trigeminal nerve. r: internal carotid artery derived from dorsal aorta (s).
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part of the iPs just below the Meckel’s cave. Kiyosue  
et al.29) also reported that bridging veins connecting 
the anterior pontomesencephalic venous system to 
the posterior part of the Cs or the iPs normally exist. 

thus, the Cs has a direct and large contribution 
to venous drainage from the brain through these 
bridging veins, usually from the lateral aspect of 
the sinus. these bridging veins may become routes 
for leptomeningeal venous reflux in arteriovenous 
shunts harbored in the Cs or neighboring dural 
sinuses.24,28–34) 

2. orbital venous drainage into the Cs 
Venous drainage of the orbital contents including the 
retina, lacrimal gland, and ocular muscles is carried 
by the soV and inferior ophthalmic vein (ioV).35) the 
soV that drains the superomedial part of the orbit 
crosses above the optic nerve to reach the lateral 
part of the superior orbital fissure. it is commonly 
joined by the ioV that drains the inferolateral part 
of the orbit. this common stem of the soV runs 
below the ophthalmic nerve (the first division of 
the trigeminal nerve) to enter the anterior part of 
the Cs.36) the distal part of the soV anastomoses 
to the supraorbital and angular veins at the ante-
rior margin of the orbit. these can be transvenous 
access routes to the Cs via facial veins or by direct 
puncture of the soV.37–39) spector et al.40) described 
a detailed venous anatomy at the junction of the 
orbit and the Cs, and the close continuation of the 
lateral wall of the soV stem to the inner layer of 
the Cs lateral wall. it suggests the topographic rela-
tions of the soV to the anterior Cs that is situated 
between cranial nerves and the iCa. Photographs 
of a stepwise dissection of the Cs in articles by 
spektor et al.40) and rhoton et al.41) also clearly 
demonstrate the direct continuation of the soV to 
the anterior Cs, crossing beneath the first division 
of the trigeminal nerve. this anatomical setting is 
consistent with the embryonic development of the 
soV. it is derived from the stem of the primitive 
maxillary vein that is situated in the maxillary 
process of the first branchial arch, and flows into 
the primary head-sinus medial to the trigeminal 
nerve roots from where the Cs is derived.5)

3. Venous drainage from the hypophysis into the Cs
both Css are connected with each other by dural 
venous channels cross the sella turcica, which are 
generally called intercavernous sinuses. the anterior 
intercavernous sinus lies transverse on the anterosu-
perior margin of the sellar and empties into medial 
venous channels of the Cs. the posterior intercav-
ernous sinus extends across in front of the posterior 
clinoid plate and drains into the posterosuperior part 

our general understanding of the sphenoparietal 
sinus is that it is a large meningeal channel that 
runs medially just below the lesser sphenoid wing 
to empty into the anterior part of the Cs, usually 
the sMCV flows into this sinus.2) however, ruíz  
et al.15) and takahashi et al.18) recently questioned 
this classical understanding of the sphenoparietal 
sinus. they described two independent venous 
channels (the sinus of the lesser sphenoid wing and 
the sMCV) that exist in this region, and they found 
no connections between these two venous channels. 
therefore, the term “sphenoparietal sinus” may not 
be adequate to describe the dural continuation of 
the sMCV in this region. the LCs is the venous 
channel situated between the outer layer of the 
dura propria and the inner layer of loose connec-
tive tissue surrounding the cranial nerves19,20) of the 
lateral wall of the Cs. it was defined as one of the 
principal drainage pathways of the sMCV by ruiz 
et al.,12) in 1999. the sMCV empties into the LCs 
penetrating the outer layer of the lateral wall of the 
Cs at its anterior part. subsequently, the LCs flows 
into the sPs, the pterygoid plexus, or the Cs at its 
posterior aspect or through the small foramina in the 
inner layer of the lateral wall.12,14) when the sMCV 
runs more laterally to the middle cranial fossa, it 
forms the paracavernous sinus13–16) in the dura of 
the middle cranial base. it flows into the pterygoid 
plexus or passes beside the emissary foramens in the 
middle cranial base more posteriorly to empty into 
the sPs or the transverse sinus.13,14,16,21) the former 
variant is referred to as the sphenobasal sinus and 
the latter the sphenopetrosal sinus.2) some authors 
have speculated that the sphenoparietal sinus as the 
dural continuation of the sMCV, the LCs, and the 
paracavernous sinus are remnants of the embryonic 
tentorial sinus. individual relative differences of 
the embryonic tentorial sinus migration, and the 
ways of secondary anastomoses to the Cs may be 
responsible for adult variations of the sMCV drainage 
pattern.5,12–14,16,17) the deep middle cerebral vein and 
the uncal vein also flow together with the sMCV 
or separately into the Cs.2,12,22–27) 

regarding venous drainage from the posterior 
fossa, the Cs is connected to the medial part of the 
sPs and receives venous blood from the anterior 
part of the cerebellum and brain stem through the 
superior petrosal vein.24,25) as mentioned previ-
ously, the sPs is derived from the dural end of the 
ventral metencephalic vein (future superior petrosal 
vein) that essentially carries venous drainage from 
the primitive metencephalon.5) Matsushima et al.28) 
described the presence of bridging veins from the 
anterior pontomesencephalic or transverse pontine 
veins to the posterior part of the Cs or adjoining 
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of medial venous channels of the Cs. the inferior 
intercavernous sinus extends across the floor of the 
sella and drains into the inferior venous channels 
of the Cs.41–44) Xuereb et al.45) described several sinu-
soids of the hypophysis that join together to form 
small short veins emptying into each side of the Cs 
and intercavernous sinuses, more commonly in the 
lateral aspects of the hypophysis. a detailed investi-
gation using cadavers by green46) demonstrated that 
numerous hypophyseal veins drain the hypophysis 
to the medial or inferior part of the Cs directly or 
indirectly through intercavernous sinuses or the 
plexiform venous network that is close to the surface 
of the pituitary gland. sato et al.47) reported on the 
swelling of the pituitary gland in cavernous dural 
arteriovenous fistulas (DaVFs). shigematsu et al.48) 
reported on the delayed perfusion in the pituitary 
gland in cavernous DaVFs using dynamic magnetic 
resonance imaging. these authors47,48) speculated 
that venous hypertension due to DaVFs may be 
the cause of swelling or delayed perfusion of the 
pituitary gland. 

in summary, venous blood from the hypophysis 
empties into the medial or inferior parts of the Cs 
via many hypophyseal veins directly or indirectly 
through intercavernous sinuses. 

4. Venous drainage from the osseous structures 
into the Cs
the sinus of the lesser sphenoid wing situated 
beneath the sphenoid ridge runs medially to 
empty into the anterosuperior aspect of the Cs 
after crossing medially over the soV.15) it drains 
diploic veins from the orbital roof and the greater 
sphenoid wing without venous connection to the 
sMCV.15,17,18) the Cs has connections medially to 
the opposite side of the Cs through intercavernous 
sinuses. green46) described that anterior and posterior 
intercavernous sinuses receive some osseous veins 
from the lateral part of the posterior clinoid plate. 
the inferior intercavernous sinus also receives large 
osseous veins that drain the posterolateral parts of 
the sella turcica, in addition to venous blood from 
the hypophysis. another, and usually the largest 
venous connection between both sides of the Cs is 
the basilar plexus. it is a plexiform dural venous 
channel that covers the cranial surface of the clivus. 
they connect bilaterally to the medial aspects of 
the Cs and iPs at multiple levels.1,49) tubbs et al.49) 
found no venous connections between the anterior 
brain stem and the basilar plexus in 20 cadaver 
dissections. it occasionally has a connection with 
the cranial part of the anterior internal vertebral 
plexus.49,50) schnitzlein et al.51) reported that the 
diploic venous channel in the dorsum sellae (the 

sinus of the dorsum sellae) connects laterally to 
the posteromedial part of the Cs. they suggested 
that it was comparable with the basivertebral vein 
of the spine. the presence of osseous canals on the 
cranial surface of the clivus has been reported.52–54) 
tubbs et al.54) elucidated from cadaver dissections 
that the content of this clival canal was a vein. we 
may also easily suppose that the vein in the clival 
canal and the basilar plexus are respective homologs 
of the basivertebral vein and the anterior internal 
vertebral venous plexus of the spine. 

the MMV that drains the membranous skull and 
the greater sphenoid wing empties superiorly into 
the venous lacuna and the superior sagittal sinus, 
and inferiorly into the Cs or the pterygoid plexus 
through the sphenoid emissary vein of the foramen 
ovale.2,6) embryologically, the MMV is derived from 
the pro-otic sinus (future lateral wing of the Cs) as 
its lateral tributaries in the outer layer of the dura, 
accompanying the development of the membranous 
skull.5,9) thus, one of the primary drainage routes 
of the MMV must be to the lateral wing of the Cs. 
garcía-gonzález et al.55) described that the frontal 
and anterior temporal diploic veins also drain into 
the Cs via the MMVs and the sphenoparietal sinus 
(the sinus of the lesser sphenoid wing), based on 
cadaver dissections.

5. Venous connections between the Cs and visceral 
structures
the Cs drains into the pterygoid plexus through 
emissary veins that traverse the foramina in the 
middle cranial fossa (foramen rotundum, ovale, or 
Vesalius).1,8,11,25,41,56,57) the continuation of the Cs to 
these emissary veins under trigeminal nerve roots is 
called the “lateral wing of the Cs” and is a remnant 
of the pro-otic sinus.5) this venous pathway is also 
called the “trigeminal sinus” by henderson58) and 
the “pericavernous venous plexus” by rhoton.41) 
although these emissary veins are efferent drainage 
routes from the Cs to the pterygoid plexus in the 
adult stage, precursors of these emissary veins 
(primitive maxillary and ventral pharyngeal veins) 
originally drained afferently into the primary head-
sinus (primary precursor of the Cs) and carried 
venous drainage from ventral visceral structures 
in the embryonic stage, as previously mentioned.5)

Discussion

each venous channel in the Cs originally develops 
by providing a distinct role in venous drainage. 
even after large morphological alterations during 
embryological developmental process (anastomoses, 
annexation, and dwindling), the role of each dural 
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venous channel is still distinct. in 2008, geibprasert 
et al.59) classified the craniospinal epidural venous 
system into three groups based on the embryological 
specific of the venous drainage roles. the “ventral 
epidural venous space” is for bony structures derived 
from the notochord and the corresponding scler-
otome extends from the basisphenoid (cavernous 
plexus) to the sacrum. the “dorsal epidural venous 
space” is the confluence of two different venous 
systems, the membranous osseous system of the 
cranial vault and the leptomeningeal system that 
drains the brain, represented by the superior sagittal 
sinus or the transverse sinus. the “lateral epidural 
venous space” is the leptomeningeal system joined 
by bridging veins with no direct communications 
with the ventral and dorsal epidural venous space. 
they also described the different clinical features 
of dural arteriovenous shunts in each epidural 
venous space. the ventral epidural shunt is more 
benign with a lower rate of cortical venous reflux. 
on the other hand, the lateral epidural shunt is 
always aggressive with cortical venous reflux. 
in their classification, the Cs might be broadly 
categorized into the ventral epidural group. the 
Cs is a peculiar dural venous sinus based on its 
location in the boundary between the cranial and 
extra-cranial structures, and in the complexity of its 
venous channels of different embryological origin. 
therefore, it potentially contributes to the venous 
drainage from the brain, adjacent cranial bones, the 
orbit, the hypophysis and the nasopharynx.

the part of intracavernous venous channels to 
where the veins from those structures connect varies 
according to their roles of venous drainage as we 
reviewed in the literatures. we can and should 
divide the intracavernous venous channels more 
based on their functional and topological charac-
teristics which can be rationally explained also by 
their ways of embryological development.

the intracavernous venous channels should be 
divided topologically in the relationships to the iCa 
and cranial nerves, which correspond the embryonic 
developmental ways of each venous channel and 
their original specific roles of venous drainage as 
showed in Fig. 1. the venous channels medial to 
the iCa “medial venous axis” connect anteriorly to 
the sinus of the lesser sphenoid wing, medially to 
the intercavernous sinuses, and posteriorly to the 
basilar plexus and the sinus of the dorsum sellae. 
although in adults this medial venous axis also 
carries cerebral and orbital venous flow from more 
lateral venous axes through the venous connections 
between each venous axis, the original role of this 
venous axis is exclusively for the skull base chon-
drocranium and hypophysis. it probably develops 

from the medial tributaries of the pro-otic sinus for 
the chondrocranium and hypophysis. the venous 
channels situated laterally to the cranial nerves 
“lateral venous axis” are for venous drainage from 
the brain. the LCs and the posterolateral part of 
the Cs are included in this lateral venous axis. the 
LCs derived from the embryonic tentorial sinus as 
a dural end of the telencephalic pia-arachnoidal 
veins is directly connected to the sMCV. the poste-
rolateral part of the Cs drains the sPs and also the 
bridging veins from the pial venous system of the 
brainstem. it is speculated that this posterolateral 
part of the Cs might develop from the dural ends 
of the embryonic ventral metencephalic veins from 
which the superior petrosal vein and bridging veins 
from the brainstem are derived. these medial and 
lateral venous axes of the Cs drain posteriorly into 
the iPs. the remaining venous channels between 
the cranial nerves and the iCa, including the 
lateral wing of the Cs “intermediate venous axis” 
can participate in all venous drainages. this is 
directly from the orbit and membranous skull and 
indirectly from the brain, hypophysis, and skull 
base chondrocranium through the lateral and medial 
venous axes. it drains into the pterygoid plexus 
through emissary veins in the middle cranial fossa, 
or into the iPs through the posterior parts of the 
medial and lateral venous axes. this intermediate 
venous axis is indeed derived from the pro-otic 
sinus (rostral remnant of the primary head-sinus). 
original characteristics of the primary head-sinus, 
including the orbital, cerebral, and visceral venous 
drainage, can still be seen. the superficial petrosal 
vein that accompanies the greater petrosal nerve in 
the facial hiatus empties into the emissary vein of 
the foramen ovale. it is the remnant of the caudal 
part of the primary head-sinus that dwindled in  
the embryonic stage.5) therefore, the continuity  
of the intermediate venous axis is theoretically from 
the soV to the superficial petrosal vein through the 
lateral wing of the Cs. each venous axis in the Cs 
has connections with adjoining venous axes. the 
medial venous axis connects with the intermediate 
venous axis through the spaces dorsal and ventral 
to the iCa. the venous connections between the 
lateral venous axis and the intermediate venous 
axis may be through the spaces between cranial 
nerve roots. these venous channels between nerve 
roots correspond to the venous drainage routes of 
the LCs into the Cs through small foramina in the 
inner layer of the lateral wall described by ruiz.12) 
the iPs is the main posterior drainage pathway of 
the Cs and is situated in the cranial surface of the 
petroclival fissure.1,60) the iPs also receives venous 
drainage from the labyrinth through the vein of the 
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venous congestion,66,67) or a deterioration of the 
ocular symptoms. we must also consider preserving 
normal cerebral venous drainage through the Cs.  
to achieve this, obliteration of only the affected 
venous compartment, reported as targeted or selec-
tive embolization68,69) seems to be the best. if this 
is not possible, the manner of occluding venous 
outflows is then important. although it depends on 
the anatomical situation of each patient, using two 
microcatheters is desirable. one catheter is usually 
navigated into the intermediate venous axis to secure 
connections to the soV and the lateral venous axis. 
the second is used to search for and occlude the 
fistulous compartment. if targeted embolization is 
not achieved, it is better to try and occlude the 
shunt flow by embolizing the limited parts of the 
intracavernous venous channels to preserve the 
antegrade venous drainage from the brain before 
making the decision of whole sinus packing. the 
exact positioning of catheters can be determined by 
their topological relations with the iCa and venograms 
in the sinus. representative cases of a transvenous 
embolization of a cavernous DaVF and a traumatic 
carotid-cavernous fistula are shown in Figs. 3 and 4. 
in these cases, morphologically complex venous 
channels in the Cs could be easily understood using 
the concept of intracavernous longitudinal venous 
axes. then the antegrade cerebral venous drainage 
could be preserved by the selective occlusions of 
the venous channels in the Cs.

Venous sampling in the iPs70) or the Cs71) is generally 
considered useful to distinguish the adrenocortico-
tropin (aCth)-producing pituitary tumor (Cushing 
disease) from other causes of Cushing syndrome, 
or to determine the preoperative lateralization of 
the tumor. the best sampling points in the sinus to 
obtain a reliable enough gradient of aCth remains 
under debate.72–75) sampling from the medial venous 
axis of the Cs may better reflect the aCth secretion 
from the pituitary gland, because pituitary venous 
blood first flows into this medial axis. in other 
venous axes, it may be diluted by venous flows 
from the brain or the orbit. although we have a 
limited experience with the venous sampling, one 
case of Cushing disease is presented in Fig. 5. in 
this case, sampling from the medial venous axis 
yielded significantly higher aCth concentration 
than from the intermediate axis or the iPs. this was 
enough to diagnose an aCth producing pituitary 
adenoma. there was no significant intercavernous 
aCth gradient in this patient. simultaneous bilateral 
sampling might be better to determine the lateraliza-
tion of a tumor. an assessment of the flow direction 
between each Cs through the intercavernous sinuses 
may also be required, if possible.

cochlear aqueduct,8) brainstem and inferior cerebellar 
surface through bridging veins from the pial venous 
system of the pons or the medulla oblongata.28,29) 
Padget5) described the iPs development as a medial 
derivative of the pro-otic sinus accompanying the 
growth of the skull base chondrocranium. it connects 
the posterior aspect of the primitive Cs and the 
dural stem of the ventral myelencephalic vein (pia-
arachnoidal vein of the primitive myelencephalon). 
the inferior petrosal vein (vagal vein)28,56) that drains 
the medulla oblongata into the jugular bulb or infe-
rior part of the iPs is considered to be derived from 
the ventral myelencephalic vein.  Considering the 
manner of embryological development and existence 
of the bridging veins that empty into this sinus, 
the iPs should be viewed as a complex of dural 
venous systems of both the cerebral and osseous 
drainage. thus, the iPs can theoretically drain both 
the medial and lateral venous axes of the Cs. this 
concept of longitudinal venous axes in the Cs is 
schematically shown in Fig. 2. the characteristics 
of the medial and lateral venous axis of the Cs may 
respectively correspond with the ventral and lateral 
epidural groups advocated by geibprasert et al.59) 
we do not yet have sufficient knowledge regarding 
the characteristics of DaVFs that develop in each 
venous axes of the Cs. Cavernous DaVFs is generally 
considered to be benign because of the low rate of 
intracranial hemorrhage or venous congestion by the 
cortical venous reflux.25,61) however, when a DaVF 
develops in the lateral venous axis of the Cs, it may 
show aggressive clinical manifestations, as DaVFs 
in the paracavernous sinus or the superior petrosal 
sinus have a tendency for aggressive manifestations 
with the direct cortical venous reflux.34,62,63) the 
embryological origins of both the paracavernous 
and the superior petrosal sinuses are the same as 
the lateral venous axis of the Cs, from the dural 
ends of the embryonic pia-arachnoidal veins. ruíz 
et al.64) reported a case of DaVF that developed in 
the LCs with a direct venous reflux into the sMCV.  
ushikoshi et al.65) reported a DaVF near the anterior 
clinoid process draining directly into the sMCV 
with the varix. these two reported cases may be 
considered as DaVFs that developed in the lateral 
venous axis of the Cs.

the concept of intracavernous longitudinal venous 
axes is thought to be clinically useful, especially 
in catheter interventions to the Cs. when treating 
arteriovenous shunts involving the Cs, irrespective 
of whether it is dural or direct, the most important 
issue is to avoid an incomplete occlusion of the 
shunt and redistribution of the residual shunt flow 
into dangerous cerebral or ocular venous drainage 
routes, which might lead to cerebral hemorrhage, 
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Fig. 2 Conceptual drawing of the longitudinal venous axes in the cavernous sinus (right posterolateral view). The 
medial venous axis is situated medial to the internal carotid artery (ICA), and receives osseous venous drainage, 
especially from the skull base chondrocranium through the sinus of the lesser sphenoid wing, intercavernous 
sinuses, the sinus of the dorsum sellae, and the basilar plexus. This medial venous axis also carries a venous 
drainage from the hypophysis directly or indirectly through the intercavenous sinuses. The intermediate venous 
axis is situated between the ICA and cranial nerves, and drains the superior ophthalmic vein (SOV) and the 
middle meningeal vein (MMV) into the pterygoid plexus through the emissary foramina in the middle cranial base. 
This intermediate venous axis also has connections with the medial venous axis through venous channels (white 
triangles) above or beneath the ICA, with the lateral venous axis through the venous channels between the cranial 
nerve roots (asterisks). The connection to the superficial petrosal vein is the embryological original course of the 
primary head-sinus. The lateral venous axis is situated lateral to the cranial nerves. The posterolateral part of 
the CS continues to the superior petrosal sinus (SPS) is also included in this venous axis. This lateral venous axis 
essentially carries the venous drainage from the brain through bridging veins (the SMCV, the superior petrosal vein, 
and the bridging vein from the brainstem). IPS: inferior petrosal sinus, SMCV: superficial middle cerebral vein.

of course, the way of categorizing the intracavernous 
venous channels we propose is just conceptual and 
comprehensive. the degree of development of each 
venous channel in the Cs may be individually varied. 
in the case of arteriovenous shunt, venous channels 
in and around the Cs are often thrombosed. we 
should evaluate the individual and actual setting of 
the venous channels in the Cs before the operation. 
we prefer to use coronal images of bone-subtraction 
computed tomography (Ct) angiography as presented 

for the cases in Figs. 3 and 4, or contrast-enhanced 
coronal t1-weighted magnetic resonance (Mr) images 
with fat suppression as presented for the case in 
Fig. 5, which provide us detailed knowledge of the 
actual venous setting in the Cs with the positional 
relationships to the iCa and cranial nerves. applying 
this concept to the individual actual venous setting, 
we may easily understand the functions of the venous 
channels, and rationally decide the management for 
each venous channel in the Cs. 
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Fig. 3 Cavernous dural arteriovenous fistula. A 62-year-old female presented with left abducens nerve palsy. A: 
Left carotid angiogram (lateral view) showed a dural arteriovenous fistula on the left cavernous sinus (CS) draining 
posteriorly into the inferior petrosal sinus (IPS). B: Left external carotid angiogram (A-P view) showed fine feeding 
arteries converging into the medial part (asterisk) of the CS, and reflux into the basal vein of Rosenthal (white arrow) 
through the uncal vein (uv). C–G: Preoperative coronal bone-subtraction computed tomography angiograms, from 
posterior (C) to anterior (G). C: The cross-section at the level of the petrous apex showed the left IPS connected to 
posterior parts of the medial (m) and the lateral (l) venous axes. The uv emptied into the lateral venous axis. D, E: 
A small venous pouch (asterisks) in the dorsum sellae connected to the medial venous axis (m) was considered to 
be the fistulous portion. The lateral venous axis (l) connected to the intermediate venous axis (i) crossing beneath the 
cranial nerves (n). F, G: The intermediate venous axis (i) connected to the anterior part of the medial venous axis 
(m) through the anterior part of the lateral venous axis (l) and the venous channel (arrowhead) beyond the ICA near 
the anterior clinoid process (ACP). Thus, before the operation, two access routes to the medial venous axis where 
the fistulous compartment might exist could be identified, the one was from behind directly through the IPS, and 
the other is through the lateral and intermediate venous axis, and the venous channel beyond the ICA. H: Venogram 
(lateral view) during the transvenous coil embolization through the IPS showed the lateral venous axis (arrow) with 
a connection to the uv. This lateral venous axis was secured with the one microcatheter. I: Another catheter was 
introduced into the fistulous compartment situated in the posteromedial part of the CS from the posterior aspect of 
the medial venous axis, confirming the retrograde opacifying of the feeding arteries (dotted arrow) with the veno-
gram (A-P view). J: The fistulous compartment with the posterior part of the medial venous axis was embolized. K: 
Left carotid angiogram showed that a faint shunt flow remained (arrow) in the anterior part of the medial venous 
axis. L: The microcatheter was navigated into this anterior part of the medial venous axis through the intermediate 
and lateral venous axes, and the venous channel beyond the ICA, and embolization was added (white arrow). M: 
Complete obliteration was achieved without embolizing the intermediate and lateral venous axes. N: The antegrade 
venous flow of the uv (arrow) into the IPS through the lateral venous axis was preserved. A-P: anteroposterior, ICA: 
internal carotid artery.
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Fig. 4 Traumatic carotid-cavernous fistula (CCF). A 54-year-old male presented with exophthalmos and visual 
loss on the right side after serious head trauma. A: Right carotid angiogram (lateral view) showed a direct 
CCF at the posterior genu of the right internal carotid artery (ICA) draining antegradely into the inferior 
petrosal sinus (arrow) and the pterygoid plexus (white arrow), retrogradely into the superior ophthalmic 
vein (SOV) and the superior petrosal sinus (SPS). B: Venous phase of the angiogram showing that the ante-
grade venous drainage of the superficial middle cerebral vein (SMCV) into the pterygoid plexus (white 
arrow) through the lateral venous axis (l) was still preserved. C–E: Preoperative coronal bone-subtraction 
computed tomography angiograms, anterior (C) to posterior (E). C: The cross-section at the level of ante-
rior clinoid process (ACP) showed the SMCV, which posteriorly connected to the lateral venous axis. D, E: 
There were two venous pathways connecting the lateral venous axis (l) to the intermediate venous axis (i). 
The one (white arrow) was through the aperture between the 2nd division (V2) and the 3rd division (V3) 
of the trigeminal nerve. The other (white dotted arrow) was beyond the 1st division (V1) of the trigeminal 
nerve. The medial venous axis (m) was thrombosed on the right side due to the trauma. F, G: Fluorographic 
images during transvenous embolization through the inferior petrosal sinus. Connections to the SPS (1), the 
SOV with the part of the intermediate axis anterior to the venous connection between V2 and V3 (2), the 
extension of the intermediate axis posterior to the venous connection with the emissary vein of the foramen 
ovale (3), and the posterior part of the lateral axis with the venous connection to the intermediate venous 
axis beyond V1 (4) were embolized. With these embolizations, the antegrade drainage pathway of the SMCV 
was completely isolated from the shunt flow. Finally, the fistulous-dilated compartment beyond the poste-
rior genu of the ICA (5) was embolized. H: After the embolization, almost all the shunt flow had stopped 
without any cortical venous reflux, I: The antegrade flow of the SMCV was preserved through the anterior 
part of the lateral venous axis, the venous channel between V2 and V3, the remaining middle part of the 
intermediate venous axis, and the emissary vein of the foramen ovale into the pterygoid plexus. ICA: internal 
carotid artery. FO: foramen ovale.
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Fig. 5 Adrenocorticotropin (ACTH)-producing pituitary tumor (Cushing disease). A 70-year-old female was 
clinically suspected of having Cushing disease. A: Contrast-enhanced coronal T1-weighted magnetic resonance 
image with fat suppression showed the small mass lesion (white arrow) in the right side of the pituitary 
gland. The medial venous axes (m) were well developed on both sides. Venous sampling without corticotropin-
releasing hormone was performed to confirm the diagnosis. B: The microcatheter was introduced into the 
anterosuperior part (white arrow) of the right cavernous sinus through the inferior petrosal sinus (IPS) and 
the medial venous axis, using the internal carotid artery (ICA) as a landmark. C: The catheter was withdrawn 
into the middle part of the medial venous axis (white arrow). The venogram (D: anteroposterior view. E: 
lateral view) at this point showed the sinus of the lesser sphenoid wing (arrow), confirming that the cath-
eter was in the medial venous axis. Sampling was performed at this point. F: Subsequently the catheter was 
introduced into the middle part of the intermediate axis (white arrow) through the venous channel beneath 
the ICA to take a sample at this point. G: The venogram (lateral view) at this point showed the intermediate 
venous axis (arrow) flowing into the medial venous axis (dotted arrow) through the connection beyond the 
ICA. Venous sampling was also performed at the middle part of the IPS and the femoral vein. Subsequent 
venous sampling on the left side was conducted in the same way. On the right side, the ACTH levels at the 
medial venous axis, the intermediate venous axis, and the IPS were 3,980 pg/mL, 9.7 pg/mL, and 52 pg/mL, 
respectively. On the left side, the ACTH levels at the medial venous axis, the intermediate venous axis, and 
the IPS were 3,080 pg/mL, 335 pg/mL, and 129 pg/mL, respectively. The ACTH level sampled from the right 
femoral vein was 13.8 pg/mL. With a sufficient central to peripheral ACTH gradient, the patient was diag-
nosed with Cushing disease and underwent a surgical tumor resection. 
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Conclusion

the Cs is a complex of venous channels with different 
embryological venous drainage roles. it is situated in 
the parasellar region of the mesenchymal space that 
surrounds not only the brain but also cranial bones 
and visceral structures. the role of venous drainage of 
each venous channel in the Cs remains distinct, even 
after alterations through embryological development. 
the concept of intracavernous longitudinal venous 
axes based on the functions of venous drainage of 
each venous channel may be useful to do safe and 
effective endovascular procedures for the Cs with a 
simplified and better understanding of the complex 
venous anatomy of the Cs.

Acknowledgments

the authors thank the members of the Niche 
Neuro-angiology Conference (NNaC) for their 
usual teachings about the neurovascular anatomy. 
the authors also thank Ms. Yumi Kobayashi and 
Ms. Chika Matsuo for their efforts to prepare the 
materials for this article.

Conflicts of Interest Disclosure

the authors have no conflicts of interest with regard 
to the manuscript. the authors who are members of 
the Japan Neurological society (JNs) have registered 
on line self-reported Coi Disclosure statement Forms 
through the website for JNs members.

References 

 1) Mancall LM, brock Dg: Gray’s Clinical Neuroanatomy: 
The Anatomic Basis for Clinical Neuroscience. 
Philadelphia, elsevier saunders, 2011

 2) rhoton aL Jr: the cerebral veins. Neurosurgery 51(4 
suppl): s159–s205, 2002

 3) taptas JN: the so-called cavernous sinus: a review 
of the controversy and its implications for neuro-
surgeons. Neurosurgery 11: 712–717, 1982

 4) o’rahilly r, Müller F: the meninges in human devel-
opment. J Neuropathol Exp Neurol 45: 588–608, 
1986

 5) Padget Dh: the development of the cranial venous 
system in man from the view point of comparative 
anatomy. Contrib Embryol 36: 81–151, 1957

 6) streeter gL: the development of the venous sinuses 
of the dura mater in the human embryo. Am J Anat 
18: 145–178, 1915

 7) streeter gL: the developmental alteration in the 
vascular system of the brain of human embryo. 
Contrib Embryol 271: 5–38, 1918

 8) Padget Dh: the cranial venous system in man in 
reference to development, adult configuration, and 

relation to the arteries. Am J Anat 98: 307–355, 
1956

 9) butler h: the development of certain human dural 
venous sinuses. J Anat 91: 510–526, 1957

10) Kehrli P, Maillot C, wolff MJ: the venous system 
of the lateral sellar compartment (cavernous sinus): 
an histological and embryological study. Neurol Res 
18: 387–393, 1996

11) hashimoto M, Yokota a, Yamada h, okudera t: 
Development of the cavernous sinus in the fetal 
period: a morphological study. Neurol Med Chir 
(Tokyo) 40: 140–150, 2000

12) san Millán ruiz D, gailloud P, de Miquel Miquel 
Ma, Muster M, Dolenc VV, rufenacht Da, Fasel 
Jh: Laterocavernous sinus. Anat Rec 254: 7–12, 
1999

13) suzuki Y, Matsumoto K: Variations of the super-
ficial middle cerebral vein: classification using 
three-dimensional Ct angiography. AJNR Am J 
Neuroradiol 21: 932–938, 2000

14) gailloud P, san Millán ruíz D, Muster M, Murphy 
KJ, Fasel Jh, rüfenacht Da: angiographic anatomy 
of the laterocavernous sinus. AJNR Am J Neuroradiol 
21: 1923–1929, 2000

15) 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 
25: 112–120, 2004

16) tanoue s, Kiyosue h, okahara M, sagara Y, hori Y, 
Kashiwagi J, Mori h: Para-cavernous sinus venous 
structures: anatomic variations and pathologic 
conditions evaluated on fat-suppressed 3D fast 
gradient-echo Mr images. AJNR Am J Neuroradiol 
27: 1083–1089, 2006

17) tubbs rs, salter eg, wellons JC 3rd, blount JP, oakes 
wJ: the sphenoparietal sinus. Neurosurgery 60(2 
suppl 1): oNs9–oNs12; discussion oNs12, 2007

18) takahashi s, sakuma i, otani t, Yasuda K, tomura 
N, watarai J, Yanagisawa t, Mizoi K: Venous 
anatomy of the sphenoparietal sinus: evaluation 
by Mr imaging. Interv Neuroradiol 13(suppl 1): 
84–89, 2007

19) Miyazaki Y, Yamamoto i, shinozuka s, sato o: 
Microsurgical anatomy of the cavernous sinus. 
Neurol Med Chir (Tokyo) 34: 150–163, 1994

20) tobenas-Dujardin aC, Duparc F, Laquerriere a, 
Muller JM, Freger P: embryology of the walls of the 
lateral sellar compartment: apropos of a continuous 
series of 39 embryos and fetuses representing the 
first six months of intra-uterine life. Surg Radiol 
Anat 25: 252–258, 2003

21) hayashi N, sato h, tsuboi Y, Nagai s, Kuwayama 
N, endo s: Consequences of preoperative evalua-
tion of patterns of drainage of the cavernous sinus 
in patients treated using the anterior transpetrosal 
approach. Neurol Med Chir (Tokyo) 50: 373–377, 
2010

22) ono M, rhoton aL Jr, Peace D, rodriguez rJ: 
Microsurgical anatomy of the deep venous system 
of the brain. Neurosurgery 15: 621–657, 1984



Y. Mitsuhashi et al.338

Neurol Med Chir (Tokyo) 56, June, 2016

23) Kazumata K, Kamiyama h, ishikawa t, takizawa K, 
Maeda t, Makino K, gotoh s: operative anatomy 
and classification of the sylvian veins for the distal 
transsylvian approach. Neurol Med Chir (Tokyo) 43: 
427–433; discussion 434, 2003

24) Kiyosue h, Mori h, sagara Y, hori Y, okahara M, 
Nagatomi h, abe t: basal cerebral venous drainage 
from cavernous sinus dural arteriovenous fistulas. 
Neuroradiology 51: 175–181, 2009

25) benndorf g: Dural Cavernous Sinus Fistulas. berlin 
springer-Verlag, 2010

26) Lv X, Jiang C, Li Y, Liu L, Liu J, wu Z: the latero-
cavernous sinus system: venous inflows, venous 
outflows, and clinical significance. World Neurosurg 
75: 90–93; discussion 34–35, 2011

27) ide s, Kiyosue h, tanoue s, okahara M, sagara Y, 
hori Y, Mori h: anatomical variations in termina-
tion of the uncal vein and its clinical implications 
in cavernous sinus dural arteriovenous fistulas. 
Neuroradiology 56: 661–668, 2014

28) Matsushima t, rhoton aL Jr, de oliveira e, Peace D: 
Microsurgical anatomy of the veins of the posterior 
fossa. J Neurosurg 59: 63–105, 1983

29) Kiyosue h, tanoue s, sagara Y, hori Y, okahara 
M, Kashiwagi J, Nagatomi h, Mori h: the anterior 
medullary-anterior pontomesencephalic venous 
system and its bridging veins communicating to the 
dural sinuses: normal anatomy and drainage routes 
from dural arteriovenous fistulas. Neuroradiology 
50: 1013–1023, 2008

30) takahashi s, tomura N, watarai J, Mizoi K, Manabe 
h: Dural arteriovenous fistula of the cavernous sinus 
with venous congestion of the brain stem: report 
of two cases. AJNR Am J Neuroradiol 20: 886–888, 
1999

31) Murata h, Kubota t, Murai M, Kanno h, Fujii s, 
Yamamoto i: brainstem congestion caused by direct 
carotid-cavernous fistula—case report. Neurol Med 
Chir (Tokyo) 43: 255–258, 2003

32) Miyamoto N, Naito i, takatama s, shimizu t, iwai t, 
shimaguchi h: Clinical and angiographic character-
istics of cavernous sinus dural arteriovenous fistulas 
manifesting as venous infarction and/or intracranial 
hemorrhage. Neuroradiology 51: 53–60, 2009

33) Lv X, Feng w, Li Y, Yang X, Jiang C, Liu L, Liu J, 
sun J, wu Z: Cavernous region dural fistulas with 
venous drainage of laterocavernous sinus. Neurol 
India 59: 190–194, 2011

34) shi Zs, Ziegler J, Feng L, gonzalez Nr, tateshima 
s, Jahan r, Martin Na, Viñuela F, Duckwiler gr: 
Middle cranial fossa sphenoidal region dural arterio-
venous fistulas: anatomic and treatment considera-
tions. AJNR Am J Neuroradiol 34: 373–380, 2013

35) Cheung N, McNab aa: Venous anatomy of the orbit. 
Invest Ophthalmol Vis Sci 44: 988–995, 2003

36) rhoton aL Jr: the orbit. Neurosurgery 51(suppl 1): 
303–334, 2002

37) reis CV, gonzalez FL, Zabramski JM, hassan a, 
Deshmukh P, albuquerque FC, Preul MC: anatomy 
of the superior ophthalmic vein approach for direct 

endovascular access to vascular lesions of the orbit 
and cavernous sinus. Neurosurgery 64: 318–323; 
discussion 323, 2009

38) wajnberg e, spilberg gZ, gasparetto eL: superior 
ophthalmic vein puncture: an alternative approach 
to treat complex cavernous sinus fistulae. Arq 
Neuropsiquiatr 67: 523–526, 2009

39) Morton rP, tariq F, Levitt Mr, Nerva JD, Mossa-
basha M, sekhar LN, Kim LJ, hallam DK, ghodke 
bV: radiographic and clinical outcomes in cavernous 
carotid fistula with special focus on alternative 
transvenous access techniques. J Clin Neurosci 22: 
859–864, 2015

40) spektor s, Piontek e, umansky F: orbital venous 
drainage into the anterior cavernous sinus space: 
microanatomic relationships. Neurosurgery 40: 
532–539; discussion 539–540, 1997

41) rhoton aL Jr: the cavernous sinus, the cavernous 
venous plexus, and the carotid collar. Neurosurgery 
51: s375–s410, 2002

42) Kaplan ha, browder J, Krieger aJ: intercavernous 
connections of the cavernous sinuses. the supe-
rior and inferior circular sinuses. J Neurosurg 45: 
166–168, 1976

43) Destrieux C, Kakou MK, Velut s, Lefrancq t, Jan M: 
Microanatomy of the hypophyseal fossa boundaries. 
J Neurosurg 88: 743–752, 1998

44) aquini Mg, Marrone aC, schneider FL: intercav-
ernous venous communications in the human skull 
base. Skull Base Surg 4: 145–150, 1994

45) Xuereb gP, Prichard MM, Daniel PM: the arterial 
supply and venous drainage of the human hypo-
physis cerebri. Q J Exp Physiol Cogn Med Sci 39: 
199–217, 1954

46) green ht: the venous drainage of the human 
hypophysis cerebri. Am J Anat 100: 435–469, 1957

47) sato N, Putman CM, Chaloupka JC, glenn bJ, Vinuela 
F, sze g: Pituitary gland enlargement secondary to 
dural arteriovenous fistula in the cavernous sinus: 
appearance at Mr imaging. Radiology 203: 263–267, 
1997

48) shigematsu Y, Korogi Y, Kitajima M, ishii a, Liang 
L, Yamura M, Kawanaka K, takahashi M: abnormal 
perfusion of the pituitary gland secondary to dural 
arteriovenous fistulas in the cavernous sinus: dynamic 
Mr findings. AJNR Am J Neuroradiol 24: 930–936, 
2003

49) tubbs rs, hansasuta a, Loukas M, Louis rg Jr, 
shoja MM, salter eg, oakes wJ: the basilar venous 
plexus. Clin Anat 20: 755–759, 2007

50) san Millán ruíz D, gailloud P, rüfenacht Da, 
Delavelle J, henry F, Fasel Jh: the craniocervical 
venous system in relation to cerebral venous drainage. 
AJNR Am J Neuroradiol 23: 1500–1508, 2002

51) schnitzlein hN, Murtagh Fr, arrington Ja, Parkinson 
D: the sinus of the dorsum sellae. Anat Rec 213: 
587–589, 1985

52) Jalsovec D, Vinter i: Clinical significance of a bony 
canal of the clivus. Eur Arch Otorhinolaryngol 256: 
160–161, 1999



  Longitudinal Venous Axes in the Cavernous Sinus 339

Neurol Med Chir (Tokyo) 56, June, 2016

53) Nayak sr, saralaya VV, Prabhu LV, Pai MM, 
 Krishnamurthy a: Clinical significance of a mysterious 
clival canal. Rom J Morphol Embryol 48: 427–429, 
2007

54) tubbs rs, griessenauer CJ, Loukas M, Zurada a, 
shoja MM, Cohen-gadol aa: the enigmatic clival 
canal: anatomy and clinical significance. Childs 
Nerv Syst 26: 1207–1210, 2010

55) garcía-gonzález u, Cavalcanti DD, agrawal a, gonzalez 
LF, wallace rC, spetzler rF, Preul MC: the diploic 
venous system: surgical anatomy and neurosurgical 
implications. Neurosurg Focus 27: e2, 2009

56) salamon g, huang YP: Radiologic Anatomy of the 
Brain. berlin, springer-Verlag, 1976, pp 332–344

57) Knott JF: on the cerebral sinuses and their varia-
tions. J Anat Physiol 16: 27–42, 1881

58) henderson wr: a note on the relationship of the 
human maxillary nerve to the cavernous sinus and 
to an emissary sinus passing through the foramen 
ovale. J Anat 100: 905–908, 1966

59) geibprasert s, Pereira V, Krings t, Jiarakongmun P, 
toulgoat F, Pongpech s, Lasjaunias P: Dural arterio-
venous shunts: a new classification of craniospinal 
epidural venous anatomical bases and clinical 
correlations. Stroke 39: 2783–2794, 2008

60) Mortazavi MM, griessenauer CJ, Krishnamurthy s, 
Verma K, Loukas M, tubbs rs: the inferior petrosal 
sinus: a comprehensive review with emphasis on 
clinical implications. Childs Nerv Syst 30: 831–834, 
2014

61) awad ia, Little Jr, akarawi wP, ahl J: intracra-
nial dural arteriovenous malformations: factors 
predisposing to an aggressive neurological course. 
J Neurosurg 72: 839–850, 1990

62) 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) 42: 
255–258, 2002

63) Mitsuhashi Y, aurboonyawat t, Pereira VM, geibprasert 
s, toulgoat F, ozanne a, Lasjaunias P: Dural arte-
riovenous fistulas draining into the petrosal vein or 
bridging vein of the medulla: possible homologs of 
spinal dural arteriovenous fistulas. Clinical article. 
J Neurosurg 111: 889–899, 2009

64) 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 
49: 665–668, 2007

65) 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) 53: 195–198, 
2013

66) Nakagawa i, wada t, Nakagawa h, hironaka Y, 
Kichikawa K, Nakase h: a rare brainstem hemorrhage 

during transvenous embolization of a cavernous dural 
arteriovenous fistula. J Clin Neurosci 19: 589–592, 
2012

67) Lee rJ, Chen CF, hsu sw, Lui CC, Kuo YL: Cere-
bellar hemorrhage and subsequent venous infarction 
followed by incomplete transvenous embolization of 
dural carotid cavernous fistulas: a rare complication: 
case report. J Neurosurg 108: 1245–1248, 2008

68) agid r, willinsky ra, haw C, souza MP, Vanek 
iJ, terbrugge Kg: targeted compartmental emboliza-
tion of cavernous sinus dural arteriovenous fistulae 
using transfemoral medial and lateral facial vein 
approaches. Neuroradiology 46: 156–160, 2004

69) Nakamura M, tamaki N, Kawaguchi t, Fujita s: 
selective transvenous embolization of dural carotid-
cavernous sinus fistulas with preservation of sylvian 
venous outflow. report of three cases. J Neurosurg 
89: 825–829, 1998

70) oldfield eh, Doppman JL, Nieman LK, Chrousos 
gP, Miller DL, Katz Da, Cutler gb Jr, Loriaux 
DL: Petrosal sinus sampling with and without 
corticotropin-releasing hormone for the differential 
diagnosis of Cushing’s syndrome. N Engl J Med 325: 
897–905, 1991

71) teramoto a, Nemoto s, takakura K, sasaki Y, 
Machida t: selective venous sampling directly 
from cavernous sinus in Cushing’s syndrome. J Clin 
Endocrinol Metab 76: 637–641, 1993

72) Doppman JL, Nieman LK, Chang r, Yanovski J, 
Cutler gb Jr, Chrousos gP, oldfield eh: selective 
venous sampling from the cavernous sinuses is not 
a more reliable technique than sampling from the 
inferior petrosal sinuses in Cushing’s syndrome.  
J Clin Endocrinol Metab 80: 2485–2489, 1995

73) teramoto a, Yoshida Y, sanno N, Nemoto s: Cavernous 
sinus sampling in patients with adrenocorticotrophic 
hormone-dependent Cushing’s syndrome with emphasis 
on inter- and intracavernous adrenocorticotrophic 
hormone gradients. J Neurosurg 89: 762–768, 1998

74) Kai Y, hamada J, Nishi t, Morioka M, Mizuno t, 
ushio Y: usefulness of multiple-site venous sampling 
in the treatment of adrenocorticotropic hormone-
producing pituitary adenomas. Surg Neurol 59: 
292–298; discussion 298–299, 2003

75) hayashi N, Kurimoto M, Kubo M, Kuwayama 
N, Kurosaki K, Nagai s, endo s: the impact of 
cavernous sinus drainage pattern on the results of 
venous sampling in patients with suspected cushing 
syndrome. AJNR Am J Neuroradiol 29: 69–72, 2008

Address reprint requests to: Yutaka Mitsuhashi, MD, 
PhD, Department of Neurosurgery, ishikiri-seiki 
hospital, 18-28 Yayoi-cho, higashiosaka, osaka 
579-8026, Japan.

  e-mail: y-mitsuhashi@mtf.biglobe.ne.jp


