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Cochlear implants (Cls) have been recognized as a safe and effective means for profound hearing loss rehabil-
itation in children and adults and recently their use has been extended to subjects over 65 years of age. The
aim of this paper was to assess indices related to changes in the quality of life (QoL) in elderly Cl recipients.
A case-control paradigm was used to assess the effects of Cls on the QoL. Forty-two subjects were assigned to
the Case group and 15 subjects to the Control group. All 57 subjects were affected by profound hearing loss
and had received a Cl. Audiological data were collected from both groups at: (i) 1 month pre-implantation [T1];
(i) 1 day pre- implantation [T2]; (iii) 30 days post-implantation, with Cl used in free field [T3]; and (iv) 12 months
post-implantation, with Cl used in a free field [T4]. The QoL was assessed via a Glasgow Benefit Inventory (GBI)
questionnaire, adapted to otolaryngology. To compare subjects across different ages with varying degrees of
speech development, a perception parameter was used from the Speech Perception Categories test developed
by Geers and Moog.

Hearing performance was considerably improved after Cl. In relation to the hearing performance at time T1,
statistically significant threshold gains were observed in both groups in the T3 and T4 observation windows.
At time T4, a threshold gain of 70 dB HL in the Case group and a gain of 84 dB HL in the Control group were
observed. With speech therapy rehabilitation, a perception level of 6 was reached by 80.0% of patients in the
Case group and by 100% of patients in the Control group. In terms of QoL, both groups showed improved post-
Cl scores. Statistical differences were observed between the 2 groups, with the Control group outperforming
the Case group in all but the social section.

Despite age-related changes in auditory system and prolonged hearing deprivation, Cls offer audiological and
QoL benefits in the elderly.
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Background

Hearing loss is considered one of the most prevalent disabili-
ties in the modern world and has been estimated to affect up
to 30% of the adult population in developed countries [1-3].
This figure means that approximately 70 million people have al-
ready have severe hearing loss and that at least 900 million peo-
ple will be affected by age-induced hearing losses by 2050 [1].
Studies on the European prevalence of hearing loss confirm that
most elderly subjects are affected by a hearing deficit. In par-
ticular, data in the literature suggest that 30% of men over age
60 years, 20% of women over age 70 years, and 55% of men
and 45% women over age 80 years have hearing problems [2,3].

Traditionally, hearing loss in the elderly is addressed with con-
ventional hearing aids. In recent years, cochlear implants (Cls)
have been proposed for treating these patients, who usually
present severe and/or profound sensorineural hearing loss-
es [4-9]. The latter are caused mainly by presbycusis/age-in-
duced hearing loss, noise trauma, ototoxicity induced by specif-
ic drugs, autoimmune inner ear disease, Meniere disease, and
various ear infections such as meningitis or labyrinthitis [10].

Despite the fact that Cl services have been extended to the el-
derly population worldwide, the available clinical data do not
show whether older patients can perform as well as younger
Cl recipients. Numerous factors can influence hearing perfor-
mance in the elderly, including age-related auditory-process-
ing problems, long history of hearing deprivation, difficulties
in handling new technological devices, and properly following
rehabilitative processes [11,12]. The cost-utility ratio of Cls in
the elderly is reported to be another concern, as some authors
argue that the total cost of the procedure may not be justified
by the results achieved in elderly patients [11,12].

The purpose of this study was to evaluate, via a case-control
study design, the effectiveness of Cls in older adults present-
ing profound/severe sensorineural hearing loss, using as indi-
ces audiological data and information from quality of life (QOL)
questionnaires. Data were collected post-operatively from the
audiological archives of our institute. Conducting a retrospec-
tive study provided the advantage of using larger datasets
with an improved statistical significance. Unfortunately, the
choice of investigated variables had to be restricted, since not
all patients were assessed with the same clinical procedures.

Material and Methods

Patients

Fifty-seven patients with severe/profound sensorineural hear-
ing loss who received a cochlear implant between January
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2006 and December 2011 were enrolled in this study. All sub-
jects presented a post-lingual hearing loss. For each patient,
audiometric data and information from QOL questionnaires
were collected. All enrolled patients provided informed con-
sent prior to the cochlear implant surgical procedure, accord-
ing to European laws.

Forty-two (42) subjects (23 females and 19 males) ages 65-86
years (mean 75.5+5.7 y), were assigned to the Case group. Fifteen
(15) subjects (8 males and 7 females) ages 40-59 years (mean
49.5+5.9 y), were assigned to the Control group. The difference
between the sample sizes was part of the statistical design,
since the Control group was very homogenous. It was consid-
ered advantageous, in accordance to the objectives of the study,
to better explore the Case group properties via a larger sample.

Data

For each patient, the following data were collected: age at the
implantation time; sex; family history of hearing loss; presence
of tinnitus and/or dizziness; previous use of conventional hear-
ing aids; implanted ear; type of cochlear implant; and hearing
threshold level at the following times: (i) 1 month pre-implan-
tation [T1]; (ii) 1 day pre-implantation [T2]; (iii) 30 days post-
implantation, with Cl used in free field [T3]; and (iv) 12 months
post-implantation, with Cl used in free field [T4]).

Each patient underwent neuroradiological evaluation (CT and
MRI scans) before the Cl surgical procedure, in order to eval-
uate the petrous bone, the inner ear, and, particularly, the co-
chlea, the internal auditory canal, and the cerebral structures.

To compare subjects across different ages with varying de-
grees of speech development, a perception parameter was cal-
culated for each patient. This parameter was derived from the
Speech Perception Categories test by Geers and Moog [13]. A
scheme with 6 levels of speech perception was used; these
levels are presented in Table 1. The speech therapy evaluation
was performed 3 times at: 1 m pre-implantation (T1); at 30 d
post-implantation (T3); and at 12 m post-implantation. (T4).

The assessment of how the Cl affected the quality of life of each
subject was conducted via a Glasgow Benefit Inventory (GBI)
questionnaire, adapted to otolaryngology [14]. This question-
naire was administrated 12 months post-implantation, during a
patient interview with an ENT specialist, allowing evaluation of
how the cochlear implant affected patient health status. Each
questionnaire contained 18 questions (see the Appendix) di-
vided into 3 sections: (i) a general section with 12 questions;
(if) a social-support section with 3 questions; and (jii) a phys-
ical-health section with 3 questions. The total from the 3 in-
dividual section scores (ranging in values from -100 to 100)
was considered the global GBI score.
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Table 1. Perceptive categories according to the Geers and Moog
scale.

0 = no detection of speech sounds

4 = consistent closed set word recognition between words
that only differ for a vowel

5 = consistent closed set word recognition between words
that only differ for a consonant

6 = open set word recognition

CLINICAL RESEARCH

Table 2. Number of participants, in the age sub-classes, for the
case and control groups.

Number of patients

Case group
"""" 6s-oyears 29
"""" 0-79years 10
 ssoyeas 3

50-60 years 7

Table 3. Percentage of hearing aid use, pre- and post-operatively, in the Case and Control groups.

Percentage of hearing aid use

Overall percentage

Percentage of hearing aid use in the contra-lateral ear (after Cl)

Case group Control group
56.0% 87.0%
e 133%
s sro%
s osro%

Characteristics of the patient groups

Of the 57 study participants, 31 received an implant in the
right ear and 26 in the left ear. The age classes of the Case
and Control groups are shown in Table 2.

Of the 57 patients, 65% declared that had been using a hear-
ing aid (either in the implanted or in the contralateral ear) be-
fore the Cl surgery. Subjects from both groups had also been
using hearing aids in the contralateral ear after the Cl; how-
ever, as described in Table 3, the use of hearing aids in the
Control group was higher.

In terms of past medical history, 41% of the 57 patients de-
clared a family history of hearing loss. Nineteen percent of the
Case group subjects presented other complications, such as di-
abetes mellitus and cardiovascular diseases. In contrast, in the
Control group only 2/15 patients (13%) showed an association
with diabetes mellitus and none with cardiovascular diseases.

The etiology of hearing loss in the Case and Control groups is
shown in Table 4. Vertigo and tinnitus were associated to sen-
sorineural hearing loss in both groups. For tinnitus, 16 patients
in the Case group and 6 patients in the Control group present-
ed bilateral tinnitus, while 2 patients from the Control group
and 2 from the Case group presented tinnitus on the Cl side.

Table 4. Etiology of hearing loss within the Case and Control

groups.

Otosclerosis 11.9%
Cpresbyusis 91%
Acoustictrauma 20%
' Sudden sensorineural hearingloss o5%
 Meniere syndrome 71%
 Autoimmune hearingloss 167%
Cotetexicty 20%
CUnkeown 109%

Statistical analysis

A Case-Control design was used to assess the effects of Cls
on the QoL. To compare the case and control subjects, analy-
ses of variance with non-parametric tests was used. The au-
diometric data were condensed by calculating, for each ear,
a pure tone average (PTA) threshold estimate at 0.5, 1, and 2
kHz. All statistical tests with p values less than 0.05 were con-
sidered statistically significant. The statistical analyses were
performed with SPSS 16.0.
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Table 5. Mean pure tone average audiometric thresholds (PTA: 0.5, 1, and 2 kHz) of the Case and Control groups at times: T1=1
month pre-op, T2=1 day pre-op, T3=1 month post-op, and T4=12 months post-op. For the measurements at T3 and T4 the Cls
were used in free field. The time T1 (blue columns) was considered the point or reference for the statistical assessments (no
significant differences with the T2 measurements). The last 2 columns refer to the threshold gain between the periods T1-T4
and T1-T3. Asterisks denote significant gain differences at p=0.05.

T1-T3
Case Group
"""" PTAimplanted ear @BH) | o7 106 47 36 61" s0or
"""" PTAcontralateralear @BH) | ®8 o e e
"""" PTAimplanted ear with hearing aid (@B H) [N o @ - 00 -
"""" PTA contralateral ear with hearing aid (B HL) | 64 6 52 e
CGwwlEmE
"""" PTAimplanted ear @BH) | 108 119 45 35 73 63
"""" PTAcontralateralear @BH) | 8 | 100 e 0
"""" PTA implanted ear with hearing aid @BHL) | €6 | 6 - -
"""" PTA contralateral ear with hearing aid (dBHL | 52 | 49 46 47
A o125 25 500 1000 2000 4000 8000 B 0125 250 500 1000 2000 4000 8000

2 2
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Figure 1. Mean pure tone average audiometric thresholds (PTA: 0.5, 1, and 2 kHz) of the Case (A) and Control (B) groups at the
different studied times. T1=1 month pre-op, T2=1 day pre-op, T3=1 month post-op, and T4=12 months post-op.

Results As expected, hearing performance was considerably improved
with the cochlear implant and significant threshold gains were
Audiological data observed in both groups. In particular, at time=T4, a threshold

As expected, the mean threshold value of the implanted ear
was greater than the mean threshold of the contralateral ear,
since in both groups the “worst” ear had been selected for a
cochlear implant. For both groups, the average threshold val-
ues at time=T1 (1 month pre-implantation) and T2 (1 day pre-
implantation) were slightly different, but no statistically signif-
icant differences were observed. Therefore, for the threshold
analyses, the time T1 was considered as the reference time.

gain of 70 dB HL was observed in the Case group and a gain of
84 dB HL in the Control group. At time=T3 (1 month post-im-
plantation) we found a gain of 59 dB HL in the Case group and
a gain of 74 dB HL in the Control group. There were additional
threshold gains improvements from T3 to T4, but these were
not significant and are not reported. Analyses of variance on
the impact of the Cl brand (Advanced Bionics, Medel, Cochlear)
on the threshold data did not find any statistically significant
effects. The data are summarized in Table 5 and Figure 1.
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Figure 2. Perceptive categories assignment at times T1 (1 month pre-op), T3 (1 month post-op) and T4 (12 months post-op) for the
Case and Control groups. At time =T2 (1 day pre-op) no measurements were taken. (A) Data from the Case group. (B) Data
from the Control group. The perceptive category levels range from 0 to 6 and their values are described in Table 1.

Perceptive category levels

The analysis of perceptive category data showed that at
time=T1, 57.0% of patients in the Case group and 20.0% of
patients in the Control group were initially assigned to per-
ceptive category O (i.e., no detection of speech sounds; for the
category details see Table 1). Prior to implantation at time=T2,
no speech measurements were taken.

At time=T3 (1 month post-implantation), 47.6% of the Case
group and 46.6% of the Control group patients were assigned
to perceptive category 2 (i.e., pattern recognition).

At time=T4 (12 months post-implantation) and after speech
therapy rehabilitation, 80.0% of patients in the Case group
and 100% of patients of the Control group were assigned to
perception level 6 (i.e., open set word recognition). The data
are summarized in Figure 2.

Quality of life (QOL)

The results concerning quality of life were obtained from a
total of 53 patients, because 4 patients from the Case group
were not available for an interview. Statistical differences were
observed between the GBI scores from the 2 groups, with the
Control group outperforming the Case group in almost all sec-
tions. In terms of the global GBI score, both groups showed
improvement, but the Control subjects showed a higher mean
GBI score value than the subjects in the Case group (48.3 vs.
33.5). For the general GBI section, statistical differences were
also observed between groups (59.5 vs. 42.3). For the social
support section, both groups showed a similar and not statis-
tically significant performance (19.5 vs. 20.5). The largest dif-
ference was observed in the physical health section (32.5 vs.
-0.5). The data are depicted in Figure 3.
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Figure 3. G.B.l. average score results for the Case and Control
groups. The asterisks denote statistical significance at
p=0.05. The acronym “ns” denotes a non-significant
difference. The Control group shows better scores in all
sections except the social support section. The largest
difference was observed in the physical health section.
The probable causes for the latter are addressed in the
Discussion section.

Discussion

Cochlear implant programs worldwide have been gradually ex-
tended to elderly individuals, mainly due to the increased life
expectancy in the developed world and to the increased prev-
alence of hearing loss with age. The majority of the data in
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the literature reporting on the quality of life in the implanted
subjects comes from studies on adults and young adults [4-9].
Very few studies reported data from elderly implant recipi-
ents [4,5,7,9-16].

The assessment of QOL in Cl recipients is important because
it is becoming more evident that Cl affects not only hearing
abilities, speech perception, and speech production, it also
has a significant effect on social life, activities, and self-es-
teem [17-22]. It remains difficult to predict how an elderly
subject will perform after receiving a Cl. Studies in the liter-
ature have verified that duration of deafness prior to Cl and
pre-operative speech perception performance are important
factors that can significantly affect elderly speech perception
scores after Cl. Other factors that have been claimed to im-
pact Cl-mediated hearing performance include: Cl electrode
array design; Cl speech processing strategy; and, most impor-
tantly, any degree of residual hearing [17-32].

Several indirect instruments have been developed to assess
the QOL in patients with a cochlear implant and various vali-
dation schemes have been presented in the literature [29,30].
Generic instruments to assess the Quality of Life, such as the
SF-36 questionnaire, have already been used to assess Cl per-
formance. However, specific instruments, such as the GBI ques-
tionnaire, which evaluates health-changes after surgery, allow
a more precise assessment of QOL [17-27]. GBI is a subjective,
patient orientated, post-interventional questionnaire, especial-
ly developed to evaluate any otorhinolaryngological surgery
and therapy and has been used to assess various outcomes
of audiological interventions [14,28].

The results of the present study suggest that the audiological
skills of implanted subjects are considerably improved in both
groups. The objective of this study was to assess the possibil-
ity that after a cochlear implant, the quality of life in the el-
derly can be improved. Specific factors, including the use and
duration of hearing aids and the total duration of the speech
therapy sessions, were not investigated, although it is plau-
sible that they contribute to the overall QOL index. These pa-
rameters and the complex interactions with audiological data
can be the topic of future investigations using a larger group
of elderly subjects.

The analysis of perceptive status (Table 1) demonstrated the
success of the cochlear implant. At time=T1 (1 month pre-im-
plantation) the majority of patients were assigned to percep-
tive category 0, but 12 months later (t=T4) almost all patients
reached the best value (i.e., 6) of the perceptive category scale.
These data show that Cl is not only an effective tool for adults,
it also is an effective hearing restoration strategy for the elderly.
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Data from administration of the GBI questionnaire suggest
patients in both the Case and Control groups consider that
they have good QOL, although QOL is rated higher by Control
group patients, particularly in the general and in the physical
health sections. This could be attributable to the younger age
of those in the control group, leading to better performance.
Also, Control group patients generally had better perceptive
categories score prior to Cl than those in the Case group. The
observed large difference in the physical health section scores
was probably caused by the presence of certain diseases (i.e.,
diabetes mellitus and cardiovascular disease) in the Case group.
The anamnesis data show that these two diseases are present
in 8 patients (19%) in the Case group but only in 2 patients
(13%) of the Control group. In this context, the health status
of the Case group patients was conditioned by factors inde-
pendent of the proper functionality of the cochlear implant.

Scores obtained with the GBI are similar to those reported by
other authors, with improved QOL perception in the general
subscale [14,19,33]. Although the GBI data show that elderly
subjects can be successfully assessed, it is important to em-
phasize that data derived from questionnaires tend to be sub-
jective because they reflect the emotional status of the subject
during the interview. Any factor which influences the physical
or the emotional status of the subject can bias the acquired re-
sponses. To improve the validity of the data, a repeated-mea-
sures procedure is required (i.e., more than 1 interview ev-
ery x months), but in clinical terms this is often not possible.

This study had a retrospective design to evaluate the larg-
est possible sample size of elderly implanted subjects in our
Institute. A retrospective design offers good control of the
variance of the examined data (caused by the larger sample
size), but it suffers in terms of flexibility and number of inves-
tigated variables; fewer variables are analyzed because fewer
variables are available for the whole sample. Due to incom-
plete data, some important variables were not considered: (i)
use and duration of hearing aids, (i) total duration of the Cl,
(iii) etiology of hearing loss, (iv) age-induced CI performance,
and (v) total duration of the speech therapy sessions. These
factors should be explored and additional studies are needed
to elucidate their role in performance of Cl in elderly patients.

Conclusions

The present study shows that Cls improve QOL and audiolog-
ical skills in elderly patients. Our data suggest that these ad-
vantages are comparable to the benefits in younger implanted
adults. Although the data suggest that the GBI global score can
effectively assess QOL in the elderly, larger samples of patients
need to be tested with a repeated-measures statistical model.
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Appendix

The Glasgow Benefit Inventory (GBI) questionnaire adapted to
otolaryngology (11) was administrated post-operatively, dur-
ing a patient interview, to evaluate how the cochlear implant
affected patient health status. The questions in English lan-
guage appear below, and the questions in Italian can be found
at: https://www.ihr.mrc.ac.uk/projects/gbi.

1. Has the result of the ear operation affected the things you
do?

2. Have the results of the ear operation made your overall life
better or worse?

3. Since your ear operation, have you felt more or less opti-
mistic about the future?

4. Since your ear operation, do you feel more or less embar-
rassed when with a group of people?

CLINICAL RESEARCH

5. Since your ear operation, do you have more or less
self-confidence?

6. Since your ear operation, have you found it easier or hard-
er to deal with company?

7. Since your ear operation, do you feel that you have more
or less support from your friends?

. Have you been to your family doctor for any reason, more

or less often, since your ear operation?
9. Since your ear operation, do you feel more or less confident
about job opportunities?

10.

11.

12.

13.

14.

15.

16.

17.

18.

Since your ear operation, do you feel more or less
self-conscious?

Since your ear operation, are there more or fewer people
who really care about you?

Since you had the ear operation, do you catch colds or in-
fections more or less often?

Have you had to take more or less medicine for any rea-
son, since your ear operation?

Since your ear operation, do you feel better or worse
about yourself?

Since your ear operation, do you feel that you have had
more or less support from your family?

Since your ear operation, are you more or less inconve-
nienced by your ear problem?

Since your ear operation, have you been able to partici-
pate in more or fewer social activities?

Since your ear operation, have you been more or less in-
clined to withdraw from social situations?
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