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Abstract

Neck clipping of a large middle cerebral artery aneurysm was performed using a newly developed surgi-
cal microscope integrated with modules for both indocyanine green (ICG) and fluorescein videoangiog-
raphy. During surgery, ICG and fluorescein videoangiography by intra-arterial or intravenous injection
were safely carried out without interrupting the surgical procedure. Based on the findings obtained from
the case, we evaluated the differences between the dyes and the injection routes. With intra-arterial in-
jection, fluorescein offered sharper contrast images and was better at depicting fine arteries than ICG.
Patchy staining of vessel walls was observed in intravenous fluorescein videoangiography, while it was
not evident in ICG. Intra-arterial injection method had a great advantage in the rapid clearance of the
dyes, which allowed us to perform repeated videoangiography within a short period, and was useful in
detecting incomplete clipping in this case; however, catheter insertion requires additional work and car-
ries a potential risk. Use of a microscope integrated for both ICG and fluorescein videoangiography would
be another method for repeated evaluation. Namely, alternate use of the dyes enables us to perform vide-

oangiography in a short time even via intravenous injection.
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Introduction

Intraoperative fluorescence videoangiography has recently
been introduced to monitor blood flow during neuro-
surgical procedures. This technique has been playing
important roles in cerebrovascular surgery, especially in
intracranial aneurysmal surgery, demonstrating postproce-
dural blood flow in the aneurysm lumen, parent arteries,
and perforating arteries.’”® Indocyanine green (ICG) and
fluorescein have been commonly used for florescence
videoangiography. In ophthalmological examinations,
both ICG and fluorescein have distinct roles based on
their characteristics;® however, characteristic differences
between the two dyes in the same neurosurgical field
have been obscured.

Both ICG and fluorescein videoangiography are performed
commonly by intravenous injection at present, this proce-
dure, however, cannot be repeated within a short time
since both dyes remain in the vessels for longer than
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15 minutes.” Hence, we have applied the intra-arterial
injection method which has been established as a safe
one,’® though catheter insertion into the artery requires
some additional work and carries a potential risk.

In the current case, we performed ICG and fluorescein
videography during surgery of an unruptured large middle
cerebral artery (MCA) aneurysm using a newly developed
operating microscope integrated with a module for both
ICG and fluorescein videoangiography. Intra-arterial ICG and
fluorescein videoangiography were performed repeatedly
before and after neck clipping, and intravenous videoangi-
ography was also performed after clipping. We compared
the differences between the dyes and the injection routes
in the same surgical field for the first time. In addition,
we confirmed a great advantage of using a microscope
integrated both ICG and fluorescein videoangiography on
aneurysmal surgery.

Case Report

A 63-year-old woman was referred to our institute with
an unruptured right large MCA aneurysm. A newly
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developed surgical microscope (OPMI PENTERO 900; Carl
Zeiss Meditec AG, Jena, Germany) integrated with modules
for both ICG (INFRARED 800™; Carl Zeiss Meditec AG)
and fluorescein videoangiography (YELLOW 560™; Carl
Zeiss Meditec AG) was used for the surgery, and the
patient signed written informed consent forms giving us
permission to perform intraoperative ICG and fluorescein
videoangiography. An angiographic catheter was intro-
duced into the right internal carotid artery to perform
intraoperative digital subtraction angiography (DSA). ICG
dye (Diagnogreen; Daiichi Sankyo Co., Ltd., Tokyo) or
fluorescein sodium (FLUORESCITE®; Alcon Laboratories,
Inc., Fort Worth, Texas USA) was administered via the
catheter for intraoperative DSA or via a cutaneous vein of
the forearm. For intra-arterial injection, 10 ml of 10 pg/ml
(0.2%) ICG or 200 pg/ml (0.2%) fluorescein sodium diluted
by normal saline was used based on our previous experience.
For intravenous use, 5 ml of ICG (5 mg/ml) or fluorescein
sodium (100 mg/ml) was injected into a cutaneous vein
according to the previous reports.??

The MCA bifurcation aneurysm was exposed by
transsylvian approach. Prior to neck clipping, ICG and
fluorescein videoangiography were performed (Fig. 1).
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Fig. 1 Intraoperative photographs before placement of clips
on the aneurysm. A: A right transsylvian approach exposed
the large aneurysm (AN), M1 segment, and two M2 segments
of the middle cerebral artery. B: Intra-arterial ICG and fluores-
cein videoangiography clearly depicted the aneurysm and the
surrounding arteries immediately after the injection. Contrast
of image and ability to depict fine arteries were superior in
fluorescein to in ICG. Time after the injection is presented in
seconds. Flu: fluorescein, ICG: indocyanine green.
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With intra-arterial injection, both ICG and fluorescein
videoangiography clearly depicted the aneurysm and
the surrounding arteries immediately after the injection.
Both dyes disappeared rapidly (within 10 seconds),
which allowed us to repeat videoangiography in a short
period. In intra-arterial injection method, fluorescence
videoangiography could depict small arteries more
clearly than ICG videoangiography. Hence, contrast of
images and ability to depict fine arteries were superior
in intra-arterial fluorescein videoangiography to in intra-
arterial ICG videoangiography. A slightly curved clip was
applied to the aneurysmal neck, and videoangiography
was performed again. Although the aneurysm appeared
to be obstructed completely, videoangiography revealed
that both dyes slowly filled into the aneurysmal dome,
indicating incomplete clipping. The additional clip was
applied to the aneurysmal neck (Fig. 2A), and no increase
of the dyes in the aneurysmal dome was confirmed
though the residual filling of the dyes in the aneurysm
was still observed before the injection (Fig. 2B). Finally,
videoangiography via intravenous injection was performed
(Fig. 2C). When the artery was illuminated approximately
10-15 minutes after the previous injection, the area of
fluorescein emission in the aneurysm was increased, while
that with ICG was not (Fig. 2C, at 0 seconds). Intravenous
injection could depict the surrounding arteries clearly;
however, contrast of the image of intravenous injection
was inferior to that of intra-arterial injection, and the
dyes remained in the vessels for more than 5 minutes.
Prolonged patchy staining of vessel walls was observed
in fluorescein videoangiography, which was not evident
in ICG.

Intraoperative DSA also confirmed complete neck clip-
ping. Postoperative computed tomography (CT) scans
showed no abnormality and the patient’s postoperative
course was uneventful.

Discussion

This is the initial case report in which aneurysmal clipping
was monitored by both ICG and fluorescein videoangiog-
raphy. Using a newly developed surgical microscope for
both ICG and fluorescein, we could carry out videoan-
giography of both dyes easily without interrupting the
surgical procedure. We closely observed the images of
videoangiography and evaluated the differences between
the dyes in a same surgical field.

I. Differences between ICG and fluorescein

In our settings, videoangiography of both dyes were
very useful in aneurysmal surgery, and any adverse effects
of the dyes were not observed. Distinct roles of ICG and
fluorescein videoangiography have not been established
in neurosurgery, but the current case revealed that there
were subtle differences between the two dyes. First, in
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the intra-arterial injection method, contrast of images and
ability to depict fine arteries were superior in fluorescein
videoangiography than in ICG. Although information about
fine arteries was not necessary in this MCA aneurysm
case, intra-arterial injection fluorescein videoangiography
will be useful during the surgery of aneurysms near fine
perforating arteries. Second, patchy staining of vessel
walls was observed in intravenous fluorescein videoan-
giography, while such phenomenon was not evident in
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Fig. 2 Intraoperative photographs after placement of an addi-
tional clip. A: Multiple clips were applied to the aneurysmal
neck. B: Intra-arterial ICG and fluorescein videoangiography
demonstrated no increase of the dyes in the aneurysmal dome,
although the residual filling of the dyes in the aneurysm was
observed before the injection. C: Intravenous ICG and fluores-
cein videoangiography could depict the surrounding arteries
clearly; however, the dyes remained in the vessels for more
than 5 minutes. Prolonged patchy staining of vessel walls was
observed in fluorescein videoangiography (arrow). Also note
that the area of fluorescein emission in the aneurysm before
intravenous injection (at 0 seconds) was larger than that at 10
seconds after intra-arterial injection (B). Flu: fluorescein, ICG:
indocyanine green.

ICG. Fluorescein sodium has a small molecular weight
(376 kD) compared to ICG (775 kD), and easily leaks into
the blood vessel walls. Consequently, the vascular wall
itself comes to emit fluorescence.”” We also observed an
interesting phenomenon in which a similar mechanism
might participate. The area of fluorescein emission in
the aneurysm was increased by the time of intravenous
injection (Fig. 2C, at 0 seconds). Since the area of ICG
emission was not increased, this might be related to the
the leak
of fluorescein into the aneurysmal wall might cause the

differences between ICG and fluorescein, i.e.,

increase of the area. Third, in addition to the findings
obtained from this case, we previously reported that
ICG has an advantage in detecting aneurysms buried in
subarachnoid clots, since ICG excitation and fluorescence
are near-infrared radiation and can penetrate thin tissue.?
Fluorescein is visible light, and detection of aneurysm
in subarachnoid clots using fluorescein videoangiography
has not been reported.

II. Differences between injection routes and an advan-
tage of using a microscope for both ICG and fluorescein
videoangiography

Although intravenous injection is a common method for
fluorescence videoangiography, there are some substantial
advantages to intra-arterial injection. First, washout of the
dyes with intra-arterial injection is exceedingly superior
to that with intravenous injection, which allow us to
perform repeated videoangiography before and after clip-
ping. Since real-time monitoring is extremely important
in aneurysmal surgery, the superiority in washout time
of the dyes is a great advantage of intra-arterial injection.
Second, intra-arterial injection method could provide
brighter and higher contrast images compared to conven-
tional intravenous injection method. Third, intra-arterial
injection method can reduce dose of the dyes. Although
toxicities of the ICG and fluorescein were reported to be
very low, rare complications such as cardiac reaction and
respiratory compromise were reported after administration
of ICG or fluorescein.’®¥ The lower administration dose
of the dyes would bring lower complication rates. On
the other hand, there is a disadvantage to intra-arterial
injection. Catheter insertion into the artery requires
some additional work, and carries a potential risk. The
newly developed microscope used in this case, which
can perform both ICG and fluorescein videoangiography,
could offer a solution. Namely, alternate use of the dyes
(ICG to fluorescein or fluorescein to ICG) enables us to
perform videoangiography twice in a short time even via
intravenous injection, since fluorescence of both dyes
does not interfere with each other.
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