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Variation in Surgical Procedure of High-flow Bypass
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Summary: Extracranial-to-intracranial high-flow bypass (HFB) associated with intentional internal Key words:

carotid artery occlusion has been mainly applied for complex intracranial aneurysms, including symp- - high-flow bypass
tomatic cavernous sinus segment, blood blister-like, and large unclippable paraclinoid aneurysms. Al- - graft vessel
though the surgical procedure of HFB has been established, some variations in the surgical procedure - graft course

have been reported.

The purpose of the present study was to discuss the variations in the surgical procedure of HFB and
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their efficacy.

Twenty-five consecutive patients who underwent HFB between January 1, 2010 and March 31, 2017
were included in this study. The type and route of the graft vessel, creating an auxiliary bypass before
the main graft anastomosis, and systemic heparinization were discussed as variations in the proce-
dure.

The radial artery (RA) was used as a graft vessel in 21 patients, and the greater saphenous vein, in 4.
The graft route was constructed from the proximal external carotid artery to the middle cerebral ar-
tery through the infratemporal fossa in all cases. In the upper cervical portion, a lower route between
the hypoglossal nerve and posterior berry of the digastric muscle was chosen in 23 patients. In con-
trast, an upper route superior to the digastric muscle was used in 2 patients. Auxiliary bypass was
used in only 2 patients who needed temporary occlusion of the dominant M2 during M2-RA anasto-
mosis. Systemic heparinization was performed in all cases.

Postoperatively acute graft vessel occlusion was found in one case. Cerebral infarction after HFB was
detected in 2 cases. Chronic graft vessel occlusion occurred in 1 patient, with no clinical symptom. No
intracranial hemorrhagic complication accompanied by systemic heparinization was found.

HFB is an effective procedure to overcome complex intracranial aneurysms. Although the surgical
procedure has been established, some variations are often adopted. Acquiring surgical skill in the pro-
cedural variations is essential for successful postoperative results.
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Fig. 1 High-flow bypass (HFB) in a representative case (Case 4).

AB|C A: Angiogram showing a giant internal carotid artery cavernous segment aneurysm.
D E H B: Skin incision of the head, neck, and forearm.
FIG C, D: M2 radial artery (RA) anastomosis in the sylvian fissure.

E: RA-to-external carotid artery anastomosis in the cervical portion.
F: Restoring blood flow through the graft vessel (G: ICG videoangiography in the same

operative field).

H: Postoperative three-dimensional computed tomographic angiography image (3D-CTA)

showing the patency of the graft flow.
ICG: indocyanine green
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Table 1 Summary of patient data

No. Age Sex Disease Surgery Graft Graft route Assist Heparinization
vessel bypass
1 53 F SAH, ICAW AN IC trapping + HFB RA Infra digastric O
2 59 F Abducens p, IC CS AN IC ligation + HFB RA Infra digastric X O
3 71 F SAH, ICAW AN IC trapping + HFB RA Infra digastric X O
4 52 M Abducens p, IC CS AN IC ligation + HFB RA Infra digastric X O
5 60 F Abducens p, IC CS AN IC ligation + HFB SV Infra digastric X O
6 59 F Abducens p, IC CS AN IC ligation + HFB RA Infra digastric X O
7 68 M Oculomotor p, IC CS AN IC ligation + HFB RA Infra digastric X O
8 52 F Oculomotor p, IC CS AN IC ligation + HFB RA Infra digastric X O
9 47 F SAH, CCF, IC CS dissection IC ligation + HFB RA Infra digastric X O
10 74 F Oculomotor p, IC CS AN IC ligation + HFB RA Infra digastric X O
11 61 F Visual disturbance, IC C2 AN IC ligation + HFB RA Infra digastric X O
12 77 F SAH, ICAW AN IC trapping + HFB RA Infra digastric X O
13 61 F SAH, ICAW AN IC trapping + HFB RA Infra digastric X O
14 60 F Oculomotor p, IC CS AN IC ligation + HFB RA Infra digastric X O
15 47 M SAH, ICAW AN IC trapping + HFB RA Infra digastric X O
16 49 M SAH, ICAW AN IC trapping + HFB RA Infra digastric X O
17 45 M SAH, ICAW AN IC trapping + HFB RA Infra digastric X O
18 76 M Dysphagia, brain tumor IC trapping + HFB SV Supra digastric X O
19 65 M SAH, ICAW AN IC trapping + HFB SV Infra digastric O O
20 76 F Oculomotor p, IC CS AN IC trapping + HFB SV Supra digastric O O
21 73 F SAH, ICAW AN IC trapping + HFB RA Infra digastric X O
22 52 M SAH, ICAW AN IC trapping + HFB RA Infra digastric X O
23 66 F Oculomotor p, IC CS AN IC ligation + HFB RA Infra digastric X O
24 71 F Abducens p, IC CS AN IC ligation + HFB RA Infra digastric X O
25 52 F Oculomotor p, IC CS AN IC ligation + HFB RA Infra digastric X O

CCF: carotid cavernous fistula, F: female, HFB: high-flow bypass, IC: internal carotid artery, ICAW AN: internal carotid artery ante-
rior wall aneurysm, IC CS AN: internal carotid artery cavernous segment aneurysm, M: male, p: palsy, SV: saphenous vein, SAH:

subarachnoid hemorrhage
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Fig. 2 A case of cerebral infarction after HFB (Case 1).

A, B: Computed tomography image (CT) showing diffuse thick
subarachnoid hemorrhage (SAH).

C: Three-dimensional rotational angiogram (3D-RA) showing an
internal carotid artery (IC) blood blister-like aneurysm (white ar-
row).

D: Postoperative 3D computed tomographic angiogram (CTA)
showing the patency of the graft flow (white arrow) and disap-
pearance of the IC on the ipsilateral side.

E: Magnetic resonance image (MRI) showing cerebral infarction

in a part of the basal ganglia (white arrow).
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