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Agenesis of internal carotid artery and deformation of caudate
and nucleus accumbens
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Dear Editor,
Agenesis of the internal carotid artery (ICA) is a rare neu-

roimaging finding. Certain insults during the embryologic pe-
riod or genetic predisposition may result in agenesis of the
ICA (AgICA) [1]. Although accompanied deformations in
the brain have been reported in a few cases, subtle structural
abnormalities in the brain were not detected on routine radio-
logic evaluations in some cases [2]. Herein, we report the case
of a patient with unilateral AgICA and deformation in the
subcortical structures.

A 50-year-old female visited the out-patient department
with complaints of weakness and recurrent cramping of left
arm and leg. She experienced persistent mild clumsiness in
her left arm and leg, and since the past few years, the clumsi-
ness transiently worsened at instances when she gets physical-
ly exhausted. More frequently, brief jerky movements of the
left arm and leg were observed particularly during sleep.
Eighteen months ago, she underwent total thyroidectomy
and parathyroidectomy due to hyperparathyroidism. She re-
ported that her father had a congenital anomaly of the cervical
region, including the thyroid gland. Her father suffered from
right hemiplegia owing to unknown brain disease 20 years
before he died.

Neurologic examination revealed normal results. No defi-
nite motor weakness and sensory loss were found. Mild rigid-
ity was noted in her left arm and leg. Moreover, mild

bradykinesia was observed based on left finger and foot tap-
ping examinations.

Magnetic resonance cerebral angiography revealed agene-
sis in the right ICA. The right middle cerebral artery (MCA)
was connected to the left ICAvia cavernous anastomosis. The
right MCA was also connected with the right posterior com-
municating artery (Fig. 1A). Brain magnetic resonance imag-
ing (MRI) revealed that the volume of the bilateral caudate
bodies and tails was slightly increased (Fig. 1B). Gross abnor-
malities in the pituitary gland were not observed.
Electroencephalogram findings during the inter-ictal period
demonstrated no abnormal findings. Laboratory test results
were normal, including normal serum calcium level, except
for the low thyroid-stimulating hormone level (0.02 uIU/ml)
compatible with the use of synthetic thyroid hormone.

To quantitatively assess the morphology of her brain, brain
MRI results were statistically compared with those of 20 age-
matched women (mean age = 51.1, standard deviation = 2.99)
using voxel-based morphometry (VBM) and vertex analysis.
The controls were recruited from the MRI database of the
author’s institution. The institutional review board (IRB) ap-
proved the retrospective use of MRI data (IRB approval num-
ber: GCH2018003). VBM was performed using SPM12
(Welcome Department of Imaging Neuroscience, London,
UK, www.fil.ion.ucl.ac.uk/spm/) implemented in MATLAB
R2011a (Mathworks, Inc., Sherborn, MA). Gray matter was
segmented from the T1-weighted images of the recruited in-
dividuals. Segmented gray matter images were normalized
into a standardized space. Thereafter, two-samplet test was
performed to compare the controls with the patient. The shape
of the subcortical structures of the patient’s brain was further
assessed using FMRIB’s Integrated Registration and
Segmentation Tool (FIRST), which is part of the FMRIB’s
Software Library (FSL 5.0.8, http://www.fmrib.ox.ac.uk/fsl).
The subcortical structures, including the putamen, caudate,
thalamus, and globus pallidus (GP), were segmented on the
brain MRI scans of the patient and controls. Vertex analysis
using the FIRST tool was performed to assess the differences
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in the shape of the segmented subcortical gray matter
structures between the controls and patient.

The volume of the body and tail of the right caudate nucle-
us (CN) significantly increased based on VBM (Fig. 1C). A
significant shape deformation in the tail of the right CN and
bilateral NAc was also found via vertex analysis (Fig. 1D).
There were no significant abnormalities in the shape of the
bilateral amygdala, hippocampus, putamen, thalamus, GP, and
left CN based on vertex analysis. When the total volumes of
the right CN and bilateral NAc were quantitatively measured,
the volume of the patient’s right CN was higher than that of
the controls, which exceeded the standard deviation, whereas
the volume of the patient’s bilateral NAc was less than the
standard deviation of the controls (Fig. 1E). The patient’s total
gray matter volume (TGV: 593300.00 mm3) and total intra-
cranial volume (TIV: 1274900.00 mm3) were within the stan-
dard devia t ion of the controls (TGV: 612810 ±
82,097.50 mm3, TIV: 1307120 ± 46,948.94 mm3).

Unilateral AgICA is commonly an accidental finding [1,
2]. In few cases, patients present with cerebral ischemic symp-
toms, seizure, or ill-defined headache and dizziness [1, 2]. In
this case, the patient presented with recurrent left arm/leg mo-
tor disturbances and extrapyramidal signs correlated with
right-sided AgICA.

In few cases, AgICA is associated with the gross deforma-
tion of the central nervous system, such as midbrain atrophy
[3], optic nerve atrophy [4], and Chiari I malformation [5].
Subtle abnormalities might not have been identified in previ-
ous cases. Deformation of the CN and NAc in the present case
could be attributed to degenerative changes from recurrent
ischemia or epileptic phenomenon considering that chronic
ICA occlusion is significantly associated with progressive
brain atrophy [6]. However, normal total gray and white

matter volume, absence of ischemic lesion in the brain, and
family history of unknown congenital anomaly indicate that
the deformation was more likely to be a consequence of dete-
rioration during the embryonic period due to genetic predis-
position or external insults.

The deformation in her brain was associated with the ex-
trapyramidal signs on the left side of her body. However, the
current study had some limitations because it only included a
single case. Further studies must be conducted to determine
the clinical significance of the deformation in subcortical
structures in AgICA.
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�Fig. 1 (A) The right internal carotid artery (ICA) is not visible on mag-
netic resonance angiography. The right middle cerebral artery is supplied
by the left ICAvia cavernous anastomosis (white arrow). (B) Brain mag-
netic resonance imaging showed that the volume of the bilateral caudate
bodies and tails slightly increased. (C) Significant results of voxel-based
morphometry are displayed on a normalized space. A cluster with a sig-
nificantly larger gray matter volume in the body and tail of the right
caudate nucleus (CN) was observed in the patient’s brain. The height
threshold was set at p < 0.001 (uncorrected). Multiple comparison prob-
lems were corrected at the cluster level using false discovery rate with a
corrected p value of < 0.05, and the figure was displayed based on neu-
rologic convention. (D) The comparison results (controls versus the pa-
tient) of the vertex analysis are displayed (orange: significant shape de-
formation of the patient’s brain). A significant shape deformation in the
tail of the right CN and bilateral NAc was identified. A p value of < 0.05
was considered statistically significant (corrected for multiple compari-
sons [family wise error, FWE] using the cluster-wise approach). (E)
When the total volumes of the right CN and bilateral NAc were quanti-
tatively measured, the volume of her right CN was higher than the stan-
dard deviation of the controls’ right CN, whereas the volume of her
bilateral NAc was lower than the standard deviation of the controls’
bilateral NAc
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