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Abstract: A new nosologic vascular pattern that is definedchyonic cerebrospinal venous insufficiency (CCSk&s

been strongly associated with multiple sclerosike Tpicture is characterized by significant obstabd the main

extracranial cerebrospinal veins, the jugular anel azygous system, and by the opening of substduibtes. The

significance of collateral circle is still negledteTo the contrary, substitute circles are alteneapathways or vicarious
venous shunts, which permit the drainage and pteirgracranial hypertension. In accordance with fegtern of

obstruction, even the intracranial and the intraidien veins can also become substitute circles; grermit redirection of
the deviated flow, piping the blood towards avdiabenous segments outside the central nervousrey$¥e review the
complex gross and radiological anatomy of colldteirgulation found activated by the means of Ecblw@Doppler and

selective venography in the event of CCSVI, focgguarticularly on the suboccipital cavernous si(®GS), the condylar
venous system, the pterygoid plexus, the thyroidsyeand the emiazygous-lumbar venous anastomatsidtve left renal

vein.

Keywords: Cerebrospinal venous insufficiency (CCSVI), mukipbkclerosis (MS), cerebral venous system, collatera
circulation.

INTRODUCTION different flows, their own draining flow and theuwstied flow

A new nosologic vascular pattern recently ideatifi (zzc)%r?)bon'et al, 2009a; Franceschi, 2009; Zambaial,

defined as chronic cerebrospinal venous insuffiyen _ o
(CCSVI) is strongly associated with multiple sclEs(MS) There are no current reviews clearly indicating th
(Zamboniet al, 2009a). collateral circles activated in case of stenosishe main

CCSVI is characterized by multiple stenosies/alzgion extracranial cerebral venous paths.

22?6‘3;':(‘)% the principal extracranial outflow pathysaof the - g ey 1ic ANATOMIC ORGANIZATION OF THE
pinal venous system, the internal jugulamss VENOUS SYSTEM OFE THE BRAIN
(IJVs) and azygous vein (AZY), distributed in foorain
patterns. CCSVI determines significant changesereloral Cerebrovenous system (CVS) is a three-dimensional
venous hemodynamics, with a very high incidenceefifix structure that is often asymmetric and considerably
in both intracranial and extracranial venous segseand represents more variable pattern than the artanatomy
loss of the postural regulation of cerebral venousflow (Schaller, 2004).
(Zamboniet al, 2007, Zamboniet al, 2009a and 2009b; . . .

The CVS is mainly composed of dural sinuses and

Franceschi, 2009). cerebral veins (Hassler, 1966; Med¢ral, 1994; Muizelaar,
Venous obstructions are compensated by substitute989).

circles. Substitute circles are alternative pathavay vica- The venous outflow from cerebral hemispheres cosisi
rious venous shunts that allow for the piping obdu p

towards available venous segments outside the ajentr Mainly Of two different vascular systems (Andewegg9):

nervous system (CNS). - the superficial (cortical) systemeaches dural sinuses

In accordance with the pattern of obstruction hbtite by cortical veins and drains blood mainly from eart

intracranial and the intrarachidian veins can alexome an((ijl subclortlcal Wh'te matter (Medet al, 1994;

substitute circles, they permit redirection of tHeviated Aydin et al, 1997);

flow, preventing intracranial hypertension. Howevewer - the deep cerebral venous system (medullary or

time, they become overloaded because they carry two subependymal{DCVs) is composed by subependy-
mal veins, internal cerebral veins, basal vein gt

cerebral vein of Galen and their tributaries, arairgs
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Fi". #1%. Schematic or"ani&ation of the cerebral \@rs systemFlow is monodirectional according to the hierarehiorder of emptying
showed in the figure. The deep cerebral veins aspeactively depicted: ICV refers to internal ceag¢brein, GV to Galen vein, RV to

Rosenthal vein. They finally drain into the straigmus (SS).

Cortical System Drainin" Routes

The superficial middle cerebral vein runs along th

Sylvian cistern and drains the anterior temporabelo
parasylvian cortex and anterior" inferior frontabbes

(Reischet al, 2002). It subse#uently empties into cavernous

sinus, sphenoparietal sinus or pterygoid plexushdBer,
2004; Reisctlet al, 2002).

It is formed by anastomosis of temporo-sylvianngei
These veins are connected with midline bridginghsedn
one side and juxta-basal temporal veins on therpted
enter predominantly the cavernous sinus, eithezctir or
through the sphenoparietal sinus (Reistlal, 2002). Many
anatomical variations are possible: (1) in sizeewtvery
thin or even absent, neighboring veins become ehtgst
importance, (2) in termination: draining towardseth
pterygoid plexus or the superior petrosal sinushé8er,
2004; Hutheet al, 1998; Reisclet al, 2002).

The superior sagittal sinus (SSS) starts at thianien
cecum, just anterior to the crista galli (Mektaal, 2000). It
courses along the gentle curvature of the inneletab the
s$ull, within the leaves of the dura mater, to hetite conf-
luence of sinuses: the torcular Herophili (Ayaneu al,
2000). Along the way, the sinus receives the calriridg-
ing veins. After the subarachnoid course, they pated the
SSS at different points in the dura mater dependimgheir
rostrocaudal position (Fid). Histologically the organization
of the smooth muscle cells at the end of each aairtiein
#uite resembles a myoendothelial %sphincter&. Sotiners
hypothesize that such myoendothelial junction aats
smooth sphincter and that it plays a role in ceakebenous
hemodynamics regulation (Vignesal.2007).

its lumen (Ayanziwet al, 2000). The SSS is circulating in a
more or less laminal way, accentuated by the axigteof
longitudinal septa, especially in midthird portiowteral
sinuses drain the SSS, e#ually on both sides in 20k of
cases and asymmetrically in more than 50<, depemndijmon
configuration of torcular Herophili (Schaller, 2Q@uzus$iet

al., 2001). In extreme, one lateral sinus may drain 88S
totality (most often on right side) and the otherecthe
straight sinus; this accounts for 20< of the cag&shaller,
2004; Suzu$et al.,2001). Atresia of the transverse sinus or
even the agenesia on one side was observed in 1tases
(Suzu$iet al., 2001). So that the remaining sigmoid sinus
drains the inferior cerebral veingg( the 'abbe= system).
The sigmoid sinus drains the posterior fossa (Reégtcal,
2002) receiving the superior and inferior petrosgluses
(IPS) and sometimes veins coming from the latespkat of
brainstem and medulla (Suzuét al., 2001). Sigmoid sinus
has fre#uent anastomosis with cutaneous venousorftw
through mastoid emissary vein (Schaller, 2004; $uetal.,
2001). When the sigmoid segment of the lateral sira
atretic, the transverse sinus with its affluentimsatoward
the opposite side (Schaller, 2004; Suzefbal., 2001). The
inferior sagittal sinus (ISS) follows a similar gerwithin the
free margin of the falx cerebri (Wetzet al, 1999). Often,
its anterior portion is deficient and the sinus egus more
linear than curvilinear. In contrast to its supedounterpart,
the ISS empties into straight sinus, at or near its
communicating vein with the vein of Galen (Schal004;
Wetzelet al, 1999). The straight sinus, therefore, drains the
deep venous system through the vein of Galen, dsase
much of superficial venous system indirectly thriodige ISS
and basal vein (Schaller, 2004; Suze$ial., 2001). As all
other sinuses, the straight sinus is situated wittural

The SSS vascular caliber increases from antemor t leaves, in this case, of tentorium cerebelli and tarebri

posterior, because of the penetration of arachwidlidnside

(Schaller, 2004; Wetzedt al, 1999). Posteriorly, straight
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sinus empties into torcular (Schaller, 2004; Wetelal,
1999). Another complex networ$ of dural sinusedect$
blood along the brain>s ventral surface (Ayaetzal., 2000)

joined by basal veins of Rosenthal forming the \@iGalen
(Schaller, 2004; Scott al.,2003) (Fig.1). The basal vein of
Rosenthal represents the confluence of veins d@ibasal
including the cavernous, superior and inferior @eait, and and medial parts of frontal lobe, temporal lobesdia
sphenoparietal sinuses. Cavernous sinus is a trktted ganglia, and insula (Schaller, 2004; Scett al., 2003).
dural venous pac$et along parasellar sphenoid bon®ccasionally, basal vein of Rosenthal can drainrrabdy
(sphenoid sinus) (Schaller, 2004; Chanda, 2002% dihus  into a tentorial sinus or superior petrosal sin8sh@ller,
extends from superior orbital fissure to petrougxaplts 2004; Scotet al.,2003).

venous inflow includes orbital venous drainage ésigr and
middle ophthalmid veins), anterior middle craniasga
drainage (superior and inferior middle cerebralnggiand
sphenoorbital sinus. From cavernous sinus, blocgindr
posterolaterally along superior petrosal sinusrémaverse
sinus and inferior-laterally along IPS into jugul{&challer,
2004; Suzu$et al.,2001). Deep sinuses also interconnect by
way of the basilar venous plexus along the dorbals and
the intercavernous sinus among the pituitary infomldim.
Occasionally, a prominent venous plexus conneeséver-
nous sinuses along the floor of the sella turcica.

Extracranial Venous Draina"e

The cerebral blood is finally collected into theral
sinuses and in turn redirected towards the mairaesdnial
venous outflow routes: the IJVs and the vertebratous
system (Fig.1). The anatomical pathways of jugular
drainage are well established. The main jugularotlo
drainage pathway leads from the SSS and the tresesve
sinusesvia the sigmoid sinuses into the 1JVs, which meet the
superior cava veimia the brachiocephalic vein.

Several ultrasound study of healthy volunteers alesn
trated that the pattern of cerebral venous drairdgages,
even under physiological conditions, dependinghenbody
position (Valduezaet al, 2000; Doeppet al., 2004;

Deep System Drainin" Routes

The subcortical and deep white matter are draimgd
DCVs (Schaller, 2004; Andeweg, 1989) that origirE0e20 Schreiberget al.2003; Menegatti and Zamboni, 2008).
mm below the cortex and course centrally to theepeh-
dymal veins that surround the ventricles (Friedmb®97; In the prone position, the outflow through the $J\8
Hooshmandet al, 1974). The subependymal veins drain favored, this assumption was based on angiogragihities
from the deeper subcortical structures, such asriat and  and cerebral blood flow analyses with nitrous oxidéeled
external capsule, the basal ganglia, and the dpesalof the  erythrocytes, and thermodilution techni#ues (Sdiemegt al.,
diencephalon, to the vein of Galen, which curvesiad the  2003; Nylinet al.,1961; Huber, 1982; Shen$et al., 1948;
posterior surface of the splenium of the corpudosam Wilson et al, 1972), which were all performed in a supine
before terminating at the confluence of sinuseg.(B) body position. Whereas passing to the upright osirans-
(Hooshmancet al, 1974). Except from the anatomical varia- fers most of the encephalic drainage to the VVs guata

tions of the basal veins, the system of the DCM\smaias
relatively constant compared to the superficial ticat
venous system (Schaller, 2004; Huthetr al., 1998; Reisch
et al, 2002).

The DCVs can be subdivided into two different
subgroups: i) the superficial branches drain 1"2afmvhite
matter and course through the gray matter (Scha2lgo4;

et al., 2000; Doeppet al., 2004; Menegatti and Zamboni
2008).

Extracranial Drainin" Pathways of the Vertebral System

Vertebral venous system is a freely communicating,
valveless system present throughout the entireabpumn
and may be divided into an internal intraspinaltp#ne

Osuderaet al, 1988). They are connected to the cortical epidural veins, and an extraspinal paravertebndl pa

veins, ii) the deep branches begin within the wimtatter
deeper than superficial medullar veins and coucseartd
lateral ventricles, emptying into the subependyrehs of
the walls of the lateral ventricle (Schaller, 20G4iedman,
1997). A third group of DCVs defined as %transcaleb
veins& completely transverses the hemisphere tchrea
subependymal veins (Schaller, 2004; Hassler, 18ffing

et al, 1964). All these white matter veins run perpeuldic

to the long axis of the lateral ventricle, creatmtem-shaped
appearance (‘eet al.,1996).

1)

Three DCVs are commonly seen on the venous phase o

a cerebral arteriogram (Capra, 1984; Mattlal, 1991): (1)
thalamostriate vein, (2) septal vein, and (3) imé&rcerebral
vein. The thalamostriate veins join the septal sdiom the
internal cerebral veins (Schaller, 2004; Scatttal., 2003;
Te$sumet al.,2003). The point at which the anterior vein of
the septum pellucidum joins the superior thalanaistrvein

is called the venous angle and is usually locatedha
interventricular foramen (Sco#t al., 2003). The internal
cerebral veins are paired and run above the rotfiethird
ventricle (Schaller, 2004; Scat al.,2003). These veins are

At the craniocervical level, anterior sources of
intraspinal system arise from basal plexus and IPS
(Schaller 2004; Chaynes, 2003). A posterior commu-
nicating venous drainage exists with occipital sinu
which may be relevant in cases of lateral sinusopyp
lasia (Schaller 2004). The system communicates with
deep thoracic and lumbar veins, intercostal veins,
AZY, and hemiazygous veins, as well as with the
inferior vena cava. Particularly, the collateratct?
between the AZY and the inferior vena cavim the

left renal vein is particularly relevant in coursé
CCSVI. The AZY in the MS group was obstructed in
86< of cases. Most cases involved membranous
obstruction of the junction with the superior vena
cava, twisting, or, less fre#uently, septum aneési
(Zamboni et al, 2009a). In such cases, descending
venography documented a reflux flow along the AZY
system, which re-enters into the caval system tjinou
the hemiazygous-lumbar anastomosis with the left
renal vein (Fig.2). In type ? pattern of CCSVI,
characterized by significant stenosies of both 1JVs
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Fi". #2%. Selective veno"raphy of the a&y"ous spysteA)
Descending venography of the AZY with proximal sigis
indicated by arrowsB) 'ow dose injection (3 ml/sec) below the
stricture documents a reflux downward the AZY (arsp due to the
impossibility to empty into the superior vena cd®/C). C) The
blood can be drained only through the intra-extpina veins
(horizontal arrows); or, alternativelyyia the emiazygous and
lumbar veins (emiazy, 'UM?). The latter pathway ailis to re-
entry, via the left renal vein (' REN), into the inferior calaystem
(IVC).

combined with proximal strictures of the proximal

AZY, such a collateral circle becomes the main
extracranial pathways for draining the CNS (Zamboni
et al, 2009a). Obstruction of the superior vena cava
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cranially from the AZY vein is tolerated well, but
obstruction involving connection of termination of
AZY vein to heart leaves collateral flow only towlar
inferior vena cava, which results in insufficiemawial
venous outflow (Hoffmanet al,, 2002).

2) The extraspinal system receives blood anteriwdgn
cavernous sinusia pterygoid plexus (Schalle004).

A dorsal part is connected to suboccipital venous
plexus, which receives blood through mastoid and
condylar emissaries (Schalle2004; ?rew, 2004).
Although the jugular veins were previously thought

be the predominant draining pathway (Cowetnal.,
1983), anatomical recent study-findings have
demonstrated that this role is confined to the rsaipi
position; redirection of venous flow to the vertabr
veins occurs in upright-position (Schalktral.,2004;
Schreiberet al. 2003; Hoffmannet al, 2002). The
vertebral veins (VVs) are Part of the vertebralteys
which have been shown to serve as venous collateral
in cases of jugular flow obstruction (Schreilatral.,
2003). The VVs represent the main longitudinal part
of the external vertebral venous system. VVs ard th
deep cervical veins, which are located within the
muscle layers of the nape, receive inflow from the
marginal and sigmoid sinusesa condylar veins and
emissaries and from the venous plexus surrounding
the foramen magnum (Schreibet al., 2003). In
addition, there are several fre#uently segmental
connections between the internal and external drts
the vertebral venous system. VVs, deep cervical
veins, and the external jugular vein finally joinet
brachiocephalic vein.

Anastomoses of Intra- and Extracranial Veins

?atson (Schalleret al., 2004; ?atson, 1967) described
vessel-connections between intra and extracrareaisvat
cranial base as a single large venous plexus,sdppears
to be the most practical view: (1) The suboccipitahous
plexus represents the cranial beginning of the gumst
external vertebral plexus between the dorsal masdteis
connected to the sigmoid sinuséa mastoid and condylar
emissaries (Fig3) (Pedleyet al, 1998). (2) The posterior
internal vertebral plexus receives blood from oitalpsinus
and, thus, from confluens sinus (Pedktyal, 1998). The
latter is often plexiform and asymmetrical, and whane
lateral sinus is narrow or absent, occipital siisugrger than
usual, and in neonates the occipital sinus is Varge
(?atson, 1967; Pedlegt al, 1998). (3) The anterior internal
vertebral plexus is a continuation of basal plexusich lies
on clivus and connects IPS and both cavernous efnus
(Pedley et al, 1998). (4) The anterior external vertebral
plexus is a continuation of large pterygoid plexugiich
receives blood from cavernous sinuses (Fj.(?atson,
1967; Pedlewt al, 1998).

The pharyngeal venous plexuses may play a rokhen
anterior region that should not be ignored. Thexyme
communicates with the intracranial venous sinusugh the
pterygoid venous plexus, and draining into the rimaé
jugular vein, and/or into the laryngeal and trachesnous
plexus (Fig4).
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?esides these affluent pathways, the outflow cledsof
vertebral plexuses can also be summarized (Schab&4;
?atson, 1967): (1) in the thoracolumbar area, owutffrom
vertebral plexuses ta$es plaea the lumbo-hemiazygous
system, which also forms a collateral channel betwe
inferior and superior vena cava. Valves in the AZytem
are superior rudimentary and nonfunctioning. (2yéntebral
plexuses of cervical area, longitudinal collecticgannels
besides internal jugular vein on either side arepdeervical
vein posteriorly between muscles, vertebral vdinoiigh the
transverse process of the cervical vertebrae) andcuta-
neously, external jugular vein (?atson, 1967). he®ins
join subclavian and internal jugular veins in fonmibra-
chiocephalic vein (?atson, 1967).

THE CONCEPT OF VICARIOUS VENOUS SHUNT IN
COURSE OF CCSVI

Venous function is a central mechanism of regotatf
cell and tissue biology, although there is a lat$%tady on
its influence in the central nervous system (CNi)as been
recently illustrated a vascular picture that haspreviously
been described, correctly defined as chronic cesginal
venous insufficiency (CCSVI), strongly associateithwMS
(Zamboniet al, 2009a,b; Zamboret al, 2007; Franceschi,
2009). The picture is characterized by significabstacles
of the main extracranial cerebrospinal veins, tigujar and
AZY system, and by the opening of substitute cscM/hen
the venous flow is deviated into collaterals to &yp an
obstacle, there exists what is called a vicariohsins
(Franceschi, 1996). This type of shunt is desirdleleause it
bypasses bloc$ed veins and, thereby, reduces aesisto

base.

CONDYLAR VEINS

IJvr

(a)*on" et al&

drainage. It flows permanently under the effectsdidtal
cardiac residual pressure and proximal thoracoaliem
aspiration. However, the expected time of venouflaw is
longer, as confirmed by the mean transit time mesaksin
MS patients by the means of MR perfusional studygnen
normal-appearing white matter (‘awt al.,2004).

The significance of the shunt depends on the omdrbf
the volume of blood that is deviated, the starfogat and
end-point of the deviation (Franceschi, 1996). Ssumay be
directed outward, but in the case of CCSVI, a grade
flow has been demonstrated in the majority of cases
meaning reflux in the CNS.

The main deep cerebral veins, the transversaksitne
1IJVs and the VVs and the AZY were deeply investgat
with Eco Color-Doppler and selective venography thre
event of CCSVI (Zambonget al, 2007; Zamboniet al,
2009a,b). These investigations showed the activatid
collateral pathways described in this review, ulyileg the
importance of such venous vicarious pathways when t
principal extracranial outflow routes are obstrdctaVe
extensively review in the further paragraph the mmai
vicarious shunt activated in course of CCSVI, beeasuch
pathways permit to avoid intracranial hypertensiorsuch
cases.

Suboccipital Cavernous Sinus #SCS% and CondylarVei

The SCS is a structure surrounding the internabtich
artery, it anatomically resembled the vertebralotenplexus
surrounding the horizontal portion of the vertebaetery at
the s$ull base.

Fi". #3%. The condylar venous system vicarious shuleft: Schematic exemplificative obstruction of thidVI in course of CCSVI
associated to MS. The 3 condylar veins, conneatsfectively with the thyroid veins and with the \V\\é@come a preferential substitute
circle. Right: RB selective venography of a sev@enosis of the 1JVI (arrow). The condylar vein©{ID.V.) pipe blood toward the thyroid
veins (THYR.V.), and the brachio cephalic trun$ )Gand the superior vena cava (SVC).
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Arnautovic et al. (Arnautovic et al, 1997; Ta$ahashi
et al, 2005) revealed the SCS to be connected withate-f
wing venous structures: anterior condylar vein (ACpos-
terior condylar vein (PCV), lateral condylar veilCV),
anterior internal vertebral venous plexus (AVVPnda
vertebral artery venous plexus (VAVP) surroundidte t
vertical portion of the vertebral artery, and imrvertebral
venous plexus. The SCS is an important outflowt toediche
vertebral venous system that would play an impantele in
venous obstructive disease. The SCS sinus coniiredtits
rectly the internal vertebral venous plexus to theral
venous sinuses of the s$ull base (Bjg.

The ACV and PCV were defined as follows accordimg
international anatomic nomenclature: ACV, venousxpk
of the hypoglossal canal that drains through theolgjossal
canal (anterior condylar canal); PCV, condylar esauig vein
that drains through the posterior condylar canalescribed
by San Millan Ruizet al. (San Millan Ruizet al., 2002;
Ta$ahashiet al, 2005). The ACV, PCV, and 'CV are
connected with both the jugular bulb and SCS. InMR
imaging study, Caruset al. (Carusoet al, 1998; Ta$ahashi
et al, 2005) reported that the ACV connected with theSSC
through the marginal sinus. Moreover, San MillanzRai al.
(San Millan Ruizet al., 2002; Ta$ahashet al, 2005) des-
cribed the marginal sinus as connecting anteriwiiy the

ACV, sometimes forming a bridge between the ACV and

suboccipital vein. Although the portion of the ACV
described herein may represent part of the margimals,
the presence of the marginal sinus could not béircoed, as
no circular filling occurred around the foramen mam on
bilateral anterior condylar venography.

The ACV and 'CV communicate with each other at the

external orifice of the hypoglossal duct. This niregtpoint
was termed the %anterior condylar confluent& 8ri¢San
Millan Ruiz et al.,2002; Ta$ahaslst al, 2005).

In a study of microsurgical anatomy, Katsuta al.
(Katsutaet al., 1997; Ta$ahashét al, 2005) described a
venous confluence at the lower end of the IPS dhnained
into the medial aspect of the jugular bulb, namihig the
%petrosal confluence&. They found the IPS connedtied
the anteromedial portion of the jugular bulb, withe ACV
communicated with the posteromedial portion of jthgular
bulb. The %petrosal confluence& and %anteriodaocalyf-
luent& may, thus, represent the same structuileg tycated
in the very near vicinity.

The PCV was defined to international anatomic neme
clature condylar emissary vein that drains throtighposte-
rior condylar canal. The PCV connected with thetpas
medial aspect of the jugular bulb and supero-pmstaspect
of the SCS.

The cranial connections of the anterior internaitebral
venous plexus with the anterior condylar vein cooffér a
cranial escape route for thoracic and abdominalousn
return when thoracic pressure and abdominal presae
increased concomitantly. One could even considerous
blood from the anterior internal vertebral venousxps
draining into the superior ophthalmic vein and cawees
sinus through the basilar plexus and IPS and, teasiinally
into the pterygoid plexus and facial veins (. Par$inson
recently described the extradural neural axis cotnpnt
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(Par$inson, 2000San Millan Ruizet al.,2002) The extra-
dural neural axis compartment contains a continotineins
that extends from the ophthalmic to the coccygedis and
offers numerous longitudinal and transverse veranesto-
moses. In the craniocervical region, the basilaxps$, infe-
rior petrosal sinuses, and anterior condylar veemesent
the venous elements of this extradural neural eaimpar-
tment.

1JVr

STENOSIS
Vi

Fi". #4%. The ptery"oid plexus vicarious shunteft: The

pterygoid plexus (PTER. P'EB.) is one of the prefatial intra
extra cranial venous anastomoses found activatedoirse of
CCSVI (in the figure example closed obstructioriref [JVI).

Anterior Condylar Confluent #ACC%

This venous confluent is located extracraniallyrant of
the aperture of the hypoglossal canal and was destty
Trolard as far bac$ as 1868 (Trolard, 1868n Millan Ruiz
et al.,2002).

The size of the ACC varies from 3 to 5 mm in atesor
view and approximately 2mm in its ventrodorsal egten in
the MR venography imageS#&n Millan Ruizet al.,2002).

The following veins regularly contributed in formg the
ACC (San Millan Ruizet al.,2002) 1) the anterior condylar
vein, 2) one or several branches from the intejngular
vein or its bulb, 3) the lateral condylar vein, siimes
arising from one or several branches from the irakr
jugular vein or its bulb, 4) anastomoses with tRSlat a
variable distance from its termination into the emmal
jugular vein, 5) branches from the internal carcgidery
venous plexus of Re$torzi$, corresponding to Trxar
inferior petrooccipital vein (Trolard, 186&an Millan Ruiz
et al., 2002) found coursing extracranially along the petro-
occipital suture, and 6) branches from the prebeale
venous plexus found on the anterior atlanto-ocaipit
membrane.
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Fi". #5%. The thyroideal veins vicarius shuntft: Exemplificative obstruction of the 13VI bypagd by the thyroid veins. Right: RB
selective venography showing a 95< stenosis of Ithd in corse of CCSVI associated to MS, with cepending vicarious shunt of the

thyroid veins (THYR.V.) toward the superior vena@dSVC).

The numerous anastomoses of the ACC ma$e it aypass stenosies of the distal 1JVs segment coltedhe

crossroad between the cavernous sinus, dural vesiouses
of the posterior fossa, and posterior cervicalloutftrac$s.

blood towards the brachiocephalic trun$ (FHp.

All the major tributaries of the ACC and outflow CONCLUSIONS AND REMARKS

pathways of the cerebral venous system were showiine
phlebographic images.

Ptery"oid Plexus

This venous plexus lies around and partly withie t
lateral pterygoid muscle. Its tributaries corregpaon the
branches of three parts of the maxillary arterhalgh the
area drained is somewhat smaller than that suppigd
artery. ?lood from the periphery of the latter adrainsvia
other routes, such as the facial veins. The ptedygtexus
also communicates with the facial vein through theep
facial vein, with the cavernous sinus by means né or
more emissary veins passing through the foramerte q(zat
the emissary sphenoidal foramen if present) andh wie
inferior ophthalmic vein through the inferior oritfissure.
It drains through the short but wide maxillary vewmhich

runs between the nec$ of the mandible and the sphen

mandibular ligament to unit with the superficiahgoral
vein and form the retromandibular vein. The plerusy be
difficult to find in the cadaver where it is empiyblood but
in the living subject it is fre#uently a prominesttucture.

Cervical Anastomosis: The Thyroid Veins

The superior, middle, and inferior thyroid veirkdrain
their respective lobes. The superior and middledigdyveins
drain into the 1JVs, whereas the inferior thyrokirvdrains
into the brachiocephalic trun$. Such a collateietle has
been seen constantly activated when chronic olgiruof
the IJVs occurred (Zamboret al, 2009a). It permits to

The blood leaves the brain though a very complex

anatomical apparatus, with really high variabilitfhe
present review provides a simplified description the
functional organization of the extra and intracedninain
pathways, as well as of the main extra-intracraaiad/or
extracranial collateral circulation. The $nowledgé the
main collateral pathways is really relevant in anber of
clinical situations, including also the recent dgson of
CCSVI associated to MS. In the latter, substituile
permits to drain blood sufficiently to avoid intranial
hypertension.
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ABBREVIATIONS

ACC L Anterior condylar confluent

ACV L Condylar vein

AVVP L Anterior internal vertebral venous plexus
AZY L Azygous vein

CCSVI L Chronic cerebrospinal venous insufficiency
CNS L Central nervous system

CVS L Cerebrovenous system

13Vs L Internal jugular veins

Hilarescere



Collateral C"rcles "n CC#$%

IPS L Inferior petrosal sinuses

ISS L Inferior sagittal sinus

'‘CV L ‘'ateral condylar vein

MS L Multiple sclerosis

PCV L Posterior condylar vein

SCS L Suboccipital cavernous sinus
SCS L Suboccipital cavernous sinus
SSS L Superior sagittal sinus
VAVP L Vertebral artery venous plexus
VVs L Vertebral veins
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