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ABSTRACT

M1 large circumferential aneurysms are clinically challenging because they cannot be treated by simple 
neck clipping and they may involve the lenticulostriate arteries (LSAs). Although some reports have 
described endovascular and direct surgical treatment of these aneurysms, the optimal treatment approach 
remains uncertain. We report a case involving a ruptured large M1 circumferential aneurysm that was treated 
with bypass-assisted trapping surgery and showed favorable outcomes. The patient was a 47-year-old man 
presenting with subarachnoid hemorrhage. Digital subtraction angiography revealed a large circumferential 
aneurysm in the right middle cerebral artery M1 segment with involvement of the lateral and medial LSAs. 
We successfully performed trapping surgery with the assistance of a superficial temporal artery (STA)-M2 
bypass while preserving the medial and lateral LSAs. Although left hemiparesis caused by medial LSA 
thrombosis appeared in the early postoperative period, the patient showed good recovery from symptoms 
with rehabilitation and could independently perform daily activities at the five-month follow-up. The treat-
ment of M1 large circumferential aneurysms should involve considerations for prevention of rebleeding, 
blood supply to the distal area, and preservation of perforating arteries. The treatment strategy for this 
challenging aneurysm should be planned based on the patient’s condition and individual anatomy.

Keywords: �bypass, middle cerebral artery, circumferential aneurysm, lenticulostriate artery, trapping surgery

Abbreviations:
ICA: internal carotid artery
LSA: lenticulostriate artery
MCA: middle cerebral artery
STA: superficial temporal artery

This is an Open Access article distributed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International 
License. To view the details of this license, please visit (http://creativecommons.org/licenses/by-nc-nd/4.0/).

INTRODUCTION

Clinical management of large circumferential aneurysms, which are large fusiform aneurysms, is 
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extremely challenging.1 In comparison with posterior circulation, large circumferential aneurysms 
are rarely found in the middle cerebral artery.2 Unlike usual saccular aneurysms, these aneurysms 
cannot be treated by simple neck clipping.3 Endovascular treatment with a flow-diverting stent 
has been reported, but this technique has been associated with hemorrhagic complications, and 
its long-term outcomes remain unclear.4-7 Trapping surgery with bypass assistance seems to be a 
radical treatment for ruptured cases, but the ischemic complications caused by perforating arteries 
remain an unsolved problem associated with this technique.8-11 Therefore, the treatment of this 
challenging aneurysm remains unestablished.

We report a case of a ruptured large M1 circumferential aneurysm with bypass-assisted trap-
ping surgery that showed a favorable outcome.

CASE REPORT

The patient was a 47-year-old man who presented with a chief complaint of severe headache. 
Head computed tomography at another hospital showed Fisher 3 subarachnoid hemorrhage. His 
Glasgow Coma Scale score was E3V4M6. Three-dimensional computed tomography angiography 
revealed a large circumferential aneurysm in the right middle cerebral artery (MCA) M1 segment. 
The patient was transferred to our hospital for surgical treatment. Digital subtraction angiography 
showed that the insular and cortical segments of the right MCA were enhanced in the delayed 
phase (Figure 1a). Three-dimensional digital subtraction angiography showed that the anterior 

Fig. 1  Preoperative radiological examination
Fig. 1a:	 Digital subtraction angiography (DSA) showed that the insular segment and cortical segment of right 

middle cerebral artery were enhanced in the delayed phase. 
Fig. 1b:	 Three-dimensional DSA (3-D DSA) showed that the anterior temporal artery originated from the distal 

part of M1 nearby aneurysm (arrowheads).
Fig. 1c:	 Slab multiplanar reconstruction (MIP) of 3-D DSA showed the medial lenticulostriate arteries (arrowhead) 

were branched off just proximal to the aneurysm.
Fig. 1d:	 The lateral lenticulostriate arteries (arrow) were branched off just distal to the aneurysm.
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temporal artery originated from the distal part of the M1 near the aneurysm (Figure 1b). Mul-
tiplanar reconstruction based on three dimensional digital subtraction angiography images also 
showed that some of the perforating arteries were involved. The medial lenticulostriate arteries 
(LSAs) had branched off just proximal to the aneurysm (Figure 1c), and the lateral LSA had 
also branched off just distal to the aneurysm (Figure 1d). However, no perforating artery was 
observed to arise from the aneurysmal wall. The maximum diameter of the aneurysm was 22 
mm. We planned a bypass-assisted trapping surgery. A double-barrel STA-MCA bypass could 
not be applied since the superficial temporal artery (STA) frontal branch was hypoplastic. On 
the basis of the digital subtraction angiography findings, we estimated that the collateral blood 
flow in the left MCA area was sufficient. Therefore, we decided to perform trapping surgery 
with the assistance of the STA-M2 bypass while preserving the medial and lateral LSAs. The 
anterior temporal artery originating from the distal M1 near the aneurysm could be used as a 
flow outlet to avoid thrombosis of the lateral LSA (Figure 2). 

Operation
The operation was performed under general anesthesia with monitoring of the somatosensory 

evoked potentials of the right extremities and motor evoked potential of the right upper extremity. 
A right front temporal skin incision was made, and the STA parietal branch was harvested under 
a microscope. A front temporal craniotomy was then performed. After opening the dura mater, 
the distal Sylvian fissure was dissected under a microscope, the hematoma was irrigated and 
removed, and the M2 portion was exposed. Subsequently, we elevated the frontal lobe, secured 
the right internal carotid artery, and opened the lamina terminalis and Liliquist membrane to 

Fig. 2  Schematic drawing of the surgery
(a) Preoperative and (b) postoperative hemodynamics are shown. The arrow shows the direction of blood flow. 
Preoperatively, the right internal carotid artery perfused the right anterior cerebral artery A1 portion and the 
middle cerebral artery, including the aneurysm. Postoperatively, the internal carotid artery supplied the right A1 
and medial lenticulostriate arteries with antegrade blood flow. The aneurysm was trapped, and the distal M1 
lesion, including the lateral lenticulostriate artery and anterior temporal artery, were supplied with retrograde 
blood flow of the superficial temporal artery-middle cerebral artery M2 portion bypass.
ICA: internal carotid artery
LSA: lenticulostriate artery
ATA: anterior temporal artery
ST: superior trunk
IT: inferior trunk
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evacuate the cerebrospinal fluid. We elevated the more slacked frontal lobe and secured the 
hypoplastic right A1 portion. Internal carotid artery (ICA) bifurcation was identified at the same 
time, and the M1 proximal portion between the ICA terminalis and aneurysm was found to 
be very short. After securing the ICA and A1 and the M1 proximal portion, we dissected the 
proximal Sylvian fissure and exposed the M1-M2 bifurcation, M1 distal portion, and part of the 
anterior wall of the aneurysm. We then performed an STA-M2 (inferior trunk) bypass. The total 
clamp time of the MCA was 20 min 41s. The patency of the STA-M2 bypass was confirmed 
using microvascular Doppler. After completing the anastomosis, we applied a temporary clip to 
the ICA and dissected the aneurysm. During dissection, the aneurysm ruptured prematurely, and 
a temporary clip was applied to the right ICA and A1. We then applied a permanent clip for 
the M1 distal portion just distal to the aneurysm to obliterate retrograde flow from the STA-M2 
bypass while preserving the anterior temporal artery and lateral LSA with careful manipulation 
(Figure 3a). The distal permanent clip stopped bleeding, and the aneurysm was dissected again. 
We barely applied a permanent clip to the very short M1 proximal portion while preserving the 
medial LSA with careful manipulation (Figure 3b). After trapping the aneurysm, we removed 
the temporary clip of the A1 and ICA. The total clamp time of the ICA was 9 min 21 s. No 
significant change in the somatosensory evoked potentials and motor evoked potential was noted 
during clamping. Indocyanine green video-angiography showed perfect patency of the STA-M2 
bypass and blood flow to the M2 superior and inferior trunk, M1 distal portion, anterior temporal 
artery, and lateral LSA (Figure 3c). 

Fig. 3  Intraoperative view
Fig. 3a:	 Permanent clip for the M1 distal portion was applied just distal to the aneurysm to obliterate retrograde 

flow from the STA (superficial temporal artery)-M2 bypass to the aneurysm while preserving the anterior 
temporal (arrows) artery and lateral LSA (arrowheads).

Fig. 3b:	 Proximal permanent clip was barely applied to the very short M1 proximal portion while preserving 
medial LSA (arrow).

Fig. 3c:	 ICG video angiography showed perfect patency of the STA-M2 bypass (blue arrows) and retrograde 
blood flow to the M2 superior and inferior trunk, M1 distal portion, anterior temporal (red arrows) 
artery, and lateral LSA (arrowheads).
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Postoperative course
The patient showed no increase in hematoma on postoperative head computed tomography. 

Antiplatelet therapy was initiated with cilostazol (200 mg/day) and ozagrel sodium (80 mg/day) 
the day after the operation to prevent thrombosis of the medial LSA. However, the patient showed 
left hemiparesis (manual muscle test = 3) on day 3. The head magnetic resonance imaging 
diffusion-weighted image showed a fresh infarction of the right internal capsule (Figure 4a). 
Fortunately, the symptoms recovered well after rehabilitation for a while, and the patient did not 
show additional neurological symptoms. Three-dimensional computed tomography angiography 
showed excellent bypass patency and obliteration of the aneurysm (Figure 4b). The patient was 
discharged to the rehabilitation hospital on day 41 with a modified Rankin scale score of 2 and 
a Glasgow Coma Scale score of E4V5M6. At the 5-month follow-up evaluation at the outpatient 
clinic, the patient showed no neurological deficits and could perform daily activities independently.

DISCUSSION

M1 large circumferential aneurysms are clinically challenging, and their treatment has been 
a topic of debate. The three major challenges in treating M1 large fusiform aneurysms can be 
summarized as prevention of rebleeding, ensuring blood supply to the distal area, and preservation 
of the perforating arteries. Simple clipping techniques cannot be applied to prevent rebleeding in 
cases with this aneurysm. Although endovascular treatments using a flow-diverting device have 
been reported for such cases, their long-term outcomes remain uncertain.12 Moreover, the use 
of a stent graft, including a flow-diverting device, in the acute phase of hemorrhagic stroke is 
regarded as an off-label use under the Japanese health insurance system. Staged ICA occlusion or 
proximal artery occlusion with the assistance of an extracranial - intracranial bypass has also been 
reported, but this approach is associated with the risk of rebleeding between the first extracranial 
- intracranial bypass operation and the second ICA occlusion surgery.13 A staged ICA occlusion 

Fig. 4  Postoperative radiological examination
Fig. 4a:	 Postoperative diffusion-weighted imaging (DWI) showed fresh infarction of the right internal capsule.
Fig. 4b:	 Three-dimensional computed tomography angiography (3DCTA) showed perfect patency of the STA-M2 

bypass (arrowheads) and complete obliteration of the aneurysm (arrows).
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with extracranial - intracranial bypass could be a potential treatment for unruptured cases, but 
we could not overcome the concerns regarding rebleeding. Therefore, we decided to perform a 
bypass-assisted trapping surgery in this case. Vascular reconstruction is necessary to ensure the 
blood supply to the distal area. The existing options for vascular reconstruction include STA-MCA 
low-flow bypass, STA- radial artery graft -M2 high-flow bypass, and direct M1 reconstruction 
with an interposition graft.3,9 High-flow bypass is a reliable option for ensuring sufficient blood 
supply to the entire MCA lesion. However, the procedure is somewhat complicated and more 
invasive than a low-flow bypass. Moreover, the handling of long interposition grafts through the 
submandibular tunnel is associated with some complications, and the failure of high-flow bypass 
can cause catastrophic outcomes. In our case, preoperative Magnetic Resonance Angiography did 
not show the right MCA lateral to the aneurysm, while angiography showed that the cortical 
MCA area was stained in the delayed phase. On the basis of these findings, we assumed that 
the collateral blood supply to the MCA cortical area was sufficient, and we chose the STA-M2 
bypass as an insurance bypass procedure.

Even if an adequate extracranial - intracranial bypass is successfully performed and sufficient 
blood supply to the distal MCA lesion is acquired, thrombosis of the perforating artery can occur 
as a result of a blind alley when the aneurysm is trapped. Thus, an outlet for the M1 blood flow 
is necessary to avoid thrombosis of the perforating artery. In some cases, the anterior temporal 
artery and orbitofrontal artery can be used as an innate flow outlet, but their use depends on 
the individual anatomy, and these natural flow outlets may not be available in all patients. We 
propose that the optimal treatment to prevent thrombosis of the perforating artery is direct 
reconstruction of the original artery with an interposition graft. Successful reconstruction of M1 
can result in antegrade blood flow without a blind alley and ensure sufficient blood flow to the 
distal MCA lesion.9 However, the operability of direct M1 reconstruction depends on the margin 
of the MCA after resection of the aneurysm. When we secured the proximal M1, we found that 
the proximal M1 was so short that end-to-end anastomosis could not be performed. Therefore, 
we gave up direct M1 reconstruction with an interposition graft and trapped the aneurysm under 
the assistance of the STA-M2 bypass. In our case, the anterior temporal artery was fortunately 
available as an outlet for reversal of the blood flow from the STA-M2 bypass, and thrombosis 
of the lateral LSA was avoided. However, the medial LSA, which was structurally preserved in 
the operation but was very close to the proximal clip, was thrombosed and the patient had an 
infarction. Although the patient subsequently recovered, the findings outline the importance of a 
flow outlet or sufficient margin of the blind alley to prevent thrombosis of the perforating artery. 
Bypass-assisted trapping of an aneurysm is a radical treatment for preventing rebleeding, but 
this procedure is frequently accompanied by thrombosis of the perforating artery. Therefore, the 
surgical strategy for M1 large fusiform aneurysms should be planned on the basis of individual 
anatomical characteristics and the patient’s condition.

CONCLUSION

We report a case of a large M1 fusiform aneurysm that was treated with bypass-assisted 
trapping surgery and showed favorable outcomes. This procedure is an optimal treatment for 
prevention of rebleeding, but a surgical strategy based on the individual anatomy should be 
planned to prevent thrombosis of the perforating artery.
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