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ABSTRACT

Background: A neuroendoscope is a technical advance that allows surgeons to visualize certain regions of the
brain that was previously inaccessible through the use of a surgical microscope. Several neuroendoscope designs
have been implemented by other neurosurgeons over the past 5 years. The advantage of a neuroendoscope is the
addition of a flexible and narrow tip that allows for safe entry into intracranial structures for clinical observation.
However, there are some limitations to this approach. Here, we report the use of a modified angioscope as a newly
developed neuroendoscope to be employed in observing intracranial structures.

Methods: We report the use of an angioscope that is 1.8 mm in diameter and has both a thin and flexible tip. In
this study, the angioscope was inserted into the lumen of an aspirator tube, and the tip of the device was placed
at the intracranial area of intended observation area. Image findings were evaluated using an established in vivo
goat brain model.

Results: The angioscope was light in weight and maneuverable and could be reached and observed in the blind
spot using a surgical microscope. From the cerebellopontine angle, the lower cranial nerves and trigeminal nerve
could be observed, and from the cisterna magna, the floor of the fourth ventricle and the aqueduct could be seen.

Conclusion: The angioscope is a useful instrument to observe intracranial locations safely and effectively even
within a limited surgical field. Further modifications will be required to use the angioscope in various craniotomy
procedures.
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INTRODUCTION

When patients suffer from aneurysm, a procedure known as cerebral aneurysm neck clipping
must be performed to prevent ischemia. At present, neurosurgeons must perform microsurgical
clipping, where a small metal clip is used to obstruct the ruptured aneurysm and to prevent
rebleeding.”'” For neurosurgeons, the ability to observe the intracranial area around the neck
of an aneurysm is crucial to prevent ischemic complications.”!”! Of particular concern, the
region of the branch of vessels originating behind the parent artery is difficult to observe using
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a standard surgical microscope.*” In addition, in the cases
of microvascular decompression for trigeminal neuralgia, it
may also be difficult to observe the responsible vessels on the
dorsal cranial surface containing the trigeminal nerve.[®'!
The neuroendoscope, due to its higher magnification, better
observation, and additional illumination, can provide us
information that may not be obtained using the microscope
in aneurysm surgery.*>1213 The neuroendoscope assists in
capturing blind spots with the surgical microscope.>>1213]
However, using a neuroendoscope may be difficult in a
narrow surgical field without advanced technique for safe
and reliable use.™”

An angioscope is utilized to observe and evaluate the degree
of atherosclerosis within the lumen of blood vessels.!*¢7!*1 A
unique feature of the angioscope is that the retractable tip is
thin and flexible, approximately 1.83 mm in width. Therefore,
we considered that it could be applied as a neuroendoscope
to capture deep and narrow areas of the brain that cannot
be observed with a surgical microscope. In this report, the
angioscope was examined to determine its potential for use
as a new neuroendoscope that is safer and easier to handle
than conventional neuroendoscopic manipulation using an
in vivo goat brain model.""

MATERIALS AND METHODS
Animal models

In vivo goat brain model that we recently reported was
employed to the present study. Three male goats, which
weighed 17.5, 26.5, and 27.5 kg, were considered. We ensured
that the study was performed under the conformity of the
international, national, and institutional rules considering
animal experiments, clinical studies, and biodiversity rights.
All manipulations and protocols were performed according
to the Guidelines for Animal Experiments at the International
University of Health and Welfare and in accordance with the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals (NIH publications no. 85-23) revised in
1996.

Surgery
Animals were initially anesthetized with xylazine
0.4 mg/0.02/kg and atropine 0.5 mg injected

intramuscularly, and maintained on 5% isoflurane and
95% O, at 1.5-2.0 ml/min to control breathing. Anesthesia
was maintained with 2% isoflurane and 100% O, at
1.5-2.0 ml/min." Craniotomies were performed by placing
the animals in the prone position and orientating the head
such that midline skin incisions of the scalp could be safely
carried out. The craniotomy was carried out in a size of
6 cm x 6 cm with an air tome. After incision of the dura
mater, a right retrosigmoid approach was performed under
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a surgical microscope. An additional surgical approach was
made from the lateral side of the cerebellum to reach the
cerebellopontine angle, and an angioscope was inserted to
investigate whether it is possible to observe trigeminal nerves
and lower cranial nerves. Next, the tonsil was retracted
and the floor of the fourth ventricle was observed, and an
angioscope was inserted ventral to the brainstem to observe
the anterior surface of the brainstem and cervical spinal cord.

In vivo recordings

The angioscope used in this study was a Zemporshe
videovascular endoscopic catheter with an outer diameter
of 1.83 mm, length of 180 cm, a focal range of 2-3 mm, a
viewing angle of 92.6°, and a pixel count of 48000 (OVALIS,
Osaka, Japan). The angioscope was inserted into a suction
tube (Fujita Medical Instruments Co., Ltd Tokyo, Japan) with
an inner diameter of 2.5 mm to guide it safely to the deep and
narrow areas of the brain.

RESULTS

The angioscope is extremely light in weight, easy to handle,
and allows rapid access to the area under observation
[Figure 1a]. Furthermore, by inserting the angioscope into
the lumen of the suction tube, it could be safely and rapidly
introduced into the optimal site [Figure 1b]. In evaluation
through the retrosigmoid approach, the angioscope inserted
into the cerebellopontine angle allowed us to clearly observe
the lower cranial nerves, such as the glossopharyngeal and
vagus nerves, as well as the trigeminal nerve [Figure 2a].
In addition, the entrance to the Meckel's cave, which is
difficult to detect with a surgical microscope, could be clearly
observed [Figure 2b]. The cerebellar tonsil was retracted and
the floor of the fourth ventricle was clearly observed, and the
central sulcus and aqueduct could be identified [Figure 3a].
Angioscope was inserted ventral to the brainstem through the
foramen magnum. The anterior surface of the brainstem and
cervical spinal cord could be clearly observed [Figure 3b].
In vivo goat brain model has a brain texture similar to that
of humans, and the cranial nerves have a gross anatomical

Figure 1: Observations of the angioscope. Panel a depicts an
angioscope that has a thin and flexible tip. Panel b depicts the use of
the angioscope into the lumen of the aspirator tube allowing for safe
observation of the intracranial cavity. The scale bar is 2 mm.
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Figure 2: Observations of an angioscope inserted into the
cerebellopontine angle Panel (a) depicts the use of the angioscope
to observe the glossopharyngeal (arrow head) and vagus nerves
(double arrow heads) in the cerebellopontine angle. Panel (b)
indicates the use of the angioscope to observe the trigeminal nerve
(arrow) and Meckel’s cavity (double arrows).

Figure 3: Observations of an angioscope inserted into the cisterna
magna Panel (a) depicts the use of the angioscope to observe the
floor of the fourth ventricle of the central sulcus (arrow), as well
as the cerebral aqueduct (arrow head). Panel (b) indicates the
use of the angioscope inserted through the foramen magnum
to observe the anterior surface of the spinal cord (double arrow),
which could be evaluated up to the C3 vertebrae.

structure similar to that of humans, making it useful for
research to evaluate the neuroendoscope.

DISCUSSION

The angioscope is primarily used for observations of the
coronary artery. Normal intima of the endothelium is white
and smooth, but the lipid deposition provides a yellowish
tinting of the endothelial cell wall, allowing angioscope
to detect early atherosclerotic lesions that do not cause
stenosis.!! In addition, it is expected that angioscope will
be able to provide diagnosis of unstable plaques with a high
risk of developing acute coronary syndromes and selective
treatment of localized lesions under endoscopic guidance.”%
Angioscope is also used to follow peripheral arteries of the
extremities to observe the patient after stenting.*”'*) When
angioscope is performed to observe a lesion inside an

artery, the complexities of stopping blood flow and flushing
the lumen with saline solution are involved.”'* However,
in the case of craniotomy surgery, it is possible to simply
insert an angioscope into the surgical field for any sites in
the brain. Here, we report the angioscope as a light weight
device that is thin and flexible enough, making it sufficiently
maneuverable for intravascular observations. Therefore,
we decided to evaluate the potential of the angioscope as a
new neuroendoscope that can be introduced into various
intracranial regions that are difficult to observe with other
devices.

Neuroendoscopes are usually used to observe pituitary
tumors,®!  skull  base  tumors,!  intraventricular
manipulations,'” and areas that are blind spots in the
surgical microscope.l"*>'*1*l Neuroendoscope allows direct
observation of branches from the parent artery around the
neck of a cerebral aneurysm, even in areas where a surgical
microscope would have a blind spot.*% In fact, it has been
reported that aneurysm surgery using the neuroendoscope
is associated with fewer complications than conventional
aneurysm surgery.”! In microvascular decompression
for trigeminal neuralgia, the neuroendoscope also allows
direct observation of the responsible vessel for compressing
the trigeminal nerve, even if it is located behind the
trigeminal nerve and is difficult to observe with a surgical
microscope.®! Since both are used in a limited narrow
surgical field, advanced skills are required to perform the
observations safely and confidently.” In a narrow surgical
field, a neuroendoscope can be an obstacle to surgical
microscope manipulation because it obstructs the field of
view.?

In this study, a thin, light, and flexible angioscope was
inserted into the suction in the present study. The angioscope
can be used in the same motion as a suction manipulation,
because no particular skill is required to handle it. In
addition, double-tube suction may be useful in the fact that it
does not interfere with the suction function. We are currently
preparing a study of angioscope as neuroendoscope with
double-tube suction. The major difference with existing
neuroendoscope is that the angioscope can be manipulated
in fine movements to intend to observe the optimum site
and does not interfere with the surgical manipulations in
the limited narrow surgical field because of its thinness.
Further refinement of the angioscope for use as a new
neuroendoscope has the potential to provide a significant
benefit in craniotomy surgery.

There have been no reports of this neurosurgical technique
training using live goat brains. We recently reported the
usefulness of in vivo goat brain model in neurosurgical
training."V The goat brain has a human-like brain texture
and anatomical structures such as blood vessels and
nerves that are similar to those of humans. Since in vivo
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goat brain model is not a cadaveric brain, it allows for
realistic training such as a hemostatic manipulation in
a pulsating brain and blood vessel.'!! In addition, it was
indicated that the interhemispheric and the retrosigmoid
approaches are possible."! The present study used an
in vivo goat model and indicated the usefulness of this model
not only for neurosurgical technique training but also for
neuroendoscopic research.

CONCLUSION

The angioscope could be very useful as a neuroendoscope to
safely and simply observe any site in craniotomy that cannot
be reached by the field of view of a surgical microscope. The
angioscope is expected to be developed and refined as a new
neuroendoscope through further improvements based on
the accumulation of more cases.
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