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Abstract

Aplastic or twig-like middle cerebral artery (Ap/T-MCA) is a rare vascular anomaly that can cause a
hemorrhagic or ischemic event. We report a 38-year-old man who presented with intracerebral hemor-
rhage from a ruptured aneurysm associated with an Ap/T-MCA. After aneurysm trapping and resec-
tion, histopathological examination revealed an internal elastic lamina (IEL) disruption and a thin
aneurysmal wall. The patient recovered well after surgery and rehabilitation. No hemorrhagic or
ischemic events have occurred during 2 years of follow-up. Ap/T-MCA-associated aneurysms exhibit a
disrupted IEL and thin wall, which demonstrates the fragility of the “twig-like” vessels.
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Introduction

Aplastic or twig-like middle cerebral artery (Ap/T-MCA)
is a rare vascular anomaly with a prevalence of approxi-
mately 0.11%-0.67%."" The embryological interruption of
MCA trunk genesis is the cause, which results in the for-
mation of a plexiform arterial network."*” Since the vessel
walls of these arteries are fragile, flow-related aneurysms
are formed and have a risk of rupture due to the continu-
ous hemodynamic stress.” However, little is known about
the aneurysmal formation in the twig-like vessels. We re-
port a case of Ap/T-MCA presented with intracerebral
hemorrhage caused by aneurysm rupture and discuss the
process of aneurysm formation and rupture in Ap/T-MCA
from the angiographic and histological perspective.

Case Report

A previously healthy 38-year-old man presented with a
sudden onset of severe headache and visual hallucinations.
Computed tomography revealed a subcortical hematoma
in the right temporal lobe (Fig. 1A). On examination, he

was oriented but mildly drowsy with left hemianopia and
no extremity weakness. Cerebral angiography showed
“twig-like” vessels on M1 segment (Ap/T-MCA) arising
from Al segment of the anterior cerebral artery (ACA)
with normal distal vasculature. MCA cerebral blood flow
(CBF) was delayed due to the MI stenosis. Leptomeningeal
anastomoses from ACA were present (Fig. 1B). Three-
dimensional rotational angiography and slab maximum in-
tensity projection images of rotational angiography re-
vealed a 1.9 x 1.9 mm aneurysm at a nonbranching point
of the twig-like vessel deep in the hematoma, and the
aneurysm is visualized at an oblique cerebral angiography
view (Fig. 1C-E). The patient underwent a right pterional
craniotomy to prevent rebleeding. After hematoma re-
moval, the aneurysm was visualized on the surgical cavity
rim; no other bleeding points were identified. The aneurys-
mal wall comprised dark red hematoma covered by a thin
wall, thus appearing as a pseudoaneurysm. The aneurysm
was trapped by applying clips to the feeding and draining
arteries and then resected (Fig. 2A).

On histopathological examination, hematoxylin and eo-
sin staining revealed a small aneurysmal dome with thick
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Fig. 1 A) A parenchymal hematoma in the right temporal lobe was seen on computed tomography. B) Cerebral angiography
showed “twig-like” vessels of the M1 segment arising from Al segment of the anterior cerebral artery with normal vessels distally.
Pial anastomoses from the anterior cerebral artery were present, indicating insufficient blood supply from the middle cerebral
artery. C) Three-dimensional rotational angiography showed a 1.9 x 1.9 mm aneurysm (white arrow) at a non-branching point of
the twig-like vessel. D) Slab maximum intensity projection (MIP) images of rotational angiography showed the aneurysm (white
arrow) located deep in the hematoma and arose from a tortuous segment of a “twig-like” vessel. E) The aneurysm (black arrow) is

clearly visualized at an oblique cerebral angiography view.

hematoma (Fig. 3A), which was observed like pseudoaneu-
rysm intraoperatively, and a thin smooth muscle cell layer
(Fig. 3B). Elastica van Gieson staining revealed an internal
elastic lamina (IEL) disruption in the aneurysm neck and a
thin aneurysmal wall with hematoma outside the outer
layers of the arterial wall (Fig. 3C). Higher magnification
revealed a thickened intima with disrupted IEL in the
aneurysmal neck, which is formed by long-term wall share
stress, and a thin intima in an aneurysmal dome (Fig. 3D).
Hematoxylin and eosin staining and Elastica van Gieson
staining of the parent artery revealed a normal vascular
structure, and there are no abnormal histological findings,
such as intimal thickness, tunica media thinning, or IEL
tortuosity (Fig. 3E, F).

The patient recovered well after surgery and required re-
habilitation due to visual disturbance and speech disorder.
Compared to preoperative MRA (Fig. 4A), postoperative
MRA (Fig. 4B) showed no obvious intensity decrease on
the distal MCA area. Follow-up single photon emission
computed tomography (SPECT) revealed no significant re-
duction of CBF on the affected side, other than the hema-
toma area (Fig. 4C). No hemodynamic or ischemic event

Fig. 2 An intraoperative photograph shows the aneurysm
(white arrow). The aneurysmal wall consisted of dark red he-
matoma covered by a thin fibrous wall and appeared to be a
pseudoaneurysm associated with arterial dissection.
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Fig. 3 A) A thick hematoma (arrows) was observed within the aneurysmal wall (hematoxylin and eosin (HE) staining, x40). B)
The smooth muscle cell layer was prominently thin (arrow) (HE staining, x100). C) The internal elastic lamina (IEL) was disrupted
in the aneurysm neck (arrow) and an mural hematoma was seen adjacent to layers of the arterial wall (Elastica van Gieson (EVG)
staining, x40). D) Higher magnification showed that the thickened intima in the neck became extremely thin (arrowheads) and
without IEL in the aneurysmal wall (EVG staining, x100). E, F) The parent artery of aneurysm (white arrow) showed a normal vas-
cular structure with no tunica media thinning or tortuosity of the internal elastic lamina (HE staining, x40 and EVG staining, x40).

has occurred in 2 years of follow-up.

Discussion

Most articles on Ap/T-MCA were published from East
Asia, such as Korea and Japan.*” The pathogenesis of Ap/
T-MCA is not yet well known. During embryonic develop-
ment, the trunk of the MCA is formed by the fusion and
regression of numerous plexiform arterial twigs that arise
just distal to the anterior choroidal artery.” Authors specu-
lated that Ap/T-MCA might result from interruption dur-
ing the MCA evolution."”** The most important considera-
tion in the differential diagnosis of Ap/T-MCA is MMD."**"
MMD typically presents with progressive steno-occlusion of
the arteries of the circle of Willis, particularly the terminal
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portion of the internal cerebral artery and the proximal
MCA and ACA, which are associated with unusual collater-
als (moyamoya vessels).”” The shared angiographic fea-
tures with Ap/T-MCA include steno-occlusive lesion of the
MCA, plexiform arterial network with perforators, and nor-
mal cortical branches beyond the occluded MCA trunk."”
In our case, the Ap/T-MCA was unilateral and confined to
the M1 segment with normal cortical branches without as-
sociated moyamoya vessels.

Since the aneurysm was located on an elongated tortu-
ous vessel, we presume that it was formed due to in-
creased hemodynamic stress, and the histological findings
suggested that the hemorrhage source was the aneurysm
associated with the Ap/T-MCA. Shin et al. proposed that
hemodynamic stress on the twig-like fragile vessels induces



10 N. Watanabe et al.

Fig. 4 A) Preoperative MRA showed decreased signal intensity on the right MCA area, B) which was not further affected postop-
eratively. C) Follow-up single photon emission computed tomography (SPECT) showed no significant reduction of CBF on the af-

fected side other than the area of hematoma.

a flow-related aneurysm and subsequent rupture.” Hemo-
dynamic stress and wall shear stress (WSS) may contribute
to the formation and rupture of Ap/T-MCA-associated
aneurysms as in saccular aneurysms.” In our case, we
speculated that a flow-related aneurysm was formed in a
tortuous and aplastic/twig-like vessel of MCA due to WSS,
and that an aneurysm was ruptured after intima and me-
dia thinning and IEL disruption. On the parent artery of a
cerebral aneurysm, an obvious abnormal vessel structure
was not seen. Intimal thickening, tunica media thinning,
and IEL tortuosity seen in Moyamoya disease are not
prominent.

Previously, only one pathological finding of Ap/T-MCA-
associated aneurysm was reported. The parent artery of
the previously reported case had a similar vascular struc-
ture with that of our case, but there is no information
about the cause of intracerebral hemorrhage. Our case re-
port revealed that the cause of hemorrhage is a rupture of
flow-related aneurysm arising from “twig-like” vessels on M

1 segment (Ap/T-MCA).” However, in the mother vessel on
the proximal side of the aneurysm, there is evidence of
stratification of the intimal elastic plate, and the intimal
elastic plate is disrupted with intimal thickening at the
aneurysm neck (disruption and laceration). These findings
are caused by prolonged WSS to the medial elastic plate.
After a flow-related aneurysm with intimal elastic plate
rupture occurred, the intimal thickening of the aneurysm
neck progressed due to the repair process of the aneurysm
wall (healing process), but the aneurysm wall ruptured at
the aneurysm dome where the arterial wall became thin-
ner, causing cerebral hemorrhage. Such a cerebral aneu-
rysm is called a dissecting cerebral aneurysm or pseu-
doaneurysm.”™ The RNF213 p.R 4810K gene polymor-
phism has been associated with intracranial steno-
occlusive cerebrovascular disease, including Moyamoya dis-
ease.”"” Fukuyama et al. reported a case of Ap/T-MCA
with heterozygous mutation of RNF213 (c.14429 G>A p.R
4810K)'"; however, there are no clinical studies to clarify
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the clinical significance of Ap/T-MCA with heterozygous
mutation of RNF213. In our case, RNF213 p.R 4810K gene
polymorphism has not been evaluated, and clinical re-
search of gene analysis and follow-up are needed to evalu-
ate the pathogenesis of Ap/T-MCA and RNF213.

Ap/T-MCA can present with hemorrhagic stroke in 27%-
40% and ischemic stroke in 33%-46% cases.'™ Among
hemorrhagic strokes due to Ap/T-MCA, 26.6%-46% are
caused by aneurysmal rupture.””” Ruptured Ap/T-MCA-
associated aneurysms have been successfully treated via
endovascular coil embolization and surgical clipping.******"”
Additionally, direct bypass surgery for patients with hem-
orrhagic stroke has reportedly shown satisfactory out-
comes and reduction of abnormal “twig-like” vascula-
ture.”” Direct bypass surgery in patients with an Ap/T-
MCA may decrease hemodynamic stress on the fragile ves-
sels and increase CBF, preventing future hemorrhagic and
ischemic events"”* as in MMD.** In our case, CBF delay
was observed before surgery in the MCA territory. After
successful aneurysm trapping and resection, cortical CBF
was not significantly decreased, except for the hematoma
area. If follow-up magnetic resonance imaging or CBF-
SPECT reveals a de novo aneurysm arising from the abnor-
mal “twig-like” vasculature or decreased CBF in the MCA
territory, revascularization surgery should be considered.

Conclusion

We presented a case of Ap/T-MCA-associated aneurysm
rupture. Histological analysis of a resected aneurysm
showed a prominently thin aneurysmal wall and disrupted
IEL in the aneurysmal neck. The cause of aneurysmal for-
mation and rupture was speculated to be a flow-related
aneurysm with long-term WSS in a tortuous and aplastic
or twig-like vessel of MCA. Long-term follow-up should be
done to detect a de novo aneurysm and a cerebral
ischemic event related to the abnormal “twig-like” vascula-
ture.
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