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ABSTRACT
A 40-year-old male patient with a one month history of left sided facial numbness and slurring of speech,
underwent magnetic resonance imaging of the brain with three-dimensional time-of-flight MR angiography of the
circle of Willis, revealing an anomalous origin of the right vertebral artery from the C1 segment of the right
internal carotid artery. The left vertebral artery was hypoplastic throughout its course. Additionally, the study
disclosed bilateral basal ganglia calcifications, left transverse and sigmoid sinus hypoplasia, bilateral inferior
turbinate hypertrophy, and mild mucosal thickening in the bilateral anterior ethmoidal sinuses. No acute
intracranial pathology such as aneurysm, vascular malformation, or thrombosis was identified. The anomalous
origin of the vertebral artery from the internal carotid artery represents a rare persistent carotid-vertebrobasilar
anastomosis—specifically a type I persistent proatlantal intersegmental artery—that results from failure of
involution of embryonic anastomotic channels during the fifth to seventh week of gestation. While such vascular
variations are often asymptomatic and discovered incidentally, the concurrent hypoplasia of the contralateral
vertebral artery may have clinical implications for posterior circulation hemodynamics. This case highlights the
importance of recognizing such variants to avoid iatrogenic complications during endovascular procedures or
cervical surgery and to consider them in the differential diagnosis of posterior circulation ischemia.
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Introduction
The circle of Willis and its constituent arteries exhibit

via the foramen magnum to contribute to the basilar
artery. However, a spectrum of anomalous origins has

considerable anatomical variation in the general
population, with a complete circle of Willis seen in
fewer than 24% of individuals [1]. Among these
variants, anomalies involving the vertebral arteries
(VAs) are particularly noteworthy due to their potential
impact on posterior circulation hemodynamics and
clinical outcomes. The VA normally arises from the
subclavian artery, courses through the transverse
foramina of the cervical vertebrae, and enters the skull

been described, including origin from the common
carotid artery (occurring in approximately 0.18% of
angiographic series) and, more rarely, from the internal
carotid artery (ICA) itself [2].

During early embryological development
(approximately day 24), the ICA is the first artery to
form and supplies the entire primitive brain. As the
occipital region, brainstem, and cerebellum enlarge,
the vertebrobasilar system develops through a series of
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transient anastomotic channels between the carotid and
vertebrobasilar circulations. These channels—the
primitive trigeminal, otic, hypoglossal, and proatlantal
intersegmental arteries—normally involute as the
posterior circulation matures between the seventh and
eighth weeks of gestation [1,3]. The proatlantal
intersegmental artery (PAIA), which arises from either
the internal carotid artery (type I) or the external carotid
artery (type II), represents the most caudal of these
anastomoses [4]. In rare instances, these channels fail
to regress, resulting in persistent fetal anastomoses that
may be discovered incidentally during imaging
performed for other indications [5].

Case Presentation

A 40-year-old male patient presented with a one-month
history of left-sided facial numbness and slurring of
speech. The symptoms had a gradual onset and were
persistent throughout the day. There was no associated
headache, vertigo, limb weakness, loss of
consciousness, or any history of trauma. The patient
had no known comorbidities such as hypertension,
diabetes mellitus, or hyperlipidemia. He was a
non-smoker and did not consume alcohol. There was
no family history of neurological disorders or vascular
malformations.

On general physical examination, the patient was
afebrile and hemodynamically stable. Neurological
examination revealed decreased sensation to light
touch and pinprick over the left V2 and V3
distributions of the trigeminal Motor
examination of the face showed no facial droop.
Speech was mildly dysarthric, with normal
comprehension and repetition. The remainder of the
neurological examination, including cranial nerves I1I—-
VIII, motor strength, coordination, and gait, was
normal. No cerebellar signs or long-tract signs were

nerve.

elicited.

In view of these persistent focal neurological
symptoms, the patient underwent magnetic resonance
imaging (MRI) of the brain with MR angiography of
the neck and circle of Willis. The MRI protocol
included axial TIl-weighted spin-echo, axial
T2-weighted fast recovery fast spin-echo (FRFSE),
diffusion-weighted echo-planar imaging (WEPI), axial
T2-weighted gradient-recalled echo (GRE), and
coronal T2-weighted fluid-attenuated inversion
recovery (FLAIR). MR angiography was performed
using a three-dimensional time-of-flight (3D TOF)
sequence for the circle of Willis and a coronal
two-dimensional time-of-flight sequence for MR
venography.

Brain Parenchymal Findings
Sulcal and gyral patterns were normal, with maintained
grey-white  matter  differentiation. The brain

parenchyma showed normal signal intensities with no
focal lesions, acute infarction, or demyelinating
plaques. However, bilateral basal ganglia calcifications
were noted (Figure 1 and Figure 2 show the
calcifications on axial T2* GRE and coronal T2
FLAIR, respectively). The brainstem and cerebellum
were unremarkable. The VII-VIII nerve complexes
were normal bilaterally, with no mass lesions in the
cerebellopontine angle regions. The ventricles and
cisterns were normal, with no midline shift. Flow voids
of the intracranial internal carotid arteries, basilar
artery, and superior sagittal sinus were maintained,
with no evidence of thrombus. The atlanto-axial
articulation was normal, with no basilar invagination or
Chiari malformation.

Sinonasal Findings
Mild mucosal thickening was noted in the bilateral
anterior ethmoidal sinuses, along with bilateral inferior
turbinate hypertrophy — incidental findings suggestive
of chronic rhinosinusitis.

MR Angiography — Circle of Willis (3D TOF)
The 3D TOF MR angiography demonstrated an
anomalous origin of the right vertebral artery from the
C1 segment of the right internal carotid artery (Figure
1 — coronal reformatted view). The left vertebral artery
was hypoplastic throughout its course (Figure 2 —axial
view). The intracranial portions of the internal carotid
arteries and their bifurcations showed no significant
luminal narrowing. The proximal anterior and middle
cerebral arteries were normal bilaterally. The basilar
artery and its bifurcation were unremarkable. No
aneurysms or vascular malformations were identified.
MR Venography (Coronal 2D TOF)
The MR venography revealed hypoplasia of the left
transverse and sigmoid sinuses (Figure 3). The
superior sagittal sinus, straight sinus, right transverse
and sigmoid sinuses, and the upper internal jugular
veins appeared normal. No dural sinus thrombosis or
abnormal draining veins were seen.

Discussion

The constellation of findings in this case encompasses
several incidental anomalies and variants that merit
discussion, with particular emphasis on the anomalous
origin of the right vertebral artery from the internal
carotid artery.

Embryological Basis of the Anomalous Vertebral
Artery Origin

During early embryogenesis, the blood supply to the
developing posterior fossa is entirely dependent on the
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anterior circulation through transient carotid-
vertebrobasilar anastomoses. Four such anastomotic
channels form in a craniocaudal sequence: the
primitive trigeminal artery, the otic artery, the
hypoglossal artery, and the proatlantal intersegmental
artery (ProA) [3,5]. The vertebral arteries themselves
develop from transverse anastomoses between cervical
intersegmental arteries, beginning with the ProA and
proceeding downward to the sixth intersegmental
artery. Normally, these anastomoses regress as the
posterior circulation matures. However, when
involution fails, persistent fetal anastomoses may be
encountered in adults [1]. The persistent proatlantal
artery is the rarest of these variants, with an incidence
of approximately 0.023% in catheter angiographic
series [4].

The anomalous origin of the right VA from the C1
segment of the right ICA in this patient corresponds to
a type I persistent proatlantal intersegmental artery
(PAIA), in which the anomalous vessel arises from the
internal carotid artery and ascends to the atlanto-
occipital region to constitute the distal ipsilateral
vertebral artery [4,6]. This differs from type II PAIA,
which arises from the external carotid artery [5]. The
persistent ProA enters the skull through the foramen
magnum without passing through the transverse
foramina of the cervical vertebrae, serving as an
important collateral pathway to the vertebrobasilar
system [3].

A case series of 4400 catheter angiograms identified
only one carotid-vertebral anastomosis, highlighting
the exceptional rarity of such anomalies [2]. Even more
rare is the origin of the VA directly from the ICA; to
date, only a handful of cases have been reported in the
literature [7]. An extremely rare case of right VA
originating from the ICA associated with an aberrant
right subclavian artery was reported by Keller in 1973
and subsequently cited by Lemke et al., and more
recent reports have documented similar anomalies
[7,8]. The finding of anomalous VA origin from the
ICA is often incidental but carries significant clinical
implications.

Concomitant Left Vertebral Artery Hypoplasia
The left VA was noted to be hypoplastic throughout its
course. Vertebral artery hypoplasia (VAH) is defined
variably in the literature, with some authors using a
diameter less than 2.2 mm or volume flow less than 30—
40 mL/min on duplex ultrasound as diagnostic criteria,
although no consensus exists [9]. The prevalence of
VAH in the general population is approximately
11.6%, with a higher prevalence (35.2%) observed in

ischemic stroke patients, suggesting a possible
association with posterior circulation ischemia [1,9].
The combination of a dominant anomalous right VA
arising from the ICA and a hypoplastic left VA raises
important considerations for posterior circulation
hemodynamics. While the dominant VA may provide
adequate compensation, Doppler ultrasound studies
have demonstrated higher resistivity indices in
dominant vertebral arteries due to increased collateral
flow, potentially compromising both arteries and
increasing the risk of posterior circulation stroke [1,9].
Case series and retrospective studies suggest that VAH
may contribute to posterior ischemic events,
particularly in patients with other cerebrovascular risk
factors [9]. The clinical significance of VAH remains
debated, with some authors contending that these
variants are asymptomatic and do not predispose to
vertebrobasilar insufficiency, while others demonstrate
a causal link [1]. Nonetheless, the presence of VAH in
a patient with an anomalous dominant VA suggests the
need for clinical correlation, particularly if the patient
presents with symptoms such as vertigo, dizziness, or
posterior circulation transient ischemic attacks.
Bilateral Basal Ganglia Calcifications

The MRI finding of bilateral basal ganglia
calcifications warrants discussion in the differential
diagnosis. Basal ganglia calcifications can be
physiological (age-related) or pathological. When
extensive and bilateral, they raise consideration of
Fahr’s syndrome (also known as primary familial brain
calcification or idiopathic basal ganglia calcification)
or secondary causes such as hypoparathyroidism,
pseudohypoparathyroidism, hyperparathyroidism, and
other metabolic or infectious disorders [10]. In Fahr’s
disease, the calcifications are typically bilateral,
symmetrical, lack mass effect, and commonly involve
the basal ganglia, thalamus, hippocampus, cerebral
cortex, subcortical white matter, cerebellum, and
dentate nucleus [10].

Venous Sinus Hypoplasia

The MR venography finding of left transverse and
sigmoid sinus hypoplasia represents a common
anatomical variant rather than a pathological entity.
Hypoplasia of the left transverse and sigmoid sinuses
is frequently observed, with the right transverse sinus
typically dominant [1]. This configuration is important
to recognize to avoid misinterpretation as dural sinus
thrombosis. The absence of thrombus and the
maintenance of normal flow voids in the other dural
sinuses, combined with normal-appearing internal
jugular veins, confirm that this finding is a congenital
variant rather than an acquired pathological condition.
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As the circle of Willis is complete in only up to 24% of
individuals, venous sinus asymmetry and hypoplasia
are similarly common and clinically insignificant in the
absence of symptoms of elevated intracranial pressure.
Incidental Sinonasal Findings

Bilateral inferior turbinate hypertrophy and mild
mucosal thickening in the anterior ethmoidal sinuses
are common findings on brain MRI that reflect chronic
inflammatory sinonasal disease. These findings are
typically managed conservatively with topical nasal
steroids, saline irrigation, or, in refractory cases,
surgical reduction. In the context of this case report,
these findings are incidental and do not directly relate
to the neurovascular anomalies.
Clinical Implications

The identification of a
intersegmental artery has several important clinical
implications. First, during endovascular procedures
(such as carotid artery stenting or thrombectomy), the
anomalous origin of the VA from the ICA must be
recognized to avoid inadvertent catheterization, vessel
injury, or embolization [4,6]. Second, in patients
undergoing cervical spine surgery, particularly at the
craniocervical junction, knowledge of this variant is
crucial to prevent iatrogenic vascular injury [5]. Third,
while often asymptomatic, the combination of a
dominant anomalous VA and a hypoplastic
contralateral VA may predispose the patient to
posterior circulation ischemia if flow is compromised
by atherosclerosis, dissection, or thrombosis [9].

The role of 3D TOF MR angiography in detecting such
variants cannot be overstated. This non-invasive
technique has proven valuable in evaluating vertebral
artery variations and is widely available for screening
and diagnostic purposes [8]. In this case, 3D TOF MRA
clearly delineated the anomalous origin and course of
the right VA, as well as the hypoplasia of the left VA,
without the need for invasive catheter angiography.
Conclusion

This case report describes a rare incidental finding of a
type I persistent proatlantal intersegmental artery an
anomalous origin of the right vertebral artery from the
C1 segment of the right internal carotid artery, in a
40-year-old male, accompanied by contralateral
vertebral artery hypoplasia, bilateral basal ganglia
calcifications, left transverse and sigmoid sinus

persistent  proatlantal

hypoplasia, and incidental sinonasal inflammatory
changes. The persistent proatlantal artery represents a
failure of involution of embryonic
carotid-vertebrobasilar anastomoses and is the rarest
among such persistent fetal channels. While often
asymptomatic, recognition of this variant is clinically

significant to prevent iatrogenic complications during
endovascular and surgical procedures and to consider
in the differential diagnosis of posterior circulation
ischemia, particularly when accompanied by
contralateral vertebral hypoplasia. This case highlights
the value of 3D TOF MR angiography in characterizing
cerebral vascular anatomy and the need for radiologists
and clinicians to be familiar with uncommon vascular
variants that may have important clinical implications.
Figures

Figure 1.3D TOF MR angiography of the circle of
Willis (coronal reformatted view) demonstrates the
anomalous origin of the right vertebral artery from the
C1 segment of the right internal carotid artery (arrow).
The vessel is seen arising from the cervical ICA and
coursing posteriorly toward the vertebrobasilar
junction.

Figure 2.3D TOF MR angiography of the circle of
Willis (axial view) shows the hypoplastic left vertebral
artery throughout its course (arrowhead). The
anomalous right vertebral artery (arrow) is visualized
arising from the right internal carotid artery, with the
basilar artery formed predominantly by the dominant
right-sided circulation.

Figure 3. Coronal 2D time-of-flight MR venography
demonstrates hypoplasia of the left transverse and
sigmoid sinuses (arrow). The superior sagittal sinus,
straight sinus, and right transverse and sigmoid sinuses
appear normal in caliber. No evidence of thrombosis is
identified.
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