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Abstract

Background: Agenesis of the internal carotid artery (ICA) is a rare anatomic
variation of the cerebral circulation. A malfunction during the embryonic pe-
riod is at stake. It is very often asymptomatic and therefore discovered inci-
dentally. Association with ischemic stroke is exceptional. Physiopathology is
uncertain; the hypothesis of a blood flow reversal is reported in the literature.
The diagnosis is based on the absence of a carotid canal as revealed by CT
scans at skull base level with bone settings. Other non-invasive techniques,
including echo-Doppler of the neck vessels, can now make the diagnosis.
Objective: Discuss the association between occurrence of an ischemic stroke
in the left posterior sylvian territory and discovery of ipsilateral carotid age-
nesis. Case report: A 24-year-old female patient was prospectively recruited
at DAX hospital center (France). Vascular risk factors involved active smok-
ing of 8 pack-years and a combined estrogen/progestin contraceptive. Her
family history included an uncle with heterozygote Factor V Leiden mutation.
She presented a left upper limb sensorimotor deficit. Nuclear Magnetic Re-
sonance Angiography (MRA) revealed a right superficial sylvian ischemic
stroke associated with agenesis of the right internal carotid artery. CT scan at
skull base level with bone settings showed absence of a right carotid canal,
thus confirming agenesis. An opinion was then requested for an arteriogra-
phy which showed an operative polygon of Willis, a sylvian artery or middle
cerebral artery (MCA) irrigated by a very large right posterior communicat-
ing artery (PCOM) and the left anterior cerebral artery (ACA) supplied by
the anterior communicating artery (ACOM), through the left carotid system.
The right sylvian territory where stroke occurred was therefore supplied by
the functional vertebrobasilar system. ECG and four-day meticulous moni-
toring detected no cardiac rhythm disorders. Transesophageal echocardio-
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graphy was normal. Blood tests results showed normal blood coagulation
with glycohemoglobin level at 4.6%. Total cholesterol was 1.42 g/l including
LDL-C at 0.82 g/l and HDL-C at 0.36 g/l; triglycerides levels were 1.23 g/l.
VDRL-TPHA serodiagnosis for syphilis, and HIV serology were all negative.
Thrombophilia testing was performed and showed absence of Factor V Lei-
den mutation. Homocysteinemia level was normal. The patient was dis-
charged under KARDEGIC 160 mg, one daily with home rehabilitation. Cur-
rently she’s doing well and no recurrence is observed.
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1. Introduction

Right internal carotid artery agenesis (ICA) is a developmental anomaly by the
24 mm embryonal stage [1] [2]. It is consistent with interrupted embryonic de-
velopment of the ICA associated with absence of the ipsilateral carotid canal [3].
Agenesis of the ICA is usually asymptomatic, and therefore, discovered acci-
dently. Diagnosis is based on the absence of a carotid canal. Through angiogra-
phy, in absence of blood flow, the differential diagnosis includes artery occlu-
sion, hypoplasia or aplasia. Absence of carotid canal confirms the diagnosis of
agenesis. Symptoms may be related to cerebrovascular insufficiency, to compen-
satory dilatation of intracranial vessels, or to aneurysm. Ischemic stroke is
scarcely described in the literature. Its physiopathology is based on hypotheses.
We discuss the association between occurrence of ischemic stroke and congenit-

al anomaly that was previously unknown.

2. Case Report

We report the case of a 24 years old female patient with vascular risk factors
such as active smoking of 8 pack-years and a combined estrogen/progestin con-
traceptive. Her family history included an uncle with heterozygote factor V Ley-
den mutation. Presenting symptoms included a general feeling of being unwell
without loss of consciousness, a mild dysarthria event and a fast-regressive left
hemiparesis, with persistent weakness particularly in the left hand. Note that she
had no headache. She was immediately admitted to the emergency department
for thrombolysis. Brain scan and computed tomography (CT) Angiography of
supra-aortic trunks completed with Magnetic Resonance Angiography (MRA)
revealed ischemic stroke in the right sylvian territory affecting the parietal lobe,
with no hemorrhagic conversion and no arterial occlusion [Figure 1]. Alterna-

tively, magnetic resonance imaging (MRI) showed a vascular anatomic variant
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such as agenesis of the right internal carotid artery (ICA) with the right middle
cerebral artery (MCA) fed through a dilated posterior communicating artery
(PCOM) arising from the basilar artery [Figure 2; Figure 3]. CT scans at skull
base level with bone settings showed absence of the right carotid canal, thus con-
firming agenesis, for which arteriography was requested [Figure 4]. Arteriogra-

phy showed an operative circle of Willis, a MCA supplied by an enlarged right

Figure 1. Right Sylvian ischemic stroke. MRI of 24-year-old female patient (DAX hospital
center).
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Figure 2. Agenesis of the right internal carotid artery. MRI angiography of 24-year-old
female patient (DAX hospital center).
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Figure 3. Right MCA fed through dilated posterior communicating artery arising from
the basilar artery. MRI angiography of 24-year-old female patient (DAX hospital center).

Figure 4. CT scan of the skull base shows the absence of the right carotid canal. 24-year-old
female patient (DAX hospital center).

PCOM and left anterior cerebral arteria (ACA) supplied by anterior communi-
cating artery (ACOM) through the left carotid circulation. The right sylvian ter-
ritory where stroke occurred was thus supplied through the functional vertebro-
basilar circulation. This agenesis doesn’t explain cerebral ischemic stroke. ECG
and four-day meticulous monitoring detected no cardiac rhythm disorders.
Through transesophageal echocardiography, left ventricle size and kinetic were
normal, no valvular pathology was detected, left atrium and auricle were
echo-free spaces without thrombus, left auricle emptying was normal, as well as
interatrial septum kinetic which was impervious to microcavitation, no athero-
matous plaque were detected in the descending thoracic aorta, and no ulceration
either. Blood tests results included glycohemoglobin level of 4.6%, total choles-
terol level at 1.42 g/l, with LDL-C of 0.82 g/l and HDL-C of 0.36 g/l, triglyceride
levels at 1.23 g/l. VDRL and TPHA serological test for syphilis, and HIV serolo-
gy were all negative. Thrombophilia testing was performed and showed absence
of Factor V Leiden mutation. Homocysteinemia level was normal. Management
included prevention of vascular risk factors such as smoking cessation, stopping
estrogen-progestogens. The patient was put on KARDEGIC antiaggregant plate-
lets, 160 mg, 1 per day and functional rehabilitation at home. She has been out
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for 6 months and no recurrence has been observed, she is monitored every 3

months.

3. Discussion

Agenesis of ICA is a very rare developmental anomaly with less than 200 cases
reported in the literature [4]. It was described for the first time by Tode in 1787
and identified on post-mortem examination [5]. In 1954, the first case of ICA
agenesis at cerebral angiography was reported by Verbiest [6]. Agenesis is some
form of dysgenesis, like hypoplasia and aplasia according to Lie Classification;
they are secondary to abnormality in embryonic development [7]. Mechanical
and hemodynamic stresses over the embryo included exaggerated folding of
embryo toward one side and constriction by amniotic band have been hypothe-
sized for unilateral agenesis [8]. As yet, there is no explanation for bilateral age-
nesis [9]. ICA agenesis, aplasia and hypoplasia occur in about less than 0.01% of
the population [10]. Lie and Hage have defined carotid agenesis as complete
failure of ICA to develop, hypoplasia as incomplete development of the organ
with diffuse luminal narrowing of the internal artery, and aplasia as arrested de-
velopment of the organ. Therefore, in agenesis the bony carotid canal is absent,
whereas in aplasia and hypoplasia the bony carotid canal is present [4] [7]. From
the embryological perspective, common carotid artery (CCA) and proximal por-
tion of ICA originate from the third aortic arch which develops as early as 4
weeks gestation, whereas the cranial base starts to develop after 5 weeks gesta-
tion. The dorsal aortae segments contribute in formation of the CCA. [11] [12].
The carotid canal only develops if there is an internal carotid artery [13]. The
branchial arches are found along the heart protrusion, some of them regress and
others involute into arteries. The first branchial arch regresses by day 31 and a
remnant of it forms part of the maxillary artery (IMA); the second branchial
arch gives rise to the stapedial and hyoid arteries. The development of the fourth
arch is different for the right and left sides. On the left side arch IV persists as
the arch of the aorta, which grows significantly and is continuous with the pri-
mitive left dorsal aorta. The left subclavian artery arises directly from the aorta.
On the right side, arch IV contributes to the proximal portion of the right sub-
clavian artery and arch VI gives rise to the pulmonary artery [14]. Agenesis can
be classified as complete or partial but was also defined by Lasjaunias based on
embryological description. Complete agenesis of ICA results in complete ab-
sence of ICA and the carotid bony canal. Female predominance has been seen, as
in the present reported case, but most likely on the left side [15]. The MCA got
supply from post communication artery (PCOM) and the anterior cerebral ar-
tery (ACA) from an hypertrophic anterior communicating artery (ACom). The
single precommunicant segment (Al segment of Fisher classification) of ACA
ipsilateral to the anomaly is usually hypoplastic [16]. More anatomical variants
may be associated, like the presence of an accessory MCA, or Infraoptic course

of the precommunicant segment of the ACA, or the ophthalmic artery emerging
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from the MCA or the meningeal artery [12]. Partial agenesis can affect all the
segments of the ICA with predilection for the cervical segment. This anomaly,
when unilateral, may be left or right-sided and male predominant [17]. Absence
of cervical segment of ICA is defined by the existence of a particular supplying
system via a prominent intercarotid artery filling the carotid siphon and all the
other branches, except ACA. Anastomosis can be either intrasellar, intra or re-
troclival [17] [18] [19]. Other anomalies are frequent such as hypoplasia of the
precommunicant segment of ipsilateral ACA, or ACOM aneurysm.

Based on the embryology of ICA, P. Lasjaunias and A. Santoyo-Vazquez
showed that ICA comprises six segments, Ze. cervical, petrous, vertical cavern-
ous, horizontal cavernous, clinoid and cisternal segments. Each of these seg-
ments displays a specific course and limits, defined by the origin of the following
embryonic arteries: ventral pharyngeal hyoid, mandibular, primitive maxillary,
trigeminal, dorsal ophthalmic and ventral ophthalmic. Each segment is inde-
pendent and may show agenesis. In such cases the internal carotid blood flow is
rerouted to afford usual ICA supply distal to the agenetic segment. Thus, various
segmental agenesis have been described: cervical, petrous, cavernous. Differen-
tiation can be made between congenital versus acquired absence of the ICA, thus
allowing the clinician to identify normal, sometimes overlooked, predictable,
well documented, albeit rare variations, rather than to mistake them for a pa-
thological condition [20]. Reports have shown that dysgenesis of the left internal
carotid is 3 times more frequent than right dysgenesis, and bilateral ICA agene-
sis or hypoplasia are more exceptional [10] [21]. Most patients with ICA dysge-
nesis are asymptomatic due to the development of arterial collateral supply to
the cerebral circulation [3]. In type A, unilateral absence of the ICA is associated
with collateral circulation to the ipsilateral ACA through a patent ACOM and to
the ipsilateral MCA from the posterior circulation via the PCOM. In type B, the
ACA and MCA ipsilateral to the anomaly are supplied across a patent ACOM.
Type C represents bilateral agenesis of the ICA with supply to the ACA and
MCA from the posterior circulation via the PCOM. Type D represents unilateral
agenesis of the cervical segment of the ICA with reconstitution of cavernous
communication through an anastomotic carotid siphon from the contralateral
cavernous segment of ICA. Type E is a unique type with diminutive ACAs sup-
plied by bilateral hypoplastic ICAs instead of complete absence. Caliber of
PCOM is enlarged whereas MCA’s one is normal, suggesting the majority of
blood flow in MCA is supplied by posterior circulation. Carotid hypoplasia is a
more appropriate term for type E, as the carotid canal persists, with remnants of
small vessels. Type F cases show collateral flow to the distal ICA via anastomoses
from distal branches of the external carotid artery (ECA) system. Since Lie’s
original classification, Tatsuaki Hattori and al in 1998 have described another
type of collateral flow to ICA and MCA via a persistent trigeminal artery (PTA)
[22].

Usually, internal carotid artery agenesis is discovered incidentally and many
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patients are asymptomatic due to robust collateral circulation, but they may
present with recurrent headache, blurring vision, hearing loss, hemiparesis with
facial nerve palsy or not, ipsilateral Horner’s syndrome associated with cerebral
ischemia or intracranial hemorrhage due to ruptured aneurysms [3] [23]. Tran-
sient neurologic signs associated with transient ischemic attack have also been
reported in the literature.

In 2011, Olga Kiritsi’s study suggested transient ischemic attack (TIA) was
associated with cerebrovascular haemodynamics (hypotension). There was no
consistent association between TIA and carotid agenesis, due to sufficient colla-
teral circulation [3]. A similar case, as reported in this study, related acute
ischemic vascular attack to agenesis of ICA. Aysegul Sagir Kahraman and al in
2016 reported the case of a 27-year-old patient, with unremarkable medical his-
tory, presenting with headache, dizziness, left hand paresis. Thalamic and sub-
thalamic ischemic stroke related to agenesis of ICA was detected through im-
agery. They reported that cerebral stroke may be related to vascular insufficiency
or collaterals changing flow pattern [24]. The same explanation may apply to the
present case of cerebral stroke. The patient’s vascular risk factors (smoking, es-
trogen/progestin contraceptives) may give further arguments. Oral contraceptive
is described to increase the risk of cerebral stroke even at low dose, the relative
risk being 2,9 (Clys, = [1.3 - 6.7]) and even 5 for female smokers [25] [26]. In
addition to the collaterals changing flow pattern, a second hypothesis for the re-
ported stroke involves impaired cerebral autoregulation in the PCOM from the
vertebrobasilar system. This low autoregulation, as described in the literature
accounts for the preferential location of posterior reversible encephalopathy
syndromes [26]. Cerebral stroke is a very rare complication, whereas, the inci-
dence of intracranial aneurysms has been reported as 25% - 34% as compared to
the 1% - 5% seen in general population [8] [27]. Increased blood flow through
collaterals and altered flow dynamics are plausible explanations [2] [28]. Other
abnormalities such as corpus callosum agenesis, neurofibromatosis, meningo-
cele, aortic coarctation, cardiac anomalies [23] [29] and Goldenhar syndrome
[27] may be associated with agenesis of the ICA [23] [29]. Angiography only
cannot differentiate agenesis and aplasia [30]. In case of ICA dysgenesis, com-
puted tomography (CT) is the ideal imaging modality to prove absence of caro-
tid canal (agenesis), or underdevelopment (aplasia and hypoplasia) of the con-
tralateral canal. Such suspected malformation is easily evaluated with accuracy
by the supra-aortic trunk echo-Doppler, completed with transcranial Doppler
ultrasound (TCD), as first-line reliable examinations. They provide measure-
ment of suggestive morpho-hemodynamic characteristics of cervical vessels as
well as blood flow velocity through the cranial windows. Unlike arteriography,
Doppler test can help discriminate agenesis from aplasia, or assess the differen-
tial diagnosis of suspected occlusion (atheroma, embolism, dissection) [31]. No
treatment is required or even possible for congenital and asymptomatic carotid

agenesis, but potential complications may occur later in life, especially in case of
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atheromatous progression [1] [8].

4. Conclusion

Congenital agenesis of the ICA is a rare vascular malformation, usually asymp-
tomatic due to sufficient collaterals development. But the constraints imposed
on the collateral circulation may lead to potential complications, like ischemic
stroke. This anomaly should not be overlooked. Diagnosis is made by CT scans

at skull base level with bone settings, showing absence of the carotid canal.
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