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Unique constellation of multimodal imaging findings in a case
of unilateral agenesis of the right internal carotid artery
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ABSTRACT

Background: Congenital anomalies of the internal carotid artery (ICA), such as
agenesis, aplasia, and hypoplasia, are considerably rare, occurring in less than 0.01%
of the population. Recognition of these anomalies is critical, as they may alter cerebral
hemodynamics and impact clinical management. Case Presentation: We report a rare
case of unilateral agenesis of the right ICA in an adult, incidentally detected during
Magnetic resonance imaging (MRI). This anomaly was associated with several unusual
vascular features: hypoplasia of the right common carotid artery, aberrant origin of
the right subclavian artery from the aortic arch, and a hypoplastic right vertebral
artery. Intracranial findings included basilar artery bifurcation supplying the right
middle cerebral artery, fetal origin of the left posterior cerebral artery, and an
anomalous origin of the right ophthalmic artery from the cavernous segment of the
left ICA. Despite these extensive vascular variations, the patient was asymptomatic.
Conclusion: Early diagnosis and knowledge of this unusual constellation of findings in
patients with ICA agenesis are crucial for the optimization of clinical treatment and

arteries, CT scan, MRI,  congenital
anomalies.

INTRODUCTION

Congenital anomalies of the internal carotid
artery (ICA), such as aplasia, agenesis, and
hypoplasia, are considerably rare, manifesting in
<0.01% of the population . 2. We use the term
“absent ICA” for simplification. This condition is
usually found incidentally on the computed
tomography (CT) or magnetic resonance imaging
(MRI) findings of the head and neck performed for
some other reason. Most patients do not present any
symptoms related to sufficient cerebral circulation
being maintained by the communicating arteries of
the circle of Willis (CW), intercavernous anastomosis,
external carotid artery, and persistent embryologic
artery to the carotid artery. However, carotid artery
agenesis is linked to subarachnoid hemorrhage and
intracranial aneurysms (). Anomalies of the aortic
arch and intracranial vessels are best visualized on
MR and CT angiography. Right internal carotid
agenesis associated with anomalies of the aortic arch
and intracranial vessels has not been reported
previously.

CASE REPORT
A 58-year-old female patient visited the neurology
outpatient clinic with a complaint of numbness in the
right upper limb for 6 months along with tremors and
lethargy. She had no other known comorbidities.
Doppler ultrasonography of the neck (GE P7
ultrasound system, Boston, USA) using probe

planning of possible surgical treatment in the future.

frequency at 5 ~ 12 MHz showed a small-diameter
right common carotid artery (CCA), a missing right
carotid bifurcation, a nonexistent right ICA, and the
CCA continuing as the right external carotid artery.
On spectral Doppler, these arteries exhibited high-
resistance flow with a narrow systolic peak and a low
diastole. Brain CT (Siemens GO 32 slice CT scan,
Germany) using thin section (thickness 0.6 mm) bone
window (WL: -1043 WW 5890) revealed the missing
bony carotid canal on the right side (figure 1a, b).

A la R

Figure 1. (a) Axial reformatted CT skull base (bone window)
shows the absence of the right carotid canal (black arrow) and
a normally developed left carotid canal (white arrow). (b) Time

of flight (TOF) MRA with coronal maximum intensity
projection (MIP) of the neck vessels shows a complete
absence of the right ICA with small-caliber right common
carotid artery continuing as external carotid artery (white
arrows).

MRI T2-weighted axial images (GE 3T MRI System,
USA) showed a nonexistent right ICA flow void. The
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patient also underwent a three-dimensional time-of-
flight MR angiography (3D-TOF-MRA) (TR/TE-
23/6.9 ms) for the brain and CW evaluation with MIP
reconstructions (figures 2 - 4). No aneurysm or
subarachnoid hemorrhage was noted. MR neck
angiography exhibited a few aortic arch anomalies,
including the completely missing ICA (figure 1a and
b), hypoplastic right CCA (figure 1b), and aberrant
origin of the right subclavian artery (figure 3b).
Furthermore, MR brain angiography showed the
basilar artery bifurcating into the right middle
cerebral artery (MCA) and right PCA (figure 2 a); the
right PCOM was absent (figure 2a). The left PCA had a
fetal origin (figure 2b). The right ACA’s A1l segment
was absent (figure 3a), and it was supplied by the
contralateral ACA (figure 3a). The right ophthalmic
artery emerged from the left ICA’s cavernous
segment (figure 4a). The right vertebral artery was
hypoplastic (figure 4b).

Figure 2. Source image from a 3D time-of-flight MR angiogram
(a) Basilar artery bifurcation into a right middle cerebral
artery (MCA) and right PCA (white arrow). (b) Fetal origin of
left PCA (white arrow).

Figure 3. Source image from a 3D time-of-flight MR angiogram
shows (a) absent Al segment of right and the right ACA arising
from left ACA (white arrow). (b) Neck angiography shows the
aberrant origin of the right subclavian artery (white arrow).

W o
Figure 4. Source image from a 3D time-of-flight MR angiogram
shows (a) the Origin of the right ophthalmic artery from a
cavernous segment of the left ICA (white arrow). Time of flight
(TOF) MRA with maximum intensity projection (MIP) of the
intracranial arteries shows (b) a complete absence of the right
ICA with the hypoplastic vertebral artery (arrow).

DISCUSSION

In 1787, Tode first reported a case of carotid
agenesis, which was identified after postmortem
examination. Subsequently, in 1954, Verbiest
presented the first ICA agenesis case, and they
determined it through cerebral angiography.
Unilateral ICA agenesis might be caused by
intrauterine hemodynamic or mechanical stress (5).

The CW forms during the embryonic development
stage when the embryo measures between 7 and 24
mm. In ICA agenesis, the pattern of collateral blood
circulation to the distal ICA and its ending
intracranial blood vessels relies on the development
stage when the disruption occurs. If the disruption
occurs post the 24-mm development stage, collateral
blood supply via the CW would mainly be responsible
forit (4.

In the case of a missing ICA, three collateral routes
are identified, namely flow via the CW, through
persistent fetal vessels, and from external carotid
artery’s branches (6. The blood flow routes
associated with ICA agenesis are categorized by Lie
as types A- F (1.4 6),. Type A: represents a missing ICA
on one side, with collateral blood circulation to the
ACA and MCA on the same side through an anterior
communicating artery (ACOM) and an enlarged
posterior communicating artery (PCOM),
respectively. Type B: represents one-sided ICA
absence with collateral blood supply to the MCA and
ACA on the same side through a functioning ACOM
artery. Type C: represents missing ICA on both sides,
with blood being supplied anteriorly through carotid-
vertebrobasilar connections and an enlarged PCOM.
Type D: represents one-sided agenesis of cervical ICA
sections, with collateral circulation being maintained
by the ICA’s cavernous segment on the other side
through an intercavernous link. Type E: represents
enlarged PCOM supplying blood to the bilateral
hypoplastic ICAs, which give rise to the ACA and MCA.
In TypeF, transcranial connections from the ECA’s
branches, referred to as the rete mirabile supply to
the ICA 3),

According to this classification, our case is type A,
which involves a right-sided absent ICA with
collateral blood flow from the left ACA to the right
ACA and from the basilar system to the right MCA. A
study reported a 3:1 left-sided predominance of ICA
agenesis, with right-side agenesis being relatively
rare (4),

Ultrasonography with Doppler examination of the
neck (CDUS) is widely employed in the diagnosis of
carotid artery disease due to its simple operation,
repeatability, and non-invasive nature (. It also
serves as a crucial screening modality for identifying
carotid agenesis, by detecting features such as
absence of ipsilateral carotid Dbifurcation, a
hypoplastic and small-caliber common carotid artery
(CCA), and reduced blood flow, as observed in the
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present case (2 5). Cross-sectional studies (MRI and
CT) are excellent for confirming findings. CT temporal
bone study reveals the absent or hypoplastic carotid
canal, which is used to differentiate congenital
absence from acquired occlusion 3), In recent years,
computed tomography angiography (CTA) has been
increasingly utilized in clinical practice for head and
neck imaging due to its non-invasive nature, ease of
operation, and cost-effectiveness (®).

MRI is another noninvasive imaging modality that
can be employed to diagnose the nonexistence of the
carotid artery and its collateral blood supply. Here we
used MR angiography to document the basilar
artery’s bifurcation into the right PCA and MCA,
which has not been yet described. Although the right
subclavian artery’s aberrant origin has been
described in left ICA agenesis once ), no study has
yet reported its link with right ICA agenesis. A fully
developed adult-form ophthalmic artery can be
identified at the 40-mm embryonic developmental
stage. The artery emerges from the ICA distal to the
dural ring (19, The unusual origin of the ophthalmic
artery from the anterior cerebral artery, middle
meningeal artery, accessory meningeal artery, basilar
artery, MCA, PCOM, anterior deep temporal artery,
and external carotid artery has been well described
(11, 12), The aberrant origin of the ophthalmic artery
through the cavernous segment of the contralateral
ICA observed, in this case, was reported only once
before. Detailed knowledge of collateral vascular
pathways and variations in ophthalmic artery origin
is essential in patients with internal carotid artery
agenesis, especially when performing procedures like
trans-arterial embolization, carotid endarterectomy,
or trans-sphenoidal pituitary surgery (13).

Congenital ICA absence is a benign finding and
tends to cause occasional symptoms; however, it is
significantly related to cerebral aneurysms. The
increased occurrence of aneurysms is often
attributed to augmented flow via collateral vessels
and alterations in flow dynamics (I 2. If such
aneurysms are detected in time, the patient can be
saved from major neurological complications (@ 6).
Patients with these conditions may initially present
symptoms linked with cerebrovascular insufficiency.
Although the projected prevalence of cerebral
aneurysms is between 2% and 4% in the general
population, its documented prevalence in relation to
ICA’s absence is between 24% and 34% ©). Therefore,
for a patient with ICA agenesis, vigilant screening for
aneurysms is crucial; none were found in our patient.
Carotid agenesis diagnosis is crucial in conditions
such as thromboembolic disease. Patients undergoing
carotid endarterectomy in contralateral
atherosclerotic CCA may be more prone to major
neurological deficits because the complete anterior
blood supply may rely on the vertebrobasilar system
or on a single carotid artery (+©).

Recognizing this variant is also important to

prevent incorrect diagnoses, such as severe carotid
stenosis or carotid dissection. A case was described
wherein ICA hypoplasia was misinterpreted as the
angiographic string sign, which is commonly linked to
severe carotid stenosis (4.

CONCLUSION

Knowledge of this unusual constellation of
findings in patients with ICA agenesis is crucial for
optimization of clinical treatment, planning of
possible surgical treatment in the future, careful
screening for small intracranial aneurysms and
awareness of the large potential for the
thromboembolic event.
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