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Abstract

The brain is about 2% of the body’s weight, 
weighing between 1250 and 1450 g. The heart 
sends 15% of all blood to the brain, and 20% of 
total oxygen is consumed by the brain. Strokes 
occur due to problems with blood supply to the 
brain, and these can include hemorrhage, 
infarction, and transient ischemic attack. The 
emergent and proper management for strokes 
should be performed immediately and can pre-
vent or minimize the otherwise devastating 
consequences. A fundamental concept of ter-
ritories of the brain supplied by cerebral ves-
sels and the functions of these territories is 
essential for effective therapeutic approach to 
stroke. At this point, defining and understand-
ing cerebrovascular anatomy is the cornerstone 
to safe and successful treatment of stroke.

This chapter addresses the basic anatomi-
cal structures, courses, relationships, and 
functions of the cerebral vessels.

2.1 Introduction

The cerebral blood flow is supplied by the inter-
nal carotid arteries (ICAs) and vertebral arteries 
(VAs) [1]. The ICAs take charge of the anterior 
circulation and the VAs take charge of the poste-
rior circulation, sending 80 and 20% of the cere-
bral blood flow. The circle of Willis is an 
anastomotic system of arteries located at the 
base of the brain connecting anteroposterior and
bilateral flows. The right innominate artery, left 
common carotid artery (CCA), and subclavian 
artery originate from the aortic arch. The right 
innominate artery is then divided into right CCA 
and right subclavian artery. The right VA origi-
nates from right subclavian artery and the left 
VA from the left subclavian artery. The CCA
bifurcates to the ICA and the external carotid 
artery (ECA) at the level of the C4 vertebral 
body. Then, the anterior cerebral artery (ACA) 
and middle cerebral artery (MCA) are separated 
from the ICA. After branching of the posterior 
inferior cerebellar artery (PICA) from both VAs, 
the basilar artery (BA) is formed by the union of 
two VAs. As it ascends superiorly, the BA rami-
fies the anterior inferior cerebellar artery 
(AICA) and superior cerebellar artery (SCA), 
and is divided into two posterior cerebral arter-
ies (PCAs).
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2.2  Internal Carotid Artery

The ICA separates from the CCA at the level of 
fourth cervical vertebrae, and passes through 
the carotid canal into the cranium [2]. The diam-
eters of the CCA, carotid bulb, and proximal 
ICA are approximately 7.0  mm, 7.5  mm, and 
4.5  mm, respectively [3]. The ICA penetrates 
the petrous bones, the cavernous sinus, and the 
dura, and finally separates into the ACA and 
MCA.

The ICA segment is divided into seven seg-
ments: cervical, petrous, lacerum, cavernous, cli-
noid, ophthalmic, and communicating segments 
from the bottom (Fig. 2.1).

2.2.1  Segments of the ICA

2.2.1.1  Cervical Segment
The cervical segment of the ICA is the section 
from the CCA bifurcation to the carotid canal of 
the temporal bone. The ICA is initially located at 
the posterolateral portion of the ECA and then 
courses medially to the ECA as it ascends toward 
the carotid canal. The ICA lies anteromedial to 
the internal jugular vein. The glossopharyngeal 
nerve, vagus nerve, accessory nerve, and hypo-
glossal nerve course between the ICA and the 
internal jugular vein [5]. There is no important 
branch arising from this segment.

2.2.1.2  Petrous Segment
The petrous segment of the ICA enters the skull 
base through the carotid canal and courses in the 
petrous temporal bone. This segment subdivides 
into the short vertical segment, genu, and long 
horizontal segment. The sympathetic chain and 
venous plexus surround the petrous segment [6]. 
The caroticotympanic artery and vidian artery 
arise from this segment.

2.2.1.3  Lacerum Segment
The lacerum segment of the ICA is a section from 
the end of the petrous segment to the petrolingual 
ligament (Fig. 2.1).

2.2.1.4  Cavernous Segment
The cavernous segment of the ICA begins from 
the petrolingual ligament and enters the cavernous 
sinus. It consists of the posterior genu, horizon-
tal segment, and anterior genu. The meningohy-
pophyseal trunk, inferolateral trunk, and capsular 
arteries of McConnell arise from the cavernous 
segment of the ICA (Figs. 2.1 and 2.2).

The meningohypophyseal trunk arises from 
the posterior genu of the cavernous segment of 
the ICA. It ramifies three branches including the 
tentorial arteries, inferior hypophyseal artery, and 
lateral clival artery. The tentorial arteries course 
medially and superiorly along the margin of the 
tentorial incisura or run laterally and inferiorly 

A. Bouthillier et al., 1996

C1

C2

C4

C5

C6
C7

C3

Fig. 2.1 The classification scheme of the internal carotid 
artery. C1, cervical; C2, petrous; C3, lacerum; C4, cavern-
ous; C5, clinoid; C6, ophthalmic; and C7, communicating 
segment. Adapted with permission from Essential 
Neurovascular Anatomy, Copyright Springer Nature [4]
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into the tentorium. Near the petrous ridge and 
sigmoid sinus, they connect with the middle 
meningeal artery and dural arteries of the 
 posterior fossa. The inferior hypophyseal artery 
which anastomoses with the superior hypophy-
seal artery and its contralateral flow supplies the 
pituitary gland. The clival artery supplies dura 
covering the clivus and has a connection with the 
ascending pharyngeal artery of the ECA.

The inferolateral trunk that arises from the lat-
eral aspect of the horizontal ICA segment sup-
plies the oculomotor nerve, trochlear nerve, 
gasserian ganglion of the trigeminal nerve, abdu-
cens nerve, dura mater of the cavernous sinus, 
and tentorium. It connects with several branches 
from the ECA including branches of the internal 
maxillary artery and the ascending pharyngeal 
artery.

The capsular arteries of McConnell arise from 
the medial aspect of the cavernous segment of the 
ICA and supplies the pituitary gland irregularly. 
They are too small to be seen during angiography 
in the normal state. Medially directed aneurysms 
of cavernous segments of the ICA can present in 
these arteries. They can penetrate the diaphragm 
sellae and occupy the sellae to cause subarachnoid 
hemorrhage (if ruptured) and hypopituitarism. 
These branches of the cavernous segment serve as 
important collaterals in the ICA occlusion.

2.2.1.5  Clinoidal Segment
The clinoidal segment of the ICA is the section 
from proximal dural ring to distal dural ring. It 
is the shortest section of the ICA. There is no 
branch arising from the clinoidal segment of 
the ICA.

Left Side, From Above

Oph.A.

Capsular Aa. +
Hypophyseal Brs.

(McConnell)

Inf.Hypoph.A.

ClivalA.

From Asc.Phar.A.

Marg.Tent.A.

Bas.Tent.A.

C5 Trunk
(Meningo-Hypophyseal Trunk)

Post.Br.

Infero-Lateral Trunk

From IMA

From IMA

Ant.Br.

Fig. 2.2 The branches 
of cavernous internal 
carotid artery segments. 
Adapted with 
permission from 
Neurology, Copyright 
Wolters Kluwer  
Health [7]

2 Cerebral Vascular Anatomy
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2.2.1.6  Ophthalmic Segment
The ophthalmic segment of the ICA is the section 
from the distal dural ring to the origin of the pos-
terior communicating artery. The ophthalmic 
artery and superior hypophyseal artery arise from 
this section (Fig. 2.1). The ophthalmic artery has 
important branches including the central retinal 
artery, the anterior and posterior ethmoidal arter-
ies, lacrimal branch, recurrent meningeal branch, 
and branches supplying muscles and orbital con-
tent. They may receive collateral flows from the 
ECA when the ICA is occluded [8]. A connection 
between the facial or superficial temporal artery 
and the lacrimal branch can serve as an important 
collateral route. The recurrent meningeal branch 
can collateralize with the middle meningeal 
artery or the inferior lateral trunk of the cavern-
ous segment of ICA.

2.2.1.7  Communicating Segment
The communicating segment of the ICA is a sec-
tion from the origin of the posterior communicat-
ing artery (PCom) to the bifurcation of the 
ICA.  The PCom and anterior choroidal arteries 
(AChA) arise from this section (Fig. 2.1).

The anterior thalamoperforator arteries (the 
most prominent branch of the anterior thalamo-
perforators is called premamillary artery or tuber-
othalamic artery), seven to ten in number, come 
from the superolateral aspect of the middle third 
of the PCom (Fig. 2.3). They supply the anterior 
portion of the thalamus, mammillothalamic tract, 
ventral amygdalofugal pathway, internal medul-
lary lamina, posterior aspect of the optic chiasm, 
the proximal portion of the optic radiations, the 
posterior hypothalamus, and cerebral peduncle 
[9]. Twenty percent of people have fetal-type 
PCom which is a common variant. In individu-
als with fetal type PCom, the P1 segment of the 
PCA is absent or hypoplastic [10, 11]. The AChA 
arises from the posterior wall of the ICA between 
the origin of the PCom and the ICA bifurcation 
(Fig. 2.4). It is divided into two main segments: 
cisternal segment and intraventricular segment. 
The cisternal segment courses posterior medially 
below the optic tract and superomedially below 
the temporal lobe uncus then it turns laterally. 
After it curves around the cerebral peduncle in 

the crural cistern, it continues toward the lateral 
geniculate body. It turns sharply toward the cho-
roidal fissure near the lateral geniculate body, 
and then, it enters the temporal horn through the 
choroidal fissure and the intraventricular segment 
begins. The sharp angle of the AChA at the cho-
roidal fissure is known as the “plexal point.” The 
intraventricular segment continues along the cho-
roidal plexus and curves around the pulvinar of 
the thalamus anteriorly. The AChA supplies the 

Post. choroidal a.
Thalamo-

geniculate branches
Thalamus

Ant. choroidal a.

Striate branches of
middle cerebral a.

Ant. cerebral a.

Middle cerebral a.

Internal carotid a.

Thalamo-perforating
branches

Posterior
cerebral a.

Posterior
communicating a.

Fig. 2.3 Perforating branches of the thalamus. Adapted 
with permission from brainkart@com

Anterior Choroidal artery

Posterior Choroidal artery

Cisternal segment Plexal segment

Basilar ArteryInternal Carotid Artery

Fig. 2.4 The schematic illustration of angiographic fea-
ture of the anterior choroidal artery. ICA internal carotid 
artery, BA basilar artery, and PCoA posterior communicat-
ing artery

H. S. Byoun and G. Hwang
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uncus, piriform cortex, tail of the caudate nucleus, 
hippocampus, amygdala, thalamus, lateral genic-
ulate body, optic tract, genu and posterior limb 
of internal capsule, cerebral peduncle, choroid 
plexus, and subthalamic nucleus. Occlusion of the 
AChA causes clinical symptoms which include 
variable degrees of hemianesthesia, contralateral 
hemiplegia, and hemianopsia with memory loss 
and somnolence [12].

2.2.2  Anatomic Variants of the ICA

Agenesis of the ICA has been reported rarely. 
Unilateral agenesis of the ICA is more common 
than bilateral agenesis. Due to the development 
of the collateral circulations or alternative routes, 
clinical symptoms may not occur. This agenesis 
can be confirmed by absence of the carotid canal.

The aberrant ICA is thought to be associated 
with atresia or regression of the cervical portion 
of the ICA. It usually occurs bilaterally and may 
be misdiagnosed as a middle ear mass on axial 
images. Pseudoaneurysm and severe bleeding 
may occur due to biopsy of the misdiagnosed 
lesion.

2.2.3  Carotid-Basilar Anastomoses

Transient segmental connections between the 
primitive carotid and hindbrain circulations 
including the trigeminal, otic, hypoglossal, and 
proatlantal intersegmental arteries, present dur-
ing development of fatal craniocerebral circula-
tion (Fig. 2.5). These vessels course parallel with 
the cranial nerves and are named according to 
these nerves except for the extracranial proatlan-
tal intersegmental arteries. Normally, these ves-
sels disappear as the PComs develop. However, 
if these vessels are not obliterated and persist 
into adulthood, they are termed carotid-basilar 
anastomoses.

The persistent trigeminal artery is the most 
common of four carotid-basilar anastomoses. It 
arises from the posterior genu of the cavernous 
ICA. It curves laterally and posteriorly around the 
dorsum sella, following the trigeminal nerve 

(parasellar course) or directly posteriorly to pierce 
the dorsum sellae to anastomose with the basilar 
artery (intrasellar course). The persistent trigemi-
nal artery is frequently associated with other vas-
cular abnormalities including aneurysm. The 
primitive otic artery arises from the petrous seg-
ment of the ICA.  It emerges from the internal 
auditory meatus and joins the BA. The persistent 
otic artery is extremely rare. The persistent hypo-
glossal artery, the second most common anasto-
mosis, arises from the cervical segment of the 
ICA at the level of C1 or C2. After that it curves 
posteromedially to the hypoglossal canal and 
passes through the hypoglossal canal to join the 
BA without passing the foramen magnum. In 
cases of persistent hypoglossal artery, the PCom 
is absent and the ipsilateral VA is hypoplastic. The 
proatlantal intersegmental artery arises from ICA 
(type 1) or ECA (type 2) at the level of C2 or C3, 
and runs posterolaterally and superiorly  outside 
of the intervertebral foramen. Then, it passes 
through the foramen magnum and joins the VA.

PCOMM

Trigerminal

Hypoglossal

Proatlantal

Vertebral artery

ICA

Otic

Fig. 2.5 Carotico-basilar anastomoses. Adapted with 
permission from American Journal of Roentgenology, 
Copyright American Roentgen Ray Society [13]

2 Cerebral Vascular Anatomy



T
hi

s 
do

cu
m

en
t 

is
 c

op
yr

ig
ht

 o
f 

th
e 

or
ig

in
al

 p
ub

lis
he

r.
 T

hi
s 

do
cu

m
en

t 
is

 s
tr

ic
tl

y 
pr

iv
at

e,
 c

on
fid

en
ti

al
 a

nd
 p

er
so

na
l t

o 
it

s 
re

ci
pi

en
ts

 a
nd

 s
ho

ul
d 

no
t 

be
 c

op
ie

d,
 d

is
tr

ib
ut

ed
 o

r 
re

pr
od

uc
ed

 in
 w

ho
le

 o
r 

in
 p

ar
t,

 n
or

 p
as

se
d 

to
 a

ny
 t

hi
rd

 p
ar

ty
. This document is 

copyright of the 
original publisher. 
This document is 
strictly private, 
confidential and 
personal to its 
recipients and 
should not be 

copied, distributed or 
reproduced in whole 
or in part, nor passed 

to any third party.

16

2.3  Anterior Cerebral Artery

The ACA supplies the medial aspects of cerebral 
hemisphere, lentiform nucleus, and base of the 
frontal lobe (Fig. 2.6). The ACA is divided into 
three segments [14, 15]:

• A1: precommunicating segment (horizontal)
• A2: postcommunicating segment (vertical)
• A3: distal segment

The A1 segment extends horizontally from the 
ICA bifurcation to the origin of the anterior com-
municating artery (ACom). Divided from the 
ICA, it courses medially toward the interhemi-
spheric fissure over the optic nerve or optic chi-
asm and below the anterior perforated substance.

If the A1 segment is hypoplastic or absent, the 
opposite A1 supplies both ACA territories 
through the ACom. The ACom complex has vari-
ations according to the relative size of the A1 seg-
ment and the ACom. If the diameter of the A1 
segments is 1.5 mm or less, it is defined as hypo-
plastic. The ACom varies in diameter up to 
3.4 mm, in length up to 7 mm. The greater the 
diameter of the ACom, the more asymmetry of 
the A1 segments occurs. Asymmetry of the A1 

segments may affect aneurysm formation in the 
ACom [16, 17].

The A2 segment is the section from the origin 
of the ACom to the junction where the rostrum of 
corpus callosum and genu of corpus callosum 
meet. It courses upward within the interhemi-
spheric fissure, anterior to the lamina terminalis 
and rostrum of corpus callosum.

The A3 segment begins at a point where the 
ACA is divided into the pericallosal artery and 
callosomarginal artery around the genu of corpus 
callosum. The callosomarginal artery courses 
over the cingulate gyrus and within the cingulate 
sulcus posteriorly. The pericallosal artery runs 
posteriorly above the corpus callosum with vari-
ous lengths.

2.3.1  Perforating Branches

The medial lenticulostriate artery arises from the 
A1 segment, runs posterosuperiorly through the 
anterior perforated substance (Fig.  2.7). It sup-
plies anterior hypothalamus, septum pellucidum, 
the medial part of the anterior commissure, the 
pillars of the fornix, and the anterior aspect of the 
striatum [14, 19].

The recurrent artery of Heubners arises from 
the proximal portion of the A2 segment (34–
50%), A1 segment (17–45%), or ACom (5–20%) 
(Fig. 2.7). It runs back on the course of its parent 
vessel. It courses laterally above the A1 and M1 
segments and supplies the head of the caudate 
nucleus, anterior limb of the internal capsule, 
anterior portion of the hypothalamus, and globus 
pallidus. Then, it terminates in the lateral aspect 
of the anterior perforated substance [20].

Inferiorly directed small perforating branches 
from A1, proximal A2, and ACom supply the 
optic chiasm and nerve. Also, perforating 
branches from the ACom are directed toward the 
anterior cingulum, corpus callosum, fornix, and 
septal region. The anterior basal perforating 
branches of the ACom complex supply the 
 hypothalamic region. If these vessels are injured, 
neurologic and psychiatric syndromes will be 
generated [14, 21, 22].

A3

A2

A1

ICA

Corpus Callosum

Fig. 2.6 The segments of anterior cerebral artery. 
Adapted with permission from Essential Neurovascular 
Anatomy, Copyright Springer Nature [4]

H. S. Byoun and G. Hwang
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1

2

3

Fig. 2.7 The areas of origin of the 
recurrent artery of Heubner. Adapted 
with permission from BioMed Research 
International [18]

2 Cerebral Vascular Anatomy
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2.3.2  Cortical Branches

The cortical branches are named according to the 
territory perfused (Fig.  2.8). Normally, cortical 
branches do not arise from the A1 segment. First 
cortical branches arise from the proximal A2 seg-
ment. These vessels supply the orbital surface of 
the frontal lobe (orbitofrontal artery). Second cor-
tical branches also arise from the proximal A2. 
The most prominent branch of these is called the 
frontopolar artery arising below the rostrum or 
genu of corpus callosum and coursing anteriorly 
to the frontal pole. The anterior, middle, and pos-
terior internal frontal artery and precentral arteries 
which are ramified from the callosomarginal 
artery supply the medial surface of the hemi-
sphere above the corpus callosum of frontal and 
precuneus as well as the adjacent convexity. The 
superior and inferior parietal arteries arising from 
the pericallosal artery represents continuation of 
the main ACA trunk supplying the medial surface 
above the corpus callosum of the parietal lobe.

2.3.3  Anomalies of the ACA

The ACA in rare cases arises from the region that 
located a few millimeters above the intradural 
ICA.  In this situation which is called infraoptic 
origin of the ACA, the ACA courses medially 

below the optic nerve and then curves superiorly to 
the AComA. This anomaly is associated with other 
anomalies including aneurysm, agenesis of hypo-
plasia of the A1, and carotid agenesis. Accessory 
ACA arises from the ICA and courses under the 
optic nerve to supply the medial and basal area of 
the frontal lobe. Azygous ACA that is a single 
unpaired ACA is formed due to the embryonic 
median artery of the corpus callosum remaining. It 
is associated with an increased risk of aneurysm or 
other anomalies. Bihemispheric ACA is similar to 
azygous ACA. However, it has one hypoplastic A2 
and the other dominant A2 divides into branches 
that supply both hemispheres.

2.4  Middle Cerebral Artery

After the ACA is separated at the ICA bifurca-
tion, the MCA passes through the sylvian fissure 
and insula, and supplies a wide area on the 
 surface of the cerebrum (Fig. 2.9). The MCA are 
divided into four segments [23–25]:

Fig. 2.8 The distal branches of anterior cerebral artery. 
(1) Orbitofrontal artery; (2) frontopolar artery; (3) anterior 
internal frontal artery; (4) middle internal frontal artery; 
(5) posterior internal frontal artery; (6) paracentral artery; 
(7) superior parietal artery; (8) inferior parietal artery; (9) 
callosomarginal artery; and (10) pericallosal artery. 
Adapted with permission from Essential Neurovascular 
Anatomy, Copyright Springer Nature [4]

M4

M3

M1

M2

Fig. 2.9 The middle cerebral artery. Adapted with per-
mission from Essential Neurovascular Anatomy, 
Copyright Springer Nature [4]
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• M1: horizontal segment
• M2: insular segment
• M3: opercular segment
• M4: cortical segment

The M1 segment is the horizontal section 
from the ICA bifurcation to the limen insulae and 
courses below the anterior perforated substance. 
It is divided into prebifurcation and postbifurca-
tion segments at a point where the MCA is 
divided into superior and inferior divisions. The 
MCA main trunk can be divided into four pat-
terns such as a single trunk with no main divi-
sion, a bifurcation, a trifurcation, or multiple 
trunks. Of these, the bifurcation pattern is the 
most common (up to 90%). Near the limen insu-
lae, the postbifurcation segment curves upward 
in a gentle angle, forming “genu.”

The M2 segment extends from the genu to the 
top of the circular sulcus of the insula. It consists 
of six to eight major stem arteries. In bifurcation 
pattern, superior and inferior division of the M2 
segments course in posterosuperior and postero-
inferior directions at the genu, respectively. The 
M3 segment begins at the top of the insula and 
turn laterally within the sylvian fissure (opercular 
turn). After exiting the sylvian fissure, the M4 
segments become visible on the lateral convexity 
of the hemisphere and they spread to the outer 
part of frontal, parietal, temporal occipital lobe, 
and widely supply the cerebral cortex.

2.4.1  Perforating Branches

The lateral lenticulostriate arteries mainly arise 
from the posterosuperior aspect of the M1 seg-
ment and its remaining vessels arise from the M2 
segment. The lateral group of the lateral lenticu-
lostriate arteries have a slightly larger diameter 
than the medial group. Lateral groups have a 
recurrent curve before entering the anterior per-
forated substance. Lateral lenticulostriate arteries 
make a sharp posterior and medial turn in the cis-
ternal portion from their origin to assume a more 
lateral curve as they enter the anterior perforated 
substance. They supply the lateral aspect of the 
anterior commissure, corona radiata, head and 

body of caudate nucleus, lateral segment of glo-
bus pallidus, putamen, and superior part of inter-
nal capsule [26–28] (Fig. 2.9).

2.4.2  Cortical Branches

The cortical arteries of MCA supply most of the 
lateral surface of the cerebral hemisphere and are 
named according to the territory perfused 
(Fig.  2.10). There are the orbitofrontal artery, 
prefrontal artery, precentral artery, central artery, 
anterior parietal artery, posterior parietal artery, 
and angular artery which supply the upper part of 
the MCA territory based on Sylvian fissure. The 
temporooccipital artery, posterior temporal 
artery, middle temporal artery, anterior temporal 
artery, and temporopolar artery supply the lower 
part of the MCA territory.

The orbitofrontal artery supplies the inferior 
surface of the frontal lobe. The prefrontal artery 
supplies much of the lateral aspect of the frontal 
lobe anterior to the sylvian triangle. The 
 orbitofrontal and prefrontal arteries exhibit the 
fanciful appearance of a candelabra. They usu-
ally supply the Broca speech area, the frontal eye 
fields, and premotor strip on the dominant hemi-

Fig. 2.10 The cortical branches of middle cerebral artery. 
(1) Anterior parietal artery; (2) posterior parietal artery; (3) 
angular artery; (4) temporooccipital artery; (5) posterior 
temporal artery; (6) middle temporal artery; (7) anterior 
temporal artery; (8) temporopolar artery; (9) orbitofrontal 
artery; (10) prefrontal artery; (11) precentral artery; and 
(12) central artery. Adapted with permission from Essential 
Neurovascular Anatomy, Copyright Springer Nature [4]

2 Cerebral Vascular Anatomy
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sphere. The precentral artery courses superiorly 
on the posterior part of the frontal lobe or the 
anterior edge of the parietal operculum. The cen-
tral artery courses posterosuperiorly along the 
central sulcus toward the superior margin of the 
hemisphere. The anterior parietal artery initially 
courses along the postcentral sulcus, then courses 
in the intraparietal sulcus. The posterior parietal 
artery courses posterosuperiorly and shows the 
anterior border of the supramarginal gyrus. The 
angular artery appears at the most posterosupe-
rior portion of the lateral sulcus and crosses 
transverse temporal gyrus (Heschl’s gyrus). The 
temporooccipital artery courses posteriorly to 
supply the superior temporal gyrus and lateral 
surface of the occipital lobe. The posterior tem-
poral artery crosses the superior, middle, and 
inferior gyrus posteroinferiorly to supply the pos-
terior part of the temporal lobe. The medial tem-
poral artery supplies the middle part of the 
temporal lobe. The anterior temporal artery that 
arise from the M1 segment usually supplies the 
lateral aspect of the anterior temporal lobe.

The region named “the watershed zone” occu-
pies the border between the MCA territory and the 
territories of the adjacent cerebral arteries, mean-
ing that it is at the interface of different circula-
tions. This region is vulnerable to ischemic injury 
particularly in the hypo-perfused condition.

2.4.3  Anomalies of the MCA

Accessory M1 arises from the ACA and parallels 
the M1. It is associated with aneurysm formation 
and should be distinguished from other anomalies 
such as duplicated M1 and a large recurrent artery 
of Heubner. Duplicated M1 that arises from ipsi-
lateral ICA runs parallel with ipsilateral M1. It is 
also associated with the aneurysm formation. 
Fenestration of the M1 is rarely found and should 
not be misdiagnosed as an M1 dissection.

2.5  Posterior Cerebral Artery

The BA is divided into the two PCAs at the front 
of midbrain, interpeduncular cistern near dorsum 
sellae or suprasellar cistern below the base of the 
third ventricle (Fig. 2.11).

The PCA consists of four segments:

• P1: precommunicating segment
• P2: ambient segment
• P3: quadrigeminal segment
• P4: calcarine segment

The P1 segment is a section from basilar 
bifurcation to the junction with the PComA. It 
curves around the front of the midbrain in the 
interpeducular cistern and locates above the 
oculomotor nerve. The P2 segment extends 
from the junction with the PComA to the poste-
rior portion of the midbrain between the mid-
brain and the hippocampal gyrus. Above the 
tentorium cerebellum and trochlear nerve, it 
courses parallel to the basal vein of Rosenthal 
and optic tract in the ambient cistern. The P3 
segment curves medially within the perimesen-
cephalic cistern. Both P3 segments approach 
each other behind the colliculi with varying dis-
tances. Then, it courses laterally from the level 
of the quadrigeminal plate to the calcarine fis-
sure. The P4 segment begins at the anterior part 
of the calcarine fissure. It is divided into the 
medial and lateral occipital arteries within the 

Fig. 2.11 The posterior cerebral artery. Adapted with 
permission from Essential Neurovascular Anatomy, 
Copyright Springer Nature [4]

H. S. Byoun and G. Hwang
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calcarine fissure and includes cortical branches 
that arise from the distal PCA [29].

2.5.1  Perforating Branches

The posterior thalamoperforating arteries, up to 
eight in number, arise from the posterior or supe-
rior aspect of the P1 segment (Fig.  2.3). They 
course posteriorsuperiorly and pass through the 
posterior perforated substance, the interpeduncu-
lar fossa, and the medial walls of the cerebral 
peduncles. Usually, the posterior thalamoperfo-
rating arteries arise from both P1 segments. Both 
posterior thalamoperforating arteries may arise 
from one side as a common trunk (the artery of 
Percheron). In this case, if the common trunk is 
occluded, thalamic infarction may occur on both 
sides. The proximal 2–3 mm of the P1 segment 
are most often free of vessels. Therefore, when 
treating aneurysm in this area, the risk of perfo-
rating artery injury is relatively small.

The thalamogeniculate arteries, 2–12 in num-
ber, arise from the posterior or posterosuperior 
aspect of the P2 segment primarily, as well as the 
P3 segment [30].

The posterior thalamoperforating arteries and 
thalamogeniculate arteries together, supply the 
posteromedial aspect of thalamus, subthalamic 
nucleus, the substantia nigra, red nucleus, oculo-
motor and trochlear nuclei, posterior portion of 
the internal capsule, and the cisternal segment of 
the oculomotor nerve [9].

The perpendicular perforating arteries arise 
(up to six in number) from the P1 and P2 seg-
ments. They course directly to the cerebral pedun-
cles and supply the corticospinal and corticobulbar 
tracts, substantia nigra, red nucleus, and tagmen-
tal and cisternal portions of the oculomotor nerve.

2.5.2  Ventricular Branches

The medial posterior choroidal arteries (PChAs) 
arise from the P2 segment primarily, but also the 
P1 segment, or parietooccipital artery. They 
course around the ambient cistern, then curve 

superomedially and run forward to enter the roof 
of the third ventricle. They extend anteriorly 
within the velum interpositum toward the fora-
men of Monro and terminate at the choroid 
plexus of the lateral ventricle. Cisternal branches 
of the medial posterior choroidal arteries supply 
the medial geniculate body, habenula, midbrain, 
pineal gland, posterior thalamus, and tectal plate.

The lateral PChAs, up to nine in number, arise 
from the P2 segment or various cortical branches 
of the PCA. Their origin is more distal than the 
medial PChAs. They pass through the choroidal 
fissure to enter the lateral ventricle posteriorly at 
the level of the atrium. Then, they curve laterally 
around the pulvinar of the thalamus within the 
lateral ventricle. The lateral PChAs anastomoses 
with the medial PChAs and branches of the 
AChA [31].

2.5.3  Cortical Branches

The anterior and posterior temporal arteries arise 
from the P2 segments (Fig.  2.12). The anterior 
temporal artery courses anterolaterally under the 
hippocampal gyrus. The posterior temporal artery 
courses posterolaterally toward the occipital 
lobe. They anastomose with temporal branches 
of the middle cerebral artery and supply the infe-
rior aspect of the temporal lobe. Passing through 
the calcarine fissure, the posterior cerebral artery 
is divided into the medial and lateral occipital 
arteries. The lateral occipital artery is further 
divided into the anterior, middle, and posterior 
inferior temporal arteries supplying the inferior 
surface of the temporal lobe. The medial occipi-
tal artery is divided into the parietooccipital 
artery and the calcarine artery. The parietooccipi-
tal artery, the largest terminal branch of the PCA, 
courses in the parietooccipital sulcus and curves 
laterally to approach the parietooccipital sulcus. 
The calcarine artery runs deep within the 
 calcarine sulcus. It supplies the primary visual 
cortex. The splenial artery arises from the pari-
etooccipital artery or calcarine artery. It anasto-
moses with the branches of the pericallosal artery 
and the medial PChA.

2 Cerebral Vascular Anatomy



T
hi

s 
do

cu
m

en
t 

is
 c

op
yr

ig
ht

 o
f 

th
e 

or
ig

in
al

 p
ub

lis
he

r.
 T

hi
s 

do
cu

m
en

t 
is

 s
tr

ic
tl

y 
pr

iv
at

e,
 c

on
fid

en
ti

al
 a

nd
 p

er
so

na
l t

o 
it

s 
re

ci
pi

en
ts

 a
nd

 s
ho

ul
d 

no
t 

be
 c

op
ie

d,
 d

is
tr

ib
ut

ed
 o

r 
re

pr
od

uc
ed

 in
 w

ho
le

 o
r 

in
 p

ar
t,

 n
or

 p
as

se
d 

to
 a

ny
 t

hi
rd

 p
ar

ty
. This document is 

copyright of the 
original publisher. 
This document is 
strictly private, 
confidential and 
personal to its 
recipients and 
should not be 

copied, distributed or 
reproduced in whole 
or in part, nor passed 

to any third party.

22

2.6  Basilar Artery

Both VAs join and become the BA at the ponto-
medullary junction. The BA is approximately 
32 mm in length and 4 mm in diameter in adults, 
until it is divided into two PCAs in the prepontine 
cistern. It courses along a shallow median groove 
on the pons.

2.6.1  Cerebellar Branches

The SCA arises from proximal portion of the 
basial bifurcation. It is divided into four segments 
including the anterior pontomesencephalic, lateral 
pontomesencephalic, cerebellomesencephalic, 
and cortical segments (Fig.  2.13). The anterior 

pontomesencephalic segment courses below the 
oculomotor nerve between the dorsum sellae and 
the upper brainstem. The lateral pontomesence-
phalic segment begins at the anterolateral margin 
of the brain stem, then it curves around the cere-
bral peduncle posterolaterally below the trochlear 
nerve and above the trigeminal nerve. It is divided 
by the tentorium cerebelli at distal portion to form 
the cerebellomesencephalic segments. It courses 
within the cerebellomesencephalic fissure and is 
divided into two cortical branches (medial and 
lateral). The lateral branch of the SCA supplies 
superolateral aspect of cerebellar hemisphere, 
superior cerebellar peduncle, dentate nucleus, and 
brachium pontis, and the medial branch supplies 
the superomedial aspect of the cerebellar hemi-
sphere, superior aspect of vermis, inferior col-
liculi, and midbrain [33].

The AICA arises from the proximal basilar 
artery and curves laterally, posteriorly, and inferi-
orly around the pons near the abducens nerve. It 
is divided into four segments including the ante-
rior pontine, lateral pontine, flocculopeduncular, 
and cortical segments (Fig.  2.13). The anterior 
pontine segment is located between the clivus 
and the belly of the pons. The lateral pontine seg-

Fig. 2.12 The major branches of posterior artery. (1) 
Posterior communicating artery; (2) hippocampal artery; 
(3) posteromedial choroidal artery; (4) anterior temporal 
artery; (5) middle temporal artery; (6) posterior temporal 
artery; (7) posterolateral choroidal artery; (8) splenial 
artery; (9) parietooccipital artery; and (10) calcarine 
artery. Adapted with permission from Essential 
Neurovascular Anatomy, Copyright Springer Nature [4]
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Fig. 2.13 The schematic illustration of the cerebellar 
arterys. (1) Superior cerebellar artery (SCA); (2) medial 
branch of SCA; (3) lateral branch of SCA; (4) anterior 
inferior cerebellar artery (AICA); (5) posterior inferior 
cerebellar artery (PICA); (6) medial branch of PICA; (7) 
lateral branch of PICA; (8) basilar artery; and (9) vertebral 
artery. Adapted with permission from Vascular Supply 
and Territories of the Cerebellum, Copyright Springer 
Nature [32]
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ment begins at the anterolateral margin of the 
pons and passes through the cerebellopontine 
angle. In this segment, it locates the anteromedial 
portion of the facial nerve and vestibulocochlear 
nerve. The flocculopeduncular segment courses 
above the flocculus and along the middle cerebel-
lar peduncle toward the apex of the cerebellopon-
tine fissure. The cortical segment goes toward the 
petrosal surface of the cerebellum. The AICA 
supplies the anterior inferior aspect of the cere-
bellum, flocculus, middle cerebellar peduncle, 
inferolateral aspect of pons, and superior portion 
of medulla. It terminates near the petrosal sur-
face. The labyrinthine artery that mainly arises 
from the AICA supplies the structures of the 
internal auditory canal including the facial and 
vestibulocochlear nerves [34, 35].

2.6.2  Perforating Branches

Numerous pontine perforating arteries arise from 
the BA within the prepontine cistern. The median 
and paramedian branches arise perpendicularly 
from the posterior wall of the BA and penetrate 
the pons posteriorly to reach to the floor of the 
fourth ventricle. The circumferential branches 
arise from the posterolateral wall of the basilar 
artery and curve around the lateral aspect of the 
pons. They give off many perforating branches 
perpendicularly to the pons and ventrolateral por-
tion of cerebellum [36].

2.7  Vertebral Artery

The VA, which is the first branch of the subcla-
vian artery, is divided into four segments:

• V1: extraosseous segment
• V2: foraminal segment
• V3: extraspinal segment
• V4: intracranial segment

The V1 segment arises from the superior or 
posterior aspect of the subclavian artery and 
courses superoposterioly toward the transverse 
foramen of the C6. The V2 segment runs verti-

cally to the transverse foramen of the second cer-
vical vertebra and passes through laterally 
through the transverse foramen of the C2  in an 
inverted L-shape. Then it turns again superiorly 
to the transverse foramen of the C1. Passing 
through the transverse foramen of the C1, the V3 
segment makes a posteromedial curve around the 
atlantooccipital articulation. Then, it turns 
sharply anteriorly and superiorly to pierce the 
dura. After piercing the dura, the V4 segment 
enters the skull via the foramen magnum and 
each V4 segment joins together at the pontomed-
ullary junction to become the BA.  Usually, the 
left VA is larger in diameter than right one [37].

2.7.1  Intracranial Branches

The PICA is the largest and most important ves-
sel among the VA branches and has the most 
variations. Eighty to ninety percent of the PICA 
arise from the intracranial VA and the others 
arise from the extracranial VA.  The PICA is 
divided into five segments and two loops 
(Fig.  2.13). After separating from the vertebral 
artery, the PICA curves posteriorly around the 
inferior margin of the olive within the medullary 
cistern to be the anterior medullary segment. It 
runs between or above the root of the glossopha-
ryngeal, vagus, and accessory nerves. The lateral 
medullary segment courses between the acces-
sory rootlets. The tonsillomedullary segment 
extends from the level of accessory nerves 
around the caudal half of the tonsil and forms the 
caudal loop. The telovelotonsillar segment 
extends from the midlevel of the tonsil to the exit 
from the cleft located between the tela choroidea 
and inferior medullary velum superiorly and the 
superior pole of the tonsil inferiorly, and forms a 
cranial loop. Then, it terminates upon separating 
into the vermian branch (medial branch) and the 
tonsilohemispheric branch (lateral branch). The 
PICA supplies the lower medulla and the inferior 
aspects of the fourth ventricle, tonsils, vermis, 
and inferolateral cerebellar hemisphere. If terri-
tories of the PICA are occluded, a lateral medul-
lary syndrome or Wallenberg syndrome is 
generated. Numerous medullary perforating 

2 Cerebral Vascular Anatomy
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branches arise from the anterior, lateral, poste-
rior medullary segments. Therefore, medullary 
functions can be spared in case of more distal 
PICA infarctions [38].

The anterior spinal artery arises from the V4 
segment. Each anterior spinal artery courses 
inferomedially to unite with each other. After 
combining, it descends along the anterome-
dian sulcus of the spinal cord. The anterior 
spinal artery gives off small perforating ves-
sels to the anterior aspect of the medulla and 
anterior two thirds of the spinal cord. The 
lateral spinal artery arises from the V4 seg-
ment or posterior inferior cerebellar artery. It 
originates lateral to the medulla, and descends 
anterior to the posterior spinal nerve roots and 
posterior to the dentate ligament. It supplies 
the accessory nerve, the lateral and posterior 
aspects of medulla and spinal cord, and C1–4 
spinal nerves.

2.8  External Carotid Artery

The ECA is anatomically related to many impor-
tant structures of the head and neck. Initially, it 
locates at the anterior and medial portion of the 
ICA. Running cranially, it is in the posterolateral 
portion of the ICA to ramify over the structures 
of the face (Fig. 2.14).

The ECA consists of eight main arteries which 
include the superior thyroid artery, ascending 
pharyngeal artery, lingual artery, facial artery, 
occipital artery, posterior auricular artery, inter-
nal maxillary artery, and superficial temporal 
artery.

2.8.1  Superior Thyroid Artery

The superior thyroid artery is the first branch of 
the ECA.  It courses inferiorly to anastomose 
with the branches of the contralateral superior 
thyroid artery and ipsilateral inferior thyroid 
artery and supplies the thyroid gland, parathy-
roid gland, larynx, and related structures 
(Fig. 2.15).

V4 Dural ring

V3

V2

V1

Fig. 2.14 The vertebral artery. Adapted with permission 
from Essential Neurovascular Anatomy, Copyright 
Springer Nature [4]
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Fig. 2.15 The branches of external carotid artery. (1) 
Superior thyroid artery; (2) ascending pharyngeal artery; 
(3) lingual artery; (4) facial artery; (5) posterior auricular 
artery; (6) maxillary artery; (7) occipital artery; and (8) 
superficial temporal artery. Adapted with permission from 
Essential Neurovascular Anatomy, Copyright Springer 
Nature [4]
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2.8.2  Ascending Pharyngeal Artery

The ascending pharyngeal artery arises from the 
posterior portion of the proximal ECA or arises 
from the cervical segment of the ICA. It occasion-
ally has a common trunk with the occipital artery. 
The ascending pharyngeal artery is divided into 
the pharyngeal trunk, neuromeningeal trunk, infe-
rior tympanic branch, and musculospinal branch.

The pharyngeal trunk consists of the superior, 
middle, and inferior pharyngeal branches, and 
supplies the nasopharynx, oropharynx, and hypo-
pharynx, respectively. The superior pharyngeal 
branch passes through the artery of foramen 
rotundum to anastomose with the inferolateral 
trunk of the ICA.

The neuromeningeal trunk consists of the 
hypoglossal and jugular branches. The hypoglos-
sal branches supply the neural structure of the 
hypoglossal canal and various dural territories of 
the posterior fossa, and have bilateral connections 
between the vertebral artery and the ascending 
pharyngeal artery behind the C2 body (arcade of 
the odontoid process). Furthermore, they form the 
collateral anastomosis with the meningohypophy-
seal artery. The jugular branches enter through the 
jugular foramen and run posterolaterally. It sup-
plies the adjacent dura and sends branches run-
ning along the course of the sigmoid sinus.

The inferior tympanic artery courses between 
the pharyngeal trunk and the neuromeningeal 
trunk. It anastomoses with the stylomastoid 
branch of the occipital artery running with the 
facial nerve, middle meningeal artery, and caroti-
cotympanic branch of the ICA in the middle ear.

The musculospinal branch supplies the acces-
sory nerve, superior sympathetic ganglion, and 
cervical muscle and anastomoses with the verte-
bral artery, ascending cervical artery, and deep 
cervical arteries.

2.8.3  Lingual Artery

The lingual artery is the second branch of the 
ECA coursing anteriorly. It supplies the tongue, 
mouth floor, and suprahyoid area. Ten percent 

of the lingual artery makes a common linguofa-
cial trunk with the facial artery. The facial 
artery and lingual artery achieve hemodynami-
cal balance. Therefore, if one is hypoplastic, 
the other will be prominent to supplement the 
lack of blood flow.

2.8.4  Facial Artery

The facial artery is the third branch moving 
toward the anterior direction that arises from a 
just distal portion to the origin of the lingual 
artery. It courses inferolaterally around the body 
of the mandible. Then, it turns anterosuperiorly 
to supply the face, palate, lip, and cheek. The 
facial artery maintains hemodynamic balance 
with the branches of the ECA such as the 
ascending pharyngeal artery, internal maxillary 
artery, and accessory meningeal artery. Because 
it anastomoses with the branch of the ophthal-
mic artery branch, it can be an important supple-
mentary collateral in case of occlusion of the 
ipsilateral ICA.

2.8.5  Occipital Artery

The occipital artery is one of the posteriorly 
directed branches of the ECA and it courses pos-
terosuperiorly between the occipital bone and C1 
vertebra to supply the extensive musculocutane-
ous structures, meninges, and scalp.

Normally, the occipital artery anastomoses 
with the ipsilateral vertebral artery in the C1 and 
C2 spaces and with the deep cervical artery at the 
C3 and C4 level. Sometimes, there is a connec-
tion between the musculospinal branch of the 
ascending pharyngeal artery.

Among the branches of the occipital artery, 
the stylomastoid artery and transmastoid artery 
are the endocranial branches. As the stylomastoid 
artery supplies the facial nerve and structures in 
the middle ear, caution is needed during emboli-
zation. The transmastoid artery is the source of 
high flow vascular lesions or tumors in the poste-
rior fossa.

2 Cerebral Vascular Anatomy
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2.8.6  Posterior Auricular Artery

The posterior auricular artery courses posteriorly 
and arises from distal portions of the occipital 
artery to supply the superficial structures of the 
outer ear such as the scalp around the ear, ear, and 
external auditory meatus. Sometimes, it ramifies 
the stylomastoid artery that supplies the chorda 
tympani nerve.

2.8.7  Superficial Temporal Artery

The superficial temporal artery is the thermal 
artery that supplies the frontal and parietal areas 
of the scalp, ear, lateral aspect of the orbit and 
parotid gland. Sometimes, it has important anas-
tomoses with the palpebral and lacrimal 
arteries.

2.8.8  Internal Maxillary Artery

The internal maxillary artery is the largest ECA 
branch. It terminates by ramifying numerous 
branches that supply structures deep in the face 
and nose, within the pterygopalatine fossa. The 
middle meningeal artery that arises from the 
proximal portion of the internal maxillary artery 
is the largest branch. It enters the skull via the 
foramen spinosum by curving at a right angle and 
supplying the dura of the frontal, temporal squa-
mous, parietal area and near the sigmoid and 
transverse sinuses. The accessory meningeal 
artery is a small but important branch that arises 
from the middle meningeal artery. It passes 
through the foramen ovale or sphenoid emissary 
foramen to enter the cranial space. It mainly sup-
plies the extracranial structures and additionally 
the trigeminal ganglion, cavernous sinus, and 
adjacent dura near the foramen ovale. It anasto-
moses with the inferolateral trunk of the ICA. The 
sphenopalatine artery passes through the foramen 
spinosum to supply the nose. It is mainly associ-
ated with posterior epistaxis. The distal branches 
of the internal maxillary artery including the 
artery of the foramen rotundum, the vidian artery, 
and the palatovaginal arteries have numerous 

anastomoses with other ECA branches and the 
ICA and its branches.
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