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a b s t r a c t 

Fenestration of the middle cerebral artery (MCA) is a rare anatomic variant, and lenticulos- 

triate arteries (LSAs) often arise from the superior limb of the fenestrated segment. A case 

of acute occlusion of the superior limb of a fenestrated MCA that successfully underwent 

mechanical thrombectomy is presented. Digital subtraction angiography performed for a 

73-year-old man with acute left hemiparesis showed poor visualization of the upper half 

of the right M1 segment with maintenance of antegrade peripheral circulation of the MCA 

territory, and mechanical thrombectomy was successfully performed using a stent retriever 

with intravenous thrombolysis. After restoration of the MCA, the vascular variant of a fen- 

estrated MCA was found. Clinicians must consider the possibility of acute occlusion of a 

fenestrated MCA before endovascular thrombectomy. Restoration of acute occlusion of the 

upper limb of a fenestrated MCA can avoid LSA territory infarction. 

© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

Introduction 

Endovascular mechanical thrombectomy has been a standard
treatment for acute ischemic stroke (AIS), but guiding a mi-
Abbreviations: AIS, acute ischemic stroke; MCA, middle cerebral arter  

stroke scale; CT, computed tomography; DSA, digital subtraction angio  

scanning; 3D-FIESTA, 3-dimensional fast imaging employing steady-sta
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crocatheter into occluded invisible vessels poses a potential
danger because their detection before restoration is difficult.
To recognize anatomic vascular variants including fenestra-
tion, duplication, and luminal division is important in per-
forming endovascular treatment to avoid unexpected pro-
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cedural complications. Of the anatomic vascular variations,
a vascular fenestration is distinguished from a partial du-
plication or luminal division [1–3] . Fenestration of the mid-
dle cerebral artery (MCA) is a rare anatomic variant and is
usually detected incidentally. The prevalence of fenestrated
MCA has been reported to be 0.02%-1% [1] . In patients with
a fenestrated MCA, lenticulostriate arteries (LSAs) often arise
from the superior limb of the fenestrated segment [2] . LSA
territory infarction results in motor deficit, sensory deficit,
and cognitive dysfunction. Furthermore, occlusion of only the
larger limb of a fenestrated MCA can be misdiagnosed as
atheroscleroti stenosis, and the wrong endovascular proce-
dures may be performed. A case of AIS with occlusion of
only the larger superior limb of a fenestrated MCA in which
mechanical thrombectomy was successfully performed is
presented. 

Case presentation 

A 73-year-old man with an implanted epicardial pacemaker
for cardiac arrhythmias presented with left hemiparesis 63
minutes from onset. His NIHSS score was 10. On computed
tomography (CT), the Alberta Stroke Programme Early Com-
puted Tomography Score was 9 ( Fig. 1 A). CT angiography
showed subocclusion of the upper half of the right MCA, and
the CT perfusion study showed infarct-penumbra mismatch
( Fig. 1 B and C). He was diagnosed with right MCA subocclu-
sion due to a cardiac embolus. Digital subtraction angiogra-
phy (DSA) was performed to confirm circulation of the MCA
with intravenous thrombolysis. Right internal cerebral angiog-
raphy also showed poor visualization of the upper half of the
right M1 segment, with maintenance of antegrade peripheral
circulation of the MCA territory ( Fig. 1 D). Although antegrade
peripheral circulation of the MCA was maintained, the patient
had left hemiparesis. Mechanical thrombectomy was selected
for the right MCA subocclusive lesion because of symptomatic
miserly perfusion due to cardiac embolus. Under local anes-
thesia, a 9-Fr balloon-guided catheter (OPTIMO; Tokai Medi-
cal Products, Aichi, Japan) was positioned at the right inter-
nal carotid artery via the right femoral artery. An attempt was
made to pierce the lower half of the subocclusive lesion care-
fully to prevent distal migration of thrombus using a Phenom
27 microcatheter (Medtronic, Irvine, CA) over a 0.014-inch mi-
croguidewire. However, the Phenom 27 microcatheter was un-
intentionally introduced into the upper half of the subocclu-
sive lesion. Then, thrombectomy was successfully performed
using a 4 ∗40-mm Solitaire (Medtronic) ( Fig. 1 E). Thrombolysis
in Cerebral Infarction scale 3 flow restoration was achieved
without procedure-related complications. Postoperative inter-
nal cerebral angiography showed vascular fenestration of the
M1 segment of the right MCA and a prominent LSA arose from
the superior limb of the fenestrated MCA ( Fig. 1 F). His symp-
toms were improved immediately after thrombectomy, and
only right putaminal infarction was confirmed on postoper-
ative CT ( Fig. 1 G). With training and rehabilitation, he was dis-
charged home with a modified Rankin scale (mRS) score of 1
on the 7th day from onset. 
Discussion 

Fenestration of the MCA is a rare vascular anomaly due to ab-
normal development of the congenital primitive embryonic
vessel, in which the lumen of an arterial segment is divided
into 2 distinct but parallel channels. However, the mechanism
underlying the fenestration of the MCA remains unclear [2] .
Fenestration of the M1 segment of the MCA is classified into
3 types based on the location as the proximal, intermediate,
and distal types [4] . It has been reported that the proximal type
and the right side are the most common, affecting from 60%
to 100% and from 50% to 80%, respectively [5–7] . The LSA often
arises from the superior limb of the fenestrated MCA, which
perfuses the caudate nucleus, putamen, pallidum, and inter-
nal capsule [2] . Therefore, occlusion of even only the superior
limb of a fenestrated MCA may cause LSA territory infarction,
which results in motor deficit, sensory deficit, and cognitive
dysfunction. However, subocclusion of the upper half of the
MCA, and occlusion of only the superior limb of the fenes-
trated MCA may result in LSA territory infarction. Although
the efficacy and safety of thrombectomy for large vessel sub-
occlusion and occlusion of only the superior limb of the fen-
estrated MCA remains unclear, thrombectomy seems to be ef-
fective to avoid LSA territory infarction for subocclusion of the
upper half of the MCA and occlusion of only the superior limb
of the fenestrated MCA. On the other hand, since the hydrody-
namic flow resistance at the small limb is significantly larger
than that of the large limb, the small-diameter limb may lead
to blood clotting, and atherosclerosis-related occlusions with
a fenestrated MCA [7] . If occlusion of the superior limb of a fen-
estrated MCA due to atherosclerotic disease is considered, it
may be better to perform thrombectomy using a dilating stent
retriever or balloon with a diameter smaller than that of the
patent limb. 

In contrast, awareness of the vascular anatomy of the
MCA is important for the safety of endovascular mechanical
thrombectomy. However, in an urgent situation to treat an AIS
patient, it is difficult to recognize a fenestrated MCA in an
occluded vessel before endovascular recanalization, as in the
present case. Basi-parallel anatomic scanning (BPAS) using 3-
dimensional fast imaging employing steady-state acquisition
(3D-FIESTA) makes it possible to show clear vascular informa-
tion of the outside of the MCA even if there is no blood flow [8] .
BPAS may be useful to recognize anatomic information about
an obstructive lesion of the MCA. In the present case, it was
not possible to consider the possibility of occlusion of the su-
perior limb of a fenestrated MCA. Then, an attempt was made
to pierce the lower half of the subocclusive lesion. Had the
lower half of the subocclusive lesion been pierced, revascular-
ization would never have been achieved. In addition, repeated
thrombectomy or balloon angioplasty of the inferior limb of
the MCA would have resulted in postoperative hemorrhagic
complications. Clinicians must consider the possibility of oc-
clusion of the acute superior limb of a fenestrated MCA, espe-
cially when the upper half is partially occluded in the proxi-
mal segment of the right MCA. In cases of subocclusion of the
upper half of the MCA, performing thrombectomy needs to be
considered to avoid LSA territory infarction. 
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Fig. 1 – (A) On computed tomography (CT), the Alberta stroke Programme early computed tomography score is 9. (B, C) CT 

angiography shows subocclusion of the upper half of the right middle cerebral artery (MCA), and the CT perfusion study 

shows infarct-penumbra mismatch in the right MCA territory. (D) Right internal cerebral angiography also shows poor 
visualization of the upper half of the first segment of the right middle cerebral artery (MCA), with maintenance of antegrade 
peripheral circulation of the middle cerebral artery territory. (E) Thrombectomy is performed using a stent retriever. (F) 
Postoperative internal cerebral angiography shows vascular fenestration of the first segment of the right MCA and some 
lenticulostriate arteries arise from the superior limb of the fenestrated MCA. (G) Postoperative CT shows only right 
putaminal infarction. 

 

 

 

 

 

 

 

 

Conclusion 

Clinicians must consider the possibility of acute occlu-
sion of a fenestrated MCA before endovascular mechan-
ical thrombectomy. Restoration of acute occlusion of the
upper limb of a fenestrated MCA can avoid LSA territory

infarction. 
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Patient consent 

We have obtained written consent for experimentation with
human subjects and publication. Written informed consent
was obtained from each patient, their nearest relative, or a
person who had been given authority to provide consent for
admission, and surgery for the patient. 
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