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RADIOLOGICAL CASE

Unilateral agenesis of the internal
carotid artery with intracavernous
carotid-carotid anastomosis
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CASE SUMMARY

A 91-year-old right-handed man
presented to the emergency department
with left-sided weakness, which started
approximately five hours prior to pre-
sentation. Pertinent medical co-mor-
bidities included atrial fibrillation and a
prosthetic aortic valve, not on anticoag-
ulation, as well as hypertension. His ini-
tial National Institute of Health Stroke
Scale (NIHSS) score was 18, and his
clinical presentation was consistent
with a right hemispheric infarct. Symp-
toms included dysarthria, left lower
facial droop, flaccid left arm, weak left
leg, and left hemineglect. As part of the
routine stroke protocol at our institu-
tion, a non-contrast CT head, CT perfu-
sion of the brain, and CT angiography
of the head and neck were obtained.

IMAGING FINDINGS
CT angiography of the neck demon-
strates a normal course of the left com-

mon carotid artery, which terminates/
continues as the external carotid artery;
there is no bifurcation and no internal
carotid artery (Figure 1). At the level of
the skull base, the left internal carotid
artery is absent (Figure 2A) and there
is also absence of the left carotid canal
(Figure 2B). CT angiography of the
head demonstrates a vessel branching
from the cavernous segment of the right
internal carotid artery, which crosses
the cavernous sinus, and assumes the
course of the intracranial left internal
carotid artery terminus (Figure 3).

DIAGNOSIS

Unilateral agenesis of the inter-
nal carotid artery with intracavernous
carotid-carotid anastomosis

DISCUSSION

The internal carotid artery (ICA)
arises from the embryonic third aortic
arch.! Congenital absence of the ICA is

classified as a spectrum of rare anoma-
lies, which occur in less than 0.01% of
the population, and range from agenesis
(complete failure of ICA development)
to hypoplasia (incomplete ICA devel-
opment).>3

Lie* developed a classification sys-
tem with six types of collateral circu-
lation patterns, which can be seen with
carotid absence (Figure 4):
Type A: Unilateral ICA agenesis;
flow into the ipsilateral ante-
rior cerebral artery (ACA)
via the anterior communi-
cating artery (AComm), and
flow into the ipsilateral mid-
dle cerebral artery (MCA)
via flow through the ipsilat-
eral posterior communicat-
ing artery (PComm).
Unilateral ICA agenesis;
flow into the ipsilateral ACA
and MCA via the AComm.
Bilateral ICA agenesis; flow

Type B:

Type C:
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FIGURE 1. Curved reformatted image demonstrates the left common carotid artery (black
arrows) continuing as the external carotid artery (white arrows), which then branches as
expected. There is no carotid bifurcation and no internal carotid artery.

FIGURE 2. (A) Axial CT image at the level of the skull base demonstrates the right internal
carotid artery (white solid arrow) and bilateral vertebral arteries (black arrows); however, the
left internal carotid artery is absent (white dotted arrow). (B) Just superiorly, the right internal
carotid artery is present within the right carotid canal (white arrow), however, the left internal
carotid artery and left carotid canal are absent.

FIGURE 3. (A) Axial, (B) sagittal, and (C)
coronal images demonstrate a vessel tra-
versing the sella (arrows), which arises from
the right internal carotid artery and continues
as the intracranial left internal carotid artery
terminus, consistent with intracavernous
carotid-carotid anastamosis.

Type D:

Type E:

from the posterior circulation
via the PComms or other pat-
ent carotid-vertebrobasilar
anastomoses.

Unilateral ICA agenesis; flow
into the ipsilateral carotid
siphon via an intracavernous
anastomosis from the contra-
lateral ICA.

Bilateral ICA hypoplasia;
flow into the MCAs via
enlarged PComms.
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FIGURE 4. (A) Normal (conventional anatomy). (B) Depiction of Lie’s
classification system with six types of collateral circulation patterns,
Common Carotid| . . . .
Artery which can be seen with carotid absence or hypoplasia.
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TypeF: Bilateral proximal ICA agen-
esis; flow into the distal ICAs
via the rete mirabile (tran-
scranial anastomoses arising
from the internal maxillary
arteries).

A simplification of Lie’s classification
system describes three types of collateral
pathways in the setting of ICA absence:
1) flow through the circle of Willis, 2)
persistent fetal vessels, and 3) branches
from the external carotid artery.>?

This case is an example of type D, in
which the cervical, petrous, and cavern-
ous segments of the ICA are absent, with
the supraclinoid segment arising from
an intracavernous vessel from the con-
tralateral ICA. There are two theories
regarding the origin of this anastomotic
vessel. One is that there is an intracav-
ernous connection between the two
primitive trigeminal arteries, which do
not connect to the posterior circulation.*
The other is that there is compensatory
hypertrophy of a clival or sellar branch
off the contralateral ICA, which eventu-
ally becomes the main blood supply for
the intracranial ICA territory.’ In this
case, as in other reports of intracavern-
ous anastomosis,2>%8 the intracavernous
vessel continues as the middle cerebral
artery (MCA), while the Al segment
of the anterior cerebral artery (ACA)
ipsilateral to the absent ICA is aplastic
or hypoplastic; this is slightly different
than Lie’s original description in which
the intracavernous anastomosis supplies
both the MCA and ACA territories.
Thus, the MCA territory is supplied by

the intracavernous anastomosis, while
the ACA territory is supplied via a patent
anterior communicating artery. This is
important because the relative isolation
of the MCA territory leaves the cerebral
hemisphere ipsilateral to the absent ICA
susceptible to injury, due to lack of col-
lateral flow from the circle of Willis. For
example, in this case, occlusion of the
right ICA could potentially cause infarct
in the bilateral MCA territories.

Congenital absence of the ICA
in itself is a benign finding and often
found incidentally;” however, there is an
increased incidence of concurrent intra-
cranial aneurysm upwards of 34%,'0 as
compared to the 2-4% incidence in the
general population. It is therefore import-
ant to look carefully for aneurysms; none
were found in this case.

CONCLUSION

Congenital absence of the inter-
nal carotid artery is a rare congenital
anomaly. Collateral circulation to the
ipsilateral cerebral hemisphere may be
provided by flow through the circle of
Willis, persistent fetal vessels, or collater-
als from the external carotid artery. This
case is an example of unilateral internal
carotid agenesis with intracavernous
anastomosis, with collateral flow from
both the circle of Willis and from a per-
sistent fetal vessel. This entity may be
benign, but can have profound implica-
tions regarding collateral circulation to
the ipsilateral cerebral hemisphere in the
event of ischemia, as well as an increased
incidence of intracranial aneurysms.
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