
970 

Corresponding author: Melih BOZKURT 
E-mail: melihbozkurt@hotmail.com

Original Investigation

DOI: 10.5137/1019-5149.JTN.21878-17.2

Received: 14.10.2017 / Accepted: 19.03.2018

Published Online: 09.04.2018

Turk Neurosurg 28(6):970-978, 2018

Melih BOZKURT, Onur OZGURAL, Gokmen KAHILOGULLARI, Umit EROGLU, Ihsan DOGAN, Haydar SEKMEN, 
Nihat EGEMEN

Ankara University, Faculty of Medicine, Department of Neurosurgery, Ankara, Turkey

This study was presented as a poster presentation at CNS Meeting, New Orleans, USA, in 2015 (presentation number # 475).

Assessing Aneurysm Obliteration and Neck Remnants 
in 225 Clipped Aneurysms Using Indocyanine Green 
Video Angiography, Micro-Doppler Ultrasonography and 
Postoperative Digital Subtraction Angiography

ABSTRACT

1% and 8% and the re-bleeding risk of residual aneurysms 
has been reported to be 3.7% (8,10,33,36). Additionally, 
parent artery stenosis or perforating branch occlusion rates 
have been shown to be 1.6%–2.1% in a large series, and 
it is usually behind the time to prevent the ischemia related 
complications (34). These difficulties during aneurysm surgery 
can be reduced by using intraoperative adjuncts, such as 
micro-Doppler ultrasonography (MDUSG), intraoperative 

█    INTRODUCTION

The agreeable outcomes of aneurysm surgery rely upon 
preservation of parent arteries and complete clipping 
of the aneurysm neck without a residual aneurysm. 

Although advanced contemporary adjuncts are being 
used in many neurosurgical centers, the rate of aneurysm 
remnants after clipping has been reported to range between 

AIM: To present our experience of 225 clipped aneurysms in 196 patients to compare indocyanine green video angiography (ICG-
VA), micro-Doppler ultrasonography (MDUSG), and postoperative digital subtraction angiography (DSA) in terms of determining 
aneurysm obliteration, neck remnants, and parent artery patency.
MATERIAL and METHODS: This retrospective study included 196 patients (108 female and 88 male patients) treated between 
2013 and 2016. In all cases, aneurysm neck remnants and vessel patency were assessed using ICG-VA and 16-Hz MDUSG. DSA 
was performed in every case postoperatively within the first 5 days. 
RESULTS: The mean patient age was 55.8 years (range, 31-80 years), and the mean follow-up duration was 25 months (range, 2-48 
months). Of the 225 clipped aneurysms, 86 were located in the anterior cerebral artery and its branches, 103 in the bifurcation of 
the middle cerebral artery (MCA) and the branches of the MCA, 34 in the internal cerebral artery and its branches, 1 in the posterior 
inferior cerebellar artery, and 1 at the basilar apex. We observed 2 neck remnants (0.8%), 2 parent/perforating artery occlusions 
(0.8%), and 2 residual aneurysm fillings (0.8%). There were no striking differences among the assessed methods. 
CONCLUSION: ICG-VA, MDUSG, and dome puncturing are all useful techniques in aneurysm surgery for assessing complete 
obliteration of the aneurysm. In our experience, all the 3 tools are complementary to each other, and none of them is superior to the 
others. We recommend the use of all 3 tools to obtain a favorable outcome.
KEYWORDS: Aneurysm, Clipping, Indocyanine green, Neck remnant, Residual aneurysm
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angiography (IA), and indocyanine green video angiography 
(ICG-VA), contiguous to the application of the principles of 
microsurgical techniques (20,27).

Kuroiwa et al. was the first to visualize the bridging veins 
and superior sagittal sinus through the dura mater using 
intravenously injected indocyanine green in neurosurgical 
practice in 2001 (21). In 2003, Raabe et al. published their 
series of 14 patients and assessed vascular flow in 21 clip 
applications with ICG-VA (30). In subsequent years, multiple 
centers have successfully utilized ICG-VA in not only 
aneurysm surgery but also all neurovascular procedures, 
including extracranial-intracranial bypass and arteriovenous 
malformation surgeries (2,3,5,6).

In this study, we present our experience of 225 consecutive 
clipped aneurysms in 196 patients and compare ICG-VA, 
MDUSG, and postoperative digital subtraction angiography 
(DSA), which is the gold standard method, in terms of the 
determination of aneurysm obliteration, neck remnants, and 
parent artery patency. Our findings may add further information 
to the literature and may contribute to the selection of adjuncts.

█    MATERIAL and METHODS 

This retrospective study was performed in 196 consecutive 
patients with a total of 225 aneurysms between 2013 and 2016. 
All patient data, including the clinical status, preoperative 
and postoperative radiological findings, operative notes, and 
videos, were collected from the medical records.

ICG-VA

ICG-VA was performed before and after all 225 clipping 
procedures. The technique of ICG-VA has been reported 
previously in detail (18). A 0.2–0.5 mg/kg bolus of ICG was 
injected intravenously before and after clipping. The dye was 
visualized using the fluorescent operating microscope OPMI® 
Pentero™ 900 (Carl Zeiss, Oberkochen, Germany) after wide 
dissection of the aneurysms.

If occlusion of the parent artery or its branches, a residual 
aneurysm, or a neck remnant was identified with ICG-VA, clip 
repositioning was performed or additional clips were applied. 
There was no complication associated with ICG-VA use in the 
patients. 

MDUSG

For all 225 clippings, a 16-Hz 7-mm golden probe (Rimed, 
Raanana, Israel) was used. MDUSG was used to determine 
the patency of the parent artery and detect any residual 
aneurysm. If a mismatch was noted between MDUSG and 
ICG-VA, the clip position was carefully re-checked while 
observing the distal artery flow.

Postoperative DSA

As our department did not have IA, we could not consider the 
intraoperative results just after surgical clipping. However, all 
patients underwent DSA between postoperative days 1 and 
5. Aneurysm remnants, existence of a residual aneurysm, and 
parent artery occlusion were assessed.

Surgical Technique

All anterior circulation aneurysms and 1 basilar apex aneu-
rysm were operated via pterional craniotomy or lateral supra-
orbital craniotomy and trans-sylvian approach. One posterior 
inferior cerebellar artery (PICA) aneurysm was operated using 
far lateral approach. If ventriculomegaly was noted or cere-
brospinal fluid (CSF) evacuation was needed, a ventriculos-
tomy catheter was placed. MDUSG and ICG-VA were applied 
before and after clipping. Neurophysiological monitoring was 
performed, and both motor and sensorial evoked potentials 
were recorded in all patients.

Dome Puncturing

Complete aneurysm obliteration was verified with dome 
puncturing after ICG-VA and MDUSG for all aneurysms, using 
a 28-G insulin needle. If oozing was observed, the clip was 
re-positioned or an additional clip was applied. 

█    RESULTS
A total of 225 aneurysms in 196 patients (108 female and 88 
male patients) underwent surgical clipping, and all patients 
were included in this study. The mean patient age was 55.8 
years (range, 31–80 years), and the mean follow-up duration 
was 25 months (range, 2–48 months). Of the 225 clipped 
aneurysms, 76 were located in the anterior communicating 
artery (AComA), 8 in the distal anterior cerebral artery (DACA), 
2 in the A1 segment of the anterior cerebral artery, 94 in the 
bifurcation of the middle cerebral artery (MCA), 6 in the pre-
bifurcation part of the M1 segment of the MCA (4 involved 
the anterior temporal artery and 2 involved the lenticulostriate 
arteries), 3 in the M2 segment of the MCA, 34 in the internal 
cerebral artery (ICA) and its branches (6 involved the ICA 
bifurcation, 14 involved the posterior communicating artery 
(PComA), 2 involved the anterior choroidal artery (AChrA), 10 
involved the ophthalmic artery, and 2 involved the superior 
hypophyseal artery (Sup. Hyp.), 1 in the PICA, and 1 at the 
basilar apex. Of the 225 aneurysms, 112 had diameters less 
than 10 mm, 108 had diameters between 10 and 25 mm, and 5 
had diameters larger than 25 mm. Of the 196 patients, 95 had 
unruptured aneurysms (48%) and 101 had ruptured aneurysms 
(52%). At admission, 10 patients had Hunt-Hess grade 1, 32 
had grade 2, 38 had grade 3, 5 had grade 4, and 6 had grade 
5 subarachnoid hemorrhage (SAH), among patients who had 
ruptured aneurysms. Additionally, 22 patients had multiple 
aneurysms (11.2%)(3 had 4 aneurysms, 3 had 3 aneurysms, 
and 16 had 2 aneurysms). The general characteristics of the 
patients are summarized in Table I. 

Neck Remnants

After using ICG-VA during operation, 6 neck remnants (2.6%) 
were noted (3 AComA, 2 MCA bifurcation, and 1 PComA). The 
distribution of the neck remnants according to the aneurysm 
sites is summarized in Table II. In all these cases, clip re-
positioning was performed. Furthermore, additional clips were 
used for one AComA and one PComA aneurysm. Nevertheless, 
in one AComA and one MCA bifurcation aneurysm, no neck 
remnant was observed with ICG-VA, but it was detected on 
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postoperative angiography (0.8%) (Figure 1). MDUSG did not 
provide adequate data in terms of neck remnants in neither the 
6 cases recognized using ICG-VA nor the 2 cases diagnosed 
using postoperative DSA.

Parent and Perforating Artery Occlusion

After using ICG-VA during operation, 8 parent or perforating 
artery occlusions (3.5%) were noted (3 AComA, 2 MCA 
bifurcation, 1 PComA, 1 A1 segment of the anterior cerebral 
artery, and 1 DACA). The distribution of the parent or 
perforating artery occlusions according to the aneurysm 
sites is summarized in Table III. In all these cases, clip re-
adjustment was performed. In 2 of the 3 AComA cases, which 
involved superior aneurysm projection, the aneurysm clip 

caught the contralateral A2 partially. In the other AComA case, 
the aneurysm clip occluded the artery of Heubner on the same 
side. In the case involving the A1 segment of the anterior 
cerebral artery, the aneurysm clip caught the posterior wall 
perforating branch, presumably supplying the hypothalamus. 
In the 2 MCA bifurcation cases, which involved continuity of 
the neck of the aneurysm with the inferior truncus of the MCA, 
partial inferior branch occlusion was noted. In the one PComA 
case, in which the aneurysm was conjoint with the PComA, 
the aneurysm clip totally occluded the PComA. Postoperative 
DSA revealed only 2 (0.8%) cases in which a correction 
maneuver failed to regain flow. One case involved a DACA 
aneurysm, which was different from the previously mentioned 
DACA aneurysm, where the aneurysm arose from an azygos 

Table I: General Characteristics of the Patients

Aneurysm
location

Number of
aneurysms

Ruptured
aneurysms

Unruptured
aneurysms

Aneurysm size (mm)

<10 10-25 >25

A1 2 (0.8%) 1 1 1 1 -

AComA 76 (33.7%) 30 46 40 35 1

DACA 8 (3.5%) 4 4 5 3 -

Prebifurcation M1 6 (2.6%) 2 4 4 2 -

MCA Bifurcation 94 (41.7%) 44 50 47 44 3

M2 3 (1.3%) - 3 3 - -

ICA Bifurcation 6 (2.6%) 4 2 3 3 -

PComA 14 (6.2%) 9 5 4 10 -

AChrA 2 (0.8%) - 2 2 - -

Ophthalmic Artery 10 (4.4%) 6 4 2 7 1

Sup. Hyp. 2 (0.8%) - 2 1 1 -

Basilar Artery 1 (0.4%) 1 - - 1 -

PICA 1 (0.4%) - 1 1

Total 196 patients
225 aneurysms 101 124

112 108 5

225 aneurysms

AComA: Anterior communicating artery, DACA: Distal anterior cerebral artery, MCA: Middle cerebral artery, ICA: Internal cerebral artery,              
PComA: Posterior communicating artery, AChrA: Anterior choroidal artery, Sup. Hyp: Superior hypophyseal artery, PICA: Posterior inferior 
cerebellar artery. 

Table II: The Distribution of Neck Remnants according to Aneurysm Sites

Neck remnant location after ICG-VA Correction maneuver Neck remnant after postoperative DSA

AComA 3 Clip re-adjustment, Additional clip 1

MCA Bifurcation 2 Clip re-adjustment 1

PComA 1 Clip re-adjustment, Additional clip -

Total 6/225 (2.6%) 2/225 (0.8%)

AComA: Anterior communicating artery, MCA: Middle cerebral artery, PComA: Posterior communicating artery, DSA: Digital subtraction 
angiography, ICG-VA: Indocyanine green video angiography.
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performing diffusion-weighted imaging (DWI) MRI after the 
procedure (0.8%) (Figure 2). Postoperative DSA was performed 
on the second day, and revision surgery and clip repositioning 
were performed immediately. In the case involving one right 
MCA aneurysm, acute ischemia was seen on performing DWI 
MRI after the procedure (Figure 3). Because the patient was 
asymptomatic, follow-up was performed. Postoperative DSA 
revealed only 1 (0.4%) case in which a correction maneuver 
failed to regain flow. 

In 6 of the 8 occlusions mentioned above (75%), MDUSG 
successfully detected occlusion of the parent arteries. 
However, MDUSG could not detect occlusion of the 
perforating arteries in 2 cases (1 AComA case, in which the 
artery of Heubner was occluded and 1 A1 case, in which the 
hypothalamic perforator was caught by the clip).

Residual Aneurysm Filling

After using ICG-VA during operation, 4 residual aneurysm 
filling cases (3.3%) were noted (1 MCA, 2 ophthalmic artery, 
and 1 PComA) (Figure 4). The distribution of the residual 
aneurysms according to the aneurysm sites is summarized in 
Table IV. In all these cases, clip re-positioning was performed. 
Furthermore, additional clips were applied for all 4 cases. 

artery and was divided into 2 parts by the falx cerebri. The 
aneurysm clip occluded the right callosomarginal artery, and 
no parent artery (callosomarginal artery) compromise was 
observed with ICG-VA and MDUSG. The patient experienced 
left lower limb monoparesis, and acute ischemia was seen on 

Table III: The Distribution of Parent and Perforating Artery Occlusions According to the Aneurysm Sites

Parent and perforating artery occlusion 
after ICG-VA Correction maneuver Parent and perforating artery occlusion 

after postoperative DSA

AComA 3 Clip re-adjustment -

MCA Bifurcation 2 Clip re-adjustment 1

PComA 1 Clip re-adjustment -

DACA 1 Clip re-adjustment 1

A1 1 Clip re-adjustment -

Total 8/225 (3.5%) 2/225 (0.8%)

AComA: Anterior communicating artery, MCA: Middle cerebral artery, PComA: Posterior communicating artery, DACA: Distal anterior cerebral 
artery, DSA: Digital subtraction angiography, ICG-VA: Indocyanine green video angiography.

Figure 1: Neck remnant of a middle cerebral artery aneurysm.

Figure 2: Callosomarginal artery compromise after clip application.

Figure 3: Postoperative diffusion-weighted imaging magnetic 
resonance imaging of right lenticulostriate compromise of a 
clipped middle cerebral artery aneurysm.



974 | Turk Neurosurg 28(6):970-978, 2018

Bozkurt M. et al: Aneurysm Obliteration and Neck Remnants

Nevertheless, in 1 AComA and 1 ophthalmic artery case, no 
residual filling was observed with either ICG-VA or MDUSG; 
however, it was detected on postoperative angiography 
(0.8%). Both patients underwent a second surgery. Clip 
re-adjustment was performed, and total occlusion of the 
aneurysms was achieved.

Dome Puncturing

For all 225 aneurysms, dome puncturing was performed 
with a 28-G insulin syringe needle after clipping, ICG-VA 
administration, and MDUSG control. If oozing was observed 
after dome puncturing, the clip was re-adjusted or an 
additional clip was applied. The mismatch between ICG-VA 
and dome puncturing after clipping is summarized in Table V. 
Oozing after dome puncturing was observed in 3 cases, even 
after ICG-VA and MDUSG application (1 AComA, 1 PComA, 
and 1 ophthalmic artery aneurysm) (Figure 5). In all cases, 
additional clips were applied. The superiority rate of dome 
puncturing over ICG-VA was 1.6%. 

There were 11 mortalities (5.6%) [2 (1.02%) among Hunt–
Hess grade 2 patients, 3 (1.5%) among Hunt–Hess grade 3 
patients, 2 (1.02%) among Hunt–Hess grade 4 patients, and 
4 (2%) among Hunt–Hess grade 5 patients]. No mortality was 
observed among unruptured aneurysm patients. One case of 

Table IV: The Distribution of Residual Aneurysm Filling according to Aneurysm Sites

Residual aneurysm after ICG-VA Correction maneuver Residual aneurysm after 
postoperative DSA

AComA 1 Clip re-adjustment, Additional clip 1

Ophthalmic Artery 2 Clip re-adjustment, Additional clip 1

PComA 1 Clip re-adjustment, Additional clip -

Total 4/225 (1.7%) 2/225 (0.8%)

AComA: Anterior communicating artery, PComA: Posterior communicating artery, DSA: Digital subtraction angiography, ICG-VA: Indocyanine 
green video angiography.

Figure 4: Residual aneurysm filling of a middle cerebral artery 
aneurysm after indocyanine green video angiography. 

Figure 5: Oozing after dome puncturing. Indocyanine green video angiography could not detect residual filling.
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reduce the efficacy of ICG-VA as a diagnostic tool (7,21,28). 
Conversely, MDUSG, especially with thin probes, is feasible 
to assess the aneurysm dome and parent artery even in 
deep areas and with the presence of overlaying vessels, 
cisternal blood and existence of complex geometrical shapes. 
Calcification at the aneurysmal neck or presence of an 
atheromatous plaque in the aneurysm neck affects the ability 
to obtain images with ICG-VA; however, this is not a problem 
when using MDUSG (4,14,32). 

The time interval between clip position evaluation and clip 
re-adjustment is very important during intracranial aneurysm 
surgery when there is doubt regarding the clip position. 
MDUSG takes the least amount of time to recognize that 
the clip position is incorrect, particularly during parent artery 
patency (14,37). During ICG-VA, after the first application, clip 
malposition can be recognized in about 25 seconds, but in 
the second application, this takes up to about 15 minutes. 
This time difference can also be evaluated as an additional 
risk factor for the occurrence of a neurological deficit. 
This advantage of MDSUG is lost when the clip closes the 
perforating arteries because it is very difficult to recognize the 
patency of the perforating artery with MDUSG, even if micro-
Doppler probes are used. ICG-VA is significantly superior for 
evaluating the patency of perforating arteries. In addition, 
ICG-VA is superior to the gold standard DSA for evaluating 
perforating arteries.

The rate of neck remnants in the literature has been reported 
to be 4–8%, and the re-bleeding risk of remnants is 3–4% 
(17,27). Thus, recognition of neck remnants during aneurysm 
surgery is essential. Apparent neck remnants can be easily 
diagnosed according to the surgeon’s vision, but additional 
diagnostic tools should be used to improve diagnosis. 
Otherwise, the patient will face additional risk of hemorrhage, 
and revision surgery may be required. Riva et al. emphasized 
that ICG-VA is still considered as complementary to, rather 
than a replacement of, DSA during aneurysm surgery; DSA 
still remained the best tool for the detection of aneurysm 
remnants in their study (32). In our series, the overall number of 
neck remnants was 8 (3.5%), and 6 of them were recognized 
with ICG-VA. Therefore, the possibility of overlooking a neck 
remnant during surgery was 25% in our series. Additionally, 
the overall percentage of mismatch between ICG-VA and 
postoperative DSA in terms of determining neck remnants 
was 0.8%. This rate could be considered satisfactory. MDUSG 
could not diagnose any neck remnants in our series. The size 
of the remnant, diminished angle of the Doppler device for 
identifying flow, and difficulty in inserting the Doppler probe 
beyond the clips may explain these results. Additionally, the 
Doppler signal of the parent arteries may cause absence of 
remnant detection. As a result, for identifying neck remnants, 
ICG-VA can be considered superior to MDUSG.

A residual aneurysm after clipping is considered a problem 
in aneurysm surgery. Many studies have demonstrated 
the residual aneurysm rates after clipping (1,9,24,29). The 
rate varies from 2% to 8% (2). Moon et al. reported a fully 
occluded aneurysm sac without vessel compromise in 119 of 
127 aneurysms (93.7%) detected using ICG-VA. However, a 
small portion of the clipped aneurysm was filled with bright 

right lower limb monoparesis mentioned above completely 
resolved in the first-year follow-up. 

█    DISCUSSION
Microscope-integrated near-infrared ICG-VA has been used 
regularly and widely in neurovascular surgery for several years 
(2,6,16,22,26-28,34,35). It is accepted as a convenient adjunct 
for assessing cerebral blood flow during surgery for cerebral 
aneurysms, cerebral arteriovenous malformations (AVMs), 
and extracranial-intracranial bypass (2,22,30,39,41). ICG-VA 
is an easily performed procedure, and this diagnostic tool has 
additional cost-effectiveness in neurovascular surgery. The 
procedure can be performed at any point during surgery, and 
repeated administration is possible with a time interval of 15 
minutes between injections to allow clearance (26). ICG-VA 
is an ideal indicative tool for surgery before the occurrence 
of vascular-cerebral injury. The speed of image acquisition, 
convenience of usage during surgery, and improved resolution 
to assess even small perforating arteries are major advantages 
of this method (7,13,16,28). On the other hand, false-negative 
ICG-VA findings must be kept in mind (12).

ICG-VA can demonstrate the anatomy and patency of arteries 
and perforating branches, morphology of the aneurysm, 
and any remnant after aneurysm clipping (2,27). In her MCA 
aneurysm series, Hallout described that surgical management 
is relatively safe and that the acceptable complication rate is 
low in patients when ICG-VA is available (15). Some studies 
explained the importance of ICG-VA for correct dissection of 
the Sylvian veins during aneurysm surgery (19,23,38). Proper 
dissection to skeletonize complete vascular anatomy and 
visualize clipped aneurysms is essential for the reliable use 
of ICG-VA (33). If any remnant, parent artery, or perforating 
occlusion is detected, re-clipping or application of additional 
clips can be performed immediately during the procedure. 
Therefore, postoperative ischemia-related complications 
could be reduced (3,18,31). One possible drawback of 
using ICG-VA according to the literature is issues with deep 
aneurysm locations (AComA aneurysms) when compared 
to other non-deep aneurysm locations (MCA aneurysms). In 
superiorly projected AComA aneurysms, the gyrus rectus may 
limit visualization, and the contralateral A2 may be hidden 
behind the aneurysm. This might reduce the benefits of ICG-
VA (14,18). This drawback can be overcome through the 
circumferential dissection of the aneurysm and resection of 
the gyrus rectus. Nevertheless, a deep location, large size, 
presence of overlaying vessels, and complex aneurysm can 

Table V: Residual Aneurysms Detected with Dome Puncturing

Residual aneurysm after dome 
puncturing Correction maneuver 

AComA 1 Additional clip 

MCA 1 Additional clip 

PComA 1 Additional clip

Total 3/225 (1.3%)
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series, this mismatch was 25%. Much the same as assessing 
residual aneurysm filling, using ICG-VA before clipping should 
be avoided so that an accurate result can be obtained when 
evaluating perforating artery patency (14).

Intraoperative somatosensory evoked potentials monitoring is 
also an effective and feasible tool for preventing ischemic 
complications (3). For estimating the possible consequences 
of compromising normal arterial flow, neurophysiological 
monitoring and assessment of both motor and sensorial 
evoked potentials are mandatory to obtain an idea about the 
neurological status of patients.

The focus of vascular and especially aneurysm surgery is to 
provide complete aneurysm obliteration, maintain parent/
perforating artery flow, and avoid any remnant aneurysm. 
Among the 3 above-mentioned techniques, each has its own 
advantages and limitations, and the possibility of using all 3 
techniques together in combination is worth considering. It 
should be emphasized that rather than functioning separately, 
these techniques can have synergic effects on the surgical 
outcome. 

An intracranial aneurysm is never like any other intracranial 
aneurysm. Surgeons dealing with aneurysm surgery may face 
many problems, even during the most successful surgeries. 
The microsurgery technique and surgeon’s experience, as well 
as some diagnostic tools, can help to solve these problems. 
A diagnostic tool that can detect all problems that can occur 
during aneurysm surgery with high precision has not yet been 
developed. In addition, no diagnostic tool is fast, simple, 
reliable, repeatedly used, and cheap (4,14). As a result, 
none of the diagnostic tools can be considered sufficient. 
In the present study, the use of ICG-VA in a relatively large 
number of aneurysm patients was evaluated. The advantages 
and disadvantages of this technique were compared with 
those of MDUSG, dome puncturing, and postoperative 
DSA. ICG-VA increases intraoperative information obtained 
regarding aneurysm geometry and provides surgical strategy 
optimization, particularly in case of non-complex aneurysms, 
aneurysms that do not project in multiple directions, and small 
aneurysms that are <10 mm in diameter. Therefore, the use of 
only ICG-VA for non-complex aneurysms can be considered 
as a sufficient modality in many cases, and time may not 
be taken for using the other diagnostic tools. On the other 
hand, while dealing with a complex aneurysm, in the presence 
of cisternal blood, and in the case of the parent artery or 
perforating artery arising from the aneurysm sac, it is certainly 
not an adequate examination; unfortunately, it provides 
the surgeon an unnecessary confidence. The application of 
microsurgery techniques such as dome puncturing and the 
use of intraoperative DSA, if possible, will complete these 
deficiencies of ICG-VA and should be considered superior 
to ICG-VA. Additionally, avoiding the application of ICG-VA 
before clipping is very important to be able to exclude residual 
intravasal activity and therefore to evaluate the filling of the 
residual aneurysm and parent and perforator arteries in a 
healthy manner. 

fluorescent material in 6 patients, and small perforators 
or branched arteries were not seen in 2 cases (0.8%), as 
assessed with ICG-VA and intraoperative and postoperative 
DSA (26). Wang et al. used ICG-VA in 145 intracranial 
aneurysms. In 2 aneurysms (1.3%) incomplete occlusion was 
found after clipping. Both clips were adjusted, and complete 
obliteration was confirmed with ICG-VA and angiography 
(39). Intraoperative DSA remains the gold standard for the 
evaluation of residual filling. However, the dependency on 
a neurovascular team during surgery and the long time 
required for the procedure cause DSA to be far from practical 
(11,25,28,40). 

In our series, 4 (1.7%) residual aneurysm fillings were seen 
using ICG-VA during surgery. In all of these 4 cases, MDUSG 
could detect the residual flow in the aneurysm sac. Therefore, 
it was possible to re-adjust the clip intraoperatively. Therefore, 
our residual aneurysm fillings number down to 2 cases (0.8%) 
determined with postoperative DSA. In these 2 cases, ICG-
VA and MDUSG could not determine filling. The rate shows 
the specificity of ICG-VA in terms of residual aneurysm filling, 
which was 98.6% in our cases. For determining residual 
aneurysm filling with ICG-VA, the scavenging speed of the 
florescent agent can be a drawback. Residual florescent 
activity in the aneurysm sac can mimic residual filling and 
cause false-positive results. Therefore, surgeons should 
not use ICG-VA unless it is necessary before clipping the 
aneurysm, particularly if it is successful in identifying a 
resected aneurysm and recognizing this complication with 
higher sensitivity.

Ozgiray et al. demonstrated false-positive and false-negative 
results with ICG. In 3.6% of cases, ICG showed no aneurysm 
filling, but dome puncturing showed filling. Conversely, in 
0.9% of cases, because of the residual intravasal activity, 
ICG-VA showed aneurysm filling, but dome puncturing did not 
show filling (27). 

In terms of assessing the complete obliteration of the 
aneurysm sac, dome puncturing was the most sensitive 
method as a part of a microsurgical technique rather than a 
diagnostic tool in our series. Even ICG-VA and MDUSG did 
not reveal any aneurysm filling dome puncturing must be 
applied to all cases not before ICG-VA or MDUSG control. 
None of these diagnostic tools mentioned above can show 
that the connection between the aneurysm sac and systemic 
blood flow is completely cut off as precisely and as fast as 
dome puncturing.

Chen et al. demonstrated a parent artery occlusion rate of 
16.6% during aneurysm clipping (5). The ability to detect 
the occlusion of the parent artery or perforating branches 
during the procedure is one of the most important parts of 
aneurysm surgery in terms of expecting a high quality of life. 
Because it will be 100% too late to recover the results of this 
complication. ICG-VA and MDUSG have the same ability to 
detect parent artery occlusion because of the relatively large 
size of the parent artery. On the other hand, owing to the small 
size of the perforating branches, ICG-VA is superior to MDUSG 
for detecting occlusion of the perforating branches. In our 
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█    CONCLUSION
ICG-VA, MDUSG, and dome puncturing have some 
advantages and drawbacks, and in our opinion, one of these 
tools cannot be considered as a paramount tool. The tools 
should be considered complementary to each other in terms 
of determining the crucial components of aneurysm surgery, 
such as effective clipping, residual aneurysm control, and 
parent and distal vessel patency and flow.
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