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[Abstract] Objective To explore the long-term outcome of intracranial-intracranial side-to-side
bypass for complex intracranial aneurysms. Methods Five patients with complex intracranial aneurysms
underwent intracranial-intracranial side-to-side bypass performed by the same surgeon at The First Hospital
of China Medical University from January 2015 to December 2023 were included. Two cases involved the
A2 segment of anterior cerebral artery (ACA) and 3 cases involved the M2 segment of middle cerebral
artery (MCA). Indocyanine green angiography (ICGA) was used intraoperatively, and CTA or DSA was used
postoperatively to evaluate aneurysm occlusion and blood flow reconstruction. The modified Rankin Scale
(mRS) was used to evaluate the neurological prognosis at one week, 3 months and the last follow-up. CT/

MRI examination was completed on the first day, one week and 3 months after operation to evaluate whether
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hemorrhagic or ischemic complications occurred. Results Five cases of complex intracranial aneurysms
were all occluded accurately. Two cases underwent A3-A3 side-to-side anastomosis, and 3 cases underwent
M2-M2 side-to-side anastomosis, among which one case added M1 -radial artery (RA)-M2 intracranial -
intracranial bypass with RA as graft on the basis of M2-M2 side-to-side anastomosis. During the operation,
ICGA confirmed that the side-to-side anastomosis and M1-RA-M2 bypass were unobstructed in 5 cases.
The postoperative follow -up time was 23 (14, 71) months. No aneurysm was found in cerebrovascular
imaging examination one week and 3 months after operation in 5 patients, and 9 to 12 months after
operation in 3 patients. Five side - to - side anastomosis stomas and one M1 - RA - M2 graft were all
unobstructed. At one week after operation, the mRS increased by 0-3 score compared with that before
operation (4 score maintained unchanged before and after operation in one case, 2 score increased in one
case, and 3 score increased in one case). In 2 unruptured cases, the mRS score was 1 score at one week
after operation, and there was no change from that before operation. At 3 months after operation, the mRS
scores of 5 cases were decreased (2 cases with O score, one case with 2 score, and 2 cases with 3 score);
one case was lost at the last follow-up, and the mRS scores of other 4 cases decreased further (2 cases with
0 score, one case with 1 score, and one case with 2 score). No cerebral hemorrhage or cerebral ischemia
occurred in the follow-up. Conclusions Intracranial-intracranial side-to-side bypass has good short-term

and long-term patency and stable long-term clinical effect. It is a reliable technique for surgical treatment

+ 633 -

of complex intracranial aneurysms.

[Key words] Intracranial aneurysm; Anterior cerebral artery; Middle cerebral artery; Cerebral

revascularization; Intracranial-intracranial (not in MeSH); Side-to-side anastomosis (not in MeSH)
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Table 1. Features, operative methods of 5 cases with complex intracranial aneurysms treated by intracranial-intracranial

side-to-side bypass
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Figure 1 TImaging findings before and after surgery and intraoperative findings of Case 1 Preoperative axial CT showed longitudinal
fissure hematoma (arrow indicates, Panel la). Bilateral anteroposterior DSA (Panel 1b) and DSA 3D volume reconstruction (Panel 1c)
showed 3 aneurysms on the A2 segment to A3 segment of right ACA, the second of which was a dissociation aneurysm. Three

aneurysms from proximal to distal ends of right ACA were revealed under microscope (Panel 1d-1f). The left side A3 and the right side

A3 distal to the distal aneurysm were revealed, and both of them were more atherosclerotic (Panel 1g). Bilateral A3 side -to-side

anastomosis was completed (Panel 1h). Right A2 dissociated aneurysm was occluded and distal aneurysm was clipped (Panel Ii).
Bilateral anteroposterior DSA one week after operation (Panel 1j), anteroposterior CTA 3D volume reconstruction (Panel 1k) and left
lateral CTA 3D volume reconstruction (Panel 11) 3 months after operation showed the A3-A3 side-to-side anastomotic stoma was

unblocked, and the aneurysm was not shown.
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Figure 2 Imaging findings before and after surgery and intraoperative findings of Case 2 Preoperative axial T,WI showed local dilatation
of the right ACA and MCA (arrows indicate, Panel 2a). Preoperative VW-HRMRI showed local dilatation of the right ACA and thickening
of the vessel wall with enhancement (arrow indicates, Panel 2b). MIP (Panel 2¢) and DSA 3D volume reconstruction (Panel 2d) showed the
A2 segment of right ACA dilatation, one aneurysm in right MCA, and one microaneurysm in right ICA -PCoA (arrows indicate). Free
adjacent parallel bilateral A3 (Panel 2e). After temporary blockade, bilateral A3 were incised and stained by methylene blue, and then the
ventral side of the side-to-side anastomosis was continuously sutured (Panel 2f). Complete A3-A3 side-to-side anastomosis and release
temporary blockade (Panel 2g). Right lateral CTA 3D volume reconstruction one week after surgery (Panel 2h), DSA 3D volume
reconstruction 3 months (Panel 2i) and 9 months (Panel 2j) after surgery showed the right A2 segment aneurysm disappeared, and the left

A3 segment supplied blood to the proximal and distal ends of the right A3 segment through the side-to-side anastomosis.
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Figure 3

recurrent, and the side-to-side anastomosis was unobstructed.
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Imaging findings before and after surgery and intraoperative findings of Case 3
Preoperative axial T,WI showed aneurysmal dilatation of the left MCA (arrow indicates, Panel 3a). DSA (Panel 3b) and DSA 3D volume
reconstruction (Panel 3c¢) showed tortuous dilatation of the arteries at the beginning of the superior trunk of left M2 segment of MCA
(arrows indicate). Microscopically free adjacent distal branch of M2 segment superior trunk and distal segment of M2 segment inferior
trunk (Panel 3d). Microscopic confirmation of the proximal and distal ends of the M2 segment arterial malformation (Panel 3e). The M2
segment superior trunk artery malformation was obstructed after M2-M2 side-to-side anastomosis (Panel 3f). Intraoperative ICGA showed
that the arterial malformation disappeared, and the side-to-side anastomosis was unobstructed (Panel 3g). Anteroposterior DSA one week
after surgery (Panel 3h) and DSA 3D volume reconstruction one year after surgery (Panel 3i) showed the arterial malformation did not
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Figure 4
Preoperative CTA (Panel 4a),
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Imaging findings before and after surgery and intraoperative findings of Case 4

DSA (Panel 4b) and DSA 3D volume reconstruction (background was

removed, Panel 4¢) showed a dissociated aneurysm at the beginning of the superior trunk branch of M2 segment of left MCA (arrows
indicate). A dissociated aneurysm was found at the beginning of the left superior trunk branch of M2 (Panel 4d). Microscopically free

distal vessels of M2 segment superior trunk branch aneurysm and M2 segment inferior trunk branch vessels (Panel 4e).

Intraoperative

ICGA showed patency of side-to-side anastomotic stoma (Panel 4f), and the aneurysm was exactly obstructed (Panel 4g). CTA 3D volume
reconstruction on one week (Panel 4h) and 9 months (Panel 4i) after surgery showed the side-to-side anastomosis was unobstructed, and

no recurrence ()f aneurysm was ()hS(‘,I’VBd.
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Figure 5 Imaging findings before and after surgery and intraoperative findings of Case 5 Preoperative axial CT showed SAH in the

right lateral fissure (arrow indicates) and old infarction in the right caudate nucleus head (Panel 5a). Anteroposterior DSA showed the
M2 segment of right MCA aneurysm involving both superior and inferior trunks (arrow indicates, Panel 5b). The M2 segment aneurysm
involved both superior and inferior trunks (Panel 5¢). Distal vessels of M2 segment upper and lower trunks were free (Panel 5d). After
temporary occlusion to upstream and downstream arteries of anastomosis and adjacent perforator arteries, longitudinal incision and
staining with methylene blue were performed (Panel 5e). Intraoperative ICGA showed the side-to-side anastomosis stoma of the M2
superior trunk to the M2 inferior trunk was patent, and the adjacent perforating vessels were preserved (Panel 5f). A 4 c¢cm autologous
RA was taken, with which end-to-side anastomosis were performed respectively at the end of M1 and at the proximal end of the previous
side-to-side anastomosis stoma, and then trapping of aneurysm was performed (Panel 5g, 5h). Intraoperative ICGA reconfirmed that the
M1-RA-M2 superior trunk bypass and the M2 superior trunk-M2 inferior trunk side-to-side anastomosis were unobstructed, and the distal
perforating artery of M1 was preserved (Panel 5i). CTA 3D volume reconstruction one week after surgery (Panel 5j), anteroposterior DSA
3 months after surgery (Panel 5k) showed the M1-RA-M2 superior trunk bypass and the M2 superior trunk-M2 inferior trunk side-to-side

anastomosis were unobstructed, and the aneurysm was undeveloped.
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Table 2. Follow-up of 5 cases with complex intracranial aneurysms treated by intracranial-intracranial side-to-side bypass
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Figure 6 Brain CTP (basal ganglia level) findings 3 months after operation of Case 5 tMIP labelled the perfusion areas of brain

tissue on both sides (Panel 6a). CBV showed no significant difference on both sides except for the right basal ganglia (3-R, Panel
6b). CBF showed no significant difference on both sides except for the right basal ganglia (3-R, Panel 6¢). MTT of the right
frontal lobe (2-R) was 8 s, which was less than 3 s later than the contralateral lobe (Panel 6d). TTP was approximately 5 s longer
in the right frontal lobe (2-R) than in the contralateral lobe (Panel 6e). The time for contrast agent to reach all tissues (Tmax) in

the right frontal lobe (2-R) was longer than that in the left side, but still <6 s (Panel 6f).
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