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When the idea of writing a book on the anatomy and embryology of cerebral arteries came up, 
we immediately found it exciting. The great interest we already had in anatomy and embryol-
ogy, together with the desire to understand as much as possible the variations offered by human 
vascular anatomy, were the spark to embark on this path. The hard work, which lasted about 
3  years and led to the completion of this book, transformed this interest into a burning 
passion.

The development of this project was then only possible through patience, dedication, and a 
love for details.

Each of us, with our own personal vision, contributed by tackling the obstacles that arose 
and provided our own point of view, making each chapter unique. This book encompasses in 
fact the three different visions of a resident, a specialist, and an established neurosurgeon, 
which is why it aims not only to be the starting point for knowledge of vascular anatomy, but 
also to be a refuge in which to find the most complex anatomical variants after having encoun-
tered them in a patient.

The strategic organization of the chapters reflects the same ambition: it makes possible to 
quickly find the desired arteries and their variants based on the type of vascularization they 
provide, while at the same time providing meticulous and detailed information. For this reason, 
the chapters are organized into five different sections, which progressively introduce general 
vascular embryology and unfold by addressing intradural, dural, skull base, and cranio- cervical 
junction vascularization.

We have also tried to make the complex concepts belonging to embryology more horny and 
visualizable through a wide range of illustrations. Although many concepts remain only hypo-
thetical, the illustration of the developmental stages of each artery can help to understand and 
memorize these steps.

We hope that this book will satisfy your questions and stimulate your curiosity to discover 
the complexity of human beings.

Paris, France Sara Bonasia  
Lugano, Switzerland  Thomas Robert   

Preface
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A Brief Historical Review 
of Neurovascular Embryology

Lorenzo Bertulli and Thomas Robert

To introduce our long and beautiful trip into the fascinat-
ing vasculature of the human brain, we will briefly start 
reviewing the crucial steps that lead to a better and thor-
ough comprehension of the complexity of its anatomy and 
development.

The first embryologic study, which deals with the forma-
tion and development of the human embryo and fetus, finds 
its roots back in ancient Egypt around 1400 BC [1].

Embryology as a science first appears though in writings 
by Greek philosophers such as Empedocles, Anaxagoras, 
and Diogenes. They were interested in the process of repro-
duction, development, differentiation, and regeneration. 
According to their beliefs, new organisms can emerge 
through sexual reproduction, asexual reproduction, or spon-
taneous generation. A widely held belief was that the fetus 
developed by a fire inside the embryo, which ordered the 
parts [1].

A great historian of embryology, Joseph Needham, 
referred to Hippocrates (c460  BC–c370  BC) as the first 
embryologist. Hippocrates believed in preformationism, the 
theory that all organisms are fully formed in miniaturized 
form within the womb before birth. According to him, the 
embryo received its blood supply from the placenta and 
developed by absorbing moisture and breath from the 
mother [1].

The next major development in embryology occurred 
under Aristotle (384  BC–322  BC). “On the Generation of 
Animals” was his main book of embryology, but the majority 
of his well-known observations about embryology can be 
found in the four compendiums: “The History of Animals,” 
“The Parts of Animals,” “The Respiration,” and “The Motion 
of Animals.” It is evident from his writings that he studied 

embryos of multiple organisms by opening bird eggs at vari-
ous stages of development and dissecting mammalian 
embryos as well. He may also have observed human embryos, 
an almost impossible task in antiquity. According to Aristotle, 
the semen supplied a substance to the embryo that gave it 
form, and then the mothers provided a substance that con-
tributed to its development [1].

In the early Middle Ages, Albertus Magnus of Cologne 
(c1200 AD–1280 AD) gave a great contribution to embryol-
ogy. In his interpretation of the works of Aristotle and the 
Arabic commentaries that accompanied them, Albertus 
replaced speculative and theological ideas with observa-
tional techniques and attention to detail, basing his theories 
upon extensive studies on chick and fish embryos [1].

In the following centuries, great progress in the under-
standing of embryology was made thanks to the enormous 
work of scientists of the caliber of Leonardo da Vinci (April 
15th, 1452–May 2nd, 1519) (Fig. 1), Hieronymus Fabricius 
(May 20th, 1537–May 21st, 1619), William Harvey (April 
1st, 1578–June 3rd, 1657) (Fig. 2), and Marcello Malpighi 
(March 10th, 1628–November 29th, 1694) (Fig.  3), with 
their colossal dissection studies and illustrations on several 
embryos, including human ones [1].

During the next 150  years, the discourse and debate 
between preformationists and epigeneticists continued 
throughout the age of enlightenment, best exemplified by the 
debate between Albrecht von Haller (October 16th, 1708–
December 12th, 1777), a Swiss anatomist, physiologist, and 
naturalist, and Caspar Friedrich Wolff (January 18th, 1733–
February 22nd, 1794), a German physiologist considered to 
be the father of modern embryology [1].

As early as the nineteenth century, human embryology 
went forward with the study of human embryo samples 
derived from maternal deaths, abortions, or surgeries. 
Because animal experimental biology developed in the twen-
tieth century cannot and should not be applied to human 
embryology on ethical grounds, nothing has changed in the 
twenty-first century. Human embryology has advanced very 

L. Bertulli (*) 
Kantonsspital Winterthur, Winterthur, Switzerland 

T. Robert 
University of the Southern Switzerland, Lugano, Switzerland
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Fig. 1 Self-portrait of Leonardo Da Vinci (left), drawings of the Studies of the Foetus in the Womb, approx. 1511 (right). Adapted from [1]

little during the last 100 years, with only a few molecular 
studies on limited numbers of human tissue being conducted 
[2]. On the other hand, recent studies using destructive and 
non-destructive imaging techniques on existing collections 
have enabled many morphological measurements to be made 
on these embryos [2, 3].

Human embryology has greatly benefited from the estab-
lishment and study of key embryological collections during 
its history. The biggest and most known are the Carnegie 
Collection, the Kyoto Collection, the Blechschmidt 
Collection, and the Madrid Collection [2].

Of these, surely the biggest and probably the most well- 
known is the Carnegie Collection. Began by Franklin P. Mall 
(1862–1917) and Franz Keibel (1861–1929) in the early 
1900s, the embryo’s collection grew at a rate of about 400 
specimens a year, donated by clinicians and researchers, and 
the number of samples reached over 8000 by the early 1940s. 
The research of Mall and his co-workers was documented in 
Contributions to Embryology of the Carnegie Institution of 

Washington between 1915 and 1966. They are still consid-
ered foundational in human embryology even today [2].

Although the first systematic descriptions of the neuro-
vascular embryology have been reported in the early 
1920s, the first descriptions of blood vessel formation and 
CNS invasion date back to the mid-1940s. Several investi-
gators have examined fetal brains injected with India ink 
in order to observe patent vessels to describe the vascular-
ization of the central nervous system [4, 5]. They discov-
ered that peri- neural vascular plexus (PNVP) vessels 
invaded the brain at specific times, and that vessels form 
stereotypical patterns once they enter the brain. Although 
it was thought that patterns would ultimately reflect func-
tional domains, how early blood vessel patterns within a 
developing brain developed was unknown [6]. Feeney and 
Watterson first described the formation of the PNVP 
around the developing spinal cord in chick embryos in 
1946, as well as the stereotypical vessel ingression pat-
terns as the embryos developed [4].

L. Bertulli and T. Robert
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Historically, five great authors are known for their thor-
ough studies concerning cerebral arteries development, and 
three of them based their work on the embryos collection of 
the Carnegie University.

George L. Streeter (1873–1948), who replaced F.Mall as 
director of the Department of Embryology at the Carnegie 
Institution of Washington after his premature death in 1917, 
was the first to define the 23 Carnegie Stages (currently 
used to classify the developmental embryological stages) 
[2]. In 1921, he described the principles leading to cerebral 
vascular system formation, dividing it into 5 phases: (1) 
angioblastic stage, (2) arterial, venous, and capillary devel-
opment, (3) penetration of perforators, (4) construction of 
more large vessels from a “web,” and (5) histological dif-
ferentiation [7].

E.D. Congdon in 1922 defined for the first time the com-
plete embryology of the aortic arches [8].

Dorcas Hager Padget (1906–1973) (Fig. 4) continued the 
descriptive work of Streeter working on a series of embryos 
at the Carnegie University, publishing in 1948 the most thor-
ough study about the embryology of the whole cerebral arte-
rial system starting from the appearance of the internal 
carotid artery to the final fetal configuration [9, 10]. Having 
completed only three years of college early, she moved on to 
train as a medical artist at Johns Hopkins. Her experience 
working for Walter Dandy honed her artistic skills, earning 
her fame as a neurosurgical illustrator. At the beginning of 
her career as a medical researcher, D.  Padget’s scientific 
curiosity and Dandy’s confidence led to her first foray into 
the field. Her studies of human embryo sections led to the 
first description of the embryological development of intra-
cranial vessels, with separate treatises detailing the develop-
ment of arteries and veins. D.  Padget’s publications on 
neuroembryology are unrivaled in the medical literature 
because of her scientific approach, meticulous attention to 
detail, and exceptional artistic ability [9].

Franz Altmann, an Austrian ENT emigrated to the USA in 
the late 1930s, gave his contribution to the field with several 
works on arterial variants and comparative anatomy [11].

Finally, in the more modern era, Pierre Lasjaunias (1948–
2008) (Fig. 5) from France is one of the most influential and 
important names in the field of neurovascular anatomy of the 
past century, with his immense work published as articles 
and books on cerebrovascular anatomy, embryology, and 
comparative anatomy [12–14]. He started from the rigorous 
study of his large number of angiographies, comparing them 
to draw up several embryological hypotheses to explain 
physiological development, anatomical variants, and patho-
logical entities [15, 16].

The modern technologies nowadays integrate molecular 
analyses and complex imaging modalities to try to help us 
better understand the complex and beautiful processes that 

Fig. 2 Portrait of William Harvey. Wellcome Collection

Fig. 3 Portrait of Marcello Malpighi. Now in the Royal Society

A Brief Historical Review of Neurovascular Embryology
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Fig. 4 Dorcas H. Paget. Left, portrait by Audrey Juliet Arnott, student of Brödel; right, picture with (from left to right) Mrs. Sadie Dandy, Dr. 
Walter E. Dandy, Mrs. Dorcas Hager Padget, Mrs. Frances C. Woodhall, and Dr. Barnes Woodhall. Brödel Archives, adapted from [9]

Fig. 5 Pierre Lasjaunias, from [16]

lead to the formation of the incredibly fascinating vascular 
structure of the central nervous system, but there’s still a lot 
of work to do to have a complete comprehension of it.
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Embryological Development 
of the Human Cranio-Facial Arteries

Lorenzo Bertulli and Thomas Robert

The embryological development of the cerebral vasculature 
is very complex. The knowledge and understanding of such 
embryological development are important for physicians 
interested in neurovascular pathologies. Indeed, all vascular 
variants and almost all vascular pathologies, such as aneu-
rysms, dolichoectasia, atherosclerosis, and neurovascular 
conflicts could be explained by an alteration during the 
embryological life. Understanding the process which leads 
to the development of the normal cerebral arterial system in 
humans is therefore very important to have a better knowl-
edge of the possible clinical and surgical implications of 
these anomalies.

In this chapter, we will review the embryological develop-
ment of the cranio-facial arterial vasculature from its begin-
ning at approximately day 21 to day 50 of intrauterine life, 
with pictures illustrating each developmental phase.

After some definitions and a historical overview, we will 
describe the general principles of the vascular embryology of 
the whole cranio-facial arterial system in human. Each para-
graph describes one of the seven stages of Padget, to make 
the reading easier [1, 2]. For each stage, general develop-
mental changes, evolution of the anterior circulation and, in 
the end, the evolution of the posterior and extracranial circu-
lation will be successively addressed. Each stage is summa-
rized by a picture with all the main vessels showing their 
relationship with each other and with the developing neural 
and somatic structures.

 Terminology

• Days: The embryo implants in the uterus to start its intra-
uterine life around 1  week after fertilization. Normally, 
the embryonic life is divided into weeks: the gestational 
age (or clinical age) is calculated from the last menstrual 
period; the post-conception age, on the other hand, refers 
to days after fertilization. In this chapter, we will refer to 
“days” as days after fertilization.

• Stages: With the word “stages” we will only refer to the 7 
stages of Padget [1, 2]. They do not correspond to the 
“Carnegie stages”, which is a standardized system of 23 
stages used to provide a unified developmental chronol-
ogy of the vertebrate embryo [3–7]. For the sake of com-
pleteness, we specified the corresponding Carnegie 
stage(s) to the Padget stage in each paragraph.

• Millimeters: The size of the embryos during the various 
phases is expressed in millimeters of length from the ros-
tral to the caudal point.

In her work, Padget refers to the two main primitive com-
ponents of the ophthalmic artery as “ventral” and “dorsal”, 
where ventral is anterior and dorsal posterior [1]. However, if 
we analyze the true disposition of the vessels, that might be 
confusing. In fact, the so-called “primitive dorsal ophthalmic 
artery” comes off more proximally from the primitive inter-
nal carotid artery (and, consequently, in a ventral position 
with respect to the developing head); the so-called “primitive 
ventral ophthalmic artery” comes off more distally (and so in 
a dorsal position). In this chapter we will maintain the origi-
nal terminology from Padget, specifying the correct position 
of the arterial branches when necessary.
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 Development of the Cranio-Facial Arterial 
System

The cerebral vasculature begins to develop quite early in the 
embryo, during the third week of intrauterine life (21 days 
≃2 mm), slightly before the heart starts beating [8, 9]. At this 
stage, the neural tube is not closed yet. The prosencephalon is 
irrigated initially by the two dorsal aortas (DA), whose rostral 
part will become the internal carotid arteries (ICA); the mes-
encephalon and rhombencephalon vasculature develop after, 
as the vertebro-basilar system appears later [1, 10, 11].

The vascular development consists of 2 main stages: vas-
culogenesis and angiogenesis [8, 12]. Vasculogenesis is the 
process by which hemangioblasts are differentiated into 
angioblasts and the formation of a primitive vascular net-
work; angiogenesis refers to the formation of new capillary 
vessels from pre-existing blood vessels [8, 9, 13]. The main 
mechanism of angiogenesis is sprouting, which is mainly 
driven by hypoxia/ischemia mechanism and related growth 
factors from the target tissue [8, 9, 14, 15]. As more capillar-
ies are formed, the impedance to flow is reduced in larger 
arteries; this way, flow-induced remodeling of the vessels 
supplying a specific parenchymal area is promoted [8, 16].

The development of the circulatory system supplying 
blood to the brain begins with the formation of the 6 pairs of 
primitive branchial arch arteries, subsequently undergoing 
heavy modifications during development [8, 10].

 The Arterial Arches and Proximal Arterial 
Branches Development

The human embryo has six pairs of visceral arterial arches 
(AA) [1, 8, 10, 17–20]. Each AA arises ventrally from the 
bulbus arteriosus (aortic sac) and courses in the correspond-
ing visceral branch, to end dorsally in the DA [1, 8, 10, 17, 
20]. They are present until about the 13 mm stage; the devel-
opment starts from front to back, but they are never all pres-
ent at the same time [1, 10, 18, 20]. For example, the first AA 
regresses during the completion of the fourth, and the second 
disappears before the sixth is completely closed [1, 17] 
(Figs. 1, 2, and 3).

Controversies exist about the existence of a fifth arterial 
arch: only the first four pharyngeal arches, grooves, and 
pouches are distinct structures. Nevertheless, arch arteries 
develop caudal to the fourth arch. The pulmonary arch cau-

Fig. 1 Padget stage 1; lateral (left) and frontal (right) view of a 
4–5  mm, ≃30  days old embryo. In gray, the outer structure of the 
embryo is outlined; in yellow, the developing nervous system is repre-

sented. Developing cranial nerves are numbered from V to XII, devel-
oping spinal roots are listed from C1 to C7 and pharyngeal arches from 
P1 to P4–6

L. Bertulli and T. Robert
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Fig. 2 Padget stage 2; lateral (left) and frontal (right) view of a 
5–6 mm, ≃31 days old embryo. In gray, the outer structure of the 
embryo is outlined; in yellow, the developing nervous system is 
represented. In gray, the outer structure of the embryo is outlined; 

in yellow, the developing nervous system is represented. 
Developing cranial nerves are numbered from V to XII, developing 
spinal roots are listed from C1 to C8 and pharyngeal arches from 
P1 to P4–6

dal to the fourth arch artery is named the “sixth arch artery” 
because of its phylogeny, even when a fifth arch artery is 
not present [17]. Some recent works have tried to explain 
several anomalies, such as double-barrel aorta, with the 
presence of a persistent fifth arch artery; despite in the most 
cases other mechanisms seem to explain these anomalies, 
in rare cases “true” fifth arterial arches have been described 
[21–23].

In embryos longer than 13 mm, the portion of DA between 
the third and fourth AA disappears on both sides of the 

embryo [1, 10]. The same does the segment between the 
fourth AA and the junction with left DA, but only on the 
right side [1, 10]. This way, the left horn of the aortic sac and 
the fourth AA form definitive aortic arch (AOA), and the 
right horn of the aortic sac becomes the arteria anonyma 
(future brachio-cephalic trunk). The third AA will become 
the ICA [1, 8, 10]. Its main trunk is formed by the segment 
of the DA between the first and third AA.  The external 
carotid arteries (ECA) develop later from the ventral pharyn-
geal arteries [1, 8, 10, 11] (Figs. 4 and 5).

Embryological Development of the Human Cranio-Facial Arteries
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Fig. 3 Padget stage 3; lateral (left) and frontal (right) view of a 
7–12  mm, ≃33  days old embryo. In gray, the outer structure of the 
embryo is outlined; in yellow, the developing nervous system is repre-
sented. In gray, the outer structure of the embryo is outlined; in yellow, 

the developing nervous system is represented. Developing cranial 
nerves are numbered from III to XII, developing spinal roots are listed 
from C1 to C7 and pharyngeal arches from P1 to P4–6

L. Bertulli and T. Robert
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Fig. 4 Padget stage 4; lateral (left) and frontal (right) view of a 
12–14 mm, ≃36 days old embryo. In gray, the outer structure of the 
embryo is outlined; in yellow, the developing nervous system is repre-
sented. In gray, the outer structure of the embryo is outlined; in yellow, 

the developing nervous system is represented. Developing cranial 
nerves are numbered from III to XII, developing spinal roots are listed 
from C1 to C8 and pharyngeal arches from P1 to P4–6

Embryological Development of the Human Cranio-Facial Arteries
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Fig. 5 Padget stage 5; lateral (left) and frontal (right) view of a 
16–18 mm, ≃40 days old embryo. In gray, the outer structure of the 
embryo is outlined; in yellow, the developing nervous system is repre-
sented. In gray, the outer structure of the embryo is outlined; in yellow, 

the developing nervous system is represented. Developing cranial 
nerves are numbered from I to XII, developing spinal roots are listed 
from C1 to C8. Pharyngeal arches are becoming the respective fetal 
derivatives

 The Development of the Cranio-Facial 
Arteries (Stage by Stage Development)

 “Pre-Padget” Stage (≃21 to ≃28 Days, 
from 1.5–2 to 4 mm; Carnegie Stages 10–12)

At the beginning of the “pre-Padget” stage, after about 
21 days of intrauterine life, both the ventral aortas (from the 
aortic bulb) and DAs are connected by the first AA [1, 10, 
11]. In the next days, the second AA develops and the first 
two AAs are thus well visible [1, 17]. The two DAs course 
along the whole embryo, giving segmental branches to each 
somite [1, 17]. The primitive heart starts beating after about 
23 days [1, 11, 17].

At about 4 mm length, ≃28 days of intrauterine life, the 
two ventral aortas (or the two horns of the aortic bulb) are 
still present; the DAs are beginning to fuse, starting from 
their caudal end in a “zipper-like” fashion to form the defini-
tive aorta [1, 11]. The first four AAs are visible; the first one 
is beginning to disappear while the fourth is being completed 
[1, 10].

 4–5 mm Stage (≃30 Days), Padget Stage 1; 
Carnegie Stage 13 (Fig. 1)

At this stage, the optic vesicle (OpV, whose formation began 
around the 18th day) is well visible. The first AA is com-
pletely regressed, and the regression of the second has begun; 
they will become the mandibular (MA) and hyoid arteries 
(HyA), respectively [1, 11, 18–20, 24] (Fig. 1).

As mentioned before, the primitive ICA is beginning its 
development from the DA located between the first three 
AAs and from the third AA itself [1, 8, 11, 18, 19]. At the 
level of the trigeminal ganglion, there is a first division into 
two branches: 1. the primitive trigeminal artery (TA), which 
extends dorsally to join the longitudinal neural artery 
(LNA) on the hindbrain wall; 2. the continuation of the 
carotid, extending cranially and medially toward Rathke’s 
pouch [1, 8, 11, 18–20, 25, 26]. This branch joins its coun-
terpart on the opposite side, which is connected by a plexus 
[1, 11, 25]. The primitive maxillary artery (PMA) is also 
developing at the base of Rathke’s pouch, with a ventral 
course along the forebrain wall toward the OpV [1, 27]. 

L. Bertulli and T. Robert
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Near to the most cranial part of the OpV, the ICA bifurcates 
into two branches: the caudal branch will become the pos-
terior communicating artery (PComA) and, in the future 
stages, the posterior cerebral artery (PCA); the cranial 
branch (future anterior cerebral artery, ACA) curves around 
the frontal part of the vesicle to terminate in the olfactory 
area [1, 8, 11, 25] (Figs. 1 and 2).

The primitive ophthalmic artery (OA) appears like a small 
branch sprouting near the carotid division at the medial side 
of the optic vesicle, but the supply to the vesicle itself is 
highly plexiform in this stage and contributed by the carotid 
and the PMA [1, 11, 25, 27] (Figs. 1 and 2).

In the posterior cerebral region (hindbrain), the two LNAs 
appear, with a strip of non-vascular tissue in the midline [1, 
8, 11, 18, 25, 28]. They are supplied cranially by the TA and 
otic artery (OtA) and caudally by the hypoglossal artery 
(HA) and first cervical segmental artery (p1stCerv, also 
called proatlantal artery) [1, 8, 11, 18, 25, 28] (Figs. 1 and 2).

 5–6 Mm Stage (≃31 Days), Padget Stage 2; 
Carnegie Stage 14 (Fig. 2)

The ICA, extending from the third AA, is now well delin-
eated. The MA (remnant of the first aortic arch) is now 
regressing [1, 11, 18–20, 24]. The HyA (remnant of the sec-
ond aortic arch) is quite thick and will become the stem of 
the stapedial artery (SA) in the future stages [1, 11, 18–20]. 
In the median part of the embryo, between the first two AAs, 
there is a big vessel, called the ventral pharyngeal artery 
(VPhA). This vessel extends from the aortic bulb to a cranial 
and lateral direction toward the mandibular root of the fifth 
nerve [1]. Once the AAs regress, this branch becomes the 
primitive ECA [1, 8, 11, 19, 20, 24]. The PMA follows the 
lateral margin of Rathke’s pouch to reach the ventromesial 
aspect of the tip of the prosencephalon, terminating in a 
plexus [1, 27] (Fig. 2).

Lateral to the origin of the primitive ventral OA (PVOA, 
the more distal branch), more proximal to the primitive 
carotid bifurcation, a longer branch develops passing over 
the dorso-caudal margin of the optic disc to the primitive 
lens. This is the so-called primitive dorsal OA (PDOA, the 
more proximal branch) [1, 11, 27, 29]. Consequently, at this 
stage, the optic supply is dual (PVOA plus PDOA) [1, 27, 
29] (Fig. 2).

The caudal division of the ICA has formed a second anas-
tomosis with the cranial end of the LNA at the mesencepha-
lon, forming the definitive PComA [1, 8, 11, 18, 19, 25] 
(Fig. 2).

Consequently, the TA begins to involve, being replaced by 
the PComA, and the two LNAs begin to fuse to form the 
primitive basilar artery (BA). The hypoglossal arteries (HA) 

also begin their regression; this is because the most part of 
the blood supply to the caudal LNAs and BA comes from the 
first cervical segmental branches. A temporary vessel sup-
plied cranially by the lateral branch of the BA (i.e., TA) and 
caudally by the first cervical segment artery often becomes 
an accessory anastomosis between BA and vertebral arteries 
(VAs) [1, 11, 18, 19, 28] (Fig. 2).

 7–12 Mm Stage (≃33 Days), Padget Stage 3; 
Carnegie Stages 15–16 (Fig. 3)

The ICA is quite large in the cerebral part, while is thinner at 
the level of the third aortic arch. The HyA courses caudally, 
laterally, and ventrally to reach the area between the seventh 
nerve root and the glossopharyngeal ganglion (between the 
second and third branchial arches). The MA is now regressed 
almost completely. The VPhA supplies the first two pharyn-
geal arches [1, 11, 19, 24] (Fig. 3).

The PDOA is now fully developed, supplying a plexus to 
the OpV; the shorter PVOA is also well recognizable, rising 
near the junction between the ICA and PComA [1, 11, 27, 
29]. Several branches now appear from the cranial division 
of the ICA: the most important of these is the primitive ante-
rior choroidal artery (AChoA), coursing along the outlining 
choroid fissure in the diencephalon [1, 11, 25, 30]. Some 
small sprigs arise distally to this branch representing the 
stem of the MCA [1, 11]. More distally, just before the termi-
nation of the ICA at the olfactory sac, the primitive anterior 
cerebral artery (ACA) is beginning its development [1, 11, 
18, 19, 25] (Fig. 3).

From the caudal end of the primitive PComA, two 
branches emerge right next to the third nerve: one supplies 
the diencephalon (diencephalic artery, DiA) and gives a pos-
terior choroidal branch (PChoA) which is directed toward 
the AChA, while the other one supplies the mesencephalon 
(mesencephalic artery, MesA) [1, 11] (Figs. 3 and 4).

The PChoA from the PComA anastomoses with the 
AChoA and the choroidal branches of the ACA in the choroi-
dal plexus at the level of the interventricular foramen. Later, 
the ACA pericallosal branches to the choroidal plexus elon-
gate and regress. This AChoA-PChoA anastomosis is named 
“limbic arterial arch” and in some cases may persist in the 
adult life [1, 30, 31] (Figs. 3, 4, 5, and 6).

At this stage, the VA begins its formation by a transverse 
anastomosis between the six upper cervical segmental arter-
ies; meanwhile, the aortic end of each cervical segmental 
branch is progressively occluding and each segmental branch 
regresses [1, 8, 11, 18, 19, 25]. It is notable that each trans-
verse anastomosis courses from the more proximal end of 
one segmental branch to the more distal end of the next 
branch (in a cranial direction) (Figs. 3 and 4).

Embryological Development of the Human Cranio-Facial Arteries
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From the cranial end of the BA, which is still quite irregu-
lar in shape and formed by some “islands”, rises the meten-
cephalic artery (MetA) or primitive superior cerebellar artery 
(SCA), supplying the region of the fourth nerve and meten-
cephalon. Some symmetrical branches leaving from the BA 
supply the developing cranial nerves [1, 11] (Figs. 3 and 4).

 12–14 mm Stage (≃36 Days), Padget Stage 4; 
Carnegie Stage 17 (Fig. 4)

This stage is important from a developmental point of view 
for the higher vertebrates. The definitive conformation of the 
cranial division of the ICA is well identifiable. The first col-
lateral of this cranial division is the AChoA [1, 11, 25, 30]. 
The second one is the primitive MCA, and the next and more 
distal branch is the stem of the ACA, at the terminal end of 
the cranial ICA division (the primitive olfactory artery, POA) 
[1, 11, 19, 27]. This artery divides into a branch to the nasal 
fossa, and another and more medial one to the emerging 
olfactory nerve root; this second branch is the future defini-
tive ACA, and in some embryos is joined with its contralat-
eral homolog by plexiform anastomoses in the midline, the 
“sketch” of the anterior communicating artery (AComA) [1, 
11, 18, 19, 25, 27]. It is notable that, in this phase, the termi-
nal branch of the ICA appears to be the ACA, whereas in the 
adult configuration, the MCA is the most important branch 
of this artery, and the ACA seems to be a “collateral” (Figs. 3 
and 4).

The PDOA is now longer and gives two branches: the 
common temporal ciliary artery (ComTempCilA, Fig. 6), to 
the caudo-dorsal aspect of the optic cup, and the hyaloid 
artery (HyalA, future central retinal artery), which enters the 
ocular cleft. The PVOA is also elongated and its distal part 
will form the common nasal ciliary artery (ComNasCilA, 
Fig. 6). The definitive stem of the OA has not yet begun its 
development [1, 11, 27, 29].

This stage is characterized by the formation of the 
SA.  The formation of this branch starts from the HyA, 
which gives a collateral branch passing through the primi-
tive  stapes, between the first pharyngeal pouch to the sev-
enth nerve, to descend in the mandibular substance [1, 11, 
20] (Fig. 4).

The thyroid (ThyrA) and lingual (LingA) arteries, 
branches of the ECA, arise from the VPhA and begin their 
development in most of the embryos at this stage (Fig. 5). 
The obliteration of the two ventral aortas between the third 
and fourth AA is almost complete, giving rise to the common 
carotid artery (CCA) [1, 11, 24] (Figs. 4 and 5).

 16–18 Mm Stage (≃40 Days), Padget Stage 5; 
Carnegie Stages 18–19 (Fig. 5)

At this stage, we can see the ongoing clarification of the 
adult vascular configuration. The descent of the heart and 
large proximal arterial trunks into the thorax is now almost 
completed (Figs. 5 and 6).

The CCA is nearly fully elongated, the VA is more regular 
and straightened and its origin from the subclavian artery 
(SBA), shifting cranially and opposite to the pulmonary arch 
(the sixth AA), is defined (Fig. 5).

The POA (the lateral terminal part of the anterior division 
of the ICA, as seen in the previous stage) is quite large and 
gives off a branch for the olfactory nerve, but now its medial 
counterpart, the stem of the definitive ACA, is clearly bigger 
[1] (Figs. 5 and 6).

The MCA is now a quite big trunk with branches spread-
ing out to the growing hemisphere. The AChoA and PChoA 
terminate in the choroidal fissure at the diencephalic roof [1, 
30, 31] (Figs. 5 and 6).

The permanent stem of the OA appears; although the 
exact formation of this artery is still debated and controver-
sial, we here report the most accepted hypothesis. The SA is 
now entirely developed, giving two major branches. The first 
one is the maxillo-mandibular branch (ventral), from which 
the MA and MaxA (or infraorbital) arteries arise. The second 

Fig. 6 Padget stage 6; lateral view of a 20–24  mm, ≃45  days old 
embryo. In gray, the outer structure of the embryo is outlined; in yellow, 
the developing nervous system is represented. In gray, the outer 
structure of the embryo is outlined; in yellow, the developing nervous 
system is represented. Developing cranial nerves are numbered from I 
to XII, developing spinal roots are listed from C1 to T2. The arterial 
“ring” or loop around the optic nerve is now visible

L. Bertulli and T. Robert
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one is the supraorbital branch (dorsal), which passes lateral 
to the trigeminal ganglion to reach the primitive orbit. Here, 
this branch anastomoses with branches of the PDOA 
(ComTempCilA and HyalA) and of the PVOA 
(ComNasCilA). Therefore, the definitive OA consists of two 
different parts of the ICA: 1) the supraorbital branch of the 
SA, which gives the orbital arteries and 2) PDOA and PVOA, 
which give the ocular branches. As these anastomoses form, 
the original stem of the PDOA regresses (becoming part of 
the inferolateral trunk) and the artery itself makes a sort of 
caudal “migration” along the ICA. As a result, the definitive 
stem of the OA develops in its final position [1, 11, 20, 27, 
29] (Figs. 5 and 6).

It is usually found as a dorsal remnant of the MA which 
runs along the future greater petrosal nerve in the pterygoid 
(or Vidian) canal, to reach the pterygopalatine fossa: these 
are the adult Vidian artery (ViA) and nerve. There usually is 
also a primitive maxillary branch, directed medially and cra-
nially toward the caudal border of the hypophysis, which 
contributes to the inferior hypophyseal artery [1, 11, 19, 24] 
(Figs. 5 and 6).

Together with the appearance of the definitive CCA, sev-
eral ECA branches begin their development: the thyroid 
(ThyrA), lingual (LingA), occipital (OccA), and external 
maxillary (ExtMaxA) arteries appear. The internal maxillary 
artery (IMA) anastomoses with the mandibulo-maxillary 
branch of the SA [1, 11, 20, 24, 27] (Figs. 5 and 6).

The diencephalon is supplied by two large branches: the 
more anteroventral is the PChoA, the other one is the DiA, 
which courses toward the primitive pineal region. The mes-
encephalon is also supplied by two branches (MesA and lat-
eral branch of PChoA) [1] (Figs. 4, 5, and 6).

At this stage, the PCA starts to develop as the caudal seg-
ment of the PComA and can be considered a branch of the 
PComA such as the PChoA or the hindbrain arteries. During 
the development of the cerebral hemispheres, the PCA pro-
gressively enlarges, and the other smaller arteries become 
PCA branches, as we can see in the adult configuration [1, 
11, 18, 19, 25] (Fig. 5).

The BA branches also develop as the mesencephalon and 
the fourth ventricle region differentiate. The SCA divides in 
a mesial branch coursing caudal to the future fourth nerve 
and a lateral one continuing over the cerebellar lip. The stem 
of the future anterior inferior cerebellar artery (AICA) arises 
at the level of the eighth nerve, ending at the choroid plexus 
of the fourth ventricle. More caudally, many small branches 
emerging from the VA with many anastomoses pass through 
the rootlets of the vagus and accessory nerves. One bigger 
branch of the VA runs cranially to the choroid plexus along 
the medulla, constituting the stem of the future posterior 
inferior cerebellar artery (PICA) [1, 11, 25] (Figs. 5 and 6).

 20–24 Mm Stage (≃45 Days), Padget Stage 6; 
Carnegie Stages 20–21 (Fig. 6)

In this stage, as the head begins to lift away from the chest, 
acquiring more human features, and the cerebral hemi-
spheres expand, the final configuration of the adult circle of 
Willis is almost perfectly recognizable.

The IMA (a branch of the ECA, as mentioned before) 
now anastomoses with the lower division of the SA (maxillo- 
mandibular branch), going lateral to V3 nerve. When the 
ventral (infraorbital) division of the SA becomes surrounded 
by the auriculotemporal nerve, the part remaining over the 
anastomosis with the IMA becomes the stem of the middle 
meningeal artery (MMA). The dorsal (supraorbital) division 
of the SA, laterally to the trigeminal ganglion, constitutes 
the extension of the MMA. At this point, the proximal seg-
ment of the SA (medial to the stapes) begins its regression: 
thus, the maxillo-mandibular branch of the SA (and so the 
MMA too) becomes an ECA branch [1, 11, 20, 27, 29] 
(Fig. 6).

At the level of the OA, the primitive ComTempCilA and 
HyalA anastomose with the ComNasCilA of the primitive 
ventral OA to constitute a sort of “arterial loop” around the 
optic nerve. This loop is also connected with the supraorbital 
branches of the SA (which has become the MMA, as seen 
above). As a result, the OA gains a more dorsal position to 
the optic nerve and gets its orbital branches (that come from 
the SA) [1, 11, 20, 27, 29] (Fig. 6).

The two ACAs approximate and course upwards between 
the two expanding cerebral hemispheres. In some embryos, 
a small branch to the choroid plexus can be found, before 
the development of the corpus callosum [1, 19]. The persis-
tence of such branch in the human adult is extremely rare, as 
it regresses while the corpus callosum develops and the 
artery moves more cranially and dorsally [1, 18, 19]. The 
AComA is much less plexiform and almost completed, with 
a branch to the commissural plate; the course of this branch 
is more caudal than ACA’s, and it can become an unpaired 
or accessory ACA in the adult [1, 8]. The POA is now a 
small branch which follows the olfactory nerve in the nasal 
cavity; a larger branch, arising from the primitive stem of 
the olfactory artery, has a more lateral course to supply the 
forming basal ganglia, called the medial striate branch. This 
is the so-called “recurrent artery” (or Heubner’s artery). 
This artery is formed by components of the anastomosis 
between the primitive olfactory artery and its “collateral” 
ACA branch; it leaves the ACA at the level of the AComA 
(or slightly more distally), extends toward the anterior per-
forated substance and enters it to supply the anteroinferior 
part of the striatum and internal capsule [1, 11, 27, 32, 33] 
(Fig. 7).
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Fig. 7 Padget stage 7; lateral view of a 40 mm, ≃50 days old embryo. 
In gray, the outer structure of the embryo is outlined; in yellow, the 
developing nervous system is represented. In gray, the outer structure of 
the embryo is outlined; in yellow, the developing nervous system is 
represented. Developing cranial nerves are numbered from I to XII, 
developing spinal roots are listed from C1 to T4. The definitive pre-term 
vessel configuration is almost completed

vertebrobasilar circulation is explained by the late formation 
of the cerebellar hemispheres, which leads to this highly 
plexiform arterial configuration with persistence of remnants 
of the vertebro-basilar anastomoses described from stage 2 
[1, 8, 11, 18, 19, 25].

 40 Mm Stage (≃50 Days), Padget Stage 7; 
Carnegie Stages 22–23 (Fig. 7)

In this stage, in almost all the embryos the adult stem of 
nearly all the main arterial branches can be identified. The 
circle of Willis is now fully recognizable also from the basal 
view thanks to the definitive position of the PComA.  As 
mentioned before, the length, size, and direction of the pos-
terior branches (PCA, AICA, PICA) are determined by the 
development of the cerebellum [1, 25].

As seen before, we can find an accessory branch of the 
ACA close to the midline (the former “median artery of the 
corpus callosum”) [1, 8].

In this phase, the OA takes the blood supply of the 
orbit as the SA stem has disappeared during the previous 
stage. The lacrimal artery (LacA) is the last appearing 
orbital branch of the OA, originating from the orbital seg-
ment of the supraorbital division of the SA. The extraor-
bital part of the supraorbital SA division becomes a 
collateral of the anterior branch of the MMA (which is 
now an ECA branch, as seen before). In the adult, this is a 
site of frequent anastomoses between ICA (LacA) and 
ECA (anterior branch of the MMA). In the latter stage, the 
HyalA becomes the central artery of the retina and takes 
charge of the blood supply to the deep ocular structures 
[1, 11, 20, 27, 29] (Fig. 7).

The PComA is quite large in this stage, and in this phase 
the adult configuration known as “fetal PComA” can take 
shape: the PComA can remain bigger (as the original caudal 
end of the posterior division of the ICA) and give off the 
homolateral PCA, with a very small branch connecting the 
divisional branch of the basilar (the first segment of the PCA 
in the normal configuration) [1, 8, 11, 19].

 Beginning of the Fetal Stage

At 7–8 weeks of gestational age, the embryological phase is 
over, and we begin to speak about “fetus” [34, 35].

The cerebrum is now a “privileged” organ, being com-
posed by an almost complete arterial system and receiving a 
more oxygenated blood compared to the other organs.

In fact, well-oxygenated blood coming from the placenta 
passes from the umbilical vein through the ductus venosus 
(or left half of the liver), bypassing the inferior vena cava to 

The PComA (which initially was a direct continuation of 
the ICA to the BA) now moves cranially and posteriorly 
becoming a true “collateral” leaving the ICA with a 90° 
angle.

The AChoA and PChoA are connected by several anas-
tomoses at the level of the diencephalon and choroid 
plexus, as explained before [1, 11, 30, 31]. With the pro-
gressive enlargement of the basal ganglia, the contribution 
of the AChoA for the plexus becomes smaller, as this 
artery’s main supply remains the pallidus, the posterior 
limb of the internal capsule, the optic tract, the caudate 
tail, and the amygdala, with some cortical branches to the 
uncinate gyrus (Figs. 6 and 7).

The stems of both AICA and PICA are still difficult to 
recognize among many arterial branches supplying the pos-
terior part of the hindbrain, which still have a quite plexiform 
configuration. This is because the cerebellar hemispheres 
have not developed yet. The great number of variants in the 
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directly reach the left atrium and ventricle through the fora-
men ovale, and then goes up the ascending aorta to the ICAs. 
Deoxygenated blood from the superior and inferior vena 
cava, forming the so-called “via dextra” through the right 
atrium and ventricle, passes in the pulmonary trunk and 
 ductus arteriosus (DuctArt), to mix with the rest of the oxy-
genated blood coming from the ascending aorta, to supply 
the other organs and limbs [1, 36–38].

 Conclusion

In this chapter, we tried to sum up the main stages and con-
cepts of the embryological development of the blood supply 
to the brain, in order to have a better understanding of the 
normal anatomy and, doing so, make it easier to recognize 
and understand some of the most important anatomical vari-
ants or pathologies. This is supposed to be a comprehensive 
introduction for the following chapters, that will address 
each artery in detail.
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Embryological Development 
of the Internal Carotid Artery

Sara Bonasia and Thomas Robert

The internal carotid artery (ICA) is considered one of the 
most “stable” of the cranio-facial arteries because the fre-
quency of its anatomical variations is very low and evaluated 
as less than 0.1% [1]. However, different types of anatomical 
variations of the ICA were described in these last decades in 
the literature, as segmental agenesis, duplication, and aber-
rant course [2]. All of these anatomical variations partially 
find their explanation in the knowledge of the embryological 
development of the ICA [1]. In this chapter, we will describe 
the different embryological steps of the ICA development. 
These steps will be fundamental to understand the develop-
ing of the other cerebral arteries, which will be described in 
the following chapters.

 History

The first observation about the carotid artery could be attrib-
uted to Artistote early before the first human cadaveric dis-
sections. Galen, with its galenic theory about vascular system 
circulation, considered the artery to contain blood and not air 
[3]. Based on this concept, Harvey and Da Vinci highlighted 
the importance of the carotid artery in the vascularization of 
the brain. The first publications based on human cadaveric 
dissections were proposed by Vesalius (1543), Willis (1664), 
Scarpa (1794), or Quain (1844) who proposed masterworks 
that gave great contribution to the human vascular system’s 
understanding [3].

In the first half of the twentieth century, the phenomenal 
publication of Dorcas Padget, based on the dissections of 22 
human embryos of the Carnegie collection, gave a lot of infor-

mation about the embryological development of the cranio-
facial arteries [4]. In the same period, brilliant authors such as 
Altmann (1947) paid a particular attention to furnish a com-
prehensive explanation about the development of the embryo-
logic aortic arches and about the variations of the carotid 
system [5]. Pioneers of the interventional neuroradiology also 
furnished a fantastic work in the understanding of all anatomi-
cal variations of the cranio-facial arteries. In this contest, 
P. Lasjaunias was able to give a comprehensive explanation of 
all variations implicating the internal carotid artery and pro-
posed the most accomplished hypothesis concerning the 
development of the ICA in seven distinct segments [1, 2]. This 
hypothesis, first described in 1984 and taken as reference by 
almost all authors, will be explained in this chapter.

 Embryology

The embryological vascular development starts early in the 
embryological life (Fig. 1).

• The primitive heart is already recognizable at approxi-
mately 19 days (embryos of 2 mm) and paired ventral and 
dorsal aortas are formed and already have a cranial conti-
nuity, which is the first cranial arch [3].

• From 21 to 32 days (embryos of 3 to 12 mm), the other 
aortic arches are successively formed from front to back. 
At the same time, the dorsal aortas give an extension cra-
nial to the first aortic arch [4].

• At 28 days (embryos of 4–5 mm), the first aortic arch ini-
tiates to involute, followed by the second aortic arch [3]. 
Consequently, the six pairs of aortic arches are not all 
present at the same time [5].

Each aortic arch has a different function, the two first one 
involute completely, the third arch persists and will become 
a part of the internal carotid artery, and the fourth one per-
sists and will give the adult aortic arch on the left and the 
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Fig. 1 Embryology and embryological segments of the internal carotid 
artery. The illustrations (a, b, and c) show consecutive stages of ICA 
embryological development. The first stages of development (a) are 
characterized by the presence of three aortic arches that link the ventral 
and dorsal aorta (VA, DA). The VA regresses together with the ventral 
part of the aortic arches. The dorsal remnants of the aortic arches persist 
as embryonic arteries. These embryonic arteries divide the ICA into 7 
embryological segments: (1). The cervical segment: It derives from the 
remnant of the third aortic arch (III AA). (2). The ascending intrape-
trous segment: It is the remnant of the dorsal aorta (DA) between the 
second (II AA) and third aortic arches. The division point between the 
segment 2 and 3 is at the point of origin of the Hyoid artery (HA), that 
is the dorsal remnant of the second aortic arch. (3) The horizontal intra-
petrous segment: It is the remnant of the DA between the first (I AA) 
and second aortic arches. The division point is at the point of origin of 
the mandibular artery (MA), which corresponds to the dorsal remnant 

of the first aortic arch. (4) The intracavernous ascending segment: It 
origins from the DA between the first aortic arch and the primitive max-
illary artery (PMA), that connects the DA of the two sides (DAl: dorsal 
aorta left; DAr: dorsal aorta right). At the junction between segments 4 
and 5 also the trigeminal artery (TA) takes its origin. This latter repre-
sents a primitive connection between the cavernous ICA and the basilar 
artery (BA). (5) The horizontal intracavernous segment: It derives from 
the DA between the PMA and the primitive dorsal ophthalmic artery 
(PDOA). (6) The clinoid segment: corresponds to the DA between the 
PDOA and the primitive ventral ophthalmic artery (PVOA). (7) The 
terminal segment: the terminal ICA between (PVOA) and the primitive 
ICA bifurcation into the future anterior cerebral artery (ACA) and 
future posterior communicating artery (PComA). The figure also shows 
the hypoglossal artery (HypA) and the proatlantal artery (PA), that 
originate proximal to the third aortic arch and will contribute to the 
formation of external carotid artery (ECA) branches

brachiocephalic artery on the right. The fifth aortic arch will 
completely involute and the sixth one will give origin to the 
pulmonary arteries [6].

 Common Carotid Artery

The embryological origin of the common carotid artery is 
not clear. Altmann in 1947 postulated two different hypoth-
eses [5]. According to the first one, the common carotid 
artery derivates from the ventral aorta between the third and 
fourth aortic arch and from the third aortic arch. The second 
hypothesis says that the common carotid artery derivates 
directly from the aortic sac a second time after the formation 
of the aortic arches. In her monograph, Padget (1948) did not 
insist on the embryological formation of the common carotid 
artery and considered it as the development of the ventral 
aorta between the third and fourth aortic arches [4]. 
Lasjaunias (1984), based on the fact that a segmental agene-

sis of the cervical internal carotid artery never influences the 
formation of the common carotid artery, considered that the 
third aortic arch could not participate in the formation of the 
distal common carotid artery [2]. In conclusion, the strongest 
hypothesis concerning the formation of the common carotid 
artery is that it originates from the ventral aorta between the 
insertion of the third and fourth aortic arches, which have an 
important extension after the involution of the other arches 
as previously described [6, 7].

 External Carotid Artery

Also for the external carotid artery (ECA), different hypoth-
eses were postulated to explain its embryological develop-
ment but the most probable is its direct origin from the aortic 
sac [4, 5]. The ventral pharyngeal artery (which is the princi-
pal precursor of the external carotid artery) extends cranio- 
laterally from the aortic sac as early as the 5–6 mm stage [4]. 
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The ventral pharyngeal artery, which develops cranially to 
give almost all branches of the future external carotid artery, 
annexes later (24 mm stage) the maxillomandibular branch 
of the stapedial artery to become the external carotid artery 
[6, 8, 9]. At approximately 40 days, the descent of the aortic 
sac favorites the cranial migration of the external carotid 
artery origin along the common carotid artery to give the 
adult configuration [3]. Lasjaunias strongly argued against a 
common embryological origin of internal and external 
carotid arteries, based on different types of segmental agen-
esis of the ICA always sparing the ECA development [1, 2].

 Internal Carotid Artery

Early in the development (first stage of Padget, embryos of 
4–5  mm), the two first aortic arches initiate their natural 
regression allowing the internal carotid artery to be individu-
alized. The embryological segments of the ICA are derived 
from the third aortic arch and from the dorsal aorta cranial to 
the third aortic arch [1, 4, 5]. The dorsal aorta also regresses 
at the same time between the third and fourth aortic arches. 
In the 4–5  mm embryos, the primitive ICA bifurcation is 
already visible with its two divisions: anterior and posterior 
that will become in adult, the anterior cerebral artery and the 
posterior communicating artery. The ICA, cranial to the pos-
terior communicating origin, derivates from the anterior 
division of the ICA; and not from the ICA itself. Consequently, 
the primitive ICA bifurcation is considered to be at the origin 
of the posterior communicating artery and not at the origin of 
the middle cerebral artery. Concomitantly to the formation of 
the ICA, other arteries of the circle of Willis have their own 
development and the circle of Willis is completely formed in 
the 24 mm embryos (with the formation of the anterior com-
municating artery).

Embryologically, we could divide the internal carotid 
artery into seven different segments according to 
Lasjaunias [2].

These segments, which are represented in Fig. 1 together 
with the main embryological steps of ICA development, 
could be described as follows:

 1. The first one corresponds to the third aortic arch from the 
origin of the ventral pharyngeal artery (future external 

carotid artery) to the junction between the third aortic 
arch and the dorsal aorta. In the adult, it corresponds to 
the cervical internal carotid artery.

 2. The second segment is the dorsal aorta between the third 
and second aortic arch. Its distal part is the hyoid artery in 
the embryo and the caroticotympanic artery in the adult 
(ascending intrapetrous segment).

 3. The third segment is the dorsal aorta between the second 
and first aortic arch. It corresponds in the embryo to the 
segment between the hyoid and the mandibular arteries, 
and, in the adult, between caroticotympanic artery and 
the Vidian artery (horizontal intrapetrous segment).

 4. The fourth segment is the dorsal aorta between the first 
aortic arch and the origin of the trigeminal artery (and the 
primitive maxillary artery). In the adult, it corresponds to 
the segment between the Vidian artery and the origin of 
the meningo-hypophysary trunk (ascending foramen lac-
erum segment).

 5. The fifth segment is the dorsal aorta between the origin of 
the trigeminal artery (and the primitive maxillary artery) 
and the origin of the primitive dorsal ophthalmic artery 
(PDOA, future inferolateral trunk-ILT). It corresponds in 
the adult to the horizontal cavernous segment between the 
meningo-hypophysary and infero-lateral trunks.

 6. The sixth segment is between the origin of the PDOA and 
the anastomotic point of the primitive ventral ophthalmic 
artery (PVOA) on the internal carotid artery. This seg-
ment in the adult is the clinoidal segment between the 
origin of the ILT and the OA.

 7. The seventh segment is between the anastomotic point 
of the PVOA and the primitive carotid bifurcation. In 
the adult, this is the supraclinoid ICA from the origin of 
the OA to the origin of the posterior communicating 
artery.

As described, each segment of the embryonic ICA will 
give origin to a specific segment in the adult. The correla-
tions between the embryological and the adult segment are 
summarized in Table 1.

It is important to note that the carotid bulb has not the 
same embryological origin than the other segments of the 
ICA.  It originates from the pharyngo-occipital system that 
easily explains variations in the origin of the ascending pha-
ryngeal and occipital arteries.

Embryological Development of the Internal Carotid Artery
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Table 1 Embryological segments of the ICA with their corresponding segments in the adult

Embryological 
segment Embryological origin Adult segment Proximal limit Distal limit
First segment Third aortic arch Cervical ICA Carotid bulb Junction cervical-petrous 

ICA
Second segment Dorsal aorta

Between second and third aortic arches
Ascending petrous 
segment

Junction cervical- 
petrous ICA

Caroticotympanic artery

Third segment Dorsal aorta
Between first and second aortic arches

Horizontal petrous 
segment

Caroticotympanic artery Vidian artery

Fourth segment Dorsal aorta
Between first aortic arch and the 
primitive maxillary artery

Ascending lacerum 
segment

Vidian artery Meningo-hypophysary 
trunk

Fifth segment Dorsal aorta
Between the primitive maxillary artery 
and the PDOA

Horizontal cavernous 
segment

Meningo-hypophysary 
trunk

Infero-lateral trunk

Sixth segment Dorsal aorta
Between the PDOA and the PVOA

Clinoidal segment Infero-lateral trunk Ophthalmic artery

Seventh segment Dorsal aorta
Distal to the PVOA

Ophthalmic segment Ophthalmic artery Posterior communicating 
artery

 Clinical Implications

The knowledge of the embryological development of the 
ICA is mandatory to understand developmental variations 
and anomalies of this artery. Agenesis or abnormal regres-
sion of one or more segments of the carotid artery explains 
an intratympanic course of the ICA and also the different 
type of “reperfusion” in case of ICA agenesis [5, 10]. All 
anatomical variations in the course of the ICA will be 
described in detail in the respective chapters. The intratym-
panic course of the ICA also named as “aberrant flow of the 
ICA” is the consequence of the abnormal regression of the 
first and second segments with anastomosis between the 
inferior tympanic artery (from the ascending pharyngeal 
artery) and the carotico-tympanic artery (from the carotid 
artery) that infuses distally the carotid artery. The pseudo- 
ICA has consequently an intratympanic course without pass-
ing through the stapes [1, 10, 11].
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Segmental Classifications 
of the Internal Carotid Artery

Sara Bonasia and Thomas Robert

The internal carotid artery (ICA) is one of the most studied 
arteries in the human, since it interests a lot of physicians: 
ENT, neuroradiologists, neurologists, anatomists, and neuro-
surgeons. During the last century, a lot of classifications of the 
internal carotid artery segmental division have been proposed, 
with the purpose to be helpful during the clinical practice. 
Since each specialist who treats pathologies of or around the 
internal carotid artery needs different details, a universally 
shared classification is difficult to propose. Historically, the 
classifications that spread the most had some important char-
acteristics: simplicity, easy to use, easy to remember, and 
reproducibility. In this chapter, we will present the most used 
classifications of the internal carotid artery with their respec-
tive clinical implications, pros and cons.

 History

The term “carotid” was already used by Greek physicians 
like Aristotle and Galen who, even with an incomplete idea 
of the human vascular circulation, understood the vital role 
of this vessel. After them, a lot of physicians, anatomists, and 
humanists gave their theories or hypothesis about the role of 
the carotid artery. To cite some of them, Da Vinci (1504), 
Vesalius (1543), William Harvey (1628), Thomas Willis 
(1664), and more recently Quain (1844) marked their respec-
tive time contributing to the knowledge of the human vascu-
lar anatomy [1–7].

In 1938, Fischer, a German anatomist, was the first to 
propose a classification in segments of the internal carotid 

artery [8, 9]. However, only at the end of the twentieth cen-
tury, several authors became more interested in the internal 
carotid artery [9–11]. Depending on the interest of each 
author, each classification was based on different elements. 
Lasjaunias (1984) described different segments based on 
their embryological development to explain segmental 
agenesis of the internal carotid artery [12]. Gibo and Rhoton 
also like Bouthilier proposed their classification principally 
based on the surgical anatomy of the artery [9, 13]. On the 
other hand, surgeons experienced in endonasal surgery pro-
posed some classifications focused on the cavernous and 
petrous segments of the carotid artery [11, 14].

 Fischer’s Classification

In 1938, Erich Fischer proposed the first segmental classifi-
cation concerning the internal carotid artery and its two 
major branches: the anterior and middle cerebral arteries. In 
its classification, the ICA segments are numbered in the 
opposite direction of the flow [9]. Fischer did not consider 
the anatomical relationship of the artery but segmented the 
ICA depending on the different arterial displacement in case 
of extrinsic tumoral compression. This classification was 
based on angiographic studies. From its termination to its 
cavernous region, the ICA was segmented into five different 
segments, which are illustrated in Fig. 1 [15].

 1. The first segment (C1) is the portion of the ICA from its 
termination to the origin of the posterior communicating 
artery.

 2. The second segment (C2) is the part of the ICA between 
the origin of the posterior communicating artery and the 
origin of the ophthalmic artery (OA).

 3. The third segment (C3) is the anterior genu of the ICA 
that corresponds to the clinoidal portion of the artery.

 4. The fourth segment (C4) is the cavernous portion of the 
artery that ends at the posterior genu of the ICA.
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Fig. 1 Fischer’s classification
Fig. 2 Rhoton’s classification

 5. The fifth segment (C5) is the part of the ICA latero- 
inferior to the cavernous sinus in the lacerum foramen. 
This segment does not include the petrous segment.

This classification has the merit to be the first one and to 
have helped physicians in the understanding of tumors loca-
tion before the computerized tomography era. The disadvan-
tages of this classification were the numbering opposite to 
the arterial flow, the exclusion of the petrous and cervical 
portions of the artery, and the absence of correspondence to 
anatomical landmarks. In 1994, Fukushima, in a personal 
communication, proposed a change of this classical classifi-
cation adding a sixth segment (C6F) that corresponds to the 
petrous portion of the artery.

 Gibo and Rhoton’s Classification

This classification, proposed in 1981, is actually the most 
used. It was proposed after the cadaveric dissection of 25 
brains [9]. This is the first anterograde segmentation of the 
internal carotid artery. Each segment of the artery has a 
different anatomical compartment that makes this classifi-
cation easy to use and reproducible. The different seg-
ments are illustrated in Fig.  2 and were described as 
follows:

 1. C1 is the cervical portion of the ICA from its origin to its 
entry into the external orifice of the carotid canal.

 2. C2 is the petrous portion of the artery from the external 
orifice of the carotid canal to the entry of the ICA into the 
cavernous sinus.

 3. C3 corresponds to the cavernous portion of the artery 
from its entrance in the posterior part of the cavernous 
sinus to its exit near the anterior clinoidal process. The 
origin of the ophthalmic artery is assimilated to the junc-
tion between C3 and C4 (cavernous and supraclinoid) 
segments.

 4. C4 is the supraclinoid portion of the ICA that was divided 
by Gibo et al. into three distinct parts: the ophthalmic seg-
ment (C4-a) from the origin of the OA to the origin of the 
posterior communicating artery, the communicating part 
(C4-b) from the origin of the posterior communicating 
artery to the origin of the anterior choroidal artery, and 
the choroidal part (C4-c) from the origin of the anterior 
choroidal artery to the ICA bifurcation.

This classification highlights the precise anatomy of per-
forating arteries from the ICA on its supraclinoid portion and 
was oriented in the surgical clipping of ICA aneurysms with 
precise description of anatomical relationship between aneu-
rysmal sac and perforating arteries.

 Embryological Classification (Lasjaunias)

This classification was first proposed by Pierre Lasjaunias 
in 1984 and is only based on the embryological knowledge 
of the carotid artery system [4, 12]. The aim of this 
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 classification is to explain and understand the different 
types of segmental agenesis and other anatomical varia-
tions encountered in the clinical practice. The internal 
carotid artery development depends on the third aortic arch 
and on the dorsal aorta cranial to the third aortic arch. 
During the embryological life, the ICA gives origin to dif-
ferent branches that delimitate different segments of this 
classification. It is important to remember that, from an 
embryological point of view, the ICA bifurcates in two cra-
nial and caudal divisions that correspond to the future ante-
rior cerebral artery and to the future posterior communicating 
artery.

According to P. Lasjaunias (1984), the different segments 
of the ICA, represented in Fig. 3, could be identified as fol-
lows [12]:

 1. The first one corresponds to the third aortic arch from the 
origin of the ventral pharyngeal artery (future external 
carotid artery) to the junction between the third aortic 
arch and the dorsal aorta. In the adult, it corresponds to 
the cervical internal carotid artery.

 2. The second segment is the dorsal aorta between the sec-
ond and third aortic arch. Its distal part is the hyoid artery 
in the embryo and the caroticotympanic artery in the adult 
(ascending intrapetrous segment).

 3. The third segment is the dorsal aorta between the second 
and first aortic arch. It corresponds in the embryo to the 
segment between the hyoid and the mandibular artery, 
and, in the adult, between caroticotympanic artery and 
the Vidian artery (horizontal intrapetrous segment).

 4. The fourth segment is the dorsal aorta between the first 
aortic arch (future mandibular artery) and the origin of 
the trigeminal artery (and the primitive maxillary artery). 
In the adult, it corresponds to the segment between the 
Vidian artery and the origin of the meningo-hypophysary 
trunk (ascending foramen lacerum segment).

 5. The fifth segment is the dorsal aorta between the origin of 
the trigeminal artery (and the primitive maxillary artery) 
and the origin of the primitive dorsal ophthalmic artery 
(PDOA, future inferolateral trunk-ILT). It corresponds in 
the adult to the horizontal cavernous segment between the 
meningo-hypophysary and infero-lateral trunks.

 6. The sixth segment is between the origin of the PDOA and 
the anastomotic point of the primitive ventral ophthalmic 
artery (PVOA) on the internal carotid artery. This seg-
ment in the adult is the clinoid segment between the ori-
gin of the ILT and the OA.

 7. The seventh segment is between the anastomotic point of 
the PVOA and the primitive carotid bifurcation. In the 
adult, this is the supraclinoid ICA from the origin of the 
OA to the origin of the posterior communicating artery.

It is important to note that the carotid bulb has not the 
same embryological origin than the other segments of the 
ICA.  It originates from the pharyngo-occipital system that 
easily explains variations in origin of the ascending pharyn-
geal and occipital arteries [4].

This classification allows to understand and explain quite 
all forms of agenesis and variations of the ICA and is based 
on two fundamental principles: first, each segment is consid-
ered to have a distinct embryological development; second, 
the agenesis of one segment of the ICA leads to the regres-
sion of all segments proximal to the anomaly.

However, in 2004, Gailloud presented a case of ICA 
agenesis distal to the posterior communicating artery origin 
[16]. Consequently, he discussed the presence of an eighth 
embryological ICA segment. This hypothesis was clearly 
refused by P. Lasjaunias who considered the adult ICA distal 
to the posterior communicating artery origin not as an ICA 
segment [17].

 Bouthillier’s Classification

In 1996, Bouthillier et al. proposed another segmental classi-
fication based on a cadaveric study of 10 specimens [13]. This 
classification is illustrated in Fig. 4 and a clinical case subdi-
vided according to this classification is presented in Fig. 5. Fig. 3 Lasjaunias’ classification

Segmental Classifications of the Internal Carotid Artery
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They divided the petrous segment in petrous and lacerum seg-
ment because they observed that in this lacerum segment, the 
carotid artery is not completely englobed into the petrous 
bone but into a dural ligament. They argued this added seg-
ment for its clinical implication for surgical approaches of the 
Meckel’s cave. They also added the clinoidal segment that is 
the little part of the internal carotid artery between the proxi-
mal and distal dural rings.

Consequently, the ICA is segmented into seven portions 
as follows:

 1. The cervical segment (C1) from the carotid bifurcation to 
the external extremity of the carotid canal.

 2. The petrous segment (C2) from the external orifice of the 
carotid canal to the posterior edge of the foramen 
lacerum.

 3. The lacerum segment (C3) extends from the end of the 
carotid canal (posterior edge of the foramen lacerum) to 
the entry point of the carotid artery into the cavernous 
sinus. In this portion, the petro-lingual ligament only cov-
ers the carotid artery.

 4. The cavernous portion (C4) begins at the entry point of 
the carotid artery into the cavernous sinus and ends at the 
exit point of the artery at the level of the inferior dural 
ring of the anterior clinoid process.

 5. The clinoid segment (C5) extends from the inferior to the 
superior dural rings. In this segment, the carotid artery is 
in a fibro-osseous canal before entering into the subarach-
noidal compartment.

 6. The ophthalmic segment (C6) begins at the distal dural 
ring and ends just proximal to the origin of the posterior 
communicating artery.

 7. The communicating segment (C7) is the distal portion of 
the ICA from the origin of the posterior communicating 
artery to its bifurcation.

 Other Classifications

Recently, numerous authors proposed different classifica-
tions depending on their specialty and depending on their 
interest in their respective clinical practice. The most 
interesting classifications are summarized in Table 1. Ziyal 
et  al. (2005) proposed another anatomical classification 
based on cadaveric dissections of 15 human heads. In this 
classification, authors highlighted the importance of the 
clinoidal segment, as described by Bouthilier et al. 10 years 
before [13, 18]. This classification is helpful for skull base 
surgeons in case of surgeries of the cavernous sinus or in 
case of anterior clinoidectomy [18]. Shapiro et al. (2014) 

Fig. 4 Bouthillier’s classification

Fig. 5 The figure shows a left ICA angiogram in lateral view, in which 
the ICA is divided according to Bouthillier’s classification. The blue 
star indicates the petrous segment of the ICA, the yellow triangle indi-
cates the cavernous segment, and the green circle corresponds to the 
communicating segment at the origin of the posterior communicating 
artery (that has a fetal configuration in this case)

S. Bonasia and T. Robert



31

Table 1 Summary of the different classifications of the internal carotid artery

ICA classifications Fisher Lasjaunias Gibo-Rhoton Bouthilier Ziyal Shapiro Abdelrauf
Cervical x 1 C1 C1 C1 Cervical x
Petrous C6 (add by 

Fukushima)
2 and 3 C2 C2-C3 C2 Petrous Cochlear petrous 

clival
Cavernous C4-C5 4 and 5 C3 C4 C3 Cavernous Sellar
Clinoidal C3 6 C3 C5 C4 Peri-ophthalmic Sphenoid
Ophthalmic C2 7 C4-opht C6 C5 Peri-ophthalmic Cisternal
Communicating C1 x C4-com C7 C5 Communicating Cisternal
Choroidal C1 x C4-chor C7 C5 Choroidal and 

terminus
Cisternal

apropos of a continuous series of 48 specimens. Surg Radiol Anat. 
2005;27(6):495–501. https://doi.org/10.1007/s00276- 005- 0018- 3.

6. Hills J, Sament S. Bilateral agenesis of the internal carotid artery 
associated with cardiac and other anomalies. Case report. Neurology. 
1968;18(2):142–6. https://doi.org/10.1212/wnl.18.2.142.

7. Dungan DH, Heiserman JE.  The carotid artery: embryology, 
normal anatomy, and physiology. Neuroimaging Clin N Am. 
1996;6(4):789–99.

8. Legait E.  The admirable carotid network. Biol Med (Paris). 
1947;36(9–10):139–65.

9. Mele MV, Puigdellivol-Sanchez A, Mavar-Haramija M, Juanes- 
Mendez JA, Roman LS, De Notaris M, et al. Review of the main 
surgical and angiographic-oriented classifications of the course 
of the internal carotid artery through a novel interactive 3D 
model. Neurosurg Rev. 2018;43:473–82. https://doi.org/10.1007/
s10143- 018- 1012- 7.

10. Shapiro M, Becske T, Riina HA, Raz E, Zumofen D, Jafar JJ, 
et al. Toward an endovascular internal carotid artery classification 
system. AJNR Am J Neuroradiol. 2014;35(2):230–6. https://doi.
org/10.3174/ajnr.A3666.

11. Abdulrauf SI, Ashour AM, Marvin E, Coppens J, Kang B, Hsieh 
TY, et al. Proposed clinical internal carotid artery classification sys-
tem. J Craniovertebr Junction Spine. 2016;7(3):161–70. https://doi.
org/10.4103/0974- 8237.188412.

12. Lasjaunias P, Santoyo-Vazquez A.  Segmental agenesis of the 
internal carotid artery: angiographic aspects with embryological 
discussion. Anat Clin. 1984;6(2):133–41. https://doi.org/10.1007/
bf01773165.

13. Bouthillier A, van Loveren HR, Keller JT.  Segments of the 
internal carotid artery: a new classification. Neurosurgery. 
1996;38(3):425–32; discussion 32–3. https://doi.
org/10.1097/00006123- 199603000- 00001.

14. Wang C, Xie J, Cui D, Cheng Y, Zhang S.  A new classifica-
tion of cavernous segment of the internal carotid artery. J 
Craniofac Surg. 2013;24(4):1418–22. https://doi.org/10.1097/
SCS.0b013e318292c970.

15. Rhoton AL Jr. The supratentorial arteries. Neurosurgery. 2002;51(4 
Suppl):S53–120.

16. Gailloud P, Clatterbuck RE, Fasel JH, Tamargo RJ, Murphy 
KJ.  Segmental agenesis of the internal carotid artery distal 
to the posterior communicating artery leading to the defini-
tion of a new embryologic segment. AJNR Am J Neuroradiol. 
2004;25(7):1189–93.

17. Krings T, Lasjaunias PL. Segmental agenesis of the internal carotid 
artery distal to the posterior communicating artery leading to the 
definition of a new embryologic segment. AJNR Am J Neuroradiol. 
2006;2:246–7. author reply 7

18. Ziyal IM, Ozgen T, Sekhar LN, Ozcan OE, Cekirge S. Proposed 
classification of segments of the internal carotid artery: anatomical 
study with angiographical interpretation. Neurol Med Chir (Tokyo). 
2005;45(4):184–90; discussion 90–1. https://doi.org/10.2176/
nmc.45.184.

proposed another classification of the ICA in seven seg-
ments without differentiation between clinoidal and oph-
thalmic segments but adding a terminal segment distal to 
the choroidal segment [10]. This classification was made 
regarding different possible location of ICA aneurysms 
and depending on the choice of endovascular technique. 
Other than a segmental classification, Abdelrauf et al. pub-
lished a study focused on different angles and curvature of 
the ICA [11]. This description is very helpful for endo-
scopic surgeons to avoid vascular damage during these 
approaches. In the same idea, Wang et al. gave a precise 
description of the shape and curvature of the ICA in its 
cavernous segment in order to help identifying it during 
trans-sphenoidal surgery [14].

 Conclusion

Each of these classifications brings important information 
about the anatomy of the ICA and finds its utility in the clini-
cal practice [9]. Depending on the specialty of each physi-
cian, the use of one of these classifications is more useful. 
For example, anatomists and neurosurgeons often use the 
classification of Gibo et al. or the classification of Bouthillier 
et al., which are the two most “anatomical” classifications. 
The knowledge of the history and of the major classifications 
are important to have all together the same language in the 
definition of the ICA.
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Branches and Variations of the Internal 
Carotid Artery

Sara Bonasia and Thomas Robert

The internal carotid artery (ICA) has the principal role to 
bring high-flow blood to a major part of the cerebral hemi-
sphere. During the species evolution, the ICA takes always 
more importance [1–3]. Its secondary roles as dural, middle 
ear, and hypophysis supplies are less known [4, 5]. Even if 
the internal carotid artery is considered as a “stable” artery, 
with a very low rate of anatomical variations, some variants 
have been described in the literature [1, 6–8]. In this chapter, 
all anatomical variations encountered, and all branches of 
the ICA will be presented. Persistent carotido-vertebral 
arteries will be developed and explained in chapter “Carotido- 
Vertebral Anastomoses.” Anatomical variations as ICA ori-
gin of the occipital or ascending pharyngeal arteries will also 
be presented in chapters “Embryology and Variations of the 
Occipital Artery” and “Embryology and Variations of the 
Ascending Pharyngeal Artery”.

 History

For more than 200 years, the internal carotid artery is one of 
the arteries that caught the most attention [4, 6, 9, 10]. In the 
beginning, scientists, anatomists, and also philosophers 
based their knowledge only on animal’s dissection and only 
in a second time, on human cadaveric dissection [1, 10]. In 
the last 50 years, angiographic studies always gave a more 
detailed analysis of little branches of the internal carotid 
artery [8, 9, 11–14]. Among the physicians who dedicated 
their studies to this artery, we can mention Malacarne, 
Stattin, Parkinson, and Rhoton for their studies and cadav-
eric dissections about ICA branches [3, 8, 15–17]. As for all 
cranio-facial arteries, Congdon and Padget allowed to under-

stand the embryologic basis of the ICA [2]. Altmann and 
Barry also furnished amazing works about the evolution of 
the aortic arches [1, 18]. Finally, Lasjaunias illuminated 
other physicians in the understanding of almost all anatomic 
variations of the ICA based on his embryologic knowledge 
[7, 19–23].

 Embryology

The embryological vascular development starts early in the 
embryological life. The primitive heart is already recogniz-
able at approximately 19 days (embryos of 2 mm) and paired 
ventral and dorsal aortas are formed and already have a cra-
nial continuity, forming the first cranial arch. From 21 to 
32 days (embryos of 3 to 12 mm), the other aortic arches are 
successively formed from front to back [1, 2, 10]. At the 
same time, the dorsal aortas give a cranial extension to the 
first aortic arch. At 28 days (embryos of 4–5 mm), the first 
aortic arch initiates to involute, followed by the second aortic 
arc [1, 2, 18]. Consequently, the six pairs of aortic arches are 
not all present at the same time. Each aortic arch has a differ-
ent function, the two first one involute completely, the third 
arch persists and will become a part of the internal carotid 
artery, the fourth one persists and will give the adult aortic 
arch on the left and the brachiocephalic artery on the right. 
The fifth aortic arch will completely involute and the sixth 
one will become the pulmonary arteries [1, 2].

 Common Carotid Artery

The embryological origin of the common carotid artery is 
not clear. Altmann in 1947 already postulated two different 
hypotheses [1]. The first one is that the common carotid 
artery derivates from the ventral aorta between the third and 
fourth aortic arch and from the third aortic arch. The second 
hypothesis is that the common carotid artery derivates 

S. Bonasia (*) 
Department of Interventional Neuroradiology, 
Rothschild Foundation Hospital, Paris, France 

T. Robert 
University of the Southern Switzerland, Lugano, Switzerland

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
T. Robert et al. (eds.), Anatomy of Cranial Arteries, Embryology and Variants, https://doi.org/10.1007/978-3-031-32913-5_5

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-32913-5_5&domain=pdf
https://doi.org/10.1007/978-3-031-32913-5_5


34

directly from the aortic sac a second time after the formation 
of the aortic arches [1]. In her monograph, Padget (1948) did 
not insist on the embryological formation of the common 
carotid artery and considered it as the development of the 
ventral aorta between the third and fourth aortic arches [2]. 
Lasjaunias (1984), based on the fact that a segmental agene-
sis of the cervical internal carotid artery never influences the 
formation of the common carotid artery, considered that the 
third aortic arch could not participate in the formation of the 
distal common carotid artery [22]. In conclusion, the stron-
gest hypothesis about the formation of the common carotid 
artery is that it origins from the ventral aorta between the 
insertion of the third and fourth aortic arches which have an 
important extension after the involution of the different other 
arches as described before [5, 7, 20, 22, 24].

 External Carotid Artery

Also, for the external carotid artery, different hypotheses were 
postulated to explain its embryological development but the 
most probable is its direct origin from the aortic sac [9]. The 
ventral pharyngeal artery (which is the principal precursor of 
the external carotid artery) extends cranio- laterally from the 
aortic sac as early as the 5–6 mm stage. The ventral pharyn-
geal artery annexes later (24 mm stage) the maxillomandibular 
branch of the stapedial artery to become the external carotid 
artery. At approximately 40 days, the descent of the aortic sac 
favorites the cranial migration of the external carotid artery 
origin along the common carotid artery to give the adult con-
figuration [1, 2]. Lasjaunias strongly argued against a common 
embryological origin of internal and external carotid arteries, 
based on different types of segmental agenesis of the ICA 
always sparing the ECA development [7].

 Internal Carotid Artery

Early in the development (first stage of Padget, embryos of 
4–5  mm), the two first aortic arches initiate their natural 
regression allowing the internal carotid artery to be individu-
alized [1, 2, 10, 18]. The embryological segments of the ICA 
are derived from the third aortic arch and from the dorsal 
aorta cranial to the third aortic arch. The dorsal aorta also 
regresses at the same time between the third and fourth aortic 
arches. In the 4–5 mm embryos, the primitive ICA bifurca-
tion is already visible with its two divisions: anterior and 
posterior that will become in adult, the anterior cerebral 
artery and the posterior communicating artery [2]. The ICA, 
cranial to the posterior communicating origin, derivates from 
the anterior division of the ICA; and not from the ICA itself. 
Consequently, the primitive ICA bifurcation is considered to 
be at the origin of the posterior communicating artery and 
not at the origin of the middle cerebral artery.

Embryologically, we could divide the internal carotid 
artery into seven different segments according to 
Lasjaunias [22].

These segments could be individualized as follows:

 1. The first one corresponds to the third aortic arch from the 
origin of the ventral pharyngeal artery (future external 
carotid artery) to the junction between the third aortic 
arch and the dorsal aorta. In the adult, it corresponds to 
the cervical internal carotid artery.

 2. The second segment is the dorsal aorta between the third 
and second aortic arch. Its distal part is the hyoid artery in 
the embryo and the caroticotympanic artery in the adult 
(ascending intrapetrous segment).

 3. The third segment is the dorsal aorta between the second 
and first aortic arch. It corresponds in the embryo to the 
segment between the hyoid and the mandibular arteries, 
and, in the adult, between caroticotympanic artery and 
the Vidian artery (horizontal intrapetrous segment).

 4. The fourth segment is the dorsal aorta between the first 
aortic arch and the origin of the trigeminal artery (and the 
primitive maxillary artery). In the adult, it corresponds to 
the segment between the Vidian artery and the origin of 
the meningo-hypophysary trunk (ascending foramen lac-
erum segment).

 5. The fifth segment is the dorsal aorta between the origin of 
the trigeminal artery (and the primitive maxillary artery) 
and the origin of the primitive dorsal ophthalmic artery 
(PDOA, future inferolateral trunk-ILT). It corresponds in 
the adult to the horizontal cavernous segment between the 
meningo-hypophysary and infero-lateral trunks.

 6. The sixth segment is between the origin of the PDOA and 
the anastomotic point of the primitive ventral ophthalmic 
artery (PVOA) on the internal carotid artery. This seg-
ment in the adult is the clinoid segment between the ori-
gin of the ILT and the OA.

 7. The seventh segment is between the anastomotic point of 
the PVOA and the primitive carotid bifurcation. In the 
adult, this is the supraclinoid ICA from the origin of the 
OA to the origin of the posterior communicating artery.

It is important to note that the carotid bulb has not the 
same embryological origin than the other segments of the 
ICA.  It originates from the pharyngo-occipital system that 
easily explains variations in origin of the ascending pharyn-
geal and occipital arteries [7, 22].

 Fenestration and Duplication

Fenestrations and duplications involving the internal carotid 
artery are extremely rare anatomical variations [25, 26]. A 
fenestration is defined as the presence of two different vessel 
lumens corresponding to the same vessel (same embryologic 

S. Bonasia and T. Robert



35

Fig. 1 Case of ICA fenestration associated with aneurysm. The lateral and 3D view of ICA DSA show a case of sovraclinoidal internal carotid 
artery fenestration (red arrows), associated with aneurysm formation on its proximal part (yellow star)

Fig. 2 Illustration of ICA branches. CTA carotico-tympanic artery, 
ViA vidian artery, MHT meningo-hypophyseal artery, ILT infero-lateral 
trunk, OA ophthalmic artery, SHA superior hypophyseal artery, PComA 
posterior communicating artery, AChoA anterior choroidal artery, cpA 
clinoid process artery, ACA anterior cerebral artery, MCA middle cere-
bral artery

origin) [7]. On the other hand, a duplication is the presence 
of two different vessels from two different embryologic ori-
gins (persistence of an embryologic vessel) [7, 19]. Cases of 
duplication of the internal carotid artery are limited to its two 
first segments [19]. These cases correspond to the presence 
of an intra-tympanic flow of the ICA (aberrant ICA) associ-
ated with the persistence of the normal ICA [27]. Fenestrations 
could involve each segment of the ICA.  The two most 
involved segments are the cervical and the supraclinoid seg-
ments [28]. Supraclinoid segment fenestration of the ICA is 
recognized as an anatomical predisposition for the formation 
of anterior circulation aneurysm, as shown in a case in Fig. 1 
[29]. Isolated cases of fenestration involving petrous and 
cavernous segments of the ICA are also described [30].

 Branches of the Internal Carotid Artery

The cervical segment of the ICA usually does not offer any 
branches. The possible branches originating from this seg-
ment are usually the result of a persistent embryonic artery 
or other embryological anomalies. The branches arising 
from the petrous, cavernous, and supraclinoid segment are 
listed below and illustrated in Fig. 2.

Branches and Variations of the Internal Carotid Artery
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 Cervical Segment of the Internal Carotid 
Artery

 Separate Origin ICA-ECA

The absence of the common carotid artery or separate origin 
of the external and internal carotid arteries is a rare anatomi-
cal variation with an incidence estimated inferior than 0.1% 
[15]. Only 87 cases have been described in the literature, 
among which almost all are unilateral (75 cases) and the 
majority is associated with a normal aortic arch (58% of 
cases) [15]. Lie (1968) proposed three different theories to 
explain this anatomical variation depending on the hypothe-
sis on the development of the external carotid artery sup-
ported [31]. The first theory is the involution of the third 
aortic arch with persistence of the ductus caroticus (dorsal 
aorta between the third and fourth aortic arches). The second 
hypothesis is the failure of migration of the ECA origin 
which remains caudal to the third aortic arch. The third the-
ory is the persistence of the ductus caroticus with involution 
of the distal part of the third aortic arch (its proximal part is 
the precursor of the ECA).

 Aberrant ICA with Normal ICA Course

Aberrant ICA or intra-tympanic flow of the ICA is largely 
developed in the chapter “Embryology and Anatomy of the 
Internal Maxillary Artery.” The agenesis of the first two seg-
ments of the ICA could be complete or partial [32]. In rare 
cases, the agenesis of the cervical and petrous ICA is only 
partial and consequently, the cervical and petrous ICA seems 
duplicated. The normal course of the ICA is generally hypo-
plastic in these cases [27].

 Pharyngo-Tympano-Stapedial Artery

In this variant, the cervical ICA presents another branch, 
which is the MMA. This was first described by Lasjaunias 
(1977) in its original publication [5]. The same case served 
as illustration in the textbook “Surgical Angiography” and 

only one similar case was published by Baltsavias et  al. 
(2012) [33]. The MMA arises from the cervical portion of 
the ICA, ascends along the cervical ICA, enters the tympanic 
cavity through the inferior tympanic canal, and follows the 
usual course of the stapedial artery. The two cases described 
were presented as “partial” persistence of the SA with only 
the MMA arising from the SA and the absence of the fora-
men spinosum. In this variant, an annexation of the SA by 
the inferior tympanic artery (branch of the ascending pharyn-
geal artery) with regression of the proximal part of the SA 
explains this vascular configuration. Therefore, the SA arises 
from the cervical instead of the petrous segment of the ICA 
[5, 7, 22, 24].

 Petrous Segment of the Internal Carotid 
Artery

 Vidian Artery

The vidian artery (ViA), also called the artery of the ptery-
goid canal, is an anastomotic vessel between the petrous 
internal carotid artery and the third segment of the internal 
maxillary artery [16]. The vidian artery is the remnant of the 
first aortic arch and courses in the pterygoid canal [34]. Its 
function is limited to the periosteal supply of the pterygoid 
canal and to the supply of the vidian nerve. The vidian artery 
is usually not seen on normal angiography but could be 
enlarged in case of internal carotid artery stenosis or tumoral 
process of the skull base [34]. Figure 3 shows a rare case of 
ViA visible on DSA.

 Carotico-Tympanic Artery

The carotico-tympanic artery is a little artery arising from 
the ascending petrous segment of the ICA and corresponds 
to the carotid remnant of the stapedial artery (second aortic 
arch) [7]. Its supply is limited to a part of the middle ear. This 
artery can anastomose with the inferior tympanic artery and 
enlarge the inferior tympanic canal in case of intra-tympanic 
flow of the ICA [22].
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a b

Fig. 3 DSA showing the vidian artery. The figure shows the case of a 
patient who arrived to our emergency department after unusual head-
ache and the CT scan showed a subarachnoidal hemorrhage associated 
with multiple aneurysms. The image shows an antero-posterior (a) and 
lateral (b) DSA view after left internal carotid artery (ICA) injection. In 
Figure a and b, the first visible branch of the ICA is the vidian artery 

(ViA). It is also visible the ICA bifurcation into A1 and middle cerebral 
artery (MCA), and the ruptured aneurysm of the anterior communicat-
ing artery (red star). In Fig. B, the ViA is still visible, as well as the 
posterior communicating artery (PComa), the ICA bifurcation, and the 
aneurysm during the phase of coiling (green star)

 Cavernous Segment of the Internal Carotid 
Artery

The cavernous segment of the ICA is very stable and usually 
it is not affected by major anatomic variations other than 
segmental agenesis, described in chapter “Segmental 
Agenesis of the Internal Carotid Artery.” This segment of 

the ICA presents two major branches, the meningo-hypoph-
yseal and the infero-lateral trunks, that supply the dura of 
the central skull base [8, 16]. Their embryology, variations, 
and functions are well described in chapter “Dural Branches 
of the Internal Carotid Artery.” Figure 4 presents a case of 
dural arterio-venous fistulas supplied by these two ICA 
branches.

Branches and Variations of the Internal Carotid Artery
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a

c

b

Fig. 4 Case of dural arterio-venous fistula supplied by branches of 
MHT.  The meningo-hypophyseal trunk (MHT) and the infero-lateral 
trunk (ILT) are usually difficult to see in a normal DSA. However, they 
can be enlarged and consequently visible in case of dAVFs. Fig. a 
shows a case of dural artero-venous fistula (red circle) located at the 
petrous apex on the left side. The major feeders come from the external 
carotid artery (ECA), and especially from dural branches of the occipi-
tal artery (OccA), the ascendent pharyngeal artery (APhA), and the 
middle meningeal artery (MMA), whose origin from the internal maxil-

lary artery (IMA) is also visible. The venous drainage is from the supe-
rior petrous vein, the transverse pontine vein and later into the Galen 
vein and the straight sinus (StS). Fig. b and c show respectively an 
antero-posterior and lateral view after left ICA injection. In both the 
projections, the MHT and ILT are visible. The MHT divides into the 
marginal tentorial artery (MTA), the lateral tentorial artery (LTA), and 
the lateral clival artery (LCA). The inferior hypophyseal artery is not 
visible. The ILT is visible at its origin from the internal carotid artery on 
its infero-lateral aspect

 Supraclinoid Segment of the Internal Carotid 
Artery

 Ophthalmic Artery

Embryologic development and anatomical variations of the 
ophthalmic artery are largely explained in chapter 
“Embryology and Variations of the Ophthalmic Artery,” thus 
they will not be treated in this chapter.

 Superior Hypophyseal Artery

The superior hypophyseal artery (SHA) is an artery or a 
group of arteries that arises from the medial wall of the 
supraclinoid portion of the ICA [11, 35]. The SHA could be 
composed from one to five arteries with a predilection for 
two distinct branches (anterior and posterior in 40% of cases) 
[35]. It supplies the anterior hypophysis, the pituitary stalk, 
and the optic nerve and chiasma [17, 36]. Four distinct 
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branches are generally individualized: (1) recurrent optic, (2) 
chiasmatic, (3) infundibular, and (4) descending branch. The 
two last branches often present a rich anastomotic network 
with contralateral similar branches called the circuminfun-
dibular anastomosis [35].

 Perforators

The supraclinoid segment of the ICA is the origin of impor-
tant perforator arteries that supply the optic nerve, chiasma 
and tract, the temporal uncus, the floor of the third ventricle, 
and the anterior perforating substance [17, 36]. These perfo-
rators arise from the ophthalmic and the choroidal segments 
of the artery, the communicating segment does not bear any 
perforating arteries in more than 60% of cases. These little 
branches often take their origin on the postero-medial wall of 
the ICA [37].

 Posterior Communicating Artery

The posterior communicating artery is embryologically the 
caudal division of the primitive internal carotid artery. Its 
embryology, variations, and branches are exposed in chapter 
“Embryology and Anatomy of the Posterior Communicating 
Artery and Basilar Artery.”

 Anterior Choroidal Artery

The anterior choroidal artery has an important role in the 
embryologic development of brain hemispheres. This artery 
is largely exposed in chapter “Embryology and Variations of 
the Anterior Choroidal Artery.”

 Artery of the Anterior Clinoid Process

The artery of the anterior clinoid process is the only dural 
branch of the ICA that does not arise from its cavernous seg-
ment [38]. All details known about this artery are exposed in 
the chapter “Dural Branches of the Internal Carotid Artery.”

 Terminal Branches

The terminal branches are the anterior cerebral artery and the 
middle cerebral artery with different embryologic origin. 
Embryology and anatomic variations of these two arteries 
are respectively developed in chapters “Embryology, 

Anatomy, and Variations of the Anterior Cerebral Artery” 
and “Cortical and Perforating Branches of the Middle 
Cerebral Artery.”
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Segmental Agenesis of the Internal 
Carotid Artery

Thomas Robert, Sara Bonasia, E. Ventura, S. Smajda, 
and Michel W. Bojanowski

Segmental agenesis of the internal carotid artery (ICA) is a 
very rare anatomical variation [1–3]. Even if it is difficult to 
give a realistic frequency of this variation, its incidence is 
evaluated to be lesser than 0.01% by some authors [4–6]. 
Larger series and reviews of the literature did not highlight a 
gender predominance for a segmental agenesis of the ICA 
[5]. This anatomical variation could be unilateral or bilateral; 
when unilateral, it concerns more frequently the left side, 
with a ratio of right side/left side/bilateral described as 1:3:1 
[5, 7, 8]. In 1968, Lie gave the different definitions of agen-
esis (non-formation of the artery), aplasia (complete regres-
sion after normal formation of the artery), and hypoplasia 
(incomplete regression after normal formation of the artery) 
[9]. Even if most authors cited this concept, we do not con-
sider it as an important concept to understand segmental 
agenesis of the ICA. Consequently, it will not be used in this 
chapter. After a summary of the history and embryology of 
the ICA, we will explain the different types of segmental 
agenesis of the ICA classifying them in a more comprehen-
sive classification.

 History

The first case of internal carotid artery agenesis was 
described by Tode in 1787 [10]. He already noted during 
this cadaver dissection the absence of the carotid canal in 
the skull base. After this inaugural case, we have to wait for 
the beginning of the twentieth century and another cadav-
eric dissection published by Fisher (1913) that presented an 
agenesis of the ICA [11]. Since this case, a crescent number 
of publications about segmental agenesis of the ICA could 
be found and almost all of them are isolated case reports [8, 
12–14]. The embryology of the carotid artery was described 
by three major works written by Padget (1946), [15] 
Altmann (1947) [16], and Barry (1951) [17]. The first 
description of angiographic features of agenesis of the ICA 
was proposed by Verbiest (1954) [18]. Lie (1968) proposed 
the most used 6-type classification based on the different 
cases he had seen in its clinical practice [9]. Between the 
1970s and the 1990s, P.Lasjaunias gave an important con-
tribution in the understanding of collateral circulations in 
case of segmental agenesis of the ICA [19–21]. First of all, 
he proposed an embryological classification of the ICA in 
1984 that will be presented below [21]. He then tried to 
explain different possible collateral circulations in case of 
segmental agenesis of the ICA. He had already understood 
that the flow compensation could be from the circle of 
Willis, by persistence of an embryonic artery or by skull 
base collaterals (rete mirabile) [22]. In another publication, 
he classified the segmental agenesis of the ICA into 4 dif-
ferent types: the aberrant flow of the ICA into the tympanic 
cavity, a cervico-petrous agenesis with compensation by a 
persistent trigeminal artery, a cavernous agenesis with 
compensation by the circle of Willis, and a caverno-petro-
cervical agenesis [22, 23]. All these different theories and 
classifications make this anatomical variation difficult to 
understand.
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 Embryology

The understanding of the segmental agenesis of the ICA 
necessitates a detailed knowledge of the embryology of the 
internal carotid system and also of its embryological 
branches. In this chapter, after a brief definition of general 
concepts, we will describe the embryology of the carotid 
system and we will insist on the embryological phases when 
each carotid branch appears and disappears to understand 
possible flow-rerouting in case of segmental agenesis of the 
ICA.

 General Concepts

The ICA has been divided into seven distinct segments by 
Lasjaunias, depending on its embryological branches. 
According to Lasjaunias, the agenesis of one of the seven 
segments of the ICA implicates the non-formation of all 
proximal segments [21, 22]. This concept is however not 
always true, and the formation of proximal ICA segments 
depends principally on the presence of an embryological 
artery at the moment of the agenesis/dysgenesis, that can 
maintain the flow into the proximal segments of the 
ICA. Moreover, each segment is considered to have an indi-
vidual trigger for its own vasculogenesis [22].

From an embryological point of view, the carotid bulb 
does not derivate from the same origin than the proximal part 
of the internal carotid artery (third aortic arch) but derivates 
from the pharyngo-occipital system. This easily explains 
variations in origin of the ascending pharyngeal and occipital 
arteries that could arise from the internal carotid artery [20, 
22, 24].

The primitive internal carotid artery has its terminal bifur-
cation in cranial and caudal divisions, which respectively 
correspond in adults to the anterior cerebral artery (ACA) 
and posterior communicating artery (PComA) [15, 16]. 
Consequently, the ICA distal to the PComA has a different 
embryological origin, since it derivates from the cranial divi-
sion of the ICA, and not from the primitive ICA itself. Thus, 
the primitive ICA bifurcation is considered to be at the origin 
of the PComA and not at the origin of the middle cerebral 
artery (MCA) [17]. For this reason, anatomic variants of the 
segment distal to the PComA are not considered in this 
chapter.

 Internal Carotid Artery

Early in the development (first stage of Padget, embryos of 
4–5  mm), the two first aortic arches initiate their natural 
regression allowing the internal carotid artery to be individu-

alized [15, 16]. The embryological segments of the ICA are 
derived from the third aortic arch and from the dorsal aorta 
cranial to the third aortic arch. The dorsal aorta also regresses 
in the same time between the third and fourth aortic arches 
[17]. In the 4–5 mm embryos, the primitive ICA bifurcation 
is already visible with its two divisions: cranial and caudal 
that will become in adult, the anterior cerebral artery and the 
posterior communicating artery [15].

Embryologically, we could divide the internal carotid 
artery into seven different segments according to Lasjaunias 
[21]. Figure 1 illustrates the seven embryological segments 
of the ICA with their respective development in the adult 
ICA.

These segments could be individualized as follows:

 1. The first one corresponds to the third aortic arch from the 
origin of the ventral pharyngeal artery (future external 
carotid artery) to the junction between the third aortic 
arch and the dorsal aorta. In the adult, it corresponds to 
the cervical internal carotid artery.

 2. The second segment is the dorsal aorta between the third 
and second aortic arches. Its distal part is the origin of the 
hyoid artery in the embryo and of the carotico-tympanic 
artery in the adult (ascending intrapetrous segment).

 3. The third segment is the dorsal aorta between the second 
and first aortic arches. It corresponds in the embryo to the 
segment between the origins of the hyoid and mandibular 
arteries, and, in the adult, between the origin of the 
carotico-tympanic artery and Vidian artery (horizontal 
intrapetrous segment).

 4. The fourth segment is the dorsal aorta between the first 
aortic arch and the origin of the trigeminal artery (and the 
primitive maxillary artery). In the adult, it corresponds to 
the segment between the origin of the Vidian artery and 
the origin of the meningo-hypophyseal trunk (ascending 
foramen lacerum segment).

 5. The fifth segment is the dorsal aorta between the origin of 
the trigeminal artery (and the primitive maxillary artery) 
and the origin of the primitive dorsal ophthalmic artery 
(PDOA, future inferolateral trunk-ILT). It corresponds in 
the adult to the horizontal cavernous segment between the 
meningo-hypophyseal and infero-lateral trunks.

 6. The sixth segment is between the origin of the PDOA and 
the anastomotic point of the primitive ventral ophthalmic 
artery (PVOA) on the internal carotid artery. This seg-
ment in the adult is the clinoidal segment between the 
origin of the ILT and the OA.

 7. The seventh segment is between the anastomotic point of 
the PVOA and the primitive carotid bifurcation and the 
bifurcation of the ICA. In the adult, this is the supracli-
noid ICA from the origin of the OA to the origin of the 
posterior communicating artery.
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Fig. 1 Embryology and embryological segments of the internal carotid 
artery. The illustrations a, b, and c show consecutive stages of ICA 
embryological development. The first stages of development (a) are 
characterized by the presence of three aortic arches that link the ventral 
and dorsal aorta (VA, DA). The VA regresses together with the ventral 
part of the aortic arches. The dorsal remnants of the aortic arches persist 
as embryonic arteries. These embryonic arteries divide the ICA into 7 
embryological segments [21]: (1) The cervical segment: It derives from 
the remnant of the third aortic arch (III AA). (2) The ascending intrape-
trous segment: It is the remnant of the dorsal aorta (DA) between the 
second (II AA) and third aortic arches. The division point between the 
segment 2 and 3 is at the point of origin of the Hyoid artery (HA), that 
is the dorsal remnant of the second aortic arch. (3) The horizontal intra-
petrous segment: It is the remnant of the DA between the first (I AA) 
and second aortic arches. The division point is at the point of origin of 
the mandibular artery (MA) that corresponds to the dorsal remnant of 

the first aortic arch. (4) The intracavernous ascending segment: It ori-
gins from the DA between the first aortic arch and the primitive maxil-
lary artery (PMA), that connects the DA of the two sides (DAl: dorsal 
aorta left; DAr: dorsal aorta right). At the junction between segments 4 
and 5 also the trigeminal artery (TA) takes its origin. This latter repre-
sents a primitive connection between the cavernous ICA and the basilar 
artery (BA). (5) The horizontal intracavernous segment: It derives from 
the DA between the PMA and the primitive dorsal ophthalmic artery 
(PDOA). (6) The clinoid segment: corresponds to the DA between the 
PDOA and the primitive ventral ophthalmic artery (PVOA). (7) The 
terminal segment: the terminal ICA between (PVOA) and the primitive 
ICA bifurcation into the future anterior cerebral artery (ACA) and 
future posterior communicating artery (PComA). The figure also shows 
the hypoglossal artery (HypA) and the proatlantal artery (PA) that origi-
nate proximal to the third aortic arch and will contribute to the forma-
tion of external carotid artery (ECA) branches

 External Carotid Artery

For the external carotid artery (ECA) development, different 
hypotheses were postulated, even if the most probable is 
considered to be its direct origin from the aortic sac [16, 22]. 
The ventral pharyngeal artery (VPhA), the principal precur-
sor of the ECA, develops cranio-laterally from the aortic sac 
as early as the 5–6 mm stage, to give almost all the branches 
of the future ECA [15]. The ventral pharyngeal artery 
annexes later (24 mm stage) the maxillomandibular branch 
of the stapedial artery to become the external carotid artery. 
At approximately 40 days, the descent of the aortic sac favor-
ites the cranial migration of the external carotid artery origin 
along the common carotid artery to give its adult configura-
tion. Lasjaunias strongly argued against a common embryo-
logical origin of ICA and ECA, since different types of 
segmental agenesis of the ICA always spared the ECA devel-
opment [20, 22].

 Internal Carotid Artery Branches

In case of segmental agenesis of the ICA, the rerouting of the 
vascular flow, and consequently, the type of compensation in 
adult, depends on two factors:

• The segment interested by the vascular insult.
• Which carotid branches are already developed when the 

vascular insult happens.

The knowledge of the embryological phases of develop-
ment and regression for each ICA branch is consequently 
crucial to understand the possibility of rerouting of the 
carotid agenesis. Table 1 summarizes phases of development 
and regression of each involved artery.

 1. The dorsal aorta between the third and fourth aortic 
arches is already present before the formation of the ICA 
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Table 1 Times of appearance and regression of embryonic arteries

Artery
Appearance (Embryo 
size)

Regression (Embryo 
size)

Hyoid artery 3 mm 16–18 mm
Primitive maxillary 
artery

2 mm 4–5 mm

Trigeminal artery 4 mm 6 mm
PDOA 4 mm ILT
PVOA 7 mm OA

Table 2 Classification proposed by Lie for internal carotid artery 
agenesis (Adapted from 9. Lie TA.  The congenital anomalies of the 
carotid arteries. Amsterdam-New York: Excerpta Medica Foundation; 
1968)

Type Description
A Unilateral ICA agenesis

MCA supplied by PcomA
ACA supplied by AcomA
No A1 segment

B Unilateral ICA agenesis
ACA and MCA supplied by AcomA
No PComA

C Bilateral ICA agenesis
ACAs and MCAs supplied by bilateral PComA

D Unilateral ICA agenesis
ACA supplied by AcomA
MCA supplied by an inter-cavernous anastomosis

E Bilateral ICA hypoplasia
MCAs supplied by bilateral PcomA
ACAs supplied by hypoplastic ICAs

F Uni or bilateral ICA agenesis
Collaterals from the ECA
Rete mirabile

and completely regresses at the 12–14 mm phase (stage 
IV of Padget) [15].

 2. The hyoid artery, which is the dorsal remnant of the sec-
ond aortic arch, initiates its development at the 3  mm 
phase and regresses at the 16–18 mm phase (stage V of 
Padget) [15].

 3. The primitive maxillary artery, remnant of the first aortic 
arch is already visible at the early phase 2  mm and 
regresses at the 4–5 mm phase (stage I of Padget) [22].

 4. The trigeminal artery is an ephemeral carotido-basilar 
anastomosis which is normally presents between stages I 
(4–5 mm) and II (6 mm) of Padget [16].

 5. The primitive dorsal ophthalmic artery (PDOA) also 
appears early at the first stage of Padget (4–5 mm) and 
does not regress but becomes the remnant of the infero- 
lateral trunk [15].

 6. The primitive ventral ophthalmic artery (PVOA) appears 
only at the stage III of Padget (7–12 mm) and does not 
regress because it becomes the definitive ophthalmic 
artery after its second anastomosis with the internal 
carotid artery [15].

 Formation of the Circle of Willis

Early in the embryological development, the caudal division 
of the internal carotid artery develops primitive branches that 
are precursors of the posterior choroidal arteries and of the 
posterior cerebral artery [15]. At the stage III of Padget 
(7–12 mm), the posterior division of the ICA is anastomosed 
with the distal part of the basilar artery and becomes the 
PComA. At the stage VI of Padget (24 mm), the develop-
ment of the anterior communicating artery (AComA) marks 
the complete formation of the circle of Willis [15].

 Classifications Already Described

The first author who proposed a classification for ICA agen-
esis was Lie in 1968, who described 6 types of ICA agenesis, 
which are summarized in Table 2 [9]. Lie included cases of 
unilateral and bilateral ICA agenesis [9]. Even if this classi-

fication is the clearest one, it is not based on a comprehensive 
vascular embryology to explain the vascular insult. Moreover, 
some cases, as for example a compensation by a persistent 
TA, or the aberrant flow of the ICA, cannot be included. 
Another weak point of this classification is the differentia-
tion between agenesis (absence of development of one 
artery) and hypoplasia (incomplete regression of a formed 
artery) for bilateral ICA agenesis (types C and E), which 
does not bring an important message from an embryological 
point of view.

Tsurata and Miyazaki in 1977 [25] proposed their classi-
fication, which is summarized in Table 3. Since it is limited 
to unilateral ICA agenesis compensated by a competent cir-
cle of Willis, it does not allow to include all cases described 
in the literature. Moreover, it does not offer an embryological 
explication for each variant. On the other hand, it helps to 
differentiate the risk of occurrence of AComA aneurysm 
depending on the type of flow compensation.

Jamous et al., in 2007, proposed a great classification for 
unilateral ICA agenesis, which is summarized in Table  4 
[26]. The authors based their classification on four cases 
described and on a review of the literature. They differenti-
ated cases of ICA agenesis with compensation from the cir-
cle of Willis and by a primitive vessel. In this classification, 
the type III “ECA compensation without rete mirabile” is 
difficult to understand because it does not exist and is very 
similar to type Ia “ECA compensation with rete mirabile”. 
This classification is also specific to unilateral ICA agenesis 
and does not consider the embryological segment of the ICA 
involved.

T. Robert et al.
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Table 3 Classification proposed by Tsurata and Miyazaki limited to 
unilateral ICA agenesis with circle of Willis compensation (Adapted 
from 25. Tsuruta J, Miyazaki Y. [A case of complete absence of the left 
internal carotid artery associated with an aneurysm of the anterior com-
municating artery (author’s transl)]. No Shinkei Geka. 
1977;5(8):895–900)

Type Description
I Unilateral ICA agenesis

MCA supplied by PcomA
ACA supplied by AcomA
No A1 segment

II Unilateral ICA agenesis
ACA and MCA supplied by PComA
AcomA not competent or absent

III Unilateral ICA agenesis
ACA and MCA supplied by AcomA
No PComA

Table 4 Classification of Jamous et  al. for unilateral ICA agenesis. 
Adapted from 26. Jamous MA, Abdel-Aziz H, Kaisy F. Collateral blood 
flow patterns in patients with unilateral ICA agenesis and cerebral 
aneurysm. Neuro Endocrinol Lett. 2007;28(5):647–51.

Type
Sub- 
type Description

I a Unilateral ICA agenesis
Collaterals from the ECA
Rete mirabile

b Unilateral ICA agenesis
ACA and MCA supplied by a persistent trigeminal 
artery
No PComA

c Unilateral ICA agenesis
ACA supplied by AcomA
MCA supplied by an inter-cavernous anastomosis

II a Unilateral ICA agenesis
MCA supplied by PcomA
ACA supplied by AcomA
No A1 segment

b Unilateral ICA agenesis
ACA and MCA supplied by AcomA
No PComA

c Unilateral ICA agenesis
ACA and MCA supplied by AcomA and PComA

III Unilateral ICA agenesis
Collaterals from the ECA

 Proposition of a New Comprehensive 
Classification

The classifications previously described do not consider two 
important factors involved in this pathology: the embryologi-
cal segment involved by the vascular insult and the stage 
when the insult happens [9, 25, 26]. For this reason, we pro-
pose a new classification of ICA agenesis based on these two 
factors that allows to understand the embryology of this ana-
tomical variation and to include all cases of literature 
described until now. This classification is summarized and 
illustrated in Table 5.

 Type I: Compensation by the Circle of Willis

In most cases of ICA agenesis described in the literature, the 
flow compensation to the cerebral arteries is provided by the 
contralateral ICA and the basilar artery through the circle of 
Willis.

This type of compensation is only possible if the vascular 
insult happens after the connection of the caudal division of 
the ICA with the posterior circulation and consequently, 
after the formation of the PComA (stage III of Padget, 
7–12 mm). In case of participation of the AComA, the vascu-
lar insult happens after the complete formation of the circle 
of Willis (Stage VI, 24 mm) [15]. In all these cases described 
in the literature, the agenesis involves the last segment of the 
ICA (VIIth segment) with proximal regression of other seg-
ments [15]. We could identify three different types of flow 
compensation as follows:

 1. Type IA: This is the most frequent type which corre-
sponds to the type A of Lie [9]. The MCA is perfused by 
an enlarged PComA and the ACA is perfused by an 
enlarged AComA. The A1 segment is always absent. Lie 
called this type “fetal type” since the compensation is 
provided by a fetal variant of the PComA [9]. From an 
embryological point of view, the insult happens immedi-
ately below the bifurcation of the primitive ICA. Thus, 
the caudal division of the primitive ICA (future PComA) 
will compensate the flow of the cranial division (from 
which the MCA origins), thanks to the already-formed 
connection with the BA.

These cases are always unilateral and are more than 
75  in the literature [27–56]. The pathology most fre-
quently encountered in association with this case of ICA 
agenesis is an AComA aneurysm (in approximately 20% 
of cases) [10, 57–63]. An aneurysm located on another 
artery of the circle of Willis was discovered on the homo-
lateral posterior cerebral artery (PCA, 2 cases) [34, 44], 
on the contralateral ICA (2 cases) [35, 64], or the contra-
lateral MCA (1 case) [31]. Few authors had also observed 
other associated vascular variations as an infra-optic 
course of the ACA (3 cases) [28, 65, 66] or as an ophthal-
mic artery arising from the contralateral ICA (1 case) 
[67]. Figure 2 shows a case of this type of ICA agenesis, 
with the ophthalmic artery arising from the MCA.

 2. Type IB: This type of ICA agenesis with flow compensa-
tion by the circle of Willis corresponds to type B of Lie 
[9]. Both MCA and ACA are supplied by the contralateral 
ICA through an enlarged AComA. The PComA is not vis-
ible, the reason why this type was called the “adult type” 
by Lie. This type is very rare with only 9 cases described 
in the literature, including one case of type II neurofibro-
matosis [6, 67–74].
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Fig. 2 Clinical case of type IA of ICA agenesis, with the ophthalmic 
artery origin from the MCA. In this type of compensation (a), the cir-
cle of Willis supplies the MCA through an enlarged PComA and the 
ACA through an enlarged AComA. In this case the ICA is absent on 
the right side. Consequently, the carotid foramen (red arrow, figure b) 
and canal (blue arrow, figure c) are visible on the left side but not on 

the side of the agenesis. After a left vertebral artery injection (figure d), 
the BA and the PCA are visible, together with the right MCA that is 
refilled through a fetal PComA. In absence of the right ICA, the homo-
lateral OA arises from the MCA.  The left ICA injection shows the 
homolateral MCA and both the ACAs, with compensation through an 
enlarged AComA (figure e)

 3. Type IC: In this subtype, both MCA and ACA are sup-
plied by an enlarged PComA, the AComA is not enough 
competent to participate in the flow compensation of the 
ACA. This type can be unilateral or bilateral (with bilat-
eral enlarged PComA) and can be complete or incom-
plete. This subtype includes types C and E of Lie and also 
few cases of unilateral ICA agenesis that were errone-
ously classified as type B of Lie [9]. A total of 33 cases 
are described in the literature corresponding to this type 
of flow compensation [75–94]. Among these 33 cases, the 
majority (29 cases) concern a bilateral ICA agenesis and 
only 4 cases are unilateral [70]. The presence of a basilar 
tip aneurysm was noted in 3 cases and a dolico-ectasic 
BA in 1 another case [79, 87, 88]. Rare cases of associ-
ated pathologies to this subtype of ICA agenesis were 
described: 2 cases of cerebral ischemic event, 1 case of 
tongue hemangioma, and 1 case of psychomotor retard. A 
clinical case of type IC is shown in Fig. 3.

 Type II: Compensation by the Non-regression 
of an Embryological Artery

In rare cases, if the segment involved by the agenesis is prox-
imal to an embryological artery, the persistence of this artery 
allows the compensation. The vascular insult must occur 
before the natural regression of the embryonic artery. In the 
literature, we found two different types of ICA agenesis with 
flow compensation by the persistence of an embryonic artery.

 1. Type IIA: This subtype of ICA agenesis concerns the 
IVth segment of the ICA with consequent proximal regres-
sion of other segments. The vascular insult happens 
before the regression of the trigeminal artery (TA) (stage 
II, 6 mm), and the loss of distal flow into the ICA pro-
vokes the reversal of flow into the TA [15–17]. This 
embryonic artery does not regress and participates in the 
supply of the ICA territory. The persistence of the TA also 
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Fig. 3 Clinical case of type IC. The figure shows an example of inter-
nal carotid artery (ICA) agenesis on the left side, where the supply from 
the circle of Willis comes partially from the AComA, which is not able 

to compensate alone the flow, and from the PComA, which grant the 
circle to the ACA and MCA

provokes the non-formation of the PComA. This subtype 
of flow compensation is very rare with only 7 cases 
described in the literature [95–100].

 2. Type IIB: In this case, a segmental agenesis of the VIth 
segment of the ICA happens before regression of the 
PDOA [15]. The presence of the PDOA at the moment of 
the vascular insult allows to maintain the flow into the 
proximal segments of the ICA.  Consequently, only the 
VIth segment of the ICA is absent, and the flow of the ICA 
has an intra-orbital course with persistence of the 2 primi-
tive OA (PDOA and PVOA) with anastomosis between 
them. This subtype of ICA agenesis with intra-orbital 
flow of the ICA is very rare and reported in only 1 case 
[101].

 Type III: Compensation by Arterio-Arterial 
Anastomosis

In case of agenesis of one or more segments of the ICA, the 
flow-rerouting could be done by anastomosis and enlarge-
ment of two existing arteries. During the embryological life, 
some artery could be more developed during one phase 
before having a partial regression. The most prominent 
example is the hyoid artery which has a transient develop-
ment in stapedial artery (SA) before a partial regression to 

become the carotico-tympanic artery in adult. We could find 
two different types of segmental ICA agenesis with compen-
sation by arterio-arterial anastomosis.

 1. Type IIIA: In case of agenesis of the second ICA seg-
ment with proximal regression, the arterial flow is 
rerouted through the inferior tympanic artery (branch of 
the ascending pharyngeal artery) which creates an anasto-
mosis with the carotico-tympanic artery (carotid remnant 
of the SA) [19, 20, 22, 102]. This anatomic variation is 
the result of a vascular insult of the second segment of the 
ICA probably when the SA is near its maximal develop-
ment (stage IV of Padget). This variant called intra- 
tympanic flow of the ICA or aberrant ICA is largely 
described in chapter “Intra-Tympanic Flow of the Internal 
Carotid Artery” and will not develop in the present chap-
ter. A clinical case of this type is shown in Fig. 4.

 2. Type IIIB: This subtype of ICA agenesis is secondary to 
the agenesis of segment V or VI of the ICA with proximal 
regression of other segments. The flow compensation of 
ICA territories is done by an anastomosis and enlarge-
ment of side-to-side cavernous branches of both ICAs. 
Consequently, the distal segments of the ICA are supplied 
by an inter-cavernous vessel that origins from the cavern-
ous segment of the contralateral ICA. A case of this form 
of agenesis is shown in Fig. 5. In literature, more than 40 
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a b c
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Fig. 4 Clinical case of pseudo-petrous or aberrant ICA.  Compared to 
normal side (a) axial image (b) and coronal (c) projection reveal on the 
left side a tubular structure crossing the middle ear cavity close to the 
cochlear promontory. Note the caliber change of the aberrant vessel 

rejoining the horizontal petrous ICA (red arrow in b) and the enlargement 
of the left inferior tympanic canaliculus (red arrowhead in c). CTA axial 
(d) and oblique coronal reconstruction (e) depicts the left aberrant ICA 
abutting the cochlear promontory within the middle ear (red arrow)

Fig. 5 Type III B intercavernous anastomosis. The figure shows a clini-
cal case (MRI TOF sequences) of right ICA agenesis, with compensa-
tion of the distal flow into the ACA and MCA granted by intercavernous 

anastomosis (red arrow). The artist’s illustration shows a schematic 
representation of this type of agenesis

cases of ICA agenesis with inter-cavernous anastomosis 
were described [32, 103–134]. The majority of these 
cases involved the Vth segment of the ICA, but few cases 
involved also the VIth segment [117, 121, 123, 126]. 
Different authors proposed some hypotheses to explain 

the formation of this inter-cavernous anastomosis. The 
first one is the fusion of the two TAs [19, 125]; the second 
hypothesis is the anastomosis between capsular branches 
of the ICA and the third one is the anastomosis between 
clival branches (which are branches of the meningo- 
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hypophyseal trunk) [130, 133]. Based on the cadaveric 
dissections, these anastomoses could be intraosseous into 
the sphenoid bone or trans-sellar [104, 106]. These cases 
were described in association with an AComA aneurysm 
(5 cases), a hypopituitarism (5 cases), a contralateral ICA 
aneurysm (1 case), or a MCA aneurysm (1 case) [49, 122, 
125, 135]. Two cases described by Uchino (2019) and by 
Park (2018) are enough particular to be cited [125, 133]. 
These cases of ICA agenesis with inter-cavernous anasto-
mosis also present a supply of the MCA territory by an 
enlarged PComA and could be assimilated as hybrid 
between type IC and IIIB. Other four cases presented the 
particularity that the anastomotic vessel arises from the 
supraclinoid segment of the ICA [120, 122, 129, 132]. 
This reinforces the hypothesis that the inter-cavernous 
vessel is an anastomotic vessel between capsular arteries 
or hypophyseal arteries.

 Type IV: Compensation by External-Internal 
Carotid Arteries Anastomoses (Carotid Rete 
Mirabile)

This type of ICA agenesis has been known for centuries 
since it represents the normal vascular disposition for some 
mammals [136]. It consists in the flow compensation of the 
distal ICA by trans-osseous anastomoses between branches 
of the external and internal carotid arteries. Even if Galen 
had already described it, the carotid rete mirabile remains 
complex and poorly understood. It is a very rare variant with 
only 22 cases described in the literature [137–155]. Carotid 
rete mirabile, compared to other type of compensation, pres-
ents some particularities. First, most cases (19/22 cases) do 
not present a complete regression of the proximal segments 
of the ICA but only hypoplasia. Secondly, most cases (17/22 
cases) present a bilateral agenesis of the ICA.  Finally, the 
two most involved segments are the segments V and VI of the 
ICA (14/22 cases). All these particularities allow us to think 
that the vascular insult succeed very early in the develop-
ment, before the regression of the aortic arches that would 
explain the non-regression of the proximal segments [155]. 
Even if it is difficult to identify angiographically all the ECA 
branches that participate in the flow compensation of the 
ICA, the most frequent are represented and described in 
Fig. 6.

A carotid rete mirabile could be associated with a rete 
vertebralis (5 cases/22), a cerebral aneurysm (1/22), a brain 
AVM (1/22), or an Apert syndrome (1/22).

Our classification does not allow to understand all the 
embryological details to explain the flow compensation in 
each type described. The rarity of these variants, the inci-
dental discovery of most of them, and the lack of a com-

plete radiological assessment limit, of course, their 
analysis and their detailed knowledge. Despite the limits 
of our classification, it presents some advantages com-
pared to other classifications previously presented. Firstly, 
it is based on our current knowledge of vascular embryol-
ogy. Secondly, it is easy to understand and useful. Finally, 
it allows to include all cases of ICA agenesis described in 
the literature. Further studies with selective cathetherisms 
would be surely helpful to add details to our knowledge of 
the anastomosis that support the flow in case of ICA agen-
esis, even if the rarity of these variants represents an 
important limit.

 Clinical Implications

Most cases of segmental ICA agenesis are asymptomatic and 
discovered incidentally. Numerous non-specific neurological 
symptoms have been associated with cases of ICA agenesis 
as headache, blurred vision, seizures, or transient hemipare-

Fig. 6 Artist’s illustration of Type IV (Rete mirabile). It consists in the 
flow compensation of the distal ICA (1) by trans-osseous anastomoses 
between branches of the ECA (2) and ICA. Most cases do not present a 
complete regression of the proximal segments of the ICA but only 
hypoplasia (3). The most common anastomoses are: A Between 
branches of the ascending pharyngeal artery (4) and clival branches (5) 
from the cavernous segment of the ICA. B Between the middle menin-
geal artery (6) and the ophthalmic artery (7) to the clinoidal segment of 
the ICA. C Between the internal maxillary artery (8) through the great 
palatine arteries (9) and the vidian artery (10) from the petrous segment 
of the ICA. D Between the internal maxillary artery (8) through the 
accessory meningeal (11) artery to the cavernous segment of the ICA
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sis [5, 56, 133, 155]. Other symptoms or signs could be more 
easily imputable to the vascular variation. For example, cases 
of trigeminal neuralgia in case of persistent trigeminal artery 
(type IIA) were described [98].

With the lack of one of the three major arterial supplies of 
the brain, the possibility of compensation in case of stroke is 
limited, particularly in watershed zones. Signs of transient 
ischemic attack or stroke is reported in approximately 20% 
of cases.

The incidence of aneurysmal sub-arachnoid hemorrhage 
(SAH) is particularly high in case of ICA agenesis. This risk, 
evaluated to 25–34%, is much higher to the risk of aneurys-
mal SAH in the general population (3–5%) [54, 62–64, 122, 
156, 157]. Aneurysms in these cases are almost all located at 
the AComA complex, the basilar tip or the PComA origin. 
Two hypotheses are postulated in the literature to explain the 
high risk of aneurysmal SAH in case of ICA agenesis. The 
first one is the hemodynamic changes due to the flow com-
pensation. The second one is the developmental errors of the 
arterial wall present in association with the primary vascular 
insult. The fact that the majority of cases are cases of ICA 
agenesis with flow compensation by the circle of Willis 
(types IA, IB, and IC) allows us to think that the hemody-
namic factor plays an important role in the formation of the 
aneurysm.

Differing from type I ICA agenesis, the presence of ICA 
agenesis with rete mirabile (type IV) is more frequently 
associated with a non-aneurysmal SAH.  The frequency of 
this association is evaluated to 29% but no explanation could 
be found in the literature [138].

Independently to the type of flow compensation, an ICA 
agenesis is often reported in association with other pathol-
ogy or malformation as an agenesis of the corpus callosum, 
a trans-sphenoidal encephalocele, a PHACE syndrome, a 
cavum vergae, an arachnoid cyst, or a Horner’s syndrome.

The presence of an ICA agenesis and its type must be 
known in certain clinical situation. For example, the pres-
ence of an inter-cavernous anastomotic vessel could have 
dramatic consequences in case of trans-sphenoidal surgery. 
Another important example is the surgery of carotid ligation 
or carotid endarterectomy that could be dramatic in the pres-
ence of contralateral ICA agenesis.
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Embryology and Variations 
of the Anterior Choroidal Artery

Stanislas Smajda, Thomas Robert, and Sara Bonasia

The anterior choroidal artery (AChoA) has been the subject 
of numerous anatomical descriptions and publications, given 
its crucial functional importance and its involvement in many 
neurovascular pathologies. Indeed, even though its size is 
relatively small, this vessel is responsible for the vasculariza-
tion of deep-seated cerebral structures to which any damage 
would result in devastating clinical sequelae. This chapter 
will attempt to synthesize the wide variety of published data 
on the subject to provide a comprehensive understanding of 
the anatomy and embryology of this vessel.

 History

The first specific anatomical description of the anterior cho-
roidal vascularization was made by the French author Vicq- 
d’Azyr (1748–1794) in his remarkable anatomical books 
Traité d’Anatomie et de Physiologie, published in 1786 and 
dedicated to the King of France, and Traité de l’Anatomie du 
Cerveau [1, 2]. In his works, this author described the cho-
roidal vasculature and called the AChoA the “anterior and 
inferior choroidal artery” or “choroidal branch of the internal 
carotid”. By detailing that the AChoA is a “branch originat-
ing from the internal carotid”, the author already mentioned 
the connections of this vessel with the one stemming from 
the posterior communicating artery (PComA), and from the 
posterior cerebral artery’s (PCA) circulation (“posteroinfe-
rior and superior choroidal branches” or “artère choroïdi-
enne de la cérébrale profonde”, in French). Interestingly, this 
author stated that the AChoA is constant but variable in vol-

ume, and mostly originates directly from the internal carotid 
artery (ICA), even if a proximal middle cerebral artery 
(MCA) origin can be seen. He justified this last statement on 
the basis of Haller’s drawings published in 1813 in his book 
Anatomical Description of the Arteries of the Human Body 
[3]. In the latter, Haller mentioned the presence of “branches 
to the choroid plexus” issuing from the “posterior carotid, or 
artery of the fossa sylviana”, but did not describe their ana-
tomical disposition.

Later on, other authors described the choroidal vascular-
ization, and more specifically, its territories: Heubner (1872) 
[4], Duret (1874) [5], Kolisko (1891) [6], and Beevor (1908) 
[7, 8]. The works of the French surgeon Henri Duret are 
worth mentioning, as he was one of the first to carry out an 
anatomical study of cerebral vascularization by selective 
injection of colored gelatin [5]. This author described the 
AChoA as a terminal branch of the ICA through classic 
papers published in 1874 and stated that it sometimes arose 
from the MCA or PCA. Its course along the “lateral aspect of 
the optic tract” was specifically mentioned, as well as its 
branches irrigating the optic tract, cerebral peduncle, and 
cornu ammonis, and that its terminal branches were distrib-
uted to the choroid plexus of the inferior horn of the lateral 
ventricle. Heubner [4] concurred with Duret in many of his 
findings. Moreover, he described the basal branches, which 
are known for supplying the highest part of the crus cerebri, 
the posterior limb of the internal capsule, and the thalamus.

In 1891, Alexander Kolisko conducted a special study on 
17 brains in Vienna, focusing on the supply mediated by the 
AChoA, which was injected either alone or in conjunction 
with the PCA or the MCA [6]. This work confirmed Duret’s 
data concerning the territory supplied by the AChoA [6, 9]. In 
1905, von Monakow [10] showed he was aware that the 
AChoA supplied part of the lateral geniculate body. Beevor, 
in 1908, perfected Duret’s technique by injecting colored 
gelatin simultaneously into several arterial trunks, and spe-
cifically studied the vascularization of the lateral geniculate 
body [7, 8].
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In 1907, Blackburn was the first to describe, through the 
study of 220 brains, two cases where the AChoA was the 
main source of supply to a large part of the territory of the 
PCA [11]. In both brains, the PComA and PCA were hypo-
plastic, mainly supplying the cerebral peduncle only, whereas 
the AChoA was large, supplying both choroidal branches 
and arteries to the territory normally irrigated by the 
PCA. Since then, these arteries have been described by many 
authors [12].

A few years later, Abbie (1934) and Padget (1948) pro-
vided phylogenic and embryologic knowledge regarding the 
development of cerebral vasculature, respectively [9, 
13–15].

In the 1950s, there has been a renewed interest in the ana-
tomical description of this artery. Its proximal ligation (or 
section) was described by the American neurosurgeon 
Cooper as a therapeutic technique for the treatment of invol-
untary movements and Parkinsonism [16–20]. Indeed, dur-
ing a subtemporal approach for a cerebral pedunculotomy, 
Cooper inadvertently tore and was therefore forced to 
occlude by clipping the AChA [21]. Much to Cooper’s sur-

prise, the patient’s tremor and rigidity were abolished with-
out any residual hemiparesis. One year later, in 1954, 
Carpenter et al. published a specific anatomical description 
of the AChoA [22].

Up to this day, several authors have specifically studied 
the microsurgical anatomy or the clinical importance of the 
AChoA with the help of modern imaging techniques [12, 
23–29].

 Embryological Development

The choroidal arteries, developing from the prechoroidal 
vessels, are among the earliest cerebral arteries to appear. 
Therefore, they morphologically constitute the basic system 
on which the future arterial tree will be grafted [30].

In addition to the works of Padget and Streeter, cited ear-
lier in this book, Lasjaunias et al. have provided a detailed 
description of the AChoA’s embryological development, 
which can be divided into six steps to facilitate the under-
standing of this relatively complex process (Table 1) [27, 30]:

Table 1 Embryology and development of the anterior choroidal artery (AChoA)

Stage Illustration
I
Prechoroidal

–  Primitive ICA visible with its two divisions (CaR, CrR)
–  PComA completely formed
–  Origin from the distal PComA of a diencephalon-mesencephalic trunk 

(DiA-MesA). PChoA arising from the common trunk and anastomoses 
with the AChoA

AC
A

M
CA

AC
ho
A

PC
ho
A

Me
sA

DiA

PComA

VA
BA

II
Choroidal

–  ACA gives a telencephalic (TB) and a choroidal branch (CB). The CB 
anastomoses with the CB of the AChoA at the interventricular foramen 
forming the “limbic arterial arch”

–  Development of a TB and a diencephalic branch (DiB) from the AChoA
–  The CB of the AChoA anastomoses with the CB of the PChoA AC

A

MC
A

ACh
oA

PC
hoA

MesA

PComA CB

CB

TB

TB

DiB

TB

CB

TB

BA

DiA

ICA

VA

III
Telencephalic primitive

–  Major development of the TB of the PChoA with annexation of some 
AChoA and ACA territories

MesA

CB

BA

IC A

DiB

TB

TB

TB

CB

ACh
oA

PC
hoA

TB

CB

CB

PComA

AC
A

A V
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Table 1 (continued)

Stage Illustration
IV
Telencephalic 
intermediate

–  Progressive development of the diencephalo-mesencephalic trunk of the 
PChoA with annexation of new cortical territories

MesA

CB

CB

BA

ICA VA

DiA

TB

TB

TB

TB

CB

ACh
oA

PC
hoA

CB

PComA

AC
A

V
Telencephalic final

–  The cortical annexation gives relief to the ACA, facilitating the 
development of the MCA

–  The PChoA constitutes the main PCA stream and annexes the TB of the 
DiA

–  The CB branches of the PChoA and the DiA become the posteromedial 
and posterolateral choroidal arteries (PMChoA and PLChoA)

P1

PCA

ACh
oA

P
M
C
ho
A

P
LC

ho
A

PComA

AC
A

MC
A

VI
Adult disposition

–  Definitive development of the AChoA with reduction of its 
telencephalic territories

–  The MesA of the PChoA corresponds to the tectal branches of the PCA
–  SCA, AICA and PICA are visible

PVOA

PDOA

AChoA PLChoA

PMChoA

PComA

P1

Tectal
branches

PCA (P2-
P3-P4)

SCA

AICA
BA

PICA
VA

VA

OccA

ECA

ICA

APhA

ACA anterior cerebral artery, AChoA anterior choroidal artery, BA basilar artery, Ca R caudal ramus, Cr R cranial ramus, ICA internal carotid artery, 
MCA middle cerebral artery, PCA posterior cerebral artery, PChoA posterior choroidal artery, PComA posterior communicating artery

• Prechoroidal (Padget stage 3/Carnegie 15–16): Initially, 
the vascular system of the brain is meningeal and consists 
of a deep perineural capillary network still outside the 
neural tube, supplied and drained by a more superficial 
arterial and venous network. With the continuous growth 
of the neural tube, the choroid plexuses will develop: the 
meninx primitiva will penetrate the ventricular lumen and 
invaginate into the ependymal layer to constitute the cho-
roid plexuses. The choroid plexus plays a vital role in sup-
porting early brain tissue, as the ventricles begin to 
develop in the following weeks. In this early stage of 
development, several arteries converge toward the 
cephalic region. The ICA divides into two branches: a 
caudal branch (future PCoA) and a cranial branch (telen-
cephalic branch), the latter supplying the precursors of 
the anterior cerebral artery (ACA) and the 
AChA. Occasionally, the AChA originates from the prox-
imal part of the caudal branch of the ICA. From the cau-
dal end of the primitive PCoA, two branches emerge: a 
mesencephalic and a diencephalic artery, the latter giving 
rise a posterior choroidal branch directed toward the 
AChA.

• Choroidal (Padget stage 4/Carnegie 17): The develop-
ment of the choroid plexuses, especially at the dience-
phalic–telencephalic junction, favors the extension of the 
ACA and AChoA. These arteries supply both the choroid 
plexuses and anastomose at the interventricular foramen. 
This AChoA–ACA anastomosis is named the “limbic 
arterial arch” and, in some cases, may persist into adult 
life. In addition, they present telencephalic branches anas-
tomosing on the surface of the telencephalic vesicles.

• Telencephalic Primitive (Padget stage 5/Carnegie 18–19): 
A posterior choroidal artery (PChoA) develops from the 
diencephalo-mesencephalic trunk of the caudal branch 
and anastomoses at the atrium with the AChoA from the 
rostral division. During this stage, annexation of part of 
the AChoA’s territory by the PChoA of the caudal branch 
will begin and continue thereafter. Additional changes 
occur simultaneously at the telencephalic (cortical) level 
by means of anastomosis and capture, regressions, and 
changes in flow direction. The development of the cortex 
creates additional needs and opens new territories. 
Accordingly, the available sources of supply will provide 
the necessary vascularization.
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• Telencephalic intermediate (Padget stage 5/Carnegie 
18–19): The development of the patency of the vertebral 
artery and the resulting increasing flow in the basilar 
artery will give the developing diencephalo- mesencephalic 
trunk a high development potential. Therefore, some of 
the cortical territories of the ACA and AChA will be pro-
gressively annexed by the telencephalic branch of the 
PChA, and later by the diencephalic artery.

• Telencephalic final (Padget stage 6/Carnegie 20–21): At 
this stage, these “cortical” annexations gave some relief 
to the cranial branch, facilitating the development of the 
MCA system. The posterior choroidal branch of the cau-
dal branch constitutes the main PCA stream. The telence-
phalic division of the diencephalic artery is annexed by its 
homolog from the PChoA.

• Adult disposition (Padget stage 7/Carnegie 22–23): The 
AChoA of the cranial branch has reduced its telencephalic 
territory to the uncus, pyriform cortex, and amygdaloid 
nucleus. Its diencephalic territory involves the thalamus, 
lateral geniculate body, and optic tract. As a choroidal 
vessel, it has preserved its supply to the anterolateral por-
tion of the choroid plexus. Its territory may extend from 
the subthalamic area to part of the head of the caudate 
nucleus as well as some additional cortical supply. Finally, 
the choroidal branch of the PChoA corresponds to the 
posterolateral choroidal artery; the choroidal branch of 
the diencephalic branch will become the posteromedial 
choroidal artery. The mesencephalic arteries correspond 
to the tectal territorial branches of the PCA.

This process teaches us that the AChoA is embryologi-
cally an “old” artery. Moreover, its telencephalic branches to 
the temporal, parietal, and occipital lobes are annexed to the 
diencephalic/mesencephalic arteries or primitive PChoA of 
the caudal division of the primitive ICA in a process called 
“distal annexation” [31, 32]. The annexed cortical branches 
of the AChoA become the PCA distal to the PComA (P2–
P4). When distal annexation does not occur or is incomplete, 
the AChoA keeps the cortical branches of the temporo- 
parieto- occipital lobes to different degrees, which are nor-
mally supplied by the P2–4 segments of the PCA.  Such 
variants are described as “hyperplastic” variants of the 
AChoA. This embryologic process also explains that anterior 
and posterior choroidal vessels are connected by several 
anastomoses at the level of the diencephalon and choroid 
plexus [33–36].

The phylogeny of the AChoA is worth mentioning, as it is 
used by some authors to explain anatomical variants of the 
artery. According to a phylogenetic study of forebrain arter-
ies by Abbie [9, 13, 14], the AChoA is the homolog of the 
inferior cerebral artery of Dendy in the sphenodon, a phylo-
genetically lower reptile. This small vessel runs posteriorly 

along the optic tract and anastomoses with the caudal divi-
sion, which is the predecessor of the PCA, in a higher species 
of reptile: the crocodile. This vessel has no choroidal 
branches, and thus is not a “true” choroidal artery at this 
stage (it must be remembered that lateral ventricle has no 
inferior horn in reptiles). In mammals, because both the 
 lateral ventricle and choroid fissure take on an arcuate form, 
the posterior part of the AChoA comes to lie alongside the 
anteroinferior end of the elongated choroid fissure, and 
acquires choroidal branches from the PCA, thus completing 
the AChoA in the true sense of the word. Hypoplasia of the 
plexal segment of the AChoA, a relatively rare anatomic 
variant, as described below, may represent an “evolutionary” 
variant in which the artery ceases to acquire choroidal 
branches, remaining in the “reptilian” stage [12, 37].

Furthermore, Tanriover et al. mentioned that the AChoA 
can be separated into a phylogenetically old parenchymal 
ramification, referred to as the cisternal segment, and its 
newly acquired choroidal ramification, referred to as the 
plexal segment [38–41]. On the basis of the results derived 
from the ICA developmental anatomy concept, the cisternal 
segment of the AChoA is also divided into two parts by this 
author: a proximal–preoptic part, which is arguably related 
to a phylogenetically older parenchymal ramification and 
resembles the ACA, and a distal–post-optic part, which is 
possibly phylogenetically related to a newer parenchymal 
ramification and similar to the PCA [38].

 Number and Origin of the Artery

Several anatomical descriptions of the AChoA using differ-
ent techniques have been published, and these works are 
summarized in Table 2.

Anatomists seem to agree that the presence of the AChoA 
looks constant. The artery was present in each of the 
778 hemispheres studied by Otomo et al. and in each of the 
50 hemispheres studied by Rhoton et al., although its absence 
was reported in one (1.7%) of the 60 hemispheres studied by 
Carpenter et al. in 1954 [22, 25, 42, 43]. However, Goldberg 
specifies that the AChoA may be very small or unrecognized 
if its territory is fed by branches of the PComA or PCA [40].

The AChoA usually arises from the supraclinoid segment 
of the ICA distal to the PComA as a single artery, and its 
origin serves as a landmark for the ICA’s choroidal segment, 
extending from the AChoA’s origin to the ICA’s bifurcation 
into the ACA and MCA [25]. Several authors agree that the 
artery arises from the posterior or posterolateral aspect of the 
ICA. In their microsurgical anatomic descriptions based on 
cadaveric descriptions, Rhoton et al., Gibo et al., and Saeki 
et al. specified that the site of origin was on the posterolateral 
aspect of the carotid in 66% of hemispheres, on the posterior 
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Table 2 Summary of large series results about the AChA with the method used and the data analyzed

Author (year)
Number of 
hemispheres/brains Method Origin Number Diameter (mm)

Length 
(cisternal 
segment; mm)

Blackburn 
(1907)

220 br. Fresh cadavers ICA: 100% NS NS NS

Beevor (1909) 87 br. Colored gelatin 
injections

ICA: 100% NS NS NS

Abbie (1933) 16 h. Indian ink ICA: 100% NS NS NS
Carpenter 
(1954)

60 h. Formalin-fixed ICA: 76.6%
PCoA: 6.7%
Bif. ICA: 
3.3%
MCA: 11.7%

Single: 100% 0.6–1 26 (15–35)

Morello (1955) 100 h. Angiography ICA: 90.2%
PCoA: 87%
MCA: 1.1%

NS NS NS

Sjogren (1956) 100 angiographies 
(+ 30 specimens)

Angiography 
(+formalin-fixed)

ICA: 95%
PCoA: 3%
MCA: 2%

NS NS NS

Otomo (1965) 778 h. Formalin-fixed ICA: 99.2%
PCoA: 0.4%
Bif. ICA: 
0.4%

NS 0.4–1.5 ±25

Herman
(1966)

44 h. Indian ink and gelatin ICA: 85%
Bif. ICA 7% 
MCA: 8%

NS NS 18 (11–22)

Wollschlaeger 
(1969)

162 br. Barium NS NS 0.1–1 NS

Saeki (1977) 100 h. Formalin-fixed ICA: 100% Single: 96%
Double: 4%

0.5–2.3 (average: 
1)

NS

Rhoton (1979) 50 h. Latex-acrylic ICA: 98%
PCoA: 2%

Single: 96% double: 
4%

0.7–2.0 
(average:1.2)

24 (20–34)

Takahashi 
(1980)

640 h. Angiography NS NS NS NS

Gibo (1981) 50 h. Formalin-fixed. Colored 
latex or acrylic

ICA: 100% Single: 96% double: 
4%

0.5–2.1 (mean 
1.0)

NS

Yasargil (1984) 200 specimens/2000 
periprocedural 
observations

Formalin-fixed. 
Intraoperative 
observations

NS Single: 70%
2–4 br.: 30%

Average 0.93 NS

Hussein (1988) 140 h. Acrylic 
(100) + selective AChA 
dye injection (40)

PCoA: 2.5% Single: 93.6%
Double: 5% triple: 
1.4%

0.4–1.1 (average: 
0.9)

NS

Takahashi 
(1990)

216 h. Angiography ICA: 100% Single: 100% 0.38–2.0 
(average: 
0.75 mm)

NS

Erdem (1993) 30 h. Latex-silicone; 
formalin-fixed

ICA: 100% Single: 100% 0.7 to 1.3 
(average 0.93)

NS

Marinkovic 
(1994)

22 h. Indian ink and gelatin NS NS NS NS

Morandi 
(1996)

50 h. China ink and latex ICA: 96% 
PCoA: 2%
ICA Bif: 2%

Single: 100% NB: 
Uncal a. with distinct 
origin in 58%

Ø ≤ PCoA: 82%
Ø = PCoA: 18%

NS

Marinkovic 
(1999)

30 h. Indian ink (20) and 
methyl methacrylate 
(10)

NS NS NS NS

Uz (2005) 30 h. Colored latex ICA: 100% Single: 100% 0.7–1.2 (average: 
0.94 mm)

NS

(continued)
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Table 2 (continued)

Author (year)
Number of 
hemispheres/brains Method Origin Number Diameter (mm)

Length 
(cisternal 
segment; mm)

Akar (2009) 130 h. Intraoperative 
observations

ICA: 100% Single: 84.6%
Double: 13%
Triple: 2.4%

NS NS

Tanriover 
(2014)

30 h. Colored latex ICA: 100% Double: 3.3% (+1 
pseudo-duplication)

NS 25.5 
(18.4–36.3)

Antunovic 
(2017)

24 h. Indian ink and gelatin. 
Paraffin embedded

NS NS NS NS

Wang (2021) 54 h. Angiography NS Double: 5.6% 0.3 mm to 
1.6 mm (mean 
0.8 mm)

NS

ACA anterior cerebral artery, ICA internal carotid artery, Bif. ICA bifurcation of the internal carotid artery (MCA/ACA), MCA middle cerebral 
artery, PCoA posterior communicating artery

Table 3 Anatomical characteristics of the AChA

Author

Origin (%) Distance to PCoA 
(range). mm Diameter (range). mmICA PCoA Bif. ICA MCA

Beevor 100 0 0 0 – –
Carpenter 76.6 6.7 3.3 11.7 – –
Morello 90.2 8.7 0 1.1 – –
Sjogren 95 3 0 2 – –
Otomo 99.2 0.4 0.4 0 – (0.4–1.5)
Herman 85 0 7 8 – –
Saeki 100 0 0 0 2.7 (1.0–5.0) 1 (0.5–2.3)
Rhoton 98 2 0 0 2–5 –
Gibo 100 0 0 0 – 1 (0.5–2.1)
Hussein 97.5 2.5 0 0 3.2 (1.1–5.9) 0.9 (0.4–1.1)
Takahashi 100 0 0 0 NS 0.75 (0.38–2.0)
Erdem 100 0 0 0 4.2 (2.3–8) 0.93 (0.7–1.3)
Morandi 96 2 2 0 – –
Uz 100 0 0 0 5.3 (3.8–8) –
Tanriover 100 0 0 0 2.9 (2.1–3.7) –

ACA anterior cerebral artery, ICA internal carotid artery, Bif. ICA bifurcation of the internal carotid artery (MCA/ACA), MCA middle cerebral 
artery, PCoA posterior communicating artery

aspect in 28%, and on the lateral side in 6%, lateral to the 
optic tract [25, 26, 44]. This observation is confirmed by 
more recent literature [38, 45].

The artery originates distal to the PComA, nearer to the 
origin of the PComA than to the carotid bifurcation. It is situ-
ated at a distance from the PComA which varies depending 
on the anatomical reports and the technique used, but which 
is usually a few millimeters (1–8 mm) distal to the PComA 
and proximal (2–7 mm) to the carotid bifurcation [38, 46]. A 
more distal origin of the artery, at the level of the carotid 
bifurcation (MCA/ACA), is described more rarely. 
Anatomical characteristics of the AChoA are summarized in 
Table 3.

Based on cadaveric descriptions, it is important to note that 
the choroidal segment of the ICA may also be the site of origin 
of other arterial branches. Tanriover et  al. mentioned that as 
many as three branches, which may be as large as the AChoA 

itself, might arise from the posterior wall of the ICA, between 
the origin of the PComA and the AChoA [38]. More recently, 
Morandi et al. drew the same conclusion by referring to the 
possible presence of multiple branches (n  =  1–4) [37]. This 
author specifies that the AChoA is the first branch to arise dis-
tally to the PComA origin in 40% of cases, the second in 48%, 
the third in 8%, and the fourth in 2% [37]. In 88% of the hemi-
spheres studied by Erdem et al., the AChoA was the first branch 
of the ICA distal to the PComA, and the second in 12% [47]. In 
Hussein’s series of cases, 8% of the specimens presented 1–3 
small arteries (0.4–0.7  mm) arising from the infero-lateral 
carotid wall proximal to the AChoA’s origin [46]. These 
branches were also reported in 10% and 32% of cases by 
Carpenter et al. and Rhoton et al., respectively [22]. They aim 
to supply the optic tract, the posterior perforated substance, and 
the medio-basal temporal lobe, but these latter were not 
observed in the series from Hussein et al. [46].
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The duplication of the AChoA represents a minority of 
cases for which no consensus has been reached regarding the 
interpretation. The AChoA is reported as a single vessel in 
89% of cases by Hussein et al. [46] and 96% according to 
Saeki et al., Rhoton et al., and Gibo et al. [25, 26, 44]. Rhoton 
et al. noted that if the AChoA can arise as two separate arter-
ies in rare cases, its single trunk is divided immediately into 
two trunks in 47% of the hemispheres [25]. Hussein et  al. 
reported a duplication in 7/140 specimens (5%) and a tripli-
cation in 4/140 specimens (2.9%) [46]. In contrast, Yasargil 
et al. encountered 2–4 independent choroidal vessels in 30% 
of their cases [48, 49]. This discrepancy may be explained by 
the different interpretations of the inferolateral carotid 
branches arising distally to the origin of the AChoA. Most of 
these arteries are variable in size and branch early to pene-
trate the uncal area. Hussein et  al. used the course of the 
artery to define as the AchoA only such vessels running in 
the crural cistern and which are directed toward the optic 
tract or cross it [46]. Other authors consider “true” duplica-
tion as a rarity, and the previous cases as misinterpretations. 
Erdem et al. mentioned that they did not observe any dupli-
cation in this series [47]. However, in 20% of his cases, an 
early branch caused this artery to have the appearance of a 
duplicate origin. Tanriover et al. [38] reported a duplication 
in one case (3.3%) and mentions a pseudo-duplication related 
to a separate origin of the uncal artery. Lasjaunias et al. also 
refuted the assumptions of AChoA duplication. For these 
authors, multiple trunk origins of the artery probably repre-
sent the ICA’s origin: an uncal or temporal amygdaloid 
branch distal to the AChoA. Like Lasjaunias et al., Morandi 
et al. considered it merely a pseudo-duplication, with a sepa-
ration of the origin of the uncal artery [30, 37]. A clinical 
case of this variant is shown in Fig. 1. In more recent works, 
duplication of the AChoA is rare but exists and is underre-
ported [50, 51].

Variations in AChoA origins are uncommon. In a minor-
ity of cases, AChoA can have an origin distinct from the 

ICA, including the PComA, bifurcation of the ICA (at the 
ACA/MCA level), or the MCA, the latter being controver-
sial. In a large Japanese series of cases published by Otomo, 
99.2% of AChoAs arose from the ICA, 0.4% from the 
PComA, and 0.4% from the junction of the ACA and MCA, 
but none from the MCA [42]. In two angiographic studies by 
Sjogren and Morello & Cooper, the AChoA originated from 
the PComA in 3% and 8% of the angiograms, and from the 
MCA in 2% and 1%, respectively [52, 53]. The artery origi-
nated from the ICA in 49 (98%) and from the PComA in one 
(2%) of the 50 hemispheres examined by Rhoton et al. [25].

A PComA origin of the AChoA is rare and reported in 
0.2% to 8.7% of cases, the higher incidence being described 
in the angiographic works of Morello and Cooper [22, 25, 
26, 37, 42, 46, 48, 52–54] and explained embryologically by 
the AChoA arising from the caudal division of the primitive 
ICA, rather than from the cranial one [30].

An ectopic origin from the bifurcation of the ICA (at the 
ACA/MCA level) represents a minority of cases and has 
been found in 0.3% to 7% of the observations [22, 42, 54, 
55]. This variant can also easily be explained by various 
migrations or annexations of the AChoA distally during 
embryology.

The MCA origin of the AChoA can range from 2.5% to 
58.5% but is a subject of controversy [22, 37, 54]. The high 
rates initially reported are probably incorrect and attributed 
to a non-use of the microscope and/or confusion of the 
AChoA with the uncal artery, which may arise from the 
proximal segment of the MCA.  In the large case series of 
Otomo [42], none of the AChoAs originated from the 
MCA. For Hussein et al., this assumption also results from a 
false interpretation of the uncal artery, which may have a dis-
tinct MCA origin [46].

The AChoA’s stem diameter is reported angiographi-
cally to be 0.38 to 2.0 mm and ranges from 0.7 to 2.0 mm 
in studies using anatomic dissection (Table 3) [12, 25, 37, 
38, 45, 56].

Fig. 1 Clinical case of separate origin of the AChoA and the uncal 
artery. the angiogram (a, b and c) shows a clinical case in which the 
anterior choroidal artery (AChoA) and the uncal artery (UA) have a 

distinct internal carotid artery (ICA) origin. Even if not shown in the 
figure, the vertebral artery injection did not show the presence of the 
posterior communicating artery
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 Course of the Artery

At its origin, the AChoA is located in the carotid cistern. It 
then successively goes through the crural and ambient cis-
terns before penetrating the choroidal fissure to supply the 
choroid plexus [46].

The artery’s course has been subdivided into different 
segments for a comprehensive analysis. Goldberg and 
Rhoton et  al. divide it into a cisternal segment, extending 
from its origin to the choroidal fissure, and a plexal segment, 
entering the choroidal fissure and penetrating the choroidal 
plexus of the temporal horn [25, 26, 40, 57]. An illustration 
of the segments of AChoA’s segments is shown in Fig. 2.

 Cisternal Segment

The cisternal (extra-ventricular) segment begins at the 
artery’s origin at the ICA level and terminates at the inferior 
choroidal point corresponding to its entry in the choroidal 
fissure. Its length is ±25 mm (range: 11–36.3 mm) [22, 25, 
38, 42, 55].

The artery initially runs within the carotid cistern in a pos-
teromedial direction, posterior and lateral to the course of the 
PComA, behind the ICA. It reaches the lateral margin of the 
optic tract after passing below the anterior perforated sub-
stance. The segment of the artery crosses the optic tract infe-
riorly from a lateral to medial direction, and reaches its 
medial margin in most cases (87% and 83%, respectively), in 
the works of Tanriover et al. and Erdem et al. whereas this 
arterial segment goes further medially in a minority of cases 
(13.3% and 17%, respectively) [25]. During its eventual 
course over the anterior segment of the uncus, the artery 
passes along the semi-annular sulcus separating the anteri-
orly located ambient gyrus and the posteriorly located semi-
lunar gyrus. After traveling posteromedially and passing 
under the optic tract, the artery reaches its most medial 
extension point. At this point, the artery diverges from the 
PComA and changes its course, creating an abrupt bend to 
enter the crural cistern. In the axial plane, the AChoA makes 
an abrupt turn from posteromedial to posterolateral. This 
medially located turning point, called the “genu” by Tanriover 
et al., serves as a reference point for this author to divide the 
cisternal segment into pre- and post-optic parts [38]. After 

Fig. 2 Segments, branches, and possible anastomoses of the 
AChoA. On the right side (R), the figure shows the course and segmen-
tal division of the AChoA.  After its origin from the internal carotid 
artery (ICA), the AChoA courses in its cisternal segment (CS) until its 
entry point into the temporal horn (TH) of the lateral ventricle, where it 
gives rise to its choroidal segment (ChS). The cisternal segment can be 
divided at the level of the genu (asterisk) into a pre- and post-optic part. 
At this point the AChoA runs along and below the optic tract (OT) and 
courses between the uncus (U) antero-laterally and the cerebral pedun-

cle posteromedially. The main anastomoses of the AChoA can be sum-
marized in 5 points. (1) Over the optic tract with branches of the 
posterior communicating artery (PComA); (2) Over the cerebral pedun-
cle with the proximal posterior cerebral artery (PCA); (3) Over the piri-
form cortex with temporal (TB) and hippocampal branches of the PCA; 
(4) over and around the lateral geniculate body with PCA branches, 
including the lateral posterior choroidal artery (PChoA); (5) in the cho-
roid plexus with posterior choroidal branches
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this curve, the artery runs along and below the optic tract and 
passes posterolaterally within the crural cistern in the space 
between the posterior segment of the uncus anterolaterally 
and the cerebral peduncle posteromedial. The PCA and its 
branches, as well as the basal vein of Rosenthal, are postero-
medial to the AChoA’s course within the inferior portion of 
the crural cistern. After passing below the optic tract from a 
medial to lateral direction, the artery reaches the superior 
edge of the posterior limit of the uncus. The cisternal seg-
ment of the AChoA terminates at the inferior limit of the 
choroidal fissure named “the inferior choroidal point”, at 
which point the artery passes to the temporal horn and 
becomes extra-cisternal to supply the choroid plexus.

As mentioned above, the cisternal extraventricular segment 
of the artery has itself been subdivided by some authors for a 
detailed and comprehensive analysis [38, 46]. Hussein et al. 
divided it according to its location in the carotid or crural cis-
tern [46]. Tanriover et al. subdivided it into pre- and post-optic 
parts that meet at the artery’s genu, which is the most medial 
extension point of the cisternal segment, where the artery 
makes an abrupt turn after passing under the optic tract [38]. 
When studying the microsurgical anatomy of the cisternal seg-
ment, Rhoton et al. divided it at the anterior margin of the lat-
eral geniculate body into proximal and distal portions [25].

On an anteroposterior angiogram, the initial segment of 
the AChoA is medial to the ICA and takes a gentle S-shaped 
course on the lateral view in most cases [12].

Takahashi et al. [12, 23] evaluated the diameter of the cis-
ternal segment to be 1 cm distal to the origin, and its size 
ranged from 0.38 to 2.0 mm (average: 0.75 mm) [12, 23]. It 
was judged as large (0.8 mm or more) in 33%, medium-sized 
(0.6–0.8  mm) in 51.8%, and small (less than 0.6  mm) in 
14.2% of cases [12].

 Plexal Segment

The plexal segment is composed of one or more branches 
passing through the choroidal fissure and entering the cho-
roid plexus of the temporal horn. It courses along the medial 
border of the choroid plexus in close relation to the postero-
lateral choroidal branches of the PCA. Rhoton reports that in 
some cases, it can pass dorsally along the medial border of 
the plexus, reaching the foramen of Monro. Morandi et al. 
specified that most often the AChoA enters the temporal part 
of the choroidal fissure as a single trunk, 10 to 15 mm from 
the anterior end of the choroid plexus of the lateral ventri-
cle’s inferior horn [37]. At this level, the AChoA usually 
divides into medial and lateral plexal branches at the location 
designated by Morandi et  al. as the “bifurcation of the 
AChoA” [37]. This “bifurcation” is well seen in the clinical 
case shown in Fig. 3. The medial branch is larger and travels 
along the attached border of the lateral ventricle’s choroid 
plexus, then curves posterosuperiorly, often accompanied by 
the posterolateral and superior choroidal arteries [12].

Erdem et al. [47] describe specifically the course of the 
plexal segment and the variants observed at the level of its 
bifurcation. In his study, the plexal segment (named “cho-
roid segment” by this author) bifurcates into medial perfo-
rating and lateral plexal branches in two ways. First, in 
84% of the hemispheres, the plexal segment courses within 
the choroid fissure to supply the choroid plexus. The medial 
branches enter the brain around the lateral geniculate body 
and optic tract. In cases where the bifurcation of the cho-
roid (plexal) segment into the medial perforating and lat-
eral plexal branches take place within the choroid plexus, 
the plexal branch border the choroid plexus of the inferior 
horn laterally. The second branching pattern was observed 

Fig. 3 The AChoA bifurcation. The figures show a patient with chronic 
occlusion of the middle cerebral artery. The AChoA is therefore well 
identified on the lateral view after selective injection of the internal 

carotid artery, especially the medial and lateral branches of the plexal 
segment (blue and red arrows)
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in 16% of the hemispheres examined. In such configura-
tion, the choroid (plexal) segment passes through the cho-
roid fissure as a “trunk” and divides into lateral plexal and 
medial perforating branches within the choroid plexus. 
Erdem [47] mentions that in 13% of the cases the AChoA 
could be followed to or a few centimeters behind the fora-
men of Monro.

For Takahashi et al., hypoplasia of the plexal segment of 
the AChoA was found in 3% of cases and characterized by a 
lack of visualization of either the medial or lateral plexal 
branches on angiography [12].

The “plexal point”, also known as the “ventral choroidal 
point”, is an angiographic landmark at which the artery 
becomes intraventricular, appearing at the center of a 
checkmark- like course on lateral projections, where the ves-
sel descends and then sharply ascends posteriorly [58].

 Branches

Throughout its course, the AChoA gives origin to branches 
distributed to the closest structures. These branches vary in 
number (average: 9, range: 4–18) and size, which is why 
authors have categorized them according to the segment in 
which they originate, their location, and/or the structures 
they supply [25, 59]. Based on embryology, they can be cat-
egorized into three groups: diencephalic, telencephalic, and 
choroidal branches [30]. Tanriover et  al. separated the 
AChoA into a phylogenetically old parenchymal ramifica-
tion (branching parts of the artery), referred to as the cister-
nal segment, and its newly acquired choroidal ramification, 
referred to as the plexal segment [38].

As mentioned above, the vascularization of certain terri-
tories by the AChoA is in balance with adjacent territories. 
The caliber of AChoA branches will therefore depend on the 
presence of branches vascularizing the same territory from 
the ICA, MCA, or PCA [37].

AChoA branches are described based on the segment 
from which they originate.

 Cisternal Segment

According to Morandi et al. six to 13 (average: 8) branches 
originate from this segment, arising mainly from its lateral 
aspect [37]. Their diameter ranges between 90  μm and 
600 μm (mean: 317 μm) [59]. Tanriover et al. classified them 
into two groups based on their destination. The first gathers 
the branches supplying the anterior segment of the mesial 
temporal region, i.e., predominantly to the uncus, but also to 
the piriform cortex, amygdala, and head of the hippocampus. 
The second is composed of perforating branches supplying 
deep critical structures, such as the globus pallidus, posterior 

limb, retrolenticular part of the internal capsule, and tail of 
the caudate nucleus [38, 59].

The uncal artery is often reported to be the first, or some-
times the second, branch coming from the AChoA, the other 
being intended for the anterior perforated substance [59, 60]. 
Based on their observations, Hussein et  al. described the 
uncal artery as a strong lateral branch arising from the main 
choroidal trunk 1–4  mm distal to its origin in 97% of the 
hemispheres examined [46]. This artery penetrates the uncal 
area and usually divides into 3–5 tiny branches supplying the 
head of the hippocampus. This author observes a reciprocal 
relationship between the uncal vessels arising from the ICA 
and MCA and the unco-hippocampal branches of the 
AChoA. In cases with developed uncal vessels from the ICA/
MCA, 1–4 tiny unco-hippocampal branches from the proxi-
mal AChoA could be observed (13% of Hussein et  al.’s 
cases) [46]. In contrast, when uncal arteries from the ICA/
MCA were lacking, the AChoA supplied the unco- 
hippocampal area with a single larger branch (87% of 
Hussein et al.’s cases). The authors noted that this artery may 
be an important landmark for the identification of the optic 
tract because it originates 2–3 mm proximal to its crossing- 
point with the AChoA [46]. A case of uncal artery arising 
from the ICA instead of the AChoA is shown in Fig. 5.

Tanriover et al. aimed to detail and clarify the mesiotem-
poral vasculature from the AChoA by distinguishing three 
categories of arteries [38]. First, the anterior uncal arteries, 
also known as “anterosuperior parahippocampal arteries” or 
“rostral uncal arteries”, which supply the ambient and semi-
lunar gyri. Second, the middle uncal arteries, which supply 
the uncal apex. Third, the posterior uncal arteries, also named 
“medial uncal arteries” or “caudal uncal arteries”, which 
supply the medial surface of the uncus’s posterior segment 
formed by the hippocampal head’s extraventricular part. 
These posterior uncal arteries arise from the post-optic/distal 
part of the cisternal segment.

The perforating arteries tend to arise from the superolat-
eral aspect of the AChoA at its proximal cisternal segment 
(preoptic part) level and almost always run laterally along 
their course [38]. In contrast, the perforators are likely to 
arise from the inferomedial aspect of the AChoA at its distal 
cisternal segment (post-optic part) and most often course 
medially. The post-optic part is reported to have more perfo-
rating arteries supplying critical deep structures, including 
the optic tract and cerebral peduncles [38]. Marinkovic et al. 
described that the most distal perforator, usually single, most 
often originates close to the lateral geniculate body, just in 
front of the inferior horn of the ventricle [59]. This perfora-
tor, known as the capsulothalamic artery, is reported to be 
larger than other perforating vessels (200 to 610 μm, mean: 
431 μm).

Several authors have classified the branching patterns and 
distributions of these AChoA branches. In 1974, Goldberg 
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divided the medial vascular group into proximal branches to 
the substantia nigra, parts of the red nucleus, subthalamus, 
and the ventrolateral thalamic nuclei, and distal branches 
supplying the antero-lateral geniculate body [40]. Rhoton 
et al. described a) superior branches supplying the anterior 
and posterior perforate substance, optic tract, origin of the 
optic radiations, medial globus pallidus, and posterior limb 
of the internal capsule; b) inferolateral branches to the amyg-
daloid body, anterior hippocampus, and fascia dentata; and 
c) medial branches entering the cerebral peduncle and the 
lateral geniculate body [25]. In 1988, Hussein et al. catego-
rized these arteries slightly differently: (a) superior branches 
supplying the anterior and posterior perforated substance, 
optic tract, origin of the optic radiations, medial globus palli-
dus, and posterior limb of the internal capsule; (b) inferolat-
eral branches to the amygdaloid body, anterior hippocampus, 
and fascia dentata; and (c) medial branches entering the cere-
bral peduncle and the lateral geniculate body. These medial 
branches have been subdivided into two groups: proximal 
branches to the substantia nigra, parts of the red nucleus, 
subthalamus, ventrolateral thalamic nuclei, and distal 
branches, supplying the anterolateral geniculate body [40]. 
Morandi et  al. categorized the perforators into superior, 
medial, and posterior branches [37]. The superior branches 
are essential to the optic tract, which they commonly perfo-
rate to supply the internal capsule and globus pallidus. The 
medial branches arise like the “teeth of a comb” at right 
angles to the distal two-thirds of the AChoA and supply the 
anterolateral part of the cerebral peduncle. The posterior 
branches arise from the distal part of the AChoA to supply 
the lateral geniculate body and sometimes the parahippo-
campal gyrus and posterior third of the optic tract.

As mentioned above, the vascularization of certain ter-
ritories by the AChoA is in balance with adjacent territo-
ries. The caliber of its branches will therefore depend on 
the presence of branches vascularizing the same territory 
from the ICA, MCA, and PCA. For example, as pointed out 
by Tatu, the AChoA participates in the network of the 
superficial hippocampal arteries, which are issued from the 
PCA from its choroidal posterolateral, splenial, inferior, 

temporal branches, and from the AChoA [61]. It is rare that 
the arteries arise predominantly from the anterior choroidal 
artery [47].

 Plexal (Ventricular) Segment

In most cases, the plexal segment originates as a single 
branch of the AChoA passing through the choroidal fissure. 
However, additional smaller branches from the choroid 
plexus may arise proximally to the choroidal fissure. The 
plexal branches divide into lateral and medial branches. They 
enter and run alongside the medial border of the choroid 
plexus of the temporal horn and frequently anastomose with 
branches of the lateral PChoAs [12]. At this level, the AChoA 
provides many branches to the choroid plexus of the lateral 
ventricle. Some branches may supply the distal part of the 
optic tract, lateral geniculate body, and thalamus [37, 47, 62]. 
Therefore, contrary to some previous reports stating that 
endovascular interventions on this segment are risk-free, the 
sacrifice of this segment represents a significant ischemic 
risk according to these authors [30, 63–65].

 Possible Anastomoses

The AChoA has great anastomotic potential with the neigh-
boring arteries, i.e., the PCA, PComA, and MCA.

Takhashi et al. categorized them and defined five anasto-
motic zones on the artery course [12] (Table 4, Fig. 2):

• Area 1. Over the optic tract with branches from the PcomA.
• Area 2. Over the cerebral peduncle with the proximal 

PCA.
• Area 3. Over the piriform cortex with PCA branches 

(temporal and hippocampal branches).
• Area 4. Over and around the lateral geniculate body with 

PCA branches, including the lateral PChoA.
• Area 5. In the choroid plexus with posterior choroidal 

branches.

Table 4 Anastomotic zones of the AChoA

Zone Segment Location Anastomotic vessel
1 Cisternal (prox./preoptic) Over optic tract PCoA branches, ICA
2 Cisternal (prox./pre-post-optic junction) Over cerebral peduncle Proximal PCA branches
3 Cisternal (prox./post optic) Over piriform cortex (uncal br.) Temporal and hippocampal branches of PCA
4 Cisternal (distal/post-optic) Over and around LGB PCA branches including posterolateral 

choroidal artery
5 Plexal Choroid plexus Posterior choroidal artery

ACA anterior cerebral artery, Ant. TA anterior temporal artery, ICA internal carotid artery, Ch. PL choroid plexus, LGB lateral geniculate body, 
LPCHA lateral posterior choroidal artery, LGB lateral geniculate body, OC optic chiasm, ON optic nerve, OT optic tract, PCA posterior cerebral 
artery, PCoA posterior communicating artery, PTA posterior temporal artery, Unc Br uncal branch
Adapted from Takahashi, S., et al. (1990). AJNR Am J Neuroradiol 11(4): 719–729 [12]
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The two most important anastomotic zones are Areas 4 
and 5. Following Morandi et al., anastomoses with the pos-
terolateral choroidal arteries are constant and can be located 
on the lateral geniculate body (Area 4) or in the choroid 
plexus (Area 5). However, they did not find any connections 
with the posteromedial choroidal arteries as described by 
Wolfram-Gabel et  al. [37, 66]. These authors consider, in 
agreement with Carpenter et al. but unlike Frisen et al., that 
anastomoses on the ventral surface of the lateral geniculate 
body are constant [22, 37, 67]. This rich anastomotic net-
work was already described by Abbie in his works from 1933 
detailing the vascularization of the lateral geniculate body, 
which was subdivided into “hilar anastomoses” and “inter-
mediate and lateral anastomoses” [9, 13]. However, several 
authors have concluded that the richest anastomoses are 
those located on the surface of the choroid plexus with the 
lateral posterior choroidal branches of the PCA [25, 33, 37]. 
In addition, choroid plexus anastomoses can occur with the 
ACA branches at the interventricular foramen level [30].

Otherwise, anastomoses of small caliber are located over 
the anterior perforated substance, on the ventral aspect of the 
optic tract’s proximal third, and on the anterior aspect of the 
cerebral peduncles. Hussein et  al. noted that anastomoses 
with the PComA were encountered in 14% of their speci-
mens and with ICA branches located between the origin of 
the PComA and the choroidal artery in 5% [46]. Anastomoses 
with superior branches of the proximal part of the PCA’s 
post-communicating segment (P2 segment) on the cerebral 
peduncle’s lateral aspect have also been reported [37]. The 
uncal branch of the AChoA frequently anastomoses with the 
anterior hippocampal artery deep inside the uncal sulcus and 
thus contributes to the vascularization of the hippocampal 
head. More occasionally, lateral branches anastomose with 
the lenticulo-striated arteries originating from the MCA [37].

These complex and variable anastomoses make it difficult 
to predict the effects of occlusion of a single AChoA but 
explain some of the inconsistent results of AChoA occlusion. 
Ligation of the AChoA, as proposed by Cooper in severe 
cases of Parkinsonism, was rapidly abandoned due to the 
high operative morbidity and mortality rates and poor long- 
term prognosis [16–19]. In contrast, occlusion of the AChoA 
at the level of the choroidal fissure may be well tolerated 
because there are rich anastomoses. As illustrated by 
Takahashi et al. [12], annexation or loss (transfer) of territory 
occurs more likely at these levels and will be detailed in the 
next paragraph [12].

 Parenchymal Territories

As underlined by Padget, the AChoA supplies much more 
than its name implies, and throughout its course, this artery 
gives origin to branches distributed to the structures close to 

which it runs [35]. The territories supplied by the AChoA are 
in equilibrium with the territories of the perforating arteries 
(from the ICA, PCA, and MCA) and should be understood as 
a spectrum of possibilities with marked interchangeability in 
their field of supply, reinforced by the anastomotic network 
described above [25, 61, 68]. These points probably explain 
why the comparison of autopsies, pathological injection 
studies, and studies using neuroimaging demonstrates that 
the areas involved in AChoA infarctions are usually smaller 
than the AChoA territory inferred from experimental investi-
gations [69]. Parenchymal territories supplied by the AChoA 
are summarized in Table 5.

AChoA branches more commonly supply the optic tract, 
lateral part of the geniculate body, posterior two-thirds of the 
internal capsule’s posterior limb, most of the globus pallidus, 
origin of the optic radiation, and middle third of the cerebral 
peduncle [25, 26, 43]. Less commonly supplied structures, 
or those showing more variability, include part of the head of 
the caudate nucleus, pyriform cortex, uncus, posteromedial 
part of the amygdaloid nucleus, substantia nigra, red nucleus, 
subthalamic nucleus, and superficial aspect of the ventrolat-
eral nucleus of the thalamus. Based on Rhoton et al.’s works 
from 1979, none of these structures is always supplied by the 
artery, but in approximately two-thirds of the hemispheres, it 
supplies the medial part of the globus pallidus, the posterior 
limb, the retrolenticular part of the internal capsule, the optic 
tract, and the lateral geniculate body [25]. The choroid plexus 
of the temporal horn was the only structure to receive 
branches in every case. In approximately half of the hemi-
spheres, it supplies the lateral part of the globus pallidus and 
the caudate tail; and in one-third, it supplies the thalamus, 
hypothalamus, and subthalamus.

Lasjaunias et al. categorized the supplied territory of the 
AChoA into two parts: one belonging to the cranial division 
of the ICA and supplying the paleostriatum and piriform 

Table 5 Parenchymal territories supplied by the AChA

Structure Territory
Other sources 
of supply

Temporal lobe Uncus, pyriform cortex, 
posteromedial part of the 
amygdaloid nucleus

ICA
MCA

Visual system Optic tract, portion of the 
lateral geniculate body, optic 
radiations

ICA
PCoA

Internal capsule/
basal ganglia

Medial globus pallidus and 
caudate tail, genu and posterior 
part of the capsule

MCA
P2 PCA

Diencephalon Part of the lateral thalamic 
nuclear mass and subthalamus

P1-BA- 
PCoA

Midbrain Middle one-third of the cerebral 
peduncle, substantia nigra, red 
nucleus

PCA-BA

BA basilar artery, ICA internal carotid artery, PCA posterior cerebral 
artery, PCoA posterior communicating artery
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cortex, and the other belonging to the caudal division and 
supplying the remainder of the anterior choroidal territories 
[30]. The cranial component is mainly paleostriatal regard-
ing its distribution and supplies, in addition to the piriform 
cortex, part of the head of the caudate nucleus and most of 
its tail, the posteromedial part of the amygdaloid nucleus, 
and most of the globus pallidus. Variations in this territory 
involve the MCA branches. The caudal component supplies 
the optic tract and lateral geniculate body, middle third of 
the crus cerebri, subthalamic region, posterior two-thirds of 
the posterior limb of the internal capsule, optic radiation, 
anteroinferior part of the fascia dentata, hippocampus, and 
choroid plexus. Associated variations involve the 
PCA. Notably, Rhoton et al. stated that if there is a double 
AChoA, the distal branch usually terminates in the temporal 
lobe, and the proximal branch nourishes the remaining ante-
rior choroidal field [25].

The vascularization of the uncus illustrates this concept of 
interchangeability. In the work of Isolan et al., the AChoA 
provided most of the branches that supply the uncus, with an 
average of 2.79 branches per hemisphere, or 38% of all the 
branches reaching this particular anatomical structure [70]. 
The MCA was the second largest contributor of branches to 
the uncus, with a more substantial contribution of ICA and 
PCA perforators [70].

The contribution of the AChoA to the supply of the thala-
mus is a matter of debate [69]. Kolisko found a supply to the 
superior external portion of the thalamus in some cases, and 
Abbie reported that the AChoA distribution frequently 
included the superficial part of the ventrolateral thalamus [6, 
9, 13, 14]. Helgason et al. also reported an involvement of 
the posterolateral thalamus in some AChoA infarction cases 
[71, 72]. In contrast, Beevor did not demonstrate any supply 
from the AChoA to the thalamus, unlike some investigators 
who focused on its vascularization [7, 69]. In summary, 
Mohr et al. [69] concluded that although superficial involve-
ment of the thalamus in AChoA infarctions may occur, 
extension deep into the lateral thalamus must be considered 
exceptional.

Finally, it is worth mentioning that the AChoA does not 
have any dural territory in the absence of any pathological 
context.

 Variants

The presence of the AChoA seems to be a constant based on 
numerous anatomical observations. As mentioned above, 
the reported absence of the AChoA may correspond to the 
following variants: the artery considered as the PComA is a 
dominant AChA (i.e., an AChoA with parieto-occipital ter-
ritory) or an AChoA arising from the PComA [12, 23, 25, 
37, 42].

The anatomical variants reported concern the origin and 
the territories vascularized by the AChoA. Considering the 
importance of these territories, careful attention must be paid 
to these variations.

 Origin

• Common PComA/AChoA origin: such an anatomical 
variant is relatively rare (0.2%–6.7%) and is due to the 
AChoA arising from the caudal branch of the primitive 
ICA [37, 73]. A clinical case of this variant is shown in 
Fig. 4.

• The AChoA originates from ICA (ACA/MCA) bifurcation: 
it represents a minority of cases (0.3%–7%). This variant 
can also be explained by various migrations or annexations 
of the AChoA distally during embryology [37].

• The AChoA originates from the ICA proximal to the 
PComA; this is rare and reported in only a few cases (six 
case reports) [74–79]. The genesis of this anomaly is 
unknown and unexplained from a developmental point of 
view.

 Territories and Size

Variations in territories (and consequently in artery size) 
relate to AChoA-PCA connections [80]. From an embryo-
logical point of view, the AChoA initially has a large telence-
phalic territory, but it is lost in the early stages of 
embryogenesis by transfer (distal annexation) to the caudal 
branch of the ICA, which becomes the PCA [31, 32]. As 
noted by Lasjaunias et al., the distal annexations may or may 
not follow the truncal changes [30] and may be partial or 
total, explaining the wide variety of equilibria at the cortical 
level between the PCA and AChoA. These annexations or 
losses of territory occur more likely at the level of anasto-
motic zones [81–83].

The most commonly encountered variants are the capture 
of the inferior temporal branch by the AChoA, which sup-
plies the undersurface of the temporal lobe. In such configu-
ration, the parieto-occipital and calcarine branches typically 
originate from their “usual” positions. Less frequently, the 
AChoA can capture the PCA’s entire cortical territory [12, 
30, 37, 84, 85]. In this case, the AChoA should not be con-
fused with a fetal PComA [86].

Takahashi et al. proposed a classification of these varia-
tions by dichotomizing hyperplastic and hypoplastic arteries 
with a prevalence of, respectively, 3% and 2.3% [12].

Hyperplastic anomalies of the AChoA supplying the 
inferomedial temporo-occipital region, including the terri-
tory of the AChoA and part of the PCA territory, are subdi-
vided into four subtypes (Table  6). For this author, they 
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Fig. 4 Clinical case of common origin of the PComA and AChoA. Patient with fetal configuration of the posterior communicating artery (PComA, 
blue arrows) and PComA aneurysm. The anterior choroidal artery (red arrow) originates from the proximal segment of the PComA

represent a situation in which one of the anastomoses remains 
and enlarges as a main pathway of the artery, while a seg-
ment of the PCA just proximal to the anastomosis eventually 
attenuates. A case of hyperplastic variant of the AChoA is 
shown in Fig. 5.

A hypoplastic AChoA corresponds to a hypoplastic 
aspect, i.e., a lack of visualization on angiography, of the 
plexal segment [12]. In this case, the choroid vascularization 
is taken in charge by the PCA. According to Takahashi et al., 

it represents the “reptilian” stage of evolution, as mentioned 
above in our paragraph about embryology [12].

Doi et al. recently added a rare variant characterized by 
AChoA/PComA “fusion” [87]. In this variant, there is a 
hyperplastic aspect of the AChoA with a connection between 
the AChoA and PCA at the level of P2. It is considered to 
belong to the spectrum of the choroidal supply of the PCA 
territory, except that there is a persistent connection between 
the two at the level of the P2 segment.
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Type 3 Anomalous occipito-
parietal artery:
Persistent 
anastomosis (arrow) 
with the PCA distal to 
branching of its 
temporal arteries

PComA

AChoA

ATA

PTA

Type 4 Anomalous temporo-
occipito-parietal 
artery:
Persistent 
anastomosis (arrow) 
at level of PComA or 
at anterior ambient 
segment of PCA

PComA

AChoA

AChoA anterior choroidal artery, ATA anterior temporal artery, ICA 
internal carotid artery, PCA posterior cerebral artery, PComA posterior 
communicating artery, PTA posterior temporal artery, UB uncal branch

Adapted from Takahashi, S., et al. (1990). AJNR Am J Neuroradiol 

11(4): 719–729 [12].

Table 6 (continued)Table 6 Takahashi’s classification of the hyperplastic variants of the 
AChoA

Type 1 Hypetrophic uncal 
branch:
Persistent 
anastomosis (arrow) 
between the uncal 
branch of the AChoA 
and the anterior 
temporal branch of 
the PCA

PComA

AChoA

ICA

UB

ATA

PTA

PCA

Type 2 Anomalous temporal 
artery:
   2a: Persistent 

anastomosis 
(arrow) between 
the uncal branch of 
the AChoA and a 
common stem of 
the temporal 
branches of the 
PCA

   2b: Persistent 
anastomosis 
between 
somewhere in the 
surface area of the 
medial temporal 
region

   2c: Persistent 
anastomosis deep 
in the choroid 
fissure at the 
inferior horn of the 
lateral ventricle

PComA

AChoA

UB
ATA

PTA

PCA
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Fig. 5 Clinical case of hyperplastic variant of the AChoA.  Figures( 
a–f) show a DSA image of a hyperplastic AChoA. The left AChoA has 
an anastomosis with the posterior cerebral artery (PCA) distal to its 
temporal branches and supplies its distal vascular territory. In the 

antero-posterior view of VA injection (figure e), it is visible that the left 
PCA (PCA l) keeps only its temporal territory. This case was inter-
preted as a type III according to Takahashi’s classification

 Clinical Implications

Despite its small size, the AChoA is a critical artery in brain 
physiology and function. Therefore, the clinical implications 
are numerous.

 Stroke

Although Kolisko had already outlined the typical neurologi-
cal syndrome in AChoA infarctions, the first specific descrip-
tion of AChoA artery stroke is attributed to Foix in 1925 [6, 
39].

The possible clinical presentations of AChoA infarcts are 
as follows: the classical triad includes hemiplegia, hemisen-
sory loss (hemianesthesia), and homonymous hemianopia. 
Lacunar syndromes, ataxic hemiparesis, neglect, language 
disorders, and sectoranopia have also been reported [69, 71, 

72, 88]. The contralateral hemiplegia and hemianesthesia, 
for all sensory modalities, result from infarction in the poste-
rior limb of the internal capsule’s posterior two-thirds and 
the middle third of the cerebral peduncle. The homonymous 
hemianopsia to varying degrees results from interruption of 
the supply to the origin of the optic radiation, the optic tract, 
and part of the lateral geniculate body. Transient loss of con-
sciousness, as well as extrapyramidal signs, may also occur 
following an ischemic lesion in the pallidal area. A rarer 
clinical presentation of hemichoreathetosis has been reported 
[89, 90].

Inconstant results, including the absence of deficit, have 
followed proximal AChoA surgical occlusion for the treat-
ment of Parkinson’s disease [16–20, 91]. On the contrary, as 
discussed above, the occlusion of the AChoA at the level of 
the choroidal fissure may be well tolerated because there are 
rich anastomoses between the AChoA and the posterolateral 
choroidal artery.
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As highlighted by Mohr et al., who used CT and MRI to 
map the area of AChoA infarctions and study the variations 
in the AChoA territories, the area involved in AChoA infarc-
tion is usually smaller than the full territory inferred from 
experimental investigations. The restricted infarct size may 
reflect the effects of collateral supply to the AChoA territory 
from branches of the PCA, PComA, and MCA [69, 92].

Regarding the etiology of AChoA strokes, it has been sug-
gested by some authors that those result more frequently 
from small-vessel disease [93, 94]. This assumption is sub-
ject to controversy and does not seem to be a diagnostic 
value regarding etiology [95].

 Aneurysm

AChoA aneurysms represent 2% to 5% of intracranial aneu-
rysms [36, 37, 96]. They usually arise at its origin with a 
dorso- or ventrolateral orientation and are thus usually inti-
mately related to the medial part of the temporal lobe, often 
embedded in the uncus. Treatment of these can be achieved 
endovascularly or surgically. Ischemic stroke is reported to 
be the most common complication after clipping with a 
morbi-mortality varying from 5% to 50%, with lower upper 
rates in the contemporary case series [49, 96–98]. When 
compared with the surgical literature, endovascular series 
seem to have a lower incidence of stroke, although only a 
few have been reported [96, 99, 100]. Recently, the use of 
flow-diverting stents has been evaluated for the treatment of 
intracranial aneurysms. The use of this endovascular mate-
rial eliminating, or at least making optional, the need to place 
coils in the aneurysm sac does not seem to be associated with 
AChoA ischemic complications [101].

Of note, distal AChoA aneurysms occurring without the 
context of arteriovenous malformations (AVM) or Moyamoya 
disease are rare but should be considered in patients with 
isolated medial temporal intracerebral hematoma with intra-
ventricular extension [102].

 Moyamoya Disease

When the AChoA is not involved in Moyamoya disease, the 
trunk and branches of the AChoA often develop compensa-
tory dilation and extend to distal regions, thereby forming 
collateral vessels that increase blood flow and, consequently, 
the risk of distal flow-related aneurysm [103, 104]. As men-
tioned in the case series of Morioka, dilatation and abnormal 
branching of the AChoA are strong predictors of intracranial 
hemorrhagic events [105].

 Vein of Galen Aneurysmal Malformation 
(VGAM) and Congenital Diseases

Vein of Galen aneurysmal malformations is particularly 
often associated with a full persistence of the limbic arterial 
arch, which bridges the cortical branch of the AChoA ini-
tially and the PCA secondarily with the pericallosal artery. 
This arch was first described by Moffat in 1961 and usually 
represents a transient stage during embryology [31, 32]. 
Lasjaunias et  al. described two types of persisting limbic 
arch: the first, or “true” limbic arch, links the AChoA to the 
ACA around the limbic structures, and in the second, the 
PCA takes over the role of the AChoA [30]. In the case series 
of Lasjaunias et al., half of the patients diagnosed at a fetal or 
neonatal age or in infancy and 30% of children with VGAM 
demonstrate a persistent limbic arch. Both the mural and 
choroidal types of VGAM are associated with this abnormal-
ity, although the former is twice as frequent [106]. The circle 
regresses after obliteration of the VGAM by embolization.

Holoprosencephalic malformations are associated with an 
enlarged AChoA (and abnormal ACA fusions), but the pres-
ence of a limbic arch is not reported [107].

 Arteriovenous Malformations

The AChoA is a classic feeder for AVMs located in its vascu-
larization territory, and is reported to be a constant feeder of 
lateral ventricular AVMs [108]. Knowledge of the variants 
described above is necessary to anticipate the potential com-
plications of endovascular or surgical treatment of these 
AVMs [58, 108–110]. The authors emphasize the importance 
of a thorough understanding of the functional anatomic struc-
tures supplied by each segment of the artery to decrease the 
ischemic complication rate. Regarding endovascular treat-
ment, the importance of correct catheter positioning and 
changes in flow dynamics during embolization are reported to 
be major prognosis factors. It is worth mentioning that the 
plexal segment can, in some cases, provide branches for elo-
quent territory, such as the thalamus, when using this land-
mark for microcatheter positioning [111, 112]. A clinical case 
of choroidal AVM supplied by the AChoA is shown in Fig. 6.

 Brain Tumors

Tumors that may affect the AChoA include choroid papil-
loma, gliomas, and, more rarely, meningiomas [36, 
113–115].
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Fig. 6 Clinical case of choroidal AVM. Figures (a–d) show a clinical 
case of choroidal arterio-venous malformation. Figures a and b show 
respectively an antero-posterior view and a lateral view obtained after 
left internal carotid artery injection. Both show the supply of the AVM 

provided by the anterior choroidal artery (AChoA). Figures (c and d) 
show antero-posterior and lateral views of left vertebral artery injection. 
These figures show the contribution to the AVM of the medial and lat-
eral posterior choroidal arteries (PMChoA, LPChoA)

 Conclusion

The complex anatomy of the AChoA and its variants may 
have important therapeutic implications due to the eloquent 
territories vascularized by this artery. Therefore, a compre-
hensive understanding of its characteristics is mandatory in 
the management of neurovascular pathologies.
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Embryology, Anatomy, and Variations 
of the Anterior Cerebral Artery

Sara Bonasia, Thomas Robert, and Michel W. Bojanowski

The anterior cerebral artery (ACA) is one of the most impor-
tant arteries of the brain and in particular of the telencephalon 
[1, 2]. The ACA is also one of the most studied cerebral arter-
ies since it is a common location for intracranial aneurysms 
[3]. During the species’ evolution, the ACA acquires its vas-
cular territories with the development of the telencephalon in 
mammals; before this event, its role is limited to the vascular-
ization of the olfactory system and in part of the diencephalon 
[4]. In this chapter, the normal anatomy and functions of the 
ACA will be reminded with special attention to its embryo-
logical development and to its known anatomical variations.

 History

The embryologic development of the ACA, as for another 
cerebro-facial arteries, has been mostly understood thanks to 
the monumental work of D.Padget (1948) and also with the 
studies of comparative anatomy proposed by Abbie (1934) 
and by Moffat (1962) [4–6]. The largest and most significant 
cadaveric series about the ACA were published in the 1970s 
and 1980s; they include the detailed works of Perlmutter and 
Rhoton (1976, 1978), Rosner et al. (1984), and Gomes et al. 
(1984) [1, 7–9]. Yasargil (1984), in his monography about 
clinical considerations and surgical techniques of intracra-
nial aneurysms, described the anatomy of the ACA and its 
variations noted during aneurysms’ microsurgical clipping 
[10]. The angiographic and radiological anatomy of the ACA 

was analyzed in detail by Salamon (1977) [11]. While study-
ing arterial brain vascularization as seen on angiography, 
Lasjaunias and Berenstein (2001) described in detail all ana-
tomical variations of the ACA and proposed hypotheses for 
their embryological development [12].

 Embryology

Streeter (1918) and Padget (1948) described different stages 
in vasculature development of the brain after having ana-
lyzed 22 sectioned embryos [4, 6]. Our understanding of the 
embryological development of the ACA and its anatomical 
variants is based on the development of the cranial division 
of the internal carotid artery (ICA) and of the ophthalmic 
artery (OA), whose developmental steps are represented in 
Tables 1 and 2, respectively.

 Cranial Division of the Primitive Carotid Artery 
(Table 1)

In Padget’s “early stage I” (embryos of 4–5 mm), the primi-
tive ICA divides into a cranial and a caudal branch (future 
ACA and posterior communicating artery) [4, 6]. The cranial 
branch curves above the optic vesicle and terminates in the 
olfactory area, thus named primitive olfactory artery (POA) 
[6]. Concomitantly, the primitive ICA, proximal to its bifur-
cation, gives off the primitive maxillary artery (PMA) which 
passes laterally to the Rathke’s pouch and courses under the 
optic vesicle. This PMA seems to be a temporary supply of 
the optic vesicle that will regress at Padget’s stage IV [5, 6]. 
The exact role of the PMA in the embryological develop-
ment of the ophthalmic artery is not known.

During Padget’s stage III (7–12  mm), some primitive 
branches spread out from the POA.  The largest and most 
caudal of these is the anterior choroidal artery (AChoA); a 
second, directed to the optic vesicle, is the primitive ventral 
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Table 1 Embryological development of the anterior cerebral artery

Stage of 
padget

Size of embryo 
(mm) Events Illustration

I 4–5 –  Cranial and caudal division of the carotid artery (CrD, CaD) appearance
–  CrD is the primitive olfactory artery (POA)
–  Primitive maxillary artery (PMA) and primitive dorsal ophthalmic artery 

(PDOA) appearance CrD
(POA) CaD

PDOA

PMA

III 7–12 –  Branches of the POA appearance: Anterior coroidal artery (AChoA), 
primitive ventral ophthalmic artery (PVOA), precursor of the middle 
cerebral artery (MCA)

POA

PVOA

Precursor
MCA

AC
ho
A

IV 12–14 –  POA division in lateral (lPOA) and medial (mPOA) branches
–  The mPOA borrows the future ACA
–  The lPOA is the precursor of the recurrent artery of Heubner (RAH)
–  Plexiform anastomosis between the two ACAs (*, future AcomA)

IPOA (Precursor
RAH

mPOA

*

V 16–18 –  ACA development with terminal part of the medial POA appearing as a 
branch, future orbito-frontal artery (OFA)

–  Lateral extension of the lPOA (future RAH)

ACA
IPOA
(RAH)

mPOA
(OFA)

VI 20–24 –  Formation of the AComA (complete circle of Willis)
–  Medial artery of the corpus callosum visible (MACC) ACA

MACC

OFA

MCARA
H

ACh
oA

PC
om

A
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Table 2 Embryological development of the ophthalmic artery

Stage Embryo size (mm) Events Graphic representation
I 4–5 –  Primitive maxillary artery (PMA) as temporary branch

–  PDOA appearance
CrD

CaD

PDOA

PMA

II 9 –  Primitive hyaloid artery (HA) as plexiform channels
–  PVOA appearance CrD

CaD
PDOA

AC
hoA

PMA

HA

PVOA

III 14 –  Formation of primitive hyaloid and common ciliary arteries
–  Stapedial artery (SA) development

PDOA

PVOA

PMA

SA

CcA
HA

IV 18 –  Migration of the PDOA origin
–  Formation of the supraorbital branch (SOrbA) of the SA
–  Regression of the PVOA

PDOA

PVOA

SOrbA

MxM
A

HA

V 20 –  Maximal development of the SA
–  Formation of the anastomotic ring (AR)

PVOA

PDOA

SOrbA

AR

VI 40 –  Ventral interruption of the AR
–  Regression of the SOrbA

LA
ILT

OA
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ophthalmic artery (PVOA); a third, that is directed cranially 
between the two cerebral hemispheres, is the precursor of the 
future ACA. In some embryos, a lateral small branch from 
the POA is visible and is considered as the primitive middle 
cerebral artery (MCA) [6, 12].

At Padget’s stage IV (12–14  mm), as already noted by 
Abbie (1934) in fishes and amphibians, two terminal 
branches (medial and lateral) of the POA can be seen [4]. 
The medial one follows the course of the olfactory nerve and 
is the precursor of the ACA; on each side of the midline of 
the brain, plexiform anastomoses between these two medial 
branches are already visible and are the precursors of the 
AComA. The lateral branch of the POA finishes its course in 
the nasal fossa and is considered by some authors as the pre-
cursor of the recurrent artery of Heubner (RAH) [4].

In Padget’s stage V (16–18 mm), the lateral branch of the 
POA (future RAH), appears as the main branch, but progres-
sively regresses to become a lateral branch of the medial 
POA (future ACA) [6].

In Padget’s stage VI (20–24  mm), the primitive ACA is 
clearly seen to have an upper course between the two cerebral 
hemispheres and gives different anastomoses to the choroidal 
arteries [12]. During this time, the AComA continues its devel-
opment to be completely formed at the end of this stage, con-
cluding the formation of the circle of Willis [6]. The AComA 
is consequently the last artery of the circle of Willis to develop. 
It is important to note that at this point the presence of a supe-
rior branch from the AComA, named the medial artery of the 
corpus callosum (MACC), can persist or regress in the adult 
[6]. The medial POA now appears as a branch of the ACA fol-
lowing the course of the olfactory nerve, ending in the nasal 
fossa (future orbito-frontal artery of the ACA). The lateral 
branch of the POA develops and extends laterally in the region 
of the anterior perforated substance (future RAH) [6].

 Ophthalmic Artery (Table 2)

The embryological development of the OA is intricately 
related to the primitive olfactory artery, and the knowledge 
thereof is essential in the understanding of some adult vari-
ants, like the infra-optic course of the ACA or the origin of 
the OA from the ACA.

The embryological development of the ophthalmic artery 
is a series of development and regression of primitive arteries 
and could be divided into six stages, which are summarized 
in Table 2. These six stages described by Padget are different 
than the stages of the general embryological development 
also elaborated by the same author [6].

The development of the OA depends mostly on two 
embryonic arteries: the primitive dorsal ophthalmic artery 
(PDOA) and the primitive ventral ophthalmic artery (PVOA). 
The PDOA originates from the bifurcation of the primitive 
ICA when the embryo is about 4–5 mm, while the PVOA 

branches off from the primitive ICA (primitive olfactory 
artery), when the embryo is about 9 mm.

Stage I: In the early embryologic life (4–5 mm), the optic 
vesicle begins its differentiation in optic stalk and optic vesi-
cle. The primitive maxillary artery, which originated from the 
future cavernous segment of the primitive carotid artery, sends 
a temporary branch to the base of the optic vesicle. The other 
major event of this stage is the formation of the first primitive 
ophthalmic artery from the primitive carotid artery: the primi-
tive dorsal ophthalmic artery (PDOA) which takes its origin at 
the bifurcation of the primitive carotid artery in its caudal and 
cranial division (future posterior communicating segment).

Stage II: In the 9 mm embryos, the PDOA now invests the 
optic cup by a large plexus without clear direct supply to the 
lens. The major change of this stage is the formation of 
another primitive ophthalmic artery from the primitive olfac-
tory artery: the primitive ventral ophthalmic artery (PVOA).

Stage III: In the 14 mm embryos, both PDOA and PVOA 
are elongated, probably due to the ventral shifting of the 
optic cup and dorsal shifting of cerebral hemispheres. On the 
other hand, the stapedial artery begins its development and 
one of its collateral branches is captured by the ventral pha-
ryngeal artery (future stem of the middle meningeal artery).

Stage IV: At approximately 18 mm, the elongated stem of 
the PDOA is gradually pulled along the primitive internal 
carotid artery and its origin migrates to its adult position. 
Streeter (1918) called this phenomenon “anastomotic pro-
gression” in reference to vessels of other organs. 
Concomitantly, the stapedial artery continues its progression 
and gives off two branches, the maxillomandibular artery 
and the supraorbital artery. The latter one passes into the 
orbital cavity through the superior orbital fissure.

Stage V: In the 20 mm embryos, the supraorbital branch of 
the stapedial artery develops several orbital branches and 
anastomoses with the primitive ophthalmic artery. An anasto-
motic ring is formed around the optic nerve by anastomosis 
between the supraorbital artery, the PDOA, and the PVOA.

Stage VI: At approximately 40 mm, the adult conformation 
of the ophthalmic artery could be recognizable after the ven-
tral interruption of the anastomotic ring that forms the future 
second segment of the ophthalmic artery. The extra- orbital 
part of the supraorbital artery also regresses, and the lacrimal 
artery is naturally annexed by the primitive ophthalmic artery.

In the stages described two events are crucial to determine 
the definitive origin of the OA and, as a consequence, its 
relationship with the ICA and the ACA:

 1. The migration of the OA’s origin on the supraclinoid ICA 
(embryo of about 18 mm): This phenomenon is explained 
by Padget to be caused by the cranial elongation of the 
ICA during this stage, consequently resulting in the 
PDOA shifting to a lower position on the ICA [6]. 
However, Lasjaunias explained this migration to be the 
result of an intradural anastomosis between the PVOA 
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and the primitive ICA followed by the regression of the 
original proximal stem of the PVOA [12, 13].

 2. The formation of an anastomotic ring around the optic 
nerve (embryo of about 20 mm), formed by the anasto-
mosis between the PVOA, the PDOA, and the supraor-
bital artery (a branch of the stapedial artery): This ring 
will be ventrally interrupted to give the definitive configu-
ration of the OA. The part of the anastomotic ring that 
regresses is critical in determining the definitive configu-
ration of the adult OA.

Possible variants of these two phenomena can determine 
an infraoptic course of the ACA, or the origin of the OA from 
the ACA.

 Segments and Course of the Artery

The ACA is the most important artery of the medial surface 
of the telencephalon and one of the most important in the 
diencephalic supply. Fisher (1938) was the first to propose a 
segmental classification of the ACA [14]. This classification 
in five distinct segments is nowadays the most used and will 
be used in this chapter (Fig. 1). Other authors proposed vari-
ous classifications but none of which gained popularity. For 
example, Morris and Peck (1955) proposed a four segments 
classification of the ACA and Lin and Kircheff (1974) gave a 
personal segmental classification of the pericallosal artery 
(post-communicating ACA) [9]. The post-communicating 
ACA (segments A2–A5) could also be named as pericallosal 
artery or distal ACA.

 A1 Segment

This first segment of the ACA (A1), also named pre- 
communicating or horizontal segment of the ACA, begins at 
the terminal bifurcation of the ICA and ends at its junction 
with the AComA.  This segment has an average length of 
12.7  mm (7–18  mm) and an average diameter of 2.6  mm 
(0.3–7  mm) [2, 7]. This segment courses above the optic 
chiasm in 70% or above the optic nerve in 30%. Gomes 
et  al. (1986) noted that longest is the A1 segment, more 
anterior it courses above the optic structures [2]. Uchino 
et al. (2006) noted an asymmetry in the size of A1 segments 
in 5–7% of the general population (in MRI realized for other 
pathology than AComA aneurysms) [15]. However, in 
patients harboring an AcomA aneurysm, Yasargil observed a 
frequent asymmetry (1984) [10]. This observation was con-
firmed by Aydin et al. (1997), who found in their series of 
AComA aneurysm an asymmetry of A1 segments in 27% of 
cases [16]. Even if there are no comparative studies, the 
asymmetry of A1 segments seems to be an important hemo-
dynamic factor in the development of AComA aneurysm [1, 
2, 9, 17].

 A2 Segment

The second segment of the ACA (A2 segment) extends from 
the AComA to the point where the artery passes over the 
junction between the rostrum and genu of the corpus callo-
sum [9]. This segment is into the cistern of the lamina termi-
nalis. The median length of the A2 segment is 28  mm 

Fig. 1 Fisher’s classification of the ACA and branches (Adapted from 
[114]). The figure shows an artist’s illustration and a lateral DSA ICA 
injection, with the aim to highlight the division of the ACA in five seg-
ments (A1-A5) and to describe its branches. The visible branches are: 
the orbitofrontal artery (OFA), the frontopolar artery (FPA), the anterior 
middle and posterior internal frontal arteries (AFA, MFA, PFA), the 

paracentral artery (PcA), the superior and inferior parietal arteries 
(SPA, IPA). The point of origin of these branches is very variable, how-
ever the bifurcation of the distal ACA in a callosomarginal artery 
(CMA), that courses in the cingulate sulcus, and in a pericallosal artery 
(PA), that courses in the epicallosal sulcus, is almost constant
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(22–30 mm) and the overall diameter is 2.4 mm (0–3.5 mm) 
[2, 7]. Usually, the left A2 segment is positioned posterior to 
the right one in 72% and inversely in 28% [10].

 A3 Segment

The A3 segment of the ACA begins at the junction between 
the rostrum and genu of the corpus callosum, runs along the 
genu and terminates when the artery turns posterior above the 
body of the corpus callosum. This segment has an average 
length of 41 mm (33–48 mm) and a diameter of 2.4 mm [8, 9].

 A4 and A5 Segments

The A4 and A5 segments of the ACA represent the part of 
the artery above the body of the corpus callosum [7, 9, 10]. 
The virtual limit between these two segments corresponds 
to the projection of the coronal suture. The average length 
of these segments is 76  mm and the average diameter is 
2.2 mm [2]. These segments lie in the pericallosal cistern, 
in the epicallosal sulcus (sulcus of the corpus callosum) 
(86%), but they may also be found (14%) in the cingulate 
sulcus [10]. A clinical case of this variant is represented in 
Fig. 2.

a b

c d

Fig. 2 Clinical case of ACA located in the cingulate sulcus. The figure 
shows the case of a patient admitted to the emergency room for acute 
loss of consciousness. The brain CT scan showed a big frontal hema-
toma with ventricular extension (a). The Angio-CT identified a perical-
losal artery aneurysm (yellow asterisk in figure b). The patient 
underwent urgent surgical clipping and a post-operative DSA was per-

formed. The exam showed a course of the distal ACA into the cingulate 
sulcus (c), instead of the epicallosal sulcus and this finding was con-
firmed during surgery. Figure (d) shows a compensation from the pos-
terior circulation around the corpus callosum through the posterior 
pericallosal artery (PPA)
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 Branches of the Artery and Their Variations

In this paragraph, only the direct perforating branches, corti-
cal branches, and callosal branches of the ACA will be 
described in detail (Table 3). The anatomy and variations of 
the recurrent artery of Heubner are addressed in chapter 
“Embryology and Variations of the Recurrent Artery of 

Heubner,” as well as the dural branches of the ACA (chapter 
“Dural Branches of the Anterior and Posterior Cerebral 
Arteries”).

 Perforating Branches From the ACA

Perforating branches of the ACA arise mainly from the A1 
segment of the artery, more likely from its lateral half (68% 
vs. 32%) [8, 18]. The number of these branches varies from 
1 to 11 (average 5.3) in the lateral half of the A1 segment and 
from 0 to 6 (average 2.5) in the medial half [2, 7, 8, 19]. 
However, according to Barry (1972), perforating branches 
arise from the first 5 mm of the A1 segment, making its prox-
imal segment ideal for applying a temporary clip during 
AComA aneurysm surgery [20]. The origin of the perforat-
ing branches is usually on the superior surface (54%) or on 
the posterior surface (32%) of the A1 segment [7, 8, 10, 17]. 
Their average diameter is 0.2 mm (0.1–1 mm) and their aver-
age length (from the origin to the penetrating point of the 
artery) is 3.8  mm (0.8–8.5  mm) [19]. Perforating arteries 
from the A1 segment supply the subfrontal area, the optic 
chiasm, the preoptic region, the hypothalamus, and the inter-
nal capsule [7, 21]. In 41% of cases, these branches penetrate 
into the parenchyma through the medial portion of the ante-
rior perforating surface (APS) [8].

Few perforating branches may arise from the first 5 mm 
of the A2 segment but are inconstant and less numerous 
(average 1.2 branches, 0–4) [9, 17]. These branches arise 
from the lateral (46%) or posterior (43%) surfaces of the A2 
segment and supply the gyrus rectus (29%), the inferior fron-
tal area (31%), or the APS (15%) [8].

 Cortical Branches

The ACA provides usually eight major cortical branches that 
are summarized in Table 3 and illustrated in Fig. 1. Some of 
these cortical branches may arise not directly from the ACA 
but from the callosomarginal artery (CMA), which is a 
branch of the ACA running into the cingulate sulcus, above 
the cingulate gyrus [2, 9, 22]. The CMA is defined as a 
branch of the ACA from which two or more cortical branches 
of the ACA originate [9]. Present in 60–90% of hemispheres, 
the CMA arises from the A3 segment in 60–90% or from the 
A2 segment in 3–10% and its average diameter is 1.8 mm 
(1.2–2.7  mm) [2, 9, 22]. The CMA may also surprisingly 
arise from the A1 segment, as described by Krishnamoorthy 
et al. (2006) [23]. The cortical arteries that most frequently 
branch off from the CMA are the anterior (24–84%), middle 
(42–77%), and posterior (28–56%) internal frontal arteries 
[2, 9].

Table 3 Branches of the ACA with respective parenchymal territory

ACA branches

Origin from 
the ACA 
(segment, 
most frequent)

Diameter 
at origin 
(mm) Territory

Perforating 
arteries

A1–A2 0.2 
(0.1–1.0)

Subfrontal area
Optic chiasm
Preoptic region
Hypothalamus
Internal capsule

Recurrent artery 
of Heubner

A2 0.7 
(0.4–1.0)

Head of caudate 
nucleus
Anterior limb 
internal capsule
Uncinate 
fasciculus
Hypothalamus

Orbitofrontal 
artery

A2 0.9 
(0.4–2.0)

Gyrus rectus
Olfactory bulb and 
tract
Medial half of 
orbital gyri

Frontopolar artery A2 1.3 
(0.6–1.8)

Medial surface of 
the frontal pole

Anterior internal 
frontal artery

A3 1.3 
(0.4–2.4)

Superior frontal 
gyrus (anterior 
part)

Middle internal 
frontal artery

A3 1.3 
(0.9–2.9)

Superior frontal 
gyrus (medial and 
lateral surface)

Posterior internal 
frontal artery

A3-A4 1.4 
(0.9–2.4)

Cingulate gyrus
Superior frontal 
gyrus (posterior 
part)

Paracentral artery A4 1.3 
(0.7–2.0)

Paracentral lobule 
(superior part)

Superior parietal 
artery

A5 1.2 
(0.8–1.7)

Paracentral lobule 
(posterior part)

Inferior parietal 
artery

A5 1.1 
(0.6–1.8)

Precuneus
Cuneus

Callosal arteries 0.2 
(0.1–1.0)

Corpus callosum
Septum 
pellucidum
Anterior 
commissure
Column of the 
fornix

Pericallosal artery 1.9 
(0.9–2.6)

Corpus callosum
Cingulate gyrus

Callosomarginal 
artery

A3 1.8 
(1.2–2.7)

Cingulate gyrus
Superior frontal 
gyrus (medial 
surface)
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Orbitofrontal (OFA) and frontopolar (FPA) arteries are 
the two first cortical branches of the ACA. They are always 
present in cadaveric series and usually arise from the A2 
segment, even if a rare origin from the CMA has been 
described [2, 9, 22]. OFA and FPA may share a common 
origin and the OFA may also share its origin with the recur-
rent artery of Heubner (5%) [1]. At their origin, OFA and 
FPA have a diameter of 0.9 mm and 1.1 mm, respectively 
[9, 22].

The internal frontal arteries (anterior, middle, and poste-
rior) are constant branches of the ACA present in 76–100% 
of hemispheres [2, 7, 9, 22]. These three branches often share 
their origin from the CMA or arise from the A3 segment. 
These three branches have usually an average diameter about 
1.1–1.4 mm (0.4–2.9 mm) [9, 22].

The paracentral artery is a branch of the ACA that termi-
nates into the medial part of the central sulcus and is very 
constant, with an incidence estimated around 90–100% on 
cadaveric studies [2, 9, 22]. It arises from the A4 segment in 
32% of cases, from the CMA in 16–26% or from the A3 
(0–18%) or A5 (14–49%) segments [2, 9]. Its diameter at the 
origin has an average of 1.2 mm (0.7–2.0 mm) [9, 22].

Superior and inferior parietal arteries are also relatively 
common cortical branches of the ACA, found in 74–85% and 
60–64%, respectively [2, 9, 22]. These branches arise from 
the A5 segment in 90–100% of cases [2, 9]. Their respective 
diameter is 1.0–1.2 mm (superior) and 0.8–1.1 mm (inferior) 
at origin [9, 22].

 Callosal Arteries

Callosal arteries arise from the pericallosal artery (PA) and 
are classified as short or long callosal arteries. These arteries 
may be found all along the course of the post- communicating 
part of the ACA [7, 9, 24]. The short callosal arteries are 
assimilated as perforating arteries of the corpus callosum, 
and their penetrating point is near their origin from the ACA 
(98%). The medial artery of the corpus callosum can be con-
sidered as a proximal short callosal artery [24]. The long cal-
losal arteries do not penetrate the corpus callosum 
immediately after their origin but rather course into the cal-
losal cistern, parallel to the ACAs [2, 7, 24]. These arteries 
supply the corpus callosum from the rostum to the splenium, 
the anterior commissure, the septum pellucidum, and the 
columns of the fornix [24].

 Parenchymal Territory

Table 3 summarizes the different branches of the ACA with 
their respective parenchymal territory. The ACA is the prin-
cipal arterial supply of the medial surface of the telencepha-

lon but also participates in the vascularization of the 
diencephalic structures through its perforating branches and 
the recurrent artery of Heubner [25]. The parenchymal terri-
tory of the ACA is in balance with the territory of the middle 
and posterior cerebral arteries [2, 9, 25]. It corresponds to the 
medial part of the orbital surface of the frontal lobe, the 
superior frontal gyrus, the cingulate gyrus, the paracentral 
lobule, and the precuneus [9]. Deep structures that are sup-
plied by the ACA are usually the septum pellucidum, the for-
nix, the anterior commissure, the internal capsule, and a part 
of the hypothalamus [25].

 Anterior Cerebral Artery Origin 
of the Ophthalmic Artery

An anomalous origin of the OA from the ACA was reported 
in few isolated cases during the last decades [26–33]. This 
variant is well explained by a defect in the embryological 
development of the OA due to the absence of an anastomosis 
between the PVOA and the supraclinoid ICA during Padget’s 
stage IV (18 mm) Lasjaunias explained the embryological 
basis of this anatomical variation [6, 12]. Other authors con-
cur with Padget’s hypothesis, naming this variant “persistent 
non-migrated ventral primitive ophthalmic artery” [28, 31]. 
The first case was documented angiographically by Picard 
and Vignaud in 1975 [26]. Fewer than 10 cases were subse-
quently described in the literature [27–33]. In the majority, 
an elongated OA arises from the mid-portion of the A1 seg-
ment, coursing over the optic nerve before entering the optic 
foramen. This anatomical variant was found to be associated 
with a suprasellar cyst, a contralateral cavernous ICA aneu-
rysm, an AComA aneurysm, an anterior clinoidal meningi-
oma, and an ophthalmic ICA aneurysm [27, 28, 30–32]. 
Three particular cases were associated with an infraoptic 
course of the ACA, with the OA arising from the origin of the 
abnormal A1 segment [29, 32, 34].

 Infraoptic Course of the ACA

The infraoptic course of the ACA is defined as the origin of 
the ACA from the ophthalmic segment of the ICA with the 
A1 segment that courses below the optic nerve to end at the 
region of the AcomA [3, 4, 12, 35]. The first case was 
described by Robinson (1959) during a cadaveric dissection 
[36]. He named it “infraoptic course of the ACA”. In 1976, 
Nutik and Dilenge noted the possible presence of concomi-
tant normal A1 segment and consequently introduced the 
term “carotid-anterior cerebral artery anastomosis” [37, 38]. 
Few authors wrongly defined this anatomical variation as a 
“low internal carotid artery bifurcation” [39–41]. Isherwood 
(1969) was the first to report a case diagnosed by digital sub-
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traction angiography (DSA), while Given et al. (2002) were 
the first to report a case found on MRI [42, 43].

Three different hypotheses have been proposed to explain 
the embryological origin of this anatomical variant. The first 
one, proposed by Robinson (1959), is that this variant is due 
to the enlargement of an anastomosis between a chiasmatic 
branch of the inferior hypophyseal artery and a chiasmatic 
branch of the A1 segment [36]. The second hypothesis, pos-
tulated by Bosma (1977), involves the primitive maxillary 
artery (PMA) [39]. The PMA, whose exact role is not known 
yet, plays a role in the early development of orbital artery 
(Padget’s stage I) and is thought to be the precursor of the 
inferior hypophyseal artery [6, 12]. The PMA normally 
regresses early in the embryologic development. Some 
authors explain the infraoptic course of the ACA by the non- 
regression of the PMA and its anastomosis with the primitive 
olfactory artery (future ACA). The third hypothesis was pro-
posed by Lasjaunias, who explained the infraoptic course of 
the ACA by the non-regression of the proximal part of the 
PVOA after its anastomosis with the ICA, resulting in the 
adult configuration of the OA [12]. These three hypotheses 
are summarized in Table 4. Another hypothesis stems from a 
false interpretation of Lasjaunias’ concept about the embryo-
logical development of the OA, in which some authors pos-

tulated that the infraoptic course of the ACA is due to a 
persistence of an embryologic anastomosis between PVOA 
and PDOA [3, 29, 35, 44, 45]. It is true that such an 
 anastomosis between PDOA and PVOA exists during the 
embryologic development, but this anastomosis is intraor-
bital, not intracranial, and allows the formation of the second 
segment of the adult OA.

In the literature, less than 50 isolated cases were described, 
the majority of them were unilateral (79%) and few of them 
were bilateral (21%) [3, 34, 35, 39, 40, 45–66]. Wong et al. 
(2008) proposed a classification for infraoptic course of the 
ACA that is illustrated in Fig. 3 [67].

Table 4 Embryologic hypotheses for infraoptic ACA

Hypothesis Description
Robinson 
(1959)

Anastomosis between chiasmatic branches of 
inferior hypophyseal and A1

Bosma (1977) –  Persistence of the PMA
–  Anastomosis PMA—olfactory artery

Lasjaunias 
(2001)

Non-regression of the proximal part of the PVOA

Hannequin 
(2013)

Persistence of the anastomosis between PDOA and 
PVOA

Fig. 3 Different types of infraoptic ACA (Wong’s classification) 
(Adapted from [67]). The Figure shows the four possible types of 
infraoptic course of the ACA. This variant is indicated in each figure 
with a blue star. In the normal configuration, the internal carotid artery 
(ICA) bifurcates into the anterior cerebral artery with its first segment 
(A1) and the middle cerebral artery (MCA). The A1 joins the contralat-
eral A1 (cA1) into the anterior communicating artery (asterisk). From 
this junction is also visible the origin of the recurrent artery of Heubner 

(RAH). Type I consists in the presence of the ICA-ACA anastomosis 
with concomitant presence of both A1 segments. Type II is the presence 
of the anastomotic vessel in the absence of the homolateral A1 segment 
but in the presence of the contralateral A1 segment. Type III is the pres-
ence of the carotid-anterior cerebral artery anastomosis in the presence 
of both A1 segments. Type IV is similar to type I but with a hypoplasia 
of the homolateral A1 segment
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In type I, an anastomosis of the carotid-anterior cerebral 
artery is present with concomitant A1 segments in both 
hemispheres. In type II, there is absence of the ipsilateral A1 
segment of the ACA but presence of the contralateral A1 seg-
ment. In type III, both A1 segments are absent. Type IV pres-
ents a particularity in which the configuration is similar to 
type I, but with a hypoplasia of the homolateral A1 segment. 
Although this classification is based on the presence or 
absence of the A1 segments, the absence of which may pre-
dict the risk of aneurysmal formation and seems to give an 
idea on the risk of distal aneurysm, this classification has 
also been met with some criticism. One such criticism is that 
bilateral anatomical cases are difficult to classify. The sec-
ond is that type IV is a hybrid between types I and II, which 
may explain why only few of the described cases could be 
classified as type IV. Among the cases already described in 
the literature, 35% (18 cases) are type I, 33% (17 cases) type 
II, 27% (14) type III, and only 6% (3 cases) could be consid-
ered as type IV.

 Persistent Primitive Olfactory Artery

As described by Padget and explained in the paragraph 
embryology, the primitive olfactory artery (POA) is the pre-
cursor of the ACA and of the RAH, and normally disappears 
during the embryological development [4, 6]. The persis-
tence of the primitive olfactory artery (PPOA) is defined as 
the presence of an embryological artery that after birth is 
found to arise from the supraclinoid ICA or from the A1 seg-
ment of the ACA, and that courses anteriorly along the olfac-
tory nerve. In some variants, the PPOA supplies the distal 
territories of the ACA.  The incidence of the PPOA varies 
between 0.14 and 0.64% depending on the type of study [3, 
30, 68]. The first case of PPOA was described after a cadav-
eric dissection by Moffat (1967) and the first angiographic 
report was provided by Amaura (1979) [68, 69].

Four different variants of PPOA could be identified in the 
literature and are summarized in Table 5 and illustrated in 
Fig. 4. Type I is the most frequent (84% of cases) and con-
sists in a PPOA that makes an upward hairpin turn to supply 

the ACA territory [3, 30, 70–77]. Type II is very rare (3%) 
and difficult to see angiographically [78]. In this type II, the 
PPOA courses along the olfactory nerve to enter the nasal 
cavity through the cribriform plate and anastomoses with the 
anterior ethmoidal artery. Type III is a hybrid between the 
first and second types and was firstly described by Horie 
(2012) [76, 79]. In this variant, the PPOA, after following its 
typical course along the olfactory nerve gives 2 branches, the 
first one supplies the territory of the callosomarginal artery 
(CMA), and the second one enters into the nasal cavity. Type 
III represents only 6% of cases. Type IV variant is also very 
rare (6% of cases) [68, 70]. The PPOA, in this variant, 
courses along the olfactory nerve and makes a hairpin turn to 
supply an accessory middle cerebral artery (RAH territory). 
Keeping in mind the development of the primitive olfactory 
artery, it seems that types I, II, and III are the persistence of 
the medial branch of the POA, while type IV is the persis-
tence of the lateral branch of the POA [12].

It is interesting to note that the PPOA usually arises from 
the ICA (ophthalmic segment) and courses below the optic 
nerve as do the infraoptic variants of the ACA previously 
described. Therefore, the infraoptic course of the ACA could 
be imagined as the persistence of the POA limited to its 
proximal segment. Almost all cases described of PPOAs 
involved only one side even if Uchino et al. (2011) described 
a bilateral PPOA [30].

 Unpaired ACA

Phylogenic development of the ACA varies from one species 
to another [4]. For example, in lower primates there is no 
AComA and only one ACA supplying the medial surface of 
both hemispheres, while in orangutans there are often three 
ACAs [80, 81]. In humans, the incidence of an unpaired 
ACA is probably higher than might be expected. Windle 
(1888) reported the first case of an unpaired ACA found dur-
ing a cadaveric dissection [82]. Baptista (1963), proposed a 
3-type classification of unpaired ACAs based on his cadav-
eric study of the arteries of the circle of Willis (Fig. 5) [80]. 
The first type is the azygos ACA characterized by the pres-

Table 5 Different types of PPOA

Type Proportion Origin Course Terminaison Anastomosis with Embryo precursor
I 84% Terminal ICA or A1 Olfactory sulcus Interhemispheric fissure ACA Medial branch of the 

olfactory artery
II 3% Terminal ICA or A1 Olfactory sulcus Nasal cavity Ethmoidal arteries Medial branch of the 

olfactory artery
III 6% Terminal ICA or A1 Olfactory sulcus 1. Nasal cavity

2.  Interhemispheric 
fissure

1. Ethmoidal artery
2.  Callosomarginal 

artery

Medial branch of the 
olfactory artery

IV 6% Terminal ICA or A1 Olfactory sulcus Anterior perforated 
substance

Perforating arteries Lateral branch of the 
olfactory artery
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Fig. 4 Artist’s illustration of the different types of the primitive persis-
tent olfactory artery (PPOA). Type I of PPOA consists of an abnormal 
artery that can arise from the ICA or from the A1 segment, that courses 
anteriorly following the course of the olfactory nerve, and then turns 
back forming a hairpin to supply the whole ACA vascular territory. In 
type II, the PPOA courses anteriorly to follow the olfactory nerve and 
enters the cribriform plate of the ethmoidal bone to enter the nasal fossa 

and anastomoses with branches of the anterior ethmoidal artery (AEtA). 
In type III, the PPOA follows the same anterior course but then gives a 
branch that enters the nasal fossa, and another that forms the hairpin to 
supply the ACA territories. In type IV, the PPOA. Follows at first the 
course of the olfactory nerve, but then forms the hairpin to give an 
artery that follows the course of the recurrent artery of Heubner or of an 
accessory MCA

ence of only one A2 segment that bifurcates into two branches 
of equal diameter that supply both hemispheres. The second 
type is named bi-hemispheric ACA and is defined by an 
asymmetry in diameter of the A2 segments, the larger one 
giving branches to both hemispheres. Baptista’s last type is 
the median artery of the corpus callosum (MACC) and is 
composed by three A2 segments, the third of which may sup-
ply only the genu of the corpus callosum (true MACC) or 
may also supply a cortical territory (accessory ACA). The 
two first types could be explained by the non-differentiation 
of two A2 segments during the stage V of Padget and the 
third type could be explained as the non-regression of the 
MACC visible in the stage VI of Padget [6].

Azygos ACA (Baptista’s type I) is the most frequently 
described in the literature [9, 12, 16, 80, 81, 83, 84]. Its true 

incidence is difficult to know because of the disparity of dif-
ferent studies. In his original series, Baptista found 23 cases 
on 2153 dissected brains (1.1%) [80]. However, following a 
retrospective review of DSAs over a period of 20  years, 
Huber et al. (1980) found an azygos ACA in only 0.2% of 
cases [84]. Uchino et  al. (2006), reporting variants of the 
ACA detected by MRI, found an azygos in 2% of cases (total 
of 923 cases) [15]. Many isolated cases of azygos ACA were 
found to be associated with a distal aneurysm (junction 
A2-A3), highlighting the importance of hemodynamic fac-
tors in the formation and rupture of intracranial aneurysms 
[83–88]. The association of an azygos ACA with a perical-
losal aneurysm has an incidence between 13 and 71% in the 
literature, making the true incidence of this association dif-
ficult to know [89]. Huber et al. (1980) found a distal aneu-
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Fig. 5 Baptista’s classification for unpaired ACA. (Adapted from 
[80]). The figure shows artist’s illustrations and MRI reconstructions of 
the three types of unpaired anterior cerebral artery described by 
Baptista. Type I corresponds to the azygos variant, which consists in a 
single A2 segment arising from the anterior communicating artery, and 
that supplies both hemispheres. Type II or bihemispheric ACA is pres-
ent when there is an asymmetry between the two A2 segments, and the 
bigger one gives branches to both the hemispheres. In type III there are 
three A2 segments, with the medial one corresponding to the persis-
tence of the embryonic median artery of the corpus callosum

rysm in 41% of their cases of azygos ACA, whereas Uchino 
et al. (2006) found it to be 11% [15, 84]. It is well accepted 
that the presence of an azygos ACA increases the risk of dis-
tal ACA aneurysm formation and rupture [89]. Other pathol-
ogies were described in association with an azygos ACA as 
agenesis of the corpus callosum, hydranencephaly, cerebral 

AVM, or A1 segment fenestration [81]. One case of an azy-
gos ACA has been found to be associated with an infraoptic 
ACA [90].

Bi-hemispheric ACA (Baptista’s type II) is the most dif-
ficult to see angiographically or in MRI and is less frequently 
described in the literature. In his original report, Baptista 
et al. (1963) noted this variation in 12% of cadaveric dissec-
tions but in which only 1 case of a dominant ACA gave bilat-
eral branches (true bi-hemispheric ACA) and not limited to 
only little branches to the contralateral hemisphere [80]. 
Perlmutter and Rhoton (1978) made the same observation: 
64% of ACAs presented small branches that supplied the 
contralateral side but in only 1 case a large ACA clearly sup-
plied a bilateral territory [9].

The presence of a third ACA (Baptista’s type III) is a 
more common anatomical variant in which its incidence 
largely depends on the type of study. Authors made the dif-
ference between the MACC, which is limited to supply the 
genu of the corpus callosum, and the accessory ACA which 
has in addition a cortical territory [91, 92]. In cadaveric and 
radiological series, the incidence of these variants is around 
2–3% depending on the technique of the study [2, 8, 9, 15]. 
On the other hand, surgical series for AComA aneurysms 
noted a higher incidence for the presence of a third A2 seg-
ment (4.4–13%) [10, 16, 93, 94].

 Fenestrations and Duplications

A fenestrated artery is defined by the presence of two differ-
ent lumens of the same segment of the artery. On the other 
hand, a duplicated artery corresponds to two arteries with 
distinct embryological origins and is due to the non- 
regression of an embryonic artery [12]. More than 40 cases 
of ACA fenestration have been reported, even this variant 
remains less frequent than fenestration of the AcomA [94–
103]. The incidence of ACA fenestration varies between 
0.1% and 7% according to the type of study, whether cadav-
eric, angiographic, or surgical [15, 16, 80, 94, 104]. The first 
author that described an A1 segment fenestration was 
Fawcett (1906) [104]. He found only 1 case in his cadaveric 
series of 700 brains (0.14%). On the other hand, Aydin et al. 
(1997) found an incidence of 7% in their surgical series of 
AcomA [16].

This variant may be explained by the persistence of two 
channels from the embryological plexus of the ACA.  An 
anatomical study conducted on 200 fetal dissections high-
lighted the presence of ACA fenestration in 62.5%, support-
ing this hypothesis [105]. This hypothesis was not shared by 
Lasjaunias (2001), who believed that this variant is due to the 
fusion of the proximal part of the recurrent artery with an A1 
perforator, and thus constituting a duplication rather than a 
fenestration [12].
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Fig. 6 Clinical case of aneurysm located on a fenestrated A1 segment. 
The figure shows the case of 56-year-old man, who experienced unusual 
headache without neurological deficits associated. The CT scan showed 

a massive subarachnoid hemorrhage and the diagnostic DSA showed a 
saccular aneurysm (asterisk) located on a right fenestrated A1 segment. 
The aneurysm was treated with simple coiling (red arrow)

In almost all cases, ACA fenestration involved the distal 
half of the horizontal segment of the artery (A1 segment). 
Only few cases of A2 fenestrations have been described as 
fenestration involving both A1 and A2 segments [12, 15, 106].

ACA fenestrations have been associated with the forma-
tion of an aneurysm, which in 27.6% were located at the 
proximal end of the fenestration [95, 99, 102, 103]. Figure 6 
shows a ruptured aneurysm located on a fenestrated A1 seg-
ment. Crompton (1962) described a defect of the media layer 
of the vessel wall at the proximal end of the fenestration. A1 
segment fenestration has also been associated with an azygos 
ACA [62, 95, 98, 100].

 Clinical Implications

Knowledge of different anatomical variants of the ACA is 
essential in vascular neurosurgery and in interventional neu-
roradiology. Most of the variants described have been dis-
covered because of their associations with other intracranial 
pathologies, and most commonly with intracranial 
aneurysms.

The association between the infraoptic course of the ACA 
and the presence of an intracranial aneurysm is about 60%, 
with a predominance on the AComA (51%) [32, 40, 44, 49, 
50, 52, 53, 55, 57, 59–61, 63, 66, 107–112]. The occurrence 
of aneurysms in the infraoptic course of the ACA highlights 
the importance of hemodynamic factors in the formation of 
aneurysms. Other locations for intracranial aneurysms asso-
ciated with this variant are the ICA bifurcation (8%) and the 
contralateral MCA bifurcation (2%) [45, 67, 113]. In two 
cases, the aneurysm was located on the anastomotic vessel 

[41, 54]. In one of these two cases, the anastomotic vessel 
was not infraoptic but transoptic, confirmed by operative 
photography [41]. In few cases, the OA arises from the anas-
tomotic vessel between the carotid and the ACA [29, 32, 34]. 
The infraoptic course of the ACA was also associated with 
contralateral ICA agenesis, an azygos ACA, a persistent tri-
geminal artery, or an abnormal gyral segmentation [35, 46, 
60, 64, 66, 90]. Other associated pathologies described are 
an arteriovenous malformation, a craniopharyngioma, and a 
pituitary tumor [51, 56, 65, 67]. The presence of an infraop-
tic ACA should be recognized on imaging in the planning for 
surgical clipping of an AComA aneurysm. In these cases, 
proximal control should be obtained on the ICA instead of 
on the A1 segment.

Some rare associations with intracranial aneurysms were 
also described in cases of PPOA.  In 15% of PPOA type I 
cases, the aneurysm was located at the hairpin turn of the 
PPOA [3, 69, 72, 77]. The presence of such aneurysm was 
described in 15% of cases. Anosmia is a symptom frequently 
associated with the PPOA and its incidence is as high as 7% 
[72]. Other associated pathologies described are an aneu-
rysm of the A1 segment (at the origin of the PPOA), a dural 
arteriovenous fistula (dAVF) supplied by the PPOA and 
moyamoya disease [71, 74, 79]. Knowledge of this anatomi-
cal variant is necessary in choosing the appropriate surgical 
approach.

The presence of the azygos ACA variant is strongly asso-
ciated with the formation of a distal ACA aneurysm. The 
presence of these variants may require a shorter interval 
between follow-up imaging. The presence of an azygos ACA 
may influence the treatment strategies for a distal ACA 
aneurysm.
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Surgical series of AComA found a high incidence of 
MACC and of A1 segment fenestration. When present, these 
variants must be recognized before and during surgery. The 
MACC must be identified and protected.
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Anatomy and Variations of the Anterior 
Communicating Artery

Sara Bonasia, Thomas Robert, and Michel W. Bojanowski

The anterior communicating artery (AComA) is one of the 
most studied cerebral arteries because of its predisposition to 
bear cerebral aneurysms [1–5]. Even if its study and analysis 
is limited radiologically, numerous anatomical and surgical 
series described in detail the AcomA [2, 3, 5–8]. In this chap-
ter, after a short reminder about the embryology of the 
AComA, we will describe the anatomy of the artery, its 
branches, and its variations.

 Embryology

Our knowledge regarding the embryological development of 
the cerebral vasculature is mainly based on embryo dissec-
tions performed at the Carnegie Institution by Streeter (1918) 
and Padget (1948), who described different stages in vascu-
lature development after having analyzed 22 sectioned 
embryos [9, 10]. In this chapter, we will not develop all the 

embryology of the anterior cerebral artery (ACA), whose 
main stages are resumed in Table 1 and described in chapter 
“Embryology, Anatomy, and Variations of the Anterior 
Cerebral Artery,” but we will only remind the fundamental 
steps for the formation of the AComA.

At stage VI (20–24 mm), the primitive ACA clearly has 
an upper course between the two cerebral hemispheres and 
gives different anastomoses to the choroidal arteries [11]. 
The AComA starts its evolution and is completely formed 
in embryos of 24  mm, concluding the formation of the 
circle of Willis [6]. The AComA is consequently the last 
artery of the circle of Willis to develop. Padget noted that 
the AComA is in almost all embryos seen as a developed 
network between the two ACA that progressively fuse to 
give only one artery [9]. At this stage, a superior branch 
from the AComA is visible. Its name is medial artery of the 
corpus callosum (MACC) and can persist or regress in the 
adult [9, 10].
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Table 1 Embryological development of the cranial division of the primitive ICA

Stage of 
Padget

Size of embryo 
(mm) Events Illustration

I 4–5 –  Cranial and caudal division of the carotid artery (CrD, CaD) appearance
–  CrD is the primitive olfactory artery (POA)
–  Primitive maxillary artery (PMA) and primitive dorsal ophthalmic artery 

(PDOA) appearance CrD
(POA) CaD

PDOA

PMA

III 7–12 –  Branches of the POA appearance: Anterior coroidal artery (AChoA), 
primitive ventral ophthalmic artery (PVOA), precursor of the middle 
cerebral artery (MCA)

POA

PVOA

Precursor
MCA

AC
ho
A

IV 12–14 –  POA division in lateral (lPOA) and medial (mPOA) branches
–  The mPOA borrows the future ACA
–  The lPOA is the precursor of the recurrent artery of Heubner (RAH)
–  Plexiform anastomosis between the two ACAs (*, future AcomA)

IPOA (Precursor
RAH

mPOA

*

V 16–18 –  ACA development with terminal part of the medial POA appearing as a 
branch, future orbito-frontal artery (OFA)

–  Lateral extension of the lPOA (future RAH)

ACA
IPOA
(RAH)

mPOA
(OFA)

VI 20–24 –  Formation of the AComA (complete circle of Willis)
–  Medial artery of the corpus callosum visible (MACC) ACA

MACC

OFA

MCARA
H

ACh
oA

PC
om

A

 The Anterior Communicating Artery

The AComA is a little transversal artery located in the lamina 
terminalis cistern stretched between the two ACAs and rep-
resents the limit between the first (A1, horizontal) and the 
second (A2, vertical) segments of the ACA [7, 12]. Table 2 

summarizes different anatomical variations of the AComA 
described in the literature. The AComA is called “normal” in 
textbooks if it is only one artery with a length of 0.1–3 mm 
and a diameter comprises between 1 and 3  mm [5]. This 
“normal” configuration is actually found in only 20–58% of 
cases depending on the type of study [4, 5, 12–14]. Already 
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Table 2 Anatomical variations of the AComA

Author (year)
Number of 
brains Method

Mean length of ACoA (mm) 
(range)

Mean diameter of ACoA 
(mm) (range) Number of ACoA(s) (%)

Serizawa et al. (1997) 30 Cadaveric 4.0 (1.5–8.8) 1.7 (0.2–2.5) Single: 40
Double: 33
Multichannels: 27

Marinkovic et al. 
(1990)

26 Cadaveric 2.9 (0.8–4.6) 1.2 (0.7–2.4) Fusion: 4.5
Single: 41
Double: 4.5
Triple: 18
Multichannels: 32

Perlmutter and Rhoton 
(1976)

50 Cadaveric 2.6 (0.3–7.0) 1.5 (0.2–3.4) Single: 60
Double: 30
Triple: 10

Tulleken (1978) 75 Cadaveric N.D. N.D. Absent: 2
Single: 57
Multichannels: 41

Tao et al. (2006) 45 Cadaveric 3.3 (0–9.5) 1.2 (0.2–3.9) Single: 35.6
Complex: 64.4

Yasargil (1984) 200 Cadaveric N.D. N.D. Single: 57
Double: 20.5
Triple: 18.5
Network: 4

Yasargil (1984) 375 Operative N.D. N.D. Single: 59.7
Double: 22.4
Triple: 15.2
Network: 2.7

Windle (1888) 200 Cadaveric N.D. N.D. Single: 79.5
Double: 7
Triple: 3.5

in 1930, De Almeida defined 20 anatomical variants of the 
AComA complex based on its cadaveric observations [15]. 
In almost all studies, the average diameter of the artery is 
between 1 and 2 mm [2, 3, 5]. A hypoplastic AComA, defined 
as an artery with a diameter inferior to 1  mm, is rare. 
Perlmutter and Rhoton (1976) found 16% of hypoplastic 
AComA in their cadaveric study but other authors noted a 
lowest rate: 1.5% for Yasargil (1984) and 5.4% for Tulleken 
(1978) [2, 4, 5]. An aplasia of the AComA is very rare and is 
defined as the absence of communication between the two 
ACAs. Tulleken (1978) was the lonely author who described 
this variation [4]. He noted only one case among 75 cadav-
eric brains dissection. Few authors also described a fusion of 
the two ACA without true AComA between them and called 
this variant: fused ACA. Marinkovic et al. (1990) described 
this variation in 4.5% of cases and Serizawa et al. (1997) in 
12% [12, 13].

In case of AComA aneurysms, an asymmetry in diameter 
between the two A1 segments is frequent and most frequently 
seen than in the population without AComA aneurysm [1, 3, 
16–18]. Uchino et  al. (2006) noted an asymmetry in the 
diameter of the A1 segments in 5–7% of MRI realized for 
other pathologies than an AComA aneurysm [19]. On the 
other hand, Yasargil (1984) described an asymmetry of A1 
segments in 80% of his patients with AComA aneurysm [5].

 Branches of the Anterior Communicating 
Artery

Prior to the introduction of the operative microscope, 
branches of the AComA were not recognized by anatomists 
and surgeons [5]. For example, in cadaveric works, 
Critchley (1930) did not describe any branches arising from 
the ACA believing that the perforating branches arise only 
from the ACA [1]. In fact, embryologically, it is difficult to 
explain the presence of perforating branches arising directly 
from the AComA, since it forms as a plexiform complex 
[9]. This is why some authors consider these perforating 
branches as branches of the ACA instead of branches of the 
AcomA [10, 11]. One exception, the medial artery of the 
corpus callosum may be embryologically explained since 
this artery can be observed in the embryo at Padget’s stage 
VI (24 mm) [9].

In the era of the operative microscope, these perforating 
branches were well-studied, their number varies from 2 to 
7 [12, 20]. Yasargil noted that the origin of these branches 
depends on the symmetry of the A1 segments. In case of 
symmetric A1 segments, the perforating branches arise 
from the AComA, in case of asymmetric A1 segments, 
these branches arise from the A1-A2 angle ipsilateral of the 
larger A1 [5].
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Table 3 Perforating branches of the AComA

ACoA branches

Average 
diameter 
(mm) Origin Territory

Bilateral 
supply

Subcallosal 
branch

0.5
(0.4–0.8)

Postero- 
superior 
aspect

Cingulate gyrus
Rostrum CC
Lamina 
terminalis
Septum 
pellucidum

90%

Hypothalamic 
branch

0.19
(0.1–0.3)

Postero- 
inferior 
aspect

Preoptic area of 
the 
hypothalamus

10%

Chiasmatic 
branch

0.1 Postero- 
inferior 
aspect

Optic chiasm No

Fig. 1 Clinical case of aneurysm located on a fenestrated AComA. The 
figure shows the case of a 39-year-old woman, with incidental discov-
ery of an aneurysm located AComA complex. The figure on the right 
shows an oblique DSA view after left internal carotid artery injection 
(left ICA). The bifurcation of the ICA into the left A1 and M1 segment 

is visible. The round circle highlights a fenestrated anterior communi-
cating artery, from which the A2 segments origin. The figure on the 
right is a 3D reconstruction of the DSA that shows an aneurysm (aster-
isk) located on the fenestrated AComA (black star). The contralateral 
A1 (right A1) is also visible origin from the AcomA

AComA branches have an average diameter of 0.25 mm 
(0.1–0.8  mm) and arise from the posterior aspect of the 
artery [2, 3, 7, 12–14, 17, 21]. They share a common stem 
from the AComA in 65% of cases [4].

Serizawa et al. (1997) published an interesting micro-
surgical analysis of perforating branches from the AComA 
and proposed to classify them into 3 different groups, 
which are summarized in Table 3 [13]. The first group is 
subcallosal and represents the largest branch (0.4–0.8 mm) 
with bilateral supply. The second group represents the 
hypothalamic branches. These branches are 1 to 6 arteries 
of 0.1–0.3  mm. Serizawa et  al. (1997) noted that these 
hypothalamic branches cross the midline in 10% of cases 
[13]. The third and last group of perforating arteries is the 
chiasmatic branches, present in 20% with an average 
diameter of 0.1 mm. In their series, Marinkovic et al. noted 

the presence of the subcallosal artery in more than 90% 
and the MACC in 3–20% [12]. Tulleken [4] (1978) inter-
estingly showed that in case of duplication of the AComA, 
only one of the two AComAs bears the perforating 
branches.

The parenchymal territory of the perforating branches of 
the AComA is the preoptic area of the hypothalamus, the 
optic chiasm, the infundibulum, septal and paraolfactory 
nuclei, the anterior part of the septum pellucidum, the 
 rostrum of the corpus callosum, the column of the fornix, 
and the lamina terminalis [3–5, 13, 14, 17].

 Duplications and Fenestrations 
of the AComA

The AComA is formed of only one artery in not more than 
40–60% of cases [2, 3, 7, 8, 12, 17]. Not less than 20 ana-
tomical variations of the AComA were already distinguished 
at the beginning of the twentieth century [5]. A duplication 
or fenestration is discovered by almost all authors in more 
than 40% [1, 3–5, 7, 13–15, 17]. The AComA could be 
divided into 2 distinct channels (20–30%), in 3 different 
channels (10–18%), or could be identified as a complex net-
work as in the embryo (4–6%) [2, 3, 5, 7, 12, 17, 21]. 
Different forms of the fenestration were described and 
Marinkovic et al. make also the distinction in case of multi-
channel AComA between one dominant artery and others 
smaller, and different arteries of equal diameter [12]. A case 
of AComA aneurysm located on a duplicated AComA is 
shown in Fig. 1.
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 Clinical Implications

 Korsakoff’s Syndrome or Syndrome 
of the AComA

Surgical occlusion of the AComA and its perforators may 
cause a Korsakoff-like syndrome: acute confusion, severe 
anterograde amnesia, and cognitive-behavioral changes [22]. 
The first observation of amnesia after surgical treatment of an 
AComA aneurysm was described by Norlèn in 1953 [23]. 
However, the largest series of AComA aneurysms treatment 
resulting in post-operative amnesia was reported by Gade in 
1982 [24]. He described a series of 48 patients with AComA 
aneurysms: 11 were treated with trapping, resulting in 9 cases 
of anterograde amnesia; 37 were treated with aneurysm clip-
ping without trapping, resulting in only 6 post- operative 
amnesia [24]. Following these observations, he hypothesized 
an association between damage to the perforating branches of 
the AComA and postoperative amnesia, and he recommended 
avoiding the use of trapping for AComA aneurysms.

The subcallosal artery is the largest perforating branch of 
the AComA providing blood supply to the fornix, and its 
occlusion may lead to Korsakoff’s-like syndrome [25].
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Embryology and Variations 
of the Recurrent Artery of Heubner

Sara Bonasia, Michel W. Bojanowski, and Thomas Robert

During the last 150 years, anatomists, neurologists, and neu-
rosurgeons (and one pediatrician) have paid particular atten-
tion to the recurrent artery of Heubner (RAH). Few 
fascinating particularities of this artery completely justify 
this interest. The first one is its singular embryological and 
phylogenic developments; the second one is the discrepancy 
between its diameter and its functional importance; the third 
one is the number of anatomical variants of this artery. RAH 
is also named in the literature as distal medial striate artery, 
long centralis artery, telencephalic artery, and also rostral 
striate artery, but the term recurrent artery of Heubner is the 
most used [1–4]. However, the various nomenclature found 
in the literature suggests the role of the RAH in the basal 
ganglia vascular supply. In this chapter, we focus on the 
description of embryology and possible anatomical varia-
tions of the RAH, and on the clinical implications derived 
from its occlusion during surgical approach to the anterior 
cranial fossa.

 History

Johann Otto Leonhardt Heubner (1843–1926), a German pedia-
trician, was passionate about cerebral anatomy and spent a lot of 
his time to study the “relationship of vascular disease with spe-
cific regions of the brain” dissecting 30 human brain cadavers 
after having injected a solution of Bruke’s Berlin blue [5]. In 
1872, Otto Heubner wrote this sentence about the artery bearing 

now its name: “From the base of the arteria cerebri anterior, 
which lies between the arteria cerebri media and the arteria 
communicans anterior, there constantly arises a very little 
artery, close to the latter that provides blood to the head of the 
corpus striatum” [6]. After this remarkable anatomical descrip-
tion, Shellshear, in 1920, gave a more precise vision of the func-
tional anatomy of the RAH illustrated by numerous drawings. 
In the same period, Abbie (1934) and Padget (1948) provided 
respectively phylogenic and embryologic knowledge in the 
development of cerebral vasculature [7–9]. Lazorthes (1956), in 
France, was one of the pioneer anatomists to describe the cere-
bral vasculature and in particular the arteries of the basal ganglia 
[10]. After, we could note different periods of interest in the lit-
erature of the RAH which could be attributed to the advent of 
the operative microscope, to the improvement of the digital sub-
traction angiography (DSA), and to the development of new 
cadaveric preparations. Most pertinent studies about the RAH 
were published by Ostrowski, Kaplan, Ahmed (1967), Rhoton 
Jr. (1976, 1984), Dunker (1976), Gomes (1984), and more 
recently by Vasovic (2009), Zunon- Kipré (2012), and Matsuda 
(2018) [1, 4, 11–18]. Lasjaunias was the only author to base the 
occurring cerebrovascular variations on DSA or cadaveric dis-
sections on embryological and phylogenic knowledge [2].

 Embryological Development

Our knowledge about the embryological development of the 
cerebral vasculature is principally based on the embryos dis-
section of the Carnegie Institution and on the writings of 
Streeter (1918) and Padget (1948) [8, 19]. Indeed, they 
described different stages in the vasculature development 
according to major vascular changes after having analyzed 
22 sectioned embryos.

At the early stage I (4–5 mm embryo), the cranial division 
(also named primitive olfactory artery, future anterior 
 cerebral artery, ACA) of the internal carotid artery (ICA) can 
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already be individualized turning around the optic vesicle 
and ending in the olfactory area. During stage VI (20 mm), 
when the anterior cerebral artery extends up between the two 
hemispheres, the primitive olfactory artery sends an offshoot 
to the anterior perforated substance, which could be inter-
preted as the initial step of RAH development. From an 
embryological point of view, the middle cerebral artery 
(MCA) could be assimilated as a branch of the cranial divi-
sion of the primitive carotid artery. This primitive middle 
cerebral artery could be seen at stage III (7–12  mm) and 
extends laterally into the primitive sylvian fissure caudal to 
the optic vesicle.

Few years before, Abbie (1934) realized a work of com-
parative anatomy dissecting brain specimens of fishes, 
amphibians, reptiles, sub-primates, and primates [7]. He 
already noted that the MCA, even if it has a large cerebral 
territory in adult human, appears later in the phylogenic evo-
lution than the ACA.  Regarding specifically the RAH, he 
wrote that it is the survivor of a series of anastomotic chan-

nels over and around the paleo-olfactorium. Main steps of 
RAH embryological development are resumed and illus-
trated in Table 1. Variations in origin or course of the RAH 
depend on which of this anastomotic channel is used as stem 
of origin. The parenchymal territory taken in charge by the 
RAH can also variate according to the extension of the mid-
dle cerebral artery vascular contribute, since the two systems 
are in balance and each one tries to compensate the other.

All variations of the RAH, and in particular the accessory 
MCA (AccMCA) variant, are the result of the phylogenic 
origins of the MCA from a group of vessels with similar 
potentials, including the RAH. These two arteries (MCA and 
RAH) with the same embryologic origin may supply the 
same parenchymal territory, and a balance between the two 
arteries during the embryological development well explains 
variations in the brain territory supplied by the RAH [2]. The 
main steps of RAH’s embryological development are sum-
marized and illustrated in Table 1.

Table 1 Embryological steps of the Recurrent artery oh Heubner

Embryo size Critical events Graphic illustration
4–5 mm The caudal and cranial divisions (CaD, CrD) of the primitive ICA are visible CrD

CaD

9 mm The anterior choroidal artery (AChoA) arises from the cranial division of the ICA
CrD

CAD

AC
ho
A

10–14 mm The primitive olfactory artery (POA), future anterior cerebral artery, gives birth to multiple 
plexiform vessels

Ca
D

POA

AC
ho
A
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Embryo size Critical events Graphic illustration
15–18 mm The RAH origins from the plexiform channels, while the precursor of the MCA begins to be 

visible more caudally

RA
H

MCA
precursor

AC
ho
A

20–30 mm The POA transforms definitively into the ACA, from which the RAH origins. The MCA, the 
AChoA, and the PComA are visible in the adult configuration RAH MCA

PComA

AChoA

Table 1 (continued)

 Number and Origin of the Artery

Anatomic analyses of the RAH and its variants are based on 
three different types of studies. The most precise and com-
plete description is brought by cadaveric dissections. The 
other two types of studies are operative observations and 
angiographic descriptions. Even if each author tried to 
describe the anatomy of the artery as thoroughly as possible, 
a lot of discrepancies could be found in the literature. These 
discrepancies are easily explained by the technical differ-
ences of cadaver preparations and by the methods used to 
observe the artery and its branches (microscope, section cut, 
etc.). In the literature, we found 16 large cadaveric series, 
summarized in Table 2, that described the number of RAH 
by side with a total of more than 2300 brain hemispheres 
analyzed [1, 11, 12, 14, 15, 18, 20–30]. The absence of the 
RAH is rare and found in only 2% of cases. Frequently, only 
one RAH is present (79%). Two RAHs have been found in 
14% of cases and three in only 4%. The incidence of varia-
tions in the number of RAH is summarized in Table 3.

The origin of the RAH is also variable but in 90% of cases 
the arteries arise from the ACA within 2  mm of distance 
from the anterior communicating artery [26]. Many cadav-

eric and operative studies presented a detailed description of 
the possible variations in RAH origin (Table 2) [1, 11–15, 
18, 21–25, 27–32]. The most frequent point of origin of the 
RAH was the A1-A2 junction representing 44% of cases. 
The RAH was the first branch of the A2 segment in 43% of 
other cases, few millimeters distal to the A1–A2 junction. In 
14% of cases, the RAH arose from the A1 segment. 
Perlmutter et  al. (1976) and few other authors highlighted 
that the RAH always origin from the posterior wall of the A1 
(when its origin is on the A1 segment) and on the lateral wall 
of the ACA if it origins from the A1-A2 junction or distally 
(Table 4) [1, 2, 13–15, 18, 33]. Figure 1 shows the different 
possible origins of the RAH as described before.

Few authors also highlighted an interesting anatomical 
variation that is the common trunk of the RAH with the 
orbito-frontal artery (which is generally the second branch 
of the A2 segment) [2, 10, 11, 14, 16, 18]. In this case, its 
origin is on the A2 segment and presents a more posterior 
orientation along the gyrus rectus to reach the anterior per-
forated substance [34]. This anatomical variation, illus-
trated in Fig. 1b on the left side, could be explained by the 
partial (distal part) persistence of the primitive olfactory 
artery [2].

Embryology and Variations of the Recurrent Artery of Heubner
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Table 2 Summary of large series results about the RAH with the method used and the data analyzed

Author (year)
Number of 
hemispheres Method RAH origin (%)

Number of 
RAH (%) RAH course (%)

Diameter 
(mm)

Length 
(mm)

Lazorthes et al. 
(1956)

70 Latex injection, 
corrosion

ND ND ND ND 20

Perlmutter et al. 
(1976)

100 India ink A1 segment: 14
A1-A2 junction: 
8
A2: 78

Absent: 1
Single: 98
Double: 1

Type I 
(superior): 40
Type II 
(anterior): 60
Type III 
(posterior): 0

1 ND

Dunker et al. 
(1976)

40 Formalin-fixed A1 segment: 11
A1-A2 junction: 
54
A2: 35

ND ND ND ND

Lemos et al. 
(1977)

166 Formalin-fixed ND Absent: 0.6
Single: 97
Double: 0.6
Triple: 1.8

ND ND 21

Gomes et al. 
(1984)

60 Polyester resin 
injection

A1 segment: 8
A1-A2 junction: 
35
A2: 57

Absent: 3
Single: 89
Double: 8

Type I 
(superior): 63
Type II 
(anterior): 34
Type III 
(posterior): 3

0.8 23

Rosner et al. 
(1984)

50 Latex injection A1 segment: 33
A1-A2 junction: 
66
A2: 0

Absent: 0
Single: 28
Double: 48
Triple: 24

ND 0.74 ND

Marinkovic et al. 
(1986)

66 India ink A1 segment: 24
A1-A2 junction: 
29
A2: 47

Absent: 0
Single: 73
Double: 24
Triple: 3

ND 0.66 21

Gorczyca et al. 
(1987)

100 India ink A1 segment: 22
A1-A2 junction: 
0
A2: 78

Absent: 0
Single: 28
Double: 48
Triple: 23

Type I 
(superior): 60
Type II 
(anterior): 36
Type III 
(posterior): 3

ND ND

Avci et al. (2003) 62 Formalin-fixed A1 segment: 8
A1-A2 junction: 
28
A2: 64

Absent: 1.6
Single: 77
Double: 22
Triple: 1.6

ND 0.45 17

Ciolkowski et al. 
(2004)

40 Formalin-fixed ND ND ND ND ND

Loukas et al. 
(2006)

88 Formalin-fixed A1 segment: 14
A1-A2 junction: 
62
A2: 24

Absent: 4.5
Single: 78
Double: 17.5

ND 0.8 23

Tao et al. (2006) 90 Formalin-fixed A1 segment: 7
A1-A2 junction: 
47
A2: 46

Absent: 1
Single: 61
Double: 32
Triple: 6

ND 0.64 30

Boongird et al. 
(2009)

100 Formalin-fixed A1 segment: 8
A1-A2 junction: 
32
A2: 60

Absent: 3
Single: 94
Double: 2
Triple: 1

Type I 
(superior): 30
Type II 
(anterior): 63
Type III 
(posterior): 7

ND ND

Uzun et al. (2009) 108 Formalin-fixed A1 segment: 7
A1-A2 junction: 
79
A2: 14

ND ND 0.67 ND
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Table 2 (continued)

Author (year)
Number of 
hemispheres Method RAH origin (%)

Number of 
RAH (%) RAH course (%)

Diameter 
(mm)

Length 
(mm)

Vasovic et al. 
(2009)

188 Latex injection A1 segment: 6
A1-A2 junction: 
42
A2: 52

Absent: 3
Single: 70
Double: 24
Triple: 3

ND ND ND

Gasca et al. 
(2011)

60 Formalin-fixed A1 segment: 5
A1-A2 junction: 
44
A2: 51

Absent: 7
Single: 55
Double: 38

ND ND 24

Zunon et al. 
(2012)

40 Formalin-fixed /fresh 
cadavers

A1 segment: 30
A1-A2 junction: 
12
A2: 68

Absent: 0
Single: 95
Double: 5

Type I 
(superior): 33
Type II 
(anterior): 61
Type III 
(posterior): 6

0.74 24

El Falougy et al. 
(2013)

366 Formalin-fixed A1 segment: 6
A1-A2 junction: 
44
A2: 50

Absent: 5
Single: 89
Double: 6

ND 0.55 ND

Maga et al. 
(2013)

140 Formalin-fixed A1 segment: 26
A1-A2 junction: 
40
A2: 34

Absent: 1
Single: 30
Double: 43
Triple: 26

Type I 
(superior): 61
Type II 
(anterior): 32
Type III 
(posterior): 4

ND 25

Matsuda et al. 
(2018)

714 Formalin-fixed A1 segment: 7
A1-A2 junction: 
76
A2: 17

Absent: 1
Single: 96
Double: 3

Type I 
(superior): 30
Type II 
(anterior): 62
Type III 
(posterior): 8

0.69 ND

Table 3 Incidence in the number of RAH by hemisphere

Number of RAH Incidence
Absent 2%
One 79%
Two 14%
Three 4%

Table 4 Incidence in the origin of the RAH

Origin of the RAH Incidence
A1–A2 junction 44%
A2 43%
A1 14%
Common trunk with OFA Few cases described
Common trunk with OFA and FPA Few cases described

FPA fronto-polar artery, OFA orbito-frontal artery

Embryology and Variations of the Recurrent Artery of Heubner
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a b

Fig. 1 Artist’s drawing highlighting the possible origin of the recurrent 
artery of Heubner (RAH). (a) On the left side, the RAH arises at the 
A1-A2 junction and on the right side, the RAH origins from the A2 seg-
ment. (b) The left RAH shares a common trunk with the orbito-frontal 

artery (OFA) and the right RAH arises from the A1 segment. I cn first 
cranial nerve, II cn second cranial nerve, APS anterior perforated sub-
stance, MCA middle cerebral artery, ICA internal carotid artery, AComA 
anterior communicating artery

 Course of the Artery

The diameter of the RAH is also very variable. It depends 
essentially on the number of RAH that the hemisphere bears 
and the importance of brain parenchymal supplied by the 
artery. After the analysis of all the cadaveric studies 
described in the literature (2370 hemispheres), the median 
diameter of the RAH results to be 0.68 mm and could vary 
from 0.45 mm to 1 mm [1, 12, 14, 15, 18, 21–25, 28, 31, 32]. 
Moreover, the diameter of the artery and its length are 
extremely variable and depend on the point of origin of the 
RAH, its tortuosity, and the entry point of its last perforating 
branches into the anterior perforated substance (APS). Most 
of the authors described the RAH as a very tortuous artery 
with a length generally more than two times the distance 
between its origin and its more lateral entry point in the APS 
[2, 10, 14–16, 18, 35, 36]. The median length of the artery is 

22.9 mm but can vary from 17 mm to 30 mm [1, 10, 12, 20, 
21, 23–25, 27, 28].

Gomes et  al. (1984) described three different types of 
RAH courses as illustrated in Fig. 2: type I when the RAH 
courses superiorly to the A1 segment (Fig. 2b, left side), type 
II if the RAH courses anterior to the A1 segment (Fig. 2a), 
and type III when the RAH has a course posterior to the A1 
segment (Fig. 2b, right side) [1]. Before the publication of 
Gomes et  al. (1984), Perlmutter et  al. (1976) studied the 
course of the artery on 100 brain hemispheres dissection but 
did not find any posterior course (type III) of the RAH [14]. 
Five other studies described in detail the course of the RAH 
[12, 18, 22, 26, 28]. Type I of RAH represents 38%; type II, 
53% and type III, only 9%. Iczi et al. (2009) noted that the 
RAH passes across the posterior part of the gyrus rectus in 
70% and posterior to the gyrus rectus in 30% [34]. Table 5 
summarized the incidence of each type of RAH course.

S. Bonasia et al.
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a b

Fig. 2 Artist’s drawing 
showing the different course 
of the recurrent artery of 
Heubner (RAH). (a) The two 
RAH arising from the A1-A2 
junction (left side) and from 
the A2 segment (right side) 
have an anterior course 
relative to the A1 segment 
(type II). (b) On the left side, 
the RAH has a superior 
course (type I) and on the 
right side, a posterior course 
(type III). MCA middle 
cerebral artery, ICA internal 
carotid artery, AComA 
anterior communicating artery

Table 5 Different course of the RAH with their incidence

Course of the RAH Incidence
Type I 38%
Type II 53%
Type III 9%

 Branches of the Artery

In its extra-cerebral course, the RAH could give from 2 to 30 
branches [14, 15, 29]. The majority of these branches are 
perforator vessels passing through the APS and are present in 
all cases. The number of perforating branches passing 
through the APS varies from 2 to 44 with a clear predilection 
to the anterior part of the APS (95%) with a full mediolateral 
extent on the APS. Other branches could perforate the APS 
in its middle portion (34%) or rarely in its posterior part (7%) 
[13–15]. Rosner et  al. (1984) provided the most detailed 
analysis of the APS branches and noted that two-thirds of 
RAH branches enter the APS in its lateral part (lateral to the 
olfactory tract) and one-third in its medial part [15].

In approximately 30–40% of cases, the terminal branches 
of the RAH turn around the limen insulae to enter into the 
sylvian fissure to give branches to the vertical part of the 
insula [14]. In few cases, these branches could also supply 
the inferior frontal gyrus and could mimic the accessory 
middle cerebral artery variant (AccMCA) that will be dis-
cussed below.

In few cases, the RAH also gives fronto-orbital branches 
that supply the posterior part of the gyrus rectus, the poste-
rior third of the olfactory tract, the olfactory trigone, and the 
posterior fronto-orbital gyrus. The presence of these “olfac-
tory branches” has an incidence of 13% but is very variable 
from one study to another one [10, 17, 23, 37]. Ciolkowski 
et al. (2004) who analyzed the vascularization of the poste-

rior part of the olfactory tract revealed a participation of 
RAH branches with an incidence of 50% [37].

The RAH inconstantly also gives branches that course lat-
eral to the optic chiasm, to supply the anterior part of the 
hypothalamus [17, 22, 29]. Ostrowski (1960) had already 
noted this vascularization possibility by selectively injecting 
the RAH. Their incidence seems to be approximately 30% 
[17, 29].

Many authors highlighted the absence of branches to the 
optic nerve and optic tract but few recent studies with detailed 
and microscopic observations of little branches described 
very little branches (0.1 mm of diameter) in approximately 
one-third of cases supplying the optic tract [28–30].

 Possible Anastomoses

Some authors have noted the presence of extra-cerebral 
anastomoses between the perforating branches of the RAH 
and of the MCA [12, 22, 29]. Their incidence is about 10% 
and the lenticulo-striate branches of the medial group (that 
branch off the MCA) are the perforators most frequently 
involved. After contemporary injection of RAH and lenticu-
lostriate branches of the MCA, Maga et al. (2013) postulated 
that intracerebral anastomoses between branches of the RAH 
and MCA are also present in 6.5% of cases [30].

The olfactory branch of the RAH could also anastomose 
with cortical fronto-basal branch of the MCA.  Gorczyca 
et al. (1987) found this type of anastomosis in 5% of cases 
and described them as pio-pial anastomosis [22].

The presence of these anastomoses, in particular between 
the perforators of the RAH and MCA, is a favorable element 
of Abbie’s concept, which postulated that the RAH is the 
remnant of a series of anastomotic channels over and around 
the paleo-olfactorium [7].
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 The Accessory Middle Cerebral Artery

The term “accessory middle cerebral artery” (AccMCA) was 
first used in 1962 by Crompton when he examined 347 brain 
specimens and reported an anomalous large branch passing 
into the sylvian fissure in 11 cases (3.6%) [38]. In 10 of 
these, the artery took its origin from the internal carotid 
artery and in one case from the anterior communicating 
artery region. Jain (1964) noted this anomalous branch with 
a similar incidence (3.4%, 10/300 brain hemispheres) but, in 
contrast to Crompton’s series, eight AccMCA arose from the 
anterior cerebral artery and only 2 from the ICA bifurcation 
[38]. Few years later, the term “accessory MCA” was 
reserved for the vessel arising from the anterior cerebral 
artery. In case of origin from the ICA bifurcation, the vessel 
was called duplicated MCA [2, 33, 36]. In 1977, Manelfe 
established a classification of these variants including three 
different types [2]. Types I and II are duplicated MCA where 
the duplicated artery arises at the bifurcation or at the proxi-
mal part of the A1 segment. Type III involves the RAH with 
an AccMCA arising from the A1-A2 junction. The different 
types of duplicated or accessory MCA are illustrated in 
Fig. 3.

The AccMCA could be defined as a vessel arising from 
the anterior cerebral artery, in the region of the A1-A2 junc-
tion that courses into the sylvian fissure superior to the ICA 
bifurcation and superior to the M1 segment and that partici-
pates in the vascularization of the frontal cortex.

After these first descriptions, few isolated cases of 
AccMCA were described and the incidence of this variant 
was estimated as 0.3%, principally based on angiographic 
studies [39–47]. It is generally accepted that the AccMCA 
has perforating branches to the APS [3, 42]. The cortical ter-
ritory of an AccMCA could also be variable but the lateral 
part of the orbito-frontal gyri and the prefrontal region are 
the most frequently involved [21, 46]. Lasjaunias and 
Berenstein (2001) sometimes noted also its implication in 
the supply of the anterior temporal area [2].

Embryologically, the RAH and the MCA develop after 
the primitive olfactory artery (anterior division of the ICA or 
anterior cerebral artery) and could both be considered as 
branches of the ACA. Several hypotheses were formulated 
regarding the development of the AccMCA.  Handa et  al. 
(1970), supported by other authors, thought the AccMCA to 
be a hypertrophied RAH extending the Abbie’s theory that 
the RAH is a remnant of anastomotic channels between the 
ACA and the MCA [3, 40, 43, 44]. Few years later, Teal et al. 
(1973) disagreed with Handa arguing that (1) the perforating 
arteries do not always originate from the AccMCA, (2) a 
RAH could co-exist with an AccMCA, and (3) the AccMCA 
passes lateral to the APS where the RAH enters into the APS 
[41]. The fact that the AccMCA has frequently perforating 
branches and that the RAH could be multiple puts the Teal’s 
objections into question. Lasjaunias and Berenstein (2001) 
also explained by phylogenic analysis the AccMCA as a 
hypertrophic RAH with a cortical supply [2].

a b

Fig. 3 Illustrations of the different variations of duplicated or acces-
sory MCA. (a) On the left side, the artery origins from the ICA bifurca-
tion and is commonly named duplicated middle cerebral artery (DMCA) 
or type I of Manelfe. On the right side is illustrated AccMCA arising 

from the proximal part of the A1 segment (type II of Manelfe). (b) On 
the left side, this AccMCA arises from the distal part of the A1 segment 
(type III of Manelfe). MCA middle cerebral artery, ICA internal carotid 
artery, AComA anterior communicating artery
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 Parenchymal Territory

The first study which gave a detailed description of the RAH 
parenchymal supply was published in 1960 by Ostrowski 
et al. [17]. The authors, ingeniously, thought to selectively 
inject the artery with India ink water-diluted solution permit-
ting to color territories supplied by arteries as thin as 100–
150 μm. They highlighted that the RAH constantly supplies 
the head of the caudate nucleus, the anterior inferior limb of 
the internal capsule, the hypothalamus, the uncinated fas-
ciculus, and the olfactory regions [17]. Other studies showed 
that the external portion of the globus pallidum is constantly 
supplied by the RAH [13, 14, 48]. Recently, Maga et  al. 
(2013) proposed another cadaveric study and noted the pres-
ence of optic tract branches in approximately 15% [29]. 
They also noted inconstant additional supply to the anterior 
thalamic nuclei (35%), to the genu of the internal capsule 
(26%), to the subcallosal area, to the lamina terminalis, and 
to the supra-optic nucleus [29]. In 2009, Mavridis et  al. 
added the nucleus accumbens as a constant territory of the 
RAH [48].

 Clinical Implications

The knowledge of the detailed anatomy of the RAH is man-
datory during surgical approach to the anterior part of the 
circle of Willis since the injury of this artery can lead to sev-
eral iatrogenic complications. Accidental occlusion or injury 
of this artery can cause infarction of the regions previously 
described, resulting in contralateral hemiparesis with upper 
extremity predominance and mild face paresis. If the domi-
nant hemisphere is involved, also expressive aphasia with 
emotional symptoms can occur [1, 22]. Some cases of tongue 
and palate dysfunction have also been documented. Even if 
these symptoms could also be severe, they tend to resolve 
completely over weeks or months in the majority of patients. 
The persistence of them can be explained by the absence of 
balance or a hypoplasia of the ipsilateral lenticulo-striate 
artery [12].

The most common situation that can lead to RAH injuries 
is the surgical clipping of an anterior communicating artery 
aneurysm. An example of accidental RAH clipping is shown 
in the illustrative case in Fig. 4. During any approach to this 
region (pterional, subfrontal, or anterior hemispheric), the 
RAH should be identified and accurately dissected. Whatever 
the orientation of the AcomA aneurysm is (inferiorly, anteri-
orly, superiorly, posteriorly, etc.), the first step in the approach 
to aneurysms of this region consists in the identification and 
following of the A1 segment and visualizing the RAH [49].

The artery needs sometimes to be dissected from the 
aneurysmal dome and can be also involved in the wall of the 
aneurysm. In such cases also section and reimplantation of 
the artery into the A1 segment should be considered to pre-
serve this vessel [1]. In case of temporary clipping of the A1 
segment, particular attention should be paid to the possibil-
ity, even if present only in 10% of cases, of a posterior course 
of the RAH (Type III) in order to avoid its accidental 
clipping.

During surgery, the RAH may also be confused with the 
orbitofrontal artery, which is usually the second major branch 
of the A2 segment. These two arteries could be distinguished 
based on two factors: the point of origin and the course. As 
previously described the RAH, in case of origin from the A2 
segment, arises within the proximal few millimeters from the 
A1-A2 junction and has a recurrent course along the A1 seg-
ment. On the other hand, the orbitofrontal artery arises more 
distal and courses perpendicularly over the gyrus rectus and 
across the olfactory tract [5]. Since the two arteries have a 
similar diameter, based on it alone to distinguish them, the 
orbitofrontal artery can be mistaken for the RAH.

In conclusion, the RAH must be always identified before 
a surgical clipping of anterior communicating artery aneu-
rysms since its accidental occlusion can lead to severe neuro-
logical deficits. The knowledge of the possible variants in its 
origin, number, and course can help the surgeon to better 
understand the microsurgical anatomy.
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Fig. 4 Illustrative case. In March 2019, a 54-year-old woman, anam-
nestically known only for hypercholesterolemia under treatment, 
arrived at a minor hospital in Switzerland following the acute onset of 
explosive headache associated with nausea and vomiting. A cerebral 
CT scan was performed, which showed a subarachnoid hemorrhage 
grade Fisher III (a), mainly affecting the right sylvian and ambiens cis-
terns (green stars), associated with an aneurysm of the communicating 
anterior artery. The patient was then transferred to our center, where she 
was subjected to diagnostic cerebral angiography (b and c), which con-
firmed the presence of the aneurysm of the communicating anterior 
artery (blue cross), with high probability responsible for bleeding, and 
also showed an aneurysm of the anterior right posterior communicating 
artery (red cross). In the 3D reconstruction (b) and standard angiograms 
(c) the left and right RAH are visible (red arrows). We decided to surgi-
cally treat both the aneurysms using a standard right pterional approach. 

However, during the dissection of the aneurysm of AComA, we wit-
nessed a massive bleeding of this latter, thus, we proceeded to clipping 
in urgency the sac and inducing of cardiac arrest by atropine. After the 
bleeding had stopped, and the patient was hemodynamically stabilized, 
the second aneurysm was clipped without complications. Upon awak-
ening, the patient showed up with a GCS of 15 and without focal neu-
rological deficits. However, although the control CT showed no 
post-surgical bleeding complications, it highlighted an ischemic 
hypodensity involving the head of the left caudate nucleus (c). The isch-
emic territories indicated by the blue arrows (d and e) correspond to the 
parenchyma normally vascularized by the left RAH and indicate the 
accidental occlusion of the left RAH during the emergency clipping. 
The postoperative cerebral angiography (f) showed a good exclusion of 
the two aneurysms, but the left RAH was no more visible, well explain-
ing the hypodensity visible on the postoperative CT scan
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Embryology and Variations 
of the Posterior Choroidal Artery

A. Venier

Posterior choroidal arteries (PChoAs) represent the ventricu-
lar branches of the posterior cerebral artery (PCA) which are 
directed to the lateral and third ventricles to supply their cho-
roid plexus and walls. Commonly referred to one single 
artery, as a matter of fact, PChoAs are multiple arteries and 
are divided into a medial and a lateral group according to 
their origins, numbers, courses, and territories of supply, 
accounting several variations and anomalies [1].

Interestingly, PChoA in its adult disposition is part of the 
posterior circulation but embryologically develops from the 
caudal division of the internal carotid artery (ICA) which 
will become the posterior communicating artery (PComA) 
that in turn will become the PCA, being the PChoA one of its 
branch [1].

Clinical consequences of PChoA occlusion aren’t as dev-
astating as those of anterior choroidal artery (AChoA) but 
still enough relevant to know and understand if the blood 
flow is compromised by a stroke or by some vascular or neo-
plastic lesions that may displace and stenose the artery along 
its course.

 History

Posterior choroidal artery history is inextricably linked to 
choroid plexus embryology and anatomy understanding.

The first who dared to describe the posterior circulation of 
the choroid plexus was Duret (1874) who identified a pos-
terolateral and a posteromedian choroidal artery coming 
from the PCA [2]. Then, Kolisko (1891) described some 
anastomoses between the AChoA and PCA branches; Beevor 
(1909) differentiated the areas of supply of AChoA and PCA 
branches, and Abbie (1933) found 3–5 choroidal branches of 
PCA [3–5].

A genuine leap forward in terms of comprehension of cho-
roidal plexus’ anatomy and vascularization was made only 
around the 1950s with Padget (1948) and its embryologic 
studies, Millen and Woolam (1953) and their AChoA and 
PChoA detailed portrait, Galloway and Greitz (1959) and 
their gross anatomical and radiological description, Hudson 
(1960) and its classification of lateral posterior choroidal 
arteries (LPChoAs) and finally Netsky and Shuangshoti 
(1970) [6–10]. Notably, Duret was the first who described a 
posterior, middle, and anterior system corresponding to the 
medial posterior choroidal artery (MPChoA) and the superior 
and inferior branches of LPChoA, described successively by 
Hudson and, based on these works, Wolfram-Gabel et  al. 
(1987) described medial and lateral branches of MPChoA 
and superior and inferior branches of LPChoA [2, 9, 11].

 Embryological Development

Most of our knowledge about arterial embryology comes 
from the meticulous studies of 22 embryos of the Carnegie 
Collection conducted first by Steeler and then by Padget [6, 
12]. There are 8 Padget stages (from pre-Padget stage to 
stage 7, the adult configuration) that explain cranial arteries 
development and 23 Carnegie stages proposed by Streeter 
and revised by O’Rahilly that explain the chronological 
embryo development and are classified according to age 
(from 1 to 56 days of intrauterine life) and length (from 0.1 
to 31 mm) [13–18].

Posterior choroidal artery appears at Padget stage 3 or 
Carnegie stages XV–XVI (7–12 mm, 33 days), when from 
the caudal division of PComA, just in front to the third nerve, 
arise the diencephalic and the mesencephalic arteries (DA, 
MA). From the first one emerges the PChoA. Posterior cho-
roidal artery is directed toward the AChA with which anasto-
moses in the choroidal plexus at the interventricular foramen 
together with some anterior cerebral artery’s (ACA) choroi-
dal branches (Table 1).A. Venier (*) 
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Table 1 Major embryological changes of the PChoA according to Padget. (Adapted from [6]: Padget DH. The development of the cranial arteries 
in the human embryo. Contrib Embryol. 1948;32:205–62)

Stage Embryo size (mm) Major evolutions Graphic Illustration
I 4–5 –  Paired longitudinal neural arteries (LNAs) visible

–  Carotido-vertebral anastomoses visible: Trigeminal (TA), otic (OtA), 
hypoglossal (HypA), proatlantal (PA), and second cervical segmental 
artery (II CSA)

–  Primitive ICA bifurcation visible into caudal and cranial divisions 
(CaD, CrD)

–  PComA and BA not formed

II 5–6 –  Formation of the PComA
–  Regression of otic and hypoglossal arteries
–  Midline fusion of LNAs to form the basilar artery (BA)

III 7–12 –  Basilar artery (BA) completely formed
–  PComA completely formed
–  Origin from the distal PComA of a diencephalon- mesencephalic trunk 

(DiA-MesA). PChoA arising from the common trunk and anastomoses 
with the AChoA

–  Regression of trigeminal and proatlantal arteries
–  Formation of the vertebral artery VA by transverse anastomoses 

between the intersegmental arteries

IV 13–15 –  Development of a choroidal (CB) and telencephalic branch (TB) from 
the PChoA and the diencephalic artery (DiA)

–  Remodeling of the BA
–  Migration of OccA origin on the external carotid artery (ECA)
–  Persistence of the anastomoses between OccA and VA

V 16–18 –  The telencephalic branch of the PChoA forms the main PCA trunk
–  The choroidal branches of the PChoA and of the diencephalic artery 

form the PLChoA and PMChoA
–  Complete formation of the VA
–  Complete formation of the OccA (remnant of the proatlantal artery)
–  Complete formation of the ascending pharyngeal artery (APhA, 

remnant of the hypoglossal artery)
–  SCA, AICA, and PICA are visible
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At Padget stage 5 or Carnegie stages XVIII–XIX (16–
18 mm, 40 days), AChoA and PChoA end in the choroidal 
fissure at the diencephalic roof. PChoA supplies both the 
diencephalon and the mesencephalon together with the dien-
cephalic and the mesencephalic arteries, respectively [6]. At 
this stage, PCA develops from the caudal end of PComA, but 
progressively enlarges and the smaller arteries, such as 
PChoA, become its branches (Table 1).

At Padget stage 6 or Carnegie stages XX–XXI (20–
24  mm, 45  days), AChoA and PChoA are intimately con-
nected by several anastomoses, especially at the diencephalon 
and into the choroid plexus but, as the basal ganglia enlarge, 
the AChoA supply to the choroid plexus becomes smaller 
(Table 1).

Another complementary source of embryological knowl-
edge focused on choroidal vessels development, comes from 
the encompassing work of Lasjaunias et al., which is mainly 

based on Moffat study on rat embryos [19, 20]. Seven stages 
are encountered, from the prechoroidal one to adult disposi-
tion [19]. From the caudal division of ICA arise the DiA and 
MesA (stage I prechoroidal, Table 2). From this diencephalo- 
mesencephalic trunk a PChoA develops and anastomoses at 
the atrium level with choroidal branches of AChoA, coming 
from the cranial division of ICA, and ACA (stage II choroi-
dal, Table 2). Progressively, the choroidal branches territo-
ries of AChoA and ACA are annexed by the choroidal 
branches of PChoA (stage III telencephalic primitive, 
Table 2) and subsequently, also the telencephalic branches 
territories of AChoA and ACA (stage IV telencephalic inter-
mediate, Table 2) and of the diencephalic branch are annexed 
by the telencephalic branch of PChoA (stage V telencephalic 
final, Table  2). At this point, PChoA represents the main 
PCA stream. In the end, the caudal division of ICA becomes 
PComA, the choroidal branch of PChoA becomes the 

Table 2 Embryology and development of the PChoA according to Lasjaunias. (Adapted from [1]: Lasjaunias P, Berenstein A, Ter Brugge 
KG. Surgical Neuro-angiography—Clinical Vascular Anatomy and Variations: Springer; 1987)

Stage Illustration
I
Prechoroidal

–  Primitive ICA visible with its two divisions (CaR, CrR)
–  PComA completely formed
–  Origin from the distal PComA of a diencephalon-mesencephalic trunk (DiA-MesA). 

PChoA arising from the common trunk and anastomoses with the AChoA

II
Choroidal

–  ACA gives a telencephalic (TB) and a choroidal branch (CB). The CB anastomoses 
with the CB of the AChoA at the interventricular foramen forming the “limbic arterial 
arch”

–  Development of a TB and a diencephalic branch (DiB) from the AChoA
–  The CB of the AChoA anastomoses with the CB of the PChoA

III
Telencephalic 
primitive

–  Major development of the TB of the PChoA with annexation of some AChoA and 
ACA territories

(continued)
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Table 2 (continued)

Stage Illustration
IV
Telencephalic 
intermediate

–  Progressive development of the diencephalo-mesencephalic trunk of the PChoA with 
annexation of new cortical territories

V
Telencephalic 
final

–  The cortical annexation gives relief to the ACA, facilitating the development of the 
MCA

–  The PChoA constitutes the main PCA stream and annexes the TB of the DiA
–  The CB branches of the PChoA and the DiA become the postero-medial and 

postero-lateral choroidal arteries (PMChoA and PLChoA)

VI
Adult 
disposition

–  Definitive development of the AChoA with reduction of its telencephalic territories
–  The MesA of the PChoA corresponds to the tectal branches of the PCA
–  SCA, AICA, and PICA are visible

Nnn

ACA anterior cerebral artery, AChoA anterior choroidal artery, BA basilar artery, Ca R caudal ramus, Cr R cranial ramus, ICA internal carotid artery, 
MCA middle cerebral artery, PCA posterior cerebral artery, PChoA posterior choroidal artery, PComA posterior communicating artery

LPChoA, the choroidal branch of diencephalic branch 
becomes the MPChoA and PCA rises from the telencephalic 
branches of PChoA and from diencephalic artery (stage VI 
adult disposition, Table 2).

 Number and Origin of the Artery

Cadaveric and angiographic studies were used to analyze the 
anatomical details of PChoAs demonstrating a high variabil-
ity in terms of number of branches and origins [8, 21–28].

In most cases, MPChoA arises as a single branch but there 
may be up to 3 branches per hemisphere [19, 21, 23, 25, 26]. 
Generally, it arises from the posterolateral surface of PCA’s 
proximal half, distal to thalamo-perforating arteries and 

proximal to LPChoA, in the interpeduncular or crural cis-
tern, above the oculomotor nerve, mostly from P2 (especially 
P2A), but also from P1 and P1–P2 junction [19, 21, 23, 25, 
26]. Some distal origins are also reported from P3 or other 
PCA cortical branches, such as the parieto-occipital (POA) 
and the calcarine arteries (CA) [21, 25–27].

On the other hand, LPChoA in most cases arises as mul-
tiple branches and there may be up to 9 branches per hemi-
sphere [21, 22, 25, 26]. Duplication and triplication are 
frequently encountered and most of the time the first artery, 
the most anterior one, is the longest and the largest [21, 22, 
25, 26]. Generally, it arises from PCA, distal to PComA and 
MPChoA, mostly from P2 (especially P2P) in the ambient or 
quadrigeminal cistern, but also P2A, P3, or other PCA 
branches [21, 22, 25, 26, 29].
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 Course of the Artery

Cadaveric dissections and angiographic studies report 
detailed anatomical course of PChoAs and most authors 
agreed on it [8, 21, 22, 24–26, 28].

From its origin MPChoA encompasses the midbrain, 
medial to PCA, in the superior compartment of ambient cis-
tern, perforates the precentral cerebellar membrane to enter 
the quadrigeminal cistern and then points to the pineal gland. 
Then it turns forward, adjacent to the internal cerebral vein, 
above the habenular trigone, between tela choroidea layers, 
to enter the third ventricle roof, then runs through the choroi-
dal fissure and the Monro foramen to reach the choroid 
plexus of the lateral ventricle (Fig. 1).

Some authors divided the MPChoA course into 2 or 3 
segments: cisternal and plexal or cisternal ambient, cisternal 
quadrigeminal and choroidal [21, 26]. If MPChoA arises 
from distal PCA or other cortical branches, its course is 
shorter and goes retrogradely from the origin to the third 
ventricle roof [27].

On the other hand, LPChoA from its origin runs laterally 
along the upper edge of the parahippocampal gyrus, passes 
directly through the choroidal fissure, around the pulvinar, to 
enter the choroid plexus of the lateral ventricle temporal 
horn and atrium, toward the foramen of Monro (Fig. 1).

Some authors divided the LPChoA course into 2 seg-
ments: cisternal and choroidal (Fig. 1) [21].

A few studies analyzed the length and diameter of PChoAs 
[21, 25, 26]. For example, Vinas et al. in their work on 52 
hemispheres reported the mean length of right MPChoA 
being 77.5 ± 15 mm and the left one 77.5 ± 18 mm [21]. The 
mean diameter of the right MPChoA being 0.8 ± 0.5 mm and 
the left one 0.8 ± 0.4 mm. The mean length for the first right 
LPChoA was 50 ± 26 mm and for the left one 58 ± 23 mm. 
The mean diameter of the right and left LPChoA was 
0.7 ± 0.4 mm. The second and third LPChAs were shorter 
and thinner.

Fujii et al. distinguished the diameter at the origin of the 
cisternal and plexal segment: the first segment of MPChoA 
was on average 0.8 mm (range 0.2–1.4 mm) and the second 
0.5  mm (range 0.2–1.1  mm); while the first segment of 
LPChoA was on average 0.6 mm (range 0.2–1.5 mm), the 
second was 0.4  mm (range 0.1–1.1  mm) [26]. They also 
identified the length of the cisternal segment, being on aver-
age 42 mm (range 8–83 mm) for the MPChoA and 23 mm 
(range 5–70 mm) for the LPChoA.

The possible configurations of the LPChoA and MPChoA 
are shown in Fig. 2.

Fig. 1 Course of the medial posterior choroidal artery (MPChoA) and 
lateral posterior choroidal artery (LPChoA) with cisternal and choroi-
dal segments. After its origin from the posterior cerebral artery, the 
MPChoA courses medially and posteriorly to reach the quadrigeminal 
cistern (Cisternal segment, CS). Then it bends anteriorly to the roof of 
the third ventricle and enters the foramen of Monro and the choroid 
plexus. (Choroidal segment, ChoS). The LPChoA arises from the lat-
eral aspect of the posterior cerebral artery and points laterally (Cisternal 
segment, CS) to enter the temporal horn of the lateral ventricle 
(Choroidal segment, ChoS). The anterior choroidal artery (AChoA) is 
also visible in the figure
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Fig. 2 Possible angiographic configurations of the medial (MPChoA) 
and lateral (LPChoA) posterior choroidal arteries. (a) The MPChoA 
and the LPChoA are both visible and represented in the lateral vertebral 
artery angiogram. (b) the LPChoA is dominant and the MPChoA is not 
visible. (c) The MPChoA is dominant and the LPChoA is very thiny. (d) 

Antero-posterior angiogram obtained after injection of the right verte-
bral artery shows the MPChoA and LPChoA. (e and f) Lateral and 
anteroposterior venous phases showing the “silhouette” of the choroid 
plexus in the venous phase (blue arrows)

 Branches

Historically, Duret was the first who described different 
PChoA systems: the posterior one being the MPChoA and 
the middle and anterior ones being the LPChoA [2]. Then 
Hudson identified a posteromedial, posterolateral, and pos-
teroinferior choroidal artery corresponding to the middle and 
anterior systems of Duret [9]. Lastly, Wolfram-Gabel defined 
2 branches of MPChoA, a medial and a lateral one, and 2 
branches of LPChoA, a superior and an inferior one [11].

Generally, MPChoA branches may be directed to the 
peduncle, tegmentum, medial geniculate body, colliculi, pul-
vinar, pineal gland, and medial thalamus. Vinas et  al. 
observed 25 ± 9 branches from MPChoA while Zeal et al. 
counted 13 branches in total [21, 25].

On the other hand, LPChoA branches may be directed to 
the peduncle, posterior commissure, crura, fornix body, lat-
eral geniculate body, pulvinar, dorsomedial thalamic nucleus, 
and body of caudate nucleus [21, 25–27, 30–33]. More spe-
cifically, the main trunk of LPChoA and its terminal divi-
sions give rise to intrachoroidal, thalamic, caudate, and 

subependymal branches. The intrachoroidal ones form 
 different types of vessels according to their length (short, 
medium, and long vessels) and according to their course and 
branching patterns (parallel, glomus, and bush-like vessels). 
Moreover, some branches may have a reverse course and 
some other a transverse one (centripetal) [22]. Vinas et  al. 
observed 17  ±  8 branches from the first LPChoA, 14  ±  7 
from the second, and 8 from the third while Zeal et  al. 
counted 48 branches in total [21, 25].

 Possible Anastomoses

Connections between PChoA and AChoA and between 
PChoAs are reported by numerous authors. They are of fun-
damental importance because they protect the areas of termi-
nal supply: when ICA is occluded proximal to AChoA origin, 
its parenchymal territories may be supplied by the blood 
flow coming from PChoA, and vice versa, when PCA is 
occluded proximal to PChoA origin, its parenchymal territo-
ries may be supplied by the blood flow coming from AChA 
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[34–37]. The interdependency of these two arteries is also 
evident when considering the territories supplied: they are in 
perfect equilibrium [26].

More specifically, at first Duret identified the choroid 
plexus of lateral and third ventricles as the point of anasto-
mosis between LPChoA and MPChoA [2]. Then, Beevor 
described several communications by injecting PChoA that 
opacified AChoA territories [4]. Poirier and Charpy demon-
strated also the reverse [38]. Fujii et al. stated that most of 
anastomosis between AChoA and PChoAs are located on the 
surface of the choroid plexus, geniculate bodies, and uncus 
[26]. Vinas et  al. also described most of the connections 
between AChoA and LPChoA at the anterior third of the 
temporal horn while between MPChoA and LPChoA are 
founded mainly at the foramen of Monro [21]. According to 
Carpenter et al., anastomoses between AChoA and LPChoA 
were present in 93% of cases and occurred: via the choroid 
plexus in 85% of cases, rostral to the lateral geniculate body, 
over its surface or at both sites in 80% of cases, directly in 
6% of cases [34].

Moreover, subependymal arteries could anastomose with 
choroidal vessels at the third ventricle but also at the lateral 
ventricle, coming from thalamic or hypothalamic perfora-
tors, they merge at the attachment of the tela choroidea [9].

These connections may have an impact on clinical events, 
for example, Wang et al. demonstrated a correlation between 
LPChoA anastomosis and an increased risk of hemorrhage 
in Moyamoya patients [39]. The possible anastomoses of the 
LPChoA and the MPChoA are illustrated in Fig. 3.

 Parenchymal Territories

As we already mentioned, there is a fascinating interchange-
ability and interdependency among choroidal arteries, such 
as among cerebellar arteries. For example, the choroid plexus 
areas of supply of AChoA, MPChoA, and LPChoA are in 
equilibrium in an inversely related manner: as one enlarges, 
the others decrease, especially between AChoA and LPChoA, 
LPChoA and MPChoA, MPChoA, and MPChoA [26].

In the scientific community, there isn’t an agreement 
about the territory supplied by the MPChoA: some authors 
reported that it supplies only the choroid plexus of the third 
ventricle, some others reported supply to choroid plexus of 
the third ventricle and lateral ventricles, pineal gland, and 
thalamus [24, 40].

Vinas et  al. made a careful and detailed dissection and 
found a constant supply from MPChoA to [21]:

• Choroid plexus of the third ventricle
• Lateral ventricles body
• Thalamus
• Cerebral peduncles
• Tegmentum
• Medial geniculate body
• Stria medullaris
• Pineal glandOnly in some cases MPChoA supplied tri-

gona, temporal horn, fornix, lateral geniculate body, 
quadrigeminal plate, posterior commissura, temporal, 
parietal, and occipital lobes.

Similarly, they found a constant supply from LPChoA to:

• Choroid plexus of the third ventricle
• Temporal horns
• Fornix
• Thalamus
• Splenium
• Stria medullaris
• Posterior commisura
• Temporal lobe

Only in some cases LPChoA supplied cerebral peduncles, 
tegmentum, lateral and medial geniculate bodies, pineal 
gland, quadrigeminal plate, parietal and occipital lobes [21].

More specifically, the temporal portion, the glomus, and 
the body portion of the choroid plexus of the lateral ventri-
cles are supplied primarily from the AChoA and LPChoA [8, 
11, 22, 25–27, 37, 41, 42]. On the other hand, the superior 
portion, at the level of the foramen of Monro, is continuous 
with third ventricle choroid plexus and is supplied primarily 
by MPChoA [22, 25–27, 37, 42].

Generally, MPChoA and LPChoAs send branches to their 
homolateral side, sporadically to the contralateral side [26]. 

Fig. 3 Possible anastomoses between choroidal arteries. Most of the 
anastomoses between the lateral posterior (LPChoA) and medial poste-
rior choroidal arteries (MPChoA) are located at the foramen of Monro 
(A). The anastomoses between the LPChoA and the anterior choroidal 
artery (AChoA) are mostly located at the anterior third of the temporal 
horn (B). Other anastomoses between the LPChoA and the AChoA can 
occur in the choroidal plexus of the lateral ventricle (C)
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For example, MPChoA sends branches in 22% to the contra-
lateral side of the third ventricle and in 16% to the opposite 
lateral ventricle [26, 27].

 Variants

 Origin

Kaya et al., analyzing 28 PCA specimens, observed a more 
distal origin of MPChoA when P1 segment gives off more 
than one perforating branch: the largest one is generally the 
thalamo-perforating artery (42%), the MPChoA (40%) or a 
large trunk from which they both arise (18%), as observed 
also by Saeki et al. [23, 24].

Zeal et al., looking at 50 cadaveric cerebral hemispheres, 
described MPChoA origins from P2A segment in 50% of 
cases, from P2P in 21%, from P1 in 12%, from POA in 10%, 
from P3 in 4% and from CA in 3% [25]. On the other hand, 
LPChA origins from P2P in 35% of cases, from P2A in 16%, 
from P3 in 1%, and none from P1. The remaining 48% origin 
from POA (13%), anterior temporal artery (ATA) (10%), 
posterior temporal artery (PTA) (9%), hippocampal artery 
(HA) (8%), MPChoA (4%), middle temporal artery (MTA) 
(2%), and CA (2%). The LPChoAs arising from P2P are the 
largest (Table 3) [8, 25].

For Fujii et al., who studied 50 cadaveric cerebral hemi-
spheres, MPChoA origins from PCA in 87% of cases and 
specifically from P2A in 54% of cases, from P1 in 14%, from 
P3 in 11%, from P2P in 7% [26]. In the remaining 13% of 
cases, it arises from PCA branches and specifically from 
splenial artery (SA) in 7%, from CA in 4%, from POA and 
PTA in 1%, from basilar artery (BA) in 1%. While LPChoA 
origins in 77% of cases directly from PCA and specifically 
from P2P in 46% of cases, from P2A in 20%, from P3  in 
11%; in the remaining 23% of cases arise from PCA branches 
and specifically from POA in 10%, from common temporal 
and PTA in 3%, from ATA and CA in 2%, from HA, SA, and 
MPChoA in 1% (Table 3) [26].

If more than one MPChoAs or LPChoAs are present, the 
largest is the one with the most anterior origin [26].

As mentioned by Fuji et al., an anomalous and fascinating 
origin of MPChoA is from BA: it is very rare but reported 
[26]. Berland et  al., for example, published a case report 
where the DSA showed a PCA originating from ICA and 
PChoA was absent because it arose from BA [43]. 
Embryologically, PCA and PChoA originate from the 
diencephalon- mesencephalic trunk but if this involutes after 
an established communication with BA, PChoA becomes a 
branch of BA and on the other hand PCA arises from ICA 
(<0.25% of cases).

 Number

Although MPChoA is thought to be a single artery, in 
10–40% of reported cases there are multiple MPChoAs [8, 
32, 33, 44]. On the contrary, LPChoA is a single artery in 
only 12% of cases, most report multiple arteries [8, 25, 30, 
32, 33, 45].

Zeal et al. identified from 1 to 3 MPChoAs (average 1.6) 
and from 1 to 9 LPChoAs (average 4) [25]. In particular, a 
single MPChoA was present in 54%, double in 32%, and 
triple in 14% [25]. Fujii et  al. also identified a single 
MPChoA in 50% of cases, double in 30%, triple in 20%; 
while LPChoA was single in 18% of cases, double in 44%, 
and triple in 34% [26].

In most cases, LPChoA is represented by two arteries but 
it may range variably from 1–3 to 5–9 and could also be pres-
ent as small plexal branches [7, 22, 25–27].

Nevertheless, Carpenter et  al., studying 45 cadaveric 
hemispheres, noted the absence of LPChoAs in 8% of cases 
and compensation was provided by the anterior choroidal 
system [34].

Moreover, Marinkovic et  al., analyzing 17 cadaveric 
brains, identifies 3 types of LPChoA: single inferior (50%), 
double inferior and superior (40%), and common trunk for 
inferior and superior (10%) [22].

Table 3 Variable origins of medial and lateral posterior choroidal artery

PChA origins
% P1 P2A P2B P3 POA CA ATA MTA PTA HA SA MPChA BA
Zeal et al. (1978)
MPChA 12 50 21 4 10 3 – – – – – – –
LPChA 0 16 35 1 13 2 10 2 9 8 – 4 –
Fuji et al. (1980)
MPChA 14 54 7 11 1 4 – – 1 – 7 – 1
LPChA – 20 46 11 10 2 2 – 3 1 1 1 –
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 Course

Variations of the course of LPChoA are more frequently 
reported in the literature compared to those of MPChoA.

Anomalies in the proximal course of MPChoA are 
observed in 17% of cases where multiple extra or prechoroi-
dal anastomoses may occur [25, 26].

Medial posterior choroidal arteries arising from distal 
PCA, POA, and CA, run backward to the third ventricle [25, 
26, 30, 32, 33]. On the other hand, LPChoAs arising from 
P2A or its cortical branches run laterally through the choroi-
dal fissure into the choroid plexus of the temporal horn and 
the glomus in the atrium of the lateral ventricles to anasto-
mose with AChoA [8, 25, 34]. Meanwhile, LPChoAs arising 
from P2P, P3, or their cortical branches run over the pulvinar 
and beneath the columns of the fornix to enter the atrium and 
the body of the lateral ventricles [25].

The course of LPChoAs was analyzed by Agnoli et al. in 
282 angiograms and they identified 3 types of configuration 
in the choroidal fissure in the antero-posterior projection: 
slightly concave course (68%), S-form (20%), and almost 
straight (12%) [28].

Lopez et al. identified also 3 types of configuration in the 
lateral projection: concave course anteriorly (50%), convex 
course anteriorly (30%), and posteriorly course (20%) [29].

When a single LPChoA is present, it is longer and larger 
and runs along the choroidal fissure to supply the entire body 
of the choroid plexus [22]. When a double LPChoA is pres-
ent most frequently the inferior branch approaches the poste-
rior part of the temporal portion of the choroid plexus, while 
the superior one enters the choroidal fissure and then 
approaches the posterior part of the body portion of the cho-
roid plexus [22]. When a common trunk LPChoA is present, 
it divides close to or in the choroidal fissure and the inferior 
branch courses along the fissure, while the superior one 
courses along the thalamus surface before reaching the fis-
sure [22].

The terminal division of LPChoA is absent in 60%, bifur-
cates in 35%, and trifurcates in 5% of cases [22]. When it 
bifurcates, the medial trunk courses along the choroidal fis-
sure or through the medial part of choroid plexus, while the 
lateral trunk courses through its lateral part.

 Branches

Zeal et al. observed in 12% of cases a branch of MPChoA 
passing laterally within the quadrigeminal cistern, through 
the choroidal fissure and supplying an area usually own to 
LPChoA [25]. In 17% of cases a P2A branch, a circumflex 
branch of the parieto-occipital artery, joins MPChoA to form 
a single trunk and enters the third ventricle roof [25].

 Clinical Implications

While clinical consequences of AChoA occlusion are well 
known, it is difficult to predict those of PChoA because of 
collateral circulation and choroidal anastomoses that protect 
the territories supplied.

In most cases, PChoA occlusion coexists with PCA or 
SCA involvement. It is more rarely present as an isolated 
stroke syndrome. Typically, when an isolated occlusion is 
present the damage is limited to lateral geniculate body, pul-
vinar, posterior thalamus, hippocampus, and parahippocam-
pal gyrus. More in detail, if the stroke is limited to LPChoA, 
clinical manifestations may be represented by homonymous 
quadrantanopia, hemisensory loss, neuropsychological dys-
function (trans-cortical aphasia, memory troubles), and hom-
onymous horizontal sector anopsia (lateral geniculate body). 
On the other hand, if the stroke is limited to MPChoA, it may 
be characterized by eye movement disorders, but it is less 
frequent [46–49].

Infarction of the PChA may be a classic ischemic stroke 
in origin but could also be the consequence of surgical 
manipulation of healthy anatomical structure [50–52].

Intraventricular or periventricular arterio-venous malfor-
mations (AVM) are frequently supplied by AChoAs and 
PChoAs and also those of basal ganglia, temporal lobe, mid-
brain, geniculate bodies, and thalamus [26, 53–60]. 
Choroidal arteries commonly give their contribution to 
aneurysms or vein of Galen aneurysmal malformations 
(VGAM) [61–63]. More rarely aneurysms may be located 
on PChoAs [64–69].

The bleeding of these vascular malformations could often 
cause intraventricular hematoma and consequent hydroceph-
alus [54, 57, 70–72]. Moreover, choroidal arteries are fre-
quently enlarged if intraventricular masses are present [35, 
73–75]. A clinical case of choroidal AVM is shown in Fig. 4.

The cisternal segment of MPChoA and LPChoA may be 
dislocated by PCA aneurysms, brainstem and thalamus exo-
phytic tumors, cavernomas or peripeduncular AVMs [44]. 
The cisternal quadrigeminal segment of MPChoA may be 
displaced by pineal region tumors, quadrigeminal plate exo-
phytic tumors, teratomas, AVMs, cavernomas, and VGAM.

The choroidal segment of MPChoA and LPChoA may be 
affected by intraventricular lesions, such as choroid plexus 
tumors, ependymomas, teratomas, and AVMs [21, 76, 77].

Medial posterior choroidal artery may be enlarged in case 
of AVMs, tumor of tectal region, thalamus, and third ventri-
cle. It may be displaced anteriorly or posteriorly by pineal 
region tumors, anteriorly by cerebellar cyst or tumor bulging 
upward through tentorial notch, posteriorly by thalamic 
tumor, downward by ventricular enlargement or corpus cal-
losum tumors, or upward by ventricular tumors or corpus 
callosum agenesis [8, 25, 32, 44, 77–81].
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a b

Fig. 4 Clinical case of choroidal AVM.  The figure shows a clinical 
case of choroidal arterio-venous malformation (red circle). Figures a 
and b show respectively an antero-posterior view and a lateral view 

obtained after the left vertebral artery injection. Both show the supply 
of the AVM provided by the medial and lateral posterior choroidal arter-
ies (MPChoA, LLChoA)

Lateral posterior choroidal artery defines the anterior wall 
of the atrium of the lateral ventricle and the posterior convex-
ity of the thalamus on a lateral view of cerebral angiography 
[28] and can easily be viewed if displaced by thalamic 
tumors, flattened or anteriorly displaced by occipital lobe 
masses, posteriorly displaced by ventricular dilation, 
enlarged by ventricular masses such as meningiomas, epen-
dymomas, choroid plexus papillomas, AVM of splenium, 
thalamus, and choroid plexus [8, 31, 44, 51, 73, 75, 78, 
82–86].
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Cortical and Perforating Branches 
of the Middle Cerebral Artery

Sara Bonasia, S. Smajda, E. Ventura, and Thomas Robert

The middle cerebral artery (MCA) is the largest and the most 
complex cerebral artery [1]. Presenting a dual territory with a 
cortical supply and a deep nuclei supply, the MCA is one of 
the “youngest” arteries of the brain [2]. Indeed, from a phylo-
genic or embryologic point-of-view, MCA develops later than 
other cerebral arteries [3–5]. MCA is a well-studied artery 
because of its importance in various clinical implications: first, 
it bears nearly one-third of all cerebral aneurysms; second, the 
MCA is the most frequent location of ischemic stroke and 
finally, it is also involved in other pathologies as Moyamoya 
disease and brain arterio-venous malformations or tumors [6]. 
Anatomical variations of the MCA (incidence of 3.8%), even 
if they are less frequent if compared to other arteries, are 
important to be known to avoid endovascular or surgical com-
plications [7]. In this chapter, after a brief review of its embry-
ological development, we will discuss the normal anatomy of 
the MCA and its most frequent variations.

 History

A lot of cadaveric studies were published in this last five 
decades that allowed a comprehensive knowledge of the 
MCA anatomy [1, 6, 8–16]. Considering the important num-
ber of pathologies involving the MCA, few aspects of the 
MCA anatomy are of paradigm important, as for example the 

anatomy of lenticulostriate arteries, the branching pattern of 
the MCA, and the anatomy of the “early branches”. To cite 
only one author, A. Rhoton published and participated in dif-
ferent cadaveric studies that gave a structured definition of the 
normal anatomy of the MCA [1, 8, 13, 14]. From a radiologi-
cal point-of-view, a lot of authors furnished a precise descrip-
tion of the MCA based on angiographic or magnetic resonance 
imaging analysis. One of the first of them was Salamon who 
described the angiographic representation of the MCA and its 
normal angiographic anatomy [17]. After him, of course P.
Lasjaunias gave an important contribution in the radiological 
anatomy of the MCA and in its different anatomical varia-
tions explained by embryological knowledges [17].

Even if anatomical variations involving the MCA are rar-
est than for other cerebral arteries, these variations were first 
described by Crompton in 1962 and classified by Teal in 
1973 [18, 19]. After them a consequent number of isolated 
cases were published that gave a strong knowledge of these 
variations [20–37].

 Embryological Development

Our knowledge about the embryological development of the 
cerebral vasculature is principally based on the embryos dis-
section of the Carnegie Institute and on the writings of 
Streeter (1918) and Padget (1948) [3, 5]. Indeed, they 
described different stages in the vasculature development 
according to major vascular changes after having analyzed 
22 sectioned embryos (Table 1).

At the early stage I (4–5 mm embryo), the cranial division 
(also named primitive olfactory artery, future anterior cere-
bral artery, ACA) of the internal carotid artery (ICA) can 
already be individualized turning around the optic vesicle 
and ending in the olfactory area [38].

At stage III (12–14 mm), a multiple plexiform network 
initiates its development at the lateral aspect of the cranial 
division of the ICA.  This primitive middle cerebral artery 
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Table 1 Embryology and development of the middle cerebral artery

Stage of 
Padget

Size of 
embryo (mm) Events Illustration

I 4–5 –  Cranial and caudal division of the carotid artery (CrD, CaD) appearance
–  CrD is the primitive olfactory artery (POA)
–  Primitive maxillary artery (PMA) and primitive dorsal ophthalmic artery 

(PDOA) appearance CrD
(POA) CaD

PDOA

PMA

III 7–12 –  Branches of the POA appearance: Anterior coroidal artery (AChoA), 
primitive ventral ophthalmic artery (PVOA), precursor of the middle 
cerebral artery (MCA)

POA

PVOA

Precursor
MCA

AC
ho
A

IV 12–14 –  POA division in lateral (lPOA) and medial (mPOA) branches
–  The mPOA borrows the future ACA
–  The lPOA is the precursor of the recurrent artery of Heubner (RAH)
–  Plexiform anastomosis between the two ACAs (*, future AcomA)
–  MCA enlargement with lateral striate arteries development

IPOA (Precursor
RAH

mPOA

*

V 16–18 –  ACA development with terminal part of the medial POA appearing as a 
branch, future orbito-frontal artery (OFA)

–  Lateral extension of the lPOA (future RAH)

ACA
IPOA
(RAH)

mPOA
(OFA)

VI 20–24 –  Formation of the AComA (complete circle of Willis)
–  Medial artery of the corpus callosum visible (MACC) ACA

MACC

OFA

MCARA
H

ACh
oA

PC
om

A

VII 24–40 –  Complete formation of the MCA with striatal and cortical branches
ACA

MACC

OFA

MCA
RA

H

ACh
oA

PC
om

A
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extends laterally into the primitive Sylvian fissure caudal to 
the optic vesicle [2, 38, 39].

At stage IV (16–18  mm), by different regressions and 
anastomoses of the multiple channels, the MCA is formed 
initially with the formation of the lateral striate arteries first 
and with its cortical development after [2]. The MCA is com-
pletely formed at stage VII with its different perforating 
arteries and cortical branches [2, 38].

During stage VI (20  mm), when the anterior cerebral 
artery extends up between the two hemispheres, the primi-
tive olfactory artery sends an offshoot to the anterior perfo-
rated substance, which could be interpreted as the initial step 
of recurrent artery of Heubner (RAH) development. From an 
embryologic point-of-view, the MCA could be assimilated 
as a branch of the cranial division of the primitive carotid 
artery [2].

The RAH is considered, embryologically, as an older 
artery that initially supplies the basal ganglion and the MCA, 
which is a younger artery, during its development, takes a 
part of the territory of the RAH by competition between 
these two arteries [5, 17, 19, 40, 41].

Analyses in phylogeny confirm that the MCA is one of 
the youngest cerebral arteries. In the study of different spe-
cies, one could also highlight that the MCA is an artery 
appearing only in lower mammals instead of other arteries, 
as the RAH, that are already present in reptile’s species [4].

 General Anatomy of the Artery

The MCA is the artery of the lateral convexity of the cerebral 
hemisphere and is the largest of the cerebral arteries in 70% 
of cases [8]. The diameter of the MCA at its origin from the 
ICA is comprised between 2.4 and 5 mm with an average 
diameter of 3.9 mm [8, 10, 42, 43]. In almost all cases, the 
two MCAs are symmetric, Guerin et al. noted that an asym-
metry in caliber between the two MCAs could only be in 
presence of asymmetric carotid pillars associated with an 
asymmetry of the posterior communicating arteries [44].

Different segments of the MCA, the anatomy of its perfo-
rating branches and of the “early branches” will be devel-
oped in the following and respective paragraphs. In the 
present paragraph, we will particularly focus on an important 
anatomical point which is the branching pattern of the 
MCA. Indeed, the branching pattern is an important aspect to 
be analyzed for the planning of an MCA aneurysm clipping. 
The most frequent branching pattern is a bifurcation in supe-
rior and inferior trunks of the MCA along its first segment 
[8]. This configuration is seen in 64–82% of cases depending 
on the studies [45]. Delion et al. noted that in case of true 
bifurcation, the inferior trunk is dominant in 41%, the supe-
rior trunk is dominant in 36% and the two trunks are of equal 
diameter in the remaining 23% [46]. A trifurcation in supe-

rior, middle, and inferior trunks is the most frequent ana-
tomical variation and is seen in 9–12% of cases [1, 8, 14]. 
More than three different trunks are rare and seen in only 
1–4% [1, 8, 16]. According to Yasargil, all cases of MCA 
need to be considered as a bifurcation, cases of trifurcation 
or quadrifurcation are explained by the proximity of the sec-
ond bifurcation of each trunk [42]. Some authors also noted 
an anatomical variation of no bifurcation along the M1 seg-
ment [16, 47]. In this situation, the bifurcation is more distal 
along the second segment of the artery, its incidence is 
between 0 and 20.5% depending on the studies [45, 47–49]. 
Yeh (1984) tried to give a comprehensive description of the 
branching pattern of the MCA defining three different types 
[50]. Types I and II correspond to true bifurcation and the 
difference between the two is the location of the early branch: 
temporal (type I) or frontal (type II). Type III is a trifurcation 
to complete the different branching patterns. Even if this 
classification is not complete, it could help to understand the 
different cortical branches of the artery. Recently, Al Fauzi 
et al. proposed a systematic review about this argument tak-
ing into consideration all major cadaveric studies and found 
the following results: no bifurcation in 1.9%, bifurcation in 
70%, trifurcation in 27%, and quadrifurcation in 1% [45].

 Course of the Artery

The MCA has a complex course divided into four different 
segments which are illustrated in Fig. 1 [1].

The first segment of the MCA, called M1 or sphenoidal 
segment initiates at the internal carotid artery bifurcation and 
finishes at the limen insulae where the MCA presents a 
90-degree turn called genu of the artery. The M1 segment is 
posterior to the sphenoidal ridge at 4–19 mm of distance [8]. 
The length of this segment is comprised between 14 and 
20 mm long depending on the modality used to analyze the 
artery [46, 51].

The second segment of the MCA, M2 or insular segment, 
is between the genu of the artery at the limen insulae to the 
point where the artery presents a 180-degree turn in the cir-
cular sulcus of the insula [16]. Along this segment, the differ-
ent branches, or trunks of the MCA course on the different 
gyri of the insula. Frontal branches of the MCA have a more 
vertical and shorter course than posterior branches [1, 8, 52].

The third segment of the MCA (M3) is the opercular seg-
ment and corresponds to the segment of artery between the 
circular sulcus to the superficial part of the Sylvian fissure. 
Along this segment, branches of the MCA have a superficial 
orientation and course on the frontal, parietal, and temporal 
operculum [1, 8].

The fourth or terminal segment of the MCA (M4) cor-
responds to the branches of the MCA from the superficial 
part of the Sylvian fissure to the end of the artery. Almost 
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Fig. 1 Segmental division and perforating branches of the MCA. The 
figure shows an illustration and a DSA of an antero-posterior view of 
the left MCA. The M1, M2, M3, and M4 segments of the MCA are 
shown. The perforating branches arising from the M1 segment (1) rep-
resent the anterior (a), middle (b), and lateral (c) group of lenticulostri-
ate arteries. The temporo-polar (2) and anterior temporal arteries (3) are 

shown in the illustration as early branches. In the DSA only the anterior 
temporal artery (3) is visible as early branch. After the MCA bifurcation 
in a superior (ST) and inferior trunk (IT), some insular perforators (5) 
origin in particular from the ST.  The middle temporal artery is also 
shown (4)

all branches of the MCA are located inside the convexity 
sulci [8].

 Branches of the Artery

As other arteries of the cerebral hemisphere, the MCA has a 
dual supply [1, 8, 14, 53]. The first supply is to the basal 
ganglia from its perforating branches and the second supply, 
which is the most important in size is the cortical one. This 
paragraph will be divided into three distinct parts to explain 
different branches of the MCA: perforating branches, early 
cortical branches, and cortical branches (Table 2).

 Perforating Branches of the MCA

Perforating arteries of the MCA, also called lenticulostriate 
arteries, are branches of the MCA that pass through the ante-
rior perforated substance (APS) to supply a part of the basal 
ganglia and of the hemispheric white matter [54–57]. Half of 
the perforating arteries are single vessels that arise from the 
MCA and enter the APS, the other half are branches arising 
from a common trunk [15, 58–60].

Along the MCA, the number of perforating arteries could 
be from one to 21 different branches (average: 9.5/hemi-
sphere). These arteries could arise from the pre-bifurcation 
part of the M1 segment in 52–80% of cases, from the post- 
bifurcation M1 segment in 15–17% or from the M2 segment 
in 3–14% of cases [8, 13, 15, 42, 46, 54, 61]. Perforating 
arteries could also arise from the early branches in few cases, 
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Table 2 Branches of the MCA with their respective parenchymal territory

MCA branches
Origin from the MCA (segment, 
most frequent) Diameter at origin (mm) Territory

Medial group
Perforating arteries

Proximal M1 0.1–0.6 Head of caudate nucleus
Internal capsule (anterior part)

Intermediate group
Perforating arteries

M1 0.1–1.7 Globus pallidus
Internal capsule (anterior part)

Lateral group
Perforating arteries

Distal M1- M2 0.1–2.2 Putamen
Globus pallidus

Insular perforators M2 0.1–0.8 Insula
Claustrum
External capsule

Orbito-frontal artery M4 1.1 Lateral part orbital gyri
Inferior frontal gyrus

Pre-frontal artery M4 1.0 Inferior frontal gyrus
Middle frontal gyrus

Pre-central artery M4 1.3 Inferior frontal gyrus (post.Part)
Middle frontal gyrus (post.Part)

Central artery M4 1.3 Ascending frontal gyrus
Anterior parietal artery M4 1.2 Anterior part parietal gyrus
Posterior parietal artery M4 1.4 Posterior part parietal gyrus
Angular artery M4 1.5 Supra-marginal gyrus

Angular gyrus
Temporo- occipital artery M4 1.4 Superior temporal gyrus

Occipital gyri
Posterior temporal artery M4 1.3 Superior temporal gyrus

Middle temporal gyrus
Middle temporal artery M4 1.2 Superior temporal gyrus

Middle temporal gyrus
Inferior temporal gyrus

Anterior temporal artery M4 1.2 Superior temporal gyrus
Middle temporal gyrus
Inferior temporal gyrus
Fusiform gyrus

Temporo-polar artery M4 0.9 Temporal pole

most frequently from a frontal early branch [62]. Umansky 
et  al. noted that 6% of perforating branches arise from an 
early branch [15].

These little but important arteries are classified differently 
depending on the authors; in this chapter, we choose the clas-
sification of Gibo et al. that seems the most accepted by other 
authors [8]. Perforating arteries of the MCA could therefore 
be classified into three different groups:

• Medial group: there is the least constant perforating arter-
ies’ group. These arteries branch off from the 
 postero- superior aspect of the M1 segment, have a direct 
course to their entry point into the APS. Their entry point 
into the APS is in 90% of cases in the lateral territory and 
in 10% of cases in the medial territory (the limit is the 
posterior projection of the olfactory tract) [1, 8, 13].

• Intermediate group: these arteries also arise on the supe-
rior and posterior aspect of the MCA (M1 segment) and 
have a direct sub-arachnoid course. All these arteries pen-
etrate the APS in its lateral territory, 51% in the middle 

zone, 35% in the posterior zone, and 14% in the anterior 
zone [13].

• Lateral group: this is the most constant group which could 
arise from the pre-bifurcation or the post-bifurcation M1 
segment (equal incidence) [1]. These perforating arteries 
arise from the supero-posterior aspect of the principal 
artery and have an S-shaped course before entering the 
APS. They penetrate the APS principally in the postero- 
lateral zone (90% in the posterior zone and 10% in the 
middle zone) [8, 13, 14].

Depending on the anatomical pattern of its perforating 
arteries, Grand et al. described three distinct types of MCA 
anatomy: group I when the largest perforating arteries arise 
from the proximal M1(14% of cases), group II when they 
arise near but proximal to the bifurcation (39%), and group 
III when they are distal to the bifurcation (47%) [55].

For insisting on the presence of “distal” perforating arter-
ies, Delion et al. described what they called the “insular per-
forators” which are perforating arteries that arise from the 
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insular segment of MCA [46]. Most of these little arteries 
perforate the posterior part of the insula instead of passing 
through the APS to supply the insula and the corona radiata. 
Their average diameter is 0.3–0.5  mm, and their average 
number is 4.5/hemisphere. Most of the insular perforators 
arise from the superior trunk (72.5%), others from the infe-
rior trunk in 19.8% or from the middle trunk in 7.7%.

 Early Cortical Branches of the MCA

Early branch of the MCA is the name given to cortical 
branches that arise proximal to the first bifurcation of the 
MCA.  Originally, Yasargil, in its monograph, described in 
most hemispheres the presence of three distinct early tempo-
ral arteries: the uncal artery, the temporo-polar artery, and 
the anterior temporal artery [42]. After its description, differ-
ent large cadaveric studies meticulously presented anatomi-
cal variations concerning these early branches of the MCA 
[14, 16, 53, 63–68]. Gibo et al. noted the presence of an early 
branch in 54% of hemispheres [8]. It was a temporal branch 
in 88% and a frontal branch in only 12%. Other authors 
found a similar incidence of early branch comprised between 
47% and 58% in cadaveric series [6, 16, 47, 63, 67, 69]. 
Tanriover et  al. also noted that in case of early temporal 
branch, the presence of only one artery is seen in 78%, two 
distinct branches in 20% and three branches in 2% [14]. 
They also gave a comprehensive classification of the ana-
tomical pattern concerning the early branches:

• Group I: No early branch.
• Group II: Only temporal branch.

 – A: Common trunk for temporo-polar, anterior, middle, 
and posterior temporal arteries.

 – B: Only temporo-polar artery.
 – C: Two distinct arteries: temporo-polar and anterior 

temporal arteries.
• Group III: Only frontal branch: orbito-frontal or pre- 

frontal artery.
• Group IV: Frontal and temporal branches.

 – A: Orbito-frontal artery and common trunk for 
temporo- polar and anterior temporal arteries.

 – B: Common trunk for orbito-frontal, pre-frontal and 
precentral arteries, and temporo-polar artery.

 – C: Common trunk frontal and two distinct temporal 
arteries.

In rare cases as described by Umansky et  al., an early 
temporal cortical branch could arise from the anterior cho-
roidal artery [16].

 Cortical Branches of the MCA

Various authors described the different cortical areas of 
the MCA [6, 17, 22, 70]. The most used and accepted sub-
division is whom of Michotey et al. who divided the corti-
cal areas of the MCA into 12 distinct cortical branches 
(Fig. 2) [8].

• The orbito-frontal artery, which is an early branch in 
6–23%, origins in almost all cases from the superior 
trunk, but could also arise from the pre-frontal artery [8, 
16]. It is one of the smallest branches of the MCA with a 
mean caliber of 1.1 mm [9, 67]. It is an inconstant branch 
but seen in 83–98% of cases with a possible duplication 
(15%) [71, 72].

a b

Fig. 2 Illustration of the principal branches of the MCA. IT inferior 
trunk, ST superior trunk, OF orbito-frontal branch, PF pre-frontal 
branch, PC pre-central branch, C central branch; AP anterior parietal 

branch, PP posterior parietal branch, A angular artery, TO temporo- 
occipital branch, PT posterior temporal artery, MT middle temporal 
branch, AT anterior temporal branch
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• The pre-frontal artery is also a small cortical branch 
(diameter 1 mm) that arises from the superior trunk (96%) 
or as an early branch (4%) [45]. The presence of this 
artery is noted in 90–100% of hemispheres [46, 71].

• The pre-central artery (1.3 mm) is present in almost all 
hemispheres (95–100%) and could have a duplicated ori-
gin in 25% of cases [16, 17]. It arises from the superior 
trunk in 95% or from the central artery in 5% [71].

• The central artery is one of the most important cortical 
branches (1.3 mm) and is constant [9]. Its origin is from 
the superior trunk in 91%, from the pre-central artery in 
5%, or rarely from the inferior trunk (4%) [71].

• The anterior parietal artery (1.2 mm) is present in almost 
all hemispheres (88–100%) and has often a double ori-
gin (30%) [1]. It arises from the superior trunk in 78%, 
the inferior trunk in 18%, or from the central artery in 
4% [67].

• The posterior parietal artery is one of the largest branches 
(1.4 mm) and is constant [9]. Even if its origin is double in 
15%, it branches off from the superior trunk in 50%, the 
inferior trunk in 41%, or from the angular artery in 9% [71].

• The angular artery could be considered as the terminal 
branch of the MCA (1.5  mm) and is constant [67]. It 
arises from the inferior trunk (79%) or from the superior 
trunk (21%) [71].

• The temporo-occipital artery is also a constant artery aris-
ing from the inferior (92%) or superior trunk (8%) [71].

• The posterior temporal artery (1.3  mm) is present in 
90–100% of hemispheres, could have a double origin in 
5% and arises from the inferior trunk (61%) or from 
another temporal branch (39%) [16].

• The middle temporal artery (1.2 mm) arises from the infe-
rior trunk (47%), as an early branch (12%) or shares its 
origin with another temporal branch [46].

• The anterior temporal artery is frequently a little (1.2 mm) 
early temporal branch (22%).

• The temporo-polar artery is an inconstant branch (60–
87% of cases). It is the thinnest branch of the MCA 
(0.9 mm) and arises as an early branch in 40% of hemi-
spheres [71].

 Parenchymal Territory

MCA, as other principal cerebral arteries, has a dual paren-
chymal territory [73]. These two territories are clearly sepa-
rated even if some cases of common trunk between a 
perforating artery and a cortical artery are described, giving 
to this common trunk a dual parenchymal territory [54]. The 
first one is the deep territory supplied by the perforating 
arteries of the MCA. The second one is the cortical territory 
of the MCA supplied by its cortical branches.

 Perforating Arteries Supply

The deep territory of the perforating branch of the MCA is in 
competition during the embryological development with the 
territory of the recurrent artery of Heubner and with perfora-
tors from the internal carotid artery and from the anterior 
cerebral artery [2, 17, 38]. The principal structures supplied 
by perforating arteries of the MCA are:

• The dorsal half of the internal capsule.
• The head of caudate nucleus.
• The putamen.
• The globus pallidus.
• The claustrum.
• The external capsule.
• The basal nucleus of Meynert (inconstant).
• The innominate substance and the diagonal band of Broca 

(inconstant).

 Cortical Branches Supply

The cortical territory of the MCA represents between 60% 
and 80% of the cortical surface of the hemisphere [8, 46, 54]. 
It could be divided into 12 territories corresponding to the 
respective 12 distinct cortical arteries described before but 
this is very inconstant, each cortical territory is in balance 
with the territory of each other. With the aim to simplify, the 
cortical territory of the MCA could be seen as follows:

• Majority of the lateral surface of the hemisphere.
• Insular surface.
• Lateral part of the orbital surface of the frontal lobe.
• Lateral surface of the temporal lobe.
• Lateral part of the inferior surface of the temporal lobe.

The frontal and occipital pole of the hemisphere is not 
supplied by the MCA but respectively by the anterior cere-
bral artery and by the posterior cerebral artery [73].

 Duplicated Middle Cerebral Artery

The first author who used the terminology “duplicated mid-
dle cerebral artery” was Teal in 1973 and described it as a 
supplementary branch arising from the internal carotid artery 
distal to the origin of the anterior choroidal artery (AChA) 
that courses in the Sylvian fissure [18]. Before it, few cases 
were published and the first one was described by Crompton 
in 1962 [19]. The incidence of duplicated MCA is between 
0.2 and 2.9% depending on the modality of study (cadaveric, 
operative, or radiological) [30, 67, 74–80].
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Two different embryological hypotheses were developed 
to explain this anatomical variation [17, 40, 81]. The first one 
is a lack of fusion of the plexiform primitive MCA living in 
two principal arteries instead of only one. The second hypoth-
esis is a variation in origin of an early branch that arises from 
the distal ICA instead of from the M1 segment of the 
MCA. Based on these two different embryological explana-
tions, Kai et al. proposed a two-group classification with [10]:

• Type A corresponds to a duplicated MCA with the same 
course and same diameter than the principal artery. Its ori-
gin is on the top of the ICA bifurcation. Perforating arter-
ies could arise from both trunks.

• Type B is a supplementary vessel that arises from the ICA 
between the AChA and the ICA bifurcation, it courses 
over the temporal pole instead of inside the Sylvian fissure 
and is smaller in diameter than the principal MCA. This 
variant usually does not bear any perforating arteries [23].

Duplicated MCA is an anatomical variation without any 
clinical consequences, but few cases of associated aneu-
rysms were described [7, 10, 35, 75, 82–89]. Typically, they 
are aneurysms located at the origin of the duplicated MCA 
that need to be managed as other ICA aneurysms. This high-
lights one more time the importance of a hemodynamic fac-
tor in the development of cerebral aneurysms.

Two different cases caught our attention, the first one was 
published by Tutar et al. who described a case of duplicated 

MCA that arises from the petrous ICA and passes medial to 
the temporal lobe to enter the Sylvian fissure [90]. The sec-
ond particular case was published by Uchino et al. and was a 
case of association between a duplicated MCA and an acces-
sory MCA on the same hemisphere [75].

 Accessory Middle Cerebral Artery

The term “accessory middle cerebral artery” (AccMCA) was 
first used in 1962 by Crompton when he examined 347 brain 
specimens and reported an anomalous large branch passing 
into the Sylvian fissure in 11 cases (3.6%) [6]. In 10 of these, 
the artery took its origin from the internal carotid artery and 
in one case from the anterior communicating artery region. 
Jain (1964) noted this anomalous branch with a similar inci-
dence (3.4%, 10/300 brain hemispheres) but, in contrast to 
Crompton’s series, eight AccMCA arose from the anterior 
cerebral artery and only 2 from the ICA bifurcation. Few 
years later, the term “accessory MCA” was reserved for the 
vessel arising from the anterior cerebral artery [6]. In 1977, 
Manelfe established a classification of these variants includ-
ing three different types [17]. Types I and II are duplicated 
MCA where the duplicated artery arises at the bifurcation or 
at the proximal part of the A1 segment. Type III involves the 
RAH with an AccMCA arising from the A1-A2 junction. 
Two cases of duplicated and accessory MCA are illustrated 
respectively in Figs. 3 and 4.

a b

Fig. 3 Illustrations and clinical case of duplicated MCA. (a) On the 
left side, the artery origins from the ICA bifurcation and is commonly 
named duplicated middle cerebral artery (DMCA) or type I of Manelfe. 
On the right side is illustrated AccMCA arising from the proximal part 
of the A1 segment (type II of Manelfe). (b) Clinical case with DSA and 

left ICA injection in antero-posterior view. After the ICA bifurcation 
into anterior cerebral artery (ACA) and middle cerebral artery (MCA), 
a second MCA arises from the ICA bifurcation. This second artery is 
named duplicated MCA (DMCA)
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a b

Fig. 4 Illustration and clinical case of accessory MCA (AccMCA). (a) 
Clinical case with DSA injection of a patient with AccMCA arising 
from the A1 segment of the anterior cerebral artery (ACA). (b) On the 
left side, this AccMCA arises from the distal part of the A1 segment 

(type III of Manelfe). MCA middle cerebral artery, ICA internal carotid 
artery, AComA anterior communicating artery, CN I olfactory nerve, CN 
II optic nerve

The AccMCA could be defined as a vessel arising from 
the anterior cerebral artery, in the region of the A1-A2 junc-
tion that courses into the sylvian fissure superior to the ICA 
bifurcation and superior to the M1 segment and that partici-
pates in the vascularization of the frontal cortex.

After these first descriptions, few isolated cases of 
AccMCA were described and the incidence of this variant 
was estimated as 0.3%, principally based on angiographic 
studies [18, 28, 29, 34, 37, 91–94]. It is generally accepted 
that the AccMCA has perforating branches destinated to the 
APS [25, 93]. The cortical territory of an AccMCA could 
also be variable but the lateral part of the orbito-frontal gyri 
and the prefrontal region are the most frequently involved 
[37, 95]. Lasjaunias and Berenstein (2001) sometimes noted 
also its implication in the supply of the anterior temporal 
area [17].

Embryologically, the RAH and the MCA develop after 
the primitive olfactory artery (anterior division of the ICA or 
anterior cerebral artery) and could both be considered as 
branches of the ACA. Several hypotheses were formulated 
regarding the development of the AccMCA.  Handa et  al. 
(1970), supported by other authors [25, 28, 29], thought the 
AccMCA to be a hypertrophied RAH extending the Abbie’s 
theory that the RAH is a remnant of anastomotic channels 
between the ACA and the MCA [92]. Few years later, Teal 
et al. (1973) disagreed with Handa arguing that (1) the perfo-

rating arteries do not always originate from the AccMCA, (2) 
a RAH could co-exist with an AccMCA, and (3) the AccMCA 
passes lateral to the APS where the RAH enters into the APS 
[18, 92]. The fact that the AccMCA has frequently perforat-
ing branches and that the RAH could be multiple puts the 
Teal’s objections into question. Lasjaunias and Berenstein 
(2001) also explained by phylogenic analysis the AccMCA 
as a hypertrophic RAH with a cortical supply [17].

 Fenestrated Middle Cerebral Artery

Fenestrations of cerebral arteries are more frequent on the 
vertebro-basilar system and are defined as the division of the 
artery into two distinct channels with complete intimal sepa-
ration [21, 31, 33, 96–99]. Fenestration of the MCA is less 
frequent, and its incidence is estimated to 0.17–1% [19, 32, 
47, 100]. This anatomical variation could be explained by the 
absence of complete fusion between the multiple arterial 
twigs during the embryological life [17, 101]. Most of the 
fenestration of the MCA involved the proximal part of the 
M1 segment but could also involve the pre-bifurcation part 
of the M1 segment. Gailloud et al. noted that in almost all 
cases an early temporal branch arises from the inferior chan-
nel of the fenestration and postulated that the early branch 
plays a role in the formation of the fenestration [102]. In rare 
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cases, an aneurysm is located at the proximal part of the fen-
estration highlighting the importance of the hemodynamic 
stress factor [23, 97].

 Twig-Like Middle Cerebral Artery or Unfused 
Middle Cerebral Artery

This anatomical variation is not well known and is often mis-
diagnosed as a unilateral Moyamoya disease [103, 104]. It 
consists in the complete persistence of the embryological 
multichannel network of the proximal part of the MCA 
(Table 3) [11].

The twig-like MCA could be described with the follow-
ing criteria to help differentiate it from a Moyamoya syn-
drome [104]:

• No steno-occlusive lesion of the ICA or ACA.
• Plexiform arterial network instead of MCA trunk.
• Normal anatomy of the perforating arteries originating 

from the plexiform network.
• Anterograde flow in the MCA branches.

The first case of twig-like MCA was described by Cekirge 
et al. in 2005 and nowadays, Seo et al. presented the largest 
series of this variant (15 cases) [104, 105]. The incidence of 
this variation is about 0.1% and is frequently associated with 
an hypertrophied RAH or an AccMCA [103–108]. The pres-
ence of a saccular aneurysm located distally to the plexiform 
network was already described in the series of Seo et  al. 
[104]. In such a case, the principal technical difficulty of 
 surgical clipping is to obtain an efficient proximal control. 
Two clinical cases of this variant are shown in Fig. 5.

Table 3 Principal anatomical variations involving the MCA

Anatomical variation Definition Incidence Embryological explanation Associated pathology
Duplicated MCA Supplementary vessel from 

the distal ICA
0.2–2.9% Lack of fusion of the plexiform 

network
Early branch from the ICA

Aneurysm of the duplicated 
MCA

Accessory MCA Supplementary vessel from 
the ACA

1.2–3.4% Hypertrophied RAH No associated pathology

Fenestration MCA Double channel on proximal 
M1

0.17–1% Lack of fusion of the plexiform 
network

Aneurysm of the proximal part of 
the fenestration

Twig-like MCA Plexiform network M1 0.1% Complete persistence of the 
embryological network

Distal aneurysm
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a b

c d

Fig. 5 Clinical cases of Twig-like MCA. Figures (a and b) show the 
case of a patient with a twig-like MCA on the left side, shown through 
an Angio-CT scan. After the internal carotid artery (ICA) bifurcation, 
the anterior cerebral artery (ACA) is clearly visible, while the middle 
cerebral artery appears as a plexiform arterial network (red star). 
Figures (c and d) show a second case of the same variant on the right 

side (red circle), through DSA after right ICA injection. The lenticulo-
striate arteries (LSAs) are normally visible, and the recurrent artery of 
Heubner (RAH) has a hypertrophic aspect. In both cases the distal 
branches of MCA are normally visible and irrorated by an anterograde 
flow. In both cases there are no steno-occlusive lesion of the ICA or 
ACA
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 Clinical Implications

Anatomy of the MCA and knowledge of its various anatomi-
cal variations are of paramount importance for the treatment 
of all pathologies involving the MCA [8, 10, 17, 109]. The 
most important and known is the cerebral aneurysm of the 
MCA bifurcation but the MCA is also involved in the major-
ity of ischemic stroke, arterio-venous malformations, and is 
used in case of extracranial-intracranial arterial anastomosis. 
In this chapter, we highlight the importance of a strong MCA 
anatomy knowledge to address some technical problems.

The opening of the Sylvian fissure is the first step of dif-
ferent treatment as for an aneurysmal clipping or an insular 
surgery [109]. During the opening of this arachnoid fissure, 
maximal attention is to minimize the retraction of frontal and 
temporal lobe and to avoid pia-mater transgression. The 
observation and recognition of the early branches of the 
MCA could help a lot during this step and give to the surgeon 
an idea of the position of the M1 segment before seeing it 
[52, 81, 110].

Comprehensive knowledge of the lenticulostriate arteries 
anatomy is also crucial in vascular surgery if the surgeon 
needs to clip temporarily the M1 segment [10, 111]. It avoids 
closure or rupture of these important little arteries. The site 
of origin, side of origin, and course of these perforating 
arteries need to be known to limit complications of these 
procedures.

As we have seen before, perforating arteries of the MCA 
arise from the proximal part of the MCA but it is frequent to 
see some of these arteries arising near the bifurcation. This is 
very important to take in mind that these little arteries could 
be hidden by the aneurysmal sac especially if the aneurysm 
is oriented superiorly or posteriorly [66]. The surgeon needs 
to search these arteries on the posterior wall of the aneurysm 
before definitive clip placement and a 360-degree dissection 
of the aneurysm is always the best management to avoid 
such a complication.

With an increasing navigability of distal access catheter 
this last decade, thrombectomy transformed stroke manage-
ment allowing even more distal thrombus aspiration possi-
ble. These procedures ask to the physician a detailed 
knowledge of the distal MCA anatomy not only to diagnose 
distal thrombus of the MCA but also to perform micro- 
catheter navigation safer [112].
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Embryology and Anatomy 
of the Posterior Communicating Artery 
and Basilar Artery

Sara Bonasia and Thomas Robert

The basilar artery (BA) and the posterior communicating 
artery (PComA) represent the upper part of the posterior 
circle of Willis. Their embryological development is strictly 
linked and depends on two systems: the primitive carotid 
system through its caudal division, and the vertebro-basilar 
system which develops from the fusion of the longitudinal 
neural arteries (LNAs).

The first description of the circle of Willis is attributed to 
Thomas Willis in 1681, however our modern comprehension 
of this circle and its variant is mostly based on the embryo’s 
dissection of D. Padget in 1948 [1, 2]. The contribution of 
her embryo’s dissection permitted a most comprehensive 
interpretation of the future anatomical dissection studies and 
of the angiographic analysis of this circle [3–7].

In this chapter, we will describe the principal embryologi-
cal events that determine the development, as well as the 
possible adult variants related to these two arteries. Even if 
the posterior cerebral artery (PCA) and the superior cerebel-
lar artery (SCA) will be described in their respective chap-
ters, we will report some crucial information concerning 
these arteries according to their embryological affinity with 
the PComA and the BA.

 Embryology

The formation of the PComA and the BA is the result of the 
joining of two systems: the primitive carotid system (its cau-
dal division) and the vertebrobasilar system. Modifications 
that involve these two systems during the embryological life 

will determine the final configuration of the PComA, the P1 
segment, and the BA, and are represented in Table 1.

According to Lasjaunias et  al., the formation of the BA 
spreads in two directions: longitudinal and axial [7]. The lon-
gitudinal system corresponds to the midline fusion of the 
paired longitudinal neural arteries (LNAs) in stage II of Padget 
(embryo of 5–6 mm) and will determine the adult configura-
tion of the proximal BA; the axial system consists in the fusion 
of the caudal division of the ICA with the contralateral ICA 
and with the mid-basilar artery; it will determine the configu-
ration of the PComA, the P1 segment, the distal BA, and the 
SCA [2]. The “pivotal point” between these two systems is 
represented by the trigeminal artery (TA), which represents 
the most cranial segmental artery, as well as the point of transi-
tion between the cranial cerebral vasculature and the simpli-
fied caudal fusion system of the spinal cord.

In the following paragraphs, we will describe how the 
longitudinal and axial systems influence respectively the for-
mation of the caudal and cranial part of the BA as well as the 
PComA and the cerebellar arteries.

 The Caudal Division of the Internal Carotid 
Artery (Axial System)

In stage I of Padget (embryos of 4–5 mm), the two first aortic 
arches start their regression, while the third aortic arch and 
the dorsal aorta cranial to it give origin to the primitive inter-
nal carotid artery [2, 7, 8]. In the 4–5 mm embryos, the prim-
itive ICA bifurcation is visible with its two divisions: cranial 
and caudal that will become respectively in adult the anterior 
cerebral artery (ACA) and the posterior communicating 
artery (PComA).

The ICA, cranial to the posterior communicating artery 
origin, derivates from the anterior division of the ICA and 
not from the ICA itself. Consequently, the primitive ICA 
bifurcation is at the origin of the PComA and not at the ori-
gin of the middle cerebral artery (MCA). According to this 
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Table 1 Major embryological changes in the formation of the vertebro-basilar system

Stage Embryo size (mm) Major evolutions Graphic Illustration
I 4–5 –  Paired longitudinal neural arteries (LNAs) visible

–  Carotido-vertebral anastomoses visible: Trigeminal (TA), 
otic (OtA), hypoglossal (HypA), proatlantal (PA), and 
second cervical segmental artery (II CSA)

–  Primitive ICA bifurcation visible into caudal and cranial 
divisions (CaD, CrD)

–  PComA and BA not formed

II 5–6 –  Formation of the PComA
–  Regression of otic and hypoglossal arteries
–  Midline fusion of LNAs to form the basilar artery (BA)

III 7–12 –  Basilar artery (BA) completely formed
–  PComA completely formed
–  Origin from the distal PComA of a diencephalon- 

mesencephalic trunk (DiA-MesA). PChoA arising from 
the common trunk and anastomoses with the AChoA

–  Regression of trigeminal and proatlantal arteries
–  Formation of the vertebral artery VA by transverse 

anastomoses between the intersegmental arteries

IV 13–15 –  Development of a choroidal (CB) and telencephalic 
branch (TB) from the PChoA and the diencephalic artery 
(DiA)

–  Remodeling of the BA
–  Migration of OccA origin on the external carotid artery 

(ECA)
–  Persistence of the anastomoses between OccA and VA

V 16–18 –  The telencephalic branch of the PChoA forms the main 
PCA trunk

–  The choroidal branches of the PChoA and of the 
diencephalic artery form the PLChoA and PMChoA

–  Complete formation of the VA
–  Complete formation of the OccA (remnant of the 

proatlantal artery)
–  Complete formation of the ascending pharyngeal artery 

(APhA, remnant of the hypoglossal artery)
–  SCA, AICA, and PICA are visible
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theory proposed by Lasjaunias, the internal carotid artery 
can be embryologically divided into seven different seg-
ments, which are described in chapter “Embryologic 
Development of the Internal Carotid Artery” [9].

The segment of our interest for this chapter is the seventh 
one, which extends between the anastomotic point of the 
primitive ventral ophthalmic artery (PVOA) and the primi-
tive carotid bifurcation. In the adult, this segment corre-
sponds to the supraclinoid ICA from the origin of the 
ophthalmic artery (OA) to the origin of the PComA.

Even if this latter is the most accepted theory nowadays, 
Gailloud et  al. proposed a modified ICA division in eight 
segments instead of seven basing on a case of “segmental 
agenesis of the ICA distal to the PComA” [10]. According to 
this classification, the seventh and eighth segments are 
divided by PComA, in which the eighth segment terminates 
at the adult ICA bifurcation [10]. This makes the PComA to 
have a similar role to the embryonic carotid-vertebral anasto-
moses. However, different form of anomalies, such as the 
midbasilar agenesis, which are representative of the failure 
of the axial fusion system, demonstrate that the PComA has 
a completely different role into the supply of the BA, if com-
pared to a persistent TA.  Moreover, this theory cannot be 
accepted because it does not explain the co-existing abnor-
malities present in the ICA, PComA, P1, and distal BA.

During stage II of Padget (embryos of 5–6 mm), the cau-
dal division of the primitive internal carotid artery anastomo-
ses with the cranial part of the LNA at the level of the 
mesencephalon, and usually caudal to the origin of the SCA, 
forming thereby the PComA [2]. The timing and level of 
fusion between the two systems is principally influenced by 
the timing of regression of the TA, since it determines the 
site of flow reversal in the distal basilar artery system. The 
later the TA involves, the more caudal will be the fusion [7]. 
According to Lasjaunias et al., the fusion occurs in 88% of 
cases at the interpeduncular fossa, in 10% at the pons level, 
and in 2% at the level of mammillary body [7].

During stage III of Padget (embryos of 7–12  mm), the 
caudal division of the ICA gives off two large branches in 
front of the oculomotor nerve: a diencephalic and a mesence-
phalic branch [2]. From the common trunk of these branches, 
the posterior choroidal artery (PChoA) develops and reaches 
the atrium to anastomose with the anterior choroidal artery 
(AChoA) from the cranial division [7]. At this stage, the 
AChoA origins from the ICA cranial division, together with 
the ACA. The AChoA and the PChoA supply the choroidal 
plexus and anastomose to each other at the interventricular 
foramen, forming thereby the choroidal circle. They present, 
moreover, a telencephalic supply, like the olfactory cortex, 
which will be gradually annexed by the posterior cerebral 
artery (PCA). These changes will give some relief to the cra-
nial ICA division, facilitating the development of the middle 
cerebral artery (MCA).

The portion of the caudal segment of the ICA that remains 
unfused gives origin to the SCA. This artery will supply the 
region of the mesencephalon and of the trochlear nerve. The 
point of fusion of the caudal segment of the ICA determines 
if the SCA arises from the BA or from the first segment of 
the posterior cerebral artery (P1 segment).

During stage IV and V of Padget (embryos of 12–18 mm), 
the diencephalo-mesencephalic trunk from the caudal ICA 
division increases its development, by progressive annexa-
tion of some cortical territories of the ACA and AChoA. Both 
the PChoA and the diencephalic artery develop a choroidal 
and a telencephalic branch. The main trunk of the PChoA 
with its telencephalic branch will constitute the main poste-
rior cerebral artery stem (P2, P3, P4 segments) and will take 
in charge most of the cortical territories previously supplied 
by the cranial division. Its choroidal branch will become the 
posterior lateral choroidal artery (PLChoA). On the other 
side, the choroidal branch of the diencephalic artery will 
become the posterior medial choroidal artery (PMChoA) 
[7]. The mesencephalic artery corresponds to the tectal ter-
ritorial branch from the PCA [7]. In this stage the SCA is 
recognizable with its mesial division coursing caudal to the 
trochlear nerve and a lateral one extending over the cerebel-
lar lip.

 The Longitudinal Neural Arteries (Longitudinal 
System)

The development of the vertebro-basilar system starts dur-
ing stage I of Padget (embryos of 4–5 mm), with the appear-
ance of a paired vascular plexus in the ventral wall of the 
hindbrain called “longitudinal neural arteries” [2, 11]. At 
this stage, the vertebral arteries do not exist yet and the 
LNAs are supplied by different carotido-vertebral anasto-
moses. The main supply of the LNAs is provided cranially 
by the TA and caudally by the first primitive intersegmental 
cervical arteries including the proatlantal artery. This supply 
is reinforced by the otic artery at the level of the acoustic 
nerve, and by the hypoglossal artery in the region of the 
hypoglossal nerve [7, 12].

During stage II of Padget (embryos of 5–6 mm), the cau-
dal division of the primitive internal carotid artery anastomo-
ses with the cranial part of the LNA at the level of the 
mesencephalon, forming thereby the PComA [2].

This anastomosis determines crucial flow modifications 
in the LNAs that will lead to the progressive regression of the 
carotido-vertebral anastomoses. The first two arteries that 
regress are the otic and the hypoglossal arteries, followed by 
the trigeminal and hypoglossal arteries. At the same time, the 
two LNAs come closer to the midline to fuse together in a 
craniocaudal direction [2, 7, 12].

Embryology and Anatomy of the Posterior Communicating Artery and Basilar Artery
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At stage III of Padget (embryos of 7–12 mm), the basilar 
artery, as well as the posterior communicating artery, is 
 completely formed by fusion of the two LNAs. The forma-
tion of transverse anastomoses among the first six cervical 
intersegmental arteries, and the consequent obliteration of 
their aortic ends, determines the formation of the vertebral 
arteries (VA). The distal portion of the proatlantal interseg-
mental artery persists as the transverse suboccipital segment 
of the vertebral artery [11].

The caudal supply of the vertebral artery is now provided 
by the seventh segmental artery, that keeps its connection 
with the dorsal aorta and corresponds to the future subcla-
vian artery [2, 7, 8].

Stage IV of Padget (embryos of 12–14 mm) is character-
ized by the definitive remodeling of the vertebro-basilar sys-
tem in its definitive configuration [2]. This determines the 
definitive change from the exclusive carotid supply of all 
cerebral arteries to the vertebral predominance in the hind-
brain region [2].

At stage V of Padget (embryos of 16–18 mm), only the 
first segment (P1) of the posterior cerebral artery is devel-
oped [2]. The branches of the BA and VA start to be recog-
nizable at this stage. While the SCA belongs to the caudal 
ICA system, the AICA and PICA arise from the caudal 
BA. The primitive stem of the AICA arises at the level of the 
vestibulo-cochlear nerve and terminates into the choroidal 
plexus of the fourth ventricle. Caudal to this stem, among 
several branches of the VA that pass between the rootlets of 
the vagus and accessory nerves, one vertebral branch that 
courses cranially along the medulla, could be identified as 
the future posterior inferior cerebellar artery (PICA).

Stage VI of Padget (embryos of 20–24 mm) is character-
ized by the complete formation of the circle of Willis, which 
is completed after the development of the anterior communi-
cating artery, when the embryo is approximately 24 mm.

 Anatomy

The embryological events previously described determine 
the formation of cranial part of the so-called posterior circu-
lation, including the PComA, the P1 segment, the basilar 
artery, the PCA, and the SCA, including their branches.

In this chapter, we will describe the anatomical features of 
these arteries, except the PCA and the SCA, which will be 
described in detail in their respective chapter.

 Posterior Communicating Artery

 Possible Configurations
The PComA represents the adult connection between the 
internal carotid artery system and the vertebro-basilar sys-
tem and contributes to the formation of the circle of Willis.

Referring to the configuration of the PComA and the P1 
segment, the anatomical dissection studies described differ-
ent types of circle of Willis [3–5, 13]:

• An “adult” or “normal” configuration, in which the P1 
segment has a diameter larger than the PComA, that is not 
hypoplastic (diameter superior to 1 mm) [6, 14]. This con-
figuration reflects the major contribution of the vertebro- 
basilar system to the PCA flow, and its frequency has 
been reported to be between 16% and 76% [4–6].

• An “abnormal” configuration, reported with a frequency 
between 23% and 48%, that includes [4–6]:

• A “fetal” configuration, in which the P1 diameter is 
smaller than the PComA and the blood supply to the PCA 
is mainly provided by the ICA.  In this type, the PCA 
keeps its embryonic origin from the ICA. The prevalence 
of this type is described to be 22% by Seaki and Rhoton, 
with a unilateral involvement in 20% and bilateral in 2%; 
Alpers and Brassier described a slight lower prevalence of 
this variant as about 14% [4, 6, 15];

• A “hypoplastic” configuration of the PComA, if the ves-
sel has a diameter of 1 mm or lower [4, 6]. In this case, the 
diameter of the PComA is inferior to the P1 segment, like 
in the normal configuration, but the vessel is also hypo-
plastic (diameter < 1 mm). The presence of a hypoplastic 
PComA has been described with a frequency between 
22–40% of cases (32% of cases by Saeki and Rhoton 
et al., in 40% of cases by Brassier et al. and in 22% of 
cases by Alpers et al.); this variant was unilateral in 26% 
and bilateral in 6% of cases in the Saeki’s series [4, 6, 15]. 
This is the most common form of “abnormal” circle of 
Willis [3–5, 16].

• A “transitional” configuration, in which the PComA and 
the P1 segment have the same diameter and give an equal 
contribution to the PCA [2, 5, 13, 14, 17, 18]. This variant 
has been described in 7–20% of cases and some reports 
have suggested that its frequency is lower in older people 
as well as in older foeti [5, 14, 17, 18].

These configurations refer to a unilateral aspect, thus they 
can occur in combination with a different configuration on 
the contralateral side. Indeed, Seak and Rhoton described an 
incidence of 8% of cases with a hypoplastic PComA on one 
side and a fetal one on the other side [6]. On the other hand, 
the complete absence of a PComA has been described very 
rarely, more often unilaterally, with an incidence between 
0.6% and 3% [4, 6, 13, 15, 18–20]. The data identified by the 
different authors about the PComA variants are represented 
in Table 2.

 Course and Origin
The PComA has a constant origin from the posterior aspect 
of the supraclinoidal ICA and courses backward and slightly 
medially to join the P1 segment in the interpeduncular fossa 
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Table 2 Possible configuration of the PComA and the circle of Willis

Configuration Characteristic Illustration
Adult or normal P1 larger than PComA, that is not hypoplastic (diameter superior to 1 mm)

Fetal P1 smaller than PComA. Blood supply to PCA mainly provided by the ICA.
P1 hypoplastic or absent

Hypoplastic PComA smaller than P1, PComA is also hypoplastic (diameter < 1 mm)

Transitional PComA and the P1 segment with same diameter

[6]. The origin is usually located on the postero-medial 
aspect of the ICA and has been only rarely described on the 
postero-lateral surface of the ICA [6, 19].

Bisaria et al. also described an isolated case of PComA 
origin from the ophthalmic artery (OA), with the PComA 
coursing into the optic canal with a recurrent trajectory [19]. 
We analyzed the case in detail and identified some criticisms 

that do not permit us to consider it as a real OA origin of the 
PComA. The first one is that such an origin has been previ-
ously described only in association with ICA agenesis and 
interpreted as “ophthalmic artery origin from the PComA” 
[21–23]. The fact that in the cadaveric case reported by 
Bisaria et al., the left ICA is not shown, does not allow to 
exclude the associated presence of an ICA agenesis [19]. 
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Moreover, we are not able to find a clear embryological 
explication for an OA origin of the PComA, and the absence 
of other cases described suggests us that this case has been 
probably misinterpreted.

In its classic configuration, the PComA courses superi-
orly and medially to the oculomotor nerve. However, this 
relationship can change in case of fetal or tortuous configura-
tion of the PComA [24, 25].

Considering the high variability of PComA configuration, 
it is difficult to determine a length or precise diameter of this 
artery. The average length is 15 mm with a range between 7 
and 22  mm [16, 19, 20, 26, 27]. The major lengths are 
reported in case of fetal configuration [24]. Its average diam-
eter is described as 1.6  mm and is reported to be slightly 
larger at the ICA origin than at the P1 junction, even if this 
difference is rare great as 1 mm [6, 16, 19, 20]. This mild 
enlargement of the PComA at its origin on the ICA is known 
as “PComA infundibular dilatation,” and it is still the object 
of debate because of its predisposition to the formation of 
aneurysms.

 Duplicated/Fenestrated PComA
The duplication or fenestration of the PComA has been 
described in literature very rarely [4, 7, 20, 28]. In the litera-
ture, there are many definitions of these two entities. In this 
chapter, we consider as “fenestration” of an artery the pres-
ence of two different lumen of the same vessel (with the 
same embryological origin) and as “duplication” the pres-
ence of two vessels with different embryological origin [7]. 
In the case of the PComA, the incidence of its fenestration 
has been described in the literature as 0.58%, and of duplica-
tion as even rarer [19, 20]. Bisaria et al. also reported an iso-
lated case of PComA triplication [19]. The PComA 
fenestration and duplication can be explained by PComA-P1 
junctional variations that happen during the axial fusion pro-
cess [7]. However, a misunderstanding can happen in case of 
pseudo-duplication of the PComA. In these cases, a branch 
of the AChoA can keep a portion of its embryonic vascular 
territory, giving the appearance of a duplicated PComA and 
PCA with same origin from the ICA [7]. At the same time, it 
is also possible that the PComA and the AChoA share their 
origin from the ICA, giving the impression of a PComA 
duplication [29]. The case described by Bisaria can be inter-
preted in these terms [19].

 P1 Segment

Even if the anatomical details of the posterior cerebral artery 
will be presented in the dedicated chapter, some information 
concerning the P1 segment should be mentioned in this con-
test because of its embryological implication.

The P1 segment, also known as “pre-communicant,” “cir-
cular,” or “mesencephalic,” refers to the part of the PCA 
between the BA bifurcation and the PComA.

The length of this segment is longer in case of fetal pat-
tern of the PComA, as well as in case of PComA hypoplasia 
[6, 15, 24]. The average P1 length has been described as 
9 mm in case of fetal configuration of the PComA, and as 
7 mm in case of adult configuration (range of 3–14 mm) [17, 
24]. The average P1 diameter is 2.5  mm with a range of 
1–4 mm and is usually constant throughout its length [6, 17].

Even if the hypoplastic configuration of the P1 segment is 
relatively frequent in association with a fetal PComA con-
figuration, its complete absence has been described rarely 
and its incidence is estimated to be 1% unilaterally and 0.5% 
bilaterally [17, 18].

Other forms of anomalies related to the P1 segment are 
duplications or fenestrations. In case of fenestration, there is 
a duplicated origin of the P1 segment, but the two lumina 
fuse together at the connection with the PComA. The inci-
dence of these variants has been described as 0.25% by 
Krayenbühl and Yasargil (1957), and similar cases were also 
previously described by Gordon-Shaw in 1910 [30, 31].

A real duplication of the P1 segment, with consequent 
duplication of the PCA, is considered even rarer and was 
firstly described by Windle in 1888, even if this case was 
later interpreted as an early bifurcation of the artery [32]. 
Another case was later reported by Bisaria in 1984, who 
reported a true bifurcation with an aneurysm located at the 
origin of the larger trunk [19].

 Basilar Artery

 Origin, Course, and Possible Configurations
The basilar artery represents the major vascular trunk of the 
posterior circulation and is formed in the adult by fusion of 
the two vertebral arteries at the ponto-medullary junction. 
The average length of the artery is 32 mm, with a range of 
15–40 mm [6]. Its diameter, that is usually wider at its cra-
nial bifurcation, is described as 4.1 mm below the SCA and 
as 4.5 mm above the SCA [6].

It courses along the ventral surface of the pons to bifur-
cate near the ponto-mesencephalic junction. Its bifurcation 
can be found caudally 1.3 mm below the ponto- mesencephalic 
junction and rostrally at the mammillary bodies. In fact, 
although fusion occurs in 72–88% in the interpeduncular 
fossa, it can be at the upper pons in 4–10% of cases or at the 
mammillary bodies level in 2–4% [6, 7, 33].

The different changes that happen during the embryologi-
cal life will influence the point of fusion and the configura-
tion of the BA tip and bifurcation. Usually, the point of 
fusion between the BA and the caudal division of the ICA is 
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distal to the embryonic SCA origin, at the ponto- 
mesencephalic sulcus. Thus, the portion of the caudal ICA 
between the PCA origin and the SCA will form the P1 seg-
ment. This location is however related to the timing of 
regression of the TAs.

As mentioned in the preceding paragraph about embryol-
ogy, a mesencephalic artery with a predominant tectal sup-
ply arising from the embryonic P1 segment (from the caudal 
segment of the ICA) will acquire the distal cortical supply 
of the AChoA becoming the posterior cerebral artery. At the 
same time, the BA will be formed after the fusion of the 
LNAs. The fusion between the caudal ICA and the BA will 
determine the regression of the trigeminal arteries and the 
consequent flow reversion into the BA with the acquisition 
of the posterior cerebral vascularization by the VA. Indeed, 
the later the TAs involute, the lower will be the role of the 
vertebral flow in the supply of the mesencephalic region, 
and the longer the mesencephalic supply will be granted by 
the ICA [7, 34]. The angiographical landmark that allows to 
distinguish the different form of fusion is the site of origin 
of the SCA.

Lasjaunias et al. described three possible configurations 
of the basilar tip, which are represented in Fig. 1 [7]:

 1. Symmetrical cranial: The SCA origins from the BA bilat-
erally and the main supply of mesencephalon comes from 
the vertebro-basilar system. Campos et al. found an inci-
dence of this variant of 30.4% [34];

 2. Symmetrical caudal: The SCA origins from the P1 seg-
ment bilaterally. In such a situation, the carotid contribu-
tion to the mesencephalic supply remains dominant. The 
incidence is estimated to be 26.1% [34];

 3. Asymmetrical: The SCA origins on one side from the P1 
segment and on the other side from the BA (this can 
happen also in case of P1 absence). This configuration is 
the most common and its incidence is estimated to be 
43.5% [34].

The angiographic analysis of Campos et  al. identified 
however a higher incidence of caudal and asymmetrical 
fusion among patients with basilar tip aneurysms in com-
parison to patients without basilar tip aneurysms, suggesting 
that these two configurations are triggers for aneurysmal for-
mation [34]. Moreover, the disposition of the basilar tip has 
an influence on the disposition of the P1 and BA perforators, 
which will be explained in detail in the dedicated chapter.

 Fenestration/Duplication of the Basilar Artery
Fenestration of a cerebral artery refers to a division of the 
lumen of an artery, resulting in two distinct endothelium- 
lined channels, which may or may not share their adventitial 
layer [35]. This variant, in the case of the BA, is considered 
to be the expression of the failure of the longitudinal system 
fusion, since it derives from the LNAs fusion failure.

On the contrary, the presence of a fenestration at the ver-
tebrobasilar junction or of the vertebral artery is considered 
to be the result of a vascular flow modification between two 
segmental arteries and the longitudinal anastomoses among 
them [7]. For this reason, the origin of these two entities will 
be considered separately and in this chapter, we will treat 
only the anomalies related to the BA.

Basilar artery fenestration represents the second most 
common site of fenestration, after the anterior communicat-
ing artery [36–38]. Its frequency is 1–5.26% in post-mortem 

a b c

Fig. 1 Basilar tip configuration. Figures (a, b, and c) show respectively 
cases of symmetrical cranial, symmetrical caudal and asymmetrical 
configuration of the basilar tip. In figure a, the superior cerebellar artery 
(SCA, red arrows) originates on both sides from the basilar artery (BA). 
On the right side, it appears doubled. In figure (b), the SCA (blue 

arrows) arises on both sides from the P1 segment of the posterior cere-
bral artery. In figure (c), the SCA (green arrows) arises on the right side 
from the P1 segment and on the left side from the BA. There is a con-
comitant absence of the P1 segment on the left side
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studies, 0.3–0.6% in conventional angiography, and 1–2.07% 
in magnetic resonance angiography series [35, 39–46]. The 
incidence of BA fenestration has been found as slightly 
higher (9%) in patient series with subarachnoid hemorrhage 
(SAH), even if the origin of the hemorrhage was not clearly 
associated with the aneurysm on the fenestration [40].

The average length of a BA fenestration is variable 
(between 2 and 15  mm) and few authors also described a 
fenestration of the entire BA, with a frequency of 0.3% [39, 
43, 46–50]. One of these cases, described by Uchino et al., 
was an incidental finding during MRI investigation of median 
cleft face syndrome with nasopharyngeal teratoma [49]. This 
case can be considered as an extreme fenestration of the BA, 
since a prominent connection in the distal and proximal ends 
of the BA persists. On the other side, in the case described by 
Goldstein et al., the two unfused BA course distant to each 
other and are connected only through small superior and 
inferior arteries, suggesting a real duplication of the BA [48]. 
A similar case was also described by Hoh et al., even if the 
absence of angiographic images does not allow to establish 
the presence of anastomoses between the two arteries [50].

Sogawa et al. also described three cases of double fenes-
tration, with two cases of adjacent fenestrations and one case 
with separate fenestrations in the distal and proximal BA 
segments [46].

The BA fenestration has been classified in literature 
according to different criteria:

• Location: the BA can be classified as proximal (lower 
third), mid, or distal according to the BA segment in 
which it occurs. The most common site of occurrence of 
this variant is its proximal part, near the vertebrobasilar 
junction, reflecting the craniocaudal direction of LNAs 
fusion [38, 45, 46, 51]. A middle and distal fenestration 
was rarely described [36, 38, 44, 46, 51].

• Morphology: Uchino et al. described two principal con-
figurations of the fenestration and named it slit-like and 
convex-lent [44]. The vascular appearance of the slit-like 
shape is short, and its opening is minimal. On the other 
side, the convex-lent shape is long, and its opening is 
wide.

• Origin of the AICA: The relationship between the BA fen-
estration and the origin of the AICA was studied by Gao 
et al., after the observation of Uchino et al. that the AICA 
frequently arises from the fenestration [38, 45]. Gao et al. 
described a four-type classification:
 – In type I, the fenestration is proximal to the AICA 

origin.
 – In type II, the AICA origins bilaterally from the fenes-

trated segment.
 – In type III, the AICA origins only unilaterally from the 

fenestrated segment.

 – In type IV, the fenestration is distal to the AICA 
origin.

The result of its analysis showed that the AICA is inclined to 
originate from the BA fenestration, especially in the case 
of convex-lens configuration [38].

 Basilar Artery Segmental Agenesis
Agenesis of the BA could be defined as the absence or regres-
sion of a portion of the BA. The absence of a segment of this 
artery can determine the interruption of the link between the 
BA trunk, the ICA, and the vertebral arteries. The interrup-
tion of the continuity between these systems creates the need 
for flow compensation into the different BA segments. This 
compensation can be provided by the carotid system through 
the PComA, by a persistent carotido-vertebral anastomosis, 
or by a rete mirabile.

Only few cases of BA agenesis are described in the litera-
ture, and most of the cases of rete compensation were 
described in association with a carotid rete mirabile [10, 50, 
52–58]. A clinical case of BA agenesis is also reported in 
Fig. 2. Because of the limited number of cases described, is 
it difficult to classify the different forms of BA agenesis, 
however we identified three forms of compensation in the 
cases described in the literature:

 1. ICA compensation through the circle of Willis (PComA): 
the first case with this type of compensation was 
described by Lasjaunias et al. in 1979; in this case, the 
two vertebral arteries gave origin to the two PICAs and 
terminated in a fine network of vessels [53]. The distal 
basilar artery received a flow compensation through a 
fetal left PComA, which also gave origin to both the 
PCAs. The upper BA also gave origin to the SCAs and 
the AICAs. Other two cases were described by Burger 
et al. in 2004 [59]. In their first case, the DSA showed 
that VAs continued both sides as PICAs, without any 
connection with the BA. The right PComA supplied the 
BA with a retrograde opacification of the trunk until to 
the AICAs origin. The parenchymal territory of the right 
PCA was however supplied by an enlarged AChoA, 
without any connection with the PComA and the BA. On 
the left side, the PCA territory was supplied by a fetal 
PComA. In the second case, the PCA territory was sup-
plied bilaterally by a fetal PComA. In these two cases, no 
persistent carotido- vertebral anastomosis was observed.

 2. ICA compensation through persistent carotido-vertebral 
anastomosis: Two cases of BA agenesis associated with a 
persistent TA have been reported [50, 59]. In both cases, 
the PCA territory is filled by a fetal PComA, without any 
connection with the BA. At the same time, the VAs termi-
nates bilaterally as PICAs. The BA appears as an isolated 
trunk and is vascularized only by a persistent TA.  The 
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Fig. 2 Case of BA agenesis. The figure shows a 6-projection DSA of a 
case of basilar artery (BA) agenesis. In the right and left injection of the 
vertebral artery (VA), both the arteries give origin to the postero- inferior 
cerebellar arteries (PICAs), which supplies with arterio-arterial anasto-
moses the vascular territory of the antero-inferior cerebellar arteries 

(AICAs). The VAs join at the midline to form the proximal part of the 
BA (red circle). The internal carotid artery (ICA) injections on both 
sides show that the ICA supplies the proximal part of the BA trunk (blue 
circle) through the posterior communicating artery (PComA). The supe-
rior cerebellar artery (SCA) arises from the proximal trunk of the BA

Table 3 Classification of the BA agenesis

Type of compensation Description
ICA compensation through the 
circle of Willis (PComA)

•  VA terminates as PICA
•  PComA supplies the distal BA, 

the AICA, and the SCA
ICA compensation through 
persistent carotido-vertebral 
anastomosis

•  VA terminates as PICA
•  PComA supplies PCA
•  BA as isolated trunk supplied 

by persistent TA
Compensation through a rete 
mirabile

BA absence and vascular 
compensation by ECA, VA, and 
spinal branches

AICA arose in one case from the isolated BA trunk and in 
the other one from a common trunk with the PICA (from 
VA). The SCA origin was identified in both cases on the 
isolated BA trunk.

 3. Compensation through a rete mirabile: The vertebral 
rete mirabile is a very rare anatomical variant and it has 
been always described in association with a carotid rete 
mirabile [52, 54–58]. It mostly consists in a vertebral 
artery segmental agenesis, in which the flow compensa-
tion of the vertebro-basilar territory is provided by 
branches coming from the spinal arteries, dural arteries, 
and external carotid artery branches. Among all cases 
described, only two cases can be really referred to a BA 
agenesis with a rete compensation [52, 56]. The first case 
was described by Kim et al. and presents a bilateral ICA 
agenesis with rete compensation, associated with BA 
absence and flow compensation through VA muscular 
and meningeal branches [52]. In the second case, the BA 
is incomplete with only a segmental agenesis of its prox-
imal part, associated with a flow compensation through 
VA branches [56].

A summary of these types of BA agenesis is presented in 
Table 3.

 Superior Cerebellar Artery

The SCA will be described in detail in its dedicated chapter. 
However, because of its embryological affinity with the pos-
terior part of the circle of Willis, we will cite some pertinent 
peculiarities of this artery.

The SCA is considered as the most constant cerebellar 
artery, and no case of its absence has been reported [6, 7, 18, 
33]. The artery origin in 78–98% of cases from the BA, but 
in 2–22% of cases it can arise from the P1 segment [7, 18, 
33]. The caudal fusion of the basilar tip determines a greater 
possibility of a P1 origin of the SCA [7].
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The artery usually origins as a single trunk, in 70–95% of 
cases, even if its duplicated origin is not infrequent and has 
been described in 5–28% of cases [6, 7, 18, 33, 60]. Since the 
SCA usually divides into a lateral and a medial branch, its 
duplicated origin can correspond to the different origin of the 
two branches from the P1 segment or the BA.

Only rarely, an ICA origin of a cerebellar artery has been 
described in the literature [7, 61–63]. Even rarer, this anoma-
lous origin has been attributed to the SCA. In these cases, it 
is observed an anastomosis between the cavernous segment 
of the ICA and the SCA, with or without an anastomosis 
with the BA. The embryological explication of these cases 
consists in a partial persistence of the trigeminal artery, 
which takes in charge the vascular territory of the SCA, com-
bined with the incomplete fusion of the longitudinal neural 
arteries. The grade of fusion of the LNAs and formation of 
the BA will influence the presence of an interposing BA in 
the ICA-SCA anastomosis [61]. Details of this anatomical 
variation will be described in the dedicated chapter.

 Clinical Implications

The anatomical variant of the posterior part of the circle of 
Willis should be known by neurosurgeons, neurologists, and 
neuroradiologists, for their implications in the development 
of aneurysms and stroke.

 Association between Circle of Willis Variants 
and Stroke

The presence of a collateral circulation in the brain is impor-
tant for maintaining a sufficient level of cerebral blood flow 
in case of obstructive disease. The circle of Willis has a 
major role in redistributing the blood in case of diminished 

supply through the ICA and the BA. Radiological, clinical, 
and anatomical observations have suggested a relationship 
between the different possible configuration of the circle of 
Willis, and the development of cerebrovascular disease.

In case of arterial obstruction, the most rapidly recruited 
collaterals are the communicating arteries of the circle of 
Willis. In presence of a fetal PCA, the ICA can supply the 
PCA territory in case of occlusion in the vertebro-basilar sys-
tem. On the other side, an hypoplastic PComA cannot provide 
this flow compensation [64]. The number of collaterals in the 
circle of Willis has been associated with lower stroke inci-
dence in 2-year follow-up studies in patients with stroke [65].

This correlation has been reinforced observing that the 
prevalence of vascular variants in the circle of Willis is 
higher in brains with vascular insults, if compared with nor-
mal brains [3, 4].

 Associations of Basilar Artery Fenestration 
with Aneurysm

The association of basilar fenestration with aneurysms is 
described in the literature [46, 47, 66–68]. The changes 
related to the high-speed turbulences and wall stress at the 
fenestration fork are responsible for aneurysm growth. 
Indeed, the defect of the media of the proximal and distal 
ends of the fenestrated segment can facilitate the aneurysm 
formation [35].

The overall incidence of aneurysm associated with basilar 
fenestration has been described as very variable, between 7% 
and 66% [35, 69]. However, results suggest that the preva-
lence of aneurysms at the BA fenestration is higher in symp-
tomatic patients (SAH) than in the case of incidental BA 
fenestration [46]. This lower prevalence seems to be more 
similar to that of the general population. A clinical case of 
BA fenestration associated with aneurysm is shown in Fig. 3.

Fig. 3 Clinical case of BA fenestration with aneuryms. The figure 
shows the antero-posterior, lateral, and 3D reconstruction DSA after 
injection of the right vertebral artery. The vertebral arteries (Vas) join 

on the midline to form the basilar artery (BA). In its proximal segment 
the BA is fenestrated, and a saccular aneurysm arises from the fenes-
trated segment (red circle)
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 Association of Basilar Artery Fenestration 
with Stroke

The high prevalence of AICA arising from the fenestrated 
segment of the BA has been related to the occurrence of 
pontine infarction [45]. Since fenestrated segments are usu-
ally smaller in caliber than those of normal BA, they are 
more exposed to thrombosis. This event may cause the con-
sequent occlusion of an AICA determining a pontine infarc-
tion [70, 71].
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As stated by Arnold A. Zeal and Albert L. Rhoton in a public 
conference “the posterior cerebral artery is one of the most 
hazardous arteries to approach surgically because of its 
deep location, its frequent origin in the midline, the complex 
series of perforating vessels surrounding and arising from it, 
and its intimate relationship to the extraocular nerves and 
upper brainstem” [1]. Therefore, in the present era of micro-
scopic and neuroendoscopic procedures, the surgical anat-
omy of the posterior skull base vessels and the need for a 
better understanding of the microanatomy of the posterior 
cerebral artery (PCA) have gained increased significance 
[1–4]. Moreover, given the remarkable anatomic complexity 
of the PCA, it is crucial to have a detailed knowledge of its 
distribution [5]. Since the illustration of Thomas Willis in 
1664, many anatomical variations have been described about 
the configuration of the posterior part of the “circulus arteri-
osus cerebri” and several different classifications of the seg-
ments of the PCA have been proposed during the last 
150 years [2]. In Mammalia, the posterior cerebral artery is 
said to arise from the basilar artery and its main trunk not 
only supplies the posterior part of the cerebral hemispheres, 
as its name implies, but also sends critical branches to the 
thalamus, midbrain, and other deep structures including the 
choroid plexus and walls of the lateral and third ventricles [2, 
6]. One of the peculiar features of the PCA is growing so far 
away from its primitive parent, the internal carotid artery, 
that even the caudal division will not suffice for its 
requirements.

The purpose of this chapter is to describe the embryology 
of the PCA, its branches and anatomical variations, the spa-
tial distribution, and, finally, the pathological clinical syn-
dromes related with this artery.

 History

The idea of the rete mirabilis of Herophilus (335–280 BC) 
and Claudius Galenus (129–201 CE) described in “De usu 
partium” presented the evident limitations of studies based 
on animal dissection. The illustration of brain vessels by 
Andreas Vesalius (1514–1564) in the “Liber Septimus of the 
De humani corporis fabrica,” even if revolutionary, had the 
insurmountable errors in the distribution of the arteries due 
to the practice of freeing the vessel from the specimen for the 
drawing [7–10]. Thomas Willis (1621–1675), however, was 
not the first who described the “circulus arteriosus cerebri” 
and the posterior cerebral circulation anatomy; Gabriel 
Fallopius (1523–1563), in fact, one century earlier, in his 
“Observationes Anatomicae” (1561), recognized the ramifi-
cations of the basilar artery and the posterior communicating 
artery. Moreover, it seems that Johann Jakob Wepfer von 
Schaffhausen (1620–1695), from Switzerland, was the real 
discoverer of the “arterial circle” and in fact, 6 years before 
Thomas Willis, in his work “Observationes anatomicae ex 
cadaveribus eorum quos sustulit apoplexia” (1658), he 
stated that “the posterior branch of the carotid artery travels 
a little on its tract and then joins the vertebral artery that has 
divided again into two” [11, 12].

Willis, however, in the “De Cerebri Anatome” in 1664 
was the first who described and illustrated the posterior cere-
bral arteries and their connections. He stated that: “the 
Carotid Arteries of one side, in many, are united with the 
Carotids of the other side; besides the Vertebrals of either 
side among themselves, and are also inoculated into the pos-
terior branches of the Carotids before united” [11–13].
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For the following two centuries, no particular contribu-
tions have been given to the study of the posterior cerebral 
artery anatomy. At the beginning of the twentieth century, 
new interest has raised regarding the variability of the major 
vessels (Bevor in 1909 [14], Shellshear in 1927 [15] and 
Foix 1925 [16]) and the PCA in particular (Williams in 1936 
[17]). In the fifties, Alpers et al. (1959) [18] studied the inci-
dence of the fetal-type in a series of 837 brains [13] while 
Padget (1947) [19, 20] and Seydel (1964) [21] distinguished 
the differences between adult and fetal configurations of the 
posterior communicating artery in relation with the precom-
municating and postcommunicating parts of the 
PCA. Certainly, a contribution to a better understanding of 
the embryology of the vessels, after Padget, has been given 
by Moffat in the sixties [22, 23]. In the second half of the 
twentieth century, several classifications have been proposed 
for the different parts of the artery, by Ecker and 
Riemenschneider (1955) [24, 25], Krayenbuhl and Yasargil 
(1968) [26], or Margolis (1971) [27]. The latter, for example, 
renamed the segments in relation with the structures and the 
cisterns involved in the course of the artery identifying the 
peduncular, ambient, and quadrigeminal parts of the PCA 
[27]. Further description and illustrated classifications are 
encountered in the last thirties of the century thanks to the 
widespread of the imaging and the new atlas (Salamon in 
1971 [28] and Waddington in 1974 [29]). Lasjaunias can be 
considered the first who correlated the knowledge obtained 
from the cadaveric dissection with the more and more pre-
cise diagnostic tools such as the angiographic studies; thus, 
his work is definitely considered one of the most important 
of the modern era [30].

Nowadays, doubtless, the major contribution in the 
description and comprehension of the microneurosurgery of 
the PCA belongs to the “Rhoton’ legacy.” Since 1977, Saeki 
N and Zeal A. have accompanied Rhoton in the definition of 
the microsurgical anatomy of the upper basilar artery and the 
posterior circle of Willis [1, 2, 31]. Their work represents the 
most complete and precise contribution for better under-
standing the anatomy of the PCA and its branches.

 Embryological Development

Few studies before the comprehensive research conducted 
by Padget in 1948 have dealt with the development of the 
PCA. The most likely reason for this, it seems to be the fact 
that the development of this artery occurs at a relatively late 
stage, moment in which the serial sections of a too large 
fetus cannot be feasible [22, 23].

Even if the 22 sectioned embryos from Padget represent 
the most comprehensive series for the description and illus-
tration of the PCA development during the embryology, it is 
important to mention the studies on rats performed in the 
early twentieth century by Greene and those by Moffat in 

1962 [22, 32]. In his series, Moffat compared his 196 
injected rat embryos plus 5 human specimens with the series 
of Hoffmann (1900), Abbie (1934) [6], Greene (1935) [32], 
and Padget herself (1948 and 1956) [20, 22]. Both Hoffmann 
and Abbie have pointed out the caudal displacement of the 
origin of the posterior cerebral artery in response to the 
backward growth of the telencephalon. Moffat confirmed 
this argument and identified the origin of the PCA from a 
part of the posterior communicating artery (PComA), the 
common stem of origin of the posterior choroidal, dience-
phalic, and mesencephalic arteries plus a new vessel which 
develops in the plexus on the medial wall of the telence-
phalic vesicle [6, 22].

According with Padget, Lazorthes, and Lasjaunias, the 
PCA is, from the embryological point of view, a diencephalon- 
mesencephalic vessel: at Padget stage 3 the diencephalic 
artery and the mesencephalic artery emerge from the caudal 
end of the PComA.  From the common trunk of these 
branches, the posterior choroidal artery (PChoA) develops 
and reaches the atrium to anastomose with the anterior cho-
roidal artery (AChoA). This anastomosis forms the choroidal 
circle with a choroidal supply and a telencephalic branch. 
This latter is gradually annexed by the PChoA [19, 20, 30, 
33, 34].

However, it is at the Padget stage IV and in particular at 
Padget stage V (Carnegie Stage 19), when the embryo has 
the crown-rump (CR) length of 16/18  mm, that the PCA 
starts to develop and to become recognizable. At these stages, 
in fact, the main trunk of the PChoA with its telencephalic 
branch starts forming the main posterior cerebral artery stem 
(P2, P3, P4 segments), supplying most of the cortical territo-
ries previously supplied by the cranial division. The choroi-
dal branch, instead, will become the posterior lateral 
choroidal artery (PLChoA) while the choroidal branch of the 
diencephalic artery will become the posterior medial choroi-
dal artery (PMChoA) [19, 20, 30, 34].

At Padget stage VII, thanks to the enlargement of the PCA 
which gathers the telencephalic supply also annexing the tel-
encephalic branch of the diencephalic trunk, and thanks to 
the definitive position of the PComA, the circle of Willis is 
closed and recognizable [19, 20, 34–37]. Moreover, already 
from stage VI, since the dorsal branches of the mesence-
phalic arteries have extended across the expanded cerebral 
hemisphere, this new mesencephalic-PCA territory is sup-
plied progressively more by the vertebrobasilar system [30, 
34, 37].

During the remaining fetal period, the PCA enlarges fur-
ther, and the other smaller arteries become PCA branches, as 
we can see in the adult configuration [19, 20, 33–35]. The 
adult configuration, however, in which the P1 segment has a 
larger diameter than the PComA, is not the only variant the 
circle can present as regard the relationship between these 
two vessels [2, 13, 19, 30, 31, 38–41]. Apart from the normal 
adult configuration, a transitional and a fetal or embryonic 
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configuration are described, and they are determined during 
this stage of the fetal development. The transitional configu-
ration is noted when the PComA and P1 have the same diam-
eter while, in the fetal or embryonic one, the P1 is smaller 
than the PComA and the ICAs are the main blood suppliers 

to the occipital lobes [13, 39]. These different configurations 
are described in detail in the following paragraph regarding 
the variants in number and origin of the artery. The main 
embryological steps in the formation of the PCA are sum-
marized and illustrated in Table 1.

Table 1 Major embryological changes in the formation of the vertebro-basilar system

Stage Embryo size (mm) Major evolutions Graphic illustration
I 4–5 –  Paired longitudinal neural arteries (LNAs) visible

–  Carotid-vertebral anastomoses visible: Trigeminal (TA), otic (OtA), 
hypoglossal (HypA), proatlantal (PA), and second cervical segmental 
artery (II CSA)

–  Primitive ICA bifurcation visible into caudal and cranial divisions 
(CaD, CrD)

–  PComA and BA not formed

II 5–6 –  Formation of the PComA
–  Regression of otic and hypoglossal arteries
–  Midline fusion of LNAs to form the basilar artery (BA)

III 7–12 –  Basilar artery (BA) completely formed
–  PComA completely formed
–  Origin from the distal PComA of a diencephalon- mesencephalic trunk 

(DiA-MesA). PChoA arising from the common trunk and anastomoses 
with the AChoA

–  Regression of trigeminal and proatlantal arteries
–  Formation of the vertebral artery VA by transverse anastomoses 

between the intersegmental arteries

IV 13–15 –  Development of a choroidal (CB) and telencephalic branch (TB) from 
the PChoA and the diencephalic artery (DiA)

–  Remodeling of the BA
–  Migration of OccA origin on the external carotid artery (ECA)
–  Persistence of the anastomoses between OccA and VA

(continued)
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Table 1 (continued)

Stage Embryo size (mm) Major evolutions Graphic illustration
V 16–18 –  The telencephalic branch of the PChoA forms the main PCA trunk

–  The choroidal branches of the PChoA and of the diencephalic artery 
form the PLChoA and PMChoA

–  Complete formation of the VA
–  Complete formation of the OccA (remnant of the proatlantal artery)
–  Complete formation of the ascending pharyngeal artery (APhA, 

remnant of the hypoglossal artery)
–  SCA, AICA, and PICA are visible

 Number and Origin of the Artery

Very few reports have been published in terms of variability 
of the anatomy of the PCA in comparison to the anterior and 
middle cerebral arteries. Nevertheless, among the main ves-
sels, the PCA seems to be the most variable [37, 42]. As 
stated by Zeal and Rhoton, “embryologically, the PCA arises 
as a branch of the internal carotid artery, but by birth its most 
frequent origin is from the basilar artery” [2]. Consequently, 
the so-called “classic pattern” identifies the origin of the 
PCA from the basilar artery, while the “embryonic pattern” 
is described when the PCA originates from the carotid artery. 
Not uncommonly, it may originate differently on each side 
[37]. Fisher et  al. described in their study that in 71% of 
cases, the PCA arises from the terminal basilary artery bilat-
erally, from the internal carotid artery (ICA) unilaterally in 
22% of cases and bilaterally in 7% [43]. Therefore, the basi-
lar artery bifurcation can be considered the origin of the 
PCA.  In the series from Rhoton et  al., the origin resulted 
located between 1.3  mm below the pontomesencephalic 
junction and the mammillary body at the region of the adja-
cent floor of the third ventricle [2, 4]. The diameter of the 
PCA, measured just after the division of the basilar artery, is 
very variable and ranged from 2 to 4 mm, being most often 
3.4 mm [44, 45]. Some studies have identified a difference in 
the average diameter of the vessel between the two sides, 
being from 2.1 to 2.7 mm on the right and between 1 and 
2.5  mm on the left [46]. Regarding the variability on the 
length, the PCA can range between 6.8 and 7.5 mm accord-
ing with the different series [38, 46]. Few studies report on 
the anomalies of PCA, described principally as duplication, 
triplication, fetal-type, and fenestration. As concerns the 
duplication, this variant can occur in a range between 0.2% 
and 2.3% [42, 47]. In case of duplication, the additional 
branch originates most commonly from P1. However, dupli-
cated vessels arising from PcomA or P2 segment have been 
also described. When the additional branch arises from the 
P2 segment, this can present similar to early branching of the 

PCA [42, 47]. In the balance of territory distribution of per-
fusion, in case of duplicate PCAs, the anterior choroidal 
artery supplies the inferior temporal cortex and the PCA sup-
plies the medial temporo-occipital cortex [37]. Few studies 
have reported cases of triplication of the PCA, being even 
extremely rarer. Kapoor et al. [48] in 2008 observed the trip-
lication in eight cases (0.8%); in the series the branches were 
noticed to origin from P1 and supply the temporal and occip-
ital lobes [42]. More common is certainly the variant of the 
fetal-type configuration of P1. This variation is described in 
literature with percentages between 10% and 40%, depend-
ing on the series [47, 49]. As presented in the discussion 
about the embryology, this configuration is caused by the 
uncomplete development of the PCA starting at Padget stage 
V. As a result, the P1 segment is hypoplastic or absent. The 
variant is named “fetal” according to the persistence of the 
early fetal configuration of the PCA in which it originates 
from the internal carotid artery instead of the vertebrobasilar 
system [39]. The fetal-type configuration is characterized by 
a larger size of the PComA compared with the ipsilateral pre-
communicating segment (P1) [50]. As for clinical interest, 
the fetal variant seems to be associated with larger neck 
aneurysms arising from this vessel [50, 51].

Another unusual anomaly of the PCA is the fenestration. 
According to Lasjaunias, this is defined as a rare congenital 
abnormality with a common vessel origin after which the 
artery subsequently splits into two channels that rejoin dis-
tally [30]. This configuration can be referred also as a partial 
or incomplete duplication [30, 42, 52–54]. Cooke et al., in 
2014, in their cohort of 10,927 patients, observed the pres-
ence of the fenestration in the 1.5% of cases (167 cases), 
while Milisavljevic et al. (1988) reported a percentage of the 
1.4% (1 case in 70 patients) [42, 55, 56]. As for the other 
anomalies, the fenestration usually involves the P1 segment. 
Nevertheless, different authors also observed fenestration in 
the P2 segment or the distal segments of the PCA, although 
these variants are considered extremely rare [36, 42, 47, 
55–58].
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 Course of the Artery

Many classifications of the segments of the PCA have been 
published in the literature but the most common and cur-
rently adopted is the one proposed by Rhoton et al. [2, 4]. 
They divided PCA into four segments, from P1 to P4 [2, 5, 
16, 26–29, 31, 49].

After being originated at the level of the region between 
the pontomesencephalic junction and the mammillary body, 
at the lateral margin of the interpeduncular cistern, before 
entering the crural cistern, the PCA is joined by the posterior 
communicating artery. Then, the artery passes through the 
ambient cistern before terminating in the quadrigeminal cis-
tern for its terminal distribution [2, 4]. The segments and the 
course of the PCA are illustrated in Fig. 1 and summarized in 
Table 2.

• The P1 segment is also called precommunicating. Several 
other names have been proposed for this tract such as 
“proximal peduncular,” “mesencephalic,” “circular,” or 
“pars basilaris” [26, 31]. It starts at the basilar artery 
bifurcation and ends at the anastomosis of the PCA with 
the posterior communicating artery. Normally, P1 seg-
ment is larger than the PComA with the differences 

between the adult, transitional, and fetal configurations as 
previously described [2, 4, 31]. Regarding the length, 
instead, if a fetal pattern is present, the P1 segment is usu-
ally longer than the normal one reaching 9 mm compared 
to the average of 7 mm of the normal configuration (aver-
age 3–14 mm) [2, 4].

• The P2 segment (or perimesencephalic or postcommuni-
cating) starts at the anastomosis of the PComA with the 
PCA and ends at the posterior edge of the lateral surface 
of the midbrain [4, 5]. Because of its topography and ana-
tomic relationship, the P2 is considered a complex seg-
ment to be approached surgically [5]. It is divided into 
two parts: anterior and posterior. The anterior part, called 
P2A segment or “crural” or “peduncular” segment, begins 
at the anastomosis with the PComA and ends at the most 
lateral aspect of the cerebral peduncle, in the crural cis-
tern. Approximately, the P2A segment has an average 
length of 23.6 mm and a diameter of 1.7 mm. The course 
of the P2A is defined medially by the cerebral peduncle, 
laterally by the uncus and superiorly by the optic tract and 
the basal vein. The posterior part, instead, called P2P seg-
ment or “ambient” or “lateral mesencephalic,” begins at 
the junction between the crural and the ambient cisterns, 
at the most lateral aspect of the cerebral peduncle, and 

Fig. 1 Segments of the PCA, pictorial and radiologic (MRI, TOF). P1 
segment: from the basilar artery bifurcation to the anastomosis of the 
PCA with the posterior communicating artery (PComA). P2 segment: 
P2a segment or “crural” or “peduncular” segment, from the anastomo-
sis with the PComA to the most lateral aspect of the cerebral peduncle, 
in the crural cistern; P2p segment or “ambient” or “lateral mesence-

phalic,” from the junction between the crural and the ambient cisterns, 
to the posterior edge of the lateral surface of the midbrain. P3 segment 
or “quadrigeminal”: from the posterior edge of the lateral surface of the 
midbrain to the anterior limit of the calcarine fissure through the lateral 
portion of the quadrigeminal cistern. The P4 segment represents the 
terminal segment of the PCA and gives off its terminal cortical branches
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Table 2 Course of the artery, segments, and morphometry

Segments Course

Length 
average 
(mm)

Diameter 
average 
(mm)

P1 
(precommunicating)

From the basilar 
artery to the 
anastomosis of the 
PCA with the 
posterior 
communicating artery

7 2.8

P2 
(postcommunicating 
or perimesencephalic)
   P2A (crural or 

peduncular)
From the anastomosis 
of the PComA with 
the PCA to the 
cerebral peduncle

23.6 1.7

   P2P (ambient or 
lateral 
mesencephalic)

From the junction 
between the crural 
and the ambient 
cisterns to the 
posterior edge of the 
midbrain

16.4 1.4

P3 (quadrigeminal) From the posterior 
edge of the midbrain 
to the calcarine 
fissure

19.8 1.1

P4 (parieto-occipital 
and calcarine arteries)

Through the 
parieto-occipital 
sulcus and the distal 
part of the calcarine 
fissure

Specific for each 
terminal arteries

ends at the posterior edge of the lateral surface of the mid-
brain. The P2P has an average length of 16.4 mm and a 
diameter of 1.4 mm. In its course in the ambient cistern, 
the segment is surrounded superiorly by the optic tract, 
the basal vein, the geniculate bodies, and the pulvinar, 
medially by the lateral midbrain, and laterally by the para-
hippocampal and dentate gyrus. The P2P segment is 
located just above and medially of the tentorial edge and 
the trochlear nerve [2, 4, 5, 31].

• The P3 segment or “quadrigeminal” courses from the pos-
terior edge of the lateral surface of the midbrain to the ante-
rior limit of the calcarine fissure through the lateral portion 
of the quadrigeminal cistern where it divides into its major 
terminal branches, the calcarine and parieto- occipital arter-
ies. The P3 segment has an average length of 19.8  mm, 
1.1 mm of diameter and it reaches a point called “collicu-
lar” or “quadrigeminal” representing the nearest distance 
between the two PCAs. The average distance between both 
P3 segments at the level of their collicular points is quite 
variable ranging from 3.5 to 17 mm [2, 4, 5, 31].

• The P4 segment corresponds to the part of the PCA that 
course along or inside both the parieto-occipital sulcus 
and the distal part of the calcarine fissure: they are named, 
respectively, the parieto-occipital and calcarine arteries, 
and includes the branches distributed to the cortical sur-
face [2, 4, 5, 31].

 Branches of the Artery

Three types of branches are originated from the PCA [4]:

• Ventricular branches to the choroid plexus and walls of 
the lateral and third ventricles and adjacent structures 
(treated in chapter “Embryology and Variations of the 
Posterior Choroidal Artery”)

• Central perforating branches to the diencephalon and 
midbrain (treated in chapter “Embryology and Anatomy 
of the Posterior Cerebral Artery”)

• Cerebral branches to the cerebral cortex and splenium of 
the corpus callosum as treated below

Compared to the literature dedicated to the branches of 
other major arteries, few studies report patterns and varia-
tions of the PCA cortical branches such as their absence, 
duplications, triplications, or abnormal origin [42]. In a 
recent study, Cilliers et al. selected cases where the PCA cor-
tical branches have origin from the internal carotid artery, 
including the parieto-occipital artery, the calcarine artery, 
and the posterior-inferior temporal artery [42]. PCA branches 
are exposed in surgical approaches to the basilar apex, tento-
rial notch, lateral and third ventricles, inferior temporal, and 
medial parieto-occipital areas, in addition to the pineal 
region; all relatively inaccessible areas [2, 31].

The cerebral branches, which are illustrated in Fig.  2, 
include:

 1. The inferior temporal group of branches, which are 
divided into:

 (a) The hippocampal artery
 (b) The anterior temporal artery
 (c) The middle temporal artery
 (d) The posterior temporal artery
 (e) The common temporal artery
 2. The parieto-occipital artery
 3. The calcarine artery
 4. The splenial artery
 5. The lateral convexity branches

 The Inferior Temporal Group Branches

The hippocampal artery. The hippocampal artery is the 
first cortical branch of the PCA but is not always present. It 
starts in the crural or ambient cistern and enters the uncal 
sulcus emerging on the surface of the pyriform lobe (ante-
rior hippocampal arteries). The posterior hippocampal 
arteries run in the superficial course of the hippocampal 
sulcus terminating in large and small branches. The large 
branches penetrate the hippocampus and small branches 
supply the margo-denticulatus and fimbrio-dentate sulcus 
[59]. An anatomical study by Erdem and Yasargil on the 
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Fig. 2 PCA course and branches, pictorial and angiographic. (1) 
Basilar artery; (2) P1 segment; (3) posterior communicating artery; (4) 
thalamo-perforating arteries; (5) posterior medial choroidal artery; (6) 
posterior-lateral choroidal artery; (7) inferior temporal group; a: ante-

rior temporal artery; m: middle temporal artery; p: posterior temporal 
artery; (8) splenial or posterior pericallosal artery; (9) parieto-occipital 
artery; (10) calcarine artery

vascularization of the hippocampus (1993) shows that in 
the 26.6% of the hemispheres examined, one of the hippo-
campal arteries arose from the lateral posterior choroidal 
artery [2, 4, 31, 60].

The anterior temporal artery. The anterior temporal 
artery is the first branch when the hippocampal is not pres-
ent, but usually is the second cortical branch of the PCA. It 
usually arises from P2A and less frequently from the proxi-
mal P2P; it runs the anteroinferior surface of the temporal 
lobe, occasionally reaching a portion of the temporal pole 
and the lateral cerebral surface in the region of the middle 
temporal sulcus and gyrus [2, 4, 31].

The middle temporal artery. The middle temporal 
artery is the smallest and has the fewest branches of the infe-
rior temporal arteries [2]. It arises from P2A in 16% and 
from P2P in 22%. Few studies reported this branch as absent, 
inconstant, or uncommon [2, 26, 27].

The posterior temporal artery. The posterior temporal 
artery, almost always present, arises more commonly from 
P2P and less frequently from P2A and P3. It runs obliquely 
and postero-laterally reaching the inferior temporal surface 
but also the occipital surfaces, the occipital pole, and the lin-
gual gyrus.

The common temporal artery. Depending on the pat-
tern, a common temporal artery can present as a single infe-
rior PCA branch supplying most of the inferior surface of the 
temporal and occipital lobes. In the series from Zeal and 
Rhoton, this configuration was present in 16% of the hemi-
spheres and it arises from P2P in 10% of the cases, and from 
P2A in the other 6% [2, 4]. When present, this large branch 

is referred as the “lateral division of the PCA,” the “lateral 
occipital artery,” or as the common trunk from which the 
anterior and posterior temporal arteries arise [2, 4, 26–28].

The above arteries are included in the inferior temporal 
group of arteries originating from the PCA and can present 
in different patterns with inconstant presence of one or more 
of them. They balance the supply to the temporal and occipi-
tal lobes with the superior temporal group of arteries arising 
from the MCA.

 The Parieto-Occipital Artery

The parieto-occipital artery is one of the two terminal 
branches of the PCA. In the series of Marinkovic et al., it 
originated from the PCA in either the ambient (in 15% of 
the brains examined) or quadrigeminal cistern (18.3%), or 
in the calcarine sulcus (66.7%) [61]. In the series of Zeal 
and Rhoton, it arises from P2A in 10%, P2P in 40%, and 
P3 in 46% of hemispheres [2]. Branches to the midbrain, 
thalamus, pulvinar, lateral geniculate bodies but also to the 
choroid plexus through the choroidal fissure emerge from 
the artery with a more proximal origin. After the origin, 
the parieto-occipital artery (POA) enters the rostral portion 
of the calcarine sulcus and then continues along the 
parieto- occipital sulcus. In one of the sulci, the artery 
divided into two-, three-, or four-terminal stems, the 
branches of which were distributed to the medial and 
sometimes the lateral surface of the occipital and parietal 
lobes [2, 4, 61, 62].
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 The Calcarine Artery

The calcarine artery is the other terminal branch of the PCA; 
named according to its course in the calcarine fissure, it 
arises in most of the cases from P3 but also from P2P. In few 
cases, it is reported to originate as a branch of the parieto- 
occipital artery. It courses deep in the fissure to reach the 
occipital pole, giving branches both to the cuneus (above the 
fissure) and the lingual gyrus (below the fissure) [2, 4].

 The Splenial Artery

The last branch described in this chapter is the splenial artery 
for the splenium of the corpus callosum. It arises from the 
following arteries: parieto-occipital (62%), calcarine (12%), 
medial posterior choroidal (8%), posterior temporal (6%), 
P2P (4%), P3 (4%), and the lateral posterior choroidal (4%). 
As interest, the splenial artery made a loop close to the extra- 
ventricular part of the hippocampal tail and can give off mul-
tiple vessels to this structure [2, 4, 60].

 The Lateral Convexity Branches

Finally, it needs to be mentioned the presence of lateral con-
vexity branches which originate from one of the cortical 
arteries described above and passing around the lateral mar-
gin of the hemispheres to reach the lateral surface. They have 
a diameter range between 0.4 and 0.6 mm and they most fre-
quently arise from the posterior temporal artery or the 
parieto- occipital artery [4].

 Possible Anastomoses

Due to its specific vascularization and the different arteries 
involved in the blood supply, the hippocampal region repre-
sents an important anastomosis between anterior and poste-
rior circulation.

• The uncal sulcus was found to be a crucial anastomotic 
site between the hippocampal branches of the AChA and 
the hippocampal branches of the PCA [60].

• A second anastomosis is the one between the splenial or 
posterior pericallosal artery and the anterior pericallosal 
artery, a branch of the ACA. It usually develops a few cen-
timeters anterior to the tip of the splenium. Retrograde 
filling of this artery through the pericallosal artery sug-
gests occlusion of the PCA proximal to the origin of the 
splenial artery [2, 4, 63].

• Another important anastomosis is described on the lateral 
surface of the hemispheres between the lateral convexity 
branches arising from the cortical branches of the PCA 
and the superficial temporal arteries or the occipital arter-
ies [4]. Pio-pial or leptomeningeal connections between 
cortical branches of the PCA, most frequently the parieto- 
occipital artery, and cortical branches from the ACA are 
also described at the watershed zone of the two territories 
[2, 4, 63].

Of mention but related to the choroidal vascularization 
and therefore treated in detail elsewhere in the book, the 
medial posterior choroidal artery and lateral posterior cho-
roidal artery, originating from the P1 and P2 anastomose 
with the branches of the anterior choroidal artery and the 
anterior cerebral artery with terminal branches of the anterior 
pericallosal artery [2, 4, 63]. The major anastomotic points 
of the PCA are illustrated in Fig. 3.

 The Accessory Arteries

No “official” accessory posterior cerebral arteries are 
described in literature. Uchino et  al. in 2016 propose the 
name “accessory PCA” to describe an anterior choroidal 
artery (AChA) that supplies part of the territory of the PCA 

Fig. 3 Major anastomoses of the posterior cerebral artery (PCA). (A) 
Uncal region anastomoses between the hippocampal branch (2) of the 
anterior choroidal artery (1) and the hippocampal branch of the PCA 
(3); (B) Splenial region anastomoses between the posterior pericallosal 
artery (4) from the PCA and the anterior pericallosal artery (5) from the 
anterior cerebral artery. (C) Pio-pial anastomoses between cortical 
branches of the PCA (6) and the anterior cerebral artery (7) at the water-
shed region; (D) choroidal plexus anastomoses between the anterior 
choroidal artery (8) and the postero-lateral choroidal artery from the 
PCA (9); the choroidal anastomoses at the interventricular foramen (E) 
happen mostly between the postero-medial (11) and postero-lateral (10) 
choroidal arteries
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or “replaced PCA” to describe the vessel that supplies this 
territory instead of “hyperplastic AChA” [64]. Two further 
accessory arteries, more “properly” variations, are described 
in literature related to the PCA:

• The artery of Percheron
• The Uchimura artery

 The Artery of Percheron

The artery of Percheron (AoP), discovered in 1973, is a rare 
anatomic variant of the paramedian thalamic-mesencephalic 
arteries. This artery arises as a solitary vessel trunk from the 
P1 segment of the PCA and supplies the bilateral thalami and 
rostral midbrain [65–70]. The prevalence of the artery of 
Percheron is unknown [71]; the scarcity of documented case 
of AoP occlusion is most likely attributed to the rarity of AoP 
in the population [69]. Few authors described the ischemic 
stroke in the territory of AoP: occlusion of Percheron causes 
a bilateral paramedian thalamic infarction with or without 
midbrain infarction resulting, from a clinical point of view, 
in a triad of altered mental status, vertical gaze palsy, and 
memory impairment [65–70].

 The Artery of Uchimura

The second variable rare branch of the PCA is the artery of 
Uchimura, which originates from P2 or P3. It was described 
by Yushi Uchimura in 1928 considering a variation in which 
the posterior cerebral artery gives rise to the hippocampal 
arteries. Erdem and Yasargil in 1993 described that in the 3% 
of their cases, the hippocampus was predominantly supplied 
by arteries originating from a variant of the main trunk of the 
PCA, the so-called Uchimura artery [60].

 Parenchymal Territory

Because of its strategic location, the PCA has a significant 
role in the blood supply of the brain. The PCA and its 
branches, in fact, provide blood to a large territory derived 
from mesencephalic, diencephalic, and telencephalic embry-
ologic structures. Respective territories of each PCA branch 
are listed in Tables 3 and 4 [72].

In this paragraph, we treat the parenchymal territory of 
the cortical branches. The blood supply from perforating 
branches is treated in the appropriate chapter (chapter 
“Perforating Branches of the Posterior Cerebral Artery”). 
Similarly, the choroidal and ventricular territory of vascular-

ization are described in the related chapter (chapter 
“Embryology and Variations of the Posterior Choroidal 
Artery”).

• Regarding the cerebral branches, Rhoton et  al. gave a 
detailed description of the territory according to his 
branches classification and the different pattern proposed 
in particular regarding the inferior temporal group of 
arteries [2, 4]. This group is responsible for the blood sup-
ply of the inferior parts of the temporal lobe. Usually, all 
the inferior temporal branches (hippocampal and anterior, 
middle, and posterior temporal arteries) participate in the 
vascularization. However, in case of a single trunk, named 
common temporal artery, the entire inferior temporal lobe 
and part of the occipital lobe are supplied by this large 
vessel [4].

Table 3 Cerebral branches of the PCA with their respective parenchy-
mal territory. For the ventricular branches, see chapter “Embryology 
and Variations of the Posterior Choroidal Artery” and for the central 
perforating branches see chapter “Embryology and Anatomy of the 
Posterior Communicating Artery and Basilar Artery”

PCA branches

Origin from the 
PCA (segment, 
most frequent) Territory

Cerebral branches
The inferior 
temporal group
   Hippocampal 

a.
P2A–P2P The hippocampus

   Anterior 
temporal a.

P2A The anteroinferior surface if 
the temporal lobe and, 
occasionally, the temporal 
pole

   Middle 
temporal a.

P2A–P2P The inferior surface of the 
temporal lobe

   Posterior 
temporal a.

P2P The inferior surface of the 
temporal lobe, the occipital 
pole, and the lingual gyrus

   Common 
temporal a.

P2P If present, most of the inferior 
surface of the temporal and 
occipital lobes

The parieto- 
occipital a.

P2P–P3 Posterior parasagittal region, 
cuneus, precuneus, lateral 
occipital gyrus, and, rarely, 
the precentral and superior 
parietal lobules

The calcarine a. P3 Primary visual cortex
The splenial a. Parieto- 

occipital 
artery

The splenium of the corpus 
callosum

The lateral 
convexity 
branches

Posterior 
temporal 
artery–parieto- 
occipital 
artery

The lateral surface of the 
hemisphere
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Table 4 Branches of the PCA with their possible anastomoses and ter-
ritories involved

PCA branches
Origin from 
the PCA Territory

Possible 
anastomosis

Hippocampal 
arteries

P2A–P2P Hippocampus Hippocampal 
arteries of the 
AChA

Splenial or 
posterior 
pericallosal 
artery

Parieto- 
occipital 
artery

Splenium of 
the corpus 
callosum

Anterior 
pericallosal 
artery of the 
ACA

Lateral 
convexity 
branches

Posterior 
temporal 
artery–
parieto- 
occipital 
artery

Lateral surface 
of the 
hemispheres

Superficial 
temporal 
arteries or the 
occipital arteries

• Regarding the territory of vascularization of the hippo-
campal artery, the uncus and the head of the hippocam-
pus are supplied by the anterior hippocampal arteries, 
while the body and tail of the hippocampus by the poste-
rior hippocampal arteries [59]. An anatomical study by 
Erdem and Yasargil on the vascularization of the hippo-
campus (1993) confirms that the PCA, directly or by its 
branches, contributes much more to the blood supply of 
the hippocampal formation than the AChA [60]. However, 
even if rarely, the PCA may leave part of its forebrain 
territories in case of hypertrophy of the anterior choroi-
dal artery [37].

• The anterior temporal artery supplies the anteroinferior 
surface of the temporal lobe and, in 6% of the specimens 
analyzed in the series of Zeal and Rhoton, even a portion 
of the temporal pole [2].

• A contribution to the blood supply of the inferior surface 
of the temporal lobe is provided also by the middle tem-
poral artery and the posterior temporal artery. The latter 
also reaches the occipital pole and the lingual gyrus [2, 4].

• The parieto-occipital artery supplies the posterior para-
sagittal region, cuneus, precuneus, lateral occipital gyrus, 
and, rarely, the precentral and superior parietal lobules. 
Sometimes, also midbrain, thalamus, pulvinar, lateral 
geniculate bodies, and the choroid plexus can receive a 
contribution from this artery [2, 4, 61, 62].

• The primary visual cortex is supplied mainly by the calca-
rine artery but can also receive blood from the parieto- 
occipital artery [27, 61, 73, 74].

• Several branches of the PCA can give blood supply to the 
splenium of the corpus callosum including branches from 
the parieto-occipital, the calcarine, the medial posterior 
choroidal, the posterior temporal, and the lateral posterior 
choroidal. The splenial artery, electively, supplies the 
splenium [2, 4].

Although this commonly used description, some authors 
such as Zwan et al., studied the variability of the territories 
and observed one case in which, the PCA, did not even 
extend to the occipital pole [75]. Interestingly, this varia-
tion was already described by Beevor [14, 75]. Of interest, 
historically, Duret was the first who reported in 1874 that 
the PCA partly supplies even the head of the caudate 
nucleus [75].

 Clinical Implications

Posterior cerebral arteries supply the midbrain, thalamus, 
medial temporal area, a part of the parietal lobe, and the 
occipital lobe. Accidental occlusion or injury of the PCA can 
cause infarction of the cited regions and lead to different sev-
eral clinical syndromes according to the location of infarc-
tion [76, 77]. In fact, in literature, authors described the 
stroke as the biggest PCA disease [43, 74, 76–82].

Infarction in the PCA territories is commonly caused by 
embolism, either cardiogenic or from a more proximal ver-
tebrobasilar intra-arterial clot of unknown source. In con-
trast, PCA stenosis due to atherosclerosis is an uncommon 
cause [80].

Historically, the syndrome of infarction in the PCA terri-
tory was first described by the French neurologist Charles 
Foix in 1923 [16, 81]. However, the frequency of PCA terri-
tory infarcts in stroke registries is not more than 5–10% and, 
subsequently, clinical features and causes have not been 
studied as extensively as in other vascular territories [43, 81].

The PCA syndrome includes more clinical signs varying 
from headache and ocular disturbance to sensorimotor abnor-
malities and neuropsychological symptoms [43, 78, 81].

Headache is known to be more frequent with infarcts in 
the posterior than the anterior circulation but, in the PCA 
stroke, is described by patients as severe or pulsating. Other 
initial symptoms of PCA territory stroke may include dizzi-
ness, confusion, nausea, and vomiting [43, 81].

Regarding the visual symptoms, the most frequent finding 
is contralateral hemianopsia; it is in most cases complete, but 
an upper quadrantanopsia is also found occasionally; iso-
lated lower quadrantanopia is rare. When the central portion 
of the visual field is spared, it is known as “macular-sparing” 
visual defect.

A sensory deficit occurred in one-third only of cases and, 
when present, varied in severity from slight to virtually com-
plete anesthesia of face, arm, and leg [43, 78].

Neuropsychological deficits with PCA ischemia are 
mostly described in case studies; most common are language- 
related disorders as dysphasia, dyslexia, dyscalculia, and 
color dysnomia with PCA infarcts in the dominant hemi-
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sphere [81]. Bilateral occlusion of the vessel to the medial 
temporal area supplied by the hippocampal artery may cause 
a severe memory loss and a deficit resembling Korsakoff’s 
syndrome [2, 4].

Less frequent are disorders of visual cognitive functions 
with spatial disorientation, dyschromatopsia, visual agnosia 
including prosopagnosia, and palinopsia in patients with 
non-dominant hemisphere infarcts [81]. Depression and 
obsessive thinking were prominent in several patients with 
involvement of the dominant hemisphere [43].

Summarizing, unilateral PCA infarct can lead to contra-
lateral homonymous hemianopia with macular sparing if 
only the occipital lobe is involved. There is association with 
alexia without agraphia if the splenium of the corpus callo-
sum is also injured. Unilateral PCA infarct of the ventral 
occipital plus the infra-calcarine cortex leads to achromatop-
sia plus superior quadrantanopia. The latter alone is caused, 
instead, by the involvement of the infra-calcarine cortex, the 
Meyer loop, and the temporal lobe. The inferior quadran-
tanopia is due to the infarction of the supra-calcarine cortex 
and the optic radiation [83, 84].

The rare case of bilateral PCA infarct involving both stri-
ate and parastriate cortices of the occipital lobes can provoke 
the classic Anton-Babinski syndrome with impairment of the 
interpretation of vision. The patient is unaware of his visual 
loss and denies its presence. Formally, the syndrome includes 
cortical blindness with denial of blindness, visual hallucina-
tions, and confabulations [73, 84, 85].

 PCA and Aneurysms

Aneurysms of the PCA are unusual; the most frequent pre-
sentation was with subarachnoid hemorrhage (SAH) in 76% 
of the series of Rhoton [2, 4]. Their surgical treatment 
demands great care for the central perforating branches of 
this vessel irrigate the midbrain and thalamus while the main 
trunk nourishes the optic radiation and visual cortex [86]. 
There are very few reports of surgical treatment of posterior 
cerebral aneurysms except for isolated cases. Although there 
was no specific clinical picture for the distal aneurysms, each 
of the proximal saccular aneurysms were associated with a 
third nerve paresis and controlateral hemiparesis [86–88].

In the Rhoton series, the most frequent focal deficit with 
a PCA aneurysm was a partial or complete oculomotor nerve 
deficit in 45% of cases, motor weakness in 28%, a combina-
tion of unilateral oculomotor nerve and a contralateral corti-
cospinal deficit (Weber’s syndrome) in 23%, and 
hemianopsia in 6% [2]. Other presenting signs included dif-
ficulty with upward gaze (Parinaud’s syndrome) and paresis 
of the trochlear, facial, and abducens nerve [2, 4].
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Perforating Branches of the Posterior 
Cerebral Artery

F. Marchi, Sara Bonasia, and Thomas Robert

The perforating vessels are terminal vessels which, normally, 
represent specific small branches of the main cerebral arter-
ies. The perforating branches of the vertebrobasilar system 
derive from the posterior-inferior cerebellar artery (PICA), 
the basilar artery (BA), the anterior-inferior cerebellar artery 
(AICA), the superior cerebellar artery (SCA), and the poste-
rior cerebral artery (PCA), and they supply the paramedian 
region of the brainstem, the diencephalon, and the central 
part of the cerebral hemisphere [1–5]. During neurosurgical 
procedures, despite the use of the microscopic, these small 
vessels are at risk of damage both for their dimension and for 
their deep location [2]. Considering the territories of vascu-
larization of the perforating arteries, their damage or occlu-
sion during the surgical approaches can provoke deep 
intracerebral infarcts and catastrophic event [6–9].

Consequently, the anatomy of the deep cerebral perfora-
tors and their high variability is becoming, more and more, 
a topic of great interest and debate in the scientific litera-
ture [6].

However, regarding the specific topic of this chapter, 
many authors have described anatomic features of the poste-
rior cerebral arteries and their branches, but only a few 
reports studied exclusively the perforating branches of the 
PCA [2, 10, 11].

 History

In the second half of the twentieth century, various attempts 
have been performed in order to define the precise courses 
and territories of distribution of the perforating arteries aris-
ing from the circle of Willis [6]. Duret and Heubner, almost 
at the same time, described first the thalamoperforating arter-
ies and named them as “optic arteries” [12]. Lazorthes 
referred them as inferior thalamic arteries [13], while 
Percheron as thalamo-subthalamic arteries [14]. Rhoton 
et al. described, in their anatomical cadaveric series in 1977–
1978, the PCA anatomy and the perforators arising from this 
vessel. Even if other authors, in the course of time, have 
given their contribution to the description of these vessels, 
the classification proposed by Rhoton remains the most com-
plete and precise in literature and the one we follow in this 
chapter [1, 15–18].

Although fundamental aspects on the basic anatomy of 
these vessels have been achieved in the last decades, the very 
limited number of dissected hemispheres could not take into 
account the high variability typical for the deep perforators 
[6]. According with a recently published meta-analysis by 
Vogels V. et al. in 2021, of a total of 2715 articles screened, 
53 were included of whom 11 only dealing with the posterior 
cerebral artery perforators [6].

Certainly, a helpful contribution in the better understand-
ing of these vessels has been given by the advent of the oper-
ative microscope and the development of the angiography. 
Nevertheless, because of their small diameters, these tiny 
branches are inconstantly visualized even at the angiographic 
studies. New perspectives in the description of the perfora-
tors are emerged thanks to the improvement of the precision 
in the MRI sequences (for example, TOF, time-of-flight 
sequences) such as those performed with 7 Tesla machines 
[6, 15].

However, to date, intracranial surgery remains the best 
technique in order to evaluate and describe more precisely 
the cerebral anatomy of the perforators and their relationship 
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with the surrounding structures. Efforts to improve their 
visualization pre-operatively should be prioritized in the 
future [6].

 Embryological Development

If the description of the adult configuration of the perforating 
branches of the PCA remains not deeply known, even harder 
is the precise embryological development of these variable 
and tiny vessels.

In general, from an embryological point of view, it is not 
infrequent that perforators deriving from the same vessel, in 
the adult configuration, may present a large variability in 
terms of assignment to a perforator group [6].

The studies from Padget or Moffat did not describe spe-
cifically the embryological development of the perforating 
branches of the PCA [19–21]. However, as mentioned in the 
previous chapter in the paragraph on the embryology of the 
PCA, at Padget stage 5, the development of the latter starts as 
the caudal segment of the posterior communicating artery 
(PComA). From this stage until the end of the development, 
the perforators branches originate variably and inconstantly 
mainly from P1 and P2 [22].

The studies from Lasjaunias have been addressed mainly to 
the perforators arising from the anterior circulation or the basi-
lar artery and the PICA [22]. However, he noticed that a col-
licular group of arteries originate from the distal portion of the 
caudal division of the internal carotid artery (ICA) (Pl- BA 
junction including the superior cerebellar artery, SCA) [22, 
23]. In this context, these collicular or long circumflex arteries 
can be considered embryologically derived from the mesence-
phalic artery of Moffat’s embryo while the additional branches 
including the medial choroidal artery from the diencephalic 
system of Moffat’s embryo [7, 8, 20, 22, 23].

It remains unclear how the evolution of the original perfo-
rators present in the embryo interact with the neuro- 
embryogenesis of structures such as the striatum or median 
ganglionic eminence dictating the eventual anatomy in the 
adult, being necessary further research on this topic [6].

 Number and Origin of the Artery

PCA gave origin to three type of perforator arteries and their 
branches (Table 1):

 1. Central branches to the brain stem
 (a) direct perforating arteries
 (i) Thalamoperforating arteries (TPA)
 (ii) Thalamogeniculate arteries (TGA)
 (iii) peduncular perforating arteries

 (b) Circumflex perforating arteries
 (i) Short perforating arteries
 (ii) Long perforating arteries
 2. Ventricular branches (treated in chapter “Embryology 

and Variations of the Posterior Choroidal Artery”)
 3. Cerebral branches (treated in chapter “Cortical and 

Perforating Branches of the Middle Cerebral Artery”)

 The Central Branches

The central branches (Fig.  1), treated in this chapter, are 
divided into direct and circumflex perforating arteries. The 
direct perforators include the thalamoperforating (TPA), the 
peduncular perforating, and the thalamogeniculate (TGA) 
arteries. The circumflex perforators are divided into short 
and long perforating arteries [7–9].

 The Direct Perforating Arteries
The PCA perforating branches arise mainly from the P1 and 
P2 segments. The average number of direct perforating 
arteries arising from each P1 was 2.7 in Zeal and Rhoton’s 
study but they also observed some cases of absence of 

Table 1 Central branches of the PCA. For the ventricular branches see 
chapter “Embryology and Variations of the Posterior Choroidal Artery” 
and for the cerebral branches see chapter “Cortical and Perforating 
Branches of the Middle Cerebral Artery”

PCA branches

Origin from 
the PCA 
(segment, 
most 
frequent) Territory

Direct perforating arteries
Thalamoperforating 
a. (TPA)

P1 Anterior and part of posterior 
thalamus, hypothalamus, 
subthalamus, substantia nigra, 
red nucleus, oculomotor nerve, 
mesencephalic reticular 
formation, pretectum, 
rostromedial floor of fourth 
ventricle, and posterior portion 
of the internal capsule

Thalamogeniculate 
a. (TGA)

P2 Posterior half of the lateral 
thalamus, posterior limb of the 
internal capsule and the optic 
tract

Peduncular 
perforating a.

P2A Corticospinal and corticobulbar 
pathways as well as the 
substantia nigra, red nucleus, 
and other structures of the 
tegmentum, and the 
oculomotor nerve

Circumflex perforating arteries
Short perforating a. P1 Geniculate bodies and the 

tegmentum
Long perforating a. P2A Quadrigeminal bodies
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Fig. 1 Illustration of the central branches of the posterior cerebral 
artery (PCA). Thalamoperforating arteries (TP); peduncular perforating 
arteries (PP); thalamogeniculate arteries (TG); long circumflex arteries 
(LC); short circumflex arteries (SC); T: thalamus; CP: cerebral pedun-
cle; C: colliculi; MGB, LGB: medial and lateral geniculate bodies

branches arising from P1 segments (2% of the series) [8, 9]. 
As noted by Lasjaunias, in that situation the contralateral Pl 
gives the branches for the ipsilateral and contralateral terri-
tories [8, 22].

The Thalamoperforating Arteries (TPA)
Among the direct perforators, the thalamoperforating arter-
ies (TPA) are the major branches [1] and arise most often 
between the basilar bifurcation and the origin of the posterior 
communicating artery, specifically from the middle-third of 
P1 [2, 7–9]. In fact, Saeki, Zeal, and Rhoton observed in their 
studies that the TPAs originated on the medial 1 mm of P1 in 
8% of the specimens, and on the lateral 1 mm in 5%, but aris-
ing, in the majority of cases, on the central part of P1 [2, 7–
9]. In one specimen, described by Kaya in 2010, the TPA 
started out from a fenestrating branch between the right and 
the left P1 segment [11]. Regarding their number, the thal-
amoperforating arteries are described in a range from 2 to 5 
(mean 3.1) by Dujelic et al. in a study published in 2015, and 
in a range from 0 to 10 (median 3) in the overview by Vogels 
et al. in 2021 in which 128 hemispheres were included [2, 6].

The Thalamogeniculate Arteries (TGA)
According with the data in literature, the thalamogeniculate 
arteries mainly originate directly from the P2, beneath the 

lateral thalamus. They usually arise close to the junction 
between the crural (P2A) and the ambient (P2P) segments, 
with an equal number of branches from each segment [7–9]. 
Nevertheless, some exceptions need to be noted: Djulejic 
et al. [2], for example, noted that the TGAs originated by the 
medial posterior choroidal artery (MPChoA) in 59.4% of 
cases, while Milisavljevic et  al. [24] and Vogels et  al. [6] 
founded some cases in which the origin occurred from the P3 
segment (in one and two cases, respectively). The number of 
TGAs can be variable as well: normally in number of two or 
three, they can range between 2 and 12 with a median of 5 [6, 
24].

The Peduncular Arteries
The third group of direct perforators are the peduncular 
arteries. Usually in number of two or three (median 2.8), 
they have been described in a range from 0 to 6 according to 
all authors and without particular divergence [6–9, 15, 24]. 
The peduncular arteries arise, according to Rhoton, from P2 
segment and, specifically, from P2A in the 94% of the cases 
and from P2P in the remnant. Some cases of P1 origin have 
been described [6–16].

 The Circumflex Perforating Arteries
The central perforating arteries include the circumflex group 
of arteries which arise from the P1 and the P2 segments. As 
mentioned above, they are differentiated as short and long 
circumflex arteries. The former, which reach only the genic-
ulate bodies, are referred to as short circumflex arteries 
(1.2.1); the latter, reaching the culliculi, are called long cir-
cumflex arteries (1.2.2). The firsts arising mainly from P2 
and were present in the 66% of the hemispheres of the 
Rhoton series [6–8]. Kaya et al., however, described cases in 
which the origin occurred at P1 [11]. The long circumflex 
arteries, instead, were present in the 96% of the hemispheres 
analyzed by Rhoton, usually arising from the P1 segment 
(80%), but occasionally also from the P2A (20%) [6–8]. 
Regarding the number, the short circumflex arteries range 
from 0 to 3, while the long ones result to be variable between 
0 and 2 [6].

 Course of the Branches

Generally, the main difference in the course between the 
direct perforating and the circumflex branches can be identi-
fied in the fact that the former pass directly from the parent 
trunk to the brainstem, while the latter encircle the brainstem 
for a variable distance before entering the diencephalon and 
mesencephalon. Their specific courses are treated in detail in 
this paragraph [6–8].

• The thalamoperforating branches enter the brain by pass-
ing through the posterior perforating substance and termi-

Perforating Branches of the Posterior Cerebral Artery
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nate predominantly in the interpeduncular fossa [7, 25], 
posterior perforating substance [7, 26, 27], or the retro-
mamillary area [7, 28]. Their branches also terminated in 
the posterior hypothalamus and the medial portion of the 
upper midbrain [7].

• The thalamogeniculate arteries arise directly from the P2 
and pass through the geniculate bodies and adjacent part 
of the roof of the ambient cistern. Some branches origi-
nating from the circumflex arteries and from the medial 
posterior choroidal arteries can reach the same region, but 
they typically encircle the brainstem instead of arising 
directly from the P2 segment. The TGA meet the TPA 
near the middle of the thalamus and the premamillary 
branch of the PComA anteriorly in the lateral nucleus 
[7–9].

• The peduncular perforating branches pass directly from 
the PCA into the cerebral peduncle.

As suggested by their name, the circumflex arteries 
“encircle” the midbrain parallel and medial to the PCA [7].

• The short branches pass medial to P2, the medial poste-
rior choroidal artery and the long circumflex arteries, 
reaching the posterolateral border of the peduncle in the 
76% of the specimens, the tegmental region in the 11%, 
and the medial geniculate bodies and the tegmentum in 
the remaining cases [7–9, 11].

• The long circumflex arteries encircle the midbrain medial 
to the PCA and lateral to the short circumflex arteries 
reaching the quadrigeminal plate. Five or more small 
branches are sent to the peduncle, the geniculate bodies, 
and the tegmentum [8, 9].

 Possible Anastomoses

Despite the limitations in the precise description of the anat-
omy of the small vessels treated in this chapter and, conse-
quently, their possible anastomoses, more and more studies 

support the idea of a collateral circulation with anastomoses 
between the different perforator groups [2, 6, 10, 15, 24].

In a specific study on the anastomoses among the thal-
amoperforating arteries, Marinkovic et al. (1986) observed 
that in the 79% of the cases there were anastomotic channels, 
that their main diameter was 148 μmm and an average length 
of 3.3 mm [10]. In their study, they proposed a classification 
into five groups. These different groups are summarized in 
Table 2 and illustrated in Fig. 2.

• The first group comprised anastomoses among the 
branches of single large TPA of the PCA through two col-
lateral perforating branches, or one terminal and one col-
lateral, or between one collateral and one peduncular 
branch arising from the same thalamoperforating artery.

• Anastomoses within the second group connected individ-
ual TPAs of the same PCA.

• The third group included anastomoses among the TPA 
and peduncular branches, or paramedian mesencephalic 
or pontine branches of the basilar or superior cerebellar 
arteries.

• In the fourth group are observed connections between the 
peduncular branches of the PCA and the mesencephalic 
or pontine branches of the ipsilateral superior cerebellar 
and basilar arteries.

• The fifth group comprised the anastomoses connecting 
the TPA with the contralateral vessels such as the other 
TPA, the peduncular branches, branches to the mamillary 
bodies, and the mesencephalic or pontine branches of the 
basilar and superior cerebellar arteries on the opposite 
side. The cross anastomoses (right-left) were the most fre-
quent ones, described in the 56.9% of the cases [10, 24].

Regarding the other central perforating branches of the 
PCA, Djulecic et  al. observed that the anastomoses of the 
thalamogeniculate branches of the PCA were present in the 
40.6% of the specimens, while, for Milisavljevic even in the 
66.7% of the hemispheres analyzed [2]. For the latter, the 
anastomoses were most frequent between the TGA vessels 

Table 2 Group classification anastomoses of the perforating arteries of the PCA according with Marinkovic et al. (Adapted from [10])

Group Origin from the PCA perforating Possible anastomosis
I Thalamoperforating artery (TPA) Branches of the same TPA
II Thalamoperforating artery (TPA) TPAs of the same PCA
III Thalamoperforating artery (TPA) TPA and peduncular arteries or branches of the basilar or the SCA
IV Peduncular arteries Peduncular arteries and branches of the ipsilateral basilar artery or SCA
V Thalamoperforating artery (TPA) TPA and contralateral vessels: TPA, peduncular arteries, branches to the mammillary 

bodies, branches of the basilar or the SCA
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Fig. 2 Group classification anastomoses of the perforating arteries of 
the PCA according with Marinkovic et al. (Adapted from [10]). 1: anas-
tomoses between branches of the same thalamoperforating artery (TP); 
2: anastomoses between branches of different TP arteries coming from 
the same posterior cerebral artery (PCA); 3: anastomoses between TP 
arteries and peduncular arteries (PP) or branches of the basilar artery 
(BA) or the superior cerebellar artery (SCA) on the same side; 4: anas-
tomoses between PP and branches of the ipsilateral BA or SCA; 5: 
anastomoses between TP and contralateral vessels: TPA, PP, branches 
of the BA or the SCA

and the medial posterior choroidal arteries in 33.3%, or the 
mesencephalo-thalamic arteries in 26.6% [24].

 Parenchymal Territory

The perforators of the PCA supply critical structures such as 
the interpeduncular fossa, the cerebral peduncles, the poste-
rior perforated substance, the mammillary bodies, the teg-
mentum, the thalamus, the hypothalamus, the internal 
capsule, and the deep nuclei of the basal ganglia, brainstem, 
and quadrigeminal plate. Not surprisingly, an injury to these 
vessels and the relative territories can provoke devastating 
effects [8, 11, 17].

• The thalamoperforating arteries supply the anterior and 
part of posterior thalamus, hypothalamus, subthalamus, 
substantia nigra, red nucleus, oculomotor nerve, mesen-
cephalic reticular formation, pretectum, rostromedial 
floor of fourth ventricle, and the posterior portion of the 
internal capsule [8, 27, 29–32].

• The thalamogeniculate arteries supply the posterior half 
of the lateral thalamus, posterior limb of the internal cap-
sule, and the optic tract [7–9, 13, 31].

• The peduncular perforating arteries supply the corticospi-
nal and corticobulbar pathways, as well as the substantia 
nigra, red nucleus, and other structures of the tegmentum, 
and may send branches to the oculomotor nerve [7–9].

The short circumflex branches supply the geniculate bod-
ies and the tegmentum, while the long circumflex supply the 
quadrigeminal bodies. Some authors state that the long cir-
cumflex arteries supply the superior colliculi, and that the 
inferior colliculi are supplied by the superior cerebellar 
artery [7–9, 13, 18].

 Clinical Implications

From a clinical perspective, perforators anatomy is essential 
for understanding the pathogenesis and consequences of 
ischemic and hemorrhagic stroke. These branches of the 
PCA are extremely vulnerable to injuries both during endo-
vascular and, particularly, microsurgical procedures, such as 
the treatment of basilar apex aneurysm [6, 11]. Unfortunately, 
to date, the injury of a single small vessel tends to be missed 
by the imaging modalities in use and ischemic events from 
pathologies such as small vessel disease and lacunar stroke 
may present at times with negative imaging findings. Even if 
arterial occlusion is the most common cause of a typical tha-
lamic syndrome, vascular malformations or tumors of the 
thalamus can be rare but possible causes [6, 8, 33, 34].

• The TPA occlusion may produce a variety of syndromes, 
depending on the extension of the area of ischemia. The 
injury to this vessel is characterized by contralateral 
hemiplegia, cerebellar ataxia, or a “rubral” tremor associ-
ated with ipsilateral oculomotor nerve paresis (Nothnagel’s 
syndrome or Benedikt’s syndrome). Typically, contralat-
eral hemiballismus is caused by lesions affecting the sub-
thalamus [8].

• TGA occlusion results in the thalamic syndrome of 
Dejerine and Roussy, consisting of a contralateral loss of 
sensation with an intractable, “hyperpathic” pain with 
hypersensitivity to mild touch, pain, and temperature 
stimuli, associated with contralateral hemiplegia, choreo- 
athetoid or dystonic movements, and homonymous hemi-
anopsia [8, 35].

• The injury to the long circumflex branches can provoke 
infarction of the posterior commissure or of the nuclei of 
Darkschewitsch or Cajal resulting in the Parinaud’s syn-
drome with the classical triad of impaired upward gaze, 
convergence retraction nystagmus, and pupillary hypore-
flexia [9, 36].
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In conclusion, because of the clinical implications above 
exposed, extensive knowledge of the microsurgical anatomy 
of this area is mandatory to prevent catastrophic events and 
poor post-operative outcomes.
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Embryology and Anatomy 
of the Vertebral Artery

M. Pileggi and F. Di Caterino

The vertebral arteries represent, together with the carotid 
arteries, the main blood supply channels for the intracranial 
structures. Endowed with a secondary role during fetal life, 
during which the structures of the posterior fossa are mostly 
vascularized by the caudal divisions of the internal carotids 
(posterior communicating arteries), during postnatal life 
they become the main feeders of numerous structures of the 
brainstem, cerebellum, thalami and a variable portion of the 
temporal and occipital lobes. The knowledge of the anatomy 
of these arteries is essential for neurosurgeons and neuroin-
terventionalists because of their close proximity to the bony 
structures of the cervical spine, the importance of the nerve 
structures vascularized by them and the numerous and com-
plex anastomoses that can be observed with the internal and 
external carotids and the cervical arteries.

 History

The father of modern neuroanatomy Thomas Willis already 
in 1664 described the macroscopic anatomy of the vertebral 
artery (VA), going so far as to describe the muscular branches 
and the medullary branches afferent to the anterior spinal 
artery (ASA) in his book Cerebri anatome [1].

Since the mid-eighteenth century, more detailed descrip-
tions of the artery were published and the course of the VA was 
divided into segments. The two oldest segmentation patterns 
were described by Powers (1860) and Barbieri (1867) [2].

A new powerful tool for the study was provided by angi-
ography: the first angiogram of the vertebral arteries was 
performed by Egas Moniz in 1934, by exposing the subcla-
vian artery (SBA; peripherally compressed) and obtaining 
unsubtracted images of extracranial and intracranial verte-
brobasilar system by injection [3].

In 1938 Sjoquist exposed the VA and injected the contrast 
medium directly into it for the first time, with the goal of 
producing good quality angiograms and being successful in 
six cases out of eight [3].

In 1948 Padget [4] demonstrated that the vertebral arter-
ies are established as longitudinal anastomoses between the 
segmental arteries from the subclavian artery to the cranio- 
cervical junction. This concept was further elaborated in the 
monumental work of Lasjaunias, Berenstein and TerBrugge 
[5] as a framework to explain the several variations of origin 
and course of the artery.

 Embryological Development

The embryological development of the vertebral artery (VA) 
occurs between 33 and 38–40 days during intrauterine life 
and according to the cerebral artery development described 
by Padget in 1948 [4] different embryological stage can be 
identified.

At the initial stage of development, there are two aortic 
trunks (ventral and dorsal aorta for each side) [6] which will 
evolve to form the carotid system and two arterial channels 
ventral to the rhombencephalon, one on each side of the mid-
line: the ventral longitudinal neural arteries (vLNAs). This 
longitudinal neural system will give origin to the VA, the 
basilar trunk and the spinal artery.

At about 4–5 mm embryo length (≃30 days, Padget stage 
1) in the anterior circulation, the primitive internal carotid 
artery (ICA) can already be recognized with its division in 
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two main branches: the cranial branch (future anterior cere-
bral artery, ACA) and the caudal branch that will become the 
posterior communicating artery (PcomA) [4, 7, 8]. Instead, 
in the posterior cerebral region (hindbrain), the two vLNAs 
appear in the form of plexiform structures in the midline sup-
plied by multiple arterial bridges with the carotid system: the 
trigeminal artery (TA) and the otic artery (OtA) cranially and 
the hypoglossal artery (HA) and the first cervical segmental 
artery (also called proatlantal artery (PA) type I) caudally [4, 
7–10].

At about 5–6 mm embryo length (≃31 days, Padget stage 
2) the definitive PcomA is formed. The latter replaces the 
supply of TA to the two vLNAs, resulting in progressive TA 
involution. The fusion on the midline of the two vLNAs also 
begins to form the basilar trunk (BT) [4, 7–10].

Like the trigeminal artery, the hypoglossal artery also 
undergoes a progressive involution because most of the 
blood supply to the two vLNAs and to the BT comes from 
the first cervical segmental artery [11]. The flow towards the 
posterior circulation, which was from cranial to caudal, fol-

lowing the regression of the carotico-vertebral anastomoses, 
is now inverted directed from caudal to cranial [12].

At about 7–12  mm embryo length (≃33  days, Padget 
stage 3) the VA begins its formation by a transverse anasto-
mosis between seven dorsal cervical intersegmental arterials 
(CIAs) branches arised from each of the paired dorsal aortae 
[4, 13]. Most authorities believe that the VA originates from 
the persistent longitudinal anastomosis of CIAs, while the 
horizontal segments would have a progressive obliteration 
except for the seventh intersegmental artery. The latter would 
give rise to the base of the subclavian artery including the 
origin of the vertebral artery [4, 13–16].

At about 12–14  mm embryo length (≃36  days, Padget 
stage 4) the definitive conformation of the cranial division of 
the ICA is well identifiable while it is at about 16–18 mm 
embryo length (≃40  days, Padget stage 5) that the VA is 
more regular and straightened [11] acquiring the morphol-
ogy recognized in the adult.

The major embryological changes of the VA are summa-
rized in Table 1.

Table 1 Major embryological changes in the formation of the vertebral artery

Stage Embryo size (mm) Major evolutions Graphic Illustration
I 4–5 •  Paired longitudinal neural arteries (LNAs) visible

•  Carotido-vertebral anastomoses visible: Trigeminal (TA), otic (OtA), 
hypoglossal (HypA), proatlantal (PA) and second cervical segmental 
artery (II CSA)

•  Primitive ICA bifurcation visible into caudal and cranial divisions (CaD, 
CrD)

•  PComA and basilar artery (BA) not formed

II 5–6 •  Formation of the PComA
•  Regression of otic and hypoglossal arteries
•  Midline fusion of LNAs to form the basilar artery (BA)
•  Initial transverse anastomoses between the intersegmental arteries
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Stage Embryo size (mm) Major evolutions Graphic Illustration
III 7–12 •  Basilar artery (BA) completely formed

•  PComA completely formed
•  Regression of trigeminal and proatlantal arteries
•  Formation of the vertebral artery (VA) by transverse anastomoses 

between the intersegmental arteries (plexiform aspect)
•  Lateral basilo-vertebral anastomosis (PLBA) visible

IV 13–15 •  Remodeling of the BA and development of the PCA
•  Migration of occipital artery (OccA) origin on the external carotid artery 

(ECA)
•  Persistence of the anastomoses between OccA and VA
•  Formation of the anterior spinal artery (ASA)

V 16–18 •  Complete formation of the VA
•  Complete formation of the Occipital Artery (remnant of the proatlantal 

artery)
•  Complete formation of the ascending pharyngeal artery (APhA, remnant 

of the hypoglossal artery)
•  Potential stem of the anterior inferior cerebellar artery (AICA) visible

Table 1 (continued)

 Number and Origin of the Artery

 Origin of the Artery

Classically right and left vertebral arteries arise from the 
posterosuperior aspect of the first part of subclavian artery 
(SBA) [17] but different angiographic and anatomic post- 
mortem studies describe multiple cases of anomalous origin 
of VA with relevant implication during endovascular inter-
vention and neck surgery. The variants in origin of the VA are 
illustrated in Fig. 1.

Variations of VA origin usually occur on the left side with 
the commonest reported atypical origin from the aortic arch 
(AOA) [18, 19]. In a comprehensive review in 2018 [20] 

including cadaveric and angiographic studies on 14,738 sub-
jects, an atypical VA origin was detected in 4.6%, more often 
unilaterally. In cases of unilateral aberrancy, the left VA was 
more frequently involved (4%) than the right VA (0.7%). The 
rate of atypical vertebral artery origin is summarized in 
Table 2.

The variations may concern a VA with typical origin from 
the SBA or a VA with an origin different from that of the 
subclavian artery.

In case of a typical origin of VA from the SBA, more 
frequently the level of vertebral origin is between the sev-
enth cervical vertebra and the first thoracic vertebra, but VA 
can emerge between the first and second thoracic vertebra 
as well [21].

Embryology and Anatomy of the Vertebral Artery
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a b c d

e f g h

Fig. 1 Different possible origins of the vertebral artery. (a) normal 
configuration of the aortic arch (AOA). BCT brachiocephalic trunk, 
CCA common carotid artery, rSBA right subclavian artery, lSBA left 
subclavian artery, rTCT right thyrocervical trunk, lTCT left thyrocervi-
cal trunk, VA vertebral artery, lICA left internal carotid artery, rICA 

right internal carotid artery, rECA right external carotid artery, lECA 
left external carotid artery. (b) lVA origin from the AOA. (c) lVA origin 
from the lCCA. (d) rVA origin from the rSBA. (e) lVA origin from the 
lTCT. (f) rVA origin from the AOA. (g) rVA origin from the rCCA. (h) 
rVA origin from the rTCT

Table 2 Rate of atypical vertebral artery origin

Lazaridis 
et al. [20]

14,738 
subjects 
evaluated

Atypical VA 
origin

676/14,738 
(4.6%)

Unilaterally 
atypical VA origin

574/14,738 
(3.9%)

Bilaterally 
atypical VA origin

7/14,738 
(0.05%)

Atypical left VA 
origin

587/14,738 
(4%)

Atypical right VA 
origin

101/14,738 
(0.69%)

Table 3 Aortic arch origin of the left vertebral artery (adapted from 20 
Lazaridis N, Piagkou M, Loukas M, Piperaki E-T, Totlis T, Noussios G, 
Natsis K (2018). A systematic classification of the vertebral artery vari-
able origin: clinical and surgical implications. Surg Radiol Anat 
40:779–797)

Lazaridis 
et al. [20]

527 subjects 
with left VA 
atypical 
origin

Left VA origin between left 
common carotid artery 
(CCA) and left superior 
cerebellar artery (SCA)

455/527 
(86.3%)

Left VA origin between the 
common trunk of 
brachiocephalic trunk 
(BCT)—left CCA and left 
SCA

40/527 
(7.6%)

Left VA origin between left 
CCA and left internal 
thoracic artery

1/527 
(0.19%)

Left VA between left SCA 
and ARSCA

1/527 
(0.19%)

Concerning the atypical origin, we can consider VA origi-
nating from the aortic arch (AOA) and those originating nei-
ther from the arch nor from the SBA.

VA origin from the AOA is the commonest reported varia-
tion (range 0.79–8%) and usually it affects the left VA. The 
rate of aortic arch origin of the left vertebral artery is sum-
marized in Table 3.
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The most frequent configuration is the left VA emerging 
between the left common carotid artery (CCA) and left SBA 
[22, 23]. Lazaridis et al. [10] on 587 cases of left VA atypical 
origin, VA arised from AOA was detected in 89% of cases 
with different configuration: between left CCA and left SBA 
in 86.3% of cases while most rarely VA emanates between 
the common trunk of brachiocephalic trunk (BCT)—left 
CCA and left SBA (7.6%) or distal to left SBA (1.3%).

Additionally, unique cases of left VA emersion between 
left CCA and left internal thoracic artery [20] or between left 
SBA and aberrant right subclavian artery (ARSBA) [24] 
have been reported.

The aortic origin of the right VA is rarer. The rate of aortic 
arch origin of the right vertebral artery is summarized in 
Table 4 and a clinical case of this rare variant is shown in 
Fig. 2.

Lazaridis et al. [20] on 101 cases of right VA atypical ori-
gin, VA arised from AOA in 6.9% of cases. The most com-
mon anomalous origin of the right VA occurs from distal to 
the origin of the left SBA and in these cases, the right VA took 
a retro-esophageal course to reach its entry into the vertebral 
foramen [6]. The VA origin between the left CCA and the left 
SBA has been documented only twice [23, 25], while the rar-
est case described only once in the literature is the origin of 
right VA from the ascending aortic arch; the latter was in 
coexistence with an aberrant right subclavian artery [26].

Regarding the anomalous extra-aortic arch origin of VA, 
several configurations have been reported.

For the left VA, extra-aortic arch origin included the left 
thyrocervical trunk (TCT) in 0.02% [20] and the left SBA 
near its origin in 0.22% [20]. Additionally, atypical origin of 
left VA from left CCA [27] and left external carotid artery 
(ECA) [28] have been reported. The rate of extra-aortic arch 
origin of the left VA is summarized in Table 5.

Regarding the right VA, the most common anomalous 
extra-aortic arch origin is from the right CCA, followed by 
the origin from the right TCT.  In the review of Lazaridis 

Table 4 Aortic arch origin of the right vertebral artery

Lazaridis 
et al. [20]

101 subjects 
with right VA 
atypical origin

Right VA origin 
distal to the origin of 
the left SCA

6/101 
(5.9%)

Wasserman 
et al. [23]

The VA origin 
between the left 
CCA and the left 
SCA

1 case

Albayram 
et al. [25]

The VA origin 
between the left 
CCA and the left 
SCA

1 case

Akdeniz et al. 
[26]

Right VA origin 
from the ascending 
aortic arch

1 case

a bFig. 2 Clinical case of 
vertebral artery origin from 
the aortic arch. 3D volume 
rendering of a CT scan in a 
patient with a rare origin of 
the right vertebral artery from 
the aortic arch. Anterior 
oblique (a) and posterior view 
(b) show a common origin of 
the brachiocephalic trunk 
(green arrows) and the origin 
of the right vertebral from the 
proximal descending aorta 
(blue arrows), distal to the left 
subclavian artery
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Table 5 Extra-aortic arch origin of the left VA

Lazaridis 
et al. [20]

14,738 subjects 
evaluated

Left VA origin 
from the left 
(TCT)

3/14,738 
(0.02%)

Left VA origin 
from the left 
SCA

33/14,738 
(0.22%)

Thompson 
[27]

Left VA origin 
from the left 
CCA

1 case

Flynn [28] Left VA origin 
from the left 
ExCA

1 case

Table 6 Extra-aortic arch origin of the right VA

Lazaridis 
et al. [20]

101 subjects 
with right VA 
atypical 
origin

Right VA origin from 
the right CCA

53/101 
(52.5%)

Right VA origin from 
the right TCT

22/101 
(21.8%)

Right VA origin from 
the right SCA

3/101 
(3%)

Shiva 
Kumar 
et al. [29]

Right VA origin from 
the BCT

1 case

Yamaki 
et al. [30]

Right VA origin from 
the BCT

1 case

Nasir et al. 
[31]

Right VA origin from 
the right ExCA

1 case

Lemke 
et al. [33]

Right VA origin from 
the right ICA

1 case

Ulusoy 
et al. [34]

Right VA origin from 
the right carotid bulb 
(common carotid artery 
trifurcation)

1 case

et al. [20], right VA originated from the right CCA in 52.5% 
of the cases and from the right TCT in 21.8% of cases. A 
rarely reported origin includes the BCT [29, 30], right 
ExCA [31], second portion of the right SBA [32] and the 
ARSBA [20].

Additionally, unique cases of right VA origin from the 
right internal carotid artery (ICA) [33] and from ipsilateral 
carotid bulb (common carotid artery trifurcation) [34] have 
been reported. The rate of extra-aortic arch origin of the right 
VA is summarized in Table 6.

Taking into consideration that the embryological develop-
ment of the VA is connected to the involution of some cervi-
cal intersegmental arteries and to the persistence of some of 
them, variations of VA are thought to be caused by defects in 
this process of regression and persistence of the cervical 
intersegmental arteries [35, 36]. The persistence could occur 
in the upper (first or second) intersegmental arteries and this 
may be responsible of an abnormal origin of the VA from the 
internal or external carotid artery. Differently, the absence of 
regression of a lower (third to sixth) intersegmental arteries 
could result in an abnormal origin of the VA from the aortic 
arch or the common carotid artery [37].

Regarding the origin of VA directly from the AOA, for the 
left VA, some authors suggest that a large absorption of 
embryonic tissue of the left superior cerebellar artery (SCA) 
between the origin of the VA and the AOA may cause a direct 
origin of left VA from the AOA, between the origins of the 
left SBA and left CCA [38]. Regarding the origin of the right 
VA as the last branch of the aorta distal to the left SBA, it is 
thought to be caused from persistence of the right dorsal 
aorta and the obliteration of the right fourth arch [6].

 Duplication, Triplication and Fenestration

The term “Duplication” of VA refers to a condition where 
the VA has two origins that fuse at different levels of the 
neck [39].

Right VA can have a dual origin in 0.04 to 0.4% and left 
VA in 0.09 to 3.3% of the cases [40, 41]. Bilateral dual origin 
of both VAs is very rare and it has been reported only three 
times [42].

Regarding the dual origin of left VA, different configura-
tions have been described: Lazaridis et al. [20] on 16 cases of 
left VA dual origin, reported 12 cases where one leg ema-
nated from the AOA and the other leg from the left SCA, two 
cases where one leg originated from the left SBA and the 
other one from the left TCT, one case from the left SBA and 
the left ECA and one case where both legs emanated from 
the AOA (between the left SBA and left CCA). Additionally, 
another configuration where both legs originated from the 
left SBA has been described [39, 43].

Regarding the dual origin of right VA in most cases, the 
two legs originate from the right SBA [42]. Lazaridis et al. 
[20] on four cases of right VA dual origin, in three cases both 
legs emanated from the right SBA, in one case one leg from 
the right TCT and the other one from the right SBA. Other 
possible configurations include cases where one leg origi-
nated from the right SCA and the other leg either from the 
right BCT, right CCA, right TCT or from the AOA [20, 42]. 
Additionally, a dual origin of the right VA with both legs 
emanated from the AOA has been sporadically reported [20].

Regarding the triplication, a unique case of a left VA triple 
origin has been reported [44]. In this case three distinct ori-
gins were detected, two of them from the SCA and the third 
from the inferior thyroid artery.

Despite sometimes erroneously used as a synonym of 
duplication [39], another different anatomical phenomenon 
is the “fenestration” of VA. The term “fenestration” describes 
the single origin of a vessel that splits to form two channels 
that re-fuse distally [6]. In the literature the incidence of VA 
fenestration is between 0.23% and 1.95% [45, 46] and even 
though it can occur either intra- or extracranially, extracra-
nial fenestration at the upper cervical level is more com-
monly reported [47, 48].
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a c

b d

Fig. 3 Clinical case of 
vertebral artery fenestration. 
Digital subtraction 
angiography (DSA) of right 
vertebral artery on antero- 
posterior (a) and lateral view 
(b) and axial CT scan images 
(c, d) in a patient with 
fenestration of the V3 
segment. A larger branch runs 
medially between the lateral 
masses of C1 and C2 and 
superiorly within spinal canal 
at C1 (blue arrows), while a 
smaller branch runs in the 
transverse foramen of C1 (red 
arrows), rejoining the larger 
branch before entering the 
dura (green arrow)

The persistence of more than one intersegmental meta-
meric artery explains probably the duplication of the extra-
cranial VA, while the fenestration could be probably due to 
the partial persistence of the longitudinal plexiform structure 
[12]. A clinical case of VA fenestration is shown in Fig. 3.

 Course of the Artery

Among many segmentation patterns described in the last 
150 years, the most widely adopted in the current medical 
literature was described by Barbieri in the “Monografia della 
arteria vertebrale” in 1867, later popularized by Krayenbühl 
and Yaşargil in 1957 [2, 49]. According to these authors, the 
VA is divided into four segments, from the subclavian artery 
to the vertebrobasilar junction. The segments of the VA are 
illustrated in Fig. 4.

Vertebral arteries are often symmetric, but the relative 
hypoplasia (defined as diameter ≤2 mm and asymmetry ratio 
of ≤1:1.7) of one side is relatively common and visible in 
15.6% of cases, with 66% of the hypoplastic artery on the 
right side [50]. The more common dominance of the left side 
does not appear to be related to hemisphere dominance [51].

The V1 is a short segment that more commonly originates 
as the first branch of the subclavian artery. It travels superi-
orly and posteriorly, behind the anterior scalene muscle, to 
the level of C6, where it enters the foramen in the transverse 
process in 88–93% of cases [52, 53]; in some cases the artery 
might enter the transverse foramina at the level of C5 (4–7%), 
or C7 (1–3%) [53, 54], reflecting a different embryological 
development with a C5 or C7 segmental artery (future V1 
segment) being dominant in supplying the longitudinal anas-
tomoses (future V2 segment).

An even higher entrance in the foramen has been described 
at the level of C4 (0.2%) and C3 (1%) [52]; but rather than a 
variation of the course of the artery, it probably reflects the 
origin of the VA from a cervical artery, with the latter supply-
ing flow to distal VA at C5, C4 or C3 level (so-called C5 to 
C3 vertebral entry of VA) [5]. The V1 segment provides arte-
rial supply to the stellate ganglion [55].

The V2 segment travels vertically through the foramina 
transversaria, usually from C6 to C2, surrounded by a venous 
plexus that drains into the subclavian or internal jugular 
veins [56]. For some authors the V2 segment ends at C1 
rather than C2, following a tradition that dates back to 1860, 
and this generated confusion in many papers in the current 
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Fig. 4 Normal anatomy and branches of the vertebral artery. The 
Figure shows the four segments of the vertebral artery (V1-V2-V3-V4) 
and its main branches: posterior inferior cerebellar artery (PICA), ante-
rior spinal artery (ASA), posterior spinal artery (PSA), posterior men-
ingeal artery (PMA), anterior meningeal artery (AMA), muscular 
branches and perforators

literature [2]. The average length of the V2 segment of the 
vertebral artery is 78.2 mm, while the average diameters of 
the left and right VAs are 4.6 and 4.2 mm, respectively [57].

In a small portion of cases (2.0%) the VA might form a 
medially directed “loop” while running in the foramina [52, 
58]; these loops can be found into an unusually large trans-
verse foramen with the internal border medial to the unco-
vertebral joint or at the level of the intervertebral disc space, 
more commonly between C3 and C5 [52].

The V3 segment begins as the VA exits the transverse 
foramen of C2. Between the foramina of C2 and C1, the 
artery slightly curves laterally to enter the transverse fora-
men of C1. The segment between the C1 and C2 transverse 
foramina sometimes forms a proximal loop, with an average 
length of the lateral projection of 16 mm; the proximal loop 
projects posteriorly 48% of cases, directly laterally in 20% 

of cases, and is absent in 32% of cases, with the artery run-
ning in a straight line between C1 and C2 [59]. Exiting from 
C1 it turns backward and runs in the sulcus of the posterior 
arch of C1 and then turns again anteriorly and medially to 
reach the foramen magnum, where the artery penetrates the 
dura mater. It is widely thought that these curves allow the 
VA to accommodate the movements of the atlanto-occipital 
segment.

Multiple variants of fenestrations, duplications and intra-
dural course at the level of C1–C2 have been described, and 
different embryological explanations provided to explain 
them [60]. Lasjaunias proposed that a number of variations 
can be understood as variations in the development of the VA 
and of one of its branches, the lateral spinal artery, that runs 
intradurally [61]. Siclari et al. proposed that some variations 
are rather variations of the posterior spinal arteries [62]. 
According to Uchino, the intradural VA at C2 is explained as 
a persistent first intersegmental artery [63]; according to the 
author, the persistent first intersegmental artery also might 
explain the extracranial origin of the posterior inferior cere-
bellar artery (PICA) at C1–C2.

Two important variations of the V3 segment involve the 
proatlantal arteries types 1 and 2. The former artery is the 
embryonic form of the first segmental artery, originating 
from the cervical internal carotid artery. At the level of C1 
the VA is no longer derived by the union of intersegmental 
arteries but it is rather a segment of the proatlantal artery 
type 1 [5]; a failure in the development of the lower interseg-
mental arteries might lead to the origin of the VA from the 
internal carotid artery. The proatlantal artery type 2 corre-
sponds to the second segmental artery; when the embryonic 
artery regresses, it gives origin to the C2 occipital-vertebral 
anastomosis [5].

The V4 segment is the intradural, terminal portion of the 
artery, and extends from its entrance through the dura to the 
vertebrobasilar junction. At the level of the dural entrance, a 
small change in the caliber is often identifiable, and the dura 
forms a fibrous dural ring around the artery [64]. As it enters 
the skull, the VA wall shows marked change, with a reduc-
tion in the thickness of the adventitial and medial layers, and 
a reduction of elastic fibers in the media and external elastic 
lamina [65]. In the subarachnoid space, the artery runs supe-
riorly and medially, anterolateral to the medulla oblongata. 
The vertebrobasilar junction is usually located at the level of 
the bulbopontine junction in 20% of cases, slightly below in 
67% and slightly above in 12%, and the total length of the V4 
segment averages 22 mm [66].

As for the lower segments, there is a slightly prevalence 
of left dominance in the V4 segments, with an average diam-
eter of 2.85 mm on the right side and 3.02 mm on the left 
[67]. The V4 segment is hypoplastic in about 22% of cases 
on the right side and in 14% of cases on the left side; in about 
5% of cases, both V4 segments might be hypoplastic [67].
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 Branches

During its course the VA provide a large number of muscular 
branches, spinal segmental arteries, meningeal branches and 
intracranial branches to the upper spinal cord, brainstem and 
cerebellum. The angiographic configuration and the main 
branches of V3 and V4 segments are shown in Fig. 5. The 
branches arising from the V2 and V3 segments are shown in 
Fig. 6.

 Muscular and Osseous Branches of V2 and V3

Multiple small branches for the cervical muscles and bones 
arise from the V2 and V3 segment, with multiple anastomo-
ses with arterial branches of the ascending cervical artery 
and deep cervical artery and with branches of the external 
carotid artery.

These small arteries have a mean diameter between 0.5 
and 1.1 mm and might branch from anterior, posterior, lateral 
and medial wall, with the posterior being the most common 
[68]. Most muscular branches arise posteriorly or postero- 
laterally, while osseous branches often originate anteromedi-
ally. In some cases, muscular, osseous and radicular branches 
may originate from a single common trunk [68].

A muscular branch from the V3 segments is observed in 
20–67% of cases [69, 70] and is commonly known as artery 
of Salmon. It can be unilateral or, more commonly, bilateral 
and can originate as a single artery or up to three small 
branches that run superiorly to supply the suboccipital mus-
culature and related tissues [71]: it can anastomose with 
branches of the occipital, ascending cervical and deep cervi-
cal arteries [72].

 Radicular Spinal Arteries

The spinal arteries supply the nerve roots and the dura mater 
of the cervical spine (radicular arteries) from C6 to C1, 
together with branches of the ascending cervical artery and 
the deep cervical artery [5].

At some levels and with an unpredictable pattern, the 
radicular branches provide contribution to the anterior spinal 
artery for the spinal cord (radiculomedullary arteries). 
According to Tubbs et al. [68] and Bruneau et al. [68, 73], no 
radiculomedullary artery originates from the V3 segment 
and thus surgical intervention at this level carries minimal 
risk of complications for the spinal cord.

a b

Fig. 5 Angiographic configuration of segments V3 and V4 of the 
VA. Left vertebral artery angiogram AP view (a) and lateral view (b). 
The anterior meningeal artery (AMA) arises from the V2 segment and 
courses upward to supply the dura of the foramen magnum. It is located 

laterally (a) and anteriorly (b) to the anterior spinal artery (ASA). 
Muscular branches (MBs) arise from the V2 and V3 segments. The 
posterior inferior cerebellar artery (PICA) and the ASA arise from the 
V4 segment
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a bFig. 6 DSA with branches of 
the VA. Digital subtraction 
angiography of left (a) and 
right (b) vertebral arteries, 
antero-posterior view. 
Multiple branches of the V2 
and V3 segments are visible, 
including muscular branches 
(blue arrows), radicular and 
radiculo-medullary arteries 
(green arrows) and the C3 
artery (the so-called anterior 
meningeal artery of the VA, 
red arrow) supplying the dura 
of the anterior foramen 
magnum and the inferior 
clivus

 Anterior Meningeal Artery

This artery arises from anteromedial surface of the distal V2 
segment of the vertebral artery (VA) immediately below its 
first bend at the level of the axis or at the level of the third 
vertebral body and it supplies the dura of the anterior fora-
men magnum and the inferior clivus.

For more details see the chapter “Dural Branches of 
Vertebral Artery.”

 Posterior Meningeal Artery

This artery usually arises from the posterior portion of the 
V3 segment of the VA, above the level of the arch of the atlas 
just below the foramen magnum.

The posterior meningeal artery (PMA) supplies the 
medial portions of the dura of the occipital posterior fossa as 
well as the falx cerebelli. In addition, it may extend above the 
tentorium to supply the posterior segment of the falx cerebri 
and adjacent tentorium.

For more details see the chapter “Dural Branches of 
Vertebral Artery.”

 Posterior Inferior Cerebellar Artery (PICA)

The PICA commonly originates in the V4 segment approxi-
mately 16–17 mm proximal to the vertebrobasilar junction, 
and 8–9 mm superior to the foramen magnum [74], but an 
extracranial origin is a frequent variation.

 Anterior and Posterior Spinal Arteries

The anterior spinal artery (ASA) is formed by the fusion of 
two vascular roots originating from the VA. The two roots of 
the ASA arise from the VA 6.5 mm proximal to the vertebro-
basilar junction, and have an average diameter of 523 μm 
(range 210–1000 μm) [75]. The fusion of the arterial roots 
can be observed at variable level, caudal to the foramen mag-
num; sometimes two long unfused cervical anterior spinal 
arteries of no pathological significance can be detected [5]. 
In 30–50% of cases a small communicating artery known as 
the anterior spinal communicating artery connects the left 
and right anterior spinal arteries [66, 75].

Small branches originating from the posterior aspect of 
the VA form the most cranial portion of the posterior spinal 
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arteries [9]. These branches commonly originate from the 
distal V3 segment, proximally to the point of dural penetra-
tion, or from the PICA. Some controversies exist on whether 
these branches could have been inaccurately labeled as feed-
ers of the lateral spinal arteries [9, 62].

 Perforator Branches

Perforators are arterial branches from the VA or from the 
arterial roots of the ASA that supply the lateral medulla, infe-
rior cerebellar peduncle and medullary surface of the cere-
bellum [66].

The perforating arteries are 6.5 on average (range 1 to 
11), with an average diameter of 243 μm (100–520 μm), and 
they may arise directly from the VA (54.54% of cases) or 
from the vascular roots of the ASA (over 90% of cases) [75].

In patients with a PICA originating from the anterior infe-
rior cerebellar artery (AICA) (AICA-PICA variant) the VA 
gives significantly higher numbers of perforating arteries [76].

It is possible to observe anastomoses involving the perfo-
rators in about 40% of cases or side branches in over 90% of 
cases, with an average diameter of 169 μm and 161 respec-
tively [75].

In about 35% of cases one or two branches originating 
between the vertebrobasilar junction and the ASA, more 
commonly on the right side, supply nuclei of the floor of the 
fourth ventricle [66].

 Possible Anastomoses

The VA presents multiple anastomoses with the cervical 
arteries originating from the subclavian artery and with 
branches of the external carotid artery, the ascending pharyn-
geal artery and the occipital artery.

The monumental work of Lasjaunias, Berenstein and 
TerBrugge [5] described the hemodynamic balance between 
the muscular elements of the VA and the other arteries in the 
neck, with the segmental branches anastomosing according 
to embryonic arrangement of metameric levels.

 Anastomoses at C1–C2

The C1 and C2 branches of the VA are in balance with the 
occipital artery and represent the persistent connections of 
proatlantal arteries when the proximal VA is hypoplastic.

Two types of proatlantal arteries have been described 
according to the cervical level of occipital-vertebral 
anastomoses.

The type I proatlantal artery corresponds to the embry-
onic first segmental artery, arising from the proximal the 

internal carotid artery, running posteriorly into the occipito- 
cervical space. The vertebral artery itself, at the level of C1, 
is the distal remnant of the proatlantal I artery.

In the normal anatomy of adults, the proximal remnant of 
that first segmental artery is the occipital artery and its C1 
occipito-vertebral anastomosis.

The type II proatlantal artery corresponds to the second 
segmental artery, arising from the proximal external carotid 
artery. After regression of the connection, the C2 occipito- 
vertebral anastomosis represents the remnant of the embry-
onic artery.

The persistent proatlantal artery in adults is observed with 
the persistence of the C1 or C2 segmental artery’s anastomo-
sis associated to hypoplasia of the proximal vertebral artery.

 Anastomoses at C3–C6

In the adult’s vascular system, the deep cervical and ascend-
ing cervical arteries can be considered the artery of the C3–
C4 segments and the artery of C5–C6 segments respectively, 
while the proximal VA can be considered the artery of C7 
segment.

The anastomoses between the VA and the cervical arteries 
follow the same pattern, with VA-deep cervical connection 
more commonly observed at C3–C4 and VA-ascending cer-
vical more frequently at C5–C6. However, different configu-
ration can be observed.

C3 is also at the level of the odontoid arcade, which rep-
resents an anastomotic arcade between VA, the occipital 
artery and the ascending pharyngeal artery.

 Parenchymal and/or Dural Territory(ies)

In addition to the ASA for spinal cord vascularization, which 
is not the aim of this chapter, the VA gives rise to multiple 
small branches which supply the medulla oblongata. They 
arise from the posterior surface of the VA [77] and they run 
on the anterior and lateral surface of the medulla. Anastomoses 
between these superficial vessels and branches of the PICA 
and BA are present typically on the surface of the olive [12].

Regarding dural vessels, three meningeal branches arise 
from the distal extracranial VA: the anterior meningeal artery 
(AMA), the posterior meningeal artery and the falx cerebelli 
artery described above.

 Clinical Implications

The patients with VA variants are usually asymptomatic and 
in most cases, the anomalous origin of the VA is an inciden-
tal finding. However, in rare cases, a VA variation was found 
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accidentally during a clinical examination of headache or 
dizziness, but these do not seem to be associated with the 
anomalous origin [78].

There is no evidence supporting that a VA anatomic vari-
ations predispose to cerebrovascular disorders but some 
authors have suggested that an anomalous origin, caliber 
and distribution of the VAs might be associated to cerebral 
disorders due to a cerebral hemodynamic perturbation [23, 
33, 79].

Turbulent flow in an aberrant vessel origin may increase 
the risk of thrombosis, artery occlusion, intracranial aneu-
rysms formation, artery occlusion, dissection and potentially 
atherosclerosis [77].

A higher incidence of arterial dissection in case of a left 
VA arising directly from the AOA has been reported [80]. On 
the other hand, the association between arterial dissection 
and an aberrant origin of VA from AOA remains to be eluci-
dated [80]. It has been suggested that a left VA originating 
directly from the AOA could predispose to dissection as it 
typically enters the C4 or C5 foramen transversarium, result-
ing in a longer V1 segment in the neck [14, 20].

The origin variations of the VA may coexist with abnor-
malities in the course of the vessel, bifid origin, vessel fenes-
tration, tortuosity, elongation and kinking, aneurysm 
formation and associated hereditary connective tissue disor-
ders [81]. An increased incidence of VA variations has also 
been reported in patients with Klippel–Feil and Down syn-
drome [34, 82]. Additionally, a higher incidence of VA 
anomalies in patients presenting with certain congenital car-
diovascular variations has been reported. The most common 
of these congenital cardiovascular variations among patients 
with anomalous VA origin is the presence of an ARSBA [14]. 
Tsai et al. [24] found a VA anomaly in 15.7% of patients with 
ARSBA.

Although the origin variations of the VA remain asymp-
tomatic, their knowledge seems to be mandatory as there is a 
potential clinical impact in case of endovascular procedure, 
aortic arch and head and neck surgery.

An anomalous VA origin also represents a potential pitfall 
in the diagnosis of cerebrovascular injury.

An origin of right VA as the last branch of AOA may be 
wrongly assumed to be occluded either by eluding catheter-
ization during angiography or because its origin is not 
included in the acquisition field during noninvasive studies 
such as computed tomography angiography, magnetic reso-
nance angiography, or Doppler sonography. During imaging, 
scanning of the entire AOA up to the level of ligamentum 
arteriosum is mandatory so as to rule out any aberrancy [83]. 
A possible VA origin emersion from the inferior thyroid 
artery should be taken into consideration during inferior thy-
roid artery catheterization and thyroidectomy procedures 
[20]. Additionally, in case the VA originates from the com-
mon or the external carotid artery, a ligation of the common 

carotid artery could obviously be catastrophic as it deprives 
the posterior cranial fossa of its arterial supply [20]. Finally, 
a dual origin of the VA may be erroneously interpreted as 
dissection [13].

In conclusion, although the anomalous origin of the VA is 
typically an incidental finding, its identification is required 
before any surgical/endovascular intervention in order to 
avoid any misinterpretations or inadvertent injuries.
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Anatomy and Variations of the Posterior 
Inferior Cerebellar Artery

Thomas Robert, Gabriele Cicciò, and Sara Bonasia

Observations concerning the posterior inferior cerebellar 
artery (PICA) are mostly based on embryological studies, 
cadaveric dissections, surgical and angiographic evaluation 
[1–3]. The correlation between vascular occlusion and clini-
cal implications as well as the evaluation of space-occupying 
brain lesions has encouraged numerous researches, thus 
exploring a scientific path of considerable interest [4]. This 
allowed embryologists, anatomists, neurosurgeons, neurolo-
gists and ultimately interventional neuroradiologists to carry 
out an extensive and in-depth research for the PICA. This 
phylogenic recent artery is one of the most complex and fas-
cinating cerebral arteries with a high number of anatomical 
variations perhaps due to its late embryological development 
[5, 6]. In this chapter, we will develop each variation impli-
cating the PICA after a little embryological remind and “nor-
mal anatomy” description.

 History

Pioneers in the anatomical studies, Gaspard Vieusseux in 
1810 followed by Adolph Wallenberg’s observations in 1895, 
undisputedly proposed a remarkable focus on the spino- 
cerebellar arteries including the PICA [7, 8]. Continuing 
with this clinico-anatomical correlation method, the studies 
of Wilson [9], Harris [8], Gowler and Hope [10] represent a 
bridge of scientific connection with writings of Krayenbuhl 
and Yasargil in 1957 [11], and of Margolis and Newton 1972 

[12]. The amazing and milestone studies of Congdon, [13] 
and Padget [2] on embryology followed by those of 
Lasjaunias allowed a solid scientific discussion, providing 
explanations and formulating concrete hypotheses about 
anatomical variations of the PICA [1, 14].

 Embryological Development

In this section, we will only explain the embryological devel-
opment of the cranio-cervical vascular system with the aim 
to understand the different variations of the PICA. In order to 
simplify this complex embryological development, we first 
describe the general development of the posterior circula-
tion; after that, we will focus on the cranio-cervical junction. 
The main steps of the PICA development are summarized 
and illustrated in Table 1. Our embryological knowledge is 
based on key publications provided by the studies and dis-
sections of Congdon and Padget in human specimens and by 
Moffat in rat [2, 6, 13]. In more recent publications based on 
observations of anatomical variations, authors proposed very 
interesting but usually contradicting hypotheses [14–16].

 General Posterior Circulation Development

Even if the formation of the posterior circulation succeeds 
early in the embryological life, it is always developed later 
than the carotid system and the anterior circulation [5, 17].

At stage I of Padget (4–5  mm), the paired longitudinal 
neural arteries (LNA) appear, fed cranially by the trigeminal 
artery (TA) and caudally by the proatlantal artery (PA). Other 
carotido-vertebral anastomosis formed slightly later with the 
formation of the otic and hypoglossal arteries (OtA and 
HypA) [2, 13, 17].

At stage II of Padget (5–6  mm), the two LNAs initiate 
their medial fusion to form the future basilar artery. The pos-
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Table 1 Major embryological changes in the formation of the PICA

Stage Embryo size (mm) Major evolutions Graphic illustration
I 4–5 •  Paired longitudinal neural arteries (LNAs) visible

•  Carotido-vertebral anastomoses visible: Trigeminal (TA), otic (OtA), 
hypoglossal (HypA), proatlantal (PA) and second cervical segmental 
artery (II CSA)

•  Primitive ICA bifurcation visible into caudal and cranial divisions 
(CaD, CrD)

•  Posterior communicating artery (PComA) and BA not formed

II 5–6 •  Formation of the PComA
•  Regression of otic and hypoglossal arteries
•  Midline fusion of LNAs to form the basilar artery (BA)
•  Initial transverse anastomoses between the intersegmental arteries

III 7–12 •  Basilar artery (BA) completely formed
•  PComA completely formed
•  Regression of trigeminal and proatlantal arteries
•  Formation of the vertebral artery (VA) by transverse anastomoses 

between the intersegmental arteries
•  Lateral basilo-vertebral anastomosis (PLBA) visible

IV 13–15 •  Remodeling of the BA and development of the PCA
•  Anastomotic ring around the VI cranial nerve visible
•  Migration of occipital artery (OccA) origin on the external carotid 

artery (ECA)
•  Persistence of the anastomoses between OccA and VA
•  Formation of the anterior spinal artery (ASA)

V 16–18 •  Complete formation of the VA
•  Complete formation of the OccA (remnant of the proatlantal artery)
•  Complete formation of the ascending pharyngeal artery (APhA, 

remnant of the hypoglossal artery)
•  Potential stem of the AICA visible
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Table 1 (continued)

Stage Embryo size (mm) Major evolutions Graphic illustration
VI 20–24 •  Complete development of the Circle of Willis

•  Interaction between the primitive stem of the AICA and PICA with the 
PLBA to determine its definitive configuration

terior communicating artery is completely formed and, con-
sequently, the TA regresses [2].

At the stage III of Padget (7–12 mm), the vertebral artery 
(VA) is formed by anastomosis of the different intersegmen-
tal cervical arteries. At the cranio-cervical junction, arteries 
have a more plexiform aspect, and the vertebrobasilar junc-
tion is not completely formed [17].

At stage V of Padget (16–18 mm), numerous small arter-
ies develop from the vertebral artery and course cranially to 
the choroid plexus of the posterior fossa, which could be 
interpreted as precursor of the proximal stem of the PICA [1, 
17]. Some authors arbitrarily named it the artery of the resti-
form body [1].

At stage VI (20–24 mm), D. Padget noted the difficulty to 
recognize stems of the anterior inferior cerebellar artery 
(AICA) and PICA among many arterial branches supplying 
the posterior part of the hindbrain [2].

 Cranio-Cervical Junction Vascular 
Development

The proatlantal artery or first cervical intersegmental artery 
plays a cornerstone role in the formation of the arteries of the 
cranio-cervical junction. This artery is a transverse artery 
that passes in the first intersegmental space (between the 
occiput and the atlas) and gives two distinct branches [14]. 
The anterior branch passes anterior to the medulla and forms 
with its two rami the vertebrobasilar junction and the future 
anterior spinal arteries. The posterior branch of the PA also 
develops two distinct rami: an ascending one and a descend-
ing one. These two posterior rami play a role in the formation 
of the proximal stem of the PICA [1]. D. Padget had already 
seen in embryos of 7–12 mm (stage III) the development of 
a lateral channel parallel to the LNA passing posterior to the 
cranial nerves VI and XII but anterior to cranial nerves VII 
through XI and named it the primitive lateral basilovertebral 
anastomosis (PLBA) [2]. This could be the cranial part 
(ascending ramus) of the posterior branch of the PA. On the 
other hand, Moffat also noted in rat a similar vascular net-
work in the upper cervical region that he named the lateral 
longitudinal artery which could be the extracranial part 

(descending ramus) of the posterior branch of the PA [6]. In 
embryos of 16–24 mm (stage V and VI), D. Padget noted the 
development of arterial branches from the PLBA that could 
be the precursor of stems of the AICA and PICA but she 
highlighted that the high number of branches in this region 
make difficult to recognize which of them are the stems of 
the two future cerebellar arteries [2].

Even if we do not have any strong embryological argu-
ment but only based on observations of anatomical varia-
tions, few authors rightly hypothesized that the PLBA 
participates in the formation of the AICA and PICA in the 
posterior fossa. For the upper cervical region, the PLBA or 
more precisely the lateral longitudinal artery of Moffat could 
be the precursor of a spinal artery named the lateral spinal 
artery (LSA) by Lasjaunias et al. but interpreted differently 
by other authors [14–16].

Whatever the name you give to these structures, the PLBA 
described by Padget in human embryo and the lateral longi-
tudinal artery described by Moffat in rat have a lot of simili-
tudes and seem to be the same entity. On the other hand, the 
late formation of stems of the AICA and PICA from a plexi-
form network, together with the formation in the upper cervi-
cal spine of the lateral spinal (or postero-lateral spinal artery 
for other authors), explains most of anatomical variations of 
arteries of the cranio-cervical junction including the proxi-
mal PICA.

 Number and Origin of the Artery

The PICA is the cerebellar artery with the highest incidence 
of variations in origin, course and number. It seems that its 
late formation in the embryological life and the complexity 
of the cranio-cervical junction vasculature are the two major 
causes of this high variability.

 “Normal” Origin

In the “normal” anatomical description, the PICA arises 
from the distal segment of the vertebral artery (VA) [3, 18]. 
With its lateral course around the medulla oblongata, the 
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Fig. 1 Clinical case of BA 
origin of the PICA. The figure 
shows a Digital subtraction 
angiography (DSA) obtained 
after the injection of the left 
vertebral artery (VA) in lateral 
and antero-posterior view. On 
the left side of the basilar 
artery (BA) are visible the 
origin of the AICA and of the 
PICA. On the VA, the PICA 
origin is not visible

Fig. 2 Clinical case of PICA-AICA variant. The figure shows a DSA 
obtained after the injection of the left vertebral artery (VA). On the dis-
tal part of the VA, a PICA-AICA complex is visible. It is defined as the 
absence of AICA origin from the basilar artery (BA) with its territory 
supplied by a superior branch of the PICA

PICA branches off from the lateral or posterior aspect of the 
vertebral artery [3]. The distance between the point of origin 
of the artery and the vertebrobasilar junction is 16.8  mm 
(0–35 mm) [3, 11, 19]. This “normal” anatomy is found in 
70–90% with a high variability among different studies 
depending on the technique of evaluation [19]. A case of 
PICA origin from the basilar artery (BA) is shown in Fig. 1.

 “Absence” of the PICA

Few authors described an “absence” or an “agenesis” of the 
PICA in relatively high incidence (2–24%) which could be 
more precisely defined as the absence of the classical origin 
of the PICA [18–21]. In these cases, the territory of the PICA 
is taken in care by another cerebellar artery, or its origin is 
from another artery.

 AICA Origin of the PICA (AICA-PICA)

AICA-PICA is the most frequent variation of the PICA ori-
gin (2–8%) [22, 23]. In this configuration, the PICA does not 
originate from the vertebral artery but is a branch of the 
AICA. A case of this variant is shown in Fig. 2. This variant 
could be explained by the partial persistence of the PLBA 
during the embryological life [1]. Lasjaunias et al. proposed 
a four-type classification as follows:

• Type I: a single trunk arises from proximal segment of 
basilar artery with distal bifurcation in AICA and PICA.

• Type II: a bifid PICA arises from intradural segment of 
vertebral artery.

• Type III: a bifid PICA arises from vertebrobasilar 
junction.

• Type IV: a normal PICA without AICA.

Rare distal aneurysms of an AICA-PICA were described 
but represent a challenging situation. In this case, major 
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attention must be taken to preserve a large cerebellar terri-
tory [24–26].

 Extradural Vertebral Artery Origin of the PICA

This variant is clearly correlated with the development of the 
VA, lateral spinal (LSA), posterior spinal arteries (PSAs) and 
the proatlantal intersegmental artery (ProA) as described in 
the section about embryology. Lasjaunias et  al. explained 
this variant by dilatation of a radicular artery at C1, C2 or C3 
anastomoses with a dilated lateral spinal artery that contin-
ues as the normal PICA [1, 14]. Other authors suggest that 
these variations could also implicate the posterior spinal 
artery instead of the lateral spinal artery [16]. Extradural ori-
gin of the PICA has been reported in 5–19%, with prevalence 
on the nondominant VA [27–29] In this configuration, the 
PICA usually arises from dorsal aspect of the VA and the 
perforating arteries arise from the distal VA instead of the 
proximal PICA [30, 31]. It could be associated with a fenes-
tration of the VA between C1 and C2 that highlights the role 
of the PLBA in these variants. A clinical case of extradural 
VA origin is shown in Fig. 3.

 Occipital Artery Origin of the PICA

This variant represents a partial persistence of the primitive 
proatlantal artery that explains the anastomosis between the 
occipital artery and the vertebrobasilar system. Consequently, 
the PICA could arise from the occipital artery at the level C1 
or C2 depending on the type of persistent proatlantal artery 
(type I or II) [32–34].

 Ascending Pharyngeal Artery Origin 
of the PICA

Few cases of the ascending pharyngeal artery (APhA) origin 
of the PICA have been described [35–39]. Initially, 
Lasjaunias et al. interpreted it as a partial persistence of the 
hypoglossal artery thinking that the anastomotic vessel 
passes through the hypoglossal canal [36]. More recent pub-
lications with high-definition slice images demonstrated that 
the anastomotic vessel passes through the jugular canal 
instead of the hypoglossal one [37, 38]. In this situation, the 
hypothesis would be a persistence of the glosso-pharyngeal 
artery.

 Cavernous Internal Carotid Artery (ICA) Origin 
of the PICA

This variation in origin of the PICA is not so frequent and 
only described in a few cases [12, 15, 40–45]. The PICA 
takes its origin from the pre-cavernous or cavernous portion 
of the ipsilateral ICA, courses posteriorly in the cavum of 
Meckel to take in charge the territory of the PICA.  The 
embryological explanation is a partial perstistence of the 
primitive trigeminal artery (PTA). In fact, the PTA is con-
nected to the cranial part of the PLBA during the embryo-
logical life. Its persistence usually gives a direct connection 
between the ICA and the basilar artery, but various varia-
tions have been described by Saltzman [46]. In the type III 
of Saltzman, the PTA connects posteriorly to a cerebellar 
artery and, in particular, to the PICA in type IIIc. Perot et al. 
described a particular case where only the hemisphere trunk 
of the PICA is connected to the PTA [43]. Another case was 
published by Siclari et al. where, surprisingly, all the three 
cerebellar arteries raised from the primitive trigeminal 
artery [16].

a bFig. 3 Clinical case (a and b) 
of extradural origin of the 
PICA. The PICA normally 
origins from the intradural 
segment of the vertebral 
artery (V4). It can also arise 
from the extradural portion of 
the vertebral artery. In this 
case the PICA arises from the 
VA at the level of C1 (V3 
segment) and then courses 
intradural to supply its usual 
vascular territory
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 Cervical ICA Origin of the PICA or Persistent 
Hypoglossal Artery Variant

Few cases of origin of the PICA from the cervical portion of 
the ICA have been described and the most frequent hypothe-
sis is a partial persistence of the primitive hypoglossal artery. 
Recent publications argued this hypothesis showing the 
course of the artery through the hypoglossal canal [47–50].

 Anterior Spinal Artery Origin of the PICA

Only two cases of anterior spinal artery (ASA) origin of the 
PICA have been described. Authors postulated that the PICA 
is connected to the ASA through a dilated coronary artery 
that goes around the medulla [51, 52].

 Double Origin of the PICA

This variant could be found in the literature as supernumer-
ary PICA, double origin of PICA, bifid PICA, DOPICA or 
double trunk of PICA [4, 53–60]. It is defined by a double 
origin with two separate vessels arising from the same verte-
bral artery with a distal convergence, usually at the midpor-
tion of anterior medullary segment. According to Lasjaunias 
et al., the double origin of the PICA represents an embryo-
logic remnant of the normal anastomosis between LSA and 
PICA (remnant of the PLBA) [1, 14, 61]. The cranial origin 
of the PICA is the PICA proper and the caudal one is a 
dilated LSA. The caudal PICA could arise from the vertebral 

artery at C1 or C2 level. It could also be associated with a 
fenestration of the VA of the same side [62, 63].

 Course of the Artery

The PICA has the particularity to be tortuous making dif-
ferent loops around the cerebellar structures [64]. Its 
median diameter at origin is 2.0  mm (0.5–3.4  mm). 
According to Rhoton, the PICA can be divided into five 
segments as follows [3, 18, 65]. The PICA’s segments are 
shown in Fig. 4.

 Anterior Medullary Segment

This segment extends from the origin of the artery to the 
point where the artery crosses the most prominent point of 
the olive. The presence of this segment is dependent on the 
course of the vertebral artery and on the level of origin of the 
PICA. When the PICA has a low origin along the VA, this 
first segment does not exist. The PICA usually passes below 
the hypoglossal nerve in 47.5%, above in 37.5% and between 
the rootlets of the nerve in 12.5% [66].

 Lateral Medullary Segment

This segment begins when the PICA passes the most promi-
nent point of the olive and ends at the level of origin of the 
glossopharyngeal, vagus and accessory nerves. This segment 
is present in most PICA and its course shows high variability. 

Fig. 4 Artist’s drawing and DSA image of PICA segments. The poste-
rior inferior cerebellar artery (PICA) arises from the distal portion of 
the vertebral artery (VA). The antero-medullary segment (1) courses 
below the hypoglossal nerve (XII) and ends at the most prominent part 
of the olive. The lateral medullary segment (2) courses until the origin 
of the vagal, glossopharyngeal and accessory nerves (IX, X, XI). The 

tonsillomedullary segment (3) courses from the origin of these nerves 
and ends on the medial surface of the tonsil. The telovelotonsillar seg-
ment (4) begins at the medial surface of the tonsil and ends at the exit 
point from the fissure between the vermis and the cerebellar hemi-
sphere. The cortical segment (5) includes the terminal branches of the 
artery
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In most cases, the PICA passes through the rootlets of the 
accessory nerve (65%) but could also course between the 
vagus and accessory nerves (in 20% of cases) or between the 
glossopharyngeal and vagus nerves in 12.5% [66].

 Tonsillomedullary Segment

This segment begins where the PICA passes posterior to the 
glossopharyngeal, vagus and accessory nerves. It ends where 
the artery ascends to the mid-level of the medial surface of 
the tonsil. In most cases, along this segment, the artery pres-
ents a typical caudal or tonsillar loop passing around the ton-
sil. This loop could be in straight relation with the caudal 
point of the tonsil but could also be lower to it. On the con-
trary, when the PICA has a low origin, the artery passes 
directly on the medial surface of the tonsil without forming 
this caudal loop [18].

 Telovelotonsillar Segment

This segment is the most complex one with a high variability. 
It begins at the midportion ascent of the artery along the 
medial aspect of the tonsil. The end of this segment is where 
the artery exits from the fissure between the vermis and the 
cerebellar hemisphere. Where the artery passes on the infe-
rior medullary velum, it forms another typical loop called the 
cranial loop where the artery gives its branches to the tela 
choroidea and to the choroid plexus.

 Cortical Segment

This segment extends from the point where PICA exits from 
the fissure between the vermis and the hemisphere, to the 
terminal branches. The bifurcation of the artery in medial 
and lateral trunk is usually on the proximal portion of this 
segment. The lateral or hemispheric trunk is the largest one 
reaching the hemispheric and tonsillar surfaces. The medial 
trunk is smaller and courses on the posterior surface of the 
vermis. In only 5% of cases, no bifurcation of the PICA 
could be seen [18].

 Branches

P. Lasjaunias compared the PICA to a hypertrophied radicu-
lopial artery that allows to understand the embryological 
development of the artery and also its different type of 
branches: perforating, choroidal and cortical [1, 67].

 Perforating Branches

Perforating branches origin from the first three segments of 
PICA and supply the medulla oblongata. Two types of these 
branches have been described: direct and circumflex [3, 18, 
65]. The direct perforating branches have a course around 
the brainstem of less than 90 ° before their perforating point. 
On the contrary, circumflex perforating branches have a 
course of more than 90 ° around the brainstem before enter-
ing in it. All these perforating arteries together with perforat-
ing arteries from the vertebral artery form an arterial plexus 
that supply the lateral part of the medulla oblongata [1, 21, 
68]. The anterior segment of the PICA has between 0 and 2 
branches, its lateral medullary segment between 0 and 5 and 
the tonsillomedullary segment 0–11 branches. For ectopic 
origin of the PICA or low-lying PICA, perforating branches 
arise from the vertebral artery instead of the PICA [27, 61].

 Choroidal Branches

PICA usually supplies most of the choroid plexus of the 
fourth ventricle and the tela choroidea. Choroidal branches 
arise mostly from tonsillomedullary and telovelotonsillar 
segments but little branches from the lateral medullary seg-
ment of the PICA also supply the lateral part of the choroid 
plexus passing through the foramen of Luschka [12, 18].

 Cortical Branches

The cortical arteries arise from the distal segment of PICA 
and are divided into vermian, hemispheric and tonsillar 
branches, with frequent overlap in the areas supplied [3, 18].

Vermian branches usually arise from the medial trunk and 
usually supply the inferior vermis and the adjacent part of the 
hemisphere. Two vermian branches (0–3) are identified in 
most hemispheres.

Hemispheric branches usually arise from the lateral trunk 
and show variability in number and extension. Three hemi-
spheric branches (0–9) supply the suboccipital portion of the 
hemisphere lateral to the vermis.

Tonsillar branches also arise from the lateral trunk and 
have a high variability in number.

 Inconstant Branches

Lasjaunias et al., in a didactic article, described in 1985 the 
lateral spinal artery postulating a strong hypothesis about its 
embryological development [14]. They showed that this artery 
arises from the lateral segment of the PICA in 73% of cases. 
This data has been confirmed later in cadaveric studies [61].
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Rare cases of PICA origin of the posterior meningeal 
artery (PMA) have been described in the literature [49, 69]. 
The PMA is normally a branch of the vertebral artery but 
only in rare case it could arise from the tonsillomedullary of 
the PICA highlighting a possible embryological anastomosis 
between dural and parenchymal territories.

 PICA-AICA

On the contrary to the AICA-PICA variants described previ-
ously, the PICA-AICA is defined as the absence of AICA 
with its territory supplied by a superior branch of the 
PICA. In this configuration that highlights one more time the 
role of the PLBA in the development of cerebellar arteries, 
the AICA is considered as a branch of the PICA [1, 21].

 Bihemispheric PICA

In case of absence of the PICA, the contralateral PICA could 
supply both cerebellar hemispheres, this is the definition of 
the bihemispheric PICA [70–72]. Few authors named the 
branch of the PICA that crosses the midline the “PICA com-
municating artery” [73, 74]. The PICA on the dominant ver-
tebral artery is more frequently involved but the true 
incidence of this anatomical variation is not known (between 
0.1 to 3.6%) [1]. Two types of bihemispheric PICA have 
been described:

• Type I or “true” bihemispheric PICA when the PICA 
completely supplies the contralateral PICA territory.

• Type II or vermian variant when only the contralateral 
vermis is supplied by the PICA. The hemisphere is conse-
quently supplied by the AICA or the superior cerebellar 
artery (SCA).

Few cases of aneurysm located at the origin of a bihemi-
spheric PICA have been described highlighting the impor-
tance of the hemodynamic effect on the formation of such 
aneurysms. The treatment of these aneurysms is also more 
challenging because an ischemic complication could involve 
both cerebellar hemispheres [73, 75]. A case of bihemi-
spheric PICA is shown in Fig. 5.

 Possible Anastomoses

The PICA presents few anastomoses with other arteries that 
could be classified in two types: pio-pial anastomosis and 
persistence of embryological anastomosis [76]. The cerebel-
lum is entirely supplied by its three cerebellar arteries that 
divide between them this large territory. A high variability of 
cerebellar territory among these three arteries is noted and a 
lot of terminal anastomoses are presented between their 
branches. Consequently, PICA anastomoses with branches 
of the AICA and the SCA that are important in case of proxi-
mal occlusion of one of these three arteries to limit the extent 
of a cerebellar infarct [8].

Fig. 5 Clinical case of bihemispheric PICA. The figure shows a DSA 
obtained after the injection of the right vertebral artery (VA). The PICA 
arises from the distal VA and gives a branch to the right (blue arrow) 
and left hemisphere (red arrow) to supply both cerebellar hemispheres

Fig. 6 Illustration of the parenchymal territory of the PICA (light blue 
area). The territory supplied by the PICA includes the lateral portion of 
the medulla, the inferior part of the vermis, the uvula, the pyramids, the 
inferior part of the fourth ventricle and the tonsils. Also the biventral 
lobule is usually supplied by the PICA
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Other anastomoses could be explained by the persistence 
of an embryological vessel. This is the case of a partial per-
sistence of the proatlantal artery that leaves an occipital 
artery originating from an extra-dural PICA [14, 33]. Another 
example is the anastomosis between the proximal segment of 
the PICA and the anterior spinal artery [51, 77].

 Parenchymal and/or Dural Territories

The territory of PICA is the most variable of cerebellar arter-
ies [3, 18, 65]. Its parenchymal territory is illustrated in 
Fig. 6 and could be summarized as follows:

• Lateral part of the medulla oblongata
• Nucleus gracilus
• Inferior part of the vermis: uvula, pyramid
• Nodule and flocculus
• Inferior part of the fourth ventricle
• Tonsils
• Biventral lobule
• Semilunar lobules (inconstant)
• Emboliform and globose nuclei
• Dentate nucleus (not accepted by all authors)

 Variants

Most of the variants concerning the PICA have been dis-
cussed in the preceding paragraphs. Here, we describe other 
two anatomical variations that could not be incorporated in 
another section.

 VA-PICA

VA-PICA is characterized by a vertebral artery (usually 
hypoplastic) that does not connect with contralateral verte-
bral artery or with basilar artery to form the usual vertebro-
basilar junction and terminates in PICA [78]. This vascular 
configuration could be considered as a variant of the verte-
bral artery and not exactly of the PICA. Considered as a rela-
tively common variant, its real incidence is not really known 
(0.4–18.7%) [1, 79].

 Fenestration of PICA

The definition of a fenestration of an artery is a luminal divi-
sion of a single vessel with two distinct endothelia but in 
only one adventitia that differentiates it from a duplication 
[1]. The incidence of PICA fenestration is very low, not com-
parable to the more common vertebral or basilar fenestra-
tions. It could be explained by a partial regression of 

double-PICA or by a cranial nerve entrapment [80, 81]. The 
fenestration always involved the proximal part of the PICA 
where the artery crosses the cranial nerves. Few cases of fen-
estration on a double PICA have been published that empha-
size the role of the lateral spinal artery in the development of 
the proximal segment of the PICA [53, 62].

 Clinical Implications

PICA is the most important cerebellar artery and is involved 
in ischemic and hemorrhagic pathologies [82].

Ischemic stroke of the PICA is frequent and leads to a typi-
cal lateral medullary syndrome or Wallenberg’s syndrome. It 
is always the consequence of atherosclerosis, cardiac embols 
or a vertebral artery dissection. Most of clinical signs of the 
Wallenberg’s syndrome are the clinical expression of the per-
forating arteries of the PICA. The variability in origin of these 
little arteries that could arise from the PICA or from the distal 
VA depending on the origin of the PICA itself allows to 
understand the different clinical situations of this syndrome.

Aneurysms of the PICA represents only 1–4% of all intra-
cranial aneurysms but have a high tendency to bleed. Most of 
anatomical variations in origin of the PICA have been 
described in the presence of a proximal aneurysm on the 
artery that highlights the hemodynamic factor in the devel-
opment of such aneurysms [83]. The treatment of a PICA 
aneurysm in the presence of a variation could be more chal-
lenging and a lack of knowledge or analysis of the variants 
could lead to catastrophic complications [84, 85].

The PICA has a straight relation with lower cranial nerves 
and could have a conflict with the glosso pharyngeal nerve. 
Even if this pathology is rare, the knowledge of the anatomy 
of the PICA with its perforating branches is mandatory to 
treat surgically such pathology.
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Embryology and Variations 
of the Anterior Inferior Cerebellar 
Artery

L. Valci, Sara Bonasia, and Thomas Robert

The anatomical complexity of the vascularization of the pos-
terior cranial fossa finds its greatest expression in the varia-
tions in number, origin, morphology and course of the 
anterior inferior cerebellar artery (AICA).

This concerns the main artery of the ponto-cerebellar 
angle, sometimes referred to as the ‘cerebellum-labyrinthine 
artery’ to emphasize its exclusive role in supplying the inner 
ear [1, 2], or as it has been called, improperly according to 
Kielbasinski, the ‘middle cerebellar artery’ [3].

It constitutes the broadest cerebellar branch of the basilar 
artery (BA), provides the arterial supply to the anterior (petrous) 
portion of the inferior surface of the cerebellar hemispheres and 
is firmly anchored by its branches to the petrous bone.

It is often considered a terminal artery, or one with poor 
collateralization, and therefore its acute occlusion can prove 
fatal.

This chapter discusses the peculiarities of this vessel in 
embryological and anatomical terms, as well as the clinical 
implications related to its impairment.

 History

‘Ramus centralis arteriae radicularis nervi faciei’: Wallenberg 
already defined the anterior inferior cerebellar artery in these 
terms in 1901 [4]. However, the tortuous course and numer-
ous variations have meant that a comprehensive study of this 
artery only became possible after the advent and routine use 

of digital subtraction angiography (DSA) techniques. Until 
then, descriptions were based on studies of cadavers and thus 
it often happened that the definition of syndromes resulting 
from occlusion of the AICA, or its branches, preceded the 
embryological, or anatomical treatment of the vessel: an 
example of this is the work of Adams RD on occlusion of the 
AICA (1943), which preceded the embryological and ana-
tomical treatments of Padget DH (1948) and Atkinson WJ 
(1949) respectively [5–7]. In the years to follow, important 
contributions to the understanding of anatomical details will 
come from surgery thanks to many authors, including 
Lazorthes G et al. (1950) and Rhoton AL et al. (1968), just to 
name a few in purely chronological order [8, 9].

 Embryological Development

From the coalescence of the vessels of a primitive vascular 
plexus, called the neuronal longitudinal system, originates 
the basilar artery at week 5 of the embryonic stage.

Many arterial outgrowths with a horizontal course emerge 
from it and each of them has the potential to evolve into 
AICA, gradually taking on the characteristics of a dominant 
transverse artery.

The specific needs for arterial supply during cerebral 
development of the embryo may result in different modes of 
development of the AICA, hence the enormous variability in 
number, morphology of this artery and its anastomotic net-
work [10].

From Padget’s illustrations a first outgrowth of the AICA 
from the basilar artery is already visible in this stage, and in 
the 16–18 mm embryo (48 days gestation, Padget stage V) 
the AICA shows a clear course. In stage V, the primitive stem 
of the AICA arises in front of the vestibulocochlear nerve 
and terminates into the choroidal plexus of the fourth ven-
tricle. Once the original pedicle of the AICA is created, the 
pontine branches are formed [6].

L. Valci (*) 
Neurocenter of the Southern Switzerland, Lugano, Switzerland
e-mail: luca.valci@eoc.ch 

S. Bonasia 
Department of Interventional Neuroradiology, 
Rothschild Foundation Hospital, Paris, France 

T. Robert 
University of the Southern Switzerland, Lugano, Switzerland

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
T. Robert et al. (eds.), Anatomy of Cranial Arteries, Embryology and Variants, https://doi.org/10.1007/978-3-031-32913-5_18

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-32913-5_18&domain=pdf
mailto:luca.valci@eoc.ch
https://doi.org/10.1007/978-3-031-32913-5_18


204

At the same time, a kind of vascular circle is also created 
around the VI cranial nerve: the manner and timing of the 
regression of certain parts of this circle will cause the inter-
nal auditory artery to arise separately from the basilar artery, 
or to originate as a branch of the AICA [11].

A detailed description of the embryological steps involv-
ing the AICA is furnished in Table 1.

 Number and Origin of the Artery

Like all arteries of the posterior cranial fossa, the AICA can 
present, from its origin, a wide spectrum of variants, ranging 
from absence and hypoplasia to duplication or triplication, 
and knowledge of the precise anatomical conformation of 
the artery’s origin has important implications in safeguard-
ing neurological function during both tumor and purely vas-
cular surgery.

The left and right AICA do not necessarily originate at the 
same level. The AICA arises at right angles from the lateral 
wall of the basilar artery and, if we consider its origin as a 
function of the latter, we would say that it departs from the 
caudal half of the basilar artery, or, according to McDermott 
AL et al. [12], from its lower third (52%), middle third (46%) 
and upper third (2%).

In the Hou K angiographic classification, the origin of 
AICA is divided into four types: AICA with origin from the 
upper half of the basilar artery (high origin), from the lower 
half (normal), from the basilar artery-vertebral artery (VA) 
junction (junctional) and from the vertebral artery (low ori-
gin) [10].

However, it is also possible to refer the origin of the vessel 
to proximal structures, and so we can say that the AICA gen-
erally originates at the junction of the medulla oblongata and 
the pons.

The AICA may originate from the ipsilateral vertebral 
artery, particularly when the ipsilateral posterior inferior cer-
ebellar artery (PICA) is absent, or arises directly from the 
PICA, even from the contralateral PICA, or as a common 
trunk with the PICA, which in turn originates from the basi-
lar artery, or from the vertebral artery: in this specific case, 
often one of the two branches is hypoplastic, while the other 
compensates with a larger diameter and wider vasculariza-
tion zone [13].

As an example of the variability of origin, Rajasekhar SN 
et al. describe a duplication of the AICA with one of the ori-
gins from the PICA and the other from the distal hypoplastic 
tract of the vertebral artery [14].

Generally, the diameter of the AICA varies between 
0.5 mm and 1 mm, but it is largely dependent on the caliber 
of other vessels, e.g. it is larger when it has to supplant a 
small PICA [15].

In most cases it is single, with numerical variants duplica-
tion and triplication accounting for 20% and 1% of the 
occurrences respectively.

In the case of duplication, one of the vessels has a larger 
diameter, while the second is referred to as ‘accessory’, 
either larger or smaller than the first [16]. A case of AICA 
duplication is shown in Fig. 1.

On the other hand, it is absent in sporadic cases and situ-
ations have been described in which the AICA is absent; 
however, the territory of its supply is supplemented by an 
aberrant artery of the cavernous, or pre-cavernous, tract of 
the ipsilateral internal carotid artery [17–19].

According to Brzegowy K et al., AICA is the most fre-
quent variant of the primitive trigeminal artery (TA), which 
in turn represents the main anastomosis between the carotid 
and basilar arteries [20].

In relation to the state of development, Hou K et al. distin-
guish four grades: absence, hypoplasia, normal AICA and 
hyperplasia [10].

 Course of the Artery

When describing the course of the AICA, it is easy to take 
the pons as a reference point and then consider the position 
of the artery in relation to it; the AICA can therefore be 
divided into the anterior pontine, lateral pontine and 

Fig. 1 Clinical case of AICA duplication. The figure shows a DSA in 
antero-posterior view after left vertebral artery (VA) injection. The 
AICA appears duplicated (red arrows). The PICA origin on the right 
side is visible on the VA. BA basilar artery

L. Valci et al.
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a b

c d

Fig. 2 Illustration and DSA of segments and branches of the anterior 
inferior cerebellar artery (AICA). Figures (a and b) show a graphic 
illustration of the segments and branches of the AICA. Figures (c and d) 
show an antero-posterior and lateral DSA view after right vertebral 
artery injection. The AICA can be divided into three segments: anterior 
pontine (1), lateral pontine (2), and cerebello-pontine segment (3). The 

main AICA trunk (a) usually divides into a rostro-lateral (b) and a 
medio-caudal (c) ramus. Usually from the former some branches arise: 
the internal auditory or labyrinthine artery (d), the recurrent perforating 
pontine branch (e), and the subarcuate artery (f). Above the flocculus, 
the rostro-lateral artery divides into an ascending (h) and a descending 
branch (g)

cerebello- pontine sections [21]. In Fig.  2, this segmental 
division is graphically and radiologically represented.

Another possibility is to define the course of the AICA in 
relation to the internal acoustic meatus and, in this case, 
there will be the segments: pre-meatal, meatal and 
post-meatal.

Finally, its course can be divided into: anterior pontine 
segment, lateral pontine segment, flocculo-peduncular seg-
ment and cortical segment [22].

In the following we will use the first subdivision, which is 
of more use in a didactic sense.

 Anterior Pontine Segment

The AICA originates from the basilar artery in the manner 
described above and leads posteriorly, inferiorly and later-
ally to the belly of the pons.

 Lateral Pontine Segment

The AICA heads to the radicles of emergence of the abdu-
cens nerve (VI), with which it comes into contact, usually 

Embryology and Variations of the Anterior Inferior Cerebellar Artery
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either ventrally or dorsally, and in rare cases crosses it [23]. 
A few millimeters lateral to the VI nerve, the artery (main 
trunk) bifurcates into two branches, namely the rostro-lateral 
artery and the caudo-medial artery.

 Cerebello-Pontine Segment (Consisting 
of the Rostro-Lateral and Caudo-Medial 
Arteries)

The rostro-lateral artery enters into a variable relationship 
with nerves VII and VIII anterior to the flocculus: in most 
cases, its course is ventral to the neural pedicle, but it may 
also cross its radicles, or it may run dorsal to these nerves; 
generally, the artery runs in a plane between the facial/inter-
mediate nerve and the cochlear and vestibular nerves [24].

This is the segment where the artery constantly forms a 
loop, which can be in correspondence with the acoustic pore, 
or enter it, as well as being distant from it and not contracting 
any relationship with the petrous bone [21].

Sometimes the artery describes a second loop, the apex of 
which may reach the postero-inferior portion of the trigemi-
nal sensory origin (V). Both loops, however, remain located 
anterior to the flocculus.

The artery then continues posteriorly on the brachium 
pontis entering the supra-floccular portion of the horizontal 
fissure. At the postero-superior angle of the flocculus, the 
rostro-lateral artery gives rise to an ascending branch to the 
horizontal fissure and a descending branch, directed to the 
postero-lateral fissure.

The ascending branch in turn leads to the petrous surface 
of the cerebellum but can also be broad and run for a longer 
distance to the occipital side of the cerebellum.

The descending branch, on the other hand, runs between 
the flocculus anteriorly and the biventral lobule posteriorly: 
it provides small branches for the lower semilunar and biven-
tral lobules. From this segment may originate a small artery, 
or an arterial plexus, which runs in the depth of the postero- 
lateral fissure and is called the lateral recess artery [16].

The caudo-medial artery passes through the ponto-medial 
groove and describes a caudal loop on the lateral surface of 
the pons and medulla. Sometimes, particularly when it is of 
substantial caliber, it runs lateral to the supra-olivary dimple 
and forms a laterally directed loop, which reaches the radi-
cles of the IX, X and XI cranial nerves, the foramen of 
Luschka and the emergence of the choroid plexus, which is 
supplied by arterioles from its side.

The caudo-medial artery then terminates on the lateral 
side, or at the margin of the biventral lobule, or reaches the 
posterior surface of the cerebellum through the cerebello- 
medial fissure [16].

It must be said that a bifurcation of the main trunk, which 
is proximal to the emergence of the VII and VIII cranial 

nerves, can cause both branches to come into contact with 
the two nerves.

 Branches

The main branches of the AICA, particularly when the artery 
starts as an individual vessel, originate at the emergence of 
the VI cranial nerve, and result from the bifurcation of the 
main trunk into rostro-lateral and caudo-medial arteries.

The rostro-lateral artery forms a loop on the lateral wall of 
the pons and then reaches cranial nerves VII and VIII ante-
rior to the flocculus; at this level it has another loop, which 
may be single or double: in the first case we speak of a meatal 
loop because of its correspondence with the acoustic pore; 
anterior to the VII cranial nerve this branch gives rise to the 
internal auditory artery, also called labyrinthine artery, and 
then descends again and provides recurrent perforating pon-
tine branches, as well as the subarcuate artery; this in turn 
passes through the subarcuate fossa and reaches the subarcu-
ate canal, in some cases forming a second loop itself, so as to 
create an M-shaped configuration of the arterial tract, which 
is related to cranial nerves VII and VIII; above the flocculus 
the rostro-lateral artery divides into an ascending and a 
descending branch.

Mazzoni et al. describe a cerebello-subarcuate artery, usu-
ally proximal to the meatal loop, as a small branch of the 
AICA, from which originates one branch directed to the sub-
arcuate fossa and another to the cerebellum [25].

The internal auditory artery terminates with the vestibu-
lar, cochlear and vestibulocochlear arteries, which can also 
be single, double or triple.

The distal branches of the rostro-lateral artery are those 
that most frequently have relationships with cranial nerves 
VII and VIII, and, precisely on the basis of their relationship 
with these and the internal auditory meatus. Richard G et al. 
distinguish them into three segments: pre-meatal, meatal and 
post-meatal. However, the terminal branches of the AICA 
tract in relation to cranial nerves VII and VIII can be highly 
variable, by site, in origin and number [26].

The caudo-medial artery, which varies in caliber, also 
describes a loop at the level of the lateral wall of the pons and 
stops at this level when short, or, if long, reaches the lateral 
portion of the flocculus and the biventral lobule [16]. Figure 2 
shows the main branches of the AICA.

 Possible Anastomoses

In the context of the complexity and variability of the arterial 
network of the posterior cranial fossa, it is often difficult to 
conceptually distinguish anastomoses from anomalies of 
AICA origin, and therefore, for the sake of simplicity, we 
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will consider anastomoses proper, those that arise in the 
more peripheral vascularization regions: in this case, con-
nections will be relatively frequent between the AICA and 
the superior cerebellar artery, e.g. at the level of the floccu-
lus, or the horizontal cerebellar fissure, and again with the 
postero-inferior cerebellar artery at the level of the tonsil, the 
biventral lobule and inferior semilunar artery, in some cases 
also contralaterally [3]. The subarcuate artery can anasto-
mose with the middle meningeal artery [27].

 Parenchymal and Dural Territories

The vascularization territories reached by the branches of the 
AICA are relatively constant and the clinical differences 
resulting from their impairment, especially in the case of 
infarct lesions, are almost always attributable to the presence 
of a wide spectrum of anastomotic variants with the other 
cerebellar arteries.

The portion of cerebellar parenchyma pertaining to the 
AICA is represented by the petrous surface, although the 
artery is often of greater caliber, particularly when it sup-
plants the vascularization of the PICA, supplying a large 
part of the latter’s territory. It almost constantly supplies 
the flocculus, at the level of which it terminates, although 

it can reach, with its terminal branches, the anterior, supe-
rior semilunar, inferior semilunar, gracile and biventral 
lobules [28].

The pontine distribution was described in detail by 
Duvernoy in 1978 [29]. A group of descending branches 
enters the pons at the level of the bulbo-pontine sulcus and 
supplies the lateral area of the medulla and, in particular, the 
fibers of the IX and X cranial nerves and the upper part of the 
nucleus ambiguus. Another group crosses the lower bound-
ary of the pontine tegmentum to reach the lateral part of the 
pons, and, more specifically, the superior olivary nucleus, the 
facial nucleus, the superior, lateral and medial vestibular 
nuclei, the trapezoid body and the cochlear nucleus, and 
sometimes the lateral part of the abducens nerve nucleus; the 
supplied fasciculi are instead: the lateral leminiscus, the 
spino-thalamic tract, the spino-trigeminal tract; the same 
branches supply the middle cerebellar peduncle. The ascend-
ing branches can reach the trigeminal roots.

The AICA constantly supplies the middle cerebellar 
peduncle, often the lower third of the lateral portion of the 
pons, frequently its middle third, and in some cases the upper 
and lateral portions of the bulb [30]. Through the internal 
auditory artery, it supplies the cochlea and vestibular laby-
rinth. The vascular territory supplied by the AICA is illus-
trated in Fig. 3.

Fig. 3 Illustration of the vascular territory supplied by the AICA. The 
area constantly supplied by the AICA is represented by the blue area in 
the figure. The AICA constantly supplies the petrous surface of the cer-
ebellum (1), the flocculus (2) and the middle cerebellar peduncle (3). It 
also supplies the lower third of the anterolateral portion of the pons (4). 
Through the internal auditory artery, it supplies the VII and VIII cranial 
nerves, the cochlea and the vestibular labyrinth (5). The rosa area indi-

cates the area that the AICA can occasionally supply. In some cases, it 
supplies the upper and lateral portions of the bulb (6). In this case it can 
contribute to the supply of the X and XI nerve (7). The AICA can also 
contribute to the supply of the VI nerve, together with the basilar artery, 
and the ponto-medullary artery (8). Cranially, its fibers can reach the V 
nerve origin (9)
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 Variants

In order to understand the main anatomical variants of the 
AICA, it is necessary to relook at embryology, and in par-
ticular at the fact that, at the time the basilar artery originates 
from the plexiform structure of the longitudinal neural sys-
tem (week 5, Padget Stage 4), the vascularization of the pos-
terior fossa is still dependent on the anterior circulation 
through the vertebrobasilar anastomoses; this is where the 
discussion of persistent trigeminal arteries comes in.

The persistent trigeminal artery is the most frequent and 
cephalic anomaly in anastomoses between the internal 
carotid and basilar circuits; its name derives from the fact 
that it runs ventro-medially to the trigeminal ganglion [31]. 
The trigeminal artery originates as the second of two 
branches of the first aortic arch, the first branch being the 
primitive internal carotid artery [32]. The variant of the per-
sistent trigeminal artery is an anastomosis between the inter-
nal carotid artery and a cerebellar artery with or without 
interposition of the basilar artery: it usually originates from 
the cavernous, or pre-cavernous, tract of the internal carotid 
artery, runs along the nerve and enters the posterior fossa 
through Meckel’s cave, or through a separate dural foramen 
to directly supply the cerebellum.

In physiological development, both the primitive longitu-
dinal neural system and the trigeminal arteries regress: the 
persistence of a trigeminal artery and a basilar artery 
 normally originating from the coalescence of the primitive 
neural arteries will result in a carotid-basilar anastomosis; 
the persistence of a trigeminal artery, without a complete 
fusion of the primitive neuronal arteries in the formation of 
the basilar artery, will give rise to arteries which directly sup-
ply the cerebellum and, depending on their position, will 
vascularize the territories of the superior cerebellar artery, or 
the AICA [17, 18]; cerebellar arteries which originate 
directly from the internal carotid artery are found in 0.18% 
of cases on angiography [26]. It was Quain in 1844 and, 
much later, Teal et al. in 1972, who first described the possi-
ble origin of the cerebellar arteries from the internal carotid 
artery [33, 34].

According to Padget, the primitive trigeminal artery is 
already recognizable as an anastomosis between carotid and 
neural longitudinal arteries in the 4 mm embryo. With the 
fusion of the longitudinal neural arteries (LNAs), the primi-
tive trigeminal artery regresses; its regression coincides tem-
porally with the formation of the basilar artery (between 5 
and 5.5 weeks) [6]. The lack of fusion of the longitudinal 
neural arteries means that the trigeminal artery persists to 
support the territory, which would have been of the fused 
artery, and its appearance will be that of a cerebellar artery 
originating from the internal carotid artery [35].

During the development of the structures of the posterior 
fossa, transverse arteries, in varying numbers, originate from 

the longitudinal system and gradually flow into the cerebel-
lum and trunk. Some of the transverse arteries gradually 
become dominant in caliber, forming the superior cerebellar 
arteries (SCA), the anterior inferior cerebellar arteries 
(AICA) and the posterior inferior cerebellar arteries (PICA): 
it is at this embryological stage that, mainly depending on 
the blood supply requirements of the different developing 
structures, variants of the AICA can be created, particularly 
in number, but also in type of origin, e.g. the formation of the 
AICA-PICA complex, in which the PICA is absent and the 
AICA is particularly developed and supplies the territories of 
both arteries [27]. A clinical case of the AICA-PICA com-
plex is shown in Fig. 4. Agenesis of the AICA also accounts 
for 29% of the posterior circulation variants [36].

 Clinical Implications

The anatomical variability of the AICA, particularly with 
regard to possible anastomotic combinations with other 
arteries of the vertebrobasilar and, in some cases, the carotid 
circulation, results in clinical variability.

The predominant pathology is ischaemic on an athero-
sclerotic and, more rarely, cardiogenic embolization, basis, 
and may result from variable involvement of the infero- 
lateral portion of the pons, the middle cerebellar pedicle, and 
the anterior portion of the cerebellar hemisphere.

Fig. 4 Clinical case of AICA-PICA variant. The figure shows a DSA 
after left vertebral artery (VA) injection. It shows on the left side a sepa-
rate origin of the AICA and the PICA. On the right side the two arteries 
arise as a single trunk from the typical origin point of the AICA, and 
supply both vascular territories, forming the so-called AICA-PICA 
complex
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The AICA occlusion usually produces a ponto-cerebellar 
infarct, the constants of which are the involvement of the lat-
eral portion (middle and inferior region) of the pons, the 
anterolateral part of the cerebellum, the middle cerebellar 
pedicle, the flocculus, and the anterior part of the cerebellar 
lobules [30].

The multiplicity of symptoms resulting from a lack of 
blood supply to specific territories constitutes a syndrome, in 
the context of which, however, individual symptoms may 
combine in various ways, be absent, mild or extremely severe.

The AICA occlusion syndrome has already been compre-
hensively described by Adams in 1943, and thus includes 
symptoms and signs: the patient in fact may experience 
reduction/loss of hearing, vertigo, diplopia, nausea and 
shows signs of nystagmus, paresis of the gaze, dysphagia, 
dysarthria, dysmetria, trunk and gait ataxia, ipsilateral facial 
paresis, ipsilateral facial sensitivity deficit, reduction of 
contralateral brachio-crural sensitivity from involvement of 
the spino-thalamic tract or ipsilateral Horner’s syndrome 
due to involvement of the pupillary-dilator fibers of the lat-
eral portion of the pons. Involvement of cranial nerves V, 
VII and VIII, IX may result from nuclear, or intra-axial 
fiber, damage [5].

Hearing impairment is present in 30–100% of cases, and 
the preservation of this function depends on the presence of 
collateral circuits, thanks to which the middle and occipital 
meningeal arteries connect with the labyrinthine artery via 
the subarcuate artery [27]. Acute impairment of auditory and 
vestibular functions (labyrinthine, or inner ear, infarction) 
results from a lack of blood supply to the cochlea and inner 
labyrinth, which are supplied by the internal auditory artery, 
and may represent a very early event of AICA infarction with 
prevention implications in the extension of the infarction 
region [37]. Hearing reduction may, however, also depend on 
a lesion of the cochlear nuclei at the ponto-bulbar junction, at 
the level of the pontine tegmentum or of the intra-axial 
acoustic fibers in the lateral portion of the pons.

A small part of AICA pathology is concerned with neuro-
vascular conflicts, a topic still being debated due to the fact 
that the presence of vascular loops, even pronounced in con-
tact with cranial nerves, are in most cases asymptomatic; 
McDermott AL et al. report a statistically significant associa-
tion between the presence of a loop, extended in the internal 
acoustic meatus for more than 50% of its length, and unilat-
eral hearing impairment, while there is no correlation with 
tinnitus  Table 1 [12].

Table 1 Major embryological changes in the formation of the AICA

Stage Embryo size (mm) Major evolutions Graphic illustration
I 4–5 •  Paired longitudinal neural arteries (LNAs) visible

•  Carotido-vertebral anastomoses visible: Trigeminal (TA), otic (OtA), 
hypoglossal (HypA), proatlantal (PA) and second cervical segmental 
artery (II CSA)

•  Primitive internal carotid artery (ICA) bifurcation visible into caudal 
and cranial divisions (CaD, CrD)

•  Posterior communicating artery (PComA) and basilar artery (BA)  
not formed

II 5–6 •  Formation of the PComA
•  Regression of otic and hypoglossal arteries
•  Midline fusion of LNAs to form the basilar artery (BA)
•  Initial transverse anastomoses between the intersegmental arteries

(continued)
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Table 1 (continued)

Stage Embryo size (mm) Major evolutions Graphic illustration
III 7–12 •  Basilar artery (BA) completely formed

•  PComA completely formed
•  Regression of trigeminal and proatlantal arteries
•  Formation of the vertebral artery (VA) by transverse anastomoses 

between the intersegmental arteries
•  Lateral basilo-vertebral anastomosis (PLBA) visible

IV 13–15 •  Remodeling of the BA and development of the PCA
•  Anastomotic ring around the VI cranial nerve visible
•  Migration of occipital artery (OccA) origin on the external carotid artery 

(ECA)
•  Persistence of the anastomoses between OccA and VA
•  Formation of the anterior spinal artery (ASA)

V 16–18 •  Complete formation of the VA
•  Complete formation of the OccA (remnant of the proatlantal artery)
•  Complete formation of the ascending pharyngeal artery (APhA, remnant 

of the hypoglossal artery)
•  Potential stem of the AICA visible

VI 20–24 •  Complete development of the circle of Willis
•  Interaction between the primitive stem of the AICA and PICA with the 

PLBA to determine its definitive configuration

At stage I of Padget (4–5  mm), the paired longitudinal 
neural arteries (LNA) appear fed cranially by the trigeminal 
artery (TA) and caudally by the proatlantal artery (PA). Other 
carotid-vertebral anastomosis formed slightly later with the 
formation of the otic and hypoglossal arteries [6]. The proat-
lantal (PA) and other cervical segmental arteries (II CSA) are 
visible.

At stage II of Padget (5–6 mm), the two LNAs initiate 
their medial fusion to form the future basilar artery. The pos-
terior communicating artery is completely formed and, con-
sequently, the carotid-vertebral anastomoses start their 
regression, starting from the otic and hypoglossal arteries 

[6]. The cervical segmental arteries develop transverse anas-
tomotic channels to each other.

At the stage III of Padget (7–12 mm), the vertebral artery 
(VA) is formed by transverse anastomoses between the seg-
mental cervical arteries. The VAs and the cranio-cervical 
junction have still a plexiform aspect, and the vertebrobasilar 
junction is not completely formed. In this phase is visible a 
lateral plexiform channel, parallel to the LNAs. This channel 
represents an accessory basilo-vertebral anastomosis and 
passes posterior to the cranial nerves VI and XII but anterior 
to cranial nerves VII and XI. It was called by Padget primi-
tive lateral basilo-vertebral anastomosis (PLBA) and can 
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play a role in the definitive formation of the cerebellar arter-
ies [6]. This channel could origin from the ascending branch 
of the posterior stem of the proatlantal artery and is supposed 
to play a role in the development of the arteries of the cranial- 
cervical junction as well as for the definitive configuration of 
the AICA and the PICA [6, 38].

The stage IV of Padget (embryos of 12–14 mm) is charac-
terized by the definitive remodeling of the vertebrobasilar 
system in its definitive configuration. This determines the 
definitive change from the exclusive carotid supply of all 
cerebral arteries to the vertebral predominance in the hind-
brain region [6]. In this stage the evolution of some branches 
arising from the BA can determine the future relationship 
between the AICA and the VI cranial nerve, as well as the 
definitive origin of the internal auditory artery. In this phase 
the VI cranial nerve is surrounded by a vascular anastomotic 
ring, composed medially by the basilar artery, cranially by a 
branch of the basilar artery (the precursor of the internal 
auditory artery), and caudally by a second BA branch (the 
precursor of the AICA). The lateral part of the ring is formed 
by anastomoses between the two BA branches, that can be 
interpreted as a part of the PLBA visible in stage III. In case 
of regression of the lateral anastomotic channel, the AICA 
and the internal auditory artery will origin separately from 
the BA. In case of regression of the dorsal artery, the AICA 
will course under the VI cranial nerve and will give origin to 
the internal auditory artery. In case of regression of the cau-
dal artery, the AICA will course above the VI cranial nerve 
and will give origin to the internal auditory artery. The evolu-
tion of the proatlantal artery (PA) brings to the formation of 
the occipital artery (OccA) and to the initial development of 
the anterior spinal artery (ASA).

At the same time the posterior choroidal artery (PChoA) 
progresses with its evolution.

During the stage V of Padget (embryos of 16–18 mm) the 
branches arising from the BA continue their evolution. The 
potential stem of the AICA is visible and still interact with 
the PLBA and with the PICA. At this stage the evolution of 
the initial stem of the PChoA bring to the formation of the 
posterior cerebral artery, with its branches (PMChoA, 
PLChoA) and segments (P1, P2, P3, P4). The ascending pha-
ryngeal artery (APhA) and the occipital artery (OccA) com-
plete their development.

The stage VI of Padget (embryos of 20–24 mm) is charac-
terized by the complete formation of the circle of Willis, 
which is completed after the development of the anterior 
communicating artery, when the embryo is approximatively 
24 mm [6]. At this stage D. Padget noted a difficulty to rec-
ognize stems of the AICA and PICA among many other arte-
rial branches supplying the posterior part of the hindbrain. In 
this contest, the PLBA previously described persists consid-
ering that the cerebellar lobes have not yet formed. The rela-
tionship between this plexus and the original stems of these 

arteries can be the origin of many variations, such as the 
duplicated origin of the AICA, the AICA-PICA complex and 
the AICA origin from the ICA.

References

1. Delion M, Dinomais M, Mercier P. Arteries and veins of the cerebel-
lum. Cerebellum. 2017;16(5–6):880–912. https://doi.org/10.1007/
s12311- 016- 0828- 3.

2. Lasjaunias P, Bereinstein A, Ter Brugge KG.  Surgical 
Neuroangiography. Berlin: Springer edition; 2001.

3. Kielbasinski G. Course and area supplied by the anterior inferior cer-
ebellar arteries in man. Folia Morphol (Warsz). 1977;36(3):181–90.

4. Perneczky A, Perneczky G, Tschabitscher M, Samec P. The relation-
ship between the caudolateral pontine syndrome and the anterior 
inferior cerebellar artery. Acta Neurochir. 1981;58(3–4):245–57. 
https://doi.org/10.1007/BF01407131.

5. Adams RD.  Occlusion of the anterior inferior cerebellar artery. 
Arch Neurol Psychiatr (Chicago). 1943;49:765–70.

6. Padget DH.  The development of cranial arteries in the human 
embryo, Contribution to embryology, vol. 212. Washingtion: 
Carnegie Institution; 1948. p. 205–62.

7. Atkinson WJ.  The anterior inferior cerebellar artery; its varia-
tions, pontine distribution, and significance in the surgery of 
cerebello-pontine angle tumours. J Neurol Neurosurg Psychiatry. 
1949;12(2):137–51. https://doi.org/10.1136/jnnp.12.2.137.

8. Lazorthes G, Poulhes J, Espagno J. Les artères du cervelet. Cr Ass 
Anat. 1950;37:279–86.

9. Rhoton AL Jr, Kobayashi S, Hollinshead WH.  Nervus interme-
dius. J Neurosurg. 1968;29(6):609–18. https://doi.org/10.3171/
jns.1968.29.6.0609.

10. Hou K, Li G, Luan T, Xu K, Xu B, Yu J. Anatomical study of ante-
rior inferior cerebellar artery and its reciprocal relationship with 
posterior inferior cerebellar artery based on angiographic data. 
World Neurosurg. 2020;133:e459–e72. https://doi.org/10.1016/j.
wneu.2019.09.047.

11. Wende S, Nakayama N, Schwerdtfeger P.  The internal auditory 
artery: (embryology, anatomy, angiography, pathology). J Neurol. 
1975;210(1):21–31. https://doi.org/10.1007/BF00314321.

12. McDermott AL, Dutt SN, Irving RM, Pahor AL, Chavda 
SV.  Anterior inferior cerebellar artery syndrome: fact or fic-
tion. Clin Otolaryngol Allied Sci. 2003;28(2):75–80. https://doi.
org/10.1046/j.1365- 2273.2003.00662.x.

13. Gerald B, Wolpert SM, Haimovici H.  Angiographic anatomy of 
the anterior inferior cerebellar artery. Am J Roentgenol Radium 
Therapy, Nucl Med. 1973;118(3):617–21. https://doi.org/10.2214/
ajr.118.3.617.

14. Rajasekhar S, Aravindhan K, Tamgire DW.  Duplicated and 
Hypoplastic V4 segment of vertebral artery along with dupli-
cation of anterior inferior cerebellar artery: a case report. J Clin 
Diagn Res. 2017;11(8):AD03–AD5. https://doi.org/10.7860/
JCDR/2017/29157.10366.

15. Pekcevik Y, Pekcevik R. Variations of the cerebellar arteries at CT 
angiography. Surg Radiol Anat. 2014;36(5):455–61. https://doi.
org/10.1007/s00276- 013- 1208- z.

16. Naidich TP, Kricheff II, George AE, Lin JP. The normal anterior 
inferior cerebellar artery. Anatomic-radiographic correlation with 
emphasis on the lateral projection. Radiology. 1976;119(2):355–
73. https://doi.org/10.1148/119.2.355.

17. Ito J, Takeda N, Suzuki Y, Tekeuchi S, Osugi S, Yoshida 
Y.  Anomalous origin of the anterior inferior cerebellar arteries 
from the internal carotid artery. Neuroradiology. 1980;19(2):105–9. 
https://doi.org/10.1007/BF00342605.

Embryology and Variations of the Anterior Inferior Cerebellar Artery

https://doi.org/10.1007/s12311-016-0828-3
https://doi.org/10.1007/s12311-016-0828-3
https://doi.org/10.1007/BF01407131
https://doi.org/10.1136/jnnp.12.2.137
https://doi.org/10.3171/jns.1968.29.6.0609
https://doi.org/10.3171/jns.1968.29.6.0609
https://doi.org/10.1016/j.wneu.2019.09.047
https://doi.org/10.1016/j.wneu.2019.09.047
https://doi.org/10.1007/BF00314321
https://doi.org/10.1046/j.1365-2273.2003.00662.x
https://doi.org/10.1046/j.1365-2273.2003.00662.x
https://doi.org/10.2214/ajr.118.3.617
https://doi.org/10.2214/ajr.118.3.617
https://doi.org/10.7860/JCDR/2017/29157.10366
https://doi.org/10.7860/JCDR/2017/29157.10366
https://doi.org/10.1007/s00276-013-1208-z
https://doi.org/10.1007/s00276-013-1208-z
https://doi.org/10.1148/119.2.355
https://doi.org/10.1007/BF00342605


212

18. Scotti G.  Anterior inferior cerebellar artery originating from 
the cavernous portion of the internal carotid artery. Radiology. 
1975;116(1):93–4. https://doi.org/10.1148/116.1.93.

19. Blackburn JW.  Anomalies of the encephalic arteries among the 
insane. J Comp Neurol Psychol. 1907;17:493–517.

20. Brzegowy K, Pekala PA, Zarzecki MP, Pekala JR, Roy J, Aziz 
HM, et al. Prevalence and clinical implications of the primitive tri-
geminal artery and its variants: a meta-analysis. World Neurosurg. 
2020;133:e401–e11. https://doi.org/10.1016/j.wneu.2019.09.042.

21. Jimenez-Castellanos J Jr, Carmona A, Catalina CJ, Jimenez- 
Castellanos J Sr. Gross (mesoscopic) and applied anatomy of the 
anterior inferior cerebellar artery in man with special reference to 
its course through the cerebellopontine angle region. Acta Anat 
(Basel). 1992;143(3):182–7. https://doi.org/10.1159/000147245.

22. Rhoton AL Jr. The cerebellar arteries. Neurosurgery. 
2000;47(3 Suppl):S29–68. https://doi.
org/10.1097/00006123- 200009001- 00010.

23. Tschabitscher M, Perneczky A, Sinzinger H, Doskar K, Hoyer- 
Volavsek C. Vascularization of the cerebellum in man. Verh Anat 
Ges. 1975;69:559–61.

24. Alonso F, Kassem MW, Iwanaga J, Oskouian RJ, Loukas M, 
Demerdash A, et al. Anterior inferior cerebellar arteries juxtaposed 
with the internal acoustic meatus and their relationship to the cra-
nial nerve VII/VIII complex. Cureus. 2017;9(8):e1570. https://doi.
org/10.7759/cureus.1570.

25. Mazzoni A.  Internal auditory canal arterial relations at the Porus 
acusticus. Ann Otol Rhinol Laryngol. 1969;78(4):797–814. https://
doi.org/10.1177/000348946907800413.

26. Rhee SJ, Kim MS, Lee CH, Lee GJ. Persistent trigeminal artery 
variant detected by conventional angiography and magnetic reso-
nance angiography-incidence and clinical significance. J Korean 
Neurosurg Soc. 2007;42(6):446–9. https://doi.org/10.3340/
jkns.2007.42.6.446.

27. Chen MM, Chen SR, Diaz-Marchan P, Schomer D, Kumar 
VA.  Anterior inferior cerebellar artery strokes based on variant 
vascular anatomy of the posterior circulation: clinical deficits and 
imaging territories. J Stroke Cerebrovasc Dis. 2018;27(4):e59–64. 
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.10.007.

28. Lazorthes G.  Vascularisation et circulation cérébrale. Paris: 
Masson; 1961.

29. Duvernoy HM. Human brainstem vessels. Berlin: Springer; 1978.
30. Amarenco P, Hauw JJ.  Cerebellar infarction in the territory of 

the superior cerebellar artery: a clinicopathologic study of 33 
cases. Neurology. 1990;40(9):1383–90. https://doi.org/10.1212/
wnl.40.9.1383.

31. Suttner N, Mura J, Tedeschi H, Ferreira MA, Wen HT, de 
Oliveira E, et  al. Persistent trigeminal artery: a unique ana-
tomic specimen--analysis and therapeutic implications. 
Neurosurgery. 2000;47(2):428–33.; discussion 33–4. https://doi.
org/10.1097/00006123- 200008000- 00030.

32. Samaniego EA, Dabus G, Andreone V, Linfante I. Rare anatomi-
cal variations of persistent trigeminal artery in two patients with 
non-aneurysmal subarachnoid hemorrhage. J Neurointerv Surg. 
2011;3(3):282–4. https://doi.org/10.1136/jnis.2010.003665.

33. Quain R. The anatomy of the arteries of the human body and its 
applications to pathology and operative surgery with a series of 
lithographic drawings. London: Taylor and Walton; 1844.

34. Teal JS, Rumbaugh CL, Bergeron RT, Scanlan RL, Segall 
HD.  Persistent carotid-superior cerebellar artery anastomosis: a 
variant of persistent trigeminal artery. Radiology. 1972;103(2):335–
41. https://doi.org/10.1148/103.2.335.

35. Shoja MM, Loukas M, Tubbs RS, D’Antoni A, DiLandro A, Cure 
JK.  An aberrant cerebellar artery originating from the internal 
carotid artery. Surg Radiol Anat. 2012;34(3):285–8. https://doi.
org/10.1007/s00276- 011- 0891- x.

36. Akgun V, Battal B, Bozkurt Y, Oz O, Hamcan S, Sari S, et al. Normal 
anatomical features and variations of the vertebrobasilar circulation 
and its branches: an analysis with 64-detector row CT and 3T MR 
angiographies. ScientificWorldJournal. 2013;2013:620162. https://
doi.org/10.1155/2013/620162.

37. Lee H.  Audiovestibular loss in anterior inferior cerebellar artery 
territory infarction: a window to early detection? J Neurol Sci. 
2012;313(1–2):153–9. https://doi.org/10.1016/j.jns.2011.08.039.

38. Moffat DB. The embryology of the arteries of the brain. Ann R Coll 
Surg Engl. 1962;30:368–82.

L. Valci et al.

https://doi.org/10.1148/116.1.93
https://doi.org/10.1016/j.wneu.2019.09.042
https://doi.org/10.1159/000147245
https://doi.org/10.1097/00006123-200009001-00010
https://doi.org/10.1097/00006123-200009001-00010
https://doi.org/10.7759/cureus.1570
https://doi.org/10.7759/cureus.1570
https://doi.org/10.1177/000348946907800413
https://doi.org/10.1177/000348946907800413
https://doi.org/10.3340/jkns.2007.42.6.446
https://doi.org/10.3340/jkns.2007.42.6.446
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.10.007
https://doi.org/10.1212/wnl.40.9.1383
https://doi.org/10.1212/wnl.40.9.1383
https://doi.org/10.1097/00006123-200008000-00030
https://doi.org/10.1097/00006123-200008000-00030
https://doi.org/10.1136/jnis.2010.003665
https://doi.org/10.1148/103.2.335
https://doi.org/10.1007/s00276-011-0891-x
https://doi.org/10.1007/s00276-011-0891-x
https://doi.org/10.1155/2013/620162
https://doi.org/10.1155/2013/620162
https://doi.org/10.1016/j.jns.2011.08.039


213

Embryology and Variations of Superior 
Cerebellar Artery

A. Venier and G. Lanzino

The superior cerebellar artery (SCA) is one of three pair of 
arteries supplying the cerebellum and it is the most consis-
tent in terms of presence and supply area. Reports of its 
absence are rare, but there are a lot of reports about varia-
tions in its number and origin.

Embryologically, the SCA arises from the caudal division 
of internal carotid artery (ICA) and it is inextricably linked to 
its type of fusion and to the reciprocal position with the basi-
lar tip.

Clinical consequences of its occlusion may vary from 
asymptomatic to fatal, depending on the degree of anastomo-
sis with the contralateral cerebellar arteries and the posterior 
inferior cerebellar artery (PICA). Clinically, the SCA has an 
important role not only in posterior circulation infarction but 
also in posterior fossa tumors, vascular malformations and 
neurovascular compression syndromes.

 History

The modern understanding of the SCA begins in 1968 with 
Mani et al. and their anatomic-roentgenographic correlation 
study, which led the basis for the landmark description by 
Rhoton and Hardy in 1980, which still represents one of the 
most exhaustive report about SCA anatomy [1, 2]. In 1984 
Yasargil detailed ten different variations of SCA in terms of 
number and origin and in 1987 Lasjaunias et al. clarified the 
embryological origin and development of the artery [3, 4].

 Embryological Development

Most of our knowledge about SCA embryology comes from 
the milestone work of Lasjaunias et al. who identified seven 
stages of arterial development, from the prechoroidal to the 
adult disposition [1, 4, 5].

Embryologically, the SCA originates from the caudal 
division of ICA. According to Lasjaunias, it is already visi-
ble in the prechoroidal stage (corresponding to Padget’s 
stage 3) as arising from the distal unfused portion of the cau-
dal division of the ICA [4, 6]. In the adult configuration, the 
SCA will originate typically from the distal basilar artery 
(BA) (telencephalic primitive stage, corresponding to Padget 
stage 5). However, its origin can vary according to the fusion 
pattern of the BA.

The main embryological steps of the SCA are illustrated 
in Tables 1 and 2.

Lasjaunias et  al. described different types of basilar-tip 
dispositions based on the type of midline caudal ICA fusion 
and using the SCA origin as angiographic landmark. They 
identified three types, which are illustrated in Fig. 1 [4, 7]:

• Type 1: symmetrical cranial fusion if SCAs originate 
from BA (30.4%).

• Type 2: symmetrical caudal fusion if SCAs originate from 
the first segment of posterior cerebral artery (PCA), P1 
(26.1%).

• Type 3: asymmetrical or partial fusion if one SCA origi-
nates from BA and the other one from P1 (43.5%).

Few years later, Brassier et  al., starting from Lasjaunias 
observations and analyzing 25 cadaveric brains, described 
five types of arrangement of the superior basilar complex [5]:

• Type A: symmetric cranial fusion of both P1 (24%)
• Type B: symmetric caudal fusion (8%)
• Type C: symmetric caudal fusion with unilateral duplica-

tion of SCA arising from P1 (8%)
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Table 1 SCA embryological development according to the seven stages artery development of Lasjaunias et al. (Adapted from [4]: Lasjaunias P, 
Berenstein A, Ter Brugge KG. Surgical Neuroangiography—Clinical Vascular Anatomy and Variations: Springer; 1987)

Lasjaunias stage Events Illustrations
I—Prechoroidal From caudal division of ICA arise the diencephalon-mesencephalic trunk (Di-Mes 

trunk) and the superior cerebellar artery (SCA)

III—Telencephalic 
primitive

In the adult configuration, the SCA arises from the distal basilar artery (BA)

Table 2 Major embryological changes of the SCA according to Padget. Adapted from [6]: Padget DH. “The development of the cranial arteries 
in the human embryo.” Contrib Embryol. 1948(32):205–62

Stage Embryo size (mm) Major evolutions Graphic illustration
I 4–5 •  Paired longitudinal neural arteries (LNAs) visible

•  Carotido-vertebral anastomoses visible: Trigeminal (TA), otic (OtA), 
hypoglossal (HypA), proatlantal (PA) and second cervical segmental 
artery (II CSA)

•  Primitive ICA bifurcation visible into caudal and cranial divisions (CaD, 
CrD)

•  Posterior communicating artery (PComA) and BA not formed

II 5–6 •  Formation of the PComA
•  Regression of otic and hypoglossal arteries
•  Midline fusion of LNAs to form the basilar artery (BA)

III 7–12 •  Basilar artery (BA) completely formed
•  PComA completely formed
•  Origin from the distal PComA of a diencephalon- mesencephalic trunk 

(DiA-MesA). PChoA arising from the common trunk and anastomoses 
with the AChoA

•  Regression of trigeminal and proatlantal arteries
•  Formation of the vertebral artery VA by transverse anastomoses between 

the intersegmental arteries
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Stage Embryo size (mm) Major evolutions Graphic illustration
IV 13–15 •  Development of a choroidal (CB) and telencephalic branch (TB) from 

the PChoA and the diencephalic artery (DiA)
•  Remodeling of the BA
•  Migration of OccA origin on the external carotid artery (ECA)
•  Persistence of the anastomoses between OccA and VA

V 16–18 •  The telencephalic branch of the PChoA forms the main PCA trunk
•  The choroidal branches of the PChoA and of the diencephalic artery 

form the PLChoA and PMChoA
•  Complete formation of the VA
•  Complete formation of the OccA (remnant of the proatlantal artery)
•  Complete formation of the ascending pharyngeal artery (APhA, remnant 

of the hypoglossal artery)
•  SCA, AICA and PICA are visible

a b c

Fig. 1 Basilar-tip dispositions. The figures a, b and c show respec-
tively cases of symmetrical cranial, symmetrical caudal and asymmetri-
cal configuration of the basilar tip. In figure a, the superior cerebellar 
artery (SCA, red arrows) originates on both sides from the basilar artery 
(BA). On the right side it appears doubled. In figure b, the SCA (blue 

arrows) arises on both sides from the P1 segment of the posterior cere-
bral artery. In figure c, the SCA (green arrows) arises on the right side 
from the P1 segment and on the left side from the BA. There is a con-
comitant absence of the P1 segment on the left side

Table 2 (continued)

• Type D: asymmetric or partial caudal fusion (56%)
• Type E: asymmetric or partial caudal fusion with duplica-

tion of SCA arising from P1 (4%)

These considerations are of utmost importance to predict 
the localization of P1 perforators: bilaterally if the fusion is 
symmetric, unilaterally if it is asymmetric [4].

More details can be found in the chapter on the BA.

 Number and Origin of the Artery

The SCA is the most constant cerebellar artery: while the 
anterior inferior cerebellar artery (AICA) and the posterior 
inferior cerebellar artery (PICA) sometimes may be absent, 
absence of the SCA is exceptional [3, 4, 8–10].

In most cases the SCA arises as a single trunk (70–97%), 
sometimes can have a duplicated (3–28%), and rarely a trip-
licated origin (2%) (Fig. 2) [1–3, 9, 11–22]. Duplication was 
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a b c

Fig. 2 SCA origin variants according to tentorium’s free edge: normal, 
high and low. In the normal configuration (a) the basilar artery (BA) 
bifurcation into the two posterior cerebral arteries (PCA) occurs at the 
ponto-mesencephalic junction. In this case the origin of the superior 
cerebellar artery (SCA) is at the level of the tentorial incisura (black 

arrow). In case of BA bifurcation in the interpeduncular fossa (b), the 
origin of the SCA is above the tentorial incisura. If the BA bifurcates in 
the prepontine cistern (c), the origin of the SCA will be below the tento-
rial incisura

observed to be unilateral in 3–28% and bilateral in 1–8% [1, 
8, 11, 24].

In most cases it arises from the BA (78–98%) between P1 
and 7 mm below it (the average distance between P1 and the 
SCA origin being 2.5  mm), sometimes from the PCA 
(2–22%). It is almost never absent or at least there are few 
reports about it [1–4, 6, 9, 10, 12–14, 16, 17, 25].

Embryologically, the SCA arises from the BA when a 
symmetrical cranial fusion has occurred; otherwise from the 
P1 when a symmetrical caudal fusion has occurred; some-
times from both when an asymmetrical fusion has occurred 
(Fig. 1) [4]. When basilar-tip fusion is caudal, origin from P1 
is more likely, but also a duplicate origin may be present [4]. 
A duplicated origin of the SCA corresponds to separate ori-
gins of medial and lateral divisions from BA or P1; while a 
triplicated origin corresponds to separate origins of medial 
and lateral branches from the medial division [4]. According 
to Lasjaunias et al., the duplicated origin and/or the P1’s ori-
gin of SCA is always associated with a caudal (late) fusion of 
P1 but it also corresponds to a very early division of the main 
trunk into two branches [4, 5]. More details are reported in 
the dedicated BA’s chapter.

The origins of SCAs and PCAs have frequently a cruciate 
configuration, crossing at the BA’s apex [2, 26]. The height 
of BA’s bifurcation is fundamental to define the position of 
SCA’s origin in relationship to the tentorium’s free edge. If 
BA’s bifurcation occurs at the ponto-mesencephalic junction 
(normal), the SCA’s origin will be medial to the tentorium’s 
free edge; otherwise if the bifurcation is anterior to the mes-
encephalon in the interpeduncular cistern (high) or to the 
pons in the prepontine cistern (low), the origin of the SCA 
will be above or below the free edge of tentorium, respec-
tively [2, 26]. These three possible configurations are shown 
in Fig.  2. Rhoton and coworkers, analyzing 25 cadaveric 

brains, found a normal height BA’s bifurcation in 18 cases, 
high in 6 and low in 1 [2, 8].

 Course of the Artery

The course of SCA can be divided into four segments accord-
ing to Rhoton: anterior ponto-mesencephalic, lateral ponto- 
mesencephalic, cerebello-mesencephalic and cortical. The 
segments, branches and course of the SCA are illustrated in 
Fig. 3 [26].

 s1—Anterior Ponto-Mesencephalic Segment

From its origin at the ponto-mesencephalic junction, to the 
antero-lateral brainstem margin, into the interpecuncular 
(78%) or prepontine cistern (22%), between the dorsum sel-
lae and the upper brainstem [2, 18]. The SCA runs laterally 
passing below the oculomotor nerve if it arises from BA and 
above if it arises from P1. It is medial to the free edge of 
tentorium.

 s2—Lateral Ponto-Mesencephalic Segment

From the antero-lateral brainstem margin to the cerebello- 
mesencephalic fissure, into the ambient cistern. It runs 
 caudally, encompassing the brainstem, below the trochlear 
nerve, passing from above to below the tentorium. It ends at 
the anterior margin of the cerebello-mesencephalic fissure 
with the basal vein of Rosenthal and the PCA above and par-
allel to it.
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Fig. 3 SCA course, segments, and branches. (1) Anterior ponto- 
mesencephalic segment; (2) lateral ponto-mesencephalic segment; (3) 
cerebello-mesencephalic segment; (4) cortical segment. (a) direct per-
forating arteries; (b) circumflex perforating arteries; (c) lateral trunk; 

(d) medial trunk; (e) vermian arteries; (f) medial branch; (g) intermedi-
ate branch; (h) lateral brunch; (i) marginal artery; III CN: oculomotor 
nerve; V CN: trigeminal nerve

 s3—Cerebello-Mesencephalic Segment

From the cerebello-mesencephalic fissure to the antero- 
superior cerebellar surface, into the quadrigeminal cistern. It 
deepens medially, above the trigeminal nerve, pointing to the 
midline, behind the superior medullary velum. After some 
hairpin-like curves, it loops deeply into the fissure and goes 
upward to the anterior edge of tentorium.

 s4—Cortical Segment

From the antero-superior cerebellar surface to the terminal 
branches into the superior cerebellar cistern, below the 
tentorium.

Several studies reported on the length and diameter of the 
SCAs [2, 8, 10, 18–20, 27]. For example, according to Hardy 
et al. the mean diameter of a single origin SCA is 1.9 mm 
(1.2–2.8 mm) and after bifurcation the medial and the lateral 
trunks have a mean diameter of 1.4 mm (range 0.9–1.9 mm) 
and 1.2 mm (range 0.6–1.8 mm), respectively [2]. If the ori-
gin is duplicated, the medial and lateral trunks have a mean 
diameter of 1.3 mm (range 1.1–1.5 mm) and 1.1 mm (range 
0.8–1.5  mm), respectively. For Garcia-Gonzales et  al. the 
mean length of both SCAs was 14.4 ± 7.9 mm and the mean 
distance between SCA and PCA origins was 1.19 ± 0.8 mm 
(range 0–3.4 mm) [18]. Right and left SCA may have equal 
size in 33% of cases, right may be larger in 31%, left may be 
larger in 38% according to Stopford et al. [10].

 Cranial Nerve Relationships

The SCA passes near the oculomotor, the trochlear and the 
trigeminal nerves and frequently has some points of contact 
with them.

The oculomotor nerve courses between the PCA above 
and the SCA below. Sunderland has suggested that occa-
sionally the nerve could be constricted between these two 
arteries [28].

About two-thirds of SCAs, especially the main trunk or 
the medial trunk, have a point of contact with the III nerve 
usually on the nerve’s inferior surface. Only when the SCA 
arises from the PCA the contact could be on the nerve’ supe-
rior surface. In case of duplicate origin, low origin or fetal 
PCA, there is less likely a neurovascular contact [2, 26]. 
Different anatomical variations such as common SCA-PCA 
trunk or duplicated SCA may predispose to oculomotor 
nerve compression [21].

The trochlear nerve courses forward in the cerebello- 
mesencephalic fissure from the medial to the lateral side of 
the SCA’s lateral and medial trunks, then runs between the 
lower surface of tentorium above and the SCA below. In the 
vast majority of cases (92%) there is a point of contact with 
the main trunk (34%), medial (52%) or lateral trunks (4%), 
or both (2%) usually on its inferior surface [2, 26].

The trigeminal nerve arises from the lateral surface of the 
pons and runs obliquely upward to exit the posterior fossa 
passing beneath the tentorium. The SCA traverses the brain-
stem just above the nerve making a shallow caudal loop on 
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the pons’ lateral surface [9]. About half of SCAs, usually the 
main trunk (24%), medial (4%) or lateral trunks (22%), both 
(8%), or marginal branch (2%), have a point of contact with 
the superior or superomedial surface of the V nerve at its root 
entry zone, generally because there is a prominent caudal 
loop [2, 26].

 Tentorium Relationship

The proximal SCA runs medially to the anterior third of ten-
torium free edge and about 20% of SCAs have a point of 
contact with it in the anterior half. Then, the SCA loops cau-
dally and normally passes beneath the tentorium free edge 
but sometimes can be in contact with its middle third. The 
distal SCA branches course medially to the posterior third of 
the free edge and finally passing below it to reach cortical 
surface of the cerebellum [2, 26].

 Branches and Possible Anastomosis

Several different nomenclatures have been used to describe 
SCA branches. In particular, concerning the two SCA main 
trunks, many authors used different names to describe them, 
therefore generating a lot a confusion: medial and lateral 
(also marginal), rostral and caudal, or also superior and infe-
rior [2, 3, 8, 26, 29–32]. In this chapter we refer to the two 
main trunks as the medial and the lateral one.

Yasargil described in detail the course of these two main 
trunks [3]. The lateral one courses antero-laterally along the 
quadrangular lobule, above the trigeminal nerve, and then 
postero-laterally in the horizontal fissure region to supply the 
supero-lateral part of cerebellar hemispheres and deep 
nuclei. The medial one encircles the ponto-mesencephalic 
junction to enter the quadrigeminal cistern in the inferior col-
liculus area giving off several hemispheric branches and per-
forators to the brachium conjunctivum area and inferior 
colliculus. Then it approximates with the contralateral 
branch turning inferiorly over the vermis as the superior ver-
mian artery. Several anastomoses occur also between the 
medial branch of SCA and branches of PCA in the quadri-
geminal cistern [2, 3, 23]. Critchley and Schuster called them 
plexus pedunculi but Duvernoy demonstrated that they were 
only ipsilateral [29, 31].

Garcia-Gonzales et  al. demonstrated that the SCA 
bifurcates into lateral and medial branches at the ambient 
cistern in 84.1% of cases [18]. They also observed that the 
mean diameter of the lateral branch is 1.07  ±  0.37  mm 
(range 0.5–1.4  mm), and that of the medial one is 
1.11 ± 0.27 mm (range 0.5–1.5 mm). After the bifurcation 
the medial branch is usually the dominant vessel. Both 
branches course caudally in the infratentorial part of the 

ambient cistern, near P2-P3 segments, the lateral posterior 
choroidal artery, the quadrigeminal artery, the lateral 
ponto-mesencephalic vein, the basal vein of Rosenthal and 
the trochlear nerve.

The Rhoton’s group observed that SCAs arising as a sin-
gle vessel bifurcate into a lateral and a medial trunk on aver-
age at 18.5 mm from the origin (range 0.6–34 mm), at the 
point of maximal caudal descent along brainstem’s lateral 
side [2, 8, 26]. Generally, the medial trunk courses superior 
to the caudal and they have a nearly equal diameter (1.2 mm 
on average), but if one is smaller, more frequently the lateral 
trunk, the medial will supply a larger area. These two trunks 
could be the result of a duplicated origin or a true bifurcation 
of the parent artery.

The SCA and its lateral and medial trunks give off multi-
ple branches along their course: perforating, precerebellar 
and cortical branches (Table 2) [2, 26].

Perforating arteries are classified according to the system 
devised by Hardy et al. in direct and circumflex types which 
both enter the brainstem [2]. The first ones have a straight 
and short course, while the second ones encompass the 
brainstem before entering it. The circumflex arteries in turn 
are subdivided in short and long types in relation to their 
travel distance, less or more than 90° around the brainstem 
[2, 26].

Usually perforating arteries come from the proximal SCA 
(within 1 mm 33%, within 2 mm 50%), from the main trunk 
or its divisions in a number from 2 to 5, rarely to 10 or more 
(range 1–12) [2, 8, 18, 26]. They are generally less than 
1 mm in diameter (mean 0.5 mm, range 0.1–1 mm) [2, 18]. 
The most common type of perforating arteries coming from 
the main trunk are the long circumflex (61%) and they termi-
nate in the tegmentum, interpeduncular fossa, cerebral 
peduncle, collicular region. On the other hand, from lateral 
and medial trunks, perforators are mainly circumflex and ter-
minate in tegmentum, inferior colliculus, cerebral peduncle, 
interpeduncular fossa [2, 26].

Garcia-Gonzales et al. identified 59% of direct, 28% short 
circumflex and 13% long circumflex perforators [18]. The 
first perforator was at a median distance of 2.2 mm (range 
0.2–15 mm) from the origin of the right SCA and 1.75 mm 
(range 0.1–12 mm) on the left side.

Perforators from the SCA enter the brainstem in two main 
different zones, identified and named by Yasargil: interpe-
duncular, superior and inferior medial pontine, lateral pon-
tine and basal cerebellar groups enter the basal perforator 
zone, whereas the lemniscal trigone group enters the dorsal 
perforator zone [3]. The direct SCA perforators belonged to 
the interpeduncular group in 85% of cases, the reminder 
belonged to superior medial pontine group. The short cir-
cumflex belonged to the lateral pontine and superior medial 
pontine groups, while the long circumflex belonged to the 
basal cerebellar and lemniscal trigone groups.
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However, there are some perforator-free zones: the BA 
between SCA and AICA is described as a variable perforator- 
free zone and some studies suggest also that this area may 
extend to the proximal SCA [4, 33–36]. This kind of infor-
mation during both microsurgical and endovascular proce-
dures is of utmost importance.

Precerebellar arteries arise from the distal part of the 
trunks and from the proximal part of cortical branches 
within the cerebello-mesencephalic fissure. They have a 
sharp course in the fissure that make difficult their dissec-
tion and identification. They are divided in a medial and a 
lateral group. The first one is represented by small branches 
passing between the superior medullary velum and the cen-
tral lobule, the second one by larger branches passing 
between the superior and middle cerebellar peduncles and 
the central lobule’s wings. Precerebellar branches coming 
from cortical arteries supplying the hemispheric surface are 
directed to the dentate and deep cerebellar nuclei (average 4, 
range 2–8), while those coming from cortical arteries sup-
plying the vermis are directed to the inferior colliculi and 
the superior medullary velum (average 2, range 1–6) [2, 26]. 
The mean diameter was 0.3  mm (range 0.1–0.7  mm), 
according to Hardy et al. [2].

Cortical arteries are divided into hemispheric and verm-
ian groups. In turn, the hemispheric group is subdivided into 
medial, intermediate and lateral branches that supply the ten-
torial surface lateral to the vermis and the vermian group into 
medial and paramedian branches [2, 26].

The hemispheric arteries arise from the lateral and medial 
trunks in the cerebello-mesencephalic fissure and course 
upward sharply to reach the superior surface, running paral-
lel, and fan out in a radial pattern, extending to the horizon-
tal fissure supplying the supero-medial cerebellar 
hemisphere and the dentate nucleus [1–3, 26, 30]. They give 
rise to the precerebellar arteries. The most common configu-
ration is represented by three arteries, medial, intermediate 
and lateral, but they can be sometimes up to five, and are in 
a reciprocal relationship in terms of dimensions and terri-
tory of supply. The medial and lateral branches generally 
arise from the medial and lateral trunks, respectively. Once 
they reach the tentorial surface, hemispheric arteries split 
into one to seven branches (three on average) that arborize 
progressively and disappear in the cerebellar folia [2, 26]. 
The mean diameter is 0.9 mm (range 0.3–1.8 mm), accord-
ing to Hardy et al. [2].

The vermian arteries arise mainly from the medial trunk 
in the cerebello-mesencephalic fissure and the most common 
configuration is represented by two arteries, medial and 
paramedian, but they can be sometimes up to four, and are in 
a reciprocal relationship in terms of dimensions and territory 
of supply, several anastomoses existing between the two 
sides, especially near the apex of the tentorial surface [2, 26]. 

The artery of the superior vermis is the terminal branch of 
the SCA originating from the third segment. The right and 
left side arteries anastomose with each other within the quad-
rigeminal cistern and then course posteriorly over the vermis 
close to the midline [17]. The distal part of these arteries 
anastomoses with the arteries of the inferior vermis which 
are branches of PICA [1, 3]. The mean diameter is 0.5 mm 
(range 0.1–1.2 mm), according to Hardy et al. [2].

The marginal artery, when present (in 52% of cases 
according to Hardy et al.), represents the first and largest cor-
tical branch of the SCA and its size varies and it is inversely 
related to AICA [1, 2, 26]. Generally, it arises from the 
medial trunk but could also arise from the main trunk, from 
the lateral one or from the BA.  From the lateral ponto- 
mesencephalic segment, in the ambient cistern, it points 
directly to the petrosal surface adjoining the tentorial one in 
the horizontal fissure [26]. The distal part of the artery repre-
sents a landmark, that demarcates superior and inferior cer-
ebellar lobes when dipped in the horizontal fissure [1]. The 
most constant supply is to the anterior part of the lips of the 
petrosal fissure, at its largest it can supply the full extent of 
both lips of the petrous fissure and the superior part of the 
petrosal surface, always being in a reciprocal balance with 
AICA: if the marginal artery is absent or small, most of the 
supply is given by AICA and its branches [2]. Anastomoses 
between these two arteries are frequent and most prominent 
if there is a large marginal branch [26].

Within the fissure, the artery may anastomose with hemi-
spheric branches of AICA or PICA [2, 3]. Perforating arter-
ies arising from this branch terminate in the region of the 
middle cerebellar peduncle [26]. The mean diameter is 
0.8 mm (range 0.4–1.3 mm), according to Hardy et al. [2].

A meningeal branch of the SCA was first observed by 
Wollschlaeger et al. in only one out of ten barium-injected 
cadaver brains they studied and was considered as a small 
arterial anastomosis between SCA and the artery of Davidoff 
and Schechter (ADS) [37]. Later they reported that although 
they believe that ADS was constant, the meningeal branch of 
SCA was present only occasionally, running rostrally to the 
quadrigeminal plate [27]. Ono et al. identified a meningeal 
branch of SCA in 28% of 25 cadaver specimens describing 
that it arises from the medial trunk and crosses the middle 
incisural space under the free edge of the tentorium [38]. 
However, the presence of a meningeal branch of SCA is not 
reported in the masterpiece study of dural arteries anatomy 
of the same group [39]. Some years later, Umeoka et al. first 
identified surgically this branch arising from s2 in 25.6% of 
patients operated for trigeminal neuralgia [40]. They stated 
that this branch can be cut without eliciting neurological 
deficits. This branch can become hypertrophic and supply 
tentorial dural arteriovenous fistulas. Table 3 summarizes the 
main branches of the SCA.
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 Parenchymal Territories

The cortical territory of the SCA is more constant than those 
of AICA and PICA but is reciprocal with them and is illus-
trated in Fig. 4. The most constant cortical supply is to the 
tentorial and petrosal surfaces: the SCA usually supplies most 
of the tentorial surface and frequently the adjacent upper part 
of the petrosal surface, within the cerebello- mesencephalic 
groove and above the petrosal fissure. The maximal field of 
supply includes a full half of the tentorial surface with overlap 
onto the opposite half of the vermis, the superior part of the 
suboccipital surface, and the upper two- thirds of the petrosal 
surface, including both lips of the petrosal fissure. The small-
est field of supply includes only the part of the tentorial sur-
face that lies anterior to the tentorial fissure [2, 26].

The territories distribution of the two main trunks are gen-
erally constant: the medial one supplies vermian and paraver-
mian areas and the lateral one the cerebellar hemisphere on the 
suboccipital surface. Sometimes PICA or AICA or both may 
join SCA on the superior part of the cerebellar hemisphere, 
according to Lang et al. in 33% of cases [13]. On the contrary, 
the SCA may supply the inferior part of cerebellar hemi-
spheres together with PICA in 3% of cases [13]. The region of 
the horizontal fissure in the majority of cases is supplied by 
AICA (48%), but frequently also by SCA (40%), both in 12% 
of cases [32]. Moreover, the lateral trunk supplies almost 
exclusively the deep cerebellar nuclei, with a medial branch to 
emboliform, globose and fastigial nuclei and a lateral one to 
the dentate nucleus [12]. Additional contributions come from 
transcerebellar arteries, including PICA [30].

Sometimes the tentorial surface lateral to the vermis may 
be supplied by only two hemispheric branches or by adjacent 

hemispheric branches coming from AICA and PICA or by 
some vermian branches or marginal artery that could overlap 
the medial and lateral hemispheric branches, respectively 
[26]. For example, Rhoton found in one cadaveric brain that 
the whole tentorial surface was supplied by a single branch 
arising from the lateral trunk on one side and by branches 
arising from the medial trunk on the other one.

Lazorthes et al. described in 15% of cases a bilateral ver-
mian supply that was even greater (53%) according to Scialfa 
et al. [12, 16].

Handa et al. was the only one to find an SCA supply to the 
internal auditory canal [41].

The SCA contributes not only to parenchymal territories 
supply but also to dural supply: the true vascular supply of 
the tentorium is represented by an anastomotic network 
between PCA on the superior surface and SCA on the infe-
rior one [42].

 Variants

Cadaveric studies, radiological ones and case reports have 
detailed variations of the branching pattern, origin and course 
of the SCAs [1, 2, 5, 8, 18, 19, 25, 33, 43–49].

Fig. 4 SCA parenchymal territories. The blue area shows the territo-
ries constantly supplied by the superior cerebellar artery (SCA), which 
corresponds to the antero-lateral part of the ponto-mesencephalic junc-
tion, and to the tentorial and petrosal surfaces of the cerebellum. Its 
territory extends to the cerebello-mesencephalic groove, to the vermian 
and paravermian areas. Sometimes its territory can include the region of 
the horizontal fissure, the area of the trigeminal nerve and the mesen-
cephalon region (pink area)

SCA

Lateral trunk Medial trunk

Perforating arteries Precerebellar branches Cortical branches

- Direct 
- Short circumflex 
- Long circumflex 

- Medial 
- Lateral 

Hemispheric: 
- Medial 
- Intermediate 
- Lateral 

Vermian: 
- Medial 
- Paramedian 

Marginal artery

Table 3 SCA branches
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 Number and Origin

Garcia-Gonzales et al., after analyzing 20 cadaveric brains, 
proposed a classification of the SCA origin based on the 
spectrum variation reported by Yasargil [3, 18]:

• Type A: as single vessel from BA trunk, clearly separated 
from PCA (35%)

• Type B: from BA bifurcation (35%)
• Type C: as separate vessel from PCA (5%)
• Type D: one SCA from BA, the other from PCA (5%)
• Type E: one from BA bifurcation, the other from PCA 

(5%)
• Type F: bilateral duplication from BA (5%)
• Type G: double SCA on one side of BA, single one on the 

other side (10%)

The most common patterns of origin were A and B (both 
35%). Most SCA (50%) arise from the BA with a normal- 
lying bifurcation (type B 50%), the reminder 45% had a high 
bifurcation (type A 67%).

Krzyzewski et al. proposed another classification of the 
SCA origin but reviewing 200 cerebral tomography (CT) 
[45]:

• Type 1: typical configuration (both SCA from BA)
• Type 2: aplastic SCA

 – 2a: bilaterally
 – 2b: unilaterally

• Type 3: duplicated
 – 3a: bilaterally
 – 3b: unilaterally

• Type 4: common origin of PCA and SCA from BA
 – 4a: bilaterally
 – 4b: unilaterally

• Type 5: SCA arises from PCA
 – 5a: bilaterally
 – 5b: unilaterally

They also observed that the diameter of SCA differs sig-
nificantly depending on the origin: the largest being from 
BA. Smaller vessels are more likely to predispose to isch-
emic events especially after surgical manipulation and a 
common PCA-SCA trunk increases the risk of accidental 
closing of this branch during clipping PCA or SCA 
aneurysms.

Mani et al. dissected 30 cadaveric brains and found that in 
8% of patients with SCA duplication, the upper trunk arose 
from the PCA, while in the reminder both trunks arose from 
the BA [1]. In all patients with duplication, the marginal 
artery arose from the lower trunk and the superior vermis 
artery from the upper trunk.

Caruso et al., studying 100 fixed human brains, identified 
a rare variation: a bilateral common trunk between PCA and 
SCA of 4 mm in diameter and 5.3 mm in length, with an 
angle P1-SCA of 180° [43]. This anomaly may be due to a 
missing fusion of the neural primitive arteries at the level of 
the basilar rostral limit.

Uchino et al. reviewed 136 magnetic resonance imaging 
(MRI) looking for proximal SCA variations [25]. Several 
one may be due to a missing fusion of the neural primitive 
arteries at the level of the basilar rostral limit during early 
embryonic stage. They identified in 9.6% of cases a dupli-
cated SCA, in 4.4% a common PCA- SCA trunk, in 3% an 
early bifurcating SCA.

A bilateral origin of the SCA from the PCA is very rarely 
reported [25, 43, 44] and presents an usual radiological 
appearance, according to Aydin et al. Embryologically, this 
anomaly is probably associated with an unusual develop-
ment of the distal basilar region during embryogenesis and in 
particular may be explained as a lack of normal fusion of the 
BA at the origin of SCA during BA development from the 
primitive neural arteries or PCA anastomoses with BA more 
caudally than usual [44].

Porzionato et al. reported a double origin of the left SCA 
from two small arteries arising from BA at a reciprocal dis-
tance of 0.5 mm and joining after 9 mm in a larger vessel 
[47]. It was associated with a subacute ischemic lesion with 
hemorrhagic evolution in the SCA territory, maybe to the 
hemodynamic instability, and also a bilateral xanthogranu-
loma of the choroid plexuses of the lateral ventricles coex-
isted. The abnormal persistence of an embryological vessel 
may be hypothesized but the very close relationship between 
the two vessels and the rarity of this anomaly couldn’t 
exclude other rarer mechanism, for example the division of a 
single vessel.

Rarely the SCA originates from the ICA [4, 46, 50–52]. 
The communication between the ICA siphon and SCA rep-
resents a partial trigeminal artery persistence which supplies 
SCA territories, combined with an incomplete fusion of the 
longitudinal neural arteries (LNAs). The presence of an 
interposing BA between ICA and SCA is defined by the 
grade of fusion of longitudinal neural arteries and the BA 
[46]. In such cases, an anastomosis between the cavernous 
segment of the ICA and the SCA is observed, with or without 
an anastomosis with the BA. The embryological explanation 
of these cases resides in a partial persistence of the trigemi-
nal artery, that takes charge of the vascular territory of the 
SCA, combined to the incomplete fusion of the longitudinal 
neural arteries (LNAs) [6]. The grade of fusion of the LNAs 
and formation of the BA will influence the presence of an 
interposing BA in the ICA-SCA anastomosis.

Teal et al. described a case of ICA and SCA anastomosis 
without an interposed segment of BA [51]. The embryologi-
cal sequence of events leading to this anomaly is unknown 
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but it is likely that the primary anastomosis was between the 
ICA and an ipsilateral island of LNA (primordial SCA) and 
the main source of blood supply of the hindbrain was the 
primitive hypoglossal artery (HypA), the primitive otic 
artery (OtA), the first cervical segmental artery (ICSA) or 
any combination of them.

 Course

The junction between s1 and s2 is frequently asymmetrical 
(56%): the downward convex curve can be higher on one 
side compared to the contralateral one [33].

Uchino et  al. reported a case of an extremely tortuous 
SCA in its s1 segment that mimicked an AVM, potentially a 
pure arterial malformation, which remained stable over the 
years [49]. Similarly to the carotid rete mirabile, a segmental 
interruption of the SCA and consequent collateral network 
formation at an early embryonic stage may be the embryo-
logical explanation of this anomaly [53].

Fenestration of the SCA has been rarely reported [54, 55].

 Clinical Implication

The SCA is important in both ischemic and hemorrhagic cere-
brovascular disease of the posterior circulation. In particular, 
the dentate nucleus is the most common site of spontaneous 
cerebellar hemorrhage and it is supplied by precerebellar and 
penetrating cortical branches of the SCA [30].

The SCA and its branches are exposed during surgery of 
tumors involving the cerebellum, posterior cavernous sinus, 
tentorial incisura, pineal region and cerebellopontine angle; 
in dealing with aneurysms arising at the basilar apex, the ori-
gin of the SCA and PCA; with arteriovenous malformations; 
but also during vascular decompression of the trigeminal 
nerve in trigeminal neuralgia and during a revascularization 
bypass procedure for posterior fossa ischemia.

 SCA Infarction

Isolated SCA occlusion is uncommon, and its effect could 
range from clinical silence to brainstem and cerebellar 
infarction, swelling, hemorrhage and death [2, 9]. Since cer-
ebellar arteries display a wide array of potential and exten-
sive anastomoses, collateral circulation and variations in 
arterial distribution will influence patient’s recovery and sur-
vival after occlusion of the SCA.

The territories supplied by the SCA are the most vulner-
able to ischemic damage secondary to decreased flow in the 
posterior circulation because they are localized at the distal 
end of the vertebral artery (VA) and BA axes [30]. Infarct 

may occur in the SCA territories in the absence of SCA 
occlusion but instead in case of VA or BA’s occlusions.

SCA occlusion may result in infarction, both ischemic 
and hemorrhagic, of the cerebellum, dentate nucleus, bra-
chium conjunctivum, and long sensory pathways in the teg-
mentum of the rostral pons and, in typical cases, its clinical 
presentation is quite characteristic. At the onset, vomiting, 
dizziness and inability to stand or walk may be present [56]. 
The SCA syndrome is represented by:

• cerebellar dysfunction (cerebellum and deep nuclei and 
peduncles),

• ipsilateral intention tremor (dentate nucleus and superior 
cerebellar peduncle),

• ipsilateral Horner’s syndrome (descending oculosympa-
thetic fibers),

• contralateral loss of pain and temperature sensation (lat-
eral spinothalamic and trigeminothalamic tracts),

• nystagmus (medial longitudinal fasciculus and cerebellar 
pathways),

• contralateral disturbance of hearing (crossed fibers of the 
lateral lemniscus),

• loss of emotional expression on the analgesic side (invol-
untary mimetic pathways in the upper brainstem).

Mills first described the clinical manifestation of an 
SCA stroke characterized by ipsilateral cerebellar and 
brainstem signs and contralateral dissociated sensory 
impairment secondary to SCA occlusion at its origin [57, 
58]. Terao et al. noted that the cerebellar symptoms were 
due to the interruption of the distal flow of lateral or 
medial branches, determining an anterior rostral cerebel-
lar infarction, whereas if the proximal SCA is interrupted 
with its perforators, it produces a rostral brainstem infarc-
tion [59].

Posterior circulation infarction is quite infrequent in chil-
dren and vertebral artery dissection even more. A case was 
reported by Lin et al. of a 12-year-old boy with occlusion of 
the left vertebral artery determining an artery-to-artery 
embolism of SCA [60]. Other possible mechanisms can be a 
cardiac source of emboli, dissection or fibromuscular dyspla-
sia [61–67].

 Trigeminal Neuralgia

Trigeminal neuralgia as the result of arterial compression 
and distortion was first postulated by Dandy and then con-
firmed by Jannetta [68–70]. Dandy described in 30.7% of his 
215 cases of trigeminal neuralgia neural compression from 
the SCA [68]. Hardy and Jannetta agreed that the SCA is the 
most common cause of trigeminal neuralgia [9, 70]. Sindou 
et al. reported that in 66.5–88% of cases the cause of trigemi-
nal compression was the SCA. When there is a prominent 
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caudal loop of the SCA, fascicles of trigeminal nerve may be 
distorted at the root entry zone. Less frequently, trigeminal 
neuralgia may be caused by AICA, PICA or superior petro-
sal veins such as transverse pontine veins [71].

 Tentorial Dural Arterio-Venous Fistulas 
(TDAVF)

TDAVFs represent a specific subgroup of DAVFs (<4%), 
located in the reflected dura of tentorium and its attachments, 
that usually drain into cortical veins, thus definitive treat-
ment is recommended [72–75]. The arterial supply of mid-
line TDAVFs is mostly represented by the artery of Davidoff 
and Schechter, a tentorial branch of the PC, and the medial 
dural-tentorial branch of the SCA [37]. In particular, the lat-
ter supplies midline TDAVFs posterior to the incisura. In 
physiologic condition these two arteries are too small to be 
seen in anatomic studies and digital subtraction angiography 
(DSA) [2, 38, 39]. Generally, they are visible during surgery 
and in DSA only when pathologically enlarged [48, 76]. 
Lawton et  al. demonstrated the importance of pial arteries 
contribution to TDAVFs: PCA and SCA branches together 
supply 26% of the TDAVFs analyzed, especially galenic 
ones [74].

 SCA Aneurysms

SCA aneurysms are uncommon; they account for 1.5–4.5% 
of all intracranial aneurysms and 10–13.5% of posterior cir-
culation ones [77, 78]. They have a higher risk of rupture at 
a smaller size (5 mm) and typically they have a wide neck 
with a dome/neck ratio < 2 [77].

SCA aneurysms may be found incidentally but can pres-
ent clinically with the classical subarachnoidal hemorrhage 
(SAH), cerebellar signs or III, IV, V cranial nerve palsies, 
generally affected by direction or growth pattern rather than 
size [79].

Generally, SCA aneurysms are grouped with posterior cir-
culation ones which are considered, as a group, challenging 
from a surgical perspective. However, SCA aneurysms have 
some peculiar characteristics which make them easier (com-
pared to basilar bifurcation aneurysms) to access from a surgi-
cal point of view, given their lateral orientation from the basilar 
trunk and often small neck [80, 81]. As a matter of fact, SCA 
aneurysms can be reached either with a conventional pterional 
approach or with a subtemporal one with or without their 
modifications. Moreover, aneurysms of the SCA origin do not 
pose particular risks of perforating arteries injury because 
there are no perforating arteries in the shoulder of the SCA 
where generally the aneurysm’s neck is dissected [82].

Hzuka et al. treated 69 patients with BA-SCA aneurysms 
and identified three patterns of neck position according to 
SCA involvement degree [83]:

• Type A (no involvement)—SCA originates directly from 
BA and the aneurysm neck is on the junction (35%).

• Type B (half involvement)—SCA originates from the lat-
eral side of the aneurysm neck (45%).

• Type C (complete involvement)—all the neck mounts on 
the first segment (20%).

They observed some peculiar details: SCA involved types 
(B + C) represented 76% of ruptured aneurysms and 53% of 
unruptured ones, in particular type C accounted for 47% of 
ruptured and type A for 46% unruptured; type B and C had a 
higher tendency to incomplete treatment and higher risk of 
SCA occlusion; in 90.5% of cases aneurysms formed on the 
inclined side of BA trunk.

Jin et al. analyzed 33 patients with SCA aneurysms at the 
junction BA-SCA and categorized them according to the 
main direction of the sac and the angle between BA and SCA 
aneurysm center [79]. Most aneurysms are lateral-superior 
(69%), lateral-horizontal (20.7%), lateral-inferior (6.9%) 
and posterior (3.4%). They don’t differ significantly accord-
ing to the treatment modality.

If treatment of the aneurysm is indicated, endovascular 
treatment is preferred in small neck aneurysm or with a 
dome/neck ratio > 2, type A aneurysm and calcifications. 
On the other hand, surgical treatment is preferred in wide 
neck aneurysms or with a dome/neck ratio < 2, type B or C 
aneurysms and intraluminal thrombus. Before surgery, it is 
of utmost importance to consider the relationship between 
the SCA, the dorsum sellae and the free tentorial edge. If 
the SCA origin is high, a pterional craniotomy with an 
eventual orbitozygomatic extension may be appropriate. 
Otherwise, if the origin is low, an antero-lateral approach 
with transcavernous extension, or a lateral approach with 
anterior petrosectomy or a retrosigmoid approach may be 
needed [77].

 Neoplasms

The SCA and its branches may be stretched against the ten-
torial edge by expanding lesions of the posterior fossa pro-
truding rostrally through the tentorial incisura [2, 26].

Elevation of the SCA over the PCA visible in DSA lateral 
projection may indicate the presence of an expanding mass 
in posterior fossa [1].

The upper vermian branch is elevated when the culmen is 
displaced upward into the tentorial incisura by quadrigemi-
nal plate regions’ masses such as arachnoid cysts, suprasellar 
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tumors [33]. Brainstem lesions are rarely large enough to 
displace the SCA and its branches but pontine hematomas, 
for example, may anteriorly displace the interpeduncular 
branches. Extracerebellar tumors expanding in the retrosel-
lar space may displace the pontine segment backward and 
downward while large acoustic tumors and petrous apex 
meningiomas medially and posteriorly. Tentorial meningio-
mas may separate PCA from SCA [33].

 Surgery

The SCA and its branches may be exposed in surgical 
approaches to the tentorial notch, pineal region, clivus, BA 
apex, trigeminal nerve, cerebello-pontine angle and the supe-
rior surface of cerebellum [2].

The only approach that gives a satisfactory exposure of 
SCA origin and its segments is a subtemporal craniotomy 
with elevation of temporal lobe combined with division and 
retraction of the tentorium [2]. To expose the distal cortical 
branch, a supracerebellar approach may be needed. For an 
adequate visualization of the course of the vessel in the depth 
of the cerebellomesencephalic fissure, a posterior interhemi-
spheric transtentorial approach may be indicated. To expose 
the trigeminal region a unilateral suboccipital craniotomy is 
needed [2].

For revascularization procedures, lateral and medial 
trunks of SCA can be used and may be exposed with a com-
bined petrosal, lateral supracerebellar-infratentorial or sub-
temporal approach [19].
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Perforating Branches of the Basilar 
and Posterior Communicating Arteries

Sara Bonasia and Thomas Robert

The basilar artery (BA) and the posterior communicating artery 
(PComA) are described in detail in chapter “Embryology and 
Anatomy of the Posterior Communicating Artery and Basilar 
Artery.” In the present chapter, we will focus on the perforating 
branches of these two arteries, while the superior cerebellar 
artery (SCA) and the antero-interior cerebellar arteries will be 
described in their respective chapter. Although the embryologi-
cal affinity with the P1 segment of the posterior cerebral artery, 
the perforating branches of this latter will be described in the 
chapter dedicated to the posterior cerebral artery.

 Embryology

The embryological development of perforators arising from 
the BA and the PComA is not known in detail. Our embryo-
logical knowledge is mostly based on works of Padget and 
Lasjaunias et al. [1, 2]. The development of these branches 
relates to that of the PComA and the BA, and consequently 
to the caudal division of the internal carotid artery (ICA) and 
to the longitudinal neural arteries. Considering the lack of 
specific information concerning the embryological develop-
ment of these perforators, we suggest referring to chapter 
“Embryology and Anatomy of the Posterior Communicating 
Artery and Basilar Artery.” for detailed information about 
the development of the PComA and the BA.

 Branches of the Basilar Artery

The BA gives off along its course three types of branches:

 1. Cerebellar arteries: these are the superior and antero- 
inferior cerebellar arteries (SCA, AICA), which are 
described in their respective chapter. The postero-inferior 
cerebellar artery (PICA) can arise from the BA in 25% of 
cases, while normally arises from the vertebral artery [3].

 2. Large pontine vessels: these vessels arise directly from 
the BA or from one of its collaterals. They comprise the 
pontomedullary artery, the posterolateral artery, and the 
long lateral pontine arteries. The pontomedullary artery 
most often originated from the proximal part of the BA 
and terminated in the retro-olivary fossa of the medulla. 
The posterolateral artery arises from the distal part of the 
BA, just caudal to the SCA.  Finally, the long pontine 
arteries arise from the distal half of the BA and termi-
nated close to the trigeminal nerve. Commonly, two of 
them are present on each side of the brainstem: the super-
olateral and the inferolateral long pontine arteries [3, 4].

Although these vessels are quite always present, their 
origin and their vascular territory is very variable and 
depend on their possible direct origin from the BA, from 
the BA major branches (SCA, AICA) or directly from the 
perforators.

 3. Perforating branches: these branches are usually tiny 
vessels that penetrate the brainstem and will be described 
in the following paragraph.

 Perforating Branches of the Basilar Artery

The perforating branches of the BA arise from the posterior 
(50%) and posterolateral wall of the artery (25% from each 
side) [5, 6]. No branches arise from the anterior surface of 
the BA [3, 5]. Their average number is 10 (range 3–17), with 
a diameter between 0.08–0.94 mm (average 0.6 mm) [3, 5].

These branches have been classified according to differ-
ent criteria:
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 1. Entry point into the brainstem:
 (a) Median or paramedian arteries: they are numerous 

tiny branches that originate from the posterior aspect 
of the BA [4, 5, 7–10]. They enter the brainstem close 
to the midline, along the anterior median fissure of the 
medulla and the basilar sulcus of the pons [11]. They 
have a median length of 6 mm (range 4.5–7.05 mm) 
and have a high concentration around the foramen 
caecum near the pontomedullary junction [9–11].

 (b) Lateral, transverse, or circumferential arteries: they 
are less numerous but larger branches, usually sym-
metric, that originate from the posterolateral aspect 
of the BA [4, 5, 7–9, 12]. They enter the lateral pons, 
cerebellar peduncles, and posterior perforated sub-
stance. Their median length is estimated as 17 mm 
(range 14.7–17.6 mm) [10].

 2. Point of origin from the BA:
 (a) Caudal group: perforators arise from the proximal 

part of the BA, between the junctional site of the ver-
tebral arteries and the origin sites of the AICA. These 
branches range in number from 2–5 and in diameter 
from 0.08 to 0.6 mm [3]. However they can be absent 
on one side (8.3% of cases); in this case, a large com-
mon trunk of perforators was noted on the opposite 
side [3]. These branches mostly contribute to the vas-
cularization of the area of the foramen cecum at the 
junctional point of the pontomedullary sulcus and the 
anterior median sulcus [3, 11]. The caudal perfora-
tors can also give rise to collateral branches in 58.3% 
of cases [3]. Most commonly they give off the ponto-
medullary artery, and rarer the posterolateral 
branches; Marinkovic et al. also described the possi-
ble origin from these perforators of three kinds of 
branches over the ventral surface of the medulla: the 
pyramidal branches, the branches to the rostral part 
of the anterior median sulcus of the medulla and 
large branches to the hypoglossal nerve [3]. Mahmood 
et al. described for the caudal group four branching 
patterns: type A was the most common and corre-
sponds to a single trunk dividing into many branches; 
in type B, C and D, there were respectively two, three 
and four trunks arising from the BA [11]. The branch-
ing pattern seems also to be correlated to the location 
of the vertebro-basilar junction. In fact, when the 
junction was above the foramen caecum, the predom-
inant pattern was the type A.  On the other side, in 
case of junction below the foramen caecum, there 
was a predominance of types D, B or C in order of 
frequency [11].

 (b) Middle group: perforators arise from the middle part 
of the BA, between the origin of the AICA and the 
posterolateral artery [3]. These branches are relatively 

constant, in a number between 5 and 9 and with a 
diameter of 0.2–0.9 mm [3]. The perforators can ori-
gin as common trunks or as individual vessels. In both 
cases, their branching pattern can be summarized into 
two types according to Mahmood et  al.: in type A, 
there are two trunks that descend along the basilar sul-
cus on both sides; in type B, there is only one trunk 
that descend posterior or lateral to the basilar artery 
[11]. These perforators can also arise from other 
branches of the BA. They can arise from the AICA in 
16.6%, from the pontomedullary artery in 16.6% of 
cases, and in 25% of cases from a long pontine artery 
[3]. It was also observed a possible common origin 
with the posterolateral artery or with a perforator 
from the caudal group [3]. On the other side, also the 
other collateral branches can arise from the perfora-
tors of the middle group. In detail, the long pontine 
arteries originated from the perforators in 25% of the 
hemispheres in the study of Marinkovic et al. [3]. On 
the other hand, one or more perforators gave rise to 
the anterolateral branches in many of the cases exam-
ined, where these latter gave off branches to the abdu-
cens nerve. The terminal branches of the middle 
perforators penetrated the edges of the basilar sulcus. 
They divide into the long and short intrapontine 
branches, which course close to the raphe of the pons.

 (c) Rostral group: they arise from the distal part of the 
BA, included between the posterolateral artery and 
the BA bifurcation, and enter the interpeduncular 
fossa. They range in number from one to five (mean 
3) and have an average diameter of 0.25 mm [3, 5, 13, 
14]. Like in the other groups, they can arise as indi-
vidual vessels, as common stems, or from other col-
lateral arteries (from the SCA or from the 
posterolateral artery). The higher concentration of 
these branches has been identified distal to the SCA 
and in proximity of the BA tip [3, 14]. These perfora-
tors enter the most caudal part of the interpeduncular 
fossa, just caudal to the penetration sites of the mes-
encephalic perforators of the posterior cerebral artery 
[3].

The configuration of the perforators of the BA is illus-
trated in Fig. 1.

 Anastomoses Among Perforators

The three groups of perforators tend to form an intricate net-
work of vessels along the anterior surface of the brainstem. 
These anastomoses among perforators allow a precise and 
dense vascularization of these high functional areas.
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Fig. 1 Illustrative classification of the basilar artery’s perforators. BA 
basilar artery, VBJ vertebro-basilar junction, SCA superior cerebellar 
artery, AICA anterior inferior cerebellar artery, PICA posterior inferior 
cerebellar artery, PLA posterolateral artery, LAs lateral arteries, Mas 
medial arteries, RG rostral group, MG middle group, CG caudal group

The anastomoses among the perforators of the BA them-
selves and/or with branches of the vertebral artery can be 
divided into the following:

• Major anastomoses, when the main trunks from the 
vertebro- basilar system join to form an arch and perfora-
tors arise from this arch.

• Minor anastomoses, when the anastomoses are between 
perforators themselves [11].

To simplify the comprehension of these complex net-
works, we will describe in the next paragraphs the anastomo-
ses of each group of perforators.

 Caudal Group
This group of perforators forms anastomoses most often 
with the middle group (in 33.3% of cases according to 
Marinkovic et al.) [3]. Rarer are the connections between the 
caudal perforators and perforators from the vertebral artery 
and anterior spinal arteries (16.6% of cases) [3]. The anasto-
moses were also noted among the caudal perforators them-
selves (8.3% of cases) [3].

 Middle Group
According to Marinkovic et  al., this group of perforators 
forms anastomoses more frequently (in 66.6% of cases), but 
in lower number [3]. They were most often found between 

the middle and caudal perforating arteries (33.3%), while 
anastomoses between middle perforators themselves were 
seen in 25% of the hemispheres. Vascular connections 
between the rostral and middle perforators were rarely iden-
tified (16.6%) [3].

 Rostral Group
This group of perforators form anastomoses in 41.6% of 
brains according to Marinkovic et al. [3]. Most of them are 
unilateral, but right-left anastomoses are also seen occasion-
ally. The anastomoses interconnect the rostral perforators 
themselves, and with the interpeduncular branches of the 
posterior cerebral artery, and finally the rostral perforators 
and the main stem of the SCA [3].

 Vascular Supply

There is generally a lack of precise data concerning the exact 
vascular supply from the perforators of the BA, especially in 
relation to their high anatomical variability. However, in this 
paragraph we describe the most common vascular territory 
of each group of perforators.

The caudal perforators entering at the foramen caecum as 
median branches penetrate the brainstem to reach the tegmen-
tum and supply the cortico-spinal and cortico-bulbar tracts, 
the pontine nuclei, the medial longitudinal fasciculus, the 
medial lemniscus, the abducens nucleus and the cranial end 
of the hypoglossal nucleus [10, 11, 15]. Those that penetrate 
the brainstem more laterally supply the lateral part of the 
pons, the trigeminal and facial nuclei, the middle cerebellar 
peduncles and the lateral parts of the cortico-spinal and cor-
tico-bulbar tracts, as well as the medial lemniscus [10, 11].

The medial group of perforators is usually in balance with 
the other two groups. In fact, the most caudal branches of 
this group descend along the basilar sulcus, while the most 
cranial ones ascend forming anastomoses with the other two 
groups. They mostly supply the paramedian pontine reticular 
formation and the cranial and caudal portion of the structures 
supplied by the other two groups [3, 10].

The rostral group of perforators is composed by branches 
that enter the interpeduncular fossa. They usually enter the 
postero-inferior region of the posterior perforated substance 
and can give off branches to the cisternal part of the oculo-
motor nerve and to the medial surface of the cerebral pedun-
cles [3, 13, 16, 17].

 Branches of the Posterior Communicating 
Artery

Along its course, the PComA gives off an average of seven 
branches (range 4–12), with a diameter from 0.1 to 0.6 mm. 
These branches arise from the superior and lateral aspects of 

Perforating Branches of the Basilar and Posterior Communicating Arteries
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the PComA, even if rarely some perforators have been iden-
tified emerging from its medial side [5, 18]. Moreover, the 
number of perforators origin from the PComA does not 
depend on the PComA size [5, 6].

According to the perforators’ origin, the PComA can be 
divided into three segments. The perforators will be conse-
quently classified into the following [5]:

• Anterior group: branches arise from this anterior part of 
the PcomA in 54% of cases. These branches usually sup-
ply the hypothalamus, the ventral thalamus, the anterior 
third of the optic tract and the posterior limb of the inter-
nal capsule.

• Middle group: perforators origin from the middle third of 
the PComA in 21% of cases.

• Posterior group: the perforators origin is prevalent from 
this part of the artery in 25% of cases. This group supplies 
the posterior perforated substance and the subthalamic 
nucleus.

 The Premamillary Artery

Independently from the site of origin from the PComA, its 
largest branch ends in 80% of cases in the so called pre-
mamillary area, between the mammillary bodies and the 
optic tract. This artery was thus called premamillary artery 
[5, 19]. Other denominations of this artery, that will not be 
used in this chapter, are anterior thalamo-perforating artery, 
thalamo-tuberal artery or thalamic-polar artery [5, 20]. The 
anatomical area supplied by the premamillary artery was 
later more precisely described by Percheron et al. [20] and 
defined as the paramedian perforated substance [20, 21]. 
This latter is a triangle-shaped area, limited by the mamillary 
body and tuber cinereum medially, by the optic tract antero-
laterally and by the cerebral peduncle posterolaterally [21, 
22]. The premamillary artery is a constant branch of the 
PComA, even if Pedroza et al. described two cases of its ori-
gin from the posterior cerebral artery (PCA) and Gibo et al. 
reported its possible origin at the PComA-PCA junction [21, 
23]. This artery arises from the anterior part of the PComA in 
8–17% of cases, from the posterior part in 8–13% of cases, 
and from the middle part of the PComA in 35–50% of cases 
[5, 21]. Its average diameter is 0.6 mm, with a median length 
of 13 mm [21].

Even if the premamillary artery is usually a single branch, 
it can also be represented by two or three branches, without 
the presence of a dominant artery in 20% of cases [5, 21, 23]. 
In this case, this arterial group is called “premamillary arte-
rial complex” [5]. In their detailed anatomical study, Pedroza 
et  al. identified in 63% of cases multiple branches arising 
from the premamillary artery and directed to the posterior 

perforated substance and to the cerebral peduncles [21, 23]. 
These branches vary in number from 1 to 9 and in diameter 
from 0.09 to 0.4 mm [23]. In 37% of cases, no branches arise 
from this artery [23]. The premamillary artery and its 
branches form in 35% of cases an anastomotic network with 
other adjacent perforator vessels [23]. The vascular territory 
supplied by this artery is represented by the cerebral pedun-
cles (ventro-medial part of the rostral crus cerebri), the 
ventro- medial part of the optic tracts, the paramedian perfo-
rated substance, the lateral and anterior portion of the thala-
mus and the lateral and anterior portion of the hypothalamus 
[5, 18, 21, 23]. A clinical case showing the premamillary 
artery is presented in Fig. 2.

 Clinical Implications

The knowledge of the perforators arising from the BA and 
the PComA represents a mandatory skill for neurologists, 
neurosurgeons and neuroradiologists. These tiny branches 
are in fact implicated in many ischemic syndromes that 
involve the brainstem. Their clinical importance has also 
acquired even more importance with the development of 
endovascular techniques for the treatment of aneurysms of 
the posterior circulation. Here we resume the most important 
pathologies in which the perforators arising from the BA and 
PComA are involved.

Fig. 2 DSA showing the premamillary artery. Lateral angiogram of the 
vertebral artery (VA) showing the posterior communicating artery 
(PComA) giving birth to a prominent premamillary artery (red arrow). 
Basilar artery (BA)
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 Ischemic Stroke of the Basilar Artery

The clinical importance of the BA becomes even more evi-
dent in case of its ischemic stroke. The origin of the stroke is 
usually different depending on the portion of BA involved 
and is usually thrombotic in its proximal third, and embolic 
in its distal portion [10, 11]. The symptoms and signs of BA 
occlusion vary from confusional status to coma, associated 
with dysarthria, ocular palsy, hemi or quadriplegia. In case of 
perforators occlusion and consequent brain stem lesions, the 
symptoms developed are usually included in the so-called 
alternating syndromes [10, 15]. The same symptoms and 
syndromes can occur in case of iatrogenic occlusion of per-
forating vessels while approaching aneurysms arising from 
the basilar artery.

 Aneurysms of the Basilar Artery

The vertebro-basilar aneurysms represent between 2.5 and 
15% of all intracranial aneurysms [9, 24, 25]. Among them, 
aneurysms arising from the BA represent 59–77% of the 
total with a predominant origin at its bifurcation. The local-
ization of perforators and their site of origin from the BA 
must be carefully considered in the choice of treatment for 
these aneurysms. For BA bifurcation aneurysms, neurosur-
geons and neuroradiologists should consider their prevalent 
origin from the posterior and lateral wall of the artery. The 
perforators of the middle and caudal group should be consid-
ered in case of endovascular treatment of saccular and/or 
fusiform aneurysms involving the basilar trunk, considering 
that one of the most frequent complications described after 
stenting or coiling of these aneurysms consist in ischemic 
stroke in the perforator’s vascular territory.

 Aneurysms of the Perforators of the Basilar 
Artery

Aneurysms arising from a perforator branch represent a 
minor part of the intracranial aneurysms and have a general 
prevalence <1% with fewer than 70 cases reported in litera-
ture. Among them, about 50 cases concern perforating 
artery aneurysm of the anterior circulation, and only 19 
cases of perforating artery’s aneurysm of the BA have been 
reported [26, 27]. The first case of BA perforator’s aneu-
rysm was described by Ghogawala et al. in 1996 [28]. After 
its initial report, other 18 cases were reported; all of them 
were cases of ruptured aneurysms, and mostly arising from 
the middle and distal portion of the BA [29–31]. These 
aneurysms are rare entity and represent a real diagnostic 
and treatment challenge. In fact, they can be initially angio-

graphically occult because of their small size and the pos-
sible formation of thrombi within the aneurysmal sac [26]. 
Moreover, their treatment deserves some difficulties 
because of their location, that makes the surgical approach 
challenging, and because of the possible catastrophic clini-
cal consequence in case of perforators occlusion after stent 
treatment [26, 28, 29].

 Aneurysms of the PComA

Perforators arising from the PComA should be considered 
while approaching aneurysms of the PComA.  Particular 
attention should be paid to the premamillary artery. Although 
the clinical consequences of premamillary artery occlusion 
are still matter of debate, a clinical syndrome characterized 
by memory loss, personality changes, loss of endocrine 
function, anorexia and disorders of temperature regulation 
and consciousness was described by Hayman et al. [20, 32].
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Anatomy, Embryology and Variations 
of the Middle Meningeal Artery

Thomas Robert, Sara Bonasia, S. Smajda, G. Ciccio’, 
and Michel W. Bojanowski

The middle meningeal artery (MMA) is one of the largest 
branches of the external carotid artery (ECA) and the most 
important dural artery, since it supplies more than two-thirds 
of the cranial dura [1]. However, the most interesting aspects 
of the MMA are not its size or its clinical importance, but its 
embryological development and numerous anatomical varia-
tions. The understanding of the anatomy and variants of the 
MMA imposes a good knowledge of the hyostapedial system 
and of the vascular anatomy of the middle ear. In this chap-
ter, we will summarize the most important steps of the MMA 
embryological development and will explain the possible 
anatomical variations of the MMA. The knowledge of these 
variants is important especially for neuroradiologists to treat 
dural pathologies as well as for surgeons that approach the 
middle ear pathologies.

 History

First anatomists interested about the MMA and about the 
persistence of the stapedial artery (SA) have published the 
results of their dissection during the first half of the nine-

teenth century. The first cadaveric case of persistent stape-
dial artery was described by Hyrtl in 1836 [2]. After him, a 
lot of authors published results of comparative anatomy 
with animals that bear a stapedial artery and this literature 
helps a lot in the understanding of vascular variations in 
humans. Successive isolated cases of persistent stapedial 
artery are described by ENT surgeons that found this artery 
passing through the window of the stapes during middle ear 
surgeries. In the first half of the twentieth century, the phe-
nomenal publication of Dorcas Padget, based on the dissec-
tions of 22 human embryos of the Carnegie collection, gave 
lot of information about the embryological development of 
the cranio- facial arteries and in particular of the hyostape-
dial system [3]. In the same period, brilliant authors as 
Altmann (1947) paid a particular attention to furnish a com-
prehensive explanation in the development of the embryo-
logic aortic arches and in variations of the carotid system 
[4]. However, only in the 1960s, we find the first publication 
etc. of angiographic demonstration of MMA variations and 
in particular, the persistence of a stapedial artery [5, 6]. 
Pioneers of the interventional neuroradiology also furnished 
a fantastic work in the understanding of all anatomical vari-
ations of the cranio-facial arteries [6, 7]. At the end of the 
1970s, J. Moret published a series of articles, based on its 
medical thesis, describing angiographic anatomy and 
branches of the MMA with a particular attention to explain 
variants of them [8–10]. The other important contributor in 
the understanding of all anatomical variations of cranio-
facial arteries is P. Lasjaunias who described almost all vari-
ants concerning the MMA and was able to give a 
comprehensive explanation of all variations implicating the 
stapedial artery. Its more famous articles were published 
between 1975 and 1990 and are summarized in its textbook 
[8–15]. Diamond in the 1990s also published a series of 
articles based on the comparative anatomy principally with 
the great apes that increase our understanding in the devel-
opment of the MMA and the stapedial system [16–18]. In 
this last three decades, few case reports of interesting ana-
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tomical variations are published but the most important con-
tribution was given by Martins et al. who published in 2005 
a review about all dural arteries illustrated by high quality 
cadaveric photographs [1].

 Embryology

It is necessary to know the embryology of the hyostapedial 
system to understand the embryological development of the 
middle meningeal artery but, also the knowledge of the 
embryology of the ophthalmic artery (OA) and carotid sys-
tem are cornerstones in the explanation of all variations of 
the MMA. In this chapter, we will successively summarize 
the embryology of the carotid system, the hyostapedial sys-
tem, the trigeminal artery (TA) and the inferolateral trunk 
(ILT). The embryology of the ophthalmic artery is widely 
treated in chapter “Embryology and Variations of the 
Ophthalmic Artery.”

 The Carotid System

Precedent chapters concerning the development and varia-
tions of the internal carotid artery (ICA) describe more in 
detail the embryology of the carotid system. In the present 
chapter, you will find only crucial information to understand 
the formation of an “aberrant flow of the carotid artery” 
which consists in an intratympanic course of the pseudo-ICA 
and that could be associated with a variation in origin of the 
MMA.

Early in the development (first stage of Padget, embryos 
of 4–5 mm), the two first aortic arches initiate their natural 
regression allowing the internal carotid artery to be individu-
alized. The embryological segments of the ICA are derived 
from the third aortic arch and from the dorsal aorta cranial to 
the third aortic arch [3, 4, 15]. The dorsal aorta also regresses 
at the same time between the third and fourth aortic arches. 
Embryologically, we could divide the internal carotid artery 
in seven different segments. The first one corresponds to the 
third aortic arch from the origin of the ventral pharyngeal 
artery (future external carotid artery) to the junction between 
the third aortic arch and the dorsal aorta. The second seg-
ment is the dorsal aorta between the second and third aortic 
arches. The third segment is the dorsal aorta between the first 
and second aortic arches. The fourth segment is the dorsal 
aorta between the origin of the trigeminal artery (and the 
primitive maxillary artery) and the first aortic arch. The fifth 
segment is the dorsal aorta between the origin of the primi-
tive dorsal ophthalmic artery (PDOA, future inferolateral 
trunk (ILT)) and the origin of the trigeminal artery (and the 
primitive maxillary artery). The sixth segment is between the 
origin of the primitive ventral ophthalmic artery (PVOA) and 

the origin of the primitive dorsal ophthalmic artery (PDOA, 
future inferolateral trunk (ILT)). The seventh segment is 
between the PVOA and the primitive carotid bifurcation [3, 
12, 13, 15]. It is important to note that the carotid bulb has 
not the same embryological origin than the other segments of 
the ICA.  It originates from the pharyngo-occipital system 
that easily explains variations in origin of the ascending pha-
ryngeal and occipital arteries. Agenesis or abnormal regres-
sion of one or more segments of the carotid artery explains 
an intratympanic course of the ICA (by pharyngo-carotid 
anastomosis) and also the different type of “reperfusion” in 
case of ICA agenesis [4, 19]. All anatomical variations in the 
course of the ICA are described in detail in chapter 
“Segmental Agenesis of the Internal Carotid Artery.” The 
intratympanic course of the ICA also named as “aberrant 
flow of the ICA” is the consequence of the abnormal regres-
sion of the first and second segments with anastomosis 
between the inferior tympanic artery (from the ascending 
pharyngeal artery) and the caroticotympanic artery (from the 
carotid artery) that infuses distally the carotid artery. The 
pseudo-ICA has consequently an intratympanic course with-
out passing through the stapes [15, 19, 20].

 The Hyostapedial System

“Hyostapedial artery” is the term used to describe a part or 
the complete embryological development that derivate from 
the second aortic arch. The stapedial artery, that develops 
from the hyoid artery and takes its name after passing through 
the stapes, is an embryological artery presented between 
stages III and VI of Padget (9 mm–24 mm). This is an impor-
tant embryological system from which numerous dural, 
orbital and facial arteries develop. All steps of the stapedial 
artery development are summarized in Table 1.

The hyoid artery is the dorsal remnant of the second aortic 
arch which regresses early in the embryological develop-
ment (4–5 mm, stage I of Padget) [19, 21]. After this arch 
regression, approximately at the 9  mm stage (stage III of 
Padget), the hyoid artery presents a rapid lateral elongation 
between the origins of the seventh and nineteenth weeks of 
gestation and gives an anastomosis to the mandibular artery 
(remnant of the first aortic arch) [3]. At the 16  mm stage 
(stage V of Padget), the stapedial artery (SA) continues its 
elongation to the gasserian region passing into the future 
tympanic cavity and particularly through the crus of the sta-
pes reaching its maximal development and giving two dis-
tinct branches [3, 4, 12]. The supraorbital artery follows the 
ophthalmic root of the trigeminal nerve and allows the devel-
opment of orbital branches (supraorbital, lacrimal, ethmoids 
and frontal arteries) and also of the middle meningeal artery 
[15]. The maxillomandibular artery gets out of the cranial 
cavity through the foramen spinosum and gives extracrani-
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Table 1 Major embryological changes in the formation of the stapedial artery

Stage Embryo size (mm) Major evolutions Graphic illustration
I 4–5 •  Regression of the ventral part of the first and 

second aortic arches
•  Hyoid artery (HA) formation (dorsal remnant 

of the second aortic arch)

DA

MA

HA

VA

HypA

PA

II 5–6 •  Elongation of the hyoid artery (HA)
•  Annexation of the mandibular artery (MA) 

territory (first aortic arch) by the hyoid artery 
(second aortic arch)

DA

MA

HA

VA

HypA

PA

III/
IV

7–12
12–14

•  Cranial growing of the hyoid artery (stapedial 
artery) passing into the middle ear (crus of the 
stapes)

•  Extension of the two branches of the stapedial 
artery: Supraorbital (SOA) and 
Maxillomandibular (MxMA)

SA

MA

MxMA

VPhA

APhA

OA

SOA

V 16–18 •  Maximal development of the stapedial artery
•  Annexation of the supraorbital branch (SOA) 

by the ophthalmic artery (PDOA, PVOA)
•  Regression of the trans-osseous (superior 

orbital fissure) segment of the supraorbital 
branch

cnII

PVOA

MxMA

SOA

PD
OA

VI 20–24 •  Annexation of the maxillomandibular branch 
by the ventral pharyngeal artery

•  Regression of the intratympanic segment of 
the stapedial artery

APhAMMA

IMA

PB

CTA

ITA
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ally its two branches: infraorbital and mandibular artery 
(future infraorbital and inferior alveolar arteries). After this 
maximal development of the SA, two annexations and two 
regressions occur to give the adult configuration of the 
MMA. Intracranially, the orbital branches are annexed by the 
primitive ophthalmic artery and the trans-sphenoidal seg-
ment of the supraorbital branch regresses leaving an anasto-
motic artery between the anterior branch of the MMA and 
the lacrimal artery (the sphenoidal artery) that penetrates the 
orbit through the superior orbital fissure. Extracranially, the 
ventral pharyngeal artery annexes the maxillomandibular 
artery of the SA forming the proximal stem of the MMA and 
becoming the external carotid artery. Consequently, by flow 
reversal into the SA, its tympanic portion regresses and 
leaves as remnants the carotico-tympanic artery (from the 
ICA) and the superior tympanic artery (from the petrous 
branch of the MMA). These annexations and regressions 
concerning the SA happen during the stage VI of Padget 
(embryos of 24 mm) [3, 15].

 The Trigeminal Artery

The trigeminal artery (TA) is one of the carotid-basilar anas-
tomoses and is an embryological artery. It appears at the 
4–5 mm embryos (stage I of Padget) and disappears at the 
12  mm embryos (stage III of Padget). Its origin is on the 
basilar artery (BA) between the superior and the anterior 
inferior cerebellar arteries, passes medial to the gasserian 
ganglion and follows the trigeminal nerves to the primitive 
carotid artery (junction of the fourth and fifth segments of the 
carotid artery). The TA has a common origin on the carotid 
artery with the primitive maxillary artery. The carotid rem-
nant of these two primitive arteries will be the future 
meningo-hypophyseal trunk (lateral clival, marginal tento-
rial and inferior hypophyseal arteries) [3, 4].

 Formation of the Inferolateral Trunk

As supported by the theory of P. Lasjaunias concerning the 
embryology of the ophthalmic artery, the inferolateral trunk 
(ILT) is the carotid remnant of the primitive dorsal ophthal-
mic artery (PDOA) [12, 13]. The PDOA develops from the 
cavernous segment of the primitive internal carotid artery 
and penetrates the orbit through the superior orbital fissure. 
In the 40  mm embryos, the proximal part of the PDOA 
regresses and its remnant becomes the inferolateral trunk of 
the primitive carotid artery. At the adult configuration, the 
ILT is composed of four branches: (1) superior branch that 
supply the roof of the cavernous sinus, (2) anteromedial 
branch which passes into the superior orbital fissure, (3) 
anterolateral branch that runs into the foramen rotundum and 

(4) posterior branch passing medial to the gasserian gan-
glion. These branches present a lot of anastomosis in the cav-
ernous region that correspond to remnants of primitive 
trigeminal, stapedial and maxillary arteries [15].

 Origin of the Artery

In almost all cases, the MMA arises from the internal maxil-
lary artery (IMA), but it could also take its origin from the 
ICA or more surprisingly from the basilar artery (BA). 
Possible origins of the MMA are listed in Table 2 with their 
respective embryological explanation.

 Internal Maxillary Artery Origin

The normal origin of the MMA is usually described on the 
first segment of the internal maxillary artery (IMA) into the 
infratemporal fossa, just behind the condylar process of the 
mandible [1, 9]. The MMA is the largest ascending branch of 
the IMA [9]. Usually, the MMA is the first ascending branch 
of the IMA but could also have a common trunk with the 
accessory meningeal artery (AccMA); it depends on the posi-
tion of the IMA course regarding the external pterygoid mus-
cle [15]. When the IMA passes superficially to the muscle, the 
MMA and AccMA have a common origin from the IMA and 
the inferior dental and posterior deep temporal arteries have a 
separate origin. On the contrary, when the IMA passes deep to 
the external pterygoid muscle, the MMA and AccMA have 
distinct origins from the IMA and the inferior dental and the 
posterior deep temporal arteries share a common trunk [9].

Low (1946) described an interesting cadaveric case of 
distal (third segment) IMA origin of the MMA [22]. In his 
study, he inspected the osseous grooves of the skull and 
noted that, associated to the absence of the foramen spino-
sum, the osseous groove of the MMA converges to the supe-
rior orbital fissure. He concluded that the MMA takes its 
origin in the pterygoid fossa from the distal IMA and passes 
through the inferior and superior orbital fissures. Probably, 
in his description, he misinterpreted an ophthalmic artery 
(OA) origin of the MMA, not already know upon its publi-
cation [15].

 Basilar Artery Origin

Altmann (1947) was the first author to describe a case of 
basilar artery (BA) origin of the MMA in its monumental 
paper about anomalies of the carotid system but failed to 
give clear embryological explanation of the anatomical vari-
ation [4]. Surprisingly, he described the origin of the artery 
between the anterior inferior and posterior inferior cerebel-
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lar arteries (AICA and PICA) and its course as “accompany-
ing the acoustic-facial nerve” passing through the internal 
acoustic canal to reach the superior branch of the SA. After 
this initial description, less than ten cases of BA origin of 
the MMA were successively published [11, 12, 23–27]. 
Usually, the MMA takes its origin from the distal third of 
the BA between the SCA and the AICA. It courses anteri-
orly along the trigeminal nerve to reach the gasserian region 
where it anastomoses with the petrosal branch (Pb) of the 
MMA. Usually, only the posterior (parieto-occipital) branch 
of the MMA arises from the BA and the anterior (frontal) 
branch keeps its normal origin from the IMA but in few 
cases, the complete territory of the MMA has a BA origin 
[11, 23–28]. Two distinct embryological explanations are 
postulated by authors to explain this anatomical variation. 
Seeger and Lasjaunias explained it by an anastomosis in the 
gasserian region between the basilar remnant of the trigemi-
nal artery and the persistent stapedial artery [11, 12, 15]. 
Consequently, after regression of the proximal stem of the 
SA at the level of the stapes, the MMA takes its origin from 
the BA.  Other authors postulated that an enlarged lateral 
pontine artery develops during the embryologic life and 
anastomoses with the SA. A rare case of MMA origin from 
an enlarged pontine artery is presented in Fig. 1 [19, 23, 24]. 
Kuruvilla et al. (2011) described a particular case where the 
MMA arises directly from the PICA and not from the 
BA.  No embryological explanation was found to explain 
such an origin [25].

 Ophthalmic Artery Origin

The MMA could also originate from the OA instead of the 
IMA. The incidence of this vascular variation is estimated to 
0.5% by Dilenge et al. (1980) based on a large angiographic 
series [29]. Few cases of MMA arising from the OA have 
been described in the literature [5, 8, 12, 17, 30–35]. The first 
case was presented by Curnow (1873) and in the same period 
Meyer (1887) also cited four cadaveric cases originally 
described by Zuckerkandl in 1876 during a congress presen-
tation [36, 37]. This vascular anomaly is considered as the 
consequence of two different embryologic processes [12]. 
The first one is the failure of the supraorbital branch (stape-
dial artery) to regress. The second one is the absence of anas-
tomosis between the maxillomandibular branch of the SA 
and the IMA [13]. Consequently, the MMA origins from the 
OA passing through the lateral part of the superior orbital 
fissure and the foramen spinosum are usually absent. Maiuri 
et al. (1998) proposed three different types of this vascular 
variation as highlighted in Table 3 [38]. The first type is the 
complete MMA territory that takes in charge by the OA 
through the superficial recurrent OA. The second type is only 
the anterior branch of the MMA with OA origin; the poste-

Table 2 Different origin of the MMA with modifications associated 
and embryological explanation

Variations in origin of the 
MMA Embryological implications

Type

Associated 
changes

Embryological 
explanation

Embryos 
size 
(mm)

IMA origin Normal 
anatomy

Normal embryology

Basilar 
artery 
origin

Absence 
foramen 
spinosum

•  Anastomosis between 
SA and trigeminal 
artery

•  Anastomosis between 
SA and lateral pontine 
artery

12

Cavernous 
ICA origin

Absence 
foramen 
spinosum

•  Anastomosis between 
ILT and SA

16

Partial 
persistent 
SA

Absence 
foramen 
spinosum
Enlargement of 
the facial canal

•  Regression of the 
proximal part of the 
maxillomandibular 
branch

•  Persistence of the 
intratympanic 
segment of the SA

24

Complete 
persistent 
SA

Enlargement of 
the facial canal

•  Lack of annexation of 
the maxillomandibular 
branch by the ventral 
pharyngeal artery

•  Persistence of the 
intratympanic 
segment of the SA

24

Pseudo- 
petrous 
ICA origin

Absence 
foramen 
spinosum
Enlargement of 
the facial canal
Absence of the 
exocranial 
opening of the 
carotid canal

•  Agenesis of the first 
and second segments 
of the ICA

•  Intratympanic 
anastomosis between 
inferior tympanic and 
caroticotympanic 
arteries

•  Persistence of the 
intratympanic 
segment of the SA

4–5
24

Cervical 
ICA origin

Absence 
foramen 
spinosum
Enlargement of 
the facial canal

•  Intratympanic 
anastomosis between 
inferior and superior 
tympanic arteries

•  Regression of the 
proximal part of the 
maxillomandibular 
branch

•  Persistence of the 
intratympanic 
segment of the SA

16
24

Occipital 
artery 
origin

Absence 
foramen 
spinosum
Enlargement of 
the facial canal

No clear explanation

Distal 
petrous 
ICA origin

Absence 
foramen 
spinosum

•  Lack of annexation of 
the mandibular artery 
(first aortic arch) by 
the SA (second aortic 
arch)

9
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a b

c d

Fig. 1 Case of MMA origin from BA pontine perforating branch. In 
this case, the MMA origins from a pontine branch of the basilar artery 
(BA), as indicated by the yellow arrow in figure (a–c). The figures a and 
b show respectively a frontal and lateral view of left vertebral artery 
(VA) injection. Figure c shows a frontal xperCT reconstruction with the 

same MMA origin. Figure (d) shows a distal external carotid artery 
injection, where the superficial temporal artery (STA) and the internal 
maxillary artery (IMA) are visible, without the typical MMA origin 
from the IMA

Table 3 Different types of OA origin of the MMA by Maiuri et al. [38]

Type Vascular anatomy Foramen spinosum
I Complete OA origin of the MMA Absence
II Partial OA origin of the MMA

Anterior division from the OA
Posterior division from the IMA

Reduced in size

III OA origin of the accessory meningeal artery Normal
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rior branch of the MMA keeps its origin from the internal 
maxillary artery. The third type is not really an OA origin of 
the MMA but an anastomosis between the OA and the acces-
sory meningeal artery (through the deep recurrent OA) and 
consequently, the anterior meningeal territory is supplied by 
both the MMA and the OA without any communication. Two 
cases of complete and partial origin of the MMA from the 
OA are reported in Fig. 2. It is still a matter of debate if the 
MMA originates from the OA directly or from the proximal 
part of the lacrimal artery [15, 17].

 Cavernous ICA Origin

The lonely case of cavernous ICA origin of the MMA was 
described by Lasjaunias (1977) in one of its most famous 
articles summarizing distinct vascular anomalies encoun-
tered at the base of the skull [12]. He published another time 
the same case in its textbook to illustrate this very rare ana-
tomical variant [15]. In this case, all branches of the MMA 
were filled during ICA injection and its origin arose from the 
horizontal portion of the cavernous ICA.  Lasjaunias, ele-

a b

c d e

Fig. 2 Complete and partial MMA origin from OA.  The antero- 
posterior and lateral view angiograms (a and b) show a rare case of 
complete MMA origin from the OA. The OA, through the superficial 
recurrent OA, gives birth to the MMA, that passes through the lateral 
part of the superior orbital fissure, and gives its anterior (red arrow) and 
posterior division (blue arrow). In the angiograms (c–e) a rare case of 

partial origin of the MMA from the OA is shown. The angiograms d and 
e show a left ICA injection in frontal and lateral view, where the poste-
rior branch of the MMA (blue arrow) originates from the OA and feeds 
a tentorial arterio-venous fistula. After the ECA injection (c), only the 
anterior branch of the MMA is enhanced (red arrow)
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gantly, explained this variation by the anastomosis during the 
embryological life between the posterior branch of the ILT 
and the SA; consequently the proximal stem of the MMA 
regressed (or was not formed) and the foramen spinosum 
was absent [12].

 Petrous ICA Origin (Partial or Complete 
Persistence of the Stapedial Artery)

The complete persistence of the stapedial artery is a very rare 
variant, only two cases were published in a context of ICA 
aneurysm or PHACE syndrome. In these cases, the SA keeps 
its embryonic origin from the petrous ICA, passes through 
the middle ear and gives its two branches: one intracranial 
that corresponds to the MMA and the other extracranial leav-
ing the cranial cavity through the foramen spinosum [14, 
15]. Consequently, the foramen spinosum is enlarged, the 
cochlear promontory is eroded and the IMA arises from the 
SA instead of the ECA. Such an anatomical variant could 
easily be explained by the absence of embryological annexa-
tion of the maxillomandibular branch (of the SA) by the ven-
tral pharyngeal artery. Consequently, in the absence of 
reversion of the arterial flow into the stapedial artery, its 
proximal (intratympanic) stem could not regress [15].

The partial persistence of the stapedial artery is more fre-
quent and, in this case, only the intracranial branch of the SA 
keeps its origin from the petrous ICA [1, 4, 12, 13, 39–44]. 
The foramen spinosum is absent (an orifice does not exist 
without its contents) or reduced in size and the MMA arises 
from the SA instead of the IMA. This variant is explained by 
the regression of the proximal part of the maxillomandibular 
artery instead of the proximal part of the SA [15].

 Pseudo-Petrous ICA (Persistence of the SA 
Associated with Aberrant Flow of the ICA)

In rare cases, the persistence of the SA, and the consequent 
origin of the MMA from the petrous ICA, is associated with 
an intratympanic course of the ICA (also known as “aberrant 
flow of the ICA”) [12, 13, 19, 40, 45, 46]. This association of 
vascular variants concerning both carotid and hyostapedial 
systems was described anatomically and angiographically [4, 
15]. In these cases, the ICA enters the skull base through an 
enlarged inferior tympanic canal (narrowing of the vessel on 
digital subtraction angiography (DSA)), passes into the tym-
panic cavity to bend anteriorly and reaches its normal carotid 
canal. The MMA arises from the ICA in its tympanic segment 
and passes through the stapes to have the same course 
described in the previous paragraph. The extracranial orifice 
of the carotid canal is therefore absent in these cases [12, 13].

The intratympanic course of the ICA is explained by the 
agenesis of the two first segments of the primitive carotid 

artery, with a hypertrophied inferior tympanic artery that 
maintains the anastomosis between the ascendant pharyn-
geal artery and the carotico-tympanic artery (branch of the 
ICA) into the tympanic cavity. Therefore, the cervical and 
intratympanic segments of this artery do not derivate from 
the carotid system but from the pharyngo-occipital and hyo-
stapedial systems (pseudo-ICA) [12, 13, 15]. The agenesis of 
the first two segments of the ICA could be partial and the 
ICA appears duplicated [45].

 Cervical ICA Origin (Pharyngo-tympano-
stapedial Artery)

The MMA could also arise from the cervical segment of the 
ICA. This very rare variant was first described by Lasjaunias 
(1977) in its original publication [12]. The same case served 
as illustration in the textbook Surgical Angiography and 
only one similar case was published by Baltsavias et  al. 
(2012) [15, 47]. The MMA arises from the cervical portion 
of the ICA, ascends along the cervical ICA, enters into the 
tympanic cavity through the inferior tympanic canal and 
follows the usual course of the SA. The two cases described 
were presented as “partial” persistence of the SA with only 
the MMA arising from the SA and the absence of the fora-
men spinosum. In this variant, an annexation of the SA by 
the inferior tympanic artery (branch of the ascending pha-
ryngeal artery) with regression of the proximal part of the 
SA explains this vascular configuration. Therefore, the SA 
arises from the cervical instead of the petrous segment of 
the ICA.

 Occipital Artery Origin

Diamond (1987) described a remarkable case of partial persis-
tent SA found during a temporal bone dissection [16]. The par-
ticularity of this case was the origin of the SA that arose from 
the occipital artery instead of the petrous ICA passing through a 
“special foramen” to enter the petrous part of the temporal bone 
between the styloid process and the carotid canal. After passing 
through the posterior wall of the tympanic cavity and through 
the stapes, the SA entered the facial canal to reach the petrous 
apex and to give all branches of the MMA.  In this article, 
Diamond (1987) failed to give a clear embryonic explanation or 
a hypothesis of the variant he found [16].

 Distal Petrous ICA Origin (Mandibular Artery 
Origin)

Lasjaunias et al. (2001) was the lonely author to show a case 
of distal petrous ICA origin of the MMA near the normal 
origin of the Vidian artery [15]. In this case, the MMA does 
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not follow an intratympanic course. The author explains this 
variant by the absence of annexation of the first aortic arch 
by the second aortic arch (stapedial artery). Therefore, the 
mandibular artery retains its primary territory which is the 
middle meningeal artery territory [15].

 Course of the Artery

The first extracranial segment of the MMA is from its origin 
to its entry into the foramen spinosum. More anterior the ori-
gin of the MMA is, the more oblique backward is the extra-
cranial segment. At the level of the foramen spinosum, the 
artery bends anteriorly and laterally to follow the temporal 
fossa. This bend is responsible for the characteristic aspect of 
the MMA on DSA. After its entry into the cranial cavity, the 
MMA has a lateral course grooving the greater sphenoid 
wing. Merland et al. (1977) describe three intracranial seg-
ments of the MMA [9]. The first one is the temporo-basal 
segment where the artery follows the temporal fossa and 
curves upward where it becomes the second or temporo- 
pterional segment. After passing the pterional region, the 
artery enters in its coronal segment where the artery follows 
the coronal suture to end at the region of the bregma. Martins 
et al. (2005) considered the course of the artery shorter and 
simpler [1]. They described the termination of the MMA 
where it divides in anterior and posterior divisions at the 
pterional region. The anterior division of the MMA is classi-

cally the coronal segment previously described by Merland 
et al. (1977) [9].

 Branches of the Artery

The two most precise and complete publications that describe 
the branches of the MMA were published by Merland et al. 
(1977) and Martins et al. (2005) [1, 9]. One description is 
based on cerebral angiographies, the other one on cadaveric 
dissections. Before them, Salamon et al. (1967) paid particu-
lar attention to correlate the anatomy with the angiographic 
images [6, 7]. As noted in the previous paragraph, these two 
authors used a different naming of the branches, even if the 
terminology used by Martins et  al. seems to be the most 
comprehensive one. Table 4 shows different branches of the 
MMA with the dural territory associated and possible anas-
tomosis with other dural arteries [7].

The course and branches of MMA are indicated on the 
DSA shown in Fig.  3. The MMA divides at the pterional 
region in two divisions: anterior and posterior. Before its 
bifurcation, the MMA has two branches supplying the dura 
of the temporal fossa [8, 9, 13]. The first one is the petrosal 
branch which courses on the petrous apex and supplies the 
dura of this region (including the gasserian ganglion) and 
also the superior part of the tympanic cavity via the superior 
tympanic artery passing through the facial canal. The second 
basal branch of the MMA is the cavernous branch which 

Table 4 Different branches of the MMA with their respective anastomosis

MMA branches Origin from the MMA Territory (dural and neural) Possible anastomosis
Petrosal branch Foramen spinosum Trigeminal ganglion and nerves

Posteromedial floor of the middle fossa
Insertion of tentorium (medial half)
Superior petrosal sinus

Ascending pharyngeal artery (carotid 
branch)
Medial and lateral tentorial arteries internal 
carotid artery (ICA)

Superior tympanic 
artery

Petrosal branch Greater superficial petrosal nerve
Geniculate ganglion
Tympanic cavity (superior part)

Cavernous branch Petrosal branch Lateral wall of the cavernous sinus Accessory meningeal artery
Inferolateral trunk (ICA)

Anterior division Pterional region Frontal and anterior parietal convexity
Superior sagittal sinus
Anterior and middle fossa (lateral part)

Anterior and posterior ethmoidal arteries 
(OA)
Contralateral MMA

Falcine arteries Anterior and posterior 
division

Falx cerebri Anterior falcine artery (OA)
Anterior cerebral artery
Posterior meningeal artery (vertebral 
artery)

Medial branch Anterior division Lesser sphenoid wing
Superior orbital fissure
Peri-orbita (lateral)

Recurrent meningeal branches (OA)
Inferolateral trunk (ICA)

Petro- squamosal 
branch

Posterior division Posterolateral floor of the middle fossa
Insertion of tentorium (lateral half)
Superior petrosal sinus
Transverse and sigmoid sinuses
Dura of the posterior fossa (superior part)

Ascending pharyngeal artery (jugular 
branch)
Lateral tentorial artery (ICA)
Occipital artery (mastoid branch)

Parieto- occipital 
branch

Posterior division Temporo- squamous dura
Parieto-occipital convexity
Superior sagittal sinus

Posterior meningeal artery (vertebral 
artery)
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a b

c d

Fig. 3 DSA showing segments and branches of the MMA. The figures 
a and b show selective MMA injection from a lateral (a) and frontal (b) 
view. The MMA bifurcates at the pterional region (green circle) in two, 
an anterior (red arrow) and posterior (blue arrow) division. Before its 
bifurcation the MMA gives the petrosal branch (Pb) which courses on 
the petrous apex. The posterior division gives two principal branches: 
the petro-squamosal branch (PSb) and the parieto-occipital branch 

(POb). The anterior division ends with two kinds of terminal branches, 
visible after common carotid artery injection: the falcine arteries (yel-
low arrow, figure (c)), that anastomose with branches of the anterior 
falcine artery from the ophthalmic artery, and contralateral branches 
(purple arrow, figure (d)) that cross the midline to anastomose with con-
tralateral MMA

supplies the lateral wall of the cavernous sinus and anasto-
moses with branches of the ILT [1].

The anterior division of the MMA is in the dura of the 
convexity following the coronal suture until the bregma. 
This anterior division of the MMA has two types of termi-
nal branches: (1) falcine arteries which anastomose with 
branches of the anterior falcine artery and (2) contralateral 
branches that cross the midline to anastomose with 
branches of the contralateral MMA.  Near the pterional 

region, the anterior division gives a medial branch that 
runs under the lesser sphenoid wing that supplies the dura 
of anterior part of the temporal fossa, the superior orbital 
fissure and could anastomose with the recurrent meningeal 
branches of the OA [1, 9].

The posterior division of the MMA also supplies the dura 
of the convexity and gives two principal branches: the petro- 
squamosal branch (PSb) and the parieto-occipital branch 
(POb) [1]. These two branches participate in the vasculariza-
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tion of the parieto-temporo-occipital dura, the transverse 
sinuses and also the posterior two-thirds of the tentorium 
[10]. Branches of the posterior division of the MMA anasto-
mose with dural branches of the occipital, ascending pharyn-
geal, subarcuate and vertebral arteries [7, 10].

 Dural Territory

The MMA supplies most of the dura of the cranial convexity 
via its anterior and posterior divisions and usually partici-
pates in the vascularization of the superficial half of the falx 
cerebri. The fronto-medial dura and the occipito-medial dura 
are on the contrary usually respectively supplied by the ante-
rior meningeal artery (AMA) from the OA and by posterior 
meningeal artery (PMA) from the vertebral artery [1]. 
Obviously, the supra-tentorial dural territory of the convexity 
is in balance between these three arteries and therefore, the 
territory of the MMA could be variable [9].

The dura of the superior sagittal sinus is also supplied by 
branches of the MMA but also branches of the anterior men-
ingeal artery (anterior part) and branches of the posterior 
meningeal artery (posterior part) [12]. The MMA could also 
supply the torcular region via its posterior division [1].

At the skull base, the MMA supplies the middle cranial 
fossa and lateral part of the anterior cranial fossa, and also 
the inferior part of the lateral wall of the cavernous sinus via 
its cavernous branch [7]. Its participation in the vasculariza-
tion of the tentorium is limited to the insertion of the tento-
rium and to the superior sagittal sinus [48].

The anterior division of the MMA through its medial 
branch supplies the dura of the lesser sphenoid wing and the 
superior orbital fissure region [9]. These branches also par-
ticipate in the vascularization of the lateral wall of the peri-
orbita and could also participate in the vascularization of 
orbital branches by anastomoses with the lacrimal artery 
(through the deep recurrent meningeal artery of the OA) [8].

Through its posterior division, the MMA also gives 
branches destined to the dura of the supero-lateral part of the 
cerebellar fossa. Moret et al. (1978) showed the importance 
of the MMA in the vascularization of the posterior fossa 
dura, always in balance with branches of the ascending pha-
ryngeal and occipital arteries [10].

The MMA also supplies partially the trigeminal and facial 
nerves [1, 9, 15]. Indeed, the petrosal branch gives branches 
to the gasserian ganglion and to the maxillary and mandibu-
lar divisions of the trigeminal nerve in their cavernous 
 portion. The greater superficial petrosal nerve and the genic-
ulate ganglion of the facial nerve also receive branches from 
the petrosal branch of the MMA [1].

Finally, the superior tympanic artery, which is the petrosal 
remnant of the SA and therefore, a branch of the petrosal 
branch supplies the superior part of the tympanic cavity [6].

 Possible Anastomoses

The dural vascular territory of the MMA is in balance 
between numerous arteries coming from ICA, ECA as well 
as from the vertebro-basilar system. Therefore, the MMA 
presents a lot of anastomoses with branches arising from the 
other arteries, most of which are represented in Fig. 4. The 
three major anatomical regions of vascular anastomoses are: 

Fig. 4 Anastomoses of the MMA. Before the MMA bifurcation (pur-
ple circle), the petrous branch (1), from which the superior tympanic 
artery (2) origins, anastomoses into the middle ear with the carotico-
tympanic artery (3, from ICA), with the inferior tympanic artery (4, 
from ascending pharyngeal artery), with the posterior tympanic artery 
(5, from occipital artery). The cavernous branch of the MMA (6) on the 
other side anastomoses with the ILT (7), which is itself connected to the 
OA (9) through the deep recurrent OA (8). The ILT, the MMA and the 
OA are also linked to each other through the marginal tentorial artery 
(10), whose origin can vary from the lacrimal artery (11), via superficial 
recurrent OA (12), to the MHT (13). After the MMA bifurcation at the 
pterion, its frontal division (14) gives a medial branch (15) that can 
bifurcate intracranially into a lateral meningo-lacrimal artery (16) and a 
medial sphenoidal artery (17). Both the branches reach the lacrimal 
artery, even if the former distally and the latter proximally. The anasto-
moses with the OA and the ILT represent the most dangerous connec-
tions in case of MMA transarterial embolization, because of the risk of 
particles embolism into these arteries. The frontal division of the MMA 
reaches the convexity following the coronal suture and anastomoses 
with the anterior falcine artery (18, OA-anterior ethmoidal artery) and 
with branches of the contralateral MMA (19) [1, 8]. The posterior divi-
sion of the MMA (20) divides into a petro-squamosal branch (21) and a 
parieto-occipital branch (22). The former anastomoses with the jugular 
branch (23) of the ascending pharyngeal artery (24) and with the mas-
toid branch (25) of the occipital artery (26). The latter is linked to the 
posterior meningeal artery (27), from the vertebral artery (28), at the 
border areas [10]
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the peri- and cavernous region, the fronto-medial region and 
the posterior fossa [1].

On the skull base, branches of the MMA, principally its 
petrosal branch anastomose with the accessory meningeal 
artery, the ascending pharyngeal artery (via its carotid 
branch), the ILT, the meningo-hypophyseal trunk (MHT) 
and the recurrent meningeal artery of the OA [7, 8, 20].

At the frontal region, the anterior division of the MMA 
gives anastomoses principally with dural branches of the 
OA: the anterior and posterior ethmoidal arteries and also the 
anterior falcine artery [7, 29].

In the posterior fossa, it anastomoses principally with the 
posterior meningeal artery and with the mastoid branch of 
the occipital artery [10].

The last natural anastomosis to be noted is between the 
MMAs of both sides on the midline [1].

 Clinical Implications

The understanding of the vascular anatomy of the dura mater 
has a major importance both for neuroradiologists and for 
neurosurgeons.

 Chronic Subdural Hematomas

During the last 5 years, MMA has been of interests of neuro-
radiologists and neurosurgeons in the treatment of recurrent 
chronic subdural hematomas (cSDH). Mostly in patients 
older than 65  years, under anticoagulant and antiplatelet 
therapy, mild head trauma can cause bridging veins injury 
leading to chronic subdural hematoma [49]. Traditional 
treatment consists of burr holes evacuation, with a high rate 
of recurrence (2–37%) [49, 50]. This trend is attributed to the 
inflammatory response caused by residual blood that causes 
the formation of membranes around the hematoma. 
Membranes are also stimulated by angiogenic factors to neo-
angiogenesis, resulting in the formation of fragile microcap-
illaries, with high rebleeding risk. In this context, some 
authors like Link et al. 2018, proposed the management of 
recurrent cSDH through endovascular MMA embolization 
[49]. MMA represents the principal blood supply of the 
bleeding membranes; thus, its occlusion allows the collec-
tion to be resorbed [49–51]. These authors described a recur-
rence rate similar to the surgical evacuation, but with a less 
invasive procedure. Thus, this technique could represent an 
alternative treatment option, especially for elderly patients 
with recurrent cSDH.

 Meningeal Tumors

Meningiomas are the most common benign intracranial 
tumors, located mostly at the skull vault or at the skull 

base. Since MMA is the major dural artery, most cranial 
meningiomas receive its supply. Surgery represents the 
first line treatment for symptomatic meningiomas, but pre-
operative MMA embolization could be used to reduce the 
blood supply of the meningioma to limit the blood loss 
during  resection. Depending on their location, meningi-
oma can be supplied by ICA dural branches, ECA dural 
branches or a combination of them. Richter et al. classified 
meningiomas into four types depending on their vascular 
supply: type I, with exclusive ECA vascularization; type 
II, with mixed ICA/ECA blood supply with ECA preva-
lence; type III, with mixed supply with ICA prevalence 
and type IV, with exclusive ICA supply [52]. Usually, 
anterior cranial fossa meningiomas are supplied by MMA 
and anterior falcine artery from the OA, middle cranial 
fossa meningiomas are fed by MMA and dural branches of 
petrous and cavernous ICA. On the other hand, posterior 
fossa meningiomas are rarely supplied by MMA, but from 
posterior meningeal artery from the vertebral artery and 
from other ECA branches. For these reasons, MMA embo-
lization should be reserved for meningiomas type I or II of 
Richter classification, with typical DSA blush, for middle 
cranial fossa and selective cases of anterior cranial fossa 
lesions [53]. During the procedure the neuroradiologist 
should keep in mind the possible anastomoses between 
MMA and ICA branches to avoid complications. After 
MMA embolization, surgery can be performed with a very 
variable timing (from 0 to 30  days after the procedure) 
[54]. Of course also the neurosurgeon has to keep in mind 
the general organization of the dural vascularization which 
gives an important help for meningioma’s surgery and 
other meningeal tumors [29].

 Dural Arteriovenous Fistula

The principal dural pathology treated by neuroradiologists is 
the dural arteriovenous fistula (dAVF). Also for these proce-
dures, a good knowledge of the precise anatomy of the 
MMA, of its variations and its vascular anastomoses helps in 
the avoidance of complications [15]. Transarterial emboliza-
tion through MMA has been described as a successful option 
for dAVF treatment [55–57]. According to Griessenauer 
et al., a robust MMA supply is the best predictor for success-
ful embolization [55]. Other factors that make the MMA a 
favorable way to perform transarterial embolization are its 
long straight course, which facilitates the penetration of 
Onyx, its quite large diameter, that allows the introduction of 
catheters, and its large dural territory, that often reaches 
dAVFs in various locations.

As already noted, the presence of an SA has also an 
important impact on the technical difficulty for performing a 
stapedectomy [2, 52]. The middle ear surgeon could avoid 
excessive blood loss knowing the presence of such a vascular 
variation during the surgical planning.
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Dural Branches of the Internal Maxillary 
Artery

Thomas Robert and Sara Bonasia

The internal maxillary artery (IMA) is the branch of the 
external carotid artery with the most important meningeal 
territory [1, 2]. Most of it is the function of the middle men-
ingeal artery (MMA), but two other less known branches of 
the IMA have a little meningeal supply [3]. In this chapter, 
we will not develop the anatomy and variations of the MMA, 
which is presented in the chapter “Anatomy, Embryology 
and Variations of the Middle Meningeal Artery.” The anat-
omy of the IMA and its other branches are described in chap-
ter “Embryology and Anatomy of the Internal Maxillary 
Artery.” Origin, branches, territory, and anastomoses of the 
accessory meningeal artery (AccMA) and artery of the fora-
men rotundum are described in this chapter and summarized 
in Table 1.

 Accessory Meningeal Artery

The first description of the accessory meningeal artery 
(AccMA) was offered in 1888 by Sappey [4]. After him, few 
anatomists and, more recently, neuroradiologists dedicated 
their works to this little artery [1, 3–7]. The AccMA is not a 
purely meningeal artery, and its extracranial supply is most 
extended than its meningeal one. For this reason, few authors 
proposed another nomenclature as the pterygomeningeal 
artery [4].

The AccMA is present in almost all cases; Baumel and 
Beard found it in 96% of their 76 cadaveric dissections [4]. 
The diameter of the AccMA is usually one third the diameter 
of the MMA [2].

The origin of the AccMA could be directly from the IMA 
or from the MMA depending on the course of the IMA [7]. 
In case of superficial course of the IMA, the AccMA arises 
directly from the IMA (65–85% of cases). In case of deep 
course of the IMA, the AccMA is a collateral branch of the 
MMA (15–35% of cases) [7–10]. The artery is unique in 
70% but could be represented as multiple little arteries in 
30% of cases [4, 5].

The foramen through which the AccMA penetrates the 
skull base also depends on the course of the IMA.  The 
AccMA usually enters in the skull base through the foramen 
ovale (when the IMA has a superficial course) but penetrates 
through the foramen of Vesalius or sphenoidal emissary fora-
men in 15–35% of cases (when the IMA has a deep course) 
[4, 5, 7, 11].

Extracranially, the AccMA supplies the Eustachian tube, 
external acoustic meatus, lateral pharyngeal wall, medial 
pterygoid muscle, sphenoid periosteum, otic ganglion, and 
the mandibular division (V3) of the trigeminal nerve [4, 7]. 
Intracranially, the AccMA supplies in part the Gasserian 
ganglion, the cavernous sinus wall, and a part of the middle 
cranial fossa dura [5].
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Table 1 Origin, course, territory, and anastomoses of dural branches 
of the internal maxillary artery (IMA) (For the middle meningeal artery, 
see chapter “Anatomy, Embryology and Variations of the Middle 
Meningeal Artery”)

Dural 
branches 
IMA

Origin 
from the 
IMA Foramen

Meningeal 
territory

Meningeal 
anastomoses

Accessory 
meningeal 
artery

First 
segment

Ovale or 
Vesalius

Medial 
third of the 
anterior 
skull base

Cavernous 
branch 
(MMA)
Posterior 
branch (ILT)
Recurrent 
branch (OA)

Artery of 
the foramen 
rotundum

Third 
segment

Rotundum Middle 
cranial 
fossa dura

Anterolateral 
branch (ILT)
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Extracranially, the AccMA anastomoses with branches of 
the ascending pharyngeal artery and pterygopalatine artery 
[4]. The AccMA shares its dural territory with the carotid 
branch of the MMA, the posterior branch of the inferolateral 
trunk (ICA), and the recurrent branch of the ophthalmic 
artery and has intradural anastomoses with these arteries [1, 
12]. A clinical case showing this artery is represented in 
Fig. 1.

 Artery of the Foramen Rotundum

The artery of the foramen rotundum is a little branch of the 
third segment of the IMA [1, 2, 12, 13]. It is not well-known 
and studied. In the non-pathological anatomy, this artery is 
difficult to see angiographically [14]. It has a posterosuperior 
course until the foramen rotundum where it supplies the dura 
of the middle cranial fossa around the foramen [2]. Its 
 territory is in balance with territories of the inferolateral 
trunk with which it anastomoses (anterolateral branch) [1]. 
The angiographic configuration of this artery is shown in 
Fig. 2.

Fig. 1 digital subtraction angiography (DSA) showing the accessory 
meningeal artery. Lateral angiogram obtained after injection of the 
external carotid artery. The internal maxillary artery (IMA) gives off the 
middle meningeal artery (MMA) and the accessory meningeal artery 
(AccMA)

a b

Fig. 2 DSA showing the artery of the foramen rotundum. Lateral (a) and anteroposterior view (b) obtained after injection of the right external 
carotid artery. The internal maxillary artery (IMA) gives origin to the artery of the foramen rotundum (red arrows) with its posterosuperior course
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Dural Branches of the Internal Carotid 
Artery

Sara Bonasia and Thomas Robert

The internal carotid artery (ICA) is principally known to be 
one of the most important arteries to supply the brain paren-
chyma; its dural territory is less known. Almost all the dural 
branches of the ICA originate from the cavernous segment of 
the ICA but not only from this segment. The dural territory 
of the ICA, which is the parasellar region, is in balance with 
other dural arteries [1]. This dural region presents a lot of 
arterio-arterial anastomoses and consequently numerous 
anatomical variations [2].

 History

Even if Luschka already described in 1860 the presence of 
intracavernous branches of the internal carotid artery (ICA), 
their origin, course, and function remained unknown before 
the anatomic works of McConnell (1953), Stattin (1961), 
and Parkinson (1964) [3–5]. In 1956, Bernasconi and 
Cassinari were the first to describe the tentorial artery in 
seven cases of meningiomas but thought that the artery origi-
nates from the external carotid artery (ECA) [5]. After them, 
other authors showed that the tentorial artery is not specific 
for tentorial meningiomas but could also be enlarged in case 
of arterio-venous malformation (AVM) [6] or glioblastoma 
[6]. Stattin (1961), analyzing ten cases of meningiomas, 
showed that the tentorial artery arises from the cavernous 
portion of the ICA and not from the ECA [7]. The most com-
plete anatomic works on dural branches of the ICA were pro-
posed by Parkinson in 1964 (200 cadaveric dissections) and 

Rhoton in 2005 [5, 8]. Manelfe (1972 and 1974) proposed an 
interesting angiographic analysis of these branches [9, 10]. 
Finally, as for other craniofacial arteries, P. Lasjaunias fur-
nished important knowledge and understanding in the 
embryological origin and also in the anastomosis of these 
dural branches [1, 2, 11–13].

 Embryology

Dural branches of the ICA arise principally from its cavern-
ous segment and are almost all the remnants of an embryonic 
artery that partially regressed during the embryologic life. 
Other than the general development of the ICA, the knowl-
edge of the primitive maxillary artery (PMA), the trigeminal 
artery (TA), and the primitive dorsal ophthalmic artery 
(PDOA) is important to understand different dural branches 
of the ICA, their possible anastomoses, and variants [14].

 Primitive Maxillary Artery

The PMA is one of the first embryonic branches of the ICA 
noted by Padget [15]. She thought that this branch was one 
of the precursors of the orbital supply. It appears before the 
first stage of Padget (2–3 mm) and disappears during the first 
stage of Padget (4–5 mm). It originates from the medial sur-
face of the carotid siphon and could have a common origin 
with the TA.  The PMA is the precursor of the inferior 
hypophyseal artery [16, 17].

 Trigeminal Artery

The TA is one of the carotid-basilar anastomoses and is an 
embryological artery. It appears at the 4–5 mm embryos (Stage 
I of Padget) and disappears at the 12 mm embryos (Stage III of 
Padget) [15]. Its origin on the basilar artery is between the supe-
rior and the anteroinferior cerebellar arteries, passes medial to 
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the gasserian ganglion, and follows the trigeminal nerves to the 
primitive carotid artery (junction of the fourth and fifth seg-
ments of the carotid artery). The carotid remnant of the TA will 
be the lateral clival artery and the tentorial artery [1].

 Ophthalmic Artery

The embryogenesis of the PDOA depends on two different 
arteries during 4–18 mm stages, the PDOA and the primitive 
ventral ophthalmic artery (PVOA) [15]. The PDOA develops 
from the cavernous segment of the primitive ICA, and the 
PVOA develops from the anterior division of the primitive 
ICA.  The PDOA penetrates the orbit through the superior 
orbital fissure (SOF), and the PVOA penetrates through the 
optic canal [15].

Then, two major anastomoses between these two arteries 
are formed. The first one is an intraorbital plexiform anasto-
mosis supplied by the two arteries around the optic nerve 
(future second segment of the ophthalmic artery). The sec-
ond anastomosis is intradural between the PVOA and the 
primitive carotid artery to form the definitive supraclinoidal 
origin of the ophthalmic artery (OA). The proximal portion 
of the PVOA (between its origin on the anterior cerebral 
artery (ACA) and its anastomosis with the ICA) then 
regresses to give the adult stem of the OA [11].

In a following step, the proximal part of the PDOA 
regresses, and its remnant becomes the inferolateral trunk 
(ILT) of the primitive carotid artery [11].

 Dural Branches

The dural branches of the ICA, which are described below, 
are illustrated in Fig. 1.

 Meningohypophyseal Trunk

The meningohypophyseal trunk (MHT) is the largest cavern-
ous branch of the ICA [8]. Its origin is on the posteromedial 
surface of the ICA at the level of the posterior genu in its 
cavernous segment [8, 18]. Table 1 summarizes branches and 
anastomosis of the MHT.  Parkinson noted its presence in 
100% of its 200 cadaveric dissections with a common origin 
with the ILT in 6% [5]. The MHT is composed of three arter-
ies: (1) the tentorial artery, (2) the lateral clival artery, and (3) 
the inferior hypophyseal artery. Lasjaunias highlighted the 
different embryologic origins of these arteries, differentiat-
ing the inferior hypophyseal artery as remnant of the PMA 
and the two other arteries as remnants of the TA [1, 13]. For 
this reason, Lasjaunias disagrees with Parkinson who noted 
the common origin of these three arteries in almost all cases 
and only in 10% for Lasjaunias (1978) [2]. The majority of 
authors who presented parasellar region dissections high-

lighted moreover the presence of side-by-side anastomosis 
of all branches of the MHT [9, 10].

 1. Tentorial artery
The tentorial artery is the carotid remnant of the TA 

and is composed of two branches: the medial and the lat-
eral tentorial arteries [8].

 (a) The medial tentorial artery, also called the artery of 
Bernasconi and Cassinari or the marginal tentorial 
artery, courses on the tentorial incisura until the fal-
cotentorial region. This artery supplies the third and 
fourth cranial nerves, the posterior wall of the cav-
ernous sinus, and the medial third of the tentorium 
[8]. Even if the MHT is the most frequent origin, the 
medial tentorial artery could also arise from the ILT, 
the accessory meningeal artery, the OA, or the mid-
dle meningeal artery (MMA) [2]. The medial tento-
rial artery presents a lot of anastomoses with other 
dural branches: its opposite side, the jugular branch 
of the ascending pharyngeal artery, the medial branch 
of the vertebral artery, and, possibly, dural branches 
of the OA [9, 10, 19].

 (b) The lateral tentorial artery, also called the basal ten-
torial artery, courses on the lateral part of the tento-
rium with the superior petrosal sinus. It supplies the 
lateral third of the tentorium and presents mainly 
anastomoses with the petrosal and petrosquamosal 
branches of the MMA [8].

 2. Lateral clival artery
The lateral clival artery is also known as the dorsal men-

ingeal artery and is also considered as a carotid remnant of 
the TA.  Its origin is from the MHT in 90% and directly 
from the ICA in 6% [5]. This artery principally supplies the 
dura of the dorsum sellae and clivus with abundant anasto-
moses with its mate from the other side, with the jugular 
branch of the ascending pharyngeal artery and with dural 
branches of the vertebral artery [5, 8]. The lateral clival 
artery has two main branches: the medial one, which also 
supplies the dura of the Dorello’s canal and the sixth cra-
nial nerve, and the lateral one, which supplies the trigemi-
nal nerve and the dura of the Meckel’s cave.

 3. Inferior hypophyseal artery
The inferior hypophyseal artery is considered as the 

remnant of the PMA [8]. Its origin could be from the 
MHT or directly from the posterior genu of the ICA. The 
two branches (superior and inferior) supply the dura of 
the sella and posterior clinoid process and also the poste-
rior hypophysis. It also presents anastomoses with the 
contralateral inferior hypophyseal artery [5].

Even if the MHT is the largest dural branch arising from 
the ICA, its visualization remains difficult in normal digital 
subtraction angiography (DSA). A case of dural arterio-
venous fistula (dAVF) in which the MHT is enlarged and 
visible with its branches is shown in Fig. 2.
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Fig. 1 Dural branches of the internal carotid artery (ICA). The menin-
gohypophyseal trunk (MHT, 1) is the major dural trunk origin from the 
cavernous ICA. It gives three main branches: the tentorial (a), lateral 
clival (b), and inferior hypophyseal artery (c). The tentorial artery 
divides into two: medial (d) and lateral tentorial arteries (e). The lateral 
clival artery supplies the dura of the dorsum sellae and clivus and gives 
branches (f) to the lateral third of the trigeminal ganglion (TG). The 
inferior hypophyseal supplies the pituitary gland (PG), together with 
the superior hypophyseal artery (2). The inferolateral trunk (ILT, 3) 
originates from the inferolateral aspect of the cavernous ICA. It gives a 
superior branch (g) that supplies the roof of the cavernous sinus and can 
be the origin of the marginal tentorial artery (4); an anteromedial branch 
(h), which is the remnant of the primitive dorsal ophthalmic artery 
(PDOA) and anastomoses with the deep recurrent ophthalmic artery (i); 
an anterolateral branch (j) that anastomoses with the artery of the fora-

men rotundum (5), which is a branch of the internal maxillary artery 
(5); and a posterior branch (k), which is composed of two ramus (medial 
and lateral), which give branches (l) that supply the medial third and the 
mid-third of the TG. The posterior branch of the ILT has anastomoses 
with the accessory meningeal artery (6), the cavernous branch of the 
middle meningeal artery (MMA) (7), and the branch of the MMA that 
reaches the foramen ovale (8). The recurrent artery of the foramen lac-
erum (9) arises from the cavernous segment of the ICA proximal to its 
posterior genu and proximal to the origin of the MHT. It descends until 
the foramen lacerum and supplies the pericarotid autonomic plexus 
(m). The lateral TA (10) originates from the vertical portion of the cav-
ernous ICA and supplies the lateral part of the TG. The artery of the 
clinoid process (11) originates from the sovraclinoid ICA and supplies 
the anterior clinoid process and the adjacent dura

Table 1 Dural branches of the meningohypophyseal trunk (MHT) with their respective territory and anastomosis

ICA trunk ICA branch Origin from the ICA Territory (dural and neural) Possible anastomosis
Meningohypophyseal 
trunk

Medial tentorial artery Cavernous 
segment
Posterior genu

Cranial nerves: III and IV
Roof cavernous sinus
Medial third tentorium

Opposite side
Deep recurrent OA
Ascending pharyngeal A
Vertebral artery

Lateral tentorial artery Lateral third tentorium
Superior petrosal sinus

Petrosal branch MMA
Petro-squamous branch 
MMA

Dorsal meningeal artery Cranial nerve: V and VI
Dorello’s canal and Meckel’s 
cave
Dorsum sellae and upper clivus

Opposite side
Ascending pharyngeal A
Vertebral artery

Inferior hypophyseal 
artery

Posterior hypophysis
Sella and posterior clinoid 
process

Opposite side
Capsular arteries

Dural Branches of the Internal Carotid Artery
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a b

c

Fig. 2 Case of dural arteriovenous fistula (dAVF) supplied by branches 
of meningohypophyseal trunk (MHT). The MHT and the inferolateral 
trunk (ILT) are usually difficult to see in a normal DSA. However, they 
can be enlarged and consequently visible in the case of dAVFs. The 
figure (a) shows a case of dAVF (red circle) located at the petrous apex 
on the left side. The major feeders come from the external carotid artery 
(ECA), especially from dural branches of the occipital artery (OccA), 
the ascendent pharyngeal artery (APhA), and the middle meningeal 
artery (MMA), which originates from the internal maxillary artery 

(IMA), which is also visible. The venous drainage is from the superior 
petrous vein, the transverse pontine vein, and later into the Galen vein 
and the straight sinus (StS). Figures (b) and (c) show, respectively, an 
anteroposterior and lateral view after a left internal carotid artery (ICA) 
injection. In both the projections, the MHT and ILT are visible. The 
MHT divides into the marginal tentorial artery (MTA), the lateral tento-
rial artery (LTA), and the lateral clival artery (LCA). The inferior 
hypophyseal artery is not visible. The ILT is visible at its origin from 
the ICA on its inferolateral aspect
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 Inferolateral Trunk

The ILT or artery of the inferior cavernous sinus is present in 
80% of cases [5, 18]. The ILT is considered to be the carotid 
remnant of the PDOA, and its function is limited to a dural 
and neural supply [2]. The ILT arises from the lateral surface 
of the horizontal portion of the cavernous ICA, directly from 
the ICA in 94%, and shares a common origin with the MHT 
in 6% [5]. The ILT courses above the sixth cranial nerve in 
96% and below in 4% [8]. This is an important source of 
anastomoses with other dural arteries of the parasellar region 
and is composed by four different branches (Table 2).

 1. The superior branch supplies the roof of the cavernous 
sinus and the third and fourth cranial nerves and could be 
the origin of the marginal tentorial artery [1].

 2. The anteromedial branch, which is the remnant of the 
PDOA, has an anterior course until the SOF where it 
anastomoses with the deep recurrent OA.  It principally 
supplies the dura of the SOF, the third, fourth, and sixth 
cranial nerves into the SOF [13].

 3. The anterolateral branch courses laterally until the fora-
men rotundum where it anastomoses with the artery of 
the foramen rotundum (branch of the internal maxillary 
artery). This branch supplies the dura of the temporal 
fossa and the maxillary ramus of the trigeminal nerve 
(V2). Other than its anastomosis with the artery of the 
foramen rotundum, it anastomoses with the temporal 
branch of the MMA [1].

 4. The posterior branch is composed of two ramus (medial 
and lateral), which, respectively, supply the medial third 
and the mid-third of the gasserian ganglion (the lateral 
third is supplied by the lateral clival artery) [2, 11]. The 
medial ramus also supplies the sixth cranial nerve at its 
entrance in the cavernous sinus. The posterior branch of 
the ILT has anastomoses with the accessory meningeal 
artery and the cavernous branch of the MMA.

 Capsular Arteries

The capsular arteries (McConnell’s arteries) are little 
branches that arise from the medial wall of the cavernous 
ICA distal to the origin of the ILT (Table  3) [8]. These 
arteries are presented in 8–50% of the cavernous sinus and 
are divided in two groups: inferior and anterior [8, 18]. 
Inferior arteries are proximal and supply the medial wall of 
the cavernous sinus and the sella, whereas anterior arteries 
are more distal and supply the anterior wall of the sella. 
These branches present anastomoses with contralateral 
capsular arteries and branches of the inferior hypophyseal 
artery [1].

Table 2 Different dural branches of the inferolateral trunk (ILT) with their respective territory and anastomosis

ICA Trunk ICA branch Origin from the ICA Territory (dural and neural) Possible anastomosis
Inferolateral trunk Superior branch Cavernous segment

Horizontal segment
Cranial nerves: III and IV
Roof cavernous sinus

Superficial recurrent OA
Marginal tentorial artery

Anteromedial branch Cranial nerves: III, IV and VI
Superior orbital fissure dura

Deep recurrent OA

Anterolateral branch Cranial nerves: V2
Temporal fossa dura

Artery of the foramen rotundum (IMA)
Temporal branch (MMA)

Posterior branch Cranial nerves: V and VI
Meckel’s cave

Accessory meningeal artery (IMA)
Cavernous branch (MMA)

Table 3 Other dural branches of the internal carotid artery (ICA) with 
their respective territory and anastomosis

ICA branch
Origin from 
the ICA

Territory (dural 
and neural)

Possible 
anastomosis

Capsular 
arteries

Cavernous 
segment
Horizontal 
segment

Sella turcica
Anterior part 
dorsum sellae
Medial wall 
cavernous 
sinus

Opposite side
Inferior 
hypophyseal 
artery

Recurrent 
artery of the 
foramen 
lacerum

Cavernous 
segment
Vertical 
segment

Pericarotid 
autonomic 
nervous 
system

Ascending 
pharyngeal A 
(carotid branch)
ILT (posterior 
branch)
MMA 
(cavernous 
branch)

Lateral artery 
of the 
trigeminal 
ganglion

Cavernous 
segment
Vertical 
segment

Trigeminal 
ganglion
Meckel’s cave

MHT (lateral 
clival artery)

Artery of the 
anterior 
clinoid 
process

Supraclinoid 
segment

Anterior 
clinoid process

Posterior 
ethmoidal artery
Middle 
meningeal artery

Dural Branches of the Internal Carotid Artery
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 Recurrent Artery of the Foramen Lacerum

The recurrent artery of the foramen lacerum arises from the 
cavernous segment of the ICA proximal to its posterior genu 
and proximal to the origin of the MHT (Table 3) [1]. This 
little dural branch has a recurrent course until the foramen 
lacerum to supply pericarotid autonomic nervous system. 
This branch has anastomosis with the carotid branch of the 
ascending pharyngeal artery, the posterior branch of the ILT, 
and the cavernous ramus of the MMA [8].

 Lateral Artery of the Trigeminal Ganglion

This is a little branch that arises from the vertical portion of 
the cavernous segment and participates in the supply of the 
trigeminal ganglion (with the ILT) and the adjacent dura 
mater (Table 3) [1].

 Artery of the Anterior Clinoid Process

The artery of the anterior clinoid process is the lonely dural 
branch of the ICA that does not arise from its cavernous seg-

ment (Table 3). Its origin is on the supraclinoid segment of 
the ICA in majority of cases but could also arise from the 
ICA bifurcation [20]. This artery is directed retrogradely 
through the external membrane of the arachnoid to supply 
the anterior clinoid process where its function is in balance 
with territories of posterior ethmoidal and middle meningeal 
arteries [20]. The embryologic origin of this artery remains 
unknown, but one can wonder if it could be the remnant of 
the PVOA proximal to its anastomosis with the ICA.

 Dural Supply

With the three principal meningeal branches described before, 
the dural territory of the ICA corresponds to the dura of the 
sella, the cavernous sinus, the anterior clinoid process, the 
temporal dura, the upper part of the clivus, and the majority of 
the tentorium [8]. Figure 3 illustrates this dural territory with 
respective ICA branches. This vascular territory is very vari-
able, and the ICA is in balance with other meningeal arteries 
of this region that will be discussed in their respective chapter. 
These arteries are principally the MMA (cavernous ramus), 
the accessory meningeal artery, the OA, the ascending pha-
ryngeal artery, and the vertebral artery [2, 11, 13].

Fig. 3 Dural territory supplied by internal carotid artery (ICA) dural 
branches. The illustration shows the dural territory of the main ICA 
dural branches. The marginal tentorial artery courses along the free 
margin of the tentorium and supplies the posterior wall of the cavernous 
sinus (CS) and the medial third of the tentorium (1); the lateral tentorial 
artery supplies the lateral part of the tentorium (2), coursing along the 
superior petrosal sinus (SPS). The lateral clival artery supplies the dor-
sum sellae and the upper clival region (3). The inferior hypophyseal 
artery supplies the dura of the sellae, including the posterior clinoid 
process (4). The superior branch of the inferolateral trunk supplies the 

roof of the cavernous sinus (5); the anteromedial branch usually reaches 
the superior orbital fissure and the adjacent dura (6); and the anterolat-
eral branch supplies the dura of the temporal fossa (7). The capsular 
branches (8) supply the dura of the anteroinferior part of the cavernous 
sinus and the medial part of the sella. The lateral trigeminal artery con-
tributes not only to the vascularization of the trigeminal ganglion but 
also to the lateral wall of the cavernous sinus (10). The artery of the 
clinoid process is the only dural branch that does not arise from the 
cavernous tract of the internal carotid artery and usually supplies the 
dura of the anterior clinoid process (9)
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 Variations in Dural Branches of the ICA

 ICA Origin of the Marginal Tentorial Artery

The marginal tentorial artery (or artery of the free margin of 
the tentorium cerebelli) normally is a branch of the meningo-
hypophyseal trunk, but its origin is variable. This artery sup-
plies the medial third of the tentorium, partially the walls of 
the cavernous sinus, and also the transdural segment of the 
oculomotor and trochlear nerves [1]. Marginal tentorial arter-
ies arising from the MMA, the accessory meningeal artery, 
the ICA, or the ILT were also described [21, 22]. Figure 4 
shows a case of OA origin of the marginal tentorial artery.

 Intracavernous Origin of the Ophthalmic 
Artery

The intracavernous origin of the OA is a rare variation, 
and its incidence is estimated to be about 0.4% [23]. The 

first author who described this variation was Dilenge in 
1965, and after him, few case reports have been published 
[24–28]. Lasjaunias et  al. (1977) described a case of 
intracavernous origin and explained this anatomical vari-
ation by the embryological regression of the PVOA 
instead of the PDOA, supporting his theory about the 
embryogenesis of the OA [13, 21, 25, 27, 29, 30]. On the 
other hand, authors that support the theory of Padget 
explain this anatomical variation by the persistence of an 
anastomosis between the first segment of the OA and the 
ILT (vestiges of the PMA) with consequent regression of 
stems from both PDOA and PVOA [23, 26, 31–33]. This 
anastomotic vessel is so-called deep recurrent OA [26]. 
Whatever theory you support and consequently how you 
call this anatomic variation (persistent PDOA or cavern-
ous origin of the OA), this artery always arises from the 
lateral aspect of the horizontal segment of the ICA and 
penetrates the orbit through the medial part of the SOF. A 
rare case of intracavernous origin of the OA is shown in 
Fig. 5.

a b

Fig. 4 Case of marginal tentorial artery (MTA) origin from the oph-
thalmic artery (OA). The MTA, also called artery of the free margin of 
the tentorium or artery of Bernasconi-Cassinari, may have different ori-
gins, which are shown in the graphic representation. It can arise from 
the lacrimal artery (LA) within the orbit, through the superficial recur-
rent ophthalmic artery (SRecOA), from the inferolateral trunk (ILT) 
through its superior branch (a), directly from the internal carotid artery 

(b) and from the meningohypophyseal trunk (MHT). The artery courses 
posterolaterally along the free margin of the tentorium. The figure also 
shows a 3D DSA reconstruction of a rare case of MTA (highlighted in 
red) origin from the OA. In this case, the MTA exits the orbit through 
the superior orbital fissure and directs posteriorly to feed an arteriove-
nous malformation

Dural Branches of the Internal Carotid Artery
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a b

Fig. 5 Case of intracavernous origin of the ophthalmic artery (OA). 
The figure shows the case of a patient who underwent DSA to study the 
cavernous internal carotid artery (ICA) aneurysms occasionally discov-
ered (a) during an MRI. The lateral and 3D view show the origin of the 
OA (red arrows) from the cavernous segment of the ICA (b). This vari-

ant is explained as the persistency of the primitive dorsal ophthalmic 
artery instead of the primitive ventral ophthalmic artery as definitive 
ophthalmic artery. In this case, the OA enters the orbit through the supe-
rior orbital fissure instead of the optic canal

 Clinical Implications

Even if surgical approaches of the cavernous sinus have been 
largely described during the second half of the twentieth cen-
tury, their indications are today very limited or completely 
vanished thanks to results of endovascular therapy for vascu-
lar pathologies and to radiosurgery for oncologic patholo-
gies. The knowledge of dural branches of the ICA and their 
possible anastomoses remains important for physicians who 
treat the following pathologies.

 Carotid-Cavernous Fistulas

Carotid-cavernous fistulas are generally treated by venous 
approach of the cavernous sinus through the inferior petrosal 
sinus [8]. Even if its uncommon, arterial embolization could 
be necessary through the MMA or branches of the ascending 
pharyngeal artery [8]. In these cases, a detailed knowledge of 
arterio-arterial anastomosis is mandatory to avoid postopera-
tive cranial nerve deficit or liquid embolic agent migration 
into the ICA.

 Lateral Skull Base and Tentorial Meningiomas

Meningioma of the lateral skull base is principally supplied 
by an enlarged MMA, but the surgeon has to remember the 
possible anastomosis of the MMA with branches of the ICA 

to prevent important blood loss [8]. Meningiomas of the 
anterior tentorium could have an important supply by the 
ICA through the tentorial artery. This is important informa-
tion that could influence the surgical strategy (lateral 
approach instead of posterior one).

 Dural Arteriovenous Fistulas

Subtemporal and tentorial dAVF are generally supplied by 
dural branches of the ICA. As for the treatment of carotid- 
cavernous fistulas, a detailed knowledge of these branches, 
their anastomosis, and function (in particular in the cranial 
nerve supply) is mandatory to avoid complications and inad-
vertent liquid agent embolism [8].

 Expert Comment

In this chapter, the authors describe and discuss a little known 
part of the anatomy of the ICA: its dural branches. Knowledge 
of these anatomical particularities is crucial in the manage-
ment of numerous pathologies, both neurovascular and cra-
niofacial. As highlighted by the authors, the fact that nearly 
all of these branches are the remnant of embryonic arteries 
that regress (at least partially) during growth warns us of 
their functional importance especially as their identification 
in non-pathological conditions is difficult due to their small 
size and their location at the level of the cranial base.

S. Bonasia and T. Robert
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The synthetic, clear, and practical description provided by 
the authors will help the reader to navigate through this com-
plex region where the overlap in vascular territories is the 
rule. Their careful anatomic description based on a critical 
review of the current published literature provides to the cli-
nicians the knowledge needed to understand the different 
anatomical variants and to anticipate the potential technical 
problems when treating various pathologies in the involved 
regions.

We congratulate the authors for their logical presentation, 
cogent discussion of anatomical variants, and superb illustra-
tions with this complex vascular anatomy.

S. Smajda.
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Dural Branches of the Anterior 
and Posterior Cerebral Arteries

Thomas Robert and Sara Bonasia

Dural branches of the anterior and posterior cerebral arteries 
are not well described in the literature because of their limited 
clinical implications and because of the difficulty to be high-
lighted with a digital subtraction angiography [1]. Anatomy 
and variations of both anterior and posterior cerebral arteries 
are described in respective chapters, and in the present chapter, 
their dural branches will only be discussed. Figure 1 illustrates 
the dural territory supplied by branches of these two arteries.

 Dural Branches of the Anterior Cerebral 
Artery

Dural branches of the anterior cerebral artery (ACA) are two 
different types: olfactory and pericallosal [1–3]. Table  1 
summarizes the origin, course, territory, and anastomoses of 
these branches.

 Olfactory Branches

These dural branches arise from the horizontal segment of 
the ACA or from the orbitofrontal branch and could be con-
sidered as the remnant of the embryonic primitive olfactory 
artery [4, 5]. The detailed embryology of the primitive olfac-
tory artery is described in chapter “Embryology, Anatomy, 
and Variations of the Anterior Cerebral Artery.” Signorelli 
et al. (2010) noted surgically the increased in diameter of this 
olfactory branch in case of meningioma of the planum sphe-
noidale [5]. The dural territory of this branch is the medial 
third of the anterior cranial fossa and is in balance with ter-
ritories of the ethmoidal arteries (from the ophthalmic artery) 
and of the middle meningeal artery [1]. Possible anastomo-
ses with posterior and anterior ethmoidal artery could be vis-
ible angiographically [4].

 Pericallosal Branches

These branches of the ACA arise from the distal part of the 
ACA (pericallosal artery) and course into the epicallosal 
sulcus to enter into the falx cerebri [1, 3, 4, 6]. The dural 
territory of these little branches is the free edge of the falx 
cerebri and is in balance with territories of the anterior fal-
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Fig. 1 Dural territory of the anterior cerebral artery (ACA) and poste-
rior cerebral artery (PCA). The Area A shows the dural territory sup-
plied the olfactory branches of the anterior cerebral artery, which 
corresponds to the middle third of the anterior cranial fossa. The Area 
B, in correspondence with the free edge of the falx cerebri, is supplied 
by pericallosal branches of the anterior cerebral artery. The posterior 
part of the falx cerebri, the falcotentorial junction, and the medial part 
of the tentorium (Area C) are supplied by the so-called artery of 
Davidoff and Schechter from the posterior cerebral artery
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Table 1 Origin, course, territory, and anastomoses of dural branches of the anterior cerebral artery (ACA)

ACA branches Origin from the ACA Course Territory Arterio-arterial anastomoses
Olfactory branches A1

Orbitofrontal A
Cistern of the lamina 
terminalis

Medial third of the anterior skull 
base

Anterior ethmoidal artery
Posterior ethmoidal artery
Middle meningeal artery

Pericallosal 
branches

A2–A5 Epicallosal sulcus Free edge of the falx cerebri
Inferior sagittal sinus

Anterior falcine artery
Dural branch of the PCA
Medial tentorial artery

cine artery (from the anterior ethmoidal artery) of the 
medial tentorial artery (from the internal carotid artery) 
and of the dural branch of the posterior cerebral artery 
(PCA) [1].

 Dural Branches of the Posterior Cerebral 
Artery

The principal role of the PCA is the supply of the posterior 
part of the cerebral hemispheres, but, as the ACA, it could 
participate in the supply of a little part of the dura mater [4]. 
Dural branches of the PCA could be summarized in only 
one artery, which is the artery of Davidoff and Schechter. 
This artery bears its eponym in the memory of the mentors 
of the two first physicians who described it in 1965: 
Wollschlaeger and Wollschlaeger [7]. They dissected ten 
cadaveric brains and found this dural branch of the PCA in 
nine of them [3, 7].

The artery of Davidoff and Schechter arises from the 
pedicular (P1) or ambient (P2) segment of the PCA and 
turns around the mesencephalon following other PCA 
branches in the perimesencephalic cisterns [8]. It passes 
under the free border of the tentorium toward the falcotento-
rial angle where it pierces the tentorium [8–10]. At this 
point, the artery of Davidoff and Schechter gives two dis-
tinct branches: one anterior and the other posterior [8]. 
Griessenauer et al. provide the largest cadaveric series about 
this artery and saw that it is an inconstant artery with an 
incidence of 25% of sides [11]. It is rarely bilateral (only 
one case on 20 brains in their series) and is more frequent on 
the left side. Its mean diameter is 0.8 mm, and its length is 
12 mm [11, 12].

On normal digital subtraction angiography, the artery of 
Davidoff and Schechter is not visible because it is too thin 
and is superimposed with other PCA branches [4]. It could 
only be seen in the case of dural arteriovenous fistula or fal-
cotentorial meningioma [1, 9, 12–14]. This artery, when 
present, is a branch of the PCA, but few reports showed it as 
a branch of the superior cerebellar artery [15]. The dural ter-
ritory of this artery is the medial part of the tentorium and the 
posterior part of the falx cerebri and is in balance with terri-
tories of dural branches of the ACA, the middle meningeal 
artery, and the occipital artery [1, 4, 12].
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Dural Branches of the Ophthalmic 
Artery

Sara Bonasia, Thomas Robert, and Michel W. Bojanowski

The ophthalmic artery (OA), which will be widely discussed 
in chapter “Embryology and Variations of the Ophthalmic 
Artery,” is a very fascinating artery for its complex embryo-
logical development as well as for the numerous vascular 
anastomoses developed with branches of the external carotid 
artery. The role of the OA in the dural supply is not well- 
known, but the understanding of the dural function of the OA 
and of its possible variations is a cornerstone for surgical and 
endovascular treatment of dural pathologies (dural arteriove-
nous fistulas, skull base meningiomas, and chronic subdural 
hematoma embolization). In this chapter, we will focus on 
the dural branches of the OA with special attention to their 
rare variations, like the OA origin of the middle meningeal 
artery (MMA) and the OA origin of the marginal tentorial 
artery (MTA).

 History

Meyer (1887), who was considered as pioneer in the orbital 
vascular anatomy, was the first to precisely describe all 
branches of the ophthalmic artery including its dural terri-
tory [1]. Few years before, Curnow (1873) had already 
described three cadaveric cases of variations in the origin of 
the OA [2]. One of these three cases was the first description 
of an OA origin of the middle meningeal artery (MMA). 
With the advent of digital subtraction angiography (DSA), 
Kuru (1967) gave a detailed description of the OA meningeal 
branches, and after him, few authors focused on the variants 

of the OA and of the MMA [3–10]. Lasjaunias gave his cru-
cial contribution to the comprehension of the orbital and 
meningeal vascular supply, combining his knowledge of 
embryology with an accurate angiographic analysis [7, 8, 
11]. The last author that gave a comprehensive description of 
dural vascularization was Rhoton et al. (2005) based on his 
large cadaveric dissection experience [12, 13].

 Embryology

A detailed description and different hypotheses concerning 
the embryology of the OA and orbital vascularization are 
explained in chapter “Embryology and Variations of the 
Ophthalmic Artery.” In this chapter, we will focus on a few 
points on the embryological development necessary to 
understand the variants of the OA dural branches.

The OA starts its development when the embryo is about 
4 mm and reaches its adult configuration at about 40 mm. Its 
development is strictly connected with the arterial embryol-
ogy of the primitive internal carotid artery (ICA), the stape-
dial artery (SA), and the pharyngeal artery system. In the last 
centuries, two authors were interested in the comprehension 
of the complex events of the OA formation: Padget that for-
mulated her theory after the dissection of 22 embryos and 
Lasjaunias, who added an accurate angiographic evaluation 
to Padget’s knowledge [11, 14]. Both authors agree that the 
definitive features of the OA depend mostly on two embry-
onic arteries: the primitive dorsal ophthalmic artery (PDOA) 
and the primitive ventral ophthalmic artery (PVOA).

According to Padget’s theory, the embryological develop-
ment of the OA could be divided into six stages, which are 
summarized in Table  1 [14]. The PDOA appears when the 
embryo is about 4–5 mm (Stage I), originating from the bifur-
cation of the primitive ICA. In Stage II (9 mm embryos), while 
the PDOA enlarges through the optic cup as plexiform chan-
nels, the PVOA arises from the cranial division of the primi-
tive ICA. The PDOA and PVOA are then destined to elongate 
following the ventral shifting of the optic cup and the dorsal 
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Table 1 Stages of embryological development of the ophthalmic artery (OA) (Padget’s concept). (Adapted from [14]. Padget DH. The develop-
ment of cranial arteries in the human embryo. Contrib Embryol Carneg Instn. 1948;212:205–262)

Stage Embryo size (mm) Events Graphic representation
I 4–5 • Primitive maxillary artery (PMA) as temporary branch

• PDOA appearance

II 9 • Primitive hyaloid artery (HA) as plexiform channels
• PVOA appearance

III 14 • Formation of primitive hyaloid and common ciliary 
arteries
• Stapedial artery (SA) development

IV 18 • Migration of the PDOA origin
• Formation of the supraorbital branch (SOrbA) of the SA
• Regression of the PVOA

V 20 • Maximal development of the SA
• Formation of the anastomotic ring (AR)

VI 40 • Ventral interruption of the AR
• Regression of the SOrbA
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Fig. 1 Padget’s and Lasjaunias’ theories about ophthalmic artery (OA) 
origin migration. When the embryo is about 18 mm, the OA reaches its 
definitive origin on the supraclinoid internal carotid artery (ICA). This 
phenomenon is explicated by Padget by the cranial elongation of the 
ICA during this stage with the consequent movement of the primitive 

dorsal ophthalmic artery (PDOA) origin (black arrows in figure (a)). On 
the other hand, Lasjaunias hypothesized the presence of an intradural 
anastomosis between the primitive ventral ophthalmic artery (PVOA) 
and the primitive ICA (black arrow in figure (b)) in correspondence of 
the future origin with successive regression of the original stem

shifting of the cerebral hemispheres. In embryos of 14–17 mm, 
it is possible to note the appearance of two branches from the 
PDOA artery: the primitive hyaloid artery (HA) and the com-
mon temporal ciliary artery (future lateral posterior ciliary 
artery). The PVOA gives off at the same time the common 
nasal ciliary artery (future medial posterior ciliary artery).

In an embryo of about 18  mm (Stage IV), the OA is 
invested by the process that will bring to the migration of its 
origin on the supraclinoid ICA.  This phenomenon is 
explained by Padget by the cranial elongation of the ICA 
during this stage with the consequent movement of the 
PDOA. On the other hand, Lasjaunias explained this migra-
tion through the presence of an intradural anastomosis 
between the PVOA and the primitive carotid artery in corre-
spondence of the future origin with consequent regression of 
the original stem [8, 11, 15]. The two theories about OA ori-
gin migration are illustrated in Fig. 1.

From Stage I to IV, another artery grows at the same time 
and contributes to the adult configuration of the orbital arter-
ies: the SA. In the first stages, the optic cup is supplied in its 
ventral side by the primitive maxillary artery (PMA). 
However, it starts to regress at the end of Stage II, which is to 
be substituted by the SA in its orbital territory. This latter 
gives off two branches that follow the three divisions of the 
trigeminal nerve: the maxillomandibular artery and the 
supraorbital artery. The supraorbital artery enters the orbit 
through the superior orbital fissure and gives two branches: 
the ethmoido-nasal and the lacrimal arteries.

The relationship between the PDOA, the PVOA, and 
the SA reaches the highest importance in the last two 
Stages (V: embryo of 20  mm; VI: embryo of 40  mm). 
During Stage V, an anastomotic ring appears around the 
optic nerve, formed by the anastomosis between the 
PVOA, the PDOA, and the supraorbital artery (through 
the ethmoido-nasal artery). However, in Stage VI, this 
ring is ventrally interrupted to give the definitive config-
uration of the OA. The part of the anastomotic ring that 
regresses is crucial to determine which of the two primi-
tive OAs persist to form the adult OA.  According to 
Padget, it is the PDOA that persists, with consequent 
PVOA proximal regression. On the other hand, Lasjaunias 
wrote that the distal portion of the PDOA regresses, and 
its proximal part is destined to form the future inferolat-
eral trunk [8, 11, 15]. Thus, in his opinion, it is the PVOA 
that mostly contributes to the formation of the definitive 
OA.

At the same time, the extraorbital part of the supraorbital 
artery regresses, to let the lacrimal artery be annexed by the 
OA.

 Dural Branches of the OA

Different dural branches of the OA and their possible anasto-
moses with other dural arteries are listed in Table  2; their 
respective dural territories are illustrated in Fig. 2.

Dural Branches of the Ophthalmic Artery
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Table 2 Origin of the dural branches of the ophthalmic artery (OA) 
with their respective supply and anastomoses

OA 
branches

Origin 
from the 
OA Foramen Dural territory

Possible 
anastomosis

Deep 
recurrent 
OA

First 
segment

Superior 
orbital 
fissure

Superior 
orbital fissure 
(lateral part)
Sphenoid 
wing

Inferolateral 
trunk (ICA)

Superficial 
recurrent 
OA

Second 
segment

Superior 
orbital 
fissure

Anterior 
clinoid 
process
Lesser 
sphenoid 
wing
Middle fossa 
(anteromedial 
portion)

Posterior 
ethmoidal 
artery
MMA 
(anterior 
division)
Medial 
tentorial 
artery (ICA)

Anterior 
ethmoidal 
artery

Third 
segment

Anterior 
ethmoidal 
canal

Anterior 
convexity 
(anterior 
meningeal 
artery)
Anterior 
cranial fossa 
(medial third)
Anterior falx 
cerebri 
(anterior 
falcine artery)

Contralateral 
anterior 
ethmoidal 
artery
Bilateral 
MMAs
Posterior 
ethmoidal 
artery
Olfactory 
branch 
(ACA)

Posterior 
ethmoidal 
artery

Third 
segment

Posterior 
ethmoidal 
canal

Anterior 
cranial fossa 
(medial third)
Anterior 
clinoid 
process
Chiasmatic 
groove

Contralateral 
posterior 
ethmoidal 
artery
Anterior 
ethmoidal 
artery
MMA 
(anterior 
division)

Fig. 2 Dural territories of ophthalmic artery (OA) branches. A (green): 
territory of the deep recurrent ophthalmic artery, which exits from the 
medial part of the superior orbital fissure and supplies the dura of the 
lateral wall of the cavernous sinus. B (pink): dural territory of the super-
ficial recurrent ophthalmic artery, which passes through the lateral part 
of the superior orbital fissure to reach the dura over the anterior clinoid 
process and of the cavernous sinus roof; C (orange): the posterior eth-
moidal artery passes through the posterior ethmoidal canal to reach the 
dura of the planum sphenoidale, the posterior cribriform plate, and the 
anterior clinoid process. D (light blue): the anterior ethmoidal artery 
passes through the anterior ethmoidal canal, and its meningeal territory 
consists of the anterior part of the cribriform plate, the medial part of 
the orbital roofs, and the anterior third of the falx cerebri

 Deep Recurrent Ophthalmic Artery

The deep recurrent ophthalmic artery arises from the first 
segment of the OA and has a recurrent course through the 
medial part of the superior orbital fissure. This artery sup-
plies the dura of the lateral wall of the cavernous sinus. It 
consistently anastomoses with the anteromedial branch of 
the inferolateral trunk and often with the cavernous branch of 
the MMA and with the accessory meningeal artery. It is con-
sidered as the remnant of the PDOA [8].

 Superficial Recurrent Ophthalmic Artery

The superficial recurrent ophthalmic artery is a meningeal 
branch that takes its origin from the proximal part of the lac-

rimal or directly from the second segment of the OA [8, 11, 
16]. This artery passes through the lateral part of the superior 
orbital fissure to reach the dura over the anterior clinoid pro-
cess and of the cavernous sinus roof [10, 13]. The superficial 
recurrent ophthalmic artery also supplies the intradural part 
of the third and fourth cranial nerves. This artery is the orbital 
remnant of the supraorbital branch of the SA [11].

 Posterior Ethmoidal Artery

The posterior ethmoidal artery is a small meningeal branch 
that arises from the third segment of the OA and exits the 
orbit through the posterior ethmoidal canal [16]. Its average 
diameter is 0.4 mm and is usually in balance with the diam-
eter of the anterior ethmoidal artery [17]. This artery supplies 
the dura of the planum sphenoidale, the posterior cribriform 
plate, and the anterior clinoid process [11]. Martins et  al. 
(2005) showed that the posterior ethmoidal artery often anas-
tomoses with dural branches of the ICA, MMA, and anterior 
ethmoidal artery [13]. When absent (approximately 20% of 
cases), its meningeal territory is supplied by these three other 
arteries.

S. Bonasia et al.



269

 Anterior Ethmoidal Artery

The anterior ethmoidal artery is a more constant artery, 
which has been found in more than 90% of orbits if the OA 
crosses over the optic nerve and in 80% of cases when the 
OA crosses under the nerve. It arises from the distal part of 
the OA and could give from one to five little branches that 
pass through the anterior ethmoidal canal. Other than its 
mucosal supply on the nasal septum and nasal fossa, its men-
ingeal territory is limited to the anterior part of the cribriform 
plate, the medial part of the orbital roofs, and the anterior 
third of the falx cerebri. The anterior ethmoidal artery gives 
a branch, well described angiographically by Kuru (1965), 
along the falx cerebri that is named the anterior falcine artery 
or the artery of the falx cerebri [10]. This anterior falcine 
artery could be present bilaterally, but usually one side is 
predominant. If the anterior ethmoidal artery is well- 
developed, it can give some branches called “anterior menin-
geal arteries” that differ from the anterior falcine artery 
because of their paramedial course and can supply the dura 
of the anterior convexity.

 Dural Supply of the OA

The four meningeal branches previously described supply 
the dura of the cribriform plate, the planum, the anterior cli-
noid process, the superior orbital region, the roof and the lat-
eral part of the cavernous sinus, the medial part of the orbital 
roof, and the anterior part of the falx cerebri. This vascular 
territory is very variable, and the OA is in balance with other 
meningeal arteries of this region like the MMA (cavernous 
ramus), the accessory meningeal artery, and the inferolateral 
trunk.

 Variations of Dural Branches 
of the Ophthalmic Artery

 Ophthalmic Artery Origin of the Middle 
Meningeal Artery

In a rare case, the MMA could originate from the OA instead 
of the internal maxillary artery. The incidence of this vascu-
lar variation is estimated to 0.5% by Dilenge et  al. (1980) 

based on a large angiographic series [9]. Few cases of the 
MMA arising from the OA have been described in the litera-
ture. The first case was presented by Curnow (1873), and in 
the same period, Meyer (1887) also cited four cadaveric 
cases originally described by Zuckerkandl in 1876 during a 
congress presentation [1, 2]. Two rare cases of this variation 
are shown in Fig. 3. This vascular anomaly is considered as 
the consequence of two different embryologic processes. 
The first one is the failure of the supraorbital branch (SA) 
regression. The second one is the absence of anastomosis 
between the maxillomandibular branch of the SA and the 
internal maxillary artery. Consequently, the MMA originates 
from the OA and passes through the lateral part of the supe-
rior orbital fissure; thus, the foramen spinosum is usually 
absent. Maiuri et al. (1998) proposed three different types of 
this vascular variation as highlighted in Table  3 [18]. The 
first type is the complete MMA territory supplied by the OA 
through the superficial recurrent OA.  In the second type, 
only the anterior branch of the MMA originates from the 
OA, and the posterior branch of the MMA keeps its origin 
from the internal maxillary artery. The third type is not really 
an OA origin of the MMA but an anastomosis between the 
OA and the accessory meningeal artery (through the deep 
recurrent OA). The consequence is that the anterior menin-
geal territory is supplied by both the MMA and the OA with-
out any communication. It is still matter of debate if the 
MMA originates from the OA directly or from the proximal 
part of the lacrimal artery.

 Ophthalmic Artery Origin of the Marginal 
Tentorial Artery

The marginal tentorial artery (MTA) (or artery of the free 
margin of the tentorium cerebelli) normally arises from the 
meningohypophyseal trunk, but its origin is variable, as 
illustrated in Fig. 4. This artery supplies the medial third of 
the tentorium, partially the walls of the cavernous sinus, and 
also the transdural segment of the oculomotor and trochlear 
nerves [13]. An OA origin of this artery has been described 
by Lasjaunias (2001), distinguishing two different types 
[11]. The first one is when the MTA arises from the lacrimal 
artery. The second one is when the MTA arises directly from 
the OA and the lacrimal artery originates from the MMA 
(meningolacrimal type).

Dural Branches of the Ophthalmic Artery
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a b

c d e

Fig. 3 Middle meningeal artery (MMA) origin from ophthalmic artery 
(OA). The anteroposterior and lateral view angiograms ((a) and (b)) 
show a rare case of complete MMA origin from the OA.  The OA, 
through the superficial recurrent OA, gives birth to the MMA, which 
passes through the lateral part of the superior orbital fissure and gives 
its anterior (red arrow) and posterior division (blue arrow). In the angio-

grams (c–e), a rare case of partial origin of the MMA from the OA is 
shown. The angiograms d and e show a left internal carotid artery (ICA) 
injection in frontal and lateral view, where the posterior branch of the 
MMA (blue arrow) originates from the OA and feeds a tentorial arterio-
venous fistula. After the ECA injection (c), only the anterior branch of 
the MMA is enhanced (red arrow)

Table 3 Different types of ophthalmic artery (OA) origin of the middle meningeal artery (MMA) by Maiuri et al. (Adapted from [18])

Type Vascular anatomy Foramen spinosum
I Complete OA origin of the MMA Absence
II Partial OA origin of the MMA

Anterior division from the OA
Posterior division from the IMA

Reduced in size

III OA origin of the accessory meningeal artery Normal
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Fig. 4 Marginal tentorial artery (MTA) origin and course. The mar-
ginal tentorial artery, also called artery of the free margin of the tento-
rium or artery of Bernasconi-Cassinari, may have different origins, 
which are shown in graphic representation. It can arise from the lacri-
mal artery (LA) within the orbit, through the superficial recurrent oph-
thalmic artery (SRecOA), from the inferolateral trunk (ILT), and from 

the meningohypophyseal trunk (MHT). The artery courses posterolater-
ally along the free margin of the tentorium. The figure also shows a 3D 
DSA reconstruction of a rare case of MTA (highlighted in red) origin 
from the ophthalmic artery (OA). The MTA exits the orbit through the 
superior orbital fissure (SOF) and directs posteriorly to feed an arterio-
venous malformation

 Clinical Implications

Knowledge of the dural branches arising from the OA and 
their variations represents the cornerstone for interven-
tional neuroradiologists and neurosurgeons who approaches 
anterior and middle cranial fossa pathologies. Two critical 
examples are the cribriform plate dural arteriovenous fistu-
las (dAVFs) and anterior and middle skull base 
meningiomas.

 Cribriform Plate Dural Artero-Venous Fistulas

Cribriform plate dAVFs are usually mostly supplied by the 
anterior ethmoidal artery and the MMA. A bilateral supply 
of the dAVF, found in approximately 10% of cases, is well- 
explained by the anastomoses between the two anterior eth-
moidal arteries within the dural or ethmoidal sinuses. 
Endovascular treatment of such pathologies consists of 
embolization, usually through branches of the MMA.  The 
neuroradiologists must consider the presence of dural 
MMA–OA anastomoses during the injection of the liquid 
agent to avoid retrograde flow into ocular branches of the 
OA. In case of direct embolization of the dAVF through the 
ophthalmic artery, attention should be paid to the possible 
retrograde flow of the embolic agent into ocular branches. 
Since the central retinal artery usually arises from the second 
segment of the OA, the injection should be performed as dis-
tal as possible in order to limit the eventual damage caused 
by the reflux.

The surgical exclusion of a cribriform plate dAVF also 
necessitates a precise knowledge of dural branches of the 
OA.  The aim of the treatment is to exclude the cortical 
venous drainage of the dAVF, clipping or coagulating the 
draining vein at its exit point from the dura. A case of a crib-
riform plate dAVF treated surgically is shown in Fig.  5. 
Knowledge of the arterio-arterial anastomoses between ante-
rior ethmoidal, posterior ethmoidal, and middle meningeal 
arteries is necessary to understand the dAVF and the techni-
cal difficulties of the treatment. Another case of dAVF fed by 
dural branches of the OA is shown in Fig. 6, with also a con-
tribution from the MTA.

Knowledge of the dural branches of the OA and MMA 
origin from the OA also well explains the possible participa-
tion of OA branches in the supply of carotid-cavernous fistu-
las or tentorial pathologies (Figs. 3 and 4).

 Anterior and Middle Cranial Fossa Meningioma

The surgical removal of a cribriform plate or sphenoid wing 
meningiomas requires a detailed knowledge of vascular 
 normal anatomy and tumor vascular supply. Meningeal 
tumors of the anterior and middle skull base are usually sup-
plied by dural branches of the MMA, ICA, and by the oph-
thalmic artery. It is of paramount importance for interventional 
neuroradiologists who plan an embolization, usually per-
formed through the MMA, to consider the possible varia-
tions in the supply of the skull base dura to avoid involuntary 
OA reflux of embolic liquid agent.

Dural Branches of the Ophthalmic Artery
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Fig. 5 Clinical case of ruptured cribriform plate dural arteriovenous 
fistula (dAVF). The figure shows the case of a 49-year-old man, taken in 
charge for sudden onset of unusual headache with nausea and vomiting. 
The CT scan performed in ER (a) showed a left frontal basis intraparen-
chymal hematoma. The DSA highlighted a cribriform plate dAVF with 
major feeders represented by the left anterior ethmoidal artery from left 
ophthalmic artery (OA) (blue arrow in figure (b)). The right internal 
carotid artery (ICA) injection showed also a contribution from the con-

tralateral OA through its ethmoidal branches (red arrow in figure (c)). 
The venous drainage was represented by a single cortical vein directed 
into the superior sagittal sinus (Type III according to Cognard- 
Lariboisière classification [25]). The patient underwent successfully 
left supraorbital craniotomy and clipping of the dAVF (figure (d)), with 
no enhancement of the dAVF in the postoperative DSA (blue arrow) 
and clinical complete recovery
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Fig. 6 Clinical case of dural arteriovenous fistula (dAVF) fed by mul-
tiple ophthalmic artery (OA) dural branches. The figure shows the case 
of an 89-year-old woman, previously operated for pituitary adenoma, 
taken in charge for unusual headache associated with vomiting. The CT 
scan showed an intraventricular hemorrhage with mild hydrocephalus. 
The diagnostic DSA showed a complex dAVF (Cognard-Lariboisière 
Grade IIa + b [25]) supplied by the OA through the anterior and poste-
rior ethmoidal arteries (AEtA and PEtA), with both direct and indirect 

shunt with the superior sagittal sinus (SSS). Another point of shunt with 
the SSS is reached by the marginal tentorial artery (MTA) and by the 
posterior meningeal and middle meningeal artery (PMA and MMA). 
Also, other branches from the ECA contribute to the shunt, like the 
occipital artery (OccA) and the superficial temporal artery (STA). 
Because of age, the complexity of the dAVF, the high risks associated 
with every treatment option, and the absence of alteration of conscious-
ness, we managed the dAVF conservatively

In case of surgery of middle cranial fossa meningioma, 
the devascularization of the tumor as first step could be help-
ful to better understand the arterial supply of the lesion and 
to limit drastically the blood loss.

 Intra-Arterial Injection of Chemotherapy 
for Retinoblastoma

The classical technique used to inject chemotherapeutic 
agents into the OA for the treatment of retinoblastoma 
requires the super-selective catheterization of the OA [19]. 
However, knowledge of OA dural branches acquires a more 
important role when direct catheterization of the OA is not 
possible, like it can happen in children for its reduced size. In 
these cases, alternative ways to indirectly reach the OA have 

been described, especially through the catheterization of the 
MMA [20]. In this way, the pharmacologic agents can be 
injected through the anterior division of the MMA, incan-
nulating its meningo-lacrimal branch. The reflux into the OA 
could be provided from anastomoses between MMA orbital 
branches and the recurrent branches of the OA, granted by 
the lacrimal artery or sometimes from the direct origin of the 
OA from the MMA.

 Surgical and Endovascular Treatment 
of Refractory Epistaxis

Refractory epistaxis may be caused by a lot of clinical condi-
tions and occurs in about 60% of the adult population, and 
most of them are considered idiopathic. Among them, about 
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6% of the epistaxis is refractory to conservative management 
and requires a surgical or interventional treatment [21].

The best way to understand which is the source of bleed-
ing in case of refractory epistaxis is to perform a diagnostic 
DSA including ICA and external carotid artery (ECA). The 
DSA allows to identify the so-called “vascular blush,” an 
anastomotic plexus located in the nasal septum, considered 
as the source of 90% of epistaxis. The sphenopalatine artery 
represents its main blood supply, and it’s most commonly 
responsible for refractory epistaxis, even if in rare cases also 
the ethmoidal arteries could be involved [22]. If these latter 
are involved in the bleeding, they can be ligated through a 
surgical approach. On the other hand, if the sphenopalatine 
artery is responsible for bleeding, it can be occluded through 
an endonasal approach, or it can be embolized [22]. The 
diagnostic DSA allows to identify possible dangerous anas-
tomoses between branches of the ECA and the OA, which 
can result in post- embolization visual or central deficits. 
The occurrence of cerebrovascular accident and obstruction 
of the central retinal artery has been described to occur in 
about 0–2% of cases [23]. The most important anastomoses 
to consider during such procedures are those between the 
sphenopalatine and anterior ethmoidal arteries via the turbi-
nate and infraorbital arteries and those between the lacrimal 
artery and the MMA through the recurrent meningeal artery 
[22, 23]. The relevance of these anastomoses and the peri-
procedural risk can be estimated analyzing the “choroidal 
blush.” This blush is commonly visualized after contrast 
injection into the ICA. However, if the anastomoses between 
the posterior ciliary arteries, the lacrimal artery, and the 
MMA are very consistent or if the lacrimal artery and the 
OA branch directly from the MMA, the choroidal blush can 
be seen after the ECA injection [23].

 Embolization of Facial Tumors

Even if epistaxes are mostly idiopathic, some cases can be 
due to neoplastic erosion of vascular structures or as result 
of tumor necrosis after treatment. In these cases, the symp-
toms can also cause hemoptysis due to the frequent naso-
pharyngeal localization of these tumors. Endovascular 
treatment should be considered in these cases to treat 
uncontrollable epistaxis or hemoptysis. Also benign tumors, 
like paragangliomas and nasopharyngeal angiofibromas, 
can benefit from endovascular embolization, a preoperative 
procedure to reduce intraoperative blood loss. In these 
cases, the embolization of the sphenopalatine artery could 
be insufficient, and devascularization requires emboliza-
tion of the facial artery and ascending pharyngeal artery 
[22]. In these cases, neuroradiologists should pay attention 
to the known anastomoses between the facial artery and the 
dorsal nasal artery (through the angular artery) [24]. For 

these pathologies, the neuroradiologists should observe the 
same rules previously described to avoid complications due 
to ICA–ECA anastomoses [22].

In conclusion, knowledge of embryology and anatomy of 
the dural branches of the OA is mandatory for treating 
pathology of the dura mater located in the anterior and mid-
dle cranial fossa. These arteries show high variability and 
supply territories in competition with the MMA and ICA 
branches.
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Dural Branches of the Cerebellar 
Arteries

Thomas Robert and Sara Bonasia

The dura mater of the posterior fossa is predominantly sup-
plied by purely dural branches (without parenchymal territory 
associated). The most important of them are the occipital 
artery, the ascending pharyngeal artery, and the posterior men-
ingeal artery [1, 2]. The middle meningeal artery also plays a 
role in the supply of the dura of the posterior fossa [1, 3]. The 
territory of each dural artery is in balance with each other [2]. 
Cerebellar arteries have a very little role in the supply of the 
dura. Most of their dural territories are inconstant and depend 
on anatomical variations or arterio-arterial anastomoses.

 Dural Branches of the Superior Cerebellar 
Artery

In 1965, in their original article, Wollschlaeger and 
Wollschlaeger described a little dural branch of the posterior 
cerebral artery (PCA) and named it the “artery of Davidoff and 
Schechter” (ADS) [4, 5]. In their cadaveric study on ten cadav-
ers, they find the presence of the ADS in 90% of cases, but in 
one of them, they noted that this artery arose from the superior 
cerebellar artery (SCA) instead of from the PCA [4]. The SCA 
has no other dural branch than this tentorial artery that incon-
stantly arises from the SCA and not from the PCA [5–7].

After its origin, this meningeal branch enters in the infe-
rior surface of the tentorium to supply the posterior part of 
the tentorial incisura. It has the same course and territory 
than the ADS originating from the PCA [8, 9].

Ono et  al. noted the presence of this meningeal branch 
from the SCA in 28% of their 25 cadaveric dissections [10]. 
Umeoka et  al., during trigeminal decompression surgery, 
saw this artery intraoperatively in 25% of cases [11]. In the 

non-pathological state, this artery is too thin to be seen in 
DSA or MRI, but in the case of dural tentorial arteriovenous 
fistula (dAVF), it could be dilated and visible [1–3].

 Dural Branches of the Anterior Inferior 
Cerebellar Artery

The anterior inferior cerebellar artery (AICA) is the lonely 
cerebellar artery that possesses a constant dural territory [2]. 
Its dural branch is named the “subarcuate artery” (SAA) that 
could arise from the lateral pontine segment of the AICA 
(70%) or from the labyrinthine artery (30%) [12]. After a 
short cisternal segment, it penetrates the dura at the subarcu-
ate fossa before penetrating the subarcuate canal [2, 12, 13]. 
The dural territory of the AICA is limited to the posterior 
surface of the petrous bone and to the superolateral surface 
of the internal auditory canal [2, 14]. After it, the SAA has a 
bony course in the petrous bone where it participates in the 
internal ear supply.

The SAA presents a high variability in origin, and the 
most detailed publication about this aspect is of Mazzoni 
et al. after a dissection of 100 petrous bones [13]. The SAA 
arises from the AICA in 44%, from a cerebellar branch of the 
AICA in 38%, from the labyrinthine artery in 16%, and 
interestingly from a branch of the PICA in 3%. Rasmussen 
et al. also proposed interesting work describing an anatomi-
cal classification of the AICA in five grades depending on its 
course and on the origin of the SAA [15]. Considering its 
dural supply, the SAA can be involved in the supply of dAVF.

 Dural Branches of the Posterior Inferior 
Cerebellar Artery

In the normal anatomical description, the posterior inferior 
cerebellar artery (PICA) has no meningeal branch, and the 
posterior meningeal artery (PMA) arises from the extracra-
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nial (V3) segment of the vertebral artery [2]. Inconsistently, 
the PMA could arise intracranially and share its origin with 
the PICA. P. Lasjaunias called the meningeal artery of the 
PICA “the artery of the falx cerebelli,” but it could be the 
same artery as the PMA with PICA origin that explains its 
different angiographic course [1].

Ohshima et  al. proposed a classification of the PMA 
depending on the origin of the artery [16]. In their analysis of 
300 cases, they noted that the PMA arises intracranially in 
only 1% of cases.

Only few cases of PICA origin of the PMA are described 
in the literature [17–19]. In these cases, the PMA arises from 
the lateral medullary segment of the PICA to enter the dura 
of the cerebellar convexity. Its dural territory constitutes the 
cerebellar convexity, the falx cerebelli, and the posterome-
dial part of the tentorium. A case of this variant is shown in 
Fig. 1.

Ogawa et al. described an interesting case of retrograde 
opacification of the PICA through the PMA, highlighting the 
presence of more distal arterio-arterial anastomoses between 
the PICA and the PMA [20]. Tsutsumi et al. also showed a 
case of distal anastomosis between the two arteries in the 
presence of distinct origin from the vertebral artery, high-
lighting one more time the presence of distal PICA–PMA 
anastomoses [18].

This anatomical variation has few clinical implications. In 
fact, the formation of aneurysm located at the origin of the 
PMA from the PICA has been described and could be chal-
lenging [16]. Posterior-located tentorial dAVF could also be 

supplied by PMA arising from the PICA that could compli-
cate an eventual endovascular embolization. Table 1 summa-
rizes the branches of the cerebellar arteries.

 Conclusion

Meningeal branches of the cerebellar arteries are not well- 
known branches because they are not seen in the normal 
anatomy in most neuroimaging studies. Clinical implications 
of these little arteries are not less important, and their knowl-
edge is important to improve treatment quality of dural vas-
cular pathology of the posterior fossa.
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Davidoff and Schechter
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Cerebellar convexity
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Falx cerebelli
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Dural Branches of the Vertebral Artery

F. Di Caterino and M. Pileggi

Many collateral branches arise from the vertebral artery (VA) 
and supply intracranial and extracranial structures (see also 
Chap. 16). In addition to the several spinal arteries, from C6 
to C1 involved in the dura mater vascularization of the cervi-
cal spine, which is not the aim of this chapter, the VA gives 
rise to two meningeal branches, which supply the dura of the 
inferior posterior fossa: the anterior meningeal artery and the 
posterior meningeal artery.

 Anterior Meningeal Artery

The anterior meningeal artery (AMA) arises from the antero-
medial surface of the distal V2 segment of the vertebral 
artery (VA) immediately below its first bend at the level of 
the axis [1] or at the level of the third vertebral body [2].

The AMA on normal angiography is tiny, usually less 
than 0.5  mm in diameter, and the incidence of its angio-
graphic visualization is approximately 48% [3].

The artery has been first described by Greitz and Lauren 
in 1968 [1], and it had been thought that its territory was 
purely meningeal in early radiological reports [1, 3], but sub-
sequent anatomical studies showed that the AMA supplies 
the odontoid process and ligamentous structures as well [4, 
5]. Lasjaunias et  al. [6] evaluated the embryology of the 
artery, and they remarked that if the occipital artery repre-

sents the arterial pedicle of the C2 somite [7], the AMA 
could be considered as a branch of the pedicle of the C3 
somite, and therefore the AMA should be called the C3 
artery of the cervical VA.

After its origin, the AMA passes medially through the 
intravertebral foramen anterior to the dural sheath of the 
third cervical nerve root and its surrounding intravertebral 
veins [1]. Then, it runs upward slightly medially in the spinal 
canal, dorsal to the deep layer of the posterior longitudinal 
ligament (PLL) and the ventral surface of the anterior inter-
nal vertebral venous plexus [8]. Cranially, it penetrates the 
tectorial membrane, the upper extent of the PLL, and it forms 
an arcade above the apex of the odontoid process (Fig.  1) 
with the contralateral artery [5], supplying the dura of the 
anterior foramen magnum and the inferior clivus. On the ver-
tebral angiogram, the artery is visible as a fine branch located 
anteriorly and laterally to the anterior spinal artery (ASA) 
(Fig. 2).

Before penetrating the tectorial membrane, the AMA 
gives off several tiny branches to the deep layer of the PLL 
and vertebral bodies [5].

At the level of the odontoid process, in addition to the 
anastomosis with the contralateral branch, the AMA is con-
nected with the hypoglossal artery, which is a branch of the 
ascending pharyngeal artery. These connections form the so- 
called odontoid arch. The latter has been reported to cause 
palsy of the lower cranial nerve in the case of endovascular 
embolization [6].

Enlargement of the AMA has been observed in different 
pathologies: glomus jugular tumor, meningioma, hemangio-
blastoma, metastatic tumor, plasmacytoma, chordoma, 
schwannoma of the vagus nerve, dural arteriovenous fistula, 
and traumatic arteriovenous fistula [3, 9–13].
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a b

Fig. 1 The anterior meningeal artery and the odontoid arch. Left vertebral artery angiogram lateral view with (a) and without substraction (b). 
The anterior meningeal artery (white arrow in (a) and red line in (b)) forms an arcade above the apex of the odontoid process (white line in (b))

a b

Fig. 2 Angiographic configuration of the anterior meningeal and anterior spinal arteries. Left vertebral artery angiogram AP view (a) and lateral 
view (b). The anterior meningeal artery (AMA) is located laterally (a) and anteriorly (b) to the anterior spinal artery (ASA)

F. Di Caterino and M. Pileggi
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 Posterior Meningeal Artery

The posterior meningeal artery (PMA), previously identified 
as the artery of the falx cerebelli [14], usually arises from the 
posterior portion of the V3 segment of the VA [15] above the 
level of the arch of the atlas and just below the foramen mag-
num [3]. More rarely, it can arise from the V4 segment of the 
VA or from the occipital artery [16], ascending pharyngeal 
artery [17], cervical internal carotid artery [18], or posterior 
inferior cerebellar artery [19].

This artery supplies the medial portions of the dura of the 
occipital posterior fossa as well as the falx cerebelli. In addi-
tion, it may extend above the tentorium to supply the poste-
rior segment of the falx cerebri and adjacent tentorium [3].

The PMA on normal angiography is tiny, usually less than 
0.5 mm in diameter, and the incidence of its angiographic 
visualization is approximately 35% [3]. It is more frequently 
unilateral (84.7% of cases) than bilateral, and when it is 
found to be unilateral, right dominance is more common 

(77.4%) than left dominance [20]. Regarding its course, an 
extracranial and an intracranial segment can be identified. In 
the extracranial portion, shorter than the intracranial one, the 
artery is tortuous to allow cranio-cervical junction motility, 
whereas the intracranial segment is straight. There are two 
branches of this artery, which ramify within the dura (Fig. 3) 
[21]. The medial branch, also called “falx cerebelli artery” 
(FCA) [2], courses superiorly in the falx cerebelli parallel to 
the occipital bone and frequently enters the posterior portion 
of the falx cerebri [21]. It anastomoses superiorly with the 
paramedian branches 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 on the antero-
posterior projection (AP) view (Fig. 4). The lateral branch 
supplies the medial aspect of the dura in the posterior fossa 
[21]. It runs close to the inner table of the skull on the lateral 
angiogram (Fig.  5). Enlargement of the PMA has been 
observed in different pathologies: meningioma, hemangio-
blastoma, and dural arteriovenous fistula [3] (Fig. 6).

Fig. 3 The posterior meningeal artery and its branches. Right vertebral 
artery angiogram AP view. Posterior meningeal artery (red arrow) with 
division in its medial branch (blue arrow), also known as “falx cerebelli 
artery,” and its lateral branch (green arrow)

Fig. 4 Angiographic configuration of the medial branch of the poste-
rior meningeal artery. Left vertebral artery angiogram lateral view. Falx 
cerebelly artery (red arrows) running slightly away from the inner table 
of the skull
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Fig. 5 Angiographic configuration of the lateral branch of the posterior 
meningeal artery. Right vertebral artery angiogram later view. Lateral 
branch of the posterior meningeal artery (red arrows) running close to 
the inner table of the skull. Note a small dural shunt (blue arrow) sup-
plied by the lateral division branch of the posterior meningeal artery

Fig. 6 Hypertrophic posterior meningeal artery. Right vertebral artery 
angiogram lateral view. Hypertrophic posterior meningeal artery (red 
arrow) supplying a dural arteriovenous fistula of the superior sagittal 
sinus
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Dural Branches of the Occipital Artery

Thomas Robert and Sara Bonasia

The occipital artery is one of the major external carotid artery 
collaterals and represents a fascinating artery concerning its 
complex territory of supply (muscular, neural, and dural) and 
its high number of anastomoses with the vertebrobasilar sys-
tem [1, 2]. This artery also participates in the complex anas-
tomotic odontoid arch [3]. The anatomy of the occipital 
artery and its variations are addressed in chapter “Embryology 
and Variations of the Occipital Artery.” Branches from the 
occipital artery that participate in the odontoid arch are sum-
marized in chapter “Anastomotic network of the Cranio- 
Cervical Junction.” In the present chapter, we will discuss 
only dural branches of the occipital artery with their territory 
and their possible anastomoses with other dural branches.

 Embryology

In this chapter, only notions about embryological develop-
ment that allow to understand the pharyngo-occipital system 
will be developed (Table 1). For more detailed embryologi-
cal development about the vertebral artery, the carotid sys-
tem, and the carotid-vertebral anastomoses, please refer to 
the respective chapters.

Early in embryological life (Stage I of Padget, embryos of 
4–5 mm), the formation of the vertebrobasilar system initi-
ates with the presence of the paired longitudinal artery 
named “longitudinal neural arteries (LNAs).” These LNAs 
are supplied by the carotid system through different carotid- 
vertebral anastomoses, and the vertebral arteries are not 

developed yet. LNAs are supplied by the trigeminal artery, 
the otic artery, the hypoglossal artery, and the proatlantal 
artery from cranial to caudal [4–7].

During Stage II of Padget (embryos of 5–6 mm), the cau-
dal division of the primitive internal carotid artery anastomo-
ses with the cranial part of the LNA (formation of the 
posterior communicating artery) and consequently the 
carotid-vertebral anastomoses initiate their involution. The 
first two arteries that regress are the otic and the hypoglossal 
arteries, and the LNAs are supplied principally by the tri-
geminal artery cranially and the proatlantal artery caudally. 
At the same time, the two LNAs come closer to the midline 
to fuse together [5, 7].

At Stage III of Padget (embryos of 7–12 mm), the basilar 
artery is completely formed by fusion of the two LNAs as 
well as the posterior communicating artery, which is anasto-
mosed with the upper part of the basilar artery. Trigeminal 
and proatlantal arteries progressively regress, and the primi-
tive vertebral artery is formed by transverse anastomoses 
between the six upper cervical intersegmental arteries [5, 7].

The occipital artery is considered as the remnant of the 
first (proatlantal intersegmental artery) and second cervical 
segmental arteries. Between Stages III and V, the origin of 
the occipital artery shifts from the primitive internal carotid 
artery to the external carotid artery, and the distal parts of the 
two first intersegmental cervical arteries leave only thin 
anastomosis between the occipital artery and the vertebral 
artery. At Stage V (embryos of 16–18  mm), the definite 
occipital artery could be clearly individualized [2].
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Table 1 Major embryological changes in the formation of the occipito-pharyngeal system

Stage Embryo size (mm) Major evolutions Graphic illustration
I 4–5 •  Paired longitudinal neural arteries (LNA)

•  Trigeminal (TA), otic (OtA), hypoglossal (HypA), 
proatlantal (PA), and second cervical segmental artery (II 
CSA)

•  PComA not formed

II 5–6 •  Formation of the PComA
•  Regression of otic and hypoglossal arteries
•  Fusion of LNAs in basilar artery (initiation)
•  Initial transverse anastomoses between the intersegmental 

arteries

III 7–12 •  Basilar artery (BA) completely formed
•  PComA completely formed
•  Regression of trigeminal and proatlantal arteries
•  Formation of the vertebral artery VA (initiation)

IV 13–15 •  Migration of OccA origin on the external carotid artery 
(ECA)

•  Persistence of the anastomoses between OccA and VA

V 16–18 •  Complete formation of the VA
•  Complete formation of the OccA (remnant of the 

proatlantal artery)
•  Complete formation of the ascending pharyngeal artery 

(APhA, remnant of the hypoglossal artery)
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 Dural Arteries

The occipital artery (OccA) is a particular artery because it 
supplies muscles of the neck, the dura of the posterior fossa, 
and the peripheral cranial and cervical nerves. In this para-
graph, only dural branches of the occipital will be described 
(Table 2).

Dural branches of the OccA principally originate from the 
second segment of the artery. The largest dural branch is the 
mastoid artery that passes through the mastoid foramen [8]. 
This artery supplies the lateral part of the posterior fossa 
dura and gives off three distinct branches:

• The mastoid branch that courses superiorly after its 
entrance into the posterior fossa

• The hypoglossal branch, which has a descending course 
toward the hypoglossal canal

• The jugular branch that is oriented to the jugular 
foramen

Few authors also described dural branches that are transos-
seous branches from the second segment of the occipital 
artery. These thin branches pierces the occipital bone along the 
course of the artery to supply the dura of the cerebellar fossa 
[9]. Other dural branches from the OccA follow the radicular 
nerves of the first and second intervertebral spaces. Among 
these “radicular” arteries, the dural artery of the first interver-
tebral space could be larger and could give off the artery of the 
falx cerebelli (in 50% of cases). In other cases, this artery 
could originate from the posteroinferior cerebellar artery or 
directly from the vertebral artery [8, 10]. Among variations of 
the dural territory of the OccA, the posterior meningeal artery, 
which is normally a dural branch of the vertebral artery, could 
take its origin from the occipital artery and represents a partial 
persistence of the proatlantal artery Type I [2].

Another inconstant dural branch originates from the ter-
minal part of the OccA and passes through the parietal fora-
men; it is consequently named the parietal branch or the 
supratentorial ramus [11]. A clinical case showing the dural 
branches of the OccA is presented in Fig. 1.

Table 2 Different dural branches of the occipital artery with their 
respective anastomosis

Occipital artery 
branches

Segment 
of the 
OccA

Territory (dural 
and neural)

Possible 
anastomosis

Mastoid 
branch 
(superior 
ramus)

First Petrosal dura 
(lateral part)
Wall of sigmoid 
sinus
Endolymphatic 
sac and duct

Petrosquamosal 
branch (MMA)
MHT (internal 
carotid artery)
Subarcuate artery 
(AICA)

Mastoid 
branch (jugular 
ramus)

First Wall of jugular 
bulb
Posterior part 
foramen 
magnum

Jugular branch 
(AscPhaA)

Mastoid 
branch 
(hypoglossal 
ramus)

First Wall of inferior 
petrosal sinus

Hypoglossal 
branch (AscPhaA)

Artery of the 
falx cerebelli

Second Falx cerebelli Posterior 
meningeal artery 
(Vertebral artery)
Artery of the falx 
cerebri (MMA)

Parietal branch Third Parietal 
convexity dura

Parietal branch 
(MMA)

Fig. 1 Dural branches occipital artery (OccA). The lateral view digital 
subtraction angiography (DSA) shows an injection of the external 
carotid artery with visualization of the OccA.  Among the dural 
branches, the largest is the mastoid artery (MsA). It passes through the 
mastoid foramen and gives off three branches: the mastoid (a), hypo-
glossal (b), and jugular branches (c). The terminal segment gives an 
inconstant terminal dural branch, which enters the parietal foramen, 
called parietal branch (PB)

Dural Branches of the Occipital Artery
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 Anastomoses With Other Dural Branches

The occipital artery is particular for its important number 
and dangerous anastomosis especially with the vertebrobasi-
lar system. Even if arterio-arterial anastomoses between 
dural arteries do not represent the most important danger for 
embolization, their comprehensive knowledge helps in 
understanding pathologies such as dural arteriovenous fistu-
las or meningiomas [7].

The occipital artery has an important network with other 
dural arteries; its dural territory is always in balance with 
these other dural branches. The most important anastomotic 
network is formed with dural branches of the vertebral artery 
in the region of the foramen magnum and in the dura of the 
cerebellar convexity [11]. Posterior meningeal artery and the 
artery of the falx cerebelli, which could be branches of the 
OccA or of the vertebral artery, represent an important zone 
of anastomosis between OccA and vertebral artery [10]. The 
artery of the falx cerebelli also anastomoses at its upper end 
with the equivalent branch from the middle meningeal artery 
[8, 11]. The occipital artery presents anastomoses through its 
mastoid branch with the ascending pharyngeal artery (jugu-
lar and hypoglossal branches), with the anteroinferior 
 cerebellar artery (subarcuate artery) and with the internal 
carotid artery (through the meningohypophyseal and infero-
lateral trunks) [12, 13]. Another anastomosis is present 
between the OccA and the middle meningeal artery through 
the parietal branch of the OccA (also called the supratento-
rial ramus), which enters the cranial cavity through the pari-
etal foramen [1, 14].

 Dural Territory

The complete dural territory of the occipital artery is in the 
posterior fossa, and variations are very frequent due to the 
sharing of this supply with several other dural arteries [11]. 
The dural territory of the occipital is the lateral part of the 

cerebellopontine angle (petrosal dura) and the cerebellar 
fossa [15]. Branches of the mastoid artery also supply the 
wall of the inferior petrosal sinus, the wall of the sigmoid 
sinus, and the jugular bulb [11]. The cerebellar fossa and the 
posterior edge of the foramen magnum are supplied by the 
occipital artery, which is in balance with dural branches of 
the vertebral artery. Also, the terminal part of the occipital 
artery could have a dural supply on the parietal convexity 
(parietal branch) [1].

 Clinical Implications

A comprehensive knowledge in the anatomy of the occipital 
artery is mandatory for neck surgeons but also for interven-
tional neuroradiologists and in a few situations for neurosur-
geons. First, it is interesting to note that a few isolated cases 
of pulsatile tinnitus in cases of OccA origin of the vertebral 
artery or persistence of the proatlantal artery are described in 
the literature. This symptom, often difficult to explain, could 
be correlated in these situations with a high flow of the 
occipital artery.

In these last decades, the use of double-lumen catheter 
gives the possibility to use the occipital artery for liquid 
agent embolization in the case of dural arteriovenous fistulas. 
Knowledge of all dangerous anastomoses with the vertebro-
basilar system and the “rule” for secure embolization are 
mandatory for these treatments. A clinical case of dural arte-
riovenous fistula supplied by dural branches of the OccA is 
presented in Fig. 2. The occipital artery is used as a donor for 
extracranial–intracranial bypasses. The OccA could be anas-
tomosed to the posteroinferior cerebellar artery or with the 
posterior cerebral artery in cases of complex aneurysm trap-
ping. In few reports, a variation in the origin of the OccA was 
described in the situation of a carotid endarterectomy. It is of 
course important to know the different possible origins of the 
OccA and to modify the surgical management according to 
the anatomical variation.
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a b

Fig. 2 Clinical case of dural arteriovenous fistula (dAVF) and enlarge-
ment of dural branches of the occipital artery (OccA). Figures (a) and 
(b), respectively, show a lateral and anteroposterior angiogram of the 

OccA. In this case, the mastoid artery (MsA) and transosseous branches 
(Tob) of the OccA are enlarged because of the presence of a dural arte-
riovenous fistula
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Dural Branches of the Ascending 
Pharyngeal Artery

Thomas Robert and Sara Bonasia

The dural territory of the ascending pharyngeal artery 
(APhA) is very important since it is involved in the major-
ity of dural arteriovenous fistulas [1]. The APhA was known 
as a dangerous artery for the endovascular treatment of 
such pathologies due to its participation in the cranial 
nerves’ vascularization and due to its numerous anastomo-
ses with the vertebral artery [2]. But, with the amount of 
more navigable and thin micro-catheters, the APhA became 
an option these last few years for embolization [3]. For this 
reason, knowledge of dural branches of the APhA is man-
datory before treating such pathologies. In this chapter, we 
will focus on the description of the dural branches of the 
APhA. This artery will also be described in detail in chap-
ter “Embryology and Variations of the Ascending 
Pharyngeal Artery.”

 Embryological Development

In this chapter, only notions about embryological develop-
ment that allow to understand the pharyngo-occipital system 
will be developed (Table 1). For more detailed embryologi-
cal development about the vertebral artery, the carotid sys-
tem, and the carotid-vertebral anastomoses, we give you to 
the respective chapters.

Early in embryological life (Stage I of Padget, embryos of 
4–5 mm), the formation of the vertebrobasilar system initi-
ates with the presence of the paired longitudinal artery 
named “longitudinal neural arteries (LNAs)” [4]. These 
LNAs are supplied by the carotid system through different 
carotid-vertebral anastomoses, and the vertebral arteries are 

not developed yet. LNAs are supplied by the trigeminal 
artery, the otic artery, the hypoglossal artery, and the proat-
lantal artery from cranial to caudal [1, 5].

During the Stage II of Padget (embryos of 5–6 mm), the 
caudal division of the primitive internal carotid artery (ICA) 
anastomoses with the cranial part of the LNA (formation of 
the posterior communicating artery) and consequently the 
carotid-vertebral anastomoses initiate their involution. The 
first two arteries that regress are the otic and the hypoglossal 
arteries, and the LNAs are supplied principally by the tri-
geminal artery cranially and the proatlantal artery caudally. 
At the same time, the two LNAs come closer to the midline 
to fuse together [4, 5].

At Stage III of Padget (embryos of 7–12 mm), the basi-
lar artery is completely formed by fusion of the two LNAs 
as well as the posterior communicating artery, which is 
anastomosed with the upper part of the basilar artery. 
Trigeminal and proatlantal arteries progressively regress, 
and the primitive vertebral artery is formed by transverse 
anastomoses between the six upper cervical intersegmental 
arteries [1, 4, 6].

The ascending pharyngeal artery (APhA) is considered as 
the remnant of the hypoglossal artery. This is the reason why 
P. Lasjaunias named it the “artery of the first cervical somite” 
[7, 8]. Between Stages III and V, the origin of the APhA 
shifts from the primitive internal carotid artery to the exter-
nal carotid artery, and the distal part of the primitive hypo-
glossal artery leaves only the territory of the hypoglossal 
branch of the APhA. At Stage V (embryos of 16–18 mm), the 
definite ascending pharyngeal artery could be clearly indi-
vidualized [1, 9–11].
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Table 1 Major embryological changes in the formation of the occipito-pharyngeal system

Stage Embryo size (mm) Major evolutions Graphic illustration
I 4–5 •  Paired longitudinal neural arteries (LNA)

•  Trigeminal (TA), otic (OtA), hypoglossal (HypA), 
proatlantal (PA), and second cervical segmental artery 
(II CSA)

•  PComA not formed

II 5–6 •  Formation of the PComA
•  Regression of otic and hypoglossal arteries
•  Fusion of LNAs in basilar artery (initiation)

III 7–12 •  Basilar artery (BA) completely formed
•  PComA completely formed
•  Regression of trigeminal and proatlantal arteries
•  Formation of the vertebral artery VA (initiation)

IV 13–15 •  Migration of OccA origin on the external carotid artery 
(ECA)

•  Persistence of the anastomoses between OccA and VA

V 16–18 •  Complete formation of the VA
•  Complete formation of the OccA (remnant of the 

proatlantal artery)
•  Complete formation of the ascending pharyngeal 

artery (APhA, remnant of the hypoglossal artery)
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 Dural Branches

APhA presents three distinct dural branches, one from its 
anterior trunk and two from its posterior one. Table 2 sum-
marizes these dural branches with their respective territory 
and arterio-arterial anastomoses.

 Branch of the Foramen Lacerum or Carotid 
Ramus

This little dural branch named the “branch of the foramen 
lacerum or carotid ramus” depends on the anterior trunk of 
the APhA and particularly the superior pharyngeal ramus. It 
enters the skull base by the foramen of the same name [12–
14]. This APhA branch is inconstant and found in 85% of 
cases [15].

The carotid branch of the APhA has a little dural territory 
in balance with dural branches of the ICA [12]. It is limited 
to the periosteum of the foramen lacerum and of the carotid 
canal. This artery also gives little vasa vasorum to the wall of 
the ICA in its petrous segment [1].

It gives anastomoses to the recurrent artery of the foramen 
lacerum, which is a dural branch of the internal carotid artery 
[1, 15–17]. Martins et  al. (2005) also described inconstant 
anastomoses with the inferolateral trunk of the ICA, the cav-
ernous branch of the MMA, and the accessory meningeal 
artery [12].

 Jugular Branch

The jugular branch of the APhA enters the skull base through 
the jugular foramen. After it, this little dural branch gives off 
a medial branch that courses along the inferior petrosal sinus 
and a lateral branch that courses on the petrosal surface.

The jugular branch of the APhA supplies the dura of the 
jugular foramen; the petrosal surface (inferior part); and the 

wall of the jugular bulb, the inferior petrosal sinus, and the 
sigmoid sinus (inferior part) [12].

The jugular branch of the APhA has duro-dural anasto-
mosis with the hypoglossal branch of the APhA because of 
the proximity of their respective territories [12]. It also anas-
tomoses with meningeal branches of the occipital artery with 
the subarcuate artery (anteroinferior cerebellar artery), with 
the petro-squamosal branch of the MMA, and with the lat-
eral clival artery (meningohypophyseal trunk of the ICA) 
[18]. Effendi et al. (2015) also described a possible anasto-
mosis between the jugular branch of the APhA and the pos-
teroinferior cerebellar artery (PICA) [19].

 Hypoglossal Branch

The hypoglossal branch enters the skull through the hypo-
glossal canal (anterior condyloid canal) and is considered as 
the remnant of the primitive hypoglossal artery. It is com-
posed by an ascending branch that follows the clivus and a 
descending branch that participates in the odontoid arterial 
arch [12, 15].

The hypoglossal branch of the APhA supplies the inferior 
part of the clival dura, the anterolateral part of the foramen 
magnum, and the inferior part of the cerebellar fossa [15, 
20].

It has a more complex anastomotic network organizing as 
follows. Through its descending branch, it participates in the 
odontoid arterial arch and mainly anastomoses with the ante-
rior meningeal artery (vertebral artery branch) at the C3 level 
[10]. It presents also anastomoses with the posterior menin-
geal artery (vertebral artery), with meningeal branches of the 
occipital artery, and with the medial clival artery (bilateral 
meningohypophyseal trunk) [15].

Two clinical cases of dural arteriovenous fistula showing 
the jugular and hypoglossal branches of the APhA are pre-
sented in Figs. 1 and 2.

Table 2 Different dural branches of the ascending pharyngeal artery (APhA) with their respective anastomosis

APhA branches Trunk Dural territory Possible anastomosis
Branch of the foramen lacerum 
(carotid ramus)

Anterior Foramen lacerum, carotid canal, and 
carotid artery wall

Recurrent artery of the foramen 
lacerum (cavernous ICA)
Inferolateral trunk (cavernous ICA)
Cavernous branch (MMA)
Accessory meningeal artery

Jugular branch Posterior Jugular foramen, wall inferior 
petrosal sinus, wall jugular bulb, wall 
sigmoid sinus, and dura petrosal 
surface

Petrosquamous branch (MMA)
Subarcuate artery (AICA)
Lateral clival artery (ICA)
Meningeal branch (occipital artery)

Hypoglossal branch Posterior Anterolateral part foramen magnum, 
clivus, and cerebellar fossa

Anterior meningeal artery (vertebral 
artery)
Medial clival artery (ICA)
Meningeal branch (occipital artery)

Dural Branches of the Ascending Pharyngeal Artery
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 Variations Implicating the Dural Branches 
of the APhA

 Ascending Pharyngeal Artery Origin 
of the Posteroinferior Cerebellar Artery (PICA) 
(Pharyngo-Cerebellar Artery)

In 1973, Teal et al. described a case of “PICA that origins 
from the cervical ICA” without more explanation [21]. After 
them, Lasjaunias et al. in 1981 showed a case of APhA ori-
gin of the PICA illustrated with angiographic images with-
out CT scan [22]. They interpreted the case as a partial 
persistent of the hypoglossal artery and spoke about an 
anastomosis between the hypoglossal branch of the APhA 
and the PICA.  Unfortunately, they did not prove it with 
osseous CT scan and named this variation the “pharyngo-
cerebellar artery.” This last decade, eight isolated case 
reports of APhA origin of the PICA were successively 
described [19, 23–28]. All these cases are similar with the 
Lasjaunias’ case with the anatomical difference that the 
“aberrant” artery does not pass through the hypoglossal 
canal but through the jugular canal. This important detail 
raised the matter that this variation is not a partial persistent 
hypoglossal artery but could be the consequence of another 
embryonic carotid-vertebral anastomosis not already known 
passing through the jugular foramen. Ryi et  al. (2016), 
observing that the anastomotic vessel passes through the 
pars vascularis of the foramen, named this variant a “persis-
tent primitive glossopharyngeal artery” [25].

 Ascending Pharyngeal Artery Origin 
of the Posterior Meningeal Artery

Salamon et  al. (1967), in their description of the posterior 
fossa dura vascularization, cited that the posterior meningeal 
artery could sometimes arise from the ascending pharyngeal 
artery [13]. After their original description, no other case of 
this variation was described in the literature.
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Arterial Supply of the Cranial Nerves

Thomas Robert and Sara Bonasia

The blood supply of cranial nerves represents only a very 
specific part of craniofacial vascularization. Even if the num-
ber of publications about this topic is not very important, few 
authors dedicated their works on it and gave an important 
contribution in the understanding of different vascular sys-
tems that participate in cranial nerves supply [1–3]. Among 
them, Rhoton, Gibo, and Marinkovic published tremendous 
anatomic works concentrated on vascular supply of the cis-
ternal part of few cranial nerves [4–8]. On the other hand, 
Lapresle and Lasjaunias also published fantastic reflections 
correlating vascular anatomy, embryological knowledge, 
and neurological syndromes [9–17]. Knowledge of the blood 
supply of cranial nerves takes an important place these last 
decades to avoid neurological complications during external 
carotid artery embolization [13, 18, 19]. In this chapter, after 
a little correlation between embryological development and 
cranial nerves supply, we will summarize the vascular supply 
of each nerve. Finally, we will present different vascular syn-
dromes of cranial nerves deficit.

 Embryological Development

Cranial nerves could not be considered equally from an 
embryological point of view. Most of them are segmentary 
nerves as spinal nerves, but some of them are particular [9]. 
The first two cranial nerves (olfactory and optic nerves) are 
not true nerves but are prolongations of the central nervous 

system [20]. The 12 cranial nerves (hypoglossal nerve) are 
not cranial nerves but spinal nerves that are incorporated in 
the cranial cavity. Finally, the eleventh (accessory) nerve has 
also some particularity because it represents the fusion of 
two different nerves: the first one is cranial and the second 
one is cervical [1].

Embryological development of cranial nerves is mainly 
done during the second month of the embryological life, 
after the development of the primitive vascular system, 
and one could consider that the primitive arterial craniofa-
cial system serves as a tutor to the cranial nerves develop-
ment [9].

We could associate each cranial nerve to a primitive vas-
cular system or a carotid-vertebral anastomosis as follows 
(Table 1):

• Olfactory nerve (I) with the primitive olfactory artery
• Optic nerve (II) with the ventral primitive ophthalmic 

artery
• Oculomotor (III), trochlear (IV), and abducens (VI) 

nerves with the dorsal primitive ophthalmic artery
• Trigeminal nerve (V) with the primitive trigeminal artery
• Facial (VII) and cochlea-vestibular nerve (VIII) with the 

stapedial artery
• Glossopharyngeal (IX), vagus (X), and accessory (XI) 

nerves with the primitive glossopharyngeal artery
• Hypoglossal nerve (XII) with the primitive hypoglossal 

artery
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Table 1 Development of cranial nerves depending on primitive embryological arteries

Cranial nerves Branchial arch Primitive arterial system Main blood supply
Olfactory nerve (I) Pre-branchial Primitive olfactory artery Olfactory artery
Optic nerve (II) Pre-branchial Ventral primitive ophthalmic 

artery
Ophthalmic artery

Oculomotor nerve (III)
Trochlear nerve (IV)
Abducens nerve (VI)

First branchial Dorsal primitive ophthalmic 
artery

Inferolateral trunk

Trigeminal nerve (V) First branchial Primitive trigeminal artery Meningohypophyseal trunk
Facial nerve (VII)
Cochleovestibular nerve 
(VIII)

Second 
branchial

Stapedial artery Middle meningeal artery

Glossopharyngeal nerve (IX)
Vagus nerve (X)
Accessory nerve (XI)

Third branchial Primitive glossopharyngeal artery Jugular branch of the ascending pharyngeal artery

Hypoglossal nerve (XII) Fourth 
branchial

Primitive hypoglossal artery Hypoglossal branch of the ascending pharyngeal 
artery

Fig. 1 Illustration of the vascular supply of the olfactory nerve. The 
olfactory nerve (CN I) is supplied by the olfactory artery (OlA), which 
arises from the A2 segment of the anterior cerebral artery (ACA), from 
branches of the anterior and posterior ethmoidal arteries (AEtA, PEtA), 
and from terminal branches of the pterygopalatine artery (PtPA)

 Blood Supply of Each Cranial Nerve

 Olfactory Nerve

Most of the blood supply of the olfactory nerve comes from 
the olfactory artery [3]. This is a little branch of the anterior 
cerebral artery that branches off from the lateral aspect of the 
A2 segment directly in 54% or from the medial frontobasal 
artery in 46% [21]. The olfactory artery is the remnant of the 
primitive olfactory artery and courses in the olfactory cis-
tern, deep to the nerve [21, 22]. It gives branches to all the 
tract and the bulb of the olfactory nerve [3].

The olfactory bulb and the bipolar neurons have another 
vascular supply from the pterygopalatine artery and from the 
posterior and anterior ethmoidal arteries. In few cases, a 
larger branch from the posterior ethmoidal artery supplies 
the olfactory bulb and is named the “accessory olfactory 
artery” [3, 23].

Cases of anosmia after clipping or coiling of anterior 
communicating artery aneurysms was published, and one of 
the hypotheses is a stripping or thrombosis of the olfactory 
artery that led to an olfactory tract necrosis [24–27].

The arterial supply of the olfactory nerve is illustrated in 
Fig. 1.

 Optic Nerve

The optic nerve has long intracisternal and intraorbital 
courses with a complex blood supply that depends predomi-
nantly on the ventral primitive ophthalmic artery. The vascu-
lar supply of this nerve is illustrated in Fig. 2.

The blood supply of the optic tract is ensured by perforat-
ing arteries from the anterior choroidal artery (posterior part) 
and from the internal carotid artery and posterior communi-
cating artery (anterior part) [21].

The optic chiasm benefits on a rich arterial network that 
could be divided in three distinct parts [28, 29]:

• The superior part is composed by perforating arteries 
from the anterior cerebral artery and from the anterior 
communicating artery [28, 30].

• The inferior network is the most developed one and is 
mainly supplied by the recurrent branch of the superior 
hypophyseal artery. The other perforating arteries come 
from the internal carotid artery, the posterior communi-
cating artery, and the basilar artery [3].

• The lateral network is composed of branches from the 
internal carotid artery [31].

The cisternal part of the optic nerve is also supplied by the 
recurrent branch of the superior hypophyseal artery that 
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Fig. 2 Vascular supply of the optic nerve, chiasm, and tract. ACA ante-
rior cerebral artery, AChoA anterior choroidal artery, CRA central reti-
nal artery, ICA internal carotid artery; OA ophthalmic artery, OC optic 
chiasm, ON optic nerve, OT optic tract, PComA posterior communicat-
ing artery, SHA superior hypophyseal artery

courses inferiorly to the optic nerve from posterior to ante-
rior and finishes at the optic canal region [32].

The intracanalicular portion of the nerve is followed by 
the ophthalmic artery that courses under the optic nerve 
and gives one to three distinct branches destined to the 
nerve [33].

Into the orbit, the optic nerve is always followed by the 
ophthalmic artery and by the central retinal artery that ensure 
most of its blood supply [33–36]. The central retinal artery 
penetrates the optic nerve posterior to the ocular globe to 
 finish into the retina. Inside the optic nerve, the central reti-
nal artery gives recurrent branches that constitute a centrifu-
gal arterial system to the nerve. On the other hand, short and 
long ciliary arteries also give branches that penetrate the 
optic nerve and represent a centripetal blood supply system 
(arterial circle of Zinn) [34–38].

 Oculomotor Nerve

The oculomotor nerve is one of the nerves that depends on 
the first branchial arch, the mandibular artery (dorsal primi-
tive ophthalmic artery). Consequently, most of its blood sup-
ply is ensured by the inferolateral trunk (ILT) of the internal 
carotid artery [1, 39–41].

The cisternal part of the nerve is supplied by perforating 
arteries from the basilar and posterior cerebral arteries [3, 
42]. In the majority of cases, these perforating branches are 
mesencephalic arteries (88.9%) or diencephalic branches 
(40.7%) but could also be branches from the collicular artery 
(long circumflex artery) in 51.8% from the P1 segment of the 
posterior cerebral artery [4]. In few cases, both oculomotor 

nerves in their cisternal part could be supplied by only one 
bilateral trunk from the basilar artery [9]. The most anterior 
part of the cisternal portion of the nerve also received a vas-
cular supply by perforating arteries from the posterior com-
municating artery and from the tentorial artery (branch of the 
meningohypophyseal trunk) [3].

In the cavernous sinus, the ILT is the main supply of the 
oculomotor nerve [16, 40]. Its superior or tentorial branch fol-
lows the nerve and gives the majority of branches for its sup-
ply, while its anteromedial branch (artery of the superior 
orbital fissure, SOF) supplies the oculomotor nerve only in the 
anterior part of the cavernous sinus and into the SOF [43].

Into the orbit, the oculomotor nerve is supplied by 
branches of the ophthalmic artery, mainly muscular branches 
[40, 44, 45].

 Trochlear Nerve

As the oculomotor nerve described before, the development 
of the trochlear nerve depends on the dorsal primitive oph-
thalmic artery and future ILT of the internal carotid artery [9, 
39, 40].

During its long intracisternal course around the mesen-
cephalon, the trochlear nerve is supplied by branches of the 
superior cerebellar artery (vermian, paravermian, and termi-
nal arteries), the posterior cerebral artery, and the collicular 
artery (circumflex artery) [3, 42, 46].

Following the inferior border of the tentorium before 
entering the cavernous sinus, the nerve receives blood from 
the medial tentorial artery (or free margin artery of the tento-
rium) that is a branch of the meningohypophyseal trunk 
(MHT) or the ILT [16, 39]. Embryologically, this is the supe-
rior branch of the ILT that could originate from the MHT by 
anastomosis [9, 40].

In its cavernous course, the trochlear nerve is mainly sup-
plied by the superior branch of the ILT, and in its anterior 
part, the artery of the SOF (anteromedial branch of the ILT) 
supplies the nerve [44, 47].

The ophthalmic artery or more precisely the posterior 
ethmoidal artery is the main supply of the nerve into the 
orbit [33].

 Trigeminal Nerve

The development of the trigeminal nerve depends on a 
carotid-vertebral anastomosis during the embryological life: 
the trigeminal artery [9, 20, 48]. Considering that this tempo-
rary artery regresses early in the development, the blood sup-
ply of the trigeminal nerve is complex, also including the 
middle meningeal artery (MMA) and the internal maxillary 
artery [2, 49]. Carotid and basilar remnants of the trigeminal 
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artery participate in the blood supply of the nerve but are 
helped by other vascular systems thanks to different arterio- 
arterial anastomoses [39].

The cisternal part of the nerve is supplied by posterior 
remnants of the trigeminal artery that are thin branches from 
the anteroinferior cerebellar artery (AICA) (88%), the supe-
rior cerebellar artery (SCA) (12%), or directly from the basi-
lar artery [18]. These branches form a proximal ring around 
the nerve with a centripetal supply and are named by some 
authors as superolateral pontine, inferolateral pontine, and 
posterolateral pontine arteries [2, 49].

In the Meckel’s cave, the Gasserian ganglion has a com-
plex blood supply that is organized as follows [15, 40, 44, 
50, 51]:

• The medial third of the ganglion is supplied by the tento-
rial artery (branch of the MHT or of the ILT).

• The middle third is supplied by the superior branch of the 
ILT and by the carotid branch of the ascending pharyn-
geal artery (APhA).

• The lateral third of the ganglion is supplied by the cavern-
ous and petrous branches of the MMA.

In the temporal fossa, each branch of the trigeminal nerve 
has a different supply that mainly depends on the ILT and 
MMA [9, 13].

The first division of the trigeminal nerve (V1) receives 
blood from the anteromedial branch of the ILT from its 
emergence to its entrance in the SOF [40].

The second division of the nerve (V2) is supplied by the 
anterolateral branch of the ILT, which is in balance with the 
artery of the foramen rotundum (branch of the internal max-
illary artery) near the entrance of the nerve in the foramen of 
the same name [9, 39, 40].

The third division of the nerve (V3) and its motor nerve 
(Vm) receive supply from the posterior branch of the ILT, 
which is in balance with the accessory meningeal artery near 
the foramen ovale and with the cavernous branch of the 
MMA [50].

The participation of the ILT in the vascularization of the 
trigeminal nerve explains the possible involvement of V1 
and V2 in case of ILT syndrome (see below) [15, 16].

Into the orbit, different branches of the V1 nerve are sup-
plied by respective arteries: the lacrimal nerve by the lacri-
mal artery, the frontal nerve by the supraorbital artery, and 
the nasociliary nerve by ethmoidal arteries [2, 33, 52]. In the 
pterygopalatine fossa, the V2 nerve is supplied by the infra-
orbital artery (branch of the internal maxillary artery). The 
accessory meningeal artery remains the main blood supply 
of the V3 and Vm nerves in the infratemporal fossa [2].

 Abducens Nerve

The abducens nerve, as the oculomotor and the trochlear 
nerves, is developed along the dorsal primitive ophthalmic 
artery [40, 41].

After its exit from the brain stem, the cisternal portion of 
the nerve is supplied by perforating arteries from the basi-
lar artery directly, the AICA, and the ponto-medullary 
artery [3, 18].

In the dorsum sellae region and in the Dorello’s canal, the 
abducens nerve received blood from the lateral clival artery 
(branch of the MHT) and from the jugular branch of the 
APhA [10, 42, 44, 45, 53].

During its intracavernous course, the main supply of the 
nerve is the anteromedial branch of the ILT that follows the 
nerve until its entrance into the SOF. Into the orbit, the nerve 
has a lateral course along the lacrimal artery that gives thin 
branches to the nerve [9, 16, 40].

 Facial Nerve

The facial nerve depends on the stapedial system; conse-
quently, even if its vascularization is multiple and complex, 
the MMA is the main blood supply of the facial nerve [9, 
54–56].

The cisternal and meatal parts of the facial nerve are prin-
cipally supplied by the AICA and its branches [2, 18]. The 
most important branch that supplies these parts of the nerve 
is the labyrinthine artery (or internal auditory artery) [13, 57, 
58]. This artery is double (64%) or unique (36%) and gives 
off three distinct branches inside of the internal auditory 
canal: the anterior vestibular artery, the vestibulocochlear 
artery, and the cochlear artery [59].

In its intratemporal course, the facial nerve has a dual vas-
cularization. The petrous branch of the MMA supplies the 
second segment of the nerve, and the stylomastoid artery 
(branch of the occipital artery or posterior auricular artery) 
supplies the third segment [57, 60, 61]. Anastomosis between 
these two arterial systems is known as the facial arcade [8, 
11]. The blood supply of the intratemporal nerve is dual 
(MMA and stylomastoid artery) in 70–75%; the petrosal 
artery supply is dominant in 10%, and the stylomastoid 
artery is predominant in 15–20% [9, 11, 12]. In almost all 
cases, the labyrinthine artery has no anastomosis with the 
facial arcade, but Lasjaunias et al. described a case of anas-
tomosis between the stylomastoid artery and the subarcuate 
artery (branch of the AICA) [9].

The geniculate ganglion and the great superficial petrosal 
nerve are supplied by the petrous branch of the MMA instead 
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of the chorda tympani that depends on the stylomastoid 
artery [2, 61–64].

Distal to its intratemporal course, the facial nerve passes 
in the parotid gland where it receives branches from the 
internal maxillary artery. The superior branch of the facial 
nerve is supplied by the superior temporal artery and the 
transverse facial artery. The inferior branch of the nerve is 
supplied by the internal maxillary artery and the facial 
artery [2].

 Cochleovestibular Nerve

The cochleovestibular nerve shares most of its vasculariza-
tion with the facial nerve [2]. In the pontocerebellar cistern, 
the nerve is supplied by the AICA and the labyrinthine artery 
[57]. Direct branches from the basilar artery could also sup-
ply the nerve at its entrance in the brain stem [58, 65, 66].

In a case where there are two labyrinthine arteries (64%), 
the superior one becomes the vestibulocochlear artery in the 
internal auditory canal, and the inferior one gives two 
branches: the cochlear and the anterior vestibular arteries. If 
the labyrinthine artery is unique (36%), it gives the three dis-
tinct branches in the internal auditory canal [2].

The cisternal supply of the oculomotor, trochlear, trigemi-
nal, abducens, facial, and vestibulocochlear nerves are illus-
trated in Fig. 3. The intracavernous supply of the oculomotor, 
trochlear, abducens, and trigeminal nerves is shown in Fig. 4.

 Glossopharyngeal Nerve

The cisternal part of the glossopharyngeal nerve is sup-
plied by a thin branch that arises from the vertebral artery 
(VA) and is named the artery of the glossopharyngeal 
nerve or artery of the lateral fossula of the medulla oblon-
gata. This artery also supplies the vagus nerve in its cister-
nal portion [2].

In the jugular foramen, the jugular branch of the APhA 
supplies the three nerves that pass through the foramen: glos-
sopharyngeal, vagus, and accessory nerves [9, 10, 14, 16, 17, 
67, 68].

Extracranially, the nerve is also supplied by branches of 
the APhA in the retropharyngeal space instead of being sup-
plied by the descending palatine artery (IMA branch), 
ascending palatine artery (facial artery branch), and spheno-
palatine artery (IMA branch) in the tonsillar region. The dor-
sal lingual artery (branch of the lingual artery) supplies the 
terminal part of the nerve [2].

 Vagus Nerve

The artery of the lateral fossula of the medulla oblongata, 
branch of the vertebral artery, supplies the vagus nerve in its 
cisternal portion [2]. In the jugular foramen, the jugular 
branch of the APhA supplies the three nerves that pass 
through the foramen: glossopharyngeal, vagus, and acces-
sory nerves [9, 10, 14, 16, 67]. In the laryngeal space, direct 
branches from the ICA supply the vagus nerve. In the cervi-
cal part, the vagus nerve receives branches from the ICA and 
the common carotid artery (CCA) but also from the inferior 
thyroid artery (named the vagal artery). In its thoracic part, 
the nerve is supplied by the vertebral artery and the internal 
thoracic artery [69].

 Accessory Nerve

The accessory nerve is a particular nerve with its cranial and 
spinal divisions that receive a dual vascular supply [9, 10, 14, 
16, 17, 67]. The spinal division of the nerve receives blood 
supply from the anterior spinal artery and posterior spinal 

Fig. 3 Cisternal vascularization of the III, IV, V, VI, and VII–VIII cra-
nial nerves. The oculomotor nerve (CN III) is supplied by branches (a) 
from the posterior cerebral artery (PCA) and the basilar artery (b, BA). 
The trochlear nerve (CN IV) is supplied by branches from the BA (c) 
from the superior cerebellar artery (d, SCA). The trigeminal nerve (CN 
V) receives its supply from the SCA (e) and direct branches from the 
BA (f). The abducens nerve (CN VI) is supplied by branches from the 
labyrinthine artery (i), from the anterosuperior cerebellar artery 
(AICA), and by direct branches from the BA (l)
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Fig. 4 Cavernous sinus vascularization of the III, IV, V, and VI cranial 
nerves. In this area the vascular supply is provided by the following 
arteries: (1) Oculomotor nerve (CN III): superior or tentorial branch (a) 
of the inferolateral trunk (ILT) and anteromedial branch (b) of the ILT. 
(2) Trochlear nerve (CN IV): superior or tentorial branch (a) of the ILT 
and anteromedial branch (b) of the ILT. (3) Abducens nerve (CN VI): 
anteromedial branch (b) of the ILT. (4) Trigeminal nerve (CN V): The 
first division of the trigeminal nerve (V1) receives blood from the 
anteromedial branch (b) of the ILT. The second division of the nerve 
(V2) is supplied by the anterolateral branch (c) of the ILT, which is in 
balance with the artery of the foramen rotundum (m, branch of the inter-
nal maxillary artery). The third division of the nerve (V3) receives sup-
ply from the posterior branch (d) of the ILT, which is in balance with the 
accessory meningeal artery (n) and with the cavernous branch of the 
middle meningeal artery (MMA) (f). The trigeminal ganglion (TG) is 
mostly supplied by the tentorial artery (h), a branch of the meningohy-
pophyseal trunk (MHT); additional supply comes from the cavernous 
branch of the MMA (f), from the lateral trigeminal artery (g), from the 
internal carotid artery (ICA), and from the lateral clival artery (l) from 
the MHT

Fig. 5 Vascularization of the cisternal portion of the IX-X-XI-XII cra-
nial nerves. The glossopharyngeal nerve (CN IX) is supplied by a 
branch that arises from the vertebral artery (VA) called artery of the 
glossopharyngeal nerve or artery of the lateral fossula of the medulla 
oblongata (a). The same artery also supplies the vagal nerve (CN X). 
The accessory nerve (CN XI) is supplied by a branch (b) of the postero-
inferior cerebellar artery (PICA) in its cranial component and by 
branches (c) of the anterior spinal artery (ASA) in its spinal component. 
The hypoglossal nerve (CN XII) is supplied by the anterolateral and the 
lateral medullary arteries that can arise from the VA (d) or the ASA (e)

artery [2]. The musculospinal branch of the APhA penetrates 
the spinal canal at the third cervical space and also supplies 
the spinal part of the nerve (odontoid arch system) [9, 10, 
67]. The cranial division of the accessory nerve receives a 
supply from the branches of the posteroinferior cerebellar 
artery (PICA) [2]. In the jugular foramen, the accessory 
nerve is supplied by the jugular branch of the APhA [9].

 Hypoglossal Nerve

The cisternal part of the hypoglossal nerve is supplied by the 
anterolateral and the lateral medullary arteries [2]. These two 
branches have variable origin and could arise from the ante-
rior spinal artery, the PICA, the VA, or the basilar artery [7]. 
The hypoglossal nerve is then supplied by the hypoglossal 
branch of the APhA [10, 67]. Extracranially, the nerve 
received blood supply from branches of the occipital artery, 
the facial artery, and the lingual artery [2, 7].

The cisternal supply of the glossopharyngeal, vagal, 
accessory, and hypoglossal nerves is shown in Fig. 5.

 Vascular Syndrome Involving Cranial Nerves 
(Table 2)

 Syndrome of the Inferolateral Trunk

The ILT of the cavernous ICA supplies all oculomotor nerves 
and a part of the trigeminal nerve [70]. Consequently, a 
thromboembolic event or an accidental embolization of the 
ILT results in a complete extraocular muscle paresis associ-
ated with a hypesthesia in the territory of the V1 [3, 16, 
71–73].

 Syndrome of the Middle Meningeal Artery

The MMA participates in the blood supply of cranial nerves 
mainly by its petrous branch that arises from the principal 
trunk of the MMA near the foramen spinosum. The syn-
drome of the MMA includes a paresis of the facial nerve 
associated with involvement of the third branch of the tri-
geminal nerve (V3) [11, 12, 15, 18, 55, 57, 62, 74, 75].

 Syndrome of the Ascending Pharyngeal Artery

The ascending pharyngeal artery is the main arterial supply 
for the last four cranial nerves. Cranial nerves IX, X, and XI 
receive branches from the jugular branch of the APhA and 
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Table 2 Clinical vascular syndrome involving cranial nerves

Syndrome
Cranial nerves 
involved Motor deficit Sensitive deficit

Inferolateral trunk Oculomotor
Trochlear
Abducens
Trigeminal (V1)

Ophthalmoplegia Periorbital pain (V1) ± maxillary (V2)

Middle meningeal artery Facial
Trigeminal (V2–V3)

Peripheric facial paresis Maxillary (V2) and mandibular (V3)
Auricular pain

Ascending pharyngeal 
artery

Glossopharyngeal
Vagus
Accessory
Hypoglossal

Pharyngeal and laryngeal 
paresis
Lingual paresis

Pharynx and larynx
Sparing of XI function if isolated to the neuromeningeal 
trunk

hypoglossal nerve from the hypoglossal branch of the APhA 
[9]. Of these last cranial nerves, the accessory nerve is the 
only one to receive a dual vascularization; its spinal division 
is supplied by the musculospinal branch of the APhA [67]. 
This anatomical organization explained the different clinical 
situations described in the literature. In the case of proximal 
thrombosis or an embolic event of the neuromeningeal trunk, 
all the last four nerves are involved. In the case of jugular 
branch closure, the hypoglossal is spared as well as the 
accessory nerves, thanks to its dual vascularization [9, 14, 
16, 17, 76].

Cranial nerve blood supply is a very specific but impor-
tant topic. Numerous neurologic pathologies that involve 
the cranial nerves such as zona, diabetes, cervical ICA 
dissection, or idiopathic facial paresis could be explained 
by neural necrosis [14–17, 55, 57, 59, 62, 71, 72, 75, 77–
80]. These last decades, the increasing amount of emboli-
zation in the terminal branches of the external carotid 
artery branches led to a better knowledge of cranial nerve 
arterial supply and of its cornerstone importance [9, 11, 
12, 54, 55].
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Arterial Supply of the Middle Ear

Sara Bonasia and Thomas Robert

The middle ear, located into the temporal bone, has one of 
the most complex arterial supply that depends on numerous 
little branches of the external carotid artery (ECA). This arte-
rial supply is not well-studied because of the non- 
opacification of these branches on digital subtraction 
angiography (DSA) under physiological conditions. Even if 
the detailed anatomy of these little arteries is not well known, 
there are fascinating anatomical variations involving these 
tympanic branches [1]. The knowledge of these anatomical 
variations represents a keystone to avoid dramatic complica-
tions for neurosurgeons, neuroradiologists and mainly otolo-
gists. In this chapter, the anatomy of each tympanic artery 
with the related anatomical variations will be developed. 
Vascular supply of the external ear and of the internal ear 
will be explained in other chapters.

 History

Only few anatomists or otologists published articles about 
the normal arterial supply of the middle ear. The most com-
plete description of this vascularization was proposed by 
Nager and Nager (1953) who published a masterpiece work 
with very detailed description of these little arteries based on 
the dissection of 100 prepared temporal bones [2]. The other 
author that gave a particular attention to the arterial supply of 
the middle ear describing the normal anatomy, the anatomi-
cal variations and the vascularization in case of highly vascu-
larized tumors is J. Moret (1982). In his article, he proposed 
a clear description of these arteries based on his huge angio-
graphic experience [1].

Each anatomical variation involving middle ear arteries 
was well described by P. Lasjaunias in numerous articles, as 
always based on its angiographic experience and on his phe-
nomenal knowledge of the embryologic development of 
cranio-facial arteries [3–6].

 Embryology

In the present chapter, you will find only information to 
understand the formation of each artery that participates in 
the supply of the middle ear and to understand different vas-
cular variations that involve tympanic arteries. A reminder of 
the different embryological systems involved will be pre-
sented in the following paragraphs.

 Aortic Arches

The embryological vascular development initiates early in 
the embryologic life [3]. The primitive heart is already rec-
ognizable at approximately 19 days (embryos of 2 mm) and 
paired ventral and dorsal aortas are formed and already have 
a cranial continuity, which is the first cranial arch [6, 7]. 
From 21 to 32 days (embryos of 3–12 mm), the other aortic 
arches are successively formed from front to back. At the 
same time, the dorsal aortas give a cranial extension to the 
first aortic arch. At the 28 days (embryos of 4–5 mm), the 
first aortic arch initiates to involute, followed by the second 
aortic arch. Consequently, the six pairs of aortic arches are 
not all present in the same time [6]. Each aortic arch has a 
different function, the two first one involute completely, the 
third arch persists and will become a part of the internal 
carotid artery (ICA), the fourth one persists and will give the 
adult aortic arch on the left and the brachiocephalic artery on 
the right. The fifth aortic arch will completely involute and 
the sixth one will become the pulmonary arteries [7, 8]. 
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Table 1 and Fig. 1 summarize the development and regres-
sion of different aortic arches and of the primitive ICA.

The first aortic arch, also known as mandibular artery, is a 
temporary artery that involutes very early in the embryologi-
cal development. Its real function is not so clear. D. Padget 

(1948) evoked its contribution in the formation of the oph-
thalmic artery. Other authors, as P. Lasjaunias (2001) gave to 
the mandibular artery the role of precursor of the Vidian 
artery arising from the petrous ICA in the adult configuration 
[3, 6].

 Hyostapedial Artery

“Hyostapedial artery” is the term used to describe the com-
plete embryological development of the second aortic arch. 
The stapedial artery (SA), that develops from the hyoid 
artery and takes its name after passing through the crus of the 
stapes, is an embryonic artery present between the stages III 
and VI of Padget (9–24  mm) [6, 7]. This is an important 
embryological system from which numerous dural, orbital 
and facial arteries develop. The steps of SA development are 
summarized in Table 2.

The hyoid artery is the dorsal remnant of the second 
aortic arch which regresses early in the embryological 
development (4–5  mm, stage I of Padget) [6]. After this 

Table 1 Summary of the different aortic arches

Aortic arches
Stage of 
development

Stage of 
regression Adult remnant

I (Mandibular 
artery)

Embryos of 
2 mm

Stage I 
(4–5 mm)

Vidian artery

II (Hyo- 
stapedial artery)

Embryos of 
2 mm

Stage VI 
(24 mm)

Carotico- 
tympanic artery
Superior 
tympanic artery

III Stage I 
(4–5 mm)

No 
regression

Proximal part 
of the ICA

IV Stage I 
(4–5 mm)

No 
regression

Adult aortic 
arch

V Stage II 
(5–7 mm)

Not known Not known

VI Stage II 
(5–7 mm)

No 
regression

Pulmonary 
arteries

CrD
CaD

DA

VA
PA

HypA

CrD
CaD

DAI

VA
PA

HypA

I A
A

II 
A

A

III
 A

A

PDOA

DAr

BA

TA

MA

PM
A

HA

ACA

PVOA

PDOA

PComA

MA

HA

7

6
5

4

3

2

1

ECA

a b c

PMA

TA

Fig. 1 Embryology and embryological segments of the Internal carotid 
artery. The illustrations (a–c) show consecutive stages of ICA embryo-
logical development. The first stages of development (a) are character-
ized by the presence of three aortic arches that link the ventral and 
dorsal aorta (VA, DA). The VA regresses together with the ventral part 
of the aortic arches. The dorsal remnants of the aortic arches persist as 
embryonic arteries. These embryonic arteries divide the ICA into seven 
embryological segments: (1) The cervical segment: it derives from the 
remnant of the third aortic arch (III AA). (2) The ascending intrapetrous 
segment: it is the remnant of the dorsal aorta (DA) between the second 
(II AA) and third aortic arches. The division point between the segment 
2 and 3 is at the point of origin of the Hyoid artery (HA), that is the 
dorsal remnant of the second aortic arch. (3) The horizontal intrapetrous 
segment: it is the remnant of the DA between the first (I AA) and second 
aortic arches. The division point is at the point of origin of the mandibu-
lar artery (MA), that corresponds to the dorsal remnant of the first aortic 

arch. (4) The intracavernous ascending segment: it originates from the 
DA between the first aortic arch and the primitive maxillary artery 
(PMA), that connects the DA of the two sides (DAl: dorsal aorta left; 
DAr: dorsal aorta right). At the junction between segments 4 and 5 also 
the trigeminal artery (TA) takes its origin. The latter represents a primi-
tive connection between the cavernous ICA and the basilar artery (BA). 
(5) The horizontal intracavernous segment: it derives from the DA 
between the PMA and the primitive dorsal ophthalmic artery (PDOA). 
(6) The clinoid segment: corresponds to the DA between the PDOA and 
the primitive ventral ophthalmic artery (PVOA). (7) The terminal seg-
ment: the terminal ICA between (PVOA) and the primitive ICA bifur-
cation into the future anterior cerebral artery (ACA) and future posterior 
communicating artery (PComA). The figure shows also the hypoglossal 
artery (HypA) and the proatlantal artery (PA), that origin proximal to 
the third aortic arch and will contribute to the formation of external 
carotid artery (ECA) branches
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Table 2 Major embryological changes in the formation of the stapedial artery

Stage Embryo size (mm) Major evolutions Graphic illustration
I 4–5 –  Regression of the ventral part of the first and second 

aortic arches
–  Hyoid artery (HA) formation (dorsal remnant of the 

second aortic arch)

DA

MA

HA

VA

HypA

PA

II 9 –  Elongation of the hyoid artery (HA)
–  Annexation of the mandibular artery (MA) territory 

(first aortic arch) by the hyoid artery (second aortic 
arch)

DA

MA

HA

VA

HypA

PA

III 16 –  Cranial growing of the hyoid artery (stapedial 
artery) passing into the middle ear (crus of the 
stapes)

–  Maximal development of the stapedial artery
–  Extension of the two branches of the stapedial 

artery: Supraorbital (SOA) and Maxillomandibular 
(MxMA)

SA

MA

MxMA

VPhA

APhA

OA

SOA

IV 24 –  Annexation of the supraorbital branch (SOA) by the 
ophthalmic artery (PDOA, PVOA)

–  Regression of the trans-osseous (superior orbital 
fissure) segment of the supraorbital branch

PVOA

cnll

SOA

PD
OA

MxMA

V 24 –  Annexation of the maxillomandibular branch by the 
ventral pharyngeal artery

–  Regression of the intratympanic segment of the 
stapedial artery

MMA

IMA

PB

CTA

ITA

APhA
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arch regression, approximately at the 9 mm stage (stage III 
of Padget), the hyoid artery presents a rapid lateral elonga-
tion between the beginning of the seventh and nineteenth 
weeks of gestation, when it gives an anastomosis to the 
mandibular artery (remnant of the first aortic arch) [6, 7]. 
At the 16 mm stage (stage V of Padget), the SA continues 
its elongation to the gasserian region passing into the 
future tympanic cavity and particularly through the crus of 
the stapes reaching its maximal development and giving 
two distinct branches: the supraorbital and the maxillo-
mandibular artery [3]. The supraorbital artery follows the 
ophthalmic root of the trigeminal nerve and allows the 
development of orbital branches (supraorbital, lacrimal, 
ethmoidal and frontal arteries) and also of the middle men-
ingeal artery (MMA) [3]. The maxillomandibular artery 
gets out of the cranial cavity through the foramen spino-
sum and gives extracranially its two branches: infraorbital 
and mandibular arteries (future infraorbital and inferior 
alveolar arteries). After this maximal development of the 
SA, two annexations and two regressions occur to give the 
adult configuration of the MMA. Intracranially, the orbital 
branches are annexed by the primitive OA and the trans-
sphenoidal segment of the supraorbital branch regresses 
leaving an anastomotic artery between the anterior branch 
of the MMA and the lacrimal artery (the sphenoidal artery) 
that penetrates the orbit through the superior orbital fissure 
(SOF). Extracranially, the ventral pharyngeal artery 
annexes the maxillomandibular artery of the SA forming 
the proximal stem of the MMA and becoming the 
ECA. Consequently, by flow reversal into the SA, its tym-

panic portion regresses and leaves as remnants the carotico-
tympanic artery (from the ICA) and the superior tympanic 
artery (from the petrous branch of the MMA). These 
annexations and regressions concerning the SA happen 
during the stage VI of Padget (embryos of 24 mm) [3, 9].

 Pharyngo-Occipital System

Between the first and third stages of Padget (embryos 
between 4 and 12 mm), the posterior circulation, which is 
not already formed, is represented by two longitudinal neural 
arteries (LNAs) which are connected with the primitive 
carotid artery through four anastomotic arteries from cranial 
to caudal: the trigeminal, otic, hypoglossal and proatlantal 
arteries (HypA and PA) [6, 10]. These carotido-vertebral 
anastomoses regress at the same time as the formation of the 
vertebral arteries by transverse fusion of the cervical inter-
segmental arteries. The pharyngo-occipital is considered as 
the remnant of the hypoglossal (for the ascending pharyngeal 
artery) and of the proatlantal (for the occipital artery) arteries 
[3, 5, 11–13].

 Normal Vascular Anatomy of the Middle Ear

Arteries that supply the tympanic cavity are principally 
branches of the external carotid artery and are numbered as 
five different branches. These arteries are summarized in 
Table 3 and are illustrated in Fig. 2.

Table 3 Principal tympanic arteries with their respective territory

Tympanic branches Origin Foramen Territory Anastomosis
Carotico-tympanic 
artery

ICA (petrous segment) Petrous bone Anterior wall
Medial wall (anterior 
part)

Inferior tympanic artery

Superior tympanic 
artery

MMA (petrosal branch) Canalicus tympanicus superior Superior wall
Epitympanic recess
Tensor tympani muscle
Staples

Anterior tympanic artery
Stylomastoid artery

Inferior tympanic 
artery

Ascending pharyngeal 
artery

Jacobson (inferior tympanic) 
foramen

Inferior wall
Medial wall (inferior 
part)
Anterior wall (inferior 
part)
Promontory
Staples

Carotico-tympanic artery
Stylomastoid artery
MMA (petrosal branch)

Anterior tympanic 
artery

Internal maxillary 
artery (45–78%)

Petro-tympanic fissure Anterior wall
Medial wall (anterior 
part)
Tegmen tympani
Chorda tympani
Malleus and incus

Stylomastoid artery

Stylomastoid artery Posterior auricular 
artery

Stylomastoid foramen Posterior wall
Chorda tympani
Facial nerve

Anterior tympanic artery
MMA (petrosal branch)
AICA (subarcuate branch)

S. Bonasia and T. Robert



313

Fig. 2 Artist’s illustration of the vascularization of the middle ear. The 
middle ear is supplied by the carotico-tympanic artery (CTA) which 
originates from the petrous internal carotid artery (ICA); by the anterior 
tympanic artery (ATA), that is the first branch of the internal maxillary 
artery (IMA) after its bifurcation from the superficial temporal artery 
(STA); by the superior tympanic artery (STA) that originates from the 
petrous branch (PB) of the middle meningeal artery (MMA) after 
coursing together with the greater superficial petrosal nerve (GSPN); by 

the inferior tympanic artery (ITA) which originates from the anterior 
division of the ascending pharyngeal artery (APhA) and enters the cav-
ity through the Jacobson’s canal; it divides into an anterior (a), middle 
(b) and posterior (c) stems which anastomoses with branches of the 
CTA, STA and SMA; by the stylomastoid artery (SMA) that can origi-
nate from the posterior auricular artery (PAA) or from the occipital 
artery (OccA) and enters the facial canal together with the facial nerve 
(CN VII) and contributes also to its vascularization

 Carotico-Tympanic Artery

The carotico-tympanic artery arises from the vertical part of 
the petrous segment of the ICA and is considered as the 
proximal remnant of the stapedial artery [1, 3]. In almost all 
cases, this artery is unique but in 2% of cases, two distinct 
little arteries could be identified [2]. The carotico-tympanic 
artery penetrates into the tympanic cavity through a little 
osseous canal and supplies the anterior wall of the tympanic 
cavity and also the anterior part of its medial wall [14, 15]. 
Branches of the carotico-tympanic artery could have arterial 
anastomosis with the inferior tympanic artery [2, 16].

 Superior Tympanic Artery

The superior tympanic artery is a little branch of the petrosal 
branch of the MMA. As the carotico-tympanic artery, it is 
considered as a remnant of the stapedial artery. The origin of 
this artery is near the foramen spinosum, it courses posteri-
orly along the greater superior petrosal nerve (GSPN) and 
then enters into the tympanic cavity through the canalicus 

tympanicus superior [2]. The vascular territory of the supe-
rior tympanic artery is the superior wall of the tympanic cav-
ity, the medial wall of the epitympanic recess, the tensor 
tympani muscle and a part of the staples [1–3, 17]. The supe-
rior tympanic artery is known to have a rich anastomotic net-
work with the anterior tympanic artery and the stylomastoid 
artery [2]. This last anastomosis between the superior tym-
panic artery and the stylomastoid artery is located into the 
facial canal where these two arteries participate in the blood 
supply of the facial nerve [1]. It constitutes the “facial 
arcade” on lateral angiograms that represents an anatomic 
landmark of the geniculate ganglion (petrous ridge) [3].

 Inferior Tympanic Artery

The inferior tympanic artery is a branch of the ascending pha-
ryngeal artery [1–3, 5, 18]. It enters into the tympanic cavity 
passing through the Jacobson canal (inferior tympanic canal) 
with the Jacobson nerve (branch of the glosso- pharyngeal 
nerve) [1–3]. The inferior tympanic artery has three different 
groups of branches. The anterior group follows the glosso-
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pharyngeal nerve and anastomoses with the carotico-tympanic 
artery. The medial group follows the greater and lesser super-
ficial petrosal nerves and anastomoses with the petrosal branch 
of the MMA. The posterior group anastomoses with the stylo-
mastoid artery [1, 3]. The vascular territory of the inferior tym-
panic artery is principally the inferior wall of the tympanic 
cavity, inferior part of its anterior and medial walls, the prom-
ontory and the staples [1, 2].

 Anterior Tympanic Artery

The anterior tympanic artery is the first branch of the internal 
maxillary artery in 45–78% and could rarely have a double 
origin [19, 20]. In other cases, it arises from the superficial 
temporal artery (20–40%) or directly from the ECA (2–4%) 
[1, 19]. The anterior tympanic artery penetrates into the tym-
panic cavity through an osseous canal located into the 
temporo- mandibular joint (petro-tympanic fissure) [2, 19]. 
This artery supplies the anterior wall and the anterior part of 
the medial wall of the tympanic cavity, the superior wall of 
the tegmen tympani and also the malleus and the incus by its 
ossicular branch [1–3, 19]. The anterior tympanic artery is 
also the principal artery of the chorda tympani [20]. The 
anterior tympanic artery has anastomoses with branches of 
the stylomastoid artery [15, 19].

 Stylomastoid Artery

The stylomastoid artery is the temporal branch of the poste-
rior auricular artery that arises from the external carotid 
artery (50%) or from the occipital artery (50%) [1, 3]. After 
passing through the stylomastoid foramen, branches of the 
stylomastoid artery participate in the vascular supply of the 
lateral, posterior and inferior walls of the tympanic cavity 
[11, 15, 20]. It also supplies the chorda tympani by its poste-
rior tympanic artery and the facial nerve [3]. It anastomoses 
with the subarcuate branch of the antero-inferior cerebellar 
artery into the internal ear and with the petrosal branch of the 
MMA (facial arcade) [1, 2].

 Anatomical Vascular Variations 
of the Middle Ear

 Complete Persistence of the Stapedial Artery

The complete persistence of the stapedial artery is a very rare 
variant, only two cases were published in a context of ICA 
aneurysm or PHACE syndrome [3, 9]. In these cases, the 
stapedial artery could be seen as in the embryo taking its 
origin from the petrous ICA, passing through the middle ear 

and giving its two branches: one intracranial that corresponds 
to the MMA and the other extracranial leaving the cranial 
cavity through the foramen spinosum. Consequently, the 
foramen spinosum is enlarged, the cochlear promontory is 
eroded and the internal maxillary artery arises from the sta-
pedial artery instead of the external carotid artery. Such an 
anatomical variant could easily be explained by embryology 
and particularly by the absence of annexation of the maxil-
lomandibular branch (of the stapedial artery) by the ventral 
pharyngeal artery. Consequently, in the absence of reversion 
of the arterial flow into the stapedial artery, its proximal 
(intratympanic) stem could not regress [3].

 Partial Persistence of the Stapedial Artery

The partial persistence of the stapedial artery is more fre-
quent and in this case, only the intracranial branch of the 
stapedial artery keeps its origin from the petrous ICA [4, 5, 
7, 11, 21–26]. This anatomical variation is illustrated in 
Fig. 3. The foramen spinosum is absent (an orifice does not 
exist without its content) or reduced in size and the MMA 
arises from the stapedial artery instead of the IMA. This vari-
ant is explained by the regression of the proximal part of the 
maxillomandibular artery instead of the proximal part of the 
stapedial artery [3]. We must note that it is surprising that the 
complete persistence of the stapedial artery is even much 
rarer than its partial persistence. This could be the illustration 
of a lack of embryological knowledge of the SA or a misun-
derstanding, particularly in the annexation of the maxillo-
mandibular branch by the ventral pharyngeal artery.

 Intra-tympanic Flow of the ICA

Aberrant ICA or intra-tympanic flow of the ICA is a rare but 
well-known anatomical variation of the internal carotid 
artery. It was described in different circumstances. An aber-
rant ICA could remain asymptomatic or could be responsible 
for non-specific symptoms: pulsatile tinnitus, recurrent otitis 
media, conductive hearing loss, vertigo or otosclerosis [27–
57]. In numerous cases, the aberrant ICA was misdiagnosed 
for a glomus tympanicum and bore the physician in uncon-
trollable bleeding loss during a middle ear surgery [1, 28, 33, 
38, 51]. The intra-tympanic course of the ICA is explained 
by the agenesis of the two first segments of the primitive 
carotid artery. The cervical segment is in fact the ascending 
pharyngeal artery with a hypertrophied inferior tympanic 
artery (branch of the ascending pharyngeal artery) that main-
tains its anastomosis with the carotico-tympanic artery 
(branch of the ICA) into the tympanic cavity (Fig. 4) [3, 8]. 
The correct term of this aberrant flow of the ICA is actually 
tympano-carotico-tympanic variant [3, 18]. It bypasses the 
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a b

c d

Fig. 3 DSA with bilateral partial persistent Stapedial Artery in patient 
with moyamoya disease. (a) and (b) Shows respectively right and left 
ICA injection with the MMA (red arrow) arising from the petrous 
ICA. This phenomenon is possible because of bilateral stapedial artery 
persistency. In (b) the ICA is narrowed and stopped at the level of the 

ophthalmic artery due to moyamoya disease. (c) Shows a 3D recon-
struction of the right ICA from which the MMA originates (red arrow). 
(d) Shows the left ECA injection without the MMA enhancement, 
because of its absence
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Fig. 4 Pseudo-petrous or aberrant intratympanic ICA. This variant is 
due to the agenesis of the cervical ICA (third aortic arch). The cervical 
ICA agenesis is bypassed through a hypertrophic inferior tympanic 
artery (ITA), that courses from the ascendant pharyngeal artery (APhA), 
through the inferior tympanic canal and reaches the carotico-tympanic 
artery (CTA) to supply the ICA distal flow. The intratympanic ICA flow 
is called “aberrant” since the artery does not course into its usual canal, 
but into an enlarged inferior tympanic canal

Fig. 5 Pseudo-petrous ICA + SA persistency. This variant is due to two 
phenomena: the agenesis of the cervical ICA, and stapedial artery per-
sistency. In this case the inferior tympanic artery (ITA) does not reach 
the carotico-tympanic artery (CTA) but the persistent SA (pSA)

absence of the cervical ICA and provides a collateral circula-
tion to the remainder of the ICA. Therefore, the cervical and 
intra-tympanic segments of this artery do not derivate from 
the carotid system but from the pharyngo-occipital and hyo-
stapedial systems (pseudo-ICA) [3, 8].

Lapayowker (1971) defined the angiographic findings in 
case of aberrant ICA with in particular the lateral displace-
ment of the petrous ICA, lateral to the “vestibular line” [58]. 
During the 1980s, few authors described the radiological cri-
teria of aberrant ICA in CT scan and could be summarized as 
follows: (1) posterior displacement of the petrous ICA, (2) 
enlargement of the Jacobson’s canal (inferior tympanic 
canal), (3) aplasia or hypoplasia of the vertical segment of 
the ICA into the petrous bone, (4) enhancing mass into the 
hypotympanum, (5) absence of the bone plate between the 
ICA and the middle ear and (6) absence of the extracranial 
orifice of the carotid canal (an orifice does not exist without 
its contents) [29, 52, 59, 60].

 Intra-tympanic Flow of the ICA with Persistent 
Stapedial Artery

In rare cases, an intra-tympanic course of the ICA is associ-
ated with the persistence of the stapedial artery (Fig. 5) [17, 
21, 22, 31, 46, 61]. This association of vascular variants con-
cerning both carotid and hyostapedial systems was described 
anatomically and angiographically [5, 34, 38, 52, 62]. In 
these cases, the ICA enters the skull base through an enlarged 
inferior tympanic canal (narrowing of the vessel on DSA), 
passes into the tympanic cavity to bend anteriorly and 
reaches its normal carotid canal. The MMA arises from the 
ICA in its tympanic segment and passes through the stapes to 
enter the skull cavity through the cochlear promontory [3, 8].

 Duplication of the ICA

The agenesis of the first two segments of the ICA could be 
complete or partial. In some cases, the agenesis is complete 
and the rerouting flow through the tympanic cavity allows 
maintaining a normal flow into the distal ICA. In rare cases, 
the agenesis of the cervical and petrous ICA is only partial 
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and consequently, the cervical and petrous ICA seem dupli-
cated. The normal course of the ICA is generally hypoplastic 
in these cases [46, 63–69].

 Pharyngo-Tympano-Stapedial Artery

This very rare variant was first described by Lasjaunias 
(1977) in its original publication [5]. The same case served 
as illustration in the textbook Surgical Angiography and only 
one similar case was published by Baltsavias et al. (2012) [3, 
18]. The MMA arises from the cervical portion of the ICA, 
ascends along the cervical ICA, enters into the tympanic cav-
ity through the inferior tympanic canal and follows the usual 
course of the stapedial artery. The two cases described were 
presented as “partial” persistence of the SA with only the 
MMA arising from the SA and the absence of the foramen 
spinosum. In this variant, an annexation of the SA by the 
inferior tympanic artery (branch of the ascending pharyngeal 
artery) with regression of the proximal part of the SA 
explains this vascular configuration. Therefore, the SA arises 
from the cervical instead of the petrous segment of the ICA.

 Particular Variations

Almost all cases of aberrant flow of the ICA are sporadic and 
unilateral. Only three cases of bilateral aberrant flow of the 
ICA were presented in the English literature by Roll (2003), 
Chang (2010) and Toros (2010) [31, 36, 53].

Koenisberg et al. (1995) described a rare case of dupli-
cated ICA associated with the persistence of the stapedial 
artery on the same side [46]. This is an interesting case that 
highlights the embryological link between the carotid and 
hyostapedial systems in the formation of the middle ear 
vascularization.

The most surprising case was presented by Willinsky 
et al. (1990) and consists of an anastomosis between the infe-
rior tympanic artery (branch of the ascending pharyngeal 
artery) and the superior tympanic artery (stapedial artery) 
[60]. Consequently, the patient presented a duplicated ICA 
with anastomosis between the two ICAs in the horizontal 
petrous segment instead of the vertical petrous segment. 
Additionally, the middle meningeal artery arose from the 
ophthalmic artery instead of the external carotid artery. This 
case is similar to the two cases of a pharyngo-tympano- 
stapedial variant presented by P. Lasjaunias (1977) and by 
Baltsavias (2012) that presented a middle meningeal artery 
origin from the ascending pharyngeal artery [5, 18]. The dif-
ference between the case of Willinsky and these two cases is 
the presence or not of an aberrant flow of the ICA [60].

We could also find in the literature a few cases of aberrant 
course of the ICA associated with a cervical ICA origin of 
the occipital artery [70–73]. In fact, knowing that in case of 

aberrant course of the ICA, the cervical segment of the ICA 
does not exist; the occipital artery arises from the ascending 
pharyngeal system. This anatomical variation is easy to 
understand because the occipital and ascending pharyngeal 
arteries have the same embryological development [3].

 Clinical Implications

A lot of cases of aberrant ICA were discovered during a sur-
gery of the middle ear. The lack of knowledge of this ana-
tomical variation leads in catastrophic hemorrhagic 
complication [74–76].

This anatomical variation must be differentiated from 
other diagnosis of vascular mass in the middle ear (high jug-
ular bulb or glomus tympanicum) [49, 51, 77].

Almost all authors agree in the absence of surgical treat-
ment of aberrant flow of the ICA [33, 44]. Only Rugg and 
Reed (1972) were favorable for an aggressive and surgical 
treatment in case of symptomatology [78]. They described a 
surgical technique coverage of the promontory defect by 
temporal muscle fascia graft and argue the indication of the 
surgery by “avoiding cerebrovascular accident.” Today, it is 
accepted by almost all experts that intra-tympanic course of 
the ICA is an anatomical variation but not a pathology. Only 
few cases necessitate a surgical treatment of a pathology in 
relation to an aberrant ICA [44, 55]. Winfuhr (2004) pro-
posed a management protocol and advocated to consider a 
surgical or endovascular treatment only in case of intra- 
tympanic aneurysmal formation, injury during a middle ear 
surgery or recurrent otitis media [33]. In case of pseudoaneu-
rysm, the options are the trapping of the vessel with surgical 
bypass, the stenting of carotid artery or the endovascular 
occlusion of the vessel [33, 44, 55].
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Embryological Development 
of the Hyostapedial System

Sara Bonasia, Michel W. Bojanowski, and Thomas Robert

The stapedial artery (SA) is an embryological artery that 
allows the development of orbital and dural arteries as well 
as maxillary branches. Its complex embryological devel-
opment explains numerous anatomical variations of the 
middle meningeal artery (MMA) and orbital arteries. A 
few anatomists dissected a human middle ear that bore a 
persistent SA describing the origin and course of this 
artery [1–7]. ENT surgeons reported cases discovered dur-
ing middle ear surgeries explaining the technical difficul-
ties of the surgery in the presence of a persistent SA 
[8–20]. More recently, neuroradiologists paid particular 
attention to this anatomical variant [21–26]. These studies, 
associated with the comparative anatomy, allow to under-
stand the persistence of the SA.  In this chapter, after an 
embryological refresh concerning hyostapedial, carotid 
and ophthalmic systems, the anatomical variations includ-
ing the SA will be explained [27–29].

 History

The first cadaveric case of persistent SA was described by 
Hyrtl in 1836, who called attention to an artery running 
across the obturator of the stapes in a human cadaver, with 
some similarities with a vessel found in hibernating animals 
[30]. In the first half of the twentieth century, the phenome-
nal publication of Dorcas Padget, based on the dissections of 

22 human embryos of the Carnegie collection, gave lot of 
information about the embryological development of the 
cranio-facial arteries and in particular of the hyostapedial 
system [31]. In the same period, Altmann (1947) furnished a 
comprehensive explanation of the development of the aortic 
arches and of the carotid system variants [32]. However, only 
in the 1960s we find the first angiographic demonstration of 
MMA variations and in particular, the persistence of a SA 
[33, 34]. At the end of the 1970s, P. Lasjaunias was able to 
give a comprehensive explanation of all variations implicat-
ing the SA. Its more famous articles were published between 
1975 and 1990 and are summarized in its textbook [23–25, 
35–39]. Diamond in the 1990s also published some articles 
based on the comparative anatomy principally with the great 
apes that increased our understanding of the stapedial system 
[5, 27, 28]. In this last three decades, few case reports of 
interesting anatomical variations implicating the SA were 
published [17, 40–47].

 Comparative Anatomy

The studies of comparative anatomy were fundamental in the 
understanding of the embryological development of the 
SA.  At the beginning of the twentieth century, Tandler, 
studying the SA development in rats, explained the SA 
regression and the role of the external carotid artery (ECA) 
in the formation of the MMA [31]. Rats differed from human 
embryos, because the supraorbital branch of the SA is pri-
marily dependent on the first aortic arch (mandibular branch). 
Fuchs (1905), in the rabbit, also showed that the first two first 
aortic arches participate in the formation of the ECA as in 
human embryos [20]. More recently, Diamond (1991) and 
Falk (1993) compared the development of the SA between 
human and great apes’ embryos and highlighted some analo-
gies [28, 29].
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 Embryology

The development and regression of the SA is strictly related 
to some embryonic systems. In this part of the chapter, we 
will summarize the main steps of the internal carotid artery 
(ICA) and ophthalmic artery (OA) development. We will 
also present a detailed description of the hyostapedial sys-
tem, in order to understand the different possible adult varia-
tions related to this artery.

 The Carotid System

Since the detailed description of the ICA embryological 
development has been widely treated in the chapter 
“Embryological Development of the Internal Carotid Artery,” 
we will focus only on the understanding of the “aberrant flow 
of the ICA.” It consists in an intratympanic course of the ICA 
and could be associated with a persistent SA and consequent 
variation in origin of the MMA. The principal steps of ICA 
development are resumed in Fig. 1.

In the first stage of Padget (4–5 mm embryos), the two 
first aortic arches initiate their natural regression allowing 
the ICA to be individualized. The embryological segments of 
the ICA are derived from the third aortic arch and from the 
dorsal aorta cranial to the third aortic arch [31, 32, 39]. The 
dorsal aorta also regresses at the same time between the third 
and fourth aortic arches. Embryologically, the ICA has been 
divided by Lasjaunias et al. in seven different segments [48]. 
The first one corresponds to the third aortic arch from the 
origin of the ventral pharyngeal artery (future ECA) to the 
junction between the third aortic arch and the dorsal aorta. 
The second segment is the dorsal aorta between the third and 
second aortic arches. The third segment is the dorsal aorta 
between the second and first aortic arches. The fourth seg-
ment is the dorsal aorta between the first aortic arch and the 
origin of the trigeminal artery (TA) (and the primitive maxil-
lary artery (PMA)). The fifth segment is the dorsal aorta 
between the origin of the TA (and the primitive maxillary 
artery) and the origin of the primitive dorsal ophthalmic 
artery (PDOA, future inferolateral trunk (ILT)). The sixth 
segment is between the origin of the PDOA and the origin of 
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Fig. 1 Embryological segments of the internal carotid artery. The illus-
trations (a–c) show consecutive stages of ICA embryological develop-
ment. The first stages of development (a) are characterized by the 
presence of three aortic arches that link the ventral and dorsal aorta 
(VA, DA). The VA regresses together with the ventral part of the aortic 
arches. The dorsal remnants of the aortic arches persist as embryonic 
arteries. These embryonic arteries divide the ICA into seven embryo-
logical segments: (1) The cervical segment: it derives from the remnant 
of the third aortic arch (III AA). (2) The ascending intrapetrous seg-
ment: it is the remnant of the dorsal aorta (DA) between the second (II 
AA) and third aortic arches. The division point between segments 2 and 
3 is at the point of origin of the Hyoid artery (HA), that is the dorsal 
remnant of the second aortic arch. (3) The horizontal intrapetrous seg-
ment: it is the remnant of the DA between the first (I AA) and second 
aortic arches. The division point is at the point of origin of the mandibu-
lar artery (MA), that corresponds to the dorsal remnant of the first aortic 

arch. (4) The intracavernous ascending segment: it originates from the 
DA between the first aortic arch and the primitive maxillary artery 
(PMA), that connects the DA of the two sides (DAl: dorsal aorta left; 
DAr: dorsal aorta right). At the junction between segments 4 and 5 also 
the trigeminal artery (TA) takes its origin. This latter represents a primi-
tive connection between the cavernous ICA and the basilar artery (BA). 
(5) The horizontal intracavernous segment: it derives from the DA 
between the PMA and the primitive dorsal ophthalmic artery (PDOA). 
(6) The clinoid segment: corresponds to the DA between the PDOA and 
the primitive ventral ophthalmic artery (PVOA). (7) The terminal seg-
ment: the terminal ICA between (PVOA) and the primitive ICA bifur-
cation into the future anterior cerebral artery (ACA) and future posterior 
communicating artery (PComA). The figure shows also the hypoglossal 
artery (HypA) and the proatlantal artery (PA), which have their origin 
proximal to the third aortic arch and will contribute to the formation of 
external carotid artery (ECA) branches
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the primitive ventral ophthalmic artery (PVOA). The seventh 
segment is between the PVOA and the primitive carotid 
bifurcation [23, 24, 31, 39].

It is important to note that the carotid bulb has not the 
same embryological origin than the other segments of the 
ICA.  It originates from the pharyngo-occipital system that 
easily explains variations in origin of the ascending pharyn-
geal and occipital arteries. Agenesis or abnormal regression 
of one or more segments of the ICA explains an intratym-
panic course of the ICA (by pharyngo-carotid anastomosis) 
and also the different type of “reperfusion” in case of ICA 
agenesis [12, 32]. The intratympanic course of the ICA also 
named as “aberrant flow of the ICA” is the consequence of 
the abnormal regression of the first and second segments 
with anastomosis between the inferior tympanic artery (from 
the ascending pharyngeal artery) and the caroticotympanic 
artery (from the carotid artery) that infuses distally the 
ICA.  The pseudo-ICA has consequently an intratympanic 
course without passing through the stapes [12, 39, 49].

 The Hyostapedial System

“Hyostapedial artery” is the term used to describe the com-
plete embryological development of the second aortic arch. 
The SA, that develops from the hyoid artery and takes its 
name after passing through the crus of the stapes, is an 

embryonic artery present between the stages III and VI of 
Padget (9–24 mm). This is an important embryological sys-
tem from which numerous dural, orbital and facial arteries 
develop. The steps of SA development are summarized in 
Table 1.

The hyoid artery is the dorsal remnant of the second aortic 
arch which regresses early in the embryological develop-
ment (4–5  mm, stage I of Padget) [2, 12]. After this arch 
regression, approximately at the 5–6 mm stage (stage II of 
Padget), the hyoid artery presents a rapid lateral elongation 
between the beginning of the 7th and 19th weeks of gesta-
tion, when it gives an anastomosis to the mandibular artery 
(remnant of the first aortic arch) [31]. During the stage III of 
Padget (7–12  mm embryos) the hyoid artery is prominent 
and grows cranially, passing, as stapedial artery, through the 
crus of stapes. In contrast, the mandibular artery is short and 
difficult to identify. During this stage the initial formation of 
the two main branches of the SA (supraorbital and maxillo-
mandibular divisions) is visible, even if they are only com-
pletely established in the stage IV of Padget (12–14 mm). At 
the 16–18 mm stage (stage V of Padget), the SA continues its 
elongation to the gasserian region passing into the future 
tympanic cavity and particularly through the crus of the sta-
pes reaching its maximal development [23, 31, 32]. The 
supraorbital artery, which follows the ophthalmic root of the 
trigeminal nerve, allows the development of orbital branches 
(supraorbital, lacrimal, ethmoids and frontal arteries) and 

Table 1 Major embryological changes in the formation of the stapedial artery

Stage Embryo size (mm) Major evolutions Graphic illustration
I 4–5 –  Regression of the ventral part of the first and second aortic 

arches
–  Hyoid artery (HA) formation (dorsal remnant of the second 

aortic arch)

DA

MA

HA

VA

HypA

PA

II 5–6 –  Elongation of the hyoid artery (HA)
–  Annexation of the mandibular artery (MA) territory (first aortic 

arch) by the hyoid artery (second aortic arch)
DA

MA

HA

VA

HypA

PA
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Table 1 (continued)

Stage Embryo size (mm) Major evolutions Graphic illustration
III/IV 7–12

12–14
–  Cranial growing of the hyoid artery (stapedial artery) passing 

into the middle ear (crus of the stapes)
–  Extension of the two branches of the stapedial artery: 

Supraorbital (SOA) and Maxillomandibular (MxMA)

SOA

MA

SA

VPhA

APhA

OA

MxMA

V 16–18 –  Maximal development of the stapedial artery
–  Annexation of the supraorbital branch (SOA) by the ophthalmic 

artery (PDOA, PVOA)
–  Regression of the trans-osseous (superior orbital fissure) 

segment of the supraorbital branch

PVOA

cnII

PD
OA

SOA

MxMA

VI 20–24 –  Annexation of the maxillomandibular branch by the ventral 
pharyngeal artery

–  Regression of the intratympanic segment of the stapedial artery

MMA

IMA

PB

ITA

APhA
CTA

also of the MMA [39]. The maxillomandibular artery gets 
out of the cranial cavity through the foramen spinosum and 
gives extracranially its two branches: infraorbital and man-
dibular arteries (future infraorbital and inferior alveolar 
arteries). After this maximal development of the SA, two 
annexations and two regressions occur to give the adult con-
figuration of the MMA. Intracranially, the orbital branches 
are annexed by the primitive OA and the trans-sphenoidal 
segment of the supraorbital branch regresses leaving an 
anastomotic artery between the anterior branch of the MMA 
and the lacrimal artery (the sphenoidal artery) that penetrates 
the orbit through the superior orbital fissure (SOF). 
Extracranially, the ventral pharyngeal artery annexes the 
maxillomandibular artery of the SA, forming the proximal 
stem of the MMA and becoming the ECA. Consequently, by 
flow reversal into the SA, its tympanic portion regresses and 

leaves as remnants the caroticotympanic artery (from the 
ICA) and the superior tympanic artery (from the petrous 
branch of the MMA). These annexations and regressions 
concerning the SA happen during the stage VI of Padget 
(20–24 mm embryos) [31, 39].

 Ophthalmic Artery

The embryogenesis of the primitive OA is related in some 
phases to the hyostapedial systems. These phases are 
resumed and related to the concomitant SA steps of develop-
ment in Table 2.

The formation of the OA depends on two different arter-
ies during 4–18 mm stages, the PDOA and the PVOA. The 
PDOA develops from the cavernous segment of the primitive 

S. Bonasia et al.



325

Table 2 Summary of embryological steps of stapedial and ophthalmic 
systems

Stapedial system

Embryo 
size 
(mm) Ophthalmic system

Regression of the second 
aortic arch
Hyoid artery formation (dorsal 
remnant of the second aortic 
arch)

4–5 Primitive maxillary 
artery as temporary 
branch
PDOA appearance

Elongation of the hyoid artery
Annexation of the mandibular 
artery (first aortic arch) by the 
hyoid artery (second aortic 
arch)

5–6 Primitive hyaloid 
artery = plexiform 
channels
PVOA appearance

Cranial growing of the hyoid 
artery (stapedial artery) 
passing into the middle ear 
(crus of the stapes)

7–14 Formation of primitive 
hyaloid and common 
ciliary arteries

Maximal development of the 
stapedial artery
Extension of the two branches 
of the stapedial artery: 
Supraorbital and 
Maxillomandibular

16–19 Migration in origin of 
the PVOA
Regression of the 
PDOA
Formation of the 
anastomotic ring

Regression of the trans- 
osseous (superior orbital 
fissure) segment of the 
supraorbital branch

20–24 Ventral interruption of 
the anastomotic ring
Annexation of the 
supraorbital branch by 
the OA

internal carotid artery and the PVOA from the anterior divi-
sion of the primitive ICA. The PDOA penetrates the orbit 
through the superior orbital fissure and the PVOA through 
the optic canal.

Then, two major anastomoses between these two arteries 
are formed. The first one is an intraorbital plexiform anasto-
mosis supplied by the two arteries around the optic nerve 
(future second segment of the OA). The second anastomosis 
is intradural between the PVOA and the primitive ICA to 
form the definitive supraclinoidal origin of the OA.  The 
proximal portion of the PVOA (between its origin on the 
ACA and its anastomosis with the ICA) then regresses to 
give the adult stem of the OA.

In a following step, the proximal part of the PDOA 
regresses and its remnant becomes the ILT of the primitive 
ICA.

Concomitantly, in 7 and 24 mm embryos (stages III–VI), 
the SA arises from the primitive hyoid arch of the petrous 
ICA. As described above, its supraorbital artery enters the 
orbit to give orbital branches. It divides into two different 
branches: the ethmoido-nasal and the lacrimal arteries. The 
ethmoido-nasal artery anastomoses with the primitive OA at 
the arterial ring around the optic nerve described before. 
Then, the trans-sphenoidal part of the supraorbital artery 
regresses and its orbital branches are annexed by the primi-
tive OA to give the adult conformation.

 The Trigeminal Artery

The trigeminal artery (TA) represents one of the carotid- 
basilar anastomoses, that appears in the 4–5  mm embryos 
(stage I of Padget) and disappears in the 12  mm embryos 
(stage III of Padget). It originates from the basilar artery 
(BA), between the superior and the anteroinferior cerebellar 
arteries, passes medial to the gasserian ganglion and follows 
the trigeminal nerve to the primitive ICA, at the level of the 
junction between the fourth and fifth segments of the 
ICA. The TA has a common origin on the ICA with the prim-
itive maxillary artery. The carotid remnant of these two prim-
itive arteries will be the future meningo-hypophyseal trunk, 
from which the lateral clival, marginal tentorial and inferior 
hypophyseal arteries will originate [31, 32]. On the other 
hand, the basilar remnant of the TA could be considered 
responsible for MMA possible origin from the BA in adult, 
thanks to its anastomosis in the gasserian region with a per-
sistent stapedial artery. The details of this variant are 
explained in the chapter “Anatomy, Embryology and 
Variations of the Middle Meningeal Artery.”

 Formation of the Inferolateral Trunk

As supported by the theory of P. Lasjaunias concerning the 
embryology of the ophthalmic artery, the ILT is the carotid 
remnant of the PDOA. The PDOA develops from the cav-
ernous segment of the primitive ICA and penetrates the 
orbit through the SOF. In the 40 mm embryos, the proximal 
part of the PDOA regresses and its remnant becomes the 
ILT. At the adult configuration, the ILT is composed of four 
branches: (1) superior branch that supplies the roof of the 
cavernous sinus; (2) anteromedial branch which passes into 
the SOF; (3) anterolateral branch that runs into the foramen 
rotundum and (4) posterior branch passing medial to the 
gasserian ganglion. These branches present a lot of anasto-
moses in the cavernous region that correspond to remnants 
of primitive trigeminal, ophthalmic, stapedial and maxil-
lary arteries.

 Persistence of the Stapedial Artery

Changes in the events previously described can determine 
different adult configurations of the arteries related to the 
hyostapedial system, like the persistency of the SA. The inci-
dence of this variant is estimated to 0.48% after a series of 
more than 1000 temporal bone dissections [6]. The possible 
variants related to the persistency of the SA are illustrated in 
Fig. 2, including the rarer association of SA persistency with 
the so called pseudo-petrous ICA.
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Fig. 2 Persistent stapedial artery and intratympanic flow of the ICA. 
(a) Normal regression process of the hyostapedial system. After the sta-
pedial artery proximal regression, its proximal remnant originates from 
the ICA as carotico-tympanic artery (CTA). Its distal part is annexed by 
the ventral pharingeal artery, future external carotid artery, to give the 
internal maxillary artery (IMA) and its first and major branch, the mid-
dle meningeal artery (MMA). The MMA side of the stapedial artery 
persists as petrosal branch (PB), that gives birth to the superior tym-
panic artery (STA). The anastomotic branch to the hyostapedial system 
from the ascending pharyngeal artery (APhA) persists as inferior tym-
panic artery (ITA). The CTA, STA and ITA participate to the adult vas-
cularization of the middle ear. (b) Persistent stapedial artery. In case of 
complete SA persistency, this artery originates from the petrous ICA, 

and gives intracranially the MMA and the IMA exits the middle fosse 
skull base through the foramen spinosum as extracranial branch. This 
variant is due to the lack of annexation of the maxillo-mandibular 
branch by the ventral pharyngeal artery. (c) Pseudo-petrous or aberrant 
intratympanic ICA. This variant is due to the agenesis of the cervical 
ICA (third aortic arch). The cervical ICA agenesis is bypassed through 
a hypertrophic inferior tympanic artery that courses from the APhA, 
through the inferior tympanic canal and reaches the CTA. The intratym-
panic ICA flow is called “aberrant” since the artery does not course into 
its usual canal, but into an enlarged inferior tympanic canal. (d) Pseudo- 
petrous ICA + SA persistency. This variant is due to two phenomena: 
the agenesis of the cervical ICA, and stapedial artery persistency. In this 
case the ITA does not reach the CTA but the persistent SA (pSA)

 Complete Persistence of the Stapedial Artery

The complete persistence of the SA is a very rare variant, only 
two cases were published in a context of ICA aneurysm or 
PHACE syndrome [25, 39]. In these cases, the SA could be 
seen as in the embryo taking its origin from the petrous ICA, 
passing through the middle ear and giving its two branches: 
one intracranial that corresponds to the MMA and the other 
extracranial leaving the cranial cavity through the foramen 
spinosum. Consequently, the foramen spinosum is enlarged, 
the cochlear promontory is eroded and the IMA arises from 
the SA instead of the ECA. Such an anatomical variant could 
easily be explained by the embryology and particularly by the 
absence of annexation of the maxillomandibular branch (of 
the SA) by the ventral pharyngeal artery. Consequently, in 
absence of reversion of the arterial flow into the SA, its proxi-
mal (intratympanic) stem could not regress [39].

 Partial Persistence of the Stapedial Artery

The partial persistence of the SA is more frequent and in this 
case, only the intracranial branch of the SA keeps its origin 
from the petrous ICA [1, 7, 21–24, 26, 32, 50, 51]. The fora-
men spinosum is absent (an orifice does not exist without its 
contents) or reduced in size and the MMA arises from the SA 
instead of the IMA. This variant is explained by the regres-
sion of the proximal part of the maxillomandibular artery 
instead of the proximal part of the SA [39]. A rare case of 
bilateral partial persistent SA is illustrated in Fig. 3. We must 
note that it is surprising that the complete persistence of the 
SA is even much rarer than its partial persistence. This could 
be the illustration of a lack of embryological knowledge of 
the SA or a misunderstanding, particularly in the annexation 
of the maxillomandibular branch by the ventral pharyngeal 
artery.
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a b

c d

Fig. 3 DSA with bilateral partial persistent Stapedial Artery in patient 
with moyamoya disease. (a) and (b) Show respectively right and left 
ICA injection with the MMA (red arrow) arising from the petrous 
ICA. This phenomenon is possible because of bilateral stapedial artery 
persistency. In (b) the ICA is narrowed and stopped at the level of the 

ophthalmic artery due to moyamoya disease. (c) Shows a 3D recon-
struction of the right ICA from which the MMA originates (red arrow). 
(d) Shows the left ECA injection without the MMA enhancement, 
because of its absence

Embryological Development of the Hyostapedial System
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 Persistence of the SA Associated 
with Aberrant Flow of the ICA (Pseudo- 
Petrous ICA)

In rare cases, the persistence of the SA is associated with an 
intratympanic course of the ICA (also known as “aberrant 
flow of the ICA”) [12, 21, 23, 24, 52, 53]. This association of 
vascular variants concerning both carotid and hyostapedial 
systems was described anatomically and angiographically [32, 
39]. In these cases, the ICA enters the skull base through an 
enlarged inferior tympanic canal (narrowing of the vessel on 
digital subtraction angiography (DSA)), passes into the tym-
panic cavity to bend anteriorly and reaches its normal carotid 
canal. The MMA arises from the ICA in its tympanic segment 
and passes through the stapes to have the same course 
described in the previous paragraph. The exocranial orifice of 
the carotid canal is therefore absent in these cases [23, 24]. 
The intratympanic course of the ICA is explained by the agen-
esis of the two first segments of the primitive ICA. The cervi-
cal segment is in fact the ascending pharyngeal artery with a 
hypertrophied inferior tympanic artery that maintains its anas-
tomosis with the caroticotympanic artery (branch of the ICA) 
into the tympanic cavity. The correct term of this aberrant flow 
of the ICA is, in reality, tympano-caroticotympanic variant 
[39]. It bypasses the absence of the cervical ICA and provides 
a collateral circulation to the remainder of the ICA. Therefore, 
the cervical and intratympanic segments of this artery do not 
derivate from the carotid system but from the pharyngo- 
occipital and hyostapedial systems (pseudo-ICA) [23, 24, 39]. 
The agenesis of the first two segments of the ICA could be 
partial and the ICA appears duplicated [52].

 Pharyngo-Tympano-Stapedial Artery

This very rare variant was first described by Lasjaunias 
(1977) in its original publication [23]. The same case served 
as illustration in the textbook Surgical Angiography and only 
one similar case was published by Baltsavias et  al. (2012) 
[39, 42]. The MMA arises from the cervical portion of the 
ICA, ascends along the cervical ICA, enters the tympanic 
cavity through the inferior tympanic canal and follows the 
usual course of the SA. The two cases described were pre-
sented as “partial” persistence of the SA with only the MMA 
arising from the SA and the absence of the foramen spino-
sum. In this variant, an annexation of the SA by the inferior 
tympanic artery (branch of the ascending pharyngeal artery) 
with regression of the proximal part of the SA explains this 
vascular configuration. Therefore, the SA arises from the 
cervical instead of the petrous segment of the ICA.

 MMA Origin of the OA

The first description of orbital branches arising from the 
MMA was published in 1872 by Curnow [54]. He already 
noted in its case dissection that all orbital branches were 
supplied by the MMA except the central retinal artery 
which kept its origin from the supracavernous ICA. Twenty 
years after this first description, Musgrove (1893) presented 
another case of MMA origin of the OA where also the cen-
tral retinal artery was supplied by the MMA and the ICA 
did not give any orbital branch [55]. After other isolated 
cases found during cerebral or orbital dissections, Hayreh 
(1962) reported 6 cases among its 170 orbital dissections 
whom the MMA participated completely (2 cases) or par-
tially (4 cases) in the orbital supply [1, 27, 56–58]. Then, 
Moret (1977) and Lasjaunias (1977) described with preci-
sion the contribution of the MMA to the orbital vascular-
ization and gave us a more comprehensive explanation of 
this anatomical variation [23, 36].

The incidence of OA that arises from the MMA and pen-
etrates the orbit through the SOF is estimated between 1.4% 
and 2.5% [56]. In this anatomical variation, orbital arteries 
are supplied by the anterior division of the MMA passing 
through the SOF or through the spheno-orbital foramen. The 
central retinal artery generally keeps its vascular supply from 
the supracavernous ICA but in few cases, also the central 
retinal artery is supplied by the MMA without ICA 
 participation [59]. A case of complete supply of the orbital 
arteries by the MMA is illustrated in Fig. 4.

As explained before, during the embryogenesis, the SA 
gives the supraorbital branch which allows the development 
of the lacrimal artery and anastomoses with the OA around 
the optic nerve (participation of the peri-optic circle). The 
proximal part of the supraorbital branch then normally 
regresses and the lacrimal artery is annexed by the OA [39]. 
The persistence of MMA branches (or, in extremis, MMA 
origin of the OA) could be explained by two different phe-
nomena: the absence of anastomosis between the supraor-
bital branch and the OA, with consequent persistence of a 
dual supply of the orbital arteries, or the persistence of the 
proximal stem of the supraorbital branch of the SA with 
regression of the primitive OA (complete MMA origin of 
the OA). Although the supraorbital branch gives off its 
bifurcation (lacrimal artery laterally and ethmoido-nasal 
medially) usually inside the orbit, in 30% of cases it can 
divide outside the orbit in the middle cranial fossa. In such 
cases, the ethmoido- nasal artery passes through the SOF, 
but the lacrimal artery penetrates the orbit through its own 
canal: the spheno-orbital foramen (canal of Hyrtl, lacrimal 
foramen, sinus canal). The medial branch, passing through 
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a b

Fig. 4 MMA origin of the OA. The figure shows a case of complete 
OA origin from the MMA.  The selective injection of the MMA in 
antero-posterior projection (a) shows that the sphenoidal artery (SphA) 
arises from the MMA after its bifurcation into the anterior (red arrow) 

and posterior division (blue arrow). It courses along the inner surface of 
the temporal and sphenoidal bone and enters the orbit through the SOF 
to give rise to the OA. (b) Shows an oblique ICA injection highlighting 
the absence of the OA

the SOF, is named recurrent meningeal artery in its intra-
orbital segment and sphenoidal artery in its intracranial seg-
ment [23, 31, 39, 56].

 Conclusion

All the anatomical variations linked to the development of 
the SA, resumed in Table 3, could have a clinical impact. 
Since each vascular segment that regresses during the 
embryological life, usually persists as anastomosis 
between two arteries, the knowledge of the embryology 
and presence of these anastomoses is of paramount impor-

tance in case of external carotid branches embolization. 
Each residual anastomosis represents a potential undesired 
leak of liquid embolic agent, with possible clinical impli-
cations. The knowledge of the embryological variants 
described in this chapter, represents the basis to under-
stand the different possible adult configurations of the 
MMA and their clinical implications, which will be 
described in the chapter “Anatomy, Embryology and 
Variations of the Middle Meningeal Artery.” The most 
common pathologies, whose treatment requires a detailed 
knowledge of MMA embryology and variants, are dural 
arterio-venous fistulas, meningeal tumors and chronic sub-
dural hematomas.
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Table 3 Anatomical variations implicating the stapedial artery

Anatomical variations Embryological implications

Type
Incidence Direct and indirect signs Embryological explanation Embryos size 

(mm)
Complete persistence of 
the SA

2 cases –  Petrous ICA origin of the MMA
–  Petrous ICA origin of the IMA
–  Enlarged foramen spinosum
–  Eroded cochlear promontory

–  Lack of annexation of the maxillomandibular 
branch by the ventral pharyngeal artery

–  Persistence of the tympanic segment of the SA

24

Partial persistence of the 
SA

0.4% –  Petrous ICA origin of the MMA
–  Absent foramen spinosum
–  Enlarged facial canal

–  Regression of the proximal segment of the 
maxillomandibular branch

–  Persistence of the tympanic segment of the SA

24

Tympano-carotico- 
tympanic variant
Aberrant flow of the 
ICA + persistent SA

5 cases –  Intratympanic course of the ICA
–  Petrous ICA origin of the MMA
–  Enlarged inferior tympanic 

canal
–  Absent exocranial carotid canal

–  Regression of the proximal segment of the 
maxillomandibular branch

–  Persistence of the tympanic segment of the SA
–  Agenesis of the first two segments of the ICA
–  Anastomosis between inferior tympanic artery 

and caroticotympanic artery

24
4–5

Pharyngo-tympano- 
stapedial variant

2 cases –  Cervical ICA origin of the 
MMA

–  Absent foramen spinosum

–  Regression of the proximal segment of the 
maxillomandibular branch

–  Persistence of the tympanic segment of the SA
–  Anastomosis between inferior tympanic artery 

and caroticotympanic artery

24

MMA origin of the OA 1.4–
2.5%

–  MMA origin of the OA
–  No OA from the ICA or only 

the central retinal artery

–  Lack of annexation of the supraorbital branch 
by the ophthalmic artery

–  Persistence of the sphenoidal part of the 
supraorbital branch

24
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Intratympanic Flow of the Internal 
Carotid Artery

Thomas Robert, Sara Bonasia, and E. Ventura

The term “aberrant flow of the internal carotid artery”, even 
if it is the most used in the literature, is erroneous and does 
not highlight the pathophysiology of this disease [1–5]. The 
most precise term to describe this condition was proposed by 
P. Lasjaunias and is the inferior tympano-carotico-tympanic 
variant of the internal carotid artery (ICA) [5–7]. This term, 
even if complex, well illustrates the type of anastomosis 
encountered in this vascular variation. Another synonym also 
found in the literature is intratympanic flow of the internal 
carotid artery [8]. This chapter will focus on this specific vas-
cular variation of the ICA. Other forms of segmental agene-
sis of the ICA are developed in the chapter “Segmental 
Agenesis of the Internal Carotid Artery.”

 History

The first case report of aberrant ICA was reported by Max, 
an Austrian otologist, in 1899 [9, 10]. He described a case of 
a young female with pulsatile mass of the middle ear without 
describing the surgical details. After him, a lot of isolated 
cases or little case series, approximately 100 cases in total, 
were published principally by otologist to highlight the 
importance of this diagnosis, the risk of massive bleeding in 
case of wrong diagnosis and the radiologic characteristics of 
aberrant ICA [1, 9, 11–22].

The works in embryology of the cerebro-facial arteries of 
Congdon, Padget and Altman remain the cornerstones in the 
understanding of vascular variation of the cerebro-facial arter-
ies [23, 24]. Steffen (1968) published a text that gives initial 
explanation of different vascular anomalies of the middle ear 
based on the embryological knowledge [25]. Few years after, 
Lapayowker (1971) was the first to describe the angiographic 
findings of an aberrant ICA and defined the “vestibular line” 
which is a radiological criterion cited by a lot of authors after 
him [16, 26–30]. From 1977 to 1984, P. Lasjaunias published 
masterpiece articles that summarized, always based on angio-
graphic findings and embryological knowledge, the develop-
ment of cerebro-facial arteries [5, 7, 31]. In 1984, he published 
an article that remains the reference to explain all segmental 
agenesis of the internal carotid artery and in particular the 
aberrant flow of the ICA [31]. J. Moret (1982) also gave an 
important contribution in the understanding of vascular anom-
alies of the middle ear [32].

 Embryology of the Carotid System

In the present chapter, you will find only information to 
understand the formation of an “aberrant flow of the carotid 
artery” which is an intratympanic course of the pseudo- 
ICA.  Table  1 summarizes each segment origin and Fig.  1 
illustrates the transformation of the internal carotid artery 
from embryologic to adult life.

Early in the development (first stage of Padget, embryos 
of 4–5 mm), the two first aortic arches initiate their natural 
regression allowing the internal carotid artery to be individu-
alized. The embryological segments of the ICA are derived 
from the third aortic arch and from the dorsal aorta cranial to 
the third aortic arch. The dorsal aorta also regresses at the 
same time between the third and fourth aortic arches [23, 24, 
33, 34]. Embryologically, we could divide the internal 
carotid artery in seven different segments [6, 31]. The first 
one corresponds to the third aortic arch from the origin of the 
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Table 1 Embryological development of the ICA

Embryological 
segment Embryological origin Adult segment Proximal limit Distal limit
First segment Third aortic arch Cervical ICA Carotid bulb Junction cervical- 

petrous ICA
Second segment Dorsal aorta between second and third 

aortic arches
Ascending petrous 
segment

Junction cervical- 
petrous ICA

Caroticotympanic artery

Third segment Dorsal aorta between first and second aortic 
arches

Horizontal petrous 
segment

Caroticotympanic 
artery

Vidian artery

Fourth segment Dorsal aorta between first aortic arch and 
the primitive maxillary artery

Ascending lacerum 
segment

Vidian artery Meningo-hypophysary 
trunk

Fifth segment Dorsal aorta between the primitive 
maxillary artery and the PDOA

Horizontal 
cavernous segment

Meningo-hypophysary 
trunk

Infero-lateral trunk

Sixth segment Dorsal aorta between the PDOA and the 
PVOA

Clinoidal segment Infero-lateral trunk Ophthalmic artery

Seventh segment Dorsal aorta
Distal to the PVOA

Ophthalmic segment Ophthalmic artery Posterior 
communicating artery

CrD
CaD

DA

VA
PA

HypA

CrD
CaD

DAI

VA
PA

HypA

I A
A

II 
A

A

III
 A

A
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BA

TA
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HA

ACA
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PDOA
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2

1

ECA
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Fig. 1 Embryology and embryological segments of the internal carotid 
artery. The illustrations (a–c) show consecutive stages of ICA embryo-
logical development. The first stages of development (a) are character-
ized by the presence of three aortic arches that link the ventral and 
dorsal aorta (VA, DA). The VA regresses together with the ventral part 
of the aortic arches. The dorsal remnants of the aortic arches persist as 
embryonic arteries. These embryonic arteries divide the ICA into seven 
embryological segments: (1) The cervical segment: it derives from the 
remnant of the third aortic arch (III AA). (2) The ascending intrapetrous 
segment: it is the remnant of the dorsal aorta (DA) between the second 
(II AA) and third aortic arches. The division point between the segment 
2 and 3 is at the point of origin of the Hyoid artery (HA), that is the 
dorsal remnant of the second aortic arch. (3) The horizontal intrapetrous 
segment: it is the remnant of the DA between the first (I AA) and second 
aortic arches. The division point is at the point of origin of the mandibu-
lar artery (MA), that corresponds to the dorsal remnant of the first aortic 

arch. (4) The intracavernous ascending segment: it origins from the DA 
between the first aortic arch and the primitive maxillary artery (PMA), 
that connects the DA of the two sides (DAl dorsal aorta left, DAr dorsal 
aorta right). At the junction between segments 4 and 5 also the trigemi-
nal artery (TA) takes its origin. This latter represents a primitive con-
nection between the cavernous ICA and the basilar artery (BA). (5) The 
horizontal intracavernous segment: it derives from the DA between the 
PMA and the primitive dorsal ophthalmic artery (PDOA). (6) The cli-
noid segment: corresponds to the DA between the PDOA and the primi-
tive ventral ophthalmic artery (PVOA). (7) The terminal segment: the 
terminal ICA between (PVOA) and the primitive ICA bifurcation into 
the future anterior cerebral artery (ACA) and future posterior commu-
nicating artery (PComA). The figure shows also the hypoglossal artery 
(HypA) and the proatlantal artery (PA), that origin proximal to the third 
aortic arch and will contribute to the formation of external carotid artery 
(ECA) branches
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ventral pharyngeal artery (future external carotid artery) to 
the junction between the third aortic arch and the dorsal 
aorta. The second segment is the dorsal aorta between the 
second and third aortic arches. The third segment is the dor-
sal aorta between the first and second aortic arch. The fourth 
segment is the dorsal aorta between the origin of the trigemi-
nal artery (and the primitive maxillary artery) and the first 
aortic arch. The fifth segment is the dorsal aorta between the 
origin of the primitive dorsal ophthalmic artery (PDOA, 
future inferolateral trunk-ILT) and the origin of the trigemi-
nal artery (and the primitive maxillary artery). The sixth seg-
ment is between the origin of the primitive ventral ophthalmic 
artery (PVOA) and the origin of the primitive dorsal ophthal-
mic artery (PDOA, future inferolateral trunk-ILT). The sev-
enth segment is between the PVOA and the primitive carotid 
bifurcation.

It is important to note that the carotid bulb has not the 
same embryological origin than the other segments of the 
ICA.  It originates from the pharyngo-occipital system that 
easily explains variations in origin of the ascending pharyn-
geal and occipital arteries. Agenesis or abnormal regression 
of one or more segments of the carotid artery explains an 
intratympanic course of the ICA (by pharyngo-carotid anas-
tomosis) and also the different type of “reperfusion” in case 
of ICA agenesis.

The intratympanic course of the ICA, also named as 
“aberrant flow of the ICA”, is the consequence of the 
abnormal regression of the first and second segments with 
anastomosis between the inferior tympanic artery (from 
the ascending pharyngeal artery) and the carotico-tym-
panic artery (from the carotid artery) that infuses distally 
the carotid artery [6, 31]. The understanding of an anasto-
mosis between these branches well explains why the term 
“inferior tympano-carotico-tympanic variant of the inter-
nal carotid artery” is the most appropriate [6, 31, 35, 36]. 
The pseudo- ICA has consequently an intratympanic 
course without passing through the stapes [6, 7, 31].

 Intratympanic Flow of the ICA

Aberrant ICA or intratympanic flow of the ICA is a rare 
but well-known anatomical variation of the internal 
carotid artery. An aberrant ICA could remain asymptom-
atic or could be responsible for nonspecific symptoms: 
pulsatile tinnitus, recurrent otitis media, conductive hear-
ing loss, vertigo, or otosclerosis [1–3, 8–11, 15, 17–19, 
21, 22, 37–54]. In numerous cases, the aberrant ICA was 
misdiagnosed for a glomus tympanicum and bored the 
physician in uncontrollable bleeding loss during a middle 
ear surgery [1, 10, 32, 38, 43]. The intratympanic course 

of the ICA is explained by the agenesis of the two first 
segments of the primitive carotid artery. The cervical seg-
ment is composed in this case by the ascending pharyn-
geal artery with a hypertrophied inferior tympanic artery 
(branch of the ascending pharyngeal artery) that main-
tains its anastomosis with the carotico-tympanic artery 
(branch of the ICA) into the tympanic cavity (Fig. 2) [6, 
31]. The correct term for this variant is thus tympano- 
carotico- tympanic variant [6, 35]. It bypasses the absence 
of the cervical ICA and provides a collateral circulation 
to the remainder of the ICA. Therefore, the cervical and 
intratympanic segments of this artery do not derivate 
from the carotid system but from the pharyngo-occipital 
and hyostapedial systems (pseudo-ICA) [6, 31].

Lapayowker (1971) defined the angiographic findings in 
case of aberrant ICA, with in particular the lateral displace-
ment of the petrous ICA, lateral to the “vestibular line” [26]. 

Fig. 2 Pseudo-petrous or aberrant intratympanic ICA. This variant is 
due to the agenesis of the cervical ICA (third aortic arch). The cervical 
ICA agenesis is bypassed through a hypertrophic inferior tympanic 
artery (ITA), that courses from the ascendent pharyngeal artery (APhA), 
through the inferior tympanic canal and reaches the carotico-tympanic 
artery (CTA) to supply the ICA distal flow. The intratympanic ICA flow 
is called “aberrant” since the artery does not course into its usual canal 
but into an enlarged inferior tympanic canal

Intratympanic Flow of the Internal Carotid Artery
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a b c

d e

Fig. 3 Clinical case of pseudo-petrous or aberrant ICA. Compared to 
normal side (a), axial image (b) and coronal (c) projection reveal on the 
left side a tubular structure crossing the middle ear cavity close to the 
cochlear promontory. Note the caliber change of the aberrant vessel 
rejoining the horizontal petrous ICA (red arrow in b) and the enlarge-

ment of the left inferior tympanic canaliculus (red arrowhead in c). CTA 
axial (d) and oblique coronal reconstruction (e) depicts the left aberrant 
ICA abutting the cochlear promontory within the middle ear (red arrow)

During the 1980s, few authors described the radiologic crite-
ria of aberrant ICA in CT scan and could be summarized as 
follow [8, 9, 27, 55]:

 1. Posterior displacement of the petrous ICA
 2. Enlargement of the Jacobson’s canal (inferior tympanic 

canal)
 3. Aplasia or hypoplasia of the vertical segment of the ICA 

into the petrous bone
 4. Enhancing mass into the hypotympanum
 5. Absence of the bone plate between the ICA and the mid-

dle ear and
 6. Absence of the exocranial orifice of the carotid canal (an 

orifice does not exist without its contents)

Some of these signs are visible in the clinical case shown 
in Fig. 3

 Intratympanic Flow of the ICA 
with Persistent Stapedial Artery

In rare cases, an intratympanic course of the ICA is associ-
ated with the persistence of the stapedial artery [40, 49, 56–
59]. This association of vascular variants concerning both 
carotid and hyostapedial systems was described anatomi-
cally and angiographically [7, 9, 16, 42, 43]. In these cases, 
the ICA enters the skull base through an enlarged inferior 
tympanic canal (narrowing of the vessel on DSA), passes 
into the tympanic cavity to bend anteriorly and reaches its 
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Fig. 4 Pseudo-petrous ICA + SA persistency. This variant is due to two 
phenomena: the agenesis of the cervical ICA and stapedial artery per-
sistency. In this case the inferior tympanic artery (ITA) does not reach 
the carotico-tympanic artery (CTA) but the persistent SA (pSA)

Table 2 Different vascular variations including an intratympanic flow 
of the ICA

Vascular variations
Number 
of cases Clinical signs Radiological signs

Intratympanic flow 
of the ICA

More 
than 
100
2 
bilateral 
cases

Pulsatile 
tinnitus
Conductive 
hearing loss
Vertigo
Recurrent 
otitis media
Pseudo- 
aneurysm

Posterior 
position ICA
Enlarged 
Jacobson’s canal
Aplasia cervical 
and vertical 
petrous 
segments ICA
Enhancing mass 
in the 
hypotympanum
Absence of the 
exocranial 
carotid canal
Absence bony 
plate ICA- 
middle ear

Intratympanic flow 
of the 
ICA + persistence 
of the stapedial 
artery

5–10 Pulsatile 
tinnitus
Conductive 
hearing loss
Vertigo
Recurrent 
otitis media
Pseudo- 
aneurysm

Radiological 
signs of aberrant 
flow of the ICA
Absence or 
reduced size of 
the foramen 
spinosum

Duplication of 
cervical and petrous 
ICA

4 Asymptomatic Duplicated ICA
Enlarged 
Jacobson’s canal
Hypoplasia 
cervical and 
vertical petrous 
segments ICA

Duplication of 
cervical and petrous 
ICA + persistence 
of the stapedial 
artery

2 Recurrent 
otitis media
Otosclerosis

Duplicated ICA
Absence of the 
foramen 
spinosum

Duplication of 
cervical and petrous 
ICA with inferior 
tympanic-superior 
tympanic 
anastomosis

1 Pulsatile 
tinnitus

Duplicated ICA
Absence of the 
foramen 
spinosum
Ophthalmic 
artery origin of 
the middle 
meningeal artery

normal carotid canal. The middle meningeal artery arises 
from the ICA in its tympanic segment and passes through the 
stapes to enter the skull cavity through the cochlear promon-
tory [6, 31]. This variant is represented in Fig. 4.

 Duplication (Fenestration) of the ICA

The agenesis of the first two segments of the ICA could be 
complete or partial. In some cases, the agenesis is complete 
and the rerouting flow through the tympanic cavity allows to 
maintain a normal flow into the distal ICA. In rare cases, the 
agenesis of the cervical and petrous ICA is only partial and 
consequently, the cervical and petrous ICA seems dupli-
cated. The normal course of the ICA is generally hypoplastic 
in these cases [49, 60–66].

 Particular Variations

Almost all cases of aberrant flow of the ICA are sporadic and 
unilateral (Table  2). Only three cases of bilateral aberrant 
flow of the ICA were presented in the English literature by 
Roll (2003), Chang (2010), and Toros (2010) [3, 40, 52].

Koenisberg et al. (1995) described a rare case of dupli-
cated ICA associated with the persistence of the stapedial 
artery on the same side [49]. This is an interesting case that 
highlights the embryological link between the carotid and 
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hyostapedial systems in the formation of the middle ear 
vascularization.

The most surprising case was presented by Willinsky 
et al. (1990) and consists of an anastomosis between the infe-
rior tympanic artery (branch of the ascending pharyngeal 
artery) and the superior tympanic artery (stapedial artery) 
[55]. Consequently, the patient presented a duplicated ICA 
with anastomosis between the two ICAs in the horizontal 
petrous segment instead of the vertical petrous segment. 
Additionally, the middle meningeal artery arose from the 
ophthalmic artery instead of the external carotid artery. This 
case is similar to the two cases of a pharyngo-tympano- 
stapedial variant presented by P.Lasjaunias (1977) and by 
Baltsavias (2012) that presented a middle meningeal artery 
origin from the ascending pharyngeal artery [7, 35]. The dif-
ference between the case of Willinsky and these two cases is 
the presence or not of an aberrant flow of the ICA [55].

We could also find in the literature few cases of aberrant 
course of the ICA associated with a cervical ICA origin of the 
occipital artery [14, 28, 67, 68]. In fact, knowing that in case 
of aberrant course of the ICA, the cervical segment of the ICA 
does not exist, the occipital artery arises from the ascending 
pharyngeal system. This anatomical variation is easy to under-
stand because the occipital and ascending pharyngeal arteries 
have the same embryological development [6].

 Clinical Implications

A lot of cases of aberrant ICA were discovered during a sur-
gery of the middle ear. The lack of knowledge of this ana-
tomical variation leads to catastrophic hemorrhagic 
complication [20, 69, 70].

This anatomical variation must be differentiated from 
other diagnosis of vascular mass in the middle ear (high jug-
ular bulb or glomus tympanicum) [1, 18, 71].

Almost all authors agree in the absence of surgical treat-
ment of aberrant flow of the ICA [10, 47]. Only Rugg and 
Reed (1972) were favorable for an aggressive and surgical 
treatment in case of symptomatology [72]. They described a 
surgical technique coverage of the promontory defect by 
temporal muscle fascia graft and argued the indication for 
the surgery by “avoiding cerebrovascular accident.” Today, it 
is accepted by almost all experts that intratympanic course of 
the ICA is an anatomical variation but not a pathology. Only 
few cases necessitate a surgical treatment of a pathology in 
relation to an aberrant ICA [47, 53]. Winfuhr (2004) pro-
posed a management protocol and advocated to consider a 
surgical or endovascular treatment only in case of intratym-
panic aneurysmal formation, injury during a middle ear sur-
gery, or recurrent otitis media [10]. In case of pseudoaneurysm, 
the options are the trapping of the vessel with surgical 

bypass, the stenting of carotid artery, or the endovascular 
occlusion of the vessel [10, 47, 53].
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Embryology and Anatomy 
of the Internal Maxillary Artery

Thomas Robert, Sara Bonasia, and Gabriele Cicciò’

The internal maxillary artery (IMA), also known as maxil-
lary artery, is one of the two terminal branches of the external 
carotid artery (ECA) with the superficial temporal artery 
(STA) [1]. This is the largest branch of the ECA that has an 
important role in the supply of the facial structures. The first 
description of the IMA was given by Haller in 1745, and 
numerous authors described it as an artery with a high 
branching pattern variation [2–5]. The classical description 
of the IMA gives it not less than 14 branches that supply 
skin, mucosa, muscles, bones, and dura mater [3, 6, 7]. In 
this chapter, we will describe the anatomy of the internal 
maxillary artery with its variations.

 Embryological Development

The detailed embryological formation of the IMA is not 
completely elucidated, but few elements described by Padget 
are important to understand the general development of the 
IMA [8]. In this chapter, we will limit to the important phases 
in the development of the IMA. The most important phases 
of the IMA development are summarized in Table 1.

 Early Development of the IMA 
from the Internal Carotid Artery (ICA)

During the pre-padget embryological period (embryos 
<4–5 mm), the mandibular artery which represents the first 
aortic arch is visible and regresses rapidly during the stage I 
of Padget (4–5 mm) [8]. Even if all the development of this 
aortic arch is not known, the mandibular artery is the precur-
sor of the Vidian artery, branch of the IMA [9].

Between the stage II and V of Padget (6–18 mm), the 
second aortic arch has an important development with the 
hyo- stapedial system [8, 9]. This artery presents two dis-
tinct branches: the supraorbital and the maxillomandibu-
lar. The first one is the precursor of most of the 
ophthalmic artery branches and middle meningeal artery 
(MMA), while the second one is the precursor of the IMA 
branches [8].

 Formation of the Ventral Pharyngeal Artery

During the stage II of Padget (5–6 mm), the ventral pharyn-
geal artery initiates its development from the aortic bulb and 
progresses until the stage VI of Padget. This artery is the 
precursor of most of the ECA branches.

 Annexation of the Maxillomandibular Artery

During the stage VI of Padget, the ventral pharyngeal 
artery annexes the mandibulomaxillary branch of the sta-
pedial artery to form the external carotid artery. 
Consequently, branches of the IMA are considered as ves-
tiges of the stapedial artery and not of the ventral pharyn-
geal artery [9].
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Table 1 Embryological development of the internal maxillary artery

Stage
Embryo size 
(mm) Major evolutions Graphic illustration

I 4–5 •  Regression of the ventral part of the first and second aortic arches
•  Hyoid artery (HA) formation (dorsal remnant of the second aortic arch)

DA

MA

HA

VA

HypA

PA

II 5–6 •  Elongation of the hyoid artery (HA)
•  Annexation of the mandibular artery (MA) territory (first aortic arch) by 

the hyoid artery (second aortic arch)
DA

MA

HA

VA

HypA

PA

III/IV 7–12
12–14

•  Cranial growing of the hyoid artery (stapedial artery) passing into the 
middle ear (crus of the stapes)

•  Extension of the two branches of the stapedial artery: Supraorbital 
(SOA) and Maxillomandibular (MxMA)

SOA

MA

SA

VPhA

APhA

OA

MxMA

V 16–18 •  Maximal development of the stapedial artery
•  Annexation of the supraorbital branch (SOA) by the ophthalmic artery 

(PDOA, PVOA)
•  Regression of the trans-osseous (superior orbital fissure) segment of the 

supraorbital branch

PVOA

cnII

PD
OA

SOA

MxMA

VI 20–24 •  Annexation of the maxillomandibular branch by the ventral pharyngeal 
artery

•  Regression of the intratympanic segment of the stapedial artery

MMA

IMA

PB

ITA

APhA
CTA
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 Regression of the Proximal Part 
of the Stapedial Artery

At stage VI of Padget (20–24 mm), the proximal portion of 
the stapedial artery regresses living its two branches supplied 
by the ophthalmic artery (for the supraorbital branch) and the 
external carotid artery (for the maxillomandibular branch) 
[9, 10]. The MMA becomes a branch of the IMA, and the 
connection between the two branches of the stapedial artery 
partially regresses to become the recurrent meningeal artery. 
The maxillomandibular branch passing through the foramen 
spinosum, it forms the middle meningeal artery and all 
branches of the internal maxillary artery [8].

 Number and Origin of the Artery

The origin and the proximal trunk of the IMA do not present 
a lot of variations. As one of the terminal branches of the 
external carotid artery, it arises from the ECA in almost all 
cases [5, 7].

In case of complete persistence of the stapedial artery, the 
IMA arises from the petrous segment of the internal carotid 
artery reproducing the configuration of embryos at stage V of 
Padget (16–18 mm). Only two of such cases were described 
in the literature, and this variation is far rarer than the partial 
persistence of the stapedial artery [9, 11].

At its origin, the internal maxillary artery has an average 
diameter of 3.8 mm, its length is 42.8 mm [5, 7]. Duplication 
of the IMA at its origin was not described in the literature but 
an anatomical variation named “divided” IMA was pub-
lished and consisted in the early division of the IMA in two 
distinct trunks, one superficial and the other deep along the 
second segment of the artery [12–14]. Different configura-
tions were noted with the deep trunk larger or on the con-
trary, the superficial one larger. One of this case described by 
Claire et  al. is particular by the reunion of the two trunks 
giving the anatomy of a fenestration of the second segment 
of the IMA encircling the pterygoid muscles [13].

 Course of the Artery

The internal maxillary artery takes its origin in the retro- 
mandibular region where the ECA bifurcates in IMA and 
superficial temporal artery [6]. Three different segments of 
the IMA are described depending on the three anatomic 
regions crossed by the artery [5, 7]. The first one is the man-
dibular segment that extends from the origin of the artery to 
the lateral edge of the lateral pterygoid muscle. The second 
segment is called pterygoid, the artery is in the infratemporal 
fossa and extends from the lateral edge of the lateral  pterygoid 
muscle to its entrance in the spheno-maxillary fissure. The 

distal segment is the pterygo-palatine one, the artery is in the 
fossa of the same name, and it corresponds to the part of the 
IMA distal to its entrance in the spheno-maxillary fissure [5, 
7, 15, 16].

The major anatomical variation in the course of the IMA 
is its superficial or deep course in relation to the pterygoid 
muscles [2, 10, 17–22]. Even if a high ethnical variability is 
described, the superficial type of IMA is the most frequent 
with an incidence between 65% and 85% of cases [6, 23–
27]. This major anatomical variation could be explained by 
the embryological development of the IMA.  At an early 
stage, the internal maxillary artery is represented by an arte-
rial plexus. The superficial or deep position of the IMA 
depends on which part of the plexus regresses during the 
embryological evolution. With the aim to include other minor 
variations of the IMA, few authors described a classification 
of the course of the IMA in six different types [23].

 Branches of the Artery

The internal maxillary artery presents a high number of col-
lateral branches usually described as 14 distinct branches, 
but a high variability of these branches makes difficult to 
identify each one of them [5, 7, 9, 10]. With the aim to give 
you a general organization of these branches, we will sepa-
rate them by the IMA segment from where they arise.

 Branches of the First Segment (Table 2)

• The deep auricular artery is the first branch of the IMA, 
its average diameter is 1.0 mm. It could have a common 
origin with the anterior tympanic artery and supplies the 
external acoustic meatus.

• The anterior tympanic artery has a diameter of 0.7 mm 
and enters the middle ear to participate to its arterial sup-
ply with branches of the ascending pharyngeal artery and 
internal carotid artery.

• The middle meningeal artery (MMA) is the largest 
branch of the IMA. It passes through the foramen spino-
sum to supply the dura of the convexity. Chapter 
“Anatomy, Embryology and Variations of the Middle 
Meningeal Artery” is entirely consecrated to this artery.

• The accessory meningeal artery (AccMA) arises from 
the IMA with a diameter of 1.9 mm. It has a vertical and 
cranial course to the skull base passing through the fora-
men ovale [28–31]. The accessory meningeal artery pres-
ents an important extracranial supply to the Eustachian 
tube, pterygoid muscles, and to the external acoustic 
meatus but also a dural supply in the parasellar region. 
The course of the AccMA depends on the course of the 
IMA and penetrates the cranial cavity through the canal of 
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Table 3 Branches of the second (pterygoid) segment of the IMA

IMA branch

Mean 
diameter 
(mm) Variations Supply Anastomoses

Anterior 
deep 
temporal 
artery

1.4 Common 
origin with 
inferior 
alveolar 
artery

Temporal 
muscle 
(deep part)

Lacrimal 
artery (OA)
Superficial 
temporal 
artery

Posterior 
deep 
temporal 
artery

1.4 Temporal 
muscle 
(deep part)

Superficial 
temporal 
artery

Pterygoid 
arteries

Number: 
1–5

Pterygoid 
muscles

Masseteric 
artery

1.0 Masseteric 
muscle

Jugal artery 
(facial artery)

Buccal 
artery

1.0 Rotundum Buccinator 
muscles

Superior 
masseteric 
artery 
(transverse 
facial artery)

Table 2 Branches of the first (mandibular) segment of the IMA

IMA branch
Mean diameter 
(mm) Variations Supply Anastomoses

Deep auricular artery 1.0 Common origin with the anterior 
tympanic artery

External acoustic 
meatus

Anterior tympanic 
artery

0.7 Common origin with the deep auricular 
artery

Middle ear (anterior 
part)

Stylomastoid artery (OccA)
Inferior tympanic artery 
(APhA)
Caroticotympanic artery 
(ICA)

Middle meningeal 
artery

2.5 Origin from the OA (most frequent) Convexity dura
Falx cerebri
Temporal dura

Lacrimal artery (OA)
Infero-lateral trunk (ICA)
Anterior falcine artery (OA)

Accessory meningeal 
artery

1.7 Origin from the MMA Eustachian tube
Pterygoid muscles
External acoustic 
meatus
Parasellar dura
Mandibular division 
(V3)

Superior pharyngeal artery 
(APhA)
Antero-lateral branch (ILT)
Cavernous branch (MMA)
Recurrent branch (OA)

Inferior alveolar artery 1.3 Double origin Inferior alveolar rims
Dental roots of 
mandibula

Submental artery (facial 
artery)

Vesalius (sphenoidal emissary foramen) when the IMA 
has a deep course [9, 29]. This artery is described in detail 
in the chapter “Dural Branches of the Internal Maxillary 
Artery.”

• The inferior alveolar artery (or inferior dental artery) 
has an antero-inferior course along the mandibula to enter 
in the mandibular canal. The mean diameter of this branch 
is 1.3  mm, and it supplies the dental roots and the 
 mandibular bone [5, 7]. It could have a double origin from 
the IMA or arise directly from the ECA in case of deep 
course of the IMA. The distal part of the inferior alveolar 
artery anastomoses with the submental artery (branch of 
the facial artery).

 Branches of the Second Segment (Table 3)

• The anterior deep temporal artery supplies the deep 
part of the temporal muscle. It has a mean diameter of 
1.4 mm and could share its origin with the inferior alveo-
lar artery. Its distal part anastomoses with the lacrimal 
artery (branch of the ophthalmic artery) [7].

• The posterior deep temporal artery is a second branch 
to the deep part of the temporal muscle, its mean diameter 
is also 1.4 mm and anastomoses with muscular branches 
of the STA.

• The pterygoid arteries could have a number between 1 
and 5 and are small branches to the pterygoid muscles [5].

• The masseteric artery is also a muscular branch with a 
diameter of 1 mm.

• The buccal artery, with a mean diameter of 1 mm, sup-
plies the buccinator muscle and could share its origin 
with the infraorbital artery. It anastomoses distally with 

the jugal branch of the facial artery and with the supe-
rior masseteric artery (branch of the transverse facial 
artery).

 Branches of the Third Segment (Table 4)

• The infraorbital artery (diameter of 1.3  mm) has an 
anterior course in the inferior orbital fissure to enter in the 
infraorbital canal. It gives two branches: the superficial 
palpebral and the naso-orbital branches. Distally, it anas-
tomoses with branches of the ophthalmic artery and of the 
facial artery [9, 10].
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Table 4 Branches of the third (pterygo-palatine) segment of the IMA

IMA branch

Mean 
diameter 
(mm) Variations Supply Anastomoses

Infraorbital artery 1.3 Maxilla
Orbital contents (inferior part)

Lacrimal artery (OA)
Facial artery

Superior alveolar artery 1.3 Common origin with 
infraorbital artery

Upper alveolar rim
Dental roots of maxilla

Descending palatine 
artery

0.6 Upper teeth Posterior ethmoidal artery (OA)
Ascending palatine artery (APhA)

Vidian artery 0.7 Pterygoid canal
Vidian nerve

Petrous ICA

Pharyngeal branches NA Pharynx mucosa Superior pharyngeal artery (APhA)
Artery of the foramen 
rotundum

NA Middle cranial fossa dura Antero- lateral branch (ILT)

Pterygo- vaginal artery NA Eustachian tube Accessory meningeal artery
Ascending pharyngeal artery

Spheno- palatine artery 1.7 Hard palate
Nasal septum
Turbinates
Nasal mucosa

Posterior ethmoidal artery (OA)
Contralateral counterpart

• The superior alveolar artery supplies the upper alveolar 
rim and the dental roots of the maxilla. It has a mean 
diameter of 1.3 mm and could have a common origin with 
the infraorbital artery.

• The descending palatine artery is a little branch 
(0.6 mm) also called the greater palatine artery. It follows 
the upper alveolar rim until the incisive canal and anasto-
moses with the major artery of the soft palate (branch of 
the posterior ethmoidal artery).

• The artery of the pterygoid canal or Vidian artery is 
a little but important artery (0.7 mm) because it repre-
sents a direct anastomosis between the distal IMA and 
the petrous ICA. It has a posterior course to the ptery-
goid canal to anastomose with the Vidian artery of the 
ICA (vestige of the first aortic arch or mandibular artery) 
[32, 33].

• Pharyngeal branches of the IMA are little branches that 
supply the mucosa of the pharynx and anastomose with 
branches of the ascending pharyngeal artery.

• The artery of the foramen rotundum is a little dural 
branch of the IMA that enters the cranial cavity through 
the foramen of the same name, supplies the dura of the 
temporal fossa, and anastomoses with the antero-lateral 
branch of the infero-lateral trunk (cavernous ICA).

• The pterygo-vaginal artery supplies the Eustachian tube 
and anastomoses with the AccMA and with branches of 
the ascending pharyngeal artery.

• The spheno-palatine artery is considered as the terminal 
branch of the IMA and is the largest one (mean diameter 
of 1.7  mm). It presents two distinct branches, a medial 
one to the septum and a lateral one to the turbinates [5, 7]. 
It anastomoses with numerous branches of the facial and 
ethmoidal arteries. The septal branches also anastomose 
with their contralateral counterpart. Lasjaunias et  al. 
described a “theorical” anastomosis with the embryologic 
olfactory artery [10].

The branches of the IMA are illustrated in Fig. 1.

Embryology and Anatomy of the Internal Maxillary Artery



346

Fig. 1 Branches of the internal maxillary artery. (1) Middle meningeal 
artery; (2) accessory meningeal artery; (3) middle deep temporal artery; 
(4) inferior alveolar artery; (5) pterygoid artery; (6) masseteric artery; 

(7) buccal artery; (8) artery of foramen rotundum; (9) sphenopalatine 
artery; (10) posterior superior (dental) alveolar artery; (11) Vidian 
artery; (12) anterior deep temporal artery; (13) infraorbital artery

 Possible Anastomoses

The IMA is one of the principal natural collaterals between 
ECA and ICA that has a positive effect for example in case 
of proximal ICA stenosis, but it also allows the migration of 
embolic agent from the IMA to the ICA branches [34, 35]. 
We could divide the different IMA anastomoses in two dif-
ferent zones: the proximal region (Eustachian tube region) 
and the distal one (pterygo-maxillary region) [9, 10, 36]. 
Other than arterio-arterial anastomosis with branches of ICA 
and ECA branches, medial branches of the IMA (septal, pha-
ryngeal, and infraorbital) have anastomoses with their con-
tralateral counterpart [7].

 Eustachian Tube Region

Major anastomoses of the IMA in this region are by the 
AccMA and the descending palatine artery that anastomose 
respectively to the superior pharyngeal artery and to the 
ascending palatine artery (APhA) [5, 7]. The anterior tym-
panic artery also presents in the middle ear anastomoses with 
the stylomastoid artery (occipital artery), the inferior tym-
panic artery (branch of the ascending pharyngeal artery), and 
with the carotico-tympanic artery (from the ICA) [9, 22].

 Pterygo-maxillary Region

Most of anastomoses of the IMA are from its branches of 
the third segment with branches of the internal and exter-
nal carotid arteries but also through intra-muscular anas-
tomosis [7]. The infraorbital artery anastomoses with 
branches of the lacrimal artery (ophthalmic artery) and 
with the facial artery [10]. The anterior deep temporal 
artery also anastomoses with the lacrimal artery and with 
branches of the superficial temporal artery [29]. From its 
muscular branches (buccal and masseteric arteries), the 
IMA anastomoses with the transverse facial (superior 
masseteric branch) and facial (jugal branch) arteries [5]. 
The descending palatine artery and the sphenopalatine 
artery present anastomosis to the posterior ethmoidal 
artery [7]. The most direct anastomosis between the IMA 
and the ICA is the Vidian artery which connects the distal 
IMA with the petrous segment of the ICA [32, 33]. In the 
pharyngeal mucosa, pharyngeal branches from the IMA 
anastomose with the superior pharyngeal branch of the 
ascending pharyngeal artery. The inferior alveolar artery 
anastomoses with the submental artery (facial artery). 
The pterygo-vaginal artery anastomoses with branches of 
the AccMA and with the ascending pharyngeal artery [5, 
7, 17].
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 Meningeal Anastomoses

The IMA presents three distinct meningeal branches: The 
middle meningeal artery, the accessory meningeal artery, and 
the artery of the foramen rotundum [28–30]. Meningeal anas-
tomoses with other dural branches are numerous and could be 
found in detail in the dedicated chapters “Anatomy, 
Embryology and Variations of the Middle Meningeal Artery” 
and “Dural Branches of the Internal Maxillary Artery.” The 
MMA is the most prominent dural artery. Its major anastomo-
ses are with branches of the meningo-hypophyseal trunk, 
infero-lateral trunk, ascending pharyngeal artery, ophthalmic 
artery, and anterior falcine artery [9]. In the chapter “Anatomy, 
Embryology and Variations of the Middle Meningeal Artery,” 
these anastomoses are described in detail. The AccMA has 
anastomoses with the cavernous branch of the MMA, with the 
posterior branch of the infero- lateral trunk (ICA) and with the 
recurrent branch of the ophthalmic artery [28, 29, 37]. The 
artery of the foramen rotundum anastomoses with the antero-
lateral branch of the infero-lateral trunk (ICA) [10].

 Supplied Territory

The IMA has an important role in the supply of face and is 
interested in the supply of all tissue types [7, 16]. With the 
aim to give you a comprehensive overview, we classify the 
territory of supply by tissue.

 Mucosal Supply

This is the most important role of the IMA. It supplies the 
lateral part of the pharyngeal mucosa, the Eustachian tube, 
the mucosa of the middle ear (anterior part), the external 
acoustic meatus, the soft palate, and the mucosa of the cheek. 
Branches involved in this function are the Vidian artery, the 
anterior tympanic artery, the deep auricular artery, the 
AccMA, and the buccal artery [7].

 Muscular Supply

Muscular branches of the IMA arise from its second segment 
and supply the pterygoid muscles (pterygoid arteries), the 
temporal muscle (deep temporal arteries), the masseteric 
muscle (masseteric branch), and the buccinator muscles 
(buccal artery) [16].

 Teeth and Bone Supply

The inferior and superior alveolar arteries respectively sup-
ply the inferior and superior teeth with the surrounding bone 
(mandibula and maxilla) [5, 7]. The infraorbital artery also 

participate in the supply of the maxilla. The hard palate, 
nasal septum, and turbinates are supplied by the sphenopala-
tine and superior alveolar arteries [9].

 Meningeal Supply

Considering that the MMA is the largest meningeal artery, 
the IMA presents an important role in the dural supply. The 
MMA supplies the dura of the convexity, a part of the falx 
cerebri, the temporal fossa, and the lateral part of the tento-
rium [9]. The AccMA has a most limited territory to the lat-
eral wall of the cavernous sinus and to the foramen ovale 
region. The artery of the foramen rotundum also has a very 
narrow dural territory around the foramen rotundum 
[28–30].

 Peripheric Cranial Nerve Supply

The IMA participates in the supply of the trigeminal nerve, 
the AccMA gives little branches to the mandibular division 
(V3) extracranially and in the foramen ovale, and to the 
Gasserian ganglion in the cavum of Meckel [28]. The artery 
of the foramen rotundum gives similar branches to the 
 maxillary division (V2). The inferior and superior alveolar 
arteries also supply peripheric branches of the trigeminal 
nerve [9].

 Clinical Implications

A lot of physicians deal with the IMA during endovascular 
procedures or surgery, and the importance of this artery 
increased these last two decades with the evolution of the 
endoscopic ENT surgery and of the endovascular procedures 
[9, 34, 35, 38].

As we have seen before, the IMA presents a lot of arterio- 
arterial anastomoses with other branches of the ECA and 
with branches of the ICA. These anastomoses could be use-
ful in case of proximal ICA stenosis for example [10]. On the 
other hand, they represent a dangerous source of complica-
tion in case of liquid embolic agents use in naso-pharyngeal 
pathologies [34]. Liquid agents’ embolization is indicated 
for naso-pharyngeal tumors, facial AVM, or massive epi-
staxis. Anastomoses between the distal IMA and branches of 
the ICA could have catastrophic complication with retro-
grade migration of the liquid agent in the parenchymal 
branches of the ICA.

Endonasal endoscopic approach practically became the 
gold standard in the treatment of naso-pharyngal tumors 
or pituitary tumors. This approach, even if the mucosal 
resection is limited, has as complication the bleeding of 
the spheno-palatine artery and more precisely of its septal 
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branch [20, 22, 39, 40]. A strong knowledge of the vascu-
lar anatomy of the IMA is important to limit such compli-
cations. The use of pediculated mucosal flap for the 
reconstruction also necessitates a good knowledge of 
IMA branches.

This last decade, few authors published rare cases of sur-
gical bypass between the IMA and the middle cerebral artery. 
Due to its surgical technical difficulty, such surgeries are 
limited to expert hands and by its limited indication (giant 
cavernous internal carotid artery aneurysm or cavernous 
region tumors) [7, 41, 42].
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The ophthalmic artery (OA) is a very fascinating artery that 
has been studied by various ophthalmologists, neurosur-
geons, and more recently by interventional neuroradiolo-
gists. The complexity of its embryological development, 
which is not completely discovered, directly involved the 
primitive internal carotid artery (ICA) as well as the stape-
dial artery systems [1]. This complex embryological devel-
opment explains the numerous variations of this artery in its 
origin, course, and branching. During the last decades, neu-
roradiologists have a particular attention to anastomoses 
between the OA and external carotid artery (ECA) branches 
because of their importance in case of liquid embolization of 
pathologies in the ECA territory [2].

 History

The first orbital dissection was described at the end of the 
nineteenth century, in particular with the works of Meyer 
(1887) [3] who was the first anatomist who paid attention to 
the accurate description of the orbital vascularization. Based 
on macroscopic cadaveric dissection, this German anatomist 
already defined the “normal” anatomy and branching of the 
ophthalmic artery. Eighty years after this first generation of 
anatomists and ophthalmologists, Sohan Sing Hayreh, 
another ophthalmologist, realized in 1962 a fantastic work 

describing with high precision the origin [4], course [5], and 
branches [6] of the OA. His findings were based on dissec-
tions of 170 human orbits and were dispatched in three dif-
ferent publications [4–6]. In the same period, Kuru (1967) 
[7] proposed a comprehensive description of few variations 
of the orbital vascularization based on 100 cerebral angiog-
raphies. From the 1970s till today, neuroradiologists showed 
increased interests to the OA for its numerous anastomoses 
with branches of the ECA.  In particular, Moret (1977) [8] 
described in detail the orbital supply from the middle menin-
geal artery in his medical thesis. Others authors proposed, as 
Vignaud (1974) [9], Lasjaunias (1978) [10], or Shimada 
(1995) [11], fantastic articles that are today considered as 
landmarks on this topic. The knowledge and understanding 
of the embryology of the OA are based, as for other cranio-
facial arteries, on the work of Padget (1948) [1] and on bril-
liant hypotheses formulated by Lasjaunias [10, 12] that 
explain possible anatomical and angiographic variations.

 Embryology of the Orbital Arteries

The OA can be considered as the cranio-facial artery with the 
most fascinating and complex embryological development. 
This complexity is due to several factors. The first one, and 
the most important, is the lack of knowledge of various 
embryological steps, the second one is the implication of 
three different embryological systems: the primitive internal 
carotid artery, the stapedial artery, and the pharyngeal artery 
systems. The last but not least factor that complicates the 
understanding of the embryological development of the 
orbital arteries, is the high number of hypotheses formulated 
by various authors on this topic without scientific basis that 
could be misinterpreted as evidence-based information. Our 
knowledge about the embryological development of the 
cerebral vasculature is principally based on the collection of 
embryos at the Carnegie institute and on the writings of 
Streeter (1918) [13] and Padget (1948) [1]. Later, Lasjaunias 
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(2001) [12] proposed other theories regarding few changes 
in the development of the OA based on different angio-
graphic variations of this artery. In this chapter, we will pres-
ent first these two theories about the embryologic 
development of the OA. Then, divergent points of view will 
be addressed [14, 15].

 Padget’s Concept [1] (Table 1)

The embryological development of the ophthalmic artery is 
a series of development and regression of primitive arteries 
and could be divided in six stages. These six stages described 
by Padget [1] differ from the stages of the general embryo-
logical development also elaborated by the same author.

Stage I: In the early embryologic life (4–5 mm), the optic 
vesicles begin their differentiation in optic stalk and optic 
vesicle. The primitive maxillary artery, which originated 
from the future cavernous segment of the primitive carotid 
artery, sends a temporary branch to the base of the optic ves-
icle. The other major event of this stage is the formation of 
the first primitive ophthalmic artery from the primitive 
carotid artery: the primitive dorsal ophthalmic artery (PDOA) 
which takes its origin at the bifurcation of the primitive 
carotid artery in its caudal and cranial division (future poste-
rior communicating segment).

Stage II: In the 9 mm embryos, the PDOA now invests the 
optic cup by a large plexus without clear direct supply to the 
lens. The primitive hyaloid artery (future central retinal 
artery) is also developing through plexiform channels. The 

Table 1 Stages of embryological development of the OA (Padget’s concept)

Stage Embryo size (mm) Events Graphic representation
I 4–5 –  Primitive maxillary artery (PMA) as temporary 

branch
–  PDOA appearance

CrD

CaD

PDOA

PMA

II 9 –  Primitive hyaloid artery (HA) as plexiform 
channels

–  PVOA appearance

CrD

PVOA

CaD
HA

AC
hoA

PDOA

PMA

III 14 –  Formation of primitive hyaloid and common 
ciliary arteries

–  Stapedial artery (SA) development

CcA

PVOA

SA

HA
PDOA

PMA

IV 18 –  Migration of the PDOA origin
–  Formation of the supraorbital branch (SOrbA) 

of the SA
–  Regression of the PVOA

PDOA

HA

PVOA

SOrbA

MxM
A
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Table 1 (continued)

Stage Embryo size (mm) Events Graphic representation
V 20 –  Maximal development of the SA

–  Formation of the anastomotic ring (AR)

PDOA

AR

PVOA

SOrbA

VI 40 –  Ventral interruption of the AR
–  Regression of the SOrbA

LA

OA

ILT

Adapted from Padget DH. The development of cranial arteries in the human embryo. Contrib Embryol Carneg Instn. 1948;212:205–62

major change at this stage is the formation of another primi-
tive ophthalmic artery from the primitive carotid artery: the 
primitive ventral ophthalmic artery (PVOA). This second 
primitive ophthalmic artery originates from the cranial divi-
sion of the primitive carotid artery at the level of the anterior 
choroidal artery. At this stage, the PVOA supplies the cranial 
and mesial part of the plexus investing the optic cup.

Stage III: In the 14 mm embryos, both PDOA and PVOA 
are elongated, probably due to the ventral shifting of the 
optic cup and dorsal shifting of cerebral hemispheres. The 
PDOA develops two branches to the lens, which are the 
primitive hyaloid artery and the common temporal ciliary 
artery (future lateral posterior ciliary artery). The PVOA 
gives the common nasal ciliary artery (future medial poste-
rior ciliary artery). On the other hand, the stapedial artery 
begins its development, and one of its collateral branches is 
captured by the ventral pharyngeal artery (future stem of the 
middle meningeal artery).

Stage IV: At approximately 18 mm, the elongated stem of 
the PDOA is gradually pulled along the primitive internal 
carotid artery, and its origin migrates to its adult position. 
Streeter (1918) [13] called this phenomenon “anastomotic 
progression” in reference to vessels of other organs. The hya-
loid artery (branch of the PDOA) develops an anastomosis 
with the PVOA, which starts regressing. Concomitantly, the 
stapedial artery continues its progression and gives off two 
branches, the maxillomandibular artery that follows the sec-
ond and third branches of the trigeminal nerve and anasto-
moses with the future external carotid artery, and the 

supraorbital artery. This supraorbital branch passes into the 
orbital cavity through the superior orbital fissure (following 
the first branch of the trigeminal nerve).

Stage V: In the 20 mm embryos, the supraorbital branch 
of the stapedial artery develops several orbital branches 
(ocular arteries are already formed from primitive ophthal-
mic arteries) and anastomoses with the primitive ophthalmic 
artery. An anastomotic ring is formed around the optic nerve 
by anastomosis between the supraorbital artery, the PDOA, 
and the PVOA.

Stage VI: At approximately 40 mm, the adult conforma-
tion of the ophthalmic artery could be recognizable after the 
ventral interruption of the anastomotic ring that forms the 
future second segment of the ophthalmic artery. The extraor-
bital part of the supraorbital artery also regresses and the lac-
rimal artery is naturally annexed by the primitive ophthalmic 
artery.

 Lasjaunias’ Concept [10, 12, 16, 17]

The theory of P. Lasjaunias is based on the knowledge of the 
tremendous work of Padget and on different angiographic 
variations he observed.

The embryogenesis of the primitive ophthalmic artery 
depends on two different arteries during the 4–18 mm stages: 
the PDOA and the PVOA. The PDOA develops from the cav-
ernous segment of the primitive internal carotid artery and 
the PVOA from the anterior division of the primitive internal 
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carotid artery. The PDOA penetrates the orbit through the 
superior orbital fissure and the PVOA through the optic 
canal.

Then, two major anastomoses between these two arteries 
are formed. The first one is an intraorbital plexiform anasto-
mosis supplied by the two arteries around the optic nerve 
(future second segment of the ophthalmic artery). The sec-
ond anastomosis is intradural between the PVOA and the 
primitive carotid artery to form the definitive supraclinoidal 
origin of the ophthalmic artery. The proximal portion of the 
PVOA (between its origin on the ACA and its anastomosis 
with the ICA) then regresses to give the adult stem of the 
ophthalmic artery.

In a following step, the proximal part of the PDOA 
regresses, and its remnant becomes the inferolateral trunk of 
the primitive carotid artery. Distally to the anastomotic ring 
around the optic nerve, the hyaloid artery and the lateral and 
medial posterior ciliary arteries develop as described before.

Concomitantly, between 18 and 40 mm stages, the stape-
dial artery arises from the primitive hyoid arch of the petrous 
carotid artery, giving rise to the maxillomandibular and to 
the supraorbital branches. The maxillomandibular artery 
leaves the cranial cavity through the foramen spinosum to 
anastomoses with the ventral pharyngeal artery. The supraor-
bital artery enters the orbit to give orbital branches. It divides 
into two different branches: the ethmoidonasal and the lacri-
mal arteries. The ethmoidonasal artery anastomoses with the 
primitive ophthalmic artery at the arterial ring around the 
optic nerve described before. Then, the transsphenoidal part 
of the supraorbital artery regresses, and its orbital branches 
are annexed by the primitive ophthalmic artery to give the 
adult conformation.

 Divergence Between the Two Concepts 
(Table 2)

These major differences between the two different concepts 
could be summarized as follow.

The major divergence between the two concepts is the name 
of the primitive ophthalmic artery that persists and gives the 
definitive OA: this artery is named PDOA by Padget and PVOA 
by Lasjaunias. After giving a particular attention to the publica-
tion of Padget with analysis of the references she cited for a com-
parative anatomy between human embryos and rabbit anatomy, 
and in particular the publication of Mann (1928) [18], it seems 
that she misinterpreted Mann’s writings. Indeed, because of a 
different angle that the eye is viewed, she named PDOA the 
PVOA [19]. Whatever is the name given to the artery, all authors 
agree that this artery enters the orbit through the optic canal and 
gives off the central retina artery.

The other important divergence between the two concepts 
concerns the embryogenesis of the inferolateral trunk. For 
Padget, it is the remnant of the primitive maxillary artery 
(premandibulary arch) after its partial regression. For 
Lasjaunias, the ILT is the remnant of the PDOA.

Another small difference is the mechanism to explain the 
“migration” of the definitive origin of the OA to the supracli-
noidal segment of the ICA. Padget elegantly described the 
migration of the POA origin due to its elongation and to the 
cranial growing of the primitive carotid artery. On the other 
hand, Lasjaunias postulated for an intradural anastomosis 
between the POA and the primitive carotid artery, probably 
due to the osseous formation of the optic canal that brings the 
OA near to the primitive carotid artery. This different theory 
is represented in Fig. 1.

Table 2 Major divergences between the two embryological concepts

Differences D. Padget P. Lasjaunias
Definitive primitive ophthalmic artery Primitive dorsal ophthalmic artery Primitive ventral ophthalmic artery
Formation of the infero-lateral trunk Primitive maxillary artery Primitive dorsal ophthalmic artery
Formation of the proximal part of the 
definitive OA

Anastomotic progression Intradural anastomosis PVOA-ICA

S. Bonasia et al.
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HA

PVOA

A
MxM

SOrbA

PDOA

HA

PVOA

A
MxM

SOrbA

PDOA

a b

Fig. 1 Padget’s and Lasjauinias’ theories about OA origin migration. 
When the embryo is about 18 mm, the OA reaches its definitive origin 
on the supraclinoid ICA. This phenomenon is explained by Padget [1] 
by the cranial elongation of the ICA during this stage with the conse-
quent movement of the PDOA origin (black arrows in a). On the other 

hand, Lasjaunias [12] hypothesized the presence of an intradural anas-
tomosis between the PVOA and the primitive ICA (black arrow in b) in 
correspondence with the future origin with successive regression of the 
original stem

 Atypical Origins of the Ophthalmic Artery 
(Table 3)

 Normal Origin Variations

In more than 90% of cases [20, 21], the OA is the first 
branch of the intradural (C6 segment) internal carotid 
artery. Hayreh (1962) [4–6] furnished fantastic preci-
sions about the different origins of the OA based on the 
dissection of 170 human orbits. He noted that the OA ori-
gin could vary from 3 mm proximal to 4.8 mm distal to 
the distal dural ring. Matsumura et  al. (1999) [22] also 
paid a particular attention to the exact location of the ori-
gin of the OA and described a four-type classification 
(Fig. 2); type A when the OA origin is distal intradural 
over the cavernous sinus roof (4.7%); type B if the OA 
origin is always intradural but inside the cavernous sinus 
roof (54.7%); type C if the OA originates beneath the CS 
roof (26.6%); type D if the OA origin is intracavernous 
(14.1%). In few cases of intracavernous origin (3%), the 
OA borrows a separate bony canal to reach the optic 
canal (duplicate optic canal) [23]. Erdogmus et al. (2006) 
[24] confirmed that the intradural origin of the OA is the 
most frequent origin and found an extradural origin of the 
OA in only 5% of the orbits he dissected. Hayreh (1962) 
[4] described that the OA arose from the antero-medial 
aspect of the ICA anterior genu in most of cases (57%). 

The other possible positions of OA origin are the supero-
medial (35%), the medial (7%) or the antero-superior 
(1%) aspects of the ICA.

 Intracavernous Origin

In the cadaveric series of Hayreh (1962) [4], no case of intra-
cavernous origin of the OA was observed. The intracavern-
ous origin of the OA is a rare variation, and its incidence is 
estimated to 0.4% [25]. The first author who described this 
variation was Dilenge [26] in 1965 and after him, few case 
reports have been published [27–31]. Lasjaunias et al. (1977) 
[16] described a case of intracavernous origin and explained 
this anatomical variation by the embryological regression of 
the PVOA instead of the PDOA, supporting its theory about 
the embryogenesis of the OA [28, 30, 32–34]. On the other 
hand, authors that support the theory of Padget explain this 
anatomical variation by the persistence of an anastomosis 
between the first segment of the OA and the infero-lateral 
trunk (vestiges of the primitive maxillary artery) with conse-
quent regression of stems from both PDOA and PVOA [25, 
29, 35–37]. This anastomotic vessel is so-called deep recur-
rent OA [29]. Whatever theory you support and consequently 
what you call this anatomic variation (persistent PDOA or 
cavernous origin of the OA), this artery always arises from 
the lateral aspect of the horizontal segment of ICA (C3) and 
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Table 3 Correlation between embryological development and variations in origin of the OA

Variations in origin of the OA Embryological implications

Type

Incidence Embryological explanation
(Lasjaunias’ concept)
(Padget’s concept) Embryos size (mm)

Intracavernous origin 0.4% Persistence of PDOA instead of PVOA
Anastomosis ILT-recurrent meningeal artery

18

Double origin (from the ICA) 0.2% Absence of anastomosis between the two primitive OA
Persistence of primitive maxillary artery

20

MMA origin 1.4–2.5% Persistence of the supraorbital branch of the stapedial 
artery

40

Choroidal and communicating 
segments of the ICA origin

5 cases Incomplete intradural anastomosis PVOA-ICA 18

Anterior cerebral artery origin 6 cases Lack of intradural anastomosis PVOA-ICA 18
Middle cerebral artery origin 2 cases Lack of intradural anastomosis PVOA-ICA 18
Basilar artery origin 3 cases Persistence of the supraorbital branch of the stapedial 

artery
Persistent trigeminal artery

40

Infraoptic course of the A1 segment 0.1% Persistence of proximal segment of the PVOA instead of 
the A1 segment

18

Fig. 2 OA origin from the clinoidal segment of the ICA and 
Matsumura’s classification. (A) Distal intradural origin, (B) intradural 
origin but inside the cavernous sinus roof, (C) OA origin beneath the CS 
roof, (D) intracavernous origin. ACA anterior cerebral artery, AchoA 

anterior choroidal artery, CS cavernous sinus, ICA internal carotid 
artery, MCA middle cerebral artery, OA ophthalmic artery, PComA pos-
terior communicating artery, ILT infero-lateral trunk, ViA vidian artery, 
CTA carotico-tympanic artery

penetrates the orbit through the medial part of the superior 
orbital fissure. A case of intracavernous origin of the OA is 
shown in Fig. 3.

 Double Origin from the Internal Carotid Artery 
(Fig. 4a)

A double origin of the OA is a very rare variant, its incidence 
is estimated around 0.2% [25], and only few cases are 
reported in the literature [16, 25, 32, 37, 44–48]. The first 

case was described by Lasjaunias (1977) [16] who explained 
this anatomical variation by the lack of anastomotic ring 
around the optic nerve between the PDOA and the 
PVOA. Consequently, the PDOA does not regress. Based on 
Padget’s concept, it is more difficult to explain this anatomi-
cal variant, but some authors postulated that the persistence 
of the primitive maxillary artery could explain the intracav-
ernous branch followed by a normal development of the 
primitive OA [25, 37, 49]. In most of these rare cases, one of 
the two arteries arises from the supracavernous segment of 
the ICA, penetrates the orbit through the optic canal, and 
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Fig. 3 Case of intracavernous origin of the OA. The figure shows the 
case of a patient who underwent DSA to study the cavernous ICA aneu-
rysms incidentally discovered during an MRI. The lateral and 3D view 
show the origin of the OA (red arrows) from the cavernous segment of 

the ICA. This variant is explained by the persistency of the primitive 
dorsal ophthalmic artery instead of the primitive ventral OA as defini-
tive ophthalmic artery. In this case the ophthalmic artery enters the orbit 
through the superior orbital fissure instead of the optic canal

a b

Fig. 4 Different possible origin of the OA. (a) Double origin from ICA 
of the OA. The first of the two arteries arise from the supracavernous 
segment of the ICA, penetrates the orbit through the optic canal and 
gives the posterior medial ciliary (PMCAs) and the central retinal artery 
(CRA). The second OA arises from the infero-lateral aspect of the cav-
ernous segment of the ICA, passes through the superior orbital fissure 
(SOF) and gives off all the other orbital branches including the poste-

rior lateral ciliary artery (PLCAs). (b) MMA origin of the OA. Orbital 
arteries origin from the anterior division of the MMA passing through 
the SOF or through the spheno-orbital foramen [26, 38–43]. The CRA 
can keep its origin from the supracavernous ICA but in few cases, also 
the central retinal artery is supplied by the MMA without ICA 
participation

gives the posterior medial ciliary and the central retinal arter-
ies. The “second” OA arises from the infero-lateral aspect of 
the cavernous segment of the ICA, passes through the SOF, 
and gives off all the other orbital branches including the pos-
terior lateral ciliary artery [12]. Only one case described by 

Uchino et al. (2013) [47] was different than others, because 
the intracavernous origin of one of the OAs arose from the 
posterior genu of the cavernous segment of the ICA 
(meningo-hypophyseal trunk rather than infero-lateral 
trunk). Authors postulated that other than the first anatomical 
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variation (nonanastomosis between PDOA and PVOA), 
another one with an anastomosis between the infero-lateral 
and meningo-hypophyseal trunks, which consequently could 
explain a posterior origin of the intracavernous OA [47].

 Middle Meningeal Artery Origin (Fig. 4b)

The first description of orbital branches arising from the 
middle meningeal artery (MMA) was published in 1872 by 
Curnow [50]. He noted in his case dissection that all orbital 
branches were supplied by the MMA except the central reti-
nal artery, which kept its origin from the supracavernous 
ICA.  Twenty years after this first description, Musgrove 
(1893) [51] presented another case of MMA origin of the OA 
where also the central retinal artery was supplied by the 
MMA, and the ICA did not give any orbital branch. After 
another isolated case found during cerebral or orbital dissec-
tions [52–55], Hayreh (1962) [4] reported 6 cases among his 
170 orbital dissections where the MMA participated com-
pletely (2 cases) or partially (4 cases) in the orbital supply. 
Later, Moret (1977) [8] and Lasjaunias (1977) [16] described 
with precision the contribution of the MMA to the orbital 
vascularization and gave us a more comprehensive explana-
tion of this anatomical variation.

The incidence of OA that arises from the MMA and pen-
etrates the orbit through the SOF is estimated between 1.4 
and 2.5% [25, 32, 36, 56, 57]. In this anatomical variation, 
orbital arteries are supplied by the anterior division of the 
MMA passing through the SOF or through the spheno- 
orbital foramen [26, 38–43]. The central retinal artery gener-
ally keeps its vascular supply from the supracavernous ICA, 
but in few cases, the central retinal artery is supplied by the 
MMA without ICA participation [8, 9, 58].

As explained before, during the embryogenesis, the stape-
dial artery gives the supraorbital branch which allows the 
development of the lacrimal artery and anastomoses with the 
OA around the optic nerve (participation of the peri-optic 
circle) [1, 12]. The proximal part of the supraorbital branch 
then normally regresses, and the lacrimal artery is annexed 
by the OA. The persistence of MMA branches (or, in extre-
mis, MMA origin of the OA) could be explained by two dif-
ferent phenomena: the absence of anastomosis between the 
supraorbital branch and the OA, with consequent double 
supply of the orbital arteries, or the persistence of the proxi-
mal stem of the supraorbital branch of the stapedial artery 
with regression of the primitive OA (complete MMA origin 
of the OA) [8, 10, 12, 16, 17]. Although the supraorbital 
branch gives off its bifurcation (lacrimal artery laterally and 
ethmoido-nasal medially) usually inside the orbit, in 30% of 
cases it can divide outside the orbit in the middle cranial 
fossa. In such cases, the ethmoido-nasal artery passes 
through the SOF, but the lacrimal artery penetrates the orbit 

through its own canal: the spheno-orbital foramen [29] (canal 
of Hyrtl, lacrimal foramen, sinus canal) [12]. Depending on 
the author, these branches could be named differently. The 
lateral branch, passing through the canal of Hyrtl, is named 
meningolacrimal artery. The medial branch, passing through 
the SOF, is named recurrent meningeal artery or sphenoidal 
artery [25, 36, 37].

 Atypical Origins from the Internal Carotid 
Artery

In rare cases, the migration of the origin of the primitive OA 
along the primitive ICA is not complete or the anastomosis 
between the PVOA and the ICA happens above the ophthal-
mic segment of the ICA [12, 32]. Consequently, the defini-
tive OA arises from the supraclinoid segment of the ICA but 
from its choroidal [35, 48, 59] or communicating portions 
[36, 60].

 Other Possible Origins of the OA

Our limited knowledge in embryogenesis of the OA does not 
allow to explain all other possible origins of the OA. Usually, 
these anatomical variations are associated with segmental 
anomalies: ICA agenesis [61] or persistence of other embry-
onic vessels [23]. Few cases of ACA [20, 48, 62–66] origin 
of the OA were described and are always explained by the 
nonmigration of the PVOA.

Two cases of MCA origin of the OA have been described 
and angiographically illustrated [32, 36, 52]. This rare varia-
tion could also be explained by the nonmigration of the 
PVOA remembering that the MCA is embryologically a 
branch of the anterior division of the primitive ICA appear-
ing later than the normal migration of the PVOA.

Two other cases [32, 61] of posterior communicating 
artery (PComA) origin of the OA have been described but 
could not be explained by our knowledge of the embryogen-
esis and were concomitant with an ICA agenesis. It is not 
clear if the OA really arose from the PComA or from the 
supraclinoid segment of the ICA only perfused by the 
PComA.

Another three interesting cases of basilar artery origin of 
the OA have been angiographically demonstrated [67–69]. 
Even if it is difficult to explain this variant with the embryo-
genesis, authors postulated two interesting hypotheses. The 
first one is the concomitant persistence of the PDOA with a 
persistent trigeminal artery, consequently by multiple anas-
tomoses the OA arises from the BA. The second hypothesis 
is the persistence of the stapedial artery with anastomosis 
between this latter and the BA and regression of the proximal 
segment of the stapedial artery.
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Another anatomical variation that interests the embryo-
genesis of the OA is the intra optic course of the A1 segment 
that will be described in details in the chapter about the ante-
rior cerebral artery [64], a variant which could be found 
when the A1 segment regresses instead of the proximal part 
of the PVOA [12].

In rare cases of agenesis of the ICA, two cases are 
described with the OA arising from the clinoidal segment of 
the contralateral ICA [70, 71].

 Variations in the Course of the Ophthalmic 
Artery

The course of the OA could be divided in three different 
parts: intracranial, intracanalicular, and intraorbital portions. 
Meyer (1887) [3], as pioneer in the description of the OA 
presented it in three segments as illustrated in Fig. 5b.

After its origin from the ICA, the OA has a short intracra-
nial course where the artery is in the subdural space in 85% 
of cases, between the two dura layers in 10% and completely 
extradural in 5% [4]. The OA generally stays on the inferior 
aspect of the optic nerve (infero-lateral: 70%, infero-central: 
15%, and infero-medial: 15%) [24] to reach the optic canal.

In its intracanalicular course, the OA usually lies in the 
inferior part of the optic canal under the optic nerve. Hayreh 
and Dass (1962) [4] showed that the OA have an infero- 
lateral relationship to the optic nerve all along the optic canal 
in 64%. In other cases, the OA could have a more medial 

course, but in their cadaveric series, they noted that the OA 
was always inferior to the nerve.

The OA then penetrates the orbit, and its intraorbital part 
can also be separated in three segments [5, 72, 73]. The first 
one extends from its point of entrance in the orbit to the point 
where the artery bends to become the second part. In the first 
part, the OA runs along the inferolateral aspect of the optic 
nerve. The second part crosses over or under the optic nerve 
in a medial direction to reach the supero-medial aspect of the 
nerve. It corresponds to the second segment of the OA. The 
third part extends from the point where the artery bends 
another time to its terminal point.

The second segment of the artery is the most exposed to 
anatomical variations. Usually, the OA crosses cranial to the 
optic nerve in approximately 85% and caudal to the nerve in 
about 15% [4, 23]. This anatomical variation depends on 
which part of the primitive arterial ring persisted during the 
embryologic life [1, 12]. Hayreh (2006) described in details 
this embryonic arterial ring and the processes of partial 
regression, dividing it into four different segments among 
the four primitive arteries (stapedial artery, PVOA, PDOA, 
and the distal OA) [23]. Rare cases of complete persistence 
of the peri-optic ring have also been described [74, 75].

In its third segment, the OA runs medial to the optic nerve 
to reach the supero-medial angle of the orbital opening. After 
its bend (end of the second segment), the artery runs between 
the medial rectus and the superior oblique muscles to reach 
the medial wall of the orbit close to the anterior ethmoidal 
foramen. At the supero-medial angle of the orbit, the OA ter-

a b

Fig. 5 (a) Course and branches of the OA. The central retinal artery 
(CRA) and the medial and lateral posterior ciliary arteries (MPCAs and 
LPCAs) are the first branches of the OA, which vascularize the ocular 
globe and its choroid. The lacrimal artery (LA) supplies the lacrimal 
gland (LG), the lateral part of the eyelid, the lateral rectus muscle, and 
inconstantly part of the dura of the middle cranial fossa. The anterior 
and posterior ethmoidal artery (AEtA and PEtA) supply the dura of the 
planum sphenoidale [6, 72, 73]. The supratrochlear (STrA) and supra-
orbital (SOrbA) arteries feed the peri-orbita, eyelids, and skin of the 

orbital region. AccMA accessory meningeal artery, FRA foramen rotun-
dum artery, ILT inferolateral trunk, MLA meningolacrimal artery, MMA 
middle meningeal artery, SphA sphenoidal artery [12]. (b) OA segments 
classifications: intracranial (1), intracanalicular (2), and intraorbital (3). 
(A) From origin of the artery to the point where the artery bends around 
the nerve; (B) from the point where the OA crosses over or under the 
optic nerve in a medial direction to the supero-medial aspect of the 
nerve; (C) from the point where the artery bends another time to its 
terminal point
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minates dividing into supra-trochlear and dorsal nasal arter-
ies in 83% of cases [5]. In the other cases, the OA terminates 
at the level of the anterior ethmoidal foramen, dividing into 
anterior ethmoidal artery and another small branch that reach 
the supero-medial angle of the orbit [23].

 Variations of Branches of the Ophthalmic 
Artery

Branches of the OA can be divided into ocular (central reti-
nal and ciliary arteries), orbital (muscular and lacrimal arter-
ies), and extraorbital groups and are summarized in Table 4 
and in Fig. 5a. All branches arise from the second and the 
third segments of the OA. Branches destined to the ocular 
globe and also to the retina originate from the second seg-
ment of the artery [23]. Few variations of origin of these 
branches have been described. We will just cite the most 
common since this aspect goes beyond the purpose of this 
review.

The central retinal artery and the medial posterior ciliary 
artery, which are the first two branches of the OA, could have 
a common origin or distinct origins [6].

Whether the OA crosses cranial or caudal to the optic 
nerve in its second segment makes an evident difference in 
the order of its branches [6]. When it crosses under the optic 
nerve, the first is invariably the lateral posterior ciliary artery, 
the second one the central retinal artery, and the third is the 
medial posterior ciliary artery followed by the other branches. 
When the OA crosses over the optic nerve, the first branch is 
the central retinal artery, arising from a common trunk with 
the medial posterior ciliary artery, and the second one is the 
lateral posterior ciliary artery [23, 76].

The ocular globe and its choroid is vascularized by the 
central retinal artery and by the posterior ciliary arteries [6, 
12]. The lacrimal artery supplies the lacrimal gland, the lat-
eral part of the eyelid, the lateral rectus muscle and incon-
stantly gives off meningeal branches to supply the dura of 
the middle cranial fossa [6, 77]. The two main muscular 
branches (lateral and medial) supply the lateral and superior 
rectus muscles (lateral artery) and the inferior and medial 
rectus muscles (medial artery) [78]. The dura of the planum 
sphenoidale is supplied by the anterior and posterior eth-
moidal artery, and the anterior third of the falx cerebri is also 
supplied by the anterior ethmoidal artery through the ante-
rior falcine artery [6, 72, 73]. Other branches of the OA have 

Table 4 Branches of the OA with corresponding territory

OA branches Origin from the OA (segment) Course Branches Territory
Central retinal artery 2nd Central 2 Optic nerve

Macula
Medial posterior ciliary artery 2nd Central 1 Retina (medial part)
Lateral posterior ciliary artery 2nd Central 1 Retina (lateral part)
Lacrimal artery 2nd Lateral 3–4 Lacrimal gland

Lateral rectus
Dura of the SOF
Eyelids (lateral part)

Lateral muscular artery 2nd Lateral 3–6 Lateral rectus
Superior rectus
Superior oblique
Levator palpebrae

Supraorbital artery 3rd Superior 3–6 Levator palpebrae
Orbital periosteum
Upper eyelids

Posterior ethmoidal artery 3rd Medial 1–4 Superior oblique
Ethmoid air cells
Dura (planum)

Medial muscular artery 3rd Medial 3–6 Medial rectus
Inferior rectus
Inferior oblique

Anterior ethmoidal artery 3rd Medial 2–5 Ethmoid air cells
Medial rectus
Dura (lamina cribrosa, falx)

Medial palpebral artery 3rd Medial 4 Eyelids
Lacrimal sac
Naso-lacrimal duct

Frontal (supratrochlear) artery 3rd Superior 1 Scalp (supraorbital)
Dorsal nasal artery 3rd Superior 2 Scalp

Forehead
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principally a role in the vascularization of the peri-orbita, 
eyelids, and skin of the orbital region [12]. This superficial 
vascular supply is in balance with various branches of the 
external carotid artery [23].

 Possible Anastomoses Between 
the Ophthalmic Artery and Branches 
of the External Carotid Artery

The first author who described an arterial anastomosis 
between the OA and branches of the ECA was Bossi (1955) 
[54] presenting angiographic cases of ICA occlusion.

The OA, that belongs to the internal carotid system, is a 
source of numerous anastomoses with branches of the exter-
nal carotid artery [2, 79, 80]. These ECA-ICA natural anas-
tomoses are important to know and are summarized in the 
Table 5.

The first one is already cited and well explained by the 
embryology. This is the anastomosis between the lacrimal 
artery and the anterior branch of the middle meningeal artery 
passing through the SOF or through the canal of Hyrtl [8, 
81]. More distally, the lacrimal artery gives other anastomo-
sis to deep temporal, transverse facial, orbitozygomatic, and 
infraorbital arteries [25].

The dorsal nasal artery also presents anastomoses with 
the facial artery via the angular artery or with the infraorbital 
artery [25, 54]. An anastomosis between the dorsal nasal 
artery of each side could be present in the midline [12].

The supraorbital, and more rarely the supratrochlear 
branches, anastomose with frontal branches of the superficial 
temporal artery [54].

 Clinical Implications

The knowledge of the anatomical variations and possible ori-
gins of the OA could be very important for both neuroradi-
ologists and neurosurgeons in the management of the 
following pathologies.

 Cribriform Plate dAVF

Usually, cribriform plate dAVFs are principally supplied by 
ethmoidal branches of the OA but also by MMA and IMA 
branches [82]. The anastomoses between the OA and the 
ECA previously described, well explain the possibility to 
visualize the fistula after an ECA injection even if there are 
not always feeders from the MMA or the IMA. An anasto-
mosis between dorsal nasal artery of both sides could explain 
the frequent bilateral supply of the fistula. In case of surgical 
exclusion, the anatomy of the OA, including eventual vari-
ants should be known in order to identify the AV shunt and to 
avoid complications [83]. A few studies also show the pos-
sibility to manage this pathology with an endovascular 
approach [82, 84]. Knowledge of OA anatomy is mandatory 
to choose the best injection point (MMA or OA) and to limit 
the risk of arterial reflux into ocular branches [82].

 Sphenoid Wing dAVF

For sphenoid wing dAVF, branches of the ILT, MMA, and of 
the IMA are usually the main arterial feeders [85, 86]. The 
OA, through its dural recurrent branches, could also play an 
important role [85]. A deep knowledge of the OA dural ter-
ritories and of possible anastomoses between OA and MMA 
is necessary to choose the best approach (microsurgical 
exclusion or endovascular occlusion) and avoid complica-
tions. In case of transarterial embolization through the 
MMA, physicians should prevent the embolic agent reflux 
into OA branches, using coils, acrylics, or temporary balloon 
occlusion [85].

 Carotid-Ophthalmic Aneurysm

The treatment of these aneurysms includes many possi-
bilities, as surgical clipping and endovascular treatment 
with simple coiling or flow-diverter stenting [87]. In case 
of stenting, OA occlusion or embolism can occur [88]. 
Some studies [87–89] compared aneurysms occlusion 

Table 5 ECA-OA anastomoses

OA branch ECA branch
Name of the 
anastomosis Foramen

Lacrimal 
artery

Middle meningeal 
artery

Deep 
recurrent OA

SOF

Lacrimal 
artery

Middle meningeal 
artery

Meningo- 
ophthalmic 
artery

Hyrtl canal

Lacrimal 
artery

Anterior deep 
temporal artery

Inferior 
branch

Osseous 
canals

Lacrimal 
artery

Infraorbital artery Inferior 
branch

Orbital 
opening

Dorsal nasal 
artery

Facial artery Angular artery Orbital 
opening

Supraorbital 
artery

Superficial 
temporal artery

Supraorbital 
foramen

Ethmoidal 
arteries

Sphenopalatine 
artery

Ethmoidal 
foramen
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rate, recurrence, and visual complications and reported 
no significant difference of amaurosis fugax and retinal 
embolism between simple coiling and flow-diverter 
stenting (FDS). However, it seems that flow diversion 
achieved a more stable sac thrombosis compared to other 
techniques [87]. The patho-mechanisms of visual field 
deficits could be related to small emboli outgoing from 
stent, to a modified blood flow in the OA after FDS place-
ment, or to insufficient blood compensation from the 
ECA collaterals [89].

On the other hand, in case of surgical clipping of carotid- 
ophthalmic aneurysm, major attention has to be paid to pos-
sible variations in OA origin and course during the anterior 
clinoid process drilling. Before performing the anterior cli-
noidectomy, OA origin in relationship to the superficial and 
deep dural rings, eventual double OA, and other variations 
should be considered.

 Olfactory Groove Meningioma

The blood supply of olfactory groove meningiomas mainly 
arises from ethmoidal branches of ophthalmic artery [90, 
91]. Preoperative embolization to this supply has the risk of 
affecting the ocular branches of the OA and is therefore 
generally not performed. A preoperative embolization is 
usually performed through the MMA because of the lower 
risk of complications, even if some reports describe the 
possibility to work through superselective catheterization 
of the OA [91]. In this latter case, the most important rule 
is obviously to place the microcatheter tip as distal as pos-
sible [90]. The analysis of OA anatomy, origins, and even-
tual anatomic variations is also mandatory. In case of 
surgical approach, the first step of the resection is to coagu-
late the feeding vessels at the skull base in order to limit 
blood loss [91].

 Refractory Epistaxis

Refractory or severe epistaxis is a good indication for 
embolization through branches of the internal maxillary 
artery [92]. Before performing this treatment, full analysis 
and knowledge of the anastomotic connections between the 
sphenopalatine artery and other branches (MMA, eth-
moidal branches) is important to avoid uncontrolled embo-
lization. Depending on the series, these complications 
occur in 0–2% of cases, and must be considered before the 
procedure [93]. Only in rare cases, ethmoidal arteries are 
the source of bleeding and the treatment of choice is usu-
ally surgical ligation [92].

 Intra-arterial Chemotherapy 
for Retinoblastoma

The classical technique consists in the superselective catheter-
ization of the OA with a microcatheter and subsequent chemo-
therapy injection [94]. However, direct catheterization of the 
OA is not always possible because of the small size of this artery 
in young children or anatomic variations, making it impossible 
to catheterize with the standard technique. Klufas et  al. [95] 
described two alternative ways to reach the orbita: catheteriza-
tion through the MMA (possible for its anastomosis with the 
OA, or because it gives sometimes the whole orbital vascular-
ization) and balloon assisted injection.

In conclusion, knowledge of OA anatomy and the possi-
ble variations is mandatory for both neurosurgeons and neu-
roradiologists who approach the pathologies previously 
described. The analysis of the embryological steps that led to 
OA development is also very helpful to understand the pos-
sible variants in the adult configuration.

 Appendix: Expert Comment by Torstein 
R. Meling

In this chapter, the authors make a tour de force presentation 
of the ophthalmic artery (OA), which is both an important 
and an intriguing artery.

The OA is an important artery because it contributes to 
the blood supply of the optic apparatus, i.e. the optic nerve 
and the retina, via its ocular branches, and to the optic 
adnexae, e.g. the extra-ocular muscles, lacrimal glands, and 
eyelids, via its orbital and extra-orbital branches. Secondly, 
the OA is intriguing because of the considerable variations in 
its anatomy, such as anomalous origins of the OA, as well as 
various anastomoses between the internal carotid artery 
(ICA) and external carotid artery (ECA) systems via the 
OA. The authors present the complex OA embryology that 
can explain these anatomical variations.

From our microsurgical anatomy books, we know that the 
OA is the first major branch of the ICA, that it usually origi-
nates just above the distal dural ring, and that enters the orbit 
via the optic canal, running infer-lateral to the optic nerve 
(ON). However, several important anomalous origins of the 
OA have been reported in the literature. The most important 
variant is an MMA origin, in which the OA originates from 
the MMA to reach the orbit via the superior orbital fissure 
(SOF) or a foramen in the greater wing of the sphenoid bone. 
In most such cases, the OA typically has double origins, i.e. 
with one branch arising from the MMA, which is an ECA 
branch, and the second branch from the ICA.  However, a 
variant with the OA being supplied solely by the MMA has 
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also been described. The second most common variant is an 
OA arising from the cavernous segment of the ICA to reach 
the orbit via the SOF.

The central retinal artery, lateral posterior ciliary artery, 
and medial posterior ciliary artery are the three ocular 
branches of the OA that emerge from the intraorbital seg-
ment of the OA and contribute to the blood supply of the 
optic apparatus. Thus, injury to the OA, whether traumatic or 
caused by iatrogenic factors, may have serious neuro- 
ophthalmological repercussions.

Furthermore, the OA has several orbital and extra-orbital 
branches, with no regular pattern because of significant 
inter- individual variations. These include the lacrimal 
artery, muscular arteries, the posterior and anterior eth-
moidal arteries, the supraorbital artery, the medial palpe-
bral artery, the dorsal nasal artery, and the frontal artery. 
There are numerous potential EC-IC anastomoses between 
the distal orbital and extra-orbital branches of the OA and 
the branches of the maxillary artery of the ECA. Examples 
include: (1) between medial and lateral muscular branches 
of the OA and the infraorbital artery at the level of the 
orbital floor; (2) between the anterior and posterior eth-
moidal arteries and the septal branch of the spheno-palatine 
artery, (3) between the lacrimal artery branch the of the OA 
and the anterior division of the MMA, and lastly, (4) 
between cutaneous branches of the OA and cutaneous ECA 
branches from the superficial temporal artery, the trans-
verse facial artery, and the facial artery.

Why is this relevant? First, anatomical variations carry a 
potential risk of procedural complications of skull base sur-
gery, such as an inadvertent sacrifice of a middle meningeal 
artery (MMA) that supplies the OA; of microsurgical clip-
ping of OA aneurysms, where the OA origin in relationship 
to the distal dural ring, the possible presence of a double OA 
or other variations should be considered before performing 
an anterior clinoidectomy; of endovascular treatment of 
dural arteriovenous fistulas (dAVFs), where migration of 
embolization material can compromise flow in OA branches 
through EC-IC anastomoses, and of endovascular treatment 
of OA aneurysms, where flow-diverter stenting may lead to 
OA occlusion. Second, knowledge of anatomical variations 
help us better understand complex dAVFs of the cribriform 
plate or the sphenoid wing.
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Anatomy and Variations 
of the Superficial Temporal Artery

Thomas Robert and Sara Bonasia

The superficial temporal artery (STA) is considered as one of 
the terminal branches of the external carotid artery (ECA) 
together with the internal maxillary artery (IMA) [1]. This is 
the largest among the scalp vessels. Its cutaneous territory is 
in balance with that of the occipital and posterior auricular 
arteries [2]. The STA is easily recognized on DSA by its 
characteristic tortuosity [1, 3]. Even if the STA is not involved 
in most of the cranial vascular pathologies, the knowledge of 
its accurate anatomy is important for pediculated cutaneous 
flap, extracranial-intracranial vascular anastomosis, or to 
avoid liquid embolic agent in its natural anastomoses with 
arteries of the orbital region [4–8].

 History

The STA is a well-known artery since the beginning of the 
twentieth century. The first and most famous author who 
described this artery is Eutathianos, who proposed a compre-
hensive description of its anatomy [9, 10]. After him, during 
the 1960s, plastic surgeons and anatomists paid attention to 
its anatomy and described most of the pediculated cutaneous 
flap based on the STA supply [11–13]. From the 1970s, neu-
rosurgeons also showed a particular interest in the anatomy 
of the STA particularly in the position and diameter of its 
parietal branch for extracranial-intracranial vascular anasto-
mosis [2].

 Embryological Development

Details about the embryological development of the STA are 
not known, but given that the STA is a distal branch of the 
external carotid artery, its embryological development 
depends on those of the ventral pharyngeal artery (VPA), 
which appears at the third stage of Padget (7–12 mm) [14]. 
The STA seems to arise directly from the primitive ventral 
pharyngeal artery and not to be part of another embryologi-
cal system annexed by the VPA [15].

 Number and Origin of the Artery

The STA arises from the distal part of the ECA together with 
the IMA inside of the parotid gland, at a depth of 25 mm 
approximately [1]. The STA has a vertical course, while the 
IMA curves medially and anteriorly to enter in the infratem-
poral and successively pterygo-palatine fossae [12, 13, 16]. 
A duplicated origin of the STA is not described but its main 
(terminal) bifurcation could be lower than the zygomatic 
arch in 7–11% or over the posterior part of the zygomatic 
arch in 3–26% giving to the artery a pseudo-duplication 
appearance [17]. In most cases, the bifurcation of the STA in 
frontal (anterior) and parietal (posterior) branches is above 
the zygomatic arch [10, 12, 13, 18].

 Course of the Artery

The STA has a vertical course from the parotid gland, pass-
ing over the posterior part of the zygomatic arch and anteri-
orly to the bony external auditory canal [19, 20]. The mean 
diameter of the STA at its origin is 2.5 and 2.2 mm at the 
level of the zygomatic arch [21]. The average length of the 
principal trunk of the STA is 31.7 mm [20]. Ricbourg et al. 
described three distinct segments of the STA [12, 13]:
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• I: Intraparotid with a length of 15 mm
• II: Deep in the subcutaneous plan
• III: Superficial in the supra-fascial plan

Between the second and third segments, Ricbourg et al. 
described the typical temporal siphon of the artery [12, 13].

Depending on the branching pattern of the STA, different 
configuration could be individualized and are summarized in 
Table 1. We could see a classical disposition in bifurcation 
(frontal and parietal branches), a double parietal branch, a 
double frontal branch, or a trifurcation if the zygomatico- 
orbital branch is dominant [21–25]. The caliber and domi-

Table 1 Different branching pattern of the superficial temporal artery

Branching pattern Incidence (%) Configuration
“Classic” bifurcation 66

Double frontal branch 8

Double parietal branch 4

Parietal branch only 6
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Table 1 (continued)

Branching pattern Incidence (%) Configuration
Frontal branch only 2

Pseudo-trifurcation 7

Hypoplastic STA 7

Table 2 Different branches of the superficial temporal artery with their 
respective anastomosis

Superficial temporal 
artery branches Blood supply Possible anastomosis
Parotid branches Deep half of the 

parotid gland
Posterior auricular artery

Temporo- mandibular 
joint branches

Temporo- 
mandibular joint

Anterior auricular 
artery

External ear Posterior auricular artery

Transverse facial 
artery

Infra-temporal 
fossa

Facial artery

Zygomatico-orbital 
artery

Lateral angle of 
the orbit

Lacrimal artery (OA)
Superior and inferior 
palpebral arteries (IMA)

Posterior deep 
temporal artery

Lateral Middle and anterior deep 
temporal artery (IMA)

Frontal branch Forehead
Anterior part of 
the scalp

Superior orbital artery (OA)
Supratrochlear artery (OA)

Parietal branch Middle part of 
the scalp

Occipital artery
Posterior auricular artery

nance of different branches of the STA have an important 
variability and Marano et al. described not less than 10 dis-
tinct branching patterns of this artery [21].

 Branches of the Artery

Table 2 and Fig. 1 summarize different branches of the STA 
with their respective arterio-arterial anastomoses.

Close to its origin, the STA gives few parotid branches 
and also 2–3 little branches to the temporo-mandibular joint 
[12, 13, 18, 21].

After that, one of its first collateral branches is the trans-
verse facial artery which has an antero-inferior orientation 
with a mean diameter of 0.7  mm [5]. It could also arise 
directly from the ECA in 7% or from the anterior branch of 
the STA [12, 13]. This artery has a double origin in 4% and 
gives two distinct branches, the first one is muscular and the 
second one is tegmental [22].

Anatomy and Variations of the Superficial Temporal Artery
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Fig. 1 Branches of the STA. ICA internal carotid artery, ECA external 
carotid artery; (1) parotid branches; (2) branches for the temporo- 
mandibular joint; (3) transverse facial artery; (4) middle temporal 
artery; (5) posterior deep temporal artery; (6) anterior auricular artery; 
(7) zygomatic-orbital branch; (8) frontal division; (9) parietal division

The second collateral branch of the STA is the zygomatico- 
orbital branch that has an anterior orientation to the lateral 
part of the orbit. It could be absent in case of low-lying bifur-
cation of the STA, but it could also be dominant (trifurcation 
appearance of the STA) [6, 21, 26]. Ricbourg et al. described 
two types depending on its origin: the type I when arises 
from the STA (80%) and the type II when arises from its 
anterior branch (20%) [13].

The anterior auricular artery is a posterior collateral of the 
STA that gives three distinct little branches, one for the tragus, 
one for the lobule of the ear, and the last one for the helix [27].

The STA also participates in the supply of the temporal 
muscle with two different arteries [28–30]. The first one is 
the middle temporal artery that passes over the zygomatic 
arch to follow the intermediate temporal fascia [13, 28]. The 
other temporal artery from the STA is the posterior deep tem-
poral artery which passes below the zygomatic arch and 
courses in the deep temporal fascia with the middle and ante-
rior deep temporal arteries (branches of the IMA) [2].

After giving all its collateral branches, the STA bifurcates 
in frontal (anterior) and parietal (posterior) branches that are 
constant branches; their respective diameter is 1.14 and 
1.2 mm, and their respective length is 114 and 115 mm [9, 31].

 Possible Anastomoses

The STA presents a lot of anastomoses, and we classified 
them in subcutaneous, facial, and cutaneo-meningeal anasto-
mosis to avoid confusion.

 Subcutaneous Anastomoses

The subcutaneous territory of the STA is shared with other 
subcutaneous arteries, which contribute to the formation of 
a rich anastomotic network [2, 7, 8]. The posterior branch 
of the STA anastomoses with branches of the posterior 
auricular artery and with branches of the occipital artery. 
Both terminal branches of the STA also have anastomoses 
in the midline region with their contralateral counterpart [1, 
3, 12, 13].

 Cutaneo-meningeal Anastomoses

This represents only a little part of the anastomoses of the 
STA but clinically important for its risk of accidental 
embolic risk during endovascular procedures [7, 8]. The 
STA presents some anastomoses with the middle menin-
geal artery through the foramina of emissary veins in the 
midline region.

 Facial Anastomoses

The anterior auricular artery through its helical branch anas-
tomoses with branches of the posterior auricular artery [12, 
13]. The transverse facial artery has anastomosis with the 
facial artery (branch of the ECA). In the deep temporal mus-
cle fascia, the posterior deep temporal artery anastomoses 
with branches of the middle and anterior deep temporal 
arteries (collaterals of the IMA) [32, 33].

The most clinically relevant anastomoses of the STA are 
anastomoses with branches of the ophthalmic artery (OA) 
because they constitute a potential communication between 
the external carotid and internal carotid systems and, conse-
quently a dangerous route for liquid embolic procedures of 
branches of the ECA [7, 8]. The anterior branch of the STA 
anastomoses with the supraorbital and supratrochlear arter-
ies of the OA. The zygomatico-orbital branch of the STA has 
anastomoses with the lacrimal artery (OA) and with the 
superior and inferior palpebral arteries (branches of the 
IMA) [2].
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 Blood Supply

The principal role of the STA is the vascularization of the ante-
rior two-third of the scalp and forehead [11, 26, 31, 32]. Other 
than this principal function, the STA participates in the teg-
mental and muscular supply of the preauricular region and 
partially supplies the following structures [10, 12, 13, 18]:

• The lateral angle of the orbit (zygomatico-orbital branch)
• The temporal muscle (deep temporal artery)
• The anterior part of the external ear (anterior auricular 

artery)
• The deep half of the parotid gland
• The posterior part of the temporo-mandibular joint
• The masseter muscles

 Clinical Implications

Even if the STA is “only” a cutaneous and an extracranial 
artery, it is the branch of the ECA with the most important 
clinical implication.

Neurosurgeons pay an important attention for the STA 
for the treatment of chronic ischemic disease as Moyamoya 
disease for its utility in extracranial-intracranial vascular 
anastomosis. For this sort of treatment, a precise knowl-
edge in the anatomy of the STA is important. Different ana-
tomical variations need to be known to decide the surgical 
strategy [4].

The STA is also a useful artery for pedicular facial cuta-
neous flap used by plastic surgeons. A lot of surgical tech-
nics are based on the anatomy and territory of supply of the 
STA.  In case of free-flap reconstruction, the STA is one 
more time the first-choice arterial pedicle used [17, 20, 21, 
24, 26, 27].

Knowledge of the presence of anastomosis between the 
STA and branches of the ophthalmic artery is also crucial in 
the treatment and understanding of ECA vascular pathology. 
Indeed, the treatment of anterior skull base pathologies by 
STA liquid embolization has the risk of accidental migration 
of the liquid agent in the OA and potentially in the ICA [2, 7].
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Embryology and Variations 
of the Occipital Artery

Thomas Robert and Sara Bonasia

The occipital artery (OccA) is one of the major branches of 
the external carotid artery (ECA) [1, 2]. During the last 
20 years, neuroradiologists and neurosurgeons demonstrated 
an increasing interest on the OccA for different reasons. For 
example, for the treatment of dural arteriovenous fistula 
since the OccA is often concerned or for the use of this artery 
in case of intracranial-extracranial arterial anastomosis [3, 
4]. The occipital artery is also fascinating for its complex 
embryological development that is not already thoroughly 
known [5]. In this chapter, we will summarize the anatomy 
and variations concerning the OccA after a comprehensive 
description of the embryological development of the 
pharyngo- occipital system.

 History

The first cadaveric reports about the OccA were published 
during the nineteenth century principally by case reports of 
neck dissections. We must wait for the beginning of the 
twentieth century to have different key papers about the 
embryology and about the phylogeny to understand better 
the complexity of the occipital artery. As for others cranio- 
facial arteries, the masterpiece work of D.  Padget (1948) 
allows to light up our actual knowledge about the complex 
embryology of this artery [5]. Adams (1957) furnished an 
excellent work concerning the homologies of the occipital 
artery among different animals [6]. With the increase amount 
of interest due to the emergence of external carotid artery 
branches embolization, the number of publications concern-
ing the occipital artery rises after the 1970s. Lasjaunias was 

a pioneer during this period and gave important information 
about the embryology and variations of all cranio-facial 
arteries [7–10]. After him, a lot of case reports describing 
variations of the occipital artery were based on his publica-
tions. Among them, we need to cite Martins (2005) who gave 
a comprehensive description of all the dural arteries includ-
ing the occipital artery and Alvernia (2006) for its anatomi-
cal report of the same artery [2, 11].

 Embryological Development

From a phylogenic point of view, the occipital artery is very 
fascinating because of its large disparity between animals [6, 
12, 13]. In fishes, no true occipital artery or equivalent could 
be visualized. In batrachians, an occipital ramus could be 
individualized but arises from the vertebral artery [6]. On the 
other hand, birds present a ventral subclavian artery that sup-
ply the two first cervical segments, and for whom Adams 
(1957) found a lot of similarities with the human occipital 
artery [6]. In mammals, a true occipital artery could be seen 
but with little differences among species [1]. For example, in 
horses and dogs, the occipital artery also gives jugular and 
hypoglossal branches (normal territory of the ascending pha-
ryngeal artery in humans). Another interesting example is 
that of sheep which present an occipital artery that passes 
through the hypoglossal canal (anterior condyloid canal) and 
turns backwards in the cervical column to anastomose with 
collaterals of the arteries of the spine [9].

In this chapter, only notions about the embryological 
development that allow to understand the pharyngo-occipital 
system will be developed (Table  1). For more detailed 
embryological development about the vertebral artery, the 
carotid system, and the carotido-vertebral anastomoses, we 
send you to the respective chapters.

Early in the embryological life (stage I of Padget, embryos 
of 4–5 mm), the formation of the vertebro-basilar system ini-
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Table 1 Major embryological changes in the formation of the occipito-pharyngeal system

Stage Embryo size (mm) Major evolutions Graphic illustration
I 4–5 –  Paired longitudinal neural arteries (LNA)

–  Trigeminal (TA), otic (OtA), hypoglossal (HypA), 
proatlantal (PA), and second cervical segmental 
artery (II CSA)

–  PComA not formed

II 5–6 –  Formation of the PComA
–  Regression of otic and hypoglossal arteries
–  Fusion of LNAs in basilar artery (initiation)
–  Initial transverse anastomoses between the 

intersegmental arteries

III 7–12 –  Basilar artery (BA) completely formed
–  PComA completely formed
–  Regression of trigeminal and proatlantal arteries
–  Formation of the vertebral artery VA (initiation)

IV 13–15 –  Migration of OccA origin on the external carotid 
artery (ECA)

–  Persistence of the anastomoses between OccA and 
VA

V 16–18 –  Complete formation of the VA
–  Complete formation of the OccA (remnant of the 

proatlantal artery)
–  Complete formation of the ascending pharyngeal 

artery (APhA, remnant of the hypoglossal artery)
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tiates with the presence of paired longitudinal artery named 
“longitudinal neural arteries (LNA)” [5]. These LNAs are 
supplied by the carotid system through different carotido- 
vertebral anastomosis, and the vertebral arteries are not 
developed yet. LNAs are supplied by the trigeminal artery, 
the otic artery, the hypoglossal artery, and the proatlantal 
artery from cranial to caudal [1, 14].

During the stage II of Padget (embryos of 5–6 mm), the 
caudal division of the primitive internal carotid artery anas-
tomoses with the cranial part of the LNA (formation of the 
posterior communicating artery), and consequently the 
carotido-vertebral anastomoses initiate their involution. The 
first two arteries that regress are the otic and the hypoglossal 
arteries, and the LNAs are supplied principally by the tri-
geminal artery cranially and the proatlantal artery caudally. 
At the same time, the two LNAs come closer to the midline 
to fuse together [5, 14].

At stage III of Padget (embryos of 7–12 mm), the basi-
lar artery is completely formed by fusion of the two LNAs 
as well as the posterior communicating artery which is 
anastomosed with the upper part of the basilar artery. 
Trigeminal and proatlantal arteries progressively regress, 
and the primitive vertebral artery is formed by transverse 
anastomoses between the six upper cervical intersegmen-
tal arteries [1, 5, 15].

The occipital artery is considered as the remnant of the 
first (proatlantal intersegmental artery) and second cervical 
segmental arteries. Between stages III and V, the origin of the 
occipital artery shifts from the primitive internal carotid 
artery to the external carotid artery, and the distal parts of the 
two first intersegmental cervical arteries leave only thin 
anastomosis between the occipital artery and the vertebral 
artery. At stage V (embryos of 16–18  mm), the definite 
occipital artery could be clearly individualized [1, 8, 10, 16].

 Origin of the Artery

The most common origin of the artery is the posterior 
aspect of the external carotid artery [2]. The distance 
between the common carotid artery bifurcation and the ori-
gin of the OccA is 7–28 mm (median 17 mm), and its over-
all diameter at origin is 2.3 mm [2]. The origin of the OccA 
is superior to the facial artery in 57%, between the facial 
and the lingual arteries in 32% and inferior to the lingual 
artery in only 11% [17].

The most frequent variation in the origin of the occipital 
artery is named the pharyngo-occipital artery [1, 8, 18]. It 
consists in a common trunk from the external carotid artery 
shared by the occipital artery and the ascending pharyngeal 
artery. Embryologically, it is not a surprising variation given 
that these two arteries have the same embryological origin 
from the third aortic arch and not from the ventral pharyn-

geal artery [1]. The incidence of this pharyngo-occipital 
artery is estimated at 6% by radiological studies [17]. The 
occipital artery could also share its origin with other branches 
of the external carotid artery: the posterior auricular artery or 
the superior thyroidal artery. These variations are rarer, and 
only few case reports were published [19]. The pharyngo- 
occipital artery variant almost all the time originates from 
the external carotid artery, but in few cases, it was described 
as an unusual branch of the internal carotid artery (whom 
two cases were bilateral) [19–22].

Another interesting variation in the origin of the occipital 
artery is the ICA origin of the occipital artery. The first ana-
tomic case was reported by Hyrtl (1841) and the first angio-
graphic demonstration in 1965 by Seidel [17]. Uchino et al. 
(2011) estimated its incidence at 0.21% based on magnetic 
resonance angiography studies [23]. We have found 16 cases 
of ICA origin of the occipital artery in the literature [4, 17, 
24–30]. Two of them were bilateral, the others were unilat-
eral without predominance of side [28, 31]. One of these 
cases published by Uchino et al. (2015) was very interesting 
because it associated an “aberrant” ICA with a pharyngo- 
occipital artery that gave off from the pseudo-ICA [32]. 
Embryologically, it is not surprising given that the cervical 
pseudo-ICA is the equivalent of a dilated proximal ascend-
ing pharyngeal artery [1]. An ICA origin of the occipital 
artery could be assimilated as a partial persistence of the pro-
atlantal artery (lack in migration of the proatlantal artery 
from the ICA to the ECA) [8].

Common carotid artery (CCA) origin of the occipital 
artery was also described but is very rare [1, 8, 33]. 
Commonly, the occipital artery arises from the CCA near to 
its terminal bifurcation and could also be named a CCA tri-
furcation by few authors [33].

 Course of the Artery

The occipital artery has a course under the lateral skull base 
to end in the posterior part of the scalp [2]. Its course is 
divided in three distinct segments:

• The digastric segment from its origin to its passage 
into the occipital groove [2, 11]. The occipital artery 
takes a postero-superior direction between the poste-
rior belly of the digastric muscle (laterally) and the 
great vessels and lower cranial nerves (medially). The 
diameter of the OccA in its proximal segment is com-
prised between 2.2 and 2.9 mm before it passes medial 
to the mastoid and enters into its occipital groove or 
canal (in 12% of cases) [2].

• The cervico-occipital or suboccipital segment is the sec-
ond segment of the OccA from its exit from the occipital 
groove to its intersection with the superior nuchal line 
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where it pierces the insertion of the splenius capitis mus-
cle [8, 12]. The orientation of this segment is supero- 
medial and the diameter of the artery is between 1.4 and 
1.9  mm. The entire length of this segment is under or 
between the nuchal muscles [2].

• The subgaleal or terminal segment of the artery is the 
artery and its branches after it distal to the superior nuchal 
line. The OccA is less than 1.4 mm in diameter, and its 
average length is 35  mm. The artery courses over the 
occipital muscles surface, have a near vertical paramedian 
orientation (2–4 cm from the midline) [2].

The segments and main branches of the OccA are sum-
marized in Fig. 1.

 Branches of the Artery

The OccA is particular because it supplies the muscles of the 
neck, the dura of the posterior fossa, and also the peripheral 
cranial and cervical nerves [1, 8–10, 16]. With the aim to 
make the reading easier, this paragraph will be divided in 
muscular branches, dural branches, and neural branches.

 Muscular Branches

Muscular branches of the OccA are present all along its 
course from the three segments (Table 2).

From the first segment, the OccA gives off 2–8 thin mus-
cular branches to the sterno-cleido-mastoid, digastric, rectus 

Fig. 1 OccA course and segments. The lateral view DSA shows an 
injection of the external carotid artery with visualization of the Occipital 
artery (OccA). The digastric segment (1) extends from the origin of the 
OccA to the occipital groove. It gives usually muscular branches that 
can share a common origin. Like in this case, the common stem is 
called sterno-mastoid artery (SMA). The cervico-occipital or suboc-
cipital segment (2) extends from the occipital groove to its intersection 
with the superior nuchal line. It gives usually muscular branches (MBs) 
that can share a common origin and dural branches, the largest of which 
is the mastoid artery (MsA). It passes through the mastoid foramen and 
gives off three branches: the mastoid (a), hypoglossal (b), and jugular 
branches (c). The subgaleal or terminal segment (3) gives subgaleal and 
muscular branches and can give an inconstant terminal dural branch 
that enters the parietal foramen, called parietal branch (PB)

Table 2 Different muscular branches of the occipital artery with their 
respective anastomosis

Muscular branches
Segment of 
the OccA

Muscles 
supplied

Possible 
anastomosis

Superior 
sterno-cleido- 
mastoid artery

First Sterno-cleido- 
mastoid 
muscle
Digastric 
muscle 
(posterior 
belly)
Rectus lateral 
M
Inferior/
superior 
oblique M

Superficial 
descending 
branch

Second Sterno-cleido- 
mastoid 
muscle
Splenius 
capitis M

Ascending 
cervical artery

Deep descending 
branch

Second Deep cervical 
muscles

Vertebral artery 
(C1–C2–C3)
Vertebral artery 
(muscular 
branches)

“Horizontal” 
branches

Second Splenius 
capitis muscle

Anterior and 
posterior 
ethmoidal 
arteries (OA)
Contralateral 
MMA

Terminal 
branches

Third Occipito- 
frontal fascia

Contralateral 
OccA
Superficial 
temporal artery
Posterior 
auricular artery
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lateralis, inferior oblique, superior oblique, longissimus 
capitis muscles. When these branches share a common ori-
gin, it is named the superior sterno-mastoid artery [1, 2, 34].

From the second segment of the OccA, the most impor-
tant muscular branches are the deep and superficial descend-
ing branches which participate in the supply of the cervical 
muscles [2]. In 75% of cases, these two arteries share a com-
mon trunk with a diameter of 1–1.3 mm. Other “horizontal” 
muscular branches from the second segment supply the sple-
nius capitis and the sterno-cleido-mastoid muscles [2]. Thin 
osteo-articular branches of the second segment of the OccA 
supply the occipital condyle and the occipito-cervical junc-
tion [2].

From the third segment of the OccA, a large number (15–
30) of thin muscular branches are dedicated to the occipito- 
frontal muscles.

 Dural Branches

These dural branches of the OccA and their respective ter-
ritory are described in detail in a dedicated chapter due to 
their clinical importance for dural arterio-venous fistulas 
and other dural pathologies. Dural branches of the OccA 
principally arise from the second segment of the artery. The 
largest dural branch is the mastoid artery that passes 
through the mastoid foramen [11]. This artery supplies the 
lateral part of the posterior fossa dura and gives off three 
distinct branches:

• The mastoid branch that courses superiorly after its 
entrance into the posterior fossa [1].

• The hypoglossal branch which has a descending course 
toward the hypoglossal canal [11].

• The jugular branch that is oriented to the jugular fora-
men [11].

Few authors also described dural branches that are tran-
sosseous branches from the second segment of the occipital 
artery [3, 11, 35]. Other dural branches from the OccA fol-
low the radicular nerves of the first and second intervertebral 
spaces. The dural artery of the first intervertebral space could 
be larger and could give off the artery of the falx cerebelli (in 
50% of cases) [1, 8]. In other cases, this artery could origi-
nate from the postero-inferior cerebellar artery or directly 
from the vertebral artery [1]. The posterior meningeal artery, 
normally a dural branch of the vertebral artery, could take its 
origin from the occipital artery and represents a partial per-
sistence of the proatlantal artery of type I [8]. A case of pos-
terior meningeal artery origin from the OccA is shown in 
Fig. 2.

Another inconstant dural branch originates from the ter-
minal part of the OccA and passes through the parietal fora-
men, it is consequently named the parietal branch [11].

 Neural Branches

During all its course, the occipital artery gives off thin 
branches for supplying peripheral lower cranial and upper 
cervical nerves [1, 10, 16]. The most important neural branch 
is the stylo-mastoid artery that enters the middle ear cavity 
through the stylo-mastoid foramen [8]. During its intracana-
lar course, this artery gives off little branches to the facial 
nerve that courses in the same canal. In 50% of cases, this 
artery can arise from the posterior auricular artery. A case of 
enlarged stylo-mastoid artery in the contest of a dural arterio- 
venous fistula is shown in Fig. 3. Other neural branches are 
organized as follow [16]:

• From the first segment of the OccA to the spinal acces-
sory and hypoglossal nerves

• From the second segment of the OccA to the C1 and C2 
nerves

• From the third segment of the OccA to the greater occipi-
tal nerve

Fig. 2 Posterior meningeal artery origin from the OccA.  Selective 
DSA injection of the OccA in lateral view. The mastoid artery (MsA) is 
visible arising from the second segment of the occipital artery (OccA) 
and entering the mastoid foramen. At the end of its course it gives origin 
to the posterior meningeal artery (PoMA)
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Fig. 3 Stylomastoid origin from the OccA. Selective OccA DSA injec-
tion in lateral and antero-posterior view. The stylo-mastoid artery 
(StMA) arises from the occipital artery (OccA) and has an enlarged 

configuration since it contributes to the arterial supply of a tentorial 
dural arterio-venous fistula

 Possible Anastomoses

The occipital artery is particular for its important number 
and dangerous anastomosis especially with the vertebro- 
basilar system. The anastomoses formed between the OccA 
and other arteries are summarized in Table  3. Even if the 
presence of occipito-vertebral anastomosis can be seen in 
only 0.8% of DSA, they are almost always present in post-
mortem analysis [6, 36–38]. With the aim to make these 
anastomoses more understandable, we classified them in 
extradural and dural anastomoses.

 Extradural Anastomoses

The first artery of the OccA that gives anastomoses with 
other branches is the stylomastoid artery. These anastomoses 
are described in the chapter concerning the supply of the 
middle ear [1]. The stylomastoid artery penetrates the middle 
ear through the stylomastoid foramen and anastomoses with 
branches of the posterior auricular artery, with the petrosal 
branch of the middle meningeal artery and with the ascend-
ing pharyngeal artery (inferior tympanic artery) [8].

The occipital artery has an important network of anasto-
mosis through its deep descending branches principally with 

the vertebral artery and with the ascending cervical artery 
[39–42]. Theses anastomoses represent the remnants of the 
distal part of the embryonic proatlantal artery. The most 
important anastomoses with the vertebral artery are at the 
first, second, and third intervertebral spaces. These anasto-
moses could be direct between the OccA and the vertebral 
artery or indirect through muscular branches of both princi-
pal trunks [8, 35, 43, 44]. Alvernia et  al. (2005) classified 
these anastomoses in three distinct types based on their 
cadaveric study [2]:

• Type I are anastomoses between the deep descending 
branch of the OccA and the VA at the first intervertebral 
space (found in 18%)

• Type II between the superficial descending branch of the 
OccA and the VA at the second intervertebral space 
(found in 72% of cases)

• Type III between the superficial descending branch of the 
OccA and the VA at the third intervertebral space (found 
in only 10% of cases)

Clinical examples of type I and II anastomoses are shown 
in Fig. 4.

As extradural dural anastomosis, we also need to mention 
the subcutaneous anastomoses of the OccA during its termi-
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Table 3 Different dural and neural branches of the occipital artery with their respective anastomosis

Occipital artery branches
Segment of the 
OccA Territory (dural and neural) Possible anastomosis

Stylomastoid artery First No dural territory
VII

Posterior auricular artery
Petrosquamosal branch (MMA)
Inferior tympanic artery (AscPhaA)

Little branches First Lower cranial nerves (spinal XI, 
XII)

Mastoid branch (superior ramus) First Petrosal dura (lateral part)
Wall of sigmoid sinus
Endolymphatic sac and duct

Petrosquamosal branch (MMA)
MHT (internal carotid artery)
Subarcuate artery (AICA)

Mastoid branch (inferior ramus) First Wall of jugular bulb
Posterior part foramen magnum
Wall of inferior petrosal sinus

Jugular branch (AscPhaA)
Hypoglossal branch (AscPhaA)

Artery of the falx cerebelli Second Falx cerebelli Posterior meningeal artery (vertebral artery)
Artery of the falx cerebri (MMA)

Deep descending branch Second Posterior rami C1, C2, C3 Radicular branches vertebral artery
Parietal branch Third Parietal convexity dura Parietal branch (MMA)
Little branches Third Greater occipital nerve

Fig. 4 Clinical cases of OccA-VA anastomoses type I and II. Lateral 
DSA after VA injection. The red arrows show the anastomoses between 
the occipital artery (OccA) and vertebral artery (VA). These anastomo-

ses are located at the first intervertebral space in type I and at the second 
intervertebral space in type II
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nal course (third segment) [2]. These anastomoses are with 
other subcutaneous arteries as the contralateral occipital 
artery, the posterior auricular artery, and the superficial tem-
poral artery.

 Dural Anastomoses

The occipital artery also has an important network with 
other dural arteries, its dural territory is always in balance 
with these other dural branches [3, 8, 11]. The most 
important anastomotic network is formed with dural 
branches of the vertebral artery in the region of the fora-
men magnum and in the dura of the cerebellar convexity 
[8, 40, 45]. Posterior meningeal artery and the artery of 
the falx cerebelli which could be branches of the OccA or 
of the vertebral artery represent an important zone of 
anastomosis between OccA and vertebral artery. The 
artery of the falx cerebelli also anastomoses at its upper 
end with the equivalent branch from the middle meningeal 
artery [1, 8–10, 16].

The OccA presents anastomoses through its mastoid 
branch with the ascending pharyngeal artery (jugular and 
hypoglossal branches), with the antero-inferior cerebellar 
artery (subarcuate artery) and with the internal carotid 
artery (through the meningo-hypophysary and infero-lat-
eral trunks) [11].

Another anastomosis is present between the OccA and the 
middle meningeal artery through the parietal branch of the 
OccA (also called the supratentorial ramus) which enters the 
cranial cavity through the parietal foramen [11].

 Supply Territory

The occipital artery has no parenchymal territory but pres-
ents an important supply for the upper cervical muscles, for 
the dura of the posterior fossa and gives some branches to 
peripheral cervical and cranial nerves.

 Muscular Supply

During all its course, the occipital artery gives off branches 
provided for cervical and nuchal muscles. From the first seg-
ment of the OccA, the sterno-cleido-mastoid muscle, poste-
rior belly of the digastric muscle, inferior oblique muscle, 
superior oblique muscle, and the longissimus capitis muscle 
are all supplied by the OccA [2]. The second segment of the 
OccA supply the posterior part of the sterno-cleido-mastoid 
muscle and the splenius capitis muscle. The third segment 
has only few thin branches to the posterior part of the 
occipito-frontal fascia [1, 8].

 Dural Territory

The complete dural territory of the occipital artery is in the 
posterior fossa and variations are very frequent due to the 
sharing of this supply with different dural arteries [8]. The 
dural territory of the OccA is the lateral part of the cerebello- 
pontine angle and the cerebellar fossa. Branches of the mas-
toid artery also supply the wall of the inferior petrosal sinus, 
the wall of the sigmoid sinus and jugular bulb [11]. The cer-
ebellar fossa and the posterior edge of the foramen magnum 
are supplied by the occipital artery which is in balance with 
dural branches of the vertebral artery. Also, the terminal part 
of the occipital artery could have a dural supply on the pari-
etal convexity (parietal branch) [8].

 Peripheral Nerves Supply

A minor part of the occipital artery is dedicated in the supply of 
upper cervical nerves and of lower cranial nerves in their periph-
eral course. Indeed, branches from the first segment of the OccA 
supply the spinal accessory nerve and the hypoglossal nerve [1]. 
The stylomastoid artery supply the facial nerve into the stylo-
mastoid canal. The occipital artery supplies posterior ramus of 
the upper cervical nerves of the first, second, and third interver-
tebral spaces. Finally, branches for supplying the greater occipi-
tal nerve come from the OccA in its terminal segment [2].

 Variations Implicating the Occipital Artery

Few of these variations could be explained by the embryo-
logical development of the OccA and are summarized in 
Table 4.

Table 4 Different variations of the occipital artery with embryological 
explanation

Type Embryological explanation
Persistence proatlantal artery 
type I

Complete persistence PA I

Persistence proatlantal artery 
type II

Complete persistence PA II

OccA-VA anastomosis at C1 Incomplete PPA I
OccA-VA anastomosis at C2 Incomplete PPA II
ICA origin OccA Proximal part PA I or PA II
C1 VA origin of the OccA Incomplete PPA I
C2 VA origin of the OccA Incomplete PPA II
Common pharyngo-occipital 
trunk

Third aortic arch
Hypoglossal artery and PA

OccA origin of PICA at C1 Incomplete PPA I
OccA origin of PICA at C2 Incomplete PPA II
Segmental cervical ICA 
agenesis + “cervical ICA” 
origin of OccA

Nonformation of the dorsal aorta 
(between third and second AA)
Common pharyngo-occipital 
trunk
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 Persistence of the Proatlantal Artery

The complete persistence of the proatlantal artery (PPA) is a 
very rare persistent embryonic carotido-vertebral anastomo-
sis, and its true incidence is not known, only 55 isolated 
cases were described. This interesting anatomical variation 
is exhaustively described in the Chapter “Carotido-Vertebral 
Anastomoses” and here is only a summary about PPA [1].

PPA corresponds to a carotid-vertebral anastomosis with 
the following criteria:

• Originates from the cervical ICA, the ECA or the CCA
• Joins the vertebral artery at the first or second cervical 

space
• PPA enters the skull through the foramen magnum and 

not through the hypoglossal canal that is the most reliable 
criteria

• Agenesis of the vertebral artery in 50% of cases

The majority of PPA cases are unilateral but not less than 
nine cases of bilateral PPA are described that represents 16% 
of cases and a proportion higher than for other carotido- 
vertebral anastomoses [46–54].

Almost all cases of PPA are asymptomatic, and occa-
sional findings but two of them presented a neurological sign 
directly correlated to the PPA (one case of PPA aneurysm 
and one case of cochleo-vestibular nerve compression). The 
presence of a PPA could be associated with a lot of other 

pathology or anatomical variants as a bilateral ICA agenesis, 
a proximal ICA stenosis, vein of Galen malformation, AVM, 
dAVF, cerebral aneurysm, PTA, or duplicated MCA [25, 44, 
52, 55–62].

 Vertebral Artery Origin of the Occipital Artery 
(Fig. 5)

This anatomical variation could be assimilated to a partial 
persistence of the proatlantal artery. In this case, the distal 
(third segment) part of the OccA arises from the vertebral 
artery instead of from the ECA [36]. It can originate from a 
direct anastomosis (OccA-VA) at the first cervical space 
(remnant of the PPA type I) or at the second cervical space 
(remnant of the PPA type II).

 Occipital Artery Origin of the Posterior Inferior 
Cerebellar Artery

This is a very rare incomplete persistence of the proatlantal 
artery type II. When the posterior inferior cerebellar artery 
(PICA) has an extradural origin at the level of C2, it could 
take its origin from the OccA instead of from the VA. Only 
two cases are described in the literature; one with angio-
graphic demonstration and the other showed by cadaveric 
photographs [1, 63].

Fig. 5 Clinical case of OccA origin from the vertebral artery. Lateral and anterior-posterior DSA after VA injections. On the right side, the occipi-
tal artery (OccA) arises from the vertebral artery (VA) at the level of the first intervertebral space
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 Clinical Implications

A comprehensive knowledge in the anatomy of the occipital 
artery is mandatory for neck surgeons but also for interventional 
neuroradiologists and in few situations for neurosurgeons.

First, it is interesting to note that few isolated cases of 
pulsative tinnitus in cases of OccA origin of the vertebral 
artery or persistence of the proatlantal artery are described in 
the literature. This symptom, often difficult to explain, could 
be correlated in these situations with a high flow of the 
occipital artery.

In this last decade, the use of double-lumen catheter gives 
the possibility to use the occipital artery for liquid agent 
embolization in case of dural arterio-venous fistulas. 
Knowledge of all dangerous anastomoses with the 
 vertebro- basilar system and “rules” for secure embolization 
through the OccA are mandatory for these treatments.

The occipital artery is used as donor for extracranial- 
intracranial bypasses. The OccA could be anastomosed to 
the postero-inferior cerebellar artery or with the posterior 
cerebral artery in cases of complex aneurysm trapping.

In few reports, a variation in origin of the OccA was 
described in situation of a carotid endarterectomy. It is of 
course important to know the different possible origins of the 
OccA and to modify the surgical management according to 
the anatomical variation.
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Embryology and Variations 
of the Ascending Pharyngeal Artery

Thomas Robert and Sara Bonasia

The ascending pharyngeal artery (APhA) is one of the most 
complex and interesting branches of the external carotid 
artery (ECA) [1]. The complexity of the APhA could be 
explained by three distinct reasons. The first one is the dis-
crepancy between its small diameter and its important func-
tion [2]. The second reason is the variety of its territories of 
supply that include dura mater, peripheral nerves, bones, 
mucosa, and muscles. The only compartment that is not sup-
plied by the APhA is the skin [3]. The third interesting par-
ticularity of the APhA is its numerous anastomoses with all 
other vascular systems: cervical, vertebral, and carotid [4]. In 
this chapter, we propose a comprehensive anatomical 
description of the APhA and of its variations after a reminder 
of the pharyngo-occipital system embryology.

 History

Due to its little size and to its course along the internal carotid 
artery (ICA) under the skull base, the APhA was not well 
studied until the 1970s. The first authors that described the 
APhA were Manelfe et al. (1971) and Salamon et al. (1967) 
with their important angiographic works [5–7]. On the other 
hand, different key papers about the embryology and about 
the phylogeny allows to understand the complexity of the 
APhA [8–11]. As for other cranio-facial arteries, the master-
piece work of D. Padget (1948) allows to light up our actual 
knowledge about the complex embryology of the APhA [11]. 
With the increased amount of interest due to the emergence 
of ECA branches embolization, the number of publications 
concerning the APhA raised after the 1980s [1, 4, 12, 13]. 

Lasjaunias, as for other cranio-facial arteries, was a pioneer 
during this period and gave important information about the 
embryology and variations of all cranio-facial arteries [3, 
10]. After him, a lot of case reports describing variations of 
the APhA were based on his publications. These last 20 years, 
a lot of fascinating papers were published by neuroradiolo-
gists as well as by anatomists: on one hand for the attention 
to the dangerous anastomoses between the APhA and other 
arteries for arterial embolization; on the other hand with the 
aim to prevent catastrophic complications for neck surgeries 
[4, 14–22].

 Embryological Development

In this chapter, only notions about the embryological devel-
opment that allow to understand the pharyngo-occipital sys-
tem will be developed (Table  1). For more detailed 
embryological development about the vertebral artery, the 
carotid system, and the carotido-vertebral anastomoses, we 
send you to the respective chapters.

Early in the embryological life (stage I of Padget, embryos 
of 4–5  mm), the formation of the vertebro-basilar system 
starts with the presence of paired longitunal arteries named 
“longitudinal neural arteries (LNA)” [11]. These LNAs are 
supplied by the carotid system through different carotido- 
vertebral anastomosis and the vertebral arteries are not 
developed yet. LNAs are supplied by the trigeminal artery, 
the otic artery, the hypoglossal artery, and the proatlantal 
artery from cranial to caudal [9, 10].

During the stage II of Padget (embryos of 5–6 mm), the 
caudal division of the primitive internal carotid artery anas-
tomoses with the cranial part of the LNA (formation of the 
posterior communicating artery), and consequently the 
carotido-vertebral anastomoses initiate their involution. The 
first two arteries that regress, are the otic and the hypoglossal 
arteries, and the LNAs are supplied principally by the tri-
geminal artery cranially and the proatlantal artery caudally. 
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Table 1 Major embryological changes in the formation of the occipito-pharyngeal system

Stage Embryo size (mm) Major evolutions Graphic illustration
I 4–5 –  Paired longitudinal neural arteries (LNA)

–  Trigeminal (TA), otic (OtA), hypoglossal (HypA), 
proatlantal (PA), and second cervical segmental 
artery (II CSA)

–  PComA not formed

II 5–6 –  Formation of the PComA
–  Regression of otic and hypoglossal arteries
–  Fusion of LNAs in basilar artery (initiation)
–  Initial transverse anastomoses between the 

intersegmental arteries

III 7–12 –  Basilar artery (BA) completely formed
–  PComA completely formed
–  Regression of trigeminal and proatlantal arteries
–  Formation of the vertebral artery VA (initiation)

IV 13–15 –  Migration of OccA origin on the external carotid 
artery (ECA)

–  Persistence of the anastomoses between OccA and 
VA

V 16–18 –  Complete formation of the VA
–  Complete formation of the OccA (remnant of the 

proatlantal artery)
–  Complete formation of the ascending pharyngeal 

artery (APhA, remnant of the hypoglossal artery)
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At the same time, the two LNAs come closer to the midline 
to fuse together [9, 11].

At stage III of Padget (embryos of 7–12 mm), the basilar 
artery is completely formed by fusion of the two LNAs as 
well as the posterior communicating artery which is anasto-
mosed with the upper part of the basilar artery. Trigeminal 
and proatlantal arteries progressively regress, and the prim-
itive vertebral artery is formed by transverse anastomoses 
between the six upper cervical intersegmental arteries [8, 
10, 11].

The APhA is considered as the remnant of the hypoglos-
sal artery. This is the reason why P. Lasjaunias named it the 
artery of the first cervical somite [3, 23]. Between stages III 
and V, the origin of the APhA shifts from the primitive ICA 
to the ECA, and the distal part of the primitive hypoglossal 
artery leaves only the territory of the hypoglossal branch of 
the APhA. At the stage V (embryos of 16–18 mm), the defin-
itive ascending pharyngeal artery could be clearly individu-
alized [10, 24–26].

 Origin of the Artery

The APhA normally arises from the postero-lateral aspect of 
the ECA, but its variability is very high, and it is not infre-
quent to see a variation in origin of the APhA [2, 3]. In litera-
ture, the rate of “normal origin” of the APhA varies from 
65% to 95% and essentially depends on the technique of the 
study (cadaveric or angiographic observations) [2, 3, 27]. 
The other possible origins of the APhA are the occipital 
artery, internal carotid artery, the facial artery, the lingual 
artery, or directly from the common carotid artery (CCA) 
[14, 18, 28].

The most frequent variation is the ICA origin of the APhA 
that is largely described in the neuroradiological and surgical 
literature. The frequency of this variation is comprised 
between 4% and 8% but most of these studies are of small 
number of cases [14]. The most reliable study is based on the 
review of 2500 CT scans, and the authors found a rate of ICA 
origin of the APhA at 6.25% [20]. In this study, the mean 
distance between the CCA bifurcation and the origin of the 
APhA is 4 mm [20]. This variation is explained embryologi-
cally by the absence of shifting of the APhA origin from the 
ICA to the ECA between stages III and IV [10]. A clinical 
case of this variant is presented in Fig. 1.

The APhA could also share its origin with one or more 
other branches of the ECA. A common origin between the 
APhA and the occipital artery (OccA) is the most frequent 
and is not surprising since they develop from the same 
embryological system [21, 29]. The incidence of this com-
mon origin APhA-OccA is between 0.2% and 9% [18, 29]. 
The common trunk could branch off from the ECA or usu-
ally from the ICA [17, 30].

Other different configurations in the branching from the 
ECA were described but are less frequent and correspond to 
case reports or little series. A common origin between facial 
artery, lingual artery, and APhA from the ECA was described 
in the series of Al-Rafiah (2011) [27]. Aggarwal (2006) 
showed another interesting disposition with an APhA that 
shares its origin form the ICA with the OccA and the supe-
rior thyroid artery [31]. On the other hand, Geraci (2009) 
described a case of common origin APhA-superior thyroid 
artery from the CCA [32].

The APhA could also have a double origin from the ECA, 
its anterior and posterior trunks have two distinct origins. 
These cases were described by Nitescu (1977), Devadas 
(2018) and Al-Rafiah (2011) [27, 33, 34].

P.Lasjaunias (2001), in its textbook, also showed a very 
interesting case of ascending cervical artery origin of the 
APhA and takes it as example to illustrate the independence 
of embryological development between the pharyngo- 
occipital system and the ventral pharyngeal artery (future 
ECA) [10].

 Course of the Artery

The APhA is one of the littlest branches of the ECA, its 
mean diameter at its origin from the ECA is 1.54  mm 
(1.1–2.1 mm) [1, 2, 27]. The APhA almost always divides 
in two distinct branches, the pharyngeal trunk (anterior 

Fig. 1 Clinical case of ascendent pharyngeal artery origin from the 
internal carotid artery. Lateral DSA obtained after internal carotid 
artery (ICA) injection. The ascendent pharyngeal artery (APhA) arises 
from the ICA instead of the external carotid artery
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branch) and the neuromeningeal trunk (posterior branch) 
[1, 3]. The mean length of the APhA from its origin to its 
bifurcation is 17.8 mm (8–30 mm) [1]. The neuromenin-
geal trunk has a mean diameter of 0.93 mm (0.5–1.6 mm) 
[2, 27, 33].

From its origin, the APhA has a superior course medial to 
the ICA and postero-lateral to the wall of the pharynx. 
Medially to the APhA, the glossopharyngeal nerve and the 
superior cervical ganglion are in strait relation with the artery 
where it gives its bifurcation [2].

 Branches of the Artery

In this chapter, all branches of the APhA are cited and 
described but a more detailed description of its dural branches 
and territory will be find in the chapter “Dural Branches of 
the Ascending Pharyngeal Artery.”

No consensus in the name of the APhA branches and in its 
branching could be found in literature. With the aim to limit 
confusion in this chapter, we will describe the branches of 
the APhA in a two-trunk configuration: the anterior or pha-
ryngeal trunk and the posterior or neuromeningeal trunk. 
The main branches of the APhA are illustrated in Fig.  2. 
Figure 3 also shows a clinical case with the main trunks of 
the APhA.

 Pharyngeal Trunk (Anterior)

The anterior or pharyngeal trunk presents three distinct 
rami for the pharyngeal mucosa supply: inferior, middle, 
and superior [3, 10]. Other than these three rami, the 
anterior trunk of the APhA gives off a dural branch (usu-
ally from the superior pharyngeal ramus) named the 
branch of the foramen lacerum or carotid ramus that 
enters the skull base by the foramen of the same name [5, 
6, 35]. This APhA branch is inconstant and found in 85% 
of cases [1].

The inferior tympanic artery (ITA) can arise as a branch 
of the anterior trunk or as a middle trunk directly from the 
APhA [36]. The ITA has a superior course and accompa-
nies the tympanic branch of the glosso-pharyngeal nerve 
into the Jacobson’s canal (inferior tympanic canal) [16, 37]. 
Moret et  al. (1982) has angiographically analyzed all 
branches of the middle ear and described three branches 
from the ITA: anterior, ascending, and posterior [36]. The 
anterior trunk also gives off from its superior branch a little 
ramus to the Eustachian tube supply in 75% of cases and is 
consequently named the anterior ramus for the Eustachian 
tube [1, 35].

Fig. 2 Illustration of the branches of the ascendent pharyngeal artery 
(APhA). The main trunk of the APhA divides into an anterior pharyn-
geal trunk (PT) and a posterior neuro-meningeal trunk (NMT). The PT 
gives off the inferior tympanic artery (1), which branches into anterior 
(a), ascendent (b) and posterior trunks (c). The anterior trunk gives ori-
gin to a branch for the Eustachian tube (d). The PT also gives origin to 
the superior (e) I, middle (f), and inferior (g) pharyngeal branches. The 
artery of the foramen lacerum (i) arises from the superior pharyngeal 
trunk. The NMT divides into a hypoglossal trunk (h) and a jugular trunk 
(j). The former gives origin to an ascendent (k) and a descendent (n) 
ramus. The latter branches into a medial (m) and a lateral (l) artery. The 
musculo-spinal artery (o) also usually arises from the NMT

Fig. 3 Clinical case of dAVF with main trunks of the APhA.  In the 
pathologic contest of a dural arterio-venous fistula (red circle), the main 
trunks of the ascendent pharyngeal artery are well visible. The pharyn-
geal trunk (PT) courses anteriorly and gives rise to pharyngeal branches 
(Pb). The neuromeningeal trunk (NMT) courses posteriorly and gives 
origin to the muscolo-spinal artery (MSA)
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 Neuromeningeal Trunk (Posterior)

The posterior or neuromeningeal trunk arises from the APhA in 
85% but could also be a branch of the occipital artery (10%) or 
of the posterior auricular artery (5%) [1, 2]. Its two branches 
are the jugular branch and the hypoglossal branch [35]. The 
former enters the skull through the jugular foramen and the lat-
ter one through the hypoglossal canal (anterior condyloid fora-
men). The jugular branch gives off a medial branch that courses 
along the inferior petrosal sinus and a lateral branch for the 
petrosal surface. The hypoglossal branch is composed by an 
ascending branch that follows the clivus and a descending 
branch that participates in the odontoid arterial arch [1, 35].

The musculo-spinal artery, also known as the prevertebral 
branch or as the posterior muscular branch, is another branch 
of the APhA that can arise from the posterior trunk or as an 
independent branch. This artery usually originates from the 
posterior part of the APhA and has a descending course 
along the anterior part of the cervical column ending at the 
C4 level. It is also considered as one of the odontoid arch 
arteries [3, 37].

 Possible Anastomoses

One of the characteristics of the APhA is its complex and 
high number of arterio-arterial anastomoses with the verte-
bral, cervical, and carotid systems [4]. With the aim of a 
higher clarity of this paragraph, anastomoses will be 
described as extradural or dural ones. All anastomoses of the 
APhA are also summarized in the Tables 2, 3 and 4.

 Extradural Anastomosis (Table 2)

• In the pharyngeal mucosa, the three rami of the APhA 
are anastomosed with their respective counterpart [3, 
10]. The superior pharyngeal ramus also anastomoses 
with the prevertebral artery and indirectly with the 
vertebral artery. The middle pharyngeal ramus has 
anastomosis with the ascending palatine artery (facial 
artery branch) and the inferior pharyngeal ramus with 
the superior laryngeal artery (superior thyroid artery 
branch) [1].

• The inferior tympanic artery, after entering the middle 
ear cavity through the Jacobson’s canal, has anastomo-
ses with the carotico-tympanic artery (petrous ICA 
branch), the superior tympanic artery (middle meningeal 
artery), and the stylomastoid artery (posterior auricular 
artery) [36].

• The anterior ramus for the Eustachian tube also has 
anastomoses with the pterygo-palatine artery (internal 
maxillary artery) and with the accessory meningeal 
artery (branch of the IMA in 65% or of the MMA in 
35%) [2, 33].

• The musculo-spinal artery is the APhA’s branch that pres-
ents the most complex and dangerous anastomotic net-
work with other artery due to its participation in the 
odontoid arterial arch [25, 38]. This branch anastomoses 
with the vertebral artery through radicular arteries at C2 
and C3, with the occipital artery at C1 and C2 foramina, 
with the ascending cervical artery at C4 and with the deep 
cervical artery [26]. This complex anastomotic odontoid 
arch will be developed in another chapter.

Table 2 Different extradural branches of the APhA with their respective anastomosis

Extradural branches Trunk Territory Possible anastomosis
Superior pharyngeal branch Anterior Pharyngeal mucosa, naso-pharynx Contralateral APhA

Odontoid arch (vertebral artery)
Middle pharyngeal branch Anterior Pharyngeal mucosa, oro-pharynx Contralateral APhA

Ascending palatine artery (facial 
artery)

Inferior pharyngeal branch Anterior Pharyngeal mucosa, fossa of 
Rosenmüller

Contralateral APhA
Superior laryngeal artery (superior 
thyroid artery)

Inferior tympanic artery Anterior Middle ear, staples, promontory Carotico-tympanic artery (petrous 
ICA)
Superior tympanic artery (MMA)
Stylo-mastoid artery (posterior 
auricular artery)

Anterior ramus for the Eustachian 
tube

Anterior Eustachian tube (anterior part) Pterygo-palatine artery (internal 
maxillary artery)
Accessory meningeal artery

Musculo-spinal artery Posterior Prevertebral muscles Radicular branch (vertebral artery)
Descending branch (occipital artery)
Ascending cervical artery
Deep cervical artery
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Table 3 Different dural branches of the APhA with their respective anastomosis

APhA branches Trunk Dural territory Possible anastomosis
Branch of the foramen lacerum 
(carotid ramus)

Anterior Foramen lacerum, carotid canal, 
carotid artery wall

Recurrent artery of the foramen 
lacerum (cavernous ICA)
Infero-lateral trunk (cavernous 
ICA)
Cavernous branch (MMA)
Accessory meningeal artery

Jugular branch Posterior Jugular foramen, wall inferior 
petrosal sinus, wall jugular bulb, wall 
sigmoid sinus, dura petrosal surface

Petro-squamous branch (MMA)
Subarcuate artery (AICA)
Lateral clival artery (ICA)
Meningeal branch (occipital 
artery)

Hypoglossal branch Posterior Antero-lateral part foramen magnum, 
clivus, cerebellar fossa

Anterior meningeal artery 
(vertebral artery)
Medial clival artery (ICA)
Meningeal branch (occipital 
artery)

Table 4 Peripheral nerves supply by the APhA

APhA branches Trunk Neural supply
Branch of the foramen lacerum (carotid ramus) Anterior Inferior part of the Gasserian ganglion

Pericarotid sympathetic plexus
Jugular branch Posterior IX, X, XI (transcranial portion)
Hypoglossal branch Posterior XII (transcranial portion)

VI (retroclival portion)
Musculo-spinal artery Posterior XI (spinal part)

Third and fourth cervical nerves (motor part)
Superior cervical ganglion

 Dural Anastomosis (Table 3)

• The branch of the foramen lacerum of the APhA gives 
anastomosis to the recurrent artery of the foramen lace-
rum, which is a dural branch of the internal carotid artery 
[1, 2, 10, 39]. Martins et al. (2005) also described incon-
stant anastomoses with the infero-lateral trunk of the ICA, 
cavernous branch of the MMA and with the accessory 
meningeal artery [35].

• The jugular branch of the APhA has duro-dural anasto-
mosis with the hypoglossal branch of the APhA because 
of the vicinity of their respective territories [35]. It also 
anastomoses with meningeal branches of the occipital 
artery, with the subarcuate artery (antero-inferior cerebel-
lar artery), with the petro-squamosal branch of the MMA, 
and with the lateral clival artery (meningo-hypophysary 
trunk of the ICA) [7]. Effendi et al. (2015) also described 
a possible anastomosis between the jugular branch of the 
APhA and the postero-inferior cerebellar artery (PICA) 
[40].

• The hypoglossal branch has a more complex anastomotic 
network. Through its descending branch, it participates in 
the odontoid arterial arch and mainly anastomoses with 

the anterior meningeal artery (vertebral artery branch) at 
the C3 level [25]. It also presents anastomoses with the 
posterior meningeal artery (vertebral artery), with menin-
geal branches of the occipital artery, and with the medial 
clival artery (bilateral meningo-hypophysary trunk) [1].

 Supplied Territory

The APhA has a complex and important supply for neck 
muscles, bone, mucosa, dura mater of the posterior fossa, 
and for peripheral nerves. Tables 2, 3, and 4 summarize all 
territories supplied by branches of the APhA.  In this para-
graph, we divide it in three distinct parts: muscular and 
mucosa supply, dural supply, and peripheral nerve supply.

 Muscular and Mucosal Supplies

The anterior trunk of the APhA supplies the pharyngeal sub-
mucosal spaces and the submucosal space of the fossa of 
Rosenmüller [3, 10]. Pharyngeal, nasal, and palatine mucosa 
are in part supplied by the APhA in competition with 
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branches of the facial artery [10]. A part of the Eustachian 
tube is also supplied by the APhA (in competition with 
branches of the pterygo-palatine artery) [26].

Muscular territory is limited to the prevertebral muscles 
and longus colli muscles from the clivus to C4 and is princi-
pally supplied by the musculo-spinal artery [23].

 Dural Territory

The dural territory of the APhA is supplied by its three dis-
tinct branches: carotid (or branch of the foramen lacerum), 
jugular, and hypoglossal.

• The carotid branch of the APhA has a little dural territory 
in balance with dural branches of the ICA [35]. It is lim-
ited to the periosteum of the foramen lacerum and of the 
carotid canal. This artery also gives little vaso-vasorum to 
the wall of the ICA in its petrous segment [10].

• The jugular branch of the APhA supplies the dura of the 
jugular foramen, of the petrosal surface (inferior part), the 
wall of the jugular bulb, inferior petrosal sinus, and of the 
sigmoid sinus (inferior part) [35].

• The hypoglossal branch of the APhA supplies the inferior 
part of the clival dura, the antero-lateral part of the fora-
men magnum, and the inferior part of the cerebellar fossa 
[1, 27].

 Peripheral Nerves Supply

The APhA presents an important participation in the vascu-
larization of the last four cranial nerves [41]. Passing in their 
respective foramen, the jugular and hypoglossal branches 
give off branches to the nerves they accompany [10]. 
Consequently, the jugular branch supplies the IXth, Xth, and 
XIth cranial nerves, and the hypoglossal branch supplies the 
XIIth cranial nerve. The spinal part of the accessory nerve 
(XI) is also supplied more peripherally by the musculo- 
spinal branch of the APhA [26, 41].

The hypoglossal branch of the APhA could also give off 
branches to the retro-clival part of the abducens nerve (VI) 
[10, 35].

Inconsistently, the carotid branch of the APhA could sup-
ply the inferior part of the gasserian ganglion (V) [35].

The APhA also participates in the vascularization of the 
cervical nerves, especially for the anterior ramus (motor 
part) of the third and fourth cervical nerves by branches of 
the musculo-spinal artery [41].

To conclude, APhA also presents a minor supply in the 
autonomic sympathetic system by giving off branches to the 
superior cervical ganglion (musculo-spinal artery) and to the 
pericarotid sympathetic plexus (carotid branch) [3, 10].

 Variations Implicating the Ascending 
Pharyngeal Artery

The ascending pharyngeal artery could be implicated in a lot 
of anatomical variations. We arbitrarily classified these dif-
ferent variations in three distinct groups: the first one is the 
group of the intra-tympanic flow of the ICA (or aberrant 
ICA), the second group is composed of variations of the per-
sistent hypoglossal artery, and the last one is the APhA origin 
of the PICA.

 Intratympanic Flow of the Internal Carotid 
Artery and Associated Variations

The aberrant ICA or intratympanic flow of the ICA is well 
described in the chapter “Intra-tympanic Flow of the Internal 
Carotid Artery.” This is explained by the agenesis of the two 
first segments of the primitive carotid artery [10, 37]. The 
cervical segment is consequently composed by the ascend-
ing pharyngeal artery with a hypertrophied inferior tympanic 
artery that maintains its anastomosis with the carotico- 
tympanic artery (branch of the ICA) into the tympanic cavity 
that allows a rerouting of the ICA [8]. This vascular variation 
could be associated to another vascular variation and the dif-
ferent possibilities are the following:

• Pharyngo-hyo-stapedial artery. This is an aberrant ICA 
with persistence of the normal first two segments of the 
ICA (also known as duplicated ICA) that involved the 
APhA by its inferior tympanic branch, associated to the 
persistence of the stapedial artery (SA). The SA arises 
from the intratympanic part of the ICA. Only few isolated 
cases of this anatomical variation were described [16, 42, 
43].

• Pharyngo-tympano-stapedial artery. This very rare 
variant was first described by Lasjaunias (1977) in its 
original publication [38]. The same case served as illus-
tration in its textbook “Surgical Angiography,” and only 
two similar cases were published by Baltsavias et  al. 
(2012) and by Jehl et al. (2006) [10, 44, 45]. The middle 
meningeal artery (MMA) arises from the cervical portion 
of the ICA, ascends along the cervical ICA, enters the 
tympanic cavity through the inferior tympanic canal, and 
follows the usual course of the SA.  In this variant, an 
annexation of the SA by the inferior tympanic artery 
(branch of the APhA) with regression of the proximal part 
of the SA explains this vascular configuration. Therefore, 
the SA arises from the cervical instead of from the petrous 
segment of the ICA.

• Intratympanic flow of the internal carotid artery with 
persistent stapedial artery. In rare cases, the ICA enters 
the skull base through an enlarged inferior tympanic 
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Fig. 4 Clinical case of persistent hypoglossal artery. Lateral (a) and 
antero-posterior (b) angiogram of the internal carotid artery (ICA) 
showing a persistent hypoglossal artery (red arrow). This artery repre-

sents a persistent anastomosis between the ICA and the vertebral artery 
(VA). It arises from the cervical segment of the ICA at the level C1–C3 
and enters the skull through the hypoglossal canal

canal, passes into the tympanic cavity to bend anteriorly, 
and reaches its normal carotid canal [38, 46, 47]. The 
MMA arises from the ICA in its tympanic segment and 
passes through the stapes [37, 42].

• Intratympanic flow of the ICA with pseudo-ICA ori-
gin of the occipital artery. In this case, the aberrant ICA 
is associated with a common origin between the APhA 
and the OccA.  Consequently, the occipital artery arises 
from the pseudo-cervical ICA that corresponds to the 
proximal part of the APhA.

 Persistence of the Hypoglossal Artery

The complete persistence of the hypoglossal artery (PHA) 
and its variants are largely described in the chapter “Carotido- 
Vertebral Anastomoses.” This is the second most frequent 
persistence of embryonic carotido-vertebral anastomosis 
after the trigeminal artery and its incidence is between 
0.027% and 0.26% [10, 48, 49]. More than 130 isolated 
cases are described in the English literature [50, 51]. The 
definition of the PHA was proposed in 1968 by Lie and cor-
responds to the four following criteria [52]:

• The PHA is a robust artery from the cervical segment of 
the internal carotid artery (ICA) at the level C1–C3.

• The PHA enters the skull through the hypoglossal canal.

• The basilar artery is filled only distally from the PHA.
• Posterior communicating arteries (PComA) are absent 

and vertebral arteries are absent or hypoplastic.

PHA could be considered as an anatomical predisposition 
for basilar artery aneurysm since more than 20% of cases are 
associated with this type of aneurysm [49, 51, 53–55].

Incomplete persistence of the hypoglossal artery could 
also explain cases of cervical ICA origin of the PICA passing 
through the hypoglossal canal. This anatomical variation was 
first described by P. Lasjaunias who named it the pharyngo- 
cerebellar artery [10, 56]. The same author, in its textbook, 
showed cases of ascending pharyngeal artery-AICA anasto-
mosis or of ascending pharyngeal artery-basilar artery anas-
tomosis and cited them as PHA variants. A clinical case of 
PHA is shown in Fig. 4.

 Ascending Pharyngeal Artery Origin 
of the Postero-inferior Cerebellar Artery (PICA) 
(Pharyngo-cerebellar Artery)

In 1973, Teal et  al. described a case of “PICA that arises 
from the cervical ICA” without more explanation [57]. After 
them, Lasjaunias et al. in 1981, showed a case of APhA ori-
gin of the PICA illustrated with angiographic images with-
out CT scan [56]. They interpreted the case as a partial 
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persistent of the hypoglossal artery and spoke about an anas-
tomosis between the hypoglossal branch of the APhA and 
the PICA. Unfortunately, they did not prove it with osseous 
CT scan and named this variation the pharyngo-cerebellar 
artery. This last decade, eight isolated case reports of APhA 
origin of the PICA were successively described [15, 40, 58–
62]. All these cases are similar than Lasjaunias’ case with the 
anatomical difference that the “aberrant” artery does not pass 
through the hypoglossal canal but through the jugular canal. 
This important detail raised the matter that this variation is 
not a partial persistent hypoglossal artery but could be the 
consequence of another embryonic carotido-vertebral anas-
tomosis not already known passing through the jugular fora-
men. Ryi et al. (2016), observing that the anastomotic vessel 
passes through the pars vascularis of the foramen, named this 
variant a persistent primitive glosso-pharyngeal artery [60].

 Ascending Pharyngeal Artery Origin 
of the Posterior Meningeal Artery

Salamon et  al. (1967), in their description of the posterior 
fossa dura vascularization, cited that the posterior meningeal 
artery could sometimes arise from the ascending pharyngeal 
artery [5]. After their original description, no other case of 
this variation was described in the literature.

 Clinical Implications

Even if the ascending pharyngeal artery is not a well-studied 
artery, comprehensive knowledge of anatomy and variations 
of this artery is important and allows to limit surgical or 
endovascular complications [15, 16, 18, 20, 22].

The first situation in which is mandatory to know the 
anatomy and the numerous anastomoses of the APhA is the 
arterial embolization by liquid embolic agent [4]. Indeed, 
during the endovascular treatment of a dural arteriovenous 
fistula, the liquid agent could enter into the vertebro-basilar 
system through numerous anastomoses. A similar situation 
is represented by the treatment of naso-pharyngeal tumor or 
of epistaxis by liquid agent embolization [1, 10].

Variations in the origin of the APhA are important for sur-
geons to avoid also surgical complications as can happen 
during carotid endarterectomy in case of a variation in origin 
of the pharyngo-occipital system [14, 20, 33, 63]. Thanks to 
its anastomoses with the vertebral artery, the APhA could 
also be a natural way of distal ICA perfusion in case of severe 
carotid stenosis [13].

Another important but not well-known clinical implica-
tion of the APhA anatomy is the cranial nerves palsies due to 
its ischemia [41]. Indeed, the APhA participates in the vascu-

larization of the last cranial nerves, and in case of stenosis, 
surgical ligature, or involuntary embolization, a Vernet or 
Villaret syndrome could be observed.
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Anatomy and Variations of the Posterior 
Auricular Artery

Thomas Robert and Sara Bonasia

The posterior auricular artery (PAA) is a little but constant 
branch of the external carotid artery (ECA) [1]. Its principal 
territory is cutaneous, but it also sends some branches to the 
middle ear and often to the facial nerve [2]. The cutaneous 
territory of the PAA is in hemodynamic balance with that of 
the occipital artery (OccA) [3–5]. The literature about this 
artery is relatively poor because of its little clinical implica-
tion. In this chapter, we will describe the anatomy of the 
PAA and its possible variations.

 Embryological Development

Details about the embryological development of the PAA are 
not known, but given that the PAA is a distal branch of the 
ECA, its embryological development depends on that of the 
ventral pharyngeal artery (VPA) which appears at the third 
stage of Padget (7–12 mm) [6]. The PAA seems to be formed 
directly by the primitive ventral pharyngeal artery and does 
not be part of another embryological system annexed by the 
VPA [7].

 Number and Origin of the Artery

The normal origin of the PAA is the distal part of the ECA 
just proximal to the emergence of the superficial temporal 
artery [8]. In more than 95% of cases, the PAA has a simple 
and normal origin, but it could also share its origin with the 
OccA [2, 9, 10]. In case of common occipito-auricular trunk, 
two different possibilities can be seen:

• Proximal common occipito-auricular trunk. In this case, 
the PAA arises from the occipital artery, its normal origin 
is consequently not visible [3].

• Distal common occipito-auricular trunk. This is the case 
of a complete regression of the metameric part of the 
occipital artery. The PAA is dominant and takes most of 
the cutaneous territory of the occipital artery. If both 
branches are present, it seems as a pseudo-duplication of 
the occipital artery [3].

 Course of the Artery

The PAA arises from the ECA in the retro-mandibular space 
medial to the parotid gland [11]. First, the artery has a poste-
rior course to enter in the auriculo-mastoid sulcus. It passes 
posterior to the pinna and anterior to the mastoid tip (overall 
distance: 12.9 mm) [11, 12]. After that, the PAA has a supe-
rior course in the subcutaneous space where it gives it distal 
branches.

Tokugawa et al. proposed a four-type classification of the 
PAA depending on its course or more precisely on its impor-
tance as follows [10]:

• A: small and slender PAA or absent
• B: larger but always slender PAA
• C: PAA easy to identify on DSA but smaller than the 

superficial temporal artery (STA)
• D: PAA as large as STA

 Branches of the Artery

Table 1 and Fig. 1 summarize different branches of the PAA with 
their respective arterio-arterial anastomoses. The most proximal 
branches of the PAA, but inconstant, are little branches directed 
to the parotid gland [2]. Another inconstant but important branch 
of the PAA is the stylomastoid branch which arises from the 
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Table 1 Different branches of the posterior auricular artery with their 
respective anastomosis

Posterior auricular 
artery branches Blood supply Possible anastomosis
Parotid branches Deep part of the 

parotid gland
Stylomastoid artery 
(50%)

Facial nerve Petrosal branch 
(MMA)
Subarcuate artery 
(AICA)
Inferior tympanic 
artery (APhA)

Auricular branch External ear Anterior auricular 
artery (STA)

Descending branch Occipitalis muscle
Sterno-cleido- 
mastoid muscle

Cutaneous branch Lateral third scalp
Postero-inferior 
part scalp

Occipital artery
Parietal branch 
(STA)

Fig. 1 Branches of the PAA. ECA external carotid artery, IMA internal 
maxillary artery, STA superficial temporal artery; (1) parotid branches; 
(2) stylo-mastoid artery; (3) branches to the external ear; (4) descending 
branches to the nuchal muscles; (5) cutaneous branches for the occipito- 
parietal scalp

PAA in approximately 50% of cases [3, 5, 13, 14]. The other 
possible origin of the stylomastoid artery is the occipital artery 
[13]. This branch is important because it enters the stylomastoid 
canal to give branches to the facial nerve and to the middle ear [5, 
11, 14–16].

Then, the PAA gives its three terminal branches which are:

• The auricular branch destined to the external ear [17].
• The descending branch for the major rotating nuchal mus-

cles [8].

• The cutaneous branch for the occipito-parietal scalp. One 
of its cutaneous branches, named the transverse nuchal 
artery by Touré et al., is recognizable by its anastomosis 
with its contralateral counterpart [9, 12, 18].

 Possible Anastomoses

The PAA presents two types of arterial anastomoses, the first 
one is a cutaneous anastomosis and the second one is an 
auricular anastomosis [8, 18].

The auricular branch of the PAA has anastomoses with 
the anterior auricular artery (branch of the superficial tempo-
ral artery) [17].

The cutaneous branches of the auricular artery have 
mainly connections with branches of the occipital artery but 
also with the parietal branch of the superficial temporal 
artery [12, 18].

Kumar et al. noted that the PAA has only few anastomo-
ses with its contralateral counterpart [18].

The stylomastoid branch of the PAA could also rarely 
present an anastomosis with the subarcuate artery (branch of 
the anterior inferior cerebellar artery) [3, 19].

 Blood Supply

The PAA is predominantly a cutaneous artery that supplies 
the lateral third and postero-inferior part of the scalp [1, 8, 
18]. Its cutaneous territory is always in balance with territo-
ries of the occipital and superficial temporal arteries. The 
PAA perfuses the majority of the external ear with the help 
of the anterior auricular artery [3, 17].

The PAA also contributes to the supply of the posterior 
auricular muscles, the occipitalis muscle, the temporalis 
muscle, and the superior part of the sterno-cleido-mastoid 
muscle [3, 8].

In case of PAA origin of the stylomastoid artery, it also 
contributes to the blood supply of the facial nerve in its third 
segment and to the blood supply of the lateral part of the 
posterior fossa dura mater [5, 13, 14, 16].

 Clinical Implications

The PAA has not a lot of clinical implications but is 
important in two distinct situations. The first one is for 
plastic surgeons for pedicular flap of the scalp or for 
reconstruction of the external ear [2, 8, 12, 18]. The sec-
ond situation where it is important to know the anatomy 
of the PAA is the extracranial- intracranial anastomosis if 
the superficial temporal artery is not a suitable option [9, 
12]. In this case, the PAA could be used for anastomosis 
with a branch of the middle cerebral artery (MCA). The 
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PAA presents some limitations for this surgery, the first 
one is its little diameter usually inferior to 1 mm; the sec-
ond one is its posterior localization that limits its anterior 
mobilization. In their large study, Lee et  al. conclude 
that the PAA is a good candidate for PAA-MCA in only 
2.6% [9].
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Anastomotic Network 
of the Cranio- Cervical Junction

Thomas Robert and Sara Bonasia

The cranio-cervical junction (CCJ) is a very particular region 
from all point of view and its arterial supply is one of its most 
fascinating particularities. The first specificity of this region 
is the osseous anatomy of the atlanto-axial complex allowing 
the head rotation [1]. The second one is the complexity of its 
arterial supply with a vertical system (represented by the ver-
tebral artery) and a horizontal one (represented by branches 
of the external carotid artery), also called the suboccipital 
knot for the multidirectional possible flow between different 
arterial systems [2]. Even if this is complex, the arterial sup-
ply of the suboccipital area is well-studied because of its 
important anastomotic network between the external carotid 
artery and the vertebral artery representing a pitfall for arte-
rial embolization of vascular or tumoral pathologies [3]. The 
scope of this chapter is to summarize all arterial systems that 
participate in the vascularization of the CCJ and their differ-
ent anastomotic routes. Figure 1 illustrates the complex vas-
cular network of this area.
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Fig. 1 Artist’s illustration of the cranio-cervical junction arterial net-
work. The vertebral artery (VA) gives off the posterior ascendent artery 
(1) and the anterior ascendent artery (2) whose anastomosis constitutes 
the odontoid arch (asterisk). To this arch contribute also the hypoglossal 
branch (3) of the ascendent pharyngeal artery (APhA) and the first (4) 
and second (5) transverse artery from the musculo-spinal branch (MSA) 
of the APhA. The APhA gives also branches for the third and fourth 
cervical nerve roots (6, 7), that anastomose with the corresponding 
radicular arteries from the VA (8, 9). The terminal portion of the MSA 
anastomoses with the ascendent cervical artery (AsCA). The VA con-
tracts direct anastomosis with the occipital artery (OccA) at the first and 
second intervertebral space (10). Muscular anastomoses between them 
are seen between muscular branches of the VA (11) and the deep 
descendent branch (12) of the OccA. This latter also gives off a radicu-
lar artery for the first nerve root (13). The superficial descendent branch 
(14) of the OccA gives the radicular artery for the second nerve root 
(15) and anastomoses with the deep cervical artery (DCA). Dural anas-
tomoses between the VA and the OccA are seen between the artery of 
the falx cerebelli (16) and the posterior meningeal artery (17)
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 History

First studies about the vascularization of the upper cervical 
spine were proposed during the 1960s by orthopedics and 
anatomists with the hypothesis that the high rate of nonunion 
of odontoid process fracture was explained by the poor arte-
rial supply of the region [4–6]. After them, angiographic 
reports gave a comprehensive description of this anatomy 
with a different preoccupation for neuroradiogists that was 
the presence of important arterio-arterial anastomosis 
between the various arterial systems [3, 7, 8]. To cite only 
one of them, P. Lasjaunias furnished an impressive work dur-
ing the 1970s with different key papers that described the 
occipital artery, the ascending pharyngeal artery, and the 
arterial supply of the upper cervical spine [1, 9–11].

 Vertebral Artery Branches

The vertebral artery is the most represented artery in the sub-
occipital region. Branches destined to the CCJ take their ori-
gin from the second and the third segment of the VA and are 
organized as follows:

• The posterior ascending artery (PAA), also known as the 
anterior meningeal artery or the C3 artery, is a branch of 
the VA that originates from the second segment of the 
artery between the second and third cervical vertebrae. 
Initially, the PAA follows the third cervical nerve to enter 
the vertebral canal and the dura mater at this level [5, 6, 
12]. This artery courses on the postero-lateral aspect of 
the axis and odontoid process, crosses the posterior sur-
face of the transverse ligament. The PAA gives transver-
sal branches to the posterior part of the axis, odontoid 
process, transverse ligament, and tectorial membrane. 
This artery also has a dural territory that corresponds to 
the anterior dura of the upper cervical spine until the ante-
rior aspect of the foramen magnum [13]. The PAA ends at 
the apex of the odontoid to anastomose with its contralat-
eral counterpart and with the two anterior ascending arter-
ies. This anastomosis between the two anterior and the 
two posterior ascending arteries is called the apical 
arcade or odontoid arch. A clinical case showing this arch 
is shown in Fig. 2.

• The anterior ascending artery (AAA) also arises from the 
second segment of the VA at the level of the C3 foramen 
[8, 9, 12]. This artery courses anterior to the axis and pos-
terior to the anterior arch of the atlas deep into the longus 
colli muscle. Along its course, the AAA gives branches 
that anastomoses side-by-side and osseous perforators for 
the anterior arch of the atlas, and for the anterior part of 
the axis [4]. This artery ends at the anterior surface of the 

alar ligament where it anastomoses with its contralateral 
counterpart and to the posterior ascending arteries to form 
the apical arcade [1, 14].

• The posterior meningeal artery is a branch of the third 
segment of the VA that arises posteriorly to the occipito- 
atlantal space. This is a dural branch that gives anastomo-
sis near its origin with the occipital artery. Its dural 
territory is the cerebellar fossa and is in balance with ter-
ritories of branches of the MMA and occipital artery.

 Ascending Cervical Artery and Ascending 
Pharyngeal Artery

The ascending pharyngeal artery (APhA), remnant of the 
hypoglossal artery, is considered as the arterial supply of the 
motor (anterior) ramus of the upper cervical nerves and anas-
tomoses with the ascending cervical artery at the level of the 
fourth cervical vertebrae [7, 15–18]. The two first cervical 
nerves are purely sensitive; consequently, the APhA does not 
give branches to these two nerves but only to the third and 
fourth cervical nerves [1]. These neural branches come from 
the musculo-spinal artery of the APhA that courses in the 
prevertebral muscles. The branches from the musculo-spinal 
artery anastomose with the anterior ascending artery and 
were called by few authors cleft perforators [8, 15].

Fig. 2 Clinical case showing the odontoid arch. DSA lateral view after 
injection of the vertebral artery. The red arrow indicates the anterior 
meningeal artery or posterior ascendent artery that courses postero- 
laterally to the odontoid process and anastomoses with the anterior 
ascendent artery (green arrow) to form the odontoid arch (blue arrows)
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The APhA participates in the arterial supply of the CCJ 
also through the hypoglossal branch of the neuro-meningeal 
trunk [11]. This hypoglossal branch after passing through the 
hypoglossal canal gives a descending branch that courses in 
the antero-lateral dura of the foramen magnum until the apex 
of the odontoid process where it anastomoses with the apical 
arcade [4, 5].

 Deep Cervical Artery and Occipital Artery

The occipital artery (OccA), remnant of the proatlantal 
artery, is considered as the arterial supply of the posterior 
(sensitive ramus) of the upper cervical nerves [17, 18]. 
Superficial and deep descending branches of the OccA give 
the radicular arteries for the first two cervical nerves (C1 and 
C2) whose sensitive function is predominant [1]. The super-
ficial descending branch anastomoses with the deep cervical 
artery at the level of the fourth cervical vertebrae in the para-
vertebral muscles [2]. Along the two first cervical nerves, the 
OccA has direct anastomoses with the vertebral artery that 
are the true remnants of the proatlantal artery I (at C0-C1) 
and the proatlantal artery II (at C1–C2) [8, 14, 18].

The occipital artery has also possible indirect anastomo-
sis with the vertebral artery at the origin of the posterior 
meningeal artery [8]. This artery could also in rare case be a 
branch of the OccA instead of the vertebral artery.

 Anastomotic Networks

Even if each anastomosis of the suboccipital area is described 
in the preceding paragraphs, a summary is necessary to 
understand the complexity of this arterial network.

 Vertebral Artery-Ascending Pharyngeal Artery 
Anastomoses

The musculo-spinal branch of the APhA that courses in the 
prevertebral muscles gives little branches called cleft perfo-
rators that anastomose with the anterior ascending artery of 
the vertebral artery [1, 2, 11, 14]. These perforators are 
divided in first transverse artery that lies under the inferior 
edge of the transverse ligament and in second transverse 
artery at the level of C0–C1 that anastomoses at the level of 
the apical arch [3].

The musculo-spinal branch of the APhA presents anasto-
moses with radicular arteries (from the vertebral artery) 
around the third and fourth cervical nerves before its termi-
nal anastomosis with the ascending cervical artery [15, 16].

Another important anastomosis is also noted from the 
hypoglossal branch of the APhA that gives a descending 

branch that anastomoses with the apical arcade (union of 
the anterior and posterior ascending arteries of the VA) [8, 
11].

 Vertebral Artery-Occipital Artery Anastomoses

Anastomoses between these two arteries are of three types: 
direct, muscular, and dural [10].

Direct anastomoses between the OccA and the VA are 
situated at the level of the first and second cervical spaces. 
These anastomoses could be as developed as the distal OccA 
origins from the VA or in other hand, the ICA could be retro-
gradely supplied in case of proximal ICA stenosis [19, 20].

Muscular anastomoses course between the deep descend-
ing branch (OccA) and muscular branches (VA) and are gen-
erally seen posterior to the cervical column between the 
occiput and the third cervical vertebrae [10].

Dural anastomosis are between the posterior meningeal 
artery (from the VA) and the artery of the falx cerebelli (from 
the OccA) that share the dural territory of the foramen mag-
num [8].

 Clinical Implications

The presence of this complex anastomotic network at the 
cranio-cervical junction is of paramount importance espe-
cially for the treatment of dural arteriovenous fistulas and 
tumors of the foramen magnum region. In case of proximal 
ICA stenosis, the anastomotic network of the CCJ could 
allow the perfusion of the carotid territory, its knowledge is 
also important to avoid dramatic complication.

 External Carotid Artery Embolization

These last 40 years, endovascular treatment of dural arte-
riovenous fistulas changed with the possibility of catheter-
ization of ECA branches [3, 8]. The majority of dural 
arteriovenous fistulas located posteriorly have an arterial 
supply from the occipital and/or the ascending pharyngeal 
artery. Catheterization and embolization of the pathology 
through the occipital artery could be the best option. In this 
case, rules of embolization need to be known to avoid liq-
uid embolic agent leaks into the vertebro-basilar system 
(through arterio-arterial anastomosis) [3, 16, 21]. These 
anastomotic channels are not always seen on the DSA 
before the treatment, and the physician must consider them 
as opened even if they are not visualizable. The catheteriza-
tion of the OccA needs to be as distal as possible to avoid 
embolic agent reflux into the horizontal portion of the 
artery [3].

Anastomotic Network of the Cranio-Cervical Junction
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 Internal Carotid Artery Stenosis

An important number of cases of carotido-vertebral anasto-
mosis were described in a context of a proximal ICA steno-
sis. In such cases, the particularity is the flow-reversion from 
the vertebral system to the carotid system to compensate the 
hypo-perfusion due to the stenosis. The knowledge of such 
natural compensation is of paramount importance to plan a 
surgical or endovascular treatment. Indeed, lack of knowl-
edge could bring the physician in catastrophic complication 
if he does not respect the anastomotic vessel [19, 20].
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Carotido-Vertebral Anastomoses

Thomas Robert and L. Bertulli

During the early embryological life, the posterior circulation 
of the brain is temporarily supplied by ephemeral arteries 
coming from the carotid system [1, 2]. Even if these embry-
onic arteries are present during a very short period, they 
could rarely persist in adult life. Some of them, as the persis-
tent trigeminal artery (TA), are well-known and recognized 
entities [3]. On the contrary, the persistence of the otic artery 
is very rare and not recognized by all authors [3]. Another 
particularity is the persistent glosso-pharyngeal artery that 
was clearly described few times in adults, but its embryonic 
precursor was not seen in embryo’s studies. In this chapter, 
we will focus on each carotido-vertebral anastomosis 
described in the adult after a reminder of embryological 
knowledge.

 Embryological Development

In this paragraph, we describe the development of the poste-
rior circulation with the development and regression of vari-
ous carotido-vertebral anastomoses following the stages of 
Padget [2, 4]. Table 1 summarizes our embryological knowl-
edge for each carotido-vertebral anastomosis.

Early in the embryologic life (stage I of Padget, embryos 
of 4–5  mm), the formation of the vertebro-basilar system 
starts with the presence of paired longitudinal arteries named 
“longitudinal neural arteries (LNA)” [2]. These LNAs are 
supplied by the carotid system through different carotido- 
vertebral anastomosis and the vertebral arteries are not 
developed yet. LNAs are supplied by the trigeminal artery 
(TA), the otic artery (OtA), the hypoglossal artery (HypA), 
and the proatlantal artery (PA) from cranial to caudal [3, 4] 
(Figs. 1 and 2).

During the stage II of Padget (embryos of 5–6 mm), the 
caudal division of the primitive internal carotid artery anas-
tomoses with the cranial part of the LNA (formation of the 
posterior communicating artery) and consequently the 
carotido- vertebral anastomoses initiate their involution. The 
first two arteries that regress are the otic and the hypoglossal 
arteries, and the LNAs are supplied principally by the tri-
geminal artery cranially and the proatlantal artery caudally. 
At the same time, the two LNAs come closer to the midline 
to fuse together [2, 4].

At stage III of Padget (embryos of 7–12 mm), the basilar 
artery is completely formed by fusion of the two LNAs as 
well as the posterior communicating artery which is anasto-
mosed with the upper part of the basilar artery. Trigeminal 
and proatlantal arteries progressively regress and the primi-
tive vertebral artery is formed by transverse anastomoses 
between the six upper cervical intersegmental arteries 

T. Robert 
University of the Southern Switzerland, Lugano, Switzerland 

L. Bertulli (*) 
Kantonsspital Winterthur, Winterthur, Switzerland

Table 1 Embryological development and regression of carotido- 
vertebral anastomoses

CVA
Stage of 
development

Stage of 
regression Remnants in adult

Posterior 
communicating 
artery

II (56 mm) No 
regression

Posterior 
communicating 
artery

Trigeminal 
artery

I (4–5 mm) II 
(5–6 mm)

Meningo- 
hypophyseal trunk

Otic artery I (4–5 mm) II 
(5–6 mm)

Not known

Glosso- 
pharyngeal 
artery

Not known Not known Ascending 
pharyngeal artery 
(jugular branch)

Hypoglossal 
artery

I (4–5 mm) II 
(5–6 mm)

Ascending 
pharyngeal artery 
(hypoglossal 
branch)

Proatlantal 
artery

I (4–5 mm) III 
(7–12 mm)

Occipital artery
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Fig. 1 Padget stage 1; 3/4 view of a 4–5 mm, ≃30 days old embryo. In 
gray, the outer structure of the embryo is outlined; in yellow, the devel-
oping nervous system is represented. Developing cranial nerves are 
numbered from V to XII. AA3 third aortic arch, caud caudal, cran cra-
nial, DA dorsal aorta, div division, ICA internal carotid artery, LNA lon-
gitudinal neural artery, MandA mandibular artery, MaxA maxillary 
artery, OpV optic vesicle, OtA otic artery, OtV otic vesicle, p primitive, 
TA trigeminal artery, HypA hypoglossal artery

Fig. 2 Possible persistent carotid-basilar anastomoses in the adult life. 
Asterisk, persistent trigeminal artery; single arrow: persistent otic 
artery; double arrow: persistent hypoglossal artery; broad arrow: persis-
tent proatlantal artery

acquiring the adult configuration of the posterior circula-
tion [1–3].

 Persistent Trigeminal Artery

The persistent trigeminal artery (PTA) was first described by 
Quain in his original drawings in 1844, and Sutton described 
it angiographically in 1950 [5, 6]. Among the primitive 
carotid-basilar anastomoses that persist into adulthood, PTA 
is the most common, with an estimated incidence of 0.6–
1.0% on cerebral angiograms [7–13]. Several cases of PTA 
and its variants documented at autopsy, on cerebral angio-
grams, MRIs, and MRA scans provide clear evidence of the 
anatomy of this primitive anastomosis and its links to various 
vascular diseases [7, 9, 11, 12, 14–19].

Moreover, Ohshiro et al. provided an autopsy report on an 
adult whose PTA was found to pass through a dural foramen 
located immediately medial to Meckel’s cave and superolat-
eral to Dorello’s canal to enter the posterior fossa [20]. 
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Before, at, and after the dural foramen, the measured PTA 
diameter was 4.0  mm, 1.0  mm, and 2.0  mm, respectively. 
The stenosis of the PTA at the foramen led them to speculate 
that the dural foramen might contribute to the regression of 
the PTA during the fetal stage of development. According to 
some authors, failure of regression of the trigeminal artery 
may be due to obstruction of the proximal portion of the 
internal carotid artery in the fetus. This results in the trigemi-
nal artery being forced to maintain adequate blood supply to 
the forebrain by bringing blood retrogradely from the basilar 
to the carotid arteries. Variations of the PTA originate directly 
from the precavernous portion of the ICA but terminate in 
cerebellar arteries rather than anastomosing with the basilar 
artery. In case of the contemporary presence of the PTA 
along with an incomplete fusion of the longitudinal neural 
arteries, either an inferior or a superior cerebellar artery may 
arise atypically from the cavernous ICA. As a result, the tri-
geminal artery is not directly connected to the BA and thus 
terminates as a cerebellar artery [21–29].

A PTA typically originates from the posterior bend of the 
cavernous carotid artery [7, 9, 11, 30, 31]. Some reports, 
however, mention a PTA emerging from the medial wall of 
the cavernous ICA [32, 33]. In 2000, Suttner et  al. have 
described a PTA originating from the superomedial portion 
of the distal horizontal segment of the cavernous ICA. This 
PTA then coursed medially and posteroinferiorly and contin-
ued between the posterior bend of the carotid artery (later-
ally) and the pituitary gland (medially), and exiting the 
posterior wall of the cavernous sinus [9].

Around 50–59% of all cases of PTA from the dorsum sel-
lae penetrate the sella turcica, follow their groove, perforate 
the dura near the clivus, and join the basilar artery [7, 11, 16, 
34]. Thinned sellar floors and abnormalities of the dorsum 
sellae are common findings. In the other 41–50% of cases, 
the PTA runs lateral to the sella turcica [7, 9, 13]. Ohshiro 
et al. classified the PTA in two different types [20]:

• A medial type in which the artery courses through the 
dorsum sellae and penetrates the dura mater directly adja-
cent to the clivus.

• A lateral type in which the artery runs between the sen-
sory root of the trigeminal nerve and the lateral side of the 
sella to reach the dura mater medially to Meckel’s cave.

A case that these authors described was also classified as 
lateral type, where the vessel passed through a dural foramen 
located immediately medial to Meckel’s cave; the foramen 

was located superolateral to Dorello’s canal and lateral to the 
petroclinoid ligament [20]. Inoue et al. found that both the 
abducens and trigeminal nerves ran laterally to the PTA on 
one specimen [35]. One case is reported by Tulsi and Locket 
in 1985, where the trigeminal artery crosses below the pitu-
itary fossa and penetrates the dorsum sellae; in two other 
cases, the PTA crosses lateral to the abducens nerve and 
pierces the dura of the posterior fossa just medial to the sen-
sory root of the trigeminal nerve [36].

The PTA usually joins the basilar artery (BA) between the 
superior cerebellar artery (SCA) and antero-inferior cerebel-
lar artery (AICA) (Fig. 3) [36]. In one anatomical report, the 
vessel was reported to enter the basilar artery 2 mm inferi-
orly to the superior cerebellar artery. From the trigeminal 
ring to the basilar artery, the artery was 22 mm long, and the 
overall length was 33 mm. The average diameter was 3.5 mm 
after the dural ring [18].

Two main classifications of the PTA, one surgical and one 
neuroradiological, were proposed.

Salas et  al. distinguished between lateral (petrosal) and 
medial (sphenoidal) variations of the PTA according to their 
relation to the abducens nerve [18]. When the trigeminal 
artery passes lateral to the sixth cranial nerve, the vessel 
arises from the posterolateral aspect of the C4 segment of the 
cavernous carotid (petrosal variation); it then crosses under-
neath the nerve, which may be displaced superiorly by the 
PTA. In the petrosal variation of the PTA, the artery pierces 
the dura just medial to the sensory root of the trigeminal 
nerve. When the PTA courses medial to the abducens nerve, 
it arises from the posteromedial aspect of the cavernous 
carotid artery and pierces the dura of the dorsum sellae 
(sphenoidal variation). In clinical terms, the lateral variant 
may present with brainstem ischemia, ophthalmoplegia, and 
trigeminal neuralgia. In some cases, the medial variant can 
lead to posterior fossa symptoms because of a steal phenom-
enon. During transsphenoidal surgery, a medial PTA should 
also be recognized to avoid severe bleeding.

Saltzman proposed the first angiographic classification 
for the PTA in 1959 based on eight cases [37]. In Saltzman 
Type 1, the PTA enters the basilar artery distally to the AICA 
and proximally to the SCA (Fig. 4). It is possible that the BA 
proximal to the entering of the PTA is hypoplastic, and the 
posterior communicating artery (PComA) is absent. In this 
type of arrangement, the PTA acts as the main supply to the 
distal BA, PCA, and SCA territories, supplying the entire 
basilar artery system distal to the anastomosis. Like Saltzman 
Type 1, in Saltzman Type 2 the PTA joins the BA below the 
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Fig. 3 Clinical cases of persistent trigeminal artery. On the top row on 
the left, left VA and left ICA injections of a patient with a left frontal 
AVM showing a PTA (green arrow) originating from the cavernous ICA 
to end in the BA between SCA and AICA. On the bottom row on the 

left, left ICA and VA injections in a case of a PComA aneurysm in a 
patient with a PTA (blue arrow) with similar origin and course as in the 
other case. On the right, a schematic view of a typical PTA

origin of the SCAs; however, it supplies mainly the SCAs 
bilaterally (Fig. 5). Consequently, the distal end of the BA is 
poorly visible angiographically, as the PCAs are supplied 
predominantly by patent PComAs. It has been reported that 
the relative incidence of Saltzman type 1 and type 2 is about 
the same [7]. On the other hand, in a recent review that used 
3.0 T MRA to analyze 25 cases of PTA, the incidence of type 
I was 24%, whereas type II was only 16% [38]. Saltzman 
classified one case as a combination of the two types, the 
PComA supplying the PCA on the same side as the PTA, and 
the PTA providing both the SCAs and the PCA on the other 
side (Fig. 6) [37]. A similar report was published in 1974 by 
Parkinson & Shields, who found both angiographic and ana-
tomic evidence of a PTA supplying both SCAs and the con-
tralateral PCA, with a fetal PComA feeding the ipsilateral 
PCA on the same side of the PTA [39]; this describes a com-
bination of the Saltzman Types 1 and 2. Several Saltzman 
variants have been described, sometimes defined as Saltzman 

type 3 [8, 12, 16]. These variants consist of the PTA’s direct 
entering into a cerebellar artery. SCA (Saltzman Type 3a, 
Fig. 7), AICA (Saltzman Type 3b, Fig. 8), or PICA (Saltzman 
Type 3c, Fig. 9) arise directly from the ICA and do not anas-
tomose with the BA. PTA variants mainly represent Type 3b 
with termination at the AICA; types 3a and 3c are exception-
ally rare in the literature [12, 27, 32, 40]. According to this 
theory, anterior vessels are more likely to originate anoma-
lously from the carotid artery than posterior ones since the 
PTA is closer to the origin of the AICA than the PICA during 
embryological development [21, 24, 32]. PTA variants are 
rare, with a reported incidence of 0.18% [19, 22, 25].

More recently, Weon et al. proposed a new classification 
based on MRA: [8] they identified five types of persistent 
PTA. In type 1, the PPTA supplies the distal basilar artery 
(BA), posterior cerebral artery (PCA), and superior cerebel-
lar artery (SCA) territories with bilateral adult PCA configu-
ration. In type 2, the PPTA supplies the SCA territories, and 
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Fig. 4 Saltzman Type 1 PTA. The PTA enters the basilar artery distally 
to the AICA and proximally to the SCA. It is possible that the BA proxi-
mal to the entering of the PTA is hypoplastic, and the posterior com-
municating artery (PComA) is absent

Fig. 5 Saltzman Type 2 PTA. The PTA joins the BA always below the 
origin of the SCAs, but it supplies mainly the SCAs bilaterally. 
Consequently, the distal end of the BA is poorly visible angiographi-
cally, as the PCAs are supplied predominantly by patent PComAs

Fig. 6 Combination of Saltzman Type 1 and 2. The PComA supplies 
the PCA on the same side as the PTA, and the PTA provides both the 
SCAs and the PCA on the other side

Fig. 7 Saltzman Type 3a. The PTA ends as a SCA, which consequently 
originates directly from the ICA
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the PCAs are primarily supplied by the PComA. In type 3, 
the contralateral PCA is supplied by the PPTA while the ipsi-
lateral PCA receives its blood supply from anterior circula-
tion. In type 4 it’s the opposite, as the ipsilateral PCA is 
supplied by the PPTA and contralateral PCA is supplied by 
the PComA. Lastly, type 5 consists in a PPTA without the 
interposition of the BA and can be subdivided into types 5 a, 
b, and c according to the terminative pattern of the PPTA: 5a, 
superior cerebellar artery (SCA); 5b, anterior inferior cere-
bellar artery (AICA); and 5c, posterior inferior cerebellar 
artery (PICA).

 PTA Branches

PTA branches have been observed in adult anatomic 
specimens. They include pontine perforators as well as 
branches feeding the trigeminal ganglion, the meningo-
hypophyseal trunk and its branches, and the cerebellar 
arteries [7, 9, 12, 41].

 Pontine Perforators and Branches 
to the Trigeminal Ganglion
Khodadad in 1976 showed pontine branches emerging from 
the PTA trunk in foetal brains at 4, 6, and 8 months. According 
to him, if the PTAs persist, they could be functional and clin-
ically significant [42]. Ohshiro et  al. in 1993 reported the 
presence of two branches of the PTA’s cisternal portion. 
There was one branch that fed the trigeminal nerve root on 
the left side and sent a pontine perforator. A second branch 
penetrated directly into the pons [20]. According to Salas 
et  al., there are four pontine perforating branches arising 
from the intradural segment of the artery originating 7, 10, 
11, and 17 mm distal to the dural ring in Meckel’s cave. Even 
in adults, these branches are likely functioning vessels, with 
occlusion of the PTA causing ischemic lesions to the brain-
stem [18].

 Cerebellar Arteries
Arakawa et al. described a case in which the AICA originates 
from the internal carotid artery and travels medial to the 
abducens nerve [43]. From this artery, a small branch com-
municates with the basilar artery, runs laterally along the tri-
geminal nerve root, and continues backward to the 
cerebellum’s dorsal surface; thus, AICA can be considered a 
part of PTA. From this artery, four twigs distribute at the ven-
tral surface of the brainstem: two to the medial surface, one 
to the lateral surface, and the fourth directly to the basilar 
artery. After passing lateral to the trigeminal nerve root, the 
main trunk of the artery ended up on the anteroinferior sur-
face of the cerebellum. The authors also observed that the 
PTA gives off medial and lateral arterial branches that open 
into the basilar artery. The first one, located medially, was a 

Fig. 8 Saltzman Type 3b. The PTA ends as an AICA, which conse-
quently originates directly from the ICA

Fig. 9 Saltzman Type 3c. The PTA ends as a PICA, which conse-
quently originates directly from the ICA
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pontine branch supplying the basal pons. The lateral branch 
leaves a twig on the lateral surface of the trigeminal nerve 
root as it passes caudally. After passing medial to the tri-
geminal nerve root, this arterial branch splits into two lateral 
and medial branches. The lateral twig is connected with the 
AICA. The medial twig, which passed medially, gave off a 
nutrient artery on the ventral surface of the pons near the 
facial nerve root. This medial branch also provided some 
pontine perforators and eventually anastomosed with the 
basilar artery.

 Meningohypophyseal Trunk and Its Branches
The meningohypophyseal trunk (MHT) branches off at the 
origin of the PTA on cerebral angiograms, according to Lie 
[44]. Various anatomic descriptions indicated the PTA and 
MHT had common or separate origins, and the PTA might 
originate vessels normally arising from the MHT [12, 18, 
32]. Among the specimens described by Inoue et al., the dor-
sal meningeal, tentorial, and inferior hypophyseal arteries 
were found to arise from the PTA as separate branches [35]. 
Ohshiro et al. report that the MHT and SCA split at the ori-
gin of the PTA [20]. According to their findings, the PTA, 
MHT, and SCA may have a close link in the embryo. In a 
case described by Suttner et al., [9] PTA was found to branch 
out into two branches: the inferior hypophyseal artery medi-
ally and the dorsal meningeal artery inferolaterally. 
Originating from the cavernous carotid artery, the McConnell 
capsular artery crosses the PTA below the pituitary capsule 
[9]. Tentorial arteries emerge directly from the cavernous 
carotid artery at its posterior bend [9, 18]. Salas et  al.’s 
medial (sphenoidal) variation, as well as Parkinson and 
Shields’s superior variation, may represent another carotid-
basilar anastomosis from the PTA and the MHT might be a 
remnant of this vessel [9, 18, 39]. As for the lateral (petrosal) 
variation, it was considered to be the true PTA, as it can sup-
ply blood to both the brainstem and the trigeminal ganglion 
[9, 45]. Parkinson suggested that the MHT may be a remnant 
of a carotid basilar connection above the sixth nerve that dif-
fers from the actual PTA below the sixth nerve. In analyzing 
the differences between the two vessels, Parkinson and 
Shields stressed the fact that the MHT has three branches, 
whereas the PTA does not have one [39].

 Variations and Associated Conditions 
to the PTA

 Associated Variations/Anomalies
Anatomical variations and anomalies associated with PTA 
include ipsilateral fetal PCAs, bilateral fetal PCAs (Saltzman 
Type 2), hypoplastic BAs proximal to the junction with the 
PTA, as well as hypoplastic VAs below the junction with the 
PTA [7, 12, 46]. Hypoplasia of the BA near the PTA anasto-
mosis occurs frequently with this type of vascular anomaly 

and is likely due to poor flow stimulating further develop-
ment [7–9]. Several other anomalies have also been reported, 
such as a duplicated SCA and hypoplastic AICA, bilateral 
absence of PICAs, and a fenestrated oculomotor nerve 
around the PCA [7, 11, 12]. One publication reports a PTA 
that passes over the clivus in a dedicated canal, then becomes 
intradural and anastomoses with the BA [39]. The cerebral 
vessels however were not found to have any other anomalies 
in some reports [18].

The persistence of the PTA could also be associated with 
the simultaneous presence of other primitive carotido-basilar 
anastomoses, such as the primitive hypoglossal or the primi-
tive otic artery [11].

 Vascular Anomalies and Syndromes
Trigeminal arteries are the last and most cranial segmental 
arteries, located at the point of reversal of flow between the 
connectors of the developing BA; they are located proxi-
mally to the VA system and distally to the caudal ICA divi-
sion [12]. This persistence may inhibit the development of 
the BA proximal to the anastomosis due to reduced flow- 
induced stimulations [11, 12, 32]. There may be an explana-
tion for its frequent association with BA hypoplasia, which 
was found in 75% of cases (moderate/severe degrees) in a 
large case series [30–32]. It has also been described that the 
PTA may provide vital blood supply to an isolated midbasi-
lar trunk in rare cases of segmental agenesis of the BA [12]. 
However, the persistence of multiple embryonic arteries 
together with cardiovascular anomalies and structural brain 
malformations represent the same embryologic error in 
arterial development and not just a hemodynamic effect 
[47–49]. One example of such an association is the PHACE 
syndrome (an acronym for Posterior fossa brain malforma-
tions, large facial Hemangiomas, Arterial anomalies, 
Cardiac anomalies, and Eye abnormalities) [11, 12, 48]. 
This may include arterial agenesis or hypoplasia, aneurys-
mal dilatation, the PTA and proatlantal arteries, arterial ste-
noses and occlusions (e.g., Moyamoya phenomenon), 
aneurysms, angiomatous changes, and arteriovenous mal-
formations (AVMs) [31, 50]. In children with PHACE syn-
drome, the PTA occurs much more frequently (12–16%) 
than in other large cerebral angiographic series (0.1–0.2%) 
[11]. An extensive series of cases found PTA (5 of 17 cases) 
and ICA or VA agenesis to be the most common anomalies 
[12, 51, 52]. PTA and arterial anomalies such as carotid and 
VA agenesis as well as aortic arch anomalies are also 
described in case reports and small series [12, 22, 25]. A 
rare coincidence of PTA with other persistent carotido-bas-
ilar anastomoses, such as proatlantal intersegmental artery, 
has been documented [47]. Recently, large-scale series have 
reported that PTA frequently occurs in conjunction with 
other cerebrovascular anomalies, such as fenestrations and 
duplications, illustrating the possibility of common under-
lying errors during arterial development [12].
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 PTA and Aneurysms
The frequency of intracranial aneurysms in other locations 
coexisting with a PTA/PTA variant was 4.2%/4.0% in a 
recent analysis of a large number of MRA studies (>16,000 
patients), similar to that of the general population 
(3.7 ± 0.7%) [8, 30, 53]. Hence, other intracranial aneurysms 
do not appear to be associated with PTA or its variants, 
unlike previously reported [54]. It is likely that the previ-
ously reported higher rates of cerebral aneurysms in patients 
with PTA (14–32%), reflect a selection bias towards patients 
who underwent cerebral angiography for symptomatic aneu-
rysms [12]. Although the PTA is a bifurcation, it is not more 
likely to form aneurysms than any other bifurcation [8, 13]. 
A screening for cerebral aneurysms when an incidental diag-
nosis of PTA or PTA variant is made is therefore not recom-
mended. There are three possible locations for PTA 
aneurysms: at the bifurcation between the cavernous ICA 
segment and the PTA, on the trunk of the PTA, or at its junc-
tion with the BA [7, 11, 32]. A PTA aneurysm may cause 
oculomotor or abducens nerve palsy due to mass effect in the 
cavernous sinus [11, 30, 47]. Depending on whether they are 
intracavernous or extracavernous portions of the PTA, they 
can present with acute subarachnoid hemorrhage accompa-
nied by trigeminal nerve involvement or trigeminal cavern-
ous fistulas [7, 32, 47]. The surgical treatment of PTA 
aneurysms frequently involves extradural dissection and 
manipulation in the region of Meckel’s cave and/or the cav-
ernous sinus, which can cause cranial nerve palsies [12, 47]. 
PTA aneurysms can be managed endovascularly by using 
balloon-assisted and stent-assisted coiling techniques [41, 
47]. In planning parent artery sacrifice for a giant cavernous 
ICA aneurysm, retrograde aneurysm filling should be con-
sidered with a PTA concurrently present [12]. In the case of 
hypoplastic VAs, the PTA may also be used for coiling pro-
cedures in the vertebrobasilar circulation [7].

 Trigeminal Cavernous Fistulas
A trigeminal cavernous fistula is an abnormal communica-
tion between a PTA and the cavernous sinus. The first such 
fistula reported by Enomoto et al. developed after rupture of 
a PTA aneurysm [55]. A recent literature review of trigemi-
nal cavernous fistulas found 17 out of 18 fistulas to be 
Saltzman type II, while one patient presented with a PTA 
variant [12]. Additionally, the majority of fistulas presented 
with ocular symptoms such as pain, ophthalmoplegia, pulsa-
tile exophthalmos, and chemosis, or by producing pulse- 
synchronized bruit [12, 41]. When venous hypertension is 
present, these fistulas can also cause intracranial hemorrhage 
[56]. Fistulas are more likely to develop following trauma 
than spontaneously, with aneurysms suspected to be the most 
common cause in 5 of 18 cases [12, 41]. In the presence of a 
patent fistula, it may be difficult to distinguish an underlying 
aneurysm from a pseudoaneurysm or a dilated venous com-

partment [12, 41, 56]. The PTA may also be hard to visualize 
directly in the presence of a fistula since that high-contrast 
flow may obscure the imaging. The anomalous vessel may 
only be visible following ICA injection after successful fis-
tula occlusion. Therefore, an angiographic evaluation that 
includes a vertebrobasilar study, which frequently reveals a 
retrograde fistula filled with PTA, is essential [12, 41]. Due 
to the extremely small connections, it may however be 
impossible to visualize the fistula or the complete trigeminal 
artery via retrograde visualization from the posterior circula-
tion, especially in cases of PTA variants [11, 12, 53]. As a 
result, these fistulas are frequently diagnosed as direct CCFs 
at first. In order to treat trigeminal cavernous fistulas, it is 
imperative to occlude the fistula while preserving the parent 
artery, which is accomplished by occluding the first venous 
pouch [12, 47]. Although ICA trapping alone may be effec-
tive, it is generally avoided because the fistula may still 
receive inflow via the posterior circulation [12]. Various 
endovascular strategies, including transarterial balloon or 
coil embolization, have been successful in treating fistulas 
[12, 41, 47]. Transvenous fistula occlusion with fibred or 
GDC coils or glue embolization may be an option when 
there is no underlying aneurysm [41]. Whether the PTA must 
be preserved depends on the variation type [32]. In Saltzman 
type I, sacrificing the PTA will result in a posterior circula-
tion infarction [41, 47]. Saltzman type II does not require 
preservation of the PTA [41, 47]. When dealing with PTA 
variants, it is imperative to understand the exact anatomy of 
the communicating vascular channels [8, 41, 57]. 
Neurosurgical treatment, such as surgical packing, bypass 
surgery, or even carotid ligation after careful analysis of 
hemodynamic conditions, may still be an option after failed 
embolization, despite being no longer the first choice [9, 41, 
47].

 Other Associated Clinical Conditions
Usually, the PTA or a variant of it is an incidental finding 
with no clinical significance. However, there are well-known 
associations with cerebral vascular disease, such as vertebro-
basilar embolic ischemia, and with vascular nerve compres-
sion syndromes, such as trigeminal neuralgia [11, 12, 32, 45, 
53, 58]. According to a recent MRI/MRA study, 2.2% of 
patients with trigeminal neuralgia experience PTA as a result 
of direct contact with the nerve [12, 16, 32, 53]. Nevertheless, 
a study by Morita et al. indicates that a variant of the PTA 
originating from the ICA may be more prone to causing tri-
geminal neuralgia than the classic-type PTA [59]. It was 
explained by differences in the anatomical course, since the 
PTA variant usually runs very close to the trigeminal nerve 
root entry zone. From both a developmental and anatomical 
standpoint, the PTA could involve the cranial nerves III, IV, 
V, and VI as it passes through the cavernous sinus and the 
prepontine cistern [11–13, 48, 60]. It is, however, difficult to 
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establish the correct clinical-pathological correlation 
between cranial nerve lesions and a demonstrable PTA as the 
causative factor. PTA has been demonstrated to compress 
adjacent cranial nerves on pathological specimens and intra-
operatively; improvement in clinical symptoms has been 
noted following successful decompression surgery [12]. The 
association between a PTA and vascular diseases such as 
AVM, Moyamoya disease, and Sturge–Weber syndrome was 
previously described based on case reports or small case 
series [11, 31, 32]. In the absence of other arterial vascular 
anomalies or syndromes, these are more likely to be coinci-
dental findings rather than true associations. Furthermore, 
there is no evidence linking a PTA to higher incidences of 
mental retardation, unlike previously reported [28, 60, 61]. 
Multiple case reports describe vertebrobasilar ischemia, 
including brainstem TIAs, cortical infarctions with cortical 
blindness, associated with a thromboembolic source origi-
nating from the IAC (e.g., cervical ICA stenosis or dissec-
tion) or even thrombosis of the PTA itself [10, 11, 32, 53]. 
Hence, noting the presence of PTA before performing Wada 
testing (injecting barbiturate selectively into the ICA 
 circulation to predict perioperative risk of language delay) is 
essential in order to avoid perfusion of barbiturate into the 
posterior circulation [11, 12].

NF-1, Klippel-Feil syndrome, as well as infratentorial 
and supratentorial AVMs have been also associated with 
PTA [7, 11, 34, 50].

 Persistent Otic Artery

Nowadays, we could find in the English literature 12 cases 
named or interpreted as a persistent otic (or acoustic) artery 
(POtA) [31, 49, 62–71]. Lie (1968) described the POtA as a 
carotido-basilar anastomosis with three distinct criteria [72]:

• The carotido-basilar anastomosis origins from the lateral 
portion of the petrous segment of the ICA.

• The anastomotic vessel passes through the internal acous-
tic meatus (IAM).

• The POtA joins the posterior circulation at the caudal part 
of the basilar artery.

Other minor criteria were also proposed by other authors 
as the aplasia of the homolateral vertebral artery and the 
hypoplasia of the contralateral VA [48, 69]. Among the dif-
ferent isolated cases described, the lonely case that responds 
to all criteria of the POtA is the case of Kempe et al [66]. 
This is a cadaveric dissection of a patient that presented a 
geniculate neuralgia explained in postmortem by the pres-
ence of a carotido-basilar anastomosis that passes through 

the IAM. All other cases presented are radiological and prin-
cipally angiographic cases without clear demonstration of 
the passage of the anastomotic vessel through the IAM. Lee 
et al. (2016) published a very interesting article that showed 
the possible misinterpretation of a low-lying persistent tri-
geminal artery as a POtA [31]. Another possible misinterpre-
tation is the partial persistent of a stapedial artery into the 
middle ear that could mimic a POtA [73, 74].

For these reasons, the existence of the persistence otic 
artery is of important matter of debate. In his masterpiece 
textbook, P. Lasjaunias declared that the persistent otic artery 
does not exist without clear arguments, but other authors 
gives some reasons that make us thinking that the POtA does 
not exist [3]. The first reason is that the otic structures are not 
segmental structures but develops completely from the otic 
placode. The second reason is the lake of evidence of the otic 
artery in the lower animals. Padget named it as primitive otic 
artery because it was near the cochlear nerve, but it was a 
highly transitory presegmental branch seen in only two own 
specimens of 4–5 mm.

 Persistent Glosso-Pharyngeal Artery

In the embryos, no carotido-vertebral anastomoses have been 
described following the cranial nerves into the jugular fora-
men, but recent surprising observations raise the question of 
a possible embryonic artery passing through the jugular fora-
men [1, 2].

In 1973, Teal et al. described a case of “PICA that ori-
gins from the cervical ICA” without more explanation [75]. 
After them, Lasjaunias et  al. in 1981, showed a case of 
APhA origin of the PICA illustrated with angiographic 
images without CT scan [76]. They interpreted the case as 
a partial persistency of the hypoglossal artery and spoke 
about an anastomosis between the hypoglossal branch of 
the APhA and the PICA. Unfortunately, they did not prove 
it with osseous CT scan and named this variation the 
pharyngo- cerebellar artery. This last decade, eight isolated 
case reports of APhA origin of the PICA were successively 
described [77–83]. All these cases are similar to the 
Lasjaunias case with the anatomical difference that the 
“aberrant” artery does not pass through the hypoglossal 
canal but through the jugular canal. This important detail 
raised the matter that this variation is not a partial persistent 
hypoglossal artery but could be the consequence of another 
embryonic carotido- vertebral anastomosis not already 
known passing through the jugular foramen. Ryi et  al. 
(2016), observing that the anastomotic vessel passes 
through the pars vascularis of the foramen, named this vari-
ant a persistent primitive glosso-pharyngeal artery [80].
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 Persistent Hypoglossal Artery

The first case of persistent hypoglossal artery (PHA) was 
discovered in a cadaveric specimen by Batujeff in 1889 [84–
87]. After him, Oertel in 1922 made the same postmortem 
observation and introduced the name of hypoglossal artery 
[1, 88]. In 1950, Lindgren showed the first angiographic case 
of PHA followed by other angiographic description in the 
same period [85]. Morris and Moffat (1956) described a case 
of PHA postulating that the adult PHA could be embryologi-
cally divided in three different portions: the proximal part 
corresponds to the embryonic HA; the intermediate part is 
the origin of the postero-inferior cerebellar artery (PICA), 
and the distal part is primitive vertebro-basilar junction [84]. 
Until now, 138 cases of PHA were described in the English 
literature and the PHA is considered as the second most fre-
quent carotido-vertebral anastomosis by persistence of an 
embryonic artery (Fig. 10) [89–92].

Most cases described in the literature are case reports and 
the true incidence of PHA is not really known. We could only 
make an approximation with few large series of CT or MRI 
observations. The largest series is whom of Uchino et  al. 
(2013), who reviewed more than 2000 CT scans and found 
11 cases of PHA [93]. They concluded that the incidence of 
PHA in their series was 0.53%. Other authors postulated that 
the incidence of PHA is comprised between 0.027% and 
0.26% and this data is taken over by numerous authors with-
out true scientific basis [94, 95]. We just have to remember 
that the incidence of PHA is largely lower than 1% but not 
exactly known.

Lie, in 1968, described in his monograph the PHA with 
four distinct criteria as follows [72]:

• The PHA is a robust artery from the cervical segment of 
the internal carotid artery (ICA) at the level C1-C3.

• The PHA enters the skull through the hypoglossal canal.
• The basilar artery is filled distally only from the PHA.
• Posterior communicating arteries are absent and vertebral 

arteries are absent or hypoplastic.

Due to the important number of cases of PHA that did not 
present the four Lie’s criteria, Brismar in 2009 proposed to 
modify these criteria enhancing that only the first two criteria 
of Lie are mandatory to describe a PHA [96].

More than 130 cases are described in the English litera-
ture and almost all cases are isolated case reports [81, 90–92, 
97, 98]. Among them, the majority of PHA origin from the 
internal carotid artery but few cases of PHA take their origin 
from the external carotid artery or from the common carotid 
artery [91, 99–106]. For this reason, Uchino et  al. (2013) 
proposed a classification for PHA with type I corresponding 
to PHA originating from the ICA and type II from the ECA, 
but no consensus was found for this classification [93]. 
Almost all cases of PHA are unilateral but two cases of bilat-
eral PHA are described and represented only 1.4% of cases 
[95]. In all cases of PHA, PComA and vertebral artery of the 
same side are always absent, their contralateral counterparts 
are absent in 30% of cases [95]. The PICA often takes its 
origin from the PHA when present and Pasco et al. found it 
in half of cases [95]. Few cases of PHA described are par-
ticular and catch our attention. The first one is the case 
showed by Elhammady et al. who described a case of retro-
grade flow in the PHA due to a proximal ICA stenosis [107]. 
In this case, the presence of the PHA allows to compensate 
the decrease in flow in the carotid territory due to the proxi-

Fig. 10 Clinical case of a persistent hypoglossal artery. Lateral (left) 
and a-p (middle) views of a right ICA injection showing a persistent 
hypoglossal artery (green arrow) originating from the cervical ICA and 

giving the ipsilateral vertebral artery, entering from the hypoglossal 
canal. On the right a schematic view of a persistent hypoglossal artery 
is shown
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mal ICA stenosis. Suzuki et al. also described another par-
ticular case of PHA from which originates the distal part of 
the occipital artery [108]. Nishida et  al. presented another 
very interesting case of PHA associated with bilateral verte-
bral artery hypoplasia and contralateral ICA hypoplasia 
[109]. Consequently, in this case, the whole cerebral perfu-
sion depends on the ICA that bears the PHA. Another very 
interesting case was presented by Kirkland et al. (2016) and 
consisted in a case of “transclival artery” [110]. They showed 
a particular case of carotido-vertebral anastomosis that looks 
like a persistent hypoglossal artery but with an important dif-
ference: the artery does not pass through the hypoglossal 
canal but through its own canal, located antero-medial to the 
hypoglossal canal.

PHA is in almost all cases considered as an incidental 
finding without correlation with any neurological disorder. It 
is consequently often described in association with another 
pathology (with or without correlation). The most frequent 
associated pathology is the cerebral aneurysm with an inci-
dence of 26.9% [91, 93, 105]. We need to differentiate two 
different types of cerebral aneurysms. The first type is a cere-
bral aneurysm directly of the PHA and is located at the junc-
tion between the PHA and the basilar artery [66, 94, 
111–116]. In this situation, the majority of cases are cases of 
ruptured aneurysm and that highlights the importance of the 
hemodynamic factor in the formation of cerebral aneurysms. 
The second type of cerebral aneurysm is an aneurysm of 
other locations without any relation to the PHA [91, 93, 105, 
117, 118]. Other pathologies encountered in patients with 
PHA are cervical ICA stenosis (20.9%), cerebral AVMs 
(3%), Moyamoya disease, basilar impression, ischemic 
stroke, basilar artery fenestration, and Arnold-Chiari malfor-
mation [86, 89, 94, 98, 107, 109, 119–134]. Even if it is rare, 
the presence of a PHA could explain the neurological symp-
tom or sign. Isolated cases of hypoglossal nerve palsy, 
glosso-pharyngeal neuralgia and posterior fossa ischemic 
disease due to PHA atherosclerosis are described [66, 117, 
130, 134].

Even if the presence of PHA is rarely responsible for the 
clinical problem, its presence has some important clinical 
implications and need to be known in particular situations.

• In case of carotid artery stenosis, the presence of PHA has 
an important impact on the treatment strategy for surgical 
endarterectomy and carotid artery stenting [89, 98, 107, 
122, 130, 135–142]. The knowledge of this anatomical 
variation dramatically helps in the complication avoid-
ance. Silva et al. also proposed in these particular cases an 
interesting technique of double distal embolic protection 
for carotid artery stenting [132].

• In case of carotid artery stenosis associated with PHA, 
ischemic events could be in the vertebro-basilar territory. 
In such cases, the presence of the PHA need to be known 

to understand the correlation between the stenosis and the 
ischemic event. A misdiagnosis of vertebral arteries ste-
nosis could implicate dramatic therapeutic decision.

• The treatment of true PHA aneurysm is also challenging 
for surgical clipping as for endovascular coiling [97, 111–
113, 119, 121, 143–149]. The localization of the aneu-
rysm at the antero-lateral aspect of the medulla oblongata 
needs a far lateral approach to see the aneurysmal neck 
and sac. In the last years, the majority of these aneurysms 
are treated by endovascular coiling, but no stenting or 
other devices are used.

• Cases of posterior fossa stroke were correlated to athero-
sclerosis of the persisting hypoglossal artery itself treated 
with success by angioplasty or by stent deployment [130, 
134].

Other than the complete persistence of the hypoglossal 
artery, an incomplete variant could explain an ICA origin of 
the PICA (passing through the hypoglossal canal) or other 
cases of ascending pharyngeal artery-basilar artery anasto-
mosis [3, 76, 90, 150, 151].

 Persistent Proatlantal Artery

In 1885, Gottschau described after a cadaveric dissection the 
first case of persistent proatlantal artery (PPA) and nowa-
days, 55 cases of carotido-vertebral anastomosis that corre-
spond to criteria of PPA were described in the English 
literature. Among them, Sutton in 1962 proposed the first 
angiographic description of a PPA [95, 152, 153]. This 
carotido- vertebral anastomosis is one of the most complex 
for different reason. The first reason is the different point-of- 
view of authors regarding its embryological origin [3]. The 
second reason is the absence of consensus in naming this 
artery and the last one is the confusing classifications to 
describe different PPAs [3, 154].

PPA is a very rare persistent embryonic carotido-vertebral 
anastomosis, and its true incidence is not known, only 55 
isolated cases were described. The only study that gives an 
idea about the incidence of PPA is whom of Yilmaz et  al. 
(1995) who analyzed a series of 5500 cerebral CT scans and 
found only one case of PPA. They concluded that the inci-
dence of PPA is 0.023% [155].

Different authors proposed their own classification 
depending on the embryological artery that persists or on the 
origin of the PPA, but no clear criteria were described as for 
the PHA [156]. P. Lasjaunias proposed the most comprehen-
sive classification based on the embryological development 
in two different types [3]:

• The type I is the persistence of the first cervical interseg-
mental artery, takes its origin from the cervical ICA and 
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joins the vertebral artery at the first cervical space to enter 
the skull through the foramen magnum.

• The type II is the persistence of the second cervical inter-
segmental artery, takes its origin from the ECA and joins 
the vertebral artery at the second cervical space to pass 
into the vertebral foramen of C1 before entering the fora-
men magnum.

Li et al. proposed another classification that is followed 
by a lot of authors and is most simple [92, 154]. They 
described as type I, a PPA that origins from the ICA and as 
type II, a PPA that branches from the ECA whatever where it 
joins the vertebral artery. This classification, even if is sim-
pler than the first one, created confusing description about 
PPA and is not based on embryological knowledge.

To summarize and to include all cases of PPA described in 
the literature, we could propose the criteria of PPA as 
follow:

• Carotido-vertebral anastomosis.
• Origins from the cervical ICA, the ECA, or the CCA.
• Joins the vertebral artery at the first or second cervical 

space.
• PPA enters the skull through the foramen magnum and 

not through the hypoglossal canal that is the most reliable 
criteria.

• Agenesis of the vertebral artery in 50% of cases.

In the literature, we found 55 cases of PPA including 49 
cases (89%) of PPA that joins the vertebral artery at the first 
cervical space and only 6 cases (11%) at the second cervical 
space. Among cases of PPA I, 24 cases origin from the ICA, 
23 cases from the ECA, and 2 cases from the CCA instead of 
PPA II takes its origin from the ECA in 5 cases or from the 
ICA in 1 case [83, 90, 92, 139, 154, 155, 157–193]. Table 2 
summarizes different cases of PPA described in the 
literature.

The majority of PPA cases are unilateral but not less than 
9 cases of bilateral PPA are described that represents 16% of 
cases and a proportion higher than for other carotido- 
vertebral anastomoses [181, 184, 188, 192, 194–198].

Almost all cases of PPA are asymptomatic and occasional 
findings, but two of them presented a neurological sign 

directly correlated to the PPA. The first one is a case of rup-
tured aneurysm located at the junction between the PPA and 
the vertebral artery published in the series of Yilmaz et al. 
The second one is a case of objective pulsatile tinnitus due to 
cochleo-vestibular nerve compression by a PPA [155, 199]. 
Interesting cases of retrograde flow from the vertebral artery 
to the carotid system through the PPA were described in case 
of proximal ICA stenosis [193, 200]. The presence of a PPA 
could be associated with a lot of other pathology or anatomi-
cal variants as a bilateral ICA agenesis, a proximal ICA ste-
nosis, vein of Galen malformation, AVM, dAVF, cerebral 
aneurysm, PTA, or duplicated MCA [139, 163–166, 178, 
180, 187, 197, 201, 202].

Incomplete persistence of a PPA could also explain other 
anatomical variations as follows:

• Occipital-vertebral arteries anastomosis at C1 or C2 
[203].

• Vertebral artery origin of the occipital artery at C1 or C2.
• Low origin of the PICA at C1 or C2.
• Occipital artery origin of the PICA.
• Cervical ICA origin of the posterior meningeal artery 

[204].

Carotido-vertebral anastomoses are anatomical variations 
that illustrate well the important vascular modifications dur-
ing the fetal life. Knowledge of the different type of carotido- 
vertebral anastomosis is of paramount importance in the 
clinical practice for neurosurgeons, neuroradiologists to 
avoid misinterpretation with possible catastrophic complica-
tions. Indeed, the persistence of a carotido-vertebral anasto-
mosis is a highly functional and precious vessel that always 
need to be spared in any situation.
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