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Abstract

Background: Vertebrobasilar arterial territory nourishes
one-quarter of human brain. It constitutes some vital and
strategic parts of the central nervous system.

Methods: A number of keywords (vertebral, basilar, artery,
and territory) were searched in MEDLINE (Ovid and
PubMed) as well as Google, ProQuest, Scopus, Cochrane
Library, and Science Direct online databases. Only articles
containing all keywords were included. We also reviewed
archives of libraries in Mashhad University of Medical
Sciences (Iran) for all anatomy, embryology, neurology, and
neuroscience books and journals about vertebrobasilar
arterial territories.

Results: The vertebrobasilar arterial (VA) system has a
high incidence of variations, anomalies, and persistent
fetal vessels. Two important anatomic facts explain why
VA origin lesions seldom cause chronic hemodynamically
significant low flow to the vertebrobasilar system. First,
the VAs are paired vessels that unite to form a single
basilar artery. Second, the extracranial VA gives off
numerous muscular and other branches as it ascends in
the neck. Thus, in the VA system, there is much more
potential for development of adequate collateral
circulation. Even when there is bilateral occlusion of the
VAs at their origins, patients do not often develop
posterior circulation infarcts.

Conclusion: VA origin disease is more benign than ICA
origin disease from hemodynamic aspect. This important
point could make influence in therapeutic interventional
decisions in asymptomatic VA origin stenosis.
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The vertebral arteries (VA) are usually the first
branches of the subclavian arteries. In 5% of persons,
the left VA arises directly from the arch of the aorta
between the common carotid and the left subclavian
artery. In this case, the left VA would not fill from a
left brachial injection.! Rarely, the right VA arises as a
separate branch from innominate artery and not from
the subclavian artery.2 One of the vertebral arteries is
often larger than the other.! When one is smaller, the
other is likely to be unusually large, so that the
amount of blood supplied to the posterior circulation
remains constant.’? In 45% of people, the left VA is
larger, in 21%, the right VA is larger, and in 24%, the
arteries are of equal size.? The average inner diameter
of the VA is 3.5 mm (1.5-5 mm).* In 10% of cases, one
VA is so hypoplastic (diameter < 2 mm) that it carriers
very little blood and in rare cases, one VA is absent
altogether.> The left or right VA may Sometimes have
an anomalous origin (e.g. duplicated origin).>
Traditionally, the VA 1is divided into four
segments. In the first segment, the artery courses
directly cephalad from its origin as the first branch of
the subclavian artery to enter the costotransverse
foramen of the fifth or sixth cervical vertebra. The
second segment of VA then travels through the bony
tunnel formed by the adjacent transverse processes
and the ligaments of the sixth cervical vertebra, up to
the first cervical vertebra (the atlas).>¢ In this tunnel, it
is accompanied by veins and a very dense plexus of
sympathetic nerves that interconnect with cervical
ganglia.>” The third segment is highly tortuous: the
VA emerges from the transverse foramen of the
second cervical vertebra and courses posteriorly and
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laterally toward the costotransverse foramen of the
atlas.57 It circles the posterior arch of the first cervical
vertebra and passes between the atlas and occiput
within the suboccipital triangle where it is covered
only by soft tissues. It forms a loop akin to that of
carotid siphon and anastomoses freely with the
occipital branch of external carotid artery by its
muscular branches.> Entering the skull through the
foramen magnum, the fourth segment of two VAs
pierces the dura mater and ascend along the
ventrolateral medulla oblongata. The two VAs usually
merge at the level of pontomedullary junction to form
the basilar artery.!

The course of the BA is also variable. It runs
straight on the midline of the pons in half of people
and displays tortuosity in the other half.! However, it
constantly ends between peduncles of the
mesencephalon. The average length of BA is 30 mm
(21-41 mm) and its average inner diameter is 3 mm
(2.5-3.5 mm).# Just after piercing the dura, each VA
gives off its anterior spinal ramus.l® The posterior
inferior cerebellar artery (PICA) usually arises from
the VA an average of 8.5 mm above the foramen
magnum.* Occasionally, the PICA arises extracranially
and courses cephalad within the spinal canal or
originates from the ascending pharyngeal artery.’®
The VA may terminate in the PICA. In this case, the
distal segment is hypoplastic or nonexistent and the
VA is small compared to the contralateral side.®® The
medial branch of PICA may also arise directly from
the VA with the lateral branch arising from the BA or
more commonly from the anterior inferior cerebellar
artery (AICA).35 One PICA is entirely lacking in 15%
of individuals and is hypoplastic in 5%.%5 The PICA
encircles the medulla, divides into two main lateral
and medial branches, and supplies the suboccipital
surface in the caudal part of the cerebellum.10 The
AICA arises from the caudal third of the BA in 75%. It
sometimes arises from the middle third and is lacking
in 4% of individuals.! However, it can arise from the
VA or BA by a common trunk together with the PICA.
Multiple ipsilateral AICAs are observed in 12% of
individuals.>1* The AICA encircles the lower pons and
supplies a small area of the anterior and medial
cerebellum.! The PICA and AICA are often
reciprocally related in size, i.e. in the case of a large
AICA, the PICA is small.12

The superior cerebellar artery (SCA) arises from
the rostral BA just before its bifurcation at the level of
interpeduncular cistern in 80% of people. In the
remaining 20%, the SCA arises from the
mesencephalic artery, or P1 segment of the posterior
cerebral artery (PCA). The SCAs are occasionally
duplicated.>13 Each SCA has a short trunk and two
main medial and lateral branches which supply the
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rostral half of the cerebellar hemisphere and dentate
nucleus®!® The PICA, AICA, SCA, and their branches
are connected by numerous free anastomoses which
limit infarct size in patients who have PICA, AICA,
SCA, VA, or BA occlusions.>!* Many leptomeningeal
anastomoses exist between the three cerebellar arteries
on the same site, but they can also be present between
the PICA and SCA on both sides5™* These
leptomeningeal anastomoses also make the exact site
and extent of cerebellar infarct quite unpredictable.15

The major branches of BA are generally uniform.
The most common variation is the internal auditory
artery (usually an AICA branch) which may arise
directly from the BA.3 During early fetal life, the
internal carotid artery supplies the posterior
hemispheres and  brainstem  via  posterior
communicating arteries.31¢ In one third of people, this
primitive vascular pattern persists and the connecting
segment from the BA to the PCA (called the basilar
communicating artery, mesencephalic artery, or P1
segment of the PCA) remains vestigial.® When the
PCA originates from the ICA, the supply area of
mesencephalic artery is restricted to the upper brain
stem. In such conditions, the PCA may fill from
carotid injection and not after VA opacification.’” In
2% of humans, this primitive circulatory pattern is
bilateral 3>1¢ Even more rarely, the BA may be
hypoplastic in its distal segment and end in the SCAs.
The other primitive connection which remains in 0.2%
of adults is the trigeminal artery.3'® The trigeminal
artery arises from the ICA as it enters the cavernous
sinus proximal to the carotid siphon and penetrates
the sella turcica or the dura near the clivus to join the
BA Dbetween the AICA and SCA branches.?"
Therefore, in some individuals with a dominant
posterior communicating artery (PCoA) or a persistent
trigeminal artery, embolism from the carotid territory
can cause occlusion of the PCA and even the
brainstem.

Persistence of the hypoglossal artery is the next
most common variant.2®> This vessel originates from
the ICA in the neck, usually between the first and
third first cervical vertebrae, and courses posteriorly
to enter the hypoglossal canal from which it joins the
BA.220 In these cases, the VAs or BA are small or
hypoplastic.2?® In contrast to the variability of the
vertebrobasilar arteries and their branches, the
intramedullary territories of the brain stem are
remarkably constant.3 There are three groups of
arterial penetrators origin from VA and BA. These
include median arteries and short and long lateral
circumferential arteries which supply the brainstem
tissue. All of the perforating branches converge to the
aqueduct and the fourth ventricle3 The pontine
paramedian arteries supply the anteromedial aspects
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of the pons.! Short circumferential branches from the
BA supply the anterolateral aspects of the pons. The
pontine long circumferential arteries arise not only
from the basilar arteries but also from the AICA and
the SCA.2 The medial tegmental region has a
prominently rich collateral supply, making it more
resistant to ischemia than the base or lateral
tegmentum.3

Penetrating branches from proximal PCA and SCA
supply the paramedian midbrain and diencephalon.
Much of the lateral aspects of midbrain is supplied by
the SCA.21 The thalamus is supplied by perforating
branches from the mesencephalic PCA and posterior
communicating arteries.?? The thalamoperforating
branches, issued from the posterior communicating
and mesencephalic arteries and the thalamogeniculate
arteries issued from the PCA supply the major part of
the thalamus.22 The latter also supplies the posterior
limb of the internal capsule. Occasionally, the right
and left thalamoperforating arteries arise from a
common single trunk that originates from the P1
segment of the PCA on one side (named the artery of
Percheron.321.22 The lateral portions of the thalamus
are supplied by a series of thalamogeniculate
arteries.>?2 Occlusion of the thalamogeniculate branch
of the PCA may result in thalamic syndrome because
of infarction in the portion of thalamus that receives
pain and temperature perception impulses.> The
medial and lateral posterior choroidal arteries (issuing
from the mesencephalic arteries) end in the
periventricular parts of thalamus.2?! One of these
branches supplies the anterior thalamic nucleus, the
only nucleus of the thalamus supplied by a single
vascular source.® The tree-like fashion of distribution
and their long course make the perforating branches
particularly vulnerable to occlusive disease and can
explain the high incidence of lacunes in basal ganglia
and thalamus.? Two important anatomic facts explain
why VA origin lesions seldom cause chronic
hemodynamically significant low flow to the
vertebrobasilar system.l” First, the VAs are paired
vessels that unite to form a single basilar artery.
Second, the extracranial VA gives off numerous

muscular and other types of branches as it ascends in
the neck.4#17 In contrast, there are no nuchal branches
of the ICA. Thus, in the VA system, there is much
more potential for development of adequate collateral
circulation. Even when there is bilateral occlusion of
the VAs at their origins, patients do not often develop
posterior circulation infarcts.#172 This interesting
point could make influence in neurointerventional
therapies because asymptomatic VA origin diseases
are  hemodynamically = more  benign  than
asymptomatic ICA origin disease.> Atherosclerotic
stenosis is more frequent in VA origin and distal
segments of intracranial VAs and extends to the
proximal portion of the BA.2* Sever atherosclerotic
stenosis is rare in cervical portions of VAs except on
their origin.?> In patients with VA origin stenosis, a
bruit can often be heard over the supraclavicular
region.’” Sometimes, a bruit is heard over the
contralateral side because of increased collateral blood
flow.”” The PCA arises as continuations of the
mesencephalic arteries, passes above the oculomotor
nerves, and moves posteriorly in a curvilinear manner
laterally around the midbrain.? P1 segment of the PCA
has an average diameter of 2.1 mm (0.7-3.0 mm) and
runs anterolaterally for 5-10 mm to the PCoA. Then,
the subsequent P2 segment of the PCA (average
diameter: 2.3 mm; range: 1.3-3.0 mm) winds laterally
and posteriorly around the cerebral peduncle.* Soon
after their origin, they anastomose with the PCoA to
complete the circle of Willis. The PCoA runs
anteriorly and laterally to connect the PCA to the ICA.
The cortical branches of PCA nourish inferior and
medial aspects of the temporal and occipital lobes to
terminate at the visual cortex and occipital pole.! In
22% of people, the PCoA is hypoplastic and may even
be aplastic on one side in 1%.>?%> Rare cases may be
present with bilateral aplasia of the PCoA. The caliber
of PCoA is inversely proportional to that of the P1
segment of the ipsilateral PCA. The average length of
the PCoA is 14 mm (8-18 mm) and its average diameter
is 1.2 mm (0.5-3.25 mm).* Discussion about numerous
neurovascular syndromes of vertebrobasilar territory is
out of scope of this review article.
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