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Abstract

Objective: Determine the reliability of a new tablet-based software that utilizes postoperative
computed tomography (CT) to determine angular insertion depth (AID), cochlear duct length
(CDL) and the cochlear place frequency of individual electrodes in cochlear implant (Cl)
recipients.

Patients: Twenty adult CI recipients with lateral-wall electrode arrays of varying lengths.

Intervention: Cochlear and electrode array measurements were made by two otolaryngologists
using a tablet-based software. The user manually identifies the modiolus, round window, and each
electrode contact to calculate AID. The user also manually identifies cochlear landmarks to
calculate the CDL. The AID and CDL are applied to the Greenwood function to obtain an estimate
of the cochlear place frequency for each electrode.

Main Outcome Measure(s): The primary outcome measure was the reliability of the
instrument, as assessed with intra- and inter-rater reliability of measured AID and CDL. The
resultant differences in the estimated cochlear place frequency of the most apical electrode were
also evaluated.

Results: A broad range of AIDs were observed (390° to 659°). Intraclass correlation coefficients
for intra- (0.991) and inter-rater reliability (0.980) of AID of the most apical electrode contact
were excellent. Intra- (0.820) and inter-rater reliability (0.784) of CDL were also excellent. The
estimated cochlear place frequency for the most apical electrode differed by an average of 6.7%
(0-18.7%) across the two raters.

Conclusions: There is excellent agreement amongst clinicians in the determination of AID and
CDL, resulting in small changes in estimated cochlear place frequency of the most apical electrode
using this new software.
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Introduction

The variability in cochlear implant (Cl) recipient postoperative speech perception can be
influenced by intrinsic physiologic factors such as duration of hearing loss [1,2], age at
implantation [3] and residual cochlear health [4]. While these are non-modifiable variables,
other factors known to impact outcomes, such as angular insertion depth (AID) [3,5], can
potentially be controlled for in the surgical planning process and incorporated in device
mapping procedures.

Prior studies have consistently shown deeper insertions to be associated with improved
audiologic outcomes for lateral-wall electrode arrays in the electric only condition [6-9].
Estimating AID takes into account the variance in linear insertion depth and cochlear size,
and provides valuable information pertaining to electrode location in relation to the
tonotopic organization of the cochlea. One potential explanation for the association between
greater AID and better performance for lateral-wall arrays is that the default frequency filter
assignments for apical electrodes are closely aligned with the cochlear place frequency.
Given the possible association between AID and speech perception, there has been
increasing interest in developing technology that can accurately measure AID and, in turn,
generate an estimate of the cochlear place frequency for each electrode.

Algorithms utilizing intraoperative and postoperative skull x-ray and computed tomography
(CT) have been used previously to calculate AID [10-16]. Skull radiographs can provide an
accurate and reliable measurement of AID but are highly reliant on head positioning due to
their two-dimensional nature [17]. Although x-ray techniques offer a promising alternative
for populations that do not routinely undergo postoperative CT, such as children, CT remains
the gold standard for determining AID. A new tablet-based software package uses
postoperative CT to calculate AID and cochlear duct length (CDL). The AID and CDL are
used to estimate the cochlear place frequency for each electrode based on the Greenwood
function [18]. The AID and CDL measures are dependent on user identification of the
modiolus, round window, cochlear dimensions and individual electrodes. The manual
method and use of postoperative CT images, which are associated with metallic artifact due
to electrode presence [17,19], may introduce variability in the results. The primary aim of
the present study was to evaluate the intra- and inter-rater reliability of this tool in
determining AID and CDL. We also sought to assess the resultant variability in estimates of
the cochlear place frequency for the most apical electrode.

Materials and Methods

Study procedures were approved by the Institutional Review Board, and subjects provided
consent to participate. Subjects were adult CI recipients of the MED-EL Flex 24 (24 mm),
Flex 28 (28 mm), or Flex SOFT (31.5 mm) electrode arrays. A postoperative temporal bone
CT was obtained in all cases.

The postoperative CT was uploaded to a new tablet-based software (OTOPLAN®) to
calculate the AID and CDL, and estimate the cochlear place frequency for each electrode.
OTOPLAN was developed by CAScination AG (Bern, Switzerland) in collaboration with
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MED-EL Corporation (Innsbruck, Austria) and is not labeled for use in the US. The
software algorithm uses the location of the user-identified modiolus (defined as the center of
the modiolus in the three-dimensionally rendered cochlear view), round window, and
individual electrodes (FIG. 1) to determine the AID for each electrode. These measurements
are made in the cochlear view manually determined by the user. The user-identified cochlear
dimensions were used to calculate CDL according to the elliptic-circular approximation
(ECA) method, which has been shown to improve accuracy over other methodologies [20].
In short, this method determines the basal turn length of the lateral wall by using patient
specific measurement of the cochlear diameter A- and width B-values, which subsequently
allows for the derivation of the CDL. The software uses the AID and CDL values to estimate
the cochlear place frequency based on the Greenwood function [18].

Two raters identified the elements and cochlear dimensions for each CT scan to assess the
inter- and intra-rater reliability of the AID and CDL results. The raters were a board-certified
neuro-otologist (BPO) and an otolaryngology resident (MWC). Each rater determined AID
and CDL for all 20 CTs using the tablet-based software, blinded to electrode array and the
other rater’s results. At a minimum of 2 weeks after initial AID and CDL determination, one
rater (MWC) re-evaluated all 20 CTs in a blinded fashion to assess intra-rater reliability. For
inter- and intra-rater reliability measurements with continuous data, intra-class correlation
coefficient (ICC) for absolute agreement with 95% confidence interval was used. ICC values
were interpreted in accordance with the following scale: poor (<0.40), fair (0.40-0.59), good
(0.60-0.74) and excellent (0.75-1.00) [21]. Statistical analysis was performed with SPSS 25
for Windows (IBM Corp, Armonk, New York).

The CT scans of 20 subjects were reviewed. All cases underwent a round window approach,
with a full insertion of either the Flex 24 (n=4), Flex 28 (n=12), or Flex SOFT (n=4)
electrode array. The average mean AID of the two raters was 546+89.7° (range 390°-659°)
across 20 patients. The median AID averaged across raters was 422° (interquartile [1Q]
range 392°-468°) for Flex 24, 578° (1Q range 528°-606°) for Flex 28, and 619° (IQ range
603°-643°) for Flex SOFT (FIG. 2).

Rater measurements of AID for each subject are depicted in FIG. 3A. The average absolute
difference between the two raters was 9.9 £8.29° (range 0°-31°). The average absolute
difference between one rater’s first and second measurement of AID was 7.0+6.76° (range
0°-20°). The ICC for inter-rater (0.980; 95% CI: 0.945-0.992) and intra-rater (0.991; 95%
Cl: 0.976-0.997) reliability of AID were excellent. The estimated cochlear place frequency
of the apical electrode for each subject is depicted in FIG 3B. Inter-rater variability in AID
and CDL shifted the acoustic place frequency by an average of 6.7% (0-18.7%).

Inter- and intra-rater absolute differences in cochlear dimension measurements using the
tablet-based software are shown in FIG. 4. The average absolute difference between each
raters CDL measurement was 1.5£1.08mm (FIG. 4). The average absolute difference
between one rater’s first and second measurement of CDL was 1.2+1.08mm. This also
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resulted in excellent ICC for inter-rater (0.784; 95% CI: 0.452-0.914) and intra-rater (0.820;
95% CI: 0.544-0.929) reliability of CDL.

Discussion

The primary aim of the present study was to assess the reliability of the AID and CDL
calculations made using a new tablet-based software. The results demonstrate excellent
inter- and intra-rater reliability of both AID and CDL. The subsequent impact of differences
in AID and CDL on estimates of cochlear place frequency for the most apical electrode was
assessed; we observed an average difference of 6.7% between rater measurements. These
findings have clinical implications in that this software can be used to reliably determine
electrode location to inform image-guided mapping strategies for CI recipients.

Postoperative CT is limited by artifact; therefore, we assessed the variability in CDL results
to review the impact of human error in the software algorithm. Automated measures are
likely the most reliable method to reduce variability and increase accuracy [22,23]. The
current software uses the ECA model to determine CDL, dependent upon manual A- and B-
values determined with postoperative CT, which introduces uncertainty into the estimates
since these landmarks can be obscured by the electrode artifact. Despite these limitations,
minimal measurement error was observed between users, which has implications for
providing reliable information pertaining to electrode array position in relation to the
tonotopic map of the cochlea. However, measurements of these values on preoperative
imaging with higher resolution of landmarks may improve estimates of the cochlear place
frequency.

The determination of AID confers important prognostic information due to the relationship
between insertion depth and speech perception in CI recipients [5,9]. AID offers the best
measure for electrode array depth, as it accounts for both linear insertion and cochlear size.
This new tablet-based software allows clinicians to quickly and reliably measure AID with
lateral-wall arrays, with angular depths in this study comparable to those previously reported
[5,17,24-26]. The intracochlear location of most commercially available electrode arrays
result in a mismatch between the electrically presented frequency information and the
cochlear place frequency [26]; however, the current default mapping procedures do not
incorporate AID and CDL into the frequency filter assignments. Accurate measurements of
AID and CDL may allow for patient-specific, place-based programming procedures. Further
research is needed to determine whether use of the Greenwood function is most effective in
such modified mapping procedures as opposed to a spiral ganglion map [27].

The data presented herein support the reliability of this tool in determining AID and
estimating cochlear place frequency; however, a cadaveric study is required to assess the
accuracy of these measurements. Additionally, we reviewed lateral-wall electrode arrays
from MED-EL Corporation supported by the software platform. Modiolar hugging electrode
arrays may provide additional artifact near the modiolus, making it more challenging to
accurately identify this landmark manually.
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This study demonstrates the reliability of a new tablet-based software in the determination of
AID and CDL with lateral-wall arrays. These metrics provide prognostic information for
postoperative speech perception with default electric frequency filter assignments. The
clinical implications of incorporating the cochlear place frequency in individual electrode
frequency filter assignments is under investigation.
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FIG. 1.
Postoperative computed tomography images in the tablet-based software depicting the

cochlear view and calculation of cochlear dimensions. Distance between colored circles
represent diameter A-value (green), height H-value (red) and width B-value (blue).
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FIG. 2

Median angular insertion depth (AID) for Flex 24, Flex 28 and Flex SOFT electrode arrays

determined by the software algorithm.
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FIG. 3.

Inter-rater comparisons of the apical electrode contact (A) angular insertion depth and (B)
cochlear place frequency determined by the Greenwood equation for each subject.
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FIG. 4.
Absolute intra- and inter-rater differences in postoperative computed tomography cochlear

measurements using the tablet-based software. Mean value represented by + symbol. CDL;
cochlear duct length.
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