European Archives of Oto-Rhino-Laryngology (2022) 279:5135-5144
https://doi.org/10.1007/500405-022-07354-2

OTOLOGY q

Check for
updates

Long-term effects on the quality of life following cochlear implant
treatment in older patients

Christian Issing’© . Svea Holtz' © - Andreas G. Loth' - Uwe Baumann' - Johannes Pantel? - Timo Stéver'

Received: 4 January 2022 / Accepted: 10 March 2022 / Published online: 2 April 2022
© The Author(s) 2022

Abstract

Purpose Even in older patients, hearing rehabilitation with a cochlear implant has become an established method for deaf-
ened or severely hearing-impaired patients. In addition to the hearing improvement, numerous other effects of CI treatment
can be observed in clinical routine. In the literature, there is multiple evidence for a rapid and significant improvement in
quality of life with CI treatment. The aim of this study was to evaluate the long-term effects of hearing rehabilitation using
CI on the quality of life in older patients (> 65 years).

Methods This prospective cross-sectional study examined 84 patients between the age of 65 and 101 years who received
unilateral CI treatment for the first time between one and 10 years ago. The World Health Organization Quality-of-Life Scale-
Old (WHOQL-OLD) was used to determine the quality of life. The study cohort was divided into three groups to compare
the quality of life over time: group I (1-3 years after CI treatment), group II (4-6 years after CI treatment), and group III
(7-10 years after CI treatment). In addition, the data from this study were compared with the results of our previous study
(Issing et al. 2020) in which we focused on the first 6 months after CI treatment.

Results In all three groups, there was a significant improvement in monosyllabic discrimination within 1 year after CI fitting
(p>0.001). No significant differences were found between the three groups. There were no significant differences between
the three groups in the WHOQOL-OLD total score (p =0.487) or any of the other six facets. Moreover, no significant dif-
ferences were found compared to the study group of our previous study 6 months after CI treatment.

Conclusion This study demonstrates the long-term stability of the improved quality of life following unilateral CI treatment
in patients aged 65 years or older.
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Introduction

Due to the demographic development in the western indus-
trialized nations, the proportion of elderly patients is contin-
uously rising. In the elderly population, severe hearing loss
or deafness is one of the most common chronic conditions
[1-4]. Consequently, the proportion of cochlear implant
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candidates over 65 years represents a considerable percent-
age of the patients treated in cochlear implant (CI) centers.

For more than three decades, CI have been used success-
fully for functional hearing rehabilitation of severely hearing-
impaired and deaf patients [5—7]. Previous studies have con-
firmed a significant gain in speech understanding also in the
elderly [5, 7-11]. Consequently, CI treatment is performed in
patients in many countries without an age limitation.

The success of hearing rehabilitation is measured primarily
by audiological criteria—especially with speech understand-
ing. In recent years, clinical research has increasingly focused
on the effects of CI treatment in elderly patients beyond the
improvement of speech understanding, as several studies have
demonstrated a positive effect of hearing rehabilitation on the
cognitive functions of elderly patients [12—16].

For the patient, the most important measure besides the
success of hearing rehabilitation is the improvement in
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quality of life. Hearing deprivation often leads to social iso-
lation and, as a result, to a massive reduction in the quality
of life of elderly patients [17-19].

In the literature, there is several evidence for a timely
and substantial improvement in quality of life with CI treat-
ment in elderly patients [4, 18, 20-23]. Previous studies have
focused on suitable measurement instruments for evaluating
the quality of life in elderly patients, the speed of effects, and
possible correlations. The focus of our previous study was
primarily on the short- and medium-term development of
quality of life after CI treatment. Therefore, this prospective
study aimed to evaluate the long-term effects on the quality
of life after hearing rehabilitation with CI in elderly patients.

Patients and methods
Study design

This prospective cross-sectional study was conducted at the
Department of Oto-Rhino-Laryngology, Medical University
Frankfurt/Main, Germany. Data were collected from the
first quarter of 2017 until the fourth quarter of 2017. The
ethics commission of Goethe University Frankfurt gave its
approval to this study.

Inclusion criteria were unilateral CI treatment at least
1 year and a maximum of 10 years ago, more than 65 years
of age (at the time of the survey), German language skills at
native speaker level. Exclusion criteria were known demen-
tia or other mental illness (depression, psychosis).

Initially, all patients treated at the Department of Oto-
Rhino-Laryngology, University Hospital Frankfurt, who
fit the inclusion criteria were informed about the study by
telephone. Among these patients, seven could not be con-
tacted and one patient declined to participate in the study.
The questionnaire was sent to all remaining patients by mail.
The patients completed a questionnaire on quality of life
(WHOQL-OLD) in addition to demographic data.

To better assess the development of the collected parame-
ters over time, the study cohort was divided into three groups:

e Group I: patients who were treated with a CI between one
and 3 years ago

e Group II: patients who were treated with a CI four to
6 years ago

e Group III: patients who were treated with a CI seven to
10 years ago

In addition, the data from this study were compared with
the results of our previous study (Issing et al. [22]) and the
normative baseline scores of an average age population
according to Conrad et al. [24].
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Patients

In total, questionnaires were sent to 93 patients. Of these,
however, nine patients had to be excluded because either
the questionnaire was not returned (n=6) or the question-
naire was answered incompletely (n=3). The study thus
included 84 patients (36 men and 48 women) between the
ages of 65 and 101 years. The average age at the time of
the survey was 75.3 + 7.3 years. At the time of implan-
tation, the average age was 70.4 + 7.3 years. The total
cohort was divided into three groups as described above.
All candidates had profound unilateral or bilateral hear-
ing loss and had been treated with a CI unilaterally for at
least 1 year and a maximum of 10 years at the time of the
survey.

Freiburg monosyllabic speech test

In addition, audiological data collected during clinical rou-
tine preoperatively and 1 year postoperatively were analyzed.
The Freiburg monosyllabic speech test (FMS) was used for
all patients preoperatively and 1 year after implantation to
determine the monosyllable recognition in free field. The
non-CI ear was masked by broadband noise or mechanical
blocking. The measurement was conducted in best-aided
condition preoperatively and postoperatively with a CI at
65 dB SPL.

Quality of life assessment

The aim of the study was to assess quality of life in older
patientes undergoing hearing rehabilitation with respect
to the time intervall since CI-fitting was initiated. For the
standardized assessment of quality of life, the German
version of the World Health Organization Quality-of-Life
Scale—old (WHOQL-OLD) was used according to Conrad
et al. [24].

This questionnaire, specially developed for patients over
the age of 60, takes particular account of the multidimen-
sionality of the quality of life. Six dimensions of the quality
of life, so-called facets, are covered:

"Sensory abilities"

This facet generally represents the sensory functions (such
as hearing, seeing, or tasting) [24].

"Autonomy"

"Autonomy" captures the ability to live a self-determined,
independent life [24].
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"Past, present and future activities"

This facet represents achievements already accomplished in
life, ongoing activities, and those planned for the future [24].

"Social participation”

Participation in social life and social interactions are queried
here [24].

"Death and Dying"

In addition to concerns about one's own death, this facet also
considered the loss of nearby relatives [24].

"Intimacy"

The facet "intimacy" describes the importance of human
relationships [24].

Data analysis and statistical evaluation

Data extraction and transfer of the paper-based question-
naires were performed using Microsoft Excel 2016 (Micro-
soft Corporation, Redmond, Washington). The statistic pro-
grams BiAS 11.06 (epsilon-Verlag Hochheim Darmstadt)
and GraphPad Prism Version 9 (GraphPad Software, Inc.
San Diego) were used for statistical evaluation of the data
and application of the statistical test procedures.

First, the Shapiro—Wilk test was used to test for normal
distribution. In the absence of a normal distribution, non-
parametric tests were used. The Kruskal-Wallis test was
used for group comparisons. For the comparisons of our
study cohort with the data of the average elderly population,
according to Conrad et al. [24], the Wilcoxon-matched pairs
test was used. The significance level was set at p <0.05.

Results

This prospective cross-sectional study included 84 patients
aged 65 years and older treated unilaterally with a CI
between 1 and 10 years ago. Implants from manufacturers
Advanced-Bionics (Advanced-Bionics: Sonova Holding AG,
Stifa, Switzerland) (2.4%; n=2), Cochlear (Cochlear: Coch-
lear Ltd., Macquarie, Australia) (47.6%; n=40) and Med-EL
(MED-EL Elektromedizinische Gerite, Gesellschaft m.b.H.,
Innsbruck, Austria) (n=50.0%; n=42) were used.

To enable a statement on the development of the different
parameters after several years post CI treatment, the patients
were divided into three groups:

Group I (1-3 years after CI treatment)

We included 31 patients (15 men and 16 women) with a
mean age of 75.0+ 8.3 years at the time of the survey. The
average time the speech processor was worn was reported
by 83.9% as more than 12 h per day, and 6.5% in group I
wore the speech processor between 6 and 12 h.

Group II (4-6 years after CI treatment)

Group II included 40 patients (19 men and 21 women)
with a mean age of 75.2 +7.2 years. The wearing time of
the speech processor was 70% over 12 h and 20% 6—12 h.

Group III (7-10 years after CI treatment)

In this group, there were 13 patients (2 men and 11
women) with a mean age of 76.7 + 4.4 years. Regarding
this group, 66.7% of patients wore the speech processor for
more than 12 h, and 33.3% wore it for 6—12 h.

Freiburg monosyllabic speech test (FMS)

In best-aided condition, preoperative monosyllabic dis-
crimination in the ear to be treated with a CI was on aver-
age at 65 dB SPL in group I 15.3+19.3%, in group II
16.9+24.7% and 9.6 + 12.3% in group III. The monosyl-
labic discrimination increased 1 year after implantation
at 65 dB SPL to 68.0 +19.7% in group I, to 68.0 +28.2%
in group II, and to 55.4+21.9% in group III. In all three
groups, the increase in monosyllabic discrimination from
preoperative measurement to follow-up at 1 year was sig-
nificant (p <0.001). There was no significant difference
between the three groups either preoperatively (p =0.956)
or 1 year postoperatively (p=0.112).

World Health Organization Quality-of-Life Scale-Old
(WHOQL-OLD)

The WHOQOL-OLD questionnaire measures a total score
and six facets of quality of life. In Table 1, in addition
to the data of this study, the data of our previous study
(preoperative and 6 months postoperative) [22] as well as
data of an age-matched average population from Conrad
et al. [24] are shown.

For the WHOQOL-OLD total score, the average of
group I was 67.9+11.1, group II 69.4 +10.5, and group
IIT 65.7 + 11.4 points. There was no significant difference
between the three groups (p =0.487).

WHOQL-OLD "Sensory abilities"

On this facet, in average group I scored 54.8 + 18.5, group
I153.5+15.6, and group III 54.5 +20.8 points. No signifi-
cant difference could be found between the three groups
(p=0.942).

@ Springer



5138

European Archives of Oto-Rhino-Laryngology (2022) 279:5135-5144

Table 1 Overview of total WHOQOL-OLD score and the individual facets

Preoperative 6 months postop- Group I Group II Group III Control

(Issing et al. erative (Issing et al. ~ (1-3 years post- (46 years post-  (7-10 years post-  Group > 60 years (Con-

[22]) [22]) operative) operative) operative) rad et al. [24])
Total Score 60.0+15.7 66.8+12.2 67.9+11.1 69.4+10.5 657114 68.0+14.7
Sensory Abilities 38.1+£22.6 57.9+12.6 54.8+18.5 53.5+15.6 54.5+20.8 75.85+21.1
Autonomy 63.2+17.6 65.3+15.3 74.1+15.8 71.7+16.8 68.1+19.1 68.9+19.1
Past, Present and 66.2+18.0 68.4+13.8 69.2+15.8 73.1+£15.5 75.8+14.5 65.34+16.7

Future Activities

Social Participation 61.04+21.0 70.6£13.6 67.1+£17.5 720113 65.9+17.6 69.0+20.0
Death and Dying 61.9+£30.0 65.6+£25.1 69.0+£24.1 712+194 56.3+£21.7 62.91+243
Intimacy 69.3+20.2 73.0+16.3 72.3+17.0 73.6+16.4 76.0+17.5 65.81+20.9

Complementary are the data preoperatively and 6 months postoperatively of our previous study (Issing et al. [22]). In addition, the normal values

of an age-adjusted control group according to Conrad et al. [24] are shown

WHOQL-OLD "Autonomy"

For autonomy, group I scored 74.1+15.8, group 1 71.7+16.8,
and group III 68.1 +19.1 points. There was no significant dif-
ference between the three groups (p=0.522).

WHOQL-OLD "Past, present and future activities"

Regarding this facet, group I scored 69.2+15.8, group II
scored 73.1+15.5, and group III scored 75.8 +14.5 points.
Between the three individual groups, there was no significant
difference (p=0.384).

WHOQL-OLD "Social participation”

Group I could measure 67.1+17.5, group I 72.0+11.3, and
group III 65.9+17.6 points. There was no significant differ-
ence (p=0.645) between the three groups.

WHOQL-OLD "Death and dying"

In "Death and Dying," group I had 69.0+24.1 points, group
IThad 71.2 +19.4 points and group III had 56.3 +21.7 points.
There was no significant difference between the three groups
(»=0.127).

WHOQL-OLD "Intimacy"
On this facet, group I achieved a score of 72.3+17.0, group II

of 73.6 +16.4, and group III of 76.0+17.5. Again, there was
no significant difference between the three groups (p=0.646).

@ Springer

Discussion

In recent years, the percentage of CI candidates over
65 years of age has steadily risen in many CI centers.
Because the expectations for speech understanding from
CI treatment are similar to those for younger patients,
CI treatment is provided in many countries with no age
limit for suitable patients [5, 8, 9, 11]. In addition to a
pure audiological assessment, further aspects of hear-
ing rehabilitation, such as the quality of life, are gaining
importance as a measure of treatment success. There is
strong evidence in the literature for a rapid and significant
improvement in quality of life with hearing rehabilitation.
However, it is largely unknown whether this is a consistent
long-term improvement. This study is a follow-up to our
previously published study (Issing et al. [22]) in which we
focused on the first 6 months after CI treatment.

To assess the quality of life, we chose the WHOQOL-
OLD (World Health Organization Quality of Life-OLD)
questionnaire [24]. This questionnaire, which was devel-
oped specifically for patients aged 60 and older, is charac-
terized by its multidimensional approach to represent the
quality of life accurately. Therefore, in addition to a total
score, six different so-called facets of quality of life ("Sen-
sory Abilities," "Autonomy," "Past, Present and Future
Activities," "Social Participation,” "Death and Dying"
and "Intimacy") were used to best represent the different
aspects of quality of life. Other commonly used question-
naires are generally not validated for this older age group.
On the other hand, this questionnaire measures the quality
of life multidimensionally but not disease-specifically like
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other often used questionnaires as the Nijmegen cochlear
implant questionnaire, which can be used meaningfully
only in patients with hearing impairment [25]. As a result,
data from these disease-specific questionnaires cannot be
compared with data from the general population. However,
the goal of rehabilitation, and thus also of hearing rehabili-
tation, should aim at the average population of the same
age as good as possible. Consequently, comparisons with
an average population appear essential.

To reliably measure the potential change of the qual-
ity of life over time, the study cohort was divided into
three comparable groups (group I 1-3 years after CI treat-
ment, group II 4-6 years after CI treatment, and group III
7-10 years after CI treatment). In addition to the mean
age at implantation (group [ 72.2 +8.3, group I1 69.9 + 7.1
and group III 67.7 +4.0 years), the audiological findings
preoperatively and 1 year postoperatively were comparable
(see Fig. 1). As result, there were no significant differ-
ences between the three groups in the Freiburg monosyl-
labic speech test (FMS) (preoperatively p=0.956; 1 year
postoperatively p=0.112). Thus, all three groups showed
similar audiological benefits from hearing rehabilitation
with CI. This allows standardized comparisons of qual-
ity of life between the three groups, excluding possible
confounding variables, such as different audiological out-
comes or different ages.

Our primary goal for this study was to evaluate the long-
term effects of hearing rehabilitation in elderly patients aged
65 and older. Considering the WHOQL-OLD total score, our
results showed no significant difference between the three
groups. Also, when looking at the individual facets there
were no significant differences. Comparing the results of this
study with the data 6 months postoperatively from our previ-
ous study [22], in which we examined only the first 6 months
after CI treatment, there were no significant differences nei-
ther in the total score (p =0.529) nor in the individual fac-
ets (“Sensory abilities” p=0.556; “Autonomy” p=0.078;
“Past, Present and Future Activities” p=0.21; “Social Par-
ticipation” p=0.812; “Death and Dying” p=0.256; “Inti-
macy p =0.802) for any of the three groups (see Figs. 2 and
3A-F). Consequently, our data of this study compared with
the data of our previous study [22] indicate a long-term sta-
ble improvement in quality of life over the years not only in
the total score but also when looking at all individual facets.
Elderly patients thus seem to show a significant improve-
ment in quality of life already about 6 months after hearing
rehabilitation by CI and then keep this level stable for years.
In the literature, mainly only the short- and medium-term
positive effects of CI treatment on quality of life have been
described so far [19-23, 26-29].

These undoubtedly positive effects of CI treatment should
also be considered in the context of an age-adjusted average

Freiburg monosyllabic speech test
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Fig. 1 Freiburg monosyllabic speech test (FMS). Results of FMS
of the three groups (Group I 1-3 years after CI treatment, Group II
4-6 years after CI treatment, and Group III 7-10 years after CI treat-
ment) preoperatively and one year postoperatively. Preoperative
FMS was measured in the ear to be treated with a CI in best-aided
condition (contralateral ear blocked or masked). The treated ear was

o
Group Il

Group Il

assessed in CI-only condition after 12 months. In all three groups, the
increase from preoperative measurement to follow-up at 1 year was
significant (p <0.001). At both time points, there was no significant
difference between the three groups (preoperatively p=0.956; post-
operatively p=0.112).
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Fig.2 Total WHOQOL-OLD

Total Score WHOQL-OLD

score. The total score is formed 100
from the six individual facets

shown in Fig. 3. There were %0
no significant differences

between the three groups in the 80
WHOQOL-OLD total score

(p=0.487). Complementary 70
results preoperatively and

6 months postoperatively from 60
our previous study (Issing et al.

[22]) are presented 50

40
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Preoperative
(Issing et al. (22))

population. Comparing the "sensory abilities" of our three
groups (Group I 54.8 +18.5; Group II 53.5 1 +5.6 and Group
IIT 54.5 +20.8 points) with the score of the age-adjusted
average population of 75.85+21.1 (24), all three groups
showed a significant difference (Group I p=0.001; Group
II p=0.001; Group III p =0.005). So even after years, the
patients treated with a CI do not reach the level of the aver-
age population in terms of "sensory abilities". When com-
paring the total score of the three groups with the score of
the average population [24], there is no significant difference
(Group I p=0.97; Group II p=0.336; Group III p=0.47).
A critical review of the study reveals potential limi-
tations: The study design did not have a control group.
Instead, normative values of an age-adjusted average pop-
ulation from the literature had to be used [24]. Second,
this was no proper longitudinal study design, in which the
same patient is followed multiple times over the period of
treatment. Instead, we interviewed patients who had been
implanted for different lengths of time at one timepoint.
This was partly because many older patients, in particu-
lar, do not usually attend the annual CI check-up appoint-
ments, e.g., due to other health problems, and therefore
often present themselves irregular to CI consultation.
Although it is unlikely to influence the results, it should
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6 months postoperative
(Issing et al. (22))

Group | Group Il Group Ill

be noted that in group III the gender distribution (2 men
and 11 women) is not balanced.

Further randomized long-term studies are therefore
needed to evaluate the long-term effects more extensively.

In summary, our data of this study compared with the
results of our previous study [22] demonstrate a stable
improvement in quality of life over many years after CI
treatment and therefore emphasize the benefit of CI treat-
ment in the elderly population. This is a valuable result to be
presented to patients before CI surgery to help the decision-
making process.

Conclusion

The results our study demonstrate the positive long-term
effect on the improvement in quality of life resulting from
hearing rehabilitation using CI in patients aged 65 years and
older. There was no significant deterioration in the WHO-
QOL-OLD total score or in any of the six facets. Never-
theless, despite CI treatment, the patients did not reach the
level of the average population in "sensory abilities" even
after years.
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Fig.3 Facets of WHOQOL-
OLD. In (a-f), the individual
facets of WHOQOL-OLD and
their scores in points (0—100)
of the three groups are shown.
a “Sensory Abilities”; b
"Autonomy"; ¢ "Past, Pre-

sent and Future Activities"; d
"Social Participation"; e "Death
and Dying"; f "Intimacy." There
was no significant difference
between the three groups in any
facet (p>0.05). Complemen-
tary results preoperatively and
6 months postoperatively from
our previous study (Issing et al.
[22]) are presented
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Fig.3 (continued) Past, Presentand Future Activities
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