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operating microscopes, surgeons can evaluate intraoperative 
blood flow with a simple intravenous injection.  

We present our experience with the use of ICG fluorescence 
video angiography in the management of patients undergoing by-
pass procedures. ICG video angiography was used to verify paten-
cy of the bypasses after performance of the procedure and to assist 
in correcting technical errors. The results of ICG videoangiogra-
phy were compared to intraoperative DSA, postoperative DSA, or 
postoperative computed tomography angiography (CTA). 

MATERIALS AND METHODS 

We began using ICG video angiography in Emory University 
Hospital in late 2006. Between January 30, 2007 and December 
30, 2009 59 consecutive bypass procedures were performed by 
the senior author at Emory University Hospital. Fifty-six of these 
59 bypass procedures were performed in 47 patients and were 
evaluated with intraoperative ICG video angiography as part of 
their procedure. Thirty-one of these procedures were performed 
for ischemia and 25 as an adjunct to aneurysm surgery. All pa-
tients received the standard 25 mg intravenous dose dissolved 
in 10 mL of aqueous solvent and given as a bolus. The dye was 
visualized using an OPMI Pentero Microscope (Carl Zeiss, Inc., 
Oberkochen, Germany). The 3 patients excluded had surgery 
during a time of unavailability of ICG due to manufacturing 

INTRODUCTION

Since the original description of the superficial temporal artery 
(STA) to middle cerebral artery (MCA) bypass by Donagy and 
Yasargil in 1967 a number of extracranial to intracranial (EC-IC) 
and intracranial to intracranial (IC-IC) bypasses have been used 
to augment cerebral blood flow in a variety of conditions25). Ad-
herence to meticulous microsurgical techniques is essential for 
high short-term and long-term patency rates28). Methods to 
verify intraoperative patency may identify technical deficiencies 
and allow the surgeon to correct those problems and improve 
patency rates. The established methods for intraoperative as-
sessment include observation under an operating microscope, 
microvascular Doppler and intraoperative digital subtraction 
angiography (DSA)1,27). More recently, indocyanine green (ICG) 
video angiography has been applied to neurovascular proce-
dures as a simple and safe technique to evaluate the intracranial 
circulation before and after neurosurgical management14,16).  
Combined with the use of near-infrared video technology in 
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RESULTS

Videoangiography was useful in demonstrating patency (Fig. 
1) or potential technical deficiencies for which correction was 
attempted (Fig. 2). In our series, 4 of 56 bypasses were demon-
strated to be occluded or have inadequate flow in the graft at 
the time of surgery and were revised at that time. Despite revi-
sion, two STA-MCA bypass remained occluded.  In each case, a 

constraints. In four cases ICG demonstrated either poor filling or 
occlusion of the bypass. Two of the four were able to be success-
fully revised, the other two were occluded. All patients under-
went intra-or postoperative DSA or CTA to verify the results.  

The bypass procedures included in this series that underwent 
intraoperative evaluation with ICG included 43 STA-MCA by-
passes, 1 occipital artery to posterior inferior cerebellar artery 
(PICA) bypass, 9 radial artery bypass grafts, 1 saphenous vein 
graft and 5 other IC-IC bypasses. The 
five IC-IC procedures included 2 PICA-
PICA side to side bypasses, an anterior 
temporal artery to MCA bypass and 2 
re-implementations of the PICA into the 
vertebral artery.

The findings on ICG videoangiogra-
phy were compared to either intraopera-
tive and/or postoperative DSA or CTA. 
Table 1, 2 outline the clinical data, by-
pass type, and imaging findings for pa-
tients undergoing bypasses for ischemia 
and as an adjunct for aneurysm surgery, 
respectively. 

Table 1. Patient demographics and results for bypasses completed as an adjunct to aneurysm surgery

Pt Bypass Diagnosis Sex Age ICG Findings Postop imaging
  1 L STAMCA×2 Giant MCA F 51 1 patent/1 occluded IOA-1 patent/1 occluded
  2 PICA reimplant Coiled fusiform PICA M 58 Patent IOA-patent
  3 R STAMCA Giant MCA F 40 Patent IOA-patent
  4 L STAMCA Mycotic fusiform MCA M 31 Patent IOA and POA-patent
  5 Saph vein CCA-MCA Giant Cavernous M 11 Patent IOA and CTA-patent
  6 L STAMCA Giant ICA F 67 Patent POA-patent
  7 R STAMCA×2 Coiled fusiform MCA M 11 1 patent/1 occluded IOA-1 patent/1 occluded
  8 OA-PICA Coiled fusiform PICA M 54 Patent IOA and POA-patent
  9 Radial a. CCA-MCA Giant MCA M 44 Patent IOA and POA-patent
10 ATA-MCA MCA F 55 Patent IOA-patent
11 L STAMCA Fusiform MCA M 44 Patent IOA-patent
12 L STAMCA Large ICA-SHA F 46 Patent IOA-patent
13 L STAMCA Giant ICA-OA F 58 Patent IOA-patent
14 L STAMCA Giant cavernous F 56 Patent POA-patent
15 Radial a. ICA-MCA Giant cavernous F 64 Patent IOA and CTA-patent
16 R STAMCA Giant MCA F 69 Patent IOA-patent
17 Radial a. ICA-MCA Giant coiled ICA-SHA F 61 Occluded-clot removed-patent IOA-patent
18 PICA-PICA Giant VA M 77 Patent IOA and POA-patent
19 R STAMCA Giant MCA F 42 Patent IOA and POA-patent
20 Radial a. CCA-MCA Giant Coiled ICA F 48 Patent IOA and POA-patent
21 Radial a. CCA-MCA ICA Blister M 42 Patent IOA and POA-patent
22 PICA-PICA Fusiform VA F 56 Patent IOA-patent
23 Radial a. ICA-MCA Giant cavernous F 58 Patent IOA and CTA-patent
24 PICA reimplant Fusiform PICA M 47 Patent IOA and POA-patent
25 L STAMCA Giant ICA-SHA F 62 Patent IOA-patent

POA : postoperative angiogram, ICG : indocyanine green, STA : superficial temporal artery, MCA : middle cerebral artery, PICA : posterior inferior cerebellar artery, CTA : com-
puted tomography angiography

Fig. 1. Patent STA-MCA bypass. A : Intraoperative photo of STA-MCA bypass. Solid arrow denotes 
anastomosis and dotted arrow denotes STA. A : anterior, P : posterior, I : inferior, S : superior. B : ICG 
videoangiography demonstrates patency. Arrow denotes anastomosis. STA : superficial temporal ar-
tery, MCA : middle cerebral artery, ICG : indocyanine green.
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angiography three months following his endovascular proce-
dure demonstrated recurrence of the pseudo-aneurysm (Fig. 
3C). The patient’s aneurysm was exposed through a left trans-
condylar approach with trapping of the left vertebral artery dis-

double bypass had been performed and one bypass was patent.  
In the other two cases, the bypass was revised successfully. ICG 
videoangiography added less than 10 minutes to operative time. 
There were no complications related to the use of ICG. At last 
followup, all grafts that were demon-
strated to be patent intraoperatively re-
mained patent.

Illustrative case reports 

Case one 
A 59-year-old male presented with a 

subarachnoid hemorrhage and was dis-
covered to have a dissecting pseudo-an-
eurysm of the left vertebral artery (Fig. 
3A). This was treated by partial endo-
vascular coiling with sparing of the 
dominant PICA (Fig. 3B). Follow-up 

Table 2. Patient demographics and results for bypass procedures done for ischemia

Pt Bypass Diagnosis Sex Age ICG Postop imaging
1 R STAMCA Moyamoya F 39 Patent CTA-patent
2 R STAMCA Moyamoya M 30 Patent CTA-patent

L STAMCA Patent CTA-patent
3 L STAMCA MCA stenosis M 73 Patent DSA and CTA-patent
4 R STAMCA Moyamoya F 30 Patent DSA-patent
5 R STAMCA Moyamoya F 58 Patent CTA-patent
6 R STAMCA Moyamoya F 47 Patent CTA-patent

L STAMCA Patent CTA-patent
7 R STAMCA Moyamoya F 35 Slow filling CTA-patent

L STAMCA Patent CTA-patent
8 L STAMCA MCA occlusion M 57 Patent CTA-patent
9 R STAMCA ICA occlusion F 61 Patent CTA-patent

10 R STAMCA Moyamoya F 14 Patent CTA-patent
11 L STAMCA Moyamoya F 11 Patent CTA-patent
12 R STAMCA Moyamoya M 33 Patent CTA-patent
13 L STAMCA Moyamoya M 44 Patent CTA-patent

R STAMCA Patent CTA-patent
14 R STAMCA Moyamoya F 53 Patent CTA-patent

L STAMCA Patent CTA-patent
15 R STAMCA Carotid dissection F 51 Patent CTA-patent
16 L STAMCA Moyamoya F 57 Patent CTA-patent

R STAMCA Patent CTA-patent
17 L STAMCA Moyamoya F 22 Patent CTA-patent
18 R STAMCA Moyamoya M 32 Patent CTA-patent

L STAMCA Patent CTA-patent
19 L STAMCA Moyamoya F 25 Patent CTA-patent
20 L STAMCA Moyamoya F 32 Patent CTA-patent

R STAMCA Patent CTA-patent
21 L STAMCA Carotid occlusion M 68 Patent DSA-patent
22 R STAMCA Moyamoya F 30 Patent CTA-patent

L STAMCA Patent CTA-patent
STA : superficial temporal artery, MCA : middle cerebral artery, DSA : digital subtraction angiography, CTA : computed tomography angiography, ICG : indocyanine green, ICA : 
inferior cerebellar artery 

Fig. 2. Occluded STA-MCA bypass. A : Intraoperative photo of “double barrel” STA-MCA bypass. B : 
ICG videoangiography documents patency of the bypass on the right side (solid arrow) of image and 
occlusion of the bypass on the left (dotted arrow). STA : superficial temporal artery, MCA : middle ce-
rebral artery, ICG : indocyanine green.
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tive and postoperative DSA (Fig. 3F). 
The patient developed some transient 
worsening of his preoperative left-sid-
ed weakness. An MRI demonstrated 
no evidence of ischemia. At two month 
follow-up he had made a complete re-
covery.  

Case two 
A 64-year-old woman was known to 

have a giant intracavernous aneurysm 
on the right internal carotid artery with 
a smaller contralateral intracavernous 
aneurysm (Fig. 4A). She presented with 
progressively worsening retro-orbital 
pain and diplopia. The patient under-
went a right frontotemporal cranioto-
my and exposure of the cervical carotid 
with harvesting of a radial artery graft 
for a common carotid to MCA bypass 
in preparation for endovascular occlu-
sion of the internal carotid artery (Fig. 
4B, C, D). Intraoperative ICG videoan-
giography and DSA demonstrated pa-
tency of the radial artery bypass graft. 

Two days later she underwent carotid artery and aneurysm oc-
clusion by endovascular coiling. With progressive thrombosis 
of the aneurysm, she developed transient worsening of her cra-
nial neuropathy including the 3rd and 6th cranial nerves. At 

secting aneurysm and division of the proximal PICA with reim-
plantation into the vertebral artery proximal to the aneurysm 
(Fig. 3D). ICG videoangiography demonstrated patency of the 
re-implanted PICA (Fig. 3E) and verified by both intraopera-

Fig. 3. Case One. A : Oblique 3-D DSA illustrates a left vertebral dissecting aneurysm at the origin of PICA. B : Oblique left vertebral angiogram after 
endovascular coiling of the aneurysm. C : Follow-up 3-D DSA demonstrates significant recurrence 3 months after endovascular treatment. D : 
Intraoperative photograph of PICA re-implanted into the left vertebral artery with clip distal to the bypass trapping the vertebral artery and aneurysm.  
Solid arrow denotes PICA-left vertebral anastomosis. E : ICG videoangiography demonstrates patency of re-implanted PICA (solid arrow). F : 
Intraoperative left vertebral DSA confirms patency of re-implanted PICA. DSA : digital subtraction angiography, PICA : posterior inferior cerebellar ar-
tery,  ICG : indocyanine green.
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Fig. 4. Case Two. A : Lateral right common carotid angiogram shows giant intracavernous aneu-
rysm. B : Intraoperative photograph of radial artery bypass from common carotid to middle cerebral 
artery. Radial artery denoted by solid arrow and anastomotic site shown by dotted arrow. C : ICG 
videoangiography of bypass demonstrates patency. D : Intraoperative DSA confirms patency of by-
pass. Solid arrow points to radial graft and dotted arrow points to filling MCA branches. E : 
Postoperative CTA AP verifies patency of the bypass and thrombosis of the aneurysm. ICG : indocya-
nine green, DSA : digital subtraction angiography, MCA : middle cerebral artery, CTA : computed to-
mography angiography.
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vest13,21). The majority of bypasses are performed for complex 
aneurysms or tumors, moyamoya disease, and recently, occlu-
sive disease in a specific subpopulation of atherosclerotic pa-
tients12,13,17,19). The benefit of the bypass is dependent on low 
rates of surgical complications and high patency rates of the 
graft5).

In efforts to minimize early graft occlusion, multiple adjuncts 
can be employed to test patency. In the past, the majority of 
studies were performed postoperatively. With improvements in 
technology, intraoperative assessment can be completed in a re-
liable manner allowing higher early patency rates than the cur-
rent range of 90 and 96%9,18,23).  

Currently, the primary means of graft assessment after comple-
tion of the procedure include 32 and 64 slice multidetector CTA, 
quantitative magnetic resonance (MR) angiography, and conven-
tional cerebral angiography6,24,27). Both CTA and MR angiogra-
phy provide noninvasive means of assessing bypass patency with 
results comparable to conventional angiography. Unfortunately, 
both methods are compromised in patients where there is clip ar-
tifact in complex aneurysm cases21). In all postoperative imaging, 
the information is acquired at a point where it is difficult to cor-
rect the technical error.  

Numerous techniques are available to the surgeon for intra-
operative confirmation of graft patency at the time of surgery.  
The most simple means of which is direct visualization. Though 
the surgeon can easily determine the pulsatility of the donor 
vessel and recipient under the microscope, this method is known 
to be unreliable21). With varying results, surgeons have also em-
ployed duplex sonography, thermal imaging, and flow determi-

two month follow-up the ophthalmopa-
resis was improving and her headaches 
had resolved. CTA demonstrated paten-
cy of the bypass and complete thrombo-
sis of the aneurysm (Fig. 4E).

Case three
A 77-year-old man presented with 

progressive dizziness and ataxia for one 
year. He had experienced a number of 
falls more recently. CT and MRI demon-
strated a giant right vertebral artery an-
eurysm causing significant brainstem 
compression. DSA illustrated the angio-
architecture of the aneurysm which arose 
just beyond the origin of PICA (Fig. 5A). 
Endovascular occlusion of the right ver-
tebral artery was considered but would 
likely have occluded the PICA.

The patient underwent a right trans-
condylar approach to the aneurysm. A 
PICA-PICA side-to-side bypass was 
performed and documented by intra-
operative ICG videoangiography and 
DSA to be patent before trapping the giant aneurysm (Fig. 5B-
E). Postoperative angiography confirmed patency of the bypass 
(Fig. 5F).

DISCUSSION

The role of intracranial bypasses grew after the introduction 
of microsurgical techniques in the 1960s and 1970s25). In 1967, 
Yasargil performed the first STA-MCA bypass in a patient with 
complete occlusion of the MCA28,29). Subsequently, the indica-
tions for EC-IC bypasses expanded to include inaccessible ex-
tracranial carotid stenosis or occlusion, occlusive intracranial 
disease, complex aneurysms not amenable to simple clip liga-
tion, skull base tumors, cerebral vasospasm, carotid dissection, 
carotid-cavernous fistulas, and moya-moya disease7,20,25). The 
EC-IC bypass trial in 1985 failed to show surgical benefit over 
medical therapy leading to a decrease in the performance of the 
procedure23). Though used in a limited fashion today, this pro-
cedure remains vital in many cases.

At the present time, intracranial bypass grafts are performed 
primarily by cerebrovascular neurosurgeons. Through evalua-
tion of the blood flow demand, the surgeon may utilize a low 
flow bypass such as the superficial temporal artery or occipital 
artery with flow rates between 15 and 30 mL/min8). In cases re-
quiring higher demands, the surgeon may employ a radial ar-
tery graft with flow rates of 40-70 mL/min or a saphenous vein 
graft with rates between 70 and 140 mL/min8,21). Finally, a side-
to-side or end-to-side anastomoses within the vessels of the cir-
cle of Willis can be completed without the need of graft har-

Fig. 5. Case Three. A : AP and B : Lateral vertebral 3-D angiogram demonstrates a giant left verte-
bral aneurysm. C : Intraoperative photograph of bilateral PICAs prepared for side-to side. D : 
Intraoperative photograph of PICA side-to side anastomosis (solid arrow) after completion. E : ICG 
videoangiography of bypass demonstrates patency. F : AP DSA showing patency of the bypass and 
trapping of the aneurysm. PICA : posterior inferior cerebellar artery, ICG : indocyanine green, DSA : 
digital subtraction angiography.
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CONCLUSION

ICG videoangiography provides a surgeon with an effective 
means to determine graft patency at the time of surgery allow-
ing the surgeon to correct any technical shortcomings. Use of 
this intraoperative technique provides a simple and reproduc-
ible means to assess intraoperative patency for both EC-IC and 
IC-IC bypasses.
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