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Abstract
Cerebral artery fenestrations are rare anatomical variants usually detected incidentally on
cross-sectional imaging or cerebral angiography. Although considered benign findings, many
reports have described their association with vascular abnormalities such as aneurysms or
arteriovenous malformations, and to a lesser extent with ischemic or hemorrhagic
complications. We report a case of middle cerebral artery fenestration associated with
subarachnoid hemorrhage and middle cerebral artery thrombosis. To our knowledge, there
has been no prior report of middle cerebral artery fenestration with a similar presentation.
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Introduction
Variations of the cerebral circulation are common findings on cross-sectional or angiographic
imaging.  Their detection and knowledge of their clinical implication is important, especially
in the setting of cerebrovascular diseases such as acute stroke and subarachnoid hemorrhage.
In addition, some anatomical variants, such as fenestrations, harbor potential risk of vascular
abnormalities such as aneurysms, arteriovenous malformations, or ischemic and hemorrhagic
complications.

Case report
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A 32-year-old man presented to the emergency department complaining of sudden onset of a
thunderclap headache. His previous medical history was negative, and there was no
significant social or family history. There was no history of recent head trauma.

A non-enhanced computed tomography (CT) scan of the head demonstrated subarachnoid
hemorrhage seen predominantly in the right Sylvian fissure (Figure 1(a)). No intracranial
aneurysms were detected on the CT angiography, which otherwise showed a suspicion of a
fenestration versus focal dissection of the proximal M1 segment of the right middle cerebral
artery (MCA; Figure 1(b)). Other investigative results, including laboratory results,
electrocardiogram, and echocardiogram, were negative.

Cerebral angiography re-demonstrated the right MCA abnormality, more suggestive of a
fenestration (Figure 2). However, after the acquisition of the rotational 3D angiography, the
patient became agitated. Evaluation of the 3D angiography images showed acute thrombosis
of the M1 segment of the right MCA (Figure 3(a)). Repeated angiogram five minutes later
showed clearance of the M1 thrombus, with fragmentation of the clot and distal migration of
small fragments seen as filling defects at the distal M2 segments. The patient was
neurologically intact on physical examination. No anticoagulant or thrombolytic treatment
was started because of the subarachnoid hemorrhage and the fragmentation of the clot on
subsequent analysis. Magnetic resonance imaging (MRI) done later the same day showed
focal areas of restricted diffusion within the right frontal lobe consistent with acute infarcts (
Figure 3(b)).

One week later, cerebral angiography confirmed the presence of a fenestration at the
proximal MCA, with clearer borders compared to the first angiogram (Figure 4). The
previously seen filling defects of the right MCA had cleared. The patient was discharged
home one week later, with no neurological deficit. Follow-up magnetic resonance
angiography at three weeks and at six months showed a similar stable appearance of the
fenestration.

Discussion
Anatomical variations of the MCA include fenestrations, duplication, accessory MCA, a
single-trunk type of MCA, and trifurcation or quadrifurcation of the M1 segment.  A
vascular fenestration is a segmental luminal division of a vessel to form two separate lumens
lined by separate endothelial walls and having (or not) the same adventitia.  The prevalence
of MCA fenestrations ranges between 0.1% and 4.4%, with the highest numbers described in
surgical and postmortem high-resolution imaging studies.  The mechanism of formation
of the MCA fenestration has not been elucidated. An early branching temporo-polar artery or
prominent lenticulo-striate artery (which was present in our case) may play a role in the
formation of MCA fenestrations either by precluding the fusion of the primitive twigs into a
single trunk or by interfering with the regression of some of these twigs during fetal
development of the MCA.

Although usually detected incidentally with no clinical significance, many reports have
described the association of fenestrations with cerebral vascular anomalies, such as
aneurysms or arteriovenous malformations, with ischemic or hemorrhagic events.

Authors who support the association between fenestrations and the neurovascular
pathologies argue that fenestrations alter the vascular microflow at the site of the bifurcation,
creating hemodynamic turbulence that leads to alteration of the subendothelium and creating
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a media layer defect by the mechanical forces of blood flow that may lead to aneurysmal
formation.  In addition, the developmental structural weakness at the site of the fenestration
makes the vessel wall more prone to cracking/fissuring, leading to the subarachnoid
hemorrhage.  Cerebral fenestrations, previously not suspected in cases of non-aneurysmal
subarachnoid hemorrhage, are now thought to be one of the potential sources of
subarachnoid hemorrhage.  Hudák et al. found a significantly high frequency of fenestrations
in patients in whom the source of the subarachnoid hemorrhage was not found.

The association of fenestrations with ischemic complications was reported by Jeong et al.
who described five cases of MCA fenestration that might have caused thromboembolic
events. The alteration of the flow hemodynamics at the site of the fenestration may initiate an
atherosclerotic process. In addition, the difference of caliber between the two limbs of the
fenestration may increase the risk of thrombosis by creating a gradient of velocities, with
resulting slower flow at the smaller limb.

We believe that the MCA fenestration is the culprit causing the hemorrhagic and ischemic
complications in our case. The subarachnoid hemorrhage was only seen in the right Sylvian
fissure at the same side as the MCA fenestration, with no history of prior trauma or evidence
of aneurysms. Furthermore, the irregular appearance of the fenestration seen during the first
angiogram, as well as the acute formation of thrombus during the 3D angiogram, denote that
there may be a vascular injury at the level of the fenestration causing or contributing to the
patient’s findings. To our knowledge, there is no prior report of MCA fenestration with
concomitant hemorrhagic and ischemic complications.

Other differential considerations of “non-aneurysmal” subarachnoid hemorrhage include
undetectable aneurysms, ruptured micro-aneurysms, or arterial dissection. Spontaneous
intracranial arterial dissection is an important cause of stroke, such as subarachnoid
hemorrhage and/or thromboembolic cerebral ischemia.  It is crucial to differentiate a
MCA fenestration from MCA dissection in order to prevent further inappropriate therapies
such as stenting. High-resolution MRI vessel-wall imaging can be utilized to make the
diagnosis of MCA dissection.

From an endovascular perspective, interventionalists should be aware of these variants
because of the high risk of vessel injury during endovascular manipulation at the level of the
fenestrations. This risk is especially high in the setting of emergent endovascular
management of acute large vessel occlusion stroke where no prior information of the
anatomical configurations is available.

Conclusion
Even though a causative link between arterial fenestration and vascular pathologies is not
absolutely established, a fenestration detected in an artery relevant to the vascular symptoms
should be carefully considered as an additional or causative factor for the clinical syndrome.
Radiologists, interventionalists, and neurosurgeons should be familiar with cerebral vascular
variants and the pathological associations in order to avoid potential complications or
unnecessary treatment.
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Figure 1.

Non-enhanced computed tomography (CT) scan of the head (a) showing subarachnoid hemorrhage mainly
in the right Sylvian fissure. Coronal reconstruction of head CT angiography (b) showing a linear filling
defect of the proximal right middle cerebral artery (white arrow), suggestive of fenestration or focal
dissection. No aneurysm detected.



Figure 2.

Open in a separate window

Right carotid angiogram (anteroposterior view) showing focal duplication of the proximal M1 segment of
the right middle cerebral artery (MCA), suggestive of fenestration. Note filling defects and irregularities at
the edges of the fenestration (white arrow).
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Figure 3.

Non-subtracted angiogram of the right carotid (acquired during the 3D acquisition) (a) showing filling
defect with near complete occlusion of the M1 segment (white arrow). Axial diffusion-weighted images
(b) with ADC map (c) showing areas of restricted diffusion within the right frontal lobe, consistent with
acute infarcts.



Figure 4.

Compared to the first angiogram on the first day (a), right carotid angiogram one week later (b) with
volume rendering reconstruction (c), confirms the presence of fenestration at the proximal MCA with
clearer edges. Note a prominent lenticulo-striate artery arising from the distal aspect of the superior limb
of the fenestration, which is associated with fenestration development.
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