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Indocyanine Green Videoangiography for Confirmation
of Bypass Graft Patency
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Department of Neurosurgery, Emory University, Atlanta, USA

Objective : The aim of the study is to determine the efficacy of indocyanine green (ICG) videoangiography for confirmation of vascular anastomosis
patency in both extracranial-intracranial and intracranial-intracranial bypasses.

Methods : Intraoperative ICG videoangiography was used as a surgical adjunct for 56 bypasses in 47 patients to assay the patency of intracranial
vascular anastomosis. These patients underwent a bypass for cerebral ischemia in 31 instances and as an adjunct to intracranial aneurysm surgery
in 25. After completion of the bypass, ICG was administered to assess the patency of the graft. The findings on ICG videoangiography were then
compared to intraoperative and/or postoperative imaging.

Results : ICG provided an excellent visualization of all cerebral arteries and grafts at the time of surgery. Four grafts were determined to be subopti-
mal and were revised at the time of surgery. Findings on ICG videoangiography correlated with intraoperative and/or postoperative imaging.
Conclusion : ICG videoangiography is rapid, effective, and reliable in determining the intraoperative patency of bypass grafts. It provides intraopera-
tive information allowing revision to reduce the incidence of technical errors that may lead to early graft thrombosis.
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INTRODUCTION operating microscopes, surgeons can evaluate intraoperative
blood flow with a simple intravenous injection.
Since the original description of the superficial temporal artery We present our experience with the use of ICG fluorescence

(STA) to middle cerebral artery (MCA) bypass by Donagy and  video angiography in the management of patients undergoing by-
Yasargil in 1967 a number of extracranial to intracranial (EC-IC)  pass procedures. ICG video angiography was used to verify paten-
and intracranial to intracranial (IC-IC) bypasses have been used ¢y of the bypasses after performance of the procedure and to assist
to augment cerebral blood flow in a variety of conditions®. Ad-  in correcting technical errors. The results of ICG videoangiogra-
herence to meticulous microsurgical techniques is essential for ~ phy were compared to intraoperative DSA, postoperative DSA, or
high short-term and long-term patency rates®®. Methods to  postoperative computed tomography angiography (CTA).

verify intraoperative patency may identify technical deficiencies

and allow the surgeon to correct those problems and improve  MATERIALS AND METHODS

patency rates. The established methods for intraoperative as-

sessment include observation under an operating microscope, We began using ICG video angiography in Emory University
microvascular Doppler and intraoperative digital subtraction =~ Hospital in late 2006. Between January 30, 2007 and December
angiography (DSA)"*. More recently, indocyanine green (ICG) 30, 2009 59 consecutive bypass procedures were performed by
video angiography has been applied to neurovascular proce-  the senior author at Emory University Hospital. Fifty-six of these
dures as a simple and safe technique to evaluate the intracranial 59 bypass procedures were performed in 47 patients and were
circulation before and after neurosurgical management'*'®.  evaluated with intraoperative ICG video angiography as part of
Combined with the use of near-infrared video technology in  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
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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.

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, | : inferior, S : superior. B : ICG
videoangiography demonstrates patency. Arrow denotes anastomosis. STA : superficial temporal ar-
tery, MCA : middle cerebral artery, ICG : indocyanine green.

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

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 STAMCAx2 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  LSTAMCA Mycotic fusiform MCA M 31 Patent IOA and POA-patent
5 Saph vein CCA-MCA  Giant Cavernous M 11 Patent I0A and CTA-patent
6 L STAMCA Giant ICA F 67 Patent POA-patent
7 R STAMCAX2 Coiled fusiform MCA M 11 1 patent/1 occluded IOA-1 patent/1 occluded
8 OA-PICA Coiled fusiform PICA M 54 Patent I0A and POA-patent
9  Radiala. 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  Radiala. ICA-MCA Giant cavernous F 64 Patent TOA 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 RSTAMCA Giant MCA F 42 Patent IOA and POA-patent

20 Radial a. CCA-MCA Giant Coiled ICA F 48 Patent I0A 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 I0A 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
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double bypass had been performed and one bypass was patent.  angiography three months following his endovascular proce-
In the other two cases, the bypass was revised successfully. ICG ~ dure demonstrated recurrence of the pseudo-aneurysm (Fig.
videoangiography added less than 10 minutes to operative time. ~ 3C). The patient’s aneurysm was exposed through a left trans-

There were no complications related to
followup, all grafts that were demon-
strated to be patent intraoperatively re-
mained patent.

llustrative 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

the use of ICG. At last  condylar approach with trapping of the left vertebral artery dis-

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.

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

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

L STAMCA Patent CTA-patent

3 LSTAMCA MCA stenosis M 73 Patent DSA and CTA-patent
4 RSTAMCA Moyamoya F 30 Patent DSA-patent
5 R STAMCA Moyamoya F 58 Patent CTA-patent
6 RSTAMCA 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
LSTAMCA MCA occlusion M 57 Patent CTA-patent
RSTAMCA ICA occlusion F 61 Patent CTA-patent

10 RSTAMCA Moyamoya F 14 Patent CTA-patent
11 L STAMCA Moyamoya F 11 Patent CTA-patent

12 RSTAMCA Moyamoya M 33 Patent CTA-patent

13 LSTAMCA Moyamoya M 44 Patent CTA-patent

RSTAMCA Patent CTA-patent

14 RSTAMCA 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 RSTAMCA 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 RSTAMCA Moyamoya F 30 Patent CTA-patent
LSTAMCA 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
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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.

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.

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.

secting aneurysm and division of the proximal PICA with reim- ~ Two days later she underwent carotid artery and aneurysm oc-
plantation into the vertebral artery proximal to the aneurysm  clusion by endovascular coiling. With progressive thrombosis
(Fig. 3D). ICG videoangiography demonstrated patency of the  of the aneurysm, she developed transient worsening of her cra-
re-implanted PICA (Fig. 3E) and verified by both intraopera-  nial neuropathy including the 3rd and 6th cranial nerves. At

26



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 1970s*). In 1967,
Yasargil performed the first STA-MCA bypass in a patient with
complete occlusion of the MCA®?). 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 disease”****. The
EC-IC bypass trial in 1985 failed to show surgical benefit over
medical therapy leading to a decrease in the performance of the
procedure®. 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/min®. 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/min®**". 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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vest'*?!). 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-
tients'>'*171%), The benefit of the bypass is dependent on low
rates of surgical complications and high patency rates of the
graft?.

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%”'5%).

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 angiography®***”). 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 cases?”. 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 unreliable?”. With varying results, surgeons have also em-
ployed duplex sonography, thermal imaging, and flow determi-



J Korean Neurosurg Soc 50 | July 2011

nation by ultrasonic transit times>!”.

Intraoperative DSA was first described in the 1960s for crani-
al procedures and has been used with excellent results for neu-
rovascular disorders since that time>*?”. Used primarily as an
adjunct in aneurysm surgery, DSA can reliably evaluate the pa-
tency of bypass grafts. The use of intraoperative DSA requires a
dedicated neuroangiography team and operative time for both
sheath placement and the angiogram itself. Complication rates
remain small (0.4%), but not inconsequential, as this is an inva-
sive test using ionizing radiation and contrast agents®.

Originally approved for cardiac flow studies, ICG is a fluores-
cent tracer with applications in ophthalmology, cardiology, and
gastroenterology'”. The dye is highly protein bound with intense
fluorescence and a short half life of 150 to 180 seconds®. Cherrick
et al.” found the dye produced no adverse effects when intro-
duced subcutaneously or intravenously. The dye does contain io-
dine and care should be taken in patients with iodine allergies. To
view the fluorescence, a specialized near-infrared light source
and camera must be used. Its first use in neurosurgical proce-
dures was by Raabe et al.'¥ in 2003.

At that time, a separate camera was needed to view the dye.
Presently, intraoperative microscopes can be modified to view
ICG". Surgeons have reported good results using ICG for in-
traoperative assessment in intracranial aneurysms, arteriove-
nous malformations, and EC-IC bypasses'®*®. The low cost,
high spatial resolution, and ease of use makes ICG an attractive
tool in the treatment of neurovascular disorders.

We report here the results from our use of ICG as an adjunct
for assessment of the patency of IC-IC and EC-IC bypasses.
We found the procedure to be reliable and comparable to intra-
operative DSA. The ICG can be dosed in two to five minutes as
compared to about 30 minutes for standard intraoperative DSA.
The dye can also be easily redosed after the fluorescence has
washed out of the vessels. The dosing of ICG resulted in no ad-
verse effects compared to the 0.4% risk of stroke associated with
intraoperative angiography. In 4 cases, ICG videoangiography
determined that the graft was compromised or occluded or there
was a technical error that could be corrected. In 2 of the cases, in-
traoperative revision of the graft resulted in graft patency. These
results were comparable to Woitzik et al.®® in their series of 45
patients who received ICG for EC-IC bypass grafts.

Additionally, ICG provides benefits over duplex sonography.
The primary disadvantages of intraoperative doppler is the lack
of a live dynamic picture of blood flow and is limited in small
caliber vessels”. ICG provides excellent visualization of small
caliber vessels, though it also remains inferior to DSA in dy-
namic blood flow.

It is important to understand that ICG videoangiography
provides an image limited to the size of the surgical field. If the
view to the vessel is obstructed by bone or hematoma, the fluo-
rescence cannot be visualized. Further studies are needed to de-
termine to what extent ICG videoangiography can replace or
supersede other imaging methods.
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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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