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microendoscope is an effective method for visualization of
the RWM [8]. It is equipped with a working channel, which
can be used in drug administration. However, the potential
of microendoscopes for placing substrates on the RWM has
not been evaluated, and it is important to clarify the preva-
lence of subjects in whom the RWM is microendoscopi-
cally visible. In the present study, we examined the
potential of a specially modified microendoscope for a
transtympanic approach to the RWM using human tempo-
ral bones.

Materials and methods

Ten formalin-fixed temporal bones with no middle or inner
ear diseases were obtained from six individuals (aged from
68 to 76 years at death, five male, and one female). A mic-
roendoscope (0.9 mm in outer diameter, 50 mm in length;
FiberTech, Tokyo, Japan) was specially modified in the fit
angle for observation of the RWM through the tympanic
membrane. The tip is curved 15° (Fig. 1). The view angle is
70°. It is equipped with a working channel (0.3 mm in
diameter).

We used four different approaches to observe the RWM
as follows: (1) transtympanic microendoscopic, (2) trans-
tympanic microscopic, (3) transmastoid microendoscopic,
and (4) transmastoid microscopic. For the transtympanic
approach, a small fenestration (2 x 1 mm) was made in the
posterior inferior quadrant of the tympanic membrane using
a knife (Fig. 2). The microendoscope was inserted into the
middle ear through this fenestration and set to provide the
best view of the RWM. For observation with a microscope,
the fenestration edge in the tympanic membrane was gently
pushed with a curved needle to obtain the best access to the

5.cm

Fig. 1 A microendoscope specially modified for better visualization
of the RWM. The outer diameter is 0.9 mm and the length is 50 mm.
The view angle is 70°. It is equipped with a working channel (0.3 mm
in diameter)

@ Springer

short process of the incus

malleus handie

chorda tympani

facial nerve

N

éﬂ%

2 mm

Fig. 2 A small fenestration (2 x | mm) was made in the posterior
inferior quadrant of the tympanic membrane using a knife. Posterior
hypotympanotomy was made as large as possible. In all specimens, the
facial nerve and chorda tympani were skeletonized

RWM. For transmastoid approaches, canal-wall up com-
plete mastoidectomy and posterior hypotympanotomy were
performed under conventional microscopy (Leica M300,
Leica Microsystems, Wetzlar, Germany). The bones cover-
ing the middle cranial fossa dura, the posterior fossa dura,
and the sigmoid sinus were drilled to be as thin as possible.
The bony wall of the external auditory canal was preserved.
The facial nerve and chorda tympani nerve were skeleton-
ized and the facial recess was opened as large as possible
(Fig. 2).

The RWM was observed through a posterior hypotym-
panotomy with a microendoscope or a microscope. Surgical
procedures were performed by one author (Harukazu Hira-
umi). The view of the RWM and surrounding structures
using the four approaches was video-captured. Frames
showing best view of the RWM were converted into still
images, and the area of the RWM was measured using
image-processing program, Imagel. An angled hook
(1.0 mm sharp tip) was used as a reference. Total area of
the RWM was measured after drilling the round window
niche. The visibility of the RWM was calculated and
graded into three classes: Grade I as no or little visualiza-
tion of the RWM (<20%), Grade II as defined by >20%,
and Grade III as defined by >70%. In three samples, the
round window niche was covered with false membranes. In
these cases, the false membranes were removed with a
curved needle under microscopic view via posterior hypo-
tympanotomy.

Results
A microendoscope was smoothly inserted into the middle

ear cavity and the incuidostapedial joint was observed eas-
ily in all the specimens. The percentage of the area of the
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RWM under direct vision was shown in the Table 1. The
transtympanic microendoscopic approach enabled visuali-
zation of the RWM in all the specimens (Fig. 3). In three
specimens, the RWM was totally observed (Fig. 4a). We
used the incuidostapedial joint as a landmark to identify the
location of the round window niche and the tip of the mic-
roendoscope was safely oriented to the RWM. No hazard-
ous events such as ossicular dislocation or disruption of the
tympanic membrane occurred. In contrast to the transtym-
panic microendoscopic approach, a transtympanic approach
using a microscope provided visualization of the RWM in
only three specimens (Fig. 3). Even in those three speci-
mens, the view of the RWM was very limited (Fig. 4¢). In
the other seven specimens, the RWM was not observed, as
the overhang of the round window niche was an obstacle
for visualization. The visibility of the RWM through the
transtympanic microendoscopic approach was significantly
superior to that through transtympanic microscopic
approach (Fig. 3, P < 0.01, Wilcoxon matched-pair signed-
rank test),

In all the specimens, the transmastoid approach provided
an excellent view of the RWM using either microendo-
scope (Fig. 4b) or microscope (Fig. 4d). The transmastoid
microendoscopic approach provided a wide view of the
middle ear cavity; for instance more than 70% of the tym-
panic membrane was visible in nine (microendoscopic),
and seven (microscopic) specimens.

Discussion

The present results demonstrate that a microendoscope pro-
vided a satisfactory view of the RWM through a transtym-
panic approach with only a 2-mm incision on the tympanic
membrane. Although the transmastoid microscopic
approach provides an excellent view and favorable access
to the RWM, this approach requires mastoidectomy and is

E3 O Grade 1
l I B Grade 11
M Grade I

Number of ears
f)

Microendoscopic Microscopic. Microendoseopic Microscopic
Transtympanic Transmastoid

Fig. 3 The visibility of the RWM for four approaches. Grade I as no
or little visualization of the RWM (<20%), Grade II as defined by
>20%, and Grade III as defined by >70%. The visibility through the
transtympanic microendoscopic approach was better than that with
transtympanic microscopic approach

not adequate for local drug application for treatment of
SNHL. In contrast, the transtympanic microendoscopic
approach requires only a small fenestration in the tympanic
membrane. Therefore, the transtympanic microendoscopic
approach may be applicable for office-based treatment.
Conventional endoscopes with 30° provide good visuali-
zation of the RWM [9, 10]. However, endoscopes with
attached CCD cameras are not easy to handle. In office-
based usage, the endoscope is usually placed just outside of
the tympanic membrane [11], and tools used for drug appli-
cation can hinder the view. The outer diameter is 1.7 mm or
larger, requiring larger myringotomy. In addition, use of a
conventional endoscope for drug delivery onto the RWM
requires another channel for drug application, resulting in

Table 1 The percentage of the

visible area of the round window No Side Transtympanic Transmastoid
membrane using four approach- Microendoscope (%) Microscope (%) Microendoscope (%) Microscope (%)
es

1 Left 80.2 0.0 91.6 70.1

2 Left 54.5 0.0 78.1 72.0

3 Left 78.8 23.0 87.3 79.6

4 Left 59.1 0.0 733 84.8

5 Left 48.2 14.6 94.8 71.6

6 Right  49.7 0.0 80.7 61.3

7 Right 799 0.0 87.6 757

8 Right  39.5 0.0 66.2 423

9 Right  62.0 20.1 84.9 832

10 Right 56.9 0.0 82.8 654
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Transmastoid

Transtympanic

Microendoscope

Microscope

Fig.4 The RWM of bone three observed through four approaches (ar-
row heads). The transtympanic microendoscopic approach (a), trans-
mastoid microendoscopic approach (b), and transmastoid microscopic
approach (d) provided good views. In the transtympanic microscopic
approach (¢), only a small part of the RWM was observed with the aid
of a curved needle

increase of surgical invasion on the tympanic membrane.
This means that enlargement of the size of tympanotomy or
making additional tympanotomy site is necessary. Conven-
tional microendoscopes are made for the inspection of the
nasolacrymal ducts, and their tips are straight. The external
auditory canal is S-shaped [12], and it is difficult to direct
straight microendoscope to the RWM. The modified mic-
roendoscope used in the current study is quite smaller than
conventional ones, and is connected to a CCD camera sys-
temn via a cable. The curved tip fitted the external auditory
canal. This configuration provides excellent handling of
equipment for drug delivery. In addition, the microendo-
scope used in this study has a working channel that can be
utilized for application of substrates onto the RWM.

The aim of the current study was to evaluate the accurate
RWM drug application efficacy of a microendoscope with
angles modified to ease RWM access. For clinical use of
previously developed local drug delivery systems [3, 8],
safe and stable visualization of the RWM through the tym-
panic membrane is necessary. In this manuscript, we com-
pared the transtympanic microendoscopic approach with
the transmastoid microscopic approach, since it is the most
common procedure to access the RWM. The transmastoid
microscopic approach is the most reliable approach for
observation of the RWM, and additional removal of the
round window niche enabled measurement of the total area
of the RWM, which was indispensable for quantitative
analysis in the present study. The view provided by a

@ Springer

microendoscope is enough to deliver drugs or biomaterials
incorporating drugs onto the RWM, although it is not satis-
factory for precise surgical procedures. Previous studies
have demonstrated the efficacy of biodegradable gelatin
hydrogels for local application of brain-derived neurotro-
phic factor [6] and insulin-like growth factor 1 [7, 13]. The
present findings resolve the problem of how to place a
hydrogel onto the RWM in the clinic.

This study also found some drawbacks for this instru-
ment, The resolution of the microendoscope is not as high
as that of conventional microscopes, which may impede the
differentiation of the false membrane from the RWM [14].
Sufficient understanding of the surgical anatomy of the
middle ear is necessary for appropriate use of the microen-
doscope in drug delivery onto the RWM. However, we con-
sider that refinement of the quality of view provided by
microendoscopes may resolve this problem.

Conclusion

The transtympanic microendoscopic approach provided
satisfactory visualization of the RWM through the tym-
panic membrane, indicating that the microendoscope is a
useful tool for placing drugs or drug-containing materials
onto the RWM,
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