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 v

In July 1927, E. Moniz presented at the Congress of the Neurological French Society 
in Paris his first experiences with a new method to study the cerebral vessels that he 
called “l’encéphalographie artérielle” (Moniz 1927). Cerebral angiography was thus 
born.

Since then, much technical progress has been made, starting with the introduction 
of the catheter technique (Seldinger 1953), the subtraction (Ziedses des Plantes 1963), 
followed by the use of more and more suitable catheters, guide wires, and less toxic 
contrast media, characterizing the evolution of cerebral angiography, which has pro-
gressively developed into an important neuroradiological diagnostic method. Later, 
in the 1980s, the basis of the endovascular treatment aimed at treating extracranial 
pathologies first followed by intracranial ones.

Diagnostic and therapeutic angiography has today reached a high technical stan-
dard present in all neuroradiological units. Its technical aspects have already been 
described in detail in previous works. Describing it again would be unnecessary.

The target of this book is to present, on the basis of findings obtained mainly by 
cerebral angiography, a study of the normal anatomy of cerebral vessels, covering the 
most and least frequent findings, their functions, and possible implications in patho-
logical situations.

The second part of the book is dedicated to the various vascular pathologies 
emphasizing, in particular, those changes of the anatomy responsible for the clinical 
symptoms. Tumor pathology has not been described; however, some lesions involv-
ing the skull base and meningiomas have been covered.

Certainly, the evolution of new methods (angio-CT, angio-MR, ultrasound) allows 
us to effectively study cerebral vessels. In many cases, when the diagnosis is not clear 
or when specific details are required to understand the clinical symptoms or to plan 
the therapy, cerebral angiography remains the method of choice.

This is not a book about endovascular treatments. However, different pathologies 
have been discussed along with examples to provide a better understanding of this 
type of therapy.

We hope that this book will be of practical use for all physicians involved in the 
study of cerebral vessels and treatment of vascular pathology.

G.B. Bradac
E. Boccardi

Preface
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The study of the cranial cerebral vessels begins at the 
aortic arch. Short considerations about their embryo-
genesis are necessary.

In the embryogenesis, the brachiocephalic vessels 
develop from several primitive vascular arches. The 
progressive involution of these vascular structures 
leads to the formation of the final normal aortic arch, 
which is characterized by the persistence of the left 
fourth primitive arch, from which arise (right to left) 
the brachiocephalic trunk (innominate artery), the 
left common carotid artery, and the left subclavian 
artery. From the brachiocephalic trunk arise the right 
common carotid artery and the subclavian artery,  
giving off the right vertebral artery. The left vertebral 
artery arises from the left subclavian artery (Figs. 1.1 
and 1.2).

Changes in this embryogenic process (Haughton 
and Rosenbaum 1974; Beigelman et al. 1995; Morris 
1997; Osborn 1999) lead to anomalies of the aortic 
arch and the origin and course of the brachiocephalic 
vessels. Among the most frequent and simple anom-
alies are the common origin of the left common 
carotid artery (LC) and the brachiocephalic trunk or 
origin of the LC from the brachiocephalic trunk. The 
left vertebral artery can arise from the aortic arch. In 
addition, the right vertebral artery may originate 
from the aortic arch, but this is a very rare condition. 
(Figs. 1.3 and 1.4).

Less frequent, complex conditions are those con-
cerning the laterality of the aortic arch and changes in 
the origin of the brachiocephalic vessels. An excep-
tional anomaly is a double aortic arch.

In the majority of cases, these anomalies are asymp-
tomatic, being discovered during an angiographic 
study performed for a cerebral pathology. However, 

Aortic Arch and Origin of the Cranial 
Cerebral Arteries 1

Fig. 1.1 Normal aortic arch, magnetic resonance imaging 
(MRI) angiography. Brachiocephalic trunk (BR), from which 
arise the right common carotid artery (RC) and right subcla-
vian artery (RS). Common left carotid artery (LC), left subcla-
vian artery (LS). Normal origin of both vertebral arteries (VA). 
The bifurcation of the two common carotid arteries is well 
demonstrated
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the possibility of such anomalies should be taken into 
account by the angiographer. Infrequently, dysphagia 
and congenital heart disease can be present, especially 
in an aberrant course of the right subclavian artery and 
in the right aortic arch (Figs. 1.5–1.7).

From each common carotid artery arises the exter-
nal carotid artery which supplies mainly the extra cra-
nial territories and the internal carotid artery which 
intracranially divides in its branches responsible of the 

vascularization of the corresponding cerebral hemi-
sphere. The vertebral arteries appear first as segmental 
channels in the cervical area and are connected later 
proximally with the developed subclavian artery. The 
vertebral arteries unite intracranially continuing in the 
median single basilar artery which replaces the primi-
tive double basilar artery. From the vertebral and basi-
lar arteries arise the branches supplying brainstem and 
cerebellum.

At the 6-7 weeks of the fetal development (DeVriese 
1905; Padget 1944–1948) at the base of the cerebrum 
both carotid and basilar arteries are connected to each 
other by the way of small channels forming the circle 
of Willis (1684). Both anterior cerebral arteries are 
linked by the anterior communicating artery, and each 

Fig. 1.2 Normal aortic arch angiogram with typical origin of 
the left and right common carotid arteries (LC, RC). Subclavian 
arteries (RS, LS), asymmetry of the vertebral arteries (VA). That 
of the left is hypoplastic

Fig. 1.3 Aortic arch angiogram, showing the origin of the left 
common carotid artery (LC) from the brachiocephalic trunk. The 
left vertebral artery (VA) is well developed, while that of the 
right is hypoplastic
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Fig. 1.4 Aortic arch angiogram, showing the origin of the left 
vertebral artery (VA) from the aortic arch. There is a shifting of 
the origin of the left common carotid artery and brachiocephalic 
trunk toward the heart owing to atherosclerotic elongation of the 
aortic arch

Fig. 1.5 Left aortic arch angiogram anomaly. The left and right 
common carotid arteries (LC, RC) arise as a common trunk. The 
left and right subclavian arteries (LS, RS) also have a common 
origin

carotid artery is connected through the posterior com-
municating artery with the respective posterior cerebral 
artery, terminal branch of the basilar artery (Fig. 1.8).

This is a natural well-constructed security system. 
Its functional value, however, is somewhat unpredict-
able owing to the many variants present. According to 

several authors (DeVries 1905; Padget 1948; Lazorthes 
et al. 1976) the variants are due to changes occurring 
in the circle of Willis in the postnatal period and 
through the life. All these will be described in the cor-
responding chapters.
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Fig. 1.6 Left aortic arch anomaly (angiogram). All vessels have 
a separate origin. The first to fill is the right common carotid 
artery (RC), followed by the left common carotid artery (LC), 
right subclavian (RS), and left subclavian (LS)

Fig. 1.7 Right aortic arch anomaly (angiogram). The left and right common carotid arteries (LC, RC) appear first, followed by the 
injection of the right subclavian and finally of the left aberrant subclavian arteries (RS, LS)

PcomA

AcomA

P

DS

PCA

P1
BA

A1 C

M1

Fig. 1.8 The circle of Willis. Internal carotid artery (C), first 
segment of anterior cerebral artery (A1), first segment of middle 
cerebral artery (M1). Basilar artery (BA), first segment of poste-
rior cerebral artery (P1), posterior cerebral artery (PCA), ante-
rior communicating artery (AcomA), posterior communicating 
artery (PcomA), pituitary gland (P), dorsum sellae (DS)
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2.1  Cervical Segment

There are two common carotid arteries. The left com-
mon (LC) carotid artery arises from the aortic arch and 
the right common (RC) carotid artery from the brachio-
cephalic trunk . The common carotid arteries run crani-
ally in the carotid space, surrounded by the three layers 
of the deep cervical fascia, called the carotid sheet. 
Approximately at the level of the hyoid bone, usually 
between the C4 and C6 vertebral bodies, each common 
carotid artery divides into the internal carotid artery 
(ICA) and external carotid artery (ECA). Cases of a 
higher bifurcation, up to the first cervical vertebra (Lie 
1968), or lower, in the upper thoracic levels (Vitek and 
Reaves 1973), have been reported. The carotid sheet is 
a well-defined structure below the carotid bifurcation, 
though it is incomplete or absent at the level of the oral-
nasal pharynx (Harnsberger 1995). The infrahyoid seg-
ment of the carotid space contains the common carotid 
artery, which is located in the so-called anterior trian-
gle, defined by the sternocleidomastoid muscle, later-
ally and posteriorly, and by the superior belly of the 
omohyoid and the posterior belly of the digastric mus-
cle, inferiorly and superiorly. The suprahyoid segment 
of the carotid space contains the ICA, more laterally 
and posteriorly the jugular vein, cranial nerves (IX, X, 
XI, and XII), the sympathetic plexus, and the chain of 
the lymph nodes (Fig. 2.1). Near the skull base, the 
borders of the carotid space are as follows: laterally, the 
parotid space; anteriorly and medially, the parapharyn-
geal and retropharyngeal spaces, respectively; posteri-
orly, the perivertebral space (Fig. 2.1c).

The first segment of the ICA (carotid bulb) is 
slightly enlarged, becoming smaller and narrower 
1–2 cm distally. The bulb can be enlarged, particularly 
in older, atherosclerotic patients, and tortuosity of the 

distal segment is frequent in very young and older 
patients. This tortuosity can be congenital or related to 
dysplastic or atherosclerotic changes. At its origin, the 
ICA commonly lies posterior and lateral to the ECA. 
More distally, it is medial to the ECA (Fig. 2.1a, b) 
(see chapter 3).

2.2  Petrous Segment

The ICA enters the base of the skull at the carotid fora-
men, anteriorly to the jugular fossa and jugular vein. It 
runs entirely in the petrous bone, first with a vertical 
course for about 1 cm, then horizontally medially and 
slightly upward. Through its course, the ICA lies ante-
riorly medially and below the tympanic cavity and 
cochlea. It emerges from the petrous bone, near its apex, 
running above the cartilage covering the foramen lace-
rum (Figs. 2.2 and 2.3) and enters the cavernous sinus.

There are two branches: the caroticotympanic and 
mandibular arteries. The caroticotympanic artery is an 
embryonic remnant that supplies the middle ear cavity. 
There is possible anastomosis with the tympanic 
branch of the ascending pharyngeal artery (APhA). 
The caroticotympanic artery can be involved in tumors 
of the skull base, particularly in tympanojugular 
paragangliomas.

The mandibular artery is an embryonic remnant 
that usually divides into two branches: one runs in the 
pterygoid canal, anastomosing with the vidian artery; 
the other is more inferior, anastomosing with the ptery-
govaginal artery. This artery can be involved in the 
vascularization of angiofibromas. Apart from the above 
pathological situations, these branches are not com-
monly visible on an angiogram.

Carotid Artery (CA) 2



6 2 Carotid Artery (CA)

2.3  Cavernous Segment

This runs in the space (Taptas 1982; Bradac et al. 
1990) formed by a division of the dura into two lay-
ers: the lateral one is the medial wall of the middle 
cranial fossa; the other is medial and in close contact 
in its inferior part with the periosteum of the sphe-
noid bone (periosteal layer). In this space, the ICA is 

directed first forward and upward, then curving pos-
teriorly and slightly medially to the anterior clinoid 
process. The ICA lies laterally to the sella turcica 
and pituitary gland, separated by the medial layer of 
the dura. The ICA is surrounded by a venous plexus, 
and it has a close relationship with cranial nerves III, 
IV, and VI and the first and second branch of the 
trigeminal nerves. The nerves run close to the lateral 
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Fig. 2.1 (a) Common carotid 
angiogram, lateral view, 
showing the course of the 
external and internal carotid 
arteries. (b) Common carotid 
angiogram, AP view, 
showing the course of the 
external carotid artery (ECA, 
arrow), first medially and 
more distally lateral to the 
internal carotid artery (ICA). 
The dotted line corresponds 
to the axial plane in c. (c) 
Carotid space (CS), 
surrounded by the parotid 
space (PS), the parapharyn-
geal space (PPS), the 
retropharyngeal space (RPS), 
and the perivertebral space 
(PVS). Masticator space 
(MS). In the carotid space are 
indicated the ICA (anteriorly) 
and jugular vein (posteriorly), 
together with cranial nerves 
IX, X, X1, and XII. In the 
parotid space, the ECA runs 
posteriorly and the retroman-
dibular vein anteriorly. The 
facial nerve runs laterally
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wall of the sinus, attached to it by dural sheaths. The 
latter can be connected, forming a thin, irregular 
inner layer adjacent to the external layer of the lat-
eral wall (Umansky and Nathan 1982). Unlike the 
other nerves, cranial nerve VI runs inside the cavern-
ous sinus.

Due to its S-shaped course, the cavernous segment 
is also called the siphon, which schematically can be 
subdivided into three segments. The segment called C5 
is directed upward; the C4 is horizontal; and the C3 is 
a posteriorly directed curve up to the dural ring, through 
which the ICA passes, entering the subarachnoid space 
(Figs. 2.2 and 2.3). There are two branches of the cav-
ernous segment: one is the meningohypophyseal trunk 
(MHT); the other is the inferolateral trunk (ILT).

The MHT arises from the medial surface of the C5 •	
segment of the ICA. It gives off a branch supply-
ing the neurohypophysis (inferior hypophyseal 

artery), which is recognizable on an angiogram as 
a slight blush. It also gives off dural branches for 
the clivus and tentorium (clival and tentorial 
branches). The tentorial branch has been called the 
artery of Bernasconi and Cassinari (1957), who 
first reported its angiographic visualization. These 
dural branches anastomose with meningeal 
branches of the contralateral ICA and inferiorly 
with clival branches of the APhA. There are also 
possible anastomoses with branches of the middle 
meningeal artery.
The ILT arise from the lateral surface of the C4  •	
segment; it supplies cranial nerves III, IV, and VI 
and partially the ganglion Gasseri. It gives off dural 
branches for the dura of the cavernous sinus and 
adjacent area. In the supply of this area, there is a 
balance between the ICA system, represented by 
the ILT, and branches of the ECA, represented by 
the middle meningeal artery, accessory meningeal 
artery, artery of the foramen rotundum, and recur-
rent meningeal artery of the ophthalmic artery. One 
system can be dominant over the other. Anastomoses 
are frequently present.

The ILT and MHT are very fine branches (Fig. 2.4), not 
always recognizable on a lateral angiogram. They can 
be dilated and well visible when involved in the supply 
of pathological processes, especially meningiomas and 
dural arteriovenous fistulas.

2.4  Supraclinoid Segment

This begins where the artery goes through the dura and 
enters the subarachnoid space, running posteriorly, 
superiorly, and slightly laterally between the anterior 
clinoid process laterally and the optic nerve medially. 
The dural ring surrounding the ICA, where the artery 
enters the subarachnoid space, is closely adherent to 
the artery laterally, but it is frequently less adherent 
medially, forming a thin cavity (carotid cave). 
Aneurysms arising below the dural ring (intracavern-
ous aneurysms) can, however, expand the cave and 
extend superiorly into the subarachnoid space (cave 
aneurysms) (Kobayashi et al. 1995; Rhoton 2002).

At the level of the anterior perforated space (APS), 
the artery divides into the anterior and middle cerebral 
arteries. The supraclinoid segment can subdivided into 

Fig. 2.2 Petrous and cavernous portion of the ICA, lateral 
carotid angiogram. Petrous portion (in red). Cavernous portion 
(in green). Dural ring proximal to the origin of the ophthalmic 
artery. C5, C4, and C3 correspond to the different parts of the 
cavernous portion of the ICA. C2 and C1 define the supraclinoid 
and subarachnoid ICA
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a proximal and distal part, termed C2 and C1. From the 
origin of its branches, the supraclinoid segment can be 
more precisely subdivided as follows (Gibo et al. 
1981): the ophthalmic segment, from the origin of the 
ophthalmic artery to the origin of the posterior com-
municating artery (PcomA); the communicating seg-
ment, from the origin of the PcomA to the origin of the 
choroidal artery; and the choroidal segment, from ori-
gin of the anterior choroidal artery to the terminal 
bifurcation of the ICA.

2.4.1  In the Ophthalmic Segment Arise 
the Ophthalmic Artery and Superior 
Hypophyseal Arteries

2.4.1.1  The Ophthalmic Artery

The ophthalmic artery (OA) arises on the superior-medial 
surface of the ICA. It runs below the optic nerve (Hayreh 
and Dass 1962a, 1962b; Hayreh 1962) and enters, 

a
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Fig. 2.3 (a) Carotid angiogram, AP view. The lines define the 
course of the petrous segment of the ICA, continuing into the cav-
ernous segment. The end of the latter cannot be precisely defined 
in the AP view. (b) CT angiography, coronal reconstruction, 
showing the course of the petrous segment. (c) CT angiography, 

showing the horizontal part of the petrous segment of the ICA 
running above the foramen lacerum. (d) MRI, coronal view, sellar 
and parasellar area, showing the course of the ICA in the cavern-
ous sinus. Cranial nerve III (arrowheads)
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Fig. 2.4 (a) Carotid angiogram. Lateral-oblique view. Origin of 
the ophthalmic artery from the cavernous portion of the ICA 
(large arrow). Meningohypophyseal trunk (MHT) and inferolat-
eral trunk (ILT). (b) ICA angiogram, lateral view. There is no 
ophthalmic artery. MHT, ILT. (c) ECA angiogram, lateral view 
of the same patient in B. Origin of the ophthalmic artery from 
the middle meningeal artery (MMA). There is also a possible 
supply from the anterior deep temporal artery (arrow). Middle 
deep temporal artery (arrow with dot). Superficial temporal 

artery (STA). In the later phase, the ocular complex (arrowhead) 
and blush of the choroid plexus (white arrow) are recognizable. 
(d) Different patient: origin of the MMA from the ophthalmic 
artery. Carotid angiogram, lateral view: ophthalmic artery (O). 
Lacrimal artery (arrowhead), from which arise the frontopari-
etal and temporal branches of the MMA (arrows). AP view, oph-
thalmic artery (O). Branches of the MMA (bidirectional arrow). 
(Patient with small aneurysm at the level of the posterior com-
municating artery)

a
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together with the nerve, the orbita through the optic canal. 
Initially, the artery runs inferolaterally to the optic nerve 
(first segment), then crosses the nerve forming a bend 
below or above the nerve (second segment), and runs fur-
ther medially and parallel to it (third segment). It gives off 
three types of branches: ocular, orbital, and extraorbital.

The ocular branches include the central retinal artery 
and the ciliary arteries supplying partially the optic nerve 

and the ocular bulb. These are the first branches arising 
where the artery crosses the nerve.

The orbital branches include the lacrimal artery, 
which supplies the lacrimal gland and conjunctiva. An 
important branch, sometimes present, is the recurrent 
meningeal artery, which runs backward and passes 
through the superior orbital fissure, anastomosing with 
branches of the middle meningeal artery (MMA). 

d

Fig. 2.4 (continued)



112.4 Supraclinoid Segment

Anastomosis of the lacrimal artery with the anterior 
deep temporal artery can be an important collateral cir-
culation via the OA in occlusion of the ICA (Fig. 3.12). 
Other branches are the muscular arteries, which supply 
the muscle and orbital periosteum.

The extraorbital branches are numerous. They 
include the posterior and anterior ethmoidal arteries. 
The posterior arise from the first segment, the anterior 
from the third. These branches have an ascending 
course, pass through the lamina cribrosa, supplying the 
dura of the basal anterior cranial fossa. The anterior 
falx artery arises from the anterior ethmoidal artery 
and supplies the falx, anastomosing with the falx 
branches of the MMA. There are anastomoses between 
the ethmoidal arteries and the internal maxillary artery 
(IMA) through its sphenopalatine branches. From the 
latter arise small vessels with an ascending course; 
they anastomose with the corresponding descending 
branches that arise from the ethmoidal arteries. These 
arteries are typically involved in the vascularization of 
meningiomas of the basal anterior cranial fossa (Bradac 
et al. 1990) and in frontobasal dural fistulas (Figs. 3.25, 
13.6, and 13.13).

Other arteries of this group are the supraorbital (fre-
quently the most prominent), the dorsonasal, the medial 
palpebral, and the supratrochlear. These branches anas-
tomose with branches of the ECA, in particular with 
the facial artery, infraorbital branch of the IMA, and 
frontal branches of the superficial temporal artery. 
Such anastomoses may be collateral via the OA toward 
the ICA when the latter is occluded (Fig. 3.12).

On an angiogram (Vignaud et al. 1972; Huber 
1979; Morris 1997; Osborn 1999), the OA is always 
visible; it is better defined in the lateral view. From its 
origin, it runs superiorly for 1–2 mm, then anteriorly, 
forming a slight curve with inferior convexity. About 
2 cm from its origin, the OA curves abruptly and 
crosses the optic nerve. Among its branches, the cen-
tral retinal and ciliary arteries are sometimes recog-
nizable, arising at the level of the above-described 
curve (Fig. 2.5). Thus, in embolization procedures 
involving the OA, the microcatheter should be 
advanced distally to the above-described curve. The 
blush corresponding to the plexus of the ocular chor-
oid is always visible as a crescent-shaped structure. 
The ethmoidal arteries are occasionally evident, espe-
cially in the lateral view. The anterior falx artery is 

also easily identifiable, when present, on a lateral 
angiogram. These arteries can be well developed if 
involved in pathological processes (Figs. 3.25, 13.6, 
and 13.13). The other branches are difficult to recog-
nize under normal conditions.

To explain some variants of the OA, it is useful to 
recall the most important aspects of its embryogenesis 
(Hayreh and Dass 1962a, 1962b; Hayreh 1962; 
Lasjaunias and Berenstein 1987). The definitive OA 
develops from three sources: the primitive dorsal OA, 
arising in the intracavernous portion of the ICA and 
entering the orbita through the superior orbital fissure; 
the primitive ventral OA, arising from the anterior 
cerebral artery and entering the orbita through the optic 
canal; and the stapedial artery (StA), which gives off 
an orbital branch entering the orbita through the supe-
rior orbital fissure. Inside the orbita and around the 
optic nerve, an arterial anastomotic circle is formed 
among these three arteries. In the further evolution, the 
proximal segment of the primitive ventral OA disap-
pears, arising now from the supracavernous portion of 
the ICA. This artery will become the definitive OA. 
The primitive dorsal OA regresses, and the intraorbital 
branches of the StA are annexed by the definitive OA. 
In this process, important changes can involve the StA, 
some details of which are presented here.

Fig. 2.5 Lateral ICA angiogram. Ophthalmic artery (OA). Bend 
of the artery around the optic nerve (large arrow). In this area 
arises the ocular complex comprising the retina and cilial arter-
ies (small arrow). Choroid plexus (arrowhead), lachrymal artery 
(L), anterior falx artery (arrow with dot)
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The StA is the main branch of the hyoid artery 
(embryonic vessel), arising from the petrous seg-
ment of the ICA, which in this phase of embryogen-
esis is still very small and incompletely developed. 
The StA enters the middle cranial cavity, passing 
through the tympanic cavity and dividing into intrac-
ranial and extracranial branches (Moret et al. 1977; 
Lasjaunias and Berenstein 1987). The intracranial 
branch (supraorbital artery) is anteriorly directed, 
supplies the dura of the middle cranial fossa, and 
extends into the orbita, with a medial and lateral 
(lacrimal) branch. These branches enter the orbita 
through the superior orbital fissure. In some cases, 
the lacrimal artery penetrates as an isolated branch 
through the foramen of Hyrtl, located in the greater 
wing of the sphenoid bone. The second branch (max-
illomandibular artery) is extracranial and passes 
through the foramen spinosum, anastomosing with 
the embryonic ECA, from which arise later the IMA 
and the MMA.

The StA disappears, but in some cases its first seg-
ment can persist as a small artery (caroticotympanic 
branch of the ICA). The extracranial segment becomes 
the MMA, arising from the developed final IMA; the 
intracranial segment in the middle cranial fossa par-
tially regresses and is partly annexed by the MMA. 
The blood flow is now reversed, being intracranial. 
The intraorbital segment is annexed by the OA.

The embryological evolution can vary and lead to a 
series of conditions with different angiographic pat-
terns (McLennan et al. 1974; Moret et al. 1977; 
Lasjaunias and Berenstein 1987; Morris 1997; Perrini 
et al. 2007). We describe here the most frequent.

The proximal part of the primitive ventral OA does •	
not regress and so the OA arises from the anterior 
cerebral artery. This is a very rare condition.
The primitive ventral OA disappears instead of the •	
primitive dorsal OA, leading to an intracavernous 
origin of the OA (Figs. 2.4 and 4.8c, d).
The proximal part of the OA disappears, though the •	
intraorbital section of the StA remains and is con-
nected at the level of the superior orbital fissure 
with the MMA. In such cases, the OA is only visible 
on the ECA, not ICA, angiogram (Fig. 2.4b, c).
The lacrimal branch can persist as an isolated •	
branch of the MMA (meningolacrimal artery), 

entering the orbita through the foramen of Hirtl and 
supplying partially the intraorbital structures, while 
the ocular and neuronal branches arise from the 
OA. In such cases, the orbital vascularization is par-
tially visible on the ECA and ICA angiogram. There 
are commonly no anastomoses between these two 
systems. In other cases, the MMA gives off a 
branch, which enters the orbita through the superior 
orbital fissure and anastomoses with the lacrimal 
branch of the OA.
Another condition is characterized in addition to •	
the MMA by the presence of the recurrent menin-
geal artery (Figs. 13.8, 3.20, and 3.25). This is a 
meningeal branch, arising from the OA in its initial 
segment or from the lacrimal branch; it runs poste-
riorly through the superior orbital fissure, supplying 
the dura in the area of the cavernous sinus and ten-
torium, where it anastomoses with other branches 
involved in the supply of this region.
The MMA arises from the OA, and so it is only •	
recognizable on the ICA angiogram. This occurs 
when the intracranial part of the MMA does not 
develop; the proximal part of the intraorbital-trans-
sphenoidal segment of the StA does not regress and 
anastomoses with the lacrimal branch of the OA 
(Fig. 2.4d).
The MMA originates in the petrous segment of the •	
ICA: this occurs when the first and intracranial 
segments of the STA do not regress and the 
extracranial portion of the MMA does not develop. 
In the skull CT, the foramen spinosum is not pres-
ent, and the MMA is only visible on the ICA 
angiogram.

2.4.1.2  The Superior Hypophyseal Artery

The superior hypophyseal artery (SHA) is a group of 
small branches arising commonly from the posterome-
dial surface of the ophthalmic segment of the ICA. 
The SHA supplies the infundibulum, anterior lobe of 
the pituitary gland, and partially the optic nerve, chi-
asma, and floor of the III ventricle. The SHA is not 
recognizable on a normal angiogram. The ophthalmic 
segment is a typical site of aneurysms (carotid- 
ophthalmic and SHA aneurysms).
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2.4.1.3  Supply of the Pituitary Gland

The adenohypophysis is supplied by the superior hypo-
physeal arteries. These run toward the pituitary stalk, 
where they connect with a network of capillaries con-
tinuing in venules forming the so-called venous portal 
system, through which flow the releasing and release-
inhibiting hormones from the hypothalamus to the 
adenohypophysis. The neurohypophisis is supplied by 
the inferior hypophyseal artery. Each half of the pitu-
itary gland drains into the corresponding cavernous 
sinus, which continues into the inferior petrosal sinus.

2.4.2  In the Communicating Segment 
Arises the PcomA 

The PcomA arises from the posterior surface of the 
ICA. It runs posteriorly and medially to join the poste-
rior cerebral artery (PCA) in a close relationship with 
cranial nerve III, which is laterally and sometimes 
medially located (Gibo et al. 1981). An anomalous ori-
gin from the OA has been reported (Bisaria 1984).

Commonly, the PcomA is slightly smaller than the 
PCA. The PcomA may, however, be very large, con-
tinuing directly into the PCA. This variant is termed 
the “fetal” origin of the PCA. Indeed, in the embry-
onic phase, the PCA takes its origin from the ICA, 
while the connection of the PCA with the basilar 
artery through the P1 segment develops later. In the 
further evolution, the PcomA (pars carotica of the 
PCA) becomes hypoplastic or regresses entirely, while 
the P1 segment (pars basilaris of the PCA) becomes 
well developed. This evolution occurs in about 70% of 
cases (Zeal and Rhoton 1978; Huber 1979; Pedroza 
et al. 1987).

A slight widening of the origin of the PcomA is not 
rare. It has been described in 6.5% of normal angio-
grams (Hassler and Saltzmann 1967), and it has been 
interpreted as an early stage of aneurysm formation. 
Other studies (Epstein et al. 1970) made on autopsy 
specimens have demonstrated neither an aneurysmal 
nor preaneurysmal aspect.

From the PcomA arise many perforating branches. 
Since the first description by Duret (1874), many ana-
tomical studies have been performed (Foix and 

Hillemand 1925a, b; Lazorthes and Salamon 1971; 
Saeki and Rhoton 1977a, b; Zeal and Rhoton 1978; 
Gibo et al. 1981; Pedroza et al. 1987; Tatu et al. 2001; 
Ono et al. 1984), and these arteries have been variously 
termed tuberothalamic, premammillary, and anterior 
thalamoperforating arteries. The latter definition seems 
to be the most appropriate and is the one we will adopt. 
Many branches are present, also in cases of a smaller 
PcomA. Among them, there is sometimes a large 
branch arising in front of or beside the mammillary 
body (Gibo et al. 1981; Pedroza et al. 1987). These 
perforators supply the posterior part of the chiasma, 
the optic tract, and the mammillary body; they enter 
the posterior perforated substance, supplying the hypo-
thalamus, subthalamus, and anterior thalamus. Some 
authors (Gibo et al. 1981) have found that they supply 
also the posterior limb of the internal capsule.

A precise angiographic study of the PcomA is pos-
sible only by performing carotid and vertebral angio-
grams. Depending on its caliber and flow effects, the 
PcomA is visible on both lateral angiograms or on only 
one (Figs. 2.6, 7.3, 7.9, 6.8, 15.9 and 15.10). The per-
forators on the lateral vertebral angiogram are evident 
as small branches, running upward and slightly back-
ward (Fig. 7.6). In the angio-MRI, the PcomA, P1, and 
PCA complex can be well identified (Figs. 7.2 and 
7.9d). Perforators are not commonly visible.

2.4.3  In the Choroidal Segment Arise the 
Anterior Choroidal Artery and Often 
Perforators Directly from the ICA

2.4.3.1  The Anterior Choroidal Artery

In all cases studied by Rhoton et al. (1979), the ante-
rior choroidal artery (AChA) arose from the posterior 
surface of the ICA (2–4 mm distal to the PcomA) and, 
more laterally, to the site of origin of the PComA. The 
AChA can be divided into a cisternal segment, from its 
origin to the choroid fissure, and a distal plexal seg-
ment (Goldberg 1974; Rhoton et al. 1979). The cister-
nal segment, from which arise the main supplying 
branches for the parenchyma, has an average length of 
25 mm (Otomo 1965; Rhoton et al. 1979). The artery 
runs first posteromedially below the optic tract, then 
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turns laterally into the circumpeduncular cistern around 
the midbrain; it then runs toward the lateral geniculate 
body, where it curves sharply, entering the temporal 
horn through the choroid fissure and joining the chor-
oid plexus. The artery extends posteriorly, reaching the 
atrium, where it can anastomose with branches of the 
posterolateral choroidal artery. Rarely, it extends ante-
riorly toward the foramen of Monro, supplying the 
plexus and anastomosing with the posterior medial 
choroidal artery.

The AChA gives off many branches: perforator 
branches arise from the cisternal segment and pene-
trate the APS, posteriorly to the perforators of the A1 
segment and ICA and medially to those of the MCA. 
The supplied vascular territories can be divided into 
superior, lateral, and medial groups (Abbie 1933; 
Carpenter et al. 1954; Rhoton et al. 1979; Duvernoy 
1999; Tatu et al. 2001). The superior group supplies 
the optic tract, the medial part of the globus pallidus, 
the tail of the nucleus caudatus, sometimes the genu 
of the internal capsule (Goldberg 1974), and the infe-
rior part of the posterior limb of the internal capsule, 
together with its retrolenticular and optic radiations. 
According to some authors (Hupperts 1994), the 
AChA also supplies the parietal periventricular area. 
The lateral group supplies the uncus, amigdala, and 
hippocampus (Rhoton et al. 1979). The medial group 

supplies the anterolateral midbrain and lateral genic-
ulate body (Rhoton et al. 1979).

There is a marked interchangeability in the vascular 
territories described among the AChA, ICA, PCA, 
PcomA, and MCA (Rhoton et al. 1979). Moreover, 
there are rich anastomoses between the AChA and 
PCA via the choroidal arteries and through branches 
on the surface of the lateral geniculate body and on the 
temporal lobe near the uncus. All these factors make it 
difficult to predict the effect of occlusion of the AChA 
(Rhoton et al. 1979; Friedman et al. 2001).

The artery is commonly well visible on anteriopos-
terior (AP) and LL angiograms. On the lateral angio-
gram, the artery runs backward, forming an upward 
convex curve. It runs further downward and enters the 
choroid fissure (plexal point). The plexal segment 
extends posteriorly into the temporal horn toward the 
atrium and lateral ventricle, showing a typical blush in 
the late arterial-capillary phase. On the AP angiogram, 
the AChA runs first medially and then laterally, sur-
rounding the cerebral peduncle, mixing with perfora-
tors of the middle cerebral artery (Figs. 2.6–2.8).

Many anomalies concerning the origin and develop-
ment of the AChA have been described. A few cases of 
origin have been reported from the PcomA or middle 
cerebral artery (Carpenter et al. 1954; Otomo 1965; 
Herman et al. 1966; Lasjaunias and Berenstein 1990) 

a b

Fig. 2.6 (a) Lateral carotid angiogram. Large posterior commu-
nicating artery (PComA, arrow with dot), anterior choroidal artery 
(arrow), ophthalmic artery (arrowhead). (b) Small PComA 
(arrowhead) continuing in the posterior cerebral artery. Anterior 
choroidal artery (arrow with angle), ophthalmic artery (large 

arrowhead). Owing to overlap, the anterior choroidal artery 
erroneously seems to arise proximally to the PComA. This 
extremely rare condition can occur and should identified by 
complementary projection
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and from the ICA proximal to the PcomA (Moyer and 
Flamm 1992) as well as a case of aplasia (Carpenter 
et al. 1954). In a more recent extensive study (Takahashi 
et al. 1990) considering also previous works (Theron 
and Newton 1976; Saeki and Rhoton 1977; Takahashi 
et al. 1980), the anomalies concerning the development 
of the AChA were classified into two groups: hypoplas-
tic and hyperplastic forms. In the first, which is less 
common, the distal segment (plexal) is hypoplastic and 
thus not recognizable on an angiogram. In the hyper-
plastic group, the artery is well developed, taking over 
partially or completely the vascular territory of the 
PCA (Fig. 2.8). In some cases, it is difficult to establish 
whether the situation is one of hypertrophic branches 
of the AChA or a duplicated PCA (Fig. 7.10).

2.4.3.2  The Perforators of ICA

The perforators of the ICA also arise from the choroidal 
segment of the ICA, typically from its posterior wall. 

Fig. 2.8 Carotid angiogram (oblique view) in a patient with 
aneurysm treated with coils. Anterior choroidal artery (arrow-
head). Large perforators directed superiorly are well evident 
(arrow with angle) as well as a large uncal branch (arrow). The 
“clip” projecting on the ICA was used to treat a contralateral 
aneurysm

a b

Fig. 2.7 (a) Lateral carotid angiogram. Anterior choroidal artery with its cisternal (C) and plexal (P) segments. (b) Carotid angio-
gram, AP view. Course of the anterior choroidal artery (arrowhead)
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They enter the APS and supply the genu of the capsula 
interna, its posterior limb, and the adjacent part of the 
pallidum. They can replace perforators of the AChA 
and parts of perforators of the MCA and vice versa. The 
perforators are rarely evident on an angiogram.

2.5  Congenital Anomalies of the ICA

These are very uncommon. They are characterized by 
an anomalous origin from the aortic arch, an aberrant 
course, and hypo- or aplasia of the artery.

Cases of hypo- or aplasia can be suspected in CT or •	
MRI, showing, respectively, a small or absent 
carotid canal and reduction or absence of blood 
flow. Various type of collateral circulation may be 
present, involving the circle of Willis. A particular 
form is characterized by the persistence of the prim-
itive maxillary artery, arising at the cavernous por-
tion of the ICA, leading to an intrasellar anastomosis 
connecting both ICAs (Lasjaunias and Berenstein 
1987; Gozzoli et al. 1998) (Fig. 2.9). This anomaly 
is very rare; however, it should be taken into consid-
eration in particular in patients in whom a transs-
phenoidal surgery for intrasellar adenoma is 
planned. Cases associated with hypopituitarism 
have been reported (Mellado et al. 2001; Moon 
et al. 2002).
Other anomalies are the embryogenic persistence •	
of the connection between the carotid and verte-
brobasilar circulation, which normally disappears. 
Considering these in the craniocaudal direction, the 
first is represented by the so-called fetal PCA (see 
Sect. 2.4.2 and Chap. 7). The second most frequent, 
with an incidence of 0.1–0.2% (Lie 1968; Huber 
1979), is the primitive trigeminal artery, which 
connects the cavernous portion of the ICA with the 
basilar artery. The primitive trigeminal artery runs 
in a parasellar or intrasellar fashion and can have 
contact with the trigeminal nerve. It may be associ-
ated with other vascular malformations, particu-
larly aneurysms (Ahmad et al. 1994). The vertebral 
and proximal basilar arteries are frequently hyp-
oplastic or can be normally developed (Ohshiro 

et al. 1993). Conversely, this connection may be a 
collateral circulation from the basilar artery toward 
the ICA in the case of agenesis of this artery 
(Lasjaunias and Berenstein 1987) (Fig. 2.10).
Other less frequent carotid-basilar anastomoses are •	
persistent otic, hypoglossal, and proatlantal arter-
ies. The otic artery connects the petrous ICA with 
the basilar artery. There are only a few angiographic 
reports about this anomaly (Reynolds et al. 1980). 
The persistent hypoglossal artery arises from the 
cervical ICA at the level of C1–C2 (Kanai et al. 
1992), runs dorsally, entering the hypoglossal canal, 
which is enlarged (visible on the CT skull base), 
and joins the vertebral artery. The association with 
aneurysm has been reported (Brismar 1976; Kanai 
et al. 1992). The vertebral arteries are hypoplastic 
or absent (Fig. 2.10). The persistent proatlantal 
artery arises from the cervical ICA or from the 
ECA, runs dorsally, reaches the atlas and runs hori-
zontally above it, where it connects with the extra-
dural vertebral artery, which is hypoplastic or 
absent.
Another rare condition is the origin of the superior •	
cerebellar artery, anterior inferior cerebellar artery, 
and posterior inferior cerebellar artery from the 
cavernous portion of the ICA (Scotti 1975; Haughton 
et al. 1978). This has been interpreted (Lasjaunias 
and Berenstein 1990) as a partial trigeminal 
persistence.
A particular form of aberrant ICA is that in which •	
the artery passes through the temporal bone, more 
posteriorly than in normal cases, laterally to the 
jugular bulb and adjacent to the stylomastoid fora-
men. As it enters the middle ear cavity, the ICA 
sharply turns medially and anteriorly. This anom-
aly has been interpreted as an agenesis of the termi-
nal part of the cervical ICA, with the formation of 
a collateral circulation between the enlarged tym-
panic branch of the APhA and the caroticotym-
panic branch remnant of the StA. CT of the skull 
discloses the presence of a soft tissue mass protrud-
ing in the tympanic cavity. Angiographic study 
clarifies the diagnosis with a small suspected tym-
panic paraganglioma (Lo et al. 1985; Osborn 1999) 
(Fig. 2.11).
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Fig. 2.9 Aplasia of the ICA. (a) CT and MRI showing, respec-
tively, that the canal of the horizontal portion of the petrous seg-
ment of the ICA on the left is absent and the typical flow signal 
is only recognizable on the right. (b) Right carotid angiogram, 

AP view. There is filling of the cavernous portion of the left ICA 
through intrasellar anastomosis (arrowhead) corresponding to 
the primary maxillary artery. There is further filling of the mid-
dle cerebral artery. The A1 segment is aplastic
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b

Fig. 2.10 Embryogenic connections between the ICA and ver-
tebrobasilar circulation. (a) Persistent primitive trigeminal artery 
connecting the cavernous portion of the ICA with the basilar 
artery. The connection is visible on the carotid and vertebral 

angiograms. (b) Persistent hypoglossal artery arising from ICA, 
entering the hypoglossal canal (arrow) and anastomosing with 
the vertebral artery
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Fig. 2.11 Aberrant course of the ICA. (a) Lateral and AP angio-
gram of internal carotid artery. Origin of the APhA (arrow) from 
the ICA. The ICA runs more posteriorly on the lateral angiogram 

and more laterally in the AP view. (b) CT, coronal and axial 
view. The ICA enters the middle ear cavity and is visible as a 
small, rounded, soft-tissue structure (arrow)
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The external carotid artery (ECA) arises from the com-
mon carotid bifurcation at the C4 vertebral level.  
A more proximal or distal origin can occur. Variants of 
the level of the carotid bifurcation are described in 
Chap. 2. These variants also involve indirectly the ori-
gin of the ECA. The ECA may originate directly from 
the aortic arch. The ECA lies in the carotid space, ini-
tially medial and anterior to the internal carotid artery 
(ICA), seldom lateral to it. More cranially, the ECA 
runs anterolateral to the ICA. The jugular vein lies pos-
terolateral to the ICA and ECA. The ECA is covered 
partially by the sternomastoid muscle and crossed by 
cranial nerve XII. The vagus nerve lies medially. During 
its course, the ECA gives off several branches. Near the 
mandibular condyle within the parotid gland, it divides 
into its terminal branches (Figs. 3.1 and 2.1).

3.1  Superior Thyroid Artery 

The superior thyroid artery arises from the anterior 
wall of the ECA. It runs inferiorly and somewhat 
medially toward the thyroid gland. The superior thy-
roid artery gives off branches for the superior part of 

External Carotid Artery 3

Fig. 3.1 Common carotid angiogram, lateral view, showing the 
anterior course of the external carotid artery related to the inter-
nal carotid artery. Some of the main branches are recognizable. 
Superior thyroid artery (Th), lingual artery (LA), facial artery 
(FA), occipital artery (large arrow), ascending pharyngeal artery 
(small arrow), internal maxillary artery (IMA), middle menin-
geal artery (MMA), middle deep temporal artery (DT), superfi-
cial temporal artery (STA)
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the thyroid gland and larynx. It anastomoses with 
the inferior thyroid artery, a branch of the thyrocer-
vical trunk, arising from the subclavian artery 
(Figs. 3.1 and 2.1).

3.2  Lingual Artery 

The lingual artery is the second branch of the ECA and 
arises from its anterior wall. It is not exceptional for the 
lingual artery to have a common trunk with the facial 
artery. It gives off branches for the sublingual and sub-
mandibular glands, the pharynx and mandibular mucosa, 
and the muscle of the floor of the mouth. Its terminal 
branch is the deep lingual artery, which supplies the mus-
cle and lingual mucosa. On the angiogram, the lingual 
artery is easy to recognize, especially in the lateral view, 
because of its course, first upward, then downward, and 
finally upward again, forming a gentle curve that is supe-
riorly concave. The ascending branches, which supply 
the tongue, are easily recognizable. Among the lingual 
artery’s branches, the dorsal lingual artery and the sub-
lingual artery, which runs inferiorly to the deep lingual 
artery, are frequently identifiable. The sublingual artery 
anastomoses through its submental branch with the cor-
responding branch of the facial artery (Figs. 3.1–3.3).

3.3  Facial Artery 

The facial artery is the third branch arising from the 
anterior wall of the ECA, sometimes with a unique 
trunk from that of the lingual artery. It runs forward, 

Fig. 3.3 Selective angio-
graphic study of the lingual 
artery. Branches for the 
tongue (arrows) arising from 
the main trunk and dorsal 
lingual artery (DL). 
Sublingual branches (arrow 
with angle)

Fig. 3.2 External carotid artery angiogram, lateral view, show-
ing the common trunk of origin (large arrow) of the lingual 
(small arrows) and facial arteries (arrows with dot)
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a b

Fig. 3.4 (a) Selective angiographic study of the facial artery. 
Ascending palatine artery (A). Branches for the submandibular 
gland (arrow) and masseter muscle (arrow with dot). Submental 
artery (S), distal branches (small arrows) ending in the angular 

artery. (b) Different patient, selective study of the facial artery. 
Ascending palatine artery (A), from which arises a branch  
supplying a large vagal paraganglioma

with an undulating course above the submandibular 
gland, to which it gives off some branches that are 
occasionally well developed; the facial artery then 
curves around the lower edge of the mandible, continu-
ing anteriorly and superiorly and crossing the cheek 
before ending in the medial angle of the orbita as an 
“angular artery.” The latter anastomoses with branches 
of the ophthalmic artery, which can establish a collat-
eral circulation when the ICA is occluded (Fig. 3.12). 
Along its course, the facial artery can anastomose with 
the transverse facial artery and with branches of the 
internal maxillary artery (IMA), especially with the 
infraorbital, buccal, and masseter arteries.

The facial artery gives off branches for the sub-
mandibular gland, masseter muscle, mandible, skin 
and muscle of the submental area, and the cheek, 
nose, and lip. From its initial segments arises the 

ascending palatine artery, which anastomoses with 
the pharyngeal branches of the ascending pharyngeal 
artery (APhA) and with the descending palatine 
artery of the IMA. The ascending palatine artery can 
be hypoplastic and replaced by branches of the 
APhA. The facial artery may be hypoplastic and rep-
resented only by the submental artery. In such cases, 
part of its vascular territories become replaced by the 
lingual artery, transverse facial artery, and infraor-
bital artery (Djindjian and Merland 1978; Lasjaunias 
and Berenstein 1987).

The initially descending and then the obliquely 
ascending course of the facial artery is easily discerned 
on the lateral angiogram. Among its branches, the 
ascending palatine artery, artery for the submandibular 
gland, and submental artery are the most frequently 
identifiable (Figs. 3.1, 3.2, and 3.4).
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3.4  Ascending Pharyngeal Artery 

The APhA is a small vessel that arises from the poste-
rior wall of the ECA, sometimes from the carotid 
bifurcation or from the proximal segment of the ICA. 
The APhA can also arise sharing a common trunk with 
the occipital artery. It runs upward adjacent to the ICA, 
posteriorly and medially to it (Figs. 3.5 and 3.6).

The APhA gives off pharyngeal branches for the 
paramedian mucosa of the naso-oro-pharynx, which 
are divided into superior, middle, and inferior branches. 
The superior branch can anastomose with pharyngeal 

branches coming from the accessory meningeal artery 
and pterygovaginal artery, both branches of the IMA. 
The middle branches anastomose with the ascending 
palatine artery of the facial artery, and, when present, 
with the mandibular artery, an embryological remnant 
arising from the ICA.

Fig. 3.5 Selective angiographic study, lateral view of the com-
mon trunk of the ascending pharyngeal and occipital arteries. 
Occipital artery (O), ascending pharyngeal artery (arrow) with 
its tympanic branches (arrowhead), superior pharyngeal 
branches (small arrows) and neuromeningeal trunk (NM)

Fig. 3.6 Common carotid angiogram, showing the close rela-
tionship of the ascending pharyngeal artery (arrow) with the 
internal carotid artery
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Other branches are the musculospinal arteries, 
which anastomose with branches of the vertebral artery 
at the C1–C2 level and also with branches of the occip-
ital and ascending cervical arteries. Near the base of 
the skull, the APhA divides into its terminal branches, 
described in the following section.

1. Superior pharyngeal branches.
2.  The inferior tympanic artery vascularizes the tym-

panic cavity and can anastomose with the other 
tympanic branches arising from the stylomastoid 
artery and IMA. There may also be an anastomosis 
with the caroticotympanic branch of the ICA, when 
present (Fig. 3.5).

3.   The neuromeningeal trunk can be subdivided into 
the hypoglossal and jugular branches (Lasjaunias 
and Berenstein 1987; Djindjian and Merland 1978) 
(Fig. 3.5).

The hypoglossal branch enters the hypoglossal  −
canal, running together with cranial nerve XII and 
with the anterior condylar vein. It gives off 
branches for the meninges of the adjacent poste-
rior fossa and a descending branch that anastomo-
ses with the ascending radiculomeningeal branch 
of the vertebral artery, contributing to form the 
so-called odontoid arch; see also Chap. 6.1.1. 
(Figs. 3.8c, 6.2b, c, 6.3, 6.9c, 15.9, and 15.20) and 
Fig. 3.29. The artery also gives off meningeal 
branches, which extend upward along the clivus 
(clival branches), anastomosing with the corre-
sponding medial clival branches of the meningeal 
hypophyseal trunk (MHT) of the ICA (Figs. 3.28). 
Because of this anastomosis, the neurohypophisis 
can sometimes be visible on the lateral angiogram 
of the APhA (Djindjian and Merland 1978).
The jugular branch enters the posterior fossa  −
through the jugular foramen, where it supplies 
cranial nerves IX, X, and XI (Lasjaunias and 
Berenstein 1987; Lasjaunias et al. 1978a). It sup-
plies the adjacent dura, anastomosing with the 
more lateral, descending clival branches of the 
MHT; it then runs further posteriorly to vascu-
larize the dura of the cerebellar fossa and cere-
bellopontine angle.
The supply of cranial nerves IX, X, Xi, and XII  −
is a very important aspect that should be taken 
into consideration in the endovascular treatment 
of lesions involving the APhA. Furthermore, the 
close relationship of the APhA with the ICA 

probably explains the palsy of the nerves in 
many cases of dissection of the ICA (Bradac 
et al. 1990, 2000) (Fig. 3.6). The branches of the 
APhA may be involved in different pathological 
processes (Figs. 3.19, 3.21–3.24, 13.3, 13.9, and 
13.14–13.16).

3.5  Occipital Artery 

The occipital artery takes its origin from the posterior 
wall of the ECA, frequently as a common trunk with 
the APhA (Figs. 3.5 and 3.8). The occipital artery can 
sometimes arise from the vertebral artery or ICA 
(Fig. 3.8). It runs posteriorly and slightly superiorly 
with an undulating course, in which three segments 
may be identified: the first ascending; the second hori-
zontal; the third ascending again. It gives off several 
musculocutaneous branches for the neck and posterior 
part of the head and meningeal branches, among which 
the following are the most important.

1.  The stylomastoid artery arises from the first seg-
ment and runs up to the stylomastoid foramen, 
accompanying the facial nerve supplying it. It anas-
tomoses superiorly with the superior tympanic 
artery, arising from the petrosquamous artery branch 
of the middle meningeal artery. The stylomastoid 
artery also gives off branches for the tympanic cav-
ity and adjacent area (posterior tympanic artery), 
where they anastomose with the other tympanic 
branches arising from the APhA and IMA. The sty-
lomastoid artery can arise from the posterior auric-
ular artery or directly from the trunk of the ECA. It 
is a fine branch, not always evident on the lateral 
ECA angiogram. It can be dilated and well recog-
nizable when involved in the supply of pathological 
processes (Figs. 3.22, 3.24c, and 13.1).

2.  Of the muscular branches, two arise in the ascend-
ing segment. A third branch (the splenial artery) arises 
from the horizontal segment, has a descending course, 
and supplies the splenius muscle (Lasjaunias and  
Berenstein 1987). The muscular branches can anas-
tomose with corresponding branches of the vertebral 
artery at the C1–C2 level and with branches of the 
ascending cervical artery (Figs. 3.7, 3.8, and 15.20).

3.  The mastoid branch (Fig. 3.7) arises from the sec-
ond segment, approximately near the origin of the 
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splenial artery. It has an ascending course, enters the 
cranial cavity through the foramen of the emissary 
vein, and supplies the meninges of the cerebellopon-
tine angle and cerebellar fossa. These branches are 
in hemodynamic balance with those arising from the 
neuromeningeal trunk of the APhA, with the pet-
rosquamosal branch of the middle meningeal artery 
(MMA), and with the meningeal branches of the 
vertebral artery (Lasjaunias et al. 1978b; Lasjaunias 
and Berenstein 1987). One of these branches can 
dominate and completely supply these territories.

The occipital artery is involved in several pathological 
processes (Figs. 3.21, 3.22, 13.1, 13.6, 13.8–13.11, 
and 13.15).

3.6  Posterior Auricular Artery 

This is a small branch arising near the terminal ECA, 
sometimes as a common trunk with the occipital artery. 
It supplies the pinna of the ear, which is frequently evi-
dent as a blush in the capillary phase of the ECA angio-
gram (Fig. 3.7).

3.7  Internal Maxillary Artery 

The IMA is the larger of the terminal branches of the 
ECA. It originates behind the neck of the mandibular, 
within the parotid gland. It runs obliquely forward and 
medially in the masticator space, along the border of 
the lateral pterygoid muscle and ends in the pterygo-
palatine fossa, where it divides into its terminal 
branches. It is always distinctive on the lateral and AP 
angiogram (Figs. 3.9–3.11).

3.7.1  Proximal Branches

Near its origin, the IMA it gives off thin proximal 
branches for the mandibular joint, external auditory 
canal, and tympanic cavity (anterior tympanic artery). 
The latter can be involved in the vascularization of 
chemodectomas (Fig. 3.22).

3.7.1.1  Middle Meningeal Artery

The MMA is the first largest proximal branch of the 
IMA. It runs superiorly toward the base of the skull, 
passes through the foramen spinosum, becoming 
intracranial, running along the greater sphenoid wing, 

Fig. 3.7 Angiogram of the external carotid artery (lateral view). 
Occipital artery (O), with its muscular branches from the ascend-
ing segment and horizontal segment splenial artery (S). Mastoid 
branch (M), posterior auricular artery (PA), superficial temporal 
artery (STA), internal maxillary artery (IMA)

Fig. 3.8 (a) Internal carotid angiogram, lateral view. Origin of 
occipital artery (arrow) from the internal carotid artery. The ascend-
ing pharyngeal artery (small arrow) arises as a common trunk from 
the occipital artery. (b) Selective angiogram of the occipital artery 
(O). There is an evident anastomosis (arrows) between the muscular 
branch of the ascendens segment of the occipital with the vertebral 

artery (VA). (c) Lateral vertebral angiogram (earlier and later 
phases) in a patient with proximal surgical ligature of the external 
carotid artery. Through anastomosis involving muscular branches 
of the VA and O (arrow) complete recanalization of the external 
carotid artery. Odontoid arch (arrow with angle) leading to a retro-
grade injection of the ascending pharyngeal artery
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and it forms a large convex curve anteriorly (lateral 
angiogram) and laterally (AP angiogram) (Figs. 3.9 
and 3.13). It is the most important artery in the vascu-
larization of the dura and gives off the following 
branches.

The MMA gives off arteries for the dura of the fron-•	
toparietal and temporo-occipital convexity.
It gives off branches for the frontobasal area, anas-•	
tomosing with ethmoidal branches, arising from the 
ophthalmic artery.
A meningeal branch can enter the orbita through the •	
superior orbital fissure or through the foramen of 
Hyrtl and anastomose with the lacrimal artery, a 
branch of the ophthalmic artery, or directly with the 
latter.
Branches for the middle cranial fossa, where they •	
anastomose medially near the cavernous sinus 
with the meningeal branches supplying this area, 
arise from the inferolateral trunk (ILT), MHT, 
foramen rotundum artery, and accessory menin-
geal artery.

Fig. 3.9 Angiogram of the distal external carotid artery, lateral 
view. Transverse facial artery (arrowhead). Superficial temporal 
artery (STA), internal maxillary artery (IMA), middle meningeal 
artery (MMA). The circle shows where the MMA passes through 
the foramen spinosum. Middle and anterior deep temporal arter-
ies (DT), inferior alveolar artery (Inf. A.), infraorbital artery (Infr.), 
posterior superior alveolar artery (arrow), descending palatine 
artery (large arrow), nasal branches of the sphenopalatine artery 
(arrows with dot), small foramen rotundum artery (FR)

Fig. 3.11 Angiogram of the distal external carotid artery per-
formed to study a capillary-venous vascular malformation of the 
mandible. Dilated inferior alveolar artery (IAL) supplying the 
malformation. Transverse facial artery (TR), buccal artery 
(arrow), deep temporal arteries (DT), descending palatine artery 
(arrowhead), posterior superior alveolar artery (arrow with dot), 
infraorbital artery (IO). The distal branches of the sphenopala-
tine artery are evident as fine branches running between the 
infraorbital and posterior superior alveolar arteries

Fig. 3.10 Angiogram of the distal external carotid artery, lateral 
view, detail. Internal maxillary artery (IMA), infraorbital artery 
(Infr.), posterior superior alveolar artery (small arrows), descend-
ing palatine artery (large arrow), nasal branches of the spheno-
palatine artery (arrow with dot)
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Close to the foramen spinosum arises the pet-•	
rosquamous branch, which supplies the dura, cov-
ering the petrous bone, partially the tentorium, and 
extends largely in the posterior fossa; there, it anas-
tomoses with the meningeal branches, supplying 
the dura of the posterior fossa arising from the 
APhA (clival branches and neuromeningeal trunk), 
occipital artery, and vertebral artery. The pet-
rosquamous branch gives off a tympanic branch 
(superior tympanic artery), which runs in the petrous 
facial canal, where it anastomoses with the stylo-
mastoid artery—a branch of the occipital or poste-
rior auricular artery. These arteries can both supply 
the nerve, but there is commonly a predominance  
of the petrosquamous branch (Lasjaunias and 
Berenstein 1987). Furthermore, the petrosquamous 
branch gives off branches for the tympanic cavity, 
where they anastomoses with the anterior, posterior, 
and inferior tympanic arteries.
In the paramedian area of the convexity, the branches •	
anastomose with those of the contralateral side. 
Furthermore, the branches form an arcade from 
anterior to posterior, situated at the insertion of the 
lateral wall of the superior sagittal sinus with the 
meninges of the vault. This arcade anastomoses 
anteriorly with the artery of the anterior falx, a 
branch of the anterior ethmoidal artery, and posteri-
orly with the falx cerebelli artery. The artery of the 
falx itself arises from the arcade as descending 
branches.

Branches of the MMA are involved in the supply of 
extra- and intracranial tumors (Figs. 3.24–3.26) and 
intracranial vascular malformations (Figs. 13.3, 13.6–
13.9, 13.11, 13.13, and 13.17). The MMA can be char-
acterized by numerous variants (Moret et al. 1977; 
Lasjaunias and Berenstein 1987) mainly because of 
different embryonic evolution of the stapedial artery 
and primitive ophthalmic arteries. These are discussed 
in the Chap. “Ophthalmic artery.”

3.7.1.2  Accessory Meningeal Artery

The second branch is the accessory meningeal 
artery. Frequently small, it may sometimes be well 
developed and evident on the lateral angiogram as a 
result of its oblique, anterior, and superior course 
(Fig. 3.13). The accessory meningeal artery can 
have a common origin with the MMA and gives off 

branches for the nasopharynx and palate. A branch 
enters the cranial cavity through the foramen ovale, 
supplying the adjacent dura, part of the cavernous 
sinus, and part of the trigeminal nerve. For the rela-
tionship to the ILT see Chap. “Carotid Artery.” It 
can be involved in dural arteriovenous fistulas 
(DAVFs) (Figs. 13.8 and 13.9).

3.7.1.3  Inferior Alveolar Artery

The third proximal branch is the inferior alveolar 
artery, which is always visible on the lateral angio-
gram, despite its small caliber. It runs down toward the 
mandibular foramen and supplies the teeth and man-
dibula (Figs. 3.9 and 3.11).

3.7.2  Masticator Space

In the masticator space, the IMA gives off deep tempo-
ral branches (middle and anterior branches), which 
have an ascending course. The anterior of these arter-
ies gives off branches that reach the orbita, perforate the 
malar bone, or pass through the inferior orbital fissure. 
The branches anastomose with the lacrimal artery of 
the ophthalmic artery. This is an important collateral in 
occlusion of the ICA (Djindjian and Merland 1978) 
(Fig. 3.12). Other branches in the masticator space are 
the pterygoid, masseter, and buccal arteries. The latter 
(Fig. 3.11) supply the buccinator muscle and overlying 
skin. The buccal artery can be well developed and 
form anastomoses in the cheek with other arteries of 
the region (facial, transverse facial, and infraorbital 
arteries). A frequent large anastomosis also occurs 
with the ascending palatine artery of the facial artery.

3.7.3  Distal IMA

The distal IMA reaches the pterygopalatine fossa, a 
space bordered anteriorly by the posterior wall of the 
maxillary sinus and posteriorly by the pterygoid plate, 
where it forms a loop, entering finally the sphenopala-
tine foramen. Before entering, the IMA gives off sev-
eral branches: the posterior superior alveolar artery, 
descending palatine artery (great palatine artery), and 
infraorbital artery.
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The posterior superior alveolar artery runs first on 
the posterior and then on the anterolateral wall of the 
maxillary sinus. It perforates the maxillary tuberosity 

running forward and, at the level of the incisive fora-
men, anastomoses with the descending palatine artery. 
The posterior superior alveolar artery gives off 

a b

c

Fig. 3.12 (a) Angiogram of the external carotid artery, lateral 
view, in a patient with occlusion of the internal carotid artery 
(ICA). Injection of distal ICA through anastomosis between the 
deep anterior temporal artery and lacrimal branch (arrow) of the 
ophthalmic artery (arrow with dot). There is also a partial injec-
tion of the cavernous portion of the ICA, through the foramen 
rotundum artery (arrow with angle). (b) Angiogram of external 
carotid artery, lateral view, in another patient with an occluded 
ICA. In addition to the collateral flow through the deep anterior 
temporal artery and ophthalmic artery, there is involvement of 

the foramen rotundum artery (arrow). (c) Patient with large 
direct carotid-cavernous fistula treated with occlusion of the fis-
tula and parent artery. On the lateral carotid angiogram, a col-
lateral circulation with retrograde injection of the ophthalmic 
artery and ICA through several anastomoses, involving the 
superficial temporal artery (black arrows) and deep anterior 
temporal artery (arrow with dot), is visible. The distal branches 
of the infraorbital artery are anastomosed with the distal branches 
of the facial artery (white arrows), both also involved in the col-
lateral circulation
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branches for the sinus (antral artery) and teeth. It is a 
small artery, sometimes recognizable on the lateral 
angiogram with its typical course, first downward, 
then forming a curve anteriorly and superiorly; it 
anastomoses distally with branches of the infraorbital 
artery and descending palatine artery (Figs. 3.9–3.11). 
The descending palatine artery runs initially down-
ward along the wall of the maxillary sinus, then it 
forms a typical angle, coursing horizontally and ante-
riorly through the hard and soft palate supplying it. 
The descending palatine artery is evident on the lat-
eral angiogram owing to the undulating course in its 
horizontal segment (Figs. 3.9–3.11). Anteriorly, it 
ends at the incisive canal, anastomising superiorly 
with the nasal branches of the sphenopalatine artery. 
The infraorbital artery enters the orbita at the inferior 
orbital fissure, runs anteriorly and penetrates the 
infraorbital canal, where it runs together with the 
infraorbital nerve. The infraorbital artery is involved 
in the vascularization of the bone structures of the 
floor of the orbita and adjacent muscle and fatty tis-
sues. It leaves the canal and gives branches for the 
cheek, lower lid, upper lip, and nose. The infraorbital 
artery anastomoses with branches of the ophthalmic, 
facial, transverse facial, buccal, and posterior superior 
alveolar arteries (Figs. 3.9–3.11). It can be involved in 
collateral circulation when the ICA is occluded 
(Fig. 3.12).

Other branches of the distal IMA are the foramen 
rotundum artery (FRA), the pterygoid or vidian artery 
(VA), and the pterygovaginal artery (PVA). The FRA 
runs with an oblique superoposterior course, passes 
through the foramen rotundum together with cranial 
nerve V2, and anastomoses with the ILT. The VA runs 
posteriorly with a more horizontal course. On the lat-
eral angiogram, it is located below the FRA. It passes 
through the vidian canal, together with the superficial 
greater petrosal nerve, and anastomoses with the hori-
zontal branch of the mandibular artery, which is an 
embryonic remnant arising from the petrous segment 
of the ICA.

The PVA forms a curve directed posteriorly and 
inferiorly. On the lateral angiogram, it is commonly 
located below the VA. It gives off branches for the 
superior nasopharyngeal mucosa and anastomoses 
with branches of the accessory meningeal artery and 
APhA. It passes through the pterygovaginal canal and 
anastomoses with the inferior branch of the mandibu-
lar artery, which arises from the ICA (see Chap. 2). 

The FRA, VA, and PVA can be variously involved in 
extra- and intracranial tumors and in the supply of 
DAVFs (Fig. 13.3). Furthermore, the FRA can play a 
role in the collateral circulation of the ICA when this 
artery is occluded (Fig. 3.12).

3.7.4  The Terminal Branch

The terminal branch is the sphenopalatine artery. This 
enters the nasal cavity through the sphenopalatine 
foramen and gives off branches for the medial and lat-
eral nasal mucosa. The sphenopalatine artery branches 
appear on the lateral angiogram as a thin vessel,  
running anteriorly below the infraorbital artery 

Fig. 3.13 External carotid artery angiogram, lateral view, show-
ing the undulating course of the cutaneous branches of the 
occipital (O), posterior auricular (PA), and superficial temporal 
(STA) arteries. The courses of the middle meningeal artery 
(MMA) and middle and anterior deep temporal arteries (DT) 
appear straighter. The arrowhead shows where the MMA enters 
the cranial cavity through the foramen spinosum. Internal maxil-
lary artery (IMA), accessory meningeal artery (arrow), ascend-
ing pharyngeal artery (arrow with dot)



32 3 External Carotid Artery

(Figs. 3.9–3.11). The sphenopalatine artery branches 
can anastomose with descending branches of the eth-
moidal arteries, which arise from the ophthalmic 
artery, and be indirectly involved in the supply of fron-
tobasal meningiomas (Fig. 3.25) and frontobasal 
DAVFs (Fig. 13.13). Anteriorly, the sphenopalatine 
artery branches are connected with branches of the 
facial, infraorbital, and descending palatine arteries 
(Djindjian and Merland 1978; Lasjaunias and 
Berenstein 1987).

3.8  Superficial Temporal Artery

The superficial temporal artery (STA) is the smaller of 
the terminal branches of the ECA. It runs upward and 
often forms a sharp curve shortly after its origin as it 
turns over the zygomatic arch. The STA gives off sev-
eral branches that run with an undulating course on the 
scalp, which they supply (Figs. 3.9, 3.13, and 3.26). 
This feature is characteristic and it allows the differen-
tiation of these cutaneous branches from the more rec-
tilinear course of the MMA. The transverse facial 
artery arises from the first segment of the STA (Figs. 3.9 
and 3.11); the artery courses horizontally along the 
zygoma and supplies the skin of the cheek. The trans-
verse facial artery can occasionally be well developed, 
especially when the facial artery is hypoplastic. 
Through its anastomosis with the supraorbital branch 
of the ophthalmic artery, the STA can be involved in 
the collateral circulation toward the ICA when this is 
occluded (Fig. 3.12c).

3.9  Summary

The ECA supplies the soft tissues and bone of the •	
craniofacial area.
This artery represents the main meningeal supply •	
for the intracranial dura. Its branches are in balance 
with the meningeal branches arising from opthal-
mic artery, ICA and VA.
The ECA supplies a few cranial nerves.•	

It can be an important collateral path to the intracra-•	
nial circulation, especially in cases of an occluded 
ICA.
The ECA can be involved in the vascularization of •	
pathological processes that affect the extracranial 
area and base of the skull and those involving the 
intracranial dura, especially meningiomas and 
DAVFs.

3.9.1  Vascular Malformations

Vascular malformations represent a congenital pathol-
ogy that may be present in pediatric patients or clini-
cally appear later owing to the slow growth. They can 
be classified into high- and slow-flow malformations. 
The first are arteriovenous (AV) angiomas, with large 
supplying arteries and early venous drainage because 
of direct AV shunts. The latter can be very large and 
form huge fistulas. The slow-flow malformations are 
capillary-venous angiomas, in which the supplying 
arteries are commonly normal, without early venous 
drainage. Both high- and slow-flow malformations can 
be associated. Intracranial aneurysms and AV malfor-
mations may be present.

There is a possible association of extracranial vascular 
malformations with some neurocutaneous pathologies, 
such as Sturge-Weber, Louis-Barr, Wyburn-Mason, 
and Rendu-Osler syndromes (see Chap. 12).

Location. They can involve the skin of the head 
and facies as well as the oral and nasal cavities. The 
masticatory muscles and bone structures, are more 
seldom affected; they may be secondarily affected as 
extensions of the malformation or primary. The 
masseter muscle and mandibular bone are particularly 
involved.

Clinical relevance. This varies from esthetic prob-
lems to more important clinical symptoms, involving 
respiration and deglutition up to severe hemorrhage 
and cardiac failure.

Diagnosis and treatment. The diagnosis can some-
times be obtained only by clinical observation. Extensive 
lesions require CT and MRI. Depending on the site and 
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extension of the malformation, angiography may be 
necessary to identify the type of lesion and the vessels 
involved. With regard to location, the supplying arteries 
can frequently be suspected. However, other vessels 
may be indirectly involved, and so a complete study of 

both ECA is frequently necessary. To exclude intracra-
nial malformations, examination of the ICA and VA 
should also be performed. All this information is necessary 
to plan the endovascular and/or surgical treatment.

Examples.These appear in Figs. 3.14–3.18.

Fig. 3.14 Small arteriovenous angioma of the mental area sup-
plied by the facial artery. (a) Lateral angiogram of the selective 
submental artery (arrow) showing the angioma and early 

 drainage in the submental veins (arrow with angle). (b) Control 
angiogram after occlusion of the malformation using polyvinyl 
alcohol (PVA) particles

a

Fig. 3.15 Large arteriovenous angioma of the inferior cheek 
supplied by the facial artery. (a) Lateral angiogram of the facial 
artery (subtracted and unsubtracted image). Dilated facial artery 
(FA) supplying the malformation. Normal lumen of the artery in 

its distal segment (arrow). Early drainage in the facial vein (FV). 
(b) AP angiogram of the FA. (c) Lateral control angiogram after 
preoperative devascularization of the lesion
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3.9.2  Hemangiomas

Hemangiomas are real tumors (Mulliken and Glowacki 
1982) and consist prevalently of masses of endothelial 
cells with or without vascular lumens. They can be 
present at birth, with a strong prevalence among 
females, or they can appear in the first months of life. 
They are characterized by a phase of rapid growth, fol-
lowed by a period of progressive involution, which can 
be complete at the age of six to seven years (Pitanguy 
et al. 1984) in about 95% of the cases.

Depending on the extension and site of the heman-
gioma, the clinical symptoms can be minimal or severe 
and include orbital, oral impairment, hemorrhage, and 
heart failure. Thrombocytopenia (Kasabach-Merritt 
syndrome) can occur. In selected cases with severe 
clinical involvement, angiography is necessary to show 
the rich vascular tumor, which can be devascularized 
with the PVA (Lasjaunias and Berenstein 1987).

3.9.3  Juvenile Angiofibromas

These are tumors that develop typically in young males 
before puberty, indicating an influence of male 

hormones. Rare cases of angiofibromas in older patients 
and also in females have been described (Osborn 1959).

Juvenile angiofibromas are benign tumors formed 
by a fibrovascular stroma. The vascular component is 
very rich and consists of true arterial-capillary vessels 
and simple endothelialized cavities.

Location. The tumor arises at the level of the sphe-
nopalatine foramen, from which it can extend toward 
the nasal cavity and involve further the ethmoidal 
cells, sinus sphenoidalis, and maxillary sinus. The 
tumor can grow laterally into the pterygopalatine and 
further into the infratemporal fossa or superiorly, 
invading the orbita through the inferior orbital fissure. 
Through the foramina of the base of the skull, it can 
extend into the middle cranial fossa, with possible 
involvement of the cavernous sinus. Commonly, juve-
nile angiofibromas do not primarily destroy the bone 
structure, which is initially displaced and thinned and 
only later eroded.

Clinical relevance. The symptoms depend on the 
growth direction and extension. The most frequ ent pre-
senting symptoms are epistaxis and nasal obstruction.

Diagnosis and treatment. Initial examinations are 
CT and MRI, followed by angiography. Pharyngeal 
branches of the APhA and distal branches of the IMA 
are commonly involved. Supply from the petrous and 

b c

Fig. 3.15 (continued)



353.9 Summary

a b

c

Fig. 3.16 Arteriovenous angioma of the ala of the nose sup-
plied by branches of the facial artery, internal maxillary artery 
and ophthalmic artery. (a) Lateral angiogram of the facial artery. 
The arteriovenous angioma is supplied by the angular  
artery (arrow) and other small branches of the distal facial 
artery. Early drainage in the facial and frontal veins (arrow-
head). (b) Lateral angiogram of the internal maxillary artery. 

Infraorbital artery (arrowheads) supplying the angioma. Also 
partially involved is the posterior superior alveolar artery 
(arrows). Normal descending palatine artery (arrow with dot). 
(c) Lateral internal carotid angiogram, showing the partial sup-
plying through the nasal branch of the ophthalmic artery (arrow-
head). The AVM was devascularized with polyvinyl alcohol 
(PVA), followed by surgical excision
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cavernous segments of the ICA through the mandibular 
artery and ILT, respectively and supply from branches 
of the opthalmic arteries depending on the extension of 
the tumor can occur (Figs. 3.19 and 3.20). Preoperative 
endovascular treatment with devascularization of the 
tumor is an important part of the therapy.

3.9.4  Paragangliomas (Chemodectomas)

Paragangliomas are tumors arising from ectodermal 
cells of the neural crest in the head and neck regions. 

Women in the fourth and fifth decades of life are pre-
dominantly affected. In up to 10% of patients, the 
tumors are multiple. Family factors have been reported. 
A malignant potential is very rare, but possible, espe-
cially in carotid, vagal, and laryngeal locations (Zak 
and Lawson 1982). In 1% of cases, a secretory activity 
is present (Zak and Lawson 1982), especially for nor-
epinephrine as in pheochromocytoma (Nelson and 
Kendall 1987). The tumor appears as an encapsulated 
mass consisting of epithelial cells with a highly vascu-
lar stroma.

Location. Most frequently, paragangliomas are 
located in the temporal area, which can be subdivided 

a b

c d

Fig. 3.17 Alveolar maxillary arteriovenous angioma presenting 
with hemorrhage. (a) CT shows the bone changes with displace-
ment of the tooth (arrow). (b) Lateral angiogram of the internal 
maxillary artery. The angioma is supplied by branches of the 
infraorbital artery (arrow). Branches of the superior posterior 
alveolar artery (arrow with dot) and descending palatine artery 

(arrowhead) are also involved. (c) Acute endovascular treatment 
with devascularization using polyvinyl alcohol (PVA). (d) Internal 
carotid artery in the same patient showing an asymptomatic arte-
riovenous malformation. There is a common trunk of the occipi-
tal and ascending pharyngeal arteries arising from the internal 
carotid artery. Well-developed neuromeningeal trunk (arrow)
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a b

Fig. 3.18 Rendu-Osler syndrome in a middle-aged patient 
presenting with severe epistaxis. (a) Lateral angiogram of the 
distal internal maxillary artery. There is a diffuse vascular 
alteration owing to multiple capillary angiomas involving the 
skin (arrowhead) and nasal mucosa. There is also microaneu-
rysmal dilatation along the descending palatine artery. Several 

arteries are probably involved. Infraorbital artery (arrow with 
dot), nasal branches of the sphenopalatine artery (arrow with 
angle), superior posterior alveolar artery (small arrow), 
descending palatine artery (large arrow). (b) Lateral angio-
gram post-treatment with devascularization using polyvinyl 
alcohol (PVA)

Fig. 3.19 Large juvenile nasopharyngeal angiofibroma,  
lateral angiogram of the distal external carotid artery (left) 
and of the ascending pharyngeal artery (right), showing the 
richly vascularized tumor supplied by distal branches of the 
internal maxillary artery and superior and middle pharyngeal 
branches of the ascending pharyngeal artery (white arrow-

heads). On both angiograms, there is a partial injection of the 
vertebral artery through muscular anastomosis involving the 
occipital (left) and ascending pharyngeal arteries (right).  
The lesion was preoperatively devascularized with polyvinyl 
alcohol particles after advancing the catheter distally to the 
anastomoses
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into tympanic and jugular types. These are followed in 
frequency by carotid body and vagal paragangliomas. 
Less common are locations in the larynx, orbit, nose, 
and pharynx.

Clinical relevance. The mass effect is a dominant 
feature in carotid body paragangliomas. Various 
degrees of involvement of the last four cranial nerves 
are present in vagal and tympano-jugular lesions. In 
the latter case, otological symptoms, characterized by 
hearing loss, tinnitus, and palsy of cranial nerve VII, 
can occur.

Diagnosis and treatment. Initial examination is by 
CT and MRI, showing the location and extension of 
the tumor. Angiography is essential with study of the 
ICA, ECA, and vertebral artery. The supplying vessels 
can vary, depending on the location and extension of 
the tumor. Some basic features can be summarized as 
follows.

In paragangliomas of the ICA, bifurcation, and 
vagal paragangliomas, the pharyngeal branches of 
the APhA and branches of the occipital artery, 
mainly its musculospinal arteries, are involved. In 
tympano-jugular paragangliomas, the tympanic 
branches (anterior from the IMA, posterior from the 
stylomastoid, superior from the petrosquamous 
artery, and inferior from the APhA) can be involved 

in various combinations, depending on the exten-
sion of the tumor. The ascending palatine branch of 
the facial artery can also occasionally be involved 
(Fig. 3.4). The vertebral artery may be involved 
through its extracranial branches and also through 
its intracranial branches in the rare cases of exten-
sion of the tumor into the posterior fossa. The ICA 
can be indirectly involved through its caroticotym-
panic branch or directly through extension of the 
tumor into the carotid canal, with also possible 
encasement of this segment of the ICA. In paragan-
gliomas of the ICA bifurcation, the tumor may infil-
trate the adventitia. Venous drainage almost always 
occurs in the jugular vein, which may also be 
directly infiltrated and occluded by the tumor. A ret-
rograde injection of the sigmoid sinus and IPS can 
occur.

Devascularization of the tumor prior to selective 
catheterization of the supplying arteries is mandatory. 
Here, it should be noted that chemodectomas can con-
sist of a single or multiple compartments, each sup-
plied by a specific artery. Connections between the 
compartments may be present (Moret et al. 1980) 
(Figs. 3.21–3.24). In selective cases, endovascular 
occlusion with balloon or coils of the ICA and verte-
bral artery can also be considered.

Fig. 3.20 Left internal carotid artery in a large juvenile angiofi-
broma with an intraorbital extension. On this angiogram, the 
partial involvement of the mandibular artery (arrows) and branches 
of the ophthalmic artery (arrow) are visible. On the right, an 
example of a juvenile angiofibroma extending intracranially in the 

parasellar region. This portion of the tumor is richly vascular-
ized by branches of the cavernous portion of the internal carotid 
artery and by the recurrent meningeal artery of the ophthalmic 
artery (arrow)
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a

b

c

Fig. 3.21 Paraganglioma of the carotid bifurcation. (a) Common 
carotid angiogram, lateral view, showing the typical location of 
the richly vascularized tumor. (b) Selective study of the ascending 

pharyngeal artery, which is the main supply artery through its 
inferior pharyngeal branches (arrow). (c) Control angiogram 
after devascularization of the tumor with polyvinyl alcohol
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b c

a

Fig. 3.22 Tympano-jugular paraganglioma supplied by branches 
of the occipital and ascending pharyngeal arteries. A small com-
ponent also came from the anterior tympanic artery branch of 
the internal maxillary artery. (a) Lateral angiogram of the 
ascending pharyngeal artery. The pharyngeal (arrow with dot) 
and tympanic branches (arrow) supply the tumor. In the later 

phase, the anterior compartment of the tumor is well defined. (b) 
Lateral angiogram of the occipital artery. A large stylomastoid 
artery (arrow) is involved in the vascularization of the tumor. In 
the later phase, the posterior compartment of the tumor is evi-
dent. (c) A small supply from the anterior tympanic branch is 
present
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a b

Fig. 3.23 Large tympano-jugular paraganglioma supplied mainly 
by tympanic branches of the ascending pharyngeal artery. (a) 
Angiogram (oblique view) of the selective catheterization of an 

enormous dilated ascending pharyngeal artery. Tympanic 
branches (arrow) supplying the tumor. (b) Drainage in the  
jugular vein infiltrated by the paraganglioma
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a b

c d

Fig. 3.24 Selective studies of a tympanic paraganglioma sup-
plied by superior tympanic branches (a) of the petrosquamous 
branch (arrows) of the middle meningeal artery (arrows). There 
is a second supply arising from the inferior tympanic branch 
of the ascending pharyngeal artery. (b) Small paraganglioma  

(c) in another patient supplied only by the tympanic branch of 
the stylomastoid artery. Another example (d) of a large tym-
pano-jugular paraganglioma with involvement of cavernous and 
petrous branches of the internal carotid artery
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3.9.5  Meningiomas

Meningiomas are a relatively common pathology, hav-
ing a frequency of about 18% of all intracranial tumors. 
They typically predominate in women of middle to old 
age (Bradac et al. 1990). Meningiomas originate in 

meningothelial cells of the meninges. The richness of 
vascularization depends on the meningioma subtype. 
Essentially, there are two groups of supplying arteries. 
The first consists of meningeal branches entering the 
tumor at the site of dural attachment and supplying the 
central part of it; the second consists of pial branches 
of the ICA and/or vertebral artery, which vascularize 
the more peripheral part of the tumor. One vascular 
sector can exert evident predominance over the other. 
The origin of the meningeal vascularization depends 
largely on the site of the primary dural attachment of 
the meningioma. In addition, the tumor can extend and 
secondarily involve further dural areas, leading to 
recruitment of other meningeal feeders (Figs. 3.25 and 
3.26). Preoperative devascularization may be per-
formed in selective cases.

3.9.6  General Considerations  
in Endovascular Treatment  
in the ECA Area

Abundant anastomoses are present among all the •	
branches of the ECA. In the endovascular treatment 
of the different pathologies of this sector, especially in 
cases of vascular malformation, proximal  occlusion 

Fig. 3.25 Frontobasal meningioma, carotid angiogram, lateral 
view. The tumor is richly vascularized by branches of the oph-
thalmic artery represented by the recurrent meningeal artery 
(arrow with dot) and posterior ethmoidal arteries (arrow)

a b

Fig. 3.26 Temporo-basal meningioma, richly vascularized by 
distal branches of the middle meningeal artery. (a) External 
carotid artery angiogram, lateral view. Middle meningeal artery 
(arrow) supplying the tumor. Superficial temporal artery (arrow 

with dot). (b) Selective study of the middle meningeal artery 
followed by devascularization of the lesion with polyvinyl alco-
hol. (c) Control angiogram post-treatment
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of the supplying arteries should be avoided since this 
would rapidly lead to the formation of a collateral 
circulation, reinjecting the lesion. The embolic mate-
rial should be directly injected into the nidus or close 
to it.
Many anastomoses (dangerous connections) (Table •	
3.1) (Figs. 3.27–3.29) can link the ECA with the 
ICA and vertebral artery. These are listed in 
Table 3.1 and should be considered when endovas-
cular treatment is planned. These anastomoses can 
be minimal or large (Lasjaunias and Berenstein 
1987; Morris 1997; Geibprasert et al. 2009). They 
can already be recognizable at the beginning of 
endovascular treatment or may enlarge and appear 
during it, following super-selective injection or 
opening of collateral paths as a consequence of 
occlusion of other arteries. Frequent angiographic 
control is mandatory.
Another important aspect is the supply of a few cra-•	
nial nerves from branches of the ECA (Table 3.2). 
This should be considered whenever a vascular 
treatment involves these branches. It is essential to 
take particular caution in the choice of embolic 
material in these cases.

c

Fig. 3.26 (continued)

IMA

C

P

MA

ILT

FR

PV

VA

Fig. 3.27 Anastomosis between branches of the distal internal 
maxillary artery (IMA), foramen rotundum artery (FR), vidian 
artery (VA), pterygovaginal artery (PV) with the inferior lateral 
trunk (ILT), cavernous portion of ICA (C) and with the mandibu-
lar artery (MA), petrous portion of the internal carotid artery (P)

ICA

A.Ph.A.

T

CT

NMT

CL

MHT

Fig. 3.28 Anastomosis between tympanic branch (T) of the 
ascending pharyngeal artery (A.Ph:A.) and caroticotympanic 
branch (CT) of the petrous segment of the internal carotid artery. 
Anastomosis between clival ascending branches (CL) of the 
neuromeningeal trunk of the APhA with the descending branches 
of the meningeal hypophyseal trunk (MHT) of the cavernous 
segment of the internal carotid artery
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Table 3.1 

 Anastomosis between the external and internal carotid arteries

Foramen rotundum a. (IMA) – ILT (ICA)

Vidian a. (IMA) – Mandibular a. (ICA)

Pterygovaginal a. (IMA) – Mandibular a. (ICA)

Middle meningeal a. (IMA) – MHT and ILT (ICA)

Accessory meningeal a. (IMA) – ILT (ICA)

Clival branches (APhA) – MHT (ICA)

Tympanic branches (A.Ph.A) – Carotico-tympanic a. (ICA)

 Anastomosis between the external carotid and vertebral arteries

Hypoglossal a. (A.Ph.A) – Radiculo-meningeal branch 
(Odontoid arch)

(VA)

C1–C2 musc. branches (A.Ph.A) – C1–C2 musc. branches (VA)

C1–C2 musc. branches (Occ.A.) – C1–C2 musc. branches (VA)

C3–C4–C5 musc. branches (A.cerv.A.) – C3–C4–C5 musc. branches (VA)

 Anastomosis between the external carotid and ophthalmic arteries

Middle meningeal a. – Lachrymal branch (Oph.A.)

Deep ant. temp. a. – Lachrymal branch (Oph.A.)

Sphenopalatine a. – Ethmoidal branches (Oph.A.)

Superficial temporal a. – Supraorbital branch (Oph.A.)

Facial-infraorbital a. – Nasal branches (Oph.A.)

Ophthalmic artery arising  
from middle meningeal artery

A.Ph.A. VA

Lateral view

C

A.Ph.A. VA VA

AP view

C

a

b

Fig. 3.29 (a, b), Lateral and AP view of 
the connection between the ascending 
pharyngeal artery and vertebral artery (VA). 
This is formed by the hypoglossal branch, 
which passes through the hypoglossal canal 
(C), gives off a descending branch 
anastomosing with the ascending C3 
radiculomeningeal branch (arrow) of the 
VA. The AP view demonstrates also the 
connection on the dorsal surface of the 
odontoid process of the radiculomeningeal 
branch of the VA with that of the contralat-
eral vertebral artery. These anastomoses 
form the so-called arch of the odontoid 
process
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Cranial nerve VII Tympanic branch of the pet-
rosquamous artery (middle 
meningeal artery) and stylomastoid 
artery (occipital or posterior 
auricular artery)

Cranial nerves IX,  
X, XI

Jugular branch of the neuromenin-
geal trunk of the ascending 
pharyngeal artery.

Cranial nerve XII Hypoglossal branch of the neu-
romeningeal trunk of the ascending 
pharyngeal artery.

Table 3.2 Branches of the external carotid artery supplying 
cranial nerves
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The anterior cerebral artery (ACA) is the smaller of the 
two terminal branches of the internal carotid artery 
(ICA). It is considered the direct embryonic continua-
tion of the ICA, whereas the middle cerebral artery 
(MCA) is only a secondary branch of this vessel (De 
Vriese 1905; Abbie 1934). The ACA can be divided 
into several segments (Huber 1979) (Fig. 4.1).

A1 (precommunicating segment): from its origin to •	
the anterior communicating artery (AcomA)
Distally to the AComA, the ACA continues as the •	
pericallosal artery:
A2 (infracallosal segment)•	
A3 (precallosal segment)•	
A4 (supracallosal segment)•	

4.1  Precommunicating Segment 

The first part of the artery is called the A1 or precom-
municating segment. It arises at the carotid bifurcation, 
and it runs medially above the chiasma and optic nerve 
with a horizontal, sometimes descending, ascending, 
or tortuous course, joining the contralateral A1 by way 
of the AcomA. Its length is on average 12.7 mm 
(Perlmutter and Rhoton 1976) (Fig. 4.2).

Branches. Perforators are found along the length of 
the A1, but they are more numerous in its proximal 
section, arising from the superior surface (Dunker and 
Harris 1976; Perlmutter and Rhoton 1976; Rosner 
et al. 1984). A few perforators also arise from the 
AcomA (Dunker and Harris 1976; Perlmutter and 
Rhoton 1976; Rosner et al. 1984; Krayenbühl et al. 
1972; Marinković et al. 1990). The perforators enter 

the anterior medial part of the anterior perforated sub-
stance (APS), supplying the suprachiasmatic anterior 
portion of the hypothalamus. Other perforators supply 
the optic nerve and chiasma.

The recurrent artery of Heubner, first described by 
Heubner (1872), is the largest and longest perforat-
ing artery. It commonly takes its origin from the dis-
tal A1 or proximal A2 segment, rarely from the 

Anterior Cerebral Artery 4

A2

A3

M

A4

A1
AcomA

Fig. 4.1 Segments of the anterior cerebral artery: A1, A2, A3, 
and A4. Deep perforators arising from the A1. Artery of Heubner 
(double arrow) arising from A1–A2. Medullary arteries (M, short 
and long branches) arising from cortical branches. Leptomeningeal 
anastomosis with the MCA (--------)
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AcomA. It can have a common origin with the fron-
topolar artery (Perlmutter and Rhoton 1976; Rosner 
et al. 1984).

In its course, the artery of Heubner runs back paral-
lel to the A1 and M1 segments to enter the APS ante-
rior to the other perforators of the A1. It can occur as a 
single or sometimes multiple branches, supplying the 
inferior part of the head of the nucleus caudatus, the 
inferior part of the anterior limb of the internal cap-
sule, and adjacent part of the globus pallidus and puta-
men (Perlmutter and Rhoton 1976; Rosner et al. 1984) 
(Figs. 4.3, 4.4, 4.8c, and 4.10).

The AComA and the A1-A2 junction are typical 
sites of aneurysm, which can have a close relationship 
with the artery of Heubner. When surgical or endovas-
cular treatment is planned, it is very useful to attempt 
to identify this artery on the angiogram.

4.2  Distal Segments

Distal to the junction with the AComA begins the seg-
ment called the pericallosal artery, which can be 
divided, according to its relationship with the corpus 

Fig. 4.2 Coronal MRI, T2-weighted image showing the rela-
tionship of the A1 to the chiasma (arrows)

Fig. 4.3 Right (a) – left (b) AP carotid angiogram in a patient 
treated with coils for a ruptured left middle cerebral artery aneu-
rysm. Well-developed A1 on the right. Hypoplastic left A1 seg-

ment (large white arrow). Artery of Heubner (small white arrow) 
running parallel to the A1 segment
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callosum, into three further segments (Liu and Kricheff 
1974; Huber 1979).

4.2.1  Infracallosal Segment

This is also called the A2, and it runs into the interhemi-
spheric fissure upward in front of the lamina terminalis 
to the genu of the corpus callosum. It gives off infraor-
bital and frontopolar branches, supplying, respectively, 
the frontobasal region (gyrus rectus, orbital gyri, olfac-
tory bulb and tract) and the anterior medial part of the 
superior frontal gyrus (Figs. 4.5 and 4.6).

4.2.2  Precallosal Segment 

This is also called the A3. It is a short segment and 
curves around the genu of the corpus callosum, to which 
it gives off small branches (Figs. 4.5 and 4.6). It gives 
off the callosomarginal artery, which, when well formed, 

Fig. 4.4 Carotid angiogram, oblique view in a patient examined for ruptured aneurysm of the anterior communicating artery treated 
in the same section with coils. Left, artery of Heubner (white arrow) arising close to the aneurysm

Fig. 4.5 T2-weighted sagittal MRI image. Infra-, pre-, and sup-
racallosal segments of the pericallosal artery (arrow with angle). 
The supracallosal segment runs with an undulating course above 
the corpus callosum, partially in the pericallosal cistern and  
partially superior to it. From its precallosal segment arises the 
callosomarginal artery (arrow)
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runs posteriorly in the cingulate sulcus above the gyrus 
cinguli and appears on the lateral angiogram superior 
and on the anterioposterior (AP) view slightly medial to 
the pericallosal artery. The more distal branches extend 
to the paracentral and precuneus lobes.

The callosomarginal artery can be absent or 
developed only in its frontal portion. In such cases, 
its branches are replaced by arteries arising from 
the presupracallosal segment of the pericallosal 
artery.

a

c

d

b

Fig. 4.6 Lateral angiograms. (a) Well-developed callosomar-
ginal artery, though the pericallosal artery is hypoplastic. Fronto-
orbital artery (small white arrow), frontopolar artery (large 
white arrow). (b) Pericallosal artery (P) in its course along the 
corpus callosum. Callosomarginal artery (CM), frontal and pari-
etal branches (arrow with angle). (c) Hypoplastic pericallosal 

atery and well-developed callosomarginal arteries arising as a 
separate trunk. (d) Well-developed callosomarginal artery (large 
arrow) supplying small-convexity angiomas. Another branch 
(double arrow), probably a dilated paracentral artery, arises 
from the dilated pericallosal artery
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4.2.3  Supracallosal Segment

This segment is also called the A4 (Figs. 4.5 and 4.6). 
It is the more distal segment of the pericallosal artery. 
It runs posteriorly in the pericallosal cistern, above the 
surface of the corpus callosum, toward the splenium. 
Its posterior extent depends on the size of the posterior 
pericallosal branch (artery of the splenium) of the pos-
terior cerebral artery. Occasionally, it can extend below 
the corpus callosum toward the foramen of Monro 
(Perlmutter and Rhoton 1978), as in embryological 
life. The supracallosal artery may have an undulating 
course and sometimes show an upward distension in 
its midportion. The artery can be well formed, hyp-
oplastic, or uni- or bilaterally absent.

A meningeal branch can arise from the presupracal-
losal segment, and this branch supplies the inferior 
portion of the falx (Lasjaunias and Berenstein 1990). It 
anastomoses with the branches of the middle menin-
geal artery, which descend along the falx. The menin-
geal branch can also be connected with the meningeal 
branch that arises from the posterior cerebral artery 
(see Sect. 7.1).

4.2.4  Cortical Branches

Several arteries arise from the supracallosal segment 
of the pericallosal artery and/or callosomarginal artery 
and run on the medial surface of the hemisphere. 
There is a close relationship between the pericallosal 
and callosomarginal arteries; when one of these is 
hypoplastic or absent, the other can replace its vascu-
lar territory.

From anterior to posterior, the cortical branches are 
represented first by the frontal branches. The second 
artery is the small paracentral branch, which runs 
toward the paracentral lobule and extends to the central 
sulcus, supplying the paracentral lobule and superior 
part of the precentral and postcentral gyri. The more 
distal arteries are the inferior and superior parietal 
branches. The superior parietal artery is usually a large 
branch that runs in the marginal segment of the cingu-
late sulcus and marks the boundary between the para-
central lobule and precuneus, with branches supplying 
both arteries (Figs. 4.5 and 4.6).

4.3  Anatomical Variations

One A1 segment is hypoplastic (diameter of 1.5 mm or 
less) in 10% of cases and severely hypoplastic (diameter 
of less than 1 mm) or absent in 1% (Perlmutter and 
Rhoton 1976; Huber 1979; Yaşargyl 1984a, 1984b) 
(Figs. 4.3, 4.7 and 7.2). This variation is frequently asso-
ciated with aneurysm of the AComA (Perlmutter and 
Rhoton 1976; Huber 1979; Yaşargyl 1984a, 1984b).Two 
or three AComAs may be present in up to 40% of cases 
(Perlmutter and Rhoton 1976; Marinković et al. 1990) 
(Fig. 4.8). The same artery can be hypoplastic, being as 
small as 0.2 mm (Perlmutter and Rhoton 1976.

Another, more infrequent, variation is a duplicated 
A1. In such cases, the inferior branch, which arises 
from the ICA, close to the origin of the ophthalmic 
artery, has an ascending course and passes inferiorly to 
the optic nerve; the superior branch has a normal origin 
from the distal ICA and runs superiorly to the nerve. 
The superior branch can be hypoplastic or absent 
(Turnbull 1962; Nutik and Dilenge 1976; Milenkovic 
1985; Friedlander and Ogilvy 1996; Morris 1997). The 
A1 segment may have a normal origin, but along its 
course it features duplication or fenestration (Fig. 4.9).

The pericallosal artery can be unique (azygos peri-
callosal artery); in other cases, there may be a third 
branch, which can predominate over the others 
(Perlmutter and Rhoton 1976; Dunker and Harris 1976; 
Marinković et al. 1990) (Figs. 4.10–4.12). In these 
cases, aneurysms are also frequently present and 
involve the AComA or pericallosal artery. The artery 
of Heubner is rarely absent on one side. One should 
bear in mind that if the A1 is hypoplastic, the artery of 
Heubner may be very large and can be confused with 
the A1. Variations concerning the pericallosal and  
callosomarginal arteries have already been described.

4.4  Vascular Territories

The vascular territories supplied by the perforating 
branches arising from the A1 and by the recurrent 
artery of Heubner have already been described. These 
branches are end arteries, without anastomoses to each 
other or with the branches descending through the 
white matter (medullary arteries). The distal segments 
of the ACA supply the frontobasal region and medial 
surface of the hemisphere in the frontoparietal region. 
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a

b

Fig. 4.7 Hypo/aplastic left A1 segment in a patient with aneurysm of the anterior communicating artery well developed right A1

a b

Fig. 4.8 (a) Internal carotid angiogram (oblique view) in a 
patient with ruptured aneurysm with the neck in the angle of the 
A1–A2 segments of the right anterior cerebral artery. 
Duplication of anterior communicating artery (arrows with 
angle). In cases with such anomalies, many projections are fre-
quently necessary in an attempt to identify the aneurysm neck. 
(b) Angiogram post-coiling. The artery of Heubner, arising as a 
common trunk with the frontopolar artery (white arrows with 

angle) is visible. (c) Another patient with an anomaly involving 
the anterior communicating artery, carotid angiogram, oblique 
view. There is triplication of the anterior communicating artery 
(arrows). The artery of Heubner is well visualized (arrow-
heads). There is an origin of the ophthalmic artery from the 
cavernous portion of the internal carotid artery. (d) Carotid 
angiogram of the same patient, better indicating the anomalous 
origin of the ophthalmic artery
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The involved branches extend also to the cortex of the 
convexity for about 1–3 cm. Among these branches, 
the paracentral and, partially, the superior parietal 
arteries are involved in the supply of the medial and 
superior section of the primary motor cortex.

Along its course, the pericallosal artery gives off 
perforators for the corpus callosum, septum pellu-
cidum, fornix, and anterior commissure. From the dis-
tal branches, running on the surface of the cortex, arise 
small arteries that supply the brain parenchyma. These 

arteries enter the parenchyma with a perpendicular 
course and can be subdivided into cortical, medullary, 
and corticomedullary arteries. The first of these supply 
the cortex and end with horizontal branches in the vari-
ous cellular layers. The medullary arteries supply the 
superficial (short medullary branches) and deep white 
matter (long medullary branches). The latter run 
toward the ventricular wall. The corticomedullary 
arteries have aspects of both. These arteries are end 
arteries (De Reuck 1972). In their course, the medul-
lary arteries are surrounded by a thin space (perimed-
ullary spaces, Virchow-Robin spaces). It had been 
supposed that the perivascular space was continuous 
with the subarachnoid space. This, however, was not 
confirmed by electron microscopy (Hutchings - Weller 
1986), which showed that the pia mater represents a 
clear barrier, separating the subarachnoid space 
from the subpial space and perivascular space. But 
neither the subarachnoid space nor the pia matter 
extends into the brain, accompanying the blood ves-
sels as they run into the perivascular space.

Conversely, potential leptomeningeal (pial) anas-
tomoses are present at the surface of the hemisphere 
in the border zone of the vascular territories between 
superficial branches of the ACA, MCA, and the pos-
terior cerebral artery (PCA). Anastomoses are also 
present between both posterior pericallosal arteries 
arising from the ACA and PCA (see Fig. 4.1).

Fig. 4.9 Duplication of the A1

c d

Fig. 4.8 (continued)
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a b

c d

Fig. 4.10 Angiograms with two oblique views (a and b) in a 
patient with ruptured aneurysm in the angle of the A1–A2 of the 
right anterior cerebral artery. There is a unique pericallosal 

artery (azygos pericallosal artery). Notable is the artery of 
Heubner (white arrow), running parallel to the left A1. Control 
angiogram (c and d) after occlusion of the aneurysm with coils
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a b

Fig. 4.11 Azygos pericallosal artery associated with a perical-
losal aneurysm with subarachnoid hemorrhage. A large perical-
losal artery (a) is evident on the left carotid angiogram. The 

same pericallosal artery (b) is visible on the right carotid angio-
gram, less injected owing to a hypoplastic A1 segment

a b

Fig. 4.12 Angiogram showing three pericallosal arteries (A. pericallosal triplex – arteria mediana corporis callosi) in a patient with 
ruptured aneurysm (a) treated with coils (b)
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4.5  Angiogram

On the angiogram, the A1 segment is well recogniz-
able in the AP oblique view (Figs. 4.3, 4.4, 4.7–4.10, 
and 4.12). It can be more difficult to make a precise 
identification of the AComA when bifurcation or tri-
furcation is present (Fig. 4.8). Among the perforators, 
the artery of Heubner can frequently be identified as a 
small branch, running back parallel to the A1 with a 
straight or undulating course (Figs. 4.3, 4.4, 4.8, and 
4.10). See also Fig. 11.11 in Chap. 11.

The pericallosal and the callosomarginal arteries 
can be well discerned in the AP view. The course of 

these arteries as well as of their cortical branches, 
especially in the frontal area, may be more precisely 
demonstrated on the lateral angiogram. The posterior 
cortical branches (paracentral and parietal arteries) 
frequently cannot be identified because of overlapping 
with branches of the MCA. They can be identified 
when they are dilated and supply a vascular malforma-
tion (Fig. 4.6). Angio-MRI and Angio-CT are other 
diagnostic possibilities, though the angiogram offers 
better specific information. Some relationship to the 
cerebral parenchyma (chiasma, diencephalon, and cor-
pus callosum) can be readily identified with MRI 
(Figs. 4.2 and 4.5).
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The middle cerebral artery (MCA) is the larger of the 
two terminal branches of the internal carotid artery 
(ICA), supplying a big part of the cerebral hemispheres 
and basal ganglia. It can be divided into four segments 
(Figs. 5.1 and 5.2):

M1 segment, running horizontally in the sylvian •	
fissure
M2 segment, running vertically on the surface of the •	
insula
M3 segment, running laterally and exiting the insular •	
cistern
M4 segment, which comprises the distal cortical •	
branches

5.1  M1 Segment

The first segment (M1) arises at the ICA bifurcation 
and runs horizontally and laterally in the sylvian fis-
sure below the anterior perforated substance (APS) 
toward the insula. Also called the sphenoidal segment 
because it runs parallel 1 cm posterior to the sphenoid 
ridge, the M1 ends at the limen insulae, where it 
sharply turns superiorly and posteriorly to form the 
M2 segment. The M1 divides distally into two or three 
branches (bi-trifurcation). Its length varies; it is, on 
average, 16 mm in length (Umansky et al. 1985). It can 
be very short, and so the bi-trifurcation may be located 
near the bifurcation of the ICA. It gives off two types 
of important branches.

Perforators. Since the first anatomical description of 
perforating branches by Duret (1874), many detailed 
studies have been performed. Also called the lenticulos-
triate arteries, these branches arise along the length of 
the M1 from its superior surface. They arise prevalently 

from the prebifurcation segment, more rarely from the 
postbifurcation or M2 segment (Westberg (1966); 
Rosner et al. 1984). The branches can be subdivided into 
medial, intermediate, and lateral groups. The medial are 
the least constant and can be replaced by the artery of 

Middle Cerebral Artery 5

Fig. 5.1 RM Coronal: the MCA runs first horizontally in the 
sylvian cistern (M1), then on the surface of the insula (M2), fur-
ther laterally (M3) exiting the insular cistern, and reaching the 
convexity (M4)
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Heubner (Rosner et al. 1984). In the microanatomical 
study of Umansky et al. (1985), the perforators of the 
MCA were partially replaced by perforators of the ante-
rior cerebral artery (ACA), especially by the artery of 
Heubner, in 26% of cases. The medial branches have a 
straight course, the intermediate a slightly tortuous 
course, and the lateral display the typical S-shaped 
aspect (Fig. 5.3).

The shorter the M1 segment with an early bifurca-
tion, the greater is the number of perforators arising 
near the bifurcation, immediately proximal or distal to 
it from one of the postbifurcation branches (Kaplan 
1965; Lazorthes et al. 1976; Rosner et al. 1984; 
Umansky et al. 1985) (Figs. 5.4 and 5.5). Perforators 
can originate as a common trunk (Umansky et al. 
1985), and we have observed cases in which perfora-
tors and distal cortical branches arose from a common 
trunk (Fig. 5.5).

These different aspects concerning the deep perfo-
rators should be carefully considered in the surgical 
endovascular treatment of aneurysms of the M1 seg-
ment. In addition, they explain the different patterns of 
ischemic lesions in the case of occlusion of the M1.

Fig. 5.3 AP angiograms: example of a long M1 segment, from 
which arise the perforators prevalently grouped in the intermedi-
ate segment of the M1. The more distal perforators show the 
typical S shape (arrow). A temporal branch arising from the M1 
is also present, running anteriorly and inferiorly to the temporal 

pole. Distally to the bifurcation, the branches of the middle cere-
bral artery run on the surface of the insula (M2), turn further 
laterally (M3), exiting finally from the insular cistern and reach-
ing the convexity (M4). In (B), there is minimal fenestration of 
the A1

M

M4

M3

M2

M1

Fig. 5.2 Segments of the MCA: M1, M2, M3, and M4. Deep 
perforators arising from the M1. Medullary arteries (short and 
long branches) arising from the cortical branches (M). 
Anastomoses with the anterior cerebral artery (----------)



595.2 M2, M3, and M4 Segments

Perforators commonly enter the lateral part of the 
APS (Rosner et al. 1984; Rhoton 2002) and supply the 
superior part of the head of the nucleus caudatus and 
its body. They entirely supply the superior part of the 
internal capsules as well as the globus pallidus and 
putamen.

Cortical branches. From the M1 segment, a branch 
for the pole of the temporal lobe can frequently arise 
early, and sometimes also an orbitofrontal branch for 
the pars orbitalis of the inferior frontal gyrus can arise. 
In exceptional cases, a temporal branch arises from 
the ICA.

5.2  M2, M3, and M4 Segments

The M2 segment, also called the insular segment, 
begins at the limen insulae and runs on the surface of 
the insula in the sylvian insular cistern with a superior-
posterior direction. The M2 segment consists of two or 
three branches that arise from the bi-trifurcation of the 
M1. After reaching the top of the insula, these branches 
turn inferolaterally and exit from the sylvian insular 
cistern, forming the M3 segment. The last segment, 
the M4, comprises the distal cortical arteries. These 
arteries, which arise from the M2 and M3 segments, 

a

c d

b

Fig. 5.4 (a) An apparently very short M1 (arrow) owing to the 
early arising of a large temporal branch. The main trunk from 
which arise the perforators bifurcates more distally. (b) Large 
aneurysm with a neck at the carotid bifurcation, showing partial 
involvement also of the proximal middle cerebral artery. Because 

of the short M1, the origin (arrow) of the perforators is close to 
the aneurysm (c and d). A very short M1 (arrow) gives off per-
forators that are close to the trifurcation, from which arises an 
aneurysm, treated with coils
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can be divided into frontal, parietal, temporal, and ter-
minal branches. From their course and the area they 
supply, the cortical branches can be divided into the 
orbitofrontal artery, the ascending frontal arteries 
(operculofrontal artery, central arteries), ascending 
parietal arteries (anterior and posterior), descending 
arteries (temporal branches), and the terminal group 
(gyrus angularis artery) (Ring and Waddington 1967; 

Ring 1974; Huber 1979). Overlaps in the course of the 
cortical branches and variations in their size and origin 
make it difficult in a given case to identify precisely 
the different arteries on an angiogram. Thus, on the 
basis of anatomical and angiographic studies, Michotey 
et al. (1974) and Salamon and Huang (1976) described 
two basic patterns that can help in identifying these 
arteries (Fig. 5.6a, b).

a

c

b

Fig. 5.5 (a) Oblique view in a patient examined for an unrup-
tured aneurysm with a neck located on the M1 segment at the 
junction of a large perforator. This seems to be almost the only 
trunk (arrow) from which all distal perforators arise. (b) AP 
view in a patient examined for ruptured aneurysm of the anterior 
communicating artery. There is a long M1 with a trifurcation, 
from which the M2 branches arise located distally (large arrow). 

From the M1 arises a common trunk (arrows), giving off perfo-
rators and distal insular and temporal branches. A few other per-
forators seem to originate from the A1. (c) Another example of 
anomalous bifurcation, AP view. The M1 segment is very short. 
It divides into a smaller superior branch (arrow), from which the 
perforators arise, and into a large inferior branch, which divides 
further distally
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In cases of bifurcation of the M1, two trunks are 
present: one anterior, the other posterior. The orbitof-
rontal, operculofrontal, and central arteries arise from 
the anterior trunk. The remaining branches take their 
origin from the posterior trunk. In cases of trifurcation, 
the orbitofrontal and operculofrontal arise from the 
anterior trunk; the central, parietal, and gyrus angular 
arteries arise from the middle trunk; the temporal 
branches arise from the posterior trunk.

The orbitofrontal artery is the first branch to leave 
the sylvian insular cistern. It is not constant and 
sometimes can originate directly from the M1 seg-
ment. It is directed anteriorly, with a slightly horizon-
tal course, toward the pars orbitalis of the inferior 
frontal gyrus. It is in balance with the fronto-orbital 
branch of the ACA.

The operculofrontal branch leaves the insular cistern 
and is directed first to the pars triangularis of the infe-
rior frontal gyrus; in its ascending course, it divides 
further into three or more branches, which resemble a 
candelabrum. It supplies Broca’s and the other frontal 
areas.

The central arteries. These are the most posterior 
ascending frontal branches. They are formed by one or 
two arteries, which divide distally into smaller 
branches that supply the primary motor and primary 
sensory cortex. The branches are very fine and cannot 
be identified with certainty on the lateral angiogram. 
The parietal group consists of two arteries: the ante-
rior parietal and posterior parietal arteries, which can 
arise from the sylvian fissure at its posterior extremity; 
they do so as separate branches or as a common trunk 
that divides later. The anterior branch runs first in the 
postcentral sulcus, sometimes giving off branches to 
the postcentral gyrus. It extends further to the parietal 
lobe. The anterior branch is commonly very small and 
difficult to identify on the lateral angiogram. Unlike 
the other ascending branches that run in the sulci, the 
posterior branch has a superficial course toward the 
parietal lobe, which marks the anterior margin of  
the supramarginal gyrus (Salamon and Huang 1976). 
On the lateral angiogram, the posterior branch can be 
more easily recognized since it is frequently larger 
than the anterior parietal branch and has a less upward, 
more posteriorly directed course than the other ascend-
ing arteries. Its identification on the angiogram can be 
useful since the central arteries course in an area 
approximately 2–2.5 cm to its anterior.

The temporal group consists of several branches 
that emerge from the sylvian fissure and take a descend-
ing course directed inferoposteriorly in supplying the 
temporal lobe. From their origin and extension, they 
are termed anterior, middle, and posterior. The latter 
also extends to the lateral surface of the occipital lobe 
(temporo-occipital artery).

The angular artery is considered the terminal 
branch of the M4 group. It emerges from the distal 
part of the sylvian fissure and runs posteriorly. The 
angular artery supplies the angular and supramar-
ginal gyri. It is frequently identified on the lateral 
angiogram and forms an upward convex curve as it 
turns around Heschl’s gyrus (Ring 1974; Huber 
1979). It is not uncommon for the artery to extend 
with some branches to the parietal and temporo-
occipital areas, thereby replacing the corresponding 
arteries (Figs. 5.6–5.8).

OF
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Fig. 5.6 (a) In the bifurcation pattern, the orbitofrontal (O), 
operculofrontal (OF), and central arteries (C) arise from the 
anterior trunk. All other branches—anterior and posterior pari-
etal (P), gyrus angularis (G), and temporal (T) arteries—arise 
from the posterior trunk. (b) In the trifurcation pattern, the orb-
itofrontal (O) and operculofrontal (OF) arteries arise from the 
anterior trunk. The central (C), anterior and posterior parietal 
(P), and gyrus angularis (G) arteries arise from the middle trunk, 
the temporal (T) branches from the posterior branch
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5.3  Anatomical Variations

Some variant conditions concerning the M1 segment and 
perforators have already been described. Fenestration 
of the M1 segment rarely occurs (Fig. 5.9). Duplication 
of the MCA and the presence of an accessory MCA 
have also been noted. The term accessory middle cere-
bral artery (AMCA) was coined by Crompton (1962), 
who described a supplementary branch arising from 
the ICA or, less frequently, from the ACA. Today, the 
term AMCA is reserved for cases in which the vessel 

arises from the ACA, and the term MCA duplication is 
used for when the vessel arises from the ICA. Some 
authors (Handa et al. 1970a, 1970b) proposed that the 
AMCA represents a large recurrent artery of Heubner. 
But this is no longer accepted by the majority of 
authors (Huber 1979; Umansky et al. 1988; Takahashi 
et al. 1989; Müller et al. 1991; Tacconi et al. 1995) 
since in all the cases studied the AMCA gave off per-
forators and cortical branches, while the recurrent 
artery of Heubner, which was always present, ended as 
a perforator (Figs. 5.10–5.12).

Fig. 5.7 (a) Lateral angiogram. Operculofrontal arteries (arrows 
with angle). Common trunk (large black arrow) for gyrus angu-
laris, parietal, and temporal arteries. Anterior and posterior pari-
etal arteries (bidirectional arrow). Typical curve of gyrus angularis 
artery (arrow with black dot), which continues in its main trunk 
and gives off a temporo-occipital branch. Small temporal branches 
(T). (b) Lateral angiogram. Common trunk for parietal (bidirec-
tional arrow), gyrus angularis (G), and temporo-occipital arteries 
(T). (c) Parietal (bidirectional arrow) and temporal (T) branches 
seem to arise from a common trunk. There is a large gyrus 

 angularis artery (G), supplying partially also the parietal area. (d) 
AP, lateral view. The anterior temporal artery (AT) arises from the 
distal internal carotid artery. There is a common trunk (arrow-
head), from which the posterior temporal, gyrus angularis (G), 
and anterior and posterior parietal arteries (bidirectional arrow) 
arise. Anterior to the parietal arteries run small branches arising 
from the same common trunk, corresponding probably to the cen-
tral arteries (arrow with angle). Precise identification of the cen-
tral arteries is commonly not possible. They can be assumed to 
course in an area anterior to the parietal arteries

Fig. 5.8 Dissecting aneurysm of a peripheral branch of the middle cerebral artery, which from its course could belong to the parietal 
group. The treatment with coils, leading to occlusion of the aneurysm and parent artery, proceeded uneventfully
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5.4  Vascular Territories

The MCA entirely supplies the lateral portion of the 
frontal and parietal lobes, the paramedian area being sup-
plied by the ACA and posterior cerebral artery. Further, 
the MCA supplies the laterotemporal and, to a variable 
extent, the lateral part of the occipital lobe. Finally, the 
MCA supplies the laterobasal part of the frontal area, the 
laterobasal temporal area, and the temporal pole.

The vascular territories of the deep perforators have 
already been described. These arteries are end arteries, 
i.e., there is no anastomosis between the single branches 

a

b

Fig. 5.9 (a) Fenestration of the M1 (arrow). Note also a small 
fenestration of the A1. (b) Another example of fenestration 
involving the M1 and its origin (arrow)

Fig. 5.10 There are two equally well-developed branches aris-
ing from the internal carotid artery. Perforators arise from the 
superior branch. There is a small aneurysm of the anterior com-
municating artery

Fig. 5.11 Patient examined for a middle cerebral artery aneu-
rysm. Example of an accessory middle cerebral artery. Parallel 
to the large M1 trunk, there is another smaller branch (small 
black arrowheads) arising from the anterior cerebral artery. 
Perforators mostly arise distally, close to the trifurcation. At 
least one perforator seems to originate from the accessory mid-
dle cerebral artery (arrow)
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and no connection with the medullary arteries. This is 
probably true in the majority of the cases. In some 
cases, however, anastomotic connections between per-
forators of the MCA and the artery of Heubner have 
been demonstrated (Umansky et al. 1985). Other authors 
(Kodama and Suzuki 1974) have shown in microangio-
graphic studies the existence of some anastomosis 
between deep perforators and the medullary artery.

From the branches running on the surface of the 
cortex arise cortical branches, which supply the cortex, 
and the medullary arteries; the medullary arteries enter 
the white matter, supplying its superficial (short 
branches) and deep part (long branches). The latter 

branches converge toward the periventricular region 
and basal ganglia. From the insular branches also arise 
the medullary arteries, which supply the subinsular 
area, without reaching, however, the deep perforators 
of the basal ganglia. The medullary arteries are end 
arteries, with no possibility of collateral circulation. 
Conversely, there is a potential collateral circulation 
via anastomoses among the superficial leptomeningeal 
(pial) branches of the middle, anterior and posterior 
cerebral arteries (Fig. 5.2).

5.5  Angiogram

The M1 segment and the perforators are always well 
recognizable on the AP view. The length of the seg-
ment can vary, as already described, and this influ-
ences the origin of the perforators (Figs. 5.3–5.5). 
The M1 segment can have a horizontal course; in 
children, the course is more frequently upward;  
in older patients, it is more commonly downward 
(Huber 1979).

Some typical features can be cited with regard to 
the M2 and M3 segments. On the AP angiogram, 
where the arteries of the M2 segment from the top of 
the insula turn laterally to reach the convexity of the 
hemisphere, they typically form a loop. The highest 
and most medial segments commonly correspond to 
the most distal (parietal and angular arteries) artery. 
This is also called the sylvian point (Chase and Taveras 
1963; Huber 1979; Osborn 1999). On the lateral angio-
gram, all these loops, from anterior to posterior, can be 
located on an ideal horizontal line. The last loop cor-
responds to the sylvian point.

The arteries of the M4 segment are better evident on 
the lateral angiogram, with the features already 
described (Figs. 5.6 and 5.7). The difficulty in discern-
ing the single branches has been emphasized. In this 
instance, 3D angiography can help.

Fig. 5.12 Another example of an accessory middle cerebral 
artery. The inferior trunk arising from the internal carotid artery 
probably corresponds to the real M1 of the middle cerebral 
artery. The superior trunk (arrow) arising from the A1 is the 
accessory middle cerebral artery, from which the perforators 
arise (small arrows)
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6.1  Extracranial Sector

The vertebral artery (VA) originates from the subcla-
vian artery. It runs posterosuperiorly behind the ante-
rior scalene muscle, commonly reaching the foramen 
of the transverse process of the sixth cervical vertebra. 
This first segment of the VA has been called V1 (Huber 
1979; Osborn 1999). The artery can enter the foramen 
at the inferior or superior level (Huber 1979). 
Furthermore, the artery runs vertically through the 
foramina of the transverse processes from C6 to C2 
(the V2 segment), surrounded by the venous plexus. 
The spinal nerves lie behind. Between the foramina of 
C2 and C1, the artery curves laterally and somewhat 
anteriorly. Exiting from C1 begins the V3 segment, 
which curves backward, running in the sulcus of the 
posterior arch of C1; it then forms a second upward 
and forward curve and reaches the foramen magnum, 
where the artery penetrates the dura and forms its last 
segment (V4). It is conceivable that these curves pro-
tect the VA, allowing it to accommodate more easily 
movement in the atlanto-occipital region (Fig. 6.1).

6.1.1  Branches

Muscular spinal branches have possible anastomo-•	
ses with branches of the external carotid artery 
(Figs. 6.2 and 6.7a) and with the cervical ascending 
artery (Fig. 15.18).
Spinal branches include branches for the dura and •	
bone structures, and radicular branches supply the 
nerves. After supplying the nerves, other radicular 
branches (radiculomedullary arteries) reach the spi-
nal cord, continuing in the anterior spinal artery 
(ASA) and posterior spinal artery (PSA). An ante-

rior  radiculomedullary artery, supplying the ASA is 
frequently visible on the VA angiogram at the C4–C6 
level. The ascending and descending segments are 
easily recognizable, anastomosing cranially with the 
descending ASA, arising from the intracranial VA, 
and caudally with the segment arising from the 
 radiculomedullary artery of the intercostal arteries 
(Fig. 6.2). Alternatively, the radiculomedullary artery 

Extra- and Intracranial Vertebrobasilar 
Sector 6

C1

C2

C6

Fig. 6.1 Extracranial course of the vertebral artery arising from 
the subclavian artery and entering the intracranial cavity at the 
foramen magnum
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a b

c

Fig. 6.2 (a) AP angiogram of the right vertebral artery, showing 
its extracranial course. Radiculomedullary artery (arrowhead) 
continuing in the ascending and descending segments (arrow) of 
the anterior spinal artery. (b) Vertebral angiogram, lateral view: 
hypoplastic vertebral artery (VA) ending in the posterior inferior 
cerebellar artery. Hypoglossal branch of the ascending pharyn-
geal artery (arrow with dot) anastomising with the ascending 
radiculomeningeal branch of the VA (arrowhead), contributing 

to form the so-called odontoid arch. Posteriorly runs the anterior 
spinal artery (ASA; double arrow). Muscular branch at the 
C1–C2 level, which presents possible anastomosis with the cor-
responding branches of the occipital and ascending pharyngeal 
arteries. (c) Another example of a connection between the hypo-
glossal branch of the ascending pharyngeal artery (arrow with 
dot) and ascending radiculomeningeal branch of the VA 
(arrows)
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can sometimes arise from the ascending cervical 
artery. The PSAs are seldom identifiable on the nor-
mal vertebral angiogram.
Meningeal branches of the distal extracranial VA are •	
as follows.

On the vertebral angiogram, a small branch is fre- –
quently visible anterior and lateral to the ASA on 
the lateral and AP views, respectively. This artery, 
first described by Greitz and Lauren (1968), has 
been called the anterior meningeal artery. Further 
studies (Lasjaunias et al. 1978a) have demon-
strated that this artery is a radiculomeningeal 
branch and arises from the VA at the level of the 
third vertebral body. The anterior meningeal artery 
runs cranially in the spinal canal and anastomoses 
with the contralateral branch at the level of the 
dorsal surface of the odontoid process. The ante-
rior meningeal artery is connected further with the 
hypoglossal artery, which is a branch of the 
ascending pharyngeal artery; this passes the hypo-
glossal foramen and enters the spinal canal. This 
connection is also called the odontoid arch 
(Figs. 6.2, 6.3, 6.9, 3.8, 3.29, 15.19, and 15.20). 
See also Sect. 3.4.
The falx cerebelli and posterior meningeal arteries  –
originate from the extracranial, sometimes from the 

intracranial, VA. They may also originate from the 
posterior inferior cerebellar, occipital, or ascending 
pharyngeal arteries. There is a balance between 
these arteries, and so one can predominate in supply-
ing the dura of the posterior fossa. The falx cerebelli 
artery (FCA) runs close to the falx cerebelli and con-
tinues in the meningeal branch along the straight 
sinus; it anastomoses superiorly with the FCA of the 
middle meningeal artery. On the lateral angiogram, 
the FCA runs slightly away from the inner table of 
the skull, and it is near the midline in the AP view 
(Figs. 6.3, 13.7 and 13.11). The posterior meningeal 
artery runs on the dura covering the cerebellar hemi-
spheres, and so it has a more lateral course in the AP 
view; it runs close to the inner table of the skull on 
the lateral angiogram (Fig. 13.1 and 15.22).

6.2  Intracranial Sector

At the level of the foramen magnum, the VA penetrates 
the dura, where it is sometimes identifiable owing to a 
small change in the caliber. The artery runs in the suba-
rachnoid space ventrolateral to the medulla oblongata 
and joins the contralateral artery at the bulbopontine 

a b

Fig. 6.3 Vertebral angiogram, lateral view. (a) Falx cerebelli 
artery (FCA; arrow); ASA (double arrow). Tortuous first seg-
ments of the PICA, typical pattern of the supratonsillar segment 
(ST), AICA. (b) FCA (arrow) is dilated, supplying a dural arte-

riovenous fistula. The FICA continues in the meningeal branch 
along the straight sinus. ASA (double arrow). Ascending men-
ingeal branch of the VA (arrowhead)
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junction to form the basilar artery. The basilar artery 
runs on the ventral surface of the pons in the median–
paramedian position; it sometimes adopts a tortuous 
course and displays a lateral extension toward the cere-
bellopontine angle (Fig. 6.12). In the interpeduncular 
fossa under the floor of the third ventricle the basilar 
artery divides into the two posterior cerebral arteries 
(PCAs) (Fig. 6.8, 6.10, 6.11 and 7.5). The point of the 
division can be more caudally located with a cranial 
course of the PCAs (Fig. 7.5c). The basilar artery may 
be elongated, especially in hypertensive and atheroscle-
rotic patients, and it bulges to the floor of the III ventri-
cle. In such cases, the PCAs have first a caudally directed 
course before they encircle the midbrain. Many arteries 
arise from the intracranial sector of the vertebrobasilar 
system. They can be schematically divided into branches 
for the medulla and pons, branches for the midbrain 
(Chap. 7) and branches for the cerebellum.

6.2.1  Branches of the VA

6.2.1.1  Perforators of the VA

Small arteries arising from the posterior surface of the 
VA sometimes form a dense network on the anterior sur-
face of the medulla, where anastomoses may be present. 
Perforators supplying the anterior part of the medulla 
arise from this network. Some arteries first run shortly 
on the anterolateral surface of the medulla before pene-
trating it. Other branches have a longer course and extend 
on the lateral surface before giving off perforators.

These branches are not recognizable on the angio-
gram. Perforating branches are basically end arteries, 
which means that there are no anastomoses among 
them. This is a common feature for all perforators of 
the brainstem (Duvernoy 1999).

6.2.1.2  Posterior Inferior Cerebellar Artery 

The posterior inferior cerebellar artery (PICA) arises 
bilaterally from the first intradural segment of the VA; 
the PICA sometimes arises from the VA’s extradural 
segments or from the basilar artery. The PICA runs 
anterolaterally to the medulla, reaching its posterior 

border after a variable course. During its course, the 
PICA has a close relationship with cranial nerves IX, 
X, XI, and XII. Further, it takes an upward course 
along the anterior surface of the tonsilla, which it sur-
rounds superiorly and forms a typical loop on the 
angiogram that is commonly recognizable. The PICA 
further divides into the vermian and hemispheric 
branches.

Vascular territories. The PICA gives off perforators 
for the lateral medulla in balance with the perforators 
coming from the VA (Duvernoy 1999). Furthermore, 
the PICA supplies the posterior medulla, together with 
the PSA. The distal branches supply the tonsilla, the 
inferior vermis, and inferior surface of the cerebellar 
hemisphere.

Variants. The PICA can be very large and also par-
tially supply the contralateral hemisphere. Sometimes, 
the PICA is hypoplastic or absent and is replaced by a 
large anterior inferior cerebellar artery (AICA).

On the angiogram, the PICA and its segments can 
be better studied in the lateral view (Fig. 6.4). The first 
segments (anterior medullary and lateral medullary) 
can be characterized by a tortuous course. It is always 
easy to identify the retromedullary and supratonsillar 
segments, which surround the tonsilla and the inferior 
vermian and hemispheric branches. In the AP view, the 
different segments cannot easily be separately distin-
guished (Figs. 6.2, 6.3 and 6.6–6.11).

V

ST

LM AMRM

H

Fig. 6.4 Course of the PICA as seen on the lateral angiogram. 
Anterior medullary segment (AM), lateral medullary segment 
(LM), retromedullary segment (RM), supratonsillar segment 
(ST), vermian (V), hemispheric branches (H)
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6.2.1.3  Anterior Spinal Artery 

The ASA is formed by two small branches that arise 
from each VA distal to the PICA. In 10% of cases, the 
ASA’s origin is unilateral. The ASA gives off perfora-
tors for the anterior median and paramedian parts of 
the inferior medulla, while the anterior median and 
paramedian parts of the superior medulla are supplied 
by the VA (Duvernoy 1999). The ASA is frequently, 
but not always, recognizable on the angiogram 
(Figs. 6.2, 6.3, 6.7–6.10, 16.6, 16.8, and 15.20).

6.2.1.4  Posterior Spinal Artery 

The PSA arises from the PICA or distal VA. The PSA 
is a very small vessel and is not recognizable on nor-
mal vertebral angiograms; it supplies the posterior 
medulla. The PSA can be involved in the supply in 
pathological processes (Fig. 6.7b).

6.2.2  Branches of the Basilar Artery

6.2.2.1  Median–Paramedian Perforators

The median-paramedian perforators are small branches 
and are not recognizable on the angiogram; they arise 
on the posterior surface of the basilar artery. The 
majority enter the pons at the level of the basilar sul-
cus. Others adopt first a transverse path before entering 
the pons. Some of these arteries are long and reach the 
floor of the IV ventricle; others are more lateral and 
shorter. They supply the median–paramedian and, par-
tially, the lateral part of the pons (Kaplan and Ford 
1966; Tatu et al. 2001; Duvernoy 1999).

6.2.2.2  Lateral Pontine Branches

These are frequently visible on the AP angiogram as 
small vessels running from the basilar artery laterally 
toward the middle cerebellar peduncle (MCP). The lat-
eral pontine branches give off perforating branches 
that supply the lateral pons and middle cerebral peduncle 
(Figs. 6.8, 6.10, 12.13, and 12.14).

6.2.2.3  Anterior Inferior Cerebellar Artery 

The AICA arises from the basilar artery, commonly 
from its first or second third (Scialfa et al. 1976; 
Naidich et al. 1976). It runs laterally with a straight 
course toward the lateral inferior part of the pons and 
MCP. In its course, the artery crosses cranial nerve VI; 
shortly after, it divides into two major branches: the 
rostro-lateral (RL) and the caudomedial (CM) branches 
(Naidich et al. 1976). Anterior to the flocculus, the lat-
eral branch reaches cranial nerves VII–VIII. Here, it 
describes a rather complex loop, which can partially 
extend into the meatus acusticus. In this part of its 
course, the lateral branch gives off the labyrinthine 
artery. The latter rarely arises directly from the basilar 
artery (Naidich et al. 1976; Brunsteins and Ferreri 
1990). The lateral branch runs further in the horizontal 
fissure of the cerebellum, where it can replace the mar-
ginal artery of the superior cerebellar artery (SCA). 
The CM branch is frequently smaller; it is directed to 
the anterior medial surface of the cerebellum. 
Sometimes, it can arise as a separate trunk from the 
basilar artery and be well developed, supplying the 
vascular territory of the PICA.

Vascular territories. The arteries give off perfora-
tors that supply the lateral portion of the pons and 
MCP in balance with the lateral pontine arteries of the 
basilar artery. The distal branches supply the anterior 
part of the cerebellum. The labyrinthine artery sup-
plies cranial nerves VII–VIII.

Variants. The sizes of the AICA and PICA are 
closely correlated: when one is well developed, the 
other is commonly small or absent. In an angiographic 
study (Takahashi et al. 1968), in 48% of cases both the 
AICA and PICA were well developed. In 40% of cases, 
one or both AICA were dominant, replacing the PICA. 
In 10% of cases, the AICA was hypoplastic or absent, 
and its vascular territories were replaced by a well-
developed PICA. In addition to the main trunk of the 
AICA, an accessory AICA with a separate origin may 
sometimes be present (Naidich et al. 1976).

Angiogram. The AICA is easily recognizable on the 
lateral and particularly on the AP vertebral angiogram. 
In this latter view, the lateral branch runs toward the 
internal meatus acusticus, where it forms a loop from 
which the LA arises. LA, however cannot be identified 
with certainty. More distal branches extend to the ante-
rior surface of the hemisphere and vermis (Figs. 6.3, 



72 6 Extra- and Intracranial Vertebrobasilar Sector

6.6, 6.8, 6.10, 6.11, 12.14, 12.15, and 7.5). The medial 
branch can be particularly well distinguished when the 
PICA is absent (Figs. 6.8, 6.11, and 6.14).

6.2.2.4  Superior Cerebellar Artery 

The SCA is the most constant among the cerebellar 
arteries and is almost always present. It arises as a 
unique trunk, which divides into superior and inferior 
branches. The SCA can sometimes be double or, rarely, 
triple (Mani et al. 1968; Hardy and Rhoton 1978). An 
origin from the P1 may also occur infrequently. From 
its origin, the SCA runs laterally on the surface of the 
superior part of the pons (pontine segment) and lies 
inferiorly to cranial nerve III. The SCA then turns pos-
teriorly and courses around the midbrain inferiorly to 
the posterior cerebral artery (midbrain segment). The 
trunk or one of its branches can make a loop caudally 
and come in contact with the trigeminal nerve (Hardy 
and Rhoton 1978). The SCA reaches the quadrigemi-
nal plate (quadrigeminal segment), where both the 
right and left SCA approach each other.

Branches. In the course around the midbrain, the 
SCA gives off small branches for the superior poste-
rior part of the pons and midbrain in addition to the 
hemispheric cerebellar branches. The first of the latter 
is the marginal artery, which runs laterally toward the 
horizontal fissure and supplies the corresponding cer-
ebellar area, together with a lateral branch of the AICA. 
One of these arteries can predominate.

There are two or three other cortical branches, 
which arise more distally. In its course around the mid-
brain, the SCA lies inferiorly to the superior surface of 
the cerebellum; so to reach this, the cortical hemi-
spheric branches run first upward, then downward. The 
superior vermian artery is the terminal branch, and it 
commonly arises from the quadrigeminal segment. 
The vermis branches from both SCAs approach each 
other and run almost parallel. From its midbrain seg-
ment, a meningeal artery, sending small branches to 
the posterior part of the tentorium, has been described 
(Wolschlaeger and Wolschlaeger 1974).

Vascular territories. Each artery supplies the upper 
posterior part of the pons and midbrain. In supplying 
the postero-lateral midbrain, there is a balance between 
the SCA and its branches and the small perforators of the 
posterior cerebral artery, the collicular artery, and the pos-
terior medial choroidal artery (Duvernoy 1999). The 

distal branches supply the superior vermis and supe-
rior cerebellar hemisphere.

Variants. The SCA can arise uni- or bilaterally from 
the P1 segment of the PCA (Fig. 6.5). When the SCA 
is duplicated, one branch can arise from the basilar 
artery and the other from the P1.

On the angiogram the pontine, midbrain, and quad-
rigeminal segments are well evident in the AP view 
(Figs. 6.8a and 7.5b). The midbrain segment is identi-
fied in the lateral view and runs inferiorly to the PCA  
(Fig. 6.6). Because of overlapping, it is frequently dif-
ficult to distinguish the cerebellar branches from 
branches of the PCA. In the lateral view, the cerebellar 
arteries can be identified; they form a superior convex 

Fig. 6.5 Vertebral angiogram, AP view. Asymmetric lumen of 
the vertebral arteries. There is duplication of the left vertebral 
artery. The anomalous vessel (double arrow) is larger than the 
true artery (arrow). Normal basilar artery (BA), continuing in 
both PCAs. From the right P1 arises a large posterior thalamop-
erforating branch, dividing distally into small branches (arrow 
with dot). The right superior cerebellar artery (SCA) arises from 
the right P1 (arrowhead). Presence on the right of a radiculom-
eningeal branch (white arrowhead)
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curve and run below the tentorium with a stepladder 
appearance. The vermis branches are the superior ones. 
In the AP view, their course projects below the tento-
rium. Among these branches, the marginal artery is the 
most easily recognizable (Figs. 6.5, 6.8, 6.10, 6.11, 
6.14, 7.5, 7.6, 7.9, 12.11, 12.13, and 12.14).

6.2.3  Cortical-Subcortical Branches  
of the Cerebellar Arteries

Branches supplying the cortex and branches extending 
to the white matter and deep nuclei (medullary arter-
ies) arise from the cortical branches and run on the 

a

b

Fig. 6.6 Lateral vertebral angiogram. Tortuous first segments of 
the PICA. Typical supratonsillar loop (ST). Vermian and hemi-
spheric branches (bidirectional arrow). AICA, SCA

Fig. 6.7 (a) Lateral vertebral angiogram (detail). PICA with its 
typical supratonsillar loop (ST). ASA (arrows). Muscular branch 
at the level of C1, which can potentially anastomose with the 
corresponding branch of the occipital artery (arrow). (b) Patient 
with arteriovenous malformation involving the cervical spinal 
cord. Lateral vertebral angiogram showing the supply by a very 
dilated ASA (arrow with dot) and PSA (arrow)
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surface of the cerebellar cortex. The medullary arteries 
are end arteries, with no possibility of collateral circu-
lation. Instead, there are abundant anastomoses among 
the superficial cortical branches on the border zones of 
the vascular territories of the PICA, AICA, and SCA 
(De Reuck 1972).

6.2.4  Variants of Vertebral and Basilar 
Arteries

There is frequent asymmetry of the lumen of the VA. 
The left VA is dominant in the majority of cases; less 
frequently the right VA is larger.

It can be indirectly involved in aortic arch anoma-
lies. Duplication of the VA, where two branches arise 
separately from the subclavian artery and join them in 
the midcervical region, has been reported (Goddard 
et al. 2001). The left VA can take its origin from the 
aortic arch in 7–10% of cases (Figs. 1.4 and 15.17); in 
very rare cases, it take its origin from the internal or 
external carotid artery. One VA may be hypoplastic 
and end intracranially in the PICA. In cases of unilat-
eral ASA, the presence of a hypoplastic VA does not 
exclude the possibility that this artery takes its origin 
from the hypoplastic VA (Fig. 6.9). Other rare condi-
tions are fenestration and duplication of the VA and 
basilar artery. According to the literature, the defini-
tion of these variants in a given case is not 

a b

Fig. 6.8 Vertebral angiogram, AP view. (a) Asymmetric verte-
bral artery. Basilar artery (BA). Both PICAs are well developed. 
That on the left probably has an extracranial origin (arrowhead). 
Unilateral origin of ASA (double arrow). Bilateral AICA. Note 
the loop in front of the internal meatus acusticus (bidirectional 
arrows). The numbers 1, 2, and 3 indicate, respectively, the pon-
tine, midbrain, and quadrigeminal segments of the SCA. The 
latter continues in its terminal vermian branches. Marginal 
branch (M) of the SCA. From both PCA, retrograde injection of 
the posterior communicatinig artery (arrow) is particularly well 

developed on the right. This allows identification of the P1 seg-
ment of the posterior cerebral artery (PCA). On the right, there 
is an anastomosis between a branch of the vertebral artery and 
the occipital artery. (b) Bilateral voluminous vertebral artery. On 
the right, a well-developed PICA arises from the VA. On the left, 
a voluminous AICA replaces the absent PICA (arrow). Lateral 
branch (L), medial branch (M), superior cerebellar artery (SCA). 
Lateral pontine arteries (arrow with angle) take their origin from 
the basilar artery (arrow). Unilateral ASA (double arrow)
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homogeneous (Takahashi et al. 1973; Wolschlaeger 
and Wolschlaeger 1974; Lasjaunias and Berenstein 
1987; Osborn 1999). Indeed, it may often be difficult 
to undertake a differential diagnoses between these 
two conditions, which are probably different aspects of 
the same anomalous development. To simplify matters 
from a practical point of view, we define duplication 
and triplication (Wolschlaeger and Wolschlaeger 1974) 

as occurring when two or three clearly separated ves-
sels are present (Figs. 6.5 and 6.14). In the case of fen-
estration, the vessel is unique, but on part of its course 
there is a double lumen (Fig. 6.13).

Duplication and fenestration can be associated with 
aneurysms (Picard et al. 1993; Tanaka et al. 2006) 
(Fig. 6.14). For the connection between the carotid and 
vertebrobasilar circulation, see Sect. 2.5.

a b

c

Fig. 6.9 Left and right vertebral angiogram in the same patient. 
On the angiogram of the well-developed left vertebral artery  
(b) there is a partial injection of the hypoplastic right vertebral 
artery injected also selectively (a). Unilateral origin of the ASA 
(arrow) from the hypoplastic right vertebral artery. Study in a 
different patient (c). Left vertebral angiogram with retrograde 

injection of the contralateral vertebral artery. ASA (arrowhead) 
with its bilateral contribution (arrow) deriving from the verte-
bral arteries. Radiculomeningeal artery (white arrowhead) aris-
ing at the C3 level of VA. Probable bilateral extradural origin of 
the PICA (arrow with dot)
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Fig. 6.10 Vertebral angiogram, AP view. Dominant left VA, 
which gives off a large PICA. There are two well-developed 
AICAs, that on the right replaces the vascular territory of the 
PICA. Bilateral origin of ASA (bidirectional arrow). Lateral pon-
tine arteries arising from the basilar artery are well visible (arrows 
with angle). Note on the right the early division of the SCA

Fig. 6.12 Tortuous basilar artery, probably due to atherosclerosis 
extending into the cerebellopontine angle, causing facial spasm

Fig. 6.11 Vertebral angiogram, AP view. Asymmetric vertebral 
artery. On the right, a well-developed PICA replaces mainly the 
vascular territory of the small AICA (small arrow). On the left, 
there is a well-developed AICA (large arrow), supplying mainly 
the vascular territory of the PICA. On the left, the lateral and 
medial branches of the AICA (L and M) are well developed. 
Note the typical loop of the lateral branch in front of the meatus 
acusticus (bidirectional arrow), particularly evident on the left. 
The lateral branch runs further toward the horizontal fissure. The 
SCA is double on the right. The four segments of the PCA 
(P1–P4) show their typical course. A large posterior thalamop-
erforating branch arising from the left P1 is recognizable

Fig. 6.13 Fenestration (arrow) of the basilar artery near the ori-
gin of the AICA
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a b

c

Fig. 6.14 (a) Angiogram in a duplicated proximal basilar artery 
(arrows) associated with ruptured aneurysm treated acutely with 
coils (b). There is asymmetry of the vertebral arteries: that of the 
left is hypoplastic. Bilateral well-developed AICA. That on the 
left replaces the absent PICA. Lateral branch (L), medial branch 

(M), superior cerebellar arteries (SCA) duplicated on the right. 
Duplication (c) of the vertebral artery (arrow) in another patient. 
Left vertebral angiogram with reflux in the right duplicated ver-
tebral artery
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Embryologically, the posterior cerebral artery (PCA) 
is a branch of the internal carotid artery (ICA); the 
connection with the basilar artery (pars basilaris) 
develops later. The connection with the ICA (pars 
carotica) can completely regress or persist as a large or 
small vessel, becoming the posterior communicating 
artery (PComA). Variants in this evolution will be 
described later.

As it arises from the basilar artery, the PCA can be 
divided into four segments (Huber 1979) (Fig. 7.1).

P1 (precommunicating segment): from its origin •	
from the basilar artery to the junction with the 
PComA.
P2 (ambient segment): around the midbrain toward •	
the quadrigeminal plate.
P3 (quadrigeminal segment): on the surface of the •	
quadrigeminal plate.
P4 (distal segments).•	

7.1  P1 Segment

This is the first segment, extending from its origin in 
the basilar artery to its junction with the PComA 
(Figs. 7.1 and 7.2). The P1 segment is the pars basilaris 
of the PCA that embryologically appears later. It is a 
short segment, running in the interpeduncular fossa, 
where it has a close relationship with cranial nerve III, 
located inferiorly. The P1 segment can have a horizon-
tal course or form a slightly ascending or descending 
course. Its length varies, with an average of 7.1 mm 
(Zeal and Rhoton 1978).

The P1 segment gives off perforating branches 
called the thalamoperforating pedicles (Foix and 
Hillemand 1925a, 1925b) or paramedian thalamic 

arteries (Percheron 1976a, 1976b). It would be simpler 
to call these arteries the posterior thalamoperforating 
branches. They enter the posterior perforated substance 
(PPS), supplying the medial part of the mesencepha-
lon, the medial part of the thalamus, and the posterior 
part of the hypothalamus (Lazorthes and Salamon 
1971; Saeki and Rhoton 1977; Zeal and Rhoton 1978; 
Duvernoy 1999; Tatu et al. 2001).

Posterior Cerebral Artery 7

P2

T

AT

P3

P4

POCA

P1

Fig. 7.1 Course of the P1, P2, P3, and P4 segments of the pos-
terior cerebral artery (PCA) in the AP view. Anterior temporal 
artery (AT), middle temporal and temporo-occipital branches 
(T), calcarine artery (CA), parieto-occipital artery (PA)
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The posterior thalamoperforating branches com-
monly consist of several small branches, although fre-
quently a larger branch, further dividing into small 
branches, may predominate. They can arise entirely only 
from one P1, as previously described (Percheron 1976a, 
1976b; Saeki and Rhoton 1977; Zeal and Rhoton 1978; 
Castaigne et al. 1981); this has also been documented 
more recently (Brassier et al. 1998; Lazzaro et al. 2010). 
Finally, even with hypoplasia of the P1, perforators may 
arise from it (Zeal and Rhoton 1978). All these variants 
probably explain the different pattern of midbrain and 
thalamic infarction in cases of proximal occlusion of the 
P1 (Figs. 7.5, 7.6, 6.5, and 6.11).

The collicular (quadrigeminal) artery, which arises 
from the P1 and sometimes from the P2 and runs 
around the midbrain, supplies the lateral and posterior 
portions of the midbrain. There is frequently a second 
small artery, running close and parallel to the collicular 
artery, called the accessory collicular artery (Zeal and 
Rhoton 1978; Duvernoy 1999; Tatu et al. 2001).

From the P1 and sometimes from the P2 or the 
 parieto-occipital branch arises the posterior medial 
choroidal artery, which, after reaching the quadrigemi-
nal plate and giving off branches for the posterior thal-
amus, courses forward in the roof of the third ventricle 
together with the internal cerebral vein toward the 
foramen of Monro. It supplies the choroid plexus of 
the third ventricle (Galloway and Greitz 1960; 
Wackenheim and Braun 1970; Margolis et al. 1974; 
Fujii et al. 1980).

Near the origin of the P1 arises a meningeal branch. 
This runs around the midbrain close to and inferiorly 

to the PCA. The meningeal branch extends to the junc-
tion of the tentorium with the falx, vascularizing these 
dural structures. The meningeal branch is not rare, but 
it is very fine and so not recognizable on the normal 
angiogram (Wollschlaeger and Wollschlaeger 1965). It 
can be involved in pathological processes, especially 
in the dural arteriovenous fistula of the tentorium 
(Weinstein et al. 1974) (Fig. 13.12).

7.2  P2 Segment 

Also called the circumpeduncular segment, the P2 seg-
ment runs around the midbrain (Figs. 7.1, 7.3, and 7.4), 
commonly separated from it by several millimeters, 
and the P2 segment terminates on the surface of the 
quadrigeminal plate. The P2 segment lies inferior to 
the optic tract and basal vein, and it is superior to the 
superior cerebellar artery. The parahippocampal gyrus 
lies laterally, with the free margin of the tentorium 
above. The P2 segment gives off the thalamogenicu-
late artery, which can be a single branch. Sometimes, 
there are two or three branches, which supply the lat-
eral thalamus (Duvernoy 1999; Tatu et al. 2001). The 

Fig. 7.2 Angio-MRI. the P1 segments are well defined owing to 
the presence of the posterior communicating artery (PComA) 
bilaterally

Fig. 7.3 Vertebral angiogram, AP view. The retrograde injec-
tion of the PComA bilaterally (arrow) allows the precise defini-
tion of the P1 segment of the posterior cerebral artery (PCA). 
The P2, P3, and P4 are also shown
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artery can arise in the proximal or more distal P2 seg-
ment (Zeal and Rhoton 1978).

Other branches are the peduncular perforators for 
the lateral midbrain and the posterior lateral choroidal 
artery. The latter, which can sometimes arise from the 
parieto-occipital artery, consists of a single or several 
branches (Zeal and Rhoton 1978). Basically, there is 
an anterior branch, which runs in the circumpeduncu-
lar cistern, enters the choroid fissure, extends forward 
to supply the plexus of the temporal horn, and anasto-
moses with the anterior choroidal artery (AchA). 
A posterior branch reaches the pulvinar, gives branches 
to it, and terminates in the choroid plexus of the lateral 
ventricle at the level of the atrium, anastomosing with 
branches of the AchA (Galloway and Greitz 1960; 
Wackenheim and Braun 1970; Margolis et al. 1974; 
Fujii et al. 1980; Duvernoy 1999).

From the P2 arise cortical branches for the temporal 
lobe. They are also called the inferior temporal arteries 

and supply entirely the inferior surface of the temporal 
lobe, including the hippocampus and partially the infe-
rior surface of the occipital lobe. The cortical branches 
for the temporal lobe are classified in relation to the 
site of origin and vascular territories involved: anterior, 
middle, and posterior (Zeal and Rhoton 1978).

7.3  P3 Segment 

The P3 segment is short and runs in the quadrigeminal 
cistern on the surface of the quadrigeminal plate, 
approaching that of the other side at a variable distance, 
averaging 16 mm (Margolis et al. 1974) (Figs. 7.1, 7.3, 
and 7.4).

7.4  P4 Segment 

The main trunk divides into terminal branches: the 
parieto-occipital, calcarine, and splenial arteries. The 
parieto-occipital artery arises either together with  
the calcarine artery, at the level of the calcarine fissure, 
or sometimes as a single trunk, more proximally from 
the P2 segment. The parieto-occipital artery runs pos-
terosuperiorly on the medial surface of the hemisphere 
and gives off branches for the precuneus, cuneus, and, 
as reported (Margolis et al. 1974) in 35% of cases, for 
the primary visual cortex.

The calcarine artery arises at the calcarine fissure, 
usually in its first segment lateral to the parieto-occip-
ital artery. Further, it runs medially and inferiorly along 
the calcarine fissure, supplying the primary visual cor-
tex (Figs. 7.1, 7.4, 7.6, and 7.7).

The splenial artery, also called the posterior perical-
losal artery, has a variable origin, frequently from the 
P3 segment or from the parieto-occipital artery. It runs 
around the splenium and anastomoses anteriorly with 
the branch of the pericallosal artery (Figs. 7.6 and 7.7).

7.5  Anatomical Variations

The P1 segment can be hypoplastic or absent. When the 
P1 is absent, the PCA takes its origin directly from the 
ICA via a large PComA. This aspect, corresponding to 

Fig. 7.4 Vertebral angiogram, AP view, showing the typical 
course of the PCA with its typical P2, P3, and P4 segments
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a b

c

Fig. 7.5 (a) Vertebral angiogram, AP view. The posterior thal-
amo-perforating branches (arrow) are well visible. They arise 
prevalently from the right P1. There is a partial overlap with distal 
branches of the left posterior inferior cerebellar artery (PICA). 
Anterior inferior cerebellar artery (AICA), superior cerebellar 
artery (SCA), posterior cerebral artery (PCA). The PCA and SCA 
both run around the midbrain. In the AP view, the SCA is medially 
located. (b) Vertebral angiogram, AP view. A faint network of 

vessels corresponding to the posterior thalamo-perforating artery 
is recognizable, in which a larger branch arising from the right P1 
(arrow) predominates. The numbers 1, 2, and 3 correspond, 
respectively, to the pontine, midbrain, and quadrigeminal seg-
ments of the SCA. (c) Vertebral angiogram, AP view. Ascending 
course of the P1 owing to a short basilar artery. At least three 
well-developed posterior thalamo-perforating arteries are recog-
nizable: two on the left, one on the right (double arrow)
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the initial embryological pattern, is called the fetal ori-
gin of the PCA (Figs. 7.9a–c). It can occur uni- or bilat-
erally; its frequency is reported as being between 30% 
and 40% of cases (Zeal and Rhoton 1978; Pedroza  
et al. 1987). Conversely, when the P1 is well developed, 
the PComA is commonly small or can be completely 
absent (Fig. 7.9d). Among the variants concerning the 

proximal segment of the PCA, duplication, with two 
separated branches arising from the ICA or one from 
the ICA and the other from the basilar artery, has been 
reported (Hoyt et al. 1974). A recent study has shown 
that in the majority of cases this duplication is a variant 
of the AchA, which can be hypertrophic and take over 
partially or completely the vascular territory of the PCA 

a b

c d

Fig. 7.6 (a), (b), and (c) vertebral angiogram, lateral view. 
Posterior thalamo-perforating branches (P) arising from the P1. 
In (a) there are also anterior thalamo-perforating branches aris-
ing from the PComA. In (c) a predominant large perforator is 
recognizable. Thalamogeniculate artery (G), posterior medial 
and lateral choroidal arteries (double arrow). Note the typical 
S-shaped medial arteries located anteriorly to the lateral 

branches. Splenial artery (S), calcarine artery (three arrows), 
parieto-occipital artery (PO), anterior temporal artery (AT), tem-
poro-occipital artery (arrow with dot). There is overlap of the 
temporal branches of the PCA and cerebellar branches. The lat-
ter can be identified owing to their typical superiorly convex 
curve (arrowheads). (d) T1-weighted MRI showing the typical 
calcarine fissure (arrow)
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(see Sect. 2.4.3.1). It is important to recognize this con-
dition even though it is not always easy or possible to 
establish with certainty on the angiogram which is the 
dominant vessel (Fig. 7.10). Variants involving the pos-
terior thalamo-perforating arteries have already been 
described.

7.6  Vascular Territories

The posterior thalamo-perforating arteries (P1) sup-•	
ply the medial anterior part of the midbrain and 
medial thalamus. Frequently, a common large trunk 
supplies the midbrain and thalamus. In addition, 
other smaller branches are present, supplying selec-
tively the midbrain or thalamus.
The collicular artery (P1) supplies the lateral and •	
posterior part of the midbrain, together with the 
middle posterior choroidal artery and small perfora-
tors arising directly from the P1-P2 segments of the 
PCA.
The thalamogeniculate artery (P2) supplies the lat-•	
eral part of thalamus, optic tract, and posterior limb 
of the internal capsule.
The posterior choroidal arteries (P1 and P2) supply •	
the posterior part of the thalamus.

There are many variants concerning the origin and •	
extension of the vascular territories of all these arter-
ies. Furthermore, they form a rich anastomotic net-
work on the surface of the midbrain and posterior 
thalamus that involves also the superior cerebellar 
artery and, partially, the AchA. This probably 
explains the presence or absence and different exten-
sions of ischemic lesions in occlusion of the PCA 
distal to the P1.
The cortical branches comprise the temporal arter-•	
ies (P2) supplying the inferior surface of the tempo-
ral and occipital lobes, the parieto-occipital artery 
(P3) supplying the medial surface of the hemisphere 
in the parieto-occipital area, and the calcarine artery 
(P3) supplying the primary visual cortex and adja-
cent areas. Contributors in the supply of the primary 
visual cortex also come from the parieto-occipital 
and temporo-posterior arteries.
The splenial artery (P3) supplies the splenium.•	

Between the branches of the PCA surrounding the 
midbrain and running toward the thalamic area, there 
are many superficial anastomoses. The perforating 
branches, however, which arise from them and pene-
trate the parenchyma, are basically end arteries 
(Duvernoy 1999).

From superficial branches running on the surface of 
the cortex arise arteries that supply the cortex and 
white matter (medullary arteries). The medullary arter-
ies are similar to the branches of the anterior and 
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G

Fig. 7.7 Course of the PCA and its branches in the lateral view. 
Anterior from PComA and posterior from P1 thalamo-perforating 
arteries (p), thalamogeniculate artery (G), posterior choroidal arter-
ies, medial (M), lateral (L), splenial artery (S), parieto-occipital 
 arteries (PO), calcarine artery (CA), temporal arteries (T), anasto-
moses with the anterior cerebral artery (ACA) and middle cerebral 
artery (MCA) (………)

M

L

L

P
P2

P3

P1

Fig. 7.8 Course of the P1, P2, and P3 segments of the PCA in 
the AP view. Posterior thalamo-perforating branches (P), medial 
(M) and lateral (L) posterior choroidal arteries
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a b

c

d

Fig. 7.9 (a) Left PCA arising directly from the ICA (fetal pat-
tern; arrow), (b) lateral vertebral angiogram showing the right 
PCA (arrow), (c) vertebral angiogram, AP view. Right PCA 
(arrow) arising from the basilar artery. Hypo/aplastic left P1. 
The marginal artery of the left superior cerebellar artery (small 

arrow) is easily identifiable. Owing to the minimal overlap, the 
right marginal artery is also well recognizable (small arrow). 
There are two well-developed AICA. (d) Angio-MRI in another 
patient. Left PComA (arrow). On the right, absence of the 
PComA (arrow)
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middle cerebral arteries and are end arteries. Potential 
leptomeningeal anastomoses are present in the termi-
nal cortical territories among the PCA, anterior cere-
bral artery, and middle cerebral artery. The splenial 
artery can anastomose with the pericallosal artery 
(Fig. 7.7).

7.7  Angiogram

The P1 segment is well demonstrated in the AP view 
(Figs. 7.3 and 7.4). Its perforators branch directed 
upward and somewhat posteriorly; they are frequently 
well recognizable on AP and always on lateral angio-
grams (Figs. 7.5, 7.6, 6.5, and 6.11). The P2 segment is 

better visualized in the AP view surrounding the mid-
brain. In the lateral view, the segments of both sides are 
superimposed. Among the branches arising from the 
P2, the thalamogeniculate and both medial and lateral 
choroidal arteries (Figs. 7.6 and 7.7) are distinct on the 
lateral angiogram. The thalamogeniculate arteries are 
one or more small branches running upward and slightly 
posteriorly between the posterior thalamo-perforator 
branches and choroidal arteries. The medial choroidal 
arteries commonly have an S-shaped pattern, and the 
lateral choroidal arteries form an anteriorly directed 
concave curve posterior to the medial choroidal arteries 
(Wackenheim and Braun 1970). Commonly, the chor-
oidal arteries cannot be identified in the AP view. Their 
course is schematically demonstrated in Fig. 7.8. The 
choroidal arteries can be recognized when they are 
dilated, particularly when supplying arteriovenous mal-
formations. The lateral branch of the posterior choroi-
dal artery can lead to a blush in the capillary-venous 
phase, which is visible in the AP and lateral views and 
corresponds to the plexus of the lateral ventricle.

Concerning the branches supplying the hemisphere, 
the anterior temporal branches, which arise from the 
P2, are well recognized in the AP view. On the lateral 
angiogram, these branches have a course that is ante-
rior to the basilar artery (Fig. 7.6). The more distal 
hemispheric branches arising from the P2 and P3 can 
be visible on the AP and lateral angiogram (Figs. 7.4–
7.7). However, a more precise identification is possible 
with the lateral angiogram, where, in particular, the 
calcarine artery can be easily identified because of 
its typical course (Fig. 7.6). The parieto-occipital 
branches are superiorly located to the calcarine artery 
and the temporo-occipital inferiorly. In the AP view, 
superimposition of these branches, can make precise 
identification difficult. Basically, the calcarine artery 
runs in the paramedian region, medially to the parieto-
occipital. The splenial artery is easily identified on the 
lateral angiogram posteriorly to the choroidal artery 
(Fig. 7.6).

Fig. 7.10 Lateral carotid angiogram. Three branches are recog-
nizable, arising from supraclinoid ICA: a small one (arrow-
head), which could be the cisternal segment of the AchA, and 
two other large branches, one superior (arrow with dot), directed 
to the occipito-parietal, and the other inferior (arrow), directed 
to the temporo-occipital region. There is a false image of an 
aneurysm, excluded by other projections. It is difficult to say 
whether this is a normal AchA and a duplicated PCA or a hyper-
trophic AchA, taking over completely the vascular territory of 
the PCA
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In this chapter, the vascular territories of the brain 
as viewed in the axial planes on CT or MRI are 
presented.

The cerebral hemispheres are vascularized by the 
anterior cerebral (ACA), middle cerebral (MCA), pos-
terior cerebral (PCA), and anterior choroidal (AchA) 
arteries. From the proximal segments of these arteries 
(A1, M1, P1) and cisternal segment of the choroidal 
artery, small branches (deep perforators) arise that 
enter the brain parenchyma at the level of the anterior 
and posterior perforated substance supplying basal 
ganglia, thalamus, and internal capsule. Other perfora-
tors arise from the anterior communicating (AComA) 
and posterior communicating (PComA) arteries, which 
belong to the circle of Willis, and from the distal seg-
ment of the internal carotid artery. The perforators are 
end arteries with no possible collateral circulation. 
From the more distal branches of ACA, MCA, PCA, 
and AchA cortical arteries that supply the cortex and 
arteries that enter the white matter (medullary arteries) 

arise. The deep perforators of the medullary arteries 
are also end-arteries. On the contrary, there are poten-
tial pial (leptomeningeal) anastomoses among the cor-
tical branches of all the main trunks (Fig. 8.1).

In the posterior fossa, medulla and pons are  vascu-
larized by perforators arising from  the vertebral basi-
lar, and anterior and posterior spinal arteries. The 
midbrain is vascularized by perforators of PCA and 
AchA. Furthermore, perforating branches for medulla, 
pons, and midbrain arise from the first segments of the 
three cerebellar arteries (PICA, AICA, and SCA). All 
these perforators are end-arteries. Cerebellum is sup-
plied by the three cerebellar arteries: the cortical 
branches supply the cortex and the medullary arteries 
supply the white cerebellar matter and deep nuclei. 
Medullary arteries are end-arteries, while potential 
pial anastomoses are present among the cortical 
branches (Fig. 8.2).

More details about the vascularization are presented 
in Chaps. 2 and 4–7.

Vascular Territories 8

Fig. 8.1 Vascular territories of the cerebral hemispheres
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Anterior Cerebral Artery (ACA)
Middle Cerebral Artery (MCA)
Posterior Cerebral Artery (PCA)
Anterior Choroidal Artery (AChA)

Cortex, white matter
and a few grey nuclei

Anterior Thalamo-perforating Arteries
Posterior Thalamo-perforating Arteries
Thalamo Geniculate Arteries
Posterior Medial–Lateral Choroidal Arteries

Thalamus (Th)

Perforators of M1
Perforators of ACA (Heubner)
Perforators of AChA

Putamen (P)
Lateral Pallidum (PL)
Medial Pallidum (PM)

Perforators of M1
Perforators of ACA (Heubner)
Perforators of AChA

Nucleus Caudatus (CN)

Perforators of M1
Perforators of ACA (Heubner)
Perforators of AChA
Perforators of Internal Carotid Artery

Internal Capsule (IC)

Fig. 8.1 (continued)
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Fig. 8.2 Vascular territories of the brainstem and cerebellum, with the section at the level of the medulla, pons, and midbrain

Perforators of VA and ASA
Perforators of VA and PICA
Perforators of PICA and PSA

Medulla

Perforators of BA
Perforators of BA (latero-pontine arteries) and perforators of AICA
Perforators of SCA (only in the superior part of the pons)

Pons

Posterior thalamo perforating arteries
Small perforators of PCA, collicular, postero-medial choroidal and anterior choroidal arteries
Collicular, postero-medial choroidal, superior cerebellar arteries

Midbrain

PICA
AICA
SCA

Cerebellum

ASA anterior spinal artery
PSA posterior spinal artery
BA basilar artery
VA vertebral artery
PICA postero-inferior cerebella artery
AICA antero-inferior cerebella artery
SCA superior cerebellar artery
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The variations in the course, development, and pres-
ence of cerebral veins are greater than those of the cere-
bral arteries. Nevertheless, some typical venous patterns 
can be recognized on an angiogram. Considering these 
patterns and the area of venous drainage, the cerebral 
veins can be classified into supratentorial and infraten-
torial groups.

9.1  Supratentorial Cerebral Veins

The supratentorial cerebral veins can be subdivided 
into the superficial and deep systems (Kaplan and 
Ford 1966; Salamon and Huang 1976).

Cerebral Veins 9

Fig. 9.1 Carotid angiogram, anteroposterior (AP) and lateral 
view. Venous phase (a and b). The SSS drains predominantly 
into the right TS. Among the cortical veins entering the SSS, 
there is a large Trolard vein (double arrow). Thalamostriate vein 
(TSV), septal vein (SV), internal cerebral vein (ICV) with its 
typical S-shaped course, vein of Galen (G), straight sinus (SS), 

torcular herophili (E). Vertebral angiogram (c) in the same 
patient. On this angiogram is documented the presence of the 
left TS, in which drains predominantly the SS. There is a com-
plementary dural channel connecting the right and left TS at the 
torcular herophili (arrow) (Patient treated for distal PICA aneu-
rysm, with occlusion also of the distal PICA with coils)

a b
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9.1.1  The Superficial System

This comprises the cortical veins draining the cortex 
and superficial medullary veins, which drain the more 
superficial white matter. The medullary veins run in a 
centrifugal direction toward the cortex, where they join 
the cortical veins. The latter run within the subarach-
noid space along the superficial sulci, frequently cross-
ing the gyri. Close to the sinuses, they perforate the 
arachnoid and dura, where they run through their inter-
nal layers before entering the sinuses (Figs. 9.1, 9.4, 
9.5, 9.7, 9.8, and 9.10).

9.1.1.1  Superior Group

The veins of this group run up toward the superior sagit-
tal sinus (SSS), draining the superolateral and supero-
medial surface of the hemispheres. Sometimes, a large 
vein called the vein of Trolard, which connects the SSS 
with the superficial middle cerebral vein, can predomi-
nate. The veins on the medial surface commonly origi-
nate near the corpus callosum and run up toward the 
convexity, where they turn laterally to join the vein of the 
lateral surface and together these veins enter the SSS.

Some of the veins draining the cingulate gyrus and 
corpus callosum enter the inferior sagittal sinus. Parts of 
the corpus callosum and adjacent structures drain into 
the posterior pericallosal vein (splenial vein) (Fig. 9.6), 
which runs in the pericallosal cistern around the 

BV  Basal vein
ICV Internal cerebral vein
G Galen vein
MAV  Medial atrial vein
LAV  Lateral atrial vein
IV  Inferior ventricular vein
P  Peduncolar vein (both peduncolar vein can be connected
                 by small posterior communicating vein)
Th Thalamo striate veins (draining in the peduncular veins)
DMCV Deep middle cerebral vein (draining in the BV on the right
 and in the uncal vein on the left)
U Uncal vein
STR Striate vein (draining in the DMCV)
O Olfactory vein
Fo Fronto orbital vein
A Anterior cerebral vein (both anterior cerebral vein can be
 connected by a small anterior communicating vein)

LAV

IV

MAV

ICV
G

BV
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Th
DMCV

STR

FO
OA

U

Fig. 9.2 The basal vein and its tributaries seen from below Fig. 9.3 Lateral view of the deep cerebral veins
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Fig. 9.1 (continued)
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a b

Fig. 9.4 Carotid angiogram, AP and lateral view, venous phase 
(a and b). The SSS drains into the right TS. The left TS is par-
tially injected through the straight sinus (arrow with dot). There 
is a large vein of Labbé (arrow) draining into the distal part of 
the left TS. Large uncal vein (U) receiving blood from the ante-
rior tributaries of the basal vein (BV). Typical paramedian course 
of internal cerebral vein (arrow) receiving its tributaries. 

Vertebral angiogram in the same patient, AP and lateral view, 
venous phase (c and d). Better filling of the straight sinus (SS) 
and of the left TS. There is a complementary venous channel to 
the TS (arrow). There is also a connection (arrow with dot) with 
the right TS. There is a large occipital sinus (OS) connected pos-
teriorly with the SS and TS. Inferior petrosal sinus (IPS), cavern-
ous sinus (CS)

c d
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a b

Fig. 9.5 Carotid angiograms. Venous phases in three different 
cases. (a) Large superficial middle cerebral vein (SMCV) drain-
ing into the cavernous sinus and farther into the IPS. There is a 
small uncal vein (U) draining partially the anterior tributaries of 
the basal vein (BV). Internal cerebral vein (ICV), thalamostriate 
vein (TSV). The septal vein is not recognizable; it appears fre-
quently in later venous phases. Vein of Galen (G), straight sinus 
(SS). Cortical veins draining into the SSS with a typical anterior 
course with a progressively reverse direction to the flow of the 
sinus from frontal to occipital. (b) Large SMCV draining into the 
cavernous sinus and farther into the IPS. Basal vein is not 
 recognizable. Internal cerebral vein (ICV). (c) AP view. ICV 

 (arrowhead). The duplicated SMCV (large arrow) drains into 
venous channels located lateral to the cavernous sinus (CS). The 
lateral venous channels correspond partially to the “paracavern-
ous sinus” and to the “lateral cavernous sinus,” both draining 
into the pterygoid plexus (PP). Rich anastomoses (small arrow) 
connect the paracavernous sinus and lateral cavernous sinus 
with the CS. The CS drains further into the IPS. There is no 
injection of the TS on the right. The drainage of SSS occurs in 
the TS of the left. This is a frequent normal angiographic condi-
tion. A complementary contralateral carotid angiography and 
vertebral angiography should be performed whenever a com-
plete study of the dural sinuses is required

c
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splenium, entering the vein of Galen. The most anterior 
veins of the medial surface drain into the anterior peri-
callosal vein, which courses around the genu further into 
the cistern of the lamina terminalis (vena lamina termi-
nalis); this  continues to the anterior cerebral vein, which 
is a tributary of the basal vein (Duvernoy 1975; Salamon 
and Huang 1976) (Fig. 9.2).

Medial and lateral veins are superimposed on a lat-
eral angiogram. The veins in the frontal area enter the 
sinus and form a right angle with it; the more posterior 
veins enter the sinus, forming a progressively more 
oblique angle in the direction against the current of 
blood into the SSS.

9.1.1.2  Anterior–Inferior Group

The main vein in this group is the superficial middle 
cerebral vein (SMCV), which collects several branches 
of the lateral inferior surface of the frontal and parietal 
area and from the lateral superior surface of the tem-
poral lobe. It can be single or represented by a group 
of veins.

The SMCV runs along the surface of the sylvian 
fissure and continues into the sphenoparietal sinus, 
entering the cavernous sinus. It can also run directly 
toward the base of the skull, where it divides into small 
channels that pass through the foramina of the base of 
the skull, reaching the pterygoid plexus. This variant is 
called paracavernous drainage (see also chap. 9.3.10). 
In another type of drainage, the SMCV runs around the 
deep portions of the temporal lobe, then along the floor 
of the middle temporal fossa, entering the transverse 
sinus. When the SMCV is absent, drainage mostly 
occurs via a large channel called the vein of Labbé, 
which is directed posteriorly toward the transverse 
sinus (Hacker 1968, 1974). The veins of the insula 
(Wolf and Huang 1963) drain into the deep middle 
cerebral vein (see Sect. 9.1.2.7) (Fig. 9.2).

9.1.1.3  Posteroinferior Group

The veins of this group drain the lower lateral surface 
and under surface of the temporo–occipital lobes. The 
majority of these veins enter the transverse sinus, 

a b

Fig. 9.6 AP (a) and lateral (b) angiograms. Venous phase. 
There is a bilateral injection of the cortical frontal vein and basal 
vein (BV). In the late venous phase visible on the lateral angio-
gram, there is a faint network (arrows) corresponding to the 
medullary veins draining into the subependymal veins (ICV, 
TSV, SV). There is also an injection of the inferior ventricular 
vein (V) with its typical anterior concave curve, to which 

 converge fine branches of the lateral atrial vein. Splenial vein 
(SP), vein of Galen (G), straight sinus (SS). There is no superfi-
cial middle cerebral vein. The drainage is directed posteriorly by 
the way of two large temporal veins draining into the TS. Mastoid 
emissary vein (M). There is duplication of SSS in two channels, 
well recognizable in the AP view; the smaller one is divided fur-
ther. All these channels enter the torcular herophili (E)
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a

b

Fig. 9.7 AP and lateral angiogram, venous phase. Part of the 
anterior tributary of the basal vein (BV) drains anteriorly into the 
uncal vein (U), which ends in the cavernous sinus. Internal cere-
bral vein (ICV). There is a very long caudate vein (CV). 
Thalamostriate vein (TSV), small septal vein (SV), splenial vein 
(SP), basal vein (BV). There is no SMCV. The drainage of the 
temporal region is directed prevalently into the vein of Labbé 
(arrow) and into the large frontal and parietal veins

a

b

Fig. 9.8 Lateral (b) and AP (a) view of the carotid angiogram, 
venous phase. Basal vein (BV). In the AP view, its tributaries, 
represented by the deep middle cerebral vein (arrow) collecting 
the inferior striate veins (double arrow), are visible. There is a 
small superficial middle cerebral vein, while drainage of the 
temporal region occurs prevalently into the large temporal vein 
(Labbé) toward the TS (large arrow on lateral angiogram). 
Internal cerebral vein (ICV) collecting thalamostriate vein (TSV). 
Splenial vein (SP). Presence of the inferior sagittal sinus (ISS). 
The septal vein is not visible in this venous phase; it appears 
later. This angiographic finding is not rare. Indeed, the septal 
vein drains mainly the white matter and not the gray matter, and 
so its circulation time is prolonged
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whereas those of the more medial part can drain into 
the basal vein. The main drainage is often represented 
by a large vein of Labbé. When a large vein of Labbé 
is present, the SCMV and the vein of Trolard can be 
absent or small or vice versa.

9.1.2  The Deep System

The deep system drains the blood centripetally from 
the deeper white matter, including that of the corpus 
callosum and internal capsule, and from the deep struc-
tures of the gray substance (basal ganglia, thalamus, 
septum pellucidum, fornix, and claustrum) into two 
main collectors: the internal cerebral vein and basal 
vein. To this system belong the medullary veins, the 
subependymal veins, the veins of the basal ganglia, the 
internal capsule, the claustrum, the thalamic veins, and 
the choroidal vein (Figs. 9.2, 9.3, and 9.5–9.9).

9.1.2.1  Medullary Veins

These veins originate in the deep white matter and run 
toward the lateral ventricle, where they enter the sub-
ependymal veins (Huang and Wolf 1964; Wolf and 
Huang 1964). The deep and superficial medullary vein 
can anastomose, forming a continuous venous channel 
that extends from the cortex to the subependymal veins 
(Schlesinger 1939; Kaplan 1959). On a lateral carotid 
angiogram, the medullary veins are frequently well 
visible as very fine vessels, which are directed centrally 
with an oblique or perpendicular course, before joining 
the subependymal veins (Figs. 9.3, 9.6, and 9.9).

9.1.2.2  Subependymal Veins

The subependymal veins derive their blood from the 
medullary veins and from the basal ganglia, septum 
pellucidum, fornix, and corpus callosum of each 

a

b

c Fig. 9.9 (a) Lateral angiogram, venous phase, magnification. 
The network corresponding to the deep medullary veins, draining 
in the subependymal veins, is well recognizable. Septal vein (SV). 
Thalamostriate veins (TSV) formed by the junction of the termi-
nal vein (T) and caudate vein (CV). Medial atrial vein (arrow), to 
which converge many tributaries. Internal cerebral vein (ICV) 
continuing to the vein of Galen (G). Basal vein (BV). (b) Later 
angiogram, venous phase. Deep medullary veins (arrows) drain-
ing into the subependymal veins [SV, TSV, stem (arrowhead), to 
which converge the tributaries of the medial atrial vein]. Internal 
cerebral vein (ICV). (c) Lateral angiogram, late phase, showing 
better the deep venous system. Internal cerebral vein (ICV), to 
which converge the thalamostriate veins (TSV), caudate veins 
(CV), and medial atrial veins (arrow) with their tributaries. vein 
of Galen (G). Anomalous septal vein formed by two tributaries 
entering the ICV behind the foramen of Monro
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hemisphere (Wolf and Huang 1964; Salamon and 
Huang 1976). Some of these veins are relatively con-
stant; the presence of others can be very variable. We 
describe the most typical.

The septal vein (SV, vein of the septum pellucidum) 
arises from several tributaries running to the anterior 
medial corner of the frontal horn; it then turns back-
ward, continuing to the two sleeves of the septum pel-
lucidum, joining the internal cerebral vein at the foramen 
of Monro. It can have an anomalous course (anomalous 
SV), running in the superior part of the septum pellu-
cidum, turning then downward and reaching the inter-
nal cerebral vein behind the foramen of Monro.

The thalamostriate vein (TSV) is usually prominent 
among the subependymal veins. It is formed by the 
junction of the terminal vein, which runs beneath the 
stria terminalis between the thalamus and the body 
of the nucleus caudatus, and the caudate veins drain-
ing the nucleus caudatus. Among the caudate veins, 
the anterior caudate vein is frequently the larger. 
Sometimes, the caudate veins drain more posteriorly, 
reaching the internal cerebral vein directly through a 
vein called the direct lateral vein, which courses hori-
zontally across the floor of the lateral ventricle. The 
TSV joints the internal cerebral vein together with the 
SV at the foramen of Monro or near to it (Salamon and 
Huang 1976). Despite its name, the TSV does not drain 

the thalamus (Giudicelli et al. 1970; Salamon and 
Huang 1976).

Among other subependymal veins, we briefly 
describe the atrial veins and inferior ventricular vein. 
The medial atrial veins (MAV) and lateral atrial veins 
(LAV) receive tributaries from the medial and lateral 
walls of the atrium and occipital horn. The tributaries 
of the MAV run anteriorly, converging to a stem, which 
enters the internal cerebral vein near the vein of Galen. 
The LAV is rarer. Its tributaries run more inferiorly, 
reaching the distal segment of the basal vein or inferior 
ventricular vein (IVV).

The IVV begins in the body of the lateral ventricle, 
accompanies the body and tail of the nucleus caudatus, 
and runs anteriorly in the roof of the temporal horn, 
forming an anterior concave curve. It exits to the chor-
oid fissure, entering the basal vein. Several tributaries 
reach the vein, in particular those from the hippocam-
pus and adjacent temporal areas.

9.1.2.3  Veins of the Basal Ganglia, Internal 
Capsule, and Claustrum

The superior part of these structures drains by the way 
of the superior striate veins into the subependymal 
veins (see Sect. 9.1.2). The inferior part drains into the 

a b

Fig. 9.10 Lateral carotid angiogram, venous phase (a and b). 
Two examples in which the anterior tributaries of the basal vein 
drain infratentorially into a lateral pontine vein (a, arrow) and 
into the anterior ponto-mesencephalic vein (b, double arrow). In 
both cases, the drainage is directed also partially anteriorly 

owing to a connection with SMCV, which drain typically into 
the CS (b) and paracavernous sinus (a). The basal vein is not 
really recognizable. Bridging vein (b, arrow with dot) between 
ponto-mesencephalic vein and cavernous sinus. Splenial vein 
(SP), internal cerebral vein (ICV), vein of Galen (G)
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inferior striate veins, which run downward, pass 
through the anterior perforate space, reaching the deep 
portions of the sylvian fissure and the stem of the deep 
middle cerebral vein, which is a tributary of the basal 
vein (Wolf and Huang 1963; Salamon and Huang 
1976). They are rarely recognizable on an angiogram 
(Fig. 9.8).

9.1.2.4  Thalamic Veins

These veins are divided into the superior, inferior, 
anterior, and posterior groups. The superior group has 
the largest draining vein, which runs first parallel to the 
internal cerebral vein, entering then its posterior part. 
The inferior group emerges at the posterior perforated 
substance, reaching the peduncular vein (tributary of 
the basal vein). The anterior group drains into the 
internal cerebral vein (ICV) near the foramen of 
Monro, the posterior group into the basal vein 
(Giudicelli et al. 1970; Salamon and Huang 1976) 
(Figs. 9.12 and 9.13). They are visible in the venous 
phase of the vertebral angiogram.

9.1.2.5  Choroidal Veins

The choroidal plexus is drained by the superior and 
inferior choroidal veins; their tributaries are, respec-
tively, the ICV and the basal vein (BV) (Ben Amor 
et al. 1971; Salamon and Huang 1976). The superior 
and inferior choroidal veins belong to the subependy-
mal veins, but they receive blood only from the choroi-
dal plexus and are recognizable on an angiogram as a 
faint blush in the capillary phase.

9.1.2.6  Internal Cerebral Vein

The ICV is a paired venous channel, arising at the level 
of the foramen of Monro or near to it. It is located near 
the midline, where it runs in the tela choroidea on the 
roof of the third ventricle.

Each vein arises as a junction of the SV with the 
TSV and receives during its course several subependy-
mal veins. Each ICV ends in the cistern of the 

quadrigeminal plate, below the splenium, where both 
veins unite and, together with both BV, enter the vein 
of Galen. The ICV is always recognizable on the lat-
eral carotid angiogram owing to its typical S-shaped 
form and in the anteroposterior (AP) view owing to its 
paramedian position.

The ICV and some of its tributaries (SV, TSV) are a 
constant venous finding on a lateral angiogram. The 
other veins can only occasionally be identified with 
certainty. In the AP view, only the ICV is frequently 
recognizable (Figs. 9.5–9.8). Due to overlapping of 
several venous structures, certain identification of the 
other subependymal veins is very difficult and only 
occasionally possible. The situation is different when 
these veins are dilated, like in the drainage of vascular 
malformation (Figs. 12.8, 12.9, and 12.12).

9.1.2.7  Basal Vein (BV)

First described by Rosenthal (1824), the BV is an 
important, frequently large vein, collecting blood from 
the supratentorial and infratentorial veins. It is formed 
on the undersurface of the anterior perforated sub-
stance (APS) by the union of several veins. In most 
cases, the deep middle cerebral vein (DMCV) is the 
most important tributary, and so the BV appears as its 
direct continuation (Duvernoy 1975). The DMCV is 
formed by several veins running on the surface of the 
insula, directed inferiorly and anteriorly toward the 
pole of the insula. The stem of the DMCV runs further 
medially in the deep portions of the sylvian fissure, 
where it is joined by the inferior striate veins. At 
the level of the APS, the DMCV is connected with the 
other tributaries of the BV, which are the veins of the 
frontobasal region (olfactory and fronto-orbital veins) 
and the anterior cerebral vein. This latter receives 
blood from the rostrum and the genu of the corpus cal-
losum by way of the anterior pericallosal vein, con-
tinuing to the vein of the lamina terminalis, which 
enters the anterior cerebral vein. Both the anterior 
cerebral veins are linked by the anterior communicat-
ing vein, running above the optic chiasma (Duvernoy 
1975; Ono et al. 1984).

From its point of origin, the BV runs along the base 
of the brain, around the cerebral peduncle medially 
and the uncus laterally, forming an S-shaped curve. 
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The posterior cerebral artery lies inferiorly while the 
anterior choroidal artery crosses the BV superiorly 
from medial to lateral. In its more distal segment, the 
BV runs slightly upward along the posterior side of the 
thalamus to join the vein of Galen or the ICV.

The BV receives many tributaries; the most promi-
nent from the proximal to the distal segment are the 
peduncular vein, the IVV, and the veins of the infero-
medial temporal and medial occipital lobes. In addi-
tion, the lateral atrial vein drains in the BV directly or 
indirectly to the IVV. The peduncular veins run in the 
interpeduncular fossa, draining the inferior thalamic 
tributaries and joining the BV. Both peduncular veins 
can be connected to each other by a small posterior 
communicating vein (Duvernoy 1975; Salamon and 
Huang 1976). The IVV has already been described. 
Another vein that can be connected with the BV is the 
lateral mesencephalic vein, which runs in the lateral 
mesencephalic sulcus and can be also connected with 
the petrosal vein, in which case it forms an anastomo-
sis between the supratentorial and infratentorial venous 
sectors (Wolf et al. 1963; Bradac 1970; Wackenheim 
and Braun 1970; Salamon and Huang 1976).

Many variants have been described (Padget 1957; 
Bekov 1965; Babin 1971; Duvernoy 1975; Salamon 
and Huang 1976): one is represented by the posterior 
mesencephalic vein, which arises from the mesen-
cephalon and runs to the vein of Galen. It can replace 
the BV or may be present in addition to it. In the latter 
case, Duvernoy (1975) proposed that it be called the 
accessory basilar vein. The distal segments of the BV 
can be absent, and so the proximal segments drain 
infratentorially through the lateral mesencephalic 
vein into the petrosal vein. The first segment does not 
anastomose with the more distal segment. In this case, 
the first tributaries, mainly the DMCV and frontal 
veins, join to form a common trunk (uncal vein), 
which usually drains into the cavernous or paracav-
ernous sinus. A complementary connection with the 
SMCV can coexist with a drainage directed into the 
cavernous or paracavernous sinus, which is associated 
with a drainage into the vein of Galen. Rarely, the BV 
can drain posteriorly into the transverse or straight 
sinus (SS) after a short course within the tentorium 
(Johanson 1954; Padget 1956; Wolf et al. 1963; 
Duvernoy 1975).

On an angiogram, the BV is well recognizable in 
the lateral view as a venous channel, forming a slight 

upwardly concave curve in its course to the vein of 
Galen. In the AP view, the main trunk forms a small 
curve corresponding to the peduncular vein before 
showing a straight, medially directed course toward 
the vein of Galen. The presence and recognition of its 
tributaries are irregular.

In contrast to some subependymal veins (ICV, SV, 
and TSV), which are always recognizable with a typi-
cal pattern, the BV, in its normal course is not always 
present owing to the above-described variants. The BV 
and the posterior mesencephalic vein can have the 
same pattern on an angiogram. Furthermore, the same 
vessel may be differently filled depending on the injec-
tion of its tributaries, which can differ on carotid and 
vertebral angiograms. Despite this, we believe that in 
routine daily work, it is acceptable to define the vein 
visible on the carotid angiogram as the BV, since it 
drains blood from the supratentorial area, while the 
vessel visible on the vertebral angiogram is the poste-
rior mesencephalic vein, draining blood from the 
infratentorial area (Figs. 9.2–9.4, 9.6–9.10).

9.1.2.8  Vein of Galen

The vein of Galen is a unique trunk running in the cis-
tern, which takes its name, around the splenium, from 
the curve it adopts, which has a downward convexity. 
The vein of Galen ends in the SS.

9.2  Infratentorial Cerebral Veins  
(Veins of the Posterior Fossa)

Owing to the irregularity in the development and 
course of the veins of the posterior fossa and the fre-
quent overlapping, it is difficult or impossible to iden-
tify all these venous channels in a given case. Some 
patterns, however, permit recognition on a venous 
angiogram of many of these veins. Three major venous 
drainage groups can be considered: the superior or 
Galen group, draining into the vein of Galen; the ante-
rior or petrosal group, draining into the petrosal vein; 
and the posterior group – tentorial, draining into the 
transverse, and SS directly or indirectly through the 
tentorial sinus (Huang and Wolf 1965; Huang et al. 
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1968, 1969; Bradac et al. 1967; Rosa and Viale 1970; 
Salamon and Huang 1976; Wackenheim and Braun 
1978; Matsushima et al. 1983) (Figs. 9.11–9.15).

9.2.1  Superior Group

This group includes many venous channels partially 
draining superiorly into the vein of Galen and partially 
into the petrosal vein, which belongs to the anterior 
group. The veins of this group are the ponto-mesen-
cephalic, medullary, precentral, and superior vermian 
veins (Bradac 1970; Bradac et al. 1971; Huang and 
Wolf 1965; Tournade 1972; Duvernoy 1975; Salamon 
and Huang 1976).

The anterior ponto-mesencephalic vein (APM) is 
a longitudinal venous channel, running on the ante-
rior surface of the pons in or adjacent to the midline. 
Superiorly, it is often connected through the peduncu-
lar vein with the BV or posterior mesencephalic vein. 
For the relationship of these venous channels, see 
Sect. 9.1.2.7. On a lateral angiogram, the anterior pro-
file of the pons and medulla is well defined. Sometimes, 
the APM is more laterally located, and so a precise 
morphological definition of these structures cannot be 
achieved. The APM is connected caudally with the 
anterior medullary (AM) vein, which runs on the 
anterior surface of the medulla, continuing caudally 
into the anterior spinal vein. As described in Sect. 
9.3.10, bridging veins frequently connect the cavern-
ous sinus with the APM.

In addition to the anteromedial channel, there is 
another longitudinally running vein or group of small 

APM Antero-ponto-mesencephalic vein 
LM Latero-mesencephalic vein
PM Posterior mesencephalic vein 
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TH Thalamic veins
ICV Internal cerebral vein
G Galen vein
PR Petrosal vein (    ) draining in the superior petrosal sinus 
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Fig. 9.12 Lateral view of the posterior fossa veins
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Fig. 9.11 Posterior fossa veins seen in the AP view
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Fig. 9.13 Vertebral angiograms, venous phase. (a) AP view: 
peduncular veins (arrow) continuing to the posterior mesen-
cephalic vein (PM). On the right, there is a lateral mesenceph-
alic vein (LM), connected superiorly with the PM and inferiorly 
with the petrosal vein (P) through the brachial vein. Inferior 
vermian vein (IV) with its tonsillar tributaries. Hemispheric cer-
ebellar vein (CB) draining into the TS, some after a short tran-
stentorial course. Signoid sinus (SiS) continuing to the jugular 
vein. (b) AP view: on the right, LM connecting PM with the 
petrosal vein (P). Inferior vermian vein (IV). Hemispheric cere-
bellar veins draining into the TS. Vein of the lateral recess of IV 
ventricle (arrow) connected through a transverse vein (double 
arrow) to that of the other side. Larger transverse pontine vein 
(TRP) entering the petrosal vein. Superior petrosal sinus (SpS), 
inferior petrosal sinus (IpS), TS with pacchionian granulation 
(PG). (c) Lateral view corresponding to the AP view in (b). 
Anterior ponto-mesencephalic vein (APM) draining predomi-
nantly inferiorly into the  petrosal vein (P) via the transverse 

 pontine vein. Bridging veins toward the CS and IPS (arrow with 
dot). Posterior mesencephalic vein (PM), lateral mesencephalic 
vein (LM), vein of Galen (G), straight sinus (SS). Inferior verm-
ian vein (IV), joined also by a hemispheric branch. Retrotonsillar 
tributaries (bidirectional arrow), vein of the lateral recess of IV 
ventricle (arrow), occipital veins (bidirectional arrow with dot), 
precentral vein (PR). (d) AP view. Right LM connecting PM 
with petrosal vein (P) through brachial vein (BR). Inferior verm-
ian vein. Hemispheric cerebellar vein. (e) Lateral angiogram 
corresponding to the AP view in D. LM connecting PM with the 
petrosal vein (P) through the brachial vein (BR). Precentral vein 
(arrow). Inferior vermian vein with its retrotonsillar tributaries 
(bidirectional arrow). Faint injection of APM. Vein recessi IV 
ventricle (Double arrow). (f) Magnified detail of C, showing the 
superior choroidal vein (CH) and thalamic veins (arrows) drain-
ing into the peduncular, posterior mesencephalic vein and into 
the internal cerebral vein (ICV)

a b

veins more laterally located, forming the so-called lat-
eral medullo-pontine vein (Tournade 1972; Duvernoy 
1975). This venous channel runs posteriorly to the 
inferior olive, reaching the lateral surface of the pons, 
joining cranially the anterior cerebellar vein (vein of 
the horizontal cerebellar fissure) tributary of the petro-
sal vein.

The APM is connected at the level of the pons 
through transversely running veins (transverse pontine 
veins) with the petrosal vein. At the level of the 
medulla, the AM is connected through transverse veins 
(transverse medullary veins) with the lateral medullary 
vein, which is the inferior segment of the lateral 
medullo-pontine vein. This latter drainage is especially 
developed when the junction between the APM and 
AM at the level of the foramen cecum is absent 

(Duvernoy 1975). Finally, connections through the lat-
eral medullary vein and sigmoid sinus can occur.

The lateral medullary vein also collects blood from 
the posterior median vein of the medulla. This is a 
venous channel running on the posterior surface of the 
medulla, continuing to the posterior spinal vein. 
Cranially, it leaves the median position and takes a lat-
eral course, lining the fourth ventricle and finally join-
ing the lateral medullary vein.

The lateral mesencephalic vein runs in the lateral 
mesencephalic sulcus, draining superiorly into the BV 
or into the posterior mesencephalic vein (PM), or drain-
ing inferiorly into the petrosal vein through the brachial 
veins. Both connections can be present, and so the vein 
becomes an anastomotic channel, connecting supra- 
and infratentorial venous sectors. It is well recognizable 
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Fig. 9.13 (continued)
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on a lateral angiogram, in particular the segment run-
ning in the sulcus mesencephalic. In the AP view, it 
forms a convex curve medially to the BA or PM, run-
ning downward and lateral to the petrosal vein.

The precentral vein (PC) is a single midline vessel, 
originating in the precentral cerebellar fissure between 
the lingula and central lobule by the junction of two to 
three branches called the brachial veins since they 
cross the brachium pontis and brachium conjunctivum. 
The brachial veins are connected downward with the 
petrosal vein. The PC runs upward, entering the vein 
of Galen.

The superior vermian vein (SV) can be a single large 
trunk or be represented by several smaller branches, 
which run median or paramedian over the culmen with 
a superior anterior course. Further, they form a curve 
directed upward to join the precentral or vein of Galen. 
The PC and SV are well defined on a lateral angiogram,  
the superior border of the superior vermis.

9.2.2  Anterior Petrosal Group

This group consists of several tributaries converging 
on a single trunk represented by the petrosal vein, 

which enters the superior petrosal sinus above the 
internal auditory meatus (Huang et al. 1968; Bull and 
Kozlowski 1970; Duvernoy 1975; Naidich et al. 1976; 
Salamon and Huang 1976). The petrosal vein is a large, 
but very short (a few millimeters), venous channel, 
located in the cerebellopontine angle, running in close 
relationship with the trigeminal nerve. Tributaries of 
the petrosal vein are the APM via the transverse pon-
tine veins and the lateral mesencephalic and precentral 
veins. The latter are connected with the petrosal vein 
by way of the brachial veins. These can be identified in 
the AP view as an inverted V when they are bilaterally 
injected. On a lateral angiogram, the brachial tributar-
ies can be recognized as a channel directed downward 
and forward, joining the petrosal vein.

Other veins of this group are the anterior cerebellar 
hemispheric veins and the veins of the lateral recess of 
the IV ventricle, both draining into the petrosal vein. 
The vein of the lateral recess receives several tributar-
ies, in particular from the flocculus and tonsilla. It runs 
first inferiorly and anteriorly, then turns superiorly to 
reach the petrosal vein. Sometimes, it is well recogniz-
able in an AP lateral angiogram owing to its typical 
course. The anterior cerebellar hemispheric veins com-
prise the superior and inferior hemispheric veins, 

a b

Fig. 9.14 (a) AP view. Small lateral mesencephalic vein (LM) on 
the right, connecting the posterior mesencephalic vein (PM) with 
the petrosal vein (P) draining into the superior petrosal sinus. 
Hemispheric cerebellar veins (CB) draining into the TS. Sigmoid 
sinus continuing to the jugular vein. Vein of the lateral recess of IV 
ventricle (double arrow). The typical inferior vermis vein is not rec-
ognizable. Its drainage is probably replaced partially by the hemi-

spheric cerebellar vein and partially by the vein of the lateral recess. 
(b) Lateral angiogram corresponding to the AP view in (a). Small 
LM. Anterior ponto-mesencephalic vein (APM) connected through 
the peduncular vein (PE) with the PM. Precentral vein (PR), supe-
rior vermian vein (arrow), hemispheric cerebellar vein (CB), vein of 
the lateral recess of IV ventricle (double arrow), vein of Galen (G), 
straight sinus (SS), transverse sinus (TS), sigmoid sinus (SiS)
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draining mainly into the vein of the great horizontal 
fissure (anterior cerebellar vein), which joins the petro-
sal vein.

9.2.3  Posterior Tentorial Group

The most important vein is the inferior vermian vein. It 
is formed by the union of the superior and inferior ret-
rotonsillar tributaries, localized behind the cerebellar 
tonsil. The inferior vermian vein is a paired vein, run-
ning posterosuperiorly in the inferior paramedian ver-
mis sulcus, entering the straight or transverse sinus, 
sometimes after a short course within the tentorium. 
On a lateral angiogram, the vein is recognizable by its 
typical course at a variable distance from the occipital 
bone. In the AP view, it has a median-paramedian 
localization. The vein of the posterior part of the cere-
bellar hemisphere runs back to the transverse sinus, 
directly or indirectly, through the tentorium (Huang 
et al. 1969; Salamon and Huang 1976).

9.3  Dural Sinuses

The cranial sinuses are venous channels lying in the 
dura, enclosed between its external (periosteal) and 
internal (meningeal) layers. The wall has endothelial 
lining and no musculature. There is no valve inside, 
but frequently there are fibrous trabiculae crossing 
the sinus. Arachnoid villi (pacchionian granulations), 
sometimes very large, project into the sinus, espe-
cially in the parietal part of the SSS, but also in the SS 
and transverse sinus (TS). The dural sinuses collect 
blood from superficial and deep cerebral veins and 
from the meninges through the meningeal veins, 
which accompany the respective meningeal arteries. 
The dural sinuses are also connected with the diploic 
veins and through emissary veins communicate with 
the extracranial venous system (see Sects. 10.7 and 
10.8). The main drainage occurs bilaterally in the 
jugular vein.

9.3.1  Superior Sagittal Sinus (SSS)

The SSS arises anteriorly at the junction of the falx 
cerebri, with the dura lining the inner table of the cal-
varium. At this level, the SSS communicates with 
veins of the nasal cavity and with the facial vein.  
It extends on the midline posteriorly, following the 
calvarium, forming a typical upward convex curve, 
and ends in the torcular herophili. The SSS is very 
small, sometimes absent anteriorly, while it increases 
progressively in caliber in this medial posterior por-
tion. Several variants are possible (Hacker 1974).  
It can occasionally drain predominantly or only more 
laterally into one of the TS. In such cases, one of the 
TS can be hypo/aplastic. The SSS can divide into sep-
arate segments proximal to the torcular herophili, 
draining each segment into the corresponding TS.  
A small horizontal venous channel can be present and 
unite more distally the two segments. Otherwise, the 
distal SSS and torcular herophili form a complex net-
work of small channels continuing in the TS. This is 
always well recognizable in AP and lateral angio-
grams. The flow in the SSS is laminar, and so on a 
carotid angiogram it can sometimes appear smaller, 
since the other part depends on the other carotid sec-
tor (Figs. 9.1, 9.4–9.6 and 9.16).

Fig. 9.15 Lateral angiogram. Anterior ponto-mesencephalic 
vein (APM) connected with the posterior mesencephalic vein 
(PM) through the peduncular veins (PE) and inferiorly with the 
petrosal vein (P) through transverse pontine veins (TRP). Bridging 
veins with CS and IPS (arrow). LM connecting PM with petrosal 
vein (P). Lateral anterior ponto-medullary vein, connected through 
the transverse vein with the anterior ponto-mesencephalic vein 
(arrow with angle). Vein of Galen (G), straight sinus (SS) with 
slightly undulating course. The inferior vermian vein is not iden-
tifiable owing to overlap with the cerebellar hemispheric vein
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9.3.2  Inferior Sagittal Sinus (ISS)

The inferior sagittal sinus (ISS) is a relatively small 
channel, running within the inferior free margin of the 
falx cerebri. It begins in the anterior middle part of the 
falx above the anterior part of the body of the corpus 
callosum. The ISS becomes larger in its course poste-
riorly. It ends in the falcotentorial apex, joining the 
vein of Galen, which enters the SS. The ISS is not 
always visible on an angiogram (Fig. 9.8).

9.3.3  Straight Sinus (SS)

The SS is formed by the confluence of the vein of Galen 
and the ISS. Occasionally, the BV drains directly into it. 
The SS lies on the midline, at the junction of the falx 
cerebri with the tentorium cerebelli; it runs downward 
and backward, entering the torcular herophili. It occa-
sionally receives venous channels running in the tento-
rium. It can be a double or tripled structure and enters 
laterally into one TS. Since it drains blood from the cere-
bral hemispheres and also from the posterior fossa, it can 
be only partially filled and may give a false image of a 

small sinus when only a carotid or vertebral angiogram is 
performed (Figs. 9.1, 9.3, 9.4, 9.6, 9.11–9.13 and 9.15).

9.3.4  Occipital Sinus (OS), Marginal  
Sinus (MS)

This is a small channel, exceptionally sometimes very 
large, running on the midline from the torcular hero-
phili, with which it is connected at its posterosuperior 
end. It extends anteriorly to the posterior margin of the 
foramen magnum, ending in the jugular vein. Medially, 
it communicates with the marginal sinus, which is a 
small venous channel that bilaterally surrounds the 
foramen magnum. The marginal sinus is connected 
anteriorly with the clival plexus and the jugular bulb, 
and anteroinferiorly it is connected with the anterior 
internal vertebral plexus (McDougall et al. 1997) 
(Figs. 9.4 and 9.17).

9.3.5  Transverse Sinus (TS)

Also called the lateral sinus, the TS is contained within 
two layers of the tentorium when it is connected with 
the dura of the calvarium. The TS begins at the internal 
occipital protuberance at the torcular herophili, and it 
runs laterally and slightly anteriorly along the groove 
of the squamous portion of the occipital bone. It then 
turns downward and medially, leaving the tentorium 
and becoming the sigmoid sinus. The two TS are fre-
quently asymmetric, that of the right being larger. The 
proximal part of the TS can be hypo/aplastic (Kaplan 
et al. 1973; Hacker 1974), its distal part being fre-
quently injected by the large vein of Labbé. As with 
the SS, a precise morphological image of the sinus can 
be obtained in many cases only when both carotid and 
vertebral angiograms are performed (Figs. 9.1, 9.4– 9.6, 
9.13, 9.14, and 9.16).

9.3.6  Sigmoid Sinus (SiSs)

This is the direct continuation of the TS. The sigmoid 
sinus curves inferiorly and medially behind the infe-
rior part of the petrous temporal bone, reaching the 

Fig. 9.16 Carotid angiogram, AP view, late venous phase. The 
SSS (double arrow) divides at the torcular herophili in two chan-
nels, each draining into the right and left TS. A complementary 
dural channel (arrow) links both sinuses
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jugular foramen, where it ends in the jugular vein. The 
first segment of the jugular vein (jugular bulb) bulges 
upward in a rounded fossa of the temporal bone, below 
the internal auditory canal. The bulb is usually larger 
on the right, since the transverse sigmoid sinus is larger 
on this side (Hacker 1974; Katsuta et al. 1997) 
(Figs. 9.13, 9.14, and 9.16).

9.3.7  Superior Petrosal Sinus (SPS)

The superior petrosal sinus (SPS) is a small channel 
lying within the attachment of the tentorium to the supe-
rior border of the petrous bone. It extends laterally, con-
necting with the TS, where this continues in the sigmoid 
sinus, to medially, where it enters the posterior part of the 
cavernous sinus. The most important tributary of the SPS 
is the petrosal vein (Figs. 9.11–9.14 and 9.19–9.21).

9.3.8  Inferior Petrosal Sinus (IPS)

The inferior petrosal sinus (IPS) lies in the groove 
between the petrous temporal bone and the clivus.  
It begins in the posterior part of the cavernous sinus, 
runs inferiorly and slightly laterally to join the jugu-
lar vein. Many reports have been devoted to the 
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CL

MS Marginal sinus, with its connections  with CL, AV and OS
OS Occipital sinus, draining in the jugular bulb
IPS Inferior petrosal sinus
J  Internal jugular vein
CL Venous plexus of the clivus
AV Anterior epidural vertebral venous plexus

Fig. 9.17 The marginal and occipital sinuses and tributaries. 
The marginal sinus (MS) circling the foramen magnum con-
nected anterosuperiorly with the venous plexus of the clivus 
(CL), anteroinferiorly with the anterior epidural vertebral venous 
plexus (AV), and posteriorly with the occipital sinus (OS). The 
latter drains anteriorly into the jugular bulb or sigmoid sinus. 
The inferior petrosal sinus (IPS) is connected with the clival 
venous plexus and through the anterior condylar vein (ACV) with 
the anterior epidural vertebral plexus (AV) and jugular vein (J)
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ACC Anterior condylar confluence   
A Anterior condylar vein running through the
                   hypoglossal canal reaching the AV 
L Lateral condylar vein connecting ACC with the VA 
P  Posterior condylar vein connecting jugular bulb with
 the VA and the DCV 
IPS Inferior petrosal sinus     
CS Cavernous sinus     
PCS Paracavernous sinus     
R Rektorzik plexus     
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SIS Sigmoid sinus     
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                  connection with the clival venous plexus 
VA Vertebral artery venous plexus   
PV Prevertebral venous plexus   
DCV  Deep cervical vein 

Fig. 9.18 Venous drainage in the craniocervical region consid-
ering especially the anterior condylar confluence and its connec-
tions, AP view. Anterior condylar confluence (ACC), anterior 
condylar vein running through the hypoglossal canal, reaching 
the AV (A), lateral condylar vein connecting the ACC with the VA 
(L), posterior condylar vein connecting jugular bulb with the VA 
and the DCV (P), inferior petrosal sinus (IPS), cavernous sinus 
(CS), paracavernous sinus (PCS), Rektorzik plexus (R), jugular 
vein (J), sigmoid sinus (SIS), anterior epidural vertebral plexus 
with some connection with the clival venous plexus (AV), verte-
bral artery venous plexus (VA), prevertebral venous plexus (PV), 
deep cervical vein (DCV) (Modified from San Millar Ruiz)
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anatomy around the jugular foramen, considering 
especially the relationship of the drainage of the IPS 
into the jugular vein (Shiu et al. 1968; Miller et al. 

1993; Gailloud et al. 1997; Benndorf and Campi 
2002; Calzolari 2002; Mitsuhashi et al. 2007). These 
studies have shown that the IPS is commonly repre-
sented by a unique channel, but occasionally it con-
sists of a plexus of veins. It usually enters the jugular 
bulb, but it can also extend extracranially, joining the 
jugular vein 3–4 cm below the base of the skull. It can 
occasionally drain into the anterior condylar conflu-
ence and further into the anterior condylar vein, 
thereby having no connection with the jugular vein. 
Finally, in extremely rare cases, the IPS can be absent. 
The IPS can be identified on carotid or vertebral 
angiograms or by selective catheterization (Figs. 9.4, 
9.5 and 9.17–9.22).
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Fig. 9.19 Cavernous sinus and its tributaries, region seen in AP 
view
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Fig. 9.20 Lateral view of cavernous sinus and its tributaries
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Fig. 9.21 Cavernous sinus and its tributaries seen from above
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a

c

b

Fig. 9.22 Selective catheterization of the inferior petrosal sinus. 
(a) Catheter in both IPS. Cavernous sinus (CS). Connection 
between both cavernous sinuses (coronary sinus, arrow with 
angle). Clival venous plexus (arrow). Anterior condylar conflu-
ence (arrowhead). Filling also of the lateral condylar vein, better 
visible on the left. (b) Injection in the left IPS with retrograde 

injection also of the right IPS. Cavernous sinus (CS), superior 
petrosal sinus (SPS). Connections between the cavernous sinuses 
(arrow with angle). (c) The injection in the IPS shows that it 
consists of a network of veins. Partial retrograde injection in the 
contralateral IPS. Anterior condylar confluence (ACC)
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All these studies are very useful; however, they do 
not give a full description of several venous channels 
present in this area that were precisely identified in the 
reports of Katsuta et al. (1997) and San Millan Ruiz 
et al. (2002) on the basis of anatomical and magnetic 
resonance imaging (MRI) examinations. These authors 
describe the almost constant presence of a venous 
pouch called the anterior condylar confluence (ACC), 
which was described by Trolard in 1868. It is located 
extracranially, medially to the jugular vein, in front of 
the hypoglossal canal, slightly caudal to the junction of 
the IPS with the jugular bulb. The ACC is formed  
by the confluence of several venous channels: the ante-
rior, lateral, and posterior condylar veins; small anasto-
moses with the IPS and jugular bulb; connection of the 
prevertebral venous plexus and of the internal carotid 
artery venous plexus, also called the plexus of Rektorzik 
or petro-occipital venous plexus (Figs. 9.18–9.21).

The anterior condylar veins pass through the hypo-
glossal canal, reaching the anterior internal vertebral 
plexus (AV). This is an epidural venous network, con-
nected cranially with the clival plexus and marginal 
sinus, and laterally with the venous plexus surrounding 
the vertebral artery (VA). The lateral condylar vein 
connects the ACC with the VA and further with the AV. 
The posterior condylar vein passes through the poste-
rior condylar foramen, located behind the occipital 
condyle. It connects the jugular bulb with the VA medi-
ally and the deep cervical vein posteriorly. The poste-
rior condylar vein is also connected with the ACC. The 
petro-occipital venous plexus runs extracranially along 
the petro-occipital suture, connecting the ACC with 
the ICA venous plexus and cavernous sinus.

All these venous channels should be taken into con-
sideration since the IPS is an important way in the 
cavernous sinus sampling for the diagnosis of pitu-
itary adenoma. In this context, it should be mentioned 
that in the catheterization of the IPS, a frequent occur-
rence is that the catheter erroneously enters the ACC. 
The IPS is also often used in the endovascular treat-
ment of cavernous sinus fistulae. Further, knowledge 
of the various venous channels present in this area is 
useful in the endovascular treatment of dural fistulae, 
involving the venous drainage of the cervicocranial 
region (Ernst et al. 1999; Miyachi et al. 2008; Abiko 
et al. 2008), and of direct fistulae involving the VA (see 
Chap. 14). Finally, as already reported by some 
authors (Valdueza et al. 2000; San Millan Ruiz et al. 
2002), it should be mentioned that through these 

connections, venous drainage of the brain can change 
with a flow directed prevalently in the jugular vein, in 
the supine position of the body, or in the AV and VA in 
the upright position.

9.3.9  Sphenoparietal Sinus (SpS)

The sphenoparietal sinus (SpS) courses medially along 
the surface of the lesser wing of the sphenoid, being 
formed by the junction of the anterior meningeal vein 
with the SMCV. It can drain into the cavernous sinus 
or into the pterygoid plexus via the emissary veins 
passing through the foramina of the base of the skull, 
especially through the foramen ovale (paracavernous 
drainage). The SpS can also run along the middle cra-
nial fossa, draining posteriorly into the TS.

9.3.10  Cavernous Sinus (CS)

The cavernous sinus (CS) is a paired structure lying 
adjacent to either side of the body of the sphenoid bone 
(Figs. 9.18–9.21). It originates in a division of the dura 
in two layers: one medial (periosteal), adherent to the 
periosteum of the sphenoid; and one lateral, forming 
the medial wall of the middle cranial fossa. The lateral 
layer also forms the roof of the sinus, continuing medi-
ally into the diaphragma sellae. The resulting space 
has been called the space of the CS (Taptas 1982; 
Bradac et al. 1990). It extends from the superior orbital 
fissure anteriorly to the petrous apex posteriorly. In the 
CS runs the intracavernous portion of the ICA and cra-
nial nerve VI. Cranial nerves III and IV and the oph-
thalmic and the second division of cranial nerve V lie 
in the lateral wall of the sinus. The CS contains, fur-
ther, a plexus of several small veins, separated by tra-
biculae. The presence of the ICA leads to the formation 
of two venous compartments, one anterolateral and the 
other posteromedial, with varying connections to each 
other.

The venous plexuses of the CS communicate to 
each other via the anterior and posterior small chan-
nels running in the dura of the diaphragma sellae, 
forming the so-called coronary sinus. The coronary 
sinus, combined with both CS, completely surrounds 
the pituitary gland.
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Anteriorly, each sinus receives the superior and 
inferior ophthalmic veins passing in the sinus through 
the superior orbital fissure. Laterally, the sinus is joined 
by the SMCV. The latter can instead drain into the 
paracavernous sinus (PCS), which is characterized by 
a plexus of small veins, passing through the foramina 
of the base of the skull and entering the pterygoid 
plexus. Many connections link the PCS and CS. In 
some cases, the SMCV can enter the so-called lateral 
CS. This is a small venous space, described by San 
Millan Ruiz et al. (1999) and Gailloud et al. (2000), 
located within the lateral wall of the CS. The lateral CS 
can be connected with the CS or drain either directly 
into the pterygoid plexus or, posteriorly, into the TS, 
via the SPS. On an AP angiogram, it can sometimes be 
recognized as a thin venous structure lateral to the CS 
(Fig. 9.5). Another lateral tributary is the DMCV, 
which drains normally into the BV, but it can occasion-
ally enter the CS or PCS through the uncal vein.

Posteriorly, the CS is connected with the SPS and 
IPS and with a network of dural veins, which extend 
on the clivus down to the foramen magnum. The latter 
unites the two CS (Hanafee et al. 1965; Doyon et al. 
1974). The clival plexus is connected caudally with the 
anterior vertebral venous plexus and lateroposteriorly 
with the marginal sinus. Bridging veins can connect 
the CS and clivus venous network with the pontine and 
peduncular veins (Matsushima et al. 1993; Kiyosue 
et al. 2008) (Figs. 9.10 and 9.13–9.15).

The CS can be recognized on carotid and vertebral 
angiograms or by selective catheterization through the 
IPS or facial and ophthalmic veins (Figs. 9.4, 9.5, 9.7, 
9.10, and 9.22). These latter ways can be used in the 
treatment of dural arteriovenous fistula of the area 
(Figs. 13.4 and 13.5).

9.3.11  Superior Ophthalmic Vein (SOV)

The superior ophthalmic vein (SOV) arises near the 
roof of the nose in the superomedial angle of the orbita 

by the junction of the superior tributary, continuation 
of the frontal vein, and inferior tributary continuation 
of the angular vein (facial vein) (Figs. 9.19–9.21).  
It runs backward and laterally, first outside the muscle 
cone; then it enters the cone, running further laterally 
along the under surface of the superior rectus 
muscle.

In its course, the vein crosses superiorly the oph-
thalmic artery and optic nerve. The vein runs finally 
medially and downward, leaving again the muscle 
cone, passing the superior orbital fissure, and entering 
the anterior part of the CS (Hanafee et al. 1965, 1968; 
Lombardi and Passerini 1967; Doyon et al. 1974).

9.3.12  Inferior Ophthalmic Vein (IOV)

The inferior ophthalmic vein (IOV) is a small vein, 
sometimes replaced by a network of fine venous chan-
nels. It runs backward within the muscle cone above 
the inferior rectus muscle. The IOV drains into the CV 
directly or after entering the SOV. Anteriorly, it com-
municates with the facial vein; posteriorly, it commu-
nicates with the pterygoid plexus through fine 
anastomosis passing via the inferior orbital fissure.

The SOV and IOV enter the CS, draining blood from 
the intraorbital (globe, muscles, fat, lachrymal gland) 
and craniofacial structures through the connection with 
the facial, frontal veins, and pterygoid plexus. This 
explains also the fact that the ophthalmic veins, espe-
cially the SOV, are frequently recognizable in the venous 
phase of external carotid angiograms (Tornow and Piscol 
1971; Hacker and Porrero 1969; Bradac et al. 1974).

The SOV is an important route in the treatment of 
fistulae involving the cavernous sinus. This is particu-
larly true when the IPS (thrombotic occlusion, anoma-
lous drainage) cannot be catheterized or in cases where 
the venous drainage is directed predominantly in the 
SOV, which can be reached through the facial or frontal 
and superficial temporal veins (Agid et al. 2004; Kirsch 
et al. 2006; Kato et al. 2007).
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10.1  Orbital Veins

These are represented by the superior and inferior oph-
thalmic veins, which drain posteriorly in the cavernous 
sinus. They communicate anteriorly with the facial and 
frontal veins. There are connections with the pterygoid 
plexus (see also “Superior – inferior ophthalmic vein” 
in Chap. 9) (Fig. 10.1).

10.2  Facial Veins

The anterior facial vein begins in the naso-orbital angle, 
with the angular vein, which has an anastomosis with 
the ophthalmic veins. The anterior facial vein runs infe-
riorly and posteriorly in an oblique course along the 
face; it crosses over the mandible, and shortly after it is 
joined by the retromandibular vein; together they form 
the common facial vein, which enters the internal jugu-
lar vein at the level of the hyoid bone (Osborn 1999).

The anterior facial vein receives tributaries from the 
orbit, lips, and facial skin and muscles and from the 
menton-submental region. Occasionally, the lingual and 
superior thyroid veins also join the anterior facial vein, 
instead to drain separately into the internal jugular vein. 
The anterior facial vein is connected posteriorly with the 
pterygoid venous plexus through the deep facial vein.

10.3  Retromandibular Vein 

Also known as the posterior facial vein, the retroman-
dibular vein arises at the junction of the maxillary vein 
and superficial temporal vein, below the neck of the 
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Fig. 10.1 Internal jugular vein (IJV), retromandibular vein 
(RM), to which converge the superficial temporal vein (ST) and 
the maxillary vein (MA). Pterygoid plexus (PP), facial vein (FA), 
common facial vein (CFA), formed by the confluence of the RM 
and FA entering the IJV. Posterior auricular vein (PO), superfi-
cial temporal vein (ST), occipital vein (O), external jugular vein 
(EJV), to which converge PO and O. Mastoid vein (M), posterior 
condylar vein (PC), deep cervical vein (D), to which drain par-
tially the occipital vein and venous plexus of the vertebral artery 
(VAV), with some of its connections. Superior-inferior ophthal-
mic veins (SOV-IOV), connected anteriorly with the facial and 
frontal veins and posteriorly with the cavernous sinus (CS). 
Inferior petrosal sinus (IPS)
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mandible. The maxillary vein drains the pterygoid 
venous plexus, which is a venous network, lying between 
the pterygoid muscle, which receives numerous tribu-
taries from the naso-oral and masticator areas. The 
pterygoid venous plexus is connected with the anterior 
facial vein through the deep facial vein and intracrani-
ally with the paracavernous-cavernous sinus. The super-
ficial temporal vein drains the temporal region.

The retromandibular vein runs through the parotid 
gland together with the external carotid artery, which is 
posteromedially located, and the facial nerve, which is 
laterally located (Fig. 2.1). The retromandibular vein joins 
the anterior facial vein, and together the form the com-
mon facial vein, which enters the internal jugular vein.

10.4  Posterior Auricular and Occipital 
Veins

The posterior auricular vein runs posterior to the pinna; 
it connects with the occipital vein and together they 
join the external jugular vein (EJV) below the mandible 
angle. The two veins drain the pinna and the scalp and 
muscle of the occipital region. The EJV, which also 
receives an anastomotic branch from the retromandibu-
lar vein, runs superficially between the platysma and 
superficial fascia, ending in the brachiocephalic vein, 
near and lateral to the internal jugular vein (IJV).

10.5  Deep Cervical Vein

This drains the deep muscles of the neck, between 
which it runs. The deep cervical vein drains the occipi-
tal vein, and it is connected with the posterior condylar 
vein and venous plexus of the vertebral artery 
(Fig. 9.18). Distally, it enters the brachiocephalic vein, 
either as an isolated structure or after joining the 
venous plexus of the vertebral artery.

10.6  Venous Plexus of the Vertebral 
Artery 

This is formed by a venous network surrounding the 
vertebral artery within its course through the transverse 
foramina. Through anastomoses with the lateral and 

posterior condylar veins, the venous plexus of the ver-
tebral artery can connect with the epidural anterior 
vertebral plexus, the anterior condylar confluence 
(ACC), the deep cervical vein, and also with the sig-
moid sinus. Distally, it ends together with the deep cer-
vical vein in the brachiocephalic vein (Fig. 9.18).

10.7  Emissary Veins

These veins pass through the cranial vault and link the 
intracranial dural venous sinuses with the extracranial 
veins. Their presence is not constant. They can be clas-
sified with regard to the dural sinus involved.

1.  Those related to the superior sagittal sinus (SSS): 
an emissary vein can connect the SSS with the vein 
of the nasal cavity passing through the foramen 
cecum. Another emissary vein can connect the SSS 
with the scalp vein in the parietal region.

2.  Those related to the torcular herophili and/or trans-
verse sinus (TS) and sigmoid sinus (SiS): the most 
frequent are the mastoid vein, which connects the 
TS with the posterior auricular or occipital veins 
and passes through the mastoid foramen, and the 
posterior condylar vein, which arises from the SiS 
or jugular bulb and is connected with the venous 
plexus surrounding the vertebral artery. In this 
group, we would include also the anterior condylar 
vein, which passes through the condylar foramen 
and connects the ACC with the epidural anterior 
vertebral plexus (Fig. 9.18). A rare connection can 
be present between the TS-torcular herophili and 
occipital vein.

3.  Those related with the cavernous sinus (CS): a 
small anastomosis connects the CS and pterygoid 
plexus via the paracavernous sinus. An infrequent 
connection is presented by the petro-occipital sinus, 
linking the CS with the ACC.

10.8  Diploic Veins

These veins run within the diploe and are connected 
with the scalp veins, dural sinuses, and meningeal veins. 
They are not recognizable on the normal angiogram but 
are visible in pathological processes involving the scalp, 
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bone, sinus thrombosis, and occasionally brain arterio-
venous malformations and tumors.

10.9  Internal Jugular Vein 

The IJV is the inferior continuation of the SiS, and it 
begins in the posterior segment of the jugular fora-
men, forming at its origin a small dilatation called the 

jugular bulb. Extracranially, the IJV runs in the carotid 
space (Fig. 2.1), lateral to the internal carotid artery, 
and terminates in the brachiocephalic vein. The latter 
is very short on the left side. The IJVs are frequently 
asymmetric, one being larger than the other.

The IJV is the main venous extracranial drainage of 
the brain parenchyma. Among the extracranial tribu-
taries, the most important is the common facial vein. 
For the connections of the IJV with the inferior petro-
sal sinus and condylar veins, see Sect. 9.3.8.
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11.1  Incidence

The precise incidence of cerebral aneurysms is 
unknown. From autopsy studies, the incidence is esti-
mated at 5% (Stehbens 1972, 1990).

11.2  Type and Location

Cerebral aneurysms are commonly of a saccular type 
(berry aneurysm) located at the bifurcation of the arter-
ies of the circle of Willis. The most frequent sites are the 
internal carotid artery (ICA; 30–35%). Among them, 
those in the area of the junction of the posterior com-
municating artery (PcomA) account for more than the 
half. Also occurring very frequently are aneurysms 
involving the sector of the anterior cerebral artery (ACA; 
33–34%) and those of the middle cerebral artery (20%).

Aneurysms in the posterior circulation are less 
common (10%). Of these, half are basilar artery aneu-
rysms (Locksley 1966a and b; Weir 1987; Nakstad 
et al. 1988).

Multiple cerebral aneurysms frequently occur 
together, with an incidence that varies from 20% to 
40% (Locksley 1966a and b; Nakstad et al. 1988; 
Osborn 1999; Rinne et al. 1994). Multiple aneurysms 
occur more frequently among women than men.

11.3  Macroscopic Appearance

Saccular aneurysms vary in size. In in vivo studies, the 
majority have a diameter of 5–7 mm, though smaller and 
larger aneurysms also occur; those larger than 25 mm 
are termed giant aneurysms. Saccular aneurysms can be 

round or more elongated. The surface may be regular or 
irregular with estroflexion (blebs), which in the case of a 
subarchnoid hemorrhage (SAH) can indicate the point 
of rupture. Pathological studies show that the neck and 
sac have no internal elastic lamina and no tunica media.

11.4  Pathogenesis

Intracranial cerebral vessels and intracranial aneurysms 
have some unique features. The arteries are composed 
of four layers, represented by the adventitia, media, 
internal elastic lamina, and intima. There is no external 
elastic lamina. The arteries have thin walls and are 
located in the subarachnoid space, where they have rel-
atively little external support. Typical aneurysms of the 
intracranial cerebral vessels are saccular and thus differ-
ent from aneurysms affecting the aorta or other extracra-
nial arteries, which are commonly fusiform (Stehbens 
1990; Powell 1991). In the early 1930s, some authors 
(Forbus 1930) showed in histological studies a congeni-
tal gap defect of the media in the wall of the cerebral 
artery, which was interpreted as a locus minoris resist-
entiae, where aneurysms could develop. Later, however, 
it was demonstrated that these gaps are very frequent in 
normal individuals without aneurysms. Today, it is com-
monly accepted that aneurysms are acquired lesions 
linked to a degenerative process involving the connec-
tive tissue of the media and internal elastic lamina, in 
which atherosclerosis probably plays an important role 
(Glynn 1940; Carmichel 1950; Crompton 1966a, 1966b; 
Stehbens 1959, 1972, 1989, 1990). Others (Pope et al. 
1981; Pope 1989; Ostergaard and Oxlund 1987; Chyatte 
et al. 1990) have demonstrated a reduction in reticular 
fibers owing to a decrease in type-III collagen in the 
tunica media of cerebral arteries of patients with aneu-
rysms; this is perhaps due to an undetected metabolic 
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disorder of connective tissue proteins. In a few of these 
patients, genetic disorders could be demonstrated 
(Chyatte and Mjerzejewski 1991).

These degenerative changes lead to mural fragility, 
upon which hemodynamic factors, such as hyperten-
sion, variations in the circle of Willis, and arterio-
venous malformation (AVM), could act further toward 
the formation of aneurysms. For aneurysms linked to 
AVM, see Chap. 12.

There are other more uncommon pathological con-
ditions in which cerebral aneurysm can occur. Among 
them are a few systemic diseases of the connective tis-
sue, such as fibromuscular dysplasia, Ehlers-Danlos 
syndrome, Marfan syndrome, neurofibromatosis, poly-
cystic kidney, and aortic coarctation. In some of these 
patients, hypertension is also present as an adjuvant 
factor (Schwartz and Baronofsky 1960; Handa et al. 
1970a; Stehbens 1989; Osborn 1999).

Aneurysms can occur in infectious diseases, arteri-
tis, cases of cardiac myxoma, and following craniocer-
vical traumas. Other factors reported to promote 
aneurysm formation are smoking, consumption of 
alcohol, and oral contraceptives (Hillbom and Kaste 
1982; Lindergärd et al. 1987; Juvela et al. 1993). The 
incidence of aneurysms is reported to be high in some 
families (Edelsohn et al. 1972; Hashimoto 1977; 
Crompton 1979; Norrgard et al. 1987). Spontaneous 
dissections can lead to the formation of aneurysms of 
the cervicocerebral vessels (see Chap. 16).

11.5  Clinical Presentation

Aneurysms are typical in patients of adult age, and 
there is a predominance among women. Aneurysms in 
pediatric patients are rare, but they are more frequent 
in boys. In 90% of cases, the aneurysm presents with 
SAH (10 cases of SAH/year/100,000 people). In other 
cases, the patient presents with neuropathy, particu-
larly oculomotor palsy, in PComA and basilar artery 
aneurysms. Trigeminal neuralgia can also occur in 
large aneurysms in this location. Visual symptoms, 
due to compression of the chiasma and/or optic nerve, 
and sometimes hydrocephalus, due to compression of 
the third ventricle, can be present in large aneurysms 
involving the anterior communicating artery (AComA) 
and in carotid ophthalmic lesions. Symptoms as a 
result of brain compression can occur in large basilar 
artery and middle cerebral artery (MCA) aneurysms.

The typical cavernous sinus syndrome is present in 
intracavernous aneurysms. In exceptional cases, aneu-
rysms are present with ischemia. This occurs espe-
cially in nonruptured, partially thrombosed aneurysms 
(Antunes and Correll 1976; Stewart et al. 1980). 
Ischemia can be due to the distal embolization or 
involvement of perforators adjacent to the aneurysm.

In addition to aneurysms in patients presenting with 
related symptoms, an increasing number of asymp-
tomatic aneurysms today are diagnosed with CT and 
MRI in patients who underwent the examination for 
other reasons. The clinical problems and therapeutic 
considerations with such aneurysms are discussed in 
Chap. “Unruptured aneurysms.”

11.6  Aneurysm Location

11.6.1  Extracranial ICA Aneurysms

Aneurysms in this location are uncommon. Trauma is 
a possible etiology. Atherosclerosis can be another 
cause in older patients. In younger patients, aneurysms 
may be associated with FMD or collagenopathies, such 
as Ehlers-Danlos syndrome. In the latter syndromes, 
dissecting aneurysms are frequent (Fig. 16.3).

11.6.2  Petrous Segment ICA Aneurysms

These are very rare. Atherosclerosis and dysplasia can be 
assumed to be the etiological mechanism (Fig. 11.1).

11.6.3  ICA Paraclinoid Aneurysms

These are aneurysms arising adjacent to the anterior 
clinoid process. They can be divided into three groups: 
cavernous, ophthalmic, and superior hypophyseal.

Cavernous aneurysms are located in the cavernous 
sinus and are thus extradural. They can be asymptom-
atic or, when large, present with the typical cavernous 
sinus syndrome, first described by Jefferson, character-
ized by involvement of cranial nerves III, IV, VI and, 
partially, V (Fig. 11.2). There is no risk of SAH, and 
in general the clinical prognosis is good, and so the 
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a b

Fig. 11.1 Giant aneurysm of the petrous segment of the right 
internal carotid artery (ICA) presenting with palsy of cranial 
nerve VI. (a) Carotid angiogram showing the aneurysm, which 
was treated with occlusion of the ICA. (b) Left control angio-
gram, showing a good collateral circulation and exclusion of the 

aneurysm. The occlusion was preceded by ICA balloon test occlu-
sion, during which an injection of the contralateral ICA was per-
formed to examine the effectiveness of the circle of Willis and the 
appearance of the contralateral venous phase. In the tested terri-
tory, the venous phase should not have a delay greater than 1–2 s

a b

Fig. 11.2 Giant aneurysm of the cavernous segment of the ICA 
presenting acutely with a typical cavernous sinus syndrome. 
Left carotid angiogram (a) showing the aneurysm. There is no 
injection of the intracranial branches. The right angiogram (b) 

showed a good collateral circulation through the circle of Willis. 
After a balloon test occlusion, as described in Fig. 11.1, the left 
ICA was occluded with a balloon
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treatment (endovascular occlusion of the ICA, or selec-
tive occlusion of the aneurysm with stent plus coils and 
flow-diverter stents) is not always indicated. The aneu-
rysms can rupture in the sphenoid sinus and nasal cav-
ity, leading to a dramatic epistaxis. This is, however, 
an extremely rare possibility (Linskey et al. 1990). In 
some cases, intracavernous aneurysms, even small, can 
extend upward, reach the subarachnoid space, and rup-
ture, causing SAH. This can occur since the dural ring 

surrounding the ICA, through which the ICA passes 
and becomes intradural, is not medially adherent to 
the artery; a small cavity (or cave) is thereby formed, 
through which the intracavernous aneurysm or those 
arising at the level of the medial ring can extend intra-
durally. This kind of aneurysm is called a cave aneu-
rysm (Fig. 11.3).

Carotid-ophthalmic aneurysms arise in the ophthal-
mic segment of the ICA (see anatomy).They originate 

a b

c

Fig. 11.3 Small cave left aneurysm presenting with hemor-
rhage. CT angiography (a) did not show the aneurysm. Both 
distal ICA (arrows). The left carotid angiogram (b) showed the 

small aneurysm, which probably had a small intradural estrof-
lession. Control angiogram (c) post-treatment with coils
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in association with the ophthalmic artery or its adja-
cent structures. They are directed upward, sometimes 
medially, and are frequently large (Figs. 11.4–11.6).

Superior hypophyseal aneurysms are very rare. 
They arise in conjunction with the superior hypophy-
seal artery. They are directed downward and medially 
toward the chiasma and sella turcica, becoming intra-
sellar when large (Fig. 11.7).

11.6.4  Aneurysms of the Communicating 
and Choroidal Segments

These consist of aneurysms of the PComA and ante-
rior choroidal artery (AChA). PComA aneurysms arise 
at the origin of the PComA; they are posteriorly 
directed and can compress cranial nerve III. They are 
frequently large, elongated, and with an irregular wall 
(Fig. 11.8). AChA aneurysms arise at the origin or just 
distal to the AChA (Fig. 11.9). They are directed 
posteriorly and laterally and are frequently smaller 
than PComA aneurysms. A variable number of perfo-
rators arise from the choroidal segment of the ICA and 
can be found stretched around the neck of the aneu-
rysm. In endovascular treatment, it is sometimes 
difficult to separate the neck of the aneurysm from 
the parent artery despite the use of several projections. 
Furthermore, the aneurysm can arise directly from the 
first segment of the PComA and AChA.

11.6.5  Aneurysms of the Carotid 
Bifurcation

These are typical T-bifurcation aneurysms similar to 
basilar-tip aneurysms (Ingebrigtsen et al. 2004). They 
are relatively rare and easily recognizable on the angio-
gram. They can sometimes be very large and have a 
sizeable neck. Perforating branches arising from the 
choroidal segment and from A1 and M1 may be 
stretched around the neck and posterior wall of the 
aneurysm (Figs. 11.10 and 5.4b).

11.6.6  Anterior Cerebral Artery 
Aneurysms

These are very frequent aneurysms and arise mainly in 
the A1-A2 angle of the ACA. The neck of the aneu-
rysm can be large and partially involve the adjacent 
A1-A2 segments or AcomA. As has been described in 
the anatomy, these aneurysms are frequently associ-
ated with anomalies of the anterior part of the circle of 
Willis (Figs. 4.3, 4.7, 4.8, 4.10, and 4.12).

Many perforators arise from the A1 and AcomA. 
This should be taken into account in the surgical- 
endovascular treatment of these lesions (Figs. 11.11, 
4.3, 4.4, 4.8, and 4.10). Infrequently, the aneurysm can 
be found along the A1 segment. In such cases, it can be 

Fig. 11.4 Large carotid ophthalmic aneurysm presenting with pro-
gressively worsening visual acuity. A complete angiographic con-
trol to study the aneurysm and the circle of Willis was performed. 

The aneurysm was occluded with a flow-diverter stent. The patient 
improved slowly. Lateral carotid angiogram pretreatment (a), post-
treatment (b). RX image showing the stent (c) (pipeline)
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Fig. 11.5 Giant carotid ophthalmic aneurysm presenting 
acutely with severe disturbances of visual acuity. (a) Right lat-
eral carotid angiogram, early and late phases, showing the pro-
gressive injection of the aneurysm through a relatively small 
neck, close to the origin of the ophthalmic artery (arrowhead). 
A second small intracavernous aneurysm is present. (b) Left 
carotid angiogram, upward displacement (arrowheads) of both 
A1 segments and partial filling of the right middle cerebral 
artery (MCA) through leptomeningeal anastomoses (arrows) 
with the right anterior cerebral artery (ACA). (c) Right vertebral 
angiogram, showing the leptomeningeal collateral circulation 

toward the right MCA from the posterior cerebral artery (PCA; 
arrows). (d) The ICA was occluded with a balloon positioned in 
the intracavernous segment. The patient recovered completely 
and a left control angiogram, 2 months later showed the normal 
course of both the A1 and filling of the right MCA. (e) Right 
common carotid angiogram showing the retrograde injection of 
the distal ICA and MCA through the ophthalmic artery via a 
collateral circulation involving an anastomosis between the 
anterior deep temporal artery and the lacrimal branch of the 
ophthalmic artery (angled arrow). The aneurysm is completely 
excluded

a

b
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assumed that the aneurysm takes its origin at the junc-
tion with a perforating branch.

Another typical location, though more uncommon, 
is at the pericallosal-callosomarginal junction. Depen-
ding on the site of the junction, the aneurysms can be 
located anterior to the genu of the corpus callosum, 
distal to it, or, more rarely, proximal beneath the genu 
(Figs. 11.12 and 4.11). Dissecting, mycotic, “flow-
dependent” aneurysms are very infrequent. They can 
occur in every segment of the ACA, usually in its distal 
segments (Figs. 11.13 and 16.10).

11.6.7  MCA Aneurysms

Most of these aneurysms arise at the bi-trifurcation of 
the M1 (Fig. 11.14). It is not always easy to separate 
the bifurcation branches from the neck of the aneu-
rysm. Furthermore, in cases of early division of the 
M1 (short M1), perforators can be very close to the 
aneurysm (Figs. 5.4, 5.5, and 5.11). Despite improve-
ments in endovascular techniques, surgery remains the 
method of choice in many cases. Peripheral aneurysms 
(dissecting, mycotic, flow-dependent, resulting from 

d

e

c

Fig. 11.5 (continued)
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nonatherosclerotic vascular or cardiac diseases) can 
occur but are very infrequent (Figs. 5.8, 18.1, 18.4, 
17.1, and 17.5).

11.6.8  Aneurysms of the Posterior 
Circulation

Basilar aneurysms are the most frequent in the verte-
brobasilar sector. They are typically located at the top 
of the artery. The perforators can shift and be stretched 
along the sac, but they are not directly involved since 
they arise from the P1; this can, however, occur when 
the neck enlarges and also involves the proximal part 
of the P1 (Figs. 11.15–11.17). Other locations are the 
distal lateral basilar artery between the origin of the 
posterior cerebral artery (PCA) and the SCA 
(Fig. 11.18). Also typical are aneurysms of the trunk of 
the basilar artery, more frequently distal to or at the 
level of the anterior inferior cerebellar artery (AICA). 
Frequently, the latter aneurysms are relatively large, 
with a fusiform aspect, often due to dissection 
(Fig. 11.25).

Vertebral–posterior inferior cerebellar artery 
(PICA) aneurysms. The vertebral–PICA junction is 
another typical site of aneurysms. These aneurysms are 
sometimes located not exactly at the junction, but close 
to it, in the proximal part of the PICA (Mukonoweshuro 

et al. 2003; Bradac and Bergui 2004; Cellerini et al. 
2008) (Figs. 11.19 and 11.20).

Distal aneurysms of the cerebellar arteries. These 
are very rare, occurring in fewer than 1% of all aneu-
rysms (Lubicz et al. 2003; Mitsos et al. 2008). The 
great majority are located in the PICA (Figs. 11.21 and 
11.22) (Bradac and Bergui 2004; Mitsos et al. 2008), 
followed by the SCA and AICA (Kurosu et al. 2000; 
Mitsos et al. 2008). (Gacs et al. 1983; Chaloupka et al. 
1986; Leonardi et al. 2001; Zager et al. 2002). Unlike 
the majority of intracranial aneurysms, which arise at 
an arterial branching point, distal cerebellar aneurysm 
frequently arise directly from the artery where it forms 
a curve. The course of the cerebellar arteries, especially 
the PICA, is sometimes characterized by a sharp curve, 
which could be the cause of the hemodynamic stress 
on the wall and contribute to the formation of the aneu-
rysm (Lewis et al. 2002; Horiuchi et al. 2003; Mitsos 
et al. 2008). In other cases, the pathogenesis is proba-
bly a dissection (see Chap. 16) (Bradac and Bergui 
2004; Mitsos et al. 2008). Flow-dependent aneurysms 
of the cerebellar arteries related to a more distal AVM 
and occasionally to DAVF are relatively frequent in our 
experience (Figs. 12.13–12.16). In aneurysms involv-
ing the distal segment of the cerebellar arteries, the 
occlusion, also of the parent artery, is commonly per-
formed without clinical problems since the perforators 
for the medulla arise in the proximal segment (see 
anatomy). Furthermore, the distal cortical branches are 

a b

Fig. 11.6 Carotid ophthalmic aneurysm presenting with hemorrhage. (a) Carotid angiogram, oblique view showing the aneurysm. 
Origin of the ophthalmic artery (arrow). (b) Carotid angiogram showing the occluded aneurysm with coils
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revascularized through a frequently rich collateral 
 circulation via anastomoses involving leptomeningeal 
branches of the cerebellar arteries.

Aneurysms of the posterior cerebral arteries. These 
rare aneurysms present with a relatively typical loca-
tion, which is at the P1-P2 passage. More uncommon 
are aneurysms located along the course of the P2 and 
at the P2-P3 passage. Such aneurysms are frequently 
large, sometimes with a fusiform aspect (Li et al. 
2007). The etiology is frequently thought to be a dis-
section (Figs. 11.23 and 11.24). This is especially true 
for such aneurysms in pediatric patients (Laughlin 
et al. 1997; Lasjaunias et al. 2005; Vilela and Goulão 
2006; Bradac et al. 2008a).

Occlusion of the aneurysm and parent artery fre-
quently cannot be avoided in the treatment (endo-
vascular, surgical); in dissecting cases, a dangerous 
recanalization should be avoided. The risk of an occip-
ito-temporal infarction is relatively low, owing to the 
rich collateral circulation. Greater risk can occur in 
more proximal occlusions as a result of involvement of 
perforators supplying the midbrain and thalamus, aris-
ing from P1-P2 (Pia and Fontana 1977; Sakata et al. 
1993; Ciceri et al. 2001; Arat et al. 2002; Hallacq et al. 
2002; Roh et al. 2008). Owing to anatomical variations 
in the perforating branches, the ischemic lesion is 
unpredictable (see also anatomy). Fortunately, when 
ischemia occurs, the clinical impairment is commonly 
mild and resolves over ensuing weeks.

11.7  Dissecting Aneurysms

These are discussed more extensively in Chap. 16. 
They are most frequent in the posterior circulation, 
where they typically affect the basilar and vertebral 
arteries. Aneurysms of distal branches of the cerebel-
lar and posterior cerebral arteries can also be due to 
dissection. Dissecting aneurysms are less common in 
the anterior circulation. The distal ICA, proximal 
MCA, and ACA are the most usual locations. Distal 
branches can occasionally be involved.

11.8  Fusiform and Giant Aneurysms

Fusiform aneurysms are a relatively uncommon form 
found in the anterior circulation (supraclinoid ICA 
and MCA), though more frequently in the posterior 

a

b

c

Fig. 11.7 Superior hypophyseal aneurysm presenting with 
hemorrhage. Two different oblique (a and b) views of the carotid 
angiogram to better identify the aneurysm and its neck. PCA 
(arrowheads), ophthalmic artery (arrowhead). Control angio-
gram (c) after occlusion of the aneurysm with coils
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circulation (vertebral and basilar arteries) (Fig. 11.26). 
Unlike saccular aneurysms, in which a neck is recog-
nizable, in fusiform aneurysms the entire vessel 
expands. The pathogenesis is a particular form of arte-
riosclerosis, in which the initial event is lipid deposi-
tion in the intima, with disruption of the internal elastic 
lamina and infiltration and fibrosis of the media, lead-
ing to progressive dilatation and tortuosity of the artery, 
which is promoted also by the frequent presence of 
hypertension. The increased luminal diameter leads to 
a slowing down of the circulation and to thrombosis on 
the wall, which causes further changes, characterized 
by fibrosis and rigidity, which promote further dilata-
tion (Hegedus 1985; Echiverri et al. 1989).

Fusiform aneurysms can also occur in children and 
young nonatheromatous patients as a result of colla-
gen-displastic diseases, in which spontaneous dissec-
tion may also be a cause. The prognosis of these 
patients is frequently very poor. The progressive dil-
atation leads to compression of the brain paren-
chyma. Ischemia, especially involving the perforating 
branches, can occur. Hemorrhage is uncommon (Little 
et al. 1981; Echiverri et al. 1989; Pessin et al. 1989), 
even though in some studies it has been reported as 
being not so rare (Flemming et al. 2004).

Giant aneurysms (Figs. 11.2, 11.4, 11.5, and 11.25) 
are very infrequent and can be found in the anterior 
circulation (cavernous, supraclinoid portion of the 
ICA, anterior and middle cerebral arteries) and poste-
rior circulation (basilar artery and PCA aneurysm). 

They can grow in similar fashion to smaller lesions 
owing to the weakness of the wall and the effect of the 
blood flow. Sometimes, however, the growth is a result 
of intramural hemorrhage from rupture of the vasa 
vasorum. The hemorrhage and resultant thrombus can 
lead to a dissection of the wall, which acts as a trigger-
ing factor and stimulates additional proliferation of the 
vessel in the wall with further hemorrhage (Schubiger 
et al. 1987; Nagahiro et al. 1993; Katayama et al. 1991; 
Kaneko et al. 2001; Krings et al. 2007). This process 
also explains why the aneurysm continues to expand 
despite the fact that no patent lumen is present. Taking 
this into consideration, the ideal treatment should be 
complete surgical excision. This is, however, not 
always possible and is linked with high risks.

11.9  Diagnosis and Treatment

In patients with SAH, CT angiography can be a very 
useful diagnostic method instead of angiography. 
However, negative results, especially with small aneu-
rysms near the base of the skull, do not exclude with 
certainty the presence of an aneurysm. MRI angiogra-
phy can be employed as a screening method to detect 
aneurysms in particular groups of patients, such as 
those with polycystic kidney or with a family incidence 
of aneurysms. MRI angiography is not commonly used 
in the acute phase of SAH. Vessel angiography remains 

a b

Fig. 11.8 Large irregular aneurysm with a neck close to the ori-
gin of a fetal PCA in a patient with subarchnoid hemorrhage 
(SAH). (a) Lateral carotid angiogram showing the irregularly 
shaped aneurysm. The inferior part of the aneurysm is superim-

posed on the origin of the fetal PCA. (b) Lateral carotid angio-
gram. Occlusion of the aneurysm with coils. The origin of the 
PCA is now better recognizable (arrowhead)
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a b

c

Fig. 11.9 Irregular ruptured aneurysm with neck close to the 
origin of the anterior choroidal artery (AChA). (a) Lateral 
carotid angiogram, showing the small aneurysm. AChA (arrow). 

(b) Oblique view better showing the irregular and elongated part 
(arrow) of the aneurysm. (c) Lateral carotid angiogram, post-
treatment showing the occluded aneurysm with coils
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the gold standard that is to be performed every time 
there is an unclear diagnosis or if an endovascular 
treatment is being considered.

The introduction of the Guglielmi detachable coil 
in 1991 opened a new era in the treatment of cerebral 
aneurysms. Since then, the increasing quality of coils 
and microcatheters, the application in selected cases of 
new techniques (remodeling technique, Moret et al. 
1997), and the more recent introduction of stents asso-
ciated with coils and flow-diverter stents have progres-
sively expanded the indications for endovascular 
treatment and brought about an improvement in the 
results (Moret et al. 1997; Boccardi et al. 1998; 
Molineux et al. 2002; Murayama et al. 2003a; Henkes 
et al. 2004; Gallas et al. 2005; Bradac et al. 2007; 
Kurre and Berkefeld 2008).

More problematic remains the treatment of giant 
and fusiform aneurysms. For these, different endovas-
cular strategies can be applied: occlusion of the parent 
vessel with coils and balloon technology. This has 
been frequently used in paraclinoid ICA aneurysms 
with excellent results, provided that there is good col-
lateral circulation at the circle of Willis. The technique 

a bFig. 11.10 Aneurysm of the 
distal carotid bifurcation, 
presenting with hemorrhage. 
(a) Carotid angiogram, AP 
view, showing the aneurysm. 
(b) Control angiogram 
showing the occluded 
aneurysm with coils

Fig. 11.11 Anterior communicating artery (AComA) aneu-
rysm. Carotid angiogram, AP view. The right artery of Heubner 
(arrows) is evident. On the left, it cannot be identified with cer-
tainty owing to the presence of other branches
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is also useful in the occlusion of one VA, where the 
posterior circulation is guaranteed by the contralateral 
VA. In addition, more distal aneurysms can be treated 
with this method when a good leptomeningeal collat-
eral circulation is present. If this is insufficient, the 
parent vessel occlusion can be preceded by bypass 
surgery (Van Roij and Sluzewski 2009). More recently, 
the introduction of stents, associated with coils and 
flow-diverter stents, has opened new way in the treat-
ment of these lesions (Yang et al. 2007; Lubicz et al. 
2008; Liebig and Henkes 2008; Gall and Nepper 
Rasmussen 2009; Chapot et al. 2009).

11.10  Unruptured Aneurysms

Modern diagnostic methods have revealed an 
increasing number of unruptured aneurysms, raising 
the question of whether they should be treated or 
not. The rupture of an aneurysm can have cata-
strophic clinical consequences for the patient. 
Technical improvements in surgery and endovascu-
lar treatment today mean that unruptured aneurysms 
can be treated and good results obtained, with a low 
rate of complications, though they are not com-
pletely excluded (Roy et al. 2001; Henkes et al. 2004; 
Bradac et al. 2007).

Some factors that can influence the decision have 
been reported in an international study (Wiebers et al. 
2003) of unruptured aneurysms that appeared in Lancet 

(2003). According to this study, the risk of hemorrhage 
is low in aneurysms with a diameter of less than 7 mm, 
but it increases progressively with greater diameters. 
Independent of the diameter, the risk of rupture is 
greater in aneurysms of the posterior circulation and 
in patients who have already undergone treatment for 
another ruptured aneurysm.

In an attempt to clarify this matter, further stud-
ies have been performed related to the morphology 
of the aneurysm (irregular shape, multilobar, presence 
of blebs) as well as to the perianeurysmal environ-
ment. The latter involves constraints on the shape of 
the aneurysm that could favor its rupture (Rüfenacht 
2005). Another factor could be the transmission of 
pressure and flow rates within the aneurysm, which 
are reported to be higher in bifurcation aneurysms 
than in the sidewall (Sorteberg and Farhoudi 2006). 
Postprocessing analysis of 3D visualization of the 
angiogram has shown the possible influence of the 
flow within the aneurysm being dependent on its 
location (Cebral et al. 2005) and also on its geom-
etry, particularly when the aneurysm has a main 
axis parallel to the parent artery (Szikora et al. 
2008).

In spite of such interesting findings, there is today 
no consensus for or against the preventive treatment of 
an unruptured aneurysm (Raymond et al. 2008). The 
decision still depends on the experience and attitude 
of the medical team involved and also on the emo-
tional reaction of the patient who is aware of the 
pathology.

a b

Fig. 11.12 (a) Lateral angiogram showing the typical site of a peripheral aneurysm of the ACA at the pericallosal-callosomarginal 
junction. (b) Control angiogram post-treatment with coils
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Fig. 11.13 Patient with known parietal arteriovenous malfor-
mation (AVM) presenting with minimal inter-hemispheric SAH 
and small hemorrhage involving the parenchyma not related to 
the AVM. (a) CT demonstrating the small hemorrhage with sur-
rounding edema (arrow) (b). The angiography showed a small 

pericallosal, probably flow-dependent aneurysm (arrow). (c) 
Selective catheterization of the aneurysm occluded with coils. 
(d) Final control angiogram showing the occluded aneurysm 
(arrow)

11.11  Negative Angiograms in Patients 
with SAH

In about 15–20% of patients with SAH, the aneurysm is 
not detected on the angiogram. In some patients, par-
ticular in cases with a perimesencephalic pattern of 
bleeding, the SAH is frequently not due to the aneurysm 

(Rinkel et al. 1991). In other cases, the aneurysm can be 
definitely thrombosed at the time of the bleeding and 
thus no longer recognizable, even in later controls.

Vasospasm and large hematoma can temporarily 
hide the presence of an aneurysm that is demonstrated 
later. In rare cases, however, where no spasm or hema-
toma are present, the aneurysm is not visualized on the 

a c

b d
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angiogram performed in the acute phase, but it can be 
detected one or two weeks later. This has been reported 
in about 10–19% of the cases in which the first angio-
gram was negative (Bradac et al. 1997; Urbach et al. 
1998; Alves et al. 2005) (Fig. 11.27).

The cause of this phenomenon is not completely 
known. A temporary thrombosis of the aneurysm could 
occur. Other cases could be due to a dissection involving 
the wall of the artery responsible for the bleeding, but not 
recognizable on the angiogram. Later, this leads to the 

a b

Fig. 11.14 Bilobated large saccular aneurysm at the MCA bifurcation, presenting with hemorrhage. Origin of the distal perforator 
close to the aneurysm (arrow). Pretreatment angiogram (a), post-treatment with coils (b)

a b

Fig. 11.15 Patient presenting with SAH. Vertebral angiogram (a) showing basilar tip aneurysm with a bleb (arrow) probably indi-
cating the site of rupture. Control angiogram (b) post-treatment with coils
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formation of an aneurysm. This probably occurs in the 
so-called blister aneurysms of the dorsal wall of the ICA.

11.12  Vasospasm

This is a frequent complication of SAH, with an inci-
dence as high as 70% of cases. Among them, symp-
tomatic ischemia occurs in about 35% (Wintermark 
et al. 2006; Komotar et al. 2007; Hänggi et al. 2008). 
Symptomatic ischemia can occur in every SAH, 
but younger patients and those with a severe hem-
orrhage, visible on CT, are more at risk of developing 
vasospasm.

Diagnosis. All patients with SAH should be closely 
monitored for vasospasm in the days after SAH. This 
can be done using daily transcranial Doppler (TCD), 
followed on the third or fourth day by CT and perfu-
sion CT whenever the TCD shows an increased veloc-
ity (more than 120–130 cm/s), especially when this 
occurs over a short period of time. Independently of 
and/or in association with these technical controls, 

every clinical worsening of the patient that is not due 
to rebleeding or hydrocephalus, excluded by CT 
examination, can be an indirect sign of spasm. In all 
these cases, angiography should be performed, fol-
lowed by confirmation of vasospasm by endovascular 
therapy.

Therapy. Medical therapy consists of prophylactic 
nimodipine, oral or intravenous, depending on the 
grade of risk for a given patient. Nimodipine is a cal-
cium antagonist that acts by reducing the constriction 
of smooth muscle and by decreasing the release of 
vasoactive factors from the endothelium and platelets 
(Pickard et al. 1987). In many centers, this is associ-
ated with monitored hypertensive, hypervolemic, and 
hemodilution (“triple-H”) therapy. With confirmed 
spasm on angiography, the most used therapy today 
is the injection of nimodipine into the ICA uni- or 
bilaterally at a dose of 1–2 mg per vascular territory 
(Fig. 11.28). Selective injection in the A1-M1 seg-
ments can be useful in certain cases as well as injec-
tion into the vertebrobasilar sector. A partial or 
complete resolution is obtained in 60–70% of cases 
(Boker et al. 1985; Bracard et al. 1999; Biondi et al. 

a b

Fig. 11.16 Nonruptured basilar tip aneurysm with a neck 
involving partially also the left P1 segment. The patient had 
already been treated for a ruptured aneurysm of the AComA.  

(a) Angiographic study pretreatment. (b) Control angiogram 
post-treatment. Occlusion with coils and stent
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2004; Bandeira et al. 2007; Hänggi et al. 2008). The 
resolution of the spasm may be only temporary, and 
so a second or additional administrations can be nec-
essary over the following days (Biondi et al. 2004). 
In selected cases of severe spasm not responsive to 

nimodipine, balloon angioplasty of the distal seg-
ment of the ICA (A1-M1 segment) can be performed. 
Improvements in the endovascular material make it 
possible today to perform this treatment with a low 
risk (Murayama et al. 2003b).

a b

c d

Fig. 11.17 A 40-year-old man with acute midbrain-thalamic 
syndrome. On MRI (a, b) small ischemic lesions were recogniz-
able in the medial midbrain and medial thalamus on the right, 
corresponding to the vascular territory of perforators arising 

from the P1. A large basilar tip aneurysm, probably responsible 
for the thromboembolic occlusion of the homolateral P1 was 
diagnosed (c). The patient recovered and was treated endovascu-
larly a week later (d)
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a b

Fig. 11.18 A patient already operated on for an AComA aneurysm. A second aneurysm was present at the junction of the left PCA 
and SCA. Vertebral angiogram (a). Control angiogram (b), post-coiling

Fig. 11.19 Typical vertebral-posterior inferior cerebellar artery (PICA) junction aneurysm in a patient with SAH, pre- and post-
treatment with coils
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a b

Fig. 11.21 Aneurysm of the supratonsillar segment of the 
PICA presenting with hemorrhage. (a) Vertebral angiogram 
showing the aneurysm. Supratonsillar segment (arrow). There 
is also a dilatation of the retrotonsillar segment of the PICA 

distal to the aneurysm, suggesting dissection. (b) Post-treatment 
angiogram with occlusion of the aneurysm with coils and of the 
PICA in the supratonsillar segment (arrow). The patient recov-
ered completely

Fig. 11.20 Large unruptured aneurysm in a young patient. 
There was a well-developed right vertebral artery and a hyp-
oplastic left vertebral artery. The aneurysm was located at the 
junction of the vertebral artery with a hypoplastic left PICA. 

There was a bilateral well-developed anterior inferior cerebel-
lar artery (AICA; arrows), supplying the vascular territory of 
both PICAs. Right vertebral angiogram pre- and post-treatment 
with coils
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a b

c d

Fig. 11.22 Aneurysm of the pretonsillar segment of the PICA 
presenting with hemorrhage. Pretreatment vertebral angiogram 
(a) presenting the aneurysm and post-treatment angiogram (b) 
showing its occlusion with coils (arrow). Two months later, the 
patient was admitted again owing to a new hemorrhage. The 

angiogram (c) showed regrowth of the aneurysm (arrow), which 
probably was originally a dissecting aneurysm. Occlusion of the 
aneurysm and of the parent artery was performed (d). The 
patient recovered completely
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a b

c

Fig. 11.23 Unruptured irregular, probably dissecting aneurysm 
involving the P2 segment of the right PCA in a patient present-
ing with a transient episode of hemianesthesia. Left vertebral 
angiogram (a) showing the aneurysm (arrows). Post-treatment 
angiogram (b) with occlusion of the aneurysm and the P2 seg-
ment of the PCA. Note the posterior communicating artery 
(arrowhead). Carotid angiogram (c) with retrograde injection of 

the posterior cerebral artery up to the aneurysm (arrowheads). 
Through leptomeningeal anastomosis between the MCA and 
PCA. There is also injection of the proximal P2 (arrow) through 
the posterior communicating artery. The patient tolerated the 
treatment well despite a small ischemic lesion in the lateral thal-
amus owing to involvement of the thalamogeniculate artery, as 
demonstrated by MRI
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a b

c

Fig. 11.24 Unruptured aneurysm without a defined neck in a 
young patient. (a) Left vertebral angiogram, showing the aneu-
rysm at the P2 segment of the right PCA. (b) Control angiogram 
after occlusion of the aneurysm and the parent artery. (c) Carotid 

angiogram. Retrograde injection of distal branches of the PCA 
(arrows) through opening of a leptomeningeal anastomosis with 
branches of the MCA
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Fig. 11.25 Giant aneurysm of the middle basilar artery present-
ing with brainstem syndrome in an older patient. The aneurysm 
was probably dissecting. The angiogram showed in addition 
several irregularities of the wall of the vertebral and basilar 

arteries owing to atheromasia. Left and right vertebral artery  
(L and R) pre- and post-treatment with occlusion using coils 
supported by balloon (remodeling technique). The clinical 
symptoms improved
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a b

Fig. 11.26 Patient presenting with progressive tetraplegia due 
to giant fusiform aneurysm of the basilar artery compressing the 
brainstem. Left and right vertebral angiogram. The left and right 
PCA are well recognizable (L and R) as is the right superior 
cerebellar artery (arrow with angle). That on the left is very 
small. AICA on the left. Well-developed PICA on the left and 

small PICA on the right. Anterior spinal artery (arrowheads). 
Occlusion of the left vertebral artery with a balloon, proximal to 
the PICA, was performed to reduce the flow in the aneurysm. 
There was a partial clinical improvement, followed by a severe 
fatal subarachnoid hemorrhage 1 month later
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11.13  Aneurysms in Children

Intracranial aneurysms in children are rare. They differ 
from those in adults in the localization, etiology, and 
clinical presentation. They are more frequent in boys, 
whereas among adults there is a predominance among 
women. This seems to indicate a gender influence 
(Ostergaard and Voldby 1983; Laughlin et al. 1997; 
Proust et al. 2001; Lasjaunias et al. 2005; Huang et al. 
2005). The commonest site is reported to be the ICA 
(cavernous portion, carotid bifurcation) (Heiskanen 
1989; Laughlin et al. 1997; Proust et al. 2001; Huang 
et al. 2005). A relatively high frequency also of aneu-
rysms of the basilar and PCA has been reported (Meyer 
et al. 1989; Huang et al. 2005). At the time of diagnosis, 

the aneurysm is frequently large, with clinical symptoms 
frequently not due to hemorrhage but to the mass effect 
(Lasjaunias et al. 2005).

Unlike in adults, a frequent cause of aneurysms in 
children is trauma, even minor (Yazbak et al. 1995; 
Ventureyra and Higgins 1994). Other causes are 
infectious, collagen diseases, hemoglobinopathies as 
well as a family history of aneurysm (Ostergaard and 
Voldby 1983; Roche 1988; Meyer et al. 1989; 
Pasqualin et al. 1986). More recently, spontaneous 
dissection has been increasingly recognized as a 
cause of cerebral aneurysm in children (Laughlin 
et al. 1997; Massimi et al. 2003; Lasjaunias et al. 
2005; Vilela and Goulão 2006; Bradac et al. 2008a) 
(Fig. 16.12).

a b

Fig. 11.28 Middle-aged patient with severe SAH due to rupture 
of a PICA aneurysm that was occluded with coils. The asymp-
tomatic patient deteriorated a few days later owing to severe 
spasm involving, in particular, the anterior circulation. Left 
carotid angiogram (a) showing the severe spasm involving the 

A1 and M2 segments (arrows). Also, minimal spasm of the M1 
segment. A similar pattern was seen on the right. The patient 
was treated with an injection of nymodipine in the ICA, with 
excellent angiographic results, demonstrated on the left angio-
gram (b). Similar result on the right

Fig. 11.27 Middle-aged woman with SAH, in which a com-
plete angiographic study did not reveal a vascular malformation. 
A second SAH occurred 2 weeks later. The angiographic study 
then revealed the aneurysm. (a) First right carotid angiogram. 

(b) Repeated angiogram showing the AcomA aneurysm (arrow). 
There was also a minimal spasm involving the A1 and A2 seg-
ment of the right anterior cerebral artery
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12.1  Introduction

It was Virchow (1862–1863) who first differentiated 
tumors from brain angiomas, which were identified 
as vascular malformations of congenital derivation. 
The concept that brain arteriovenous malformation 
(BAVM) is an anomaly caused by errors during vas-
cular development in the embryo was suggested 
by Cushing and Bailey (1928) and Dandy (1928). 
However, some difficulties in the differential diagno-
sis between BAVMs and tumors remained, as noted 
by Zülch (1957) and Russell et al. (1959). An accu-
rate description of this pathology as a definite con-
genital malformation was proposed by McCormick 
(1966). The same author made a classification, which, 
with some modification (Challa et al. 1995; Yaşargyl 
1987, 1999; Chaloupka and Huddle 1998; Valavanis 
et al. 2004), is still valid today.

12.2  Classification

Arteriovenous malformation (AVM)•	
Vein of Galen AVM•	
Cavernous malformations (cavernomas)•	
Capillary malformations (telangiectasias)•	
Developmental venous anomaly (DVA), venous •	
angiomas
Transition forms•	
Vascular malformations part of well-defined congen-•	
ital-hereditary syndromes
Rendu–Osler Syndrome•	
Sturge–Weber Syndrome•	
Wyburn–Mason Syndrome•	
Klippel–Trenaunay–Weber Syndrome•	

12.3  Arteriovenous Malformations

12.3.1  Pathogenesis and Pathology

The certain pathogenesis of AVMs is not clear. They 
are considered to be congenital malformations. When 
considering the embryological development of the 
cerebral arteries and veins, some authors (Mullan et al. 
1996a, 1996b) have suggested that AVMs could already 
be present before the third month of gestation. In some 
cases, an AVM may be relatively small at birth and 
grow later. There are, however, reports describing 
the appearance of cerebral AVMs later in life among 
patients in whom previously performed magnetic reso-
nance imaging (MRI) showed no malformations. In 
some of these patients, cerebral AVMs occurred in the 
pathologically altered brain as a result of different 
causes, such as vascular pathology (Schmit et al. 1996; 
Song et al. 2007), heterotopia (Stevens et al. 2009), 
and changes after radiosurgery (Rodriguez-Arias et al. 
2000); in others, the brain parenchyma was completely 
normal (Gonzalez et al. 2005; Bulsara et al. 2002). 
These observations raise doubts about the congenital 
nature of cerebral AVMs, which—at least in some 
cases—seem to be acquired lesions caused by different 
nonspecific insults on the brain.

The main angioarchitectural characteristic of an 
AVM is an area called the nidus, in which a direct 
shunting between arteries and veins occurs without 
interposed capillaries. The elevated intravascular flow 
leads to changes of the vessels. Histology shows the 
nidus to be composed basically of dilated arteries and 
veins. In some vessels, the wall structure is still recog-
nizable, characterized by the presence of a media with 
smooth muscle cells and an elastic lamina in the arter-
ies and an absence of muscle cells in the veins. In other 
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arteries, prominent changes, characterized by areas of 
wall thickening caused by proliferation of fibroblasts, 
muscle cells, and an increase in connective tissue, 
are present. Segments with a thinning of the wall also 
occur, which potentially can lead to aneurysm forma-
tion. Severe changes take place in the venous sector, 
forming so-called arterialized veins, characterized by 
wall thickening, which is particularly due to fibroblast 
proliferation, not smooth muscle cells. The interposed 
parenchyma shows gliosis, hemosiderin pigmentation, 
and calcifications, resulting from ischemia or previous 
hemorrhages. The surrounding parenchyma may appear 
normal or show similar changes (Challa et al. 1995; 
Kalimo et al. 1997; Brocheriou and Capron 2004).

12.3.2  Incidence

The incidence of AVMs is not completely known. In 
general autopsy, they are discovered with a frequency 
of 0.15–0.8% (McCormick 1984; Jellinger 1986). 
Multifocal lesions can occur with a frequency of 
1–10% (Perret and Nischioka 1966; Rodesch et al. 
1988; Willinsky et al. 1990). The latter are more fre-
quent in pediatric patients, where they are reported to 
be twice as common as in adults (Rodesch et al. 1988; 
Lasjaunias 1997).

12.3.3  Clinical Relevance

Of AVMs, 5–10% remain asymptomatic and are diag-
nosed incidentally by computed tomography (CT) or 
MRI investigations performed for other reasons. Some 
40–50% present with intracranial hemorrhage, 30% 
with seizures, 10–15% with headaches, and 5–10% 
with neurological deficits (Perini et al. 1995; Stapf 
et al. 2002; Hofmeister et al. 2000; Valavanis et al. 
2004). The incidence of symptomatic cerebral mal-
formation in the adult population is reported to be 
one-tenth the frequency of intracranial aneurysm 
(Berenstein and Lasjaunias 1992; Valavanis et al. 
2004). The most important risk in AVM is hemorrhage, 
which is calculated to be 2–4% per year, with an annual 
rate of mortality of 1% and severe morbidity of 1.7% 
(Graf et al. 1983; Crawford et al. 1986; Ondra et al. 

1990; Mast et al. 1997). The risk of a repeated hemor-
rhage after an initial episode is reported to increase in 
the first year, later decreasing until it reaches the level 
of the initial risk (Graf et al. 1983; Mast et al. 1997). It 
is the most frequent initial symptom in children 
(Berenstein and Lasjaunias 1992; Rodesch et al. 1995; 
Lasjaunias 1997).

12.3.4  Location

The majority of AVMs (85%) are located in the 
supratentorial area, and only 15% are infratentorial 
(Perret and Nischioka 1966; Yaşargyl 1999). Suprat-
entorial AVMs can be further divided (Valavanis et al. 
2004): neopallial, including AVMs in the frontal, pari-
etal, temporal, and occipital lobes and corpus callo-
sum; and archi- and paleopallial, including those in 
the limbic and paralimbic system (amigdala, hip-
pocampal, parahippocampal, septal, gyrus cinguli, and 
insular AVMs). AVMs can be located in a sulcus (sul-
cal), gyrus (gyral), or both (sulco-gyral). They can 
remain superficial or extend deeply toward the ventri-
cle, basal ganglia, and thalamus. AVMs involving pri-
mary deep structures or ventricles are rarer. They are 
more frequent in pediatric patients (Berenstein and 
Lasjaunias 1992).

Infratentorial AVMs can be divided into those 
involving the cerebellum (hemisphere, vermis), located 
on the super–inferior convexity, or on its anterior sur-
face. Deep structures can be primarily involved or be 
an extension of a superficial lesion. Primary AVMs in 
the brainstem are very rare, as are those of the fourth 
ventricle (Garcia Monaco et al. 1990; Liu et al. 2003).

12.3.5  Diagnosis

MRI, including functional studies, has provided infor-
mation about the site and extension of AVMs. Further-
more, shows which functional changes have occurred 
in the affected and unaffected hemisphere (Alkadhi 
et al. 2000). Angiography is essential in defining the 
angioarchitecture of the AVM. Both investigations are 
today essential to obtain the necessary information in 
planning therapy (surgery, endovascular treatment, 
radiosurgery) (Spetzler and Martin 1986; Berenstein 
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and Lasjaunias 1992; Valavanis 1996). Angiographic 
study comprises selective angiography of the internal 
and external carotid arteries and the vertebral artery, 
followed, when necessary, by super-selective examina-
tions aimed to characterize the supplying arteries, 
venous drainage, and aspects of the nidus.

12.3.5.1  Supplying Arteries (Feeders)

These can be fairly dilated and tortuous, unique or 
multiple, and arise from one or more vascular territo-
ries. Cortical branches are involved in superficial 
AVMs. Perforators (deep–medullary arteries) and 
choroidal arteries can be recruited every time deep 
structures and ventricles are affected (Figs. 12.3, 
12.7, and 12.9).

Each feeder can end in the nidus, connected through 
one or more small branches with one or more venous 
channels, in various combinations (Houdart et al. 
1993), forming what is termed the plexiform aspect of 
the nidus (Figs. 12.1 and 12.2). Otherwise, after giving 
branches to the AVM, the feeders continue distally to 
supply the normal parenchyma. On an angiogram, they 

appear to end in the nidus, though they do in fact run 
further distally. The distal part, however, is not always 
recognizable, owing to the steal phenomenon present 
in the nidus. In other cases, a large artery running adja-
cent to the nidus can give some small branches to the 
nidus en passage feeders, coursing further to the nor-
mal parenchyma (Figs. 12.5 and 12.6). All these 
aspects should be carefully studied with selective 
injections since embolization of these feeders carries 
the risk of ischemia of the normal parenchyma 
(Berenstein and Lasjaunias 1992; Valavanis 1996; 
Chaloupka and Huddle 1998; Pierot et al. 2004; 
Valavanis et al. 2004).

Sometimes, indirect feeders can reach the nidus 
through the opening of leptomeningeal (pial) anasto-
moses. This occurs when an important branch supply-
ing the AVM ends completely in the nidus and no 
branches reach the distal normal parenchyma, which is 
supplied indirectly by the collateral circulation. The 
latter can extend to the AVM and supply its distal part 
(Berenstein and Lasjaunias 1992; Chaloupka and 
Huddle 1998; Valavanis et al. 2004).

Dural feeders are reported in about 30% of cases 
(Newton and Cronquist 1969). In this context, it should 

Fig. 12.1 Well-defined nidus of lateral frontal AVM presenting 
with epilepsy. Lateral angiogram, early and late phases (a) The 
AVM is supplied by a dilated insular branch (double arrow).  
A second, smaller feeder appears posteriorly (arrow). Cortical 
drainage in the superior sagittal sinus, with partial retrograding 

injection of the anterior segment, and inferiorly into the superficial 
middle cerebral vein (SMCV). (b) Super-selective catheterization 
preceding embolization with Onyx. (c) Lateral angiogram, arterio-
venous phase performed 2 months after complete occlusion of the 
AVM, showing normalization of the arteries and draining veins

a
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be remembered that dilated dural branches can be a 
cause of headache. Furthermore, in selected cases, the 
dural branches can be catheterized and used to reach 
the nidus of the malformation and inject embolic 
material.

12.3.5.2  Aneurysms

These can be located far from the nidus on one or 
more supplying arteries. They are thought to be due 
to the increased flow (flow-related or stress aneu-
rysm) and frequently, though not always, disappear 
when the AVM is excluded (Berenstein and Lasjaunias 
1992; Valavanis and Yaşargil 1998). They can be the 
cause of subarachnoid hemorrhage (SAH) in patients 
with AVM. The frequency of aneurysms is reported 
to increase with the age of the AVM (Berenstein and 
Lasjaunias 1992). This probably means that the 
development of these aneurysms is due to the high 
flow associated with the AVM, but it is also the result 
of the chronicity of the shunt (Valavanis 1996). In 
our experience, the majority of these aneurysms 
occur in old patients, especially in the vertebrobasi-
lar sector (Figs. 12.13, 12.14, 12.16, and 11.13). 
Rarely, aneurysms can be found on an arterial branch 
independent of the AVM; these are probably dysplas-
tic in origin.

Other small aneurysms are located near or within 
the nidus (intranidal aneurysms). These can be bet-
ter identified by selective studies. They are very 
frequent and are thought to be responsible for hem-
orrhage in many cases (Willinsky et al. 1988; Marks 
et al. 1992; Turjman et al. 1994; Pollock et al. 1996; 
Redekop et al. 1998; Bradac et al. 2001; Pierot et al. 
2004; Valavanis et al. 2004) (Figs. 12.4, 12.6, 12.7, 
and 12.11).

One notable type is the pseudoaneurysm, which 
develops at the site of rupture of the AVM; these are 
detected in patients presenting clinically with recent 
AVM rupture (Valavanis et al. 2004). Pseudoaneurysms 
lack a true vessel wall and consist of a pouch arising 
from a partially reabsorbed hematoma. They can be 
angiographically identified by their irregular shape 
and location at the margin of a recent hematoma 
(Berenstein and Lasjaunias 1992; Garcia Monaco 
et al. 1993; Valavanis 1996; Valavanis et al. 2004) 
(Fig. 12.9).

c

b

Fig. 12.1 (continued)
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d
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Fig. 12.2 Laterotemporal occipital AVM, presenting with hem-
orrhage, supplied by distal branches of the gyrus angularis 
artery. Carotid angiogram, lateral view, arterial (a) and venous 
phases (b, c). There is a different venous drainage related to the 

corresponding compartments. These are well demonstrated on 
super-selective studies (d, e). At the periphery of the nidus, an 
isolated arteriovenous shunt is recognizable (d)
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12.3.5.3  Other Changes

Among other changes of the supplying arteries, 
there is stenosis, which is commonly due to intrin-
sic changes in the wall and is characterized by inti-
mal hyperplasia, mesenchymal proliferation, and 

capillary proliferation through the adventitia 
(Willinsky et al. 1988) (Fig. 12.11). Moyamoya 
pattern at the base of the brain has also been 
reported, probably being the result of hemody-
namic stress (Mawad et al. 1984; Berenstein and 
Lasjaunias 1992).

c

a b

d

Fig. 12.3 AVM in young patient presenting with hemorrhage 
involving the third and lateral ventricles. (a) CT showing the 
hemorrhage. (b) Lateral vertebral angiogram. There is a dilated 
posterior medial choroidal artery (arrow) supplying the AVM in 
the roof of the third ventricle. (c) Selective study showing nidus 

of the AVM and drainage in the internal cerebral vein (arrow), 
continuing into the Galen vein and straight sinus. (d) Control 
angiogram after endovascular treatment with occlusion of the 
AVM with acrylic glue
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a

b

Fig. 12.4 AVM involving the corpus callosum and adjacent 
gyrus cinguli presenting with hemorrhage. (a) Internal carotid 
angiogram (AP, lateral view) showing the compact nidus sup-
plied by the pericallosal artery. In the posterior medial part of 
the nidus, a dilated vascular structure is recognizable (arrow). It 
is not possible to determine whether this corresponds to a nidal 

aneurysm or a pseudovenous aneurysm. (b) Two selective stud-
ies of branches of the pericallosal artery preceding injection of 
acrylic glue aimed to occlude partially the nidus and especially 
the aneurysm. (c) Control angiogram post-treatment, well toler-
ated by the patient, who was operated on 1 month later with 
finally clinical good results
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12.3.5.4  Venous Drainage

The type of drainage commonly depends on the loca-
tion of the AVM and is thus predictable. It can, how-
ever, be aberrant due to preexistent variants or the 
formation of a collateral circulation following occlu-
sion or stenosis in the venous sector; it may be a venous 
adaptation in an attempt to reduce the high intranidal 
pressure. Venous drainage can be superficial, deep, or 

both, and it consists of a single draining vein or several 
venous channels (Figs. 12.1, 12.2, 12.8, 12.9, and 
12.12). In the latter case, a specific venous drainage 
can be seen after injection of each correspondent sup-
plying artery. In other cases, the same venous drainage 
is recognizable after injecting different feeders. When 
several venous channels are involved, it is a multiple-
compartment AVM; where there is just a single drain-
ing vein, it is a unique-compartment AVM (Yaşargil 
1987; Berenstein and Lasjaunias 1992; Valavanis et al. 
2004). In this context, it should be considered that 
multiple venous drainage can be only apparent owing 
to the fact that the unique draining vein divides early 
into more veins.

The veins draining the AVM are always dilated. 
The dilatation is sometimes enormous, forming large 
pouches, which can be the result of distal stenosis or 
thrombotic occlusion. The cause of the stenosis may 
differ. It can be due to hyperplasia of the wall compo-
nents as a reaction to the increased flow and pressure. 
Otherwise, the stenosis occurs when the vein enters the 
dura; it may be the result of a kinking of an ectatic vein 
or bone compression. Sometimes, these pouches result 
from pseudoaneurysms, similar to those in the arterial 
sector (Fig. 12.9). Some aspects of the venous drainage 
(unique veins, deep venous drainage, stenosis, and 
large pouches) are considered potential risks or may 
already be risks because of hemorrhage (Vinuela et al. 
1985, 1987; Berenstein and Lasjaunias 1992; Turjman 
et al. 1995; Muller-Forell and Valavanis 1996; Pierot 
et al. 2004; Valavanis et al. 2004).

12.3.5.5  Nidus

The extension of the nidus varies from very large to 
very small. Small AVMs have a greater tendency to 
rupture (Fig. 12.10) (Graf et al. 1983; Pierot et al. 
2004). The same is true for deeply located and poste-
rior fossa AVMs (Figs. 12.3, 12.6, 12.7, and 12.9). 
Some authors (Garcia Monaco et al. 1990; Berenstein 
and Lasjaunias 1992) reported a higher tendency for 
hemorrhage also in temporo-insular and callosal 
AVMs (Fig. 12.4). The nidus can be mono- or multi-
compartimental (Fig. 12.2). It is interesting to note 
that with increasing experience in vascular treat-
ment, small connections through the different com-
partments may become recognizable, and so the 
slow injection of embolic material can penetrate 

Fig. 12.5 Example of en passage feeders arising from the M2 
segment of the middle cerebral artery (MCA) in a patient with 
temporo-insular AVM

c

Fig. 12.4 (continued)
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Fig. 12.6 Patient with large hematoma located in the left deep 
medial occipital retrosplenial area, removed in the acute phase. 
After clinical improvement, vertebral angiography (a) showed 
the AVM supplied by two feeders (arrowhead) arising from the 
P4 segment of the left PCA. Drainage (b) into a large medial 
atrial vein (arrow), continuing into the Galen vein and straight 
sinus. Owing to hypertension (c) in the Galen vein, there is a 
retrograde injection of the precentral vein (PR) and posterior 
mesencephalic vein (PM). There is a proximal duplication of the 

straight sinus. In the oblique view (d), a second smaller drainage 
(arrow) is visible, also entering the Galen vein. Catheterization 
of the branch (e) supplying the compartment with intranidal 
aneurysm (arrow). Catheterization of the second branch (f) with 
a progressive advance of the microcatheter distal to a normal 
parenchymal branch (arrow). Post-treatment angiogram (g). 
The remaining minimal component of the AVM supplied by the 
pericallosal artery was treated by radiosurgery

a

c
d

b
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Fig. 12.6 (continued)
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a b

c

Fig. 12.7 Example of an intranidal aneurysm, probably respon-
sible for repetitive small intraventricular hemorrhage in a patient 
with a very large right parietal AVM extending deeply toward 
the lateral ventricle. Lateral vertebral angiogram (a) showing 
part of the AVM with an intranidal aneurysm (arrow) in the 

vascular territory of the medial posterior choroidal artery. 
Selective study (b) preceding injection of acrylic glue. Cast of 
the glue (c) involving part of the nidus and also the aneurysm 
(arrow). Despite only partial treatment, the hemorrhagic epi-
sodes arrested completely over a period of many years
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completely the nidus. In this context, it is possible for 
numerous small supplying branches to arise from a 
large main feeding artery. During the injection of 
embolic material into the nidus through one of the 
small branches chosen, a retrograde injection of 
another arterial feeder can occur. This should be 
immediately recognized to avoid retrograde injection 
also of the main feeder.

The presence of an intranidal aneurysm has 
already been described. Arteriovenous shunts can be 
very large, leading to the formation of large fistulas, 
characterized on an angiogram by an immediate 
injection of the venous sector. The fistula can be the 
unique feature of the AVM or only part of the plexi-
form nidus (Fig. 12.12) (Aletich et al. 1997; 
Berenstein and Lasjaunias 1992; Chaloupka and 

a

c d

b

Fig. 12.8 Parietal AVM. (a) Coronal MRI T2-weighted image 
showing the extension of the lesion toward the ventricle. There 
is gliosis due to a previous hemorrhage. (b) Carotid angiogram, 
AP view, showing the compact nidus and deep venous drain-
age. (c) AP view, during selective study. The drainage occurs 

through a very dilated medullary vein, continuing into the 
medial atrial vein (arrows) entering the Galen vein. (d) Lateral 
view, corresponding to the image in (c). Microcatheter (small 
arrows). Dilated medial atrial vein (arrow) draining into the 
Galen vein (G)
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Fig. 12.10 Example of a very small medial occipital AVM pre-
senting with hemorrhage. Vertebral angiogram, oblique view (a) 
Feeding artery (arrows) arising from the P4 segment of the PCA. 

Small nidus (N). Unique draining vein (arrowhead). Super-
selective study (b) preceding occlusion with acrylic glue. 
Control angiogram (c) post-treatment

a b

Fig. 12.9 AVM in a young patient presenting with hemorrhage 
involving the basal ganglia and white matter. Carotid angiogram, 
AP and lateral views. The AVM is supplied by dilated perfora-
tors (arrow with dot) and by several branches arising from the 
M2 segment of the MCA (arrow). The drainage occurs in the 

thalamostriate vein (arrowhead), continuing into the internal 
cerebral vein (ICV). There is another partially injected venous 
pouch (large arrow), which probably corresponds to a pseudoa-
neurysm. The patient underwent operation
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Huddle 1998; Valavanis et al. 2004). The fistulas are 
more frequent in children (Rodesch et al. 1995; 
Lasjaunias 1997).

Finally, the nidus can be well defined (compact 
nidus) (Figs. 12.1, 12.2, and 12.4) or without pre-
cisely identified borders (diffuse nidus) (Fig. 12.11). 
In the latter condition, the feeders are numerous, not 
particularly dilated, and without a specific dominant 
sector. Endovascular as well as surgical treatment is 
particularly difficult or impossible (Yaşargyl 1987; 
Berenstein and Lasjaunias 1992). Location of the 
AVM in the so-called eloquent areas has been regar-
ded as signifying an increased risk of complications. 
Though this is true, we agree with other authors 
(Valavanis et al. 2004) who consider all areas of the 
brain highly functionally eloquent. That means that 
when endovascular treatment is performed, the depo-
sition of the embolic material should be strictly con-
fined to the nidus of the AVM. This can avoid damage 
of the normal parenchyma reducing the risk of 
complications.

c

Fig. 12.10 (continued)

a

Fig. 12.11 AVM with a diffuse character, involving largely the left 
cerebellar hemisphere, presenting with subarachnoid hemorrhage 
(SAH). (a) Left AP vertebral angiogram (early and late phases), 
showing the AVM supplied by branches of the posterior inferior 
(three arrows), anterior inferior (arrow head), and superior cerebellar 

(small arrow) arteries. The lateral pontine arteries (bidirectional 
arrow) are very dilated and probably also involved. Several aneu-
rysms, intranidal and also on the feeding branches, are recognizable. 
(b) Selective study of the posterior inferior cerebellar artery (PICA) 
preceding embolization showing better the multiple aneurysms
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12.3.5.6  Perinidal Changes

In a number of cases around the nidus, one can observe 
the presence of a rich vascular network, consisting of 
tiny vessels; this is usually due to the dilatation of col-
laterals following the demand of blood flow from the 
AVM. Some authors have described the development of 
new vessels, called angiogenesis, in response to chronic 
ischemia of the perinidal parenchyma (Berenstein and 
Lasjaunias 1992; Valavanis et al. 2004).

12.3.6  Treatment

Progressive technical improvements in surgical and 
endovascular treatment as well as radiotherapy, applied 
in varied combinations, combined with better knowl-
edge of the pathophysiology of AVMs, today offer 
many possibilities to achieve a complete cure in many 
patients, with relatively low rates of morbidity and 
mortality (Berenstein and Lasjaunias 1992; Colombo 
et al. 1994; Valavanis 1996; Debrun et al. 1997; 

b

Fig. 12.11 (continued)

Fig. 12.12 Laterotemporal occipital AVM presenting with epi-
leptic seizures. (a) Carotid angiogram, AP view. The AVM con-
sists mainly of a direct fistula (arrow) between the gyrus 
angularis artery and the venous sector, characterized by a venous 
pouch directly communicating with the adjacent dilated vein. A 
typical plexiform nidus is not definitively recognizable. (b) Late 
phase, showing the cortical and deep drainage. The latter occurs 
through a dilated lateral atrial vein (arrow) continuing into the 

distal basal vein (BV). (c) Super-selective study showing more 
clearly the fistulous shunt and deep venous drainage. (d) Carotid 
angiogram, lateral view, early and late phase, showing the feed-
ing arteries and drainage involving the lateral atrial vein (arrow). 
(e) Carotid angiogram, lateral view, after occlusion of the fistula 
with acrylic glue, a minimal network corresponding to the per-
sistent nidus is still recognizable. This was treated later with 
radiotherapy

a b
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Valavanis and Yaşargil 1998; Valavanis et al. 2004; 
Beltramello et al. 2005; Picard et al. 2005; Vinuela 
et al. 2005; Raymond et al. 2005; Nagaraja et al. 2006; 
Panagiotopoulos et al. 2009; Grzyska and Fieler 2009). 
It is still open to question whether an invasive therapy 
or noninvasive management should be performed in 
cases of asymptomatic AVM or those with minimal 
symptoms. The age of the patient, location and exten-
sion of the AVM, and anticipated difficulty of treat-
ment will play a role in the decision. Also, aspects 
of the angioarchitecture thought to increase the risk 
of hemorrhage should be considered, even if some of 
these aspects have recently been questioned (Stapf 
et al. 2006). Furthermore, other authors have suggested 
(Achrol et al. 2006) that inflammatory cytokines play a 
role in the pathogenesis of hemorrhage of AVM.

More information is certainly needed about the evolu-
tion of this very complicated pathology. Such data may 
emerge from a multicenter, randomized trial (Fiehler and 
Stapf: Aruba 2008), assessing possible invasive treatment 
and noninvasive management of patients with AVM.

12.4  Cavernous Malformations 
(Cavernomas)

12.4.1  Pathology

These appear as well-circumscribed masses, formed 
by dilated vascular channels without intervening brain 
parenchyma. The wall of the channels is lined by a 

c

e

d

Fig. 12.12 (continued)
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single layer of vascular endothelium, surrounded by 
fibrous tissue. Some of the channels show thrombosis. 
Evidence of hemosiderin due to previous hemorrhage is 
present within and around the malformation. There may 
be calcification. Cavernous malformations can grow fol-
lowing hemorrhage or because of their intrinsic activity.

12.4.2  Incidence

Based on MRI and autoptic studies, the incidence is 
reported to be 0.4–0.9% of the general population 
(McCormick 1984; Otten et al. 1989; Robinson et al. 
1991; Maraire and Awad 1995). Cavernous malforma-
tions can be single or, frequently, multiple. Familial 
cases have been recognized, increasingly, especially, 
in patients of Hispanic origin (Rigamonti and Brown 
1994; Zambranski et al. 1994; Gunnel et al. 1996). In 
this latter group, an autosomal pattern of inheritance 
has been identified (Gunnel et al. 1996). Cavernous 
angiomas have been considered congenital; however, 

de novo lesions can appear, particularly in familial cases 
(Pozzati et al. 1996; Tekkök and Ventureyra 1996).

12.4.3  Location

Cavernomas can be found throughout the brain and 
spinal cord. They are more frequent in the subcortical 
white matter and pons. Extraparenchymal lesions can 
occur (Meyer et al. 1990; Sepehrnia et al. 1990). They 
originate in the dural sinuses and are particularly fre-
quent in the cavernous sinus, especially in women.

12.4.4  Diagnosis and Clinical Relevance

In CT, cavernomas appear as rounded, hyperdense 
masses, sometimes with calcification. In MRI, the 
aspect is frequently inhomogeneous on T1–T2 images. 
In large cavernomas, the pattern is frequently char-
acterized by a mass of several rounded cavities. 

a b

Fig. 12.13 Older patient presenting with severe SAH involving 
predominantly the right cerebellopontine angle. Vertebral angio-
gram (a) showing a small AVM in the cerebellopontine angle 
(arrowheads) supplied by a double superior cerebellar artery 
(large arrow) and dilated lateral pontine artery (small arrow). 

With the latter, an aneurysm, probably flow dependent, is recog-
nizable. This was thought to be responsible for the SAH and was 
acutely occluded with coils (b), together with the parent artery. 
The comatose patient recovered well
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a

c

b

Fig. 12.14 Older patient presenting with severe SAH involving 
predominantly the left cerebellopontine angle. (a) Vertebral 
angiogram (oblique view) showing the AVM supplied by 
branches of the superior cerebellar artery (large arrow). A lat-
eral pontine artery (arrowhead) seems also to be involved. There 
is a further supply from the anterior inferior cerebellar artery 

(AICA, arrows). On its course, a flow-dependent aneurysm is 
recognizable. (b) Later phase, showing the drainage in the supe-
rior petrosal sinus. (c) Selective study of AICA preceding the 
occlusion of the aneurysm and distal AICA with coils. The 
patient recovered. The AVM was later treated with surgery



16112.4 Cavernous Malformations (Cavernomas)

Enhancement in CT and MRI is typical (Rigamonti 
et al. 1987). Angiograms are commonly negative. In 
cases of cavernomas within the cavernous sinus, the 
differential diagnosis with cavernous meningioma can 
be very difficult (Bradac et al. 1987).

Cavernomas are frequently asymptomatic. They 
present clinically with seizures or hemorrhage. With 
regard to the association with DVA, see Chap. 12.6.

a b

Fig. 12.15 Older patient presenting with SAH. A complete 
angiographic study showed a petrotentorial dural arteriovenous 
fistula (DAVF) on the right. (a) Right internal carotid angio-
gram, lateral view, showing the typical feature of the fistula sup-
plied by cavernous branches of ICA. (b) Vertebral angiogram, 

AP view, disclosing, on the right, a well-developed AICA, par-
tially supplying the DAVF (arrows) through its rostro-lateral 
branch (arrow). An aneurysm, probably flow dependent, is rec-
ognizable on the supplying artery

a b

Fig. 12.16 Severe SAH in an older patient. (a) Small cerebellar 
AVM (arrowheads) supplied by distal branches of the PICA was 
visible on the vertebral angiogram. A flow-dependent aneurysm 

(arrow) is recognizable on the supratonsillar segment of the 
PICA. This was occluded with coils (b). The patient remained 
comatose and died
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12.5  Capillary Malformations 
(Telangiectasias)

The Telangiectasias are similar to cavernous angio-
mas. Unlike the latter, there is brain parenchyma 
between the vascular channels. The incidence on 
autopsy is reported to be 0.1–0.15% (McCormick 
1984; Jellinger 1986). They are frequently associated 
with cavernous angiomas, and some authors have sug-
gested that these lesions represent the phenotypic 
spectrum within a single pathological entity (Rigamonti 
et al. 1991; Chaloupka and Huddle 1998).

Telangiectasias can be found everywhere in 
the brain parenchyma and spinal cord, with a 
predominance in the pons and basal ganglia. The 

neuroradiological diagnosis is similar to that with cav-
ernous angiomas.

12.6  Developmental Venous  
Anomaly (DVA)

12.6.1  Pathology

Also called venous angioma, DVA is prevalently 
located in the white matter of the cerebral hemisphere, 
whereby several medullary veins converge on a unique 
collector draining further superficially in one of the 
sinuses or in one of the subependymal or basal veins. 

a

c

b

Fig. 12.17 DVA. Carotid angiogram, (a) normal arterial phase; 
(b, c) in the late venous phase a large frontal cortical vein, 
draining also partially the temporal region, is recognizable 

(arrowheads). To this converge all the medullary veins of the 
area (arrow). The septal vein is not visible, probably absent. 
Further drainage occurs in the superior sagittal sinus
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Another typical location is the white matter of the cer-
ebellar hemisphere, where medullary veins converge 
on the vein of Galen or petrosal vein.

12.6.2  Incidence

DVA has been reported as being the most common vas-
cular malformation detected on autopsy (Sarwar and 
McCormick 1978; McCormick 1984), with an incidence 
of 2.6%. Today, it is not considered a malformation 
(Saito and Kobayashi 1981; Lasjaunias et al. 1986a).

12.6.3  Clinical Relevance

Most DVAs are asymptomatic. Hemorrhages can occur, 
and these are considered to be due to the associated 
cavernous angiomas (Ostertun and Solymosi 1993). 
Rarely, thrombosis of the main collector can lead to 
hemorrhagic ischemia (Ostertun and Solymosi 1993).

On an angiogram, typical DVAs are recognizable in 
the capillary–venous phases, where several medullary 
veins converge on a large collector (Fig. 12.17). The 
arterial phase is normal.

A few DVAs do not completely fit the typical fea-
tures described above. These lesions probably repre-
sent a transition form between DVA and AVM (Awad 
1993; Mullan et al. 1996a, 1996b; Bergui and Bradac 
1997). On an angiogram, numerous undilated arterial 
feeders are connected with veins that have the features 
of DVA, but appear early (Fig. 12.18).

12.7  Central Nervous System Vascular 
Malformation: Part of Well-Defined 
Congenital or Hereditary 
Syndromes

12.7.1  Rendu–Osler Syndrome 
(Hereditary Hemorrhagic 
Telangiectasias)

Rendu-Osler syndrome is a familial neurocutaneous 
disease, characterized by teleangiectasias of the skin 
and mucosa of the oral-nasal cavities and gastrointesti-
nal tract. Arteriovenous angiomas and fistulae are 
also frequently present in the lung and liver. In 
addition, different types of vascular malformations 
can involve the central nervous system. The most fre-
quent are AVMs, which are often small and multiple 
(Chaloupka and Huddle 1998; Berenstein and 
Lasjaunias 1992). The malformation of the oral-nasal 
cavities is frequently responsible for severe hemor-
rhage (Fig. 3.18).

12.7.2  Sturge–Weber Syndrome 
(Encephalotrigeminal 
Angiomatosis)

Sturge-Weber syndrome is a familial neurocutaneous 
disease, characterized by a facial vascular nevus in the 
trigeminal distribution, mainly in the first branch, a 
retinal angioma, and leptomeningeal angiomatosis.

Fig. 12.18 Mixed angioma, carotid angiogram, AP view, selec-
tive study of the middle cerebral artery. There is a pathological 
network (arrow), consisting of a medullary vein injected early 
through connections with medullary branches of the middle 
cerebral artery. All the veins converge on a dilated atrial vein 
continuing into the Galen vein
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12.7.2.1  Pathology

The pathology consists of a network of thin-walled 
capillaries and venules lying between the pial and sub-
arachnoid membrane. There is also typically a paucity 
of cortical veins; this is responsible for the stasis and 
progressive hypoxia of the cortex, which becomes 
atrophic and partially calcified.

It is assumed today that the primary cause of the 
syndrome is a problem in the development of the 
venous drainage, involving the cortical veins and distal 
part of the superficial medullary vein. The drainage is 
redirected through a collateral circulation, particularly 
via the deep medullary veins among the subependymal 
veins and choroid plexus.

12.7.2.2  Diagnosis

The dystrophic, calcified cortex can be well studied 
with CT and MRI, which allow enhancement of the 
angiomatous network as well as demonstration of the 
redirected venous circulation. (Smirniotopoulos and 
Murphy 1992; Osborn 1999; Chaloupka and Huddle 
1998). On an angiogram, the absence or paucity of the 
cortical veins can be demonstrated as well as the redi-
rected drainage toward the deep venous system 
(Berenstein and Lasjaunias 1992).

12.7.3  Wyburn–Mason Syndrome

Wyburn-Mason syndrome is an exceptionally rare 
neurocutaneous disease, characterized by cutaneous 
facial nevi in the distribution of the trigeminus and an 
extensive, high-flow AVM, involving visual pathways, 
including the retina, optic nerve, optic tract, and 
sometimes the diencephalon and occipital lobe 
(Chaloupka and Huddle 1998). Some authors have 
proposed the term unilateral retinocephalic vascular 
malformation for this syndrome (Theron et al. 1974). 
Unusual variants of the syndrome include bilateral 
intracranial vascular anomalies (Patel and Gupta 
1990). CT and MRI are useful diagnostic tools, but 
angiography is the essential diagnostic step to decide 
if there is a possibility of partial endovascular 
treatment.

12.7.4  Klippel–Trenaunay–Weber 
Syndrome

This syndrome is a very rare condition, characterized 
by limb hemihypertrophy, cutaneous nevi, venous mal-
formations, and/or occasional high-flow AVM of the 
affected limb. Vascular malformations can be present 
in other organs, including the brain. CT and MRI are 
useful in detecting the lesions; angiography is essential 
when endovascular treatment has been taken into 
consideration.

12.8  Arteriovenous Shunts Involving 
the Vein of Galen

The real incidence is unknown: it can be estimated to 
be less than 1 per 1,000,000. The first description of 
aneurysm of the vein of Galen was made in 1937 by 
Jaeger et al. Today, we know that these malformations 
constitute a group of lesions that have been more pre-
cisely classified only in recent years.

•	Vein of Galen aneurysmal malformations. Nowadays, 
the majority of authors (Raybaud et al. 1989; Ber-
enstein and Lasjaunias 1992; Mickle and Quisling 
1994; Burrows et al. 1996; Lasjaunias 1997; 
Chaloupka and Huddle 1998) agree that the patho-
genesis of this malformation, which can be termed a 
true vascular malformation, is a malfunction in 
embryogenesis, involving the median prosencephalic 
vein (PV). In accordance with the radioanatomical 
studies of Raybaud et al. (1989), the PV receives 
drainage from the deep cerebral structures and chor-
oid plexus, and it drains further into the falcine sinus. 
The vein disappears in a period between the sixth and 
eleventh weeks, and it is replaced by the vein of 
Galen, arising from unification of the caudal remnant 
of the PV with the developing internal cerebral vein. 
The vein of Galen drains further into the straight sinus 
(SS). Failure of regression of the PV results in hyp-
oplasia of the SS, with the venous drainage frequently 
diverted into a persistent falcine sinus (Raybaud et al. 
1989; Mickle and Quisling 1994; Burrows et al. 
1996). The cause of the abnormal arteriovenous 
shunts remains unknown. Raybaud et al. (1989) 
 suggested that the malformation may be linked to an 
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a

b

Fig. 12.19 Vein of Galen malformation in 3-month-old 
child, endovascularly treated owing to heart failure. (a) MRI 
T1-weighted image showing the malformation. (b) Right carotid 
angiogram, lateral view, showing the dilated prosencephalic 
vein draining into the dilated and fenestrated (arrow with angle) 
straight sinus. The malformation is supplied by the distal peri-
callosal artery (arrowhead) and by the posterior choroidal 
arteries of the posterior cerebral artery. Anterior and posterior 
systems converge forming the so-called limbic arch. The double 
arrow shows further drainage into the transverse sinuses and 
dilated occipital sinus (c) Right vertebral artery, AP and lateral 
views, showing the supplying arteries arising from the left 

posterior cerebral artery. Posterior thalamo-perforating artery 
(arrow). Medial and lateral (arrow with angle) choroidal arter-
ies. Following selective catheterization, coils were placed in the 
choroidal arteries close to the shunt, leading to a decrease in 
flow with significant clinical improvement (d). Two years later, 
a control vertebral angiogram showed a partial persistence of the 
shunt, which was completely occluded with glue after selective 
catheterization (e). Selective catheterization of the small remain-
ing suppllying branches. The arrow indicates the catheter tip. 
The nonsubtracted image shows the cast of coils and glue in the 
malformation. (f) Final control vertebral and left carotid 
angiogram
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Fig. 12.19 (continued)
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Fig. 12.19 (continued)

embryogenetic error involving the choroidal arteries, 
which, in the same embryonic period when the PV is 
prominent, are the most active arterial structures 
 present; thus, they are the most vulnerable to 
maldevelopment.

•	Diagnosis and treatment. CT and MR allow easy 
identification of this kind of malformation. Selective 
and super-selective angiography is essential for pre-
cise study. Angiography in patients with this condi-
tion presents a series of technical problems. Among 
them is the femoral approach and the necessity to 
limit the quantity of contrast medium; thus, it is 
prudent and rational to postpone the angiography 
until the patient is at least five to six months old. 
Angiographic study and endovascular treatment 
should be performed earlier if rapid clinical deterio-
ration, particularly as a result of heart failure, occurs.
On an angiogram (Figs. •	 12.19 and 12.20), two types 
of shunts can be recognized (Berenstein and 
Lasjaunias 1992; Lasjaunias 1997): the choroidal 
type, characterized by many feeders shunting with 

the PV, commonly on the anterior surface; and the 
mural type, in which one or two feeders are con-
nected with the inferior, lateral part of the PV. The 
feeders can be uni- or bilateral. The most common 
arteries involved are the posterior choroidal, fol-
lowed by the distal segment of the pericallosal arter-
ies. In the embryo, the posterior branch of the 
pericallosal artery runs around the splenium and 
extends anteriorly into the tela choroidea, anastomo-
sing with the posterior medial choroidal artery. This 
connection normally disappears, but it can persist in 
the vein of Galen malformation (Raybaud et al. 
1989), forming the so-called limbic arch. The colli-
cular and posterior thalamic arteries may also be 
involved as well as the anterior choroidal artery; 
sometimes, secondary feeders can arise from periph-
eral branches of the middle cerebral artery (MCA) 
and its perforators.
The venous drainage occurs into a dilated PV, which •	
appears rounded or elongated, with the greatest 
dimension along the sagittal axis. In at least 50% of 
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a

b

Fig. 12.20 Vein of Galen malformation in a 5-year-old patient 
(a) MRI T1-weighted image showing the malformation drain-
ing into the falcine sinus. (b) Vertebral angiogram, lateral 
view, showing, on the left, the supplying arteries, represented 
by the posterior thalamo-perforating arteries and posterior 
choroidal arteries. Large prosencephalic vein draining into the 
falcine sinus (arrowhead) and small fenestration (smaller 

arrow). Partial rerouting of the venous drainage (arrow with 
dot), anteriorly directed and continuing further, probably into 
the anterior pontomedullary and perimedullary veins, as visi-
ble in MRI. On the right, there is occlusion of the transverse 
sinus (larger arrow). Occlusion of the supplying arteries, with 
reduction of the shunt after selective catheterization and injec-
tion of glue
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cases, further drainage occurs into the falcine sinus 
(Raybaud et al. 1989). This is an embryonic sinus 
channel running within the falx cerebri, directed 
posterosuperiorly to reach the superior sagittal sinus 
(SSS). Rarely, a normal straight sinus can be associ-
ated with the falcine sinus; in the majority of cases, 
the straight sinus is absent, hypoplastic, or malformed. 
Other anomalies of the dural sinuses characterized by 
lack of injection due to aplasia or thrombosis are fre-
quent, involving, especially the transverse sinus (TS) 
and sigmoid sinus. The jugular vein can also be absent. 
These venous changes can promote the development 
of dural shunts. The presence of two falcine sinuses 

(falcine loop), one directed toward the SSS and the 
other connecting the SSS with the torcular herophili or 
TS, has been reported (Raybaud et al. 1989).

•	Vein of Galen dilatation. In this group of lesions, 
which occur in older children, the ectatic vein is the 
great vein of Galen, into which drains an AVM. The 
dilatation is frequently associated with an  obstruction 
of the venous drainage, involving the SS or torcu-
lar herophili. Reflux in normal cerebral veins (deep/
superficial) can frequently be demonstrated on an 
angiogram, and it can be used in the  differential diag-
nosis with the true vein of Galen malformation, where 
the normal drainage is not present (Lasjaunias 1997).
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Isolated cases of dural arteriovenous fistula (DAVF) 
have been reported by some authors (Verbiest 1951; 
Obrador and Urquiza 1952). Progressive identification 
and precise description of this pathology came at the 
end of the 1960s, especially after selective and super-
selective angiographic studies (Hayes 1963; Laine 
et al. 1963; Newton et al. 1968; Newton and Hoyt 
1970; Djindjian et al. 1968, 1973).

13.1  Incidence

DAVFs account for 10–15% of all intracranial vascular 
malformations. Both sexes are affected but a sexual pre-
dominance occurs in some types of DAVF. The fistulas 
are more frequent among middle-aged and older patients, 
though younger patients and children can be affected.

13.2  Pathology and Pathogenesis

DAVFs consist of a shunt between dural arteries and 
sinuses, either directly or mediated by cortical or other 
sinusal veins. DAVF is considered to be an acquired 
pathology (Houser et al. 1979; Chaudary et al. 1982). 
The specific pathogenesis, however, is still debated. 
Some authors believe (Houser et al. 1979; Mironov 
1995) DAVFs are preceded by thrombosis of a sinus. 
When the lumen recanalizes, microscopic AV shunts, 
normally present within the wall of the sinus (Kerber 
and Newton 1973), may enlarge and open into the 
sinus. Considering, however, that sinus thrombosis is 
not necessarily associated with DAVF and that DAVFs 
are not always associated with sinus thrombosis, other 
authors (Chaloupka–Huddle 1998) have suggested that 

the primary cause is angiogenesis within the sinus wall. 
This leads to the formation of abnormal arteriovenous 
connections and finally to DAVF. Indeed, abnormal 
artery-vein connections have been demonstrated in his-
tological studies of resected specimens of sinuses of 
patients with DAVF (Nishijima et al. 1992; Hamada 
et al. 1997). The cause of the microfistulas in the sinus 
wall is not clear. Some authors have shown with studies 
in animal models that venous hypertension can lead to 
DAVF formation more frequently in animals with 
induced hypertension than in those without (Terada 
et al. 1994; Lawton et al. 1997). Other studies (Uranishi 
et al. 1999; Shin et al. 2007a) have demonstrated in 
resected dural specimens of DAVF patients and in rat 
models the presence of an angiogenic growth factor 
that can participate in the fistular formation. More dif-
ficult to explain are DAVFs located in the dura, close to 
the sinus but not draining directly into it. The outflow is 
characterized by pial veins, which, after a more or less 
course, enter a near or distant sinus. In these cases, a 
nonspecific thrombophlebitis involving the pial veins 
has been suggested (Djindjian and Merland 1978).

13.3  Clinical Relevance

Many DAVFs remain asymptomatic or have a benign 
course. In other cases, DAVFs can have a more aggres-
sive course, characterized by cranial nerve palsy, isch-
emia, hemorrhage, and cognitive disorders. In this 
context, it has become increasingly clear that the main 
factor responsible for the symptoms and evolution of 
DAVFs is the pattern of venous drainage (Lasjaunias 
et al. 1986b; Halbach et al. 1988; Awad et al. 1990; 
Awad 1993; Barnwell et al. 1991; Lasjaunias and 
Rodesch 1993; Cognard et al. 1995; Davies et al. 1996).

Dural Arteriovenous Fistulas
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13.4  Location

DAVFs can occur anywhere. The most frequent are 
those involving the transverse–sigmoid sinuses, fol-
lowed by the cavernous and superior sagittal sinus. Less 
common are ethmoidal (anterior cranial fossa) and ten-
torial DAVFs, and DAVFs located in the area of the 
foramen magnum involving different venous channels.

13.5  Diagnosis

DAVFs involve the preexisting vascular structure 
(dural branches, dural sinuses, pial veins) of the area in 
which they develop, and a typical repetitive pattern can 
be expected, corresponding to the site and type of fis-
tula. However, it should be noted that there are many 
variants concerning the arteries supplying the dura and 
the venous drainage of the area involved. Furthermore, 
such variants can be altered by sinus thrombosis, and 
so it is not surprising that fistulas at the same site can 
have different angiographic patterns.

A complete angiographic study with examination 
of the external carotid artery (ECA), internal carotid 
artery (ICA), and vertebral artery (VA) is essential for 
the diagnosis. This provides information about all the 
dural branches involved and the venous drainage. The 
site, extension of the DAVF, and, in particular, the type 
of venous drainage explain the symptoms and offer 
information about the risk and prognosis of the fistula. 
Furthermore, a decision can be made about whether 
the fistula should be treated and, if so, whether surgical 
or endovascular therapy should be used; in the case of 
endovascular treatment, the better route—arterial or 
venous—has to be decided.

13.6  Classification

Castaigne et al. (1976) first distinguished DAVFs drain-
ing directly into the sinus from those in which the drain-
age into the sinus was mediated by a cortical vein. Taking 
into consideration mainly the type of venous drainage, 
Djindjian and Merland (1978) made the first classifica-
tion. This was revised by Cognard et al. (1995) and Borden 
et al. (1995). Five type of DAVFs can be identified:

1. Drainage into a main sinus with an anterograde 
flow

2.  (a)  Drainage into a main sinus with reflux within 
the sinus but not into the pial veins; the latter 
drain normally into the affected sinus

(b)  Drainage into the sinus with reflux into the pial 
veins alone or associated with sinus reflux

3. Drainage into the sinus is mediated by the pial veins
4.  Drainage into the sinus is mediated by the pial veins, 

which present a large ectasia
5. Drainage involves the spinal perimedullary vein.

Type 1 commonly has a benign course. In types 2 and 
3, the impaired normal drainage can lead progressively 
to venous congestion, ischemia, and/or intracranial 
hypertension. In types 3 and 4, hemorrhage is frequent 
owing to rupture of the pial vein draining the shunt. 
Cranial nerve palsy can occur, particularly in DAVF of 
the cavernous sinus and DAVFs located close to the 
brainstem. Drainage involving the spinal perimedul-
lary vein can lead to involvement of the cervical spinal 
cord and brainstem.

13.7  Situations Deserving More 
Detailed Consideration

1. DAVFs involving the transverse sinus (TS) and sig-
moid sinus (SiS) are the most frequent (Halbach 
et al. 1987; Awad 1993). In many cases, these 
belong to type 1and so can be characterized by a 
benign course. The only symptom is bruit since 
the fistula is close to the petrous bone, containing 
the auditory apparatus. In some cases, the bruit can 
become very loud and intolerable for the patient, 
necessitating treatment. Some of these fistulas can 
change (Piton et al. 1984) and become type 2, with 
a progressively large reflux in the temporal veins, 
leading to venous congestion. This is particularly 
the case when a distal or proximal thrombosis of 
the sinus occurs. In other less common cases, the 
sinus can be occluded proximally and distally (iso-
lated sinus). The symptoms in such patients can be 
very severe, characterized by cognitive disorders, 
epileptic seizures, and, when on the left, by aphasia 
(Naito et al. 2001; Bradac et al. 2002; Kiura et al. 
2007). The supplying arteries can vary, but com-
monly branches of the ECA—occipital,  ascending 
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 pharyngeal artery (APhA), middle meningeal 
artery (MMA)—are involved uni- or bilaterally. 
Meningeal branches of the cavernous portion of the 
ICA and meningeal branches of the VA can also 
supply the fistula. Endovascular treatment with an 
arterial or venous approach is commonly the ther-
apy of choice. Surgery is frequently used in cases of 
an isolated sinus, even if an endovascular approach 
has been successfully used in some cases (Figs. 13.1 
and 13.2). To this group of DAVFs can be included 
(Fig. 13.10) also those of the torcular herophili (see 
also tentorial DAVF). These are very rare fistulas 
belonging commonly to type 2. The feeders are the 
MMA and occipital arteries bilaterally, the menin-
geal branches of the cavernous portion of the ICA, 
and meningeal branches from the VA uni- or bilat-
erally. Pial branches of the cerebellar arteries can 
be also be involved. The torcular herophili is fre-
quently thrombosed, with thrombosis extending to 
the proximal TS uni- or bilaterally and sometimes to 
the distal superior sagittal sinus (SSS). The venous 
drainage is rerouted in the straight sinus, vein of 
Galen, and then in the basal vein and deep cere-
bral veins. Venous congestion in the cerebral hemi-
spheres and cerebellar hemispheres is frequent. 
Intracranial hypertension and hemorrhage are the 
typical symptoms. Surgical excision has been the 
treatment of choice. Endovascular treatment, with 
selective catheterization of the feeders, followed by 
injection of acrylic glue or Onyx, and the venous 
approach when at least one TS is patent, followed 
by placement of coils, is in many cases a valid and 
successful alternative.

2. DAVFs involving the cavernous sinus (CS) are the 
second-most frequent fistulas (Awad 1993; Cognard 
et al. 1995) after those of the TS and SiS. Women 
are predominantly affected. The fistula can be uni- 
or bilateral. Also in cases of a unilateral shunt, a 
bilateral supply may be present. It is common for 
many feeders to arise from the distal internal maxil-
lary artery (IMA), APhA, MMA, and cavernous 
portions of the ICA, uni- or bilaterally. More rarely, 
only branches of the ECA or ICA can be involved 
(Figs.13.3 and 13.4). The venous drainage can show 
different patterns. As we have described in Chap. 
9.3.10, the CS consists of a plexus of several veins, 
which have different connections depending on 
their location. Since the anterior part is connected 
with the superior ophthalmic vein (SOV) and 

 inferior ophthalmic vein (IOV), a fistula in this sec-
tor will create a drainage to these vessels. It should 
be noted that the IOV connects with the pterygoid 
plexus. A fistula posteriorly located will be charac-
terized by a drainage into the inferior petrosal sinus 
(IPS) and superior petrosal sinus (SPS) since this 
posterior location communicates with these venous 
channels (Cheng et al. 1999; Agid et al. 2004). Such 
a situation can occur when the two compartments 
do not communicate with each other or the links are 
minimal. A dominant drainage can also occur when 
one of the routes (ophthalmic veins or IPS, Fig. 13.3) 
is occluded by thrombosis, which leads to a rerout-
ing of the drainage. In other cases, the two compart-
ments probably are largely in communication, and 
so both draining patterns are present. Since the CSs 
are connected by a large intercavernous anasto-
motic channel, the contralateral sinus can also be 
involved. More infrequently, retrograde injection of 
the pial veins can occur through the several connec-
tions linking the CS with the pial veins (Fig. 13.5). 
The possible involvement of the pial veins is as 
follows.

The superficial and deep middle cerebral veins •	
can drain into the CS and paracavernous sinus 
(PCS), and so they can be retrogradely filled. It 
should be noted that the PCS is connected with 
the pterygoid plexus.
The basal vein (BV) can be retrogradely filled •	
following involvement of the deep middle cere-
bral vein, which is normally a tributary of the 
BV. The CS is connected through a bridging vein 
with the ponto-mesencephalic vein. This latter 
communicates with the peduncular vein, which 
is a tributary of the BV. Furthermore, the injec-
tion of the SPS can lead to involvement of the 
petrosal vein, which is connected with the lateral 
mesencephalic vein, and then with the BV or 
posterior mesencephalic vein.
Many cerebellar veins, which can be retrogradely •	
injected, also converge at the petrosal vein.
All these pathological venous drainages explain •	
the clinical symptoms, which are proptosis, 
chemosis, nerve palsy, pain, and impairment of 
visual acuity; however, in some cases the symp-
toms become more serious because of hemor-
rhage or venous congestion in the temporal area, 
basal ganglia, brainstem, and cerebellum (Taka-
hashi et al. 2001; Suh et al. 2005; Kim et al. 2006; 
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a

b

Fig. 13.1 Patient with mild aphasia and progressive cognitive 
disorder. CT (a) showed changes involving predominantly the 
white matter in the left temporal area, with rich irregular 
enhancement suggesting vascular malformation. Angiographic 
study showed the internal carotid artery (ICA) to be normal (b). 
On the angiogram of the external carotid artery (ECA), a dural 
arteriovenous fistula (DAVF) involving the left transverse sinus 
was demonstrated. The sinus was proximally and distally 
occluded, and a rich retrograde injection of the cortical temporal 
veins, including a large vein of Labbé, was present. The main 
supplying arteries (shown in c) were the occipital artery with its 

stylomastoid (S) and mastoid (M) branches, and the middle 
meningeal artery (MMA, shown in d). A partial supply came 
from the posterior meningeal artery (arrow) and C1 branches 
(double arrows) of the left vertebral artery (e). Selective distal 
catheterization of the MMA and stylomastoid artery (f) preced-
ing the injection of acrylic glue followed by injection of polyvi-
nyl alcohol (PVA) into the supplying branches of the vertebral 
artery, leading to complete occlusion of the fistula. ICA, ECA, 
and vertebral angiogram performed 3 months later (g) confirm-
ing occlusion of the DAVF. Normalization of the CT (h) corre-
sponding to complete recovery of the patient
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Fig. 13.1 (continued)
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Fig. 13.1 (continued)
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hFig. 13.1 (continued)

a

Fig. 13.2 Older patient with a known DAVF involving the 
transverse sinus (TS) treated with occlusion of several supplying 
branches of the ECA with PVA. The patient returned 6 months 
later suffering from the same symptoms, characterized by high 
bruit and headache. The carotid angiogram (a) showed complete 
recanalization of the fistula, involving the TS, which was proxi-
mally occluded. A rich retrograde injection of temporal veins, 

including a large vein of Labbé (L), was also present. On the 
venous phase of the ECA angiogram (b) retrograde injection of 
the cortical veins is evident. Note also the duplication of the 
sinus. The sigmoid sinus had already been catheterized. A 
microcatheter was advanced into the TS at the level of the fis-
tula, where coils were placed (c). Control angiogram showing 
complete occlusion of the fistula (d)
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Kiyosue et al. 2008; Miyamoto et al. 2009). More-
over, the treatment of these fistulas is commonly 
endovascular: thus, with a venous approach, identi-
fication of the predominant venous drainage allows 
the optimal approach to be chosen in a given case 
(Halbach et al. 1989; Quinones et al. 1997; Cheng 
et al. 1999; Benndorf et al. 1999, 2001; Agid et al. 
2004; Kirsch et al. 2006; Kato et al. 2007). 

3.  DAVFs of the SSS are more infrequent. They can be 
of type 1, but it is not seldom for them to be of types 
2 and 3 (Figs. 13.6 and 13.7). In type 2, the venous 
reflux can be extensive and involve a large part of 
the cortical veins of the hemisphere. In type 3, the 
drainage in the sinus is mediated by dilated cortical 
veins, which enter the sinus after a fairly long, 
tortuous course. Branches of the ECA, mainly the 

d

b c

Fig. 13.2 (continued)
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MMA, are commonly involved, frequently bilater-
ally. Transosseous branches of the superficial tem-
poral artery and occipital artery can be present. The 
anterior meningeal artery, arising from the ophthal-
mic artery, and the meningeal branches of the VA 
may sometimes supply the shunt. Epileptic seizures, 
hemorrhage, and/or signs of intracranial hyperten-
sion, such as headache and cognitive disorders, can 
be present (Halbach et al. 1988; Riva et al. 1991). 
Surgical disconnection of the shunt or selective 

embolization with acrylic glue (Collice et al. 2000; 
Van Dijk et al. 2004; Rodesch et al. 2009) may be 
effective treatments.

4. Tentorial DAVFs are relatively rare, representing 
about 8% of all DAVFs. They are commonly of type 
3, characterized by a high hemorrhagic risk (Picard 
et al. 1990; Awad et al. 1990; Awad 1993; King and 
Martin 1992; Cognard et al. 1995; Deasy et al. 
1999; Tomak et al. 2003; Seong et al. 2006; Jiang 
et al. 2009). Tentorial DAVFs can be schematically 

a

Fig. 13.3 Older woman presenting with bilateral exophthal-
mos, chemosis, and diplopia. The angiographic study of the 
bilateral ICA, ECA, and vertebral artery revealed DAVF at the 
level of the left cavernous sinus (CS) supplied by branches of 
the distal internal maxillary artery (IMA) and ascending pha-
ryngeal artery. (a) Lateral angiogram of the distal left IMA 
showing the involvement of the foramen rotundum (arrow-
heads) and vidian arteries (arrowhead). Partial injection of the 
inferior petrosal sinus, which appears to be thrombosed (arrow). 
There is also a partial retrograde injection of the middle cere-
bral veins (bidirectional arrow). (b) Lateral angiogram of the 

ascending pharyngeal artery (APhA), showing the supply 
through its clival branches (arrows). (c) Lateral angiogram of 
the MMA involved with several branches (arrows). (d) ECA 
angiogram, AP view, showing involvement of the left cavern-
ous sinus. Through intercavernous anastomoses (arrowhead), 
injection of the right cavernous sinus (CS) of the right superior 
ophthalmic vein (SOV) and further of the facial vein (FV). The 
left ophthalmic vein was not injected, probably thrombosed. 
Middle cerebral veins (arrow). Occlusion with PVA of the sup-
plying arteries was performed, followed by treatment with low 
doses of heparin. Clinical improvement
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Fig. 13.3 (continued)
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a

b

Fig. 13.4 Middle-aged man with sudden onset of exophthalmos 
and diplopia due to a cavernous fistula located in the right sinus, 
supplied mainly by cavernous branches of both ICAs. There was 
a minimal involvement of the ECA. The drainage occurred ante-
riorly in the superior ophthalmic vein and further in the facial 
vein. This venous route was used to occlude the fistula with 
coils. (a) Right carotid angiogram, AP view. Cavernous sinus 
(CS), superior ophthalmic vein (SOV), facial vein (FV). (b) Left 

carotid angiogram, AP view. Left cavernous branches of the 
ICA supplying the fistula (arrow). Right cavernous sinus (CS), 
right superior ophthalmic vein (SOV), facial vein (FV). (c) 
Injection of contrast medium into the ophthalmic vein, near the 
cavernous sinus, during selective catheterization with micro-
catheter (arrows). The small arrow shows the distal microcath-
eter during its progress. (d) Right and left carotid angiogram 
post-treatment
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c
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Fig. 13.4 (continued)

Fig. 13.5 Large DAVF involving the right cavernous sinus (CS) in 
an older woman with bilateral exophthalmos and diplopia. Typically, 
several branches of the IMA, APhA, MMA, and intracavernous 
branches of the ICA bilaterally are involved. The patient had already 
been treated with distal occlusion of branches of the ECA. 
Reappearance of symptoms after a short period of clinical improve-
ment. Right carotid angiogram, AP view: (a), (b), and (c). There is 
immediate filling of the right CS. Through large intercavernous 
anastomoses (double arrow), there is rapid filling of the left CS, then 
of the inferior petrosal sinus (IPS) and jugular vein. The IPS does 
not enter the jugular bulb but the jugular vein more distally (arrow). 

There is a large anastomosis between the left CS and paracavernous 
sinus (short arrow) and retrograde filling of the deep middle cere-
bral vein (DMCV) and then of the basilar vein (BV) bilaterally. In 
the later phase (c), drainage through the ophthalmic vein and right 
dilated facial vein (FV) is evident. Right carotid angiogram, lateral 
view (d) showing drainage in the dilated superior ophthalmic vein 
(SOV), continuing to the facial vein (FV). Filling of the contralateral 
IPS. Selective catheterization (e) of the right cavernous sinus, 
advancing the microcatheter to the right jugular vein, then to the 
facial vein and finally to the ophthalmic vein. Almost complete 
occlusion of the fistula obtained by placing coils in the right CS
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divided into anterior and posterior groups. The 
anterior, also called petrotentorial fistulas, are 
located in the area corresponding to the attachment 
of the tentorium to the superior ridge of the petrous 
bone. The pattern of these DAVFs is typical 
(Figs. 13.8 and 13.9), characterized by many arte-
rial tributaries represented by the petrosquamosal 
branch of the MMA, artery of the foramen rotun-
dum, and branches of the occipital arteries and the 
APhA. Cavernous branches of the ICA are also 
 frequently present. A rich network of vessels is rec-
ognizable at the level of the superior ridge of the 
petrous bone. Leptomeningeal branches coming 
from the cerebral and superior cerebellar artery are 
sometimes involved. The SPS is not recognizable 
and probably thrombosed. Venous drainage occurs 
in the petrosal vein and continues through the bra-
chial vein to the dilated mesencephalic vein, then 
to the posterior mesencephalic vein, and further 

e

Fig. 13.5 (continued)

a b

Fig. 13.6 Middle-aged patient with increased headache and 
suspected epileptic seizures. The angiographic study shows 
DAVF located in the right parietal area, close to the SSS. Right 
(a), (b), and (c) and left (d) ECA angiograms showing the DAVF 
supplied by branches of both middle meningeal arteries (MMA) 
and by transosseous branches of the occipital arteries. Site of the 
shunt (arrow). The drainage occurs in the enlarged cortical veins 

(inclined arrows), which after a tortuous course enter the SSS. 
There is retrograde injection of a large part of the cortical veins 
of the right hemisphere. On the right ICA angiogram (e), a mini-
mal supply through the anterior meningeal artery (arrows) is 
visible. In the venous phase (f), congestion in the venous drain-
age explains the irregular and poor injection of the veins 
(arrows). The patient underwent surgical treatment
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Fig. 13.6 (continued)

to the vein of Galen and straight sinus. The vein of 
Galen or straight sinus are sometimes thrombosed, 
and so the venous drainage is redirected anteriorly 
to the BV and internal cerebral vein. Tentorial 
DAVFs can be located in the posterior part of the 
tentorium (Figs. 13.11 and 13.12), close to the 
straight sinus, either near the torcular herophili or 
more anteriorly at the notch of the tentorium. They 
may also be located more laterally, near the cerebral 
convexity. The supplying arteries are similar to 
those already described, but there is greater involve-
ment of the falx cerebelli artery and pial branches 
of the superior cerebellar arteries and  posterior 
cerebral arteries, particularly when medially 
located. Furthermore, a meningeal branch can arise 

from the posterior cerebral artery (Figs. 13.11 and 
13.12). The venous drainage may vary largely and 
frequently involve the vein of Galen. Otherwise the 
TS, SSS, or straight sinus are involved, directly or 
indirectly, via the occipital or cerebellar veins. 
Drainage directed caudally into the perimedullary 
veins may also occur (Cognard et al. 1995). The 
vein of Galen or straight sinus can be thrombosed, 
leading to a redirection of the venous drainage. 
Both surgical and endovascular treatment are diffi-
cult. With endovascular treatment, good results can 
be obtained by injecting acrylic glue or, more 
recently, Onyx into the feeding arteries.

5.  DAVFs of the anterior fossa, also called ethmoidal, 
are rare, amounting to around 6% of all DAVFs 
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Fig. 13.7 Older patient suffering from acute headache. CT 
showed a suspected vascular malformation in the right occipital 
area. Angiography indicated a DAVF located in the right occipi-
tal area, close to the SSS. Angiogram of the right ECA, AP view 
(a), (b), and (c) showing the middle meningeal artery (MMA) 
supplying the malformation. Site of the shunt (circle). The 
venous drainage occurs through the cortical veins (inclined 
arrow), which after a tortuous course enter the superior sagittal 

sinus (SSS). Lateral angiogram of the ECA (d) followed by selec-
tive catheterization of the MMA (e), showing the site of the shunt 
(arrows) and venous drainage. There was no involvement of the 
ICA but a supply through the falx cerebelli artery (FCA), arising 
from the intracranial vertebral artery, was visible on the vertebral 
angiogram (f). Endovascular treatment with Onyx injected into 
the MMA allowed complete occlusion of the fistula. Carotid and 
vertebral control angiograms (g) and (h) post-treatment
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Fig. 13.8 Petrotentorial DAVF in a patient with slowly progres-
sive cognitive disorder. MRI-fluid-attenuated inversion-recovery 
(FLAIR), T2-weighted (a) nonspecific hyperintensity involving 
both thalami. MRI T2-weighted, coronal image (b) showing 
anomalous vascular structure localized lateral to the midbrain, 
suggesting vascular malformation. Angiography of the ICA (c) 
disclosed a dural DAVF with a shunt (arrows) in the area where 
the tentorium attaches to the superior ridge of the petrous bone 
supplied by dilated branches of the meningohypophyseal trunk 
(MHT) and inferolateral trunk (ILT) of the ICA. A recurrent 
branch of the ophthalmic artery is also involved (large arrow). 
The ECA angiogram in AP and lateral views (d) showed the 
shunt (arrows) supplied by the mastoid branches (M) of the 
occipital artery and branches of the MMA (arrowhead) espe-
cially through its petrosquamous branch (PS). There is also 
involvement of the accessory meningeal artery (arrow). The 

superior petrous sinus is thrombosed. The venous drainage 
involves the petrosal vein, which continues through an enlarged 
brachial vein to the lateral mesencephalic vein (LMV), then to 
the posterior mesencephalic vein and the vein of Galen. The 
straight sinus (SS) is occluded, probably thrombosed. The drain-
age is rerouted anteriorly in the contralateral basilar vein (BV), 
continuing to the deep middle cerebral vein (arrow with dot) and 
superficial middle cerebral vein (double arrow with dot). 
Retrograde injection also of the internal cerebral vein. Selective 
angiographic study (e) of the MMA better showing the shunt 
(arrow) and venous drainage. The fistula was occluded with 
acrylic glue. MRI FLAIR T2-weighted, performed a few weeks 
later (f) showed the progressive reduction of the hyperintensity 
of the thalami, which was due to a venous congestion of the deep 
venous drainage. Gradually, there was clinical improvement of 
the patient
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(Picard et al. 1987; Kobayashi et al. 1988; Cognard 
et al. 1995; Awad 1993). They are reportedly more 
frequent in males (Martin et al. 1990; Van Dijk et al. 
2004). These DAVFs are of types 3 and 4 and are 
commonly present with hemorrhage (Ito et al. 1983; 
Martin et al. 1990; Awad 1993). The supplying 
arteries are the posterior and anterior ethmoidal 
arteries, which are branches of the ophthalmic arter-
ies. The ethmoidal arteries enter the cranial fossa 
through the cribriform plate and normally supply 
the dura of the medial anterior cranial fossa. Among 
the anterior ethmoidal arteries, the anterior menin-
geal artery is often largely involved; the anterior 
meningeal artery normally supplies the dura of the 
falx and adjacent dura of the frontal convexity. 

Since this artery anastomoses with the correspond-
ing falx branch of the MMA, the latter may also be 
involved. The ethmoidal arteries anastomose with 
the ethmoidal branches of the IMA, which arise 
from the sphenopalatine branches supplying the 
nasal fossa, and so this consequently becomes 
involved. Drainage is via the pial veins of the fron-
tal convexity (Fig. 13.13), which are frequently 
dilated, forming large venous pouches, and enter 
the SSS. Less commonly, the venous drainage is 
directed posteriorly to the cavernous sinus (Martin 
et al. 1990). The involvement of the ophthalmic 
artery and the drainage in some cases to the cavern-
ous sinus explain the impairment of visual acuity 
and ocular motility dysfunction. Surgical excision 
is the therapy of choice. Endovascular treatment, 
with selective catheterization of the distal ophthal-
mic artery followed by injection of acrylic glue or 
Onyx, has been successfully reported by some 
authors (Lv et al. 2008; Agid et al. 2009).

6. Another complex group of DAVFs is that located at 
or close to the foramen magnum (Barnwell et al. 
1991; McDougall et al. 1997; Ernst et al. 1999; 
Miyachi et al. 2008; Abiko et al. 2008; Manabe 
et al. 2008). These DAVFs involve several uni- or 
bilateral feeders that arise from the APhA, occipital 
artery, VA, and, more rarely, from the IMA and 
ICA. The venous drainage can vary since this area 
is a crossing point for several venous channels, rep-
resented by the IPS, jugular vein, sigmoid sinus, 
anterior condylar vein with its connections, and 
marginal sinus with its connections (Figs. 9.17–
9.21). MRI angiography can be very useful in iden-
tifying the precise site of these fistulas.

In a few of these fistulas, as reported by others 
(Rodesch et al. 1991), the shunt directly involves the 
pial veins surrounding the medulla, draining further 
caudally to the perimedullary veins of the cervical spi-
nal cord and cranially to the ponto-mesencephalic 
veins (Figs. 13.14–13.16).

f

Fig. 13.8 (continued)
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Fig. 13.9 Petrotentorial DAVF in a young patient with sudden 
onset of cranial nerve IV palsy. MRI (a) showed an abnormal 
vessel running laterally to the midbrain. On the ICA angiogram 
(b), there are several branches arising from the MHT and ILT 
converging on the petrotentorial area. The superior petrosal 
sinus is not evident, probably thrombosed. The drainage involves 
the petrosal vein continuing to the large lateral mesencephalic 
vein (LMV) and posterior mesencephalic vein (PMV), then to the 
vein of Galen (G) and straight sinus. A minimal drainage is 
directed toward the transverse sinus. Other feeders are (c), (d), 
and (e) the mastoid branch (M) of the occipital artery, the clival 

branches (arrow) of the neuromeningeal trunk (NM), and tym-
panic branch of the APhA. Branches of the middle meningeal 
artery (small arrows), especially the petrosquamous branch (PS) 
and branches of the accessory meningeal artery (large arrow), 
are also involved. There is perhaps a minimal component from 
the foramen rotundum artery. On the image (f), the route of the 
microcatheter advanced through the TS and SS into the Galenic 
and mesencephalic veins to the site of the shunt is shown. 
Injection of contrast medium during treatment characterized by 
placement of coils. Angiogram of the ICA and ECA post-treat-
ment (g) showing occlusion of the fistula
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Fig. 13.10 DAVF of the torcular herophili in a patient with signs 
of intracranial hypertension (headache, cognitive disorder, 
impairment of visual acuity). Bilateral angiographic study of the 
ICA and ECA and of both vertebral arteries showed a DAVF at 
the level of the torcular herophili supplied by the occipital artery 
and MMA bilaterally. Neither ICA was involved. A minimal sup-
ply arose from pial branches of the cerebellar arteries, visible on 
the left vertebral angiogram. Occlusion of the fistula was obtained 
by selective injection of acrylic glue in both occipital arteries and 
the MMA. Complete recovery of the patient. (a) Lateral left 
occipital angiogram, showing a rich network of branches arising 
from the mastoid (M) and distal transosseous (arrow) branches of 
the occipital artery, converging on the torcular herophili, proba-
bly thrombosed. There is retrograde injection of the straight sinus 
(SS) and both basilar veins (BV), continuing to the anterior tribu-
tary and then to the temporal vein. There is also retrograde injec-
tion of the internal cerebral vein, dilated medial atrial vein, and 
inferior sagittal sinus. (b) Right occipital angiogram (AP views) 
showing the shunt and retrograde injection of the SS. The TS on 

the right is proximally thrombosed and filled distally (arrows) 
through anastomosis involving retrograde injection of the sub-
ependymal veins, then the medullary vein and further the cortical 
vein. The TS on the left is also thrombosed and filled distally 
through anastomosis involving the BV and temporal vein. (c) 
Left lateral vertebral angiogram, showing a minimal supply from 
the pial branches of the cerebellar arteries (arrow). (d) Left 
carotid angiogram (venous phase). There is a diffuse venous con-
gestion owing to impairment of the deep venous drainage and 
partial thrombosis also of the distal superior sagittal sinus (SSS). 
(e) Left vertebral angiogram, AP view, venous phase. There is 
diffuse congestion involving the drainage of the cerebellar vein as 
a result of thrombosis of the proximal transverse sinus bilaterally. 
Normal filling of the distal transverse sinus (TS). (f) Left com-
mon carotid angiogram, lateral view, arterial and venous phases, 
showing occlusion of the fistula and normalization of the venous 
drainage after treatment. Similar results on the right common 
carotid angiogram, not shown. (g) Vertebral angiogram, present-
ing occlusion of the fistula after treatment
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Fig. 13.11 Posterior tentorial DAVF in a patient suffering from 
headaches and cognitive disorder. Close to the thrombosed 
straight sinus, angiography disclosed a malformation supplied 
by the falx cerebelli artery (FCA) arising from the right VA. A 
small meningeal branch arose also from the left VA. Other feed-
ers were the bilateral occipital and MMA arteries. The ICA was 
not involved. Lateral right vertebral angiogram (a), showing a 
dilated falx cerebelli artery (FCA), continuing into branches 
(arrow), running in the dura along the straight sinus, connected 
with the vein of Galen (G), which extends to the dilated tortuous 
basal vein (BV). This drains further to the temporal veins. In the 
later venous phase, the stump of the occluded straight sinus 

(arrow with dot) is recognizable. (b) Right vertebral angiogram 
(AP view) showing the drainage to the retrograde injected BV. 
Left occipital artery (c), selective left MMA (d) supplying the 
DAVF. ICA angiogram (e), venous phase, showing the diffuse 
venous congestion due to impairment of the deep venous drain-
age. Right vertebral angiogram (f) after endovascular treatment. 
Acrylic glue was injected close to the shunt after selective cath-
eterization of the right FCA and left MMA. The shunt is not 
completely occluded. The supply (arrow) may be due either to 
pial branches of the SCA or to a meningeal branch (see also 
Fig. 13.12). A selective study was not performed. The patient 
improved and refused further treatment

a

b c
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Fig. 13.12 Posterior tentorial DAVF. (a) Vertebral angiogram, 
AP view. Left posterior cerebral artery (PCA), superior cerebel-
lar artery (SCA), meningeal branch (arrows) arising from the 
PCA close to its origin from the basilar artery. (b) Lateral verte-
bral angiogram. Owing to overlap with the PCA (arrow with 
dot), the meningeal branch (arrow) connected with the vein of 

Galen is better evident only later, when the contrast medium has 
left the PCA. Clips of previous surgery are present. (c) Selective 
catheterization of the meningeal branch, lateral and AP view, 
showing its supply of the DAVF. Injection of Onyx followed. 
The patient recovered
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Fig. 13.13 DAVF of the anterior cranial fossa presenting with 
hemorrhage, supplied by anterior ethmoidal branches of the 
ophthalmic artery as visible on the lateral ICA angiogram (a). 
On the lateral angiogram of the internal maxillary artery (b), 
branches of the sphenopalatine artery anastomosing with 
ethmoidal branches of the ophthalmic artery are also involved 
as well as the anterior falx branch of the middle meningeal 
artery (MM). Arrows show the site of the shunt. The drainage 
occurred in the pial veins, forming a large pouch entering the 
SSS. Selective angiographic study (c) in the lateral and AP 
views of the MMA better showing its supply to the fistula

c

Fig. 13.12 (continued)
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Fig. 13.14 Middle-aged patient presenting with paraparesis. 
(a) MRI T2-weighted image, showing hyperintensity lesion 
in the cervical spinal cord. (b) Lateral external carotid angio-
gram. There is a fistula involving the hypoglossal branch 

(arrow) of the ascending pharyngeal artery (APhA) con-
nected with dilated medullary veins continuing caudally in 
the perimedullary veins of the cervical cord (arrowheads)  
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Fig. 13.14  (continued) (c) AP angiogram of the occipital and 
APhA (arrow) arising as a common trunk. The hypoglossal 
branch of the APhA supplies the fistula (arrowhead). (d) 

Selective study (lateral oblique view) preceding the injection of 
Onyx. Distal tip of the microcatheter in the hypoglossal branch 
at the site of the shunt (arrow)
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Fig. 13.15 DAVF of the foramen magnum presenting with 
SAH and subdural hematoma localized in front of the 
medulla in a young patient. (a) MRI T2-weighted sagittal 
image showing the hematoma and dilated perimedullary 
veins. (b) External carotid angiogram, lateral views, early 
and later phases, showing the fistula supplied by the 
hypoglossal branch of the APhA (arrowhead) and mastoid 
branch of the occipital artery (arrow). (c) Selective study of 
the APhA showing the site of the shunt and venous drainage 
involving dilated veins lateral to the medulla, continuing 
caudally to the perimedullary veins (arrows) of the spinal 
cord. The drainage is also directed intracranially, involving, 
among others, the pontine veins (arrowheads). (d) The 
same site of the shunt visible on the selective occipital 
artery angiogram. (e) Right vertebral angiogram showing a 
small meningeal component (arrowhead). In the later 
phases, the drainage (inclined arrows) in the enormous 
dilated pontine vein is visible. Acute endovascular treatment 
with almost complete occlusion of the fistula with acrylic 
glue followed by surgical evacuation of the hematoma was 
performed. The deeply comatose patient recovered

eFig. 13.14  (continued) (e) MRI T2-weighted image showing 
the disappearance of the lesion with complete recovery of the 
patient
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Fig. 13.16 Very old patient presenting with rapid progressive 
tetraplegia. (a) MRI T2-weighted, sagittal image. Diffuse hyper-
intensity involving the cervical spinal cord. Dilated vascular 
structures are evident, suggesting vascular malformation. (b) 
Common carotid angiogram, lateral view. DAVF supplied by the 
hypoglossal branch of the APhA. Site of the shunt (double 

arrow). In later phases, drainage in the dilated perimedullary 
veins of the cervical cord is recognizable (arrowheads). (c) 
Vertebral angiogram. A supply from the small meningeal branch 
is present (arrow). Perimedullary drainage (arrowheads). 
Despite rapid endovascular treatment with occlusion of the fis-
tula with acrylic glue, the patient did not recover and died
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13.8  DAVFs in Pediatric Patients

These are rare malformations. According to (Lasjaunias 
1997), they can be divided into the following two 
groups.

•	 DAVFs in neonates and younger children. These are 
characterized by huge dural lakes, which are thought 
to be the primary pathology (Lasjaunias 1997), 
commonly involving the SSS and, less commonly, 
the transverse–sigmoid sinuses, associated with 
thrombotic occlusion or hypogenesis of one jugular 
vein. There is slow-flow communication with other 
sinuses. Secondary to the sinus malformation, many 
DAVF shunts develop within the wall of the sinus.

•	 DAVFs in older children. They can share the same 
features as those in adults. In one-third of cases, 
however, some particular aspect is present (Garcia 
Monaco et al. 1991; Lasjaunias 1997). The DAVFs 
are multifocal and show in addition the develop-
ment of new shunts, which involve the pial arteries. 
The sinuses to which high-flow dural shunts con-
verge can be dilated without, however, the presence 
of the huge lakes visible in the previous group 
(Fig. 13.17).

The prognosis of both these malformations is fre-
quently poor despite the progress in surgical and, espe-
cially, endovascular therapy.
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Fig. 13.17 Dural arteriovenous fistula at the level of the SSS in 
a child. Angiogram (a) of the right external carotid artery (lat-
eral view). Dilated branches of the middle meningeal artery 
(MMA) (arrow), supplying the fistula in the middle portion of 
the enlarged SSS. A meningeal supply also came from the left 
MMA. Early (b) and late (c) venous phase. The SSS is distally 
occluded at the level of the torcular herophili (arrow). There is a 
venous congestion, with rerouting of the venous drainage par-
tially in the straight sinus (SS) and further in the internal cere-
bral vein (arrow), especially in the basal vein (BV) bilaterally, 

continuing to its anterior tributaries. The superficial venous sys-
tem drains mainly into the cavernous sinus (CS) and further to 
the inferior petrosal sinus (IPS), jugular vein, and superior oph-
thalmic vein (SOV). There is also a retrograde injection of the 
dilated cerebellar vein. Right external carotid angiogram, AP 
view (d) showing that the connection to the SSS occurs through 
a large venous pouch (arrow), to which converge several 
branches of the MMA. In the late phase (e), the of both trans-
verse sinuses (arrows) and rerouting of the venous drainage are 
visible. Bilateral injection of the basal veins (BV)
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Arteriovenous fistulas are direct abnormal communi-
cations between arteries and veins. They can occur in 
any location where both vessels run very close to each 
other.

14.1  Carotid–Cavernous Fistulas

These are the most frequent type of arteriovenous fis-
tulas and are characterized by a direct shunt between 
the intracavernous segment of the internal carotid 
artery (ICA) and the surrounding venous plexus of the 
cavernous sinus. The pathogenesis is commonly a rup-
ture of the artery and vein, after a penetrating or blunt 
trauma. Spontaneous fistulas can occur: these are 
comm on ly due to a rupture of an intracavernous aneu-
rysm, frequently linked to an associated angiodyspla-
sia: fibromuscular dysplasia (FMD, neurofibromatosis, 
and Ehlers-Danlos syndrome. Fistulas resulting from 
spontaneous dissection of the ICA have been reported 
(Bradac et al. 1985), and fistulas arising from lacera-
tion of the artery during transsphenoidal surgery can 
also occur.

14.1.1  Clinical Presentation

Carotid-cavernous fistulas are characterized by a typi-
cal cavernous sinus syndrome with ophthalmoplegia, 
visus involvement, pulsating exophthalmos, chemosis, 
and bruit. The symptoms can appear acutely or slowly, 
progressively days or weeks after the trauma. Ischemia 
or intracerebral hemorrhage may occur. Similar to 
dural arteriovenous fistulas involving the cavernous 

sinus, also in carotid-cavernous fistulas ischemic and 
hemorrhagic cerebral complications can occur as the 
result of a connection with the pial veins, especially the 
ponto-mesencephalic veins, through bridging veins.

14.1.2  Diagnosis and Treatment

The dilated cavernous sinus and superior ophthalmic 
vein can be easily recognized on CT or MRI. Angio-
graphy, however, is essential for a precise diagnosis 
and in planning treatment. Carotid-cavernous fistulas 
are high-flow fistulas with a rapid injection on the 
angiogram of the cavernous sinus. Depending on the 
location of the fistula and anatomical variant, further 
drainage can be prevalently directed as follows: ante-
riorly, in the superior inferior ophthalmic veins, in 
which the flow is reversed; extracranially, draining 
into the facial vein system; or posteriorly, into the 
superior inferior petrosal sinuses. Through intercav-
ernous anastomoses, the contralateral cavernous sinus 
may be involved. The ponto-mesencephalic veins, 
basal vein, and deep and superficial middle cerebral 
veins also can be involved as a result of anastomoses 
of the cavernous sinus with these venous channels (see 
Chapter 9.3.10). In cases of severe lacerations of the 
ICA, the blood flow passes completely in the venous 
sector, and on the angiogram no cerebral arteries are 
recognizable.

The angiographic study consists of a bilateral 
carotid examination to exclude the possibility of 
bilateral lesions and to check for a collateral circula-
tion. The external carotid artery should also be selec-
tively examined since in some cases the branches 
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(internal maxillary artery, ascending pharyngeal 
artery) can be involved. To precisely identify the site 
of the shunt, a vertebral angiogram with compression 
of the involved ICA can be very useful.

Endovascular treatment with a detachable balloon 
to occlude the shunt, which was proposed and devel-
oped by Serbinenko (1974) and Debrun et al. (1975), 
has progressively become the therapy of choice. The 
treatment is performed today with a balloon or coils, 
which has led to good clinical and anatomical results, 
with limited morbidity and mortality (Berenstein and 
Kricheff 1979; Debrun et al. 1981; Scialfa et al. 1983; 
Kendall 1983; Lasjaunias and Berenstein 1987; Gupta 
et al. 2006). An alternative route, introduced by 
Mullan (1979) and Manelfe and Berenstein (1980) 
and increasingly used today, is the endovascular 

venous approach through the facial or superior oph-
thalmic vein, or through the inferior petrosal sinus 
(Figs. 14.1–14.3).

14.2  Vertebral Arteriovenous Fistulas

This is a very uncommon pathology, characterized by a 
direct shunt between the vertebral artery and the sur-
rounding vertebral venous plexus. The pathogenesis is 
traumatic due to penetrating or blunt cervicovertebral 
trauma (Goodman et al. 1975), and it is sometimes 
associated with bony fractures. Spontaneous fistulas 
can occur, linked to angiodysplasia, such as FMD and 
neurofibromatosis (Deans et al. 1982; Bahar et al. 1984; 

a b

Fig. 14.1 Traumatic carotid-cavernous fistula. (a) Internal lat-
eral carotid angiogram. There is an immediate injection of the 
dilated and deformed cavernous sinus and filling of the dilated 
superior (arrowheads) and inferior ophthalmic veins. (b) Lateral 
vertebral angiogram with compression of the involved internal 

carotid artery. Through the posterior communicating artery, 
there is injection of the internal carotid artery and fistula. Site of 
the shunt (arrowhead). In a later phase, there is a partial injec-
tion of the inferior petrosal sinus, which could be thrombosed 
(arrow)
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Fig. 14.2 Spontaneous carotid-cavernous fistula in a young 
patient, which appeared after heavy vomiting caused by alcohol 
intoxication. (a) Lateral carotid angiogram. The small arrows 
show the site of the shunt. There is drainage in the superior 
ophthalmic vein (arrowhead) and inferior petrosal sinus 
(arrow). There is also a minimal injection of the pterygoid 
plexus. The extracranial internal carotid artery is slightly 

enlarged, and there is an intraluminal defect (white arrows), 
suggesting dissection. It is possible that the dissection has 
extended intracranially, leading to formation of the fistula. The 
shunt was occluded with a balloon. (b) Control angiogram 
2 months later. The balloon is now deflated. A small pseudoan-
eurysm (arrow) at the site of the fistula is recognizable. The 
dissection is unchanged (white arrow)
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Lasjaunias and Berenstein 1987). The fistula results 
from weakness of the artery and probably dissection. 
The fistula can occur at any level of the vertebral artery, 
but C1, C2, and C3 are the most frequent locations.

14.2.1  Clinical Presentation

Progressive vertebrobasilar insufficiency leading 
to ischemia in the brainstem and/or spinal cord 
can occur. The dilated venous sector can compress 

the nerve root. Paraspinal bruit and cervical pain 
are present.

14.2.2  Diagnosis and Treatment

Angiography is essential to define the lesion pre-
cisely and plan the treatment, which will basically be 
endovascular using the arterial-venous route (Moret 
et al. 1979; Kendall 1983; Miller et al. 1984; 
Lasjaunias and Berenstein 1987; Gupta et al. 2006) 
(Figs. 14.4 and 14.5).

a b

Fig. 14.3 Large traumatic carotid-cavernous fistula. Left carotid 
angiogram, lateral and AP view 2 seconds after injection into the 
internal carotid artery. Extensive anterior (ophthalmic veins) and 
posterior (petrosal sinuses) drainage. There is also an injection 
of the contralateral sinus. Bridging veins visible in the lateral 
view (arrow) connect the cavernous sinus with the anterior 
ponto-mesencephalic veins (APM), which via the peduncular 

veins (P) continue into the basal vein (BV) bilaterally. Inferior 
petrosal sinus (IPS), superior petrosal sinus (SPS), and anterior 
condylar confluence (ACC) continuing into the anterior condy-
lar vein (ACV) and lateral condylar vein (LCV). Through injec-
tion of the clival venous plexus, filling also of the anterior 
epidural vertebral plexus (arrow)
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Fig. 14.4 Spontaneous 
vertebral arteriovenous 
fistula. (a) Right vertebral 
angiogram, showing the site 
of the shunt (arrow) at the C2 
level. There is immediate 
extensive venous drainage. 
(b) Left vertebral angiogram 
with retrograde injection of 
the right vertebral artery 
better displaying the site of 
the shunt. Occlusion of the 
fistula and right vertebral 
artery with a balloon. (c) 
Control angiograms of the 
right and left vertebral artery

a

b
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cFig. 14.4 (continued)

Fig. 14.5 Spontaneous fistula between the left vertebral artery 
and surrounding venous plexus at the level of C1. Left vertebral 
angiogram, AP view (a), lateral view (b). There is a shunt 
between the dilated vertebral artery and venous plexus, which 
is dilated and forming a large pouch (arrow with line). The 
venous drainage continues into the retrogradely injected and 
dilated lateral or posterior condylar vein (arrowhead) and fur-
ther into the internal jugular vein (large arrow). There is also 

drainage into the deep cervical vein (double arrows). Right ver-
tebral angiogram (c) prior to endovascular treatment. There is 
retrograde injection of the left vertebral artery and venous 
pouch site of the shunt. A microcatheter has been advanced into 
the left vertebral artery and placed in the venous pouch. The 
white arrow shows the distal marker of the microcatheter. Left 
vertebral angiogram (d) post-treatment. Occlusion of the fistula 
with coils
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Atherosclerosis is the principal pathological process 
affecting the extracranial and intracranial arteries 
responsible for ischemic stroke. Less commonly, isch-
emic stroke is due to other conditions, such as spon-
taneous dissection and other nonatherosclerotic 
arteriopathies as well as heart disease. All of these dis-
eases are described in the chapters 16–19.

Atherosclerosis is a generalized condition that pre-
dominantly involves certain vascular territories: the 
aorta and iliac, extraintracranial, and coronary arteries. 
It is a typical pathology of adulthood, and the likeli-
hood of occurrence increases with the age. There is a 
slight predominance among men.

15.1  Pathology

Initially, there is microinjury of the endothelial cells 
due to various stress factors (such as elevated choles-
terol hypertension, cigarette smoking, diabetes, and 
homocystinuria), which promote the passage and 
depo sit of cholesterol (especially low-density lipopro-
teins) in the subendothelial space. This leads to a reac-
tion of both endothelial and smooth muscle. The 
metabolic products of these cells result in further dam-
age of the endothelial, promoting the passage into the 
subendothelial space of monocytes, which progres-
sively engulf lipids and become foam cells. Migration 
of lymphocytes, cell necrosis, and collagen produc-
tion follow (Garcia et al. 1998; Witznum and Steinberg 
1991; Ohara et al. 1993; Libby and Clinton 1993). All 
these aspects lead to the formation of the atheroma-
tous plaque covered by a well-formed fibrous cap, 
which can extend progressively into the lumen of the 
artery, resulting in stenosis. The evolution of the 
plaque can vary from a stable course to a slow or 

rapid growth. Hemodynamically, stenosis—leading to a 
major  reduction of flow and thereby increasing the 
risk of ischemia—has to be rather severe, as previously 
des cribed (Brice et al. 1964; Archie and Feldtman 
1981). It is, however, important to note that in a rela-
tively high number of cases, the plaque can slowly 
progress up to complete occlusion, but remain asymp-
tomatic. This occurs when the collateral circulation is 
efficient and there is no distal embolization during the 
process.

Erosion of endothelial cells and breakdown of the 
fibrous cap lead to exposure and delivery of the mate-
rial inside the plaque, promoting distal embolism 
(Sitzer et al. 1995). Further reduction of the lumen 
up to occlusion can occur because of the formation of 
an intraluminal thrombus or an intraplaque hemor-
rhage. The latter can be due to the entry of blood in 
the plaque through erosion of the fibrous cap or rup-
ture of the lesion in the vasa vasorum (Fisher and 
Ojeman 1986; Beach et al. 1993). There are no pre-
cise criteria using current diagnostic tools to predict 
the evolution.

15.2  Location

Atherosclerosis affects mainly the extracranial seg-
ments of arteries. Especially involved are the internal 
carotid artery (ICA) at the bifurcation and the common 
carotid and vertebral arteries at their origins. Other less 
frequent sites are the aortic arch and subclavian arter-
ies. Atherosclerosis of the intracranial arteries is less 
frequent but not as rare as was previously supposed. 
According to some reports, the incidence of significant 
intracranial atherosclerotic stenosis in patients with 
transientischemic attacks (TIAs) or stroke has been 

Atherosclerosis 15
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given as 4% (Thijs and Albers 2000). The incidence of 
these lesions is reported to be higher among blacks and 
Asians (Feldmann et al. 1990; Caplan et al. 1986; 
Caplan 1989; Wong et al. 1998; Min et al. 2000; Thijs 
and Albers 2000). The commonest sites visible on the 
angiogram are the terminal ICA and basilar and intrac-
ranial vertebral arteries. Also involved are the first seg-
ment of the middle cerebral artery (MCA; M1), the 
first segment of the anterior cerebral artery (ACA; A1), 
the pericallosal artery around the genu of the corpus 
callosum, and the first segments of the posterior cere-
bral artery (PCA; P1–P2) (Fisher et al. 1965; Fisher 
and Caplan 1971; Castaigne et al. 1973, 1981; Kavase 
et al. 1979; Hinton et al. 1979; Bradac and Oberson 
1983; Caplan et al. 1986; Caplan 1989). Today, the 
intracranial lesions are the object of greater attention 
due to the possibility, in selected cases, of endovascu-
lar treatment.

15.3  Mechanisms Leading to Ischemia

The mechanisms leading to ischemia can be grouped 
in three categories:

Thromboembolic occlusion or severe stenosis of •	
arteries leads to ischemia strictly related to the sup-
plied territory. These infarcts are also called territo-
rial infarcts by some authors (Ringelstein et al. 1983, 
1985; Weiller et al. 1991).
The occlusion or severe stenosis can be proximal •	
and the suffering territory is more distal and not in 
the vascular territory of a defined artery. Instead, the 
infarct is located at the borders of two different vas-
cular territories (border-zone infarcts). A typical 
example is a lesion of the ICA bifurcation leading to 
ischemia; this is also termed hemodynamic becauses 
of hypoperfusion in the distal area, in which the col-
lateral circulation is insufficient or absent. These 
infarcts can be cortical or involve the white matter.
A particular form of infarct is the lacunar infarct or •	
lacune (from Latin, lacuna,-ae, small cavity). The 
term was first used by Dechambre in 1838 and later 
by Durand-Fardel in 1843 to express pathological 
findings due to small infarcts, hemorrhages, or other 
causes. More precise reports were presented by 
Pierre Marie (1901) and Ferrand (1902), who used 
the term “lacune” to describe small infarcts in the 

basal ganglia, capsula interna, and pons that  presented 
some typical clinical aspects. The clinical relevance, 
however, and the peculiar aspects of this pathology, 
termed lacunar syndrome, was emphasized and 
comprehensively discussed by Fisher (1965, 1969, 
1979). CT and MRI have played an important role in 
the diagnosis and identification of these lesions. 
Today, lacunar infarcts are reported to account for 
about 25% of all cerebral infarcts [Bamford et al. 
1987; Bogousslavsky et al. 1988b (Stroke); Boiten 
and Lodder 1991]. Lacunar infarcts are due to 
involvement of the perforators (deep and superfi-
cial), which are occ luded directly by lipohyalinosis 
or through a throm boembolic process or atheroma, 
involving the large parent artery from which they 
arise; the perforators may be occluded indirectly in 
cases with hypoper fusion due to more proximal 
occlusion or cardiac failure.

All these mechanisms can act in isolation or be vari-
ously associated with one another. Taking this into 
consideration, the neuroradiological diagnosis of 
patients should include CT and MRI to examine the 
brain parenchyma, followed by a complete study of the 
arteries in the extraintracranial segments. The latter 
can be performed today with highly accurate CT and 
MRI angiography. Angiography should, however, be 
instituted every time the diagnosis is insufficiently 
clear or in cases where endovascular treatment is con-
sidered. Endarterectomy is performed in many centers 
only after a diagnosis with noninvasive methods with-
out angiography. The validity of this approach is open 
to question.

15.4  Mechanism of Ischemia  
of the Anterior Circulation

15.4.1  Carotid Artery

Severe stenosis or occlusion of the ICA is not uncom-
monly asymptomatic provided that the development of 
the plaques is slow, allowing sufficient time for a col-
lateral circulation to be established, and no distal embo-
lization occurs. In the case of ischemia, despite frequently 
similar clinical syndromes, the pathogenetic process and 
the pattern visible on the angiographic examination can 
differ, as detailed in the following section.
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The extracranial ICA is patent. There is, however, •	
occlusion of its intracranial branches, commonly 
due to embolic material arising from atheroma of 
the common carotid artery or, more frequently, from 
the ICA; alternatively, it can be cardiac in origin. In 
cases of TIA, the occlusion may be temporary owing 
to spontaneous thrombolysis, and it may no longer 
be recognizable on the angiogram.
Considering the atheromatous plaque, an important •	
aspect is the degree of stenosis of the lumen involved. 
Here, four degrees of stenosis have been distin-
guished: mild, when the lumen is reduced by less 
than 30%; moderate, with 30–70% reduction of the 
lumen; severe, if the reduction is greater than 70%; 
preocclusion state, more than 90%. The greater the 
stenosis, the higher is the risk of formation of a 
superimposed thrombus, which can be the source of 
the emboli. The stenosis can increase, reducing the 
flow with hypoperfusion and leading to ischemia in 
the distal vascular border territories or in the vascu-
lar territories of the perforators, since they are end 
arteries. An important role in the latter situation is 
played by the association of a severe contralateral 
ICA lesion and severe heart diseases (Bogousslavsky 
and Regli 1986; Bladin and Chambers 1993). The 
stenosis can be great, with considerable impairment 
of the blood flow, which is evident on the angiogram 
as a subocclusion pattern (Fig. 15.8).
To measure the stenosis on the angiogram, a few meth-•	
ods have been proposed; among them, the European 
Carotid Surgery Trial (ECST, 1998) and North 
American Symptomatic Carotic Endarterectomy Trial 
(NASCET, 1991) are the most used (Fig. 15.1). 

Differences in the applied criteria lead to differences in 
the results with these methods. There is broad agree-
ment that a stenosis of 70% with NASCET (corre-
sponding to a stenosis of about 80% with ECST) is a 
clear indication for endarterectomy, thereby reducing 
significantly the risk of stroke. Alternatively, endo-
vascular treatment has increasingly been successfully 
performed (Wholey et al. 2000; Bonaldi 2002; Ringleb 
et al. 2006; Wittkugel et al. 2008; Stingele et al. 2008; 
Clark 2010) (Figs. 15.2 and 15.3).
There are, however, some other aspects of the ather-•	
oma that should be considered. Ulceration, with the 
risk of distal embolization, can also occur in rela-
tively small atheromas, and the progression and evo-
lution of the atheroma may vary. Taking this into 
account, attention today is being progressively given 
to the aspects and components of the atheroma. In 
addition to angiography, information can be obtained 
using ultrasound technology, CT angiography, and 
contrast-enhanced MRI. In our opinion, these are 
important complementary methods to angiography, 
but they do not replace it. Data from these sources 
along with the age of the patient can influence the 
decision as to whether therapy should be medical, 
surgical, or endovascular (Stingele et al. 2008; Clark 
2010; Rosenkranz and Gerloff 2010).
Atheromas can also occur in the intracranial seg-•	
ments of the ICA, especially in the distal petrous and 
cavernous portion. The clinical importance of these 
lesions has been revaluated, and now endovascular 
treatment may be undertaken in selective symptom-
atic patients (Fig. 15.4). Finally, stenosis of both the 
proximal and distal ICA (tandem lesions) is also 
reported, with a frequency of about 10% of cases 
(Craig et al. 1982; Kappelle et al. 1999). This aspect 
should be considered when planning therapy.
With regard to asymptomatic lesions, it should be •	
noted that there is no general agreement about the 
therapy (medical or more aggressive) to be applied. 
The decision depends on the degree of stenosis, the 
presence or absence of a good collateral circulation, 
age, general clinical condition of the patient, and the 
experience of the medical team involved (Fig. 15.3).
The ICA is occluded, and the occlusion extends from •	
the ICA bifurcation to its intracranial segment, prox-
imal to the ophthalmic artery. In such cases, it can be 
assumed that the thrombus has extended from the 
ICA bifurcation to its intracranial terminal segment. 
Another possibility is that an embolus has occluded 

B
Method ECST : × 100%

C – A

C

Method NASCET : × 100%
B – A

B
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C

Fig. 15.1 Methods to measure ICA stenosis on the angiogram: 
European Carotid Surgery Trial (ECST) and North American 
Symptomatic Carotic Endarterectomy Trial (NASCET)
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the intracranial ICA, followed by the retrograde for-
mation of a thrombus extending proximally toward 
the ICA bifurcation. In some cases, despite the prox-
imal occlusion, the distal part of the ICA is still pat-
ent (Seckar et al.1986). This can be demonstrated on 
the angiogram in later phases. In such cases, which 
are very rare, rapid surgical or endovascular treat-
ment can completely restore the lumen of the artery.
In all of the above cases, ischemia can be avoided or •	
limited in relation to the efficiency of the collateral 
circulation through the ECA and circle of Willis, pro-
vided that no further embolization of the intracranial 
branches occurs. On the indirectly injected  intracranial 

branches, which are visible on the angiogram obtai-
ned from the contralateral ICA, vertebrobasilar 
artery, or ECA, emboli can sometimes be identified.
The occlusion is on the terminal ICA, sometimes •	
involving partially also the A1 and M1 (the so-called 
T occlusion). This is a very serious clinical condi-
tion since there is a lack of a collateral circulation 
through the ECA and circle of Willis (Fig. 15.5). 
The only collateral circulation is the distal leptom-
eningeal anastomosis from the homolateral ACA and 
PCA—provided that these arteries are not involved 
(Fig. 15.6). The cause of terminal ICA occlusion var-
ies. It can be due to emboli that are cardiac in origin 

a b

Fig. 15.2 Two examples of atherosclerotic plaque leading to 
severe stenosis of the ICA. (a) Carotid angiogram showing the 
stenosis (arrow) with slowing of the flow. (b) Angiogram after 
angioplasty and stent showing normalization of the lumen and 

flow. (c) Carotid angiogram showing the stenosis (arrow). (d) 
Angiogram after angioplasty and stent with normalization of the 
lumen and improvement in flow
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or from an  atheromatous plaque of the proximal ICA. 
The latter can be very extensive and lead to severe 
stenosis or occlusion of the ICA at the bifurcation, 
with thrombosis extending to the distal ICA. Finally, 
an atheromatous plaque involving the distal ICA can 
lead progressively to thrombosis of the vessel. In 
selected cases, endovascular treatment with reopening 
of the artery has been successfully performed and pro-
duced a good clinical outcome. In some other cases, 
endovascular treatment makes it possible to reopen 
the distal ICA while the extracranial segment remains 
occluded. This allows restoration of the collateral 

 circulation through the circle of Willis (Fig. 15.7). 
However, it should be noted that the risk of a large 
hemorrhagic transformation of the existing ischemia 
is high (Zeumer et al. 1993; Jansen et al. 1995; Ringer 
et al. 2001; Qureshi et al. 2001; Song et al. 2002; Flint 
et al. 2007; Malgorzata et al. 2008; Choi et al. 2009).
In patients who have a known occluded ICA, ischemia •	
can occur months or years later. In these cases, the 
etio pathogenesis may be hemodynamic or embolic. 
Indeed, emboli arising from atheromas in the stump 
of the ICA, in the common carotid artery or ECA, 
can reach the intracranial vessels via the collateral 

c d

Fig. 15.2 (continued)



224 15 Atherosclerosis

a b

Fig. 15.4 Carotid angiogram, AP view. Severe stenosis of the 
proximal intracavernous segment of the ICA (a), with intracra-
nial flow impairment, leading to transient ischemic attacks 

(TIAs) not responsible for medical therapy. Endovascular treat-
ment with angioplasty and stent; restoration of the intracranial 
circulation (b)

Fig. 15.3 Very old female patient 
with asymptomatic moderate to 
severe stenosis of the left ICA (a). 
The ICA was an important 
collateral way through the circle 
of Willis for the right carotid 
sector since the right ICA was 
occluded. A preventive endovas-
cular treatment with stent and 
angioplasty (b) was performed 
without any clinical problems

a b
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ECA

A1
M1

ba

ECA

A1
M1

Fig. 15.5 Different findings in 
occlusion of the ICA proximal to 
the ophthalmic artery (a) and distal 
to it, with involvement of the A1 
and M1 segments (b). In (a),  
a collateral circulation occurs 
through the external carotid artery 
(ECA)–ophthalmic artery 
anastomosis and through the circle 
of Willis provided that this is not 
impaired by hypo/aplasia of the 
A1. In (b), the above described 
collateral ways are involved in the 
thrombotic process. The only 
possible collateral circulation is 
leptomeningeal anastomosis with 
distal branches of the middle 
cerebral artery (MCA) and 
posterior cerebral artery (PCA)

a b

Fig. 15.6 Thromboembolic acute occlusion of the distal left 
ICA (T occlusion). Left carotid angiogram (a) showing stenosis 
of the ICA with the distal thrombus extending intracranially 
(arrows). There is collateral circulation neither through the 
ECA nor the circle of Willis. The stump of the proximally 
occluded ACA is recognizable in 15.6c. There is, however, a 

rich leptomeningeal collateral circulation (arrow) through distal 
branches of the left anterior cerebral artery (ACA), visible on 
the right carotid angiogram (b, c, and d) and through branches 
of the PCA visible on the vertebral angiogram (e). Medical 
therapy was chosen, and the patient recovered with minimal 
neurological deficit
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Fig. 15.6 (continued)
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 circulation and involve branches of the ECA, parti-
cularly those of the internal maxillary artery, which 
leads to a retrograde injection of the ophthalmic 
artery and ICA (Countee and Vijayanathan 1979; 
Countee et al. 1981; Bradac and Oberson 1983).

15.4.2  Middle Cerebral Artery

The MCA is the most frequently involved vessel in 
cerebral infarction. The pathogenesis is commonly 
artery-to-artery (carotid bifurcation) or cardiac embo-
lism, which leads to occlusion of the M1 and/or more 
distal branches. In some cases, after successful 
reopening of the vessel, it appears clear that the 
embolus has been arrested at the level of the stenotic 
microatheroma.

In occlusion of the M1, the perforators are always 
involved to a greater or lesser degree. The degree 
depends on the location of the embolus (in the proximal 
or more distal M1), morphological aspects (short or 

long) of the M1, and the site of origin of the perforators 
(see anatomy). Perforators are end arteries, and so their 
occlusion, even for a relatively short time, can lead to 
ischemia in their territories. This is confirmed in cases 
where despite rapid reopening of the occluded M1 
through the endovascular treatment, small ischemic 
lesions in the basal ganglia are frequently demonstrated 
in CT and MRI (Bradac et al. 2008b) (Figs. 15.9–15.11). 
In other cases, in CT performed after successful endo-
vascular reopening of the M1, small hemorrhages are 
recognizable in the basal ganglia following the hemor-
rhagic transformation of the ischemia in this area.

In occlusion of the M1, the peripheral vascular ter-
ritories can be more protected. This depends on the 
efficiency of the leptomeningeal collateral circulation, 
which can be impaired by distal embolization. In other 
cases (Figs. 18.2 and 18.3), the M1 is patent and the 
peripheral branches can be occluded owing to distal 
embolization. The therapeutic endovenous or selective 
intra-arterial pharmacological associated increasingly 
with mechanical thrombolysis using different devices 
has improved in many cases the prognosis of patients 

a b

Fig. 15.7 Old patient presenting with aphasia, right hemiplegia 
and progressive cognitive disturbances. (a) Left carotid angiogram 
showing severe stenosis of the left ICA (arrow). There was no 
filling of the distal ICA and no collateral circulation through the 
ECA. (b) Right carotid and vertebral angiogram showing no col-
lateral circulation through the circle of Willis, with the  exception 
of a minimal injection of the left A1. (c) After stent application at 

the left ICA bifurcation, a microcatheter was advanced into the 
distal ICA, followed by mechanical thrombolysis, leading to 
reopening of the distal ICA and the collateral circulation through 
the circle of Willis (arrow). The proximal ICA remained occluded. 
(d) CT 24 hours post-treatment showing hemorrhagic ischemia of 
the basal ganglia and minimal cortical temporo-parietal ischemia. 
The patient recovered slowly over subsequent weeks
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(Arnold et al. 2002; Qureshi et al. 2002; Noser et al. 
2005; Zaidat et al. 2005; Tauntopoulou et al. 2008; 
Eckert 2009; Choi et al. 2009).

Microatheroma of the M1 (Caplan 1989; 
Bogousslavsky et al. 1991) is another less common 
cause of ischemia and directly involves the perforators. 
Distal cortical and white matter vascular territories can 
also be involved in these cases by either hypoperfusion 
or distal embolization. Stenosis of the M1, as with 
stenosis of other intracranial arteries—particularly of 
the terminal ICA and basilar artery when symptomatic 
and not responsible for the medical therapy—is reported 
to have a bad prognosis (Thijs and Albers 2000; Wasid 
2003). Endovascular treatment (angioplasty, stent) has 
opened up new ways of therapy (Berkefeld et al. 2003; 
Gupta et al. 2003; Bose et al. 2007; Turk et al. 2008; 
Bradac et al. 2008b (The Neuroradiology Journ.); 
Qureshi 2008; Berkefeld and Zanella 2009) (Figs. 15.12 
and 15.13) and produced promising results. The rate of 
complications with this treatment, however, is still rela-
tively high. Hemorrhage due to vessel rupture, reperfu-
sion, and new ischemic lesions can occur. The latter are 
commonly the result of occlusion of the perforating 
branches from the stent struts crossing their origin 
or displacement of microatheromatous material. 

Fortunately, and somewhat surprisingly, this is rela-
tively seldom. Taking these considerations into account, 
the treatment should be performed only in selected 
patients in whom medical therapy has failed, especially 
when the stenosis is severe and not in the acute phase 
after stroke (Chaturvedi and Caplan 2003; Kurre et al. 
2010).

15.4.3  Anterior Choroidal Artery

Infarcts in the territory of the anterior choroidal artery 
(AChA) are frequently associated with ischemia in 
other vascular territories, especially the MCA and 
PCA. The pathogenesis is carotid or cardiac embolism, 
or atheroma in the terminal ICA (Helgason 1986; 
Boiten and Lodder 1992; Hupperts et al. 1994; Levy 
et al. 1995) (Fig. 15.14). Selective embolization can 
also occur. Ischemia may be due to an inadvertent 
occlusion of the artery in surgical or endovascular treat-
ment of aneurysm in this area (Friedman et al. 2001). 
As already described, the vascular territories of the 
AChA can be replaced by other arteries. Furthermore, 
there are many anastomoses with bran ches of the PCA, 

c d

Fig. 15.7 (continued)
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Fig. 15.8 Patient already treated with stent for stenosis of the 
right internal carotid artery (ICA). Acute mild neurological 
symptoms owing to impairment of the circulation of the left 
cerebral hemisphere. On the angiogram, subocclusion of the left 
ICA (a) due to a large atheroma with severe flow impairment. 
Collateral circulation from the right carotid artery (b). On MRI 

(c) (diffusion-weighted images), there were ischemic lesions in 
the vascular territory of the medullary arteries as a result of 
hypoperfusion. The small associated cortical lesions were prob-
ably embolic. Endarterectomy was successfully performed a 
few days later, with good clinical results
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and this explains the irregular presence of ischemic 
lesions in cases of occlusion of the AChA.

15.4.4  Anterior Cerebral Artery

Infarcts in the territory of the ACA are commonly asso-
ciated with ischemia in other vascular territories after 
carotid or cardiac embolism (Figs. 15.16 and 18.2). 
Embolization is not infrequently associated with vari-
ants in the anterior portion of the circle of Willis, which 
favors the passage in the ACA (Kazui et al. 1993).

Microatheromas located in the pericallosal segment 
can be another rare cause of ischemia (Fig. 15.15). 

Also, the inadvertent occlusion of the artery of Heubner 
in treating aneurysm of the ACA can lead to ischemia.

15.4.5  Lacunar Infarcts in the Anterior 
Circulation

These infarcts are due to involvement of the deep per-
forators supplying the basal ganglia and capsula interna 
and perforators supplying the superficial and deep 
white matter, which are called medullary arteries. As 
already described, these arteries do not anastomose to 
each other, and neither are connections between the 
deep perforators and medullary arteries present (De 
Reuck 1972; Mody et al 1988, 1990). Both vascular 
territories or only one can be involved.

A frequent pathogenesis is a special form of athero-
sclerosis called lipohyalinosis. This occurs particu-
larly, but not always, in patients with hypertension and 
diabetes. The lesions can be very numerous and dis-
seminated on both hemispheres; they are commonly 
small (less than 20 mm in diameter). No pathological 
changes of the arteries can be detected on the angio-
gram in many of these patients.

In other cases, the ischemic lesions are frequently 
larger and extensively involve the vascular territory of 
deep perforators from the ICA, AChA., ACA, and 
MCA. The most typical lesion is termed the striatocap-
sular infarct (Ghika et al. 1989; Boiten and Lodder 
1992; Nicolai et al. 1996; Horowitz and Tuhrim 1997; 
Bradac et al. 2008b). The pathogenesis of these lesions 
varies. They may be due to emboli; they can be cardiac 
in origin or arise from atheromas of the ICA. Another 
mechanism frequently reported is occlusion or severe 
stenosis of the ICA, which leads to hypoperfusion 
(Boiten and Lodder 1992; Horowitz and Tuhrim 1997). 
More rarely, microatheroma of the terminal ICA or 
MCA occurs (Fisher 1965; Caplan 1989; Bogousslavsky 
et al. 1991), leading to hypoperfusion or direct occlu-
sion of the perforators (Figs. 15.8, 15.12, and 15.13).

Fig. 15.9 Young cardiopatic patient with sudden onset of left 
hemiplegia. On CT (a), hyperdensity of the MCA (arrow) and ill-
defined borders of the right basal ganglia are evident. Angiography 
(b) disclosed occlusion of the proximal segment of the M1 
(arrow). Fetal origin of the PCA from the ICA. ACA arising from 

the left. Partial collateral leptomeningeal circulation from the 
PCA. Selective pharmacological thrombolysis was performed, 
with reopening of the M1 (c) and complete clinical recovery. On 
CT (d) performed 3 days later, a small asymptomatic ischemic 
lesion in the vascular territory of the perforators was visible

d

Fig. 15.9 (continued)
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a b

Fig. 15.10 Older woman with heart dysrhythmia presenting 
with sudden onset of hemiplegia with cognitive disorders. The 
right carotid angiogram (a) disclosed occlusion of the M1 
 segment (arrowhead). Endovascular treatment with reopening 
of the artery using a Solitaire stent was performed (b). The 

 post-treatment angiogram showed the presence of microather-
oma (arrowhead) associated with a tortuous distal M1, which 
probably favored the arrest of the embolus. A small infarct in the 
basal ganglia was visible on CT. In spite of this, the patient 
recovered completely

a b



23315.4 Mechanism of Ischemia of the Anterior Circulation 

a

b c

Fig. 15.12 Middle-aged patient with mild neurological deficit 
indicating impairment of the right ICA vascular territory. MRI 
(a) showed an ischemic lesion in the right basal ganglia and 
white matter. A few lesions were also present on the left. 
Angiogram (b) disclosed severe stenosis of the M1 with normal 

distal perforators. Endovascular treatment (angioplasty and 
stent) was performed (c). It is conceivable that the proximal 
perforators were occluded by the microatheroma while the 
 distal perforator and medullary artery were involved by 
hypoperfusion

Fig. 15.11 Young patient with acute occlusion of the M1 at its 
origin owing to cardiac embolism. Pharmacological selective 
thrombolysis with complete reopening of the MCA and full 

clinical recovery. Small ischemic lesions in the basal ganglia 
were visible on CT performed some days later

The pathogenetic process cannot always be assessed 
with certainty since several mechanisms can occur 
together. In this context, morphological variants should 
be considered, as already described (see anatomy). In 
particular, it should be noted that lenticulostriate arter-
ies can arise as a common trunk (Umanski et al. 1995), 
which, if involved by lipohyalinosis, can also be 
responsible for a large lesion.

The same pathogenetic factors are responsible 
for infarcts in the vascular territory of the medullary 
 arteries. In hypertensive and diabetic patients, lipohyal-
inosis is common. In patients with severe stenosis or 
occlusion of the ICA or stenosis of the MCA, hypoperfu-
sion is reported as being the most frequent pathogenetic 
factor (Waterston et al. 1992; Weiller et al. 1991; Boiten 
and Lodder 1992; Bogousslavsky and Regli 1992; Bladin 
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aFig. 15.13 Acute ischemia 
in a middle-aged patient 
involving the left basal 
ganglia, white matter, and 
cortex as demonstrated on 
MRI (a). Angiography (b) 
disclosed severe stenosis of 
the M1 (arrow). Some 
proximal perforators are 
occluded at their origin. 
Ischemia in the basal ganglia 
was due partially to direct 
occlusion of the proximal 
perforators at their origin and 
hypotension in the more 
distal branches. Ischemia in 
the white matter and in the 
temporo-occipital region was 
probably due to hypoperfu-
sion, involving the medullary 
and distal cortical branches, 
respectively. Small ischemic 
cortical lesions in the 
frontoparietal area were 
embolic. Three weeks later, 
endovascular treatment 
(angioplasty plus stent) was 
performed (c). The patient 
recovered completely
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and Chambers 1993; Horowitz and Tuhrim 1997; Reed 
et al. 1998; Bradac et al. 2008b).

Selective embolism of the medullary arteries may 
also occur. Indeed, a large infarct in the white matter 
without involvement of the cortex owing to embolic 
occlusion of the peripheral branches of the MCA has 
been demonstrated by angiography (Angeloni et al. 

1990). In this case, because of the rich collateral circu-
lation, there were no ischemic lesions in the cortex, 
while infarcts were present in the vascular territories of 
the medullary end arteries. It is conceivable that in 
some cases hemodynamic and embolic mechanism 
can occur together (Angeloni et al. 1990; Bradac et al. 
2008b) (Figs. 15.8, 15.12, and 15.13).

Fig. 15.14 Middle-aged patient with cardiac dysrhythmia presenting with stroke due to occlusion, probably embolic, of the anterior 
choroidal artery. CT showing ischemia in the corresponding vascular territory

b c

Fig. 15.13 (continued)
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In this context, a rare form of infarct involving the 
white matter is that occurring in the area of the exter-
nal capsule lateral to the basal ganglia in the border 
area between the deep perforators and medullary 
arteries that arise from the insular branches. These 
lesions have been termed subinsular infarcts by 
Pullicino et al. (1992).

15.5  Posterior Circulation

The composition of atherosclerotic plaques in the 
vertebrobasilar sector does not differ from that in the 
carotid sector (Fisher and Ojeman 1986; Amarenco 
et al. 1998). The most frequent sites are the origins of 
the vertebral artery and intracranial vertebral artery 
shortly after it perforates the dura (Castaigne et al. 

Fig. 15.15 Typical location of a microatheroma leading to 
stenosis of the pericallosal artery (arrow) in an asymptomatic 
patient

a

Fig. 15.16 Old female patient with stroke due to bilateral occlu-
sion of the ACA. (a) Right carotid angiogram showing the 
occlusion at the passage of the A1-A2 segments. In the late 

phase, the beginning collateral circulation (arrow) through 
opening of anastomoses with distal branches of the MCA. (b) 
Left carotid angiogram showing a similar finding



23715.5 Posterior Circulation

b

Fig. 15.16 (continued)

1973; Caplan 1996). The plaques are less commonly 
ulcerated than in the carotid sector, but ulceration 
is not rare in the subclavian arteries near the origin 
of the vertebral artery (VA) (Amarenco et al. 1992). 
The third-most frequent location of atheromatous 
plaque is the basilar artery, particularly in its middle 
segment (Castaigne et al. 1973; Pessin et al. 1987; 
Caplan 1996). Atheromas can be found at the P1-P2 
segment (Bradac and Oberson 1983; Fisher 1986; 
Pessin et al. 1987).

15.5.1  Subclavian and Innominate 
Arteries

Atheromas of the subclavian and innominate arteries 
are frequent and commonly asymptomatic. The ather-
oma can grow, which leads to severe stenosis or occlu-
sion of the artery. When this occurs proximal to the 
origin of the VA, blood flows from the normal VA 
intracranially and then down into the contralateral VA, 
further filling the distal subclavian artery. This situa-
tion, which was first described by Reivich et al. (1961) 
is termed the subclavian steal syndrome. This can pres-
ent with TIAs involving the brainstem or pain in the 

ischemic arm, but frequently it remains completely 
asymptomatic. Symptoms occur commonly in patients 
with diffuse atherosclerotic lesions that also involve 
the carotid sector (Hennerici et al. 1988). Since it has a 
benign course, this syndrome only rarely needs aggres-
sive treatment (Fig. 15.17).

15.5.2  Vertebral Artery

Severe stenosis or occlusion of one VA at its origin 
remains frequently asymptomatic provided that no embo-
lization occurs and the other VA as well as the Circle of 
Willis sufficiently supply the vertebrobasilar sector. In 
contrast to thrombus of the ICA, which can extend intrac-
ranially up to the ophthalmic artery, thrombus of the 
extracranial VA does not extend intracranially, probably 
because the rich collateral circulation that arises from the 
other VA, the deeply ascending cervical artery, and the 
ECA maintains sufficient flow (Fig. 15.18).

Occlusion of the intracranial VA following artery-
to-artery or cardiac embolism or progression of an 
intracranial atheromatous plaque is a much more seri-
ous condition since it involves the perforators of the VA 
that supply the anterolateral medulla. Depending on the 
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a

b

Fig. 15.17 (a) Subclavian steal syndrome, aortic arch angio-
gram. Occlusion of the proximal left subclavian artery. There is 
a large right vertebral artery, stenotic at its origin (arrow). The 
blood flows from the right vertebral artery intracranially and 
then down into the left vertebral artery (small arrowheads) and 

 further into the distal subclavian artery. There are also atheroma-
tous changes involving both carotid bifurcations (arrowheads). 
(b) Severe stenosis of the proximal left subclavian artery 
(arrows). The left vertebral artery (white arrow) is not, however, 
involved since it originates directly from the aortic arch
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distal extension of the superimposed thrombus, the 
posterior inferior cerebellar artery (PICA), supplying 
prevalently the dorsal medulla and cerebellum, and the 
anterior spinal artery, supplying the anterior medulla, 
can be involved (Figs. 15.19 and 15.20). In the most 
unfavorable cases, the thrombus can extend to the basi-
lar artery and its branches (Fig. 15.25). Frequently, 
however, probably owing to rapid spontaneous lysis of 
the embolus or thrombus in the VA, there is a limited 
ischemic lesion in the PICA territory of variable extent, 
which has a benign clinical course; the exception is rare 
cases in which swelling of the cerebellar hemisphere 
occurs. In other favorable cases, probably only selec-
tive embolic occlusion of the PICA takes place.

15.5.3  Basilar Artery

Involvement of the basilar artery (BA) is another seri-
ous condition. It can occur as an extension of the 
thrombus in the case of occlusion of the intracranial 
VA (Castaigne et al. 1973). Another very frequent 
cause is embolism that is cardiac in origin or results 
from extra- or intracranial plaque of the VA. Emboli 
flow into the distal part of the BA (Caplan 1980) pro-
vided that no stenotic plaque is located along the artery 
and arrests their course, which would lead to the for-
mation of a superimposed thrombus.

Zeumer et al. (1982) performed the first pharmaco-
logical selective thrombolysis in the early 1980s in a 
patient with acute occlusion of the BA. Since then, 
selective endovascular treatment with pharmacologi-
cal and/or mechanical thrombolysis has progressively 
improved, and it is today the therapy of choice; in 
many cases, it has improved the patient’s prognosis 
(Eckert et al. 2002; Arnold et al. 2004; Mangiafico 
et al. 2005; Bergui et al. 2006; Nogueira et al. 2008; 
Eckert 2009; Choi et al. 2009) (Figs. 15.21–15.26).

Microatheromas of the BA can involve perforators 
at their origin and lead to pontine lacunar infarct 
(Fisher and Caplan 1971; Caplan 1989). The occlusion 
usually involves the paramedian branches; less 
 commonly it involves those that are more lateral. Micro-
atheromas can be very thin and thus escape neuro-
radiological diagnosis. In other cases, they are large 
enough to lead to stenosis of various degrees of the BA, 
which is recognizable on MRI angiography and CT 
angiography; in selected cases, microathero mas can 

be subjected to endovascular treatment (Fig. 15.27) 
(Phatouros et al. 2000; Berkefeld et al. 2003; Gupta 
et al. 2003; Bose et al. 2007; Bradac et al. 2008b; 
Qureshi et al. 2008; Berkefeld – Zanella 2009).

The same risks we have described in the treatment 
of M1 atheroma are present in treating similar lesions 
of the VA and BA. In particular, there is a risk of occlu-
sion of the perforating branches. Careful selection is 
recommended (Chaturvedi and Caplan 2003; Kurre 
et al. 2010).

As in other parts of the brain, lacunar infarcts can 
also occur owing to involvement of the perforators by 
lipohyalinosis. They often occur in hypertensive and 
diabetic patients (Fisher and Caplan 1971; Caplan 
1996; Bradac et al. 2008b). The prognosis of these 
lacunar lesions are quoad vitam better than those due 
to occlusion of the branches by microatheromas.

15.5.4  Cerebellar Arteries

The cerebellar arteries—PICA, anterior inferior cere-
bellar artery (AICA), and superior cerebellar artery 
(SCA)—are involved in different degrees in acute 
occlusion of the intracranial VA and/or BA. Selective 
occlusion can occur because of atheroma at the origin 
of the arteries. Artery-to-artery or cardiac embolism is 
another cause of ischemia (Amarenco et al. 1990; 
Amarenco and Caplan 1993). Finally, involvement of 
these arteries can occur in the surgical and endovascular 
treatment of vertebrobasilar aneurysm. In this context, 
peripheral occlusion of the cerebellar arteries in the 
treatment of distal aneurysm is commonly well toler-
ated clinically, even if CT and MRI post-treatment 
reveal small ischemic lesions in the cerebellum. Indeed, 
peripheral occlusion spares the perforators for the brain-
stem that arise from the first segment of the arteries. 
Furthermore, the peripheral portion of the artery can be 
largely protected through the leptomeningeal collateral 
circulation among the cortical distal branches of the 
PICA, AICA, and SCA.

15.5.5  Border-Zone Infarcts

Small infarcts can occur in the cortical border zone 
between the vascular territories of the cerebellar 
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Fig. 15.18 Middle-aged 
patient with acute symptoms 
characterized by vertigo, 
ataxia, and nystagmus. The 
right vertebral angiogram (a) 
showed a moderate stenosis 
of the vertebral artery at its 
origin (arrow) with normal 
filling and flow of the 
intracranial vertebrobasilar 
sector. The posterior inferior 
cerebellar artery (PICA) was 
not recognizable, but a 
well-developed anterior 
inferior cerebellar artery 
(AICA) was present. The left 
vertebral artery (b) was 
occluded. There was a partial 
collateral circulation through 
anastomosis with the 
ascending cervical artery. 
The patient recovered, and 
the stenosis on the right was 
later treated with angioplasty 
and stent

a b
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a b

Fig. 15.19 Acute ischemia involving the anterior medulla cor-
responding to the vascular territory of the anterior spinal artery 
(ASA), demonstrated on MRI, diffusion-weighted image (a). 
Angiography showed a normal left angiogram (b). The right 

vertebral artery is occluded (c) distally to the PICA (arrow). 
Presence of the odontoid arch (arrowhead). It is conceivable that 
the occlusion (embolus or microatheroma) involved the ASA, 
which in this case probably has a unilateral origin

c
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arteries or in the deep cerebellar white matter (Savoiardo 
et al. 1987; Amarenco et al. 1994). These are due to 
involvement of the perforator branches, which, like the 
medullary artery of the cerebral hemisphere, enter the 
cerebellar white mater and are end arteries. The cause 
of these lesions varies: hypoperfusion because of 
severe stenosis or occlusion of the large arteries (VA, 
BA), cardiac or artery-to-artery embolism, and intrinsic 
atherosclerotic disease have been suggested (Amarenco 
et al. 1994; Amarenco et al. 1998).

15.5.6  Posterior Cerebral Artery

Occlusion of the PCA, uni- or bilaterally, can be due to 
extension to the P1 segment of the thrombus following 
thromboembolic occlusion of the BA. The most fre-
quent cause of isolated occlusion of the PCA is embo-
lism from plaques of the extra- or intracranial VA or, 
less frequently, it can be cardiac in origin (Castaigne 
et al. 1973, 1981; Milandre et al. 1994; Caplan 1996; 
Yamamoto et al. 1999; Brandt et al. 2000; Kumral 
et al. 2004). Embolism to the PCA can arise from the 
ICA in cases of fetal origin of the PCA (see Chap. 18). 
Another rarer cause is a primary microatheroma that is 
commonly located at P1-P2 (Bradac and Oberson 
1983; Fisher 1986; Pessin et al. 1987; Caplan 1996), 
which can be complicated by a superimposed throm-
boembolism (Fig. 15.28).

The ischemic lesion can differ according to the 
site and extent of the stenosis/occlusion; it can involve 
the deep or cortical territories or both [Bogousslavsky 
et al. 1988a (Neurology), Caplan et al. 1988b; Caplan 
1996; Brandt et al. 2000]. Involvement of the poste-
rior thalamoperforating branches (P1) leads to isch-
emia of the medial midbrain and medial thalamus. 
The ischemia may be bilateral when both P1 are 
involved or when the perforators arise unilater-
ally just from the affected P1 (Figs. 15.21, 15.29, 
and 11.17).

Occlusion of the thalamogeniculate artery (P2) is 
responsible for ischemia in the lateral thalamus (Fig. 
15.30). Perforators for the lateral midbrain (P2) and 
branches for the posterior thalamus (posterior choroi-
dal arteries, P1-P2) can also be involved (Fig. 15.23). 
These areas, however, may be more protected since 
they have a complementary supply from the AChA 
and SCA.

The distal territories have greater protection owing 
to the presence of leptomeningeal anastomoses among 
the PCA, MCA, and ACA. Ischemia can, however, 
occur probably because of further embolism occluding 
the distal branches. Among the distal vascular territo-
ries, the primary visual cortex is frequently involved, 
with an incidence of up to around 90% of cases 
(Kumral et al. 2004). Another cause of ischemia is 
lipohyalinosis, which is responsible for small lacunary 
infarcts in the midbrain and thalamus as a result of 
involvement of the perforators.
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a b

Fig. 15.20 TIAs in the vertebrobasilar sector in a patient in 
whom MRI disclosed an ischemic lesion in the inferior pons. (a) 
Left vertebral angiogram showed diffuse atherosclerosis and 
severe stenosis (arrow) of the vertebral artery (VA) at its entrance 
in the cranial cavity. The PICA is not recognizable, though the 
ASA is well injected (small arrows). There is slowing down of 
the distal flow. The right VA was hypoplastic. Probably due to 
impairment of the flow in the vertebral artery, there is injection 
of the occipital artery (O) through the opening of the C1 anasto-
mosis. There is also injection of the odontoid arch (arrowhead) 

through a connection of the hypoglossal branch of the ascending 
pharyngeal artery (APhA) with the ascending meningeal branch 
of the VA. Furthermore, at the level of the odontoid process, the 
radiculomeningeal branch of the VA is connected with the con-
tralateral branch (arrow with dot). Endovascular treatment (b) of 
the stenosis (angioplasty plus stent) was performed with mor-
phologically, hemodynamically, and clinically good results. 
Note the injection of the left PICA. Following normalization of 
the flow in the vertebral artery, the occipital artery is no longer 
injected. The connection with the APhA is less evident
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a b

c

Fig. 15.21 Acute “top of the basilar” syndrome. On the angio-
gram normal filling of the basilar artery. There is, however, 
irregularity of the right P1 segment (arrow) and there is no injec-
tion of the posterior thalamo perforating arteries (a). After selec-
tive pharmacological thrombolysis normalisation of the P1 

segment and reappearance of the perforators (b). The comatose 
patient recovered completely. On the routine MR (c) 3 days later 
performed in an asymptomatic patient, small ischemic lesions in 
the medial right midbrain was recognizable
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a b

c

Fig. 15.22 Acute “top of the basilar” syndrome. Angiogram 
(a) of the left well-developed vertebral artery with retrograde 
injection of the hypoplastic right vertebral artery. Occlusion 
of the distal basilar artery. There is no injection of either 
PCA, normal right SCA, and partial embolic occlusion of 
the left SCA. After selective pharmacological thrombolysis 

(b), reopening of the distal basilar artery and its branches. Note 
the injection of the perforators coming from both P1. The 
comatose patient recovered slowly with a good final outcome. 
On the MRI (c), a few days later, ischemic lesions involving the 
medial midbrain and medial thalamus on the right were 
recognizable
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Fig. 15.23 Cardioembolic occlusion of the top of the basilar 
artery in an old patient presenting with symptoms indicating 
vertebrobasilar insufficiency followed by coma. (a) Left verte-
bral angiogram showing the occlusion (arrow) of the top of the 
basilar artery involving also the superior left cerebellar and left 
posterior cerebral artery. (b) Vertebral angiogram followed 
selective endovascular pharmacological fibrinolysis, showing 
the reopening of the basilar artery and, in particular, of the pos-
terior thalamoperforating arteries (arrow). It seems that the  latter 
arise predominantly from the left P1. There is also revascular-
ization of the superior cerebellar artery and posterior cerebral 

artery which, however, remained occluded in its P2 segment 
(arrowhead). (c) Left carotid angiogram. In the later phases, a 
partial filling of the left posterior cerebral artery through open-
ing of a leptomeningeal anastomosis with the middle cerebral 
artery (arrows) is visible. (d) MRI performed 24 hours later 
showed minimal ischemic lesion involving the medial thala-
mus bilaterally owing to the temporary occlusion of the pos-
terior thalamoperforating arteries. There is also minimal 
ischemia in the left posterior thalamus. In spite of this lesion, 
the patient recovered completely and was asymptomatic within 
a few weeks

a b

c
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d

Fig. 15.23 (continued)

a b

Fig. 15.24 Acute brainstem syndrome. On the vertebral angio-
gram (a, b), occlusion of the basilar artery in its middle segment 
distal to the origin of the AICA is evident. Radiculomeningeal 
artery (arrowhead). The carotid angiogram (c) showed a patent 
distal segment of the basilar artery (arrow) with indirect demon-
stration of the thrombus. There was injection of both the PCA 

and SCA. Detail obtained (d) during selective study with a 
microcatheter showed the thromboembolic material in the basi-
lar artery. Selective thrombolysis (e) allowed complete recanali-
zation of the basilar artery. Good clinical outcome. Small 
ischemic pontine lesions were demonstrated on CT some days 
after the treatment
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e

c d

Fig. 15.24 (continued)
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Fig. 15.25 Acute thromboembolic occlusion of the left verte-
bral artery at the extracrainial–intracranial passage in a patient 
with an old occlusion of the right vertebral artery. Left verte-
bral angiogram (a) showing the occlusion (arrow) with 
 extension to the basilar artery. Angiogram (b) after selective 

thrombolysis with reopening of the vertebral and basilar arter-
ies. The atheromatous changes in the vertebral artery (arrow-
heads), on which the thrombus probably developed, are now 
recognizable. Partial retrograde injection of the occluded right 
vertebral artery
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a b

c

Fig. 15.26 Old patient with acute occlusion of the middle basilar 
artery owing to thrombosis superimposed on a long microatheroma. 
(a) Left vertebral angiogram. Occlusion of the basilar artery distal 
to the origin of the AICA. Retrograde injection of the  hypoplastic 

right vertebral artery. (b) Reopening of the basilar artery after 
selective injection of recombinant tissue plasminogen activator 
(rtPA). A severe long stenosis is now visible. (c) Angiogram after 
angioplasty showing improvement of the stenosis
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a b

c

Fig. 15.27 Patient with repeated mild stroke episodes involving 
the brainstem, not responsible for medical therapy. MRI (a) dis-
closed a small paramedian pontine lacunar infarct. Vertebral 

angiogram (b) showed severe stenosis of the basilar artery, 
which was treated with angioplasty and stent (c)
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a b

c

Fig. 15.28 Atheromatous changes involving the P1-P2 segment of the PCA demonstrated on the angiogram (a, b) and on MRI 
angiography (c). On the angiograms, the distal segment of PCA is probably occluded by emboli
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Fig. 15.29 Cardioembolic occlusion of the right PCA. On MRI, 
a bilateral medial thalamic infarct was present. This is the vascu-
lar territory of the posterior thalamoperforating branches arising 
from the P1. It is possible that in this case the perforating 
branches both arise from the occluded P1. On the right, the isch-
emic lesion also involves the vascular territories of the thala-
mogeniculate artery

Fig. 15.30 Old patient with embolic occlusion, cardiac in ori-
gin, of the PCA in its P2 segment with ischemia in the temporo-
medial and partial occipital territories and in the lateral thalamus 
(thalamogeniculate artery). The medial midbrain and medial 
thalamus corresponding to the vascular territories of the perfora-
tors arising from P1 are spared
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16.1  Introduction

The first case of spontaneous dissection of the internal 
carotid artery (ICA) was reported in 1954 by Jentzer. 
Since then, other cases have been described (Bostrom 
and Liliequist 1967; Ehrenfeld and Wylie 1976; Fisher 
et al. 1978; Mokri et al. 1979; Anderson et al. 1980; 
Friedman et al. 1980; Bradac et al. 1981), and these 
have helped widen our understanding of the clinical 
and angiographic aspects of this disease. Spontaneous 
dissection is today a well-recognized pathology that is 
responsible for stroke in many cases. Its incidence is 
reported to be three to four cases per 100,000 persons 
yearly (Schievink 2001; Menon and Norris 2008; 
Redekop 2008). Young and middle-aged patients are 
predominantly affected.

16.2  Pathology and Pathogenesis

From a pathological point of view, the lesion is charac-
terized by a subintimal hemorrhage, leading to stenosis 
or occlusion of the artery. The hemorrhage can involve 
the outer media or the subadventitial layer, resulting in 
the formation of pseudoaneurysms. Dissection occurs 
because of a primary intimal tear, allowing the blood to 
pass into the arterial wall. Primary intramural hemorrhage 
can also occur through rupture of the vasa vasorum.

The pathogenesis of dissection can be traumatic, but 
in the spontaneous form, the pathogenesis is not com-
pletely clear. Structural changes of the arterial wall, 
associated with mechanical factors, are probably invol-
ved. Indeed, it is well known that dissection occurs 
 frequently in patients with fibromuscular dysplasia 
(FMD), Ehlers-Danlos syndrome, Marfan syndrome, 
and lupus erythematosus (Anderson et al. 1980).

Association with cystic medial necrosis has also 
been demonstrated in some cases (Schievink et al. 
1994a). Such cases are more frequent in patients with 
migraine and in women using oral contraceptives 
(Mokri et al. 1986; D’Anglejan-Chatillon et al. 1989). 
A family history has also been reported (Schievink and 
Mokri 1995). Trauma, even minor, and neck manipula-
tion (Hufnagel et al. 1999; Nadgir et al. 2003) are pres-
ent in the clinical history of some patients. In this 
context, the association of trauma, even minor, and 
raised blood alcohol as a cause of dissection, particu-
larly in the vertebrobasilar sector, have been empha-
sized (Hiraiwa et al. 2005). Some authors (Konrad 
et al. 2003; Vila et al. 2003) have reported in cases of 
dissection a deficiency of alpha 1-antitrypsin. This is a 
proteinase that has a protective action on collagen and 
elastin—important components of the connective tis-
sue of the arterial wall. The same deficiency has been 
identified in cases of FMD, which shows a high ten-
dency for dissection (Schievink et al. 1998).

16.3  Location

Extracranial ICA: 2–3 cm distal to the bifurcation is 
the most frequent site of dissection. This commonly 
ends abruptly, with rare exceptions, where the artery 
enters the base of the skull. The second-most frequent 
location is the extracranial vertebral artery. Any part of 
the vertebral artery (VA) can be involved, but the 
lesions are most frequent in the distal segment of 
the artery, at C1-C2, and the atlas loop level because 
this segment is more subject to mechanical trauma 
(Chiras et al. 1985; Mokri et al. 1988; Shin et al. 2000; 
Schievink 2001). More than one vessel is involved in 
about 25% of cases (Schievink 2001).

Spontaneous Dissection of Carotid 
and Vertebral Arteries 16
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Intracranial dissection is less frequent. Advanced 
age can be a factor, but there is a predominance of 
young patients. The vertebrobasilar sector is more fre-
quently affected. Dissection usually involves the first 
intracranial segment of the VA, sometimes as an exten-
sion of extracranial dissection. Dissection of the basi-
lar artery is less common: it can be primary or a 
secondary extension of dissection of the VA (Alexander 
et al. 1979; Shimoji et al. 1984; Berger and Wilson 
1984; Friedman and Drake 1984; Caplan et al. 1988a; 
Pozzati et al. 1995; Shin et al. 2000; Lacour et al. 2000; 
Manabe et al. 2000; Kurata et al. 2001; Sugiu et al. 
2005; Ramgren et al. 2005; Lee et al. 2006; Zhao et al. 
2007). Both VAs can be involved. Dissection is fre-
quently also the cause of aneurysms of cerebellar arter-
ies, more commonly of the posterior inferior cerebellar 
artery (Ramgren et al. 2005; Bradac and Bergui 2004; 
Mitsos et al. 2008) as well as the posterior cerebral 
artery (Lazinski et al. 2000; Roh et al. 2008) (see also 
Chap. 11). Dissection in the anterior circulation is 
rarer; it can be an extension of dissection of the ICA 
toward the intracranial sector. Intracranially, primary 
dissection typically involves the terminal ICA and 
middle cerebral artery (MCA) (Ramsey and Mosquera 
1948; Kunze and Schiefer 1971; Hochberg et al. 1975; 
Sasaki et al. 1991; Massoud et al. 1992; Bassetti et al. 
1994; Nakatomi et al. 1997; Mizutani 1998; Ohkuma 
et al. 2003).

16.4  Morphological Diagnostic 
Appearance

In the extracranial sector, occlusion with a typical 
tapered appearance is frequent as well as an irregular 
stenosis, which extends for various lengths. Demon-
stration of a double lumen or an intimal flap can be 
pathognomonic, but it is rare. Pseudosaccular aneu-
rysm can also occur (Figs. 16.1–16.6).

Intracranial dissection appears as occlusion and 
irregular stenosis (Figs. 16.6, 16.7b, and 16.11), pseu-
doaneurysm, or fusiform dilatation (Figs. 16.8 and 
16.10). Not infrequently, the arterial changes are mini-
mal. Repeated examination days or weeks later can 
show more conspicuous alterations (Fig. 16.9).

CT and MRI demonstrate ischemic lesions or, in 
cases of ruptured intracranial dissecting aneurysm, 
subarachnoid hemorrhage (SAH). Furthermore MRI 

can show hyperintensity of the involved artery or 
 dilatation of the vessel on T1-weighted sequences. 
Eccentric signal void (corresponding to the residual 
lumen) surrounded by a semilunar hyperintensity (cor-
responding to the mural hematoma) can be evident. 
This, however, may be visible only a day or two after 
the acute episode, first on T1-, then on T2-weighted 
sequences (Zuber et al. 1994; Levy et al. 1994; Hosoya 
et al. 1999; Provenzale 2008; Vertinsky et al. 2008).

MRI angiography and, particularly, CT angiogra-
phy can replace angiography in many cases. But the 
latter, owing to its precise morphological selective 
demonstration of the arteries, still remains the gold 

Fig. 16.1 MRI angiography showing irregular stenosis of the 
right internal carotid artery (ICA; arrow) due to spontaneous 
dissection. Entering the skull base, the lumen of the artery is 
again normal. There is occlusion of the left ICA. The vertebral 
arteries, not demonstrated in this slice, were normal
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standard and is to be used every time in young patients 
if the diagnosis is not clear or if treatment (surgical or 
endovascular) is planned.

16.5  Clinical Relevance

Dissection most commonly occurs extracranially, and it 
is responsible for 2% of all ischemic strokes and for 
about 20% of all strokes in patients under 45 years of 
age (Bogousslavsky et al. 1987; Schievink 2001; 
Redekop 2008). Some dissections may be accompanied 
only by cervical and facial pain (Buyle et al. 2001), 
which are always present, and by Horner’s syndrome as 
a result of sympathetic fibers and palsy in the 

ICA dissection. All these signs can elude an imprecise 
neurological examination. In many cases, dissection 
leads to ischemia, commonly through emboli, involving 
the anterior or posterior circulation, depending on the 
artery involved (Figs. 16.1–16.6). The spinal cord can 
also be infrequently involved in dissection of the VA 
(Weidauer et al. 1999; Crum et al. 2000) (Fig. 16.7a).

An interesting aspect is palsy of the last four cranial 
nerves in dissection of the ICA in various combina-
tions (Bradac et al. 1981, 1989, 2000; Maitland et al. 
1983; Hommel et al. 1984; Lieschke et al. 1988; 
Nusbaum et al. 1988; Waespe et al. 1988; Vargas et al. 
1992; Schievink et al. 1993; Mokri et al. 1996; 
Sturzenegger et al. 1993). This can be due to compres-
sion of pseudoaneurysms, which are not, however, 
always present. It has also been supposed that a slight 

a b c

Fig. 16.2 Example of spontaneous dissection of an extracranial 
ICA. (a) Irregular fusiform dilatation arresting at the skull base. 
Note the ascending pharyngeal artery (APhA; arrowheads) 

 running close to the ICA. (b) Irregular fusiform dilatation of the 
ICA (arrows). A flap is recognizable (arrow with dot). (c) Very 
long stenosis arresting at the base of the skull
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enlargement of the ICA could compress the ascending 
pharyngeal artery (APhA), which runs parallel and 
adjacent to the ICA (Bradac et al. 1990, 2000). Indeed, 
from previous studies, it is well established that the 
APhA supplies these nerves (Lasjaunias and Doyon 
1978). The rare involvement of cranial nerves III, IV, 
and VI, supplied by branches of the inferolateral trunk 
(ILT), could be due to a slight extension of the dissec-
tion to the cavernous portion of the ICA. Hypoperfusion, 
or embolic involvement of the ILT, can also be taken 
into consideration (Bradac et al. 2000). Involvement of 
these nerves has been described in cases of ICA occlu-
sion (Wilson et al. 1988; Kapoor et al. 1991).

Intracranial dissection involves predominantly the 
verte brobasilar sector. The lesion can lead to ischemia in 
the cerebellum and brainstem, with varying clinical symp-
toms always associated with abrupt cervico- occipital pain 
(Yashimoto et al. 1996; Hosoya et al. 1999; Lee et al. 
2006; Shin et al. 2007b) (Figs. 16.6 and 16.7b).

In many other cases, however, as increasingly reported 
in the literature, dissection leads to SAH (Shimoji et al. 
1984; Friedman and Drake 1984; Yamamura et al. 1999; 
Yamamura et al. 1990; Manabe et al. 2000; Anxionnat 
et al. 2003; Sugiu et al. 2005; Ramgren et al. 2005) 
(Figs. 16.8 and 16.9). In recent histopathological studies 
of dissection on the intracranial vertebral artery that 

Fig. 16.3 Middle-aged patient presenting with acute cervical-
gia. The complete angiographic study showed tortuosity of both 
ICAs. The right carotid angiogram (two oblique views)  disclosed 
a prominent coiling associated with a probably large  dissecting 

aneurysm (arrow). Conservative medical treatment was per-
formed. Three months later, a control angiogram showed the 
unchanged aneurysm, which was occluded with coils
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resulted in fatal SAH, autopsy revealed in addition to the 
ruptured dissection responsible for the acute hemor-
rhage, also a previous intracranial vertebral artery dis-
section, which was partially or completely repaired, in 
43% of cases; in about half of those cases, the lesions 
were bilateral (Hosoya et al. 1999; Shin et al. 2000; 

Ro et al. 2009). For dissecting aneurysm of the cerebel-
lar and posterior cerebral arteries, see Chap. 11.

The identification of this pathology and the prog-
ress of surgical and endovascular treatment have 
improved the clinical course in many patients (Yang 
et al. 2007) (Figs. 16.8 and 16.9).

a b c

d e

Fig. 16.4 Patient admitted with acute ischemia in the vascular 
territory of the left posterior cerebral artery, demonstrated on 
MRI. (a) MRI angiography, (b) showing irregularity of the right 
internal ICA (arrow) and a doubtful finding on the right verte-
bral artery (arrowhead). The angiogram of the right ICA (c) 
confirmed the changes to the artery, probably due to dissection 

(arrow). The right vertebral angiogram (d) showed mild stenosis 
of the vertebral artery at its origin (arrow with dot) and a rounded 
pseudoaneurysm, probably dissecting, at the level of C6 (arrow). 
This was probably the cause of the embolic occlusion (e) of the 
left posterior cerebral artery (arrow)
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Intracranial dissections in the anterior circulation 
are very rare (Kunze and Schiefer 1971; Hochberg 
et al. 1975; Sasaki et al. 1991; Massoud et al. 1992; 
Bassetti et al. 1994; Nakatomi et al. 1997). Ischemic 
stroke is frequent; SAH can occur, and it is not as 
uncommon as previously thought (Mizutani 1998; 
Ohkuma et al. 2003; Lv et al. 2009) (Fig. 16.10).

In this context, a particular type of aneurysm is that 
of blood blister-like aneurysms, which have been 
reported to be typically located on the superior wall of 
the supraclinoid ICA. The pathogenesis of these lesions 
is not completely clear. They are probably a particular 

form of dissection (Ishikawa et al. 1997; Okuchi et al. 
1999). Some authors (Abe et al. 1998) suggest that an 
important role is played by atherosclerosis, whereby 
ulcerated plaques lead progressively to a focal defect 
in the artery wall and eventually to the formation of a 
hematoma covered by fibrous tissue. Angiograms in 
the acute phase can be normal or show only a small 
bulge on the artery wall (Okuchi et al. 1999; Biondi 
et al. 2009; Cronquist 2009). Over subsequent days in 
such cases, the lesion commonly grows and forms a 
saccular aneurysm. These lesions are associated with 
high morbidity and mortality. Regrowth after coiling is 

a b

c

Fig. 16.5 Spontaneous 
dissection of the left vertebral 
artery in a very young 
patient, with embolic 
occlusion of the middle 
basilar artery. Left vertebral 
angiogram (a) showing 
irregularity of the artery with 
stenosis (arrows) and 
dilatation. A double lumen is 
also recognizable (arrow with 
dot). Occlusion (b) of the 
basilar artery (arrow). 
Selective catheterization with 
a microcatheter of the basilar 
artery through the right 
vertebral artery, followed by 
pharmacological fibrinolysis 
with reopening (c) of the 
artery. Complete recovery of 
the patient
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frequent. Parent artery occlusion and the use of stents 
are limited to the acute phase of presentation with 
hemorrhage (Biondi et al. 2009). Some successful sur-
gical repair has been recently reported (Bojanowski 
et al. 2009). Finally, dissection of the distal branches 
may also infrequently occur.

16.6  Treatment

The treatment of extracranial lesions is controversial 
since an important aspect is normalization of the vessel 
lumen in many cases (Pelkonen et al. 2003). This is par-
ticularly true when stenosis is present. Recanalization 

a b

c d e

Fig. 16.6 Young patient with brainstem stroke due to dissection 
of both vertebral arteries (VA) with involvement also of the basi-
lar artery (BA). (a) MRI, coronal view, T2-weighted image 
showing a small lateral bulbar ischemia. (b) Angiogram of the 
right VA (AP and lateral view) showing segmental narrowing 
of the VA, especially at the extracranial-intracranial passage 
(arrowhead). The VA ends in the posterior inferior cerebellar 
artery (PICA). There is injection of the anterior spinal artery 

(ASA; arrows) through a radiculomedullary artery. (c) Angio-
gram of the left VA, showing similar segmental narrowing of the 
VA (arrowhead) and BA, which appears occluded in its middle 
segment (arrow). (d) On the carotid angiogram, there is a good 
collateral circulation through the circle of Willis, with a retro-
grade injection of the BA. Medical therapy was performed. The 
patient improved rapidly and was symptom-free 1 month later. 
(e) Normal control vertebral angiogram
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can also occur more rarely in cases of occlusion. When 
a pseudoaneurysm is present, it commonly remains 
unchanged or can enlarge later. In the acute phase, con-
servative medical therapy that avoids intracranial embo-
lism is preferred in many centers. Endovascular therapy 
may be performed later if the stenosis or pseudoaneu-
rysm remain. In selected cases, when stenosis is present 
but the lumen is maintained and an embolic intracranial 
occlusion is recognizable, selective endovascular throm-
bolysis can be performed (Fig. 16.5).

In cases of intracranial dissection with SAH, the 
lesion should be treated rapidly since the risk of 

rebleeding is very high. Surgical or endovascular 
treatment consists frequently of occlusion of the dis-
sected segment, along with the parent artery, with 
balloons or coils whenever this is judged possible 
(Sugiu et al. 2005; Ramgren et al. 2005) (Figs. 16.8 
and 16.10). The use of more appropriate stents may 
be possible in the future. Pseudoaneurysms can grow 
rapidly, and so close angiographic control is manda-
tory in cases when because of the poor clinical 
condition of the patient on admission or because 
of minimal vessel changes, endovascular treatment is 
not performed in the acute phase. This treatment 

a

b

Fig. 16.7 (a) Spinal cord 
ischemia in a young patient 
due to dissection of the right 
vertebral artery. MRI 
T2-weighted image showing 
the hyperintensity lesion of 
the spinal cord. Right 
vertebral angiogram 
disclosing irregularity with 
a small pseudoaneurysmal 
dilatation of the distal 
extracranial and partially 
intracranial VA. The left VA 
was normal. The anterior 
spinal artery is not always 
visible on the vertebral 
angiogram. Its absence in 
this specific case, however, is 
probably due to occlusion. 
The patient recovered, and 
on the control angiogram 
2 months later the VA was 
normal. (b) Dissection of the 
left VA in another patient 
presenting with transient 
brainstem ischemia. 
Irregular stenosis is 
recognizable in the intracra-
nial VA. Control angiogram 
2 months later showed 
normalization of the lumen
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a b

c d

Fig. 16.8 Dissecting aneurysm of the right VA, presenting with 
subarachnoid hemorrhage (SAH). (a) Right vertebral angiogram 
showing irregular small fusiform aneurysm (arrowhead) proxi-
mal to the origin of the small PICA (small arrow). A large ante-
rior inferior cerebellar artery (AICA; arrows) supplies the 
vascular territory of the PICA. (b) Left vertebral angiogram 
after occlusion of the aneurysm with coils and of the right VA. 
The right PICA was preserved (arrow) as well as the anterior 
spinal artery (arrowhead), arising typically distal to the PICA. 

The patient recovered well. Another example of a dissecting 
aneurysm of the right vertebral artery, presenting with SAH. (c) 
Right vertebral angiogram, oblique view. Round dilatation 
(arrowhead) of the VA. There is a large AICA (double arrow) 
supplying completely the vascular territory of the PICA. Anterior 
spinal artery (arrow). Well-developed PICA on the left. (d) Left 
vertebral angiogram after occlusion of the aneurysm and right 
VA. Anterior spinal artery (arrow)
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can, however, be carried out as soon as the clinical 
condition improves or the lesion becomes more evi-
dent on the control angiogram (Fig. 16.9). In addition, 
stenotic lesions that involve intracranial vessels 
responsible for ischemia in the acute phase can 
sometimes change in late controls; pseudoaneurysms 
form, and this demands a different therapeutic 
approach.

16.7  Dissection and Dissecting 
Aneurysms in Children

In young and middle-aged adults, dissection occurs 
typically in the extracranial sector, while in children it 
is frequent also in the intracranial sector (Schievink 
et al. 1994b; Fullerton et al. 2001). Unlike in adults, 

a

b

Fig. 16.9 Severe SAH in a relatively young patient. (a) Right 
vertebral angiogram showing fusiform dilatation, suggesting 
dissecting aneurysm (arrow) of the lateral bulbar segment of the 
PICA. The comatose patient recovered slowly. (b) The second 

angiogram 3 weeks later showed a tremendous enlargement of 
the aneurysm, now involving the PICA, also near its origin 
(arrow). Selective occlusion of the aneurysm with coils
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in whom dissecting aneurysms are prevalently in the 
posterior circulation, in children they are frequent 
also in the anterior circulation (Schievink et al. 1994b; 
Fullerton et al. 2001; Lasjaunias et al. 2005). Among 
the arteries typically involved in the anterior circula-
tion, the most frequent are the terminal ICA and 
MCA; in the posterior circulation, the most com-
monly involved are the VA, basilar artery, and poste-
rior cerebral artery (Hochberg et al. 1975; Nass et al. 
1982; Graber et al. 1992; Schievink et al. 1994b; 

Laughlin et al. 1997; Fullerton et al. 2001; Lasjaunias 
et al. 2005; Massimi et al. 2003; Vilela and Goulão 
2006; Bradac et al. 2008a).

The dissection is characterized by stenosis; occlu-
sion leads to ischemia because of distal emboli or 
hypoperfusion (Fig. 16.11). Intracranially, large pseu-
doaneurysms can frequently have a mass effect on the 
surrounding parenchyma or be the cause of distal 
embolization. Ruptures with SAH can occur, but they 
are less common than in adults (Fig. 16.12).

Fig. 16.10 Young patient presenting with a severe SAH hemor-
rhage with a parenchymatous component owing to rupture of an 
aneurysm, probably dissecting, of the proximal segment of the 
pericallosal artery. The arrow shows the small stenosis of the 
artery proximal to the aneurysm. In a later phase, progressive 

filling of the large aneurysm and distal pericallosal artery. The 
sac of the aneurysm was clipped, but a week later a second 
severe SAH occurred. A second angiographic study revealed 
that the aneurysm had enormously increased. It was occluded 
together with the pericallosal artery with coils
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a

Fig. 16.12 Young boy with a short clinical history of severe 
headaches. (a) MRI T1-weighted sagittal images. A mass 
lesion, characterized by an inhomogeneous signal and a hyper-
intense peripheral rim, corresponding probably to a large 
aneurysm with an intramural thrombus of different ages, is 
visible. After contrast medium enhancement, the patent part of 
the aneurysm was demonstrated. There is compression of the 

aqueduct and midbrain. (b) On the vertebral angiogram, an 
irregularly shaped aneurysm arising from a small branch of the 
P3-P4 segment of the right posterior cerebral artery is visible 
(1). Focal stenotic segment proximal to the aneurysm (arrow). 
Selective catheterization of the aneurysm and its occlusion with 
coils (2). Final control angiogram (3). The patient recovered 
completely

Fig. 16.11 Lateral carotid 
angiogram in a 5-year-old child 
with a sudden onset of hemiple-
gia and aphasia. Left lateral 
carotid angiogram. Narrowing of 
the terminal segment of the left 
ICA (arrowhead). Irregularity 
and occlusion of many branches 
of the middle cerebral artery.  
A spontaneous dissection with 
distal embolization was 
suspected
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b

Fig. 16.12 (continued)
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17.1  Great Variety of Diseases

Nonatherosclerotic vasculopathies comprise a great 
variety of diseases, as listed in Table 17.1, that result 
from different etiologies; they include collagenopa-
thies, immunological, hematological, and infection 
mechanisms, and other rarer causes that have in com-
mon the possibility of affecting the cerebral vessels, 
leading to ischemia and sometimes hemorrhage. In the 
majority of these diseases, the angiogram shows such 
findings as occlusion and irregular narrowing, alternat-
ing with dilation and sometimes aneurysm. These 
changes are not typical of one specific disease, but are 
common to all, independent of their basic pathology. 
Furthermore, in many cases where the involved vessel 
is in the precapillary-capillary sector, the angiogram 
may be normal, so the final diagnosis is made based on 
clinical and laboratories findings. Some angiographic 
examples are presented in Figs 17.1–17.3.

Some of these pathologies are characterized by a 
typical angiographic pattern, which will be described 
in detail.

17.2  Cerebrovascular Fibromuscular 
Dysplasia

Fibromuscular dysplasia (FMD) is a systemic vascu-
lar disease, characterized by nonatherosclerotic 
changes involving the wall of small to medium-sized 
arteries. All vascular territories can be affected; 
among them, FMDs are seen in the renal arteries most 
frequently, and this is often responsible for hyperten-
sion in these patients. Palubinskas and Ripley (1964) 
and Palubinskas and Newton (1965) were the first to 

report the angiographic aspects of this disease in the 
cephalic arteries. Numerous reports followed 
(Palubinskas et al. 1966; Andersen 1970; Wylie et al. 
1966; Houser and Baker 1968; Bradac and Heymat 
1970; Stanley et al. 1974; Manelfe et al. 1974; Osborn 
and Anderson 1977; Bradac and Oberson 1983), 
clearly distinguishing FMD from atherosclerotic and 
other nonatherosclerotic lesions and its possible rela-
tionship with stroke.

The true incidence of FMD is unknown. In some 
reports, it is cited as up to 10% in angiographic studies 
(Chiras et al. 1985). FMD is more frequent in women, 
and it is rare in children (Andersen 1970).

17.2.1  Pathology and Etiopathogenesis

FMD is commonly characterized by involvement of 
the medial layer, with fibrous proliferation and hyper-
plasia of the smooth muscle cells. Less commonly, 
FMD involves the intima or adventitia. These changes 
lead to thickening and fibrosis of the layer involved. 
The precise etiopathogenesis has yet to be identified. 
A deficiency of alpha 1-antitrypsin has been reported 
(Schievink et al. 1998).

17.2.2  Diagnosis

The aspect of the arteries involved can be typical and 
is characterized on the angiogram, CT angiography, or 
MRI angiography by multifocal stenosis, which is 
sometimes severe, alternating with areas of mural dila-
tation, leading to the so-called string-of-beads appear-
ance. Pseudoaneurysms and tubular stenosis can occur. 

Other Nonatherosclerotic Vasculopathies 17
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In the latter situation, in a patient with stroke, the dif-
ferential diagnosis of dissection can sometimes be 
 difficult. On control angiograms, the findings remain 

unchanged in FMD, while in dissection normalization 
frequently occurs. The vessel most often involved 
is the extracranial internal carotid artery (ICA) in 

Primary angiitis of the CNS

•  Granulomatous vasculitis, affecting predominantly the precapillary arterioles, occasionally large vessels (such as ICA, PCA, 
MCA, ACA). Small aneurysms have also been reported. Angiography frequently normal

Systemic vasculitis that can affect the CNS

•  Giant cell arteritis: granulomatous vasculitis involving predominantly superficial temporal ophthalmic arteries, occasionally 
extracranial ICA and VA

• Takayasu arteritis: granulomatous vasculitis

• Polyarteritis nodosa: necrotizing vasculitis; large intracranial vessels can be involved; aneurysm may be present

•  Wegener’s granulomatosis: necrotizing vasculitis; can involve intracranial arteries with ischemia due to occlusion and 
hemorrhage due to rupture of arteries

•  Behçet’s disease: no signs of necrotizing or granulomatous vasculitis are found; frequently perivenular infiltrations are 
present; angiography often normal

Systemic diseases that can affect the CNS

• Systemic lupus erythematosus

• Rheumatic disease

• Sjogren’s syndrome

• Behçet’s disease: no signs of necrotizing or granulomatous vasculitis are found; angiography frequently normal

• Crohn’s disease

• Sarcoidosis

Hematological conditions

•  Sickle cell disease, Moschcowitz’s disease, platelet hyperaggregability, disseminated intravascular coagulation, antiphospho-
lipid syndrome, deficiency of factors involved in coagulation (deficiency of proteins C and S, antithrombin III, factor V 
Leyden), homocystinuria

Vasculopathies not linked to inflammatory processes

• Neurofibromatosis, intracranial vessel occlusion, possible intracranial aneurysm

•  Ehlers-Danlos syndrome (aneurysm, frequently dissecting, of the extra- and intracranial arteries; dissecting aneurysm of the 
intracavernous ICA with spontaneous cavernous fistulas)

• Fibromuscular dysplasia

• Scleroderma

• Livedo reticularis (Sneddon’s syndrome)

• Moyamoya disease

Infection diseases

• Bacterial, fungal, parasitic, viral (herpes zoster ophthalmicus)

Others

• Vasculopathies related to drugs, radiotherapy, intracranial tumors, trauma

• Migraine stroke

Table 17.1 Nonatherosclerotic vasculopathies

Abbreviations: ACA, anterior cerebral artery; CNS, central nervous system; ICA, internal carotid artery; MCA, middle cerebral 
artery; PCA, posterior cerebral artery; VA, vertebral artery
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Fig. 17.1 Lateral carotid angiogram (detail with magnification) in a patient with polyarteritis nodosa, early and later phases. 
Aneurysmal dilatations (arrow) and stenotic changes (arrowheads) are present

Fig. 17.2 A young boy with neurofibromatosis presenting with 
an acute occlusion of the basilar artery. Vertebral angiogram 
showing the occlusion (arrow). In the later phases, retrograde 
injection of the superior cerebellar artery (SCA) and anterior 

inferior cerebellar artery (AICA) through opening of the anasto-
mosis with the posterior inferior cerebellar artery (PICA; 
arrows). There is a slight displacement of the vertebral artery at 
C1-C2 owing to dysplasia of the cervical spine (arrow with dot)

its mid-portion, frequently bilaterally (Osborn and 
Anderson 1977), followed by the extracranial verte-
bral artery (VA) in its mid-distal portion. Multiple ves-
sels are commonly affected (Osborn and Anderson 

1977; Osborn 1999). Intracranial vessels may also be 
affected, but this occurs less frequently (Elias 1971; 
Frens et al. 1974; Tomasello et al. 1976; Saygi et al. 
1990) (Fig. 17.4).
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a b

Fig. 17.3 Suspected primary angiitis in a young boy presenting 
with sudden onset of epileptic seizures and psychic impairment. 
Lateral carotid (a) and vertebral angiogram (b). Irregularity and 

focal narrowings of several distal branches in the anterior and 
posterior circulation are visible

a b

Fig. 17.4 (a) Typical string-of-beads appearance of the internal 
carotid artery (arrow). (b) String-of-beads appearance at the 
level of the distal basilar artery (arrows) associated with a 

 similar finding involving the posterior cerebral artery (PCA) and 
SCA, with occlusion, probably embolic, of the distal branches 
(arrow with dot)
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FMD is commonly associated with cerebral aneurysm 
(Handa et al. 1970b; Hirsch and Roessmann 1975; Osborn 
and Anderson 1977). Fistulas of the carotid-cavernous 
sinus and vertebral and perivertebral veins have been 
reported (Geraud et al. 1973; Hieshima et al. 1986).

17.2.3  Clinical Relevance

The extracranial changes of FMD can occasionally be 
found in patients examined for other pathologies. FMD 
can, however, be the cause of ischemic stroke owing to 
the formation of thrombus at the site of the stenosis, 
which is followed by intracranial embolization. The 
close relationship of dissection with FMD is well 
established. Intracranial FMD can be the cause of isch-
emia or be responsible for dissecting aneurysms with 
possible subarachnoid hemorrhage (SAH). Finally, 
there is a frequent association with intracranial berry 
aneurysm, which is responsible for the SAH in these 
patients. The treatment (medical, surgical, endovascu-
lar) depends on the type of lesion and stroke.

17.3  Moyamoya Disease

This is a chronic, progressive cerebrovascular disease, 
first described in Japanese patients by Takeuchi and 
Shimizu in 1957. Other Japanese reports followed (Kudo 
1968; Nishimoto and Takeuchi 1968). The term moy-
amoya, proposed by Suzuki and Takaku (1969), means 
“vague puff of smoke.” Despite the fact that the disease is 
more frequent in Japanese patients, later studies showed 
that it can occur also in non-Asians (Taveras 1969; 
Galligioni et al. 1971; Picard et al. 1974a, 1974b; Huber 
1979; Bradac and Oberson 1983; Masuda et al. 1993). 
Children and young patients are prevalently involved, but 
the disease may also be seen in older patients.

17.3.1  Pathology and Etiopathogenesis

Intimal thickening due to proliferation and migration 
of smooth muscle cells leads to progressive occlusion 
of the intracranial distal ICA, with extension also to the 

M1 and A1. A rich network of vessels develops, involv-
ing perforators of the middle cerebral artery (MCA), 
anterior cerebral artery (ACA), posterior communicat-
ing artery, P1, and the anterior and posterior choroidal 
arteries. The significance of this network is not com-
pletely clear. Some authors (Taveras 1969; Crouzet 
et al. 1974; Picard et al. 1974a, 1974b) have suggested 
that this is a kind of collateral circulation, with anasto-
moses between the deep and superficial vascular terri-
tories. This interpretation is intriguing since deep 
perforators are commonly thought to be end arteries, 
with no links to one another or to the medullary arter-
ies. However, microangiographic studies (Kodama and 
Suzuki 1974; Umansky et al. 1985) have shown that a 
few anastomoses can be present among the single per-
forators and between the perforators and medullary 
arteries. It is therefore conceivable that in slowly occur-
ring occlusive diseases like moyamoya, anastomoses 
occur in these vascular territories (Fig. 17.5).

Basically, two phases of the disease can be recog-
nized. The first phase is characterized by a progressive 
occlusion of the distal branches of the ICA and circle 
of Willis, with formation of the typical basal network 
involving the deep perforators. In the second phase, 
the occlusion of the ICA is complete, and the collateral 
circulation to the cortical branches occurs through 
dural and transosseous branches of the external carotid 
artery (ECA) and ophthalmic artery (Fig. 17.6).

The posterior circulation, at least in the first phases 
of the disease, is not affected. It is indirectly involved 
in the collateral circulation through its perforators and 
leptomeningeal anastomoses of the posterior cerebral 
artery toward the MCA and ACA. Later, the P1 also 
becomes occluded, so that only branches of the ECA 
are responsible for the intracranial circulation in the 
supratentorial sector.

The etiology of the disease is not known. Moyamoya 
disease can occur in different pathological conditions: 
vasculitis with or without an autoimmune mechanism, 
a postirradiation state, neurofibromatosis, hemoglo-
binopathies, and atherosclerosis. Genetic factors prob-
ably also play some role.

17.3.2  Diagnosis and Clinical Relevance

Angiography is the essential method for identifying the 
disease. Moyamoya disease has a progressive character, 
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Fig. 17.5 Sixty-year-old woman presenting with sudden hemor-
rhage in the left basal ganglia. CT (a). Left carotid angiogram, 
AP view (b). Several changes are recognizable in the first seg-
ment of the middle cerebral artery (MCA). The M1 appears tortu-
ous and very small, continuing to the normal M2 segment. There 
is also a well-developed network involving perforators with a 

 pattern resembling that in moyamoya disease. As demonstrated 
in the selective study (c), at least two perforators (curved arrows) 
anastomose to each other, contributing to revascularization of the 
M2 segments. On one of these perforators, a small aneurysm is 
recognizable (arrow), which was responsible for the hemorrhage. 
This was occluded with glue. Final control angiogram (d)

a

c

b
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and it leads to ischemic stroke and hemorrhage. The lat-
ter is frequently due to small aneurysms present in the 
basal network.

17.4  Takayasu Arteritis

Takayasu arteritis is a granulomatous arteritis that 
affects the aorta and its main branches. The pathologi-
cal changes are characterized by inflammatory infiltra-
tion of the artery wall by lymphocytes, plasma cells, 

and the presence of granulomas composed of giant 
cells. These pathological changes are similar to those 
found in giant cell arteritis, but the vessels involved are 
different and the affected patients are younger. On the 
angiogram, occlusion or stenosis of the common 
carotid artery and the VA at their origin is typical. 
Cerebral infarction and retinal ischemia occur 
(Fig. 17.7).

17.5  Sneddon’s Syndrome

This is a syndrome with involvement of the cerebral 
vessels in patients with livedo reticularis. Sneddon’s 
syndrome is a cutaneous condition that is characteri-
zed by a bluish reticulated aspect of the skin as a result 
of impaired superficial venous drainage. The cerebral 
angiogram of these patients shows occlusion of the 
distal branches of cerebral vessels, with a formation 
close to the occlusion of a typical network of capil-
laries and venules (Fig. 17.8). Multiple ischemia is 
 present. Clinically, the disease is characterized by pro-
gressive strokes.

d

Fig. 17.5 (continued)
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a b

c

Fig. 17.6 Moyamoya disease in a young patient. (a) Common 
carotid angiogram, AP view. There is an irregular severe steno-
sis of the proximal M1 and A1 (arrow). Rich basal network 
involving perforators, acting probably as a collateral circulation 
toward the distal segments of the MCA and anterior cerebral 
artery (ACA). (b) On the lateral angiogram, there is the begin-
ning of collateral flow toward the ACA through opening of an 
anastomosis from the anterior falx artery (arrow) and posterior 
ethmoidal arteries (arrows). There is also an initial collateral 
flow from the middle meningeal artery (MMA; arrow with dot). 

A partial filling of the distal pericallosal artery through anasto-
mosis with the PCA is present. (c) Bilateral moyamoya disease 
in another patient. Lateral carotid angiogram. Complete occlu-
sion of the ACA and MCA. Persistence of a minimal basal net-
work. Beginning of a collateral circulation toward the anterior 
circulation from the left PCA visible on the left carotid angio-
gram and from the right PCA (arrow) visible on the vertebral 
angiogram. Partial involvement also of the MMA, recognizable 
on the left carotid angiogram
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Fig. 17.7 Aortic arch angiogram in a patient with Takayasu 
arteritis. Occlusion of the left subclavian (SL) and left common 
carotid artery (CL). Severe stenosis of the brachiocephalic trunk. 

In the late phases, retrograde injection of the left vertebral and 
left subclavian artery (arrows) from the right vertebral-basilar 
artery (subclavian steal syndrome)
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Fig. 17.8 Lateral carotid angiogram in a patient with Sneddon’s 
syndrome. Several areas with the typical capillary network asso-
ciated with vessel occlusion are evident
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There are many cardiac diseases responsible for cere-
bral ischemia, which is frequently the result of emboli 
in patients with cardiac dysrhythmia, myocardial 
infarction, atrial septal aneurysm, cardiac valves dis-
eases, prosthetic valves, endocarditis of various ori-
gins, and congenital heart diseases (Figs. 18.1–18.3). 
Recently, paradoxical embolism through a patent fora-
men ovale has become a frequent explanation for 
embolism (Lechat et al. 1988). Cardiac abnormalities 
responsible for embolization have been identified in 
systemic lupus erythematosus and in primary antiphos-
pholipid antibody syndrome. Another rare pathology 
is myxoma. This is a tumor that commonly originates 
in the left atrium in young to middle-aged patients. 
The emboli consist of myxomatous tissue that leads to 

parenchymal tumoral localizations and vascular 
changes, with occlusion and aneurysmal dilation (New 
et al. 1970) (Fig. 18.4).

The commonest site of cardiac emboli is the ante-
rior circulation, especially in the terminal internal car-
diac artery and in the main trunk of the middle cerebral 
artery. The posterior circulation is less involved, with a 
typical location being that of the top of the basilar 
artery. The incidence of cardioembolism is reported to 
be 15–20% of all strokes. It is most frequent in young 
patients (Barnett 1974; Barnett et al. 1980; 
Bogousslavsky et al. 1988a, 1988b; Kittner et al. 1991; 
Broderick et al. 1992). As in other types of emboliza-
tion, spontaneous rapid recanalization can occur, and 
so angiography performed later appears normal.

Cardiac Diseases 18

a b

Fig. 18.1 Mycotic aneurysm in a patient with bacterial endocarditis. (a) Lateral carotid angiogram showing the aneurysms (arrows). 
(b) Control angiogram 2 months later after antibiotic therapy, showing disappearance of the aneurysm
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a

b

Fig. 18.2 Acute multiple occlusions involving branches of the 
middle cerebral artery and anterior cerebral artery in a middle-aged 
patient. (a) Carotid angiogram, AP and lateral views, showing 

multiple lesions. (b) Selective pharmacological thrombolysis, with 
reopening of the occlusions and good clinical results. A cardiac 
pathology was suspected. However, no cardiac disease was found
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Fig. 18.3 Cardiac embolization in an old patient involving sev-
eral branches of the middle cerebral artery and posterior cerebral 
artery (PCA; arrow), arising directly from the internal carotid 

artery. Partial retrograde injection of branches of the middle 
cerebral artery and distal branches of the PCA (arrows) through 
opening of pial anastomoses with the anterior cerebral artery
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a

b

Fig. 18.4 Cerebral embolization in a patient with cardiac myxoma. (a) CT showing a parenchymal localization of the tumor emboli. 
(b) Carotid and vertebral angiogram disclosing aneurysmal dilatation due to tumoral infiltration of the vessel wall (arrows)
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Ischemia in children deserves some specific consider-
ations. It is not as rare as is commonly thought (Barnes 
et al. 2004; Amlie-Lefond et al. 2009). Unlike in adults, 
it is rarely linked to factors related to atherosclerosis. 
Instead, it is associated with a variety of pathological 
processes, including cardiac diseases, spontaneous 
dissection, and other nonatherosclerotic arteriopathies, 
which are listed in the table in Chap. 17. In some 
cases, a precise etiology can be identified; in many 
others, however, it may only be suspected or remain 
unknown (Barnes et al. 2004; Jones et al. 2010).

Among the most frequent causes are infections, espe-
cially of the upper respiratory tract, and hematological 
diseases. Arteritis due to a previous Varicella-zoster 

infection can occur (Sebire et al. 1999; Barnes et al. 
2004; Lauthier et al. 2005; Miravet et al. 2007; Jones 
et al. 2010). Primary cerebral angiitis has been empha-
sized by some authors (Elbers and Benseler 2008; 
Hajj-Ali and Calabrese 2009). Spontaneous dissection 
is another increasingly recognized cause of stroke in 
children (Schievink et al. 1994a; Fullerton et al. 2001; 
Rafay et al. 2006) (see Sect. 16.7).

The ischemia and vessel lesions in the form of 
stenosis or occlusion can be often diagnosed on CT and 
MRI as well as CT and MRI angiography. For a more 
detailed diagnosis, angiography remains the examina-
tion of choice. Control studies can show normalization 
of the vessels involved (Figs. 17.2, 17.3, and 16.11).

Arterial Occlusive Diseases in Children 19
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Improvements in diagnostic methods, in particular 
angiography, MRI, and MRI angiography, have 
made it possible to identify this pathology in many 
patients. The true incidence of central venous throm-
bosis (CVT), however, remains unknown, even if 
there is no doubt that it is more frequent than had 
previously been thought (Krayenbuehl 1967; Ameri 
and Bousser 1992; Bousser et al. 1985; Einhäupl and 
Masuhr 1994; Bousser and Russell 1997; Linn and 
Brückmann 2010).

20.1  Etiopathogenesis

A frequent cause is infection, either intracranial exten-
sion of infectious diseases involving the skin-bone 
cavities of the craniofacial area or in cases of general 
bacterial septicemia or viral infection, especially due 
to HIV and cytomegalovirus. In young women, CVT 
occurs during pregnancy, in puerperium, and in patients 
using oral contraceptives. Other causes are pathologies 
of the red blood cells, such as thrombophilia, poly-
cythemia, sickle cell disease, leukemia, and lym-
phoma, and in many coagulation disorders, such as 
protein C and S deficiency and disseminated intravas-
cular coagulation. CVT also is frequent in patients 
with Behçet’s disease, systemic lupus erythematosus, 
and in patients with severe dehydration and cardiac 
failure. Other causes are cranial trauma and neurosur-
gical intervention. Finally, intracranial tumors, espe-
cially meningiomas, can involve the adjacent sinus and 
cause thrombosis.

It should, however, be taken into consideration 
that in many cases—up to 35%—the cause remains 
unknown (Milandre et al. 1988; Ameri and Bousser 
1992; Cantu and Barinagarrementeria 1993; Einhäupl 

and Masuhr 1994). As far as it concerns the sinus 
thrombosis in patients with dural arteriovenous fistu-
las, see Chap. 13.

20.2  Location

The superior sagittal sinus (SSS) is the venous channel 
most commonly involved, followed by the transverse 
sinus. Both are frequently involved together (Ameri 
and Bousser 1992; Cantu and Barinagarrementeria 
1993; Tsai et al. 1995; Linn and Brückmann 2010). 
The thrombosis can be limited to the sinus, and the 
clinical presentation may frequently be characterized 
by clinical symptoms owing to intracranial hyperten-
sion, such as headache and visual disturbances. Cortical 
vein tributaries of the thrombosed sinus can be second-
arily involved as a result of retrograde propagation of 
the thrombus, which commonly leads to ischemia.

Isolated cortical veins thrombosis may also occur. 
This had been thought to be very rare (Ameri and 
Bousser 1992; Einhäupl and Masuhr 1994). Recently, 
through improvement in MRI techniques and progres-
sive awareness of this pathology, cases have been 
increasingly reported (Sagduyu et al. 2006; Boukobza 
et al. 2009; Albayram et al. 2009; Linn and Brückmann 
2010). Moreover, the cortical veins can be an impor-
tant collateral circulation, which, however, may be 
involved at any point of their course, leading to infarct 
(Bergui et al. 1999; Bradac and Bergui 2001).

Thrombosis of the deep venous system, involving 
the straight sinus and the vein of Galen, with retro-
grade extension to the internal cerebral and basal 
veins, is another usually severe condition that is, for-
tunately, less common. In these situations, trans-
cerebral anastomoses via connections between the 

Cerebral Venous Thrombosis 20
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superficial and deep medullary veins can act as an 
important collateral circulation and connect the super-
ficial and deep venous systems (Bergui et al. 1999; 
Bradac and Bergui 2001).

Cavernous sinus thrombosis is another frequent 
localization, and it leads to a typical cavernous sinus 
syndrome. The lesion can extend to the inferior- 
superior petrosal sinus. Involvement of the intracav-
ernous internal carotid artery, with arteritis leading to 
stenosis/occlusion, can occur (Segall et al. 1982). This 
is commonly due to infectious processes that involve 
the skin of the facial region, nose, paranasal sinuses, 
orbita, teeth, and middle ear.

20.3  Diagnosis

CT and MRI allow the detection of changes to the 
brain parenchyma in the form of hemorrhagic and/or 
nonhemorrhagic infarcts, uni- or bilateral, single or 
multiple, with various locations depending on the 
site and extension of the CVT. White matter hypoden-
sity on CT and hyperintensity on T2 images on MRI, 
which indicate edema of a preceding venous infarct, 
is also a sign suggesting venous thrombosis. On CT, 
an abnormal hyperdensity can be recognized at the 
level of the torcular herophili, SSS, and lateral sinus. 

This is, however, difficult to differentiate in the 
majority of cases from the normally slight hyperden-
sity of this structure. Though it is not always present, 
a more reliable indicator is the so-called empty sign, 
which is visible after contrast injection and is due to 
opacification of the sinus wall contrasting with the 
low density of the thrombus in the lumen (Buonanno 
et al. 1978; Kingsley et al. 1978). In addition to CT, 
MRI is very useful in the diagnosis: it shows the 
hypointensity and isointensity of the thrombus in the 
involved sinus and occasionally in the cortical or 
deep veins, respectively, on T2-weighted turbo spin 
echo and T1-weighted spin-echo images in the acute 
phase. After three to five days, the clot becomes pro-
gressively hyperintense on both T1-T2 sequences. 
In this context, the high diagnostic value of the  
T2*-weighted gradient echo in identifying also iso-
lated cortical vein thrombosis has been emphasized 
by some authors (Fellner et al. 2005; Urban and 
Müller-Forrell 2005; Boukobza et al. 2009; Linn and 
Brückmann 2010). Finally, in cases of suspected 
CVT, MRI angiography should be performed. However, 
in doubtful cases, or whenever a more specific diag-
nosis is required, angiography remains a practical 
diagnostic method. A rapid and precise diagnosis is 
important since anticoagulant therapy can improve 
the prognosis of these patients (Villringer et al. 1994) 
(Figs. 20.1–20.4).

a b

Fig. 20.1 Thrombosis of the anterior and middle segments of 
the superior sagittal sinus (SSS; arrowheads). Carotid angio-
gram, lateral view, venous phase (a). Rerouting of the venous 
drainage through cortical veins toward the parietal and temporal 

area. Some of these veins have a typical “corkscrew” appearance 
(arrows). Later phase (b). Distal occlusion of the cortical veins 
(arrow) probably explaining the parietal ischemia, visible on 
MRI (c)
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a b

Fig. 20.2 Thrombosis of the anterior and middle segments of 
the SSS (arrowheads) involving also the distal segment of the 
draining cortical veins. Carotid angiogram, lateral view, venous 
phase (a). Rerouting of the venous drainage through a large vein 

of Trolard into the vein of Labbé (arrows). Later phase, (b) par-
tial reorganized venous drainage in the parietal area (curved 
arrow) toward the patent segment of the SSS

c

Fig. 20.1 (continued)
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a

b c

Fig. 20.3 Venous thrombosis involving the deep venous sys-
tem. MRI, sagittal and axial views, T2-weighted images (a) 
showing changes corresponding to venous ischemia involving 
predominantly the white matter of the right hemisphere. Right 
(b) and left (c) carotid angiogram, venous phase. The vein of 
Galen and straight sinus are not injected. On the right, only the 
proximal part of the basal vein (BV) is recognizable, filled 

through its anterior tributaries. On the left, in addition to the 
basal vein reaching the proximal part of the vein of Galen, 
there is filling of the internal cerebral vein (arrow). It is con-
ceivable that a collateral circulation involving the subependy-
mal and medullary veins toward the cortical veins has 
developed, explaining the absence of ischemia in the left 
hemisphere
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a

c

b

Fig. 20.4 Venous thrombosis involving the distal portion of the 
right segment of the duplicated SSS extending to the transverse 
sinus (TS). Old female patient with headache. The MRI study 
disclosed hyperintensity on T1-weighted images of the right TS. 
Angiography confirmed the suspected diagnosis of sinus throm-
bosis. (a, b) Left and right carotid angiogram, venous phase. 
There is no opacification of the distal right segment of the SSS 

(arrow) and right TS. Both internal cerebral veins are recogniz-
able. They drain into the vein of Galen, continuing to the straight 
sinus and entering the left segment of the SSS, well visible on 
the lateral angiogram (not demonstrated). (c) Vertebral angio-
gram. The minimal laminar injection of the TS (arrows) allows 
identification of the thrombus
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A
ACA. See Anterior cerebral artery (ACA)
AICA. See Anterior inferior cerebellar artery (AICA)
Aneurysms, 117

ACA aneurysms, 121–123
with anomaly of Willis, 51, 121
pericallosal aneurysm, 123
in azygos, 55

aneurysms in children, 141
aneurysm treatment, 126–129
in arteritis, 279
basilar artery aneurysms, 124
clinical presentation, 118
in collagenopathies, 118, 269
dissecting aneurysms (see Dissection)
distal aneurysms of cerebellar arteries,  

124, 135, 136
flow related aneurysms in AVM, 146
flow related aneurysms in DAVF, 161
fusiform giant aneurysms, 125–126
ICA aneurysms

of the communicating and choroidal  
segments of ICA, 121

extracranial, 118
of ICA bifurcation, 121
paraclinoid, 118–121
carotid-ophthalmic, 121, 122, 124
cave aneurysms, 130
cavernous aneurysm, 129
superior hypophyseal artery aneurysm, 125
petrous segment, 118

incidence, 117
and ischemic stroke, 118, 133
location, 117
macroscopic appearance, 117
middle cerebral artery aneurysm, 57,  

123–124
multiple aneurysms, 117
mycotic aneurysms, 279
negative angiography in SAH, 130–132
pathogenesis, 117–118
PCA aneurysm, 124
subarachnoid bleeding, 118
unruptured aneurysms, 118, 129–130
vasospasm in SAH, 132, 141
vertebral-PICA aneurysms, 124

Anterior artery of the falx. See Meningeal arteries
Anterior cerebral artery (ACA)

duplication of A1, 51, 53
Heubner’s artery, 47, 51, 56, 121
hypoplasia of A1, 51
perforators of A1, 47, 53
Pericallosal artery

aneurysm of, 121–123, 129, 130
aneurysms (flow dependent), 123, 130
azygos, 51, 54, 55
calloso marginal artery, 49, 51
dissecting aneurysm, 55, 265
paracentral artery, 50, 51
triplex percallosal A., 51

precommunicating segment (A1), 47–48
Anterior choroidal artery (AchA), 13–15

aneurysms, 121
cisternal-distal plexal segments, 13
perforators, 14
variants, 15, 83, 84, 86

Anterior communicating artery (AcomA), 47, 51
aneurysm, 48, 51, 121–123
hypoplasia, 51
multiple, 48
perforators of, 47

Anterior inferior cerebellar artery (AICA), 71–72
in AVM, 160
in fenestration of basilar artery (BA), 76
with flow dependent aneurysm in AVM, 160
with flow dependent aneurysm in DAVF, 161
labyrinth artery, 71
and meatus acusticus, 71, 74, 76
perforators for the pons, 71
relationship with PICA, 70, 71
rostro-lateral and caudomedial branches, 71, 74, 76, 77

Arterial occlusive disease in children, 266, 271, 272, 283
Arteriovenous fistula, 211

carotid-cavernous fistula, 211–212
vertebral arteriovenous fistula, 212–217

Atherosclerosis, 219
ACA occlusion, 231
AchA occlusion, 231
atheroma of distal ICA, 221
atheromas plaque of subclavian artery, 237
basilar artery microatheroma, 239, 250, 251
basilar artery occlusion, 239
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in black-Asian people, 220
cerebellar arteries occlusion, 239
collateral circulation in ICA occlusion-stenosis, 23, 29, 31, 

32, 220, 221
ICA stenosis, occlusion, T occlusion, 222
infarcts, 220

infarcts haemodynamic (borderzone), 220, 239–242
infarcts-lacunar, 220, 231–236, 239
infarcts-territorial, 220

lipohyalinosis, 220, 231, 239
location, 219–220
M1 microatheroma, 228, 233, 234
M1 occlusion, 227, 230–233
pathology, 219
PCA microatheroma, 242
PCA occlusion, 242
pericallosal microatheroma, 231
subclavian steal syndrome, 237, 238
vertebral artery microatheroma, 237, 243
vertebral artery occlusion, 237–239

B
Basilar artery (BA), 70

aneurysms, 124–125, 131–134, 139
dissection of BA, 261
duplication and aneurysms, 75, 77
embolic occlusion of BA in dissection of VA, 260
fenestration of BA, 75, 76
lateropontine arteries, 71

lateropontine arteries in AVM, 146, 159, 160
microatheroma of basilar artery, 239, 250, 251
perforators of BA, 70
thromboembolic occlusion of BA, 239, 244–250
tortuous BA, 76

C
Cardiac diseases, 279

cardiac emboli, 279–281
myxoma, 279, 284

Common carotid artery (CCA)
bifurcation, 1, 5
course, 5
embryogenesis-variants, 1
space, 5

D
DAVF. See Dural arteriovenous fistula (DAVF)
Deep cervical vein. See also Veins

in VA fistula, 216
Diploic vein. See Veins
Dissection (spontaneous), 255

blood blister aneurysms, 260
dissection and haemorrhagic stroke, 259, 263–265
dissection and ischemic stroke, 257, 259–262
dissection in children, 264–267
of extra cranial arteries, 255
of intracranial arteries, 256
introduction, 255
location, 255–256
pathology-pathogenesis, 255
treatment of dissection, 261–264

Dural arteriovenous fistula (DAVF), 171
clinical relevance, 171
DAVF in the pediatric age, 208–210
diagnosis-classification, 172
incidence, 171
location, 172

involving anterior fossa, 185–190
involving CS, 173–178
involving foramen magnum, 190
involving SSS, 178–179
involving tentorium, 179–185
involving TS (transverse sinus)-SiS (sup. sigmoid), 

172–173
pathology-pathogenesis, 171
perimedullary drainage in DAVF, 114, 190, 204, 207

E
ECA. See External carotid artery
Emissary veins. See Veins
External carotid artery (ECA), 21, 28, 29, 31

accessory meningeal artery (see Meningeal arteries)
ascending palatine artery, 23

in paraganglioma, 23
ascending pharyngeal artery (AphA), 24–25

in angiofibroma, 34–37
and cranial nerves, 25
in DAVF, 172–185, 190–194, 204–208
hypoglossal branch of AphA, 25
in DAVF, 25
inferior tympanic (see Tympanic arteries)
jugular branch of AphA, 25
musculospinal arteries of, 25
neuromeningeal trunk of AphA, 25
in paraganglioma, 36–42
pharyngeal branches, 25

dangerous anastomosis of, 44, 45
facial artery, 22–23

angular artery, 23
in AVM, 35
collateral circulation in ICA occlusion, 23

internal maxillary artery (IMA), 26–32
accessory meningeal artery (see Meningeal arteries)
anterior tympanic artery (see Tympanic arteries)
in capillary-venous malformations, 28
deep temporal branches, 29
collateral circulation in ICA occlusion, 29
descending palatine A., 29
in AVM, 35, 36
in Rendu Osler, 37
foramen rotundum A., 179
in DAVF, 173, 179, 191
in ICA occlusion, 30
inferior alveolar artery, 28, 29
infraorbital A., 29
in AVM, 35, 36
in Rendu Osler, 37
middle meningeal artery (see Meningeal arteries)
posterior-superior alveolar A., 29
in AVM, 35, 36
pterygoid, masseter, buccal A., 29
pterygovaginal A., 29
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sphenopalatine A., 31
branches supplying DAVF, 190, 200
vidian (pterygoid A.), 31
in DAVF, 173, 179

lingual artery, 22
occipital artery, 25–26

cutaneous muscular branches, 25, 26, 243
mastoid A., 25
in DAVF, 174, 191, 194, 204
origin from ICA, 26, 36
splenial A., 25
transosseous branches in DAVF, 184, 194, 197
stylomastoid A., 25
in DAVF, 174
in paraganglioma, 40, 42

posterior auricular A., 26
superficial temporal A., 32

collateral circulation in ICA occlusion, 32
transverse facial A., 32

superior thyroid artery, 21–22
supply of cranial nerves, 32, 46

External jugular vein (EJV). See Veins

F
Facial vein. See also Veins

in AVM, 33–35
in DAVF, 33, 34

Fibromuscolar dysplasia (FMD), 269
and aneurysm, 270, 273
and fistula, 270, 273
intracranial FMD, 270, 271

Flow dependent (related) aneurysms, 123, 124, 146
FMD. See Fibromuscolar dysplasia (FMD)

H
Hyoid A., 12
Hypoglossal canal, 25, 69
Hypophyseal arteries, 7, 12, 13

and aneurysms, 118, 120, 121

I
ICA. See Internal carotid artery (ICA)
Infero-lateral trunk, 7, 9

in angiofibroma, 38
in DAVF, 173, 179, 184, 185
in paraganglioma, 42

Internal carotid artery (ICA), 5
aberrant course, 16, 19
aneurysms of ICA (see Aneurysms)
aplasia of ICA, 16, 17
branches of petrous and cavernous segment, 5–7
carotid space, 5, 6
cavernous segment, 6–7
cervical segment, 5
embryonic connection with VA-BA, 16, 18
perforating branches of ICA, 12, 15, 16
petrous segment, 5
relationship with ECA, 5
supraclinoid segment, 7–8
suprahyoid-infrahyoid segment of ICA, 5

Internal jugular vein (IJV). See Veins

L
Leptomenigeal (pial) anastomosis, 53, 65, 74, 86

in occlusive disease, 222, 227, 228, 239, 242 
Limbic arch, 51, 167 

in Galen vein malformation, 165–167, 169

M
Mandybular A., 5

in angiofibroma, 34, 36
connections with pterigo-vaginal A. and Vidian A., 5, 44

Maxillary artery, 16, 65, 73, 84
MCA. See Middle cerebral artery
Medullary arteries, 51, 53, 65, 73, 74, 84
Meningeal arteries

accessory meningeal A., 29
in DAVF, 179

anterior artery of the falx, 11
in DAVF, 178, 184, 185

falx cerebelli A., 69
in DAVF, 69, 188, 197

meningeal A. of the ACA, 51
meningeal A. of the PCA, 80

in DAVF, 179, 184, 185
meningeal A. of the SCA, 72
middle meningeal artery (MMA), 26, 28, 29

AVM, 145
DAVF, 172, 173, 178, 179, 184, 185, 190, 208
origin from ICA, 8, 11, 12
supplying tumors, 36, 42, 43

petrosquamous A. (see middle meningeal artery (MMA))
posterior meningeal A., 69

in DAVF, 174, 175, 204–206
recurrent meningeal A., 10

in angiofibroma, 34
in DAVF, 174, 175, 188–190
in meningioma, 43

Menyngohypophyseal trunk (MHT), 7, 9
in angiofibroma, 34, 36
in DAVF, 173, 179, 184, 185
in paraganglioma, 36, 38

MHT. See Menyngohypophyseal trunk
Middle cerebral artery (MCA), 57

accessory middle cerebral A., 63–65
aneurysms of MCA, 58–60, 64, 123–124, 131
distal aneurysms, 63, 271, 279
gyrus angularis A., 61
MCA in AVM, 145–147, 150, 154, 155, 157, 158
medullary arteries, 65
M1 segment, 57–59

fenestration-duplication of M1, 63
in occlusive disease, 227, 230–235, 280, 281
orbito-frontal, Operculo-frontal, central, parietal temporal 

arteries, 60, 61
perforators of M1, 57–59, 64, 65

aneurysms of perforators, 274
in AVM, 155

pial anastomosis, 64, 65
temporal A. from ICA, 60, 61

Moya-moya disease, 273
haemorrhage in Moyamoya, 275
pathology, pathogenesis, 273
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N
Non atherosclerotic vasculopaties, 269

O
OA. See Ophtalmic A.
Occipital vein. See Veins
Odontoid arch, 25, 69
Ophtalmic A. (OA), 8

anastomosis of OA with branches of ECA, 11
anomalous origin of OA, 8, 9, 13, 52
anterior artery of the falx (see Meningeal arteries)
ethmoidal arteries, 11

in DAVF, 179, 180, 185, 190
in meningioma, 43

ocular, orbital, extraorbital branches, 10–12
primitive dorsal OA, 11, 12
primitive ventral OA, 11, 12
recurrent meningeal artery (see Meningeal arteries)

Ophtalmic veins (superior-inferior), 111, 113
in carotido-cavernous fistula, 211–214
connections, 111 
in DAVF, 171–173, 178, 179, 184, 185, 190
in external carotid angiogram, 111

P
Paracavernous sinus, 95, 111
PCA. See Posterior cerebral artery
PcomA. See Posterior communicating A.
PICA. See Posterior inferior cerebellar A. (PICA)
Pituitary gland vascular supply, 13
Polyarteritis nodosa, 271
Posterior auricular vein. See Veins
Posterior cerebral artery (PCA)

aneurysms of PCA, 124, 125, 137, 138
calcarine, parietoocipital temporal A., 81, 84

in AVM, 151, 152, 155, 156
collicular A., 80

in Galen Vein malformation, 164, 167
cortical branches and pial anastomosis, 84
fetal, 83, 85
infundibulum, 
medullary arteries, 84
occlusion of fetal PCA in ICA embolism, 281
occlusive disease of PCA, 242
pars carotica, pars basilaris, 79
posterior medial-lateral choroidal A., 79–81,  

83, 84, 86
in AVM, 145
in Galen vein malformation, 164, 167

posterior thalamo-perforating A., 72, 79, 80, 82–84
occlusion of, 242, 244–247

precommunicating segment (P1), 79–80
relationship with AchA, 13–15, 83
splenial A., 81
thalamo-geniculate A., 80

occlusion of, 242
Posterior communicating A. (PcomA), 13

aneurysms of, 121
anterior thalamo-perforating A., 13
aplasia-hypoplasia, 
origin from ophthalmic A., 13

Posterior inferior cerebellar A. (PICA), 70
aneurysms and arteriovenous malformation (AVM),  

124, 146, 161
aneurysms of, 124–125, 135, 136
dissecting aneurysms, 125, 136, 255–256, 264
in occlusive disease, 237, 239
perforators for medulla, 70
relationship with anterior inferior cerebellar artery (AICA), 

70, 71
segments, 68–70, 72–76

Pterygoid venous plexus. See Veins

R
Recurrent meningeal A. See Meningeal arteries
Rektorzik venous plexus, 107

S
SCA. See Superior cerebellar A.
Sinuses (venous)

cavernous sinus (CS), 110–111
and bridging veins with pontine veins, 101, 111, 173, 211
in carotid cavernous fistula, 211
connections of, 110
in DAVF, 173

inferior sagittal sinus, 106
inferior-superior petrosal sinuses (IPS, SPS), 107–110

in DAVF, 172–173
IPS (relationship with craniocervical venous drainage), 110
IPS and sampling in pituitary adenoma, 110

occipital sinus, marginal sinus, 106
in Galen vein malformation, 165–167

paracavernous sinus (PCS), 95, 100, 111
sigmoid sinus (SIS), 106–107
sphenoparietal sinus, 110
straight sinus (SS), 106

in AVM, 151–152, 154
in DAVF, 188–198, 209–210
in Galen vein malformation, 165–167
and torcular herophili, 106

superior sagittal sinus (SSS), 105
in AVM, 146, 147
in DAVF, 184, 194–198, 209–210
in DVA, 162
flow in SSS, 105
in venous thrombosis, 285–289

transverse sinus, 106
isolated transverse sinus, 174–177
and sigmoid sinus in DAVF, 172

Sneddon syndrome, 275, 278
Stapedial artery, 11
Subarachnoid and perivascular spaces, 53
Superior cerebellar A. (SCA), 72–73

and AVM, 146, 148–150
cerebellar branches, 79, 83
in DAVF, 172–173
double, 76, 77
marginal A., 74, 81
meningeal A. (see Meningeal arteries)
origin from P1, 72
perforators for the midbrain, 72
segments of SCA, 72–74, 82
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T
Takayasu disease, 275, 277
Tympanic arteries

anterior tympanic (IMA), 26
in paraganglioma, 38, 40

carotido-tympanic A. (ICA), 5
in paraganglioma, 38, 42

inferior tympanic (AphA), 24
in DAVF, 191–193
in paraganglioma, 41, 42

posterior tympanic (stylomastoid a.), 25
in paraganglioma, 38, 40, 42

superior tympanic (MMA), 29
in paraganglioma, 42

V
VA. See Vertebral artery
Vascular malformations

artero-venous malformations, 143–158
aneurysms and AVM, 146
dysplastic aneurysms, 146, 156–157
flow related aneurysms, 130, 146, 156–157,  

159–161
intranidal aneurysms, 146, 149, 151–153, 156
pseudoaneurysms, 146, 155
AVM in children, 144
AV fistula, 154
and haemorrhage, 144
multifocal, 144
AVM treatment, 158
clinical symptoms, 144
diagnosis, 144–145
dural feeders, 145–146
eloquent areas, 156
“en passage” feeders, 150
incidence, 144
location, 144
nidus, 150–156
diffuse nidus, 156–157
perinidal angiogenesis, 157
perinidal changes, 157
small nidus and haemorrhage, 155–156
pathogenesis, 143–144
supplying arteries, 145–146
venous drainage of AVM, 150
AV fistula, 154
deep drainage, 148, 151–152, 154, 155, 157–158
venous pouch, 157–158

capillary malformation, 162
cavernous malformations (cavernoma), 158–161

angiogram, 161
in cavernous sinus, 161
familiarity, 159
multiples, 159

classification, 143
developmental venous anomaly (DVA), 162–163

association with cavernoma, 163
Klippel-Trenaunay-Weber, 164
Rendu Osler, 37, 163
Sturge Weber, 163
transition form of AVM (mixed AVM), 163

vein of Galen dilatation, 169
vein of Galen malformation, 164

falcine sinus, 164
median prosencephalic vein, 164–168
supplying arteries, 157–158, 167, 168

Wiburn Mason, 164
Veins, 91

anterior condylar confluence (ACC), 107, 110
anterior, lateral, posterior condylar veins, 107, 110

in fistula of VA, 217
deep cervical vein, 114
diploic vein, 114–115
emissary veins, 114
external jugular vein (ejv), 114
facial vein, 113

in AVM, 33, 35
in DAVF, 182, 184

infratentorial cerebral veins, 100–105
antero-medullary vein, 101
antero-pontomesencephalic veins, 101
in carotido-cavernous fistula, 214
brachial veins, 102, 104
cerebellar veins, 104, 105
latero-medullary vein-transverse pontine vein, 102
latero-medullary veins-transverse pontine veins in 

DAVF, 202, 204, 207
peduncular veins, 101
in carotido-cavernous fistula, 101, 214
petrosal vein, 104
petrosal vein in DAVF, 188, 191
posterior mesencephalic vein, 100, 101
in DAVF, 188, 191
precentral vein, 104
vein latero mesencephalic, 100, 102
vermian veins, 104, 105

internal jugular vein (IJV), 105, 107, 108, 114, 115
meningeal veins, 105, 110
occipital vein, 114

posterior auricular vein, 114
pterygoid venous plexus, 114
retromandibular vein, 113–114
superficial temporal vein, 114
supratentorial cerebral vein, 91–100

deep venous system, 97
basal vein, 99
basal vein and tributaries, 100
basal vein and variant, 100
basal vein in carotido-cavernous fistula,  

211, 214
basal vein in DAVF of tentorium and torcular,  

173, 179
basal vein in DAVS of CS, 173
basal vein in venous thrombosis, 288
choroidal veins, 99
connections between deep and superficial medullary 

veins, 97
deep middle cerebral vein (DMCV), 99, 111
deep middle cerebral vein in DAVF, 182, 188
Galen vein, 100
internal cerebral vein, 100
in AVM, 148, 155
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in DAVF, 194, 209
in venous thrombosis, 288
medullary veins, 97
in mixed AVM, 154
septal veins, thalamostriate vein, caudate vein, terminal 

vein, inferior ventricular vein, medial, lateral atrial 
vein, 98

in DAVF, 194
medial-lateral atrial veins in AVM, 154, 157
subependimal veins, 97
thalamic veins, 99
uncal vein, 100, 111
in venous thrombosis, 288
superficial venous system, 92
in AVM, 145, 147
in DAVF, 174, 177, 179, 182, 184, 186, 188,  

191, 194, 209
superficial middle cerebral vein (SMcV), 95, 111
vein of corpus callosum, 92, 97
vein of Labbé, 95
vein of Trolard, 92
venous thrombosis, 285

Venous thrombosis
diagnosis, 286
etiopathogenesis, 285
location, 285
thrombosis of cortical vein, 285, 286
thrombosis of deep venous system, 285, 288

Vertebral artery (VA)
aneurysms of VA, 124, 134, 135
anterior spinal A. (ASA), 68, 69, 71, 73, 74, 76

ASA in dissection of VA, 261, 263
ASA in occlusive disease of VA, 241, 243

dissection of VA
extracranial, 255–257
intracranial, 256, 258
and spinal cord ischemia, 262

embryogenesis, 1
extracranial branches, 69
extracranial segment, 67
falx cerebelli and posterior meningeal arteries  

(see Meningeal arteries)
intracranial branches, 70
intracranial segment of VA, 69
occlusive diseases, 237

extracranial occlusion, 237, 240
intracranial microatheroma of VA, 237, 243, 249
intracranial occlusion, 237, 241, 249

perforators of VA, 70
posterior spinal artery (PSA), 71

ASA+PSA in spinal AVM, 262
unilateral origin of ASA, 71, 74, 75, 82, 263

variants of VA, 3, 74
duplication, 72, 75, 77
fenestration, 74, 76
Fistula of VA, 212
termination in PICA, 74, 75

vertebral artery (venous plexus), 107, 114
vertebral venous (anterior internal plexus), 107, 114

Virchov-Robin spaces, 53

W
Willis (circle of ), 2

in occlusion of paraclinoid aneurysm, 118
in occlusive disease, 221, 237
variants, 51, 79, 81
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