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Abstract

Background. Using Otoplan software, it is possible to measure the cochlea before cochlear
implant surgery. Until now, computed tomography (CT) of the cochlea has been necessary
for this purpose. The aim of this study was to find out whether measuring the cochlea
with magnetic resonance imaging (MRI) using Otoplan is possible with the same accuracy.
Methods. The cochlea of 44 patients of the local cochlear implant centre was measured by Otoplan
using high-resolution CT-bone and MRI images, and the determined lengths were compared.
Results. No significant difference was found between the cochlear lengths measured, regard-
less of whether the length measurement was based on a CT or an MRI data set.
Conclusion. For the determination of cochlear length prior to cochlear implant surgery, MRI
images are just as suitable as CT images, therefore CT is not mandatory for length measure-
ment by Otoplan, which could reduce the patient’s radiation exposure.

Introduction

The purpose of this study was to investigate the hypothesis that the measurement of coch-
lear duct length based on magnetic resonance imaging (MRI) data sets is as good as that
based on computed tomography (CT) temporal bone images. To this end, a retrospective
comparative study of these two imaging modalities was designed.

Cochlear implants enable hearing rehabilitation in cases of profound sensorineural
hearing loss or deafness by electrical stimulation of the auditory nerve. The individualised
planning of a cochlear implant operation is becoming more and more important.' The
providers of implants have specific electrodes in their portfolio to optimally utilise the
anatomical length of the cochlea, to take anatomical peculiarities into account or to pro-
vide individualised frequency-specific hearing loss.

For the pre-operative measurement of the cochlear duct length, Otoplan (CAScination
AG, Bern, Switzerland, in collaboration with Med-El Corporation, Innsbruck, Austria)
has recently become available. It is a tool to determine the length of the cochlear duct
from a Dicom-formatted data set of a thin-slice CT temporal bone. Other features of
the program also make it possible to estimate the cochlear place frequency using the
Greenwood function."* Until now, a thin-slice CT scan of the temporal bone was required
for evaluation with Otoplan.’

However, not all centres do a CT scan of the temporal bone prior to cochlear implant
surgery. By contrast, a thin-slice magnetic resonance imaging (MRI) scan of the inner ear
is always available, as this can confirm the fluid filling of the cochlea and the presence of
the auditory nerve.”® We therefore wanted to investigate with this study whether meas-
uring the cochlea with Otoplan using MRI and CT data sets provides comparable results.

Methods

The study used data sets from 27 patients who had both MRI inner-ear and CT temporal
bone scans collected in preparation for cochlear implant surgery. Patients with structural
abnormalities of the cochlea described in the original radiological report of CT or MRI
were excluded from the study. This retrospective study was conducted in accordance with
the principles of the Declaration of Helsinki and its later amendments as well as the regula-
tions of the Ethics Commission of the Medical Faculty of the University of Cologne.

The high-resolution CT scans were obtained using a Philips Brilliance 64-slice CT
scanner (Philips Healthcare, Best, The Netherlands). The scan volume included the
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petrous bone region with the external auditory canal, the mid-
dle ear and the inner ear. Reformatted images were recon-
structed with a slice thickness of 0.67 mm and an increment
of 0.33 mm in the axial and oblique coronal planes using a
soft tissue and bone window.

Magnetic resonance images were acquired using a whole-
body 3.0 Tesla (T) Philips Ingenia System (Philips Healthcare)
with a dedicated head coil. A standard T2-weighted turbo spin
echo sequence with a slice thickness of 5 mm (matrix 576 x 576,
FOV 230 x 200 mm, in-plane resolution 0.4 x 0.35 mm) was
obtained of the entire head in the axial plane, followed by a
three-dimensional T2-weighted turbo spin echo sequence with
a driven equilibrium radio frequency reset pulse and a slice
thickness of 1 mm (matrix 512 x 512, Field of View 180 x
162 mm, in-plane resolution 0.35x0.32 mm) through the
region of the cerebellopontine angle and the inner ear. With
the driven equilibrium radio frequency reset pulse applied at
the end of a turbo spin echo train, an acceleration of image
acquisition was achieved with high spatial resolution of the tem-
poral bone and the facial and vestibulocochlear nerves within
the internal auditory canal. Maximum intensity projection
images of the vestibule, cochlear and semicircular canals were
obtained.

The data sets were uploaded into tablet-based software
(Otoplan, version 2). For measurement of the cochlear duct
length, the user, a surgeon with expertise in the field of ear
and cochlear implant surgery first identified the modiolus in
the CT (defined as the centre of the modiolus in the three-
dimensional rendered cochlear view). Then the round window
and the outer boundary of the cochlea opposite the round win-
dow were marked. Subsequently, an orthogonal line was drawn
through the connecting line of these two points and the modi-
olus, and their intersections with the outer cochlear wall were
also marked (Figure 1). These points were entered manually by
the user into the cochlear view of the program. For more pre-
cise placement of the measurement points, an external com-
puter mouse was connected to the tablet.

Otoplan calculates the cochlear duct length according to the
elliptic-circular approximation method, which allows a more
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precise estimation of the cochlear duct length compared
with other methods.” For this purpose, user-defined points
are used to calculate the cochlear diameters (Figure 1),
which are then used to derive the cochlear duct length.

The MRI data sets were also read into the Otoplan system
and the above-mentioned landmarks were determined in the
same way. The software then determined the cochlear duct
length from these points.

First all CT and then all MRI data sets were evaluated,
whereby the order of the evaluated imaging was random and
anonymised. The measurements were all taken by the same
examiner.

Statistical analysis was performed using SPSS v. 24 (SPSS
Inc., Chicago, USA). The Kolmogorov-Smirnov test and the
Shapiro-Wilk test were applied before to check the data distri-
bution. As both tests showed that the data were normally dis-
tributed, a paired t-test was conducted to investigate the
difference between the MRI and CT cochlear lengths. In add-
ition, the comparability of the two measurement methods was
visualised via a Bland-Altman plot."’ The significance level
was set to p <0.05. The data are presented as average values
(+ standard error of the mean).

Results

For this study, the data sets of 27 patients were analysed with a
balanced gender ratio of 14 male patients and 13 female
patients. The mean age of the patients was 55.22 years, with
all but 2 patients having reached 18 years of age. In 10 patients,
due to a cochlear implant already in place, only the other, non-
operated, side was considered, so that a total of 44 correspond-
ing CT and MRI data sets of the cochlea were used.

Cochlear duct length was measured in each case using the
method described above. The mean cochlear duct length was
32.443 mm (+0.294 mm) from the CT scans and 32.591 mm
(£0.2605 mm) from the MRI data.

The cochlear duct lengths collected using the MRI and CT
data were not statistically different (¢ (43) = —0.989, p = 0.328).
There was good correlation between the lengths determined by
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Figure 1. Exemplary image of a cochlea in (a) computed tomography and (b) magnetic resonance imaging in Otoplan after manual definition of the outer bound-

aries of the cochlea and alignment of the connecting lines through the modulus.
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Figure 2. (a) Visualisation of the determined cochlear lengths in CT and MRI of all subjects. (b) With the exception of two outliers, all differences between the two
measurement methods were in the interval of +1.96 times the standard deviation around the mean value of the differences. (c) With a correlation coefficient of
0.862, a good correlation was found between cochlear duct lengths measured by CT (CDL-CT) and MRI (CDL-MRI). CDL = cochlear duct length; CT = computed tom-

CDL-CT

ography; MRI = magnetic resonance imaging; SD = standard deviation
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MRI and CT according to the Pearson analysis (r = 0.862, p <
0.01; Figure 2). The relationship between the two measure-
ments could be described with the correlation function: coch-
lear duct length-MRI =7.86 + 0.76 x cochlear duct length-CT.

The graphical representation of the data in the Bland-
Altman plot showed that, except for two outliers, all differ-
ences between the paired measurements were within the
required interval of +1.96 x standard deviation around the
mean value of the differences (Figure 2).

Discussion

The results from this study showed that the cochlear duct
length calculated using Otoplan does not differ when it is
determined from a CT or a thin-slice MRI data set. The results
of the measurement methods correlated well with each other
and did not differ significantly. With the exception of two out-
liers, the differences between the respective measurement
methods were all within the interval required by Bland and
Altman for the comparison of two measurement methods.'

It has been shown several times in the literature that MRI
images can be used to measure the cochlear duct length.!' ">
With regard to the Otoplan program, however, there are differ-
ent statements in the literature. While the study of Weber et al.
produced different results in the application of MRI to CT data
and thus cast doubts about the application of MRI imaging in
Otoplan,'* Thomas et al. had already produced consistent
results in the application of both types of imaging.'> Our
study supports these results.

While imaging of the cochlear and auditory nerves by MRI
is routinely performed prior to cochlear implant surgery,'® the
need for pre-operative CT imaging is questioned by some sur-
geons.'” Even though other surgeons value CT because of the
better visualisation of bony structures before cochlear implant
surgery, it can be concluded from this study that CT imaging is
not necessary solely for the application of Otoplan.

The Otoplan tool provides a way to measure the cochlear duct length
before cochlear implant surgery. This can help with individual surgery
planning and the choice of electrode length

So far, Otoplan has been used mainly for computed tomography (CT)
imaging

This study shows that it is possible to calculate the cochlear duct length
based on magnetic resonance imaging slice images with the same quality
as on CT images

It was found that Otoplan can also be used when CT is not available

The reduction of one imaging can bring a cost saving.'® In
addition, a significantly increased radiation exposure for the
patient can be prevented by omitting CT examination of the
temporal bone.'>*° This is particularly critical in view of the
fact that many patients also undergo further CT imaging post-
operatively or intra-operatively to check their position.'®*'
Especially in children, the saving of radiation doses is particu-
larly important due to the carcinogenicity of CT radiation®
and fortunately there are efforts to also carry out post-
operative quality control after cochlear implant surgery by
MRI*

Setting the points in the Otoplan cochlear view on the MRI
slides is more difficult than in CT, where the bony boundaries
and the round window stand out better (Figure 1), therefore,
as in our case, the recordings should be as thin as possible.
Nevertheless, the use of Otoplan with MRI alone could be
more difficult for the inexperienced examiner and lead to
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incorrect measurements. To explore this, further prospective
studies should follow to determine the predictive power of
MRI-based Otoplan analysis on the choice of the correct
electrode.
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