Short Report

Anatomy-based CI fitting via preoperative imaging

(preopABF)

Anatomiebasierte Cl-Anpassung via praoperativer Bildgebung (preopABF)

Abstract

The use of software for measuring the inner ear anatomy allows for the
estimation of the position of the electrode array contacts in the cochlea
prior to cochlear implantation, based on the standard preoperative im-
aging. These estimated contact positions can be used in the cochlear
implant (Cl) fitting software instead of the standard frequency table
(“preopABF”). In initial and follow-up fittings, the preference for preopABF
vs. standard fitting was investigated. The electrode positions calculated
from preoperatively available CTs and MRIs from clinical routine were
recorded using the software OTOPLAN4 (CAScination, Bern, Switzerland;
distributed by MED-EL, Innsbruck, Austria). In both initial and follow-up
fittings, preopABF and standard fitting were offered in a single-blind
manner. If there was a clear subjective preference, only that variant
was programmed into the speech processor. In all other cases, both
variants were programmed as programs. PreopABF was activated for
47 patients. Of these 47 patients, 6 patients (each bilaterally Cl-sup-
plied) declined the experimental comparison of standard frequency al-
location and that provided by preopABF (=ipsilateral ear). However, 5 of
these 6 patients preferred preopABF on the contralateral ear, regardless
of the delay between 1% ear and 2™ ear cochlear implantation. Only one
patient rejected preopABF bilaterally and was therefore excluded from
further analysis. The remaining 46 patients consented to a comparison
between the traditional fitting and the novel preopABF (at least on one
ear). In two cases, bilateral preopABF was performed, and in 44 cases,
unilateral preopABF was performed. The estimated electrode positions
obtained from preoperative CT or MRI using OTOPLAN were successfully
used in clinical practice for Cl fitting (preopABF) and showed a clear
preference over the standard setting in this evaluation. Whether a CI
fitting based on postoperative imaging (preopABF) will show a significant
patient preference in comparison to standard fitting is still to be inves-
tigated.
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Zusammenfassung

Durch Software zur Vermessung der Innenohranatomie ist es moglich,
vor einer Cochleaimplantation (Cl) anhand der standardmafig praope-
rativ durchgefihrten Bildgebung die Position des Elektrodentragers in
der Cochlea abzuschatzen. Diese geschatzten Positionen kénnen in
der Cl-Anpasssoftware anstelle der Standardfrequenztabelle verwendet
werden (,,preopABF*). Es wurde untersucht, wie die Akzeptanz bei Erst-
und Folgeanpassungen zwischen preopABF und Standard-Anpassung
ausfallt. Die aus praoperativ aus der klinischen Routine vorliegenden
CTs und MRTs errechneten Elektrodenpositionen wurden mittels der
Software OTOPLAN4 (CAScination, MED-EL) erfasst. Bei den Erst- und
Folgeanpassungen wurde einfach verblindet sowohl das preopABF als
auch die Standardanpassung angeboten. Bei einer subjektiv eindeutigen
Praferenz wurde nur diese Variante auf den Sprachprozessor program-
miert. In allen anderen Fallen wurden beide Varianten als Programme
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programmiert. Bei 47 dieser Patienten wurde das preopABF aktiviert.
Von diesen 47 Patienten lehnten 6 Patienten (jeweils beidseits CI-
versorgt) den Vergleich des experimentellen Vergleichs von Standard-
frequenzzuteilung und der durch das preopABF ab. 5 dieser 6 Patienten
praferierten jedoch am Gegenohr das preopABF, unabhangig vom
Zeitpunkt der Operation beider Ohren. Nur ein Patient lehnte beidseits
das preopABF ab und wurde daher von der weiteren Analyse ausge-
schlossen. Die Ubrigen 46 Patienten stimmten einem Vergleich der
klassischen Anpassung und des neuartigen preopABF (mindestens auf
einem Ohr) zu. Darunter wurde in zwei Fallen ein bilaterales und in
44 Fallen ein unilaterales preopABF durchgefuihrt. Die approximierten
Elektrodenpositionen aus dem praoperativen CT oder MRT mittels
OTOPLAN berechnet und visualisieret wurden in dieser Auswertung ge-
genuber der Standardeinstellung praferiert. Sie konnten im klinischen
Alltag fur die Cl-Anpassung eingesetzt werden. Der Vergleich einer Cl-
Anpassung basierend auf postoperativer Bildgebung zum preopABF
steht aus. Ohne zusatzliches CT ermdglicht der hier gezeigte Fitting-

Ansatz eine hohe Patientenakzeptanz.

Schliisselworter: anatomiebasierte Cl-Anpassung, preopABF,

tonotopische Diskrepanz

Introduction

Cochlear implantation (Cl) has now become a standard
therapy option for severe sensorineural hearing loss.
Nevertheless, post-implantation speech understanding
remains highly variable and is therefore a central focus
of current research [1].

Significant correlations with speech understanding have
been shown for many influencing factors, including the
so-called tonotopic “mismatch”. This refers to the discrep-
ancy between the region stimulated by the implant at a
certain frequency in the cochlea and the location that
would be stimulated at that frequency in a normal co-
chlea, resulting in a mislocalization of a frequency in the
tonotopic organization of the cochlea (and the subsequent
auditory pathway). This is especially relevant for post-
lingually deafened patients who have already learned the
relationship between frequency and tonotopic place [2]
and can lead to poorer speech understanding [3].
Therefore, different strategies have been recently ex-
plored to reduce the tonotopic “mismatch” (electrode
type, electrode insertion depth, electrode positions, sur-
gical approach (round window vs. cochleostomy), etc.)
[4], [5].

Recently, in this context, anatomy-based fitting (ABF) was
also introduced [6]. Here, a new image-based surgical
planning software displays the exact electrode position
after postoperative computed tomography, allowing for
individual, anatomy-based fitting. It has been demon-
strated that ABF can lead to improved speech understand-
ing. However, unlike preoperative imaging, postoperative
imaging using CT is not part of common clinical practice
and in some cochlear implant clinics even no postopera-
tive imaging at all. With the surgical planning software
provided by the manufacturer MED-EL (Innsbruck, Aus-
tria), the expected electrode positions can be estimated
preoperatively depending on the selected electrode array

(FLEX, FORM, or CLASSIC series) from the preoperative
imaging, serving as the basis for ABF (“preopABF”).

The aim of this study was to investigate the preference
for preopABF vs. standard fitting in initial and follow-up
fittings.

Methods

As part of the preoperative analysis of the imaging data,
either the available CT or MRI was selected per ear based
on image quality and slice thickness [7]. This analysis
was performed using OTOPLAN4 (CAScination, Bern,
Switzerland; distributed by MED-EL, Innsbruck, Austria).
In older versions up to and including OTOPLAN3, the
analysis of the inner ear had to be done manually [8]. In
case of already given OTOPLAN3 analyses, these where
re-checked via OTOPLANA4 in the setting reported below.
With OTOPLAN4, it is now possible to automatically ana-
lyze imaging data, provided a pixel spacing of <0.5 mm,
a slice thickness of <0.6 mm, and a slice gap of <0.6 mm
are present. Primarily, the CT was evaluated, as the re-
quirements for automatic evaluation are typically more
frequently met here. If automatic evaluation was not
possible, the CT or MRI, depending on which had the
better images, was manually evaluated. In the case of
manual evaluation, this was always carried out by an ex-
perienced OTOPLAN user. Only imaging data with a slice
thickness of <1.0 mm were evaluated. To ensure accurate
evaluation, the OTOPLAN measurement was performed
on a large monitor with high resolution, high brightness,
and high-quality color reproduction (HUAWEI MateView
GT 34”).

The measured parameters were then used to plan the
electrode array selection. Typically, planning was done
with a fully inserted FLEXSOFT electrode array. If a cover-
age >85% was achieved, a shorter electrode array could
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be planned. If coverage with FLEXSOFT was <85%, plan-
ning was done with a FLEX34, which represents the cur-
rently longest electrode array [9]. In addition to a report
(containing data on cochlear parameters, electrode inser-
tion angles and other information), OTOPLAN4 generates
an XML file containing the frequency allocation of the
band pass filter settings of the speech processor map for
individual stimulation contacts of the electrode array. In
cases where the scheduled electrode array was unexpect-
edly not used during the surgery, the actually implanted
electrode array was entered in OTOPLAN, and a new ex-
port of the report and XML file was generated.

If a patient was already implanted, a retrospective ap-
proach based on the preoperative imaging data was fol-
lowed using the same principles as described in the
scenario above. The resulting XML files with frequency
allocations based on the preoperative imaging data on
the implanted electrode array were stored in the fitting
software MAESTRO (MED-EL), allowing for the option of
preopABF. The data was used as given by MAESTRO and
not manually adjusted. A tonotopic mismatch occurs for
>8,500 Hz by manufacturer’s limitation of 8,500 Hz as
the maximum addressable frequency in MAESTRO.

As the basis of the fitting, the Greenwood function was
selected with an angle of 990° from the round window
to the helicotrema [4], [10], [11].

To compare preopABF to classical Cl fitting, we ask pa-
tients at the initial preopABF fitting for testing it. In this
study, the initial preopABF fitting could be first Cl fitting
but also any other. If there was a clear subjective prefer-
ence, only that variant was programmed into the speech
processor. In all other cases, both variants were pro-
grammed and stored in the patient’s processor. At the
next regular appointment with a minimum of a month
delay, the preopABF was checked asking the patients for
their subjective preference pro or contra preopABF.

Results

In 47 cases, such an XML file was stored and preopABF
was activated. Since part of the patient collective was
already adjusted (N=40), the switch to preopABF was not
made during the initial fitting but sometimes later (see
Figure 1), especially when there were requests for
changes in the Cl settings that seemed potentially solv-
able by a different frequency allocation of the stimulation
electrodes like unclear tone in general or regarding spe-
cific noises or voices.

During the on-site testing of preopABF in the clinical Cl
fitting room, either the standard frequency allocation or
the preABF was randomly activated first after a standard
fitting process in live mode, i.e., when the Cl system was
activated and the environment was captured via the mi-
crophone of the speech processor. Subsequently, the
remaining frequency allocation was selected and present-
ed to the patient as an alternative. The patient was not
informed which variant included which frequency alloca-
tion.

Out of these 47 patients (see Table 1 and Table 2),
6 patients declined the experimental comparison between
standard frequency allocation and preopABF. All of these
6 patients were bilaterally implanted with a cochlear im-
plant, but only one patient rejected preopABF bilaterally,
while the other patients preferred preopABF on the sec-
ondly implanted ear, regardless of the delay between the
surgeries of both ears. Therefore, only that one patient
was excluded from further analysis. The remaining
46 patients agreed to a comparison between the tradi-
tional fitting and the novel preopABF (at least on one ear).
Among them, bilateral preopABF was performed in two
cases, and unilateral preopABF in 44 cases (5/44 pa-
tients with bilateral CI provision but rejecting preopABF
on the opposite side as mentioned above, 29/44 patients
with bimodal provision, 7/44 patients without a hearing
aid indication on the contralateral side (i.e., single-sided-
deafness), 3/44 patients with an indication for but with-
out provision).

Having a closer look at the bilateral Cl, these patients
showed a similar pattern. All bilateral Cl patients told us
that the test program using preopABF was not different
to their old one and therefore they preferred to stay with
the standard programming. Patients in this group had a
long time of Cl experience at least in one ear. This seems
to lead to a low acceptance for changes in general regard-
ing Cl fitting and seems to be true also for the preopABF.
On the other hand, unilateral Cl patients seem to be much
more likely to accept preopABF in our patient group.

Cl—-25mm

eCC = CDL0C) — 2.5 mm

Equation 1: Calculation of the electrical cochlear coverage
(=eCC) using the C1 place in mm and the full OC CDL
in mm. By this, we respect the hook region (2.5 mm) in
contrast to, e.g., calculations of the mechanical cochlear
coverage.

Discussion

The aim of the study was to investigate whether in initial
and follow-up fittings an individual, anatomy-based ad-
justment based on preoperative imaging and using a new,
image-based surgical planning software (preopABF) can
achieve a higher preference compared to standard adjust-
ments. The hypothesis is that such a fitting tailored to
individual anatomy reduces tonotopic mismatch and can
lead to better speech understanding post-implantation,
which seems to be the case with anatomy-based adjust-
ments based on postoperative imaging according to cur-
rent research [12], [13], [14], [15], [16]. Sturm et al.
showed that with a lower mismatch, there was compar-
able speech understanding but higher quality of life [17].
The estimated electrode positions obtained from preop-
erative CT or MRI using OTOPLAN could be used for CI
fitting in clinical practice with high patient preference. In
this analysis, patients showed a clear preference for
preopABF over the posistandard setting. 46 out of 47 pa-
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Figure 1: A: Overview of the Cl experience of the study patients before the preopABF was initially acitivated. With “[0, 1]” defining
the naive Cl users, “[1, 2]” one months of Cl experience, “[2, 3]” 2 months of Cl experience and so on. While in this time of Cl
experience before preopABF the standard frequency allocation was activated. B: Overview of the PTA500-4k [dB HL] of the
study patients

Table 1: Patient demographics part 1

Sex Side Contralateral Cl type Electrode array Imaging
hearing device (ipsi- + contralateral) input
25 female 21 right 12 unaided 49 SYNCHRONY2 (*) 9 FLEX28 (*) 49 CT
22 male 24 left 27 HA - 25 FLEXSOFT (*) -
- 2 bilateral 1VSB - 3 FLEX34 -
- - 9Cl - 12 STANDARD -
Tested side=ipsilateral side if unilaterally tested; *=in bilateral Cl patients both ears counted
Table 2: Patient demographics part 2
Age Contralateral Cl experience | CDL | C1 place | C1 frequency | eCC AID of
[years] | PTA500-4k [dB HL] [months] [mm] [mm] [Hz] [%] C11[°]
Mean | 55.24 58.20 12.92 36.16 30.94 198.85 85.03 | 635.26
Std. 19.38 30.56 27.12 2.71 1.45 128.34 7.65 83.67
Min. 12 6.50 0 29.90 27.90 45.30 64.50 | 419.90
Max. 85 111.25 117 42.50 34.20 686.50 96.79 | 775.90

Cl experience=time from the first Cl surgery to study inclusion regarding the tested ear; CDL=cochlear duct length;
C1=the 1% electrode next to the electrode arrays tip; eCC=electrical cochlear coverage given by electrode contacts and
CDL (compare Equation 1; AID=angular insertion depth of the electrode array into the cochlear; *=in bilateral Cl patients
both ears counted; anatomy data analysis based on Greenwood function

tients, i.e., 98% of patients, not only tested preopABF but
also kept it as the standard setting in at least one ClI
system after the test (in the case of bilateral Cl provision).
Only 6 out of 47 patients rejected preopABF altogether.
These patients were all bilaterally implanted with a co-
chlear implant. Only one patient rejected preopABF bilat-
erally. Interestingly, 5 out of these 6 patients preferred
preopABF on the contralateral side without showing a
tendency towards whether preopABF was accepted more
for the first or second implanted ear. Thus, it seems that
even the patient group with bilateral CI provision can be-
nefit from preopABF, as shown by postoperative ABF in
the study by Kurz et al. [6].

One limitation of the study is the small number of cases.
However, this is an initial pilot study, and given the high
preference for preopABF by patients, a larger number of
patients will be recruited in the future. Another limitation

is that preopABF may not be as precise as ABF based on
postoperative imaging. However, this hypothesis needs
appropriate studies for clarification. PreopABF is a simple,
practical, and pragmatic solution that avoids additional
radiation exposure raised by postoperative imaging, which
is also costly and not widely available. Future studies
should address naive patients without Cl experience. This
way, the usefulness of preopABF in bilaterally implanted
patients can be analyzed.

An interesting alternative approach, especially in children,
is the use of a post-Cl surgery X-ray, which is routine in
most clinics and causes significantly lower radiation ex-
posure than a postoperative CT scan [18]. This will be
available in the upcoming OTOPLANS.

Lastly, it is important to emphasize that speech under-
standing after Cl provision is influenced by multiple fac-
tors, making it necessary to demonstrate weak effects
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on speech understanding through studies of the highest
evidence class. The findings thus confirm the considera-
tion of making individual, anatomy-based adjustments.
The extent to which differences can be demonstrated
related to Cl fitting on the basis of postoperative imaging
(=postopABF) remains to be investigated. Using postop-
ABF showed better speech understanding in noise with
equal speech understanding in quiet and a strong sub-
jective preference for the ABF setting compared to
standard fitting (assuming a sufficiently long adaptation
phase) [2], [4], [16], [19].

In the future, it will be intriguing to investigate Cl config-
urations based on preopABF regarding boundary frequen-
cies variation in the primary speech region. Creff et al.
already showed a notably significant difference between
postopABF and standard fitting in the primary speech
region. Interestingly, they also found a reduced variability
for postopABF in their study group and an improved
speech comprehension [16].

Notes

Conference presentation

This contribution was presented at the 26" Annual Con-
ference of the German Society of Audiology and published
as an abstract [20].
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