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Summary: We report a case of unilateral agenesis of the internal
carotid artery with intercavernous anastomosis, a rare development anomaly. MR and carotid ultrasound, in association with
clinical awareness, can be used to diagnose this condition.
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Unilateral agenesis of the internal carotid artery is a rare developmental anomaly. Fewer
than 80 cases have been reported in the English
literature since the description by Tode (1) in
1787 at postmortem examination. Verbiest (2)
in 1954 reported the anomaly angiographically.
Because most of the reported cases have been
made in asymptomatic adults, sufficient collateral circulation must have existed. Arterial insufficiency is usually prevented by the contralateral internal carotid artery and the
vertebrobasilar system via the circle of Willis.
Less commonly, the affected hemisphere is
supplied by an intercavernous anastomotic vessel connecting the internal carotid arteries. This
unusual anastomosis has been reported 15
times (3–15) since the description by Lie in
1966 (4). We review the previous cases and
report a case of this vascular anomaly with
magnetic resonance (MR) and carotid duplex
sonographic correlation in a patient with multiple sclerosis.
Case Report
A 21-year-old man presented with a 1-week history of
right upper-extremity weakness. The right carotid pulse
was significantly less than the left. No bruits were present.
Admission MR showed a lesion in the posterior limb of the
left internal capsule and a second in the right periventricular white matter. A duplex carotid sonogram was performed to rule out plaque as an embolic source, and the
right internal carotid artery was not visualized (Fig 1A and

B). Right common carotid and arch angiography revealed
agenesis of the right internal carotid artery. Left carotid
injection showed a large collateral vessel connecting the
cavernous portions of the internal carotids (Fig 2). Further
review of the MR (Figs 3 and 4) confirmed the angiographic findings.

Discussion
A developmental failure postulated to result
in the absence of the internal carotid artery is
thought to occur before the 24-mm stage of
growth when the circle of Willis becomes embryologically complete (4, 16). Absence may
be referred to as agenesis or aplasia. Agenesis
is a primary failure of development with absence of the bony carotid canal. In aplasia, the
carotid canal is present and a remnant of the
vessel persists. We prefer the term agenesis in
this case with absence of the bony carotid canal
and cervical and petrous portions of the internal
carotid artery.
In cases of unilateral absence of the internal
carotid artery, Lie (4) described three types of
collateral circulation. In the “fetal” type (which
is thought to occur early in embryonic life), the
anterior cerebral artery of the affected side is
supplied by the normal contralateral internal
carotid artery via the anterior communicating
artery. The middle cerebral artery arises from
the basilar artery through an enlarged posterior
communicating artery. This is the most common type of collateral circulation. The second
kind is termed the “adult” type, because it resembles what usually occurs in cases of thrombosis of the internal carotid artery. In this situation, both the anterior and middle cerebral
arteries are fed by a patent anterior communicating artery.
The third type, which is the least common, is
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Fig 1. A, The right common carotid artery demonstrates high-resistance characteristics with sharp systolic peaks and little
diastolic flow.
B, The right external carotid waveform
demonstrates high-resistance characteristics and is indistinguishable from the common carotid artery waveform.

similar to our case. In this type, the cervical and
petrous portions of the internal carotid artery
are absent, and an intercavernous vessel arising
from the contralateral internal carotid artery reconstitutes most of the cavernous and the supraclinoid portion of the vessel. Various authors
have speculated about the origin of the anastomotic vessel. Lie (4) thought his case was best
explained by fusion of two primitive trigeminal
arteries, which failed to develop their normal
connection to the basilar artery. Padget (16), in
a 4- to 5-mm embryo, described plexiform
channels around Rathke’s pouch, which con-

Fig 2. Left common carotid angiogram reveals an anomalous
collateral vessel connecting the cavernous portions of the right
and left internal carotid arteries. The right anterior cerebral artery
fills via a patent anterior communicating artery.

nected the internal carotid arteries. This has not
been confirmed by others. Subsequent explanations have focused on hypertrophy of a normally developing blood supply as a more likely
scenario. Proposed causes include anastomoses of primitive maxillary arteries (14, 17), inferior hypophyseal or capsular arteries (9), and
preexisting medial rami from the cavernous carotid arteries (6). The exact blood vessels that
enlarge will determine where the anomalous
vessel crosses the base of the skull (3).
Agenesis of the internal carotid artery associated with an intercavernous anastomosis is a
rare anomaly, which has been reported only 15
times (3–15). The age range of patients is 7 to
69 years with a mean of 38.8 years. There was
a 2:1 male predominance (10 male and 5 female) with one unknown. Unlike the previously
reported left-sided predominance of 3:1 for all
cases of unilateral agenesis of the internal carotid artery (18), there was an equal incidence

Fig 3. MR through the skull base demonstrates normal flow
void in the left internal carotid artery (arrow) and no visibility of
the right internal carotid artery.
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Fig 4. MR at the level of the floor of the sella demonstrates a
flow void (arrows), which corresponds to the intercavernous
anastomotic vessel seen on angiography.

of right- and left-sided occurrences (8 right and
8 left). Three (18.8%) of 16 patients had intracranial aneurysms; there were a total of five
aneurysms in the 3 patients. This exceeds the
2% to 4% natural incidence of intracranial aneurysms (19) but is less than the 25% to 34%
incidence that has been found in all cases of
agenesis or hypoplasia of the internal carotid
artery (20). Deranged hemodynamic forces or
developmental errors are potential explanations
(20). Finally, it can be noted that in 13 of 16
cases (including our case) the A1 segment of
the anterior cerebral artery on the side of the
agenetic internal carotid artery was not seen
angiographically, consistent with agenesis or
aplasia. Lie (4) described the A1 segment as
being hypoplastic.
MR findings in agenesis of the internal carotid
artery have been reported once (21). In our
case, patency of an intercavernous anastomatic
vessel was demonstrated (Fig 4). Previous reports suggest that dynamic computed tomography is not a reliable method of excluding this
anomaly (15). Perhaps MR will be more sensitive in detection—a fact that has clinical relevance when MR is performed before transsphenoidal surgery for pituitary adenoma. Agenesis
of the internal carotid artery should be considered when the normal internal carotid flow void
is absent (Fig 3).
Carotid duplex sonography may also aid in
diagnosis. When the internal carotid artery is
occluded (or, as in our case, absent), branches

AJNR: 16, June 1995

of the external carotid artery may simulate the
bifurcation; hence, correct identification is essential (22). Although size and orientation may
be helpful, the best means of identifying these
two vessels is noting their pulsatility differences.
Normally, both the common and internal carotid arteries exhibit low peripheral resistance
characteristics with a broad systolic and relatively high diastolic velocity. However, when
significant obstruction (or, as in our case, absence) exists, the common carotid artery assumes high peripheral resistance characteristics such as those seen in the external carotid
artery. In our case, the flow characteristics of
the common and external carotid circulations
were indistinguishable (Fig 1A and B). It is suggested that agenesis of the internal carotid artery be considered in the differential diagnosis
of a patient with a duplex picture consistent with
occlusion; particularly if “externalization” of the
common carotid artery Doppler spectrum is
noted.
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