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Abstract The use of the indocyanine green video angiography (ICG-VA) both endoscope and
microscope has become popular in recent decades thanks to the safety, efficacy, and
added value that they have provided for cerebrovascular surgery. The dual use of these
technologies is considered complementary and has helped cerebrovascular surgeons in
decision-making, especially for aneurysm clipping surgery; however, its use has been
described for both aneurysm surgery, resection of arteriovenous malformations, or
even for bypass surgeries. We conducted a review of the literature with theMeSH terms
“microscope indocyanine green video angiography (mICG-VA),” “endoscopic review,”
AND/OR “intracranial aneurysm.” A total of 97 articles that included these terms were
selected after a primary review to select a total of 26 articles for the final review. We
also present a case to exemplify its use, in which we use both technological tools for the
description of the aneurysm, as well as for decision-making at the time of clipping and
for reclipping. Both tools, both the use of the endoscope and themICG-VA, have helped
decision-making in neurovascular surgery. A considerable clip replacement rate has
been described with the use of these technologies, which has helped to reduce the
complications associated with poor clipping. One of the main advantages of their
usefulness is that they are tools for intraoperative use, which is why they have shown
superiority compared to digital subtraction angiography, which takes longer to use and
has a higher risk of complications associated with the contrast medium. On the other
hand, a very low rate of complications has been described with the use of the
endoscope and mICG-VA, which is why they are considered safe tools to use. In
some cases, mention has been made of the use of one or the other technology;
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Introduction

The use of the endoscope in neurosurgery dates back to 1910
and although its main use has been described for skull base
surgeries or access to the ventricular system, it has also been
described for other types of procedures, especially neuro-
vascular surgery.1 The technique of using the endoscope for
vascular approaches has been called endoscope-assisted
microneurosurgery, which has been useful from direct clip-
ping procedures in endonasal approaches, clip revisions, clip
replacement, search for perforating branches, and even
revision of the aneurysm once clipped, reporting a very
low rate of complications associated with its use.2–4 Direct
clipping using only the endoscope is rare, so until now its use
has been limited to checking the clip once it is in place and
the shape of the aneurysm in relation to its perforating
branches.5 Certainly, and despite its greater routine use in
operating rooms, very little attention has been paid to
reviewing and characterizing aneurysm domes, as well as
their morphology, which is especially important since these
characteristics inform us about trans-surgical riskof rupture,
previous ruptures, or difficulty during clipping. The struc-
ture of the aneurysm dome, its shape, and the presence of
added lesions such as cholesterol plaques, calcifications, or
bleb can tell us about areas of greater hemodynamic stress,
which is especially important since it can guide us in making
decisions at themoment to place or reposition a clip.6On the
other hand, indocyanine green video angiography (ICG-VA)
since 2003 has demonstrated its importance in decision-
making in vascular neurosurgery, for the treatment of cere-
bral aneurysms, arterio-venous malformations, or bypass
surgeries both microscopic and endoscopic.7 However, to
date, priority has been given to the use of one or the other
device, with very few studies that have been carried out with
both devices and that have demonstrated their joint efficacy
as dual management.

We present the case of clipping of an internal carotid
artery aneurysm of the right communicating segment
that underwent both endoscopic and microscope ICG-VA
(mICG-VA) revision.

Materials and Methods

Methods
For the review, we used the MeSH terms “microscope
indocyanine green video angiography,” “rigid endoscopy,”
AND/OR “intracranial aneurysm” on the PubMed, Google
Scholar, and Springer platforms.We initially reviewed a total
of 97 articles, and after applying the inclusion terms and

reviewing the abstracts, we were left with a total of 26
articles that included meta-analyses, reviews, original
articles, and case series. We included those articles that
spoke directly about the dual use of both technologies for
clipping and revision of intracranial aneurysms or other
cerebrovascular pathologies, as well as benefits, uses, com-
plications, and the comparison between both andwith other
technologies.

Case Presentation
A 71-year-old male presented with a history of hyperlipid-
emia and arterial hypertension, neurologically intact, who
was diagnosed with an incidental aneurysm by magnetic
resonance imaging (►Fig. 1). Conventional clipping was
performed with the support of endoscope and mICG-VA.
The microscope used for surgery was an KINEVO 900 (Carl
Zeiss, Oberkochen, Germany) with 800 infrared cameras
equipped with FLOW 800 software (Carl Zeiss, Oberkochen,
Germany) and with real-time intraoperative ICG-VA that
provides hemodynamic information on blood flow. Also,
QEVOmicroinspection tool that is used as additional adjunc-
tive endoscope was used under microscopic guidance.

First, the neck, dome, and related perforating branches
were completely dissected. The dome presented yellowish-
white areas, which translated into areas with greater thick-
ness and less risk of surgical rupture. In addition, a bleb was
found on the rostral face of the aneurysm dome close to the
neck and in close relationship with a perforating vessel. The
usefulness of the mICG-VA in this case was that since we
could not mobilize the aneurysm too much due to the risk of
rupture, we were able to use this tool to decide if what we
were seeing was a bleb or a perforating branch, sowith safety
and after the application of the ICG-VA we were able to
demonstrate that what appeared to be two perforating
vessels, in fact only the most proximal was a perforating
vessel and the most distal to the neck was a bleb. To review
the dorsal face of the aneurysm under themicroscope, it was
very difficult to perform because this would entail greater
mobilization of the dome and increase the risk of rupture, so
we used the endoscopic review. By this means, we observed
the relationship of the multiple perforating branches as well
as an area of less intense red thickness, with a greater risk of
rupture, for which reason we had to be more careful when
placing the clip (►Fig. 1).

Once the clip is in place, we corroborate its position under
the microscope. And although at first sight the rostral
perforating branch seemed well positioned and with ade-
quate flow, with the endoscope we noticed the occlusion of a

however, we consider that its dual use provides more information about the status of
the clip, its anatomy, its relationship with other vascular structures, and the complete
occlusion of the aneurysm. We consider that the use of both technologies is
complementary, so in case of having them both should be used, since both the
endoscope and the mICG-VA provide additional and useful information.
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perforating vessel on the dorsal aspect, in addition to the
incomplete occlusion of the neck of the aneurysm, for which
reason it was decided to relocate it (►Fig. 2).

Once repositioned, the placement of the clip was verified
first microscopically with the ICG-VA, which toward the
rostral face, the perforating branch was appreciated with

Fig. 2 (A and B) First clipping, note that it was decided to place a clip, leaving the perforating branch free but occluding the aneurysm
bled (black arrow). (C) Review with microscope indocyanine green video angiography. A free rostral perforating branch was observed (red
arrow), with adequate flow after the first clipping. (D) Second endoscopic revision after the first clipping. Clamping of a perforating vessel
(black arrow) was observed in the lower part of the clip, as well as incomplete occlusion of the aneurysm due to the white-yellow tissue found in
the neck-dome transition site of the aneurysm (grey arrow).

Fig. 1 (A) A completely dissected aneurysm was observed, a dome with abundant yellowish-white tissue that translates into a thicker area
(black arrow). Multiple reddish areas on the dome of the aneurysm and some on the neck, which means an area of greater vessel weakness.
Aneurysmal bleb (gray arrow), perforating branch (white arrow). (B) Support with microscope indocyanine green video angiography,
perforating branch (red arrow) and aneurysmatic bleb (blue arrow) was observed on the rostral face of the aneurysm, as well as multiple
perforating branches on the medial and dorsal face of the aneurysm (green arrow). (C) First endoscopic review before clipping where multiple
perforating branches were observed on the internal and inferior face of the aneurysm (black arrow), as well as a thin neck with redness and
yellowish-white tissue further toward its dome (gray arrow).
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good flow and the aneurysmatic bleb was totally occluded
andwith the support of the endoscopewewere able to verify
the total occlusion of the aneurysmatic neck as well as the
proper course and flow of the dorsal perforating branches
(►Fig. 3). Surgery was completed without any postsurgical
complications.

Discussion and Literature Review

It has been reported that aneurysms may have clearly
defined sites of greater translucency (more redness than
normal vessel) that suggest focal weakness, which translates
into a greater risk of rupture of these sites.8 The morphology
of the aneurysmdomehas been classified asfine or superfine
if translucent red areas are visible, or thick calcified for white
or yellowish areas.6 In the sameway, bleb can be found in the
aneurysm during revisions, which can translate into areas of
greater hemodynamic stress and with a greater risk of trans-
surgical rupture.9All of this can potentially be reviewedwith
an endoscope, reducing themobilization of the aneurysm, its
riskof rupture, or injury to adjacent vessels. Despite themore
frequent use of the endoscope in vascular surgery, its use has
been limited only to the revision of the clip, its repositioning,
and its relationshipwith the perforating branches, but not in
the revision of the aneurysm dome and , aswe exemplified in
our case, it is important to decide if a repositioning of the clip
is feasible or not10–12 (►Table 1).

In our case presented, we emphasize the need not only to
review the perforating branches adjacent to the neck of the

aneurysm but also the characteristics of the dome, since as it
happened, it was important for us to know that there were
perforating branches on the dorsal face of the aneurysm but
also that the clipped area was safe to attempt reclipping,
since we found yellowish-white tissue present, which
resulted in a thicker wall and therefore less risk of rupture
when repositioning the clip.

Another important tool used in this case is the ICG-VA,
which became popular in the ophthalmology in 1970s, but
its use wasmore common from 2003 in neurosurgery.13 This
tool has had an especially important use in vascular neuro-
surgery, mainly to reduce the risk of postclipping cerebral
infarcts and to corroborate the patency of flow in the
visualized perforating vessels.14 Far from thinking that
both devices can compete with each other, it is preferred
to think that both should be complementary, although
endoscopic alone or with ICG-VA has certainly shown
some superiority.15 In addition, one of the special advantages
of the intraoperative use of mICG-VA and the endoscope is
that the necessary clip adjustments can be made intraoper-
atively and do not require additional time as is the casewith a
digital subtraction angiography (DSA). The use of DSA can
cause ischemia and cerebral infarcts due to the time required
for the procedure or other complications associated with the
use of contrast medium, arterial puncture, or manipulation
of the internal carotid artery with a catheter.16,17 Adverse
effects reportedwith the use of ICG-VA,whether microscopic
or endoscopic, are seen in less than 0.1% of patients while up
to 1.2% have been reported for conventional angiography

Fig. 3 (A and B) The proper position of the clip was observed, leaving the perforator vessel free on the rostral side of the aneurysm
(black arrow), as well as adequate flow with the support of microscope indocyanine green video angiography (red arrow). (C) Third endoscopic
revision. Inferior view, dorsal to the aneurysm, a totally free perforating vessel was observed (black arrow), dome of the aneurysm
completely occluded from the circulation (grey arrow). (D) Superior view, rostral to the aneurysm, showing a free perforating vessel
(black arrow) below the clip and abundant yellowish-white tissue (aneurysm thickening) in the aneurysm dome (gray arrow).
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studies because it is considered a completely invasive
study.18,19 On the other hand, one of the main limitations
of the use of mICG-VA is that the residual neck cannot be
visualized if these is really small, or neither smaller caliber
perforating branches due to limited viewing angles of the
microscope; however, if we use both devices rigid endoscope
andmICG-VA as in our case, on the one handwe can visualize
the patency of the flow in the perforating vessels and on the
other, with the endoscope, visualize if therewere perforating
vessels that are not recognized by mICG-VA and also the
presence or absence of residual neck.20,21 Dual use of mICG-
VA and endoscopy has been previously reported with good
results and virtually no complications.22 Therefore, we con-
sider that the dual use of these devices is completely safe and
complementary, but not one superior to the other. A slight
superiority of the use of the endoscopewith ICG-VA has been
demonstratedwhen thefield tomaneuver is small, such as in
keyhole approaches for anterior circulation aneurysms;
however, we consider that when it comes to an approach
through a conventional craniotomy, there is no superiority
between the two.23

What most of us definitely agree on is that up to now, the
use of the endoscope is the one that has generated the most
number of retries and repositioning of the clip.15,23,24 There-
fore, its utility in the futuremay take on greater strength and
begin to be an indispensable tool for aneurysm clipping
surgery.

Finally, one of the aspects to be highlighted is the useful-
ness of the ZEISS KINEVO microscope, with which it is
possible to obtain images with intraoperative fluorescein
and dually integrated endoscopic inspections; as well as 4K
images that allow operating in exoscopic mode. This greatly
facilitates the inspection of clipped aneurysms by surgeons,
their relationship with perforating branches as well as the
patency of flow within the aneurysm; it is also possible to
switchmanually or robotically from the microscopic view to
the endoscopic view in a very simple and ergonomic.

Microscopic/endoscopic complementation is considered
beneficial for high-quality visualization of fine structures
and to reveal hidden anatomical details; however, despite its
enormous advantages, one of its main limitations is that it
lacks external fixation; its use is limited to working channel
and the difficulty of changing to an optic from 0 to
30 degrees, that is, it is limited to a vision of 45degrees
only.25,26

Conclusion

We present a case of a clipped cerebral aneurysm using two
complementary technologies, the use of mICG-VA and endo-
scopic review, through which both devices provided us with
valuable information for decision-making during surgery, for
which we consider and recommend the dual use, as have
demonstrated safe and highly effective. With the mICG-VA,
we were able to observe the permeability of the perforating
branches, aswell as its correctflow;whilewith the endoscope,
wecouldobserve angles of the aneurysmthatwith theonlyuse
of the microscope would have been very difficult to visualize.
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