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TECHNICAL NOTE
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Abstract

Indocyanine green (ICG) emits fluorescence in the far-red domain under light excitation. ICG video angi-
ography (ICG-VA) has been established as a useful method to evaluate blood flow in the operative field. We 
report the usefulness of ICG-VA for Sylvian fissure dissection in patients with subarachnoid hemorrhage 
(SAH). Subjects comprised 7 patients who underwent ICG-VA before opening the Sylvian  fissure during 
neck clipping for ruptured cerebral aneurysm. We observed contrasted Sylvian veins before opening the 
Sylvian fissure using surgical microscopes. This procedure was termed “Sylvian ICG”. We observed ICG 
fluorescence quickly in all cases. Sylvian veins that appeared unclear in the standard microscopic opera-
tive field covered with subarachnoid hemorrhage were extremely clearly depicted. These Sylvian ICG find-
ings were helpful in identifying entry points and the dissecting course of the Sylvian fissure. At the time of 
clipping, no residual fluorescence from Sylvian ICG was present, and aneurysm clipping was not impeded. 
Sylvian ICG for SAH patients is a novel technique to facilitate dissection of the Sylvian  fissure. We believe 
that this technique will contribute to improved safety of clipping surgery for ruptured aneurysms.
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Introduction

Indocyanine green (ICG) emits fluorescence in 
the far-red domain under light excitation. ICG 
video angiography (VA) has been established as 
a useful method to evaluate blood flow in the 
operative field,1,2) and is commonly used to observe 
arteries in cerebrovascular surgeries such as aneu-
rysm clipping,2–5) removal of arteriovenous malfor-
mation,6,7) carotid endarterectomy,4,8) and bypass  
surgery.9,10)

In the present study, we performed ICG-VA prior 
to clipping in patients with aneurysmal subarachnoid 
hemorrhage (SAH) before dissecting the Sylvian 
fissure, to evaluate the Sylvian veins and decide 
on the optimal course of dissection to the Sylvian 
fissure. We report on the usefulness of ICG-VA for 
Sylvian fissure dissection.

Materials and Methods

Subjects selected for analysis were seven patients 
for whom ICG-VA was performed before opening the 
Sylvian fissure in neck clipping for ruptured cerebral 
aneurysm in our department between May 2015 and 
May 2016. The demographic and clinical character-
istics of these patients are shown in Table 1. We 
excluded cases who underwent coiling and unrup-
tured aneurysms. All patients underwent computed 
tomography (CT), magnetic resonance imaging (MRI), 
and cerebral angiography, then SAH was diagnosed 
and the ruptured aneurysm was detected. We decided 
to perform clipping considering the condition of the 
individual patient. All patients underwent surgery in 
the acute period, with the exception of one case of 
delayed surgery. The research protocol of the study 
was approved by the ethics committee of Kawasaki 
Medical School, Kurashiki, Okayama, Japan. All 
patients gave informed consent.

Sylvian ICG procedure
All patients underwent frontotemporal craniotomy 

and the dura was opened in the usual manner.  
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A solution of ICG of 25 mg in 10 mL of distilled 
water was prepared. After intravenous injection of 
3 mL of ICG solution (including 7.5 mg of ICG) and 
10 mL of saline flush, the brain surface and contrast-
enhanced Sylvian veins were observed before opening 
the Sylvian fissure using surgical microscopes OPMI 
PENTERO 900 (Carl Zeiss Meditec, Berlin, Germany). 
We named this procedure “Sylvian ICG”. We next 
started to open the Sylvian fissure with reference to 
the findings from Sylvian ICG, and performed neck 
clipping of the ruptured cerebral aneurysm in the 
usual manner. Intraoperatively, we also performed 
ICG-VA just before and after clipping to confirm 
complete occlusion of the aneurysms.

Informed consent for the procedure was obtained 
from the families of all patients. This method was 
approved by the ethics screening committee of our 
institution.

Results

Mean age of the 7 SAH patients was 61.0 years 
(range, 51–70 years), and there were 5 female and 
2 male patients. Location of the ruptured aneurysm 
was as follows: posterior communicating arteries, 
2 cases; anterior choroidal arteries, 3 cases; and 
middle cerebral arteries, 2 cases. No anterior commu-
nicating artery or posterior circulation aneurysms 
were encountered. Hunt and Hess grade11) was as 
follows: grade 1, 1 patient; grade 2, 4 patients; 
and grade 3, 2 patients. No patients showed grade 
4 or 5 aneurysms. Fisher group12) was as follows: 
group 1, 1 patient; group 2, 2 patients; group 3, 3 
patients; and group 4, 1 patient. Mean period from 
SAH onset to surgery was 22.2 h (range, 5–63 h), 
after excluding an outlier case with delayed surgery 
(Case 4) performed on day 13 after onset. No 
surgery-related mortality or rebleeding of aneurysms 
were encountered. Mean duration of hospitalization 
was 26.3 days (range, 15–39 days). At discharge,  

6 patients (85.7%) showed good recovery (modified 
Rankin Scale score, 0–2).13)

Concerning intraoperative findings from Sylvian 
ICG, we successfully observed rapid ICG fluores-
cence in all cases. Sylvian veins that were unclear 
under the usual microscopic operative field covered 
with SAH were detected extremely clearly. Those 
Sylvian ICG findings were helpful in selecting entry 
points and the course to dissection of the Sylvian 
fissure. By understanding the venous patterns, 
we were able to perform the surgery without any 
injuries to the Sylvian veins. After exposing the 
aneurysm, we also performed ICG-VA just before 
aneurysm clipping. No residual fluorescence from 
the preceding Sylvian ICG remained by that time, 
and no influence on aneurysm clipping was seen. 
We confirmed complete clipping in all cases. No 
patients experienced any complications from the 
Sylvian ICG procedure.

Illustrative Cases

Case 2
A 52-year-old woman presented to the emer-

gency room complaining of acute onset of severe 
headache. On admission, level of consciousness 
was E3V2M6 on the Glasgow Coma scale. Initial 
head CT revealed diffuse SAH and angiography 
demonstrated left middle cerebral artery aneurysm. 
We diagnosed SAH (Hunt and Hess grade 3, Fisher 
group 4), and decided on treatment with clipping. 
After frontotemporal craniotomy and opening of the 
dura mater (Fig. 1A), Sylvian ICG was performed 
before arachnoid incision. This case demonstrated 
clear Sylvian ICG (Fig. 1B), allowing safe dissec-
tion of the Sylvian fissure (Fig. 1C). The venous 
phase of preoperative cerebral angiography and 
intraoperative Sylvian ICG are compared in Fig. 2. 
Sylvian ICG accurately represented simple Sylvian 
veins. Clipping was completed, and no additional 

Table 1 Demographic and clinical characteristics of the seven patients with Sylvian ICG

Case 
no.

Age 
(years) Sex Location of 

aneurysm H-H grade Fisher group Onset to op (hours) mRS score  
at discharge

Length of hospital 
stay (days)

1 69 F PCOM 2 3 5 1 26

2 52 F MCA 3 3 9 4 32

3 51 F AChA 2 2 17 1 39

4 68 M MCA 1 1 Delayed op* 1 18

5 66 F PCOM 3 4 17 1 28

6 70 M AChA 2 2 63 0 26

7 51 F AChA 2 3 32 0 15

*: operated at 13 days after SAH onset, PCOM: posterior communicating artery aneurysm, MCA: middle cerebral artery 
aneurysm, AchA: anterior choroidal artery aneurysm, H-H grade: Hunt and Hess Grade, mRS: modified Rankin Scale. 
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neurological symptoms appeared postoperatively. 
However, symptomatic vasospasm and paralysis 
of the left lower extremity developed, the patient 
returned to everyday life after rehabilitation therapy.

Case 5 
A 66-year-old woman presented with acute onset 

of headache and disturbance of consciousness. On 
admission, level of consciousness was E3V4M6 on the 
Glasgow Coma Scale. Initial head CT revealed diffuse 
SAH and angiography demonstrated aneurysm of the 

right posterior communicating artery. The patient 
was diagnosed with SAH (Hunt and Hess grade 3, 
Fisher group 4). The decision was made to perform 
clipping in order to prevent aneurysmal rerupture. 
After frontotemporal craniotomy and opening of the 
dura mater (Fig. 3A), we performed Sylvian ICG 
before arachnoid incision. Although thick SAH was 
present around the veins, fluorescence of the Sylvian 
veins was clearly observed following fluorescence of 
the cortical arteries. Intraoperative findings before 
and after Sylvian ICG in this case are shown in  
Figs. 3A and 3B. We started to open the Sylvian 
fissure with reference to Sylvian ICG findings  
(Fig. 3C), then complete clipping was performed. 
The venous phase of preoperative cerebral angiog-
raphy and intraoperative Sylvian ICG are compared 
in Fig. 4. Sylvian ICG accurately represented 
complex Sylvian veins. The postoperative course 
was uneventful and she returned to a social life 
equivalent to her preoperative level.

Discussion

Raabe et al. first described ICG-VA for neurosurgery 
in 2003,1) using the method to observe the cerebral 
arteries. Since 2005, many reports have suggested 
the usefulness of ICG-VA for aneurism surgery.2–5) 
This approach allows clear visualization of intra-
aneurysmal blood flow. Based on such findings, 
ICG-VA has come into wide use for improving the 
efficacy and safety of various neurosurgical procedures.

Fig. 1 Case 2. Illustrative case of a patient with ruptured 
left middle cerebral artery aneurysm. (A) Intraopera-
tive microscopic findings of the Sylvian fissure before 
Sylvian ICG. Sylvian veins are unclear because of 
diffuse subarachnoid. (B) Intraoperative view from the 
same position after Sylvian ICG, demonstrating Sylvian 
veins extremely clearly. The double arrow shows safety 
space between the superficial Sylvian veins for dissec-
tion, confirming the true Sylvian fissure. The red circle 
shows tortuosity and junction of the veins. (C) The 
yellow line represents the course of dissection selected.

A B C

Fig. 2 Case 2. The venous phase of preoperative cerebral 
angiography (A) and intraoperative Sylvian ICG (B) are 
compared. Sylvian ICG accurately represent simple 
Sylvian veins. The white square in Fig. 2A shows the 
same part of the Sylvian vein observed by Sylvian ICG.

A B

Fig. 3 Case 5. Illustrative case of a patient with 
ruptured right posterior communicating artery aneu-
rysm. (A) Intraoperative microscopic findings of the 
Sylvian fissure before Sylvian ICG. Sylvian veins are 
unclear because of diffuse subarachnoid hemorrhage. 
(B) Intraoperative view from the same position after 
Sylvian ICG demonstrates the Sylvian veins extremely 
clearly. The double arrow shows safety space between 
the superficial Sylvian veins for dissection. The red 
circle shows tortuosity and junction of the veins. Reflec-
tion of the microscopic light has no influence. (C) The 
yellow line represents the course of dissection selected.

A B C
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In bypass surgery, ICG-VA provides reliable, 
rapid intraoperative assessment of bypass patency, 
contributing to a reduced incidence of early bypass 
graft failure.9,10) The procedure is also used in 
carotid endarterectomy4,8) and surgeries for cerebral 
arteriovenous malformations,6,7,14) spinal vascular 
malformations,12) and brain tumors.15–17)

However, few reports have examined the relation-
ship between ICG-VA and veins. The present study 
applied ICG-VA to the cerebral venous system, 
using this “Sylvian ICG” technique to observe 
Sylvian veins covered with SAH. Motoyama et al. 
reported a similar case involving a patient with 
thin SAH.18) We believe that our series offers the 
first report of ICG for Sylvian veins covered with 
SAH. Seven aneurysmal SAH patients underwent 
clipping with this procedure, and Sylvian ICG 
images were clearly observed in all cases. The 
visibility of ICG fluorescence in the venous system 
was extremely good, similar to that in arterial 
system. Sylvian ICG facilitates clear identification 
of the Sylvian veins, whereas detection of veins 
surrounding thick SAH is difficult in the usual 
microscopic surgical field because of the similarity 
in coloration to hematoma. The primary objective 
of Sylvian ICG is to accurately ascertain the posi-
tion of the superficial vein that is difficult to see 
with hematoma before arachnoid incision. After 
the superficial arachnoid incision, at the stage of 
opening the Sylvian fissure, it is easy to detect the 
position of the veins, because hematoma is gradu-
ally washed away. For this reason, although it is 
possible to repeat Sylvian ICG at the deep part of 
the Sylvian fissure, requirement of performing it 

is relatively low. The schemas of intraoperative 
findings before and after Sylvian ICG are shown 
in Fig. 5.

Sylvian ICG offers three benefits. First, the crev-
ices of the Sylvian veins can be precisely detected 
as a black part of the Sylvian fissure. We can thus 
select the best entry points and course of dissec-
tion to the Sylvian fissure. Second, Sylvian ICG 
demonstrates tortuosity and junction of the veins, 
allowing avoidance of points that may be disadvan-
tageous to dissect. In our experience, there were 
no cases in which venous junctions were unclear 

Fig. 4 Case 5. The venous phase of preoperative cerebral 
angiography (A) and intraoperative Sylvian ICG (B) are 
compared. Sylvian ICG accurately represent complex 
Sylvian veins. The white square in Fig. 4A shows the 
same part of the Sylvian vein observed by Sylvian ICG.

A B

Fig. 5 The schemas of intraoperative findings before and 
after Sylvian ICG. Before the procedure, it is difficult 
to identify Sylvian veins because they are of the same 
color as the surrounding hematoma (A). After Sylvian 
ICG, it is easy to identify superficial Sylvian veins (B). 
Superficial Sylvian veins are shown in white (arrows) 
and surrounding arachnoid with hematoma is shown 
in black (arrow head). After arachnoid incision, it is 
easy to identify deep Sylvian veins due to hematoma 
is washed away (C). 

A

B

C
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to detect due to the strong flow. Also, because ICG 
is sensitive to “blood flow intensity” in venous 
systems, there is an advantage that ICG can visu-
alize the difference in flow intensity in the veins 
of equivalent diameters. Third, venous patterns 
can be visualized in parts where reflection of the 
microscope light can interfere with visualization. 
These points are helpful for deciding on entry 
points and the course of dissection to the Sylvian 
fissure. Through understanding the venous vascu-
lature, we are able to perform the surgery without 
injuring any Sylvian veins.

In addition to these advantages, none of our cases 
showed complications from this procedure. ICG  
is widely used in neurosurgical procedures, and is 
reasonably assumed to carry an extremely low risk. 
What is more, Sylvian ICG had no influence on 
aneurysm clipping. Although many operators use 
ICG-VA to confirm complete clipping, ICG used in 
Sylvian ICG does not remain in the arteries until 
that time, and so does not interrupt clipping.

In the ICG-VA, morphological assessments of 
arteries are likely to prove misleading if thick hema-
toma and/or brain tissue cover the target vessels. 
However, Sylvian ICG showed the veins clearly even 
in the presence of thick subarachnoid hemorrhage. 
This was attributed to venous vessel walls being 
thinner than those of arteries and existing closer 
to the brain surface. 

It is thought that this technique is difficult to use 
for complex structural analysis of the deep part of 
Sylvian fissure. In the case of thin SAH, Sylvian 
ICG has little role and the impact is weak, however 
in the case of dense SAH, Sylvian ICG plays an 
extremely important role to accurately identify the 
superficial Sylvian veins before arachnoid incision.

Some limitations to the present study must 
be considered. The number of participants was 
still too small to allow detailed analysis. Further 
accumulation of data is needed to determine the  
optimal amount of ICG and timing of injection. Since 
various types of Sylvian veins exist, further studies 
are required to make this procedure more reliable.

Conclusion

Sylvian ICG for SAH patients is a novel technique 
to dissect the Sylvian fissure. We believe that this 
technique can contribute to improving the safety of 
clipping surgery for ruptured aneurysms.
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