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KEY POINTS

e The cranial venous system is complex and extensive.

e Familiarity with cerebral embryology helps understand cerebral venous anatomy.

e Significant redundancy exists regarding cerebral venous pathways.

e Several pathophysiological processes may result from alterations in cerebral venous integrity.

INTRODUCTION

The intracranial venous system drains the cere-
brum, brainstem, eyes, meninges, and part of the
face. In addition, the cerebrospinal fluid (CSF),
which is reabsorbed in part by the arachnoid gran-
ulations, is returned to the bloodstream via the ce-
rebral dural sinuses that drain extracranially into
the internal jugular veins primarily."? Therefore,
the integrity of the cerebral venous system plays
a crucial role in brain homeostasis by eliminating
metabolic waste and deoxygenated blood, and
contributes directly to the healthy perfusion of ce-
rebral tissue.

Unlike dural sinuses that are contained by the 2
dural layers (periosteal and meningeal), cerebral
veins are valveless and have thin walls that do
not contain muscular tissue. While cortical veins
are mostly located within the subarachnoid space,
deep medullary and transmedullary veins lie within
the cerebral white matter and its contained CSF
spaces.® Intracranial veins are primarily catego-
rized as superficial or deep. Superficial venous
structures mainly include the superior sagittal

sinus and the cortical veins, with major superficial
interconnecting anastomosing veins, that is, the
veins of Trolard and Labbé. The deep venous sys-
tem drains primarily into the paired internal cere-
bral veins and the basal veins of Rosenthal,
which join into the midline vein of Galen and drain
into the straight sinus, then the transverse and sig-
moid sinuses, and eventually into the internal jugu-
lar veins. Although considered separately in some
textbooks, the veins of the posterior fossa are inti-
mately related to the remainder of the cerebral
venous system, and are also generally categorized
as superficial and deep veins of the cerebellum
and the brainstem. The general arrangement of
the cerebral venous system is overall established
and predictable; however, numerous variations
exist, some of which can lead to clinical
conseguences.

Embryology of the Cerebral Venous System

Most of the current understanding of human brain
embryology may be derived from the works of
George Linius Streeter and Dorcas Hager Padget
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who studied large numbers of human embryos
ranging in size between 4 mm and 80 mm at the
Carnegie Institution of Washington, in Washington,
DC and in Baltimore, MD (at the Johns Hopkins
Carnegie department of Embryology). Between
1917 and 1940, Streeter, a physician, and anato-
mist, directed the department of Embryology at
the Carnegie Institution of Washington. Later,
Padget, who started her career as a medical illus-
trator in Walter Dandy’s Neurosurgery department
at Johns Hopkins University, Baltimore, became a
scientific researcher at the Carnegie Institution
whereby she made remarkable contributions.*
The enormous work of those 2 pioneers laid the
ground for modern embryologic concepts of cere-
bral vasculature (and many cerebrovascular
anomalies).

The first identifiable cerebral venous structure is
the primary head vein (Fig. 1), identified in the early
embryo (5-8 mm) as a cephalad continuation of
the cardinal vein (the anterior portion of which
will become the internal jugular vein), which con-
sists of a single layer of endothelial cells.® The
head vein (the combination of the vena capitis
medialis, the vena capitis lateralis and the posttri-
geminal vein) gives rise to a continuous primitive
meningeal venous plexus that drains the brain
through three stems (anterior, middle and poste-
rior).° The ventral pharyngeal vein (the sole ventral
projection of the head vein) later gives rise to the

Anterior plexus

Ventral pharyngeal vein

Middle plexus

primitive maxillary vein, which lies medial to the
primitive trigeminal ganglion and later contributes
to the cavernous sinus (Fig. 2).

Around the 11 to 14 mm stage, lateral dural si-
nuses develop, which drain the brain through
primitive pia-arachnoid vessels as the mesen-
chyme around the brain gives off the lateral and
basal dural coverings and the chondrocranium at
the skull base (see Fig. 2). The anterior and middle
venous plexi merge to form the embryonic “tento-
rial plexus” while the posterior plexus becomes the
occipital plexus. The choroid plexus then develops
fast—faster than the cortical mantle—and drains
first into the inferior choroidal vein, then into the
superior choroidal vein after the primitive internal
cerebral vein develops in relation to small midline
thalamus. Later, the thalami become paired, as
do both internal cerebral veins, which then fuse
posteriorly to form the vein of Galen and the
straight sinus.

By the 17 to 20 mm stage, posterior (sigmoid,
tentorial, and marginal) sinuses are formed
(Fig. 3), while the 2 anterior components of the
primitive venous plexus start to involute and form
the pro-otic sinus (a stem of the middle dural
plexus that connects to the posterior plexus via
the sigmoid sinus).>"8

At the 40 mm stage, the cavernous sinuses form
as medial extensions of the pro-otic sinus, which is
continuous with the inferior petrosal sinus;

Head vein

Posterior plexus

—— Pericardinal vein
+Intersegmental vein

Postcardinal vein

PAND FISHER.

Fig. 1. Dural venous sinus development at day 28, approximately 4-6 mm. The head vein, the cephalad contin-
uation of the cardinal vein, gives rise to a continuous venous plexus of the meninges, which drains all portions
of the head. The anterior plexus relates to the diencephalon and mesencephalon, the middle plexus is related to
the cerebellum and the posterior plexus is related to the occipital and upper neck regions. (From McBain L, Goren
O, Tubbs RS. The Embryology of the Dural Venous Sinus: An Overview (Chapter 1), Anatomy, Imaging and Surgery
of the Intracranial Dural Venous Sinuses. 2020, Pages 1-7.)
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Fig. 2. In the 18 mm embryo, the middle and posterior plexi merge, resulting in forming the sigmoid sinuses pos-
teriorly. The cerebellum and posterior midbrain drain into the posterior plexus. The cavernous sinuses and the
pro-otic sinus start forming from the middle plexus. The drainage of the cavernous sinus is through a stalk of
the middle plexus, which will give rise to the superior petrosal sinus. (From McBain L, Goren O, Tubbs RS. The
Embryology of the Dural Venous Sinus: An Overview (Chapter 1), Anatomy, Imaging and Surgery of the Intracra-

nial Dural Venous Sinuses. 2020, Pages 1-7.)

laterally, the pro-otic sinus anastomoses with a
primitive temporal emissary vein to form the pet-
rosquamous sinus. By the 60 to 80 mm embryonic
stage, the superior and inferior sagittal sinuses are
formed, while posterior (sigmoid, transverse, ten-
torial) sinuses move backward to their permanent

Straight sinus

configuration (Fig. 4). The otic capsule promotes
the development of the superior petrosal sinus,
while the pro-otic sinus remains continuous with
the petrosquamous sinus.”-® Laterally, the petros-
quamous sinus and pro-otic sinus remnants are
later destined to involute as diploic veins that drain
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Fig. 3. In the 50 mm embryo, major supratentorial dural sinuses are formed. The growth of the cerebellum pro-
motes the readjustment of the tentorial plexus and the neighboring superior petrosal sinus and posterior fossa

veins. The dura mater becomes separated into 2 layers with intervening areolar tissue from which meningeal ves-
sels form. (From McBain L, Goren O, Tubbs RS. The Embryology of the Dural Venous Sinus: An Overview (Chapter

1), Anatomy, Imaging and Surgery of the Intracranial Dural Venous Sinuses. 2020, Pages 1-7.)
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Fig. 4. In the 80 mm embryo (16th-20th weeks), the dural sinuses are formed. The torcular Herophili forms from a
remnant of the embryonic tentorial plexus to connect the medial extensions of both transverse sinuses to the su-
perior sagittal sinus. The deep venous (Galenic) system develops to increasingly drain the diencephalons instead
of the primitive tentorial sinus. The cortical vein network is gradually formed. Of note, the superior and inferior
anastomotic veins (veins of Trolard and Labbe) form beyond 3 months, as they are not primary venous structures.
(From McBain L, Goren O, Tubbs RS. The Embryology of the Dural Venous Sinus: An Overview (Chapter 1), Anat-
omy, Imaging and Surgery of the Intracranial Dural Venous Sinuses. 2020, Pages 1-7.)

meningeal structures via the foramen ovale. Medi-
ally, the primitive tentorial sinus also involutes after
the superior petrosal sinus has formed and is con-
nected to the cavernous sinus.>"-8 Variations may
occur in the form of emissary channels as a result
of incomplete involution of those venous struc-
tures, lateral and medial.

Cerebral Venous System Classifications

A number of existing classifications of cerebral veins
exist, each with their own individual merit, whether
focused on anatomic dissections,® embryologic
development,” scientific terminology,'® neuroradi-
ology,'" neuroangiography,'?~'* neurosurgery,'>°
or 3D modeling.?° MR imaging mapping of intracra-
nial veins using quantitative susceptibility mapping
(QSM) to estimate venous oxygen concentration
has also been described as a way to render 3-
dimensional venograms along with physiologic in-
formation on oxygen extraction fraction (OEF).?"

Those classifications have in common the gen-
eral categorization into superficial (cortical) veins
and dural sinuses, deep veins, and posterior fossa
veins. The emissary veins and the diploic venous
system, not commonly mentioned in most classifi-
cations, also have clinical and physiologic
significance.

Considerable variations in cerebral venous anat-
omy exist between individuals, and between cere-
bral hemispheres within the same individuals. In
addition, anatomic descriptions vary between
textbooks. Similar to the concept of “angiosome,”
that is, the territory subserved by a specific
feeding artery, the concept of “venosome” was
developed to refer to anatomic territories that are
drained by specific veins.??

Superficial Venous System

A sufficiently detailed description of cerebral veins
follows, although a completely thorough descrip-
tion of the intracranial venous system falls beyond
the scope of this review.

Dural sinuses

The dural sinuses may be paired or unpaired. Ma-
jor paired sinuses include the transverse, sigmoid,
superior petrosal, inferior petrosal, cavernous and
sphenoparietal sinuses; the basilar venous plexus
may be added to that list (Figs. 5 and 6). Major un-
paired dural sinuses are the superior sagittal sinus
(SSS), the inferior sagittal sinus (ISS), the straight
sinus, the occipital sinus, and the intercavernous
sinus (Fig. 7). The dural sinuses are also discussed
elsewhere in this issue (see Morris, et al), and
Joseph and colleagues have provided a detailed
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Fig. 5. Major dural sinuses. The superior and inferior sagittal sinuses run at the upper and lower edges of the falx
cerebri. The cavernous sinuses are connected in the midline via intercavernous channels and connect laterally to
the sphenoparietal sinuses. Note the basilar plexus lies on top of the clivus and connects posteriorly to the supe-

rior petrosal sinuses.

discussion of anatomic variants of the dural
sinuses.?®

The cavernous sinus receives blood from the su-
perior and inferior ophthalmic veins, the spheno-
parietal sinus, and the superficial middle cerebral
vein (MCV). Numerous midline intercavernous
communications are present normally (see
Fig. 7). The cavernous sinus communicates poste-
riorly with the transverse/sigmoid sinus junction
via the superior petrosal sinus, and inferiorly
through the inferior petrosal sinus, which drains
the auditory canal veins and ends in the internal ju-
gular vein (IJV).

A SSS

(cranial 20" view)

In case of sinus occlusion, numerous anasto-
motic channels may become functional to facilitate
venous drainage (Fig. 8).

Superficial cerebral veins

Cortical veins drain the superficial subterritory of
the brain which is supplied by cortical arteries
and their perforating distal rami outside of the in-
ternal border zone that separates the deep
cerebral territory, supplied by perforating lenticu-
lostriate arteries.?* Large eponymous anastomotic
veins (veins of Trolard and Labbé) drain into the
superficial middle cerebral vein (MCV), which

Fig. 6. Major dural sinuses anteroposterior (A) and lateral (B) views: the superior sagittal sinus (SSS) is midline,
unpaired, and drains most of the blood of both hemispheres; the paired transverse (TS) and sigmoid (SS) sinuses
drain cerebral venous blood into the paired internal jugular veins.
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Fig. 7. (A, B) Early angiographic opacification of both cavernous sinuses in a patient with a carotid-cavernous fis-
tula. Left internal carotid artery angiogram, antero-posterior view (A) shows early venous filling of the left
cavernous sinus (A, long thick arrow) with near-immediate filling of the right cavernous sinus (4, short thick ar-
row) through midline intercavernous anastomoses. Lateral view of left carotid angiogram, early arterial view
shows early filling of a massively dilated superior ophthalmic vein (B, long thin arrow) and duplicated inferior
ophthalmic veins (B, short thin arrow), and dilated inferior petrosal sinus (B, large arrowhead).
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Fig. 8. (A-D) Superior sagittal sinus occlusion noted on the venous phase of right (A) and left (B) internal carotid
artery angiograms (blue arrowheads); a small anterior skull base vein (orange arrows) is noted. CTA, coronal (C), and
parasagittal (D) reconstructed images allow to characterize a bridging vein of the cribriform plate (orange arrows).
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Fig. 9. (A, B) Lateral views of carotid artery angiograms, venous phase, show cortical veins and major anastomotic
veins. The vein of Trolard (A) connects the superior sagittal sinus (SSS) to the superficial middle cerebral vein
(SMCV) which eventually drains into the cavernous sinus (CS). The vein of Labbé (B) connects the posterior aspect

of the SMCV to the sigmoid sinus.

drains into the cavernous sinus (Fig. 9). The vein of
Labbé may originate from the posterior aspect of
the MCV (Fig. 10).

All other hemispheric cortical veins are orga-
nized as several groups of cortical bridging veins
that are fed by multiple small superficial veins of
the surface of the medial and lateral surfaces of
the frontal, parietal and occipital lobes, which
eventually drain into the SSS at an acute angle®®
and with some degree of tortuosity (Fig. 11).26
Large veins that course within the subarachnoid
space are superficial to companion arteries,
while subpial veins run under their corresponding
arteries.?” Although identical in terms of structure
and function, cortical veins have been

SMCV

L Pterygoid plexus

‘F’

Fig. 10. (A, B) Lateral views of carotid artery angiograms, venous phase, show cortical veins. Alternate routes of

differentiated by Padget into a mediodorsal
group that drains into the superior and inferior
sagittal sinuses, and a posteroinferior and latero-
ventral group that drains into the transverse and
cavernous sinuses.” Cortical veins are valveless,
have thin walls with a minimal muscular layer and
course through the subarachnoid space and the
meningeal dural layer to reach dural sinuses
(see Figs. 9-11).2°27 Because of their thin
walls and relationship to dural sinuses, large
cortical veins may collapse when the intracranial
pressure is elevated, leading to ischemia.
Sadighi and colleagues have provided a detailed
discussion of anatomic variants of the cerebral
veins.28

SMCV

SMCV extracranial drainage are seen whereby the SMCV drains inferiorly into the pterygoid plexus in a spheno-
basal pattern (A, blue arrow), and whereby the SMCV drains posteriorly into the transverse sinus in a sphenope-

trosal pattern (B, blue arrow).

643



644

Kubo et al

Fig. 11. (A, B) Cortical veins. Left internal carotid artery angiogram, anteroposterior (A) and lateral (B) views, late
venous phase, show cortical veins draining into the superior sagittal sinus at an acute angle (small arrows). Note a
duplicated posterior aspect of the superior sagittal sinus (large arrows). An incidental right mastoid emissary vein

is also present.

Deep Venous System

In the early embryo, the venous drainage of deep
cerebral structures is exclusively centrifugal in
the direction of the maturing encephalon. Such
deep drainage is via medullary veins, which have
long been identified and well described by Duret
in 1874.%° As the diencephalon, telencephalon,
and the ventricular system gradually develop, cen-
tripetal venous flow toward the increasingly struc-
tured deep venous system starts to develop
(Fig. 12).%° This leads to the dual configuration of
a deep cerebral venous system which drains
deep gray matter and deep and periventricular
white matter blood through medullary veins in a
centripetal fashion toward the subependymal
veins, the internal cerebral veins and the basal
vein of Rosenthal, then the vein of Galen, while
venous flow within superficial medullary veins
moves centrifugally toward pial (transcortical)
veins, then into cortical veins, eventually draining
into the dural sinuses. Importantly, connecting
channels are interposed between deep and super-
ficial medullary venous networks in the form of
anastomotic medullary veins and transcerebral
veins (Fig. 13).%! Deep medullary veins may reach
subependymal veins either directly or via collect-
ing veins,®? the largest and most recognized being
the longitudinal caudate vein of Schlesinger,>® the
embryologic origin of which is the subependymal
glial substance of the germinal matrix; this vein is
continuous in the fetal brain and may remain so
in the adult brain (Fig. 14).

The general arrangement of medullary veins,
although related to deep perforating arteries, ap-
pears to primarily follow the organization of white
matter tracts in their various directions, whether
commissural, association, or projection fibers.®*

Medullary vein flow disposition has clinical impli-
cations: for instance, various patterns of cerebral
venous thrombosis, particularly in neonates and
children result from this anatomic arrangement,
especially as transmedullary venous flow remains
bidirectional in infants (see Fig. 13).%°

The main venous collector of the deep venous
system is the vein of Galen, which may be likened
to a “hub.” Medullary veins radiate from the inter-
nal border zone to drain into subdependymal and
thalamostriate veins, eventually draining via the 2
main components of the deep venous system:
the paired internal cerebral veins and basal veins
of Rosenthal, which join in a confluence at the level
of the vein of Galen and then drain into the straight
sinus and the confluence of the sinuses (torcular
Herophili). The deep venous system also includes
tributaries of the inferior sagittal sinus. Medullary
veins may serve as major collaterals in case of oc-
clusion of a major deep vein, which may result in
marked enlargement (Fig. 15).

A - The internal cerebral vein (ICV) courses
through the roof of the third ventricle in the velum
interpositum. The ICV is a marker of midline shift,
such that a deviation from the midline of 2 mm or
more is considered abnormal.

The internal cerebral veins and their tributaries
constitute the transcerebral venous system which
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Fig. 12. (A-D) Embryologic development of the deep venous system. (A): in the 18 mm embryo, the ventral dien-
cephalic vein and the inferior chroroidal vein drain into the tentorial sinus; (B): 24 mm embryo: superior choroidal
vein continues as a vein of prosencephalon, drains into falcine sinus, while the tentorial sinus continues to drain
diencephalic structures; (C): 40 mm embryo: regression of the vein of the prosencephalon, leaving the medial vein
of the prosencephalon (vein of Markowski) which continues as falcine sinus; (D): 80 mm embryo: final configu-
ration: septal and thalamostriate veins, and basal vein of Rosenthal are formed, join the vein of Galen and drain
into the straight sinus; at this stage, both the falcine and tentorial sinuses should have regressed.

may be divided into 3 groups, the medial and
lateral subependymal venous groups, and the
choroidal and thalamo-callosal group. The medial
subependymal group collects the septal, posterior
septal, and medial atrial veins (Fig. 16), the lateral

subependymal V.

deep medullary V.
superficial medullary V.

anastomotic medullary V.

transcerebral V.

subependymal group collects the anterior
caudate, longitudinal caudate (vein of Schle-
singer), thalamostriate, transverse caudate, direct
lateral, terminal, and the inferior ventricular veins
(Fig. 17). Lastly, the choroidal and calloso-lateral

longitudinal caudate vein
of Schlesinger

Infant =continuous
Adults =intermittent

Fig. 13. Transcerebral venous system. Deep medullary and superficial medullary veins are connected by anasto-

motic medullary veins. Deep veins drain medially into subependymal (ventricular veins) while superficial veins

drain into intracortical (transcerebral) veins. Note the longitudinal caudate vein of Schlesinger.
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Fig. 14. Axial MR imaging SWAN MinIP (minimum in-
tensity projection) shows dilated deep veins. Direct
lateral veins (short arrows) and longitudinal caudate
vein of Schlesinger (thin long arrow).

group collects the superior, inferior medial
choroidal, third ventricular choroidal, direct lateral
atrial, common atrial, superior thalamic, habenu-
lar, and the posterior pericallosal veins (Fig. 18).
B - The basal vein of Rosenthal (BVR), although
considered one of the main components of the

deep venous system, is actually superficial in loca-
tion, as it runs over the inferior surface of the tem-
poral lobes and midbrain. The BVR, therefore,
collects blood from the basal part of medial ence-
phalic structures, that is, frontal and temporal
lobes, the diencephalon, and the midbrain. The
BVR normally originates at the junction of the ante-
rior cerebral vein, the deep middle cerebral vein,
and the inferior striate veins, and terminates in
the vein of Galen. The normal BVR has 3 seg-
ments: anteriorly, the striate segment collects the
anterior cerebral, deep middle cerebral, and infe-
rior striate veins, then the olfactory, posterior
fronto-orbital, chiasmatic, and anterior communi-
cating veins (Fig. 19). The middle (peduncular)
segment, which follows the cerebral peduncle
contour, then courses more laterally along the op-
tic tract, collects the peduncular, inferior thalamic,
inferior ventricular veins, and receives twigs from
the optic tract, hypothalamus, and posterior hip-
pocampus (Fig. 20); posteriorly, the mesence-
phalic segment starts distally to the lateral
mesencephalic sulcus, collects the lateral ponto-
mesencephalic vein (receiving blood from the
anterior pontomesencephalic vein and the precen-
tral cerebellar vein), tributaries from the atrial vein,
the inferior temporo-occipital vein, then courses
superiorly and posteriorly before joining to the
ICV into the vein of Galen (Fig. 21). Although orig-
inally described in 1824 by the German anatomist
Friedrich-Christian Rosenthal as a constant vein
that terminates consistently into the vein of
Galen,'* it may occasionally be absent in case of
incomplete regression of the tentorial sinus
(Fig. 22),°% and it has also been reported to drain
into the superior petrosal sinus.>’

Fig. 15. Patient with an occluded Galenic system: deep venous drainage is via transcerebral veins into markedly

dilated deep medullary veins (red arrows).
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Fig. 16. Internal cerebral vein: Medial subependymal venous group mainly consists of anterior and posterior
septal veins and medial atrial vein; note drainage of the posterior hippocampal veins into the posterior aspect

of the vein.

Posterior Fossa Veins

Veins of the Brainstem

Veins of the posterior fossa differ in their embryo-
logic origin, as the brainstem derives directly from
the neural tube while the cerebellum originates
from the paired metencephalic plates. As a result,
brainstem veins have a relatively simple geometric
distribution, both longitudinal and transverse rela-
tive to the axis of the brainstem. Cerebellar veins,
on the other hand, have a complex distribution
that can be traced to the various stages of devel-
opment of the vermis, the fourth ventricle, and
the cerebellar hemispheres (Fig. 23).%8

Longitudinal caudate V

of Schlesinger \

Anterior caudate V

Superior terminal V
Middle terminal V
Inferior terminal V

The developing dura (meninx primitiva) is not orga-
nized, and only starts differentiating between
various layers, that is, arachnoid, meningeal and
parietal dura. In the 18 mm embryo (see Fig. 2),
the meninx primitiva contains loose connective tis-
sues that allow large vascular channels to develop.
The paired ventral longitudinal veins, which run
longitudinally on each side of the midline, are con-
nected to each other by transverse veins that also
connect to each other, more lateral longitudinal
venous channels, that is, the anterior, middle,

Transverse caudate V

Thalamostriate V

Direct lateral V

Inf. Ventricular V

Fig. 17. Internal cerebral vein: Lateral subependymal venous group: Anterior caudate, longitudinal caudate (vein
of Schlesinger), transverse caudate, thalamostriate, direct lateral, terminal (superior, middle, and inferior), and

inferior ventricular veins.
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Fig. 18. Internal cerebral vein: Choroidal and calloso-lateral venous group: Superior and inferior medial choroidal
veins, thalamic (anterior, posterior, superior, inferior) veins, third ventricular choroidal, direct lateral atrial, com-
mon atrial, habenular veins (not depicted), and posterior pericallosal veins.

and posterior dural plexi. The lateral longitudinal
venous network demonstrates a distinct anatomic
territorial distribution, that is, mesencephalic,
metencephalic and myelencephalic. Blood flows
always from transverse to longitudinal veins. The
transverse veins drain major cranial nerve nuclei,
that is, trigeminal, vagal, and hypoglossal (Fig. 24).
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The main components of the longitudinal
venous system are the anteromedian pontine
vein, the anteromedian pontomedullary vein, and
the anterolateral pontomedullary vein. Major trans-
verse veins of the brainstem include the superior
and inferior transverse pontine veins and the 3
transverse medullary veins (Fig. 25).
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Aplasia occurs most frequently
between thelst-2nd segment

Insular veins

Anterior
long.hippo. V.

Inferior
choroidal V.

Lateral atrial V.

Inferior
temporo-occipital V.

Calcarine V.

Fig. 19. Basal vein of Rosenthal: first segment. The striate segment collects the anterior cerebral, anterior commu-
nicating, inferior cerebral, deep middle cerebral and inferior striate veins, and the olfactory, posterior fronto-
orbital, and chiasmatic veins.
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Anterior cerebral V.

2nd segment |

Anterior
communicating V.
Olfactory V.

Inferior
Inferior cerebral V.
striate V. . _—
Posterior eep
communicating V, ‘
Amyagdaloid V. Uncal V.

Insular veins
Infq Anterior
long.hippo. V.
Lateral pontgmesencephalic V. ch'gfziréc;? v,

Lateral atrial V.

Inferior
-occipital V.

Fig. 20. Basal vein of Rosenthal: second segment. The peduncular segment drains the peduncular, inferior
thalamic, inferior ventricular veins, and receives twigs from the optic tract, hypothalamus, and posterior hippo-
campus. The course of this middle segment of the BVR follows the cerebral peduncle contour before moving
more laterally along the optic tract.

Other transverse oriented veins draining the sulcus, and the vein of the pontomedullary sulcus
posterior fossa are beyond the brainstem and (Fig. 26).58:3°
include the peduncular vein, the posterior commu- Deep transmedullary brainstem veins that reach
nicating vein, the vein of the pontomesencephalic the superficial transverse and longitudinal venous

Anterior cerebral V.

3rd segment |

Anterior
communicating V.
Olfactory V.

Inferior
Inferior cerebral V.
striate V.
Deep MCV
Amygdaloid V. ; ; Uncal V.
Insular veins
Infdrior ventricular V. p 8 Anterior

long.hippo. V.

Inferior
choroidal V.

Lateral atrial V.

Lateral pontgmesencephalic V.

Inferior
temporo-occipital V.

‘alearine

Fig. 21. Basal vein of Rosenthal: third segment. The mesencephalic segment collects the lateral ponto-
mesencephalic vein (fed by both the anterior pontomesencephalic vein and the precentral cerebellar vein), trib-
utaries from the atrial vein, and the inferior temporo-occipital vein before joining the ICV to empty into the vein
of Galen.
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persistent medial
tentorialisinus

persistent medial
tentorial sinus

Fig. 22. Persistent tentorial sinus. The draining function of the absent right basal vein of Rosenthal is taken over

by a persistent medial tentorial sinus (orange arrows).

systems drain in a centrifugal fashion (Fig. 27).
Also, variability exists in the general configuration
of brainstem venous drainage, as either the longi-
tudinal or the transverse venous network may be
dominant (Fig. 28).

Veins of the cerebellum

The veins of the cerebellum and the veins of the
brainstem join into bridging veins which eventually
drain into three collecting venous systems, petrosal,
galenic, and tentorial that respectively drain into the
petrosal sinuses, the vein of Galen, and the torcular/
transverse sinuses. The petrosal group drains the
cerebellar petrosal surface, the cerebellopontine
and cerebellomedullary fissures, the lower part of
the roof of the fourth ventricle and lateral recesses,

and the lateral aspects of the pons and medulla.
The galenic group drains the tentorial surface of
the cerebellum, the upper part of the fourth ventricle,
and the cerebellomesencephalic fissure. The tento-
rial group drains the infratentorial cerebellar surface.
In addition to those major collecting systems, incon-
sistent direct bridging veins may be present which
may connect to the cavernous sinuses, the basilar
plexus, the marginal sinus, the sigmoid sinus, or
the jugular bulb.3°

Petrosal draining group

The petrosal group drains into the superior and
inferior petrosal sinuses. This group drains
deep cerebellar veins, that is, the cerebellopon-
tine, cerebellomesencephalic fissure and

Fig. 23. Posterior fossa veins seen on left vertebral artery angiogram, venous phase. Few veins are reliably iden-
tified. BVR, basal vein of rosenthal; ICV, internal cerebral vein; IVV, inferior vermian vein; PV, Petrosal vein; Sigs,
sigmoid sinus; SPS, Superior petrosal sinus; SS, straight sinus; TS, transverse sinus; VOG, vein of galen.
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Ventral longitudinal V.,

2 )

Trigeminal nerve (V) Trigeminal nerve (V)

Vntr. mesencephalic V
Vntr. metencephalic V
Vntr. myelencephalic V

Vagal nerve (X)

Vagal nerve (X)

All these are
for suckling

Hypoglossal nerve (XIl) Hypoglossal nerve (XII)

[CRL 18mm] [CRL 18mm]

Fig. 24. Embryologic development of brainstem veins. Veins of the brainstem veins have a relatively simple geo-
metric distribution, both longitudinal and transverse relative to the axis of the brainstem. This is because the
brainstem derives directly from the neural tube. A prominent longitudinal and transverse venous network orga-
nizes throughout, prominent around major nuclei involved in the feeding function (trigeminal, vagus, and

hypoglossal).

cerebellomedullary veins, the veins of the lower
part and lateral wall of the fourth ventricle, super-
ficial cerebellar veins, that is, superficial and
lateral hemispheric cerebellar veins, and brain-
stem veins. The veins of the cerebellopontine
fissure joining the transverse pontine vein to
form the superior petrosal vein are the main cul-
prits when causing neurovascular conflicts of
venous origin with the cisternal segments of the
trigeminal nerves (Fig 29).“° The superior
petrosal vein, which drains into the superior

PMSV

superior TPV

inferior TPV

petrosal sinus, one of the largest and most con-
stant posterior fossa veins, was named after
Walter Dandy, a famous neurosurgeon who
pointed out to the risk of major venous ischemia
during surgery on the trigeminal nerve (Fig. 30),
and is, therefore, referred to as Dandy’s vein,
or simply as the petrosal vein.*’

Galenic draining group Posterior fossa veins that
converge on the vein of Galen include deep cere-
bellar veins, that is, the paired veins of the

PcomV

PedV
AMPMedV

PV
ALPV

Cer.Pon.Fiss.

id.Cer.Ped.

AlLMedV

Fig. 25. Posterior fossa veins, anteroposterior view. Longitudinal brainstem venous system. ALMedV, anterolat-
eral medullary vein; ALPV, anterolateral pontmesencephalic vein; AMPMedV, anteromedial pontomedullary
vein; PcomV, posterior communicating vein; PmedSV, osterior medullary sulcus vein; PMSV, Ponto-
mesencephalic vein Superior/inferior; TPV, transverse pontine vein; V of Cer.Pont.Fiss, Vein of the cerebellopon-
tine fissure; V of Mid.Cer.Ped, Vein of the Middle cerebellar peduncle.
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Transverse MedV
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Fig. 26. Posterior fossa veins, lateral view. Transverse brainstem venous system. A Med V, anterior medullary vein;
APMV, Anterior Pontine Mesencephalic Vein; Bra V, brachial vein; BVR, basal vein of rosenthal; CS, cavernous si-
nus; GHFV, greater horizontal fissure vein; ICV, internal cerebral vein; 1)V, internal jugular vein; IPS, inferior
petrosal sinus; IRTV, inferior retrotonsillar vein; IVV, inferior Vermian Vein; LPMV, lateral pontine mesencephalic
vein; PedV, peduncular vein; PV, petrosal vein; Sgmd S, sigmoid sinus; SPS, superior petrosal sinus; SRTV, superior
retrotonsillar vein; Strgt sinus, Straight sinus; SVV, superior Vermian Vein; Tento S, tentorial sinus; TPV, transverse
pontine vein; VLR, vein of the lateral recess of the fourth ventricle.

cerebellar peduncles and the vein of the cerebello-
mesencephalic fissure, superficial cerebellar
veins, that is, the anterior group of superficial
hemispheric cerebellar veins and the superior ver-
mian vein, and brainstem veins, all of which join

Fig. 27. CT angiogram, venous phase, shows brainstem
veins draining into the pontmesencephalic venous sys-
tem in a centrifugal pattern (yellow arrows).

the posterior aspect of the basal vein of Rosenthal
(with the exception of the tectal vein that drains
either into the superior vermian vein or the vein
of the cerebellomesencephalic fissure) (Fig. 31).
The precentral cerebellar vein is formed by the
union of the veins of the superior cerebellar
peduncle and originates deep within the cerebello-
mesencephalic fissure after which it is sometimes
named (Fig. 32).38:39:41

Tentorial draining group The tentorial draining
group includes veins that drain primarily into the
transverse sinuses and the torcular Herophili,
though some veins may drain into the straight si-
nus or a persistent tentorial sinus (Fig. 33). Those
veins include inferior hemispheric cerebellar veins
(Fig. 34), inferior vermian veins, and the posterior
groups of the superior hemispheric and superior
vermian veins,3839:41,42

Emissary veins and persistent sinuses

Emissary veins are important pathways of extracra-
nial venous drainage that become particularly rele-
vant in cases of dural sinus stenosis or occlusion.
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Fig. 28. Patterns of brainstem drainage. Dominant longitudinal brainstem venous drainage (A) manifests as
paucity of venous opacification on lateral vertebral artery angiogram, venous phase. In contrast (B) significant
venous brainstem venous opacification is seen with the dominant transverse drainage pattern.

Because they are valveless, emissary veins allow
for bidirectional flow, which plays a role in maintain-
ing stability in intracranial pressures, and in
providing selective cooling of intracranial struc-
tures.*>~*° Emissary veins may propagate extracra-
nial infections into the intracranial compartment,

prompting Sir Frederick Treves (a prominent early
20th-century surgeon) to state that “If there were
no emissary veins, injuries and diseases of the
scalp would lose half their seriousness.”*®
Anterior and middle cranial fossa emissary veins
include the superior and inferior ophthalmic veins,

Fig. 29. Cerebellar veins, petrosal draining group. A Med V, anterior medullary vein; APMV, Anterior Pontine
Mesencephalic Vein; Bra V, brachial vein; BVR, basal vein of rosenthal; CS, cavernous sinus; GHFV, greater horizon-
tal fissure vein; ICV, internal cerebral vein; 1JV, internal jugular vein; IPS, inferior petrosal sinus; IRTV, inferior ret-
rotonsillar vein; IVV, inferior Vermian Vein; LPMV, lateral pontine mesencephalic vein; PedV, peduncular vein; PV,
petrosal vein; Sgmd S, sigmoid sinus; SPS, superior petrosal sinus; SRTV, superior retrotonsillar vein; Strgt sinus,
Straight sinus; SVV, superior Vermian Vein; Tento S, tentorial sinus; TPV, transverse pontine vein; VLR, vein of

the lateral recess of the fourth ventricle.
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V of the cerebellopontine
fissure

Fig. 30. Petrosal vein (vein of Dandy, also referred to
as the superior petrosal vein) and tributaries. The
petrosal vein (red circle) empties into the superior
petrosal sinus, and normally receives between 3 and
5 tributaries, including: (1) the transverse pontine
vein (TPV) from anterior pontine mesencephalic vein
(APMV), (2) the vein of the cerebellopontine fissure,
(3) the pontotrigeminal vein (from the posterior
mesencephalic group), (4) the anterior lateral mar-
ginal vein, and (5) the vein of the middle cerebellar
peduncle.

which connect facial veins to the cavernous sinus
via the superior orbital fissure, the sphenoidal
emissary vein of the foramen of Vesalius, the emis-
sary vein of the foramen ovale, and the emissary
veins of the foramen lacerum, all of which connect
the pterygoid plexus to the cavernous sinus. The
emissary vein of the foramen cecum connects
the nasal cavity to the anterior cranial fossa, the in-
ternal carotid venous plexus connects the internal
jugular vein to the cavernous sinus, and the emis-
sary veins of the clivus may spread pharyngeal in-
fections to the basilar plexus. In addition, the
superior petrosal emissary vein connects infratem-
poral veins to the petrosal vein via the stylomas-
toid foramen (along with the facial nerve). The
petrosquamosal sinus (which typically involutes
before birth, but may persist) also connects the
transverse-sigmoid junction to the antero-lateral
temporal lobe, and the temporal emissary vein
may connect the persistent petrosquamosal sinus
to the deep temporal vein.*®44

Posterior fossa emissary veins include the pos-
terior condylar emissary vein (which may connect
occipital, marginal, and sigmoid sinuses), the ante-
rior condylar vein within the hypoglossal canal, the

Fig. 31. Cerebellar veins, galenic draining group. A Med V, anterior medullary vein; APMV, Anterior Pontine
Mesencephalic Vein; Bra V, brachial vein; BVR, basal vein of rosenthal; CS, cavernous sinus; GHFV, greater horizon-
tal fissure vein; ICV, internal cerebral vein; 1)V, internal jugular vein; IPS, inferior petrosal sinus; IRTV, inferior ret-
rotonsillar vein; IVV, inferior Vermian Vein; LPMV, lateral pontine mesencephalic vein; PedV, peduncular vein; PV,
petrosal vein; Sgmd S, sigmoid sinus; SPS, superior petrosal sinus; SRTV, superior retrotonsillar vein; Strgt sinus,
Straight sinus; SVV, superior Vermian Vein; Tento S, tentorial sinus; TPV, transverse pontine vein; VLR, vein of

the lateral recess of the fourth ventricle.



Fig. 32. Cerebellar veins, Galenic group. CT angio-
gram, sagittal view. PCV, precentral cerebellar vein
(white arrow), which anastomoses with the petrosal
group superiorly; SVV, superior vermian vein; Asterisk
indicates anastomotic point between superior ver-
mian vein and inferior vermian vein (tentorial drain-
ing group).

[V
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occipital emissary vein between the transverse si-
nus and the occipital vein, the parietal emissary
vein that connects the superior sagittal sinus and
the occipital vein, and the mastoid emissary vein
that connects the sigmoid (or transverse) sinus to
the posterior auricular or occipital veins and the
vertebral plexus (Fig. 35).3%%%¢ The occipital
emissary vein was found to be enlarged in patients
with idiopathic intracranial hypertension (pseudo-
tumor cerebri).*® Also, enlarged posterior fossa
emissary veins have been linked to benign pulsa-
tile tinnitus.*®

An occipital sinus is a persistent venous channel
between the torcular Herophili and a draining
venous system at the foramen magnum level,
whether the marginal sinus or the vertebral plexus
(Fig. 36). The occipital sinus, a remnant of the
medial channel of the posterior dural plexus, is
normally present at birth and destined to involute
and close by 2 years of age.*’~*° Tubbs and col-
leagues have provided a detailed discussion of
anatomic variants of the emissary veins.*°

The falcine sinus, which is derived from the cra-
nialmost portion of the sagittal plexus, is normally
only present during the embryonic period and is

SRTV / IRTV
(copular point)

Fig. 33. Cerebellar veins, Tentorial group. A Med V, anterior medullary vein; APMV, Anterior Pontine Mesence-
phalic Vein; Bra V, brachial vein; BVR, basal vein of rosenthal; CS, cavernous sinus; GHFV, greater horizontal fissure
vein; ICV, internal cerebral vein; 1)V, internal jugular vein; IPS, inferior petrosal sinus; IRTV, inferior retrotonsillar
vein; IVV, inferior Vermian Vein; LPMV, lateral pontine mesencephalic vein; PedV, peduncular vein; PV, petrosal
vein; Sgmd S, sigmoid sinus; SPS, superior petrosal sinus; SRTV, superior retrotonsillar vein; Strgt sinus, Straight
sinus; SVV, superior Vermian Vein; Tento S, tentorial sinus; TPV, transverse pontine vein; VLR, vein of the lateral

recess of the fourth ventricle.
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Fig. 34. Dilated tentorial veins (arrow) in a patient
with a dural arteriovenous fistula (DAVF) of the torcu-
lar Herophili (arrowhead) seen on a right external ca-
rotid artery angiogram.

supposed to regress before birth.>":°2 The function
of the falcine sinus is to connect the deep cerebral
venous system to the posterior third of the superior
straight sinus. The prevalence of a persistent fal-
cine sinus is estimated at 1% to 2%.°"°2 Although
commonly associated with other anomalies of
development, that is, Chiari Il malformations, vein
of Galen aneurymal malformation, corpus cal-
losum agenesis, encephalocele (Fig. 37), acroce-
phalosyndactyly or tentorial dysplasia, a
persistent falcine sinus may be isolated.®"

Diploic Veins

The diploic venous system is a complex network of
veins enclosed within cancellous bone (the diploe)
between the outer and inner tables of the skull
made of compact bone. The French anatomist
Gilbert Breschet is credited with the first anatomic
description of the diploic venous system in 1829.

Fig. 35. (A-D) Mastoid (or retromastoid) emissary vein. CTA shows a large curved emissary foramen (remnant of the
left occipitomastoid suture) in the left occipital bone (A, white arrow) which allows the passage of a mastoid emissary
vein (B, arrows) that courses posteriorly and inferiorly to drain into the left subclavian vein (C, arrow). Angiographic
view from left internal jugular vein injection demonstrates the lateral course of the mastoid emissary vein (D, arrows).
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Fig. 36. (A-E) Occipital sinus. CTA obtained in an 82-year-old female patient who presents with tinnitus from a
left posterior condylar foramen dural arteriovenous fistula (DAVF). An intraosseous occipital sinus is present
(A, arrow), which connects to the left posterior condylar venous plexus (B, arrows). Left vertebral artery injection,
lateral (C) and anteroposterior views (D) and left common carotid injection, lateral view (E) show occipital sinus
(short white arrows) and posterior condylar foramen DAVF (long black arrows).

Although there is significant variability in the
anatomic arrangement of diploic veins, the 3
main components of the diploic venous system
are the frontal, the anterior temporal, and the pos-
terior temporal diploic veins, with numerous focal
areas of venous ectasia referred to as diploic
lacunae or lakes.>>** Large main diploic veins
anastomose extensively with each other, and
with a network of microscopic venous channels.
All those diploic veins, which are valveless and
are lined by a layer of single endothelial cells,
communicate freely with the large meningeal
veins, the dural sinuses, and emissary veins. The
diploic venous system, which is, therefore, in con-
tact with the dural sinuses, the cerebral veins, and

the CSF system, is considered to be an important
communication pathway between the venous and
CSF systems.®® Tsutsumi has provided a detailed
discussion of anatomic variants of the diploic
veins.®®

The clinical significance of diploic venous chan-
nels is multiple. They may serve as alternate
drainage pathways in case of dural sinus stenosis,
occlusion, congenital malformation, thrombosis,
or trauma (see Fig. 37).57-°% Arteriovenous fistulas
with diploic venous drainage may develop sponta-
neously, that is, in patients with thrombophilia,*®
after meningioma resection®® or trauma.®" Diploic
veins can also be a source of bleeding during
neurosurgical procedures that require bone
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Fig. 37. (A-D) Persistent falcine sinus draining a hypoplastic deep venous system into a sinus pericranii continuous
with the diploic venous system associated with atretic parietal cephalocele in a neonate (thick arrow). Sagittal
(A), axial (B), and coronal (C) T2 MR imaging show sinus pericranii within parietal cephalocele (short large arrows)
that drains extracranially a hypoplastic deep venous system (thin long arrow).

drilling, that is, craniotomies, burr holes, and pin
placement. Epidural hematomas have been re-
ported after head-holder pin placement.®® Air
emboli embolism can also occur after craniotomy
or pin placement.®*>5* Diploic veins may promote
the spread of infection®?5° Spontaneous arterio-
venous fistulas can occur between scalp arteries
and diploic veins.®®

CLINICS CARE POINTS

e The understanding and management of
intracranial arteriovenous and venous lesions
requires a good understanding of the venous
system

e The proximity of eloquent cerebral regions to
intracranial veins, and technological advances
in signal transmission through increasingly
miniaturized transvenous devices will increas-
ingly allow for therapeutic approaches, that
is, neuromodulation for epilepsy, motor control
of exoskeletons and robotic limbs in paralyzed
patients, the enabling of speech paradigms in
patients with poststroke and many more.

e Thrombosis of dural sinuses or cortical veins is
an uncommon but significant cause of
morbidity and mortality
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