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OBJECTIVE: The objective was to examine the microsurgical anatomy basic to the
microsurgical and endovascular management of lesions involving the dural arteries.
METHODS: Adult cadaveric heads and skulls were examined using the magnification
provided by the surgical microscope to define the origin, course, and distribution of
the individual dural arteries.
RESULTS: The pattern of arterial supply of the dura covering the cranial base is more
complex than over the cerebral convexity. The internal carotid system supplies the
midline dura of the anterior and middle fossae and the anterior limit of the posterior
fossa; the external carotid system supplies the lateral segment of the three cranial
fossae; and the vertebrobasilar system supplies the midline structures of the posterior
fossa and the area of the foramen magnum. Dural territories often have overlapping
supply from several sources. Areas supplied from several overlapping sources are the
parasellar dura, tentorium, and falx. The tentorium and falx also receive a contribution
from the cerebral arteries, making these structures an anastomotic pathway between
the dural and parenchymal arteries. A reciprocal relationship, in which the territories
of one artery expand if the adjacent arteries are small, is common.
CONCLUSION: The carotid and vertebrobasilar arterial systems give rise to multiple
branches that supply the dura in a complex and overlapping pattern. A knowledge of
the microsurgical anatomy of these dural arteries and their assessment on pretreatment
evaluations plays a major role in safe and accurate treatment of multiple lesions.
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T

he dural arteries arise from the internal
and external carotid arteries and the vertebrobasilar system. These arteries may
be the site of formation of saccular aneurysms,
pseudoaneurysms, and arteriovenous fistulae
and the source of traumatic and spontaneous
hemorrhage into the epidural, subdural, and
intraparenchymal areas, in addition to their
well-known role in the vascularization of meningiomas, other tumors, and parenchymal
arteriovenous malformations (AVMs). Advances in the microsurgical and endovascular
management of lesions involving these arteries have created the need for a deeper understanding of the dural arterial network. This
study examined the microsurgical anatomy of
this network important in planning the therapeutic approach not only to lesions invading
the cranial base, convexity dura, tentorium,
and falx but also to numerous intraparenchymal lesions.

DOI: 10.1227/01.NEU.0000144823.94402.3D

MATERIALS AND METHODS
Five dry skulls and 20 adult cadaveric
heads were examined using ⫻3 to ⫻40 magnification of the surgical microscope (Carl
Zeiss Inc., Göttingen, Germany). The arteries
and veins were perfused with colored silicon
(Dow Corning, Midland, MI; Crayola, Easton,
PA). The dissections were performed to demonstrate and photograph the individual dural
artery branches and their common areas of
supply.

GENERAL STRUCTURE:
ENDOSTEAL AND
MENINGEAL LAYERS
The cranial dura mater is a thick, collagenous sheath that lines the cranial cavity and is
continuous with the spinal dura at the foramen magnum. The dura is adherent to the
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surrounding bones, especially at the sutures, at the cranial
base, and around the foramen magnum. With increasing age,
the dura becomes less pliable and more firmly adherent to the
inner surface of the cranium, particularly the calvaria.
The dura is composed of an endosteal layer that faces the
bone and a meningeal layer that faces the brain (16). These
layers are distinguished as separate sheaths at the venous
sinuses, foramen magnum, and optic canal. The meningeal
layer is continuous with the dural covering of the spinal cord
and optic nerves, providing tubular sheaths for the cranial
nerves as they pass through the cranial foramina. These
sheaths fuse with the epineurium as the cranial nerves emerge
from the cranium, except at the optic nerve, where the dural
sheath blends into the sclera. At the vascular foramina, the
meningeal layer fuses with the adventitia of the vessel. The
meningeal layer folds inward to form the falx cerebri, the
tentorium cerebelli, the falx cerebelli, and the diaphragm sellae, which partially divide the cranial cavity into freely communicating spaces. The endosteal layer of dura is continuous
through the cranial sutures and foramina with the pericranium and through the superior orbital fissure and optic canal
with the periorbita (16).

VASCULAR ORGANIZATION OF
THE DURA
The origin of the membranes of the cranium starts when the
embryo has a crown-to-hump length of 12 to 20 mm, at which
time the differentiation of the cranium, dura, arachnoid, and
pia begins. The gradual cleavage of the vascular system into
external, dural, and cerebral layers also takes place at this
stage, which has been referred to as the third stage of the
cerebrovascular development (79). As the membranes covering the brain differentiate, the anastomosing channels that
connect the deep capillary plexus with the superficial vessels
close, thus separating the vessels surrounding the brain from
those belonging to the cranium and its coverings (79, 80). The
major meningeal arteries originating from this cleavage give
rise to a rich anastomotic network that may enlarge after
various insults (22) and play a role in the genesis of dural
AVMs. This anastomotic network divides progressively into
primary, secondary, and penetrating vessels.
The primary anastomotic vessels change little in diameter as
they course over the dural surface and anastomose frequently
with each other. They cross the superior sagittal sinus, connecting the dura over the paired cerebral hemispheres into a
single vascular unit. Crossing vessels are particularly large
when one middle meningeal artery is hypoplastic. The primary anastomotic arteries have a straight course and measure
100 to 300 m in diameter, whereas the main meningeal
feeders have a diameter of 400 to 800 m. The primary anastomotic arteries give rise to arteries to the cranium, secondary
anastomotic arteries, penetrating dural vessels, and arteriovenous shunts (29).
The secondary anastomotic arteries also lie on the outer
dural surface. They measure 20 to 40 m in caliber, are short,
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and their anastomotic pattern forms a regular polygonal network (29). Penetrating vessels arise from primary and secondary anastomotic arteries, leave the dural surface, and extend to
within 5 to 15 m of the inner and juxta-arachnoid surface of
the dura, to end in the capillary network. Capillaries, 8 to 12
m in diameter, are present throughout dura, including the
falx and tentorium, and are especially rich parasagittally,
where they may form several layers. The capillary bed is
located on the inner or cerebral surface of dura, being separated from arachnoid by only a few micrometers (29).
The arteries to the cranium originated from the primary
anastomotic vessels. They are clearly seen when the dura is
stripped from the cranium and many small arteries are torn
out of the diploe, revealing their tiny foramina on the inner
table of the cranium. They measure 40 to 80 m and supply
the metabolic needs of the cranium and diploic contents.
These vessels, which are often enlarged in dural AVMs, can be
a source of copious bleeding during elevation of the bone flap
during craniotomy.

OVERVIEW OF DURAL SUPPLY
This section provides an overview of the supply of the
intracranial dura before discussing the origin, course, and
territory of each of the individual dural arteries. The dura
covering the anterior fossa floor draws its supply from the
anterior and posterior ethmoidal arteries, the superficial recurrent ophthalmic artery, and the middle meningeal artery
(Fig. 1) (Tables 1–3). The middle meningeal artery will not
contribute to the supply of the dura lining the floor of the
anterior fossa if the artery or its anterior branch arises from the
ophthalmic arterial system. The territory of the anterior convexity and parasagittal area is supplied by both the anterior
branch of the middle meningeal artery and the anterior meningeal branch from the ophthalmic artery (Fig. 2).
The supply to the middle fossa and paracavernous dura
derives laterally from the middle meningeal, accessory meningeal, and ascending pharyngeal arteries. In an anterior-toposterior direction, it receives contributions from the recurrent
branches of the ophthalmic and lacrimal arteries as well as
from the medial tentorial artery (Figs. 1 and 3). Medially, those
arteries anastomose with the intracavernous branches of the
internal carotid artery. The sellar dura has a bilateral supply
from the paired capsular, inferior hypophysial, medial clival,
and dorsal meningeal arteries that anastomose across the midline on the anterior and posterior surfaces of the dorsum sellae
(Figs. 1, 3, and 4) (21, 36, 68, 83).
The convexity dura is supplied predominantly by branches
of the middle meningeal arteries (Fig. 2). These branches
course toward the superior sagittal sinus, where they are
distributed to the sinus walls and give off descending
branches to the adjacent falx cerebri. The scalp arteries,
through the emissary foramina, also send branches to the
convexity dura. The dura over the frontal convexity is supplied by the anterior meningeal branch of the anterior ethmoidal artery and branches of the anterior division of the
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FIGURE 1. Superior view of the cranial base showing the area of supply of
the individual meningeal arteries. Dural branches from the internal carotid
arterial system are highlighted in shades
of green, external carotid system in
shades of blue, and the vertebrobasilar
system in shades of red. A, internal
carotid system. The dura covering the
medial part of the anterior fossa floor is
supplied by the anterior and posterior
ethmoidal arteries, the superficial recurrent ophthalmic artery, and olfactory
branches of the anterior cerebral artery.
The internal carotid will contribute to
the supply of the dura lining the floor of
the anterior fossa if the middle meningeal artery or its anterior branch arises
from the ophthalmic arterial system.
The internal carotid system, through its
inferolateral trunk and dorsal meningeal artery, supplies most of the parasellar dura and part of the anterior wall of
the posterior fossa and the sellar dura
through its paired capsular, inferior hypophysial, medial clival, and dorsal
meningeal arteries. A branch of the inferolateral trunk may join the carotid
branch of the ascending pharyngeal artery to form the recurrent artery of the
foramen lacerum. The medial clival artery and dorsal meningeal arteries supply the upper clivus. B, external carotid
system. The anterior and posterior divisions of the middle meningeal artery
and its petrosal branch supply the dura
covering the lateral cranial base. The
territories of the anterior and posterior
branches of the middle meningeal artery
extend toward the supratentorial and
infratentorial convexity dura and medially over the falx and tentorium. The
accessory meningeal and the ascending
pharyngeal artery branches contribute
to the supply of the area between the
internal carotid and middle meningeal
territories on the middle and posterior
fossae. The jugular and hypoglossal
branches of the ascending pharyngeal
arteries supply the inferior portion of the
posterior surface of the petrous bone, the
lateral cerebellar dura, the midclivus,
and the anterolateral foramen magnum. The mastoid branch of the occipital artery constitutes the main supply to the lateral part of the cerebellar fossae. C,
vertebrobasilar system. The anterior and posterior meningeal branches of the vertebral artery supply the foramen magnum dura. The posterior meningeal artery provides
the major supply to the paramedial and medial portions of the dura covering the cerebellar convexity. The subarcuate artery, a branch of the AICA, supplies the dura
of the posterior surface of the petrous bone and adjacent part of the internal acoustic meatus, as well as the bone in the region of the superior semicircular canal. D,
overview. At the cranial base, the internal carotid system supplies the midline structures of the anterior and middle fossae and the anterior limit of the posterior fossa.
The vertebrobasilar system supplies the midline structures of the posterior fossa and the area of the foramen magnum. The external carotid system distributes branches
to the lateral segment of the three cerebral fossae. A., artery; Access., accessory; Ant., anterior; Asc., ascending; Br., branch; Brs., branches; Caps., capsular; Car.,
carotid; Cer., cerebral; Cliv., clival; Div., division; Dors., dorsal; Eth., ethmoidal; For., foramen; Hypogl., hypoglossal; Inf., inferior; Jug., jugular; Lac., lacrimal; Lat.,
lateral; Med., medial; Men., meningeal; Mid., middle; Occip., occipital; Olf., olfactory; Ophth., ophthalmic; Pharyng., pharyngeal; Pet., petrosal; Post., posterior;
Rec., recurrent; Subarc., subarcuate; Tr., trunk.

NEUROSURGERY

VOLUME 56 | OPERATIVE NEUROSURGERY 2 | APRIL 2005 | ONS-213

MARTINS

ET AL.

TABLE 1. Area of supply of meningeal branchesa
Meningeal branches
Ascending pharyngeal artery
1. Carotid branch
2. Jugular branch

3. Hypoglossal branch
Occipital artery
1. Jugular branch

2. Hypoglossal branch
3. Mastoid branch

4. Parietal emissary branch
Middle meningeal artery
1. Petrosal branch

2. Anterior division

3. Posterior division

Accessory meningeal artery

Area of supply

Other nomenclature

Periosteal of foramen lacerum and dura of carotid canal, wall of carotid artery, pericarotid
sympathetic plexus, lower edge of trigeminal ganglion.
Dura of jugular foramen, lateral portion of the wall of inferior petrosal sinus, walls of
jugular bulb and inferior sigmoid sinus, dura of inferior portion of the posterior petrosal
surface, CN IX, X, XI.
Dura of foramen magnum (anterolateral segment), inferolateral cerebellar fossa, CN XII.

Auxiliary branch for the dura of jugular foramen, lateral portion of the wall of inferior
petrosal sinus, walls of jugular bulb and inferior sigmoid sinus, dura of inferior portion of
the posterior petrosal surface, and CN IX, X, XI.
Dura of foramen magnum (anterolateral segment), inferolateral cerebellar fossa, and CN XII.
Dura over the lateral portion of the posterior petrosal surface including endolymphatic duct
and sac and jugular foramen edge (ascending and descending branches), lateral, and
paramedial cerebellar fossa (descending and posteromedial branches).
Dura of posterior parietal convexity.

Artery of C2 somite

Transmastoid branch, artery of
mastoid foramen

Lateral edge of trigeminal ganglion, V2, V3, and inferior part of the lateral wall of cavernous
sinus (cavernous branch). Dura over the posteromedial floor of middle fossa, medial half of
the insertion of tentorium along the petrous ridge and superior petrosal sinus. Greater
superficial petrosal nerve and geniculate ganglion CN VII. Branches to the walls of
tympanic cavity.
Dura over frontal and anterior parietal convexity, including walls of superior sagittal sinus
and falx. Dura over the lateral portion of the anterior and middle fossa, including the lateral
segment of the posterior border of the lesser sphenoid wing (medial branch).
Dura over the posterolateral floor of the middle fossa, lateral half of the insertion of
tentorium along the petrous ridge and superior petrosal sinus. Dura around the confluence
between superior petrosal, transverse, and sigmoid sinus and superior portion of the dura of
the lateral cerebellar fossa (petrosquamosal branch). Dura of the temporosquamous and
parieto-occipital convexity, including walls of superior sagittal sinus and falx (parietooccipital branch).
Extracranial territory: eustachian tube, external acoustic meatus, pterygoid muscle, V3
branches.

Lesser/small meningeal artery,
pterygomeningeal artery

Intracranial territory: gasserian ganglion, middle fossa dura (medial portion), lateral wall of
cavernous sinus (inferior portion), and CN III, IV, V, VI, VII.
Cavernous carotid
1. Recurrent artery of
foramen lacerum
2. Medial tentorial artery

Periosteal lining of foramen lacerum and dura of carotid canal, wall of carotid artery,
pericarotid sympathetic plexus, lower edge of trigeminal ganglion.
Transdural segment of CN III and IV, roof of cavernous sinus, medial third of tentorium, and Marginal tentorial artery,
posterior attachment of falx cerebri.
Bernasconi’s artery, artery of
Bernasconi and Cassinari
3. Lateral tentorial artery
Lateral third of tentorium at its attachment to petrous bone.
Basal tentorial artery
4. Dorsal meningeal artery
CN VI into Dorello’s canal, dura over dorsum sellae and clivus (medial branch). Tentorial
Lateral clival artery (35)
attachment to the petrous bone (lateral branch).
5. Inferior hypophyseal artery Pituitary gland. Dura over the posterior sellar floor (hypophyseal arterial circle). Dura of
posterior clinoid and medial wall of cavernous sinus (medial clival artery).
6. Medial clival artery
Dura over posterior clinoid, dorsum sellae, and medial wall of cavernous sinus.
7. Inferolateral trunk
Inferolateral wall of cavernous sinus and adjacent middle fossa. Superior division: transdural Lateral main stem (73), artery
of the inferior cavernous sinus
segment of CN III, IV, roof of cavernous sinus, medial third of tentorium, and posterior
attachment of falx cerebri. Anterior division: CN III, IV, VI and cavernous sinus dura around (64)
the superior orbital fissure, V2, dura around foramen rotundum. Posterior division: VI, V3,
CN VII (petrosal) and dura around gasserian ganglion.
8. Capsular arteries
Dura of the floor and anterior margin of the roof of sella.
McConnell’s arteries

a

CN, cranial nerve.
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TABLE 1. Continued
Meningeal branches
Ophthalmic artery
1. Anterior ethmoidal artery
2. Posterior ethmoidal artery
3. Deep recurrent
ophthalmic artery
4. Superficial recurrent
ophthalmic
5. Lacrimal artery
a. Meningolacrimal artery
b. Sphenoid artery

Anterior cerebral artery
1. Olfactory branches
2. Pericallosal branches
Vertebral artery
1. Anterior meningeal artery
2. Posterior meningeal artery

Area of supply

Other nomenclature

Dura over anterior convexity (anterior meningeal artery), medial third of the floor of the
anterior fossa, and anterior third of falx (anterior falcine artery).
Dura over the medial third of the floor of the anterior fossa, extending posteriorly to the
anterior clinoid process and chiasmatic groove.
Dura of the walls of the cavernous sinus around the superior orbital fissure.
Dura over the anterior clinoid and lesser sphenoid wings. Dura over the anteromedial
portion of middle fossa.
Dura over the lateral part of the superior orbital fissure, sphenoid wings and ridge.
Dura over the lateral part of the superior orbital fissure, sphenoid wings and ridge.

Auxiliary branch for the dura over the medial third of the floor of the anterior fossa.
Auxiliary branches to the free edge of falx cerebri.

Anterior spinal dura and odontoid process. Dura of atlanto-occipital space and anterolateral
border of foramen magnum, including dura over occipital condyles.
Dura over the posterior atlanto-occipital space, falx cerebelli, medial and paramedial
cerebellar fossa. Dura forming the walls of transverse sinus and torcula. Dura over the
occipital convexity.

Anteroinferior cerebellar artery
1. Subarcuate artery

Dura of the posterior surface of petrous temporal bone around acoustic meatus.

Posterior cerebral artery
1. Tentorial branch

Posterior third of the falx cerebri and adjacent medial part of tentorium.

middle meningeal artery, which also supplies the dura in the
anterior parietal region. The dura over the posterior convexity
is supplied by the parieto-occipital and petrosquamosal
branches of the posterior division of the middle meningeal
artery (36). This area also receives a contribution from the
posterior meningeal branch of the vertebral artery when this
vessel extends above the torcula (Fig. 2) (25).
The falx cerebri, falx cerebelli, and tentorium are supplied
by basal and convexity branches of the meningeal arteries and
receive a contribution from the cerebral arteries, making these
structures an anastomotic pathway between the dural and
parenchymal arteries (Figs. 3 and 5). Most of the vascular
supply of the falx cerebri comes through its insertion on the
vault, with the anterobasal insertion, the falcotentorial angle,
and the free margin receiving independent contributions (54).
The dural walls of the superior sagittal sinus, the site of
insertion of the falx on the dura of the convexity, are supplied
by the middle meningeal arteries, which form two paramedial
arcades and are reinforced anteriorly, at the level of the insertion of the falx on the crista galli, by the anterior falcine
arteries.

NEUROSURGERY

Recurrent meningeal artery,
orbital branch of middle
meningeal artery (10)

Artery of C3 somite (35)

Artery of Davidoff and
Schechter, meningeal branch
of posterior cerebral artery

Posteriorly, at the falcotentorial junction, the paramedial
arcades are reinforced from the posterior meningeal branch of
the vertebral artery, the medial tentorial branch of the intracavernous carotid, and an infrequent branch of the posterior
cerebral artery (Figs. 3 and 5). The posterior meningeal artery,
the major contributor, ascends in the falx cerebelli and extends
along the insertion of the falx cerebri. The medial tentorial
artery, which supplies the medial third of the tentorium,
reaches the straight sinus and torcula and may ascend in the
posterior portion of the falx cerebri (Fig. 5) (36). The pericallosal branches of the anterior cerebral artery may also pierce
the falx at or near its free edge.
The tentorium receives supratentorial and infratentorial
contributions (Figs. 3, 5, and 6). The supratentorial sources are
the medial and lateral tentorial branches of the intracavernous
carotid medially and the branches of the middle meningeal
artery anterolaterally. The infratentorial components are the
most superior extensions of the jugular branch of the ascending pharyngeal artery and an occasional tentorial branch of the
posterior cerebral artery medially, the occipital artery laterally, and the posterior meningeal artery posteriorly (Fig. 3).
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The lateral two-thirds of the tentorium and its edge along the
transverse sinus derive their supply primarily from the petrosal and occipital arcades. The petrosal arcade follows the
superior petrosal sinus and is composed of the lateral tentorial
artery, branches from the petrous and petrosquamosal trunk
of the middle meningeal artery, and the lateral branch of the
dorsal meningeal artery. The occipital arcade is composed
above the tentorium by the petrosquamosal trunk and occipital branches of the middle meningeal artery and below the
tentorium by the occipital and posterior meningeal arteries
(Fig. 6) (36). The medial third of the tentorium is supplied by
the medial tentorial artery. This area may also infrequently
receive a contribution from a dural branch of the posterior
cerebral artery (Figs. 3 and 6).
The dura of the posterior fossa has been subdivided into
several areas. The clival dura extends from the dorsum sellae
to the anterior border of the foramen magnum and is limited
laterally by the petroclival fissure. The posterior petrous dura
extends from the petroclival fissure to the sigmoid and superior petrosal sinuses. The cerebellar fossa dura is limited laterally by the sigmoid sinuses and extends over the cerebellar
surface from the transverse sinus to the foramen magnum. The
dura over the cerebellar convexity has been further subdivided into a medial region adjacent to the falx cerebelli, a
lateral region adjacent to the sigmoid sinus, and a paramedial
region between the two. The dural supply at the level of the
foramen magnum arises predominantly from the external carotid and vertebral arteries (Fig. 6) (51, 60). The anterior and
posterior meningeal branches of the vertebral artery anastomose with the jugular and hypoglossal branches of the ascending pharyngeal artery and the mastoid branch of the
occipital artery to supply the area. The intracavernous carotid
may also contribute through the clival branches of the dorsal
meningeal arteries (68). The dural branches of the vertebral
artery are usually small but may enlarge to supply dura-based
lesions.
The clival area derives its supply from the medial clival and
dorsal meningeal branches of the intercavernous carotid, the
anterior meningeal branch of the vertebral artery, and
branches of the ascending pharyngeal artery (Figs. 1 and 6).
The dura on the posterior surface of the petrous bone is
supplied by the dorsal meningeal and subarcuate arteries and
branches of the middle meningeal, occipital, and ascending
pharyngeal arteries. The dura of the lateral portion of the
cerebellar fossa receives its supply from the ascending pharyngeal, occipital, and vertebral arteries. The posterior meningeal artery provides the major supply to the paramedial and
medial portions of the cerebellar dura, but this area also
receives contributions from the middle meningeal and occipital branches to the region of the torcula (Fig. 7).
Dural territories often have overlapping supply from several sources. A reciprocal relationship between the territories
of adjacent arteries is common, so that when the area supplied
from one source is small, the territory of another artery enlarges to cover that area. This reinforces the need to see all
possible sources of supply to a lesion before any surgical or
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endovascular treatment. Areas supplied from several overlapping sources are the tentorium and adjacent falx, the walls of
the cavernous sinus, and the dura around the gasserian ganglion (75).

INDIVIDUAL DURAL ARTERIES
The dural branches of the external carotid artery will be
considered initially, followed by those of the internal carotid
and vertebrobasilar systems (Tables 1 and 2).

External Carotid Artery Branches
Three posteriorly directed branches of the external carotid
artery, the ascending pharyngeal, occipital, and maxillary arteries, give rise to dural branches. The superficial temporal
and/or posterior auricular branches of the external carotid
artery may occasionally have connections over the convexity
that pass through the emissary foramina to supply the dura.

Ascending Pharyngeal Artery
The ascending pharyngeal artery, the smallest branch of the
external carotid artery, usually arises from the proximal portion of the external carotid artery. It has an ascending vertical
course, along the posterolateral wall of the pharynx, anterior
to the longus capitis muscle, and medial to the styloglossus
and stylopharyngeus muscles (Fig. 8, A and B). This initial
segment of the artery can be seen, in the lateral angiogram, in
front of the vertebral column and medial to the main external
carotid trunk on the anteroposterior view. Although the ascending pharyngeal artery arises from the external carotid
artery in approximately 65% of cases (38), many variations of
its origin have been reported. It can originate from the lingual,
occipital, or internal carotid arteries or even from the cervical
arteries, or as a single trunk with the occipital artery (16, 36,
38). The ascending pharyngeal artery has a wide craniofacial
distribution that should be examined during angiographic
studies performed for lesions of the cranial base, cerebellopontine angle, and sella (38). It may supply dural AVMs, meningiomas, sarcomas, schwannomas, and glomus tumors of the
posterior cranial base and occipital bone (59).
The ascending pharyngeal artery has a variable branching
pattern. In the more complete variant, it divides, near the
cranial base, into three divisions: an anterior division, which
gives off the pharyngeal rami; a middle division, which corresponds to the inferior tympanic artery; and a posterior or
neuromeningeal division (Fig. 8, A and B) (36, 38). The superior pharyngeal artery, also called the eustachian ramus, arises
from the anterior division, supplies the eustachian tube, and
sends a carotid branch that accompanies the internal carotid
artery within the carotid canal. The middle division may be
absent or may arise with the anterior or posterior divisions.
The posterior division is the site of origin of branches to the
jugular foramen and hypoglossal canal and a prevertebral
branch, which ascends in front of the anterior surface of the
atlas and axis and may contribute to the odontoid arterial arch
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TABLE 2. Meningeal branches
External carotid artery
1. Ascending pharyngeal arterya
a. Carotid branch
b. Jugular branch
c. Hypoglossal branchb
2. Occipital artery
a. Jugular branch
b. Hypoglossal branch
c. Mastoid branchc
d. Parietal emissary branch
3. Maxillary artery
a. Middle meningeal arteryd
i. Anterior divisione
1. Lateral branch
2. Medial branch
a. Meningolacrimal artery
b. Sphenoidal artery
ii. Posterior division
1. Petrososquamosal branch
2. Parieto-occipital branch
iii. Petrosal branchf
1. Cavernous branch
2. Petrosal artery
b. Accessory meningeal arteryg
Internal carotid artery
2. Cavernous segment
a. Recurrent artery of foramen lacerum
b. Meningohypophyseal trunkh
i. Tentorial trunk
1. Media tentorial arteryi
2. Lateral tentorial arteryi
ii. Dorsal meningeal artery
1. Medial branch
2. Medial clival branch
3. Lateral branch
iii. Inferior hypophyseal artery
1. Hypophyseal circle
2. Medial clival arteryj
c. Inferolateral trunkk
i. Superior division
1. Medial tentorial artery
ii. Anterior division
1. Medial branch
a. Deep recurrent ophthalmic artery
2. Lateral branch
a. Artery of foramen rotundum
iii. Posterior division
1. Medial branch
2. Lateral branch
d. Capsular arteriesl
i. Inferior capsular artery
ii. Anterior capsular artery

NEUROSURGERY

TABLE 2. Continued
3. Supraclinoid segment
a. Ophthalmic arterym
i. Anterior ethmoidal artery
1. Anterior falcine artery
2. Anterior meningeal artery
ii. Posterior ethmoidal artery
iii. Deep recurrent ophthalmic artery
iv. Superficial recurrent ophthalmic artery
v. Lacrimal artery
1. Meningolacrimal artery
2. Sphenoidal artery
b. Anterior cerebral artery
i. Olfactory branches
ii. Pericallosal branches
Vertebral branches
1. Anterior meningeal artery
2. Posterior meningeal arterym
a. Artery of falx cerebelli
Anterior inferior cerebellar artery
1. Subarcuate arteryo
Posterior cerebral artery
1. Tentorial branch
a
May arise from lingual, occipital, internal carotid, or ascending cervical
artery. It may arise as a single trunk with the occipital artery.
b
May arise from vertebral artery.
c
May arise from ascending pharyngeal artery.
d
May arise from petrous or cavernous internal carotid, ophthalmic, lacrimal, or basilar artery.
e
May arise from ophthalmic artery.
f
May arise from the posterior division.
g
May arise from the middle meningeal artery, ophthalmic or lacrimal
artery.
h
All listed branches of the meningohypophyseal trunk can arise separately
or in different combinations directly from the cavernous carotid artery.
i
May arise directly from the posterior vertical or horizontal intracavernous
carotid. May arise from the lateral branch of the dorsal meningeal, middle
meningeal, accessory meningeal, ophthalmic and lacrimal arteries, or as a
branch of the inferolateral trunk.
j
May arise directly from the intracavernous carotid.
k
May arise from the meningohypophyseal trunk.
l
May arise from the inferior hypophyseal artery.
m
May arise from the intracavernous carotid or middle meningeal artery.
n
May arise from occipital artery, hypoglossal branch of ascending pharyngeal, cervical internal carotid or posterior inferior cerebellar artery.
o
May originate from labyrinthine artery or as a cerebellosubarcuate artery.

(18, 38). The anterior meningeal artery from the vertebral
artery, which runs into the spinal canal, must be distinguished
from the prevertebral branch of the ascending pharyngeal
artery (18, 38).
The meningeal contribution of the ascending pharyngeal
artery is by way of the hypoglossal, jugular, and carotid
branches (Fig. 8). The hypoglossal and jugular branches, the
more constant, originate from the posterior division (38), and
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TABLE 3. Potential anastomosis of the meningeal branchesa
Meningeal branches
Ascending pharyngeal artery
1. Carotid branch
2. Jugular branch

3. Hypoglossal branch

Occipital artery
1. Jugular branch
2. Hypoglossal branch

3. Mastoid branch

4. Parietal emissary branch
Middle meningeal artery
1. Petrosal branch

2. Anterior division

3. Posterior division

Accessory meningeal artery

Cavernous carotid
1. Recurrent artery of
foramen lacerum
2. Medial tentorial artery

3. Lateral tentorial artery

4. Dorsal meningeal artery

5. Inferior hypophyseal
artery
6. Medial clival artery

7. Inferolateral trunk

8. Capsular arteries

Anastomosis

Recurrent artery of foramen lacerum (ICS), inferolateral trunk (ICS),
cavernous branch of middle meningeal artery (ECS).
Jugular and mastoid branches of occipital artery (ECS), hypoglossal branch
of ascending pharyngeal artery (ECS), dorsal meningeal artery (ICS),
subarcuate artery (VBS).
Hypoglossal and mastoid branches of occipital artery (ECS), jugular branch
of ascending pharyngeal artery (ECS), dorsal meningeal artery (ICS),
anterior and posterior meningeal arteries (VBS).

Potential anastomosis

Accessory meningeal artery (ECS)
Posterior division of middle meningeal artery
(ECS), posterior meningeal artery (VBS), medial
clival artery (ICS)
Medial clival artery (ICS)

Same potential anastomosis as the jugular branch of ascending pharyngeal
artery, with which this artery has a strong reciprocal relationship.
Same potential anastomosis as the hypoglossal branch of ascending
pharyngeal artery, with which this artery has a strong reciprocal
relationship.
Jugular and hypoglossal branches of ascending pharyngeal and occipital
Lateral tentorial artery (ICS), posterior division of
arteries (ECS), posterior meningeal artery (VBS).
middle meningeal artery (ECS), subarcuate artery
(VBS)
Posterior division of middle meningeal artery (ECS).
Posterior meningeal artery (VBS)

Anterior and posterior middle meningeal artery divisions (ECS), accessory
meningeal artery (ECS), carotid branch of ascending pharyngeal artery
(ECS), inferolateral trunk (ICS), medial and lateral tentorial arteries (ICS).
Anterior (including the anterior falcine artery) and posterior ethmoidal
arteries (ICS), contralateral anterior division of the middle meningeal artery
(ECS), ipsilateral and contralateral posterior division of the middle meningeal
artery (ECS), petrosal branch of middle meningeal artery (ECS), recurrent
meningeal branches of lacrimal artery (ICS), inferolateral trunk (ICS).
Petrosal branch, anterior and contralateral posterior divisions of the
middle meningeal artery (ECS), posterior meningeal artery (VBS), lateral
tentorial artery (ICS), mastoid branch of occipital artery (ECS).

Dorsal meningeal artery (ICS), jugular branch of
ascending pharyngeal artery (ECS), mastoid branch
of occipital artery (ECS), subarcuate artery (VBS)
Superficial recurrent ophthalmic artery (ICS),
accessory meningeal artery (ECS)

Medial tentorial artery (ICS), dorsal meningeal
artery (ICS), jugular branch of ascending
pharyngeal artery (ECS), subarcuate artery (VBS)

Petrosal branch and anterior division of the middle meningeal artery (ECS), Posterior division of middle meningeal artery (ECS),
inferolateral trunk (ICS), medial tentorial artery (ICS).
carotid branch of ascending pharyngeal artery (ECS),
recurrent meningeal branches of lacrimal artery (ICS)

Carotid branch of ascending pharyngeal artery (ECS), inferolateral trunk
(ICS).
Contralateral medial tentorial artery (ICS), lateral tentorial artery (ICS),
petrosal branch and posterior division of middle meningeal artery (ECS),
dorsal meningeal artery (ICS), inferolateral trunk (ICS).
Medial tentorial artery (ICS), petrosal branch and posterior division of
middle meningeal artery (ECS), posterior meningeal artery (VBS), mastoid
branch of occipital artery (ECS).
Contralateral dorsal meningeal artery (ICS), medial clival artery (ICS),
tentorial arteries (ICS), petrosal branch and posterior division of middle
meningeal artery (ECS), jugular and hypoglossal branch of ascending
pharyngeal artery (ECS).
Contralateral inferior hypophyseal artery (ICS), capsular arteries (ICS).
Contralateral medial clival artery (ICS), dorsal meningeal artery (ICS),
medial tentorial artery (ICS).

Middle meningeal artery (ECS), accessory meningeal artery (ECS), carotid
branch of ascending pharyngeal artery (ECS), recurrent branch of foramen
lacerum (ICS), medial tentorial artery (ICS).
Contralateral capsular arteries (ICS), inferior hypophyseal artery (ICS).
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Accessory meningeal artery (ECS), petrosal branch
of middle meningeal artery (ECS)
Meningeal branch of posterior cerebral artery
(VBS), posterior meningeal artery (VBS), superficial
recurrent ophthalmic artery (ICS), medial clival
artery (ICS), accessory meningeal artery (ECS)
Subarcuate artery (VBS), dorsal meningeal artery
(ICS), medial clival artery (ICS), inferolateral trunk
(ICS)
Jugular and hypoglossal branches of occipital
artery (ECS).

Medial clival artery when arising from
intracavernous carotid (ICS)
Lateral tentorial artery (ICS), jugular and
hypoglossal branches of ascending pharyngeal and
occipital arteries (ECS), superficial recurrent
ophthalmic artery (ICS), capsular arteries (ICS)
Superficial recurrent branch of ophthalmic artery
(ICS), recurrent meningeal branches of lacrimal
artery (ICS)
Medial clival artery (ICS), posterior ethmoidal
artery (ICS)
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TABLE 3. Continued
Meningeal branches

Anastomosis

Potential anastomosis

Ophthalmic artery
1. Anterior ethmoidal artery

Contralateral anterior ethmoidal artery (ICS), ipsilateral and contralateral
divisions (anterior and posterior) of the middle meningeal artery (ECS),
posterior ethmoidal artery (ICS).
2. Posterior ethmoidal artery Contralateral posterior ethmoidal artery (ICS), anterior ethmoidal artery
(ICS), anterior division of middle meningeal artery (ECS).

3. Deep recurrent
ophthalmic artery
4. Superficial recurrent
ophthalmic

Falcine branches of pericallosal arteries (ICS),
olfactory branches of anterior cerebral artery (ICS)
Olfactory branches of anterior cerebral artery (ICS),
superficial recurrent ophthalmic artery (ICS),
capsular arteries (ICS)

Inferolateral trunk (ICS).
Posterior ethmoidal artery (ICS), anterior division of middle meningeal
artery (ECS), medial tentorial artery (ICS), recurrent meningeal branches of
lacrimal artery (ICS).

Inferolateral trunk (ICS), medial clival artery (ICS)

5. Lacrimal artery
a. Meningolacrimal artery Anterior division of the middle meningeal artery (ECS), posterior ethmoidal Accessory meningeal artery (ECS)
artery (ICS), superficial recurrent ophthalmic artery (ICS), inferolateral
trunk (ICS), sphenoid artery (ICS).
b. Sphenoid artery
Anterior division of the middle meningeal artery (ECS), posterior ethmoidal Accessory meningeal artery (ECS)
artery (ICS), superficial recurrent ophthalmic artery (ICS), inferolateral
trunk (ICS), meningolacrimal artery (ICS).
Anterior cerebral artery
1. Olfactory branches
2. Pericallosal branches

Anterior and posterior ethmoidal arteries (ICS).
Anterior ethmoidal artery (ICS), medial tentorial artery (ICS).

Vertebral artery
1. Anterior meningeal artery Contralateral anterior meningeal artery (VBS), posterior meningeal artery
(VBS), hypoglossal branch of ascending pharyngeal artery (ECS), dorsal
meningeal artery (ICS).
2. Posterior meningeal
Contralateral posterior meningeal artery (VBS), anterior meningeal artery
artery
(VBS), hypoglossal branch of ascending pharyngeal artery (ECS), mastoid
branch of occipital artery (ECS), posterior division of middle meningeal
artery (ECS).
Anteroinferior cerebellar artery
1. Subarcuate artery
Petrosal and posterior division of the middle meningeal artery (ECS),
mastoid branch of occipital artery (ECS).
Posterior cerebral artery
1. Tentorial branch
a

Medial tentorial artery (ICS).

Meningeal branch of posterior cerebral artery
(VBS), anterior and posterior divisions of middle
meningeal arteries (ECS)

Hypoglossal branch of occipital artery (ECS)

Jugular branch of ascending pharyngeal artery
(ECS), hypoglossal branch of occipital artery (ECS)

Tentorial arteries (ICS)

Falcine branches of the pericallosal arteries (ICS)

ECS, external carotid system; ICS, internal carotid system; VBS, vertebrobasilar system.

the carotid branch from the anterior division (Fig. 8, C–G). The
hypoglossal branch accompanies the hypoglossal nerve and
enters the cranium through the hypoglossal canal to be distributed to the dura surrounding the foramen magnum and
clivus, where it anastomoses with the branches arising from
the ipsilateral intracavernous carotid and vertebral arteries
and its mate from the opposite side. The hypoglossal artery
may also arise from the vertebral artery (Fig. 8G). The area of
supply of the hypoglossal branch (Figs. 1, 6, and 7) may extend
to the dura of the lateral portion of the cerebellar fossae, where
it borders and has a reciprocal relationship with the territory
supplied by the mastoid branch of the occipital artery and the
posterior meningeal branch of the vertebral artery. In the
clival area, it may anastomose superiorly with the medial
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clival branch of the inferior hypophysial artery, the dorsal
meningeal artery, and inferiorly with the anterior meningeal
branch of the vertebral artery (36).
The jugular branch enters the jugular foramen with Cranial
Nerves IX, X, and XI, where it divides into medial and lateral
branches. The lateral branch courses along the dural wall of
the sigmoid sinus, where it anastomoses with the jugular
branch of the occipital artery (Figs. 8D and 9). The medial
branch courses along and supplies the dura bordering the
inferior petrosal sinus. Its territory borders the area supplied
by the dorsal meningeal artery and medial clival artery from
the intracavernous carotid (Figs. 1, 6, and 7). Superiorly, it
anastomoses with the subarcuate artery, the petrosquamosal
branch of middle meningeal artery, and laterally with the
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FIGURE 2. Superior view of the
convexity showing the area of supply
of the individual meningeal arteries.
Dural branches from the internal carotid arterial system are highlighted
in shades of green, the external carotid system meningeal branches in
shades of blue, and the vertebrobasilar
system in red. A, internal carotid system. The anterior ethmoidal artery has
also been called the anterior meningeal artery when its territory extends
to the dura of the frontal convexity. It
gives origin to the anterior falcine artery, also called the artery of the falx
cerebri, which supplies the anterior
portion of the falx cerebri and adjacent
dura covering the frontal pole. B, external carotid system. The convexity
dura is supplied predominantly by
branches of the middle meningeal arteries, which supply the dura of the
frontal, temporal, and parietal convexities and the adjacent walls of the
transverse and sigmoid sinus. These
branches course toward the superior
sagittal sinus, where they are distributed to the sinus walls and give off
descending branches to the adjacent
falx cerebri. C, vertebrobasilar system.
The posterior meningeal artery may
reach the dura of the posterior convexity in the area above the torcula. It
extends along the insertion of the falx
cerebri into the tentorium after ascending in the insertion of the falx
cerebelli. D, overview. The dura over
the frontal convexity is supplied by
the anterior meningeal branch of the
anterior ethmoidal artery and
branches of the anterior division of the
middle meningeal artery that also
reach the dura in the anterior parietal
region. The parieto-occipital and
petrosquamosal branches of the posterior division of the middle meningeal
artery supply the dura over the posterior convexity. This area also receives
a contribution from the posterior meningeal branch of the vertebral artery when this vessel extends above the torcula. A., artery; Access., accessory; Ant., anterior;
Div., division; Men., meningeal; Mid., middle; Post., posterior.

mastoid branches of the occipital artery. The jugular branch
distal to the jugular foramen supplies the dura facing the
inferior part of the cerebellopontine angle (Fig. 6) (36). The
hypoglossal and jugular branches also supply the adjacent
segments of Cranial Nerves IX through XII (34, 38, 59). On
lateral angiograms, the posterior division of the ascending
pharyngeal artery ascends beside and overlaps the foramen
magnum. On anteroposterior views, the hypoglossal is the
most medial of the terminal branches of the posterior division.
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The carotid branch originates from the anterior division of
the ascending pharyngeal artery. It courses in the periosteal
lining of the carotid canal and anastomoses, at the level of the
foramen lacerum, with branches arising from the carotid siphon to form the recurrent artery of the foramen lacerum (36).
This recurrent artery also anastomoses at the lower edge of the
trigeminal ganglion with the posterior branch of the inferolateral trunk and the cavernous branch of the middle meningeal
artery. The recurrent artery of the foramen lacerum may be
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FIGURE 3. Superior view of the tentorium showing the area of supply of
the individual meningeal arteries.
Dural branches from the internal carotid arterial system are highlighted
in shades of green, the external carotid in shades of blue, and the vertebrobasilar system in shades of red. A,
internal carotid system. From medial
to lateral, the dorsal meningeal, the
medial, and the lateral tentorial arteries supply the tentorium at its petrosal
attachment. The dorsal meningeal artery (lateral branch) passes above
Meckel’s cave and accompanies the
superior petrosal sinus along the petrous ridge, thus participating in the
basal arterial arcade of the tentorium
cerebelli. The medial tentorial artery
ascends to the roof of the cavernous
sinus and along the free edge of the
tentorium to contribute to the supply
of the medial third of the tentorium.
As it approaches the region of the
straight sinus, it curves laterally,
ramifying within the tentorium and
anastomosing along the base of the
falx. The lateral tentorial artery enters
the tentorium along its attachment to
the petrous ridge and continues backward to supply the tentorial area lateral to that supplied by the medial
tentorial artery. B, external carotid
system. The branches of the posterior
division of the middle meningeal artery contribute to the supply of the
anterolateral tentorium and extend
superiorly to supply the falcotentorial
junction and falx. The posterior
branch of the middle meningeal artery
gives rise to the petrosquamosal
branch at the junction of the cranial
base and convexity and supplies the
insertion of the tentorium along the
petrous ridge and groove for the transverse sinus, the dura of the torcula,
and the junction of the sigmoid, transverse, and superior petrosal sinuses. It
extends to the dura of the posterior
fossa bordering the area supplied by
the other branches of the external carotid artery. The occipital artery (not seen) may also provide tentorial branches along the lateral tentorial attachment. The external
carotid system may supply most of the tentorium if it gives rise to a medial tentorial branch that may infrequently arise from either of the divisions of the middle
meningeal artery or from the accessory meningeal artery. C, vertebrobasilar system. The posterior meningeal artery forms the infratentorial limb of the arcade supplying
the falcotentorial junction. The posterior cerebral artery may also contribute to the supply of the medial edge of the tentorium through the artery of Davidoff and
Schechter (tentorial branch of the P.C.A.). D, overview. The carotid sources of supply to the tentorium include the medial and lateral tentorial branches of the
intracavernous carotid medially and the branches of the middle meningeal artery anterolaterally. The vertebrobasilar component to the medial edge is supplied by
the tentorial branch of the posterior cerebral artery medially and the posterior meningeal artery posteriorly. The lateral two thirds of the tentorium and its edge along the
transverse sinus derive their supply primarily from the petrosal and occipital arcades. The petrosal arcade follows the superior petrosal sinus and is composed of
the lateral tentorial artery, branches from the petrosal and petrosquamosal trunk of the middle meningeal artery, and the lateral branch of the dorsal meningeal
artery. The occipital arcade is formed by the petrosquamosal trunk and occipital branches of the middle meningeal artery and the occipital and posterior
meningeal arteries. The medial third of the tentorium is supplied by the medial tentorial branch of the intracavernous carotid and the tentorial branch of the
posterior cerebral artery. A., artery; Ant., anterior; Br., branch; Div., division; Dors., dorsal; Lat., lateral; Med., medial; Men., meningeal; Mid., middle; P.C.A.,
posterior cerebral artery; Pet., petrosal; Post., posterior; Tent., tentorial.
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FIGURE 4. Enlarged superior view
showing the supply of the parasellar
area. Dural branches from the internal carotid arterial system have been
highlighted in shades of green, the
external carotid system meningeal
branches in shades of blue, and the
vertebrobasilar system in shades of
red. A, internal carotid system. In an
anterior-to-posterior direction, the
parasellar dura receives contributions
from the recurrent branches of the
ophthalmic artery and the meningolacrimal, medial tentorial, medial
clival, and dorsal meningeal arteries.
The medial clival and dorsal meningeal arteries supply the dura over the
posterior roof of the cavernous sinus
and posterior diaphragma sellae and
anastomoses laterally with the
branches of the inferolateral trunk, the
main supplier of the lateral wall of the
cavernous sinus. B, external carotid
system. The supply to the parasellar
part of the middle fossa arises from the
main divisions of the middle meningeal artery. The accessory meningeal and ascending pharyngeal arteries may provide an alternative supply of the lateral portion of the parasellar area in their reciprocal
relationship with the branches of the internal carotid artery that supply the same area. C, vertebrobasilar system. There are no branches of the vertebrobasilar system
to the parasellar dura. The anterior meningeal artery from the vertebral artery supplies the anterolateral portion of the posterior fossa and foramen magnum. D,
overview. The intracavernous carotid branches provide the major supply to the roof and posterior and lateral walls of the cavernous sinus. These branches border laterally
with the ascending pharyngeal and accessory meningeal branches. The main divisions of the middle meningeal artery supply the middle fossa dura. The branches of
the internal carotid artery supplying the posterior wall of the cavernous sinus may anastomose with the branches of the ascending pharyngeal and vertebral artery to
supply the clival dura. A., artery; Access., accessory; Ant., anterior; Asc., ascending; Br., branch; Car., carotid; Cliv., clival; Div., division; Dors., dorsal; Eth.,
ethmoidal; Inf., inferior; Lac., lacrimal; Lat., lateral; Med., medial; Men., meningeal, meningo; Mid., middle; Ophth., ophthalmic; Pharyng., pharyngeal; Post.,
posterior; Rec., recurrent; Tent., tentorial; Tr., trunk.

involved in the supply of angiomas, lymphoid tumors, angiofibromas of the nasopharynx, and tumors of the cavernous
sinus and caroticocavernous fistulae (36).

Occipital Artery
The occipital artery originates from the posterior surface of
the external carotid artery, at the level of the angle of the
mandible, and ascends posteriorly, being crossed superficially
by the hypoglossal nerve. It passes deep to the posterior belly
of the digastric muscle and lateral to the internal jugular vein,
vagus nerve, internal carotid artery, and accessory nerve (Fig.
9). At the level of a vertical plane crossing the posterior border
of the external auditory canal, the occipital artery can be found
in a tunnel formed above by the occipital groove, a prominent
sulcus on the undersurface of the temporal bone, medially by
the attachment of the superior oblique muscle on the transverse process of the atlas, and laterally by the insertion of the
posterior belly of the digastric muscle in the digastric groove
(Fig. 9, B–F). The presence of the occipital groove is dependent
on whether the artery courses superficially or deep to the
longissimus capitis muscle. The groove is present if the artery
courses deep to the longissimus capitis muscle along the lower
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surface of the cranial base and is absent if the artery courses
inferior to the cranial base or lateral to the longissimus capitis
muscle (Fig. 9, E–G) (68).
The occipital artery at the level of the posterior border of the
upper insertion of the longissimus capitis muscle courses in
the upper part of the space between the occipital bone and C1
and lateral to the rectus capitis posterior major and semispinalis capitis muscle. It is covered by a deeper layer formed by
the splenius capitis muscle and a more superficial layer
formed by the sternocleidomastoid muscle. The occipital artery pierces the fascia between the trapezius and sternocleidomastoid, near the superior nuchal line, and ascends in the
superficial fascia of the scalp, where it is accompanied by the
greater occipital nerve (Fig. 9, E–G). The occipital artery gives
rise to an auricular branch, which anastomoses with the posterior auricular artery behind the ear; muscular branches to
the sternocleidomastoid, digastric, stylohyoid, splenius, and
longissimus capitis muscles; and meningeal branches to the
posterior fossa that enter the cranium through the jugular
foramen and condylar canal and to inconstant branches that
run through the mastoid emissary foramen (Fig. 9, B, D, and
G).
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FIGURE 5. Lateral view showing
the supply of the tentorium and falx.
The dural branches from the internal
carotid arterial system are highlighted
in shades of green, the external carotid system in shades of blue, and the
vertebrobasilar system in shades of
red. A, internal carotid system. The
anterior falcine artery, the distal continuation of the anterior ethmoidal artery, enters the falx at the cribriform
plate and supplies the anterior portion
of the falx cerebri and adjacent dura
covering the frontal pole. The free border of the falx and the walls of the
inferior sagittal sinus receive branches
from the pericallosal arteries anteriorly and the medial tentorial artery
posteriorly. B, external carotid system. The anterior and posterior divisions of the middle meningeal artery
supply the walls of the superior sagittal sinus and give rise to descending
branches that are the main supply to
the falx and the falcotentorial junction. The posterior division of the middle meningeal artery also reaches the
walls of the straight and transverse
sinuses. C, vertebrobasilar system. The posterior meningeal arteries reach the falcotentorial junction and posterior third of the falx cerebri. The presence of the infrequent
tentorial branch of the posterior cerebral artery represents an additional potential supply to the lower edge of the falx and the falcotentorial junction. D, overview. The
falx cerebri, falx cerebelli, and tentorium are supplied by basal and convexity branches of the meningeal arteries and receive a contribution from the cerebral arteries,
making these structures an anastomotic pathway between the dural and parenchymal arteries. Most of the vascular supply of the falx cerebri comes through the middle
meningeal artery at its insertion on the vault, with the anterior basal insertion, the falcotentorial angle, and the free margin receiving contributions from the internal
carotid and vertebrobasilar branches. The dural walls of the superior sagittal sinus, the site of insertion of the falx on the convexity, is supplied by the middle meningeal
arteries, which form paired paramedial arcades, which are reinforced anteriorly, at the level of the insertion of the falx on the crista galli, by the anterior falcine arteries.
Posteriorly, at the falcotentorial junction, the paramedial arcades are reinforced from three sources: the posterior meningeal artery from the vertebral artery, the medial
tentorial artery from the intracavernous carotid, and an occasional branch of the posterior cerebral artery. The posterior meningeal artery ascends along the insertion
of the falx cerebelli. The medial tentorial artery, which supplies the medial third of the tentorium, reaches the straight sinus and torcula and may ascend in the posterior
portion of the falx cerebri. The pericallosal branches of the anterior cerebral artery may also pierce the falx at or near its free edge to reinforce the arterial network along
the deep edge of the falx. A., artery; Ant., anterior; Br., branch; Brs., branches; Div., division; Falc., falcine; Lat., lateral; Med., medial; Men., meningeal; Mid., middle;
P.C.A., posterior cerebral artery; Perical., pericallosal; Pet., petrosal; Post., posterior; Tent., tentorial.

The occipital artery is divided into three portions: 1) ascending cervical, 2) cervico-occipital or horizontal, and 3) ascending occipital (Fig. 9A) (45). The meningeal branches most
frequently originate from the second and third arterial segments. The first portion gives rise to muscular branches, the
auricular branch, and occasionally to the ascending pharyngeal artery. The second segment of the occipital artery gives
rise to three types of branches: meningeal, muscular, and a
descending branch. The descending branch, located at the first
cervical interspace, originates at the point at which the artery
crosses behind the superior oblique muscle and divides into
superficial and deep branches (Fig. 9C). The deep branch
anastomoses with the vertebral and deep cervical artery (36,
37). These anastomoses are the adult remnants of the embryonic arterial connections and explain the variants in which the
occipital artery arises from the vertebral, internal carotid, or
ascending cervical artery (36).
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The second segment is frequently the source of the stylomastoid artery when it arises from the occipital artery rather
than from other external carotid branches. The stylomastoid
artery ascends along the anterior aspect of the mastoid process
to enter the stylomastoid foramen and supplies the facial
nerve and middle ear (45). It anastomoses with the petrosal
branch of the middle meningeal artery, which supplies the
petrosal segment of the facial nerve (Fig. 9J) (2). Occlusion of
the stylomastoid artery during either embolization or surgery
may result in a facial nerve deficit. The stylomastoid artery,
when present, on angiograms marks the position of the distal
part of the facial canal.
The mastoid branch, also called the transmastoid branch or the
artery of the mastoid foramen, is present in approximately half of all
specimens and originates from the second segment of the occipital
artery at the level of the insertion of the semispinalis capitis muscle,
midway between the inferior and superior nuchal lines (Fig. 9, B, D,
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FIGURE 6. View of posterior fossa
and tentorial dura. The view is directed from medially into the left half
of a posterior fossa in which the cerebellum was removed. The clivus is on
the right and the transverse sinus on
the left. Dural branches from the internal carotid arterial system have
been highlighted in shades of green,
the external carotid system in shades
of blue, and the vertebrobasilar system in shades of red. A, internal carotid system. The medial tentorial artery supplies the medial third of the
tentorium, and the dorsal meningeal
and the lateral tentorial artery contribute to the arcade that supply the
attachment of the tentorium to the
petrous ridge. The medial clival and
dorsal meningeal arteries supply the
dorsum sellae and upper clivus. B,
external carotid system. The hypoglossal and jugular branches of the
ascending pharyngeal artery and the
branches of the occipital artery supply
the dura of the lateral part of the cerebellar fossa and the inferior portion of
the posterior surface of the petrous temporal bone. The mastoid branch of the occipital artery constitutes the main supply of the lateral part of the cerebellar fossae and
has a role in the supply of the lateral tentorial attachment. C, vertebrobasilar system. The subarcuate artery, a branch of the AICA, supplies the posterior surface of
the petrous bone above the internal acoustic meatus and surrounding the subarcuate fossa. The anterior and posterior meningeal artery branches of the vertebral artery
supply the foramen magnum dura. The posterior meningeal artery supplies the medial and intermediate portions of the cerebellar fossa dura. The vertebrobasilar system
may also infrequently supply the medial edge of the tentorium through a branch of the posterior cerebral artery. D, overview. Branches derived from all three arterial
systems supply the dura covering the posterior surface of the petrous bone and clivus. The clival area, from the dorsum sellae to the foramen magnum, derives its supply
from the medial clival and dorsal meningeal branches of the internal carotid artery, the jugular and hypoglossal branches of the ascending pharyngeal artery, and the
anterior meningeal branch of the vertebral artery. From medial to lateral, the dura over the posterior surface of the petrous bone is supplied by the dorsal meningeal,
subarcuate, occipital and ascending pharyngeal arteries, and branches of the middle meningeal artery (not seen). The dura of the lateral portion of the cerebellar fossa,
from above to below, receives its supply from the branches of the occipital, ascending pharyngeal, and vertebral arteries. The posterior meningeal artery is the major
supplier of the paramedial and medial portions of the cerebellar dura, with contributions from the middle meningeal and occipital arteries. A., artery; Ac., acoustic; Asc.,
ascending; Ant., anterior; Br., branch; Brs., branches; Cliv., clival; Dors., dorsal; For., foramen; Hypogl., hypoglossal; Int., internal; Jug., jugular; Lat., lateral; Med.,
medial; Men., meningeal; Occip., occipital; P.C.A., posterior cerebral artery; Pharyng., pharyngeal; Post., posterior; Sig., sigmoid; Subarc., subarcuate; Tent.,
tentorial; Transv., transverse.

and G) (16, 36, 45). From its origin, the mastoid branch courses
between the splenius capitis muscle and the junction of the mastoid
and occipital bones. It enters the cranial cavity at the level of the
superior nuchal line by passing through the mastoid foramen. Intracranially, the superior nuchal line corresponds to the level of the
transverse sinus. The mastoid branch emerges intracranially at the
posterior border of the upper end of the sigmoid sinus and divides
into three groups of branches: descending, ascending, and posteromedial (45). The descending branches are directed toward the jugular foramen and border the dural territory supplied by the jugular
branch of the ascending pharyngeal artery (Fig. 8D). The posteromedial branches anastomose with the petrosquamous branch of the
middle meningeal artery and constitute the main supply to the
lateral part of the cerebellar fossae, which borders the territory of the
hypoglossal branch of the ascending pharyngeal artery and/or the
posterior meningeal branch of the vertebral artery. The ascending
branches, which are directed to the dura covering the superior part
of the posterior surface of the temporal bone that faces the cerebel-
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lopontine angle, anastomoses with the subarcuate branch of the
anteroinferior cerebellar artery (Figs. 1 and 6) and can supply acoustic neurinomas, meningiomas, and arteriovenous fistulae.
The mastoid branches also supply the endolymphatic duct and
sac (15). By selectively filling the branches of the external carotid
artery with colored methylmethacrylate, it has been demonstrated that the occipital artery sends branches that pass through
the mastoid part of the temporal bone and exit through tiny
foramina in the groove for the sigmoid sinus to run superiorly
and medially on the posterior surface of the temporal bone
toward the region of the endolymphatic sac. On reaching the
endolymphatic duct and sac, these arteries are oriented along the
long axis of the sac, branching in the region of the distal duct. The
distal branches of the internal carotid and vertebral systems may
reach the tiny dural vessels around the internal auditory meatus
and in the wall of the sigmoid sinus but do not reach the endolymphatic sac or cross the sigmoid sinus. This finding sup-
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FIGURE 7. Posterior view of the dura covering the cerebellum and
foramen magnum. A suboccipital craniectomy and C2 laminectomy has
been performed, with preservation of the posterior arch of C1. Dural
branches from the external carotid system are highlighted in shades of
blue and the vertebrobasilar system in shades of red. No branches of
the internal carotid system supply the dura covering the posterior cerebellar surface. A, external carotid system. The mastoid branches of the
occipital artery constitute the main supply to the lateral part of the
cerebellar fossae. The posteromedial division of the mastoid branch
anastomoses with the petrosquamous branch of the middle meningeal
artery above and below with the hypoglossal branch of the ascending
pharyngeal artery. B, vertebrobasilar system. The posterior meningeal

artery supplies the medial and paramedial cerebellar fossae between the transverse sinus and torcula above and the posterior edge of the foramen magnum
below. C, overview. The dura of the lateral portion of the cerebellar fossa
receives its supply from the middle meningeal, occipital, ascending pharyngeal, and vertebral arteries. The walls of the falx cerebelli and enclosed occipital sinus are supplied primarily by the branches of the posterior meningeal
artery. The posterior meningeal artery is also the major supplier of the paramedial and medial portions of the cerebellar dura, with lesser contributions
from the middle meningeal and occipital arteries. A., artery; Asc., ascending;
Br., branch; Brs., branches; Div., division; Hypogl., hypoglossal; Men.,
meningeal; Mid., middle; Occip., occipital; Pharyng., pharyngeal; Post.,
posterior.

ports previous animal studies showing that obstruction of the
internal auditory artery resulted in degeneration of the membranous labyrinth and cochlea, but with morphological preservation
of the endolymphatic sac. On the basis of these findings, it has
been postulated that manipulation of the blood flow in the occipital artery can modify the fluid dynamics of the inner ear
through its branches to the endolymphatic sac, opening a possible therapeutic window to Meniere disease (15).
The third or ascending occipital portion gives rise to the
terminal branches of the occipital artery, which supply the
musculocutaneous structures of the posterior portion of the
cranial vault and anastomoses with the branches of the superficial temporal artery (Fig. 9H). The parietal foramen (Fig. 9J),
which is an inconstant opening located near the sagittal suture
approximately 3 to 5 cm above the lambda (16), transmits a
meningeal branch of the ascending occipital segment and a
small emissary vein (45).
Variations of the stylomastoid artery and the mastoid
branch include their origin from the ascending pharyngeal
artery or from the posterior auricular artery. Alternatively,
other meningeal arteries that commonly have other sites of
origin, such as the posterior meningeal artery and the branch
to the falx cerebelli from the posterior meningeal artery, may
also arise from the occipital artery. When the occipital artery is
absent, its arterial territory is taken by the posterior auricular,
the ascending cervical, or the vertebral artery (45). The origin
of the occipital artery shifts during the embryological period,
successively belonging to vertebral, internal carotid, and external carotid arteries (45).

Maxillary Artery
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The maxillary artery, through its middle meningeal and
accessory meningeal branches (Figs. 10 and 11), provides almost all of the supply to the dura over the convexity and
important contributions to the supply of the basal dura (Figs.
1–4).
Middle Meningeal Artery. The middle meningeal artery
normally arises from the first or mandibular segment of the
maxillary artery, just behind the condylar process of the mandible, and enters the cranium through the foramen spinosum
(Fig. 10, A–H). After passing through the foramen spinosum,
the main stem courses laterally, grooving the greater sphenoid
wing, where it divides into its anterior and posterior divisions,
which supply the dura of the frontal, temporal, and parietal
convexities, the upper surface of the temporal bone, and the
adjacent walls of the transverse and sigmoid sinus as well as
the middle fossa dura adjacent to the cavernous sinus (Fig. 10,
F–N). In its path between the anterosuperior angle of the
greater sphenoid wing and the sphenoid angle of the parietal
bone, the anterior division and sometimes the sphenoparietal
sinus can be encased in a bony canal that varies in extension
between 1 and more than 30 mm (8). The anterior division is
usually single but may be composed of two branches (duplicated) in 0.8% or absent in 0.7% of cases, whereas the posterior
division is duplicated in 8.1% (8). At the level of the superior
sagittal sinus, the middle meningeal artery anastomoses with
the anterior falcine branch of the ophthalmic artery to supply
the dural layers of the falx (Fig. 5).

VOLUME 56 | OPERATIVE NEUROSURGERY 2 | APRIL 2005 | ONS-225

MARTINS

ET AL.

FIGURE 8. A, lateral view of the left
parapharyngeal space and the ascending
pharyngeal artery origin and course. The
parapharyngeal space lies between the
pharyngeal wall medially and the medial
pterygoid muscle laterally. This predominantly fat-filled space contains the
branches of the ascending pharyngeal and
facial arteries and branches of the glossopharyngeal nerve. The jugular foramen
and the inferior opening of the carotid
canal are in the roof of this space. The
ascending pharyngeal artery usually
arises from the external carotid artery and
ascends vertically between the internal carotid artery and the longus capitis muscle.
The artery makes a sharp anterior turn at
the base of the cranium, running downward and forward, following the upper
border of the superior pharyngeal constrictor muscle to supply the pharynx and
the auditory tube. At the uppermost point
of the vertical segment, the ascending pharyngeal artery gives off a carotid branch,
which follows the internal carotid artery
into the carotid canal and anastomoses
with the artery of the foramen lacerum,
which arises from the internal carotid artery. The ascending pharyngeal artery can
originate from the lingual, occipital, or
internal carotid artery or even from the
cervical arteries, or it may arise as a single
trunk with the occipital artery. B, the left
temporal bone has been drilled to open the
jugular foramen. Some of the branches of
the external carotid artery have been removed while the proximal part of the occipital artery and its jugular branch and
the ascending pharyngeal artery have been preserved. The segment of the internal carotid artery below the
carotid canal has been removed and the stump retracted posteriorly to expose the anterior and posterior
divisions of the ascending pharyngeal artery. The anterior division gives off the pharyngeal rami, and the
posterior, or neuromeningeal, division sends branches to the posterior fossa dura. The ascending ramus of the
anterior branch, also called the eustachian branch, supplies the eustachian tube and gives off a carotid branch,
which accompanies the internal carotid artery within the carotid canal, supplying the periosteum, the
sympathetic network around the vessel, and the arterial walls. The jugular branches of the ascending
pharyngeal and occipital arteries send branches to Cranial Nerves IX, X, and XI. C, intracranial view of the
left jugular foramen. The jugular branch descends below the jugular foramen. D, lateral view of a left
mastoidectomy. The mastoid air cells have been removed to expose the superior, posterior, and lateral
semicircular canals, the facial nerve, the sigmoid sinus, and the jugular bulb. The lateral division of the
jugular branch of the ascending pharyngeal artery ascends along the anterior edge of the sigmoid sinus and
anastomoses medially with the meningeal branches of the internal carotid artery, superiorly with the
subarcuate artery, and laterally with the mastoid branches of the occipital artery.

The middle meningeal artery and the osseous groove in
which it courses begin at the foramen spinosum and divide
into anterior and posterior divisions 15 to 30 mm anterolateral
to the foramen spinosum (Fig. 10, F and I). The anterior division and its groove divide behind the lateral part of the greater
wing into a lateral branch, which passes across the pterion to
reach the dura of the lateral convexity, and a medial branch,
which courses medially along the lower surface of the sphe-
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noid ridge, where it anastomoses with the recurrent branch of
the lacrimal artery. In nine of 10 orbits dissected, Liu and
Rhoton (46) reported the presence of anastomotic connections
between the recurrent meningeal branch of the lacrimal artery
and the medial branch of the anterior division of the middle
meningeal artery. Occasionally, the recurrent meningeal
branch of the lacrimal artery gives rise to the anterior segment
of the middle meningeal artery, or, more rarely, the ophthal-
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FIGURE 8. Continued. E, posterior view
of the left lower cranial nerves. The cerebellum and accessory nerve have been elevated to expose the hypoglossal nerve. The
hypoglossal branch of the ascending pharyngeal artery passes through the hypoglossal canal with the hypoglossal nerve
and enters the dura. At the level of the
foramen magnum, the territory supplied
by the hypoglossal branch is interposed between the territories of the anterior and
posterior meningeal arteries of the vertebral artery. F, posterior view of a hypoglossal canal that has been opened to expose the
hypoglossal nerve and the hypoglossal
branch of the ascending pharyngeal artery.
The hypoglossal branch supplies the dura
of the lateral portion of the foramen magnum and inferolateral cerebellar fossa. The
posteroinferior cerebellar artery arises from
the extradural segment of the vertebral artery. G, the right cerebellar tonsil has been
elevated to expose a meningeal artery that
arises from the intradural vertebral artery
and supplies the dura on the lateral edge of
the lateral foramen magnum. A., artery;
Ant., anterior; Asc., ascending; Br.,
branch; Cap., capitis; Car., carotid; CN,
cranial nerve; Constr., constrictor; Div.,
division; Ext., external; For., foramen; Hypogl., hypoglossal; Int., internal; Jug.,
jugular; Lat., lateral; Long., longus; M.,
muscle; Men., meningeal; Occip., occipital; P.I.C.A., posteroinferior cerebellar artery; Palat., palatini; Pharyng., pharyngeal; Post., posterior; Proc., process;
Semicirc., semicircular; Sig., sigmoid; Sup.,
superior; Tens., tensor; Vert., vertebral.

mic artery can give rise to the
main stem of the middle meningeal artery itself. In these cases,
with an ophthalmic or lacrimal
origin of the middle meningeal
artery, the grooves marking the
course of the main stem of the
middle meningeal artery will
originate at the lateral edge of
the superior orbital fissure (72)
and the foramen spinosum will be hypoplastic or absent (53).
Another, less frequent, site of origin of the middle meningeal
artery is from the petrous portion of the internal carotid artery,
referred to as a stapedial-middle meningeal artery, an anomaly that results from failure of the embryonic stapedial branch
of the internal carotid artery to regress and allow the middle
meningeal artery to become connected to the external carotid
artery (53).
Angiographically, in the anterior view, the middle meningeal
artery is easily recognized by a sharp turn along the floor of the

NEUROSURGERY

middle fossa after passing
through the foramen spinosum. Its course along the inner table is characterized by
smooth curves, in contrast
to the sinuous course of the
overlapping superficial
temporal artery. This initial
intracranial portion of the
middle meningeal artery
can be elevated and
stretched by lesions arising
at the cranial base. Radiographically, the grooves for
the meningeal branches can
become tortuous and the foramen spinosum can enlarge in meningiomas and
vascular malformations (24,
86).
Immediately adjacent to
the foramen spinosum, the
middle meningeal artery
gives off a short branch,
which divides into the
petrosal artery laterally and
a cavernous branch to the
trigeminal ganglion medially (Fig. 10, G and H). The
petrosal branch runs with
the greater petrosal nerve
and penetrates the temporal
bone by passing through
the facial hiatus and supplies the facial nerve and
walls of the tympanic cavity
(4, 70). Damage to the petrosal branch occurring as the
dura is elevated in a subtemporal extradural approach to the trigeminal
nerve, cavernous sinus, or
internal acoustic meatus
may result in a facial nerve
deficit. Bleeding at this site
should be controlled by a
method other than coagulation to avoid damaging the facial
nerve, which may be exposed in the floor of the middle fossa at
the level of the hiatus fallopi (70, 72).
The posterior division of the middle meningeal artery gives
rise to a petrosquamosal branch at the junction of the cranial
base and convexity that supplies the insertion of the tentorium
along the petrous ridge and groove for the transverse sinus,
the dura of the torcula, and the junction of the sigmoid,
transverse, and superior petrosal sinuses and extends to the
dura of the posterior fossa bordering the area supplied by the
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FIGURE 9. A, lateral view of a
left occipital artery in the area
below the mastoid process. The
external carotid artery has been
retracted anteriorly and the posterior belly of the digastric downward to expose the occipital artery.
The occipital artery originates from
the posterior surface of the external
carotid artery, courses posteriorly
and upward, and passes deep to
the posterior belly of the digastric
muscle in the occipital groove of
the temporal bone. B, posterior
view of the retroauricular area. The
sternocleidomastoid and splenius
capitis muscle have been reflected.
The fascial cuff of the splenius
capitis muscle has been left
attached to the superior nuchal
line. The occipital artery passes
between the longissimus capitis
and semispinalis capitis muscles
and gives rise to a mastoid branch
that passes through the mastoid
foramen to reach the dura in the
area of the junction of the sigmoid
and transverse sinuses. The petrosquamosal branch of the middle
meningeal artery passes toward the
dura above the transverse sinus,
where it anastomoses with the
mastoid branch of the occipital
artery. C, the bone has been
removed around the mastoid
branch of the occipital artery. A
descending branch of the occipital
artery arises as the artery passes
above the superior oblique muscle
and gives rise to deep rami that
anastomose with the vertebral
artery. D, enlarged view of C. The
mastoid branch of the occipital
artery enters the cranium by passing through the mastoid foramina
and anastomoses over the junction
of the sigmoid and transverse
sinuses with the branches of the
middle meningeal artery. E and F,
left (E) and right (F) retromastoid
areas. The sternocleidomastoid and
splenius capitis muscles have been
reflected forward to demonstrate the variable relationship of the occipital artery to the lower surface of the occipital bone and longissimus capitis muscle. E,
when the course of the occipital artery is low, no occipital groove is present, and the artery passes superficial to the longissimus capitis muscle. F, if the
artery courses below the cranial base in an occipital groove, it passes deep to the longissimus capitis muscle.

other branches of the external carotid artery (Figs. 7 and 10, I
and J) (57). The petrosquamosal artery may infrequently supply almost all the posterior fossa dura, including the cerebellar
fossa and tentorium cerebelli (57). The parieto-occipital branch
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of the middle meningeal artery supplies the dura over the
posterior convexity (Fig. 10J).
The middle meningeal artery in the middle fossa has anastomotic connections with the ophthalmic system and the men-
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FIGURE 9. Continued. G, posterior view of the left occipitomastoid area. The occipital
groove is a prominent sulcus on the lower surface of the temporal bone, medial to the
digastric groove in which the occipital artery courses. The mastoid foramen transmits the
mastoid emissary vein and the mastoid branch of the occipital artery. It is usually located
at the level of the lateral part of the superior nuchal line and may be composed of multiple
foramina. H, the terminal branches of the occipital artery form an anastomotic network
in the scalp with the branches of the superficial temporal artery. A meningeal branch of
this segment courses toward the midline and passes through the parietal foramen. I,
posterior view of the sagittal and lambdoid sutures. The parietal foramen, which transmits an emissary vein and a meningeal branch of the terminal segment of the occipital
artery, is located near the midline, 3 to 5 cm above the lambda. J, lateral view of the left
infrapetrosal area with the posterior belly of the digastric retracted anteriorly. The
stylomastoid artery arises from the posterior surface of the external carotid artery and
passes through the stylomastoid foramen to reach the facial canal, where it supplies the
mastoid portion of the facial nerve and walls of the tympanic cavity. The stylomastoid
artery may also arise from the posterior auricular, occipital, or ascending pharyngeal
artery. K, the posterior belly of the digastric has been removed to expose the jugular
branch of the occipital artery, which ascends behind the carotid sheath to supply the dura
around the jugular foramen and Cranial Nerves IX, X, and XI. A., artery; Br., branch;
Brs., branches; Cap., capitis; Car., carotid; CN, cranial nerve; Desc., descending;
Digast., digastric; Ext., external; For., foramen; Gr., greater; Inf., inferior; Int., internal;
Jug., jugular; Longiss., longissimus; M., muscle; Men., meningeal; Mid., middle; N.,
nerve; Obl., oblique; Occip., occipital; Occipitomast., Occipitomastoid; Par., parietal;
Petrosquam., petrosquamosal; Post., posterior; Proc., process; Sag., sagittal; Sup.,
superior; Superf., superficial; Temp., temporal; Transv., transverse; V., vein; Vert.,
vertebral.
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FIGURE 10. A, lateral view of the
left mandible and infratemporal area.
The parotid gland and masseter have
been removed, and a portion of the
zygoma has been resected to expose
the attachment of the temporal muscle
to the coronoid process of mandible.
The superficial temporal artery arises
from the external carotid artery and
courses behind the condylar process of
the mandible and the temporomandibular joint. B, the coronoid process has
been removed and the temporalis
muscle retracted upward to expose the
maxillary and superficial temporal arteries and branches of the external carotid artery. The maxillary artery is
divided into mandibular, pterygoid,
and pterygopalatine segments. The
mandibular segment courses deep to
the neck of the mandible. The pterygoid segment courses between the
temporalis and pterygoid muscles and
gives rise to the deep temporal and
pterygoid arteries. The pterygopalatine segment passes through the
pterygomaxillary fissure to enter the
pterygopalatine fossa. The deep temporal arteries and nerves enter the
deep surface of the temporalis muscle.
C, the temporalis muscle has been removed and a craniotomy performed to
expose the anterior and posterior divisions of the middle meningeal artery
above the foramen spinosum. The
middle meningeal artery enters the
cranium below the midpoint of a line
extending from the lateral canthus to
the anterior wall of the external acoustic meatus. The middle meningeal
veins accompany the divisions of the
artery and communicate above with
the superior sagittal sinus through the venous lacunae. D, the condylar process of the mandible has been divided, and it and the pterygoid muscles have been retracted
forward to expose the middle meningeal artery, which arises from the mandibular segment of the maxillary artery and passes upward between the roots of the
auriculotemporal nerve and the foramen spinosum to reach the middle fossa dura. The lateral wall of the cavernous sinus and the trigeminal divisions have been exposed.
E, enlarged view. The pterygoid venous plexus has been removed to expose the middle meningeal artery arising from the maxillary artery and coursing between the
roots of the auriculotemporal nerve. At the foramen spinosum, the middle meningeal artery is anterolateral to the carotid canal, the greater petrosal nerves, and the
tensor tympani muscle. F, the dura has been elevated from the floor of the left middle fossa to expose the bifurcation of the middle meningeal artery into anterior and
posterior divisions lateral to the foramen spinosum. The medial branch of the anterior division courses near the sphenoid ridge and anastomoses with the
meningolacrimal and/or sphenoidal branches of the ophthalmic system. The lateral branch ascends toward the superior sagittal sinus.

ingeal branches of the intracavernous carotid (Fig. 1). It may
contribute to the supply of the second and third trigeminal
divisions in addition to the facial nerve and may supply most
of the tentorium if it gives rise to a medial tentorial branch
(34). The medial tentorial artery may arise from either the
main divisions of the middle meningeal artery or from the
accessory meningeal artery (57), to be described in the next
section.
The middle meningeal artery anastomoses over the upper
clivus and adjacent posterior surface of the temporal bone
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with the dorsal meningeal artery and the subarcuate artery.
The distal part of the petrosquamosal branch anastomoses, at
the level of the junction of the sigmoid, transverse, and superior petrosal sinuses, with the branches of the occipital artery,
which passes through the mastoid foramen and the meningeal
branches of the ascending pharyngeal and vertebral arteries.
The middle meningeal artery may also anastomose with a
branch of the basilar artery. Various explanations on the origin
of the basilar connection have been reported (74, 82). In one
variant, the anastomotic branch of the basilar artery arises
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FIGURE 10. Continued. G, the dura
covering the lateral wall of the left
cavernous sinus and adjacent middle
fossa has been removed. The middle
meningeal artery gives rise to cavernous and petrous branches before splitting into anterior and posterior divisions just anterior and lateral to the
foramen spinosum. The medial branch
arising from the anterior division
courses along the lower surface of the
sphenoid ridge and anastomoses with
the recurrent branch of the lacrimal
artery. H, enlarged view of G. Immediately after entering the cranial cavity, the middle meningeal artery gives
off a short vessel, which divides into
the petrosal artery laterally and a cavernous branch to the trigeminal ganglion medially. The petrosal branch
runs with the greater petrosal nerve,
passes through the facial hiatus and
supplies the facial nerve and walls of
the tympanic cavity. Damage to this
branch occurring as the dura is elevated in a subtemporal extradural approach may result in a facial nerve
deficit. Bleeding at this site should be
controlled by a method other than coagulation to avoid damaging the facial
nerve, which may be exposed in the
floor of the middle fossa. The cavernous branch anastomoses with the posterior branch of the inferolateral
trunk. The petrosquamosal branch
arises from the posterior trunk at the
junction of the cranial base and convexity; supplies the insertion of the
tentorium to the petrous ridge, the dura of the torcula, and the junction of the sigmoid, transverse, and superior petrosal sinuses; and extends to the dura of the posterior
fossa bordering the area supplied by the external carotid branches. I, lateral view of the anterior division of the left middle meningeal artery in another specimen. The
anterior division, usually the larger, crosses the greater sphenoid wing to reach the groove in the sphenoidal angle of the parietal bone, where it divides into several
branches. A branch of the anterior division ascends, grooving the parietal bone approximately 1.5 cm behind the coronal suture. In its path, between the anterosuperior
angle of the greater sphenoid wing and the sphenoid angle of the parietal bone, the anterior branch and sometimes the sphenoparietal sinus can be encased in a bony
canal that varies between 1 and more than 30 mm in length. In this case, the segment encased in a bony canal was removed in elevating the bone. The petrosquamosal
branch, described in H, arises from the middle meningeal artery at the junction of the cranial base and convexity. J, posterolateral view of the dura over the right
transverse sinus and torcula. The petrosquamosal branch of the middle meningeal artery supplies the insertion of the tentorium, the dura of the torcula, and the junction
of the sigmoid, transverse, and superior petrosal sinuses and extends to the dura of the posterior fossa bordering the area supplied by the external carotid branches. The
distal part of the petrosquamous branch anastomoses, at the level of the junction of the sigmoid, transverse, and superior petrosal sinuses, with the occipital branch that
passes through the mastoid foramen and the meningeal branches of the ascending pharyngeal and vertebral arteries. The petrosquamosal artery may infrequently supply
almost all of the posterior fossa dura, including the cerebellar fossa and tentorium cerebelli.

between the anteroinferior cerebellar and the posteroinferior
cerebellar arteries, enters the internal acoustic meatus, pierces
the superior wall of the internal acoustic meatus, and proceeds
laterally between the bone and dura to supply the territory of
the middle meningeal artery. In this case, the connection represents the persistence of a presegmental artery, which accompanies the acoustic-facial nerve and connects to the superior
branch of the former stapedial artery rather than the internal
carotid artery, as would be the case with a persistent primitive
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otic artery. Another variant of basilar-middle meningeal artery connection occurs when a primitive trigeminal artery
anastomoses with the middle meningeal artery. This occurs
when the portion of the primitive trigeminal artery from the
internal carotid artery to the trigeminal ganglion regresses,
whereas the connection from the basilar artery to the trigeminal ganglion persists and anastomoses with the middle meningeal artery. Another variant includes a prominent lateral
pontine branch of the basilar artery that leaves the basilar
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FIGURE 10. Continued. K, superior
view of the convexity dura. The middle
meningeal arteries give rise to a rich anastomotic layer of vessels referred to as the
primary anastomotic arteries. These arteries change little in diameter as they course
and anastomose over the dural surface.
They cross the superior sagittal sinus,
connecting the dura over the paired cerebral hemispheres into a single vascular
unit. Crossing vessels are particularly
large when one middle meningeal artery is
hypoplastic. The primary anastomotic arteries have a straight course and measure
100 to 300 m in diameter. The primary
anastomotic arteries give rise to the arteries to the cranium, secondary anastomotic
arteries, penetrating dural vessels, and arteriovenous shunts. Secondary anastomotic arteries also lie on the outer dural
surface. They measure 20 to 40 m in
caliber, they are short, and their anastomotic pattern forms a polygonal network.
L, enlarged view of the area of the superior
sagittal sinus. Each middle meningeal artery forms a paramedian arcade just lateral to the superior sagittal sinus. The arcades anastomose across the midline, connecting the dural arterial
network in a single vascular unit. M, enlarged view of the sagittal sinus. The middle meningeal branches reach
and participate in the supply of the walls of the superior sagittal sinus, where they give off descending branches
to the adjacent falx cerebri and anastomose with the other falcine arteries. N, the superior sagittal sinus has
been opened and its walls are held laterally with pins to expose the branching pattern of the middle meningeal
arteries along the sinus walls. A., artery; Alv., alveolar; Ant., anterior; Auriculotemp., auriculotemporal; Br.,
branch; Car., carotid; Clin., clinoid; CN, cranial nerve; Div., division; Ext., external; Fiss., fissure; For.,
foramen; Gr., greater; Inf., inferior; Int., internal; Lat., lateral; M., muscle; Mandib., mandibular; Med.,
medial; Men., meningeal; Mid., middle; N., nerve; Parieto-Occip., parieto-occipital; Palat., palatini; Pet.,
petrosal; Petrosquam., petrosquamosal; Plex., plexus; Post., posterior; Proc., process; Pteryg., pterygoid;
Pterygomax., pterygomaxillary; Sag., sagittal; Sup., superior; Superf., superficial; Temp., temporal, temporalis; Tens., tensor; Transv., transverse; Tymp., tympani; V., vein; Ven., venous; Zygo., zygomatic.

artery above the anteroinferior cerebellar artery 5 to 6 mm
proximal to the superior cerebellar artery and sends branches
along the trigeminal nerve (trigeminal artery of Stephens and
Stilwell) that anastomose with middle meningeal branches
(74).
Accessory Meningeal Artery. The accessory meningeal
artery, also called the lesser or small meningeal artery (2, 12)
(Table 1), may arise from either the maxillary or middle meningeal artery, depending on the relationship of the maxillary
artery to the pterygoid muscles (Fig. 11) (2, 39). It arises from
the maxillary artery if the maxillary artery courses deep to the
pterygoid muscles and from the middle meningeal artery if
the maxillary artery passes superficial to the pterygoid muscle. In the cases in which the middle meningeal artery arises
from the ophthalmic, internal carotid, or basilar artery, the
accessory meningeal artery will arise directly from the trunk
of the maxillary artery (36). The caliber of the accessory middle meningeal artery is approximately one-third to one-half of
the middle meningeal artery, and in 30 to 45% of the cases, it
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is formed of multiple small arteries, especially if it arises from
the maxillary artery (Fig. 11) (2, 12).
From its origin, the accessory meningeal artery courses toward the angle between the posterosuperior edge of the lateral
pterygoid plate and the infratemporal surface of the sphenoid
bone. It usually passes posterior to the inferior alveolar and
lingual nerves (2). In 78% of the cases, the accessory meningeal
artery enters the cranium through the foramen ovale. In the
remaining 22%, it passes through the sphenoidal emissary
foramen (foramen of Versalius), an opening occasionally
found 2 to 3 mm medial to the anterior edge of the foramen
ovale, which also transmits an emissary vein linking the pterygoid plexus and the cavernous sinus (Fig. 11C) (2, 39).
The extracranial segment of the accessory meningeal artery
has anastomoses with the ascending pharyngeal artery and
pterygopalatine arteries (Fig. 11, A and F) (36, 39). It supplies
the membranous portion of the Eustachian tube and external
acoustic meatus, the lateral pharyngeal wall and medial pterygoid muscle, the mandibular nerve below the foramen ovale,
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FIGURE 11. A, inferolateral view of the
right foramina ovale and spinosum and
the middle and accessory meningeal arteries passing through the cranial base. The
pterygoid muscles have been removed.
The internal carotid artery has been displaced posteriorly to expose the ascending
pharyngeal artery between the internal
carotid artery and the lateral pharyngeal
wall. The middle meningeal artery arises
from the maxillary artery, ascends between the roots of the auriculotemporal
nerve, and passes through the foramen
spinosum. The accessory middle meningeal artery arises from the maxillary artery and passes through the foramen ovale
in this case. It may occasionally pass
through the sphenoidal emissary foramen,
an opening located 2 to 3 mm medial to
the anterior edge of the foramen ovale that
transmits an emissary vein linking the
pterygoid plexus and the cavernous sinus.
B, anterior view of the right foramen ovale
exposing the sharp lateral curve of the
middle meningeal artery above the foramen spinosum. The diameter of the accessory meningeal artery, which passes
through the foramen ovale in this case, is
approximately one-third of the diameter of
the middle meningeal artery. The intracranial territory of the accessory meningeal artery includes the gasserian ganglion and adjacent middle fossa dura,
where it anastomoses with the meningeal
branches from the ophthalmic and middle
meningeal arteries and the carotid siphon.
C, endocranial surface of the sella and
middle fossa. The sphenoidal emissary foramen is present in approximately 40% of
the skulls. It is located medial to the foramen ovale. D, the infratemporal fossa has
been exposed by removing the anterior
part of the mandibular ramus, the zygomatic arch, and the lower part of the temporalis muscle. The deep temporal nerves
and arteries pierce the deep surface of the
temporalis muscle. The middle meningeal
artery arises from the mandibular segment of the maxillary artery and gives rise
to the accessory meningeal artery. E, enlarged view of D after removing the pterygoid segment of the maxillary artery. The middle meningeal artery courses between the roots of the auriculotemporal nerve
and passes through the foramen spinosum to enter the middle fossa. The accessory meningeal artery is similar in caliber to the middle meningeal artery, from which
it arises. In this specimen, the accessory meningeal artery ascends superficial to the lingual and inferior alveolar nerves. F, the maxillary artery has been removed and
the cervical internal carotid exposed. The upper segment of the ascending pharyngeal artery makes a sharp anterior turn superficial to the constrictor pharynx muscle
and gives rise to a well-developed carotid branch that follows the carotid artery into the carotid canal. A., artery; Access., accessory; Alv., alveolar; Ant., anterior; Asc.,
ascending; Auriculotemp., auriculotemporal; Br., branch; Cap., capitis; Car., carotid; Clin., clinoid; CN, cranial nerve; Emiss., emissary; For., foramen; Inf., inferior;
Int., internal; Jug., jugular; Long., longus; M., muscle; Men., meningeal; Mid., middle; N., nerve; Occip., occipital; Pharyng., pharyngeal; Post., posterior; Sphen.,
sphenoidal; Temp., temporal; Superf., superficial; V., vein.

and the sphenoid periosteum. It has been suggested that it be
called the pterygomeningeal artery, because the extracranial
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structures receive the predominance of its flow, whereas the
intracranial branch receives only 10% (39).
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The intracranial territory of the accessory meningeal artery
includes the gasserian ganglion and adjacent middle fossa
dura, where it anastomoses with the meningeal branches from
the ophthalmic and middle meningeal arteries and the carotid
siphon. The accessory meningeal artery has a reciprocal relationship with the inferolateral trunk of the intracavernous
carotid in the supply of the mandibular nerve and the dura
adjacent to the cavernous sinus. It has prominent anastomoses
with the posterolateral branch of the inferolateral trunk (Figs.
1 and 4). Lasjaunias and Theron (39) found that the accessory
meningeal artery was small in comparison to the inferolateral
trunk in 25% of the cases, had a size similar to the inferolateral
trunk in 59%, and was the only supply to the part of the
cavernous sinus area normally supplied by the inferolateral
trunk in 16%. In the latter case, the caliber of this accessory
meningeal artery approaches that of the middle meningeal
artery (36). Occlusion of this artery during endovascular procedures may result in cranial nerve deficits because of its
supply to the oculomotor, trochlear, trigeminal, abducens, and
facial nerves (36).
Dilenge and Geraud (12) found that the artery could be
identified in lateral angiograms throughout its extracranial
course in 60% of 100 selective angiographies, but it was recognizable intracranially in only 6 cases because of its small
size. It was more easily identified when it was part of an
anastomotic network between the carotid siphon and the internal maxillary artery. On the anteroposterior angiographic
view, the accessory meningeal artery slants medially, above
the cranial base, toward the cavernous sinus at the point of
arborization of the inferolateral trunk. It may contribute to the
vascular pedicle of meningiomas and schwannomas of the
gasserian ganglion (12) and can be involved in paracavernous
AVMs.

Internal Carotid Artery Branches
Intracavernous Segment
The intracavernous carotid gives rise to branches that supply the walls and enclosed structures of sella, cavernous sinus,
and tentorium (Figs. 3 and 4). The branches can be divided on
the basis of the direction of their course into a medial group
that includes the inferior hypophysial, medial clival, and capsular arteries; a lateral group that includes the inferolateral
trunk, also called the artery of the inferior cavernous sinus,
and its branches and the lateral tentorial artery; and a posterior group that includes the dorsal meningeal artery and medial tentorial artery (Fig. 12, A–L). The inferior hypophysial
and medial clival arteries derive from the primitive maxillary
artery, and the dorsal meningeal artery derives from the primitive trigeminal artery. When these two embryological arteries
originate in a single trunk, the branches will arise from a single
source, referred to as the meningohypophysial trunk (36).
The meningohypophysial trunk and the inferolateral trunk
are the most consistent branches of the intracavernous carotid.
They arise from a single trunk in 6% of the cavernous sinus
(26). They anastomose with their mates of the opposite side
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and with the meningeal branches of the external carotid, ophthalmic, and vertebral arteries (Figs. 1 and 4) (83). The communication between the external carotid and internal carotid
through the cavernous branches is of significance in the management of carotid cavernous fistulae, which must be based on
evaluation of all these communicating channels. An increase
in opacification of the cavernous carotid branches may occur
with alteration of cerebral dynamics associated with increased
intracranial pressure or a distant intracranial lesion and in
cerebrovascular disease in which the cavernous branches act
as the rete mirabili (83).
Meningohypophysial Trunk. The meningohypophysial
trunk is the largest branch of the intracavernous carotid (52,
64, 73). It arises lateral to the dorsum sellae at or just proximal
to the apex of the first curve of the intracavernous carotid (Fig.
12). It is approximately the same size as the ophthalmic artery
(64). In its most complete form, it gives rise to the tentorial,
inferior hypophysial, and dorsal meningeal arteries (Fig. 12,
B–G and J). However, these branches can arise separately from
the internal carotid artery or in different combinations (26, 36),
and the origin of some secondary arteries directly from the
meningohypophysial trunk can give the appearance of more
than the usual number of branches (Fig. 12, H and I). The
posterior bend of the internal carotid artery and the origin of
the meningohypophysial trunk can be exposed through Parkinson’s triangle, located in the lateral view between the trochlear and ophthalmic nerves, except when the carotid is elongated and tortuous, causing the posterior bend to rise above
the trochlear nerve (Fig. 12, D–F) (21, 68). The oculomotor and
trochlear nerves enter the dural roof of the cavernous sinus
just above or slightly behind the trifurcation of the meningohypophysial trunk. According to Harris and Rhoton (21), the
meningohypophysial trunk provided a branch to the tentorium in 100% of 50 cavernous sinuses examined, making the
tentorial artery the most constant branch leaving this trunk.
Tentorial Arteries. The tentorium is supplied by the medial and lateral tentorial arteries (Figs. 3, 5, and 6). The medial
tentorial artery, also referred to as the marginal tentorial artery, usually arises from the meningohypophysial trunk (Fig.
12, E, F, K, and Q). It ascends to the roof of the cavernous sinus
and then posterolaterally, along the free edge of the tentorium,
to contribute to the supply of the transdural segment of the
oculomotor and trochlear nerves, the walls of the cavernous
sinus, and the medial third of the tentorium (31, 36, 68, 76). It
departs from the cavernous sinus just beneath the entrance of
the trochlear nerve and initially courses posteriorly approximately 5 mm from the free margin of the tentorium (Fig. 12, D
and E). As it approaches the region of the straight sinus, it
curves laterally, ramifying within the tentorium and anastomosing along the base of the falx with branches from its mate
from the opposite side (Figs. 3 and 5) (64, 68, 76). Although
usually described as a branch of the tentorial division of the
meningohypophysial trunk (26), the medial tentorial artery
may also arise directly from the posterior vertical or from the
horizontal segment of the cavernous carotid, the inferolateral
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FIGURE 12. A, superior view of the
sella and roof of the cavernous sinus. The
right anterior clinoid has been removed.
The oculomotor nerve enters the roof of
the cavernous sinus lateral to the posterior
clinoid process. The medial clival artery,
usually a branch of the inferior hypophysial artery and less commonly of the cavernous carotid artery, runs in the dura of
the sinus roof and is distributed to the
dura over the posterior clinoid and upper
dorsum. B, superolateral view of the left
cavernous sinus. The roof has been opened
and the venous contents removed to expose the branches of the meningohypophysial trunk. The meningohypophysial
trunk gives origin to the dorsal meningeal, medial clival, and tentorial arteries.
C, superolateral view after opening the
lateral sinus wall. The first division of the
trigeminal nerve has been retracted laterally to expose the inferolateral trunk,
which arises from the lateral side of the
midportion of the horizontal segment of
the cavernous carotid, passes above the
abducens nerve, and deep to the first trigeminal segment, supplies the dura of the
inferolateral wall of the cavernous sinus
and adjacent middle fossa and anastomoses with the recurrent artery of the foramen lacerum. The dorsal meningeal artery passes posteriorly with the abducens
nerve and is distributed to the dura over
the dorsum sellae and clivus and anastomoses with its mate from the opposite side.
Its territory has a reciprocal relationship
with that of the medial clival artery. The
medial clival artery arises from the meningohypophysial trunk in this specimen. Its
initial course is anterior to the posterior
clinoid, but it also reaches to the dura over
the posterior surface of the dorsum sellae.
The tentorial arteries pass laterally to
reach the tentorium. D, lateral view of
another left cavernous sinus after removal
of the lateral dural wall to expose the origin of the meningohypophysial trunk.
The abducens nerve was exposed by depressing the first trigeminal division. The
medial edge of the petrolingual ligament marks the beginning of the intracavernous segment of the carotid. E, enlarged view of D. The meningohypophysial trunk arises
near the apex of the posterior bend of the intracavernous carotid on the medial side of the trochlear nerve. The tentorial artery arises as a branch of the
meningohypophysial trunk and divides into the medial and lateral tentorial arteries at the level of the petrous ridge. The medial tentorial artery supplies the medial edge
and medial one-third of the tentorium, reaching the area around the straight sinus and the posterior attachment of falx. The lateral tentorial artery supplies the lateral
two-thirds of the tentorium and the attachment of the tentorium to the petrous ridge and anastomoses with the petrosal and petrosquamosal branches of the middle
meningeal artery, the lateral branch of the dorsal meningeal artery, and the mastoid branch of the occipital artery. The dorsal meningeal artery runs posteriorly and
passes through Dorello’s canal, located below the petrosphenoidal ligament. F, the posterior bend of the intracavernous carotid artery has been retracted laterally to
expose the inferior hypophysial artery passing medially across the cavernous sinus to reach the lateral surface of the posterior lobe and capsule of the pituitary gland.

trunk, the accessory meningeal, the intraorbital ophthalmic,
the lacrimal, or the middle meningeal arteries (35, 75).
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The term “Bernasconi’s artery” is used as a synonym for the
medial tentorial artery (21, 35, 68) (Table 1). Bernasconi and
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FIGURE 12. Continued. G, lateral view of the posterior part of a right cavernous sinus. A portion of the dorsum sellae and upper clivus has been
removed to expose the posterior lobe of the pituitary gland and the posterior
bend of the intracavernous carotid. The tentorial, inferior hypophysial, and
dorsal meningeal arteries arise from the meningohypophysial trunk. The tentorial artery has been divided near its origin and the tentorium removed. The
petrosphenoidal ligament has been excised to expose the passage of the dorsal
meningeal artery to the clival dura. The inferior hypophysial artery passes to
the posterior lobe of the pituitary gland and sellar floor. H, posterior view
after removal of the dorsum sellae in another specimen. The tentorial, inferior
hypophysial, and dorsal meningeal arteries arise directly from the cavernous
carotid artery. The paired inferior hypophysial arteries anastomose on the posterior surface of the posterior lobe to form an arterial circle that reaches the
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dura over the floor and posterior wall of the sellae. Dorello’s canal has been
unroofed on the right. The dorsal meningeal artery divides into medial and
lateral branches. The lateral branch supplies the abducens nerve and the dura
around Dorello’s canal, and the medial branch supplies the dura over the dorsum and upper clivus. The territory supplied by the medial branch of the dorsal meningeal artery has a reciprocal relationship with the territory of the
medial clival artery. I, enlarged view of the right cavernous sinus shown in
H. The tentorial, dorsal meningeal, and inferior hypophysial arteries arise
separately from the posterior bend of the cavernous carotid artery. J, lateral
view of the left cavernous sinus. The tentorial and the meningohypophysial
arteries arise from the posterior bend of the carotid. The meningohypophysial
trunk gives rise to the inferior hypophysial, medial clival, and dorsal meningeal arteries.
www.neurosurgery-online.com

DURAL ARTERIES

FIGURE 12. Continued. K, lateral
view of the right cavernous sinus
area in another specimen, in which
the medial tentorial artery arises
from the inferolateral trunk, as
occurs in 40% of cavernous
sinuses. The medial tentorial artery
runs parallel to the trochlear nerve
in the upper portion of Parkinson’s
triangle located between the trochlear nerve and the first trigeminal
division. The anterolateral branch
of the inferolateral trunk courses
between V1 and V2 and toward the
foramen rotundum. L, superior
view of the specimen shown in K.
The inferolateral trunk arises from
the lateral side of the midportion of
the horizontal segment of the intracavernous carotid and passes
between the abducens nerve and
the first trigeminal division to supply the dura over the inferolateral
wall of the cavernous sinus and
adjacent middle fossa. The anterior
division of the inferolateral trunk
gives rise to anterolateral and
anteromedial branches. The anteromedial branch passes forward and
supplies the oculomotor, trochlear,
and abducens nerves and enters
the orbit through the superior
orbital fissure. The medial tentorial
artery has been removed. M, superior view of the right cavernous
sinus. The roof has been opened,
and the oculomotor, trochlear, and
ophthalmic nerves have been
retracted laterally to expose the
dorsal ophthalmic artery, the segment of the deep recurrent ophthalmic artery that courses inside the
cavernous sinus. The deep recurrent ophthalmic artery arises from the initial intra-orbital part of the ophthalmic artery and courses backward through the
annulus of Zinn and the medial portion of the superior orbital fissure to cross the anterior venous space of the cavernous sinus. The deep recurrent ophthalmic artery anastomoses with the anterolateral branch of the inferolateral trunk. N, anterior view of the sphenoid sinus and sellar region. The osseous
walls of the sella have been removed. The optic canals, containing the optic nerves and ophthalmic arteries, course above the cavernous carotid. The anterior intercavernous sinus is usually the largest intrasellar connection between the cavernous sinuses. A right capsular artery arises from the horizontal
segment of the intracavernous carotid and runs medially to supply the dura over the floor of the sella. It anastomoses with the branches of the left inferior
hypophysial artery, which originates from the posterior bend of the intracavernous carotid.

Cassinari (3) were the first to describe an arterial vessel involved in the supply of the tentorium and its lesions. At that
time, they thought the vessel originated from the external
carotid artery, but its true origin from the internal carotid
artery later became apparent (20, 73, 76, 78).
When visible during normal angiography, the medial tentorial
artery ranges in length from 5 to 35 mm. A pathological lesion
has been considered a possibility if the tentorial artery can be
followed, in the angiogram, for a distance longer than 40 mm (68,
73). Other aspects, such as increased caliber, undulating course,
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and multiple branching, also suggest the presence of a lesion (83).
Its presence on angiograms is not diagnostic of a tentorial meningioma as first suggested, because it can be seen in AVMs,
gliomas with tentorial invasion, trigeminal neuromas, and even
in the normal patient (20, 30, 68, 76).
In this study, the lateral tentorial artery, also called the basal
tentorial artery, commonly arose as a single trunk with the
medial tentorial artery (Fig. 12E). From its origin, it passed
backward, upward, and slightly laterally to enter the tentorium along its attachment to the petrous ridge and continued
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FIGURE 12. Continued. O, lateral view of the right cavernous
sinus after removal of the dural
walls. The inferolateral trunk
arises medial to the first trigeminal
division, but its branches can be
seen between the trigeminal divisions. The anterolateral branch of
the anterior division courses
toward and gives a branch to the
foramen rotundum. The posterior
division is exposed between the
second and third trigeminal divisions. P, posterosuperior view of
the right cavernous sinus with the
trigeminal nerve reflected forward.
The posterior division of the inferolateral trunk courses above the
motor root of the trigeminal ganglion and supplies the gasserian
ganglion and adjacent dura. It has
a reciprocal relationship with the
territory supplied by the cavernous
branch of the middle meningeal
artery and may reach the hiatus
fallopi to supply the facial nerve.
Q, the trigeminal nerve has been
removed to expose the inferolateral trunk and its divisions. In this specimen, the superior division of the inferolateral trunk gives rise to the medial tentorial artery, which
supplies the medial third of the tentorium and posterior attachment of the falx cerebri.
The anterior division supplies the segment of the oculomotor, trochlear, and abducens
nerves near the superior orbital fissure. The posterior division reaches the gasserian
ganglion, mandibular nerve, and adjacent dura and anastomoses with the recurrent
artery of the foramen lacerum. The dorsal meningeal artery arises from the posterior
carotid bend and supplies the abducens nerve in the region of Dorello’s canal. A.,
artery; Ant., anterior; Br., branch; Caps., capsular; Car., carotid; Cav., cavernous;
Clin., clinoid, clinoidal; Cliv., clival; CN, cranial nerve; Diaph., diaphragma; Div.,
division; Dors., dorsal; For., foramen; Gr., greater; Hyp., hypophysial; Inf., inferior,
infero; Int., internal; Lat., lateral; Lig., ligament; Med., medial; Men., meningeal;
Meningohyp., meningohypophysial; N., nerve; Ophth., ophthalmic; P.C.A., posterior
cerebral artery; Pet., petrosal, petrous; Petroling., petrolingual; Petrosphen., petrosphenoid; Pit., pituitary; Post., posterior; Rec., recurrent; Seg., segment; Sup., superior;
Tent., tentorial; Tr., trunk; V, vein.

backward to supply the tentorial area lateral to that supplied
by the medial tentorial artery (30, 35, 86). The lateral tentorial
artery anastomoses with the petrosal and petrosquamosal
branches of the middle meningeal artery and the lateral
branch of the dorsal meningeal artery (Figs. 3 and 6).
Dorsal Meningeal Artery. The dorsal meningeal artery,
also called the lateral clival artery (31), arises from the meningohypophysial trunk in most cases and passes posteriorly
through the cavernous sinus to supply the dura of the dorsum
sellae and clivus and anastomose with its mate from the
opposite side across the midline (Fig. 12, B–E and G–J). It arose
from the meningohypophysial trunk in 90% of the 50 cavernous sinus studied by Harris and Rhoton (21). In 6% of cases, it
arises directly from the lateral surface of the posterior ascending portion of the intracavernous carotid, just below the origin
of the meningohypophysial trunk (21, 68, 69).
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The dorsal meningeal artery divides into medial and lateral
branches (Fig. 12, H and I). The medial branch passes below
the petrosphenoid ligament, which roofs Dorello’s canal, to
accompany and supply the abducens nerve into the canal and
anastomoses with the clival ramus of the jugular branch of the
ascending pharyngeal artery (Figs. 1 and 6) (36, 64). The medial branch has a reciprocal relationship with the medial clival
artery, which arises as a branch of the intracavernous carotid
or from the inferior hypophysial artery. The medial clival
arteries’ initial course is anterior to the posterior clinoid process, but it also reaches to the dura over the posterior surface
of dorsum sellae, where it anastomoses, across the midline,
with its counterpart from the opposite side and also with the
medial branch of the dorsal meningeal artery (Fig. 12, A–C). If
no medial clival artery was found in this study, a branch arose
directly from the dorsal meningeal artery or its medial branch
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and coursed medially and superiorly on the posterior aspect
to the posterior clinoid process and dorsum sellae to supply
the territory of the medial clival artery (Fig. 12, H and I).
The lateral branch of the dorsal meningeal artery passes above
the trigeminal cistern (Meckel’s cave) and accompanies the superior petrosal sinus along the petrous ridge, thus participating
in the basal arterial arcade of the tentorium cerebelli (Fig. 3). This
branch anastomoses, lateral to the trigeminal ganglion, with the
tentorial arteries and branches of the middle meningeal artery
running over the superior surface of the temporal bone.
The dorsal meningeal artery is the adult remnant of the
trigeminal artery. Persistence of parts of the primitive trigeminal artery may explain anomalous connections between the
middle meningeal artery and the basilar artery as well as the
origin of the cerebellar arteries from the carotid siphon (36).
Inferior Hypophysial Artery. The inferior hypophysial artery arises most frequently from the meningohypophysial trunk
or directly from the medial surface of the posterior ascending
segment of the cavernous carotid artery (Fig. 12, F–J and N) (21,
36). It passes medially across the cavernous sinus to reach the
lateral surface of the posterior lobe and capsule of pituitary
gland. The artery divides into superior and inferior branches that
anastomose with their mates of the opposite side, forming an
arterial circle anterior to the dorsum sellae (Fig. 12H). The inferior
branch of this arterial circle, along with the more anteriorly
located capsular arteries, may supply the dura on the sellar floor
(21, 52, 69, 83). The capsular arteries may also be branches of the
inferior hypophysial artery (Fig. 12N) (64). The dura of the posterior clinoid and cavernous sinus can also be supplied by the
inferior hypophysial branch, through the medial clival artery,
which can also arise directly from the intracavernous carotid
(Table 2) (36). In the lateral angiogram, the inferior hypophysial
artery is superimposed on the carotid siphon and is therefore
impossible to identify even after subtraction studies (36).
Inferolateral Trunk. The inferolateral trunk, also called the
lateral main stem artery (73) or the artery of the inferior cavernous sinus (64), arises from the lateral side of the midportion of the
horizontal segment of the intracavernous carotid, approximately
5 to 8 mm distal to the origin of the meningohypophysial trunk
(Fig. 12, K, L, and O) (21, 69). It arises directly from the carotid
artery in 84% of the cavernous sinuses and from the meningohypophysial trunk in another 6% (21).
The inferolateral trunk passes above (96%) or below (4%)
the abducens nerve (27), descends through or lateral to the
first trigeminal division, and supplies the dura of the inferolateral wall of the cavernous sinus and adjacent middle fossa
up to the gasserian ganglion (Figs. 1, 4, and 12, K, L, and O).
The branches of the inferolateral trunk anastomose with the
middle and accessory meningeal arteries (69). The branches to
the gasserian ganglion may run in the dura lateral to the
ganglion or pass superior to the motor root to reach the dura
on the medial side of the ganglion (Fig. 12P).
In its most complete form, the inferolateral trunk gives rise to
superior, anterior, and posterior branches (Fig. 12Q) (36, 43). The
superior branch supplies the roof of the cavernous sinus. It gives
rise to a medial tentorial branch in approximately 40% of cases
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(Fig. 12, K and Q) (43). The anterior and the posterior divisions
divide into a medial and a lateral branch. The medial branch of
the anterior division passes forward; supplies the oculomotor,
trochlear, and abducens nerves; enters the orbit through the
superior orbital fissure; and terminates as the deep recurrent
ophthalmic artery (Fig. 12M). The anterolateral branch passes
toward the foramen rotundum and supplies the dura of the
adjacent temporal fossa and maxillary nerve (Fig. 12, K, O, and
Q). The medial branch of the posterior division is distributed to
the abducens nerve, the medial third of the gasserian ganglion,
and the mandibular nerve (Fig. 12P). The lateral branch of the
posterior division supplies the middle and lateral thirds of the
gasserian ganglion and adjacent dura (Fig. 12Q) (43). Because of
its reciprocal relationship with the cavernous branch of the middle meningeal artery, the posterior division may also reach the
hiatus fallopi to supply the facial nerve (4, 34, 36). The posterior
division of the inferolateral trunk anastomoses with the recurrent
artery of foramen lacerum (Figs. 1 and 4).
McConnell’s Capsular Arteries. The term “McConnell’s
capsular arteries” refers to the anterior and inferior capsular
arteries, tiny branches that arise distal to the origin of the inferolateral trunk. The inferior capsular artery is the more proximal of
the capsular arteries. It arises from the inferomedial surface of the
horizontal segment of the intracavernous carotid, distal to the
origin of the inferolateral trunk, or as a secondary branch of the
inferior hypophysial artery (Fig. 12N). It runs medially in the
dural covering of the inferior surface of the anterior lobe, giving
branches to the dura of the floor of the sella turcica. The anterior
capsular artery arises from the medial aspect of the internal
carotid artery just before it pierces the roof of the cavernous sinus
and runs medially in the dura of the anterior margin and roof of
the sella turcica, anastomosing with its mate of the opposite side.
McConnell’s capsular arteries are frequently absent, being
found in 8 to 50% of cavernous sinuses (21, 26, 52, 64, 69). This
variability may be because of difficulty in injecting these arteries or its origin as a branch of the inferior hypophysial
artery (52, 70). The capsular arteries have been visualized
angiographically in patients with sphenoid sinus carcinoma,
craniopharyngioma, and parasellar meningiomas (83).
Recurrent Artery of the Foramen Lacerum. This tiny artery originates from the posterior ascending portion of the
carotid siphon and descends into the foramen lacerum, supplying the pericarotid autonomic nerve plexus and the arterial
wall (Fig. 12C) (36). This artery cannot be seen angiographically after internal carotid artery injections because of the
density of the parent carotid but is visible after ascending
pharyngeal injection because of its anastomoses with the carotid branch of the ascending pharyngeal artery. The recurrent
artery of the foramen lacerum also anastomoses along the
inferior surface of the trigeminal ganglion with the posterior
branch of the inferolateral trunk (Figs. 1 and 4).

Supraclinoid Internal Carotid Branches
The ophthalmic and anterior cerebral branches of the supraclinoid carotid may supply the dura.
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FIGURE 13. Superior view. A, the left
orbit has been unroofed and the levator
palpebrae and superior rectus muscles
have been reflected posteriorly to expose
the ophthalmic artery. The anterior and
posterior ethmoidal arteries arise from
the ophthalmic artery, and the anterior
and posterior ethmoidal nerves arise
from the nasociliary nerves; both the
arteries and nerves course medially,
passing above the optic nerve and between the superior oblique and medial
rectus muscles to enter the ethmoidal
canals. The orbital opening of the ethmoidal canals is located at the junction
of the roof and medial wall of the orbit.
B, the left orbit has been unroofed, and
the levator and superior rectus muscles
have been removed to expose the ethmoidal arteries, which emerge from the
ethmoidal canals intracranially at the
lateral edge of the cribriform plate. The
lacrimal artery arises from the initial
segment of the ophthalmic artery,
courses laterally, and anastomoses
through its recurrent meningeal or the
meningolacrimal branch with the middle meningeal artery. C, superior view
of the dura around the cribriform plate
after removal of the olfactory bulbs. The
anterior ethmoidal arteries emerge from
the ethmoidal canal at the lateral edge of
the cribriform plate. The anterior ethmoidal arteries run anteriorly and medially to reach and ascend in the falx,
where they continue as the anterior falcine arteries. The anterior falcine artery
provides the major supply to the anterior third of falx. D, superior view. The
orbital plate of the frontal bone has been
removed, and the superior oblique muscle has been retracted to expose the entrance of the anterior ethmoidal artery
and nerve into the anterior ethmoidal
canal. The anterior ethmoidal artery
reaches the anterior fossa at the anterolateral edge of the cribriform plate and
the inferior attachment of the falx to the
crista galli. E, superior view of the same
specimen. The left frontal lobe has been
retracted laterally to expose the falx. The
anterior falcine artery ascends within
the falx and anastomoses with the middle meningeal branches that reach the sagittal sinus and descend on the falx and with the falcine branches of pericallosal branch
of the anterior cerebral artery. A., artery; Ant., anterior; CN, cranial nerve; Crib., cribriform; Eth., ethmoidal; Front., frontal; Lac., lacrimal; Med., medial; M., muscle;
N., nerve; Nasocil., nasociliary; Obl., oblique; Olf., olfactory; Ophth., ophthalmic; Post., posterior; Sup., superior.

Ophthalmic Artery
Contributions from the ophthalmic artery to the dura derive
primarily from its ethmoidal, recurrent ophthalmic, and lacrimal branches (Figs. 1, 4, and 13–15)
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Ethmoidal Arteries. The anterior and posterior ethmoidal
arteries arise from the ophthalmic artery in the medial third of
the orbit (Fig. 13, A and B) and range in diameter between 0.5
and 1 mm in diameter (81). These arteries enter the anterior
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FIGURE 14. A, osseous relationships. Anterior view of the right orbit.
The superior orbital fissure is located in the orbital apex and opens inferiorly into the inferior orbital fissure. The recurrent meningeal (sphenoidal)
branch of the lacrimal artery courses through the lateral portion of the
superior orbital fissure to anastomose with branches of the middle meningeal arteries. In as many as 50% of dissected specimens, an additional
vessel links the lacrimal and middle meningeal artery. This accessory
anastomotic branch between the lacrimal and middle meningeal artery,
called the meningolacrimal artery, courses through the lacrimal foramen
located just below the lesser sphenoidal wing lateral to the superior orbital
fissure. B, enlarged view of the right orbit. The lacrimal foramen occupies
a variable position relative to the superior orbital fissure. It can be located
lateral to the superior orbital fissure, confluent with its lateral end, or
occupy any intermediate position between these extremes. The lacrimal
foramen is composed of multiple openings in 5 to 15% of the cases. C,
intracranial view of the superior orbital fissure. The surface of the anterior
clinoid process exhibits the opening of a tiny bony tunnel that starts
inside the optic canal and gives passage to the superficial recurrent ophthalmic artery, which supplies the roof of the cavernous sinus and may
continue posteriorly along the tentorium as the medial tentorial artery.
The lateral portion of the superior orbital fissure is enlarged (arrow) for
the passage of the recurrent meningeal (sphenoidal) artery, which anasto-

moses with the anterior branch of the middle meningeal artery. The lacrimal foramen is located lateral to the superior orbital fissure. It is present
along 30 to 50% of sphenoid wings and gives passage to the meningolacrimal artery, another anastomotic channel between the ophthalmic and
middle meningeal arteries. D, intracranial view of the right superior
orbital fissure and sphenoid ridge. The recurrent meningeal branch of the
ophthalmic artery anastomoses with the medial branch of the anterior
division of the middle meningeal artery, which courses along the sphenoparietal groove with the sphenoparietal sinus. E, superior view of the
right sphenoid ridge. The anterior division of the middle meningeal artery
may be encased in a 1- to 30-mm canal, like that shown, in its course
along the sphenoidal ridge. After reaching the upper or distal end of the
canal, the branches of the artery ascend in bony grooves on the inner
table of the cranium. F, view of the medial wall of the orbit. The ethmoidal arteries and nerves course through the ethmoidal canals, located in
the suture between the orbital plates of the frontal and ethmoid bones. A.,
artery; Ant., anterior; Br., branch; Clin., clinoid; Eth., ethmoidal; Fiss.,
fissure; For., foramen; Front., frontal; Gr., greater; Inf., inferior;
Infraorb., infraorbital; Lac., lacrimal; Less., lesser; Max., maxillary;
Med., medial; Men., meningeal; Mid., middle; Ophth., ophthalmic;
Orb., orbital; Post., posterior; Rec., recurrent; Sphen., sphenoidal; Sup.,
superior; Supraorb., supraorbital.

and posterior ethmoidal canals with their corresponding ethmoidal nerves and leave the canals to enter the anterior cranial
fossa at the anterior and posterior ends of the lateral edge of
the cribriform plate (Fig. 13, A–D). The orbital opening of the
ethmoidal canals are located at the junction of the roof and
medial wall of the orbit, along the frontoethmoid suture (Fig.
14F). Intracranially, the ethmoidal canals open on the suture

between the orbital part of the frontal bone and the cribriform
plate. Before reaching the intracranial cavity, the ethmoidal
arteries send branches to the ethmoid sinuses and nasal cavity
and septum. The ethmoidal arteries are prominently enlarged
in vascular tumors or dural AVMs of the anterior fossa.
Intracranially, the anterior ethmoidal artery has also been
called the anterior meningeal artery, especially when its terri-
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FIGURE 15. Superolateral view.
A, part of the roof and lateral wall
of the left orbit have been removed
and the intraorbital structures
exposed to demonstrate the anastomotic pathways between the lacrimal and middle meningeal arteries.
The anterior division of the middle
meningeal artery gives off a medial
branch, which runs medially along
the sphenoid ridge and anastomoses with the lacrimal branch of the
ophthalmic system. In this specimen, there is a dual connection
between the middle meningeal and
lacrimal arteries. The most lateral
artery is the meningolacrimal
branch, a recurrent meningeal branch that pierces the sphenoid wing by passing through the
lacrimal foramen. Another vessel, called the recurrent meningeal artery or sphenoid artery
(shown in B), courses through the superior orbital fissure to create a second anastomosis
between the anterior division of the middle meningeal and the ophthalmic system. B, enlarged
view of A. The meningolacrimal artery has been depressed to expose the tortuous course of the
recurrent meningeal artery, also called the sphenoidal artery, which courses through the lateral
edge of the superior orbital fissure to reach the dura of the middle fossa and parasellar area. C,
lateral view of the left frontal dura. A frontal branch that arises from the ophthalmic artery
passes through the orbital roof to supply the frontal dura, reaching forward to the dura that
covers the frontal pole. A., artery; Ant., anterior; Br., branch; CN, cranial nerve; Div., division; Front., frontal; Lac., lacrimal; Lat., lateral; M., muscle; Men., meningeal, meningo;
Mid., middle; Ophth., ophthalmic; Orb., orbital; Post., posterior; Sphen., sphenoidal.

tory extends to the dura of the frontal convexity (Fig. 2) (32). It
gives origin to the anterior falcine artery, also called the artery
of the falx cerebri, which enters the falx at the cribriform plate
and supplies the anterior portion of the falx cerebri and adjacent dura covering the frontal pole that borders with the dural
territory of the middle meningeal artery (Fig. 13, C–E) (19, 32,
65). The anterior falcine artery may be present on both sides,
but either the right or left may predominate (65). On normal
carotid angiograms, the artery is frequently seen ascending in
the falx near its attachment to the convexity dura (65). It may
enlarge in falx meningiomas and occlusive cerebrovascular
diseases (19). The anterior meningeal branches of the ethmoidal arteries often supply meningiomas from the olfactory
groove and may be seen on angiography to arch along the
surface of the tumor (86). The anterior falcine artery is not
shifted laterally by intracranial masses because it courses
within the rigid falx (65).
The posterior ethmoidal artery passes through the posterior
ethmoidal canal and enters the dura at the posterior margin of
the cribriform plate and supplies the dura of the medial third
of the floor of the anterior cranial fossa, including the planum
sphenoidale, anterior clinoid process, and chiasmatic groove
(Fig. 1). It anastomoses posteriorly with the branches of the
internal carotid artery, laterally with branches of the middle
meningeal artery, and anteriorly with the meningeal branches
of the anterior ethmoidal artery (Figs. 1, 2, and 4).
Recurrent Ophthalmic Arteries. The ophthalmic arteries
may give rise to two recurrent ophthalmic arteries, one super-
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ficial and one deep, that supply the dura. The superficial
recurrent ophthalmic artery generally arises at a sharp angle
from the proximal portion of the ophthalmic artery in the optic
canal and passes backward through the canal to reach the
dura over the anterior clinoid, the adjacent lesser sphenoid
wing, and the anterior and medial parts of the middle fossa
and anastomoses with branches of the middle meningeal artery and posterior ethmoidal artery (Figs. 1, 4, and 14C) (32). It
supplies the dural roof of the cavernous sinus and may infrequently continue as the medial tentorial artery (Tables 1 and 2).
In the lateral angiographic view, it projects above the C4
portion of the carotid siphon crossing the C3 portion under or
on the anterior clinoid process somewhat more cephalad than
the deep recurrent ophthalmic artery (40).
The deep recurrent ophthalmic artery arises from the initial
intraorbital part of the ophthalmic artery and courses laterally,
taking a recurrent course through the annulus of Zinn and the
medial portion of the superior orbital fissure, crossing the
anterior venous space of the cavernous sinus to supply the
dura of the sinus wall bordering the territory of the inferolateral trunk (Fig. 12M). The presence of the deep recurrent
ophthalmic artery is closely related to the embryological process that results in the adult form of the ophthalmic artery.
Initially, the primitive ophthalmic artery arises from two
sources, the anterior cerebral artery and the intracavernous
carotid artery. The ophthalmic artery arising from the anterior
cerebral artery undergoes a process of migration to arise from
the paraclinoid internal carotid. The ophthalmic artery arising
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from the intracavernous carotid also undergoes regression to
become the deep recurrent ophthalmic artery (40). A cavernous origin of the ophthalmic artery, either with or without an
ophthalmic artery arising in the usual intradural location, has
been reported in 6 to 8% of the cases (21), a finding explained
by the persistence of a part of the primitive ophthalmic artery.
When there are two ophthalmic arteries, one passing through
the optic canal and one through the superior orbital fissure,
either may be dominant.
Lacrimal Branch. The most important collateral blood
supply to the orbit is the middle meningeal artery and, in a
reverse manner, the ophthalmic arterial system can provide
flow to the territory of the middle meningeal artery and its
branches through the anastomoses between the anterior
branch of the middle meningeal artery and the lacrimal branch
of the ophthalmic artery (Fig. 15) (11). The presence of arterial
connections between the ophthalmic system and the middle
meningeal artery has its origin in the embryonic development
of the stapedial artery (62) and involves the persistence of
anastomoses that are normal at one stage of the development
but later regress (46, 48). In the 20-mm embryo, the primitive
stapedial artery divides into maxillomandibular and supraorbital divisions. The maxillomandibular division penetrates the
foramen spinosum and is annexed by the external carotid
artery to form the maxillary artery and extracranial segment of
middle meningeal artery. The supraorbital division is responsible for the formation of the intracranial segment of the
middle meningeal artery and the ophthalmic artery (14, 48).
The supraorbital division also gives off a branch near the
superior orbital fissure that courses medially along the posterior edge of the lesser wing of the sphenoid to be distributed
to the anterior clinoid process and roof of the cavernous sinus,
participating in the supply of the oculomotor and trochlear
nerves and sometimes coursing posteriorly as the medial tentorial artery. This arterial branch provides the link between the
intraorbital vessels (lacrimal or ophthalmic) and the branches
of the carotid siphon (36). In the adult, this artery probably
corresponds to the superficial recurrent ophthalmic artery.
Partial or complete persistence of the branches of the primitive supraorbital artery, one of which forms the ophthalmic
artery and the other the middle meningeal artery, explains
both the dependence of the orbital vascularization on the
middle meningeal artery and the variable participation of the
ophthalmic artery in vascularization of the convexity dura
(Fig. 15C) (42, 48). If the proximal portion of the ophthalmic
artery regresses, the adult ophthalmic artery originates not
from the internal carotid artery but rather from the middle
meningeal artery. A unilateral middle meningeal artery origin
of the ophthalmic artery was seen in 2 of 170 anatomic specimens and 3 of 3500 cerebral angiograms (11, 46). Demonstration of this anomaly bilaterally is extremely rare; only four
cases have been reported (84). An ophthalmic origin of the
middle meningeal artery can be detected in skulls by the
absence or reduced size of the foramen spinosum and/or the
absence, attenuation, or interruption of the osseous sulcus for
the middle meningeal artery along the floor of the middle
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fossa and has been found in 10% of specimens (11, 58, 78).
Elevation of the dura from the greater and lesser wings of the
sphenoid, removal of the sphenoid ridge, or embolization
procedures involving the external carotid artery risks blindness in patients with a middle meningeal origin of the ophthalmic artery (46, 48, 84). If the primitive supraorbital branch
that forms the ophthalmic artery persists but its anastomoses
with the branch that forms the middle meningeal artery regresses, the resultant anomaly includes an ophthalmic artery
that supplies only the globe and remains separated from intraorbital extraocular branches (muscular and lacrimal
branches), which are then supplied by the middle meningeal
artery.
The ophthalmic artery complex can supply the dura of the
convexity and related lesions by three different anomalous
meningeal vessels. The most common, found in 0.5% of angiograms, is the middle meningeal artery that originates from
the ophthalmic artery. The ophthalmic artery may also supply
dural lesions through an anterior branch of the middle meningeal artery or an accessory meningeal artery that arises from
the ophthalmic artery. The anatomicoradiological features of
anomalous meningeal branches arising from the ophthalmic
artery are typical. These vessels usually arise at the point at
which the ophthalmic artery passes above the intraorbital
optic nerve near the origin of the posterior ethmoidal artery
and pass upward through the superior orbital fissure to reach
the cranial dura. Meningeal vessels of ophthalmic origin and
related lesions are opacified exclusively by internal carotid
artery injection, whereas external carotid artery injection fails
to visualize them. The anterior branch of the middle meningeal artery and the accessory meningeal artery of ophthalmic
origin may be distinguished on angiograms from the anterior
falcine artery because the latter branch courses near the midline in the anteroposterior view and a few millimeters inside the
frontal convexity in the lateral view, whereas the anterior branch
of the middle meningeal artery and the accessory meningeal
artery of ophthalmic origin have a more lateral course, away
from the midline in the anteroposterior view and posterior to the
frontal convexity in the lateral view (48). The anastomotic ramus
between the lacrimal and the middle meningeal arteries usually
enters the orbit through the superior orbital fissure; however, in
as many as 50% of dissected specimens, an additional foramen
can be seen in the greater wing of the sphenoid (Fig. 14, A–C) (36,
58). This foramen, called the lacrimal foramen, has also been
called the Hyrtl, meningo-orbital, cranio-orbital, sinus canal, or
sphenofrontal foramen (11, 58).
The lacrimal foramen is composed of multiple openings in 5 to
15% of the cases and occupies a variable position relative to the
superior orbital fissure (11, 58). The lacrimal foramen can be
located lateral to the superior orbital fissure or confluent with its
lateral end (Fig. 14, A–C) (11). Two middle meningeal branches
can coexist: one penetrating the orbit through the superior orbital
fissure and the other, the lacrimal foramen. The branch that
passes through the lacrimal foramen is referred to as the meningolacrimal artery, and the one entering the orbit through the
superior orbital fissure is called the recurrent meningeal or sphe-
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noidal artery or the orbital branch of the middle meningeal artery
(Fig. 15, A and B). Sometimes the meningolacrimal artery is intact
distally but fails to anastomose proximally with the middle meningeal artery and instead breaks up into a fine anastomotic
plexus within the dura (11). The recurrent meningeal artery
(sphenoidal artery) runs in the sphenoparietal sulcus, on the
lower edge of the sphenoid ridge, with the sphenoparietal sinus.
This artery is long and tortuous, whereas the meningolacrimal
has a short, straight path to the orbit and to its anastomosis with
the lacrimal artery (Fig. 15, A and B). The recurrent meningeal
artery (sphenoidal artery) may be associated with a laterally
expanded superior orbital fissure (Fig. 14C). The meningeal
branches of the ophthalmic artery, because of this variable distribution, should be carefully studied in sphenoid ridge, frontobasal, and anterior falcine tumors. A common angiographic finding in these lesions is enlargement of the ophthalmic artery (32).
Anterior Cerebral Artery. Dural branches can arise at two
levels along the anterior cerebral artery (36). The olfactory
branches arise more proximally on the anterior cerebral artery,
course on the olfactory bulb, and may anastomose with the
olfactory branches from the ethmoidal arteries in the region of
the cribriform plate (Fig. 1). Farther distally, the pericallosal
artery can send branches to the free margin of the falx, which
anastomose anteriorly with the anterior falcine branch of the
ophthalmic artery and posteriorly with the dural branches
from the posterior cerebral artery (Fig. 5) (36).

Vertebrobasilar System
The vertebral, anteroinferior cerebellar, or posterior cerebral arteries may send branches to the dura.

Vertebral Artery Branches
The anterior and posterior meningeal arteries arise from the
extracranial segment of the vertebral artery and supply a
portion of the posterior fossa dura (Figs. 1–7).
Anterior Meningeal Artery. The anterior meningeal artery arises from the vertebral artery at the level of the C2,
passes medially through the C2–C3 intervertebral foramen in
front of the C3 root, and courses upward near the midline,
sending several twigs to the anterior dura along its course (Fig.
16A). These paired arteries join to form an arch in the dura at
the level of the apex of the dens, which gives off multiple fine
rami to the dura in the atlanto-occipital space (10, 17, 51).
Intracranially, the anterior meningeal artery anastomoses with
the hypoglossal branch of the ascending pharyngeal artery
(Figs. 1 and 6) (17, 18, 44, 51).
The anterior meningeal artery can be identified in approximately 50% of subtraction angiograms (58). Its small size
results in only the first 1 to 1.5 cm of its course being seen
angiographically (17, 60). In the frontal angiogram, it is seen to
arise from the medial aspect of the vertebral artery and
courses upward toward the foramen magnum. In the lateral
angiogram, its initial segment is projected behind the vertebral
artery, but it is subsequently seen in the anterior portion of the
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spinal canal, immediately posterior to the vertebral bodies and
anterior to the anterior spinal artery (17, 51, 60).
Posterior Meningeal Artery. The posterior meningeal artery usually arises from the third segment of the vertebral
artery, which runs in the groove for the vertebral artery on the
upper edge of the posterior arch of the atlas (Fig. 16, B–D). Its
origin is usually closer to the dural entrance than to the
transverse foramen of the atlas. Its initial course is along the
upper posterior aspect of the extradural vertebral artery toward the posterolateral edge of the foramen magnum, where
it enters the intracranial dura. It ascends posterosuperiorly,
nearly parallel to the internal occipital crest, to reach the
attachment of the cerebellar falx. Around the level of the
external occipital protuberance, the artery bifurcates and anastomoses with the meningeal branches of the occipital and
middle meningeal arteries (Figs. 5, 7, and 16, D and E) (80).
The posterior meningeal artery can be divided into an extracranial and an intracranial portion. The extracranial portion
is tortuous, probably as a response to the motility of the neck
(51), and extends from the origin to the atlanto-occipital space
(Fig. 16, C and D). The intracranial portion shows a relatively
straight configuration (Fig. 16, D and E) (60). This pattern on
angiography facilitates differentiation of the posterior meningeal artery from the branches of the posteroinferior cerebellar
artery. The posterior meningeal artery, seen on 30 to 40% of
the angiograms, is easier to identify on lateral than on anteroposterior films (51, 60).
The posterior meningeal artery may also originate from the
occipital artery, the hypoglossal branch of the ascending pharyngeal artery, the cervical internal carotid artery, and the posteroinferior cerebellar artery (Fig. 16F) (33, 80). Its origin from an
artery supplying the brain parenchyma can result from the persistence of the preexisting anastomotic channels between the
primitive cerebral and meningeal vessels and regression of the
proximal stem of the posterior meningeal artery.

Subarcuate Branch of the Anteroinferior Cerebellar Artery
The subarcuate artery usually originates medial to the porus of
the internal acoustic meatus from the lateral pontine segment of
the anteroinferior cerebellar artery (AICA) and penetrates the
dura covering the subarcuate fossa to enter the subarcuate canal
(Fig. 16, G and H). It may also arise as a branch of the labyrinthine
artery, which also arises from the AICA, or from a cortical branch
of the AICA, in which case it is called a cerebellosubarcuate
artery. In the few cases in which the artery arises inside the
internal acoustic canal, it reaches the subarcuate canal after a
short recurrent course through the porus of the canal or by
piercing the meatal roof (67, 68). The subarcuate artery anastomoses with the branches of the stylomastoid artery within the
petrous bone, the branches of the middle meningeal artery running over the superior surface of the petrous bone, and the
mastoid branches of the occipital artery. It supplies the dura
along the superolateral edge of the internal acoustic meatus and
adjacent posterior surface of the petrous bone and ends near the
center of the superior semicircular canals (Figs. 1 and 6). Al-
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FIGURE 16. A, posterior view. An
upper cervical laminectomy and suboccipital craniotomy have been completed, and the spinal cord has been
retracted to expose the anterior meningeal artery. The anterior meningeal
artery arises from the anteromedial
surface of the extracranial vertebral
artery, between the C2 and C3 transverse processes, and ascends to anastomose with its mate from the opposite
side, forming an arc at the level of the
apex of the dens that gives off multiple
fine rami to the dura of the atlantooccipital space. The anterior meningeal artery anastomoses with the hypoglossal and jugular branches of the
ascending pharyngeal artery to supply the dura of the lateral portion of
foramen magnum. The second, third,
and fourth segments of the vertebral
artery are labeled. B, posterior view of
the craniocervical junction in another
specimen. The right superior oblique
muscle has been resected and the rectus capitis posterior major reflected
downward to expose the posterior
meningeal artery arising from the
third segment of the vertebral artery,
which courses in a bony sulcus on the
upper edge of C1. C, enlarged view of
B after a suboccipital craniotomy. The
third segment of the vertebral artery is
located between the transverse process
of the atlas and the dural entrance and
gives rise to the posterior meningeal
artery near the dura entrance, then
the transverse process of C1. The extracranial course of the posterior meningeal artery is tortuous to compensate for the mobility of this cervical
segment. A lateral branch of the posterior meningeal artery runs toward
the occipital condyle. The posterior condylar vein passes through the condylar canal. D, the posterior meningeal
artery ascends, nearly parallel to the internal occipital crest, to reach the dura over the medial cerebellar fossae
and falx cerebelli and above the torcula to reach the dura of the falx cerebri. E, posterior view of the torcula area.
The posterior meningeal artery anastomoses with the meningeal branches of the ascending pharyngeal artery and
mastoid branch of the occipital artery at the level of the foramen magnum and over the cerebellar fossae. Above
the torcula, the posterior meningeal artery anastomoses with the petrosquamosal and parieto-occipital branches
of the middle meningeal arteries.

though not seen angiographically, the subarcuate artery is involved in the formation of the leptomeningeal collateral circulation that develops after AICA occlusion (42).

Posterior Cerebral Artery
The posterior part of the falx cerebri and the adjacent medial part
of the tentorium may be supplied in part by a meningeal branch of
the posterior cerebral artery. The posterior cerebral branch has also
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been referred to as the artery of Davidoff and Schechter (Figs. 3 and
5) (85). This artery originates from the peduncular or ambient segment of the posterior cerebral artery, courses around the brainstem
to the midline, and makes a sharp angulated upward turn to pierce
the tentorium and supply the tentorium and adjacent falx cerebri.
An enlarged meningeal branch of the posterior cerebral artery has
been identified angiographically in vascular tumors and AVMs
involving the falcotentorial junction (85). A meningeal branch of the
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FIGURE 16. Continued. F, posterior
view. The left posterior meningeal artery has an anomalous origin from posteroinferior cerebellar artery. At the
level of the cisterna magna, the caudal
loop of the posteroinferior cerebellar artery gives rise to a meningeal branch,
which pierces the arachnoid to supply
the territory of the posterior meningeal
artery. G, posterior view of the right
cerebellopontine angle. The AICA gives
off the subarcuate and labyrinthine arteries. The subarcuate supplies the dura
covering the superolateral portion of the
posterior petrous temporal bone. H, posterior view of the right petrous bone
adjacent to the subarcuate fossa. The
dura lateral to the petroclival fissure has
been removed to expose the subarcuate
artery entering the subarcuate fossa. A.,
artery; A.I.C.A., AICA; Ant., anterior;
Asc., ascending; Atl., atlas, atlantal;
Br., branch; C1, first cervical nerve; C2,
second cervical nerve; C3, third cervical
nerve; CN, cranial nerve; Cap., capitis;
Cond., condylar; Dors., dorsal; Endolymph., endolymphatic; Flocc., flocculus; For., foramen; Gang., ganglion;
Int., internal; Intermed., intermedius;
Jug., jugular; Labyr., labyrinthine;
Lat., lateralis; M., muscle; Maj., major; Men., meningeal; Mid., middle; Min., minor; N., nerve, nervous; Occip., occipital; Pet., petrosal; Pharyng., pharyngeal; P.I.C.A.,
posteroinferior cerebellar artery; Post., posterior; Subarc., subarcuate; Suboccip., suboccipital; Sup., superior; Transv., transverse; V., vein; V.A.2, vertebral artery second
segment; V.A.3, vertebral artery third segment; V.A.4, vertebral artery fourth segment.

posterior cerebral artery could not be identified in this study or in a
previous study from this laboratory (89). However, the senior author (ALR) has noted the presence of this variation in studies related
to other areas.

CLINICAL CONSIDERATIONS
Pial AVMs
The knowledge of a meningeal contribution to an AVM is
important in planning their surgical and endovascular treatment. AVMs, although fed predominantly by parenchymal
arteries, may also be fed by meningeal arteries. The contribution of the meningeal branches from internal carotid or vertebral arteries in subtentorial AVMs has been well documented,
but their supply to supratentorial pial malformations is less
common than that from branches of the external carotid artery
(56). However, the contribution from the internal carotid and
vertebral arteries may be significant in some pial malformations, with important therapeutic implications (56, 77). The
involvement of the dural arteries in pial AVMs occurs because
of an error in the embryological stratification of the vascular
system into superficial, dural, and pial vessels (62, 79). In these
cases, collateral pathways develop to perfuse the ischemic
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hemisphere surrounding the AVM during growth of the lesion or after partial treatment (62).
Fifty percent of the pial AVMs receive a contribution from
meningeal branches of the external carotid artery (56). The frequency of meningeal contribution is significantly higher in temporal, parietal, and occipital lesions and in larger ones displaying
greater shunting and steal phenomena on angiography. In diffuse, superficial malformations, rates of meningeal supply have
varied from 42 to 65% (56, 77), involving primarily branches of
the middle meningeal and accessory meningeal arteries. Occipital and parietal malformations often received a contribution from
the occipital, the middle meningeal, and occasionally the posterior meningeal arteries. The incidence of transdural blood supply
increased as shunt volume and age increased, and it can even
develop after treatment. In patients who had no meningeal contributions to pial lesions before embolization, this collateral dural
supply developed during a mean time of 12 months in as much
as 25% of cases (77). Ignoring the initial presence or subsequent
development of dural supply to a pial malformation may result
in part of a nidus being untreated (77).

Dural AVMs
Dural AVMs, consisting of a nidus of arteriovenous shunting within the dura, compose 6 to 15% of all intracranial
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AVMs (1, 9, 24, 25, 41, 58), 6% of supratentorial, and 35% of
infratentorial malformations (6, 49, 87). They are thought to be
the result of enlargement of normal arteriovenous anastomoses within the dura (1, 22, 29, 58) after venous thrombosis and
other injuries, including surgery, that may trigger a process of
inflammation, neovascularization, and angiogenesis (36, 58).
They can also be acquired after trauma or rupture of an
aneurysm (22, 58, 63) that produces a communication between
the dural arteries and veins and emphasizes the role of venous
hypertension in the origin of these lesions (23). The arterialization of the venous flow causes turbulence and changes in
the venous wall that make thrombus formation more likely. In
this setting, diffusely elevated intracranial pressure or hydrocephalus is attributable not only to the fistula but also to a
progressive thrombosis of the venous pathways (41). The volume of the arteriovenous shunt in a dural malformation is
considered insufficient to produce significant cerebral arterial
ischemia caused by steal, as seen with parenchymal AVMs (24,
41). However, significant retrograde drainage with increased
pressure in adjacent cortical veins caused by extensive sinus
thrombosis may result in seizures, focal ischemic deficits, or
intracranial hemorrhage.
Frequent sites of dural AVMs include the transverse and
sigmoid sinuses, followed by the cavernous sinus, anterior
cranial base, and tentorium (6, 9). Lesions located in the tentorium, torcular area, anterior cranial base, and superior sagittal sinuses are especially prone to produce seizures, deficit,
or hemorrhage (1, 9), whereas those at the transverse sigmoid
and cavernous sinuses tend to have a more benign course,
although no location is immune to producing neurological
dysfunction (1).
Dural AVMs are most frequently supplied by the following
external carotid branches: the occipital artery (54%), the middle meningeal artery (32%), and the ascending pharyngeal
artery (21%) (6, 9). The most frequent internal carotid contribution is from the meningohypophysial trunk (25%). The most
commonly involved vertebral branch is the posterior meningeal artery (18%). Dural AVMs involving the cavernous, superior sagittal, and straight and transverse sinuses and the
torcular area often receive an arterial contribution from the
contralateral side (6).
Generalized central nervous symptoms, such as increased
intracranial pressure, communicating hydrocephalus, secondary macrocephaly or papilledema, and secondary visual atrophy in the setting of a dural AVM, are considered to be the
result of venous hypertension and stasis, whereas focal deficits, such as seizures, aphasia, motor weakness, and transient
ischemic attacks and intracerebral hemorrhage, are considered
to be a result of the pattern of venous drainage (sinusal versus
leptomeningeal drainage) (1, 9, 25, 41, 49, 87). Cranial nerve
deficits may be a result of steal, because the tiny meningeal
arteries that supply the cranial nerves are directly involved in
the AVM. The location of a dural AVM can help explain some
of its clinical features. Tinnitus is perceived whenever the
drainage involves a dural sinus in direct contact with the
petrous pyramid, and exophthalmos is seen primarily with
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cavernous lesions. Lesions situated in the anterior fossa and
tentorium have a higher risk of focal hemorrhagic complications, because the venous drainage in these areas usually
involves cortical veins.
The natural history of dural AVMs is highly variable (1, 9).
Patients may remain asymptomatic or have minimal symptom
for many years (1, 47), but a small group will present with
progressive deficits. Intradural hemorrhage may result in sudden deterioration (1, 6). Classifications based on angiographic
findings have been used to predict the types of malformations
and associated complications and to direct the therapeutic
approach (5, 9). In a group of patients with dural AVMs
followed up for a mean duration of 6.6 years, the risk of
hemorrhage reached 1.8% per year, with most hemorrhages
occurring within 3 years of diagnosis (6). The risk of hemorrhage from dural AVMs is nearly the same as that of an
intraparenchymal malformation and is greater in patients harboring a venous varix. Sinus or venous outflow occlusion,
which may occur during or after cerebral angiography, may
infrequently result in improvement (6, 9, 24, 41, 49). Tinnitus,
which was the most common presenting symptom (39%),
improved spontaneously in half of the patients over the years
(6).
Nonoperative monitoring of dural AVMs may be appropriate in selected cases, because spontaneous regression, thought
to be related to thrombosis, may occur (41, 47). Bleeding with
hematoma formation and associated edema or vasospasm
may also promote thrombosis by reducing blood flow. Arteriosclerosis has also been suggested as a factor influencing
spontaneous regression (47).
Dural AVMs are treated by arterial embolization, transvenous occlusion, surgical excision, sinus skeletonization, or
radiation therapy, often used in combination (1, 9, 36, 49, 58).
Embolization or occlusion of the venous components of the
lesion results in regression of the arterial feeders. This is in
contrast to AVMs of the brain, in which venous occlusion
carries a high risk of nidal rupture and disastrous bleeding
(58). Angiographically defining the dural contributors, which
are often from several sources, is important because transarterial embolization may be used to treat or palliate symptoms,
such as tinnitus, in malformations that cannot be embolized
transvenously (24, 58). However, these lesions are infrequently cured by transarterial embolization because of the
recurrence or persisting formation of tiny dural collaterals.
Surgical therapy, with or without preparatory embolization,
aimed at resecting the dural leaflets and sinus harboring the
lesion and disconnecting the leptomeningeal vascular pathways, which are the source of serious neurological sequelae,
remains an effective therapeutic option (1, 24, 49).

Dural Aneurysms and Arteriovenous Fistulae
Damage to the middle meningeal artery with cranial fractures may cause epidural hematomas, traumatic aneurysms,
and arteriovenous fistulae (27). Arteriovenous fistulae involving the dural branches of the external carotid artery account
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for 11% of all fistulae involving the carotid artery and 7% of
the arteriovenous fistulae of the head and neck (66). These
lesions have a tendency to undergo spontaneous resolution
(13, 71).
Traumatic aneurysms occur in 0.09 to 0.4% of head injuries,
of which 27% are false aneurysms of the middle meningeal
artery (13). A fracture line is found in all of these cases, and
almost all of the fractures (92%) cross the groove of the middle
meningeal artery (7, 13, 23). Of the traumatic aneurysms, 85%
are located in the temporal region, 10% in the occipital region,
and 5% in the frontal region.
The intracranial part of the middle meningeal artery has
thinned areas and medial defects. Trauma resulting in a tear of
these areas may be followed by hematoma formation confined
within the dural layers, thus limiting the bleeding. As the
hematoma resolves and the wall fibroses, a small pseudoaneurysmal sac may develop, with subsequent rupture. The
aneurysm may be located in the weakest part of the arterial
wall but not necessarily adjacent to or beneath the fracture line
(23). The most frequent presentation of a traumatic pseudoaneurysm, occurring in 70% of the cases, is with an acute or
delayed epidural hematoma. False aneurysms of the middle
meningeal artery can also be associated with subdural, subarachnoid, or intracerebral hemorrhage or with a mixed type
of bleeding. Injury to the meningeal vessel may also produce
a fistulous communication between the artery and the accompanying diploic vein (7, 13). The interval between trauma and
secondary pseudoaneurysm rupture ranges from 1 to 30 days
(7, 13, 71).
Histological examination of this lesion reveals fibroconnective tissue, with loss of the normal arterial layer, surrounding
the hole in the arterial wall (13, 23). On angiography, meningeal pseudoaneurysms have specific characteristics. They are
peripherally located, lack a neck, and have an irregular slowly
filling and emptying sac usually visible only in the late stages
of selective external carotid artery injections (7, 13). Contrast
medium may settle in the aneurysm and the preaneurysmal
and postaneurysmal segments of the middle meningeal artery
may not opacify at the same time. Documented angiographic
enlargement suggests that rupture is imminent (13). The high
mortality rate, reaching as high as 13 to 20%, partially reflects
the severity of the initial trauma and makes surgical extirpation reasonable (7, 13).
True saccular aneurysms of the middle meningeal artery are
extremely rare and are associated with pathological conditions
such as Paget’s disease, arterial hypertension, dural AVM,
meningiomas, cavernous hemangiomas, moyamoya disease,
occlusion of a cerebral artery, or abnormal site of origin of a
meningeal artery (28) that chronically increases blood flow
and hemodynamic stress on the wall. Histologically, these
lesions are similar to their subarachnoid counterparts (90).
Subarachnoid hemorrhage has occurred secondary to rupture of a saccular aneurysm of a dural branch of the ascending
pharyngeal artery (59) and in patients harboring aneurysms of
the middle meningeal and accessory meningeal arteries (90).
These cases have been cited as documenting the need to assess
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the dural blood supply angiographically if standard fourvessel cerebral angiography does not reveal the cause of the
subarachnoid hemorrhage.

Moyamoya Disease
The development of a meningeal contribution to brain flow
in moyamoya disease is believed to occur in response to the
gradual cerebral ischemia caused by progressive occlusion of
the carotid siphons (77). These transdural anastomoses develop more frequently around the base of the brain, near the
site of carotid occlusion. It is important to evaluate the degree
of transdural anastomoses if a surgical procedure is being
considered, because the operation may result in loss of these
compensatory anastomoses.

Revascularization Procedures
Yaşargil (88) proposed the use of the middle meningeal
artery for revascularization if the superficial temporal or the
occipital arteries are unsuitable for anastomosis (61). The middle meningeal artery is easily exposed and large enough for a
direct anastomosis to the middle cerebral artery (61). It is
thinner and more like the cortical vessels, and its proximity to
the cortical vessels facilitates the exposure. The use of the
middle meningeal artery avoids the risk of postoperative skin
necrosis seen after mobilization of the superficial temporal
artery and facilitates the bone closure. However, the artery is
susceptible to damage during the craniotomy, and the dura
containing the middle meningeal artery is not as mobile as the
superficial temporal artery, thus limiting the extent and number of cortical branches that might be considered for
anastomoses.

Recurrent Chronic Subdural Hematomas
Changes in the dural arteries may play a significant role in
the development of a recurrent subdural hematoma. A recurrence rate of approximately 10% has been reported (50). Histological study of the vascular structures between the dura
and the outer membrane of the hematoma reveals arteries
originating from branches of the middle meningeal artery that
entered the outer membrane, possibly developing as a result
of the inflammation that follows hemorrhage.
Reports on the angiographic findings of chronic subdural
hematomas are rare, but they point to dilation of the middle
meningeal artery and the presence of scattered abnormal vascular networks, which were considered to be macrocapillaries
in the outer membrane (50). On the basis of these findings,
multirecurrent subdural collections have been treated successfully with embolization of the middle meningeal artery. After
embolization, no enlargement of the hematoma was seen, and
complete resolution of the hematoma was gradually obtained,
suggesting that embolization of the middle meningeal artery
can be used as a therapeutic adjunct in recurrent chronic
subdural hematomas (50).
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Migraine Headache
Migraine headaches have been postulated to arise from
dural arteries, including the middle meningeal, with disturbed
control mechanisms. It is often assumed that dural blood
supply is dependent only on humoral or efferent neuronal
mechanisms and that it is not autoregulated, because the dura
seems to be a tissue without major metabolic demand. However, dural arteries are innervated by sympathetic, parasympathetic, and sensory neurons, all of which have the potential
to alter caliber and flow within the arteries. It has been demonstrated that the middle meningeal artery possesses the ability to autoregulate its blood flow through intrinsic, non-neural
mechanisms, and in this respect, it resembles the cerebral
rather than the extracerebral circulation (55).

Neoplasms and Chronic Meningitis
Neoplasms involving the meninges are frequently associated
with enlargement of the local meningeal branches. Although meningiomas are the most notorious among those lesions, almost any
tumor, including lymphomas, metastases, and gliomas that invade
the dura, may cause such alterations (65). Hypervascularity, as seen
in pachymeningitis, is also a prominent morphological and angiographic feature involving the meningeal vessels.

CONCLUSION
The meningeal arteries form a complex and variable anastomotic network involved in numerous neurological and neurosurgical pathological conditions. A knowledge of their microsurgical anatomy and their assessment on pretreatment
evaluations plays a major role in safe and accurate treatment.
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T

ruly seminal contributions to the body of knowledge, in any
discipline, are rare. Throughout the history of medicine, such
contributions have often included canons that synthesize previous knowledge and present it in new light, altering forever how
scholars study, teach, interpret, and apply a given subject. Such
contributions of Galen, Avicenna, the anatomists of Padua, Willis, Virchow, and others are clear and compelling, as are those
who have more recently cast ahead of us nets of cellular, molecular, psychosocial, or computational dimensions of medicine.
Professor Rhoton’s work, and in particular this extraordinary
compendium of knowledge by Martins et al. regarding the anatomy of pachymeningeal arteries, achieves comparable legitimacy
and impact. No student of neurosurgery will consider the anatomy of dural vessels the same way after perusing this work nor
forget the simple but brilliant illustrations. No scholar will study,
teach, or perform research in this field in the future without
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reference to this work. In this article, the authors clarify, organize,
synthesize, and add novel knowledge, and they use original
dissections, digital images, and their mature artistic style to enhance their message. They present the simple and more esoteric
aspects of the subject with equal grace, as in implications for flap
viability in everyday neurosurgery or the variants of dural supply at the falx or tentorial incisura. They never neglect clinical
applications to key diseases (e.g., blood supply to dural-based
tumors and clinical manifestations of dural arteriovenous malformations) or optimization of surgical approaches to these and
other pathological entities. It is an honor to review this article
and a privilege to have selfishly enjoyed it before others.
Issam A. Awad
Evanston, Illinois

I

n this, probably the most detailed anatomic account of the
dural arterial supply in the literature, the authors complement
the exquisite work of Professor Lasjaunias in describing the
intracranial dural branches of the carotid and vertebral vessels.
The clinical implication of the detailed understanding of these
vessels lies in the assessment and treatment of two main entities:
dural arteriovenous malformations/fistulae and cranial base tumors (primarily meningiomas). In the latter pathological settings,
some of the described dural vessels can enlarge significantly in
diameter and can recruit contralateral dural supply distinctly
different from the described normal anatomic patterns. We commend the senior author, Professor Rhoton, for his continued
contributions to the anatomic basis of microsurgical techniques.
M. Gazi Yaşargil
Little Rock, Arkansas
Saleem I. Abdulrauf
St. Louis, Missouri
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T

he authors present an elegant and comprehensive microanatomic review of the arterial supply to the intracranial
dura. The value of this study is obvious: the safety and efficacy
of surgical treatment of dural-based neoplasms and vascular
lesions depends on knowledge of their vascular supply. The
allure of dural vascular anatomy often suffers in comparison
to cerebral vascular anatomy, but this article helps to bring
fresh attention and corrective action to this deficit.
Robert M. Friedlander
Boston, Massachusetts

M

artins et al. have provided us with a superb study on the
microsurgical anatomy of the dural arteries, which
surely will become a landmark paper on this topic. As pointed
out by the authors, when dealing with cerebrovascular disease, one should have a deep understanding of this anatomy.
In endovascular neurosurgery, this knowledge is fundamental
not only to obtain better results, but also, and more importantly, to prevent complications. When performing embolization for tumors, arteriovenous malformations, and arteriovenous fistulas, anastomoses between dural arteries and brain
vessels, which are sometimes not visualized on angiographic
images, can lead to very serious complications. Awareness of
such an occurrence is the best, and sometimes the only, way to
avoid a potential adverse event. Once again, the work of
Rhoton’s group—in this case, a collaboration of Brazilian neurosurgeons under the tutelage of Dr. Rhoton—helps us to
better understand the anatomy of such a complex vascular
system.
Ricardo A. Hanel
L. Nelson Hopkins
Buffalo, New York
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