Short Report

Anatomy-based fitting versus standard mapping of
cochlear implants: A study on speech perception and

hearing quality

Untersuchung einer patientenspezifischen Cochlea-Implantat-
Sprachprozessor-Anpassung auf Sprachverstehen und Horqualitat

Abstract

The study aims to investigate the speech intelligibility and sound quality
rating of adults who have been fitted with a cochlear implant (Cl) for
the first time with two different frequency distributions of the filter bank
of the Cl audio processor. A patient-specific anatomy-based filter bank
setting is compared with the standard filter bank setting specified by
the manufacturer. The study is being conducted as a prospective, ran-
domized, and single-blinded crossover study with each subject taking
part over a period of 9 months. To date, 53 adults who have been fitted
with a cochlear implant for the first time were included in the study,
which is still ongoing. The patients were randomly assigned to groups
with two different starting conditions at the beginning of the study:
anatomy-based frequency allocation (ABF) and standard group (STD).
Postoperative cone beam tomography (CBT) images were analyzed using
Otoplan® software (Cascination, Bern, Switzerland) to determine the
insertion angle and the corresponding center frequencies of the in-
tracochlear electrode contacts and to create an “anatomy-based” fre-
quency allocation of the center frequencies of the filter bank. A total of
three visits are planned in a 3-month cycle. In the first visit after
3 months, the alternative frequency allocation is set (crossover), in the
second visit both settings are made available to the subjects, and in
the third visit, the results are evaluated with both variants. Speech
comprehension in quiet (Freiburg monosyllables) and in background
noise (Oldenburg sentence test) was tested and hearing quality assessed
using questionnaires. The results so far show that there is no statistically
significant difference between the two frequency allocations at any
visit (p>0.5). On the first and last visits, there was a trend toward better
hearing quality with ABF, while this trend was reversed at the second
visit after the program was changed. The preliminary results indicate
that the anatomically determined frequency allocation of the bandpass
filter center frequency setting may facilitate enhanced hearing quality
while maintaining unimpaired speech perception in quiet.

Keywords: cochlear implant, anatomy-based fitting, frequency mapping,
crossover design

Zusammenfassung

Das Ziel dieser Studie ist, das Sprachverstehen und die Klangbeurteilung
von Erwachsenen, die erstmals mit einem Cochlea-Implantat (Cl) versorgt
wurden, mit zwei verschiedenen Frequenzverteilungen der Filterbank
des Cl-Audioprozessors zu untersuchen. Hierbei wird eine patienten-
spezifische anatomiebasierte Filterbank-Einstellung mit der vom Her-
steller vorgegebenen Standardeinstellung der Filterbank verglichen.
Die Studie wird als prospektive, randomisierte und einfach verblindete
Crossover-Studie mit jedem Probanden Uber einen Zeitraum von
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9 Monaten durchgefiihrt. In die aktuell noch laufende Studie wurden
bisher 53 Erwachsene eingeschlossen, die erstmals mit einem Cochlea-
Implantat versorgt wurden. Die Patienten wurden zum Studienbeginn
zufallig in Gruppen mit zwei unterschiedlichen Startbedingungen einge-
teilt: anatomiebasierte Frequenzverteilung (ABF) und Standardgruppe
(STD). Postoperativ erstellte digitale Volumentomographie (DVT) Bilder
wurden mit Hilfe der Software Otoplan® (Cascination, Bern, Schweiz)
analysiert, um den Insertionswinkel und die zugehorigen Mittenfrequen-
zen der intracochlearen Elektrodenkontakte zu bestimmen und eine
L-anatomiebasierte” Frequenzverteilung der Mittenfrequenzen der Filter-
bank zu erstellen. Insgesamt sind drei Visiten in einem 3-Monats-Zyklus
vorgesehen. In der ersten Visite nach 3 Monaten wird die jeweils alter-
native Frequenzverteilung eingestellt (crossover), in der zweiten Visite
werden den Probanden beide Einstellungen zur Verflgung gestellt, und
in der dritten Visite werden die Ergebnisse mit beiden Varianten bewer-
tet. Das Sprachverstehen in Ruhe (Freiburger Einsilber) und im Stor-
gerausch (Oldenburger Satztest) wird erfasst, und die Horqualitat anhand
von Fragebdgen beurteilt. Die bisherigen Ergebnisse zeigen, dass sich
das Sprachverstehen in Ruhe zwischen den beiden Frequenzverteilun-
gen an keiner Visite statistisch signifikant unterscheidet (p>0,5). In der
ersten und letzten Visite deutet sich ein Trend zu einer besseren Beur-
teilung der Horqualitat mit ABF an, wahrend sich dieser Trend in der
zweiten Visite nach der Umstellung des Programms umkehrte. Die vor-
laufigen Ergebnisse deuten darauf hin, dass ABF bei unverandertem
Sprachverstehen in Ruhe zu einer besseren Horqualitat fihren konnte.

Schliisselworter: Cochlea-Implantat, anatomiebasierte Anpassung,

Frequenz-Zuordnung, Crossover-Design

1 Introduction

Patients with profound hearing loss or deafness can re-
ceive a cochlear implant (Cl) to improve their aided
hearing capabilities in the long term. Although Cls offer
great advantages, users may experience hearing with a
Cl uncomfortable and sometimes disturbing, especially
in the initial phase. Hearing performance of Cl users
varies considerably even after a longer period of acclima-
tization and is often inadequate in real-life listening situ-
ations with background noise [1]. One possible reason
for the impaired hearing quality could be the allocation
of the center frequencies of the filter bank of the audio
processor specified by the manufacturer, which is the
same for all patients [2]. When the audio processor is
first activated, a standard frequency allocation is usually
set without taking into account the individual cochlear
anatomy and the exact position of the electrodes. How-
ever, cochlear duct length (CDL) and electrode insertion
depth varies individually, so that the electrical frequency
bands at a particular intracochlear position can deviate
from the physiological frequency allocation by up to two
octaves. This study investigates whether anatomy-based
fitting (ABF) adapted to the individual position of the
electrodes can improve sound quality and speech percep-
tion compared to conventional frequency distribution.

2 Methods

53 patients (62 ears) have been included in the study so
far (25 m, 28 f, mean age 58 years). A total of 24 subjects
have already completed the study. At the time of data
collection, 17 subjects had single-sided deafness (SSD),
25 were bimodal, 2 were unilateral and 9 were bilateral.
n 4 subjects, electric-acoustic stimulation (EAS) was
available or had been attempted in advance. Except for
bne participant who underwent implantation with a
Cochlear Cl612 (COCHLEAR, Macquarie, Australia) utiliz-
ng the Nucleus 8 audio processor, all other participants
received Synchrony 2 implants (MED-EL, Innsbruck, Aus-
tria), with the selection of electrode length based on
cochlear duct length (CDL). Rondo 3 or Sonnet 2 devices
were used as audio processors. A total of 1 Flex24,
4 Flex26, 32 Flex28, and 23 FlexSoft were implanted.
A randomized crossover block design was carried out in
which participants were randomly assigned to two groups.
One group received the manufacturer's standard fre-
quency allocation (STD) at the initial activation of the
audio processor, while the audio processors of the other
group were set using ABF allocation. After three months,
the setting of the participants' audio processor was
switched to the other filter bank allocation for a further
three months. After this period, all participants then re-
ceived two listening programs for a further three months,
each with STD and ABF settings, so that they could de-
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termine their preferred setting themselves. Speech per-
ception in quiet was measured using the Freiburg mono-
syllabic test at 65 dB SPL in free field. Furthermore,
speech perception in noise was measured using the
Oldenburg sentence test (OISa) at a fixed speech level of
65 dB SPL and an adaptive noise level. The measurement
was carried out in free field with speech and noise signal
from the front (SONO).

Creation of the anatomy-based setting
(ABF)

Imaging was performed both pre- and postoperatively.
Preoperatively, computed tomography (CT) imaging using
OTOPLAN® 3.0 (CASCINATION AG, Bern, Switzerland) was
used to calculate the CDL and model the insertion depths
of the individual electrode contacts to determine the
design (length) of the electrode to be used. Using post-
operative cone beam tomography (CBT) images, the posi-
tion of the individual electrode contacts within the cochlea
was determined by OTOPLAN. OTOPLAN calculates the
center frequencies of the band pass filters based on the
position of the electrodes according to the formulas of
Alexiades et al. [3], Escudé et al. [4] and Greenwood [5]
(details in Goos and Baumann [6]). Since the tonotopic
frequency allocation in the cochlea is not linear, but rather
logarithmic towards higher frequencies, as reflected in
the Greenwood function, the STD fitting provided by
MED-EL is mainly based on a logarithmic distribution of
the band filter center frequencies. Thus, in the basal re-
gion of the cochlea, STD and ABF assignments are very
close. The corresponding center frequency was imported
into the clinical fitting software MAESTRO (version 9.0.5,
MED-EL, Innsbruck, Austria) and displayed within the
frequency band allocation preset by the manufacturer
(range 70-8,500 Hz). The implemented tonotopic organ
of corti (OC) allocation calculated by OTOPLAN was then
used as center frequencies. This allocation ensures that
the filter banks within the middle electrode contacts of
the audio processor correspond to the tonotopic center
frequencies within the cochlea. At the same time, filter
banks are compressed in the basal region and enlarged
in the apical region. For this reason, we individually adjust
the frequency allocation within the study to obtain an al-
location of the frequency bands closer to the calculated
OC center frequencies. The lower cut-off frequency of the
most apical electrode contact (E1) is increased to shift
the lowest center frequency towards the calculated OC-
frequency. In some cases, electrode 12 was switched off
if this resulted in a more precise frequency allocation or
if it was clearly above the stimulation limit of the audio
processors (>8,500 Hz). MCL and THR settings of the
audio processor were checked during the visits in regard
to the result of a categorical loudness test and adjusted
if necessary.

3 Results
Hearing quality

Figure 1 presents the boxplots of subjective hearing
quality determined by the SSQ questionnaire (“Quality”
part of the SSQ). Panel (A) shows the assessments of
hearing quality at the first visit (3 M post initial activation).
The group with the standard frequency distribution (STD)
achieved a mean hearing quality score of 4.81 (£2), while
the group with the anatomy-based frequency distribution
(ABF) achieved a score of 5.73 (+1.5). This trend was
reversed in the second visit (panel B), where the STD
group reported a median value of 6.31 (+1.6), while the
ABF group reported a value of 4.2 (£1.5). At the interval
of study completion (9 M), the participants achieved a
median score of 4.20 (£2.21) in the “preferred setting”
group STD and 5.30 (£2.11) in the ABF group. “Preferred
setting” group assignment was based on a setting prefer-
ence questionnaire at the 9 M interval (study endpoint).
If a participant rated both settings as equivalent, the
setting with the longer time of use (as recorded by data
logging) was selected. Of the 24 patients who have
completed the study so far, 9 preferred the standard
setting, 11 preferred the anatomy-based setting, and
4 participants had no preferred setting.

Speech intelligibility

Figure 2 shows boxplots of the results of the Freiburg
monosyllable test (FMT) in quiet related to the test inter-
val. In the first interval (3 M), speech understanding in
quietin the group starting with STD was a median of 50%
(£23%) and 48% (£21%) after switching to ABF allocation.
The ABF starting group had also a median of 50% (+17%)
and 65% (£20%) after switching to STD frequency distri-
bution. At the second visit (6 M), median speech intelli-
gibility in quiet was 65% (x16%) in the group with STD
assignment and 50% (£6.1%) after adjustment for ABF
assignment. The ABF group had a median of 55% (+30%)
and 48% (+22%) after switching to STD frequency distri-
bution. At the third visit (9M), the median speech under-
standing in quiet was 70% (x22%) for the STD preferring
group and 65% (£22%) for the ABF preferring group. The
results of the OLSA tests are not presented here and will
be the subject of a later publication.

Dropouts

Switching between frequency allocations was often asso-
ciated with acceptance problems, which seems to be
primarily related to a change in the rating of sound quality.
Most patients reported a deeper and sometimes warmer
perceived sound perception in the ABF fitting. However,
while some noticed little difference between STD and ABF
allocation and showed similar results in the speech tests
after switching between settings, others were found to
experience degraded sound quality and poorer speech
test results. The first was primarily observed in patients
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Figure 1: Boxplot, results of the SSQ questionnaire, part “quality”. Panel A: 1 visit (3 months post-surgery), B: 2" visit (6 months
post-surgery), and C: 3" visit (9 months). n: number of cases. STD: standard frequency allocation. ABF: anatomy-based frequency

allocation
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Figure 2: Boxplot, speech intelligibility in quiet (Freiburg monosyllable test) depending on tested frequency allocation (x-axis)
and habituated frequency allocation (experienced for 3 month, panels A and B) or preferred setting (9-month interval,
panel C), percent correct. Panel A: 1 visit (3 months post-surgery), B: 2" visit (6 months post-surgery), and C: 3" visit (9 months).
n: number of ears tested. STD: standard frequency allocation. ABF: anatomy-based frequency allocation. Small legend boxes:
habituated setting (3-month experience), panels A and B
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where the frequency allocations in both fittings exhibited
only slight discrepancies from one another. Acceptance
problems occurred more frequently at the first test inter-
val (3 M) when the frequency assignment was changed
for the first time. For example, some subjects reported
that they experienced their own voice as too low and very
unpleasant after switching from the STD to the ABF allo-
cation. This was primarily observed in female subjects
and is maybe related to female voice fundamental fre-
quency (on average 220 Hz). So far, 8 of 16 patients who
were labelled as dropouts were unable to cope the switch
to the alternative frequency allocation and were removed
from further study participation. Of these 8 subjects,
5 could not tolerate the switch to ABF and 3 to STD allo-
cation. The immediate changeover effect and the possi-
bility of initially perceiving the new setting as less effec-
tive, particularly during the three-month visit, may prevent
long-term wear and a refusal of the other frequency allo-
cation. Moreover, it is essential to monitor the duration
of use of both frequency allocations at the nine-month
appointment. It should be noted that not all participants
necessarily changed between the two different frequency
allocations. It is possible that prolonged exposure to a
single setting could result in differences in speech intelli-
gibility.

4 Discussion

The current results of this ongoing study suggest that ABF
may improve hearing quality in Cl users without comprom-
ising speech understanding in quiet. The trend towards
better hearing quality with ABF in the first and last test
intervals is encouraging and may indicate that parti-
cipants are becoming accustomed to the anatomy-based
frequency allocation of the filter bands and are able to
take advantage of the potential benefits. One important
point, however, is the acceptance problem that was ob-
served in some participants when attempting to switch
between frequency allocations at the first test interval
after 3 months. Switching to an alternative frequency al-
location can be a challenge and participants may need
some time to get used to the new setting.

In terms of the speech intelligibility and hearing quality
results obtained with ABF, recently published studies
show similar results. Fan et al. [7] examined a group of
48 postlingually deafened adults who were divided into
an anatomy-based and a standard frequency allocation
(24 subjects each) group 6 months and 1 year after im-
plantation. They found no statistically different results for
speech intelligibility in quiet, but significantly better res-
ults for speech perception in noise and better ratings in
terms of subjective hearing and music quality with ABF.
Different to our study, no crossover design was implement-
ed in [3], the lowest band pass filter was not altered, and
basal electrodes were not deactivated to obtain more
precise filter allocations in reference to OC-frequencies.
Creff et al. [8] examined 26 newly implanted patients
and applied a crossover study design over a period of

3 months. The authors reported better results in speech
perception in noise for the anatomy-based group and no
significant difference in speech intelligibility in quiet.
Contrary to [7] and [8], Lambriks et al. [9] showed better
results for all test variables with the standard frequency
distribution. In [9], however, patients were recruited who
were implanted with a shorter electrode from the manu-
facturer Advanced Bionics (AB, Valencia, CA, USA). In
contrast to longer electrode carriers like the ones from
MED-EL investigated here, these electrodes could not
achieve complete cochlear coverage. Therefore, it remains
unclear whether frequency distortion is lower with ABF
than with the standard frequency distribution for “mid-
scala” or “SlimJ” electrodes.

Kurz et al. [10] examined 10 experienced bilateral pa-
tients and reported for an ABF group better speech intel-
ligibility. In terms of the insertion depth of the electrode,
[10] observed that an insertion angle (AID) of at least
620° improved ABF acceptance.

5 Conclusion

The preliminary results indicate that the anatomically
determined frequency allocation of the bandpass filter
center frequency setting may facilitate enhanced hearing
quality while maintaining unimpaired speech perception
in quiet.

6 Limitations
The final statistical analysis has not yet been completed
and the present study contains only limited data on

hearing quality and speech perception. A larger number
of patients with final results is needed.

Notes

Conference presentation
This contribution was presented at the 26" Annual Con-

ference of the German Society of Audiology and published
as an abstract [11].
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