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ABSTRACT

Background: Cochlear implantation is one of the most commonly used surgically techniques used in today’s world for adults
and children having sensorineural hearing loss. During cochlear implantation, there are surgical key steps that are influenced by
the anatomical variation of each individual.

Objective: The aim was to study the anatomical characteristics of human RW and its importance for electrode insertion for the
preservation of residual hearing in the process of cochlear implantation (ClI) surgery.

Methods: Five human cadaveric temporal bones were obtained. Microdissection was done through facial recess approach and
after dissection of the bone in the area of round and oval window (OW), height and width of the RW were noted, the distance
between OW-RW was measured.

Results: The average height and width of the RW were 0.76 + 0.065mm and 0.81 + 0.29 mm, respectively. The distance be-
tween OW-RW was 2.52 + 0.53 mm

Conclusions: Electrode insertion could be challenging in cases where the height and width of RW are < 1mm. This will help to
select slimmer and less traumatic electrodes for cochlear implantation to avoid injury to neurovascular structures and preserve
residual hearing.
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INTRODUCTION by soft surgical technique round window, insertion technique
has again become an area of interest for otorhinolaryngology

Cochlear implantation has become a common surgical pro- surgeons in today’s era of cochlear implantation.

cedure in adults and children with severe to profound hear-

ing loss for restoration of speech. Initially, surgical eligibility ~he placement of a cochlear implant (CT) electrode into the
was limited to individuals with total deafness because this ~Scala tympani was first introduced using the round window
procedure frequently destroyed any remaining residual hear- technique.” Since then, different approaches have been pro-
ing. The cochlear implant electrode insertion trauma was posed to improve visualization, ease of electrode insertion
first published in 1985." Over time, surgical technique has and, more recently, for emphasis on preservation of residual
been refined to minimize intracochlear trauma and to opti- hearing. Depending upon the surgeon’s skills, when per-
mize placement of electrode contacts within the scala tympa-  forming cochlear implantation, various options to insert the
ni with respect to spiral ganglion neurons. Since then atrau- electrode into the scala tympani through the round window
matic surgery has been of importance to the research and (RW), with or without drilling RW niche, or via a cochleos-

medical community as developments in cochlear implant —tomy adjacent to the round window, based on anatomy and/

(CI) models (e.g. midscale Cls) are increasingly focused on ~ Of Surgeon preference.

reducing intracochlear trauma. The benefits of RW insertion are minimal acoustic trauma

With the emergence of slimmer and less traumatic electrode dup to .df illing of otic pone, which is seen in cochleostomy,
designs and the emphasis on preservation of residual hearing =~ MIMIZING loss of perilymph, entry of bone dust, blood and
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powder of gloves into scala tympani which cause reactive
inflammation. Postoperative vertigo can be minimized by
the RW insertion technique. Anatomical variations are docu-
mented in the literature. Hence the surgeon must be oriented
with the variations of RW for correct placement of electrode
and for the successful outcome of hearing in cochlear im-
plantation patients. Incorrect placement of the electrode may
cause device failure with loss of hearing restoration.

The present study was undertaken to study the surgical anat-
omy of the round window according to its morphology and
its distance with the oval window and to make some guide-
lines for successful electrode insertion.

MATERIALS AND METHODS

An observational study was carried out in JNMC, DMIMS,
Sawangi, India within six months of duration. Ten human
wet, normal cadaveric temporal bones were selected for the
study. Five bones were excluded because of traumatic dam-
age of petrous temporal bone during anatomical preparation
for cranial cavity contents. Diseased temporal bones and
traumatic temporal bones were excluded. Thus, only five
specimens were studied. This study was approved by the Re-
search Ethics Committee.

Each temporal bone was mounted on the temporal bone hold-
er and using standard auto surgical instruments, dissection
was done on Carl Zeiss OPMI PICO microscope under mag-
nification. The bones were dissected with a motor drill, start-
ing from McEwan’s triangle, after the periosteum over the
mastoid bone was removed, and the mastoid cortex exposed.
Then a complete mastoidectomy was performed. Posterior
tympanotomy was then performed as it would be suitable for
cochlear implant surgery and to measure the visibility of the
round window membrane through the facial recess using an
angle of view that gave the round window niche maximum
visibility. The RW and OW areas on the medial wall of the
tympanic cavity were revealed after the tympanic membrane
and ear ossicles were removed. The RW and its relation to
OW have been observed.

The dissected bones were photographed by a digital camera
of 48 megapixels. The photographs were then imported to a
computer to determine the following parameters using Sco-
pyDoc 8.0.0.22 version software, after proper calibration and
at 1x magnification (Figure 1).

1. RW height (RWh)

2. RW width (RWw)

3. Distance between RW-OW (from anterior margin of
RW to the anterior margin of the oval window).

Statistical analysis
Statistical analysis of the data was done using MS Office
2007 Excel spreadsheet and program SPSS 20.0. Mean,

standard deviation and correlation of different parameters
were calculated using Pearson’s correlation coefficient. A
value of p< 0.05 was taken as statistically significant.

RESULTS

Size of RW

The average height and width of RW measured were 0.76
+ 0.065 mm and 0.81 + 0.29 mm, respectively. Table 1
showed there was a positive correlation between the height
and the width of RW (r = 0.5675).

Distance of RW-OW

The distance between OW-RW was 2.52 + 0.53 mm (Table
1). The distance was in the range of 2-3mm in all the bones
(Table 1).

Table 1: Dimensions of RW and Distance of Round
Window from the oval window (n = 05)

PARAMETERS MEAN & SD RANGE
RWh 0.76 + 0.065 mm 0.7-1 mm
RWw 0.81 + 0.29 mm 0.6-1 mm
Distance of OW-RW 2.52 + 0.53 mm 2-3 mm

n- number of bones; SD, standard deviation. Maximum height
of the round window (RWh), the maximum width of the round
window (RWw).

DISCUSSION

Cochlear implantation has become a treatment of choice for
severe to profound hearing loss in adults and children unilat-
erally or bilaterally. Patient selection criteria have changed
over the years. Initially, CI was done only for the restoration
of hearing, but with the advances in CI electrode design, sur-
geons are focused on speech perception and soft surgeries.

The interest in using residual acoustic hearing has emerged
recently. Using the still usable apical hair cells, the combined
electrical and acoustic stimulation of the hearing-impaired
cochlea perceives low-frequency sounds amplified by a
hearing aid, whereas the high-frequency sounds are supplied
electrically by a CI electrode. The human ear is capable of
integrating speech information that is both auditory and elec-
trically processed.

SIZE OF RW

We have summarize the size of round window reported in the
number of previous studies (Table 2). The reason for these
differences may be difficulties in assessing the reference
points because of the RW distorted architecture. These di-
mensions have implications with round window insertion of
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electrodes as all the currently available electrode sizes will
not be possible to be inserted through the smaller sized RW
membranes.

In favourable round window anatomy, direct insertion
through the RW is assumed to be the least traumatic ap-
proach. When the anatomy is less favourable/unfavourable

and the patient has no residual hearing, the RW and the area
of the hook can be enlarged, allowing good visualization of
the scala tympani. Finally, when anatomy requires and re-
sidual hearing is present or by surgeon preference, a cochle-
ostomy may be the method of choice as it involves less drill-
ing and may also be advantageous with particular electrode
designs.’

Table 2: Size of Round Window as Reported by Recent Studies

References Study No. of specimens Parameter Mean + SD Range (mm)
Erixon et al., (2009)* Silicon casts 65 Half diameter of RW 1.1 (0.3-1.6)

Cohen et al., (2005)3 CT scans of patients 414 RW length 1.665+0.258 (1-2.70)
Su et al., (1982)° Histological 541 RWw 1.66(0.48-2.7)
Singla et al, (2014)7 Gross cadaveric 50 RWh 1.62 + 0.77 (0.8-3.77)
Singla et al, (2014)7 Gross cadaveric 50 RWw 1.15 20.39 (0.64-2.15)
Jain et al® Gross cadaveric 34 RWh 0.69 + 0.25mm

Jain et al® Gross cadaveric 34 RWw 116 + 0.47 mm

Our study Gross cadaveric 05 RWh 0.76 + 0.065 mm
Our study Gross cadaveric 05 RWw 0.81 + 0.29 mm

Intracochlear trauma due to a cochlear implant includes two
kinds of lesions: immediate or initial lesions, which are rep-
resented by the trauma caused by the path of the electrode on
the intracochlear structures, and delayed lesions, defined as
new fibrous tissue or bone formed secondary to this initial
trauma.'® Previous studies have shown great variations in the
amount of fibrosis and new bone formation,'®'"'? but none
have focused on the proximal cochlear lesions as a function
of the surgical method of insertion.

To preserve the structure of the cochlea and potentially pre-
serve residual low-frequency hearing in patients with re-
sidual functional hearing but not benefiting from hearing
aids alone, the concept of both soft surgery and combined
electric and acoustic (hybrid) stimulation was being intro-

duced.'>!* This resulted in the development of smaller, short-
er and more flexible lateral wall electrodes, such as the Flex
series (MED-EL, Innsbruck Austria) and SlimJJ Straight
electrodes (Cochlear Ltd., Sydney Australia), Hybrid-L24
and Slim Straight electrodes (Sydney Australia) (Advanced
Bionics, Valencia USA). To allow round window insertion
and shorter distances to reduce trauma and complete loss of
residual low-frequency hearing, these lateral wall electrodes
were designed with smaller diameters.!1¢

DISTANCE OF OW-RW

OW has a direct superior relation with the RW. In our study,
the RW was at an average distance of 22.52 + 0.53 mm
(range 2-3 mm) from the OW (Table 3).

Table 3: Distance of OW-RW as Reported by Recent Studies

References Parameter

Seliet et al.”
Singla et al. (2015)7
Paprocki et al. (2004)*

Stewart & Belal (1981)*

Dahm et al. (2009)*°
Jain et al.®

Our study

Min. dist. Between OW-RW
Min. dist. Between OW-RW
Min. dist. Between OW-RW

Dist. from the superior margin of
RW niche to the inferior edge of
the OW

Mean dist. Between OW-RW
Mean dist. Between OW-RW

Distance from anterior margin of
OW to anterior margin of RW

Mean & SD(range) No. of bones Study

2.09 + 0.69 mm (range 1 - 3.5 mm) 20 Cadaver
2.19 * 0.43 (range1.39-3.57) 50 Cadaver
1.43 = 0.279 mm (1-1.75 mm) 10 Cadaver
2.7 mm (range 1.9-3.3) 12 Cadaver
4.1- 4.5 mm + 0.34mm 60 Cadaver
2.02 + 0.56 mm 34 Cadaver
22.52 + 0.53 mm (range 2-3 mm) 05 Cadaver

The frequent error is the implantation of the hypotympanic
cell. Therefore, reliance on other landmarks (i.e. oval win-

dow position) after opening facial recess is important. The
RW-OW distance is also important in stapedectomy surgery
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to avoid the risk of injury to the RW membrane. Jain et. al
conducted an anatomical study of the facial recess with im-
plications in round window visibility for cochlear implanta-
tion.?! Few of the related studies were reported.?>2¢

CONCLUSION

Prior information of Round window- Oval window distance,
RW anatomy and variation helps reduce complications dur-
ing CI surgery, decrease surgery period and will always give
successful hearing and speech restoration. HRCT Tempo-
ral bone may not always be helpful to study the anatomi-
cal variation and hence, knowledge of the above parameters
and their relation to the surrounding neurovascular structures
will be helpful for the surgeon while operating for cochlear
implantation. This will help to modify the criteria of surgery,
selection of pathway for electrode insertion (RW or cochle-
ostomy) and the type of electrode depending upon the anato-
my of RW for atraumatic insertion.
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