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Objective: To review the characteristics of distal middle cerebral artery (MCA) aneurysm 
treated by microsurgery, the detailed surgical options, and the clinical result.

Methods: We retrospectively reviewed cerebral aneurysm in the M2 and M3 segments 
of the MCA surgically treated between January 2015 and December 2022. The 
demographic data, aneurysm-related findings, type of surgical approach, surgical 
technique, and clinical outcomes of the enrolled patients were analyzed.

Results: Sixteen distal MCA aneurysms were treated with microneurosurgery 
(incidence, 1.0%; female, 12; mean age, 58.1 years; ruptured, three). Twelve aneurysms 
were in the M2 segment (insular segment), two aneurysms at the M2–M3 junction, 
and two aneurysms in the M3 segment (opercular segment). Twelve aneurysms 
were saccular (average size, 4.9 mm; multiplicity, 50%; average aneurysms, 3.0; 
partially thrombosed, 1; sidewall aneurysm, 2). Three aneurysms were fusiform, of 
which two were ruptured. Of the ruptured aneurysms, one was a ruptured dissecting 
aneurysm. The trans-sylvian and trans-sulcal approaches were used in fourteen and 
two patients, respectively. Neck clipping, wrap clipping, and surgical trapping were 
performed in twelve, one, and one patient, respectively. Proximal occlusion was 
performed in one patient. Bypass technique was required in two patients (neck 
clipping and proximal occlusion). The modified Rankin Score was 6 in the two patients 
with ruptured aneurysms. The remaining patients did not show further neurological 
deterioration after microneurosurgery.

Conclusions: Distal MCA aneurysms had a high incidence of being diagnosed with 
multiple other aneurysms and were relatively non-saccular. 
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INTRODUCTION

Distal middle cerebral artery (MCA) aneurysms can be described as aneurysms 
of the M2 segment (insular segment), M2–M3 junction, M3 segment (opercular 
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of the MCA according to the Gibo classification 
were included.6) Patients with other vascular diseases 
(Moyamoya disease, arteriovenous malformation, dural 
arteriovenous fistula, symptomatic atherosclerosis, etc.) 
that may have affected the incidence rate of cerebral 
aneurysms and aneurysms that seemed to be in the 
insular segment but were anatomically considered as 
MCA bifurcation aneurysms were excluded.

The demographic data, underlying disease, aneurysm 
location, morphology, size, other aneurysms, Hunt–
Hess grade, modified Fisher grade, pre-/post-treatment 
modified Rankin Scale (mRS), type of surgical approach, 
surgical technique, and use of the surgical navigation 
system were analyzed for the enrolled patients. 

Morphology of the cerebral aneurysm
The morphology of the cerebral aneurysm was classi-

fied as saccular, fusiform, dissecting, traumatic, or infec-
tious, according to the International Study of Unrup-
tured Intracranial Aneurysms.27)

Surgical approach type
Surgeries were performed under general anesthesia. 

All routine operations were performed using intraop-
erative neuromonitoring (NIM-Eclipse; Medtronic, FL, 
USA). A surgical navigation system (Curve® Navigation, 
Brainlab, Germany) was used when necessary. The 
trans-sylvian approach involves Sylvian fissure dissection, 
followed by access to the aneurysm. The trans-sulcal 
approach involves opening the sulcus starting from the 
distal branch of the distal MCA aneurysm. Surgical 
techniques for the treatment of cerebral aneurysms can 
be classified as neck clipping, wrap clipping, proximal 
occlusion, trapping, and additional bypass, if neces-
sary. The use of a surgical navigation system during the 
procedure can also be considered as a separate category.

RESULTS

Between January 2015 and December 2022, clipping 
was performed on 1556 aneurysms in our institute. Of 

segment), and M4 segment (cortical segment) according 
to the Gibo classification.6) Distal MCA aneurysms are 
rare and have distinct features compared to the most 
common MCA aneurysms located at the M1–M2 junc-
tion or MCA bifurcation. Distal MCA aneurysms have a 
higher percentage of being fusiform or dissecting aneu-
rysms and are usually related to trauma and cardiovas-
cular infections.10)16)

Distal MCA aneurysms have low incidence, are usually 
deep-seated in the distal part of the sylvian cistern, 
covered with irregularly formed sylvian veins, and 
frequently have a nonsaccular shape. Consequently, its 
anatomy is unfamiliar, and the surgical approach and 
occlusion of the aneurysm may be difficult.5)

Owing to its rarity, the anatomy of a distal MCA 
aneurysms is often unfamiliar to surgeons. Because of 
its distant location, narrow lumen and association of 
anatomical variations it is prone to complications and 
difficult to access endovascularly. Because of its shape, 
which may be presented as a fusiform or dissecting type 
aneurysm it is often difficult to embolize the aneurysm 
itself. Thus, surgery is usually considered the first treat-
ment option.5)21)22)24) However, its anatomical position 
and high incidence rate of being a fusiform aneurysm 
still pose a large obstacle to the surgeon. Hence, in this 
study, we reviewed the characteristics of distal MCA 
aneurysms treated with microsurgery, surgical options, 
and clinical results. 

MATERIALS AND METHODS

This study was approved by the Institutional Review 
Board (IRB No. 2023-05-054). We retrospectively reviewed 
a list of cerebral aneurysm treatments performed at a 
single high-volume tertiary hospital. We investigated 
cerebral aneurysm cases surgically treated between 
January 2015 and December 2022. During the same 
period, we reviewed a list of cerebral aneurysms treated 
with endovascular procedures.

Patients who underwent surgical treatment for cere-
bral aneurysms located in the M2 and M3 segments 
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these, 807 were MCA aneurysms. MCA aneurysms had 
an average age at diagnosis of 60.3 years. There were 576 
MCA aneurysms in women and 231 in men. 167 MCA 
aneurysms were treated in ruptured condition. Among 
the aneurysms treated with clipping, 16 were confirmed 
to be distal MCA aneurysms, as previously defined 
(incidence, 1.0%). During the same period, endovascular 
treatment was performed for 1678 aneurysms, of which 
135 were MCA aneurysms and 4 were distal MCA aneu-
rysms. The average age at diagnosis of distal MCA aneu-
rysms were 58.1 years. The patients included 12 women 
and 4 men. Four patients received treatment during the 
acute phase of subarachnoid hemorrhage (SAH). SAH 
due to a distal MCA aneurysm was observed in three 
patients. One patient had an SAH due to the rupture of 
another aneurysm. One of these cases was converted to 
endovascular treatment during surgery (Table 1).

Twelve aneurysms were located in the M2 segment 
(insular segment), two at the M2–M3 junction, and two 
in the M3 segment (opercular segment). Regarding the 
morphology of the cerebral aneurysms, 12 were saccular, 
all of which were nonruptured. Among these, one had 
partial thrombosis and two were sidewall aneurysms. 
The average size of the saccular aneurysm was 4.9 mm 
(range, 1.6–14 mm). Three of the aneurysms were of the 
fusiform type and two of these had ruptured. There was 
no evidence of infection or trauma. The mean length of 
the fusiform aneurysms was 8.7 mm. One patient had a 
15-mm-long dissecting aneurysm. Multiple aneurysms 
were only observed in patients with saccular aneurysms. 
Six patients had multiple cerebral aneurysms, with an 
average of three aneurysms per person (Table 2). 

Surgical finding and outcome
Surgery was performed in 14 patients using the 

trans-sylvian approach. Surgical navigation was used 
in one of these cases. Case 9 was of a ruptured aneu-
rysm. Because of severe brain edema during surgery, the 
aneurysm could not be accessed, and the surgery was 
aborted and converted to endovascular treatment. Even-
tually, it was trapped using an endovascular coil. Case 
10 had a fusiform aneurysm approximately 11 mm in 
length in the M3 segment. The trans-sylvian approach 
was performed using the surgical navigation system. 
The inlet was occluded with multiple clips, and the 
normal distal branches passing through the outlet of the 
aneurysm were anastomosed with the parietal branch 
of the superficial temporal artery (STA) (Fig. 1). Case 
12 involved a dissecting aneurysm in the M2 segment. 
Wrap clipping was performed using a bemsheet and 
3 clips (Fig. 2). Case 15 had a ruptured fusiform aneu-
rysm and trapping was performed using two clips.

In two patients, surgery was performed using a trans-
sulcal approach guided by the surgical navigation 
system. Case 7 had a partially thrombosed saccular 
aneurysm at the M2–M3 junction. First, the neck of 
the aneurysm was clipped. However, distal blood flow 
in one branch was weakened, and a signal change was 
detected on intraoperative neuromonitoring. Therefore, 
anastomosis using the parietal branch of the STA was 
performed (Fig. 3). Neck clipping was performed in 
another patient.

The mRS score eventually reached 6 in the two patients 
who had ruptured aneurysms. The other patients did 
not show further neurological deterioration owing to 

Table 1. Demographics of MCA and distal MCA brain aneurysms treated from 2015 to 2022

Total=3234 (aneurysms) MCA Distal MCA MCA Distal MCA

Microsurgical treatment=1556 807 16 Age (year) 60.8 58.1

M : F 231:576 4:12

Unruptured 640 8

Ruptured 167 4

Endovascular treatment=1678 135 4*

* Among these cases, one patient was treated after failed microsurgery.
MCA, middle cerebral artery; M, male; F, female 
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*

Fig. 1. Intraoperative field view of Case 10. (A) Fusiform aneurysm and afferent and efferent arteries can be identified through 
the wide sylvian dissection. Asterix indicates the fusiform aneurysm. The black arrow indicates an afferent artery of the 
aneurysm, and white arrow indicates the efferent arteries. (B) Temporary occlusion of the afferent artery (white arrow indicates 
a temporary clip in the afferent artery). (C) The connected afferent artery and one efferent artery close to the afferent artery, and 
the occluded trunk of the aneurysm with three clips. The white arrow indicates the anastomosis site of the other efferent artery 
with the parietal branch of the superficial temporal artery. (D) Indocyanine green angiography shows well preserved two efferent 
arteries (the yellow arrow indicates the blood flow from afferent artery to efferent artery, and the white arrow indicates the patent 
anastomosis site).

A

C

B

D

Fig. 2. Intraoperative field view of Case 12. (A) An approximately 15-mm-long dissecting aneurysm is identified after performing wide 
dissection of the sylvian cistern. The white arrow indicates the endpoint of the dissection. (B) Wrap clipping performed using bemsheet 
and three clips.

A B
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microneurosurgery. The mRS was 0 in 13 patients, and 
4 in one patient, which was because of the rupture of 
another aneurysm.

DISCUSSION

Distal MCA aneurysms are rare and have an incidence 
of 1–5% according to previous reports.5)8)11)17) In our 
retrospective study, the incidence (of 16 distal MCA 
aneurysm cases treated with microneurosurgery) was 
approximately 1%. Furthermore, when patients who 
underwent endovascular treatment were included, 

this value decreased to 0.59%. The reason for the low 
number of patients in this study may be that only treated 
cerebral aneurysms were surveyed.

Distal MCA aneurysms have a higher incidence of 
nonsaccular or fusiform aneurysm.4)11) In our study, 25% 
(4 out of 16) of the patients had nonsaccular aneurysms. 
In general, the incidence of fusiform intracranial aneu-
rysms is 3–13%.19) Our study showed relatively high rate 
of fusiform aneurysms at 18.8% (3 out of 16). However, 
because of its low incidence, the rate at each insti-
tute may vary. Among the three ruptured distal MCA 
aneurysms, two were of the fusiform type (including 
dissecting aneurysms), which supports the notion that 

A

C

B

D

Fig. 3. Three-dimensional rotation angiography image and intraoperative field view of Case 12. Thrombosed 
large aneurysm in distal middle cerebral artery. (A) Three-dimensional rotation angiography image reveals 
non-thrombosed part of the aneurysm. (B) Indocyanine green angiography shows lack of blood flow in one 
branch after neck clipping (white arrow). (C) Computed tomography angiography after clipping reveals patency 
of the occluded branch. (D) Occluded distal branch anastomosed with the parietal branch of the superficial 
temporal artery. The white arrow indicates the anastomosis site.
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distal MCA aneurysms of the fusiform type are more 
likely to rupture.

Distal MCA aneurysms are often accompanied by 
multiple aneurysms. The incidence of having an addi-
tional aneurysm is approximately 50%.4)5)8) However, 
these results were based on very small samples. In 
our study, six patients (38%) had multiple aneurysms. 
Considering saccular aneurysms, the rate was 50%, with 
an average of three aneurysms. Interestingly, none of the 
distal saccular MCA aneurysms ruptured. Furthermore, 
although there were just four patients, multiple cerebral 
aneurysms were not found in patients with nonsaccular 
cerebral aneurysms and three out of the four nonsac-
cular aneurysms ruptured.

Trauma and mycotic emboli have also been reported 
to cause distal MCA aneurysms.3)7)11)25) However, these 
causes were not identified in the present study. Mycotic 
aneurysms frequently occur in the distal MCA region. 
Mycotic aneurysms are extremely rare and their inci-
dence is declining. Even if an intracerebral hemorrhage 
is diagnosed, cerebral aneurysms are often underdi-
agnosed on computed tomography angiography or 
magnetic resonance angiography.20) During the study 
period, a few cases of mycotic aneurysms were detected 
that did not require surgery and were not included in 
the study.

Surgical considerations
We classified the location of the aneurysms into three 

types using the Gibo classification.6) Of the 16 cases, 12 
involved the M2 segment, 2 were at the M2–M3 junc-
tion, and 2 cases involved the M3 segment. The inci-
dence of distal MCA aneurysms was higher in the M2 
segment than elsewhere, corroborating with the results 
of previous studies.4)8)11)22)

Owing to these characteristics of distal MCA aneu-
rysms, wide dissection of the Sylvian cistern is neces-
sary. However, the anatomy of the Sylvian veins has 
variations.9) Different techniques and approaches for 
dissecting Sylvian veins should be considered to mini-
mize complications of venous injury.14) However, it may 
be impossible to reach the M2–M3 junction or M3 

segment lesions using the trans-sylvian approach. In 
such cases, the trans-sulcal approach may be useful.5) 
We treated two cases using the trans-sulcal approach, 
and both cases were well treated. We used the surgical 
navigation system three times, including in two cases 
involving trans-sulcal approaches. This was helpful in 
maintaining the right path to the target aneurysm.13)26)

The simplest method to treat a cerebral aneurysm is to 
excise the aneurysm from the bloodstream. A saccular 
aneurysm can be treated relatively simply using an aneu-
rysm clip. However, this may not be straightforward 
for nonsaccular aneurysms. Distal MCA aneurysms 
may have a higher rate of being fusiform.11)15) Fusiform 
aneurysms and dissecting aneurysms should be treated 
differently from typical nonsaccular aneurysms using 
techniques like wrapping, wrap clipping, trapping, or 
parent artery occlusion with bypass if needed.1)2)5)11)12)18)23) 
Patients who underwent trapping or parent artery 
occlusion with bypass, infield Indocyanine green angi-
ography played a significant role in determining the 
patency of the remaining vessels and anastomosis site 
after excluding aneurysms. Such evaluation helped limit 
post-operative neurologic deficits.1)18)

In this study, we encountered one case of ruptured 
dissecting aneurysm with a length of 15 mm, which was 
treated using the wrap clipping technique with bemsheet 
and 3 clips. The patient was stable, and the aneurysm 
did not recur. Furthermore, we experienced two unrup-
tured aneurysm cases that required the vascular bypass 
technique. One was an M3 fusiform type aneurysm, in 
which we performed proximal occlusion and STA-MCA 
bypass, and the other was at the M2–M3 junction, where 
the arterial flow diminished after clipping the neck of 
the saccular aneurysm, followed by STA-MCA anas-
tomosis. No patient had post-operative neurological 
deficits. Because distal MCA aneurysms may not be 
easily accessible, we also found proximal occlusion with 
vascular bypass to be a viable option.1)13)

Our study has some limitation as it used a retrospec-
tive design and data from surgically treated cerebral 
aneurysms, including a small sample of distal MCA 
aneurysms. Hence, further studies are necessary to 
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determine the appropriate management of distal MCA 
aneurysms.

CONCLUSIONS

Distal MCA aneurysms had a high incidence of being 
diagnosed with multiple other aneurysms and were 
relatively nonsaccular in this series. Microneurosur-
gery of distal MCA aneurysms is challenging. Careful 
planning of the surgery in advance, appropriate use of a 
surgery-assisting device, and application of the vascular 
bypass technique were helpful in improving the treat-
ment outcome.

Disclosure
The authors report no conflict of interest concerning 

the materials or methods used in this study or the findings 
specified in this paper.
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