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Unilateral agenesis of internal carotid artery with interparaclinoid
and contralateral carotid-anterior cerebral artery anastomoses
diagnosed by magnetic resonance angiography: a case report

Koji Yamashita'>©® . Masahiro Yasaka?? - Akira Uchino'® - Tomoyuki Noguchi'3

Received: 16 July 2021 / Accepted: 22 September 2021 / Published online: 27 September 2021
© The Author(s), under exclusive licence to Springer-Verlag France SAS, part of Springer Nature 2021

Abstract

Purpose Unilateral agenesis of the internal carotid artery (ICA) is a rare anatomical variant. We identified a case of unilateral
ICA agenesis with interparaclinoid and contralateral carotid-ACA anastomoses.

Methods A 65-year-old female with a long history of depressive episodes underwent MR imaging including MR angiography
at National Hospital Organization Kyushu Medical Center. MR imaging was performed using a 3.0-T MR scanner to rule
out vascular Parkinsonism, although drug-induced Parkinsonism was suspected from her medical history.

Results The proximal left ICA was not visible on MR angiography, and an anterior communicating artery (ACoA) aneurysm
was identified. The left middle cerebral artery was supplied from the right ICA via an interparaclinoid anastomosis. This inter-
paraclinoid anastomosis showed no communication with the basilar, posterior communicating, or posterior cerebral arteries.
A communicating artery connecting the interparaclinoid anastomosis and anterior cerebral artery (ACA) branched off from
the presumed transition point between the interparaclinoid anastomosis and left ICA. Both right and left ophthalmic arteries
(OAs) originated from the clinoid segment of the ICA. The communicating artery connecting the interparaclinoid anastomo-
sis and ACA arose proximal to the left OA, and the communicating artery was identified as the carotid-ACA anastomosis.
Conclusion Neuroradiologists, physicians, and neurosurgeons need to be aware of this extremely unusual anatomical variant
to determine appropriate treatment strategies in cases of aneurysmal growth or anterior cranial base surgery.
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Introduction

Agenesis of the internal carotid artery (ICA) is usually found
incidentally without clinical symptoms. An association
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between ICA agenesis and anterior communicating artery
(ACoA) aneurysm has been reported [1, 7]. The increased
incidence of cerebral aneurysm formation among patients
with ICA agenesis and carotid-anterior cerebral artery
(ACA) anastomosis may be due to the increased hemody-
namic burden on the normal side and anastomosis, respec-
tively. It is important to be familiar with an uncommon
anatomical variation with ICA agenesis and carotid-ACA
anastomosis to determine appropriate treatment strategies
or monitor the growth of aneurysms. Herein, we report a
case of unilateral ICA agenesis with interparaclinoid and
contralateral carotid-ACA anastomoses.
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Case report

A 65-year-old female with a long history of depressive
episodes underwent MR imaging including MR angiog-
raphy at National Hospital Organization Kyushu Medical
Center. One month before this admission, she had noticed
a gradual worsening of gait disturbance and difficulty mov-
ing her left arm. Routine laboratory testing showed all
results within normal limits, except for slightly elevated
serum levels of total cholesterol (264 mg/dL; reference
range, 128-211 mg/dL) and C-reactive protein (0.72 mg/
dL; reference range, 0-0.3 mg/dL). MR imaging was per-
formed using a 3.0-T MR scanner (Ingenia; Philips Medi-
cal Systems, Best, the Netherlands) to rule out vascular
Parkinsonism, although drug-induced Parkinsonism was
suspected from her medical history. Scanning parameters
for 3-dimensional time-of-flight MR angiography were:
repetition time, 23.0 ms; echo time, 3.45 ms; flip angle,
18°; slice thickness, 1.0 mm; slice interval, 0.5 mm; matrix
size, 364 X 267; field of view, 200 X 200 mm; number of
excitations, 1. The proximal left internal carotid artery
(ICA) was not visible on MR angiography (Fig. 1A-C),
and an anterior communicating artery (ACoA) aneurysm
2 mm in diameter was identified. The left middle cerebral
artery was supplied from the right ICA via an interpara-
clinoid anastomosis. This interparaclinoid anastomosis
showed no communication with the basilar, posterior com-
municating, or posterior cerebral arteries. A communi-
cating artery connecting the interparaclinoid anastomosis
and anterior cerebral artery (ACA) branched off from the
presumed transition point between the interparaclinoid
anastomosis and left ICA. Both right and left ophthalmic
arteries (OAs) originated from the clinoid segment of the
ICA (Fig. 1C). The communicating artery connecting the
interparaclinoid anastomosis and ACA arose proximal to
the left OA, and the communicating artery was identified
as the carotid-ACA anastomosis. Imaging follow-up was
selected based on the small size of the ACoA aneurysm.
Her symptoms have remained stable since the first visit to
our hospital.

Discussion

Unilateral agenesis of the ICA is a rare anatomical vari-
ant [2, 5, 8, 9]. The absence of one or both ICAs may be
entirely asymptomatic under normal conditions, due to
the presence of collateral vessels [7]. The primitive ICA
originates from the dorsal aorta and the third aortic arch
at the 4- to 5-mm embryonic stage [3], and is completely
formed by about gestational week 6 [3, 7]. Agenesis of
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the ICA is therefore most likely to result from atresia or
involution of the third aortic arches and the distal portion
of the dorsal aorta in this period. The carotid canal devel-
ops in association with the ICA. Thus, if the embryonic
primordium of the ICA fails to develop before embryonic
week 3-5, the ICA and the carotid canal cannot develop
[7]. ICA agenesis has been classified into six types (A-F)
by Lie [5]. Among these, Lie’s type D represents inter-
cavernous or trans-sellar anastomosis [6, 9]. The inter-
paraclinoid anastomosis in the present case resembles but
differs from anatomical variants reported by Uchino et al.
[9] or the Lie’s type D. Compared with the case reported
by Uchino et al. [9], neither the right ICA nor the inter-
paraclinoid anastomosis showed any communication with
the basilar, posterior communicating, or posterior cerebral
arteries. In addition, the interparaclinoid anastomosis in
our case was well developed. Schematic illustrations indi-
cate the difference between Lie’s type D (Fig. 1D) and our
case (Fig. 1E). According to a proposal by Lasjaunias,
the ICA constitutes seven segments: cervical, ascending
intrapetrous, horizontal intrapetrous, ascending foramen
lacerum, horizontal intra-cavernous, clinoid, and termina-
tion [4]. Each segment is located between embryonic arter-
ies [4]. The present patient showed an interparaclinoid
anastomosis that would originate more distally from the
ICA than the Lie’s type D. The anatomical variant, in this
case, should be distinguished from any previously reported
types from Lie’s classification.

We also observed the communicating artery connect-
ing the interparaclinoid anastomosis and ACA originating
from a presumed transition point between the interpara-
clinoid anastomosis and the left ICA. The communicating
artery in the patient was determined as carotid-ACA anas-
tomosis. We believe carotid-ACA anastomosis is a more
appropriate term than the infraoptic course of the ACA
because some subjects with carotid-ACA anastomosis
show a normally positioned Al segment of the ACA [10].
The left OA in our case arose from the left ICA distal to
the communicating artery. According to the hypothesis of
Lasjaunias, each segment of the ICA is located between
embryonic arteries and can thus potentially cause com-
municating arteries [4]. The carotid-ACA anastomosis in
this case thus probably branched off from the junction of
the cavernous-clinoid segment.

An association between ICA agenesis and ACoA aneu-
rysm has been reported [1, 7]. The carotid-ACA anastomo-
sis is another risk factor underlying aneurysmal formation
[10]. The increased incidence of cerebral aneurysm forma-
tion among patients with ICA agenesis and carotid-ACA
anastomosis may be due to the increased hemodynamic
burden on the normal side and anastomosis, respectively.
Increased regional blood flow along with congenital defects
of the vessel wall and systemic hypertension are important
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Fig. 1 Representative MR angiography images (A—C) and schematic
illustrations of Lie’s type D (D) and our case (E). A The anterior—
posterior view of 3D partial volume-rendering reveals the left ICA is
not visible. The ACoA aneurysm (arrowhead) 2 mm in diameter are
also identified. Solid and dotted arrows indicate carotid-anterior cer-
ebral artery (ACA) and interparaclinoid anastomoses, respectively. B
The oblique view of partial maximum intensity projection indicates
the left MCA is supplied from the right ICA via the interparaclinoid
anastomosis (dotted arrow). The interparaclinoid anastomosis shows
no communication with the basilar, posterior communicating, or pos-
terior cerebral arteries. The solid arrow represents the carotid-ACA
anastomosis. C The inferior-superior view of partial maximum inten-

sity projection shows the positional relationship among the interpara-
clinoid anastomosis (dotted arrow), carotid-ACA anastomosis (solid
arrow), and bilateral OAs (arrowheads). Bilateral OAs originate from
the clinoid segment of the ICA. D and E The arrowhead indicates the
presumed transition point between the interparaclinoid anastomosis
and left ICA. The dotted artery represents the carotid-ACA anastomo-
sis. The ACoA aneurysm was also shown by an ellipse. ACA anterior
cerebral artery, ACoA anterior communicating artery, ECA external
carotid artery, iCa intercavernous anastomosis, /CA internal carotid
artery, iPa interparaclinoid anastomosis, MCA middle cerebral artery,
OA ophthalmic artery, PCA posterior cerebral artery, VA vertebral
artery
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factors in the development of intracranial aneurysms [7].
We will therefore continue careful and regular monitoring
of this patient.

Conclusion

We identified a case of unilateral ICA agenesis with inter-
paraclinoid and contralateral carotid-ACA anastomoses.
Neuroradiologists, physicians, and neurosurgeons need to
be aware of this anatomical variant, which should be distin-
guished from any previously reported variations.
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