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Abstract

We report a rare case of an aneurysm originating from the penetrating artery of the distal middle 
cerebral artery (MCA). A 76-year-old man without a notable past history presented with sudden-on-
set severe headache, left hemiparesis, and a decreased level of consciousness. Computed tomogra-
phy (CT) revealed subarachnoid hemorrhage (SAH) with intracerebral hemorrhage (ICH) in the 
right temporal lobe extending into the ventricle. Contrast-enhanced CT (CE-CT) demonstrated a 
focus of contrast enhancement (CE) adjacent to the hematoma in the right frontal lobe. An aneu-
rysm fed by a penetrating artery branching off from the right distal MCA was found on angiogra-
phy. The patient underwent emergency resection of the aneurysm and hematoma evacuation. 
Histological analysis revealed that arterial dissection may be an associated factor in the pathogen-
esis of this peripheral aneurysm formation. A focus of CE within or adjacent to the hematoma may 
be useful for diagnosing this peripheral aneurysm. ICH can result in a life-threatening situation. 
Therefore, microsurgery may be the first treatment choice for aneurysms in this location.

Keywords:  distal middle cerebral artery, penetrating artery, intracerebral hemorrhage, aneurysm, 
dissection

Introduction

Distal middle cerebral artery (MCA) aneurysms are 
rare, accounting for 2–6% of all MCA aneurysms.1–3) 
Most of them are located in the main trunk of each 
MCA segment. On the other hand, aneurysms orig-
inating from the penetrating arteries of the distal 
MCA are markedly rare. To our knowledge, only 
three cases including ours have been reported in 
the English literature.4,5) The nature and management 
of this rare aneurysm have not been fully clarified. 
Recently, we treated a patient with an aneurysm 
originating from the penetrating artery of the distal 
MCA. In this report, we describe the treatment of 

the patient, and discuss the nature and management 
of this rare aneurysm with a literature review.

Case Presentation

A 76-year-old man was brought to our hospital with 
sudden-onset severe headache, left hemiparesis, and 
consciousness disturbance. The medical history of 
the patient was unremarkable. His blood pressure 
was 179/98 mmHg, heart rate 75 beats/min, and 
temperature 36.4°C. Laboratory analysis showed 
normal white blood cell count and C-reactive protein 
was <0.1 mg/dL. No preceding head trauma or 
infection was noted. Echocardiography showed no 
abnormal findings. Computed tomography (CT) 
revealed subarachnoid hemorrhage (SAH) and intra-
cerebral hemorrhage (ICH) in the right temporal 
lobe with ventricular rupture (Fig. 1A). Contrast- 
enhanced CT (CE-CT) demonstrated a focus of contrast 
enhancement (CE) adjacent to the hematoma in the 
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Fig. 1  (A) CT showing SAH and ICH in the right temporal lobe extending into the ventricle. (B) Contrast- 
enhanced CT demonstrating a focus of CE adjacent to the hematoma in the right frontal lobe (arrow). (C) Angi-
ography showing an aneurysm fed by a penetrating artery branching off from the right distal MCA (arrowheads). 
Left panel: conventional image, right: maximum intensity projection image. CE: contrast enhancement, CT: computed 
tomography, ICH: intracerebral hemorrhage, MCA: middle cerebral artery, SAH: subarachnoid hemorrhage. 
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Fig. 2  An intraoperative photograph (A) and the illustrative drawing (B) demonstrating the aneurysm originating 
from the M2 penetrating artery. Photomicrograph of histopathological examination corresponding to the intraop-
erative photograph (C) showing disruption of the aneurysm wall and the thrombus. 
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right frontal lobe (Fig. 1B). An aneurysm with a 
diameter of 4 mm was found on angiography. The 
aneurysm was fed by a penetrating artery branching 
off from the right distal MCA (M2 segment) (Fig. 1C). 
In addition, no bacterial organisms were detected 
by blood culture. We diagnosed the hemorrhage as 
being due to rupture of the aneurysm originating 
from the penetrating artery of the distal MCA. 
Emergency right fronto-temporal craniotomy was 
performed. The Sylvian fissure was opened, and 

the right MCA and its penetrating artery were 
exposed. The hematoma in the right temporal lobe 
was evacuated. A saccular aneurysm originating 
from the M2 penetrating artery was embedded in 
the hematoma in the right frontal lobe (Fig. 2). The 
aneurysm countenance was the same as common 
aneurysms. A thrombus was attached to the aneu-
rysm dome. Examination by Doppler ultrasound 
sonography revealed no blood flow in the penetrating 
artery. Therefore, the aneurysm including the parent 

* *
**

** **

Fig. 3  Close-up view of aneurysm wall of Fig. 2C showing disrupted ends of the IEL and media (arrows) of the 
parent artery (arrowhead). The aneurysm wall is lack of the IEL and covered by the neointima (asterisks) with 
the thin adventitia (double arrowheads). The neointima attached on the fresh thrombus (double asterisks) is 
relatively thin. Left: Elastica van Gieson staining, right: Masson Trichrome staining, IEL: internal elastic lamina. 

Fig. 4  Postoperative angiography showing disappearance of the aneurysm. Left panel: conventional image, right: 
maximum intensity projection image. 
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artery was resected. Bleeding from the parent artery 
was not observed after resection. Histological anal-
ysis revealed disruption of the internal elastic lamina 
(IEL) and media of the parent artery. The aneurysm 
wall was lack of IEL, and covered irregular structure 
of the neointima with the elongated adventitia. 
Fresh thrombus was also observed within the aneu-
rysm. No infecting pathogens, such as fungus, 
bacteria, or phagocytosis by immune cells, were 
detected around the wall (Fig. 3). Based on these 
findings, the dissecting aneurysm originating from 
the penetrating artery of the distal MCA was 
suspected. Postoperatively, the patient had no addi-
tional neurological deficit. Postoperative angiography 
demonstrated disappearance of the aneurysm (Fig. 4). 
On the 28th day, left ventriculo-peritoneal shunting 
was performed. He was transferred to another 
hospital for rehabilitation on the 67th day.

Discussion

Since Poppen6) first reported cases of distal MCA 
aneurysms in 1951, several case series of ruptured 
distal MCA aneurysms have been reported. Distal 
MCA aneurysms originate along the main trunk of 
each segment, and the M2 segment is the most 
commonly affected.1) On the other hand, several 
reports describing aneurysms originating from small 
perforating or penetrating branches, such as lenticu-
lostriate artery (LSA),7) anterior choroidal,8,9) thalam-
ostriate,10) and distal basilar arteries,11) have been 
published. As for a penetrating artery of the distal 
MCA, aneurysms originating from this artery are rare. 
To our knowledge, only three cases including ours 
have been reported (Table 1).4,5) Peripherally located 
aneurysms are commonly associated with infection, 
tumor embolus, moyamoya disease, arteriovenous 
malformation, or trauma.7) However, there was no 
aforementioned cause for aneurysms originating from 
the penetrating artery of the distal MCA. Patient ages 
varied from 20 to 76 (average 44.3) years, and two 
patients were relatively young compared with those 
with common saccular aneurysms. One previous case 
was diagnosed as the dissecting aneurysm originating 
from penetrating branch of the distal MCA on the 
basis of the histological findings.5) Interestingly, in 
263 spontaneous arterial dissections at the Mayo 
Clinic, intraarterial dissections were relatively more 
common in children and adolescents than in adults.12) 
In our case, arterial dissection of penetrating artery 
was also observed. This suggests that this type of 
aneurysm is associated with factors other than athero-
sclerosis. Mizutani et al.13) reported arterial dissections 
of penetrating cerebral arteries causing cerebral 
hemorrhage. They performed pathological studies in 
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surgical specimens of LSA that had been confirmed 
during microsurgery to be the cause of the putamen 
hemorrhage. Fifteen of these arteries were verified as 
the pathological causes of hemorrhage, and included 
six arterial dissections, and nine arterial rupture. 
They assumed that arterial dissections of the pene-
trating cerebral arteries may be more common causes 
of cerebral hemorrhage. Mizutani et al.14) also reported 
healing process for cerebral dissecting aneurysms. 
The healing process of the injured arterial wall 
occurred with neointimal proliferation, which appears 
after 1 week. At 3 months, neointima formation ceases. 
The neointima is consisted primarily of newly synthe-
sized smooth muscle cells and an extracellular matrix 
with collagen fibers, elastic fibers, proteoglycans, and 
other components. Vascular wall repair via neointima 
formation occurred from the distal ends of the media 
toward the ruptured portion. Wall repair is completed 
after the neointima covers the entire area of the 
arterial wall. When the neointima did not reach the 
ruptured portion of the aneurysm, pathological confir-
mation of safety from the risk of rebleeding was not 
obtained. In the present case, we speculate that 
disruptions of the IEL and media were occurred, but 
not developed into cerebral hemorrhage. After disrup-
tions of the IEL and media, neointima structure was 
gradually developed from the disrupted ends of the 
IEL and media, while aneurysmal formation was 
developed. However, aneurysm rupture was occurred 
during healing process (Fig. 5). In the present histo-
logical analysis, the thickness of the neointima was 
observed at the disrupted ends of the IEL and media. 
On the other hand, the neointima attached on the 
fresh thrombus was relatively thin. These findings 
suggested that the neointima did not reach the ruptured 
portion of the aneurysm, or it was not strong enough 
to sustain the hemodynamic stress. These aforemen-
tioned findings suggested that arterial dissection may 
be an associated factor in the pathogenesis of this 
peripheral aneurysm.

The incidence of ICH in cases of ruptured MCA 
aneurysms was reported to be as high as 44%.6,15) 
Of the previous studies of ruptured distal MCA 
aneurysms, a total of 36 of 60 patients had associated 
ICH.16) Regarding aneurysms in the penetrating artery 
of the distal MCA, all three cases presented with 
ICH, and only our case had accompanying SAH and 
ICH (Table 1). One previous case was initially treated 
under the diagnosis of subcortical hemorrhage of 
unknown etiology, but distal MCA aneurysm was 
later identified on angiography.5) In a case of only 
ICH, it is difficult to suspect an aneurysm. In our 
case, the initial radiological examination of CE-CT 
revealed the focus of CE adjacent to the hematoma 
in the right frontal lobe. Therefore, we additionally 
performed angiography to evaluating this focus. As 
a result, the penetrating artery aneurysm of the distal 
MCA was identified. Although angiography may not 
be commonly performed for simple ICH, there is a 
possibility of a penetrating artery aneurysm in cases 
with a spotty CE lesion adjacent to the hematoma. 
Tan et al.17) reported the spot sign in a case of LSA 
aneurysm on CE-CT or CE-magnetic resonance 
imaging, and concluded that the spot sign may be 
extravasation of contrast medium into the hematoma. 
Thus, an aneurysm originating from the penetrating 
artery of the distal MCA commonly presents with 
ICH and is not always accompanying SAH. Therefore, 
the focus of CE within or adjacent to the hematoma 
on CE-CT may be useful for diagnosing this aneu-
rysm, even if the hematoma is normal.

All three patients underwent surgical treatment, 
and trapping and aneurysm resection were performed. 
All patients had no additional neurological deficit 
after the operation. Recently, endovascular treatment 
has been widely used to treat distal cerebral aneurysms 
with good outcomes.18–20) The endovascular approach 
may be more advantageous than microsurgery for 
aneurysms located in the main trunk of each MCA 
segment because of the accessibility to the lesion. 

internal elastic lamina
media

adventitia

thrombus

neointima 
formation

rupture

Fig. 5  Illustration of the aneurysm formation from arterial dissection to aneurysm rupture of the penetrating artery. 
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However, perforating or penetrating arteries are thin, 
and insertion and advancement of a microcatheter 
are difficult. Therefore, endovascular embolization of 
the aneurysm at this location may be challenging. In 
addition, Joo et al.2) reported that patients with distal 
MCA aneurysms causing ICH had unfavorable outcomes. 
As for patients with ruptured aneurysms in the pene-
trating artery of the distal MCA, all had accompanying 
ICH. As ICH can result in a life-threatening situation, 
early surgical removal of the hematoma and aneurysm 
occlusion are essential.

Conclusion

Aneurysms originating from the penetrating artery 
of the distal MCA are markedly rare. Arterial dissec-
tion may be associated with this peripheral aneurysm 
formation. Such aneurysms are commonly accom-
panied by ICH, but not SAH. A focus of CE within 
or adjacent to the hematoma may be useful for 
diagnosing these peripheral aneurysms. Microsurgical 
trapping of an aneurysm and removal of the hema-
toma may be the first treatment choice because 
controlling brain swelling and preventing re-bleeding 
are important.
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