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ABSTRACT

Background: Given the growing need for minimally invasive approaches to

cochlear implantation surgery, we chose to examine the safety of a

microendoscopic procedure for cochlear implantation. Methods: We

performed cochlear implantation surgery on four human temporal bones

using a microendoscope and evaluated the safety of the procedure. Results-

With a microendoscope, the facial recess was opened and electrodes were

inserted into the cochlea. The size of the mastoidectomy ranged from 5 x 4 to

7 x 7 mm. For three of the temporal bones, the surgery was conducted

without any damage to the surrounding structures. The chorda tympanic

nerve was 1nadvertently sacrificed in one temporal bone, in which we

skipped the identification of the incus. Conclusions® The microendoscope

allowed cochlear implantation surgery to be performed with a

mastoidectomy of minimal size.

Keywords: cochlear implant, minimally invasive surgery, microendoscope



INTRODUCTION

Cochlear implantation is now a widely accepted treatment for

profound sensorineural hearing loss. Conventional cochlear implantation

surgery is conducted with the facial recess approach, which involves the need

for a wide mastoidectomy. The mastoid cell system regulates middle ear

pressure 1. Because the high area-to-volume ratio of the mastoid cell system

is important for gas exchange through the mucosa 2, a wide mastoidectomy

may lead to negative middle ear pressure and ear drum retraction. In

cochlear implantation patients, this can result in unfavorable conditions,

including cholesteatoma formation, middle ear infection, and electrode

protrusion. Although some doctors are developing minimally invasive

strategies for cochlear implantation surgery utilizing image guidance

systems to avoid the need for a wide mastoidectomy 34, these procedures are

not yet commonly used. One reason for this is that surgeons are not able to

see the surgical field directly. Recently, the use of microendoscopy has been

reported to provide direct surgical views and requires only a small ostium 56,

However, the potential use of the microendoscope in cochlear implantation

surgery has not been evaluated. In this study, we examined the effectiveness



and safety of microendoscopy for minimally invasive cochlear implantation

surgery using human temporal bones.

MATERIALS AND METHODS

Four human temporal bones with no middle or inner ear diseases were
obtained from four individuals (aged from 68 - 76 years at the time of death;
all four were male). A commercially available microendoscope designed for
the nasolacrimal duct (0.9 mm in outer diameter, 50 mm in length, with the
tip bent at an angle of approximately 15 degrees; FiberTech, Tokyo, Japan)
was prepared (Figure 1).

The following six steps were used to perform the cochlear
implantation: 1) Pre-operative planning was based on a cone-beam computed
tomography (CT) scan (Accuitomo, Morita, Japan). A straight line from the
cortical bone to the basal turn of the cochlea was drawn on the CT scan
(Figure 2-A). A three-dimensional reconstruction of the temporal bone was
created, and the approaching line was projected to the cortical bone to
determine where to begin drilling. 2) A small mastoidectomy hole (with a

diameter of 4 mm) was made from the cortical bone to the antrum using a



conventional drilling system (Figure 2-B). The following procedures were
performed using a microendoscope, which was introduced through the hole
(Figure 2-C). 3) The attic is opened and the short process of the incus is
identified (in this study, the incus was detected in bones 2 — 4) (Figure 2-D).
4) The facial recess is opened (Figure 2-E); 5) the round window niche is
detected through the facial recess, and cochleostomy is performed just
ventral to the round window niche (Figure 2-F). 6) Lastly, the electrode
(HiRes90K 1j electrode, AB, USA) is inserted into the cochlea using an
inserter (Figure 2-G). Steps 3 — 6 were performed using a microendoscope
and a microdrill (Skeeter Otologic Drill System, Medtronic, USA). The size of
the mastoidectomy was enlarged as necessary during steps 3 — 6. All surgical
procedures were performed by one author (H.H.).

After the surgery, a CT scan was obtained, and the closest distance
from the drilled path to the facial nerve and to the chorda tympani was
calculated. The electrode was then removed, and the size of the
mastoidectomy was measured along the surface of the temporal bone.
Subsequently, the bones were drilled to check for damage to the surrounding

structures. After the total mastoidectomy, the size of the posterior



tympanotomy was measured using an image processing program (Imaged:

National Institutes of Health, Bethesda, MD, USA).

RESULTS

In all specimens, the prominence of the lateral semicircular canal was
easily identified. In bones 2 — 4, the short process of the incus was detected
after a transmastoid atticotomy, and a posterior tympanotomy was
performed safely. In bone 1, we did not undertake the process of identifying
the incus. In this bone, the fallopian canal was opened, which was noted
immediately, and severe damage to the facial nerve was avoided. However,
the chorda tympani was inadvertently sacrificed. In bones 2 - 4, we opened
the attic and detected the short process of the incus. In these bones, the
fallopian canal and the chorda tympani were preserved. After opening the
facial recess, the round window niche was easily detected, and a
cochleostomy was performed. The intra-operative findings for bone 4 are
shown in Figure 3. In all bones, the electrodes were fully inserted into the
cochlea (Fig. 4). The size of the required mastoidectomy, the size of the

posterior tympanotomy, as well as the shortest distances to the facial nerve



and the chorda tympani are summarized in the Table. The surgical time

required was about ninety minutes.

DISCUSSION

In this study, we demonstrate that cochlear implantation using a

microendoscope 1s possible and requires only a small mastoidectomy. The

view provided by the microendoscope was sufficient to identify important

landmarks while performing cochlear implantation. The handpiece of the

microendoscope is quite small, and the tip is bent by 15 degrees, which

minimizes the interaction between the microendoscope and other surgical

instruments. These characteristics of the microendoscope allow minimally

invasive cochlear implantation surgery to be performed under direct

visualization.

Cochlear implantation surgery with minimal bone drilling has been explored

for years. Kiratzidis et al. reported the usefulness of the trans-canal wall

approach 7. With this approach, the authors created a tunnel through the

cortical bone to the facial recess using a specially developed perforator.

However, this technique is performed without direct visualization. Recently,



some authors have applied image guidance systems to minimally invasive

cochlear implantation surgery. Majdani et al. succeeded in performing a

cochleostomy 1in human cadavers through a narrow single-channel

mastoidotomy with a navigation system 4. Labadie et al. 8 applied

stereotactic techniques to cochlear implantation surgery and showed that

this method precisely identified the line from the cortical bone to the cochlea

through the facial recess. While these image guidance systems "visualize"

the surgical path, they do not guarantee the accuracy required for ear

surgery 910, In contrast, microendoscope-based cochlear implantation

surgery provides a direct surgical view. We were able to detect surgical

landmarks directly and complete the surgery using the same processes as

those used in the conventional facial recess approach.

However, to apply this surgery to actual patients, there are some problems

that need to be addressed. For one, the resolution of the microendoscope is

not as high as that of the microscope. Furthermore, the view obtained with

the microendoscope is two-dimensional, and it is distorted at the marginal

area. Another problem is the surgical time. In this study, the surgical time

was considerably longer than the time required for conventional surgery,
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which resulted from the low power of the microdrill and fogging of the

microendoscope lens. These two points are problematic, especially in

children. In small children, the area between the facial nerve and chorda

tympani is small, and highly accurate procedures are needed. In addition, a

surgical procedure with a short duration and minimal bleeding is required.

Other potential limitations include a poorly pneumatized mastoid. In such

patients, large amounts of bone must be removed, which results in a

protracted surgical time. It is likely that the development of new devices

specialized for microendoscopic cochlear implantation will resolve these

problems. Another option to overcome these problems is the combination of

microendoscopy and use of an image guidance system. The image guidance

systems provide information about temporal bone anatomy during the

surgery, which enhances the accuracy of microendoscopic cochlear

implantation. This also enables us to use a powerful conventional drilling

system during the early stages of the operation. The effectiveness of the

combination of these two technologies should be explored.
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CONCLUSION

This study demonstrates that the use of a microendoscope allows cochlear
implantation surgery to be performed with a minimally sized
mastoidectomy. The view provided by the microendoscope is sufficient to
detect important landmarks, which allows for the safe execution of the facial
recess approach. Microendoscopy may be applied to minimally invasive
cochlear i1mplantation in combination with other currently available

technologies.
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Figure Legends

Figure 1
A microendoscope for the nasolacrimal duct (FiberTech, Tokyo, Japan). The
outer diameter is 0.9 mm, and the length is 50 mm. The tip is bent

approximately 15 degrees. The view angle is 70 degrees.

Figure 2

Illustrations of the surgical procedure. A straight line from the cortical bone
to the basal turn of the cochlea via the antrum and the facial recess was
drawn on the CT scan to determine where to start drilling (A). A small
mastoidectomy was made using a conventional drilling system (B). The
microendoscope and microdrill were introduced into the antrum (C). The
attic was opened, and the short process of the incus was identified (D). The
facial recess was opened (E). The microendoscope and microdrill were
inserted through the facial recess, and a cochleostomy was performed (F).

The electrode was inserted into the cochlea using an inserter (G).
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Figure 3

Surgical views from the microendoscopic cochlear implantation surgery
performed on bone 4. (A) The prominence of the lateral semicircular canal
(arrowhead) and (B) the short process of the incus (arrow) were observed. (C)
The facial recess was opened (arrow). (D) The incuido-stapedial joint (arrow),
and the chorda tympani (arrowhead) are visible. (E) The round window niche
(arrow) was detected (arrowhead: the incuido-stapedial joint). (F) The

cochlea was opened (arrow).

Figure 4
The CT image taken after the electrode was fully inserted into the cochlea of

bone 4.
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Figure 4



Table

Size of the

Size of the

Distance to

Distance to

mastoidectomy | posterior the facial | the chorda
(mm) hypotympanotomy | nerve (mm) | tympani
(mm) (mm)
1 |Lt |7x7 2.4 x 3.7 0.0 0.0
2 |Rt |7x5 2.1x25 0.4 0.3
3 |Lt |8x4 2.1x2.9 0.4 0.5
4 |Rt |5x4 2.1x2.1 0.8 0.7
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