Cerebellar Arteries Originating from the Internal Carotid Artery
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PURPOSE: To study the incidence of cerebellar arteries originating directly from the internal
carotid artery, and to discuss the probable embryological origin and clinical implications of this
anatomical anomaly. METHODS: We reviewed 5500 angiographic studies done at our institution
in the last 4 years, searching for these anomalous vessels as well as for other anatomical variants.
RESULTS: Eleven cerebellar arteries originating directly from the internal carotid artery and nine
embryonic cerebral arteries were found. CONCLUSION: These arteries are considered persistent
trigeminal artery variants and seem to occur as the result of the persistence of a primitive trigeminal
artery associated with an incomplete fusion of the longitudinal neural arteries. These anomalous
vessels are clinically significant particularly becuase of their role in endovascular therapeutic and
surgical complications and the paradoxical lesions in the cerebellum that occur as a result of

carotid disease.
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There are four embryonic cerebral arteries that
directly connect the carotid and basilar arterial
systems: the trigeminal, the otic, the hypoglossal,
and the proatlantal. The one that persists most
frequently in adults is the primitive trigeminal
artery, occurring with an incidence of 0.2% in
cerebral angiograms (1).

Unlike those arteries that have a direct com-
munication with the basilar artery, there are case
reports in the literature of direct anastomosis
between the intracranial internal carotid artery
and the cerebellar arteries, without the interposi-
tion of the basilar artery. These arteries are con-
sidered persistent trigeminal artery variants (2).

In this study we present a series of 10 patients
bearing 11 of these anomalous arteries, discuss
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their probable embryological origin, and empha-
size clinical implications.

Materials and Methods

We reviewed cerebral angiographic studies, searching
for examples of cerebellar artery arising from the intracra-
nial internal carotid artery and other anatomic variations.
Five thousand five hundred consecutive angiographic stud-
ies done in a period of more than 4 years (from September
1986 to January 1991) were analyzed.

The clinical indications for the angiographic studies
varied, most having been done for the investigation of
intracranial hemorrhage, ischemic cerebrovascular disease,
vascular lesions (arteriovenous malformation), and tumors.

The examinations were performed through percuta-
neous transfemoral catheterization by a vascular neurora-
diologist (R.P.) on high resolution digital angiographic
equipment. Except in the presence of severe atheromatous
disease, the injections of contrast material in the carotid
system were performed via the internal carotid artery. Using
local anesthesia and nonionic contrast material, the internal
and external carotid selective studies were done with a 4F
catheter; the common carotid artery injections were per-
formed through a 5F catheter.

Results

In 10 patients we found 11 anomalous origins
of cerebellar arteries directly from the intracranial
internal carotid artery (0.18% of the angiographic
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studies). These arteries presented a course and
distribution similar to the normal cerebellar arter-
ies: three (two of the same patient) were similar
to superior cerebellar arteries (Fig 1); three were
identical to anterior-inferior cerebellar arteries
(Fig 2); and five were similar to posterior-inferior
cerebellar arteries (Fig 3).

There were nine embryonic cerebral arteries
found in this series (0.16% of the angiographic
studies) distributed in the following way: six prim-
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itive trigeminal arteries; two hypoglossal arteries,
and one proatlantal artery.

Discussion

Internal carotid origin of cerebellar arteries was
reported by Teal et al in 1972 (2). The level of
the internal carotid artery from which these ves-
sels took origin led to the conclusion that they
were primitive trigeminal artery variants. In a

D

Fig. 1. Bilateral origin of the superior cerebellar arteries from the internal carotid arteries in the same patient.

A and B, Right carotid angiograms, lateral arterial phase (A) and anteroposterior arterial phase (B) views. Anomalous artery
(arrowheads) supplies cerebellar territory of the superior cerebellar artery.

Cand D, Left carotid angiograms, lateral arterial phase (C) and anteroposterior arterial phase (D) views. Anomalous artery
(arrowheads), bigger than the right one, supplies the territory of the superior cerebellar artery.
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review of the literature we found 44 cases (2-17)
(Nakagawara J. et al presented at the 11th Annual
Meeting of the Japanese Neuroradiological Soci-
ety, 1982) (Okada Y. et al presented at the 12th
Annual Meeting of the Japanese Neuroradiologi-
cal Society, 1983). Twenty-seven of these cases
were quite similar to the anterior-inferior cerebel-
lar arteries (5, 7-9, 11, 12-15, 17, Nakagawara
J. et al), 13 corresponded to the superior cere-
bellar arteries (2, 6, 10, 16, 17) (Nakagawara J.
et al, Okada Y, et al) and only four resembled the
posterior-inferior cerebellar arteries (3, 4, 13, 17).

As described by Quain in 1844, the primitive
trigeminal artery originates from the internal ca-
rotid artery at the point where this vessel leaves
the carotid canal and penetrates the cavernous

Fig. 2. Anterior inferior cerebellar artery originating from the
internal carotid artery.

A and B, Right carotid angiograms, lateral arterial phase (A)
and anteroposterior arterial phase (B) views. A large anomalous
artery (primitive trigeminal artery) (arrow) communicates with
the proximal third of the anterior-inferior cerebellar artery (dou-
ble arrowheads). From this point there is retrograde opacification
of the basilar artery through a persistent proximal segment of
the anterior inferior cerebellar artery (arrowhead).

C, Left vertebral angiogram, anteroposterior view, capillary
phase. Avascular area (*) in the anterior-inferior cerebellar artery
territory.

sinus (C4 segment of the cavernous internal ca-
rotid artery) (18). From this point the artery takes
a posterior course, sometimes slightly inclined
rostrally, through the cavernous sinus, where it
occupies a position medial to the ophthalmic
branch of the trigeminal nerve. Perforating the
dorsum sellae or passing adjacent to its lateral
margin, coming from Meckel's cave or through
an isolated dural foramen (12), the trigeminal
artery reaches the posterior fossa and with a
dorsal course near the entry zone of the trigeminal
nerve root at the pons, communicates with the
basilar artery, usually between the origins of the
superior cerebellar arteries and of the anterior-
inferior cerebellar arteries. Below the point of
entrance of the trigeminal artery, the basilar ar-
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Fig. 4. Development of the basilar artery (modified from
Haughton et al (9)).

A, 4-mm human embryo stage; B, Normal development; C,
Persistence of the primitive trigeminal artery; and D, persistence
of the primitive trigeminal artery and failure of the longitudinal
neural arteries to fuse resulting on a cerebellar artery originating
directly from the internal carotid artery. PCA = posterior cerebral
artery, PCoA = posterior communicating artery, SCA = superior
cerebellar artery, LNA = longitudinal neural arteries, BA = basilar
artery, PTA = primitive trigeminal artery, ICA = internal carotid
artery, AICA = anterior inferior cerebellar artery, PICA = posterior
inferior cerebellar artery, VA = vertebral artery.

tery usually is hypoplastic and the posterior com-
municating artery could be absent.

The work of Padget (18) constitutes the basis
for the understanding of the development and
involution of the trigeminal artery. This artery is
first seen in the 3-mm embryo. During the 4-mmm
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Fig. 5. Abnormal basilar artery development consequent to a
complete persistence of the proximal part of the primitive trigem-
inal artery associated with a partial involution of its distal part and
an incomplete fusion of the longitudinal neural arteries. 1 =
primitive trigeminal artery, 2 = communication of the primitive
trigeminal artery with the basilar artery, 3= anterior inferior
cerebellar artery.

stage it communicates with fragments of the
longitudinal neural arteries, which are formed on
the basal surface of the hindbrain. The basilar
artery becomes apparent in the 7- to 12-mnm
stage through the union of the longitudinal neural
arteries and it is during its formation that the
trigeminal artery starts the involution, disappear-
ing in the 14-mm stage (Fig 4).

Fig. 3. Posterior-inferior cerebellar artery arising directly from the internal carotid artery.
A, B, and C, Left carotid angiograms, lateral arterial phase (A), lateral capillary phase (B), and anteroposterior arterial phase (C).
Large artery (arrow) originating directly from the internal carotid artery and supplying the posterior-inferior cerebellar artery territory

(arrowheads).

D, E, and F, Right and left vertebral angiograms, left anteroposterior arterial phase (D), right anteroposterior arterial phase (E), and
right anteroposterior capillary phase (F). A posterior inferior cerebellar artery arises from the left vertebral artery and irrigates the vermis
(arrowhead) and adjacent parenchyma from the right cerebellar hemispheric (double arrowhead). There is no opacification of the
hemispheric territory of the posterior inferior cerebellar artery on the left side. On the right side there is no opacification of the posterior
inferior cerebellar artery. Its territory is supplied by a branch from the right anterior inferior cerebellar artery (arrow). Note the avascular
area corresponding to the posterior inferior cerebellar artery territory on the left side (*).
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Fig. 6. Anomalous cerebellar artery of small caliber.

A, Left carotid angiogram, lateral arterial phase. Anomalous cerebellar artery arising from the internal carotid artery and sending
branches to the anterior inferior cerebellar artery and posterior inferior cerebellar artery territories (arrowheads).

B, Left vertebral angiogram, anteroposterior arterial phase. Despite the filling of the left cerebellar arteries, a distal hemispheric
avascular area (*) persists which is supplied by the branch originating directly from the internal carotid artery.

The embryological sequence of events that
results in the persistence of a direct anastomosis
between the internal carotid artery and a cere-
bellar artery, without interposition of the basilar
artery, is not well known. However, Haughton et
al (9) have suggested that these anomalous ves-
sels occur as the result of the persistence of a
primitive trigeminal artery associated with an
incomplete fusion of the longitudinal neural arter-
ies (Fig 4). Consequently, these vessels do not
have a direct connection with the basilar artery,
as occurs with the primitive trigeminal artery.
However, in two of our cases, despite the fact
that the main blood flow was to the cerebellar
artery, there was a small communication with the
basilar artery originating from the point where
the trigeminal artery was apparently ending (Fig
2). This finding probably is the result of a com-
plete persistence of the proximal part of the
trigeminal artery, associated with a partial invo-
lution of its distal part and an incomplete fusion
of the longitudinal neural arteries (Fig 5).

The volume of tissue irrigated by the cerebellar
arteries is variable and the hemodynamic balance
that exists among them makes it difficult to
delimit each territory precisely. It is the same with
cerebellar arteries originating directly from the
internal carotid artery. When of great caliber they
are usually associated with a complete absence
of the corresponding artery of vertebrobasilar
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origin and are responsible for the irrigation of the
entire area of nervous tissue related to the specific
artery (Fig 3). On the other hand, when the artery
is of small caliber it irrigates only part of the
territory, the rest being irrigated by a correspond-
ing usually hypoplastic, artery, originating from
the vertebral or basilar artery (Fig 6).

Although the clinical significance of these
anomalous vessels is not yet completely defined,
the areas they supply are important. One must
be aware of their existence, especially in five
situations. The first situation is related to the
increasing use of therapeutic embolization in
which there exists the risk of deviation of emboli
to these anomalous vessels. Because the blood
flow in these anastomosis is from the carotid to
the vertebrobasilar system, the second situation
is related to the potential risk of brain stem and/
or cerebellar ischemia by emboli coming from an
ulcerated plaque in the common carotid artery
bifurcation, or by the therapeutic occlusion of the
cervical internal carotid artery. The third situation
is related to the risk of hemorrhagic complications
in percutaneous gasserian ganglion procedures
for the treatment of trigeminal neuralgia becuase
of the possible position of these arteries inside
Meckel’s cave (17). The fourth situation concerns
the risk of hemorrhage/ischemia by surgical ma-
nipulation of these vessels in approaches to the
posterior fossa. Finally, when analyzed by some-
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one not acquainted with this type of anomaly,
the cerebellar capillary blush seen in carotid an-
giograms, or the avascular cerebellar area seen
in vertebral angiograms, could be misinterpreted
as tumor or ischemia, respectively.
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