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Abstract

Congenital absence of an internal carotid artery (ICA) is an extremely
rare vascular anomaly. This case report presents an instance of right
ICA agenesis to highlight the importance of early identification of
this anomaly and its impact on disease presentation and complica-
tions. With transient ischemic attack (TIA), cerebrovascular accident
(CVA), and cerebral aneurysms being among the chief presenting sce-
narios or course of the anomaly, it is important to have a high level of
suspicion for these in patients with known ICA agenesis. Understand-
ing the underlying development of this vasculature and its impact on
cerebral circulation aids in identifying possible findings on imaging.
This case report aims to delineate the pathophysiology of ICA agen-
esis, recognition of the vasculature that contributes to the anomaly,
different presentations of the disease, complications, and obstacles
in management.
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Introduction

Adequate circulation of oxygenated blood is crucial for main-
taining proper perfusion to vital organs. The head and neck
region receives blood flow from the carotid and vertebral ar-
teries, with a majority of the blood flow to the brain being di-
rectly supplied from the two common carotid arteries (CCAs)
[1]. The left CCA originates from the arch of the aorta in the
thorax, while the right CCA originates from the brachioce-
phalic artery at the level of the neck [2]. As they ascend, each
CCA bifurcates at the level of the carotid sinus into the internal
carotid artery (ICA) which supplies the brain, and the external
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carotid artery (ECA) which supplies structures such as the face
and neck [2]. As the primary vehicle for providing oxygen to
the brain, the ICAs are one of the most clinically important
components of the vascular system.

The clinical significance of the ICA primarily includes
carotid artery stenosis as these vessels have a high susceptibil-
ity to atherosclerosis [3]. Prolonged plaque buildup can cause
critical stenosis leading to transient ischemic attack (TIA) or
predisposing individuals to embolic events such as an ischem-
ic stroke if part of the plaque dislodges and travels distally [4].
While less common, carotid artery pathology can also involve
conditions including dissection, fibromuscular dysplasia, or
extracranial aneurysm [5-7]. Even less reported, however, is
the complete congenital absence of one of the internal carotid
arteries. The first documented case of ICA agenesis was dis-
covered back in 1787 by Tode on postmortem examination [8].
To date, there have been just over 100 cases of congenital ICA
absence reported in the literature [9]. The expected prevalence
of this condition is extremely rare with Ryan et al reviewing
over 5,000 cerebral magnetic resonance imaging (MRI) and
angiograms and only identifying seven patients (0.13%) with
either complete agenesis or hypoplasia [9, 10]. Here, we de-
scribe an extremely rare case of right-sided ICA agenesis that
was found unexpectedly during the diagnostic workup of an
acute ischemic stroke.

Case Report
Investigations

A 45-year-old male, with a past medical history significant for
previous cerebrovascular accident (CVA), hyperlipidemia, hy-
pertension, type 2 bipolar disorder, prior deep vein thrombosis
on apixaban, obesity and schizophrenia presented to the emer-
gency department (ED) with neurologic changes of weakness.
The patient reported new-onset left-sided weakness, left-hand
tingling sensation, and left eye blurriness that started early in
the morning. He stated that since the weakness started it had
been getting progressively worse. Patient denied any head-
aches, dizziness, syncope, seizures, dysphagia, memory im-
pairment, chest pain, palpitations, shortness of breath or lower
extremity pain. He was sent to the ED by his facility but en-
dorsed that his symptoms resolved prior to arrival. Patient also
endorsed prior CVA and residual right lower extremity weak-
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Figure 1. Computed tomography of the head without contrast showing
multifocal areas of encephalomalacia and gliosis within the left parietal
lobe (long black arrow on right), right occipital lobe (short black arrow
at bottom) and left cerebellum. No signs of hemorrhage were noted.

ness. He was non-adherent to his medications and stated that
he missed a few doses of his aspirin and apixaban but endorsed
taking them the morning prior to his admission.

The patient used a cane to aid with mobility. He denied
any use of tobacco or illicit drug use in the past, and only drank
alcohol occasionally. Family history was non-contributory. His
daily home medications were aspirin 81 mg, apixaban 5 mg
twice daily, divalproex 500 mg, lisinopril 10 mg, lurasidone
40 mg, metoprolol succinate 100 mg, and simvastatin 20 mg.
Initial vital signs were blood pressure of 172/102 mm Hg,
heart rate of 94 beats per minute, respiratory rate of 22 breaths
per minute, oxygen saturation of 95% on room air, and tem-
perature of 97.5 °F. The cardiopulmonary examination was
unremarkable. He was alert and oriented to name, place, and
time. Cranial nerves II - XII were all intact. Strength was 5/5
in all upper and lower extremities. Sensations were intact and
his gait was normal. The National Institutes of Health Stroke
Scale (NIHSS) score was zero. Complete blood count and
comprehensive metabolic panel were all within normal refer-
ence ranges.

Diagnosis

Due to concern for an acute stroke or TIA, a computed to-
mography (CT) scan imaging of the head without contrast
was performed and the results revealed multifocal areas of en-
cephalomalacia and gliosis within the left parietal/cerebellar
lobes, as well as the right occipital lobe, and tortuosity of the
basilar artery (Fig. 1). He was unable to tolerate MRI due to
claustrophobia. A CT angiogram of the head and neck revealed
non-visualization of the right ICA, suggestive of congenital
absence of this vessel (Fig. 2). Additionally, right anterior cir-
culation appeared to be supplied by collateral branches of the
distal basilar artery and imaging revealed no carotid artery ste-
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nosis.

Additional workup for stroke etiology was completed
which involved an unremarkable electrocardiogram. A tran-
sthoracic echocardiogram revealed an ejection fraction of 55-
60% with no left atrial thrombus. The patient was seen by the
neurology team and after a comprehensive workup that was
negative for other causes of the patient’s ischemic stroke, it
was concluded that the patient’s absent right ICA was the
underlying etiology. It was believed that his right-sided ICA
absence put a strain on his collateral circulation resulting in
primarily left-sided sensory and motor symptoms.

Treatment

The patient was already taking aspirin 81 mg and apixaban at
home on presentation, so this therapy was continued to hope-
fully prevent further events. Carotid endarterectomy or endo-
vascular stenting was not considered due to the lack of stenosis
in the carotid artery. Patient received close medical and neu-
rological follow-up with regular neuro checks during his stay
with no other adverse events occurring.

Follow-up and outcomes

Fortunately, his symptoms fully resolved, patient was able to
return to his baseline status and he was discharged on aspirin,
apixaban, metoprolol, lisinopril and statin. Patient was given
follow-up with cardiology and neurology and was recom-
mended to get an MRI and echocardiogram (ECHO) with bub-
ble study as an outpatient. At subsequent 2-week and 3-month
follow-up visits, he remained in stable condition.

Discussion

ICA agenesis is an incredibly rare finding in patients with an
incidence of approximately 0.01% [11]. Given the rarity of the
condition and adaptive collateral circulation, most instances
are identified incidentally. The case presented gives an over-
view of a possible presentation and subsequent management.
The carotid arteries are vital vasculature that supplies the head
and neck region of the body. The carotid arteries bifurcate into
the ICA and ECA and both go on to supply the brain and neck/
face respectively. Post-bifurcation, the ICA continues in the
carotid sheath and enters the carotid canal through the tem-
poral bone. The left and right ICAs eventually undergo anas-
tomosis with the basilar artery and form the circle of Willis
[2]. With the congenital absence of the ICA, the embryology
surrounding the condition is also crucial in the formation of
agenesis and collateral circulation. The ICA can be split into
seven embryologic segments, cervical, ascending petrous,
horizontal petrous, ascending cavernous, horizontal cavern-
ous, clinoidal, and terminal, which can each develop agenesis
[12]. Once the formation of these origins is present, the carotid
canal usually forms by week 5 of gestation [13]. There are also
various types of carotid artery agenesis with the patient pre-
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Figure 2. Computed tomography angiogram of the head and neck showing left external (yellow arrow) and internal carotid artery
(white arrow) with an isolated right external (yellow arrow) carotid artery with the absence of right internal carotid branch.

sented above having the type A variant. Type A ICA agenesis is
a unilateral absence of the ICA with collaterals to the anterior
cerebral artery from the anterior communicating artery and the
middle cerebral artery receiving circulation from the poste-
rior communicating artery. In type B, the anterior and middle
cerebral arteries are perfused by the anterior communicating
artery. Type C involves bilateral agenesis and posterior ver-
tebrobasilar circulation perfusing anterior areas. Type D con-
tains unilateral agenesis of the cervical portion with the carotid
siphon anastomosing to the contralateral cavernous ICA. Type
E involved bilateral hypoplasia with minute anterior cerebral
arteries and posterior circulation supplying the middle cerebral
arteries. Lastly, type F has bilateral transcranial anastomoses
of the distal ICA with the external carotids through branches of
the internal maxillary artery [14]. In the patient case presented,
there was also tortuosity of the basilar artery identified on im-
aging. This along with the hypertension on presentation and
lack of a right ICA could have been a possible source of the
patient’s symptoms. While there are possible mechanisms for
compensation in congenital etiologies via the circle of Willis,
having the lack of a carotid artery and comorbidities such as
atherosclerosis may possibly lead to increased risk of develop-
ing neurological symptoms such as the ones presented in the
above case.

In patients with ICA agenesis and the development of ca-
rotid artery stenosis due to atherosclerotic disease, there is an
increased likelihood of TIA and a possible increased or earlier
need for intervention if symptoms persist or worsen [4]. The

538 Articles © The authors | Journal compilation © ] Med Cases and Elmer Press Inc™

literature suggests a link between reported cases of ICA agen-
esis and increased risk of cerebrovascular events [15]. While
the cerebral arterial circle is an important source of collateral
circulation known to reduce the risk of stroke in individuals, it
is important to note that there is considerable anatomical varia-
tion between individuals and is not always complete [14]. ICA
agenesis may impose additional constraints on individuals with
varying levels of collateral circulation, leading to an increased
risk of ischemic stroke in this patient population. For exam-
ple, Szabo et al conducted a diffusion-weighted MRI study and
found that different patterns of stroke were present depending
on the degree of stenosis [15]. Additionally, in patients with
ICA agenesis and overlying risk factors such as hypertension
and hyperlipidemia, there is also a likelihood of stroke due to
dissection of the ICA, especially in young patients who may
not know of their ICA agenesis [5].

ICA agenesis can occur as an isolated vascular defect as
seen in our case, but the literature points to a growing asso-
ciation with cerebral aneurysms, with an increased risk of 25-
67% [16]. A study by Zink et al analyzed 165 cases with ICA
aplasia or hypoplasia and found that nearly 28% of patients
had associated cerebral aneurysms. Additionally, the fact there
was a higher incidence of cerebral aneurysms in patients over
30 years old, suggests that these are not simply a concurrent
structural anomaly, but rather an acquired etiology [17]. While
the exact mechanism linking ICA agenesis with the increased
risk of arterial aneurysms is not exactly known, one theory that
has been proposed is that the lack of the ICA induces increased
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hemodynamic stress due to increased flow through collateral
arteries which can, in turn, cause hemorrhage [16].

The vast implications of ICA agenesis for carotid endar-
terectomy, transsphenoidal surgery, and thromboembolic dis-
ease add to the emphasis on pre-testing and imaging to guide
procedures [18]. The importance of successfully diagnosing
a congenital ICA absence stems from the fact that there are
risks of periprocedural stroke and late cerebrovascular events,
including TIA and aneurysms [3]. The importance of recog-
nizing and minimizing these risks in patients who have ICA
agenesis further places importance on finding these vascular
anomalies early on. Given the silent nature of ICA agenesis,
screening and preventive measures may be a topic of further
investigation and study.

The increased risk for cerebral aneurysm, paired with the
potential sequelae of a life-threatening subarachnoid hemor-
rhage, brings up the question of whether there is a role for rou-
tine screening in individuals with known ICA agenesis. While
there are important considerations when it comes to frequent
imaging including radiation exposure, and patient costs, the
benefits of possibly identifying an aneurysm before complica-
tions occur should not be overlooked. In a case report by Perla
et al, a patient with ICA agenesis was followed for 7 years
with annual imaging but no changes were discovered [19].
Given the nature of agenesis, risk factors such as hypertension,
smoking, diabetes, hyperlipidemia, and cardiovascular disease
should be closely followed and controlled. Age also plays an
important role in carotid artery disease and as patients with
known ICA disease progress, it is important to continue close
follow-up [20]. However, without established guidelines, we
recommend that brain aneurysm screening should be consid-
ered in the appropriate clinical context on an individualized
basis.

Learning points

The primary learning points of this case report are to review
the rare entity that is ICA agenesis, delineate underlying pa-
thology and development of the vascular anomaly, including
embryology and various forms, relate complications of the
finding and possible further steps in monitoring and assess-
ing patients who present with ICA agenesis. The types of ICA
agenesis and hypoplasia play an important role in determin-
ing collateral circulation and provide places where aneurysms
may develop. The risk of stroke and cerebral aneurysm also
make it vital to recognize this anomaly early on in patient care
and can sometimes explain symptoms such as in the case pre-
sented. Other complications such as TIA are also important for
the patient and providers to know and recognize, in order to
help minimize risk and improve patient outcomes. Lastly, the
issue of surveillance and monitoring of these patients with ICA
agenesis may be a topic for further research and discussion.

Conclusions

The data surrounding the clinical significance of ICA agen-
esis are scarce likely due to the incredibly rare nature of this
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condition. Typically, congenital absence of an ICA is often di-
agnosed incidentally during imaging of the cerebral vessels;
it is important for clinicians to be aware of the findings and
the potential implications of the anomaly. While ICA agen-
esis alone can be harmless, it is important for clinicians to be
aware of the concurrent structural vascular abnormalities that
are often seen including cerebral aneurysms. Furthermore, ob-
taining pertinent imaging and diagnostics for presentations of
ICA atherosclerosis and TIA can help in possibly identifying
and preventing future occurrences. This case report hopes to
provide an overview of ICA agenesis along with the develop-
ment, presentation, and complications of the condition to help
improve overall patient outcomes.
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