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Abstract

Vascular fenestration is a rare congenital variant, in which a seg-
ment of vessels divides into two distinct channels, covered by a layer
of endothelium. It is usually asymptomatic, but is sometimes accom-
panied by other structural abnormalities, such as intracerebral vascu-
lar aneurysms.

Fenestration may be detected deliberately or accidentally by imag-
ing modalities such as 3D angiography. Such detection can even occur
in post-mortem autopsies.

Relevant literature demonstrates that three-quarters of fenestra-
tions occur, anatomically, in the posterior circulation, and the most in-
volved artery are basilar and vertebral arteries (with prevalence vary-
ing between 0.3% to 28.0% in different articles and methods). Overall,
fenestration, more commonly happens in intra-cranial vessels, and
less frequently in the extracranial ICA. Among the intracranial vessels,
the internal carotid artery fenestration is the least frequent. In articles
reviewed to date, about 10 similar cases have been reported.

The patient represented in this study, presented with a chief com-
plaint of transient blurred vision (amaurosis fugax) and was diagnosed
with Transient Ischemic Accident (TIA). As her case was suspicious of
dissection, she went under Digital Subtraction Angiography (DSA). Fol-
lowing the investigations, proximal internal carotid artery (ICA) fenes-
tration, as well as dissection in the petrous part of the ICA were ob-
served, which are both rare findings and in unusual locations. Also,
proximal ICA was duplicated just after bifurcation, uniting back before
the petrous part.

Besides reporting these unusual findings, we will review relevant
literature about anatomical variants of fenestration. Paying special at-
tention to angiographic findings, along with a good knowledge of rare
findings such as ICA fenestration, can lead to timely and precise detec-
tion of such abnormalities.
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Introduction

Vascular fenestration is a rare congenital variant, in which a
segment of vessels divides into two distinct channels, covered
by a layer of endothelium surrounding the muscularis tunica,
that merge back together at the end of the affected portion [1-
4].

Clinically, fenestration is usually asymptomatic or has little
clinical significance. But sometimes fenestrations are accom-
panied by other structural abnormalities, such as intracerebral
vascular aneurysms. These conditions may happen due to sec-
ondary defects in the media layer near the fenestration site.
Also, turbulent flow resulting from defects in the proximal and
distal ends of the fenestrated media, can lead to aneurysm for-
mation [5]. The aneurysm may occur distal or proximal to the
site of anomaly site.

Fenestration may be detected deliberately or accidentally by
imaging modalities such as 3D angiography. Such detection can
even occur in post-mortem autopsies.

From the anatomical point of view, multiple studies have ex-
amined the distribution of fenestration locations in cerebral ar-
teries, with relatively similar results. A high-quality meta-analy-
sis demonstrated that three-quarters of fenestrations occurred
in the posterior circulation, and the most involved artery was
the basilar artery [6].

In general, fenestration is more common in the intracranial
vessels, and most cases of intracranial fenestration have been
reported in the anterior cerebral artery, basilar artery, vertebral
artery, and anterior communicating artery, varying each of them
from 0.3% to 28.0% in different articles and methods [7-9].

Among the intracranial vessels, fenestration in the internal
carotid artery is the least common with the extracranial por-
tion having the lowest occurrence. In articles reviewed to date,
about 10 similar cases have been reported.

The patient represented in this study, presented with a chief
complaint of transient blurred vision (amaurosis fugax) and was
diagnosed with Transient Ischemic Accident (TIA). As her case
was suspicious of dissection, she went under Digital Subtrac-
tion Angiography (DSA). Following the investigations, proximal
internal carotid artery (ICA) fenestration, as well as dissection in
the petrous part of the ICA were observed, which are both rare
findings and in unusual locations. Also, proximal ICA was du-
plicated just after bifurcation, uniting back before the petrous
part.

Case presentation

A 45 years old woman presented to our clinic with transient
blurred vision (amaurosis fugax) and left hemiparesis. The neu-
rologic examination was unremarkable. Basic laboratory tests,
along with an MRI were performed, with normal results (Fig-
ures 1 &2). Carotid Doppler Ultrasonography showed damping
flow in the proximal part of left ICA. Brain MRA failed to show
an ICA fenestration clearly.

As the patient was young, and stroke was improbable, ce-
rebral DSA was performed to rule out a suspected dissection.
DSA showed an ectopic area and dissecting pattern in the distal

petrous area of ICA (Figures 3A-3B), which could justify patient’s
symptoms. Proximal ICA became duplicated just after bifurca-
tion, and united back before the petrous segment.

The interesting point was that in the proximal ICA, a fenestra-
tion was observed, which has rarely been reported in the litera-
ture. Based on the findings above, the patient underwent stan-
dard medical treatment and became relieved of her symptomes.
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Figure 3A&B: Cerebral DSA: fenestration of the proximal ICA, and
stenosis of the distal Petrus part with a dissecting pattern. Proximal
ICA became duplicated just after bifurcation, and united back be-
fore the petrous segment. j
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Discussion

Cerebral artery fenestration is an anatomic variant, in which
a segment of an artery is divided into at least two distinct chan-
nels, with their own endothelial and muscular layers [3,28,29].

Occasionally, fenestration is also mentioned as segmental
duplication of the arteries. But it should be noted that in dupli-
cation, there are two distinct arteries of independent origin that
remain separate in their course [9].

Fenestration, in general, is relatively rare and is caused by
incomplete fusion of primary embryonic vessels. Depending on
the degree of embryological fusion, the severity of this abnor-
mality varies [1].

There are various opinions about carotid artery fenestration
from the embryological point of view. For example, the fenes-
tration may occurs due to aberrant fusion of the primitive ca-
rotid plexus, or when the cranial ductus caroticus persists, or an
abnormal connection is formed between the third aortic arch
and the dorsal aorta [10,11].

Different diagnostic methods have been used for detecting
fenestrations, resulting in varied reported prevalence. Methods
such as autopsy, surgical dissection, Digital Subtraction Angiog-
raphy (DSA), Computed Tomography (CT), and Magnetic Reso-
nance (MR) imaging have been used resulting in a prevalence
of 0.7 to 60% [6,9,10,12-14,30]. This wide range may be due to
small sample sizes, selection biases, retrospective design of the
studies, and different sensitivity of detection techniques. All in
all, detection rate of fenestration, has improved significantly us-
ing 3D rotational angiography [10,31].

In a retrospective 2013 study, about 11,000 patients who
underwent digital subtraction angiography between 1992 and
2011 were studied. Of these, 228 unique cases with fenestra-
tion were found. Therefore, this study reported a prevalence of
fenestration of 2.1%, which was 0.7% higher than that of DSA,
and also lower than other modalities such as MR (2.8 - 3.0%),
DSA (28.9%-22.9%), and CT (3.5-12.9%) and specially much less
than those reported from the autopsy series [15-17,32].

Different medical centers have reported a different preva-
lence of fenestration in various cerebral vessels, most of whom
show the lowest incidence of fenestration in the internal carotid
artery. For example, in the previously mentioned study, three-
quarters (73.2%) of all fenestrations occurred in the posterior
circulation, with the Basilar artery being the most common lo-
cation (52.6%). Following that, were other arteries such as the
middle and posterior cerebral arteries (4.4% and 0.4%), with
the internal carotid artery being the least common site [18].

Fenestration may be detected accidentally, or may have low
clinical significance. On the other hand, it may be associated
with other complications, such as aneurysms, arterial-venous
malformations, ischemic strokes, dissections, dural fistula, and
other cerebrovascular anomalies [19, 20]. These complications
may occur due to changes in microvascular flow dynamics (14).
Thinning or lack of media layer is also observed around the fen-
estration site. Therefore, some believe that fenestration is not
a benign finding. Thus, multiple studies have investigated con-
comitant incidence of aneurysms in association with fenestra-
tions, with results ranging from 2.5 to 17% [8,13].

In a study by van Rooij et al. in 2015, 179 patients with sub-
arachnoid hemorrhage who had been hospitalized for two years
were studied. Of these, 140 patients underwent 3D cerebral an-

giography, resulting in finding a total of 210 aneurysms. There
were also 45 fenestrations, most of which were distributed in
the anterior communicating artery (69%), anterior cerebral ar-
tery (9%), middle cerebral artery (9%), and basilar artery (4%).
Fenestration was not reported in the carotid arteries. Of the
210 aneurysms, 14 were located at the site of fenestration. The
study results showed a 24% prevalence of intracranial fenes-
trations in patients with suspected rupture of aneurysms. This
study had the limitation of investigating exclusively patients
with suspected subarachnoid hemorrhage, in whose population
the rate of the aneurysms is higher than the general population
[21].

There are reports of fenestration in various places, such as
the distal ICA. But the novelty of this report is that this fenestra-
tion occurred in the cervical carotid region of the ICA, which
is very rare in terms of location and very few cases have been
reported. Therefore, it has gained scientific importance for re-
porting.

Previously, two cases of internal carotid artery fenestration
were reported by Hasegawa T et al [22].

One was of a 47-year-old woman with a saccular aneurysm
in the right middle cerebral artery, who was found to have a
fenestration of the right internal carotid artery at the site of the
atlas. The Second case was of a 51-year-old man hospitalized for
grand mal seizures, which was found to be due to a malignant
glioma in the right temporal lobe. A fenestration of the right in-
ternal carotid artery in the atlantoaxial joint was also detected,
with the vessel dilated in diameter at the level of C1-C2.

As recently as 2019, a study by Uchino A et al reported a
patient with unilateral hypoplasia of the internal carotid artery.
The findings of this patient were associated with ipsilateral
anomalous posterior cerebral artery, and fenestrated P1 seg-
ment. This article suggested that partial maximume-intensity-
projection imaging helps identify rare arterial variations on MR
angiography [23].

Another study in 2019 by Shiozaki E et al. reported a rare
case of fenestration in the cavernous segment of the left inter-
nal carotid artery, with an aneurysm proximal to the fenestrated
portion. The case in study was a 44-year-old woman with a dull
headache, who underwent CT angiography and 3D-rotational
angiography; no aneurysms were found in the right ICA, but an
intra-cavernous fenestration and aneurysm were found in the
left ICA. The aneurysm was small (5 X 3 mm), with a wide neck
arising from the origin of the ventral limb of the duplicated ves-
sels. According to this study, only three cases of this type of ICA
fenestrations had been reported by 2019, and this was also the
first report of an ICA fenestration with an unbroken aneurysm
at the fenestrated segment [24].

Other studies have addressed the supra-clinoid ICA fenes-
tration (SIF). This is important because it can mimic an intracra-
nial aneurysm, an intraluminal thrombus, or a focal dissection
on non-invasive imaging. For example Sgreccia A et al (2018) re-
ported a 55-year-old patient with a right SIF and a wide-necked
aneurysm, located on the limb of the fenestration. Also a sec-
ond small aneurysm was found, distal to fenestration site [25].

Further, Ga Y Lee et al (2018) reported a rare case of fenes-
tration in the right supra-clinoid internal carotid artery. Their
patient was a 65-year-old woman with no particular underlying
disorder, who had been complaining of headaches and dizzi-
ness for a month. DSA was performed on the patient, suggest-
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ing a fenestration of the supra-clinoid ICA, combined with a
para-clinoid aneurysm [26].

Also, Orru E et al. in 2015, reported a concomitant arterio-

venous malformation (AVM) distal to the fenestration site. They
presented a 26-year-old woman with a grade | right frontal
AVM, in whom a left supra-clinoid ICA fenestration was detect-
ed incidentally via cerebral angiography [27].

These reports were the majority of relevant internal carotid

fenestration cases, which overall are rare. In our case, specially,
fenestration occurs in the proximal site of the internal carotid,
which is in an unusual anatomical location, and is associated
with dissection.
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