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ABSTRACT

Background: Duplicate origin of the middle cerebral artery (MCA) is a rare variation of MCA, often mislabeled
as the fenestration of the M1 segment of MCA.

Case Description: The authors treated an unruptured aneurysm, 8 mm in diameter, associated with a duplicate
origin of MCA in a 42-year-old woman who underwent magnetic resonance imaging for transient vertigo.
Clipping surgery was inapplicable due to the lack of space to insert clip blades between the neck and two
origins of MCA. Under stent-assisted maneuver, the aneurysm sac was successfully obliterated using three coils,
resulting in Raymond-Roy class 1 occlusion status. Digital subtraction angiography performed 3 months after the
embolization showed complete obliteration of the aneurysm. So far, only 11 patients with aneurysms associated
with duplicate origin of MCA have been reported. We performed a literature review of this very rare combination.
The size of aneurysms ranged from 2 to 8 mm, with a mean of 5.2 mm. The neck of the aneurysm is mainly
located at the corner between the inferior limb and the internal carotid artery. Ours is the youngest and has the
largest aneurysm.

Conclusion: Aneurysm can arise from duplicate origin of MCA, for which stent-assisted coiling may be an
appropriate treatment modality.

Keywords: Aneurysm, Coil embolization, Duplicate origin of middle cerebral artery, Endovascular treatment,
Stent-assisted coiling

INTRODUCTION

Anatomical variations of proximal middle cerebral artery (MCA) include duplicate MCA,
accessory MCA, early bifurcation of MCA, fenestrated MCA, and duplicate origin of MCA
(DOMA).[*1317] The latter two are relatively rare, reportedly seen in only 0.11% and 0.09-0.3%
of 1.5-T magnetic resonance angiography (MRA).!*!¢ Moreover, DOMA has been often
mislabeled as fenestrated MCA.!'"*"*l Fenestration of the MCA is a short slit-like division of the
M1 or proximal M2 segment of MCA.["® While DOMA is the condition in which two proximal
MCA segments, superior and inferior limbs, arise separately from the terminal segment of the
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internal carotid artery (ICA) and fuse to form an arterial ring
succeeding to the distal M1 segment of MCA.!"**) DOMA
is supposedly formed by distal fusion of the duplicate MCA
or accessory MCA in embryonic development. The anterior
temporal artery often arises from the inferior limb.!**!

The authors hereby report a rare case of aneurysm
arising from the proximal portion of DOMA, treated by
endovascular coil embolization. A literature review of this
rare combination is also performed.

CASE REPORT

An otherwise healthy 42-year-old woman suffering
transient vertigo underwent magnetic resonance imaging
(MRI), which did not show any causative condition for the
symptom, whereas MRA found an aneurysm, 8 mm in the
largest diameter, at the origin of the left MCA [Figure 1a].
Considering her age, the size of the aneurysm, and the
irregular aneurysmal shape, she was subjected to further
examination and possible treatment. Digital subtraction
angiography (DSA) revealed a DOMA forming a 4 x 4 mm
arterial ring composed of superior thick and inferior thin
limbs. Moreover, the aneurysm arose from the corner
between the ICA and the inferior limb [Figures 1b-d].
The irregular-shaped domes of aneurysm protruded
both anteriorly and posteriorly from the ring. Aneurysm
size was 8 x 4 x 4 mm, the largest in the anteroposterior
diameter. Anterior temporal artery arose from the distal
end of the inferior limb near the fusion point of two
limbs, and the lenticulostriate artery arose from the

superior limb. Due to the lack of space to insert blades of
the aneurysm clip between the aneurysmal neck and the
two limbs and the relatively wide diameter of the neck, a
4 mm stent-assisted coiling strategy was chosen to treat
this aneurysm.

Before the treatment, the patient was given 2 weeks-long
dual antiplatelet treatment with prasugrel hydrochloride
3.75 mg/day and acetylsalicylic acid 100 mg/day.

Under general anesthesia, a 9 Fr sheath was inserted
into the right femoral artery. Through the sheath, the tip
of an 8 Fr guiding catheter was put into the left cervical
portion of the ICA, and then, a 6 Fr intermediate catheter
was introduced into the cavernous portion of the ICA,
through which microcatheters were advanced distally.
Microcatheter-1 for stenting was advanced to MI-
portion of the MCA through the superior limb. Through
microcatheter-2, which was put into the aneurysmal sac,
a Target 360 SOFT * 5 mm x 15 cm coil (Stryker, USA) for
framing was advanced into the sac. After the second loop
of the framing coil was deployed, the tip of the coil was
found inadvertently advanced into the inferior limb and
then into the superior limb through the distal fusion point
of the ring [Figures 2a and b]. The coil was pulled out, and
the retrial achieved initial framing with three loops. To
prevent the dislodgment of the coil, a Neuroform Atlas °
4 mm x 21 mm stent (Stryker, USA) was deployed from
the distal M1 segment of MCA through the superior limb
of DOMA to C2 segment of ICA, just distal to the origin
of the ophthalmic artery, through the microcatheter-1.
After additional loops securing framing, the coil was

Figure 1: Imaging studies before treatment. (a) Anteroposterior view of MRA, (b) anteroposterior view of 3DR-DSA, (c) left-right view
of 3DR-DSA, and (d) posteroanterior view of 3DR-DSA. MRA suggested an aneurysm (square in a) at the origin of the left MCA. The
aneurysm with irregular configuration protruded anteriorly and posteriorly through the ring composed of two limbs of DOMA on 3DR-
DSA images (b-d). Square: Supposed aneurysm on MRA: Magnetic resonance angiography, ICA: internal carotid artery, ATA: Anterior
temporal artery, Ach: Anterior choroidal artery, LSA: lenticulostriate artery, SL: superior limb of DOMA, IL: inferior limb of DOMA, Pcom:
posterior communicating artery, Arrowhead: fusing point of two limbs of DOMA, Yellow arrow: Anterior projection of aneurysm, Blue
arrow: posterior projection of aneurysm, 3DR-DSA: Three-dimensional reconstruction image of digital subtraction angiography, MCA:
Middle cerebral artery, DOMA: Duplicate origin of middle cerebral artery. A1 and A2: Al and A2 portion of anterior cerebral artery, M1 and

M2: M1 and M2 portion of middle cerebral artery.
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Figure 2: DSA of the left internal carotid artery during coil embolization. (a) Anteroposterior view of road mapping image during
embolization, (b) right-left view of road mapping image during embolization, (c) anteroposterior view of DSA after the embolization, and
(d) right-left view of DSA after the embolization. The tip of the coil inadvertently migrated into the upper limb through the lower limb of
DOMA at the initial stage of framing (a and b). Complete obliteration of the aneurysm was achieved (c and d). Asterisk: Aneurysmal sac.
ICA: Internal carotid artery, SL: Superior limb of DOMA, IL: Inferior limb of DOMA, ATA: Anterior temporal artery, Yellow arrow: Anterior
projection of aneurysm, Blue arrow: Posterior projection of aneurysm, DOMA: Duplicate origin of middle cerebral artery, DSA: Digital
subtraction angiography. A2: A2 portion of anterior cerebral artery, M2: M2 portion of middle cerebral artery.

detached. Two more coils, Optimax Complex Soft * 4 mm
x 7 mm (Balt LLC, USA) and Optima Complex-10 Super
Soft® 2 mm x 4 mm (Balt LLC, USA), were inserted into
the sac through the jailed microcather-2, which eventually
led to complete occlusion of the aneurysm (Raymond-Roy
class 1) [Figures 2c and d].

Diftfusion-weighted MRI 1 day after the procedure revealed
a scattering of asymptomatic small ischemic lesions in the
cortical area irrigated by the left MCA. She was discharged
8 days after the procedure without sequela.

DSA performed 3 months after the embolization showed that
the aneurysm remained completely occluded [Figures 3a and b].

LITERATURE REVIEW

So far as we know, there are 11 reported patients, including
ours, eight women and three men, with an aneurysm arising
from DOMA [Table 1].257%1218200 The age ranged from
42 to 81 years old with a mean of 54.8 + 13.4 (Standard
deviation [SD]) years. Our patient is the youngest.
Aneurysm is located on the right side in seven and on the
left side in four patients. The reported size of aneurysms
in eight patients ranged from 2 to 8 mm, with a mean of
5.242.2 (SD) mm. Ours is the largest. Five were ruptured,
and six were unruptured aneurysms. The superior limb
was generally larger than the inferior limb except for three
cases with similar calibers. The aneurysm neck is located
at the junction between the inferior limb and ICA in six,
including ours, inferior limb per se in one, superior limb
per se in two, distal fusion point in one, and not mentioned

Figure 3: DSA of the left internal carotid artery performed
3 months after the coil embolization. (a) Anteroposterior view,
and (b) right-left view. The aneurysmal sac was completely
obliterated, demonstrating Raymond-roy occlusion class I. Asterisk:
Aneurysmal sac, DSA: Digital subtraction angiography.

in one patient. The anterior temporal artery branched
from the inferior limb in four and the perforating artery
branched from the superior limb in three patients. Five
DOMA-associated aneurysms were accompanied by or
more intracranial aneurysms.

For the treatment, clipping was performed in eight, coiling
was performed in two, and clipping was initially attempted,
but eventually, coiling was performed in another patient.
Except for two patients with complications after clipping,
one with slight dysphasia and another with hemiplegia
and aphasia, outcomes of the treatment were generally
favorable.
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DISCUSSION

In general, anatomical variations of the MCA are caused by
a failure in the formation of a single MCA trunk through
the coalescing primitive plexiform arterial network, which
typically appears during the 34-36 days of the embryonic
stage.™”) The failure results in the formation of two main
trunks. When the smaller trunk arises distal to the larger
MCA trunk, it is designated as an accessory MCA; when the
smaller trunk arises proximal to the larger MCA trunk, it
is designated as a duplicated MCA."” DOMA is speculated
to be the result of the distal fusion of accessory MCA or
duplicated MCA into the main MCA trunk."! Moreover, a
failure in the fusion of the plexiform arterial network caused
by early branching of the temporal artery may result in MCA
fenestration.”!

In 2020, Hou et al. found 67 patients with aneurysms
reported to be associated with one of the four types of
MCA anomalies, including 20 aneurysms associated with
accessory MCA, 34 with duplicated MCA, and 12 with MCA
fenestration.! By that time, only one aneurysm was reported
to be associated with DOMA, according to the review."!

Thus, this is a rare case of an aneurysm arising from
DOMA. The aneurysm was the largest, 8 mm, among
ever-reported patients with such a combination. The size,
patient’s age, and irregular shape of the two domes urged
us to treat this unruptured aneurysm. The authors chose
the endovascular coiling technique due to the lack of space
between the aneurysm neck and two limbs. With the aid of a
protective stent of the parent arteries, complete obliteration
of the aneurysm was accomplished. During the attempt of
initial framing, the tip of the coil was found to be in the
superior limb. The happening meant the tip inadvertently
migrated into the inferior limb and went into the superior
limb through the distal fusion point of two limbs, verifying
the existence of the distal communication of the two limbs.

Our extensive review found 11 reported cases of DOMA-
associated aneurysms, including ours.!*>791218-201 The paucity
may be, in part, due to the general lack of awareness of this
variation. Actually, out of the 11 patients, five were reported
as fenestration in MCA and three as MCA duplication.
Among the reported 10 DOMA-associated aneurysms with
a description of the neck location, six aneurysms arise from
the junction between the inferior limb and ICA. Congenital
structural weakness of the arterial wall on this region
and/or the hemodynamic stress associated with unusual
arterial branching from ICA may explain the preference for
aneurysmal origin within the ring of DOMA. Because the
number of reported DOMA-associated aneurysms is still very
low, the authors cannot determine that the special location of
DOMA is the preferential site of aneurysmal formation. It is
noteworthy that the review by Hou et al. found concurrent

cerebrovascular anomalies in 49.2% of the total 67 patients
with aneurysms associated with MCA anomalies.! Fujimoto
et al. showed that 13 (38.2%) out of 32 reported aneurysms
associated with duplicated MCA had coexisting intracranial
aneurysms.! Our review of DOMA-associated aneurysms
also revealed a high incidence of coexisting intracranial
aneurysms, 45.5% (5/9). However, it might be overly
simplistic to conclude that these findings suggest a shared
congenital background for both aneurysm formation and
MCA anomalies. Future large population-based studies
on DOMA may reveal the prevalence of aneurysms on it,
the preferential site of aneurysmal formation, and possible
mechanisms for how this type of aneurysm arises. It is also
noteworthy for the safe treatment of this special entity of
aneurysm that arterial branches such as the anterior temporal
artery and perforating artery toward basal ganglia arise
from limbs of DOMA in half of cases. Only three patients,
including ours, underwent endovascular treatment.>%"
The optimal treatment strategy, including the role of stent-
assisted coiling for this uncommon combination, should be
elucidated through future studies.

CONCLUSION

The authors presented a rare case of an aneurysm associated
with DOMA, successfully treated with coil embolization.
This report will raise awareness of DOMA, preventing it
from being mislabeled as other types of anatomical MCA
varijations. In the future, larger case series will enhance our
understanding of the true nature of this combination and
inform appropriate management strategies.
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