1. Essential Neurovascular Anatomy

1.1. Aortic Arch and Great Vessels

Aortic arch anatomy is pertinent to neuroangiography because variations of arch
anatomy can affect access to the cervicocranial circulation:
1) Branches

a) Innominate (aka brachiocephalic) artery

b) Left common carotid artery

c) Left subclavian artery

2) Variants (Fig. 1.1):

a) Bovine arch (Figs. 1.1b and 1.2). The innominate artery and left common
carotid artery (CCA) share a common origin (up to 27% of cases), or the
left CCA arises from the innominate artery (7% of cases).! The bovine
variant is more common in blacks (10-25%) than whites (5-8%).?

b) Aberrant right subclavian artery. The right subclavian artery arises
from the left aortic arch, distal to the origin of the left subclavian artery.
It usually passes posterior to the esophagus on its way to the right upper
extremity. This is the most common congenital arch anomaly; incidence:
0.4 — 2.0%.? It is associated with Down syndrome.

¢) Origin of the left vertebral artery from the arch is seen in 0.5% of cases.!
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Fig. 1.1 Common aortic arch configurations. Clockwise from upper left. (a) Normal arch;

(b) bovine arch; (c) aberrant right subclavian artery, and (d) origin of the left vertebral
artery from the arch.
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Fig. 1.2 What exactly is a “bovine arch?” Drawing of an arch from a cow. In cattle,
a single great vessel originates from the aortic arch?®. Presumably, the long
brachiocephalic artery is due to the relatively long distance from the aorta to the
thoracic inlet in cattle. Because humans do not have a true “bovine arch,” Layton
and colleagues proposed that the more precise term, “Common-Origin-of-the-
Innominate-Artery-and-Left-Common-Carotid-Artery” and “Origin-of-the-Left-
Common-Carotid-Artery-from-the-Innominate-Artery” supplant the term bovine
arch?7, This is akin to proposing that the universally understood term, “p-comm
aneurysm” be replaced by the more accurate “aneurysm-arising-from-the-internal-
carotid-artery-adjacent-to-the-origin-of-the-posterior-communicating-artery.” The
authors of this handbook will continue to use the well understood but anatomically
imprecise terms, bovine arch and p-comm aneurysm.

d) Less common variants (Fig. 1.3). Some of these rare anomalies can lead
to formation of a vascular ring in which the trachea and esophagus are
encircled by connecting segments of the aortic arch and its branches.

3) Effects of aging and atherosclerosis on the aortic arch and great vessels. The
aortic arch and great vessels become elongated and tortuous with age (Fig. 1.4);
this can have practical implications for neurointervention in the elderly, as a
tortuous vessel can be difficult to negotiate with wires and catheters. Although
atherosclerosis has been implicated in the etiology of this phenomenon, more
recent data suggest that the cervical internal carotid artery (ICA) may undergo
metaplastic transformation, in which elastic and muscular tissue in the artery
wall 1s replaced by loose connective tissue.*

The most common subclavian artery configuration is shown in Fig. 1.5. Major branches
are:

e Vertebral artery

e  Thyrocervical trunk

— Inferior thyroid artery

— Ascending cervical artery (most commonly a branch of transverse
cervical)

— Transverse cervical artery

— Suprascapular artery

e Costocervical trunk

— Deep cervical artery

— Superior or supreme intercostal artery

e Dorsal scapular artery (may also arise from transverse cervical)®

e Internal thoracic (mammary) artery
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Fig. 1.3 Selected aortic arch anomalies. (a) Double aortic arch. The arches encircle the
trachea and esophagus to form the descending aorta, which is usually on the left. The
right arch is larger than the leftin up to 75% of cases. (b) Double aortic arch with left

arch atresia. (¢) Right aortic arch with a mirror configuration. The descending aorta is on

the right side of the heart. This anomaly does not form a vascular ring, but is associated
with other anomalies such as tetralogy of Fallot'. (d) Right aortic arch with a nonmirror
configuration and an aberrant left subclavian artery. The descending aorta is on the right
side of the heart, and the left subclavian artery arises from the proximal aorta. A common
cause of a symptomatic vascular ring?®. (e) Bi-innominate artery.
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Fig. 1.4 Aortic arch elongation classification scheme.

1.2. Common Carotid Arteries

The CCAs travel within the carotid sheath, which also contains the internal jugu-
lar vein and the vagus nerve. The right CCA is usually shorter than the left. The CCAs
typically bifurcate at the C3 or C4 level (upper border of the thyroid cartilage), although
the bifurcation may be located anywhere between T2 and C2.¢ The CCAs do not usually
have branches, although anomalous branches can include the superior thyroid, ascend-
ing pharyngeal, or occipital arteries.!
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Fig. 1.5 Subclavian artery. (1) Vertebral artery; (2) inferior thyroid artery; (3) ascending
cervical artery; (4) transverse cervical artery; (5) Suprascapular artery; (6) deep cervical
artery; (7) supreme intercostal artery; (8) dorsal scapular artery; (9) internal mammary artery.

Fig. 1.6 External carotid artery. (7) Superior thyroid artery; (2) ascending pharyngeal
artery; (3) lingual artery; (4) facial artery; (5) posterior auricular artery; (6) internal
maxillary artery; (7) occipital artery; (8) superficial temporal artery.

1.3. External Carotid Artery

The external carotid artery (ECA) originates at the common carotid bifurca-
tion. From its origin, the ECA usually curves forward medial to the internal
carotid, then immediately begins a cephalad ascent, curving laterally and slightly
posteriorly until it ends behind the mandible in its terminal bifurcation into the
internal maxillary and superficial temporal arteries.” Thus, on a frontal radio-
graphic view, the external carotid begins medially and swings cephalad and later-
ally, and on a lateral view it begins anteriorly and then ascends, angling slightly
posteriorly.
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Mnemonic for the external carotid
Branches
After reading this book .
Some Angry Linguists Fmd Our Paragraphs
Somewhat Irritating
Superior thyroid
Ascending pharyngeal
Lingual
Facial
Occipital
Posterior auricular
Superficial temporal
Internal maxillary
More amusing and off-color mnemonics are available to assist the novice in remem-
bering these branches. If the readers’ imaginations fail them, the authors would be
more than happy to supply additional memory aids for this purpose.

=

Branches

There are eight major branches of the ECA (Fig. 1.6). Commonly, the branches

are listed in order by their point of origin from proximal to distal.

Superior thyroid artery

Ascending pharyngeal artery

Lingual artery

Facial artery

Occipital artery

Posterior auricular artery

Superficial temporal artery

Internal maxillary artery

Occasmnally these branches arise from the ECA trunk. The ventral group arises ante-

riorly from the ECA and the dorsal group of branches arises posteriorly from the ECA.

Therefore, grouping the ECA branches based on their ventral or dorsal axis is more

useful and more consistent.

Ventral external carotid branches:

e Superior thyroid artery

e Lingual artery

e Facial artery

e Internal maxillary artery
Dorsal external carotid branches

e Ascending pharyngeal artery

Occipital artery

Posterior auricular artery

Superficial temporal artery

Territories

The ECA supplies much of the soft tissue and bony structures of the head and

face, the deep structures of the upper aero-digestive tract, and much of the dura

of the intracranial compartment. Numerous anastamoses are present between

ECA branches and the branches of the internal carotid and vertebral arteries.

These anastamoses provide collateral flow to the vascular territories distal to a

proximal occlusion. Anastamoses to carotid or vertebral arteries can also be

considered “dangerous anastamoses” when attempting to embolize vascular
lesions in the head and neck via external carotid branches. See below for discus-

sion of individual ECA branch anastamoses and Tables 1.1, 1.2, 1.3, and 1.4.

3. Variants:

(a) The most frequent branching pattern seen at the common carotid bifurcation
(in 48.5%) is the external carotid arises anteromedially while the internal
carotid arises posterolaterally. The most frequent branching pattern seen at
the common carotid bifurcation finds the external carotid arising anterome-
dially. Occasionally, the ECA arises posterolaterally or directly laterally.®®

(b) The ECA and ICA may rarely arise as separate branches of the aortic arch.”

(¢) Some ECA branches, especially the superior thyroid artery, may arise
from the CCA.

(d) Some branches (especially the ascending pharyngeal or occipital arter-
ies) may originate from the ICA.

(e) A common origin of superior thyroid, occipital, and ascending pharyngeal
arteries from the ICA has been reported.
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Table 1.1 Anastamoses to anterior circulation

Comments/
Anastamosis from Anastamosis to reference
Ascending pharyngeal, Cavernous carotid via meningohypophy- 19
neuromeningeal trunk seal trunk
Ascending pharyngeal, inferior Petrous carotid via caroticotympanic 1
tympanic branch
Ascending pharyngeal, superior | Cavernous carotid via inferolateral trunk B
pharyngeal
Ascending pharyngeal, superior | Petrous carotid via mandibular branch 19
pharyngeal
Accessory meningeal (cavernous | Cavernous carotid via inferolateral trunk, 1
branch) posterior branch
Middle meningeal (cavernous Cavernous carotid via inferolateral trunk, ie
branch) posterior branch
Middle meningeal (cavernous Cavernous carotid via meningohypophy- 1
branch) seal trunk
Distal internal maxillary (artery Cavernous carotid via inferolateral trunk, i
of foramen rotundum) anterolateral branch
Table 1.2 Common anastamoses to ophthalmic artery
Anastamosis from Anastamosis to Reference
Middle meningeal, sphenoidal branch Ophthalmic 19
Middle meningeal, frontal branch Ophthalmic via anterior falx artery B
Inferolateral trunk, anteromedial branch | Ophthalmic B
Distal internal maxillary, anterior deep Ophthalmic B
temporal
Distal internal maxillary, infraorbital Ophthalmic 1
Distal internal maxillary, sphenopalatine | Ophthalmic via ethmoidal branches B
Distal facial Ophthalmic 1
Transverse facial Ophthalmic B
Superficial temporal, frontal branch Ophthalmic 1
Cavernous carotid, inferolateral trunk Ophthalmic via recurrent meningeal 18
branch

Table 1.3 Common anastamoses to posterior circulation

Comments/
Anastamosis from Anastamosis to reference
Ascending cervical Vertebral segmental branches o
Deep cervical Vertebral segmental branches 1
Qccipital, muscular branches Vertebral segmental branches B
Ascending pharyngeal, muscular | Vertebral segmental branches 1
branches
Ascending pharyngeal, G3 segmental vertebral via Odontoid arch
neuromeningeal trunk odontoid arch connects side-to-side’

1.3. External Carotid Artery
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Table 1.4 More trouble: cranial nerve blood supply

Cranial nerve Arterial supply References

I: Olfactory Anterior cerebral 1

1I: Optic Supraclinoid carotid, ophthalmic B

11I: Oculomotor Basilar, superior cerebellar, posterior cerebral, 1878
inferolateral trunk, ophthalmic

1V: Trochlear Inferolateral trunk, meningohypophyseal trunk oz

V: Trigeminal Inferolateral trunk, meningohypophyseal trunk, middle 1973
meningeal, accessory meningeal, artery of foramen
rotundum, infraorbital

VI: Abducens Inferolateral trunk, meningohypophyseal trunk, middle 2228
meningeal, accessory meningeal, ascending pharyngeal
(jugular branch)

VII: Facial Stylomastoid (from post auricular or occipital), middle 1974
meningeal (petrous branch), ascending pharyngeal
(inferior tympanic and odontoid arcade)

VIII: Auditory Basilar, AICA, ascending pharyngeal jugular branch 1975

IX: Glossopharyngeal | Ascending pharyngeal jugular branch B

X: Vagus Ascending pharyngeal jugular branch, superior and 19,24
inferior thyroid, laryngeal branches

XI: Spinal Accessory | Ascending pharyngeal (jugular, inferior tympanic and 19.24
musculospinal branches)

XII: Hypoglossal Ascending pharyngeal, hypoglossal branch and proximal | 197
trunk, occipital, directly from external carotid, lingual

(f) Rarely, all external carotid branches may arise from the ICA.*?
(g) External carotid branches may arise as common trunks with other
branches including: linguofacial trunk (20% of cases), thyrolingual trunk
(2.5% of cases), thyrolinguofacial trunk (2.5% of cases), and occipitoau-
ricular trunk (12.5% of cases).’®
(h) Persistent stapedial artery, or, for the anatomic purist, the persistent
hyoido-stapedial artery,” arises from the petrous ICA, passes through the
middle ear, and forms the middle meningeal. The prevalence of persistent
stapedial arteries in 1,000 temporal bones was 0.48%.1 This anomaly can
be associated with the so-called aberrant course of the ICA in the middle
ear, which probably really represents a collateral pathway involving the
inferior tympanic branch of the ascending pharyngeal artery bypassing a
segmental agenesis of the true ICA."18

Superior Thyroid Artery

Whether it arises above or below the common carotid bifurcation, the superior
thyroid artery originates from the anterior surface of the parent artery and immedi-
ately turns caudally to supply the anterior soft tissue structures of the neck.

1. Branches

(a) Infrahyoid artery
The infrahyoid (hyoid) artery travels medially from its origin, and then
follows along the lower hyoid bone. It can anastamose with the submental

artery, providing a collateral pathway to the facial artery.’®

(b) Superior laryngeal artery
The superior laryngeal artery travels alongside the internal laryngeal nerve inf-

eromedially from its origin and pierces

the thyrohyoid membrane to supply the

mucosa of the larynx superior to the vocal cords and taste buds of the epiglottis.”
i

Branches

The superior thyroid artery has two major branches and a small
epiglottic branch. Its ventral branch anastomoses with the both
the cricothyroid artery and superior laryngeal arcade. The dorsal
branch anastamoses with the longitudinal laryngeal arcade.®

ESSENTIAL NEUROVASCULAR ANATOMY
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(c)

(d)

(e)

ii. Territory

The superior laryngeal artery supplies the pharyngeal and laryn-

geal structures as well as the internal laryngeal nerve. It anasta-

moses with its contralateral partner and with the inferior laryngeal
artery from the inferior thyroid artery.
iii. Variants

— May arise as a separate branch from the ECA or ascending
pharyngeal artery.”

— In 6 of 22 anatomic specimens, the superior laryngeal artery
does not pierce the thyrohyoid membrane but instead passes
through a foramen in the thyroid cartilage to supply the soft
tissues of the larynx.2

Sternocleidomastoid artery

The sternocleidomastoid artery feeds the middle part of the sternocleido-
mastoid muscle. It anastamoses superiorly with the muscular branches
of the occipital and posterior auricular and inferiorly with the thyrocervi-
cal trunk and suprascapular. It can also connect with the glandular
branches of the superior thyroid artery.

Cricothyroid artery

Anastamoses with the superior laryngeal artery and feeds the upper
trachea.

Glandular branches

These are a continuation of the superior thyroid trunk with superior,
medial and lateral arcades to supply the thyroid gland. They freely anas-
tamose with their contralateral counterparts.

2. Territories

(a)

The superior thyroid artery supplies the majority of the blood to the lar-
ynx, its associated musculature, and the upper pole of the thyroid gland.”
In a minority of cases the superior thyroid provides blood flow to the
parathyroid glands.?? The superior laryngeal branch accompanies and
can supply the internal laryngeal nerve. The superior thyroid branches
freely anastamose with their contralateral counterparts and the inferior
thyroid artery (from the thyrocervical trunk).

3. Variants

(a)
(b)
(c)

The superior thyroid artery arises from the ECA in 46% of cases and
more commonly, from the CCA in 52% of cases.?

The superior thyroid artery may arise in a common trunk with the lin-
gual as a thyrolingual trunk.

Rarely, the superior thyroid artery may arise from the ICA."

Ascending Pharyngeal Artery

The ascending pharyngeal artery is a thin, slender branch that arises from the
very proximal posterior aspect of the ECA or in the crotch of the CCA (Fig. 1.7). It
travels cephalad parallel to the ICA. Its termination in the superior pharynx creates a
forward and medial right angle turn.

1. Branches

(a)

(b

=

(c)

Inferior pharyngeal artery

A relatively small vessel arising from the proximal ascending pharyn-
geal, the inferior pharyngeal travels anteriorly in a zigzag fashion. It sup-
plies the pharyngeal muscles and mucosa. It anastamoses with its
contralateral counterpart.

Musculospinal artery

The vessel may arise from the ascending pharyngeal itself or from the
neuromeningeal trunk. It extends posteriorly and superiorly for a short
distance before curving inferiorly. It primarily supplies muscles, but also
may supply the ipsilateral upper spinal nerve roots, the eleventh cranial
nerve, and superior sympathetic ganglion. In addition, it may anasta-
mose with the ascending and deep cervical and vertebral arteries.'®**
Neuromeningeal trunk

This is a major branch of the ascending pharyngeal artery that continues
cephalad but angles gently to the posterior. It has several important
branches that pass through foramina in the skull base.

1.3. External Carotid Artery ESSENTIAL NEUROVASCULAR ANATOMY



Fig. 1.7 Ascending pharyngeal artery. A common branching pattern of the ascending
pharyngeal artery is shown. Note internal carotid (/CA), external carotid (ECA),
superior thyroid (STh), ascending pharyngeal (AscPh), inferior pharyngeal (/P), middle
pharyngeal (MP), superior pharyngeal (SP), inferior tympanic (/T), musculospinal
branches (MS), neuromeningeal trunk (NMT), jugular branch (JB) entering the jugular
foramen, hypoglossal branch (HG) entering the hypoglossal foramen, and prevertebral

(not shown).

(i) Branches

Musculospinal artery

This branch may variably arise from the neuromeningeal
trunk instead of originating from the ascending pharyngeal
artery.

Jugular artery

Often the largest branch of the neuromeningeal trunk, this
vessel heads straight cephalad to the jugular foramen. It
supplies the ninth through the eleventh cranial nerves and
their ganglia. A medial branch ascends on the clivus to sup-
ply the eleventh cranial nerve. Its lateral branch travels
along the dura around the sigmoid sinus. It can be a major
contributor to the dura of the posterior fossa. Anastamoses
with the lateral clival branch of the meningohypohyseal
trunk and dural branches of the vertebral artery are
possible.t?

Hypoglossal artery

This branch enters the hypoglossal canal and supplies the
twelfth cranial nerve. It also supplies the dura in the posterior
cranial fossa and anastamoses with the jugular branch,
medial clival branches of the meningohypohyseal trunk, the
contralateral hypoglossal artery, and the odontoid arcade.'®*
Prevertebral artery

It often arises from the neuromeningeal trunk and
contributes to the odontoid arcade. It anastamoses with its

ESSENTIAL NEUROVASCULAR ANATOMY
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ii.

iii.

contralateral counterpart, the anterior meningeal branch of
the vertebral and hypoglossal artery branches.?
Territories
The very important neuromeningeal trunk of the ascending pha-
ryngeal artery supplies cranial nerves VI, IX, X, XI, and XII, and
potentially collateralizes to the upper three spinal nerves and the
superior sympathetic ganglion. Its meningeal territory includes a
large portion of the posterior fossa meninges. Anastamotic chan-
nels exist to its contralateral counterpart and meningeal branches
of the vertebral artery and the meningohypophyseal trunk.>*
Variants
All branches of the neuromeningeal trunk are in vascular equilib-
rium with each other and with their anastamotic connecting ves-
sels. Hypoplasia or absence of one or more vessels is accompanied
by hypertrophy of the existing branches.

(d) Prevertebral artery
Occasionally, this artery arises directly from the ascending pharyngeal
artery and contributes to the odontoid arcade.?

(e) Inferior tympanic artery

i

ii.

iii.

Branches
There are three common branches of the inferior tympanic artery.'
— Ascending branch connects to petrosal branch of middle
meningeal artery
— Anterior branch connects to the caroticotympanic branch
— Posterior branch connects to the stylomastoid artery, a
branch of the posterior auricular artery
Territories
Supplies the middle ear cavity and associated nerves, including
the twelfth nerve and tympanic branch of the ninth cranial nerve
(aka Jacobson’s nerve).
Variants
May arise from the neuromeningeal branch, the ascending pha-
ryngeal artery, or it may appear as a trifurcation with the inferior
tympanic artery arising in between neuromeningeal and pharyn-
geal divisions.?

[63) Mlddle pharyngeal artery

ii.

iii.

Branches

No named branches.

Territories

Supplies mucosa and muscles of the naso- and oropharynx as well
as the soft palate.? Anastamoses with contralateral middle pha-
ryngeal artery, ipsilateral ascending palatine artery, greater pala-
tine artery, and branches of the accessory meningeal artery.
Variants

May arise from ascending pharyngeal artery proximal or occasion-
ally distal to the origin of neuromeningeal trunk.

(g) Superior pharyngeal artery
As the most cephalad anterior branch of the ascending pharyngeal artery, this
tends to be a small vessel. The pharyngeal branches take an abrupt anterior
and medial angulation from the vertical ascending pharyngeal artery.

i

ii.

Branches
There are several common branches of the superior pharyngeal
artery, but only one is named.

— The carotid branch actually traverses the cartilage filling the
foramen lacerum and connects to the cavernous ICA via the
inferolateral trunk.

— Anterior unnamed branches to the upper nasopharynx and
adjacent tissues.

Territories

Supplies upper nasopharynx including the orifice of the Eustachian
tube as well as associated muscles, including superior constrictor.
Has many potential anastamoses, including accessory meningeal,
pterygovaginal, and contralateral superior pharyngeal. If a Vidian
branch is present, this is a potentially dangerous anastamosis during
embolization procedures and it may also contribute to cavernous
carotid fistulas via the petrous ICA.
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iii. Variants

Pharyngeal territories of the superior pharyngeal artery may be

primarily supplied by the accessory meningeal artery, Vidian

artery, and other nasopharyngeal feeders.

2. Territories

Ascending pharyngeal artery supplies the mucosa and adjacent muscles of
the pharynx, soft palate, odontoid process, bones, and muscles and nerve
roots at C1 and C2. It also supplies the lower cranial nerves (IX-XII and
potentially VI and VII); lower clivus and medial skull base; meninges of the
posterior fossa; portions of the middle cranial fossa; and the middle ear. The
ascending pharyngeal artery has extensive anastamoses with its contralat-
eral counterpart, the occipital, middle and accessory meningeal and distal
internal maxillary arteries. Moreover, it has particularly dangerous anasta-
moses with the internal carotid and vertebral arteries.?* This is a very busy
little artery.

Angio-Anatomic Correlate! Ascending Pharyngeal Artery Collaterals
(Fig. 1.8)

Fig. 1.8 Lateral view selective injections of the ascending pharyngeal artery in a
patient with a dural arteriovenous fistula. Early arterial phase (a) starts to show faint
anastamotic filling of the vertebral artery at the C1 level (arrow). Later arterial phase

(b) shows considerable filling of the vertebral and basilar arteries (arrows).

3. Variants

(a) The ascending pharyngeal artery may arise from the ICA.

(b) Often arises as a common trunk with the occipital artery.

(c) Ascending cervical artery may supply the territory of the ascending pha-
ryngeal artery.”®

(d) Can contribute to the persistent hypoglossal artery variant.

(e) Can reconstitute an occluded or aplastic vertebral artery.

(f) The so-called “aberrant ICA” in the middle ear cavity is probably more
appropriately termed the ascending pharyngeal artery, providing a col-
lateral pathway for the territory of a segmentally occluded ICA."®
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Lingual Artery

Arises from the ventral aspect of the external carotid and takes a gentle anterior-
inferior path creating a characteristic “U” shaped curve on both frontal and lateral
angiographic projections. It then curves upward, as the dorsal lingual branch forms an
arc through the tongue with an arcade of radiating branches.

1. Branches
(a) Suprahyoid artery
This small branch runs along the superior aspect of the hyoid bone and
anastamoses with the contralateral suprahyoid artery.”
(b) Dorsal lingual artery
May consist of two or three upwardly arching branches that curve up over
the tongue — forming radiating branches that follow the pattern of the
radiating intrinsic lingual muscle. The dorsal lingual artery anastamoses
with its contralateral counterpart.”
Sublingual artery
This branch angles anteriorly to supply the sublingual gland and floor of
the mouth. It anastamoses with the submental branch of the facial artery
and with its contralateral counterpart. A small branch pierces the lin-
gual foramen of the mandible and supplies the adjacent bone.”
(d) Deep lingual artery
This is a small terminal branch to the frenulum of the tongue.”
2. Territories
The lingual artery provides generous arterial supply to the tongue and floor of
the mouth. There are anastamoses with the contralateral lingual and ipsilat-
eral facial arteries via the submental branch. However, remember that branches
extending to the tip of the tongue are effectively end arteries. Distal emboliza-
tion with small particles or liquid agents can produce ischemic necrosis of the
tip of the tongue, especially if the emboli are forced across the midline via the
side-to-side anastamosis, or if bilateral embolization is intentionally done.
3. Variants
(a) The lingual artery often arises with the facial artery from a common
facial-lingual trunk (20% of cases).!®
(b) Occasionally, can arise with the superior thyroid artery as a common
thyrolilrggual trunk (2.5% of cases), or thyrolinguofacial trunk (2.5% of
cases).
(¢) Itrarely arises from the CCA.
(d) The lingual artery can supply variable amounts of the submental artery’s
supply to the floor of the mouth.

(c

-

Facial Artery

The facial artery is usually one of the larger ECA branches and arises from the
anterior aspect of the ECA. It then curves in a slightly redundant fashion through the
submandibular gland, under and around the angle of the mandible, and then angles
forward and cephalad, as well as medially to extend up along the angle of the nose as the
angular artery. The facial artery has a number of named and unnamed branches that
anastamose freely from one to the other and with other vessels in the face (Fig. 1.9).

1) Branches
a) Ascending palatine artery
i) This artery ascends for a few centimeters from its origin, and then
takes a right angle forward to the soft palate by making a small
loop-de-loop as it curves around the tonsils. Consequently, the
ascending palatine artery can be a casualty of tonsillectomy or
palatal surgery,? and, along with the smaller tonsillar arteries, a
source of post-op bleeding.
(1) Branches
(a) A cadaver study of palatine blood supply found three
fairly constant and several less constant branches.?”

(1) Glossal branch. Arises at the level of the upper
border of the tongue and supplies the palato-

glossus muscle.
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Fig. 1.9 Facial artery. (1) Ascending palatine artery; (2) tonsillar artery; (3) submental
artery; (4) inferior masseteric artery; (5) jugal trunk; (6) middle mental artery; (7) inferior
labial artery; (8) anterior jugal artery (not shown); (9) superior labial artery; (70) lateral
nasal artery; (11) angular artery.

(ii) Tonsillar branch. Arises at the level of the
oropharyngeal tonsil and supplies the tonsil
and palatopharyngeus muscle and sometimes
the palatoglossal muscles.

(iii)Hamular branch. Arises adjacent to the hamu-
lus of the medial pterygoid plate and mucosa
and palatoglossus muscle.

(iv) Variable branches to uvula, levator palatini,
palatoglossus, and palatopharyngeus muscles.

ii) Territories
(1) Supplies mucosa and muscles of the lateral oropharynx and
soft palate. Anastamoses with contralateral ascending pala-
tine artery, ipsilateral middle pharyngeal artery, the greater
palatine artery, and the branches of accessory meningeal
artery.
iii) Variants
(1) Usually arises from the proximal facial artery. May arise
directly from the ECA, from a common trunk with the sub-
mandibular branch, occasionally from the middle pharyn-
geal artery (from the ascending pharyngeal artery) or even
from the accessory meningeal artery.”
b) Tonsillar artery
i) This artery is comprised of one or more small proximal facial
branches to the tonsils. The tonsillar artery, along with the
ascending palatine artery, pharyngeal branches of the ascending
pharyngeal, dorsal lingual branch of the lingual, and greater
palatine branch of the internal maxillary, provide the dominant
supply to the palatine (oropharyngeal) tonsil.” The tonsillar
artery must, therefore, be considered a culprit in postoperative
bleeding after tonsillectomy, along with the ascending palatine
artery. The tonsillar branches of the facial artery can also con-
tribute to the nasopharyngeal tonsils, but most of the blood sup-
ply to that tonsil comes from the superior pharyngeal artery,
ascending palatine artery, pterygo-vaginal artery, and occasion-
ally {:{h7e inferior hypophyseal branch of the meningohypohyseal
trunk.
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c)

d)

e)

£

g)

h)

i)

3)

k)

Submandibular branches
i) A small branch or branches to the submandibular gland region
may arise from the submental artery and anastamose to the lin-
gual and superior thyroid branches.?
Submental artery
i) This fairly large artery travels along the inferior margin of the
mandible. It supplies the floor of the mouth in conjunction with the
lingual artery. The submental artery anastamoses with the lin-
gual artery via its submandibular branch and with the superior
thyroid artery via its infrahyoid branch. It also has side-to-side
anastamoses with its contralateral partner.?® Its terminal branches
curve up to the chin to anastamose with the middle mental and
inferior labial arteries.”
Inferior masseteric artery
i) This anterior-superior angling branch follows and supplies the
lower masseter muscle. It may have a small amount of collateral
flow to the superior masseteric branch of the internal maxillary.?
Jugal trunk
i) The name is derived from the Latin jugalis, and refers to the
zygoma or cheek. The jugal trunk is one of the three main superior-
to-inferior anastamoses in the soft tissues of the cheek.
(1) Branches
(2) Two 1::mgiogmphicatlly visible branches arise from the jugal
trunk:

(a) Bucco-masseteric (aka buccal). Arises from the jugal
trunk at the level of the ramus of the mandible, then
heads in a cephalad direction and deeply into the
cheek. It gives rise to a buccal branch that supplies the
mucosa and deep parts of the cheek and a masseteric
branch that feeds its namesake — the masseter. The
buccal artery anastomoses with the distal internal
maxillary artery via its buccal branch and the supe-
rior masseteric. The masseteric branch anastamoses
with the transverse facial and infraorbital arteries. It
characteristically crosses the transverse facial artery
at a right angle on lateral angiographic views.?®

(b) Posterior jugal. This branch travels obliquely ante-
rior-superiorly and anastamoses with the infraorbital
branch of the internal maxillary, superior alveolar,
and the transverse facial.®®

Middle mental artery
i) A small horizontal branch along the body of the mandible that sup-
plies skin and adjacent subcutaneous tissues. It anastamoses to
adjacent facial artery branches and the inferior alveolar branch of
the internal maxillary artery.?
Inferior labial artery
i) This anterior and medially directed branch is the major supplier to
the lower lip. It anastamoses with the contralateral inferior labial
artery and the ipsilateral superior labial and submental arteries.?®
In 10% of angiograms this artery shares a common origin with the
superior labial artery.?
Middle jugal artery
i) An inconstant branch that parallels and potentially anastamoses
with the anterior and posterior jugal trunks.?
Superior labial artery
i) Anterior and medially directed branch to the upper lip. It runs
parallel to the inferior labial artery and is usually larger than that
artery. It has septal and alar branches to the nose. It freely anas-
tamoses with the contralateral superior labial artery and has
potentially dangerous anastamoses with nasal branches of the
ophthalmic artery.”
Anterior jugal artery
i) The anterior-most of the upward angulated branches in the cheek,
it supplies the anterior cheek and lateral aspect of the upper hp
and nose. It freely anastamoses with the infraorbital, the posterior
and middle jugal arteries, the transverse facial artery, and supe-
rior alveolar artery.?
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Lateral nasal (aka alar) artery
i) This small branch extends anteriorly to supply the nostril and
anastamoses with the contralateral alar artery.”

m) Nasal arcade

n)

i) These arteries are a network of anastamotic channels curving over
and across the nose. They collect and connect inputs bilaterally
from the facial and ophthalmic arteries.?

Angular artery
1) Travels up along the angle lateral to the nose, hence it’s name. It
supplies the cheek beside the nose and the lateral aspect of the nose,
contributing to the nasal arcade. It has dangerous anastamoses with
inferior palpebral and nasal branches of the ophthalmic artery.?

2) Territories

a)

The facial artery is the major supplier to the superficial soft tissues of the
face and contributes to the masseter muscle, parotid gland, palate and
tonsils, floor of the mouth, and portions of the buccal mucosa. It provides
vasa nervora to distal facial artery branches in the face. There are numer-
ous anastamoses between facial branches and to virtually every other
artery in the facial region, including major connections to the internal
maxillary artery, transverse facial artery, and important collaterals to
distal ophthalmic artery branches.

3) Variants

4) Lasjaunias proposed a theory of hemodynamic balance in the face to explain the
variety of arterial configurations.'®* At six regions in the face (termed jugal,
infraorbital, and ophthalmic superiorly, and mandibular, labial and nasal infe-
riorly), dominance of blood flow to the region by one or the other potential inputs
determines the course and size of the facial artery. For instance, there is bal-
ance between the buccal and masseteric arteries in the posterolateral aspect of
the face and balance between the infraorbital and transverse facial arteries in
the mid-portion. Numerous variations are possible.

a)
b)
c)

d)
e)

The facial artery frequently arises as a common trunk with the lingual
(20% of cases).”?
The proximal facial artery may have a posterolateral “jugal” course
through the jugal region.””
The facial artery may also travel anteromedially through the labial point
for a “labial course.”?®
The left and right facial arteries are symmetrical in 68% of autopsy cases.*®
The facial artery terminates in the:*

i) Angular artery (68%)

ii) Lateral nasal branch (26%)

iii) Superior labial artery (4%)

Occipital Artery

The occipital artery is a large branch of the posterior aspect of the ECA and trav-

els posteriorly and superiorly. The initial segment is straight as it goes up through the
upper neck, and the artery becomes more tortuous and redundant as it travels up the
posterior scalp (Fig. 1.10).

1) Branches
(a) Sternocleidomastoid branches (aka muscular branches)

There may be multiple muscular branches. The hypoglossal nerve hooks
around the lowest branch of this artery as the nerve first heads inferiorly
and then anteriorly toward the tongue.” Each muscular branch charac-
teristically tends to curve cephalad for a short distance before taking an
abrupt turn posteroinferiorly. Each muscular branch corresponds to a
vertebral level and provides segmental supply to the muscles, nerves,
and bone at the corresponding levels. The occipital artery shares segmen-
tal vertebral blood supply with the vertebral artery, ascending pharyn-
geal artery, and deep cervical artery, which all anastomose extensively
with the occipital artery muscular branches. The muscular branches that
usually come from the occipital artery may also arise from the posterior
auricular artery or directly from the ECA."

(b) Stylomastoid artery

The stylomastoid artery arises from the occipital artery in 20-50% of
cases.® It is a common source of blood flow to the facial nerve and
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Fig. 1.10 Occipital artery. (A) Sternocleidomastoid branches; (B) stylomastoid artery; (C)
mastoid branch; (D) descending branch; (E) lateral meningeal branch; (F) occipital branches.

(c

-

middle ear and it has anastamoses with the inferior tympanic, anterior
tympanic, and superior tympanic arteries.
Mastoid artery
This vessel angles cephalad and medially from the occipital artery, giving
some supply to the soft tissue in the adjacent scalp before entering the
skull via the occipital foramen.
i. Branches
After it enters the skull, the mastoid commonly divides into three
groups of branches:**
— Descending branches.
These approach the jugular foramen and anastamose with
the jugular branch of the ascending pharyngeal.
— Ascending branches.
These approach the internal auditory canal and can anasta-
mose with the subarcuate branch of the anterior-inferior
cerebellar artery.
—  Posteromedial branches.
These spread out into the lateral dura of the posterior fossa
and anastomose with branches of the hypoglossal branch of
the ascending pharyngeal artery or the posterior meningeal
branch arising from the vertebral (or posterior-inferior cere-
bellar) artery.t®
ii. Territories
The mastoid artery supplies the superficial soft tissue, bone and
dura in the mastoid and temporal bone region. It may supply large
areas of the dura in the posterior fossa.
iii. Variants
The mastoid artery may be absent or hypoplastic. Its territory may
be supplied by middle meningeal artery, hypoglossal artery, jugu-
lar branches, or the meningeal branches of the vertebral artery.

(d) Descending branch

The most cephalad muscular branch at the occipital-C1 junction tends to be
quite prominent, usually with large anastamotic connections to the verte-
bral artery and a descending branch connecting to the deep cervical artery.
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(e) Lateral meningeal branches
Distal to the origin of the mastoid branch, there may be one or more
branches entering the skull via a small parietal foramen to supply the
supratentorial dura. There are usually anastamoses with middle menin-
geal branches.
(f) Occipital branches
Multiple scalp vessels, with a redundant zigzag configuration, arise from
the occipital to supply the scalp, muscles, and pericranium. These anas-
tamose with the contralateral occipital branches, the scalp branches of
the posterior auricular, and the superficial temporal arteries.”
2) Territories
The occipital artery travels 3 cm lateral to the inion. It generally supplies the
posterior third of the scalp, the occipital-frontalis, trapezius, and sternocleido-
mastoid muscles, portions of the occipital, mastoid and temporal bones, dura,
the seventh and ninth cranial nerves, and the first few spinal nerves. There are
numerous anastamoses to the contralateral occipital artery, the ipsilateral
ascending pharyngeal artery, vertebral artery, middle meningeal artery,
superficial temporal artery, posterior auricular artery, deep cervical artery and
even the anterior—inferior cerebellar artery.
3) Variants
(a) The ascending pharyngeal may arise from the occipital artery.
(b) There can be a common origin of the occipital with the posterior auricular
artery as an occipitoauricular trunk (12.5% of cases).”
(c) The occipital artery may arise from the ICA.
(d) The occipital artery can be a part of persistent carotid-vertebral anasta-
moses, such as a persistent proatlantal artery.
(e) The occipital artery may originate from C1 or C2 segmental branches of
the vertebral artery or from the ascending cervical artery.'*?

Posterior Auricular Artery

This posterior branch of the distal external carotid is fairly small and can be
identified angiographically by the tortuous scalp branch curving cephalad behind the
ear.

1) Branches
(a) Sternocleidomastoid (aka muscular) branch
Proximal branch of the posterior auricular can assist the occipital in pro-
viding blood flow to the sternocleidomastoid, digastric, and stylohyoid
muscles.”
(b) Parotid branches
Small branches from the proximal posterior auricular to the parotid that
can supply portions of the facial nerve.
Stylomastoid branch
The stylomastoid artery arises from the posterior auricular in 50-70% of
cases.’® In order of frequency; it may also arise from the occipital or
directly from the external carotid. It feeds the facial nerve and middle
ear, mastoid air cells and portions of the inner ear.” It can anastamose
with anterior tympanic artery (from middle meningeal) and inferior tym-
panic (from ascending pharyngeal) artery.
(d) Auricular branch
A fairly constant branch seen in 65% of cases, this vessel supplies much
of the posterior aspect of the pinna.?* Its branches from a dense arterial
network in the ear.
Occipital (aka retroauricular) branch
Also a fairly constant branch and is seen in 65% of cases. It supplies the
scalp behind the ear.
(f) Parietal branch
A fairly inconstant branch seen only when the superficial temporal does
not have a dominant parietal branch. It has the typical ascending, tortu-
ous appearance of a scalp vessel.
2) Territories
The posterior auricular artery supplies the auricle and enters the middle part
of the ear posteriorly.®® It is the major supplier of blood flow to the ear.’® It can
supply portions of the parotid gland, facial nerve, sternocleidomastoid, digastric
and stylohyoid muscles.” It has variable supply to the scalp posterior and

(c

-

-

(e
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superior to the ear, depending on the dominance of the superficial temporal and
occipital arteries. It anastamoses with the superficial temporal and occipital
arteries via the scalp and auricular branches. It also anastomoses with the
middle meningeal artery (anterior tympanic branch) and ascending pharyngeal
artery (inferior tympanic branch) via the stylomastoid artery.
3) Variants
(a) Shares a common origin with the occipital artery (occipitoauricular

trunk) in 12.5% of cases."

(b) The scalp territories of the posterior auricular artery are in a hemody-

namic balance with the superficial temporal and occipital arteries. If one
is hypoplastic, the adjacent vessels are hypertrophic, and vice versa.

Superficial Temporal Artery

One of the two terminal branches of the external carotid (the other is the internal
maxillary artery), this vessel continues the general vertical course of the ECA. The
superficial temporal artery arises behind the neck of the mandible within the parotid
gland. It is easily palpable anterior to the ear at the tragus.” The superficial temporal
artery typically provides two major branches that then angle cephalad in a wavy,
redundant fashion typical of scalp vessels.

1) Branches

(a) Transverse facial artery

Originating anteriorly from the superficial temporal artery (within the
parotid gland) the transverse facial artery travels anteriorly and slightly
inferiorly between the parotid duct and zygomatic arch, supplying facial
structures.” On a lateral angiogram it crosses the buccal artery at a right
angle.’® With agenesis or diminution of the facial artery, this branch may
be the dominant artery of the face.
i. Branches
The transverse facial artery commonly has a number of branches,
but only one (superior masseteric) has a well-described formal
name.
— Parotid branches.
These supply the parotid gland and duct and may contribute
to facial nerve branches.
—  Superior masseteric.
Prominent branch to the masseter muscle that anastamoses
with the buccal artery (from the facial artery).”®
— Jugal branches.
One or more descending branches to the cheek that may
anastamose with the jugal branches of the facial artery.
— Zygomatic branches.
These spread out into the face and anastamose with branches
of the zygomatico-orbital branch of the superficial temporal
artery.” Distally, these terminal branches may anastamose
with the infraorbital and lacrimal arteries.”
ii. Territories
The transverse facial artery supplies the superficial soft tissues of
the upper face. It anastamoses with other superficial temporal and
facial branches, as well as collaterals to the infraorbital and oph-
thalmic arteries.
iii. Variants
The transverse facial artery may arise directly from the ECA.

(b) Anterior auricular artery

(c

<

It is a proximal branch of the superficial temporal, supplying blood pri-
marily to the anterior aspect of the ear. It has three branches, the most
superior of which curves up over the helix to anastamose with posterior
auricular artery. The lower two branches only provide limited supply to
the anterior ear.*

Zygomatico-orbital artery (aka zygomaticotemporal)

This variably prominent, anteriorly directed branch of the superficial
temporal artery runs just superior to the zygomatic arch toward the
lateral aspect of the orbit. It supplies the scalp and the orbicularis
occuli muscles.” It has numerous anastamoses with the frontal branch
of the superficial temporal artery, transverse facial artery, and the
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supraorbital, frontal, palpebral, and lacrimal branches of the ophthal-
mic artery."

(d) Middle temporal artery
Also called the posterior deep temporal by some authors, this is a rela-
tively small branch supplying the temporalis muscle, spec1ﬁcally its pos-
terior aspect.’” It potentially anastamoses with the deep temporal
branches of the internal maxillary.”

(e) Frontal branch

One of the two large terminal branches of the superficial temporal takes a
tortuous course over the frontal scalp and supplies tissue from skin down
to pericranium. It anastamoses with its contralateral counterpart across
the midline, the ipsilateral zygomatico-orbital branch of the superficial
temporal, and the supraorbital and supratrochlear branches of the oph-
thalmic artery.” The distal frontal branch over the vertex can also provide
branches that pass through foramina for emissary veins to anastamose
with middle meningeal branches.!® This is why superficial temporal arter-
ies sometimes supply intracranial lesions such as meningiomas.
(f) Parietal branch
The other, usually larger terminal branch of the superficial temporal,
angles more posteriorly to supply the parietal scalp. It anastamoses with
the contralateral parietal branch, ipsilateral frontal branch, posterior
auricular, and occipital branches. It can also provide some transcranial
anastamoses with the middle meningeal branches.
2) Territories

The superficial temporal is a major contributor of blood flow to the scalp and is

in a hemodynamic equilibrium with the occipital and posterior auricular arter-

ies. There are extensive anastamoses between the superficial temporal branches

and branches of the occipital, posterior auricular, middle meningeal, ophthal-

mic and facial arteries.

3) Variants

The major superficial branches vary considerably in size and territory.

Hemodynamic balance exists between individual superficial temporal artery

branches and competing scalp arteries. Therefore, when one artery is large and

covers a wide territory, adjacent arteries may be small or absent.

Internal Maxillary Artery

The internal maxillary artery (IMA) is the larger of the two terminal branches of
the ECA. Inclusion of the term internal may seem superfluous, although in earlier
days, the facial artery was referred to as the external maxillary artery. The IMA arises
at a right angle from the external carotid behind the neck of the mandible and travels
anteriorly.” Anatomically, it can be divided into three segments: (1) the proximal man-
dibular part that travels horizontally, first posterior and then medial to the mandible;
(2) the middle pterygoid part that travels anteriorly and cephalad (in a slightly oblique
fashion) adjacent to the lateral pterygoid muscle (medial or lateral to it depending on
whether it is the superficial or deep variant as described below); (3) the distal pterygo-
palatine part that passes between the upper and lower heads of the lateral pterygoid,
curves medially, and travels through the pterygomaxillary fissure into the pterygo-
palatine fossa.”

The IMA is found in two configurations:

1) The superficial-type IMA travels lateral to the lateral pterygoid. In this variant,
the accessory meningeal artery arises from the middle meningeal artery. The
inferior alveolar and the middle deep temporal arteries arise separately from
the IMA (Fig. 1.11).3839

2) The deep-type IMA travels medial to the lateral pterygoid. It gives rise to a com-
mon origin of the inferior alveolar and middle deep temporal arteries. The
accessory meningeal artery, in this variant, arised directly from IMA.?*%° Hint:
Remember that the deep-type IMA has a common origin of the inferior alveolar
and middle deep temporal arteries (Fig. 1.12).

1) Branches
The mandibular part of the IMA gives rise to the deep auricular, anterior tym-
panic, middle meningeal, accessory meningeal, and inferior alveolar arteries
(i.e., branches that traverse foramina or fissures). The pterygoid part usually
has deep temporal, pterygoid, masseteric, and buccal branches (i.e., muscular
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MMA

Fig. 1.11 Internal maxillary artery, superficial-type variant. The internal maxillary artery
(IMA) travels lateral to the lateral pterygoid muscle, and is characterized by separate
origins of the middle deep temporal (MDT) and inferior alveolar artery (/AA). The
accessory meningeal (AMA) arises from the proximal middle meningeal (MMA). Other
IMA branches include deep auricular (DA), anterior tympanic (AT), posterior deep
temporal (PDT), pterygoid branches (not shown), masseteric branches (MaB), buccal
artery (BuA), anterior deep temporal (ADT), posterior superior alveolar (PSA), infraorbital
(IOA), greater palatine (GPA), pterygo-vaginal (PVA), artery of foramen rotundum (AFR),
sphenopalatine (Sph).

ECA

Fig. 1.12 Internal maxillary artery, deep-type variant. The deep type internal maxillary
(IMA) is medial to the lateral pterygoid muscle. This variant has a common trunk (arrow)
that gives rise to the middle deep temporal (MDT) and inferior alveolar artery (/AA). Also

note separate origins of the accessory meningeal (AMA) and middle meningeal artery

(MMA). Superficial temporal origin (STA) and distal external carotid (ECA) are also
shown.
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branches). The pterygopalatine part provides the posterior superior alveolar,
infraorbital, artery of foramen rotundum, pterygovaginal, descending palatine,
Vidian, and sphenopalatine arteries.”
a) Deep auricular artery
i) Tiny branch of very proximal internal maxillary
ii) Branches
(1) No named branches.

iii) Territories

(1) Supplies external auditory meatus, tympanic membrane,

and temporomandibular joint.”
iv) Variants
v) May arise in a common trunk with the anterior tympanic artery
b) Anterior tympanic artery
i) Very small branch of very proximal internal maxillary
ii) Branches
(1) No named branches.
iii) Territories

(1) Supplies tympanic cavity and anastamoses with the stylo-
mastoid artery, pterygovaginal branch of the IMA, and
caroticotympanic artery from petrous ICA.”

iv) Variants

(1) Analysis of 104 cadaveric specimens revealed extremely
variable anterior tympanic artery origins.*’

(2) May arise as a common trunk with deep auricular artery,
middle meningeal artery, accessory meningeal artery, or
posterior deep temporal artery.

(3) The anterior tympanic artery is a branch of the right IMA in
78% of cases and a branch of the left IMA in 45% of cases.

(4) Next most common site of origin: superficial temporal artery.

(5) 1-4% arise directly from the ECA

(6) Rarely, the anterior tympanic artery may be duplicated,
triplicated, or absent.*

¢) Middle meningeal artery (Fig. 1.13)
i) The first substantial ascending branch of the internal maxillary
enters the cranial cavity through foramen spinosum. It then takes
a characteristic right-angle turn. In the sagittal plane, it turns
anteriorly and in the coronal plane it turns laterally.
ii) Branches
(1) Accessory meningeal branch
(a) This may be a major extracranial branch of the mid-
dle meningeal or may arise separately from the inter-
nal maxillary. The accessory meningeal is discussed
in detail below.

(2) Petrous branch

(a) The small but important petrous branch first gives a
medial cavernous branch to the cavernous sinus that
can anastamose with the posterior branch of the infer-
olateral trunk. It then gives a posterior basal tentorial
branch, which anastamoses with basal tentorial
branches of the petrosquamosal branch of the middle
meningeal artery and cavernous branches of the ICA.*
The artery then follows along the greater petrosal
nerve and sends the superior tympanic branch to the
facial nerve and geniculate ganglion. This portion of
the artery anastamoses with the stylomastoid artery.”

(3) Petrosquamosal branch

(a) A posteriorly directed branch of the proximal intrac-
ranial middle meningeal artery, the petrosquamosal
branch supplies the middle cranial fossa dura. It can
have a basal tentorial branch to the dura of the poste-
rior fossa, and it anastamoses with the jugular branch
of the ascending pharyngeal.”

(4) Sphenoidal branch

(a) This branch supplies dura along the planum sphenoi-
dale and then enters the orbit via the superior orbital
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to STA
to Ophth.
¥ Frontal Br.

Parietal Br.

to Ophth. Sph. Br.

Petrous Br.
to Asc. Phar.

to ICACB
Foramen Spinosum

to ICAf
Foramen Ovale

to Gr. Palatine

and Asc. Palatine MMA

AMA

Fig. 1.13 Middle meningeal artery: branches and anastamoses. The middle meningeal
artery (MMA) often has a large extracranial branch, the accessory meningeal artery
(AMA), which, in turn has anastamoses with the greater palatine (Gr. Palatine) and
ascending palatine (Asc. Palatine) arteries before entering the skull via the foramen ovale
and anastamosing with cavernous branches of the internal carotid (/CA). The middle
meningeal artery continues into the skull via the foramen spinosum. The petrous branch
(Petrous Br.) is the first intracranial branch and anastamoses with ascending pharyngeal
branches (Ascending Pharyngeal) in the temporal bone and with ICA branches via its
cavernous branch (CB). Petrosquamosal (PSB), temporal (Temporal Branch), parietal
(Parietal Branch), and frontal branches (Frontal Branch) supply the dura over the middle
and anterior fossa. Transcranial anastamoses with the superficial temporal (STA) and
midline anastamoses with the anterior falx (AFA) branch of the ophthalmic (Ophth.) are
depicted. The sphenoidal branch (Sph. Br.) is a major collateral to the ophthalmic.

fissure to communicate with the ophthalmic artery.*
Sphenoidal collaterals to the ophthalmic artery are
present in 16% of cadaveric specimens.*?
(5) Meningolacrimal branch
a) The orbital branch is derived from the superior
branch of the primitive stapedial artery and enters
the orbit through the cranio-orbital foramen (of Hyrtl)
and directly fills the lacrimal artery.*! This branch is
present in 43% of cadaveric specimens.*?
(6) Temporo-occipital (aka temporal) branch
(a) This branch arises distal to the sphenoidal branch
and curves posteriorly. It supplies skull and dura of
the middle cranial fossa. It may extend completely
around the calvaria to the midline and contribute to
the posterior falx and tentorium, but this is generally
seen only in pathological states. It anastamoses with
the petrosquamosal and parietal branches of the mid-
dle meningeal artery and with scalp arteries via
transcranial collaterals.
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(7) Parietal branch

(a) One of the two terminal branches of the middle men-
ingeal artery, this vessel supplies the anterior cranial
fossa dura. It can vary in size and distribution, since
it anastomoses with and is in a hemodynamic balance
with the frontal and temporo-occipital branches. The
parietal branch reaches the vertex and contributes to
the walls of the superior sagittal sinus and falx. At
the midline, it anastamoses with the contralateral
middle meningeal artery. Transcranial anastamoses
with scalp arteries (superficial temporal and occipi-
tal) are present in nearly all cadaveric specimens.*

(8) Frontal branch

(a) Usually the last branch of the middle meningeal
artery, this branch is in hemodynamic balance with
the parietal branch; therefore, it can vary in size and
distribution. It is a major contributor to the anterior
cranial fossa dura. It can reach the midline and fre-
quently anastamoses with the anterior falx branch of
the ophthalmic artery. Other anastamoses include
the ipsilateral parietal branch, the contralateral
frontal branch, and transcranial collaterals of the
scalp arteries, especially the frontal branch of the
superficial temporal artery.

iii) Territories

(1) The middle meningeal artery provides extensive flow to the
calvaria and meninges of the anterior and middle fossae
(Table 1.5). It has important collaterals to the ICA circula-
tion.** The middle meningeal artery also contributes to the
cranial nerves in the cavernous sinus via the cavernous
branch and also to the facial nerve via the superior tym-
panic branch.

iv) Variants

(1) The middle meningeal artery develops from the fetal stape-
dial artery. The stapedial artery arises from the fetal hyoid
artery, a branch that becomes the petrous ICA, and passes
through the mesenchyma that later becomes the stapes
(hence the name). The stapedial artery gives off supraor-
bital, maxillary, and mandibular branches, which are later
incorporated into the ECA. The supraorbital artery anasta-
moses with the developing ophthalmic artery.” Persistence
of portions of fetal arteries that usually regress and/or
regression of segments that usually persist, results in a
number of congenital variants.*

(2) The distal middle meningeal artery frequently arises from
the ophthalmic artery.

(3) The middle meningeal artery may arise from the ICA.4"4

(4) The ophthalmic artery may arise from the middle menin-
geal artery.**2

(5) A number of extracranial branches may arise from the mid-
dle meningeal artery, including a palatine branch,? as well
as the posterior superior alveolar artery.>

(6) Tentorial branches (usually arising from cavernous ICA)
may arise from the middle meningeal artery.®

(7) Occasionally, the middle meningeal artery may arise from
the basilar artery.?6-5

(8) The size and direction of the distal middle meningeal
branches is extremely variable.

(9) Dural-to-pial collateral flow from middle meningeal artery
branches to anterior or middle cerebral branches can occur.
However, these variants are usually seen in the presence of
occlusive disease (such as carotid occlusion with impaired
collateral flow)* or with high-flow lesions (such as brain
arteriovenous malformations). These are likely acquired
connections due to high flow demand and release of angio-
genic factors, rather than true congenital variants.
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Table 1.5 Intracranial dural vascular supply

Dural
structure/ ...Which usually
region Feeding arteries arise from Reference
Posterior Petrosquamosal Middle meningeal
fossa Petrous Middle meningeal
Mastoid Occipital g
Jugular Ascending pharyngeal 6
Hypoglossal Ascending pharyngeal 6
Posterior meningeal Vertebral 6
Anterior meningeal Vertebral
Tentorium Artery of Bernasconi and Cavernous carotid 1
Cassinari (marginal tentorial)
Basal tentorial Cavernous carotid L
Petrosquamosal Middle meningeal 19
Mastoid Occipital i
Artery of Davidoff and Schechter | Posterior cerebral 6
Falx cerebri Anterior falx artery Ophthalmic
Frontal and parietal branches Middle meningeal
Artery of Davidoff and Schechter | Posterior cerebral 63
Anterior Ethmoidals Ophthalmic 6
cranial fossa | Recurrent meningeal Ophthalmic
Anterior falx Ophthalmic
Sphenoidal Middle meningeal
Frontal and parietal branches Middle meningeal
Middle cranial | Inferolateral trunk Cavernous carotid g
fossa Accessory meningeal Middle meningeal 5
Temporo-occipital Middle meningeal 6
Recurrent meningeal Ophthalmic g
Carotid branch Ascending pharyngeal g

These vessels should be considered when evaluating vascular lesions in or around the dura.

d) Accessory meningeal artery

i) This small branch arising either from the proximal middle menin-
geal or, less commonly, from the IMA just distal to the middle men-
ingeal artery takes a characteristic gently curving antero-superior
course. Ironically, in spite of its name, only about 10% (range
0-40%) of its blood supply is intracranial.®

ii) Branches

(1) Terminal branches of the accessory meningeal vary in size
and configuration and are variably named in the litera-
ture.®* The major branches, ascending, descending, and
recurrent rami, are named for the direction they take after
arising from the accessory meningeal artery.®

(2) Lateral territory ascending ramus (aka posterior branch)

(3) Medial territory ascending ramus (aka inferomedial
branch)

(4) Intracranial ascending ramus (aka intracranial branch)

(5) Small branch usually enters the skull via foramen ovale

(6) Descending companion ramus to the medial pterygoid nerve
(aka arteria pterygoida medialis)

(7) Anterior descending ramus (aka inferopalatine branch).
This is the continuation of the main accessory meningeal
artery and supplies the soft palate and the nasal cavity.

(8) Variable recurrent rami to mandibular nerve and otic
ganglion
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iii) Territories

1) There are lateral, medial, and intracranial territories. Most
of the blood supply is extracranial supplying lateral and
medial pterygoid, the levator veli palatine muscles, the
pteryoid plates, the greater wing of the sphenoid bone, the
mandibular nerve, and otic ganglion. The artery also sup-
plies the posterior nasal cavity and can be a source of nasal
bleeding.®? The intracranial contribution is usually small
and enters the skull through foramen ovale (most com-
monly) or the sphenoidal emissary foramen of Vesalius (in
22% of cases).®® The intracranial rami supply the meninges
of variable portions of the middle cranial fossa, portions of
the cavernous sinus and the trigeminal nerve and its gan-
glion. It can anastamose with the posterior limb of the infe-
rolateral trunk of the cavernous ICA.%

iv) Variants

(1) The origin of the accessory meningeal artery is from the
middle meningeal artery when the internal maxillary
artery is lateral to the lateral pterygoid muscle (superficial
type IMA)

(2) The origin is from the internal maxillary artery when IMA
is medial to the lateral pterygoid (deep type IMA).

(3) There can be multiple accessory meningeal arteries (25% of
cases), but the artery is rarely absent (4% of cases).®®

(4) The rare persistent trigeminal variant consists of an anas-
tamosis from the accessory meningeal artery to the superior
cerebellar artery.®*

e) Inferior alveolar artery (aka dental artery)

i) This branch takes an anterior-inferior angulation from its origin
from the proximal internal maxillary artery. It then enters the
mandibular foramen, following along the mandibular canal.

ii) Branches

(1) Mylohyoid branch. This is a small branch to the mylohoid
muscle arising from the inferior alveolar artery before
entering the mandibular canal. It anastamoses with the
submental branch of the facial artery.”

(2) Incisive branch. One of two terminal branches of the inferior
alveolar. Under the incisor teeth, the incisive branch reaches
the midline, anastomosing with the contralateral incisive
branch.”

(3) Mental branch. This branch travels out through the mental
foramen of the mandible to anastamose with the submental
and inferior labial branches of the facial artery.”

iii) Territories

(1) The inferior alveolar supplies the mylohyoid muscle, the
mandible, mandibular teeth, inferior alveolar nerve, and
the soft tissues of the chin.

iv) Variants

(1) The inferior alveolar artery arises as a common trunk with
the middle deep temporal artery in the deep type internal
maxillary artery variant.

2) E%Z isrslferior alveolar artery may arise directly from the

f) Middle deep temporal artery

i) Complicating things further, some authors refer to this branch
as the posterior deep temporal artery, but most authorities refer
to it as the middle deep temporal artery. The deep temporal
arteries ascend in a relatively straight course unlike the redun-
dant superficial temporal branches. The middle deep temporal
artery provides approximately one-half of the blood flow to the
temporalis muscle.?” It anastamoses with the superficial tempo-
ral artery and occasionally the transcranial collaterals from
this vessel can anastamose with the middle meningeal artery
branches. A component of the deep-type internal maxillary vari-
ant is a common origin of the inferior and middle deep temporal
arteries.’3°
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g) Pterygoid branches
i) Small inferiorly directed branches of the distal pterygoid part
to the pterygoid muscles that are not often visualized
angiographically.
h) Masseteric artery
i) Small, inferiorly directed branch to the masseter that anastamoses
with masseteric branches of the facial and the transverse facial
arteries.
i) Buccal artery
i) Inferiorly directed branch that connects to the jugal trunk of the
facial artery and supplies the soft tissues of the cheek from mucosa
to skin. It provides collateral flow between the distal internal max-
illary and facial arteries and has a connection to the transverse
facial artery.
j) Anterior deep temporal artery
i) This artery angles cephalad in a fairly straight course to provide
approximately 30% of the blood supply to the temporalis muscle.?
This artery has important anastamoses to the lacrimal branch of
the ophthalmic artery.
k) Posterior superior alveolar artery
i) This artery descends behind the maxilla before sending branches
to bone, teeth, and gingiva in the posterior aspect of the maxilla.
1) Infraorbital artery
i) Anterior-most branch of the IMA that passes through the inferior
orbital fissure, then enters the infraorbital canal to outline the roof
of the maxillary sinus.’
ii) Branches

(1) Middle superior alveolar branch. Contributes to the alveolar
process of the mandible.

(2) Anterior superior alveolar branch. Also contributes to the
supply of the maxillary teeth.

(3) Orbital branch. This artery primarily supplies the adipose
tissue in the inferior aspect of the orbit and can anastamose
with the ophthalmic artery.

(4) Palpebral branch. Distal branch to the lower eyelid. It anas-
tamoses with the dorsal nasal branch of the ophthalmic

artery.

(5) Naso-orbital branch. Small branches to the anterior-inferior
orbit and side of the nose that anastamose with the ophthal-
mic artery.

(6) Zygomattc branches. Lateral branch (or branches) supplying
the cheek and connecting to the transverse facial artery and
jugal trunk of the facial artery.

iii) Territories

(1) The infraorbital artery supplies the adjacent infraorbital
(maxillary) nerve, mucosa, and bony margin of the maxil-
lary sinus.®” Distal branches contribute to the lower eyelid
and pre-maxillary cheek soft tissue.” Both the orbital branch
and the distal infraorbital branch (palpebral branch) anas-
tamose with the ophthalmic artery, putting vision at risk
when anything toxic is injected in the infraorbital artery.5®
The infraorbital artery connects to the posterior superior
alveolar, sphenopalatine, and facial arteries.

iv) Variants

(1) May be hypoplastic or hypertrophic, depending on the size of
the facial artery.

(2) Can arise in a common trunk with the posterior superior
alveolar artery.

m) Pterygovaginal artery
i) This is a small branch running posteriorly from the IMA into the
pterygoid canal. It anastamoses with the accessory meningeal
artery and ascending pharyngeal artery branches to the
Eustachian tube region, and may connect with the petrous ICA.
n) Vidian artery (aka artery of the pterygoid canal)®7
i) This artery may arise from the pterygovaginal artery, or sepa-
rately from the IMA. It enters the Vidian canal and may anasta-
mose with a Vidian branch of the petrous ICA.
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0) Artery of foramen rotundum
i) Small, posteriorly directed branch with a characteristic wavy appear-
ance as it passes through the foramen rotundum. Supplies the maxil-
lary nerve and adjacent skull base. It is an important collateral to the
anterolateral branch of the inferolateral trunk of the cavernous ICA.

p) Descending palatine artery

i) This large artery descends obliquely from its origin, travels in the
pterygopalatine (aka greater palatine) canal, turns abruptly for-
ward horizontally and travels medial to the maxillary teeth to sup-
ply the palate. When it emerges from the greater palatine foramen,
it then becomes the Greater palatine artery.

ii) Branches

(1) Lesser palatine artery. Smaller branch or branches running
parallel to the greater palatine artery in a separate bony
canal, usually without a distal horizontal segment. May
arise independently from the IMA.>

(2) Palatine branch. It is a small branch turning posteriorly to
supply the soft palate and anastamoses with the middle
pharyngeal and/or the ascending palatine.

(3) Septal branch. It is the terminal branch of the greater pala-
tine at the incisive canal. It supplies the nasal septum and
anastamoses with sphenopalatine and ethmoidal arteries.

iii) Territories

) A major contributor to the blood supply of the hard palate,
it also contributes to the mucosa, gingiva, soft palate, and
tonsils.” Anastamotic connections exist with the contralat-
eral greater palatine artery, ipsilateral middle pharyngeal
artery, ascending palatine artery, sphenopalatine artery,
and ethmoidal branches of the ophthalmic.?

iv) Variants

(1) The greater palatine artery may be hypoplastic or absent on
one or both sides.

(2) Bilateral hypolasia of the greater palatine artery is seen in
cleft palate syndrome.™

q) Sphenopalatine artery

i) This is a major branch of the terminal IMA that enters the spheno-
palatine foramen to supply the nasal cavity. This artery can be a
major source of bleeding in epistaxis cases. The sphenopalatine
artery can also supply vascular lesions in the nasal cavity such as
juvenile nasopharyngeal angiofibromas.

ii) Branches

(1) Septal branch
This is a small branch that first goes straight medially,
takes a right angle cephalad and another right angle medi-
ally before spreading out into the nasal septum. It also sup-
plies the superior turbinate in 72% of cases.™

(2) Lateral nasal branch (aka posterior lateral nasal branch).
This branch travels inferiorly before ramifying along the
nasal turbinates to supply the nasal cavity mucosa.

iii) Territories

(1) Sphenopalatine arteries supply the mucosa of nasal cavity
and are a very common source of bleeding in idiopathic
epistaxis. They anastamose with ethmoidal branches of the
ophthalmic artery, the greater palatine artery, and the sep-
tal branch of the superior labial artery.”

iv) Variants

(1) None described.

2) Territories (IMA)

(a) The IMA supplies bones in the mid and lower face, muscles of mastication
mucosa in the nasal cavity, the palate, numerous cranial nerves (III-VII)
and large areas of dura.” There are multiple potential anastamoses with
the internal carotid directly, the ophthalmic and numerous other vessels
in the face and head.

3) Variants (IMA)
(a) Superficial-type versus deep-type IMA (see beginning of IMA section,

above).
(b) Rarely, the IMA shares a common origin with the facial artery.™
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Other ECA Branches

Variable unnamed branches of the ECA are present. They are usually small and
not well seen on angiography unless they are involved with a vascular malformation or
neoplasm. The named branches that occasionally arise from the ECA usually arise
from one of its major branches:

(a) Tiny carotid body branches arise from the proximal ECA itself or from the proxi-
mal branches of the ECA.

(b) The sternocleidomastoid branch (or branches) can arise from the ECA, but usu-
ally arises from the superior thyroid, occipital, or posterior auricular artery.

(¢) The superior laryngeal artery usually originates from the superior thyroid
artery, but can arise separately from the ECA.

(d) A recurrent pharyngeal branch to the upper oropharynx and palate can arise
directly from the ECA.>

(e) A small branch to the stylomastoid muscle arises from the distal ECA.

(f) A small masseteric branch originates from the distal ECA.

(g) The ascending palatine artery usually arises from the facial artery, but may
originate directly from the proximal ECA.

(h) The transverse facial artery frequently arises separately from the distal ECA,
although it is more often a branch of the superficial temporal artery.

1.4. Internal Carotid Artery

Several classification schemes exist for the segments of the ICA, including various
numbering systems (Fig. 1.14). The numbering systems can be confusing and need-
lessly arcane for the purposes of everyday clinical work. The authors of this handbook
favor the following simple system (corresponding to the description by Gibo and
colleagues):™

1. Cervical

2. Petrous

3. Cavernous

4. Supraclinoid
The segmental nomenclature used by Bouthillier and coworkers will be used in this
chapter for the purpose of anatomic description.”

Supraclinoid

E. Fischer et al., 1938 H. Gibo et al., 1981 A. Bouthillier et al., 1996

Fig. 1.14 Selected segmental classification schemes of the internal carotid artery.”*76
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The system established by Fischer in 1938 was intended to describe angiographic
patterns of arterial displacement by intracranial tumors, numbered the ICA segments
against the flow of blood, and excluded the extracranial ICA.™® Subsequent systems
Lllaved included the cervical segment and have numbered the segments with the flow of

ood.

Angio-Anatomic Correlate! Carotid Bifurcation (Fig. 1.15)

Fig. 1.15 The ICA usually arises lateral to the ECA, and is thought to be fixed at
birth. Exceptions can occur, however. In this patient with lupus, the ICA changed from
a lateral position (a) to a medial position (b) after 4 months on high dose steroids.

Cervical Segment (C1)

This segment begins at the carotid bifurcation and ends at the skull base and
usually has no branches. The carotid bifurcation is usually at the level of C3. The ICA
receives approximately 80% of the flow from the CCA. The ICA is encircled by sympa-
thetic fibers, and travels in the carotid sheath, which also contains the internal jugular
vein and the vagus nerve. The uppermost portion of the carotid sheath (superior to the
nasopharynx) also contains cranial nerves IX, XI, and XII.
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1) Divisions

(a) Carotid bulb. Focal dilation of the ICA at the origin, measuring 7.4 mm
in diameter on average, compared to 7.0 mm for the CCA and 4.7 mm for
the ICA distal to the carotid bulb.”

(b) Ascending cervical segment. The diameter remains relatively constant
throughout its course. Coiling or complete looping of the vessel is seen in
up to 15% of angiograms.

2) Branches: None.
3) Variants

(a) Position of origin. The carotid bifurcation can be found as low as T2 or as
high as C1.! Rarely, the ICA may arise directly from the aortic arch; in
these cases the non-bifurcating carotid artery gives rise to all of the
béfxl%hes normally supplied by the ECA and then continues as the
I

(b) Agene51s and hypoplasia

Congenital absence or hypoplasia of the ICA may occur sporadi-
cally in a association with other congenital anomalies, such as
anencephaly or basal telangectasia.” Intracranial aneurysms are
associated in 67% of cases.®

ii. Agenesis of the ICA has a prevalence of 0.01%"' and can be distin-
guished from ICA occlusion by imaging of the skull base; in
patients with agenesis, the carotid canal is absent.®? Agenesis is
more frequent on the left.**

iii. Bilateral ICA agenesis is seen in <10% of ICA agenesis cases® and
is associated with intracranial aneurysms in some 25% of cases.?

iv. ICA Hypoplasia has an incidence of 0.079%,* and should not be
confused with diffuse narrowing of the ICA, which is most com-
monly seen with fibromuscular dysplasia, dissection, or secondary
to high-grade atherosclerotic stenosis. Congenital hypoplasia can
be distinguished from acquired stenosis by the presence of a small
petrous carotid canal.®?

(c) Anomalous branches are rare but can include:*

i. Ascending pharyngeal artery

ii. Superior thyroid artery

iii. Occipital artery

iv. Posterior meningeal artery

v. Persistent stapedial artery

vi. Vidian artery
(d) Duplication and fenestration of the cervical ICA has been reported.®*%
(e) Carotid-vertebrobasilar anastamoses.

Carotid—Vertebrobasilar Anastomoses

Transient connections appear during development between the carotid and hind-
brain circulations. These anastomoses usually disappear as the posterior communicat-
ing arteries develop and rarely persist into adulthood. The most common of these is
the persistent fetal origin of the posterior cerebral artery, which has a prevalence of
some 18-22% in the general population (see below).®® Three of the four other embry-
onic arteries are named for the cranial nerves they parallel. From superior to inferior,
these persistent fetal vessels (excepting the fetal PCA) include: ¢rigeminal, otic, hypo-
glossal, and proatlantal intersegmental arteries (Fig. 1.16). A mnemonic for this uses
the acronym T'O(h)P: The primitive anastomotic vessels appear near the TO(h)P of the
craniospinal axis.

1. Persistent trigeminal artery
(a) Most common carotid-basilar anastomosis, seen in some 0.1-0.2% of
angiograms.®*%
(b) Extends from the cavernous ICA to the upper part of the basilar artery
and often perforates the dorsum sella.
i. The vertebrobasilar system proximal to the upper basilar artery
may be hypoplastic, with the primitive trigeminal artery supply-
ing most of the flow to the PCAs and the SCAs.
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Fig. 1.16 Carotid—vertebrobasilar anastomoses. The most common configuration of
each type of persistent embryologic connection between the carotid and vertebrobasilar
system are shown. The persistent fetal origin of the PCA is illustrated in Fig. 1.20. (a)
Persistent trigeminal artery; (b) persistent otic artery; (c) persistent hypoglossal artery;
(d) Proatlantal intersegmental artery, Type | (solid) and Type Il (dashed).

(c) Two In;gﬂn variants.® The relative prevalence of the two types is almost
equa

i. Saltzman Type I. The persistent trigeminal artery supplies the
PCA and SCA territories. The posterior communicating arteries
and the basilar artery proximal to the anastomosis are
hypoplastic.

ii. Salzman Type II. The PCAs are supplied by the posterior commu-
nicating arteries and the persistent trigeminal artery joins the
basilar artery at the level of the SCAs.

(d) A less common trigeminal artery variant consists of the superior cerebel-
lar artery arising from the internal carotid.”

(e) Associated with intracranial aneurysms.

(f) May have an intrasellar component and should not be mistaken for a
pituitary mass.*?
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2. Persistent otic artery
(a) Most rare carotid-basilar anastomosis.
(b) Extends from the petrous ICA to the basilar system via the internal audi-
tory canal.®%
(c) The existence of this variant is controversial. Some authors argue that
the otic artery does not exist as a separate entity.”
3. Persistent hypoglossal artery
(a) Second most common carotid-basilar anastomosis, seen in 0.03-0.26% of
angiograms.*®
(b) Exteilds from the cervical ICA to the basilar artery via the hypoglossal
cana
i. Arises from the ICA between the carotid bifurcation and C1.
ii. The posterior communicating arteries may be absent.”
iii. The ipsilateral vertebral artery is usually hypoplastic.
(¢) May be associated with an aneurysm.*®
4. Proatlantal intersegmental artery
(a) Extends from the cervical ICA or ECA to the vertebrobasilar system via
the foramen magnum. Extremely rare.
(b) Assomated with aplasia or hypoplasia of the vertebral arteries in 50% of
cases.”
(¢c) Typel
i. Arises from the ICA at C2-3, courses horizontally above the atlas,
and gives rise to the ipsilateral vertebral artery.
ii. More common than Type II.
(d) Type IL
i. Arises from ECA and joins the vertebral artery at C1.
ii. May have a common origin with the occipital artery.'*

Petrous Segment (C2)

The petrous segment extends from the opening of the carotid canal in the skull
base to the posterior edge of the foramen lacerum. The vertical subsegment transitions
into the horizontal subsegment via the genu of the petrous ICA, which is a 90° bend in
the vessel. At the entrance into the carotid canal, the carotid sheath splits into two
layers; the inner layer continues as the periosteum of the carotid canal, and the outer
layer is continuous with the periosteum of the inferior surface of the skull base. Post-
ganglionic sympathetic fibers (internal carotid nerve) continue to travel with the ICA.
A venous plexus (internal carotid artery plexus of Rektorzik) also surrounds the
petrous ICA;' the existence of this venous plexus has been proposed to effectively
dampen the pulsatlon of the carotid, making it less perceptible by the adjacent hearing
apparatus.'” In fact, anatomic specimens have shown that the venous plexus seems to
be most prominent on the side of the vessel facing the cochlea, a finding that lends
support to the theory (Fig. 1.17).

1) Subsegments
(a) Vertical
i. Average length is 10.5 mm.1?
(b) Horlzontal
Approximately twice the length of the vertical subsegment; aver-
age length is 20.5 mm.'?

ii. A l-cm length of this segment may be exposed in the floor of the
middle fossa lateral to the trigeminal nerve, and covered by dura
only or a thin layer of cartilage.

2) Branches
(a) Normal petrous ICA branches are visible on angiography in only 23% of
cases.’ In a cadaver dissection series, the petrous ICA was found to have
branches in only 38% of the specimens (a Vidian branch in was found in
30%, and a periosteal branch was present in 8%); the “caroticotympanic
artery,” was not found in single case.!®
(b) Periosteal branch

i. Arises at the entrance of the ICA into the carotid canal. Found in

8% of the dissections.®
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Fig. 1.17 Relationship between the pericarotid venous plexus and the cochlea. Drawing
of a histological section through the temporal bone showing that the pericarotid venous
plexus (VP) is most developed on the side of the ICA facing the cochlea (C) IAC, internal
auditory canal.

(¢) Caroticotympanic artery

i. Commonly described branch of the petrous ICA, although its exis-
tence has been disputed by some authors.1%

ii. Arises from the petrous ICA near the genu and travels superiorly
and posteriorly to the middle ear cavity.

iii. Anastomoses with the ascending pharyngeal artery via the infe-
rior tympanic artery.’**

(d) Vldlan artery (aka artery of the pterygoid canal)
Small branch that may arise from the horizontal petrous ICA and
travels anteriorly within the Vidian (pterygoid) canal to the
pterygo-palatine fossa. The Vidian canal is in the floor of the sphe-
noid sinus and also contains the Vidian nerve.

— The Vidian nerve is formed by the combination of the deep
petrosal nerve (containing sympathetic fibers from the plexus
surrounding the ICA) and the greater superficial petrosal
nerve (containing parasympathetic and sensory fibers).

ii. The Vidian artery anastomoses with branches of the IMA.

3) Variants
(a) Aberrant ICA.

i. The ICA enters the temporal bone posterior to the external audi-
tory meatus, ascends between the facial canal and the jugular bulb
and passes within the middle ear cavity.

— May present as a pulsatile mass within the middle ear or
with hearing loss; this variant must be kept in mind to avoid
a potentially disastrous biopsy procedure.

— Predilection for woman (67% of patients are female); 15% are
bilateral .1

— Asdiscussed above, the so-called “aberrant ICA” is more appro-
priately termed ascending pharyngeal artery, and supplies col-
lateral flow to a segmentally atretic internal carotid.’®

(b) Persistent stapedial artery

i. Arare, persistent embryonic vessel that appears as a branch of the
vertical segment of the petrous ICA, travels through the middle
ear, and gives rise to the middle memngeal artery.'%®

(c) Persistent otic artery (described with the other carotid-vertebrobasilar
anastomoses, above).
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Lacerum Segment (C3)

The lacerum segment is a short part of the artery that extends from the petrous

ICA to the cavernous segment, over the foramen lacerum. The foramen lacerum is
approximately 1 cm long and is filled with fibrocartilage, amounting to a “closed
floor” over which the ICA passes.!® The foramen lacerum is not a true foramen, as
no significant structures (other than the Vidian nerve) travel through it. The lace-
rum segment is separated from the cavernous segment by the petrolingual liga-
ment. The petrolingual ligament is a small fold of periosteum that extends from the
lingula of the sphenoid bone to the petrous apex,'” and represents a continuation of
the periosteum of the carotid canal.” The lacerum segment lies inferior to the
trigeminal ganglion, and has thus been termed the “trigeminal segment” by some
authors.'’® The foramen lacerum is vulnerable to wayward placement of needles or
electrodes during percutaneous procedures, such as foramen ovale instrumentation
for trigeminal neuralgia.’” Among patients with basilar skull fractures, the junc-
tion between the lacerum and cavernous segments is the most frequently fractured
segmﬁglt of the carotid canal (62% of all carotid canal fractures occur at that
site).

1. Subsegments: None.

2. Branches: None.

3. Variants: None.

Cavernous Segment (C4)

The cavernous segment is S-shaped and extends from the superior margin of the
petrolingual ligament, through the cavernous sinus, to the proximal dural ring
(Fig. 1.18). This portion of the ICA is surrounded by areolar tissue, fat, postganglionic
sympathetic fibers, and the interconnecting venous chambers of the cavernous sinus.
The ICA rests directly against the lateral surface of the body of the sphenoid bone in a
groove called the carotid suclus, which defines the course of the cavernous segment of
the ICA.'"! The cavernous ICA also travels directly adjacent to the wall of the sphenoid
sinus; a layer of bone less than 0.5-mm thick separates the artery from the sinus in
almost 90% of cases, and a complete absence of bone between the artery and the sinus
is present in nearly 10%.! In some cases, the ICA may actually extend into the sphe-
noid sinus, an anatomic variant that should be kept in mind during surgery of the
sphenoid sinus. The cavernous segment of the ICA forms the greater part of the carotid
siphon (Fig. 1.19).

1. Subsegments:'?

(a) Posterior vertical

(b) Posterior bend

(¢c) Horizontal

i. Longest part of the cavernous ICA.

(d) Anterior bend

(e) Anterior vertical

2. Branches:

(a) The most prominent branches of the cavernous ICA can be divided into
three groups.’® These branches are highly variable; the most consistent
branches are the posterior and lateral trunks.!?

i. Posterior trunk (meningohypophyseal artery) arises from the pos-
terior bend of the cavernous ICA approximately 10 mm distal to
the foramen lacerum.'? All three of the following branches are
found in some 70% of dissections:!'?

— Tentorial artery. This vessel is the most consistent branch of
the posterior trunk, being present in 100% of dissections.'*
It has two branches:

(a) Marginal artery of the tentorium (aka artery of
Bernasconi and Cassinari).® Travels posteriorly
along the medial edge of the tentorium. This artery
may arise directly from the ICA.
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Fig. 1.18 Cavernous internal carotid artery. Lateral view of the cavernous segment of
the ICA. Major branches: Posterior trunk: (a) Tentorial artery (1), (b) Inferior hypophyseal
artery (2), and (c) Dorsal meningeal artery (3). Lateral trunk: (a) Anteromedial branch (4),

(b) Anterolateral branch (5), and (c) Posterior branch (6). Tentorial branch (7) may
sometimes arise from this part of the cavernous carotid. Medial branch group is not
shown here because they arise from the opposite side of the ICA from that shown.

(b) Basal tentorial artery. Travels laterally along the
border between the tentorium and the petrous ridge.
Anastomoses with the middle meningeal artery and
the dural arteries of the posterior fossa.®

— Inferior hypophyseal artery

(a) Travels in a superior and medial direction to supply
the posterior lobe of the pituitary gland.''¢ It anasto-
moses with the superior hypophyseal artery, the
medial branch group, and the contralateral inferior
hypophyseal artery.

— Dorsal meningeal artery. Found traversing Dorello’s canal in
75% of dissections.'” Two branches that supply dura of the
skull base:

(a) Lateral clival artery: supplies dura around Durello’s
canal and abducens nerve.

(b) Dorsal (aka medial) clival artery: supplies superior
clival dura.

— Recurrent artery of foramen lacerum: Tiny vessel that may
anastamose with the carotid branch of the ascending
pharyngeal.’®

ii. Lateral trunk (aka the inferolateral trunk, artery of the inferior
cavernous sinus, or lateral main stem) arises from the lateral
aspect of the horizontal segment and travels superior to the
abducens nerve to supply cranial nerves within the cavernous
sinus. It is found in about 66% of dissections.!!®

— Anteromedial branch. May anastomose with the ophthalmic
artery via its recurrent meningeal branch.

— Anterolateral branch. May anastomose with the artery of the
foramen rotundum.

— Posterior branch. May anastomose with the cavernous
branches of the middle and accessory meningeal arteries.

—  Superior branch. Very small vessel that may anastamose
with ophthalmic.t?
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Fig. 1.19 Carotid siphon. The carotid siphon is an S-shaped part to the ICA; it begins at
the posterior bend of the cavernous ICA and ends at the ICA bifurcation. It can have an
open configuration (a) or a closed one (b), with obvious implications for the ease of
endovascular navigation in this region. A closed siphon anatomy can be attributed in
some cases to exaggerated tortuosity of the ICA, as can be seen in patients with
advanced age or fibromuscular dysplasia'2. A CTA image of a closed siphon in a patient
with an ophthalmic segment aneurysm (below).

iii. Medial branch group (aka capsular arteries of McConnell) arises from
the most superior portion of the cavernous segment, and supplies the
pituitary gland. They are found in only about 28% of dissections.!?

iv. Other cavernous ICA branches:

— Ophthalmic artery (found to arise from the cavernous segment,
instead of the ophthalmic segment), in about 8% of cases.!'®
— Recurrent artery of the foramen lacerum.
— Artery of the Gasserian ganglion.
3. Variants:
(a) Kissing intrasellar ICAs

i. The cavernous ICA may extend beyond the medial wall of the cav-
ernous sinus and run medially in the sella turcica. The ICAs
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Angio-Anatomic Correlate! Lateral Trunk Collaterals (Fig. 1.20)

Fig. 1.20 The lateral trunk provides potential collateral flow between the cavernous
segment of the internal carotid artery and external carotid artery branches. Carotid
artery injection (a) in this patient with prior external carotid ligation shows filling of
anterolateral and posterior branches of the lateral trunk (arrows). Later phase of
arteriogram (b) shows these branches reconstitute multiple external carotid
branches (arrows).

approach within 4 mm of each other within the sella in some 10%
of cases.'® This variant is associated with acromegaly.'?

(b) Intercavernous ICA anastomoses

i. Hypoplasia or agenesis of the ICA can be associated with an inter-

cavernous ICA anastomosis, in which a large collateral vessel con-
nects the cavernous carotid arteries.?81211%2

(c) Persistent trigeminal artery (described with the other carotid—vertebro-

basilar anastomoses, above).

Clinoidal Segment (C5)

The clinoidal segment comprises a tiny wedge-shaped part of the ICA between
the proximal and distal dural rings (Fig. 1.21). The anterior clinoid process lies
superior and lateral to the clinoidal ICA, over the part of widest separation
between the dural rings. Although this segment is described as “interdural,” the
ICA is surrounded in this region by a dural collar that contains venous tributaries
of the cavernous sinus, known as the clinoid venous plexus.'* These venous chan-
nels extend to the distal dural ring and have implications for surgery in this
region.

1. Subsegments: None
2. Branches: The ophthalmic artery may arise from the clinoidal segment in rare cases.!
3. Variants: None.
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Surgical view (Pterional approach)

Lateral view

AP view

Fig. 1.21 Clinoidal segment. The clinoidal segment is defined by the proximal (P) and
distal (D) dural rings, which are related to one another at an angle, like two dinner
plates nearly touching on one edge. The space between the dural rings is wide on the
lateral aspect of the ICA and small on the medial aspect, where the dural rings come
closest together. The medial part of the distal dural ring is incomplete; this region,
which includes the proximal portion of the ophthalmic segment, is known as the
“carotid cave” and is a site for aneurysm formation.'%2% The anterior clinoid process
(AC) extends like a thumb over the clinoidal segment; the relationships between the
dural rings and the anterior clinoid are variable. OA ophthalmic artery, OS optic strut,
M medial, L lateral.

Ophthalmic Segment (C6)

The ophthalmic segment is the most proximal intradural part of the ICA and
extends from the distal dural ring to the origin of the posterior communicating artery.
The average length is 9.6 mm.™ The optic nerve travels superior and medial to the ICA
in this region, and the sphenoid sinus is anterior and inferior. The optic strut is a bony
process that extends between the base of the anterior clinoid to the body of the sphe-
noid bone. The optic strut separates the optic canal from the superior orbital fissure,
and the identification of the optic strut on CT can help distinguish cavernous segment
aneurysms from ophthalmic segment aneurysms.'*

1. Subsegments: None.

2. Branches:

(a) Ophthalmzc artery (Fig. 1.22)

The ophthalmic artery arises from the anterior aspect of the ICA
medial to the anterior clinoid process. The vessel originates distal to
or at the distal dural ring in >90% of cases; in about 8% of cases, the
vessel arises from the cavernous segment.’® The artery then usually
travels inferior and lateral to the optic nerve in the optic canal.
Within the orbit, the ophthalmic artery loops inferior and lateral to
the optic nerve in 83% of cases, and then approaches the globe along
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Safety point

Fig. 1.22 Ophthalmic artery. Lateral view of a selective ophthalmic artery angiogram
(above) and superior views of the ophthalmic artery (OA, a). On the angiogram, note the
typical upward course of the OA as it crosses over the optic nerve (arrow) and the choroidal
blush (arrowheads). In 83% of cases, the OA passes around the lateral aspect of the optic
nerve (b, leff); in the remaining cases the OA stays medial to the optic nerve (b, right).
Significant branches include: (7) Recurrent meningeal arteries, (2) posterior ethmoidal
artery, (3) muscular branches, (4) central retinal artery, (5) ciliary arteries (anterior and
posterior), (6) lacrimal artery, and (7) anterior falx artery. The OA can be divided into three
segments:>° (1) Segment 1. Extends from the entrance of the OA into the orbit to the point
where the vessel changes direction to cross over or under the optic nerve. (2) Segment 2.
Short part of the vessel as it passes over or under the nerve. (3) Segment 3. Extends from
the bend in the vessel on the medial aspect of the optic nerve, to the edge of the orbit. The
safety point, beyond which embolization can be done with minimal risk of embolization of
the retina, is generally thought to be anywhere beyond Segment 2.2

its medial aspect. In 17% of cases, the ophthalmic artery stays
medial and inferior to the optic nerve throughout its course.!*®

ii. The diameter of the ophthalmic artery at the origin averages 1.4
mm (range, 0.9-2.1 mm).'?*

iii. Ophthalmic artery branches. The ophthalmic artery branches are
highly variable, and anastomoses with the branches of the external
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carotid artery are extensive. Ophthalmic artery branches can be
divided into three groups:
1. Ocular group
(a) Central retinal artery

i. Arises from the ophthalmic artery as a single
trunk or in common with a posterior ciliary
artery, then penetrates the optic nerve sheath to
supply the retina.'** The central retinal artery is
a terminal branch of the ophthalmic artery and a
true end-artery, with no appreciable collateral
circulation. Occlusion of the central retinal
artery usually results in loss of vision.

ii. The inner diameter averages 400 pm (range,
300-600 pm).*

(b) Clhary arteries

i. Divided into posterior and anterior ciliary
arteries, these vessels produce the choroidal
blush seen on lateral angiography.

2. Orbital group
(a) Lacrimal artery

i. The lacrimal artery arises from the ophthal-
mic artery adjacent to the optic nerve and
passes along the lateral rectus muscle to irri-
gate the lacrimal gland and conjunctiva. It
anastomoses anteriorly with branches of the
superficial temporal artery and with multiple
branches of the internal maxillary artery.!'?

ii. A significant branch of the lacrimal artery is
the recurrent meningeal artery, which travels
back and out of the orbit through the superior
orbital fissure, and anastomoses with the mid-
dle meningeal artery.'*

iii. Zygomaticofacial branches anastamose with
deep temporal and transverse facial branches.'?

(b) Muscular branches

i. Arteries that irrigate the extraocular muscles
and periosteum of the orbit; each branch is
named for the structure it irrigates (e.g., mus-
cular branch to the medial rectus).

3. Extraorbital group
(a) Ethmoidal arteries

i. These vessels supply the upper nasal mucosa
and anastomose with branches of the spheno-
palatine branches of the internal maxillary
artery. They also perforate the cribriform plate
to irrigate the dura of the anterior fossa.

ii. Anterior ethmoidal artery

1. Gives rise to the anterior falx artery,
which enters the intracranial space via
the foramen caecum.

iii. Posterior ethmoidal artery

1. Anastomoses with branches of the sphe-
nopalatine artery.
(b) Palpebral artery

i. Divides into medial, inferior medial, and supe-
rior medial palpebral branches.”> These
branches anastomose with the frontal branch of
the superficial temporal artery and the infraor-
bital branch of the internal maxillary artery.

(¢) Terminal portion of the ophthalmic artery
i The ophthalmic artery terminates by dividing into the
1. Supratrochlear branch
a. Anastomoses with branches of
the superficial temporal artery.
2. Dorsal nasal branch
a. Anastomoses with branches of the
facial artery.

4
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iv. Ophthalmic artery variants

Several anomalous origins of the ophthalmic artery have been
described. The most common is a middle meningeal artery origin,
seen in nearly 16% of cases in a dissection series'’ (conversely, an
ophthalmic origin of the middle meningeal artery is seen in about
0.5% of the angiograms.).*6 Other reported anomalous origins include
the cavernous ICA, the MCA, ACA, PCA, and the basilar artery.'®

(b) Supenor hypophyseal artery

ere is an average of 1.8 superior hypophyseal arteries arising
from the ICA, and most originate within 5 mm of the ophthalmic
artery orig;in.l?8 Superior hypophyseal arteries appear in two
forms: in 42% of cases, a single large artery branches like a cande-
labra into smaller branches, and in the remaining cases, two or
three hypophyseal arteries are present.'? The vessels then travel
toward the origin of the pituitary stalk and connect with the
branches of the contralateral superior hypophyseal artery and the
posterior communicating arteries to form a circuminfundibular
anastomosis.?® The superior hypophyseal arteries and the circum-
infundibular plexus are distributed to the pituitary stalk and the
anterior lobe of the pituitary (the inferior hypophyseal branch of
the meningohypophyseal artery irrigates the posterior lobe).™

(¢) Perforating branches

1.

Several perforating branches arising from the ophthalmic segment
are not properly included with the superior hypophyseal arteries.
They arise from the posterior or medial aspect of the ICA and pri-
marily irrigate the optic chiasm, the optic nerve, the floor of the
third ventricle, and the optic tract.™

3. Variants: Most anatomic variants of the ophthalmic segment of the ICA amount
to anomalous origins of the ophthalmic artery (see above). A fenestration of the

ophthalmic segment of the ICA has been reported.

129

Communicating Segment (C7)

The communicating segment begins just proximal to the origin of the posterior
communicating artery and ends with the bifurcation of the ICA into the ACA and the
MCA. The average length is 10.6 mm.™

1. Branches

(a) Posterior communicating artery

i.

The posterior communicating artery arises from the ICA an aver-
age of 9.6 mm distal to the ophthalmic artery and 9.7 mm proximal
to the ICA bifurcation.™ It travels posteromedially an average dis-
tance of 12 mm to join the PCA at the junction between the P1 and
P2 segments.

Branches. The number of perforating arteries ranges from four to
14, with an average of 7.8.™ These branches terminate in the floor
of the third ventricle, the posterior perforated substance, optic
tract, pituitary stalk, and optic chiasm.'* These perforators reach
the thalamus, hypothalamus, and internal capsule. These arteries
are called anterior thalamoperforators to distinguish them from
the thalamoperforators that arise from the P1 segment. The larg-
est and the most constant of these is the premamillary artery.®

iii. Variants

Persistent fetal origin. A “fetal configuration” is defined as a
prominent P-comm artery that gives rise to, and has the
same diameter of, the P2 segment of the PCA (Fig. 1.23).
This anatomy is present in 18-22% of cases.® The ipsilat-
eral P1 segment is usually hypoplastic.

2. Infundibulum. A funnel-shaped origin of the P-comm artery
(see below).

3. Hypoplasia. Although a “hypoplastic” P-comm artery is
present in up to 34% of the dissections, the complete absence
of the vessel is very rare.®®

4. Absence. Complete absence of the P-comm artery is found in
0.6% of the dissections.’®!

5. Fenestration of the P-comm artery has been reported.'*?
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Fig. 1.23 Persistent fetal configuration of the posterior communicating artery. A posterior
communicating artery is a “fetal” variant (arrow) when the diameter of the vessel is equal
to the diameter of the P2 segment it connects to.

(b) Anterior choroidal artery

The anterior choroidal artery (Fig. 1.24) arises from the posterolat-
eral aspect of the ICA, 24 mm distal to the posterior communicating
artery, and an average of 5.6 mm proximal to the ICA bifurcation.™
The diameter of the vessel averages 1.0 mm,™ and is duplicated in 4%
of cases.’ The anterior choroidal artery has two segments:

i

ii.

1

Cisternal segment. From the ICA, the vessel travels in a pos-
terior direction, sweeping first medially, then laterally to
pass around the cerebral peduncle. The anterior choroidal
artery then angles upward as it passes through the choroi-
dal fissure to enter the temporal horn of the lateral ventri-
cle. The cisternal segment averages 24 mm in length and
gives rise to an average of eight perforating branches;
these are the branches of the anterior choroidal artery that
irrigate most of the vital structures that are vulnerable to
ischemic injury with anterior choroidal artery occlusion.
Intraventricular segment. Within the ventricle, the anterior
choroidal artery travels with the choroid plexus, anastomos-
ing with branches of the lateral posterior choroidal artery in
this region. The artery then arcs up and around the thala-
mus, and in some cases it reaches as far as the Foramen of
Monro and anastomoses with branches of the medial poste-
rior choroidal artery (from the posterior cerebral). Branches
from the intraventricular segment supply to the optic tract,
lateral geniculate body and thalamus.'**

Territories
1

The anterior choroidal artery sends branches, in decreasing
order of frequency, to the optic tract, cerebral peduncle, lateral
geniculate body, uncus, and temporal lobe.” The brain struc-
tures irrigated by these branches include the optic radiation,
globus pallidus, midbrain, thalamus, and posterior limb of the
internal capsule. Occlusion of the anterior choroidal artery can
produce contralateral hemiplegia, hemianesthesia, hemianopia,
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Fig. 1.24 Anterior choroidal artery. On a lateral angiogram, the cisternal segment of the
anterior choroidal artery has a characteristic gentle, undulating appearance as it passes
around the cerebral peduncle. A kink appears in the vessel (the plexal point, (black
arrow)) where it enters the temporal horn. The posterior communicating artery (white
arrow) travels inferior and parallel to the anterior choroidal artery.

memory loss, and somnolence. Regions of the brain affected by
the anterior choroidal artery occlusion on CT include the poste-
rior limb of the internal capsule, the retrolenticular portion of
the internal capsule, the internal portion of the globus pallidus,
and the lateral thalamus.’®® The severity of neurologic change
after occlusion of the vessel is highly variable, however, pre-
sumably because of varying anastomoses with the posterior
choroidal arteries as well as the PCA (and less commonly, the
ACA and MCA). Irving S. Cooper, M.D., a functional neurosur-
geon, demonstrated this variability.’®® During a subtemporal
approach for a cerebral pedunculotomy to treat a patient with
Parkinson’s disease, Cooper occluded the anterior choroidal
artery because of an inadvertent injury to the vessel. The
patient awoke after surgery with complete resolution of his
tremor and rigidity and without any persistent hemiparesis.
Deliberate occlusion of the anterior choroidal artery was done
for the treatment of Parkinson’s disease in the 1950s.*"
iii. Variants
1. Ectoplc origin. Seen in 4% of the dissections.'®
The anterior choroidal artery may originate from the
MCA or PCA.

(b) Rarely, the anterior choroidal artery may originate
from the ICA proximal to the posterior communicat-
ing artery.!®

2. Absence of the anterior choroidal artery is seen in 3% of
angiograms.'®
3. Hyperplasia, in which the anterior choroidal artery supplies
part of the PCA territory, is seen in 2.3% of angiograms.'*
(¢) Perforating branches
i. Perforators arising from the communicating segment extend to the
optic tract, floor of the third ventricle, and the anterior perforated
substance.™
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Fig. 1.25 Posterior communicating artery infundibulum (arrow).

The Infundibulum: A Normal Variant

An infundibulum is a conical, triangular, or funnel-shaped dilatation at the
origin of an artery, and is found most commonly at the junction of the posterior
communication artery and ICA (Fig. 1.25). At this location, an infundibulum is
defined as a symmetric bulge at the origin of the P-comm, with a maximum diam-
eter of 3 mm."%*! The authors of this handbook have also found infundibula at the
P-comm-PCA junction, the P2 segment, in the anterior communicating artery com-
plex, the ophthalmic artery origin, and at the origin of the anterior choroidal
artery. The reported prevalence of infundibula on otherwise normal angiograms is
7-15%.4?>-144 Bilateral P-comm infundibula are present in 25% of cases. Angiographic
criteria for infundibular dilation include round or conical in shape, <3 mm in the
maximum diameter, without aneurysmal neck, and with a posterior communicat-
ing artery arising from its apex.'?

1.5. Circle of Willis

The circle of Willis is the ring of interconnecting vessels encircling the pituitary
infundibulum providing important collateral circulation between the carotid territo-
ries and the vertebrobasilar system (Fig. 1.26). It is actually a nonagon, a nine-sided
structure, rather than a circle. Although it bears the name of Thomas Willis (named in
honor of Willis by his student Lower), who described the structure in 1664 in a publica-
tion illustrated by Sir Christopher Wren,'*® earlier anatomists had recognized an arte-
rial circle at the base of the brain.'*¢ Although a complete circle of Willis is present in
some 90% of individuals, a well-developed and symmetric circle is found in <50% of
cases.” In some 60% of cases, at least one component of the circle is relatively hyp-
oplastic and diminished in its capacity to provide collateral flow.! Asymmetry of the
circle of Willis results in significant asymmetric flow*® and is an important factor in
the development of intracranial aneurysms and in ischemic stroke. Patients with
aneurysms are more likely to have asymmetry or an anomaly of the circle.'*® The
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Fig. 1.26 Circle of Willis.

Table 1.6 Sources of asymmetry in the circle of Willis

Vessel Variant Incidence
A1 segment Hypoplastic 10%1%?
Absent 1-2%!
A-comm artery Absent 5%
P-comm artery Hyperplastic (Fetal) 18-22%"
Hypoplastic 34%%8
Absent 0.6%"
ICA Hypoplastic 0.079%%
Absent 0.01%®
P1 segment Hypoplastic 15-22%
Absent Rare's!

presence of a nonfunctional anterior collateral pathway in the circle of Willis in
patients with ICA occlusive disease is strongly associated with ischemic stroke.'®® The
individual components of the circle are discussed separately in this handbook.
Anatomic variations causing asymmetry of the circle are listed in Table 1.6.

Anterior Cerebral Artery

Several classification schemes for the ACA have been described. The simplest and
most common system includes three segments (Fig. 1.27):
1. Al. From ICA to anterior communicating artery
2. A2. From anterior communicating artery to the origins of the pericallosal and
supramarginal arteries
3. A83. Distal branches
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Fig. 1.27 Anterior cerebral artery. Left lateral oblique view of the left ACA.

A1 Segment and Anterior Communicating Artery

Complex

The Al segment (aka the precommunicating segment)' extends from the ICA
bifurcation in a medial and superior direction to its junction with the anterior com-
municating artery within or just inferior to the interhemispheric fissure. It travels
superior to the optic chiasm or optic nerves and inferior to the anterior perforated
substance. The A-comm complex is highly variable and may take one of the four main
patterns (Fig. 1.28). The A-comm artery averages 4.0 mm in length and 1.7 mm in

diameter.'!
1. Branches

(a) Al perforating branches can be divided into superior and inferior
branches

1.

ii.

Some 2-15 superior branches are medial lenticulostriate arteries
that travel superiorly and posteriorly into the anterior perforated
substance and supply the anterior hypothalamus, septum pellu-
cidum, anterior commissure, fornix, and the anterior striatum.'?
Inferior branches supply the optic chiasm and optic nerves.

(b) A-comm artery branches

1.

Perforating branches of the A-comm artery can be divided into
subcallosal, hypothalamic, and chiasmatic branches, according to
their vascular territories.’” The subcallosal branch is usually sin-
gle and the largest branch of the A-comm artery; it supplies the
septum pellucidum, columns of the fornix, corpus callosum and
lamina terminalis.’®® The hypothalamic branches are smaller and
multiple. A chiasmatic branch is present in only 20% of cases.!*!

(¢) The recurrent artery of Heubner, most often an A2 branch, may arise from
the A1 segment in up to 17% of cases and from the ACA-A-comm junction
in 35% of cases.’*'55 (See below for further discussion of Heubner).

2. Variants

(a) Al variants

1.

ii.

Asymmetry. The left and right A1 segments are asymmetric in size
in up to 80% of cases.® Right A1l segments tend to be longer, more
tortuous, deviated and narrow than left A1l segments.'* About 10%
of the A1 vessels are hypoplastic (defined as having a diameter of
<1.5 mm).'??

Absence. Absence of one Al segment is seen in 1-2% of cases.!
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Fig. 1.28 Anterior communicating artery complex. In most cases, the A-comm complex
assumes one of the four configurations''. (a) A single or duplicated A-comm forms a
bridge between the ACAs. (b) A single large branch arises from the A-comm. (c) The

A-comm vessel is not present, and the two ACAs join together directly. (d) Azygos ACA.

C d

iii. Persistent olfactory artery. Rare anomaly in which a persistent
primitive olfactory artery travels from the ICA, along the olfactory
tract, to supply the distal ACA territory."”” May be associated with
an aneurysm.'®

iv. Infraoptic ACA. In rare cases the Al segment may travel inferior to
or through the optic nerve.’* ¢! Associated with aneurysms
(Fig. 1.29).

v. Fenestration of the Al segment is rare and is associated with
aneurysms,'62-164

vi. Accessory ACA. An atypical branch of the ICA courses under the
optic nerve and ACA to give rise to the orbitofrontal and frontopo-
lar arteries.'®

vii. Anomalous origins of the Al from the cavernous ICA,"¢ from the
ICA at or proximal to the ophthalmic artery,'”” and from the con-
tralateral ICA'®® have been reported.

(b) A-comm artery variants. Some 227 A-comm artery complex variations
have been described.’®® A “normal” A-comm artery, in which single vessel
forms a link between two non-anomalous ACAs, is present in only about
40% of cases.!5b15416910 Anomalous A-comm anatomy is present in the
remaining 60% of cases. These patterns included the plexiform (i.e., mul-
tiple complex vascular channels, 33%), dimple (i.e., incomplete fenestra-
tion, 33%), fenestration (21%), duplication (18%), string (18%), fusion
(12%), median artery of the corpus callosum (6%), and azygos ACA (3%).1**
The A-comm artery is absent in some 5% of cases.!™

A2 Segment

The A2 segment travels in a vertical direction from the A-comm artery to its
division into the pericallosal and callosomarginal arteries, adjacent to the genu of
the corpus callosum. Defined in this way, the A2 segment is analogous to the M1
segment of the MCA, which is defined in this handbook as ending with its bifurcation
into the superior and inferior divisions. Although the authors of this handbook pre-
fer this definition of the A2 segment, it is somewhat problematic, as some 18% of the
hemispheres do not have a definite callosomarginal branch.'” Other authors have
defined the A2—A3 junction as the part of the ACA immediately anterior to the cor-
pus callosum genu' or at the junction between the rostrum and genu of the corpus
callosum.®

The length of the A2 segment averages 43 mm when it is defined as extending
from the A-comm to the origin of the callosomarginal artery.'? The left and right
A2 segments usually travel together in the interhemispheric fissure, although the
rilght 922 is more often (72% of cases) anterior to the left A2 in the sagittal
plane.
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Fig. 1.29 Infraoptic anterior cerebral artery. The infraoptic ACA originates in an unusually

proximal location from the ICA (arrow)

1. Branches
(a) Perforators. Perforating branches of the A2 segment are located along the

first 5 mm of the segment, and penetrate the brain at the gyrus rectus
and olfactory sulcus.!™

(b) Recurrent artery of Heubner. This artery, which is a large lenticulostri-

(c

-

ate artery, arises from the A2 segment in most (57-78%) cases."?>!* It
doubles back and runs in the opposite direction to the A1l segment to
enter the lateral anterior perforated substance lateral to the ICA bifur-
cation.’® The artery supplies the head of the caudate nucleus, anterior
limb of the internal capsule, and the anterior third of the putamen.'”
Although it is often not large enough to be seen on angiography
(Fig. 1.30), it is regularly identified during surgery of the A-comm
complex; inadvertent occlusion of the vessel can occur by pinching the
vessel during retraction of the frontal lobe. Isolated infarction of the
territory of this vessel can be clinically silent, or produce a hemiparesis
that is most prominent in the face and upper extremity.®

Orbitofrontal artery. This artery is the first cortical branch of the A2 seg-
ment, and may appear as two or three vessels rather than single branch.'”
The artery runs close to the midline in an anterior direction to the gyrus
rectus, olfactory bulb, and medial aspect of the inferior frontal lobe.

(d) Frontopolar artery. This artery may also appear as a group of vessels and

usually arises from the distal A2 segment, below the corpus callosum. It
travels anteriorly and superiorly towards the frontal pole.
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Fig. 1.30 Recurrent artery of Heubner. Left carotid injection with filling of contralateral
A2 segment via the A-comm artery. The recurrent artery of Heubner is visible (arrow)
because it is not obscured by other arteries. Clipping of the aneurysm could put the
recurrent artery of Heubner at risk.

2. Variants
(a) Bihemispheric ACA. In this variant, one A2 segment is hypoplastic and
the other A2 vessel irrigates both the hemispheres. Present in up to 7%
of cases.'™
Azygos ACA. This is defined as a single unpaired A2 segment that arises
from the junction of the Als (Fig. 1.31). It is present in <1% of the general
population;™ as many as 41% of patients with an azygos ACA have a terminal
aneurysm.™ This anomaly is also associated with holoprosencephaly.!
(¢) Duplicated A2. More than one A2 segment has been reported in up to 13%
of cases.! In some cases, this may represent persistence of the primitive
median artery of the corpus callosum,! which is found in 6% of cases.'™
(d) Superior anterior communicating artery. An anomalous communicating
vessel between the ACAs near the corpus callosum has been described
and is associated with aneurysms.'™®

(b

=

A3 Branches

The “A3 branches” include all the ACA branches distal to the origin of the pericallosal
and callosomarginal arteries (Fig. 1.32). The distal ACA may be further subdivided into
A4 and A5 segments; '™ the A3 segment is defined as the part of the ACA that extends
around the genu of the corpus callosum, and the A4 and A5 segments comprise the part of
the ACA that travels posteriorly over the corpus callosum. The A4 and A5 segments are
separated by the coronal suture.'”” The distal ACA branches have extensive anastomoses
with distal branches of the MCA and PCA. These connecting arteries, in the furthest
reaches of the intracranial circulation, comprise the watershed zones; the corresponding
territories of the brain are the most vulnerable to ischemia during hemodynamic failure.
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Fig. 1.31 Azygos anterior cerebral artery. In an azygos anterior cerebral artery, both A1
segments join to form single A2 segment.

Fig. 1.32 Distal ACA branches. (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; (10) pericallosal artery.
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Fig. 1.33 The smile and the mustache. During the late arterial phase of an AP
angiogram (high magpnification, inset), the branches of the pericallosal artery curve
upward along the surface of the corpus callosum, forming a smile (a, black arrows).

Branches of the callosomarginal artery curve downward, forming a mustache

(a, white arrows). This pattern is nicely demonstrated in a photograph of someone
looking quite a bit like the senior author of this handbook (b). Black bars have
been placed across his eyes to protect his privacy and to comply with HIPAA

regulations.

1. Branches

(a) Pericallosal artery. The pericallosal artery is the main trunk of the ACA
as it passes posteriorly over the corpus callosum. It gives off multiple
small branches (“short callosal arteries”)'™ that travel laterally along the
corpus callosum (Fig. 1.33) and anastomose with the splenial artery (the
“posterior pericallosal branch”), a branch of the PCA. Infrequently, a
“long callosal artery” may be present, which is a branch of and runs par-
allel to the pericallosal artery.'”

(b) Callosomarginal artery. The callosomarginal artery is the second largest
distal branch of the ACA, after the pericallosal artery. It travels superi-
orly over the cingulate gyrus to run in a posterior direction within the
cingulate sulcus. It is absent in 18% of hemispheres.'™
Internal frontal branches. These branches are identified according to
which part of the superior frontal gyrus they supply. They may arise from
the pericallosal or the callosomarginal artery.

i. Anterior internal frontal arteries
ii. Middle internal frontal arteries
iii. Posterior internal frontal arteries
(d) Paracentral artery. This vessel arises from the pericallosal or callosomar-
ginal artery midway between the genu and splenium of the corpus callo-
sum, to supply the paracentral lobule.
(e) Parietal arteries. These are the final and most distal branches of the ACA.
They supply the medial aspect of the hemisphere above the corpus callo-
sum and most of the precuneus.”” They anastomose with the parieto-
occipital branch of the PCA. They can be divided into:
i. Superior parietal artery
ii. Inferior parietal artery
2. Variants

(a) Branches to the contralateral hemisphere are found in 64% of

brains.!”

(b) Although the anatomy of the distal ACA branches are highly variable,

true developmental anomalies in this region are uncommon.!

(c

-~
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Mnemonic for the cortical ACA branches
On Frontal Imaging, Find Peace and Prosperity
Orbitofrontal artery
Frontopolar artery
Internal Frontal Branches (anterior, middle, and posterior)
Paracentral artery
Parietal arteries (superior and inferior)
The two Ps at the end of the mnemonic also serve to remind the reader of the
Posterior Pericallosal artery, which anastomose with the distal end of the ACA.

1.6. Middle Cerebral Artery

Most classification schemes divide the
MCA into four segments. The authors of
this handbook favor the following system

(Fig. 1.34):
1. M1 From ICA to the bifurcation (or
trifurcation)

2. M2 From the MCA bifurcation to the
circular sulcus of the insula

3. M3 From the circular sulcus to the
superficial aspect of the sylvian
fissure

4. M4 Cortical branches

M1 Segment

The M1 segment (aka horizontal seg-
ment or sphenoidal segment)® arises
from the ICA and travels in a lateral direc-
tion, parallel to the sphenoid wing, and
terminates by dividing into the M2 seg-
ments. The M1 origin is usually twice the
size of the Al origin.! Although most ana- . .
tomic studies define the M1 segment as Fig. 1.34 Middle cerebral artery.
the ending where the MCA branches take
a 90° turn within the sylvian fissure?8°
(and thus having both prebifurcation and
postbifurcation subsegments), the division point of the main MCA trunk is consid-
ered by most clinicians to be the M1/M2 junction.® The MCA bifurcates in 71% of
cases, trifurcates in 20% of cases, and divides into four branches in 9% of cases.!®!
The M1 segment averages about 16 mm in length.!®!

1. Branches

(a) Lateral lenticulostriate branches. Approximately 80% of the lenticulostri-
ates that arise from the MCA arise from the M1 segment. These branches
average 10 in number,'®"1%2 and most arise from the superior aspect of the
M1 segment. They enter the anterior perforated substance to supply the
anterior commissure, internal capsule, caudate nucleus, putamen, glo-
bus pallidus, and substantia innominata.

(b) Anterior temporal artery. The anterior temporal artery typically arises
near the midpoint of the M1 segment. Less commonly, it arises from
the inferior division (an M2 segment) or as part of an M1 trifurcation.
It travels in an anterior and inferior direction over the temporal tip
and does not usually enter the sylvian fissure itself.! It supplies the
anterior temporal lobe.
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2. Variants

(a) MCA duplication. This anomaly consists of a large MCA branch arising
from the ICA proximal to the ICA bifurcation, and has a frequency of
0.2-2.9%.'%% This vessel travels parallel and inferior to the main M1
segment and primarily supplies the anterior temporal lobe.183% It is
associated with aneurysms.!8186

(b) Accessory MCA. An accessory MCA arises from the ACA and runs paral-
lel to the M1 segment, and has a prevalance of 0.3—4.0%.1%3'57 There is a
classification scheme for accessory MCAs:'* Type 1 arises from the ICA
(i.e., MCA duplication), type 2 from the Al segment, and type 3 from the
A2 segment. The accessory MCA primarily supplies the orbitofrontal
area,'® and is also associated with aneurysms.’®>1% This anomaly should
be not be confused with a large recurrent artery of Heubner.'*!

(c) Aplasia. Aplasia of the MCA is rare and is associated with aneurysms.'?

(d) Fenestration. Fenestration of the M1 segment has been reported.'**

M2 Segments

The M2 segments (aka insular segments) extend from the main division point of
the M1 segment, over the insula within the sylvian fissure, and terminate at the circu-
lar sulcus of the insula. The MCA divisions are equal in diameter and size in 18% of
the hemispheres; the superior division is larger (dominant) in 28% of the hemispheres
and the inferior division is larger in 32% of the hemispheres.’® The cortical area sup-
plied by the superior division extends from the orbitofrontal area to the posterior pari-
etal area. The cortical area supplied by the inferior division extends from the temporal
pole to the angular area. The M2 segments number from six to eight arteries at the
point of transition into the M3 segments.

M3 Segments

The M3 segments (opercular segments) begin at the circular sulcus of the insula
and end at the surface of the sylvian fissure. These vessels travel over the surface of
the frontal and temporal opercula to reach the external surface of the sylvian fissure.
The M3 branches, together with the M2 vessels, give rise to the stem arteries, which in
turn give off the cortical branches. There are usually eight stem arteries per hemi-
sphere, and each one typically gives rise to one to five cortical branches.'*

M4 Branches

The M4 branches (aka cortical branches) begin at the surface of the sylvian
fissure and extend over the surface of the cerebral hemisphere (Figs. 1.35 and
1.36). The smallest cortical branches arise from the anterior sylvian fissure and
the largest ones emerge from the posterior sylvian fissure.'® The cortical branches
can be grouped according to the region of the cortex that they supply; any given
region may have a single artery or several arteries supplying it. The following
12-subdivision system is in common usage.>'8%19 Although each branch is discussed
as a single artery, any given cortical artery may actually exist as several branches
(up to five) from a single stem artery.

1. Orbitofrontal artery May arise from the M1 or M2 segment, and may share a
common origin with the prefrontal artery. Travels within the anterior horizon-
tal ramus of the sylvian fissure to supply orbital surface of the frontal lobe.

2. Prefrontal artery May share a common origin with the orbitofrontal artery.
Supplies the opercular part of the inferior frontal gyrus and most of the middle
frontal gyrus.

3. Precentral artery Travels in the precentral sulcus. Supplies part of the inferior
frontal gyrus and the inferior part of the precentral gyrus.

4. Central artery (aka Rolandic artery) Travels within the central sulcus. May
share a common origin with the anterior parietal artery. Largest MCA branch
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Fig. 1.35 MCA cortical branches. The most common branching pattern of the MCA is
shown: (1) anterior parietal artery, (2) posterior parietal artery, (3) angular artery, (4)
temporo-occipital artery, (5) posterior temporal artery, (6) middle temporal artery, (7)

anterior temporal artery, (8) temporopolar artery, (9) orbitofrontal artery, (70) prefrontal

artery, (11) precentral artery, and (12) Central artery.

to the frontal lobe.'®° Supplies the superior part of the precentral gyrus and the
inferior half of the postcentral gyrus.

5. Anterior parietal artery May arise with the central artery or the posterior
parietal artery. Travels in the postcentral sulcus. Supplies the superior part
of the postcentral gyrus, the upper part of the central sulcus, the anterior
part of the inferior parietal lobule, and the anteroinferior part of the superior
parietal lobule.

6. Posterior parietal artery The most posterior ascending branch of the MCA. May
share a common trunk with the anterior parietal artery or the angular artery.
Supplies the posterior part of the superior and inferior parietal lobules, includ-
ing the supramarginal gyrus.

7. Angular artery The terminal and largest branch of the MCA. It emerges from
the posterior end of the sylvian fissure to travel over the superior temporal
gyrus and terminate over the superior half of the occipital lobe. Supplies the
posterior part of the superior temporal gyrus, and parts of the supramarginal
and angular gyri, and superior parts of the lateral occipital lobe.

8. Temporo-occipital artery May share an origin with the angular artery.
Supplies the posterior half of the superior temporal gyrus, the posterior
extent of the middle and inferior gyri, and the inferior parts of the lateral
occipital lobe.

9. Posterior temporal artery Leaves the posterior sylvian fissure and crosses over
the superior and middle temporal gyri. Supplies the middle and posterior parts
of the superior temporal gyrus, the posterior third of the middle temporal gyrus,
and the posterior extent of the inferior temporal gyrus.

10. Middle temporal artery Emerges from the middle of the sylvian fissure. Supplies
the middle parts of the temporal gyri.

11. Anterior temporal artery Passes inferiorly and posteriorly over the temporal
lobe, and terminates in the middle temporal sulcus. Supplies the anterior parts
of the superior, middle, and inferior temporal gyri.

12. Temporopolar artery Supplies the anterior pole of the temporal lobe.

The cortical branches can be grouped according to which lobe they supply:'*?
1. Frontal lobe Orbitofrontal, prefrontal, precentral, and central arteries
2. Parietal lobe Anterior and posterior parietal arteries and angular artery
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Central

Middle tempora!

Fig. 1.36 Mnemonic for the cortical MCA branches. Because of the astonishing
coincidence that there are 12 cortical branches and 12 h on the clock, the cortical
branches can be remembered by assigning each one to an hour of the day. The
central artery occupies the central position on the clock, that of high noon. The
position of the angular artery at 3 o’clock, reflects the importance of that vital artery,
because, as we all know, 3 o’clock was the time that school let out when we were
kids. The middle temporal artery is at 6 o’clock, which is in the middle position at the
bottom of the clock. The orbitofrontal artery is at the extreme left position, at 9
o’clock, which is appropriate because the orbitofrontal artery is the most extreme
anterior branch of the MCA.

3. Temporal lobe Temporopolar, anterior, middle and posterior temporal arteries,
and temporo-occipital artery
4. Occipital lobe Temporo-occipital artery
?he cggtical branches can also be grouped according to which M2 segment they arise
Tom:
1. Superior division Orbitofrontal, prefrontal, precentral, and central arteries.
2. Inferior division Temporopolar, temporo-occipital, angular, and anterior, mid-
dle, and posterior temporal arteries.
3. Dominant division (these branches may arise from either division, and usually come
off of the larger of the MCA divisions). Anterior and posterior parietal arteries.

Leptomeningeal collaterals

These are a network of anastamotic channels up to 1 mm in diameter connect-
ing distal cortical arterial branches.'* Otto Heubner first described their exis-
tence in 1874. Since then there has been increasing recognition of their
importance in cases of ischemic stroke.”* They are quite variable in size and
distribution’” and this may explain variable outcomes in situations of arterial
occlusions. These collaterals may also be the target of therapeutic maneuvers
such as blood pressure modification in cases of cerebral vasospasm or other
causes of ischemia.
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Angio-Anatomic Correlate! Leptomeningeal Collaterals (Fig. 1.37)

a : S

.

Fig. 1.37 Leptomeningeal collaterals. Leptomeningeal collaterals can be difficult to

see on an angiogram unless occlusive disease is present. In this patient with severe

left middle cerebral stenosis, early arterial phase vertebral arteriography (a) shows

leptomeningeal collateral flow from the posterior cerebral branches (arrows). Later

arterial phase (b) shows flow from these collaterals into the middle cerebral artery
territory (arrows).

1.7. Posterior Cerebral Artery

Most classification schemes for the PCA include three or four segments. The fol-

lowing system is the most common (Fig. 1.38)

1. P1 From the basilar artery bifurcation to the junction with the P-comm
artery.
P2 From the P-comm artery to the posterior aspect of the midbrain.
P3 From the posterior aspect of the midbrain to the calcarine fissure.
P4 The terminal branches of the PCA distal to the anterior limit of the calcarine
fissure.

L

PCA Branches

The PCA branches (Fig. 1.39) can be divided into three categories:

1. Perforating branches, to the brainstem and thalamus

2. Ventricular branches

3. Cortical branches
Perforating branches arise from the P1 and P2 segments. Ventricular branches origi-
nate mostly from the P2 segment. Cortical branches arise from the P2, P3, and P4
segments. Perforating arteries are divided into direct branches, which pass directly
into the brain, and circumflex vessels, which travel around the brainstem for various
distances before entering the brain.
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Fig. 1.38 Posterior cerebral artery. The most common PCA conflguratlon is on the left,
and the persistent fetal origin of the PCA is on the right.

P1 Segment

The P1 segment (aka precommunicating, mesencephalic or horizontal segment)
lies immediately superior to the oculomotor and trochlear nerves. The average
length is 6.6 mm; when a fetal PCA is present, the vessel averages 8.6 mm in

length.19®
1. Branches

(a) Perforators

i.

Direct perforating branches (posterior thalamoperforating arteries)
from the P1 segment pass directly into the brainstem. These are
termed the posterior thalamoperforators to distinguish them from
the anterior thalamoperforators, which arise from the P-comm
artery. These arteries average 2.7 in number,'*® and arise from the
posterior and superior aspects of the P1 segment, although, rarely,
they may arise from the anterior aspect of the vessel.”®® The direct
perforators enter the brain medial cerebral peduncles and posterior
perforated substance to supply parts of the thalamus, brainstem,
and posterior internal capsule.

Circumflex arteries. The circumflex arteries (aka peduncular, mes-
encephalic, or tegmental thalamoperforating arteries) arise from
the P1 and P2 segments and encircle the midbrain parallel and
medial to the PCA. They are subdivided into short and long
circumflex arteries. The short and long circumflex arteries num-
ber 0.8 and 1.3 per hemisphere, respectively.'%

1. Short circumflex arteries One or more short circumflex
arteries travel a short distance around the brainstem
before entering the brain, and reach only as far as the
geniculate bodies. Most short circumflex arteries aris-
ing from P1 terminate at the posterolateral border of the
peduncle.'®®
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Fig. 1.39 Major branches of the posterior cerebral 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) parieto-occipital artery; (10)
Calcarine artery.

2. Long circumflex arteries Up to three long circumflex arteries
(aka quadrigeminal arteries) pass around the brainstem, to
supply the geniculate bodies and superior colliculi. They
arise from the PCA distal to the origin of the short circumflex
arteries; in 80% of cases they arise from P1 and in the
remaining cases they arise from P2.% The long circumflex
artery anastomoses with the branches of the superior cere-
bellar arteries.

(b) Posteromedial choroidal artery This vessel usually arises from the P2
segment (see below), but arises from the P1 segment in 12% of
cases.!%®

(¢) Meningeal branch (aka artery of Davidoff and Schecter). A small
branch from the P1 segment to supply a midline strip of the inferior
surface of the tentorium may be enlarged by pathological
processes.'®

2. Variants

(a) Side-to-side asymmetry of the P1 segments common is present in 52% of
angiograms.?”” When a fetal P-comm artery is present, the ipsilateral
P1 is typically hypoplastic, and may not fill noticeably on angiography,
making it appear to be absent or occluded.

(b) In some persistent carotid—vertebrobasilar anastomoses, the PCA may be
supplied by branches from the carotid system (see above).
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(¢) True anomalies of the P1 segment are uncommon, accounting for 3% of
cases in an autopsy series.?* These include duplication, fenestration, and
a bilateral shared origin of the PCA and SCA.

(d) Congenital absence of the P1 is rare.'®

(e) There may be a prominent perforating branch that supplies portions of
both the ipsilateral and contralateral thalamus and potentially mid-
brain.?’? This perforator has been called the artery of Percheron.2%3204

P2 Segment

The P2 segment (aka ambient segment) is relatively long, averaging 50 mm in
length.*® It is subdivided by some authors into an anterior half and a posterior half for
discussion of surgical approaches.'”® The P2 segment begins at the P-comm artery
junction and travels around the lateral aspect of the midbrain within the ambient
cistern, parallel and inferior to the basal vein of Rosenthal. Other adjacent structures
are the trochlear nerve, the free edge of the tentorium, and the superior cerebellar

artery.

1. Branches
(a) Perforators

i

ii.

Direct perforators

1. Thalamogeniculate arteries originate from the midportion
of the P2 segment, and arise in a superior and lateral direc-
tion to perforate the inferior surface of the geniculate bod-
ies. They number 1-3 per hemisphere,'**?*% and supply the
posterior half of the lateral thalamus, the posterior limb of
the internal capsule, and the optic tract.

2. Peduncular perforating arteries pass directly into the cere-
bral peduncle and supply multiple structures within the
brainstem as well as parts of the oculomotor nerve. They
average 2.8 per hemisphere.'*

Circumflex arteries. The circumflex arteries usually arise from the
P1 segment. In 20% of cases the long circumflex artery arises from
the P2 segment.'*®

(b) Posteromedial choroidal artery (Fig. 1.40). This artery (aka medial poste-
rior choroidal artery) is single in 54% of the hemispheres and may be
duplicated or triplicated.’® The vessel arises from the P2 segment in
most cases. Other sites of origin of the posteromedial choroidal artery are
the P1 segment (12%), P3 segment (4%), parieto-occipital artery (10%),
and calcarine artery (3%),'*® or, rarely, the basilar artery.?’ The postero-
medial choroidal artery has two segments:

(c

~

i.

ii.

Cisternal segment. This segment averages 42 mm in length.*’

From its origin, the vessel curves around the brainstem medial to
the main trunk of the PCA and gives off small tegmental branches
before it turns forward adjacent to the pineal gland to enter the
roof of the third ventricle. The tegmental branches irrigate por-
tions of the midbrain, tectal plate, pineal gland, thalamus, and
medial geniculate body.

Plexal segment. This segment travels anteriorly within the
velum interpositum between the thalami, adjacent to the inter-
nal cerebral vein and the contralateral medical posterior chor-
oidal artery. It travels through the foramen of Monro to enter
the choroid plexus of the lateral ventricle and anastomose with
the terminal branches of the lateral posterior choroidal artery.
Branches from the plexal segment irrigate the choroid plexus
of the third ventricle, as well as the thalamus and the stria
medullaris.??

Posterolateral choroidal arteries. Unlike the posteromedial choroidal
artery, the posterolateral choroidal arteries are multiple in the major-
ity (84%) of cases?” and number up to nine (average: 4).1 They arise
from the P2 segment in 51% of cases; other sites of origin include the
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Fig. 1.40 Posteromedial choroidal artery. The undulating course of the posteromedial
choroidal artery as it passes over the quadrigeminal plate, gives it a characteristic

(d

(e

=

<

undulating “3” pattern (arrows).

parieto-occipital (13%), anterior temporal (10%), hippocampal (8%),
posterior temporal (9%), posteromedial choroidal (4%), calcarine (2%),
or middle temporal artery (2%).1%® The sizes of these arteries are
inversely proportional to the size of the anterior choroidal artery.?*®
The posterolateral choroidal arteries travel laterally to enter the chor-
oidal fissure, and have two segments:

i Cisternal segment. The cisternal segment averages 23 mm in
length and sends branches to the thalamus, geniculate bodies,
fornix, cerebral peduncle, pineal body, corpus callosum, tegmen-
tum, and temporal occipital cortex.?’”

ii. Plexal segment. This segment begins with the passage of the lat-
eral posterior choroidal arteries through the choroidal fissure lat-
eral to the ambient cistern at the level of the temporal horn or
atrium. They travel along the medial border of the choroid plexus
in the lateral ventricle, eventually intermingling with branches of
the medial posterior choroidal artery in the body of the ventricle
and at the foramen of Monro.?’” Branches from plexal segment ves-
sels irrigate the choroid plexus and penetrate the ventricular sur-
faces of the thalamus and fornix.

Hippocampal artery. A hippocampal artery arises from the P2 segment in
64% of cases; when present, it is the first cortical branch of the PCA.'8
This artery supphes the uncus, hippocampal gyrus, hippocampal forma-
tion, and dentate gyrus. Some authors include the hippocampal artery
with the inferior temporal arteries.'®

Inferior temporal arteries. The inferior temporal arteries are distinguished
from the temporal arteries, which are branches of the MCA. The inferior
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Posterior
temporal

Fig. 1.41 The PCA pitchhfork. A distinctive identifying landmark of the PCA on a lateral
view is the “pitchhfork” appearance of the take-off of the posterior temporal artery from
the main trunk of the PCA. Visualization of this feature can help distinguish the PCA from
other arteries on a cluttered angiogram.

temporal arteries are variable and may appear as a single initial branch of

the P2 segment, called a common temporal artery (aka lateral division

of the PCA or lateral occipital artery), which is seen in 16% of cases.'*

i. Anterior inferior temporal artery. The anterior temporal artery
is usually the second cortical branch of the PCA. It may be
duplicated. It travels anteriorly and laterally inferior to the
hippocampal gyrus, and anastomoses with anterior temporal
branches of the MCA.2%°

ii. Middle inferior temporal artery. A middle temporal artery is pres-

ent in 38% of hemispheres and supplies the inferior surface of the
temporal lobe.!%®
Posterior inferior temporal artery (Fig. 1.41). The posterior tempo-
ral artery is a prominent branch of the PCA and usually arises
from the inferior and lateral aspect of the P2 segment and travels
obliquely toward the occipital pole. It supplies the inferior tempo-
ral and occipital surfaces. This vessel arises from the P3 segment
in 6% of cases.

(f) Parieto-occipital artery. The parieto-occipital artery arises as a single
trunk from the P2 segment slightly more often than from the P3 seg-
ment.'*® It travels posteriorly and laterally within the parieto-occipital
fissure, which separates the parietal lobe from the occipital lobe, to sup-
ply the posterior parasagittal region, cuneus, precuneus, and lateral
occipital gyrus. In 24% of cases it sends branches through the choroidal
fissure into the lateral ventricle.

(g) Calcarine artery. The calcarine artery arises from the P2 segment
slightly less commonly than from the P3 segment (see below).

(h) Splenial artery. The splenial artery originates from the P2 segment in
4% of cases (see below).!*

(i) Artery of Davidoff and Schechter (dural branch). Generally only seen in
pathological conditions, this artery supplies the apex of the tentorium,
walls of the vein of Galen, and then curves forward along the free edge of
the falx cerebri.?”® It can also provide some collateral supply to the supe-
rior vermis and inferior colliculi.?* The artery of Davidoff and Schechter
is often difficult to see angiographically, even when enlarged, due to
s;llpilerlicngfsition with other PCA branches. It is more commonly found on
the left.

iii.

=
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2. Variants
(a) Anomalous origin of cortical branches. In rare cases, the parieto-occipital,
posterior temporal, or calcarine artery may arise directly from the
ICA.1#2 Similarly, anomalous anterior choroidal artery supply to tempo-
ral, parietal and occipital cortical regions normally supplied by branches
of the PCA has been reported.?

Angio-Anatomic Correlate! Accessory Posterior Cerebral Artery
(Fig. 1.42)

Fig. 1.42 Carotid artery injection (a) shows an accessory PCA that looks like a fetal
origin posterior cerebral artery supplying the posterior parietal and occipital territories
of the PCA (arrows). Vertebral artery injection (b) shows the native PCA that mainly
fills the posterior temporal branch of the PCA (arrow).
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P3 Segment

The P3 segment (aka quadrigeminal segment) extends in a medial and posterior
direction from the quadrigeminal plate to the anterior limit of the calcarine fissure,
and averages 20 mm in length. The P3 segments from each side approach each other.
The point where the two PCAs are nearest to each other is referred to as the collicular,
or quadrigeminal point; this separation averages 8.9 mm.'*® The PCA often divides into
its two terminal branches (the calcarine and parieto-occipital arteries) between the
quadrigeminal plate and the calcarine fissure.

1. Branches
(a) Parieto-occipital artery. The parieto-occipital artery arises from the P3
segment in 46% of the hemispheres (see above).
(b) Posterolateral choroidal artery. This artery arises from the P3 segment
in 11% of cases (see above).2"”

P4 Segment

The P4 segment begins at the anterior limit of the calcarine fissure, and includes
one of the two main terminal branches of the PCA, the calcarine artery. The other
main terminal branch of the PCA, the parieto-occipital artery, frequently arises from
the P2 or P3 segment.

1. Branches

(a) Calcarine artery. The calcarine artery travels posteriorly and medially
within the calcarine fissure to reach the occipital pole. It is duplicated in
10% of cases and arises from the parieto-occipital artery in 10% of cases.'®®
The calcarine artery sends branches to the lingual gyrus and inferior
cuneus; it primarily supplies the visual cortex.

(b) Splemal artery. The splenial artery (aka posterior pericallosal artery)
arises from the parieto-occipital artery in 62% of cases, but may arise
from the calcarine artery (12%), posteromedial choroidal artery (8%),
posterior temporal artery (6%), P2 or P3 segments (4% each) or the pos-
terolateral choroidal artery (4%).'*® The splenial artery is relatively con-
stant and travels superiorly around the splenium of the corpus callosum
to anastomose with the pericallosal artery.

1.8. Vertebral Artery

The vertebral artery has four segments (Fig. 1.43):
V1 From the subclavian artery to the foramen transversarium of C6.
V2 From C6 to the foramen transversarium of C1
V3 From the C1 to the dura.
V4 Intradural part of the vertebral artery.

B eoro

V1 Segment

The V1 segment (extraosseous segment) arises from the posterosuperior wall of
the subclavian artery (Fig. 1.44) and travels in a superior and posterior direction. It
passes posterior to the anterior scalene muscles and enters the transverse foramen of
the C6 (90% of most cases), C5 (7%) or C7 (3%). Supplies the stellate ganglion.?*

1. Variants
(a) Anomalous origin. The left vertebral artery arises directly from the aortic
arch in about 0.5% of cases.! Anomalous origins of the right vertebral artery
from the arch,?® of both vertebral arteries from the arch,?® and of the right
vertebral artery from the right common carotid artery?” have been reported.
(b) Duplication and fenestration. Duplication®® or fenestration of the verte-
bral artery is found in <1% of dissections.!?
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V2 Segment

The V2 segment (foramenal segment)
travels in a vertical direction within the
foramen transversaria, usually from C6 to
C2. It is surrounded by sympathetic fibers
(although this is now debatable)?" from the
stellate ganglion and by a venous plexus
that covers the entire V2 segment and
drains through the vertebral vein into the
subclavian or internal jugular veins.?”® The
vertebral vein (or veins) is usually large and
is directly anterior to the vertebral
artery.??!

1. Branches

(a) Spinalbranches.Thesebranch-
es (aka radiculomedullary
branches) arise from the ver-
tebral artery from C1 to C5
and may vary in the number
and side of origin.??*??! They
supply the spinal cord as well
as the periosteum and bone of
the vertebrae.

(b) Muscular branches. Multiple
small muscular branches arise
from the V2 segment to supply
the cervical muscles.

Artery of the cervical enlargement. The
artery of the cervical enlargement usually
arises from both vertebral arteries in the
region of C4 to C6 and anastomoses with
the anterior spinal artery to supply the ven-
tral spinal cord. This artery may also arise
from the thyrocervical trunk (see General
Principles of Spinal Arterial Anatomy,
below).®

(c) Anterior meningeal artery. ig. 1. .
Originates from the distal V2 Fig.1.43 Vertebral artery.
segment and supplies the
dura around the foramen
magnum and extends up the
clivus. Forms collaterals with the ascending pharyngeal artery via the
odontoid arcade and the dural branches of the ascending pharyngeal
artery, and with the ICA via the meningohypophyseal trunk
branches.

(d) Posterior meningeal artery. Arises near the foramen magnum and sup-
plies the medial occipital dura and the falx cerebelli (Fig. 1.45).

(e) PICA. Occasionally the PICA originates at the C1 level.???

V3 Segment

The V3 segment (aka extraspinal segment) begins as the vertebral artery exits
the transverse foramen of C1 on the medial side of the lateral rectus muscle of the
head. It then travels in a horizontal and medial direction superior to the posterior arch
of C1 and runs inferior to the posterior atlanto-occipital membrane before turning
superiorly and anteriorly to penetrate the dura.

1. Branches
(a) PICA. In some 5-20% of cases, the PICA has an extradural origin, usu-
ally from the V3 segment.??? In these cases the PICA may originate at any
point along the V3 segment.
(b) Suboccipital artery of Salmon. One, or up to three muscular branches
supplying the suboccipital muscles is seen in 67% of cases.??
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Fig. 1.44 Vertebral artery origin. Anterolateral view of a cervical spine CT angiogram
showing the right vertebral artery (arrow) arising from the posterior wall of the subclavian
artery. The optimal angiographic projection is usually an AP view with 20-30° of Townes.

Fig. 1.45 Posterior meningeal artery. Posterior meningeal artery (arrows) arises from the
vertebral artery at C1 and supplies the falx cerebelli. The posterior meningeal artery in
this particular case is enlarged due to the presence of a dural arteriovenous fistula.
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V4 Segment

The V4 segment is the intradural part of the vertebral artery and extends from
its entrance through the dura to the junction with the opposite vertebral artery. The
dura is thickened and it forms a fibrous dural ring around the vertebral artery.??* The
length of the V4 segment averages 22 mm.??* The left and right V4 segments usually
come together at the level of the pontomedullary junction. The branches of the intra-
dural vertebral artery can be separated into medial branches (including the anterior
spinal artery and branches of the foramen caecum) and lateral branches, the most
prominent of which is the PICA.?* A wide anastomotic net usually interconnects the
branches of V4.22

1. Branches

(a) Posterior inferior cerebellar artery (PICA). The PICA is the largest and
most complex of the cerebellar arteries (Fig. 1.46). It originates approxi-
mately 16-17 mm proximal to the vertebrobasilar junction, an average
of 8.6 mm superior to the foramen magnum.??® The territory supplied by
the PICA includes the lower medulla and inferior aspects of the fourth
ventricle, cerebellar tonsils, vermis, and inferolateral cerebellar hemi-
sphere. The PICA arises from the vertebral artery and travels postero-
laterally around the medulla. Over the dorsal aspect of the brainstem,
the vessel travels inferiorly for a variable distance — sometimes as far
south as C2 — then forms a loop (the caudal loop) and turns 180° to
travel superiorly adjacent to the cerebellar tonsil. The vessel then
reaches its superior extent and forms another loop (the cranial loop)
and then travels inferiorly and laterally to emerge over the cerebellar
hemisphere (Fig. 1.47). The PICA can be divided into five segments,
detailed below. The first four segments can be remembered by using the
acronym, ALPS.

i. Anterior medullary segment. Extends from the origin to the infe-
rior olivary prominence. In some 40% of cases, there is no anterior
medullary segment, because the PICA arises lateral rather than
anterior to the medulla.?® This segment averages one
perforator.??®

ii. Lateral medullary segment. Extends from the inferior olivary
prominence to the origins of the ninth, tenth, and eleventh cranial
nerves, and averages 1.8 perforators. 2ds

iii. Posterior medullary segment. This segment (aka tonsillomedul-
lary segment) begins where the PICA passes posterior to the lower
cranial nerves and ends where the ascending vessel reaches the
midlevel of the medial surface of the tonsil. It passes immediately
posterior to the roof of the lower half of the fourth ventricle, and
averages 3.3 perforators.??®

iv. Supratonsillar segment. This segment, the telovelotonsillar seg-
ment, begins midway up the tonsil, includes the cranial loop, and
ends where the PICA exits the fissures between the vermis, tonsil,
and cerebellar hemisphere to reach the cortical surface. On a lat-
eral angiogram, the supratonsillar segment outlines the tonsil
along its anterior, superior, and posterior aspects.®

v. Cortical segments These segments are also known as hemispheric
branches. The PICA often bifurcates into medial and lateral trunks
where the vessel emerges onto the inferior cortical surface. The
medial trunk gives rise to the vermian and tonsillar branches, and
the lateral trunk produces the hemispheric branches.

vi. PICA branches

1. Perforators

(a) Direct perforators. These branches travel directly
into the brainstem, and are found in all three medul-
lary segments.

(b) Circumflex perforators. These perforators travel
around the brainstem for some distance before enter-
ing it. These vessels arise mostly from the lateral and
posterior medullary segments.

2. Choroidal arteries. Branches to the choroid plexus of the
fourth ventricle arise from the posterior and supratonsillar
segments.
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Fig. 1.46 Posterior inferior cerebellar artery. Lateral view of the brainstem and
cerebellum. The segments of the PICA include the anterior medullary (A), lateral
medullary (L), posterior medullary (P), supratonsillar (S), and cortical (C) segments.
Arrow indicates the choroidal point. The artist was inspired to depict the Swiss Alps in the
background.

3. Cortical arteries
(a) Vermian branches
(b) Tonsillar branches
(¢) Hemispheric branches
4. Meningeal branches. The posterior meningeal artery and
the artery of the falx cerebelli may arise from the PICA.
vii. PICA variants
1. Anomalous origin. Extradural origin of the PICA is found
in 5-20% of cases (see above). Origination of the PICA
from the ICA,?” the posterior meningeal artery,??® a hypo-
glossal artery,? and a proatlantal artery?® have been
reported.
2. Duplication. The PICA is duplicated in some 2.5-6% of
cases.?®
3. Hypoplasia. The PICA is hypoplastic in 5-16% of the
hemispheres.?2%23
4. Absence. The PICA is absent on one side in 15-26% of cases
and on both sides in 2% of cases.??2923
5. A shared AICA-PICA trunk is a normal variant.!
6. The vertebral artery terminates in PICA in 0.2% of cases.!
(b) Perforators. An average of 4.2 perforators arise directly from each verte-
bral artery and supply lateral medulla, inferior cerebellar peduncle, and
the medullary surface of the cerebellum.??
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Fig. 1.47 The choroidal point. The single most important anatomical fact about the
PICA for neurointerventionalists has to do with the cranial loop (arrow), aka the
choroidal point. The choroidal point is the superior-most point of the PICA. The PICA
gives off branches to the brainstem proximal to the choroidal point but not distal to it.
Occlusion of the PICA at or distal to the choroidal point does not usually result in a
functionally significant ischemic injury, because of anastomotic connections with
AICA and SCA .292:2%

(c) Anterior spinal artery. The anterior spinal artery arises from the verte-
bral artery 6.5 mm proximal to the vertebrobasilar junction® and travels
in an inferior direction to supply the anterior surface of the medulla and
spinal cord. In about 50% of cases a small communicating artery (the
anterior spinal communicating artery) connects the left and right ante-
rior spinal arteries on the anterior surface of the medulla.??

(d) Branches of the foramen caecum. In about one third of cases branches of
the vertebral artery travel superiorly to supply the foramen caecum at
the base of the pons.??

(e) Lateral spinal artery. The lateral spinal artery may arise from the V4
segment or from the PICA,*! and may be difficult to see on angiography.®
It originates lateral to the medulla and travels in a caudal direction,
anterior to the posterior spinal nerve roots and posterior to the dentate
ligament. It supplies the eleventh cranial nerve and the lateral and
posterior surfaces of the cord via branches to the C1-C4 spinal
nerves.

(f) Meningeal branches. The posterior meningeal artery and the artery of
the falx cerebelli may arise from the PICA.
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1.9. Basilar Artery

The basilar artery originates at the pontomedullary junction, travels anterior to
the pons, and terminates near pontomesencephalic junction. The artery averages
32 mm in length'® and travels in the midline, or at least medial to the lateral margins
of the clivus, in 98% of cases.?*? The course of the artery is straight in 45% of cases,
curved in 35%, and tortuous in 20%.%%® The outer diameter is typically constant, aver-
aging 4.1 mm in adults,?** except for a widening at the basilar bifurcation, giving it a
“cobra-like appearance,” in 16% of cases.’*®®

1. Branches

(a) Anterior inferior cerebellar artery (AICA). The AICA arises from the
basilar artery an average of 9.6 mm distal to the vertebrobasilar junc-
tion.?? It travels in a posterior, inferior and lateral direction across
the pons toward the cerebellopontine angle. It terminates by passing
over and sending branches to the anterolateral surface of the cerebel-
lar hemisphere.?®® Usually the smallest of the three cerebellar arter-
ies, the AICA has reciprocal relationships and extensive anastomoses
with the SCA and the PICA. It also has anastomoses with the SCA.
The sixth cranial nerve crosses the AICA 6-7 mm distal to the origin
of the artery,?* and the vessel lies adjacent to the seventh and eighth
cranial nerves in the cerebellopontine angle.??®¢ The AICA has three
segments:

i. Premeatal segment. Extends from the origin of the vessel to the
seventh and eighth cranial nerves.

ii. Meatal segment. The part of the AICA that is related to the inter-
nal auditory canal.

iii. Postmeatal segments. The AICA typically divides into rostral and
caudal trunks in the cerebellopontine angle.?"?* After crossing
the seventh and eighth cranial nerves, the rostral trunk travels
laterally over the flocculus to reach the middle cerebellar peduncle
and the superior part of the anterolateral (petrosal) surface of the
cerebellar hemisphere. The caudal trunk supplies the inferior part
of the anterolateral surface.

iv. AICA branches

Perforators. The brainstem receives small perforating
branches from the premeatal segment and recurrent perfo-
rating branches from the meatal segment.

2. Internal auditory artery (labyrinthine artery). This vessel
arises from the AICA in 45% of cases.! The vessel may arise
from the premeatal or meatal segment, or from the lateral
branch of the postmeatal segment. The internal auditory
artery travels with the seventh and eighth cranial nerves
into the internal auditory meatus and is distributed to the
inner ear.?®®

3. Subarcuate artery. The subarcuate artery arises from the
AICA medial to the internal auditory meatus and pene-
trates the dura covering the subarcuate fossa on the poste-
rior surface of the temporal bone and supplies the bone in
the region of the semicircular canals.?*

4. Cerebellar cortical branches.

v. AICA variants

Duplication. The origin of the artery is single in 72% of
cases, duplicate in 26%, and triplicate in 2%.2%

2. Anomalous origin. Origination of the AICA from the ICA
has been reported.?*!

(b) Basilar artery perforators. An average of 17 perforators arises from the
basilar artery from its origin to the SCAs.?* In addition, on average,
another 2.5 average small horizontal brainstem perforators arise from
the posterior surface of the basilar artery distal to the origin of the
SCAs.?*2 Significantly, no perforators arise directly from the tip of the
basilar artery.?'?24 Basilar perforators supply the posterior perforated
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substance and brainstem structures such as the corticospinal and cor-
ticobulbar tracts, pontine nuclei, and the lemnisci, fasciculi, and motor
nuclei of the midbrain and pons.

i. Medial perforators. Medial perforators average 5.8 mm in length
afr}d Zgglter the pons in the basilar suclus or within a few mm
of it.

ii. Circumflex perforators. Circumflex perforators average 16 mm in
length and travel around the brainstem for various distances
before entering.

(¢) Superior cerebellar artery (SCA). The SCA is the most constant cerebel-
lar artery and arises from the basilar artery immediately prior to the
basilar bifurcation. The SCA travels posterolaterally around the brain-
stem, inferior to the third and fourth cranial nerves and superior to the
fifth cranial nerve. The SCA comes into contact with the fifth cranial
nerve in 50% of cases,?** and is usually the target of surgical microvas-
cular decompression for trigeminal neuralgia (the AICA and adjacent
veins may also come into contact with the fifth nerve). At an average
distance of 18.5 mm from the origin, the SCA bifurcates into a rostral
and a caudal trunk.?*> The rostral trunk continues around the brain-
stem, gives off direct and circumflex perforators, sends branches to the
inferior colliculi, and supplies the superior surface of the vermis and
the paramedian aspect of the cerebellar hemisphere. The caudal trunk
supplies the superior lateral surface of the cerebellar hemisphere,
the superior cerebellar peduncle and dentate nucleus, and part of the
brachlum pontis. The SCA can be divided into four seginents 1245

Anterior pontomesencephalic segment. This segment (aka ante-
rior pontine segment) extends from the SCA origin to the antero-
lateral margin of the brainstem.

ii. Lateral pontomesencephalic segment. This segment (aka ambi-
ent segment) extends from the anterolateral margin of the
brainstem to the anterior margin of the cerebellomesencephalic
groove. This segment is parallel to the PCA and basal vein of
Rosenthal. The fourth cranial nerve crosses the midportion of
this segment.

iii. Cerebellomesencephalic segment. This segment (aka quadrigemi-
nal segment) travels within a groove between the cerebellum, the
midbrain, and the superior cerebellar peduncles.

iv. Cortical segments. The cortical segments include branches to the
vermis and superior cerebellar hemisphere cortical surface.

v. SCA branches

1. Perforators. An average of two perforators arises from the
main SCA trunk, five from the rostral trunk, and two from
the caudal trunk.?*s Direct perforators from the SCA are
less common than circumflex perforators.

2. Precerebellar arteries. The precerebellar arteries arise from
the hemispheric branches (average: four) and the vermian
branches (average: two), and supply the deep cerebellar
nuclei, the inferior colhcuh and the superior medullary
velum. 2%

3. Cortical arteries.

(a) Hemispheric branches
(b) Vermian branches
(c) Marginal artery

4. Internal auditory artery. This vessel is most often a branch
of the AICA (see above) but arises from the SCA in 25% of
cases.!

vi. SCA variants

1. Duplication. The SCA is duplicated in 14% of hemispheres;?*
in these cases, the duplicate vessels correspond to the ros-
tral and caudal trunks.

2. Absence. Although rare, absence of the SCA has been
reported.?#

3. May arise from the cavernous ICA in a persistent trigeminal
artery variant.”

(d) Internal auditory artery. This vessel is most often a branch of the AICA
(see above) but arises directly from the basilar artery in 16% of cases.:
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Table 1.7 Intracranial arterial fenestrations

Vessel References
ICA 244
A1 segment 25
Azyos anterior cerebral artery 246
M1 segment 184
P-comm artery 133
P1 segment 196
Vertebral artery 247,248
Basilar artery 219,249

2. Variants
(a) Fenestration of the basilar artery is found in 1.33% of dissection and
0.12% of angiograms.'?*"

i. Fenestration or segmental duplication is a rare congenital anom-
aly. In a review of 5,190 cerebral- angiograms, arterial fenestra-
tion was observed in 37 (0.7%).2*® Considering all fenestrations,
the prevalence of an associated aneurysm is 7%.%*® Table 1.7 is an
inventory of reported intracranial fenestrations.

1.10. Venous System

The most important facts about the craniocervical venous system are:

1. Venous anatomy is highly variable.

2. The venous structures of the head and neck are widely interconnected.

3. Valves are not present in the intracranial venous system.

4. Valves are typically present at several predictable locations in the cervical
region.

Two other useful generalizations can be made:

1. Many veins have reciprocal relationships with other veins. For instance, if the
vein of Labbé is large, the vein of Trolard is usually small.

2. In addition to anatomical variation, the size and flow direction of any given vein
can vary greatly with the patient’s head and neck position and in the presence
of pathology.

As the venous system is so variable, the following discussion details the most common
venous anatomic patterns and selected clinically relevant variants. An exhaustive
inventory of known variations would be mind-numbingly tedious to read and not par-
ticularly useful.

Extracranial Veins

Scalp Veins

The scalp veins have extensive connections with the emissary veins of the skull,
although these connections are not normally seen on angiography.

1. Frontal vein. Drains the anterior part of the skull and forehead and communi-
cates with the supratrochlear and supraorbital veins.

2. Supratrochlear vein. Drains the frontal scalp and forehead and descends over
the forehead medial to the supraorbital vein.

3. Supraorbital vein. Drains the frontal scalp and forehead and travels over the
superior orbital rim lateral to the supratrochlear vein to anastomose with the
orbital veins and the angular vein.
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4. Medial temporal vein. Drains the anterior temporal region and joins the
superficial temporal vein.

5. Superficial temporal vein. Usually runs together with the corresponding
superficial temporal artery. It descends in front of the ear and penetrates the
parotid glands, where it is joined by the maxillary vein to form the retromandibu-
lar vein, which drains into the internal jugular (IJ) or external jugular (EJ) vein.

6. Posterior auricular vein. Drains the retroauricular area and connects to the 1J or EJ.

7. Occipital vein. Drains the occipital and posterior cervical areas and anastomo-
ses with the deep cervical and vertebral veins and the transverse sinus via the
mastoid emissary vein. It drains into the IJ or EJ (Fig. 1.48).

Orbital Veins

The orbital veins comprise an important anastomoses between the intracranial
and extracranial venous systems, and are typically enlarged in the presence of a
carotid-cavernous fistula.

Fig. 1.48 Superficial extracranial veins. () frontal vein; (2) supratrochlear vein; (3) supraorbital
vein; (4) medial temporal vein; (5) superficial temporal vein; (6) posterior auricular vein; (7)
occipital vein; (8) angular vein; (9) facial vein; (710) labial veins; (77) submental vein; (12)
retromandibular vein; (13) thyroid veins; (74) internal jugular vein; (15) external jugular vein.
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Superior ophthalmic vein (SOV). The largest and the most constant orbital
vein.?® It originates near the trochlea below the medial orbital roof and trav-
els posteriorly and medially to enter the cavernous sinus. The common direc-
tion of flow in the ophthalmic veins is from extracranial to intracranial;*°
reversal of flow in the SOV should raise suspicion of intracranial venous
hypertension. The SOV anastomoses with the supraorbital vein and the
angular vein.

Inferior ophthalmic vein. Much smaller than the SOV, it is connected to the SOV
via several anastomotic vessels (anterior, medial, and posterior anastomosing
veins), and drains into the cavernous sinus or directly into the superior ophthal-
mic vein.

Medial ophthalmic vein. Present in some cases.

Facial Veins (Figs. 1.48 and 1.49)

1.

Angular vein. The angular vein is formed by the junction of the supratrochlear
and supraorbital veins. It travels in an inferior direction at an angle next to the
nose (thus the name) and medial to the orbit. The angular vein communicates
with orbital veins and continues inferiorly as the facial vein.

Facial vein. The facial vein (aka anterior facial vein) is the continuation of the
angular vein, and it begins at the medial palpebral angle. The facial vein
descends obliquely across the face and curves around the inferior edge of the
mandible to merge with the submental and retromandibular veins to drain into
the 1J. Along its course, the facial vein receives tributaries from the orbit, facial
muscles, and submental region.! It has extensive connections with deep facial
vein, pterygoid plexus, and cavernous sinus.?°

Pterygoid plexus. The pterygoid plexus is a network of venous channels that is
nestled between the temporalis and lateral pterygoid muscles. It is connected to
the facial vein via the deep facial vein, and it receives a wide array of tributaries
from deep facial and oropharyngeal structures. It connects to the cavernous
sinus via emissary veins that travel through the foramen ovale and spinosum,
and to the IJ via the maxillary vein.

Deep facial vein. Connection between the facial vein and the pterygoid plexus.
Maxillary vein. This vein connects to the pterygoid plexus and travels
posteriorly to join the superficial temporal vein to form the retromandibular
vein.

Labial veins. The superior and inferior labial veins drain the upper and lower
lips, respectively, and drain into the facial vein.

Retromandibular vein. This vein (aka temporo-maxillary vein) is formed by the
confluence of the maxillary and superficial temporal veins, and passes within
the parotid gland to join the facial vein.

Common facial vein. Formed by the junction of the facial, lingual anterior divi-
sion of the retromandibular and communicating veins. It receives submental,
lingual and thyroid tributaries, and drains into the IJ.!

Submental vein. Drains the floor of the mouth and runs under the mandible. It
drains into the facial vein.

Cervical Veins

1

Internal jugular vein (IJ). The 1J begins in the jugular fossa and is the continu-
ation of the sigmoid sinus. The jugular bulb is the enlargement of the 1J at its
origin. The IJ travels within the carotid sheath posterior and lateral to the com-
mon carotid artery, and connects with the subclavian vein on each side to form
the branchiocephalic vein. A valve is usually present where the IJ meets the
subclavian vein. The right IJ is usually dominant.

External jugular vein (EJ). The EJ is formed by the junction of the posterior
division of the retromandibular and posterior auricular veins. It originates infe-
rior to the angle of the mandible and travels across the sternocleidomastoid
muscle to drain into the subclavian vein. A valve may be present where the EJ
meets the subclavian vein.
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Fig. 1.49 Deep extracranial veins. (1) superior orbital vein; (2) inferior orbital vein; (3)
angular vein; (4) facial vein; (5) pterygoid plexus; (6) deep facial veins; (7) maxillary vein;
(8) common facial vein; (9) suboccipital veins; (70) pharyngeal vein.

Suboccipital veins. These veins drain the suboccipital region and communicate

with the vertebral venous plexus.

Thyroid veins. Superior and inferior thyroid veins drain the thyroid gland and

connect to IJ.

Pharyngeal vein. Drains the posterior pharyngeal region and connects to the IJ.

Anterior condylar confluence (of Trolard). Present in essentially 100% of cases,

it is possibly the dominant outflow of the venous drainage of the brain in the

upright position.!® It lies adjacent to the hypoglossal canal and connects the
jugular bulb to the anterior, posterior, and lateral condylar veins.

7. Anterior condylar vein. The anterior condylar vein travels through the hypoglos-
sal canal and connects the inferior petrosal sinus with the vertebral venous
plexgg1 and suboccipital veins. It is the rostral equivalent of a spinal radicular
vein.

8. Posterior condylar vein (aka condylar emissary vein). Connection between the
sigmoid sinus and vertebral venous plexus.!

9. Lateral condylar vein. Also drains to the vertebral venous plexus. Seen on 76%
of sides of cadaveric specimens.!”!

10. Spinal radicular veins. Each spinal radicular vein corresponds to a spinal
artery. These veins travel within the neural foramena and connect the epidural
venous plexus to the vertebral venous plexus.

11. Vertebral venous plexus. The vertebral venous plexus begins in the suboccipital

region and extends inferiorly along the vertebral column to drain into the bra-

chiocephalic vein. It surrounds the V2 segment of the vertebral artery and has

SOk w
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numerous connections with the occipital veins, epidural venous plexus, and
other cervical and facial veins.

12. Vertebral vein. The vertebral vein (aka anterior vertebral vein)®*? is anterior to
the vertebral artery®* and drains into the vertebral venous plexus.

Venous Structures of the Skull

A rich network of veins connects the intracranial venous system to the extracra-
nial venous system.

1. Diploic veins. The cancellous bone between the inner and outer tables of the
skull contains an extensive network of veins that do not cross suture lines and
are not normally seen on angiography.® They communicate widely with menin-
geal and pericranial veins, and with the dural sinuses.

2. Emissary veins. These veins connect the extracranial veins to the intracranial
venous sinuses.

(a) Parietal emissary veins. Communicate between the scalp veins and the
superior sagittal sinus.

(b) Mastoid emissary veins. Communicate between the occipital and poste-
rior auricular veins and the sigmoid sinus.

Meningeal Veins

Meningeal veins lie on the outer surface of the dura and each corresponds to its
respective meningeal artery.® The anterior meningeal vein joins the superficial Sylvian
vein to form the sphenoparietal sinus.

Intracranial Venous Sinuses

The dural sinuses are venous channels that are located between the meningeal
and endosteal layers of dura. They are rigid and do not have valves. They may be tra-
beculated and contain bands, chords, and bridges.!? They also contain arachnoid
granulations; Pacchionian granulations are macroscopic arachnoid granulations that
project directly into the venous sinuses. Pacchionian granulations may measure up to
1 cm in diameter?® and should not be mistaken on angiography for intraluminal
thrombus (Fig. 1.50). Dural sinuses are also present within the falx cerebri and tento-
rium. There are two main groups of dural venous sinuses: the superior group and the
inferior group.?5

Superior Group

& The )superior group primarily drains the majority of the brain and skull
ig. 1.51).
Superior sagittal sinus (SSS). The SSS lies in a shallow midsagittal groove at
the junction of the falx cerebri and the dura lining the inner table of the calva-
ria. It originates near the crista galli and terminates in the torcular Herophili.
The transverse diameter of the SSS ranges from 4 mm in the frontal area to
10 mm in the occipital region.'? The “1/3rd Rule” states that it is generally safe
to therapeutically occlude the SSS in the anterior third of the structure, without
a significant risk of venous infarction.?>* Cortical venous tributaries are most
prominent in the middle third of the SSS, and relatively few in number and cali-
ber in the posterior third.
(a) Venous connections
i. Facial and nasal veins: Although there have been denials of its
existence,?>2% there can be a vein of the foramen caecum draining
the nasal veins to the superior sagittal sinus, more commonly seen
in infants®"
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Fig. 1.50 Arachnoid granulation. Venogram of the inferior venous sinuses, showing an
arachnoid granulation in the transverse sinus (arrow). Arachnoid granulations can have a
“punched out” appearance on angiography that can mimic a flow void due to intraluminal

thrombus.

Fig. 1.51 Superior group of dural venous sinuses. (7) Superior sagittal sinus; (2) inferior
sagittal sinus; (3) straight sinus; (4) occipital sinus; (5) transverse sinus; (6) sigmoid sinus.
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ii. Scalp veins
iii. Cortical veins
iv. “Intermediate veins”:?*® Diploic, meningeal, and emissary veins.
These structures provide important collateral pathways in the
event of venous sinus occlusion
Inferior sagittal sinus. The inferior sagittal sinus is relatively small and travels
in or slightly superior to the falx. It begins at the junction of the anterior and
middle thirds of the falx, runs above the corpus callosum, and terminates at the
falcotentorial apex by connecting with the vein of Galen to form the straight
sinus. It is more prominent in infants and young children, than adults.?*?
(a) Venous connections
i. Tributaries from the falx, corpus callosum, medial cerebral hemi-
spheres, and SSS via falcine veins.
Straight sinus. The straight sinus is formed by the confluence of the inferior
sagittal sinus and vein of Galen. It travels posteriorly and inferiorly beneath the
splenium of the corpus callosum toward the internal occipital protuberance.
The straight sinus averages 5 cm in length?® and drains into the confluence of
the sinuses, or predominantly into one transverse sinus, usually the left.?>3 The
straight sinus is single channel in most cases, but is doubled or tripled in some
15% of cases.?®
(a) Venous connections
i. Vermian veins
ii. Tentorial sinuses
iii. Cerebellar hemispheric veins
Occipital sinus. The occipital sinus is present in 65% of cases, and travels in the
midline, within the attached margin of the falx cerebelli, between the confluence
of the sinuses and the marginal sinus.?
Torcular Herophili. The confluence of the sinuses (Fig. 1.52) is formed by the junc-
tion of the SSS, straight sinus, transverse sinuses, and occipital sinus. The torcu-
lar Herophili is typically asymmetrlc and widely variable in its configuration. In
10-15% of cases, the superior sagittal sinus drains into one transverse sinus and
there is no direct connection between the left and right transverse sinuses.?!
Transverse sinus. The transverse sinuses (aka lateral sinus) travel within the
peripheral margins of the tentorium and extend from the internal occipital pro-
tuberances to the bases of the petrous temporal bones. The right and left trans-
verse sinuses are asymmetric in about half of cases, and the right transverse
sinus is usually larger.?®! In some 20% of cases, there is partial or total agenesis
of one of the transverse sinuses, usually the left, and in these cases the sigmoid
sinus may fill via the vein of Labbé.?
(a) Venous connections
i. SSS and contralateral transverse sinus
ii. Veins from the inferior and lateral surfaces of the temporal and
occipital lobes, including the vein of Labbé.

Fig. 1.52 Torcular herophili. The confluence of the sinuses carries the eponym, Torcular
Herophili, after the anatomist, Herophilus of Chalcedon. The term “torcular” is commonly

thought to be translated from the ancient Greek as “wine press,” as the four-limbed

confluence (left) bears some resemblance to a wine press (right)?**. An alternative school
of thought holds that this is a mistranslation, and that Torcular Herophili actually refers to

the concavity on the interior of the occipital bone that houses the confluence.?
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iii. Cerebellar veins.
iv. Veins of the scalp via mastoid emissary veins.
v. Superior petrosal sinus
7. Sigmoid sinus. The sigmoid sinus originates where the transverse sinus leaves
the tentorial margin. It forms a gentle S-shape and terminates at jugular bulb,
where the internal jugular vein begins.
(a) Venous connections
i. Transverse sinus and internal jugular vein.
ii. Suboccipital muscular and scalp veins and the vertebral venous
plexus via the mastoid and condylar emissary veins.

Inferior Group

The inferior group primarily drains the sylvian veins, the inferior surface of the
brain, and the orbits (Fig. 1.53).

1. Cavernous sinus. Each cavernous sinus lies lateral to the body of the sphenoid
bone and extends from the superior orbital fissure to the petrous apex. The
anterior and posterior part of the cavernous sinuses are connected to each other
via the intercavernous sinus (aka “circular sinus”) around the sella turcica and

Fig. 1.53 Inferior group of dural venous sinuses. (7) Cavernous sinus. (2) Superior
petrosal sinus. (3) Inferior petrosal sinus. (4) Basilar venous plexus. (5) Sphenoparietal
sinus. (6) Marginal sinus.
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the basilar venous plexus. This consists of an anterior intercavernous sinus in
front of the sella, a posterior intercavernous sinus behind the sella, and in some
cases an inferior intercavernous sinus as well.?? Cranial nerves III, IV, V1, and
V2 travel in the lateral wall of the cavernous sinus, and the ICA, sympathetic
plexus, and cranial nerve VI are suspended by fibrous trabeculae within the
lumen of the cavernous sinus.??
(a) Venous connections

i. Superior and inferior ophthalmic veins

ii. Sphenoparietal sinus

iii. Superior petrosal vein

iv. Inferior petrosal sinus

v. Pterygoid plexus via emissary veins of the foramen ovale, foramen

lacerum, and foramen Vesalius.

2. Inferior petrosal sinus. The inferior petrosal sinus travels in groove between the
petrous apex and the clivus (Dorello’s canal), extending from the posterior part
of the cavernous sinus to the anterior superior aspect of the jugular bulb. In
39% of cases the left and right inferior petrosal sinuses are markedly asymmet-
ric, and in 8% of cases the sinus is absent on at least one side.?®?

(a) Venous connections
i. Cavernous sinus
ii. Basilar venous plexus
iii. Internal auditory veins
iv. Cerebellar and brainstem veins
v. Internal jugular vein

3. Superior petrosal sinus. The superior petrosal sinus extends from the trans-
verse sinus to the cavernous sinus, and travels along the attachment of the
tentorium to the superior margin of the petrous temporal bone. The direction of
flow is presumably from posterior to anterior.?¢*

(a) Venous connections
i. Transverse sinus
ii. Petrosal vein
iii. Lateral mesencephalic vein
iv. Cerebellar veins
v. Veins draining the tympanic cavity
vi. Cavernous sinus

4. Sphenoparietal sinus. The sphenoparietal sinus (aka sinus of Breschet) is
the medial extension of the Sylvian veins.?*® It travels beneath the lesser wing
of the sphenoid bone and drains into the cavernous sinus, pterygoid plexus, or
into the inferior petrosal sinus or transverse sinus.?®* A “true” sphenoparietal
sinus exists when the structure anastomoses with other venous structures at
both ends.?*®

5. Basilar venous plexus. The basilar venous plexus (aka clival venous plexus) is a
network of dural veins that extends over the dorsal surface of the clivus.

(a) Venous connections
i. Cavernous sinus
ii. Inferior petrosal sinus
iii. Marginal sinus

6. Marginal sinus. The marginal sinus lies in the margin of the foramen magnum
and drains into the jugular bulbs. It anastomoses with the occipital sinus and
vertebral venous plexuses.

7. Vertebral venous plexus. The venous plexus is the extensive network of veins associ-
ated with the spine. It can be subdivided into internal and external components.

Supratentorial Cortical Veins

The cortical veins drain the outer 1-2 cm of the cortex and the subcortical white
matter, and travel centrifugally (Fig. 1.54). They have no valves. They exhibit recipro-
cal prominence, i.e., when one vein is large on a given side, others are usually small.?>
Cerebral cortical dramage occurs via three principle routes:

1. Sylvian veins. The Sylvian veins (aka superficial middle cerebral veins) origi-
nate in the posterior third of the lateral Sylvian fissure and travel through the
lateral aspect of the sylvian fissure and drain parts of the frontal and temporal
lobes into the cavernous sinus and pterygoid plexus.?326
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Fig. 1.54 Superficial cortical veins. (7) Sylvian vein; (2) vein of Labbé; (3) superior
convexity veins; (4) vein of Trolard.

2. Temporo-occipital veins. These veins drain temporal, occipital and parts of the
parietal cortex into the transverse sinus.

(a) Vein of Labbé (aka occipito-temporal vein) is defined as the largest corti-
cal vein crossing the temporal lobe convexity from the Sylvian vein to the
transverse sinus.b It can be identified on one or both hemispheres in 75%
of dissections,?®® and is most commonly larger in the dominant hemi-
sphere.?" It travels in the occipitotemporal sulcus and may have impor-
tant anastomotic connections with tentorial dural sinuses.

3. Superior convexity veins. These veins, which average 14 per hemisphere,'? drain
the superolateral and superomedial cortex into the superior sagittal sinus. The
veins enter the superior sagittal sinus perpendicularly in the anterior frontal
region; the angle becomes progressively more acute (i.e., opposite to the direc-
tion of flow in the superior sagittal sinus) in the parietal and occipital regions.
Occipital region veins may pass for a considerable distance before connecting to
the superior sagittal sinus, and may be confused with venous anomalies.?*® The
vein of Rolando travels in the central sulcus.

(a) Vein of Trolard (aka frontoparietal vein) is defined as the largest anasto-
motic channel connecting the Sylvian vein to the superior sagittal sinus.®
It is most commonly larger in the non-dominant hemisphere.?’

Deep Venous System

The deep venous system drains the periventricular white matter, basal ganglia,
and thalamic regions (Fig. 1.55). In contrast to the cortical venous system, which runs
centrifugally, the deep venous system runs centripetally. The deep veins can be divided
into a ventricular group (which includes the subependymal veins and internal cerebral
vein) and a cisternal group (primarily consisting of the basal vein of Rosenthal and its
tributaries).

1. Medullary veins. The medullary veins are an array of veins that drain the cere-
bral white matter. They originate 1-2-cm deep to the cortical mantle and join
the subependymal veins. They are typically straight and perpendicular to the
subependymal veins.
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Fig. 1.55 Deep venous system. (1) Medullary veins; (2) subependymal veins; (3) septal
vein; (4) anterior caudate vein; (5) thalamostriate vein; (6) internal cerebral vein; (7) basal
vein of Rosenthal; (8) vein of Galen (aka great cerebral vein).

2. Subependymal veins

(a) Septal veins. The septal veins originate at the lateral aspect of the frontal
horns and travel posteriorly and medially to run along the septum pelu-
cidum. In the majority of cases, the septal veins join the thalamostriate
veins to form the internal cerebral vein. The venous angle is the junction
of the septal vein with the thalamostriate vein. Although the venous
angle is generally considered to approximate the location of the foramen
of Monro on angiography, in 47.5% of hemispheres the septal vein joins
the internal cerebral vein an average of 6 mm posterior to the foramen of
Monro.?® The septal veins drain the deep frontal white matter and ante-
rior corpus callosum.

(b) Anterior caudate veins. The anterior caudate veins (aka longitudinal cau-

date veins or anteroinferior caudate veins) are a group of tributaries from
the medial surface of the caudate nucleus that drain into the thalamos-
triate vein.
Thalamostriate vein. The thalamostriate vein arises from tributaries
that converge on the sulcus between the caudate nucleus and the thala-
mus, and travels in a medial direction towards the Foramen of Monro to
join the septal veins and form the internal cerebral vein. It drains the
posterior frontal lobe, anterior parietal lobe, caudate nucleus, and inter-
nal capsule. Despite its name, the thalamostriate vein does not receive
significant tributaries from the thalamus.

(d) Medial and lateral atrial veins. These veins drain the walls of the atrium,
and may drain directly into the internal cerebral vein, basal vein of
Rosenthal, or the vein of Galen.?®?

3. Internal cerebral vein. The internal cerebral vein is formed by the junction of
the septal veins and the thalamostriate vein posterior to the foramen of
Monro. It travels posteriorly to join the contralateral internal cerebral vein
to form the vein of Galen. The internal cerebral vein receives subependymal
tributaries and, just anterior to the vein of Galen, the ipsilateral basal vein
of Rosenthal. It averages 30.2 mm in length®® and drains the posterior

(c

-
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frontal lobe, anterior parietal lobe, caudate nucleus, lentiform nucleus, and
internal capsule.

4. Basal vein of Rosenthal. The basal vein of Rosenthal (aka basal vein) is the most
prominent cisternal vein and is formed below the anterior perforated substance
by the junction of the anterior cerebral and deep middle cerebral veins. The
anterior cerebral vein originates near the optic chiasm and is connected to its
contralateral counterpart by the anterior communicating vein. The deep middle
cerebral vein is formed near the limen insula by the confluence of the insular
veins. The basal vein of Rosenthal travels posteriorly between the midbrain and
the temporal lobe and terminates by joining the internal cerebral vein or the
vein of Galen. It receives extensive tributaries from the temporal lobe, thala-
mus, and midbrain.

5. Vein of Galen. The vein of Galen (aka great cerebral vein) originates in the
quadrigeminal cistern by the union of the internal cerebral veins. It curves in a
posterosuperior direction towards the apex of the tentorium, where it joins the
straight sinus. It is 520 mm in length® and its tributaries include the posterior
pericallosal, superior cerebellar, and precentral cerebellar veins.

Infratentorial Venous System

The veins of the posterior fossa can be grouped according to the principle route of
drainage (Fig. 1.56).
Superior (vein of Galen) group. These veins drain the upper part of the cerebel-
lar hemispheres, vermis, and midbrain.
(a) Precentral cerebellar vein. The unpaired midline precentral cerebellar
vein receives the superior hemispheric and vermian tributaries, and

Fig. 1.56 Infratentorial venous system. (7) Vein of Galen; (2) straight sinus; (3) precentral
cerebellar vein; (4) superior vermian vein; (5) basal vein of Rosenthal; (6) anterior
pontomesencephalic vein; (7) anterior medullary vein; (8) petrosal vein; (9) lateral
mesencephalic vein; (70) inferior vermian vein; (17) posterior mesencephalic vein;
(12) brachial vein; (13) superior retrotonsillar vein; (74) inferior retrotonsillar vein.
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travels superiorly and posteriorly parallel to the roof of the forth ventricle.
It enters the vein of Galen posterior to the inferior colliculi.

(b) Superior vermian vein. The paired superior vermian veins originate from
tributaries in the culman, posterior to the precentral cerebellar vein.
They travel superiorly to drain into the vein of Galen, with or anterior to
the precentral cerebellar vein.

(¢) Posterior mesencephalic vein. This vein originates in the interpeduncular
fossa and curves around the midbrain to enter the vein of Galen or inter-
nal cerebral vein.?*

2. Anterior (petrosal vein) group. These veins drain the anterior part of the brain-
stem and cerebellum, and empty primarily into the superior and inferior petro-
sal sinuses.

(a) Anterior pontomesencephalic vein. The unpaired midline pontomesen-
cephalic vein travels along the anterior belly of the pons, connecting the
midline anterior medullary vein inferiorly (which, in turn, connects to the
anterior spinal vein) to the peduncular vein, in the interpeduncular cis-
tern. It may also communicate with the petrosal vein and the basal vein
of Rosenthal.

(b) Petrosal vein (aka Dandy’s vein). The petrosal vein is formed by numerous
tributaries from the pons, medulla, and cerebellum. It is 2-2.5 cm long,?*°
and travels anterior and lateral to the trigeminal nerve to enter the supe-
rior petrosal sinus above the internal auditory meatus.

(¢) Lateral mesencephalic vein. This vein runs in the lateral mesencephalic sul-
cus and anastomoses with the posterior mesencephalic and petrosal veins.

3. Posterior (tentorial) group. These veins drain toward the tentorium.

(a) Inferior vermian veins. The paired inferior vermian veins are formed by
the superior and inferior retrotonsillar veins. The inferior vermian veins
receive tributaries from the vermis and cerebellar hemispheres, and
travel posteriorly and superiorly along the inferior vermis to drain into
the tentorial, straight, or transverse sinus.

Intracranial Venous System Variants

The intracranial venous system is widely variable. Selected variants and anoma-
lies are detailed below:

1. Developmental venous anomaly (DVA). A DVA (aka venous angioma or
cerebral venous malformation) is a normal variant in which a network of
small medullary veins converges into single large central venous channel
(see also Chap. 16). They are found in some 2% of autopsies.?” They have a
characteristic stellate appearance on imaging, and have been hypothesized
to occur when medullary veins become hypertrophic to compensate for the
occlusion or absence of some other adjacent venous structure. They are fre-
quently found adjacent to cavernous malformations; among patients with
cavernous malformations, and up to 29% have an associated developmental
venous anomaly.??”2 In fact, focal venous congestion within developmental
venous anomalies are thought to contribute to the formation of cavernous
malformations.?™

2. Vein of Galen malformation. This anomaly consists of a dramatically
enlarged persistent median vein of the prosencephalon, which is the embry-
onic precursor to the vein of Galen (see also Chap. 14). Multiple feeding
arteries typically flow directly into the varix and usually arise from the
anterior and posterior choroidal arteries and the anterior cerebral artery.
The malformation develops prior to the formation of the vein of Galen and
the straight sinus, and the venous pouch drains via the falcine sinus to the
superior sagittal sinus. The straight sinus may be hypoplastic or absent.
The deep venous system, as a rule, does not appear to communicate with
the malformation, although there is a well-documented case of visualization
of a communication to normal deep veins after treatment of a vein of Galen
malformation.?”

3. Chiari II malformation. In the Chiari II malformation (Fig. 1.57), the pos-
terior fossa is very small and the straight sinus is angled sharply down-
ward. The confluence of sinuses may be at or below the level of the foramen
magnum.
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Fig. 1.57 Chiari Il malformation. The Fig. 1.58 Dandy—walker complex. The

Chiari Il malformation is characterized by tentorium, straight sinus, and torcular

an abnormally small posterior fossa, with Herophili are displaced superiorly by

downward angulation of the straight sinus cystic dilatation of the fourth ventricle and
and low-lying transverse sinuses. enlargement of the posterior fossa.

4. Dandy-Walker complex. The Dandy-Walker complex is a congenital syndrome
that includes cystic dilatation of the forth ventricle and enlargement of the pos-
terior fossa (Fig. 1.58). The straight sinus and torcular Herophili are often ele-
vated and the transverse sinuses angle inferiorly.

1.11. Spinal Neurovascular Anatomy

The spine, and in particular, the spinal cord, is supplied by a number of rela-
tively small and variable arteries with similarly small and variable veins. There is
a general organization of spinal blood supply that is constant: Segmental arteries
contribute to the segmental levels of the spine and may contribute to the extrinsic
arteries of the spinal cord, which then contribute to the intrinsic arteries within
the substance of the cord. Similarly, the intrinsic veins of the spinal cord drain into
the extrinsic veins on the surface of the cord, which then drains to epidural and
paraspinal venous structures.

These vessels should be considered when evaluating vascular lesions in the spine
(Table 1.8).

Spinal Cord Blood Supply: General Principles

. S}fgmental arteries are the source of blood flow to longitudinal arteries within
the spine

e Longitudinal intraspinal veins drain via segmental veins into the longitudinal
epidural and paraspinal venous systems.

e Inter-segmental and side-to-side anastamoses are common (Table 1.9).

® Variability of segmental connections to longitudinal arterial and venous sys-
tems is very common.
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Table 1.8 Arteries supplying the spine

Vertebral level(s)

Feeding arteries

...Which usually arise from:

C1-C2

Ascending pharyngeal
Occipital

Vertebral

Ascending cervical
Deep cervical

External carotid
External carotid
Subclavian
Thyrocervical trunk
Costocervical trunk

C3-C7 Vertebral Subclavian
Ascending cervical Thyrocervical trunk
Deep cervical Costocervical trunk

T1-T3 Supreme intercostal Costocervical trunk

T3-T4 T4 (“Superior”) intercostal Aorta

T5-T12 T5-T12 intercostal Aorta

L1-L4 Lumbar arteries Aorta

L5 Median sacral Aortic bifurcation
iliolumbar Internal iliac

Sacrum Median sacral Aortic bifurcation
Lateral sacral Internal iliac

Table 1.9 Spinal vascular anastomoses

Anastamosis from

Anastamosis to

Comments

Lumbar and intercostals
arteries

Radiculomedullary or
radiculopial branches

Side-to-side and interseg-
mental anastamoses are
common

Costocervical trunk

Artery of cervical enlargement

Spinal cord artery may arise
from costocervical trunk or
from subclavian as a separate
vessel

Ascending cervical artery

Anterior spinal artery

Deep cervical artery

Posterolateral spinal artery

Segmental vertebral
branches

Anterior or posterolateral
spinal arteries

Occipital and muscular
branches

Spinal arteries via segmental
vertebral branches

Ascending pharyngeal artery
and muscular branches

Spinal arteries via segmental
vertebral branches

General Principles of Spinal Arterial Anatomy

1. Vertebral artery contributions to the spine (Fig. 1.59)
(a) Anterior spinal artery

The anterior spinal artery has two, very short paired branches from the

extreme distal vertebral arteries creating a V-like configuration that

merges to a single midline artery that descends from the vertebrobasilar

junction inferiorly in the ventral sulcus of the cord. Sometimes one limb

of the V is hypoplastic and the anterior spinal arises from only one of the

distal vertebral arteries.

(b

=

Posterolateral spinal artery

The posterolateral spinal artery arises from the distal vertebral artery or
proximal posterior inferior cerebellar artery (PICA), and travels inferi-
orly along the posterior cord. There is one on each side. There are two
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Fig. 1.59 Normal spinal arterial anatomy. (a) Anterior view. Radicular artery (1),
radiculomedullary artery (2), pial arterial plexus (3), anterior spinal artery (4); (b)

Posterior view. Radicular artery (7), radiculopial artery (5), posterolateral arteries (6).

major variants of this artery. Each is associated with variations in the
size and course of the distal vertebral artery and level of origin of the
PICA‘231,276
i. Posterior spinal artery
This artery arises from either the distal extracranial portion of the
vertebral or commonly also from the proximal part of an extracra-
nial origin of PICA. Each posterior spinal artery then travels infe-
riorly along the posterior cord dorsal to the posterior spinal nerve
roots.?”
ii. Lateral spinal artery
This artery arises from the distal vertebral artery or proximal
PICA. However, the lateral spinal artery travels along the postero-
lateral cord ventral to the posterior roots of C1 through C4.%*! The
lateral spinal artery joins the ipsilateral posterior spinal artery at
the C4 or C5 level .2

(¢c) Segmental branches
These small paired arteries provide muscular and osseous blood flow in
the cervical region. They are variable and can supply anterior and poste-
rior radicular branches that follow the spinal nerve roots. These radicu-
lar branches can connect to either the anterior spinal artery or to the
posterolateral spinal artery to provide segmental input to these longitu-
dinal spinal arteries, usually below C3.2”

(d) A particularly large radicular input into the cervical anterior spinal
artery is sometimes termed the artery of the cervical enlargement. This
artery often is a branch of the vertebral artery, although it may arise
from the costocervical trunk (Fig. 1.60) or even directly from the subcla-
vian artery.

Deep cervical artery

The deep cervical artery arises from the costocervical trunk or directly from

the second part of the subclavian artery. The left and right deep cervical

arteries paired longitudinal arterial systems that are posterior to the trans-

verse processes. They have considerable muscular territories, anastamose

with the vertebral arteries, and can provide flow to the radicular arteries

along the C7 and C8 roots.?”” They variably contribute to the lower cervical

cord.

Ascending cervical artery

The ascending cervical artery is a branch of the thyrocervical trunk and ascends

in the neck anterior to the transverse processes. This artery supplies cervical

Iglusclﬁs, anastamoses with the vertebral artery, and can provide radicular
ranches.
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Fig. 1.60 Artery of cervical enlargement. A dominant branch to the cervical portion of
the anterior spinal artery often arises from the segmental branches of the vertebral
artery, but in this case can be seen to fill on an injection of the costocervical trunk. This is
a frontal view with injection into the left thyrocervical trunk. Note the hair-pin turn of the
artery as it joins the anterior spinal artery (arrow).

4. Supreme intercostal artery
This artery arises from the costocervical trunk or directly from the subclavian
artery and descends to supply several spinal levels, generally providing radicu-
lar arteries to the C7 and C8 levels?”” and sometimes one or two levels below.
Branches contribute to bone, connective tissue and muscle at the cervicotho-
racic junction usually at T1 and T2 and collateralizing to T3. The supreme
intercostal arteries occasionally arise directly from the aorta.”
5. Intercostal (aka posterior intercostal) artery
Usually nine pairs of intercostal arteries arise from the aorta. Occasionally,
adjacent intercostal arteries arise as a common trunk. Intercostal arteries pro-
vide branches to the spine and paraspinal tissues before traveling laterally
under the rib in the costal groove. Adjacent intercostal arteries share numerous
collaterals. The intercostal arteries have several branches:’
(a) Dorsal branch
The dorsal branch divides into a spinal branch that supplies bone and
dura, which in turn provides a radicular branch that supplies the nerves
and possibly the spinal cord. The dorsal branch also has medial and lat-
eral musculocutaneous branches that supply posterior muscles and over-
lying skin.
(b) Collateral intercostal branch
This branch anastamoses to adjacent intercostal arteries.
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(¢) Muscular branches
This branch supplies lateral and anterior chest wall muscles and anasta-
mose with lateral thoracic branches of the axillary artery.
(d) Lateral cutaneous
This branch supplies intercostal nerves and lateral chest wall skin.
(e) Multiple small branches to ribs and deep chest wall tissues.
6. Lumbar arteries
Usually four pairs of lumbar arteries arise from the aorta. There are collaterals
between ipsilateral lumbar arteries and from side-to-side. The lumbar arteries
have branches that are similar to the intercostal arteries:”
(a) Dorsal branch
The dorsal branch gives osseous branches to the vertebral body, and then
provides a spinal branch that supplies bone and dura via a post-central
branch in the anterior region of the spinal canal, and a prelaminar
branch to the posterior region of the canal. In between those two branches,
the spinal artery provides a radicular branch to supply the nerves and
the spinal cord. The dorsal branch also has medial and lateral musculo-
cutaneous branches that supply the posterior muscles and the overlying
skin of the lumbar region.
(b) Collateral lumbar branches
These branches anastamose with adjacent lumbar arteries.
(¢) Muscular branches
These branches supply lateral and posterior muscles and anastamose
with lower intercostal arteries, adjacent lumbar, iliolumbar, inferior epi-
gastric, and deep circumflex iliac arteries.”
7. Iliolumbar artery
This branch of the posterior division of the internal iliac artery has branches to
the psoas muscle, collaterals to the fourth lumbar artery, an L5 radicular artery,
and supplies the gluteal and abdominal wall muscles.”
8. Lateral sacral artery
The paired lateral sacral arteries are branches of the internal iliac arteries.
They supply upper sacral radicular arteries and can anastamose with median
sacral artery branches.
9. Median sacral artery
A single descending median sacral artery arises at the aortic bifurcation and
supplies multiple levels of the sacrum. It anastamoses with the lateral sacral
and iliolumbar arteries.” This artery is the remnant of the caudal aorta prior to
the development of the limb buds.

Segmental Contributions to Neural Territories

Radicular Arteries (Anterior and Posterior)

The radicular arteries enter the spine along the spinal nerves and include an
anterior radicular artery along the ventral root and a posterior radicular artery along
the dorsal root. They may or may not be present at each level and do not necessarily
contribute to the spinal cord at every level. In the cervical spine there is an average of
2-3 radicular artery connections to the spinal cord, including 2—-3 anteriorly and 1 or
2 posteriorly.?”” In the thoracolumbar region, 80% of spinal cord blood flow comes from
two radicular contributions.?”® Throughout the cord, anterior radicular contributions
to the cord number 3-15, and posterior radicular artery contributions number 14-25.27°
There are two commonly mentioned types of radicular artery contributions to the spi-
nal cord: the radiculomedullary and radiculopial arteries.

1) Radiculomedullary arteries. These radicular branches connect the anterior
radicular artery to the anterior spinal artery.

a) The artery of Adamkiewicz (aka “arteria radicularis magna” or “artery of
the lumbar enlargement”) is the dominant radiculomedullary contribu-
tion to anterior spinal artery in thoracolumbar spine. It supplies an aver-
age of 68% of blood flow to the lower cord, with an average diameter of
0.7 mm.*® It has a classic “hairpin turn” appearance. It travels sharply
cephalad from a radicular artery, and then takes a sharp caudal turn as
it joins the anterior spinal artery.

b) The origin of the artery of Adamkiewicz is variable. In nearly all cases it
arises from the intercostal and lumbar arteries from T8-L2 and is on the
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left in 80% of cases.?® In 70% of cases the artery of Adamkiewicz arises
from a lumbar artery.?® A dominant radiculomedullary artery below L3
was found in only 3 of 4,000 spine angiograms.?®" When it arises from
above T8 or below L2 there may be a second dominant radiculomedullary
contributor above or below.

2) Radiculopial arteries. These radicular branches connect the posterior radicular
branches to a pial network and the posterolateral spinal arteries.?*? In 63% of
cases a radiculomedullary feeder also has a posterior radiculopial contribution
to posterior spinal artery.”®

Strange, but True

Albert Wojciek Adamkiewicz’s study of the vascular anatomy of the spinal cord
was the result of his interest in syphilis. He wanted to determine how the bacteria
responsible for syphilis made their way to the spinal cord. This originated with his
idea that tabes dorsalis was a blood-borne disease.?’"?%%28 The rest is history.

Extrinsic Spinal Cord Arteries

These intradural arteries run along the surface of the spinal cord (Fig. 1.59).
1) Anterior spinal artery

a) The anterior spinal artery is a longitudinal artery that originates from
the distal vertebral arteries and runs continuously down the cord in the
anterior median sulcus with variable contributions from radiculomedul-
lary inputs.?®® Occasionally, it may split into two channels, but almost
never below C5-6.2"

2) Posterolateral spinal arteries

a) These paired longitudinal arteries originate from the vertebral arter-
ies proximal to the PICA origins (or from the PICA itself) and run more
or less discontinuously along the posterolateral cord, with sporadic
contributions from radiculopial arteries. In the cervical region there
may be two pairs of longitudinal vessels posteriorly, including the lat-
eral spinal ventral to the dorsal root and posterior spinal dorsal to that
dorsal root; these two systems merge at C4 or C5.2% A single pair of
posterior longitudinal arteries exist throughout the majority of the
extent of the cord.

3) Pial network

a) This is a variable network of longitudinal and interconnecting axial ves-
sels, that primarily anastamose to the posterior spinal arteries with only
very small connections to anterior spinal artery.?™

4) Conus basket

a) The anterior spinal artery and posterior spinal arteries join together in a
“basket” of arteries around the lower part of the conus medularis.

b) An important arterial source for the conus is the artery of Deproges—
Gotteron (aka the cone artery).?® This artery is inconstant and may arise
from the internal iliac artery or its branches. It courses along the L-5 or
S-1 nerve roots to anastomos with the conus basket.

Intrinsic Cord Arteries

1) Sulcal commissural arteries
a) These arteries arise from ASA, dive into the median sulcus, and feed the
grey matter structures.
2) Radial perforating arteries
a) These arteries originate from the pial network, penetrate deeply, and pri-
marily supply white matter tracts.
3) Intrinsic anastamoses
a) Axial and longitudinal precapillary connections interconnect the intrin-
sic arteries in all planes from one to another at the same axial level, and
to the vessels cranial and caudal to that level.?2
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Spinal Venous System

Spinal venous anatomy is many ways similar to and in other ways different from
the corresponding arterial organization. They are “the same, but different.” Lasjaunias
provided an exhaustive description of spinal venous anatomy.??

1) Intrinsic spinal cord veins

a) Intrinsic cord veins are radially oriented venules with axial and longitu-
dinal anastomoses. They are uniformly distributed throughout the cord.
They drain into ventral and dorsal sulcal veins.

2) Extrinsic spinal cord veins
a) Ventromedial and dorsomedial veins
i) These are continuous longitudinal craniocaudal channels of more
or less equal size. Unlike spinal cord arteries, ventral and dorsal
veins do not differ significantly in size.?® Transmedullary anasto-
moses are present between ventral and dorsal sulcal veins.

b) Ventral and dorsal pial network

i) Small interconnected veins connecting radial intrinsic veins with
longitudinal veins.

¢) Dorsal and ventral radicular veins

i) Variable veins connecting cord veins to epidural veins. Levels
without a patent radicular vein may have a fibrotic remnant.
Transdural portion of the vein has a relative narrowing.

d) In thoracic region: Longitudinal ventromedial and dorsomedial veins
often split up into three channels. Many more patent radicular veins are
usually present, compared to the cervical and lumbar regions. The upper
thoracic cord drains cephalad, and the lower thoracic cord drains in a
caudal direction, producing a potential “watershed zone” at variable lev-
els in the thoracic spinal cord.?®?

3) Epidural and extra-spinal veins
a) Epidural venous plexus
i) Dense, multichannel network from skull-base to sacrum. There
are lateral longitudinal channels and side-to-side connections
without valves at each vertebral level. The ventral channels are
more prominent.

b) Dorsal and ventral emissary radicular veins

i) These veins connect the epidural plexus to the longitudinal spinal
veins (vertebral, azygos/hemiazygos, lumbar, and sacral veins).

c¢) Cervical region: Vertebral veins connect with the suboccipital plexus
above and the jugular veins and deep cervical veins below.

d) Thoracic region: On the right drainage is into the azygos vein; on the left
drainage is into the superior (aka accessory) and inferior hemiazygos
veins.

e) Lumbar region: Drainage is into the azygos vein and directly into the
inferior vena cava and left renal vein.

f) Sacrum: Drainage is into the internal iliac veins.
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