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ANATOMICAL VARIANTS 1T
SYNDROMES OF VASCULAR TERRITORIES T

1 there are no endrteries in brainbut precapillary anastomosease insufficient in cases of
occlusioni brain arteries act amdarteries.

1 extracranial arterieshavestructure belastic or muscular arterieistracranial arterieshave no
external elastic lamindeature of muscular arterieaipd there is no vasa vasorum

Cerebral blood vess@INERVATION:

Motor innervation(mainly to large arteries):
sympatheti¢neurons irsUFERIOR CERVICALganglig T norepinephringneuropeptide Y
parasympatheti¢neurons irsPHENOPALATINEganglig 1 acetylcholineVIP, PHM-27.
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Sensory innervatio(to more distal arteries); neuronsTRIGEMINAL gangliai contain
substancd>, neurokinin ACGPR
Touching / pulling on cerebral vessels causes pain!

AORTIC ARCH

BRANCHING PATTERNS

The most commof &0-80%) aortic arch branching pattern:

Right Left
Carotid a. Carotid a.

Right \ Left
| / Vertebral a.

Vertebral a.

Right Subclavian a.

Subclavian a.

Innominate a.

©MAYO
2005

The second most common pattétB8%; 25% blacks,8% whites)- erroneously e f er r ed t o
a r c-lcammon originfor innominate and lef€CA:
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Right Left
Carotida.  Carotid a.
Right / Left
Vertebral a. / | Vertebral a.

Left
Right Subclavian a.

Subclavian a.

Innominate a.

©MAYO
2005

The third most common pattef®o; 10% blacks, 36 whites)- also erroneously referred to as
Aibovi n eleftatCCAginates from innominate artery

Right Left
Carotid a. Carotid a.
Righ Left
ght /
Vertebral a. o Vertebral a.

Left

Right Subclavian a.

Subclavian a.

Innominate a.

©MAYO
2005

For bovine arch vessels, one needs Sims catheter to cannulate innominate artery due to acute ang

The left CCA and left SCA share common origin (a "left brachioceptrai&’) in 1-2%.
The left VA originates directly from the A&t the leftSCA-in 0. 5 1% of cases.
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True bovine archfound in cattle single great vessébrachiocephalic trur)koriginates from aortic
archandsplits into bilateral subclavian arteries and bicarotid trunk

Right Left
Carotid a. / Carotid a.
Left

Right W

Vertebral a.
Vertebral a.—— /

Left

Right Subclavian a.

Subclavian a.

Bicarotid
trunk

Brachiocephalic
trunk

©MAYO
2005

For type IHII arches, one needmgledSims catheter to cannulate innominate artery due to acute
angle.
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Classic Bovine Direct Vert 1 Direct Vert 2

LR
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Aberrant Right Subclavian Vert origin from Right-sided arch, left
+ Carotid Vert Origin Supreme Intercostal sided heart

LLET]

-4 = S ’ v 3

Aberrant Right Subclavian

The most common congenital arch anorsdgn in 0.51.0% of casess aberrant right subclavian.
Here the right SCA is lastot firstbranch to arise from the AA. Occasionally the aberrant right SCA
arises from alilated,diverticulumlike structure (Kommerell diverticulum).

An aberrant right SCA is not associated with congenital heart disease.

Other important anomalies include a right AA with minmiage branching, which is strongly
associated witleyanotic congnital heart disease (98% prevalence).

Two anomalies thatra rarely associatedith congenital headiseas include a right AA with

aberrant left SCA and a double aortic arch (DAA). In a DAA, each arch gseds a ventral carotid
and a dorsal subalan artery (symmetric "fouartery” sign)

CERVICAL CAROTIDS
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COMMON CAROTID ARTERY (CCA)

right CCAis first main branch oinnominate artery (brachiocephalic trunk).
left CCA is second main branch abrtic arch

CCA runs withinfascial planecarotid sheath, lateral t@rtebral column.
CCA bifurcates at G3 or C45 level (upper level of thyroid cartilage).

= =4 -4 A

EXTERNAL CAROTID ARTERY (ECA)

- supplesmostextracranial head and neck structurggxceptorbits) + important contribution to
supply ofmeninges$

Branchegin order)i SAL FOP MS
Superior thyroid
Ascending pharyngeal
Lingual

Facial

Occipital

Posterior auricular
Maxillary

Superficial temporal

ONOOAWNE

Anterior deep lemporal a.
Posterior deep temporal a.

Infraorbital a.

Supenior alveolar aa.

Superticlal temporal a.
Middle meningeal a.

A
Maxillary a. —=x—

Postarior auricular a.
Inferior alveolar a.
Occipital a,

Facial a.

Buccal a.

Exlerm;l carotid a.
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temposal
Accessory meningeal Deep tempora

Middie meningeal

Sphenopalatine

Anleror

lympanic Infraorbital
Posterior superior
Deep alveolar
auricular
Superficial

Descending
palatine

Buccal

temparal artery Maxillary

External carotid

Inferior alveolar

A \ R
Pterygoid

Masseter

Maxillary artery
Inferior alveolar artery

Mandibular toramen
Mental artery
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(e.g. proximal branchegetrous branch, sphenoid brarahovemicrocatheter more distally
beforeembolizingMMA).

Meningophthalmic Artery - complete MMA supply of orbit, including central retinal artery

Source of picture: Neuroangio.org >>

MMA origin from ophthalmic - inability to use MMA for embolization without catheterizing
ophthalmic arteryrisk of blindness).

SUBCLAVIAN ARTERY

Branchegin order):
1. Vertebral
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2. Thyrocervical trunk
3. Internal thoracic (mammary)
4. Costocervical trunk
5. Descending scapular
1 continues as axillary artery

Left vertebral artery

Right vertebral artery

Thyrocervical trunk Left common
carotid artery

Right common

carotid artery Left subcl:r\:l:rr;

Right

subclavian Internal

atery thoracic

artery
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Left common carotid artery

/ Costocervical artery

Thyrocervical trunk

Right common carotid artery

Vertebral artery

/

Right subclavian artery Left subclavian artery

N\

Innominate artery Internal thoracic artery

Aortic arch

Ascending cervical

Inferior thyroid
Common carotid artery

ertebral
Transvi ervical
Thyrocervial trunk
Suprascapular

Costocervical trunk

Subclavian

Internal thoracic
xillary artery
Brachiocephalic trunk ay
1st rib

Lateral view of right side

ANTERIOR circulation (INTERNAL CAROTID systen)

INTERNAL C AROTID ARTERY (ICA)

9 prasidedauoA. CAROTIS COMMUNISCz4a u k ¢ (cart. teyroideav i r gut i ,Bicnsbelkw a g
angle of mandible a CCA bifurcation,ICA lies usually(90%)posterior and lateral t&CA.
*may be as rostral as Gr as caudal as2T
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1
1

)l

carotid bulb (mostproximalaspect of cervical ICA- prominentfocal dilatation with a cross
sectional area nearly twi@es large as that of the dist&lA.

dipstreamdrom CCA strike CCA bifurcatiomnddivide - approximately 30% of flow passingto
ECA; majority of flow enters the anterigrart of proximal ICA.

o smaller slpstream actually reverses direction in kb, temporarily slowing and
stagnating before reestablishingrmal antgrade laminar flow wit the central
slipstream.

endsin middle cranial fossa (imallecular regior) whenA. CEREBRI ANT. branches offICA
continuationi’ A. CEREBRI MEDIA

Divided into four parts relationship with cranial nervek see

1.
2.

CERVICAL PART T has no branches

PETROUS PART (osseusgarotid canalY ¢ o u r sf@asnentaserum) i branches
CAROTICOTYMPANIC arteriesY tympanic cavity

CAVERNOUS PART (liesin cavernous sinygd course almost horizontalext to medial wall of
cavernous sinus; branches

1) MENINGOHYPOPHYSEAL TRUNK

2) INFEROLATERAL TRUNK

3) MCCONNELL'S CAPSULAR arteries

CEREBRAL (S.SUPRACLINOID ) PART (piercesbURA MATER[ICA was extradural until noly medial
to anterior clinoid process branchegOSPA):
1) OpHTHALMIC artery(arises atevel ofanterior clinoid process$raverse®ptic canal Y
orbita, CN2, eyeballetc
Numerous anastomoskstweerinternal andexternal carotid arteries
involve ophthalmic arterymost important facial arteryandsuperficial
temporal artery- anastomose witbupratrochlearranches of
ophthalmic artery
2) SUPERIOR HYPOPHYSEAlartery(usually as several vessels) median eminence
3) PComA
4) ANTERIORCHOROIDAL artery
5) ICA terminus divideglateral tooptic chiasmjnto ACA andMCA

\ ACar ot i d=caveERNbtUspardb+CEREBRAL part
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Sk 5 Ao — pHtecg pont =

ACA ; MCA

A. CHORDIDEA ANT.

PCowm A

A HYPOPHYWEALLS
INFERIOR

A.OPUTHALMICA

A HYPOPHYVEALIS JUP

A .CAPSULARIS

{

4. CAVERNOIA
INF -

ps ot

Surgically ICA has 7 part€C5 is between dural distal and proximal rings)



http://www.neurosurgeryresident.net/

\\/ll(mn’s Notes BLooD SuppLY OF BRAIN (ARTERIES) A205 (15)

Anterior cerebral a. Middle cerebral a.

Choroidal segment

Communicating segment

Ophth. a. Ophthalmic
segment

OPHTHALMIC ARTERY

Typical lateral ophthalmic artery injectiochoroid blush is welseen; impossible to say which is
central retinal artery (CRA):

cross eye stereo pair cross eye stereo pair

Source of picture: Neuroangio.org >>
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Excellent view of CRA (note typical over the optierve angle of the artery)
.

Source of picture: Neuroangio.org >>

M CCONNELL 'S CAPSULAR ARTERIES

(first described in 1953 medial branches of cavernolA:

1) anterior capsular artery - originates from th@nteromedial aspeatf the angrior loop of the
cavernous ICAreaches the suprasellar sgaogortant role in the vascularization of
tuberculum sellae meningiomas

2) inferior capsularartery - originates from thénferomedial aspecof the cavernoukCA, at its
horizontal portionyeaches the floor and anterior wall of the sella where it anastomoses to
branches of the inferior hypophyseal artery

9 importance in the surgical treatment of tuberoukellae and planum sphenoidale tumors through
anendoscopiendonasahpproach.
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SUPERIOR HYPOPHYSEAL ARTERY
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v - > ) Y o
v 1 & . : [ 9 ’ -
b -

KLl

-

1 originates from proximal cavernous ICA

1 may come off as single trunk or collection of vessels.
1

1

supplies: pituitary, portions of clivus, CN Il IV, V, and VI, tentorium cerebelli and adjacent dura.
brancheof MHT (A): Variation is the rule!!!
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ke

4 'i g - i ‘J {5

B. LATERAL TENTORIAL artery- along lateral edge of tentorium; in hemodynamic balance with
petrosquamosdranches (L) of MMA and Occipital Artery (O)
C. MARGINAL TENTORIAL artery(s. BERNASCONFCASSINARI artery) - along free edge of tentorium;
feeds tentorial notch meningiomas.
D. INFERIOR HYPOPHYSEALartery, branching into:
E: Hypophyseal branchéé post eri or and parts of ant
F: Inferior clival branch descending along dorsum sella where it is in hemodynamic
balance with ascending clival braches (K) of Ascending Pharyngeal
G. LATERAL CLIVAL artery- branching into:
H: Lateralbranch- runs alongside Superior Petrosal Sinus
I: Medial branch- runs alongside Inferior Petrosal Sinus and is in balance with Jugular
branches (J) of Ascending Pharyngeal
Checkered vessel connecting MHT withsilar Artery(P) isTrigeminal Artery
Middle Merningeal Artery(M)
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Artery of foramen rotundum
Acc. meningeal a. fo ILT

MMA recurrent br. (to lacrimal a.)
Anterior falcine br. of ophthalmic a.

Recurrent ophthalmic branch
Ophthalmic a. Fronto-orbital branch
ICA anterior genu
MMA anterior division (frontoparietal)
Inferolateral trunk (ILT) Vidian a., MMA cavernous br. (to ILT)
Meningohypophyseal trunk (MHT) MMA in foramen spinosum
Basal tentorial a. MMA posterior division (squamosal br.)
Marginal tenforial a MMA br. to genticulate facial n.
(Bemasconi-Cassinari) MMA petrous branch
Clival a. Jnr»gjla: brelmch of ascending
eal a.
R vertebral a. P
: Transmastoid occipital a.
P la.
sl e Hypoglossal branch of ascending
pharyngeal a.

Post. meningeal br. ascending
pharyngeal a.

Post. transosseous br. occipital a.

s Ophthalmic
Supraclinoid Division (V1) of
ICA Segment | Trigeminal Nerve
Afitil
Mc(éonnell's CH:\%riIg i
apsular P
RSN -
A\ £ ' — Oculomotor
Nerve (entering
Cavernous Superior Orbital
Sinus ICA Fissure)
Segment — Maxillary
Division (V;) of
Trigeminal Nerve
Artery to the
Inferior
Cavefsnigﬂz ‘ — Mandibular
Division (V3) of

Trigeminal Nerve

Direct ICA
origin of
Tentorial \ Dorello's
Artery \ Canal
‘\ Abducens Nerve
\
\
Y Free Edge of
\ » Tentorium
\ »7,° Cerebell

-
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Arteries

pca

A. Chor/

Ophthalmic —> T PCOM Aapes /

T— N\ / fOphthaImic
MHT

MHT

ILT

ILT T inferolateral trunk Source of picture: Neuroangio.org >>

Ophthalmic ostium (red arrow), anterior clinoid, sphenoid sinus. Proximal ring (yellow line) extends from
clinoid undersurface to medial ICA wall, distal ring (purple line) comes off clinoid roof; carotid cave (pink
triangle)is a small potential space under distal dural ring.
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Anterior Clinoid ‘ _ ‘-‘Anterior
afh: ‘ )Clinoid:

sphenoid
Jsinus

Inferior hypophyseaartery:

Anterior pituitary |
blush ™ ‘
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Red= inferior hypophyseal, white=pituitary blush; purple = marginal tentorial, blue = ILT; purple = ?
rotundum branch; orange = ? ovale branch

Source of picture: Neuroangio.org >>

Carotid web (white arrow) with contrast stagnation in late arterial phddadk arrow):
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W preuraangio.ors
RT CCA

Source of picture: Neuroangio.org >>

POSTERIOR circulation (VERTEBROBASILAR
systen)

-supplies &8 20% of total brain.
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Audeniot cerebral Mqlf/y (Aca)

Awdtricd cowm mwa;&uz,(:;ﬁz.}

N Mo(acée a’p

(McA)
lwhtrnal  canodic
(ica)

Po J"U\AOE oM wwwu\ a,

W‘H’(PC-O\M ﬁ)

Poshthict cxrebaal
( PcA)

Ak Basdask M(VV (ea)
Postnicr infericrt cenchellan La.évrim('&iue awkv
i L kbl s (1)

Aunderict f/ww( “”H"?
pasfeniot %Mj W?
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Ant. cerebral a.

Ant. communicating a.

Middle cerebral a.

Striate aa.

Post. cerebral a.
Trochlear nerve

Labyrinthine a.

Choroid plexus
in lateral aperture
of IL ventricle

Vertebral a.

Ant. spinal a.

FIGURE 15-9. Ventral aspect
of the brain stem and cere-
brum with the arteries in
place. ACA = anterior cere-
bral artery; AICA = anterior
inferior cerebellar artery;
AComA = anterior communi-
cating artery; BA = basilar
artery; IAA = internal auditory
artery; ICA = internal carotid
artery; MCA = middle cere-
bral artery; PCA = posterior
cerebral artery; PICA = poste-
rior inferior cerebellar artery;
PComA = posterior commu-
nicating artery; SCA = supe-
rior cerebellar artery;

VA = vertebral artery;

VSA = ventral spinal artery.
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Vessels Structures
Medial striate artery.

Anterior communicating artery

Olfactory tract

Anterior cerebral artery { ﬁ

Optic chiasm
Optic nerve
Fosterior communicating artery

Ophthalamic artery

Anterior and polar Internal carotid artery.
tempaoral arteries Uncal artery

Anterior perforated substance

Middle cersbral | Y :
artery @8 .0 \ : | X )
M1 . e, N Y
M2 _ = : - Optic tract
i = Mammillary body
Infundibulum

Lenticulostriate areries
Anterior choroidal artery B
Posterior cerebral artery {PE

Crus cerebri

Oculomotor nerve (111}

Posterior choroidal arteries Trochlear nerve (IV)

Quadrigeminal artery Basilar pons

Superior cerebellar artery Trigeminal nerve (V)

Abducens nerve (V1)

Facial nerve (V)
Middle cerebellar
peduncle

Pontine arteries

Basilar artery

Vestibulocochlear
nerve (VI

Choroid plexus
Glossopharyngeal nerve (1X)
Vagus nerve (X)

Anterior inferior
cerebellar artery

Labyrinthine artery

Accessory nerve (XI)

Posterior inferior

cerebellar artery Hypoglossal nerve (XII)

Olive (inferior);

Posterior spinal artery olivary eminence

Vertebral artery it

Cerebellum
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Fornix

Choroid plexus, third ventricle

Optic tract Posterior choroidal arteries

e >
o ST
-— ; ( ‘c"

Thalamogeniculate artery ¥ i "

-

e Lateral geniculate body

Posterior cerebral artery

Mammillary body
Quadrigeminal artery

Medial geniculate body

Superior colliculus
Posterior communicating
artery

Internal carotid artery

Crus cerebn

- Brachium of inferior colliculus

Oculomotor nerve Inferior colliculus

Superior cerebellar artery Trochlear nerve
Trigeminal nerve
Motor root
Sensory root Superior cerebellar peduncle
Anterior medullary velum
Basilar artery

Middle cerebellar peduncle

Vestibulocochlear nerve
Facial nerve

Anterior inferior
cerebellar artery

Labyrinthine artery
Posterior inferior
Abducens nerve cerobiellac artery
Glossopharyngeal nerve Choroid plexus
Vagus nerve fourth ventricle
Hypoglossal nerve Restiform body
Accessory nerve Cuneate tubercle
sz et Gracile tubercle
Posterior inferior cerebellar artery
Posterior spinal artery

Anterior spinal artery e T
e artery
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Vessels Structures
Choroid plexus, third ventricle

| [ Pineal
f i Habenula

| i Brachium of superior colliculus
Thalamogeniculate arteries —— | / Medial thalamus pe

’I Superior Lateral thalamus
colliculus e Pulvinar nucleus

Internal capsule

Choroid plexus,
a2y lateral ventricle

]

— 1 K3,

Medial
and lateral
posterior choroidal arteries L

Quadrigeminal artery

Lateral geniculate body

Medial geniculate body
Brachium of inferior colliculus

Superior cerebellar artery:

Medial branch
Lateral branch

Crus cerebri

Trochlear narve (IV)

Inferior colliculus
Superior cerebellar peduncle
Anterior medullary velum

Facial colliculus

Vestibular area
Inferior cerebellar peduncle

Middle cersbellar peduncle

Choroid plexus, fourth ventricle
Hypoglossal trigone

Anterior inferior ——

cerebellar artery Glossopharyngeal nerve (IX)

Vagal nerve (X)

Accessory nerve (X1)

Restiform body
Vagal trigone

Posterior inferior
cerebellar artery

Trigeminal tubercle (tuberculum cinereum}
Cuneate tubercle

Posterior spinal artery Gracile tubercle

Gracile fasciculus

Cuneate fasciculus
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Septum pellucidum
DA Parletooccipital ) Branches of

Corpus callosum : right posterior
Calcarine ) cerebral artery
Anterior l
cerebral arteries

Longitudinal =
cerebral
fissure

Superior
colliculi

Superior

vermian
Optic nerve (Il branch
Ophthalmic artery Posterior medial
horoidal artery
Anterior < ;
to choroid plexus
cerebral artery of 3rd ventricle
Middle
cerebral artery gg;t:;ilga'l I:::;?;
Posterior

communicating artery Lateral (marginal) branch

Thalamoperforating arteries Sifafioeveniaantery
Left internal carotid artery (phantom)
Basilar artery Choroldal branch to 4th ventricle
(phantom} and

Cerebellar tonsillar branch

of posterior inferior cerebellar artery

Pontine arteries
Labyrinthine (internal acoustic) artery

Posterior cerebral artery Outline of 4th ventricle ( braken line)

Superior cerebellar artery Posterior meningeal branch of vertebral artery

Anterior inferior cerebellar artery (AICA)
Anterior meningeal branch of vertebral artery

Posterior inferlor cerebellar artery (PICA)

Left posterior spinal artery
Left vertebral artery % lrj

Temporal branches of posterior cerebral artery

Antariar cninal artary

VERTEBRAL ARTERY (VA)

Trochlear nerve (CN 1V)

Trigeminal nerve (CN V)

Vestibulocochlear

Facial nerve (CN VII)
nerve (CN VIII)

Glossopharyngeal
nerve (CN 1X)

Vagus nerve (CN X)

Lateral recess

Accessory nerve (CN XI)

Cranial
Spinal Roots
Jugular process

Atlanto-occipital joint

Denticulate ligament
Rectus capitis lateralis

1st cervical nerve,

dorsal ramus Transverse process of atlas

e Intertransversarius
Atlantoaxial joint

Vertebral artery
i,

2nd cervical | Ventral ramus
nerve Spinal ganglion

Dorsal ramus of C2
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Skull base

Foursegments
V1 segment(prevertebral) - from VA origin (atsubclavian arteryless often directly from aortic arch,

even less often from supreme intercostal ajtergntry intocostotransverse foramen of.C
V2 segment- within transverse foramin@z-s;

1 givesRR. SPINALES(transverse segmental arteries)route- makeanastomosewsith occipital
artery, deep cervical artergscending cervical arteries, thyrocervical artesiegny other
arteryin the neck (e.g. ascending pharyngeal, contralateral VA)!

V3 segment- tortuous course betweén to suboccipital triangle between atlas and occiput, where it is
covered by atlantoccipital membrane.

1 makes complicated 90° turn at atigsortion of VA that loops behindtlantoaxial joint is prone
to mechanical atuma, and head rotation@0° may cause narrowingf ipsilateralVA.

i piercesMEMBRANA ATLANTOOCCIPITALIS POSANADURA MATER gets inside thekull through
foramen magnum

V4 segment- intracranial portior(after VA has piercediura mateto enter foramen magnym
i travels on anterolateral surfaceneédulla oblongata
i branches
1) paramedian arteri#g small, numerous
2) POSTERIOR SPINALarterie$
3) ANTERIOR SPINALartery* 1 solitary (formed by anastomosis of tvimwanches of vertebral
arteries)
4) POSTERIOR INFERIOR CEREBELLARItery(PICA)* i largestoranchY | at er a | me
posteranferior surface of cerebellum
5) atpontomeduhry junction, botmA. VERTEBRALESconverge int@ASILAR artery,
*feedmedulla oblongata
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Normal variations
1 vertebral arteries are commonly unequadize

i left VA OrightVAin& 7 &as86s

T when one ofrteries is very small, it frequently supplies oiplsilateralPICA

territory (calledfiPICA termination ofvertebral artery .)
1 V1 coursevariations mostcommonly, at C7, VA is anterior to the foramen and is located 1.7 cm
anterior to the posterior cortex of the vertebral body and 1.8 cm lateral from the midline.

1 V2 coursevariations

0 vertebral artery most frequently enters the foramen at G898a), hovever, there can be
variations: 3.856.4% enter C7 foramen, 6% enter at C5, and < 1.4% enter abdgergé
experts say, it is deep cervical artery joining aplastic vertebral artery).

0 asVA ascends cephalad, the transverse foramen moves from a more anterior and lateral
position to a mor@osterior and medial position:

0 interforaminal distancesdecrease from an average of 29 mm at C6 to 26 mm at C3, and
the distance between the posteriorlwéthe foramen to the posterior wall of the vertebral
body decreases from 3.5 mm at C6 to 2.2 mm at C3

0 running medially to/A in the transverse foramen iz@nousandnervous plexus
consisting ofl-3 veins and sympaétic nervesandfibrous tissueomects these struces
to the uncinate process.

0 up to 7% of the time there may belaplicate foramen- artery runs in the more medial
foramen
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o0 left foramen is often slightly larger, as the left vertebral artery i€rnommonly the
dominantvessel.

o0 while the transverse foramen is most often located lateral to the uncovertebral joint, there
a 2.7% risk of a tortuousr anomalous vertebral arteryn these cases, the foramen is
located on average 0.14 mmaiied to the uncovertebral jointgp. in RA patientsi
medialization is most common at mid vertebral body levisk of injury in corpectomies

V2 anastomoses:

Source of picture: Neuroangio.org >>
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