The development of quality of life and hearing ability of
adult cochlear implant users in the course of outpatient
cochlear implant follow-up therapy

Die Entwicklung der Lebensqualitat und des Horvermogens erwachsener
Cochlea-Implantat-Trager im Verlauf der ambulanten
Cochlea-Implantat-Folgetherapie

Abstract
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Methods: 58 patients between the ages of 14 and 84 were tested. The
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University Hospital, ENT-

and the Nijmegen Cochlear Implant Questionnaire (NCIQ) were taken Department, Clinic for
at the beginning and end of each rehabilitation phase of follow-up Otorhinolaryngology,
therapy. Frankfurtam Main, Germany

Results: In all subcategories of the NCIQ and in the overall score, as
well as in most audiological measurements, there are significant im-
provements with small to medium effect sizes over the course of a re-
habilitation phase. Patients who had lower scores at the beginning of
the rehabilitation phase improved in particular. The improvements are
independent of the duration of the rehabilitation phase. At the beginning
of the rehabilitation phase, there are significant correlations in the OLSA
with the subscales of the NCIQ that are closer to hearing, but only at
the end of the rehabilitation phase with the scales that characterize
the psychosocial satisfaction of the patients.

Conclusions: In particular, patients with a poorer starting position at
the beginning of the rehabilitation phase appear to benefit from out-
patient follow-up therapy both in terms of objective measurements and
in terms of their subjectively perceived quality of life. The gains in both
areas do not seem to develop at the same speed: it is possible that the
improved hearing ability must first prove itself in everyday life in order
to lead to a higher subjectively perceived quality of life in the long term.

Zusammenfassung

Fragestellung: Die Steigerung der Horfahigkeit von postlingual ertaubten
Patienten mit Cochlea-Implantaten (Cl) wird in der Regel mit Hilfe ver-
schiedener audiometrischer Tests gemessen. Zudem wird auch eine
Vielzahl unterschiedlicher subjektiver Messverfahren zur hérbezogenen
und allgemeinen Lebensqualitat der Patienten (QoL) eingesetzt. Nur
wenige Studien befassen sich mit der Entwicklung im Verlauf der haufig
erforderlichen stationaren oder ambulanten Hoérrehabilitation. Ziel der
vorliegenden Untersuchung war es, die Entwicklung erwachsener CI-
versorgter Patienten im Verlauf der ambulanten Folgetherapie zu mes-
sen.
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Methoden: Getestet wurden 58 Patienten im Alter zwischen 14 und
84 Jahren. Die Messungen mittels Freiburger und Oldenburger Satztest
(OLSA-Test) sowie dem Nijmegen Cochlear Implant Questionnaire (NCIQ)
erfolgten jeweils zu Beginn und am Ende einer Rehabilitationsphase
der Folgetherapie.

Ergebnisse: In allen Subkategorien des NCIQ sowie im Gesamtscore
und auch bei den meisten audiologischen Messungen ergeben sich im
Laufe einer Rehabilitationsphase signifikante Verbesserungen mit
niedrigen bis mittleren Effektstarken. Dabei verbessern sich insbeson-
dere die Patienten, die zu Anfang der Rehabilitationsphase geringere
Werte aufwiesen. Die Verbesserungen sind unabhangig von der Dauer
der Rehabilitationsphase. Zu Beginn der Rehabilitationsphase ergeben
sich signifikante Korrelationen beim OLSA mit den hérnaheren Sub-
skalen des NCIQ, jedoch erst am Ende der Rehabilitationsphase mit
den Skalen, die die psychosoziale Zufriedenheit der Patienten charak-
terisieren.

Schlussfolgerungen: Insbesondere Patienten mit schlechterer Ausgangs-
lage zu Beginn der Rehabilitationsphase scheinen von der ambulanten
Folgetherapie sowohl objektiv messbar als auch bezlglich ihrer subjektiv
empfundenen Lebensqualitat zu profitieren. Die Zugewinne in beiden
Bereichen entwickeln sich offenbar nicht in derselben Geschwindigkeit:
Moglicherweise muss sich die verbesserte Horfahigkeit erst im Alltag
bewahren, um langfristig zu einer hdheren subjektiv empfundenen Le-

bensqualitat zu fuhren.
Research question

Hearing tests such as the Oldenburg Sentence Test
(OLSA) or the Freiburg mono- and multisyllabic speech
test are usually used to check improved hearing ability
after Cl fitting. However, despite good results in these
tests, patients often perceive limitations in everyday
communication and in their hearing-related psychosocial
situation. The correlations between the audiological
measurements on the one hand and the results of the
QoL questionnaires on the other are rather low in most
studies [1], [2]. Therefore, in parallel to the audiological
measurement data, numerous studies also use a variety
of different subjective measurement methods for patients’
hearing-related and general quality of life (QoL) [3]. In the
case of hearing-related QoL questionnaires usually show
improvements, whereas the results of questionnaire in-
struments for general QoL are often less clear [1]. Most
studies focus on comparing the results of patients before
and after implantation. Only a few studies look at the
development over the course of inpatient or outpatient
hearing rehabilitation.

Several studies have used various personality variables,
cognitive performance and socio-demographic data of
patients to try to predict the gain in patients’ quality of
life as a result of Cl fitting, with little success to date [2],
[4], [5].

The aim of the present study was to measure the devel-
opment of adult Cl patients over the course of outpatient
follow-up therapy. To this end, audiological measurements
and the Nijmegen Cochlear Implant Questionnaire (NCIQ)
[6] in the German translation of Hirschfelder et al. [5]
were compared at the beginning and end of a rehabilita-
tion phase. The NCIQ is also recommended in the S2K

Guidelines for the Cochlear Implant treatment [7]. The
questionnaire is directly hearing related, and comprises
three functional and three psychosocial subscales. The
following questions were to be answered:

1. Are there significant improvements in NCIQ and audi-
ometric tests within a rehabilitation phase?

2. Are the measurements of the variables at T1 and/or
T2 related?

3. Are there definable groups that show particular im-
provement?

Methods

The sample comprised a total of 58 patients (35 f, 23 m)
between the ages of 14 and 84 years (MW=58.61;
SD=17.49). Of these, 11 patients were unilaterally deaf,
of the 47 patients with bilateral deafness, 14 patients
were fitted with Cls on both sides, 25 wore a hearing aid
on the side not fitted with a Cl, one wore a BAHA and
7 were unilaterally unaided. The measurements were
taken at the beginning (T1) and end (T2) of the rehabili-
tation phase. The duration of the rehabilitation phase
was quite different (M=6.8 months; SD=5.3 months),
since every patient could spread the 30 appointments
as time allowed. When those appointments were met and
the patient was still in need of rehabilitation, another
15 appointments could be requested from the health in-
surance company of the patient. These appointment
blocks of rehabilitation were called rehabilitation phases.
Of the 58 patients, 34 were in their first rehabilitation
phase, 24 were in the second or a later phase. The
Freiburg mono- and multisyllabic speech test was admin-
istered one-sided under free-field conditions at 65 dB
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SPL with a one meter distance to the loudspeakers. The
OLSA was administered under free-field condition: In quiet
non-adaptive at 65 dB SPL, and in noise the L50 value
was determined adaptively. Both the OLSA in quiet as
well as in noise were tested in best-aided condition. The
Freiburg mono- and multisyllabic test as well as OLSA in
quiet were measured in percent of correctly repeated
material, while the OLSA in noise was measured as L50
SNR. The comparisons between T1 and T2 were calcu-
lated using paired T-tests; Cohen’s d was used to calcu-
late the effect sizes. The NCIQ results and the Freiburg
and OLSA measurements were checked for correlations
using Pearson’s correlations. All calculations were per-
formed using SPSS25 (IBM SPSS Statistics for Windows,
Version 25.0. Armonk, NY: IBM Corp.).

Results

Improvements in the NCIQ subscales,
Freiburg speech test and OLSA

In all subcategories of the NCIQ, as well as in the total
score, there were significant improvements within the
measured rehabilitation phase. Effect sizes were small
to medium, according to the recommendations of Cohen
[8]. Patients who were measured in their first rehabilita-
tion phase only showed significant increases in basic
sound perception, self-esteem, activity limitation and
social interaction. Only the patients in rehabilitation phase
2 or later also showed significant increases in advanced
sound perception and speech production. There were
also significant Improvements in the OLSA in noise and
the Freiburg mono- and multisyllabic speech test, also
with small to medium effect sizes [8]. Only OLSA in quiet
showed no significant increase (see Table 1).

Correlations in NCIQ, OLSA and Freiburg
speech test

At T4, the result of the OLSA in quiet, as well as the OLSA
in noise, showed a significant correlation with basic sound
perception, advanced sound perception and speech
production of the NCIQ as measured at T1. The same
variables showed significant correlations with the OLSA
in noise at T2. However, regarding the OLSA in quiet, at
T2 all subscales of the NCIQ showed significantly positive
correlations (see Table 2).

There were no significant correlations between the
Freiburg mono- or multisyllabic speech tests and the NCIQ
subscales, neither at T4, nor at T2.

Initial measurement and gain

In order to compare the initial measurements with the
gain within a rehabilitation phase, the difference (delta)
between T1 and T2 was calculated for each variable. The
result was correlated with the measurement at T1. All

correlations showed to be negative and significant at a
p<.05 level (see Table 3). Therefore, it could be shown
that across all subcategories of the NCIQ, as well as in
all audiological tests, the lower the initial value were, the
higher the increases were within a rehabilitation phase.

Gain in NCIQ, age and duration

The deltas between T1 and T2 regarding the subscales
of the NCIQ were also correlated with the duration of the
rehabilitation phase, as well as the age of the patients.
It was shown that the older patients showed a higher in-
crease in basic sound perception (r=.44; p=.003), ad-
vanced sound perception (r=.38; p=.011) and self-esteem
(r=.347; p=.021). Also, age correlated negatively with the
duration of the rehabilitation phase (r=-.300; p=.026).
However, the duration of the rehabilitation phase showed
no significant relationship with the gain in the subscales
of the NCIQ.

Conclusion

Both the hearing measurement data and the NCIQ results
show significant improvements within one rehabilitation
phase. Significant increases in satisfaction with more
complex listening tasks as well as increases in speech
production only occur in later rehabilitation phases.
However, all these are average values. In therapeutic
contexts, it is always important to focus the individual,
which may not show increases or even decreasing
measures, especially in a subjective questionnaire which
anchors on typical situations in everyday life. It is advis-
able to talk to the patient about such situations if the
values, especially in the psychosocial subscales, deteri-
orate.

The correlations of the OLSA in quiet and in noise at T1
with the sound perception and speech production scales
of the NCIQ suggest that the patients also subjectively
rate their measured hearing ability as similarly high. At
T2, the psychosocial subscales of the NCIQ also correlate
with the result of the OLSA in quiet. It seems that, parallel
to the objectively measured hearing gain in the course
of the therapy, the patients also gain trust in their own
ability to use their better hearing in everyday situations.
Patients with a poorer starting position seem to benefit
the most across all tests. Longitudinal measures across
the entire course of the therapy would be desirable to
determine how the development continues and whether
these are already signs of an early ceiling effect.

Older patients also showed more gains within a rehabili-
tation phase than younger patients, not only in sound
perception, but also in their self-esteem, as measured by
the NCIQ. This could point to a greater lack of possibilities
for encouraging communicative situations in everyday
life.
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Table 1: Results of paired T-tests (start/end of a rehabilitation phase) T2-T1

Paired differences

95% ClI
M(SD) M(SD) M(SD) SEM | Lower | Upper T df Sig. Cohen’s d
T1 T2 T2-T1 (2-tailed)

Total score NCIQ 60.767 70.479 8.564 1397 | 5.751 | 11.378 | 6.132 | 45| 0.000 0.636
(15.502) | (11.946) (9.473)

Basic sound 66.891 76.291 8.098 1.736 | 4.602 | 11.595 | 4.665 | 45| 0.000 0.567

perception (17.231) | (12.497) (11.774)

Advanced sound 58.978 69.123 7.301 1973 | 3.327 | 11.275 | 3.700 | 45 | 0.001 0.394

perception (21.313) | (15.981) | (13.381)

Speech production 73.502 79.362 5.037 1687 | 1.638 | 8.437 | 2.986 |44 | 0.005 0.268
(20.158) | (16.917) | (11.316)

Self-esteem 53.027 64.531 10.351 1.500 | 7.330 | 13.372 | 6.902 | 45 | 0.000 0.624
(17.918) | (16.565) | (10.172)

Activity limitations 54.273 65.163 9.652 2160 | 5.296 | 14.009 | 4.468 | 43 | 0.000 0.488
(19.645) | (18.924) | (14.329)

Social interactions 58.282 67.717 10.273 | 2.233 | 5.763 | 14.782 | 4.600 | 41 0.000 0.618
(19.272) | (15.001) | (14.471)

Freiburg multisyllabic 83.250 91.500 9.487 3.523 | 2.356 | 16.618 | 2.693 | 38 | 0.010 0.425

right % (26.640) | (17.029) | (21.999)

Freiburg monosyllabic | 52.297 61.500 11.486 | 3.230 | 4.937 | 18.036 | 3.557 | 36 [ 0.001 0.508

right % (21.845) | (24.552) | (19.645)

Freiburg multisyllabic 86.774 93.103 3.929 1.807 | 0.221 | 7.636 | 2.174 |27 | 0.039 0.323

left % (21.508) | (10.387) (9.560)

Freiburg monosyllabic | 49.032 56.129 7.097 2.641 1.702 | 12.491 | 2.687 | 30 | 0.012 0.291

left % (25.312) | (23.371) | (14.707)

OLSA quiet % 84.926 85.340 1.882 1.029 | -0.185 | 3.950 | 1.829 | 50 | 0.073 ns
(17.317) | (18.812) (7.350)

OLSA noise L50 —-0.850 -1.098 -0.733 | 0.296 | -1.330 | -0.135 | -2.473 | 42 | 0.018 0.244

[dB SNR] (2.998) (3.218) (1.943)

Range T1: total score NCIQ: 29.61-90.96; basic sound perception: 20.00-95.00; advanced sound perception: 15.63-97.50;
speech production: 27.50-100.00; self-esteem: 22.22-94.44; activity limitations: 15.63-96.88; social interactions: 16.67-94.44;
Freiburg multisyllabic right %: 0-100; Freiburg monosyllabic right %: 5-90; Freiburg multisyllabic left %: 10-100; Freiburg mono-

syllabic left %: 5-95; OLSA quiet %: 16—100; OLSA noise L50 [dB SNR]: -5.7-8.5

Range T2: total score NCIQ: 43.78-91.25; basic sound perception: 47.50-97.50; advanced sound perception: 25.00-91.67;
speech production: 25.00-100.00; self-esteem: 22.22-95.00; activity limitations: 9.38—100.00; social interactions: 30.56-91.67;
Freiburg multisyllabic right %: 10-100; Freiburg monosyllabic right %: 5-95; Freiburg multisyllabic left %: 60—100; Freiburg mono-

syllabic left %: 5-95; OLSA quiet %: 19—100; OLSA noise L50 [dB SNR]: -6.1-7.3

Table 2: Correlations OLSA (T1/T2) and NCIQ (T1/T2)

Total score | Basic sound | Advanced sound Speech Self-esteem | Activity Social
NCIQ perception perception production T limitations | interactions
T T T T T T
OLSA r 470" 501" 534" 527" 0.241 0.275 0.088
quiet T1 [ 0.001 0.000 0.000 0.000 0.096 0.056 0.562
n 49 49 49 48 49 49 46
OLSA r —-.393" -.318" -.400 —.585" -0.204 -0.204 -0.167
noise T1 ™ "1™ 5 013 0.049 0.012 0.000 0213 0213 0323
n 39 39 39 38 39 39 37
Total score | Basic sound | Advanced sound Speech Self-esteem | Activity Social
NCIQ perception perception production T2 limitations | interactions
T2 T2 T2 T2 T2 T2
OLSA r 527" .348" 6517 .289" .306" 372" 4197
quiet T2 [, 0.000 0.014 0.000 0.044 0.032 0.010 0.003
n 49 49 49 49 49 47 48
OLSA r -.328" -.310 —.494" —.464" —-0.054 -0.109 -0.144
noise T2 " "1™ 5 032 0.043 0.001 0.002 0.732 0.497 0.362
n 43 43 43 43 43 41 42
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Table 3: Correlations measurement T1 with gain between T1 and T2

Correlation with delta of measurement T2-T1 (Pearson)
Measurement T1 r P n
Total score NCIQ —.594" 0.000 46
Basic sound perception —-634" 0.000 46
Advanced sound perception —-.609” 0.000 46
Speech production —487" 0.001 45
Self-esteem -.306 0.039 46
Activity limitations -412" 0.005 44
Social interactions —-.654" 0.000 42
Freiburger multisyllabic right -791" 0.000 39
Freiburger monosyllabic right =371 0.024 37
Freiburger multisyllabic left -.861" 0.000 28
Freiburger monosyllabic left -7 0.019 31
OLSA quiet -.288" 0.040 51
OLSA noise -.320° 0.036 43

Notes

Conference presentation

This contribution was presented at the 26" Annual Con-
ference of the German Society of Audiology and published
as an abstract [9].
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