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Abstract
Despite growing popularity of endovascular techniques, certain subsets of patients with 
cerebrovascular compromise may benefit from bypass surgery. We present four cases in which 
pending ischemic lesion was prevented by  (1) A3 resection and reanastomosis following falx 
meningioma removal,  (2) rescue superficial temporal artery–middle cerebral artery  (STA‑MCA) 
bypass after pituitary adenoma surgery,  (3) STA‑MCA bypass for chronic internal carotid artery 
occlusion, and  (4) external carotid artery‑MCA bypass using radial artery grafting. Following the 
procedure, there were no further clinical or radiological deteriorations and long‑term patency was 
confirmed in all four cases.
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Background
Extracranial–intracranial  (EC‑IC) bypass 
is used to treat chronic stenooclusive 
cerebrovascular diseases (flow 
augmentation) and as a part of the 
treatment of complex aneurysms and skull 
base tumors (flow replacement).[1] Despite 
five decades of clinical use, there is still a 
lack of consensus regarding indications and 
techniques of EC‑IC bypass surgery.

Today, the procedure has an invaluable role 
in selected patients with cerebrovascular 
stenooclusive disease, moyamoya disease, 
skull base tumors, and complex intracranial 
aneurysms.[2] For internal carotid artery 
(ICA) lesions following transsphenoidal 
resection of pituitary tumors, the EC‑IC 
bypass is a life‑saving treatment option.[3] 
In aneurysm management, bypass surgery 
has its role in challenging and failed 
endovascular treatment cases.[2] Moreover, 
it is a rescue treatment for symptomatic 
flow diverter thrombosis.[4]

We report our experience with bypass 
surgery in four cases with distinct 
underlying pathology. Approval was 
granted by the Institutional Review Board 
of the University Hospital Center Zagreb 
for the publication of this case series.

Case Reports
Case 1

Falx meningioma removal with 
compromised A3 branch resection and 
reanastomosis

A 56‑year‑old woman presented with 
decreased visual acuity  (VA). Five years 
earlier, she had been diagnosed with 
a falx meningioma, and at that time, 
she refused surgery. Urgent magnetic 
resonance imaging showed growth of 
the meningioma with encasement of the 
pericallosal‑callosomarginal bifurcation 
[Figure  1a and b]. The tumor was nearly 
completely calcified and had a calcified 
groove, in which the callosal and 
callosomarginal branches were embedded 
[Figure  1c and d]. During tumor resection, 
the A3 was damaged and thereafter sutured; 
however, intraoperative indocyanine green 
fluorescent angiography (ICGA) showed the 
absence of distant filling. The compromised 
vessel was resected and the distal segment 
reanastomosed with the preserved segment. 
Adequate blood flow was confirmed 
intraoperatively using ICGA and 24  h 
after surgery using digital subtraction 
angiography  (DSA)  [Figure  1e‑g]. 
The patient was discharged on the 
7th postoperative day, neurologically intact.
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Case 2

Rescue superficial temporal–middle cerebral artery bypass 
after pituitary adenoma surgery

A 30‑year‑old woman presented with dizziness, headache, 
and transitory left arm weakness. Neuroradiological 
imaging showed a large  (11  mm  ×  9  mm) pituitary 
mass, confirmed by endocrinological assessment to be a 
nonsecreting adenoma  [Figure  2a]. The patient underwent 
an endoscopic transsphenoidal tumor removal, during 
which the left ICA was damaged. The bleeding was 
controlled using hemostatic material and nasal tamponade. 
An urgent DSA showed occlusion of the intracranial 
segment of the left ICA with slow filling of the ipsilateral 
medial cerebral artery  (MCA) and anterior cerebral artery 
through the anterior communicating artery  (ACoA) from 
the hypoplastic right A1 segment and delayed venous 
filling  [Figure  2b]. Furthermore, both P1 segments were 
hypoplastic. Because of these angiographic findings, a 
rescue end‑to‑side STA‑MCA anastomosis was performed. 
ICGA and micro‑Doppler sonography  (mDS) showed 

bypass patency, and the patient had no postoperative 
neurological sequelae. Control DSA at 10  days after 
surgery showed recanalization of the left ICA with 
satisfactory bypass flow. In addition, a pseudoaneurysmal 
wall of the C4 segment was noted and the patient was 
scheduled for endovascular treatment with stent placement. 
After administration of dual antiplatelet therapy, a silk 
flow‑diverter stent  (4  mm  ×  20  mm) was inserted with no 
angiographically verified complications [Figure 2c]. Twenty 
days after the first operation, the patient was discharged 
complication free.

Case 3

Double‑barrel superficial temporal–middle cerebral 
artery bypass for internal carotid artery occlusion and 
contralateral stenosis

A 67‑year‑old male with a history of multiple transient 
ischemic attacks  (TIAs) presented with a right MCA 
stroke. DSA showed complete occlusion of the right ICA 
in the neck, moderate (50%) contralateral ICA stenosis, and 

Figure 2: (a) Magnetic resonance imaging T1 postcontrast image showing pituitary adenoma. (b) Internal carotid artery was compressed, and there was 
weak collateral flow through the anterior communicating artery. (c) After the superficial temporal–middle cerebral artery bypass, there was collateral flow 
through the bypass

cba

Figure 1: (a and b) Coronal T1 postcontrast images showing a right‑sided falx meningioma with enhancement of pericallosal artery branches. (c) Flow void 
indicating arterial encasement (T1 magnetic resonance imaging horizontal view). (d) Flow void indicating arterial encasement (T1 magnetic resonance 
imaging sagittal view).  (e and f) Digital subtraction angiography showing perfusion after reanastomosis of the pericallosal artery.  (g) Intraoperative 
indocyanine green angiography showing anastomosis patency
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collateral flow limited only to the ophthalmic artery and 
poorly to the ACoA  [Figure  3a‑d]. Carotid endarterectomy 
was unsuccessful. Due to a large STA, the surgical plan was 
to perform a double‑barrel STA‑MCA bypass; in case of 
failure, a high‑flow bypass was the alternative  [Figure 3h]. 
After preparation of the STA branches and a wide Sylvian 
fissure opening, both were anastomosed terminolateral 
to both M3 segments. A  satisfactory blood flow was 
confirmed intraoperatively using ICGA and mDS and at the 
1st postoperative day using DSA [Figure 3e-g]. At 6 months 
follow‑up, both anastomosed STA segments had a diameter 
comparable to the normal ICA, good flow, and excellent 
global  (hemispheric) perfusion. The patient fully recovered 
from the stroke and experienced no further TIAs.

Case 4

External carotid artery  ‑RA‑M3 bypass for a large 
supraclinoid internal carotid artery aneurysm

A 58‑year‑old woman presented with blurry vision on 
the left eye. Neuroradiological imaging showed a giant 
aneurysm of the left supraclinoid ICA and a small saccular 
aneurysm of the right C4 segment  [Figure  4a and b]. An 
uneventful 30‑min left ICA angiographic balloon test 
occlusion showed good collateral circulation through the 
ACoA [Figure 4c]. The surgery plan was to secure the distal 
flow to the MCA using a radial artery  (RA) graft in order 
to prevent a late stroke after ICA occlusion. The left RA 
was harvested without consequences. A  left frontotemporal 
osteoplastic craniotomy and Sylvian fissure dissection were 
performed. After exposing the left common carotid artery 
bifurcation, a high‑flow external carotid artery‑RA‑M3 
bypass was performed in order to ensure perfusion of the left 
hemisphere and reduces the pressure load on the right ICA. 
Next, the left C1 segment was occluded; then the A1 and M1 
segments temporary were clipped, and the aneurysm and the 
prebifurcation ICA segment completely was occluded using 

three clips. ICGA and mDS showed good bypass patency 
and complete occlusion of the aneurysm  [Figure  4d]. 
Postoperatively, there was improvement of VA on the left 
eye and no new neurological deficits. DSA performed on the 
1st postoperative day showed that there was no flow through 
the RA graft; however, arterial pulsations were present, and 
there was good perfusion of the left hemisphere through the 
ACoA  [Figure  4e and f]. Graft thrombosis was suspected 
and low‑molecular‑weight heparin therapy was started. 
Follow‑up DSA was performed after 10 days, showing good 
bypass flow [Figure 4g]. Surprisingly, flow from the opposite 
side over the ACoA was absent [Figure 4h]. The patient was 
discharged 11 days postoperatively, neurologically intact.

Discussion
Total skull base tumor removal sometimes requires 
sacrificing the encased large vessels. In such cases, 
high‑flow RA or saphenous vein  (SV) grafts are 
mandatory.[5] Likewise, treatment of smaller skull base or 
interhemispheric meningiomas might require laterolateral 
M3 or PICA anastomoses or vascularization using the STA 
or occipital artery.

ICA bleeding and formation of fistulas or aneurysms are rare, 
but potentially fatal complications of transsphenoidal surgery 
that requires immediate hemostasis or stenting.[2] Early stent 
placement is a viable option; however, it presupposes that 
the vessel lumen is preserved and the patient is started on 
antiaggregation therapy, both of which increase the risk of 
rebleeding.[6] If sellar packing causes ICA occlusion or ICA 
occlusion is inevitable, bypass surgery is the only option 
to prevent ischemic complications. In the second case, 
an STA‑MCA bypass was performed, followed by stent 
placement. Thus, the MCA area was supplied from both the 
natural vessel and artificial one, the STA bypass.

Bypass surgery is the last resort for patients with 
ICA occlusion in whom endovascular treatment is 

Figure  3:  (a) Digital subtraction angiography showing occlusion of the internal carotid artery neck.  (b) Collateral flow through the ophthalmic 
artery. (c) Weak collateral flow through the anterior communicating artery. (d) Contralateral internal carotid artery 50% stenosis. (e) Double‑barrel superficial 
temporal–middle cerebral artery bypass – complete revascularization of the middle cerebral artery and anterior cerebral artery territory through the 
graft (lateral view). (f) Double‑barrel superficial temporal–middle cerebral artery bypass – complete revascularization of the middle cerebral artery and 
anterior cerebral artery territory through the graft (anterior view). (g) Intraoperative indocyanine green showing anastomosis patency. (h) Schematic view 
of the double‑barrel superficial temporal–middle cerebral artery bypass procedure
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contraindicated.[7] Apart from the case presented herein, 
recently two other patients with ICA occlusion and 
preoperative hemiparesis underwent an STA‑MCA bypass 
procedure at our center. All of these patients had favorable 
preoperative DSA findings which dictated the treatment 
modality and in case of failure, a high‑flow bypass was 
considered as an alternate procedure.[8] When possible, a 
double‑barrel STA‑MCA bypass is the preferred procedure.

Despite refined endovascular techniques, complex 
aneurysms are very often treated surgically.[9] One possible 
donor vessel in large aneurysms cases with ICA occlusion 
is the RA, which has advantages  (larger diameter) and 
drawbacks  (vasospasm) over the SV graft. Perioperative 
antiplatelet therapy and  eptifibatide  administration reduce 
the risk of graft thrombosis.[10] In our experience, ICGA 
and mDS have proven to be essential modalities in the 
intraoperative armamentarium in the assessment of graft 
patency and distal brain perfusion.[11]

Conclusion
EC‑IC bypass might offer the best options of treatment 
for selected cases; therefore, the indications have to be 
carefully studied.
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