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Abstract: The present study aims to investigate the usage and benefits of cochlear implants (CIs) in
elderly patients aged ≥85 years, including their device-handling issues, follow-ups, and the influence
on their well-being. The patients answered one questionnaire regarding quality of life, EQ5D-3L,
and one questionnaire, obtained from the Swedish CI quality register, regarding usage, handling,
satisfaction, remaining difficulties, etc. The medical records were searched for the implantation date,
implant model, speech processor model, monosyllabic (MS) word scores, infections over the implant,
and compliance regarding scheduled visits to the clinic. The results show that most elderly patients
are satisfied full-time users of their implants. Even though most patients had no problems handling
their CI, handling issues must be considered. Recurring guidance and training on device operation
are needed. We suggest that follow-up visits are essentially needed for this group of patients on
a regular basis. CI surgery is considered a safe treatment, even for the elderly. Upgrads to new
external equipment (e.g., sound processors) should not be excluded because of their age. The results
suggested that the CI positively affected their well-being. This study was approved by the Swedish
Ethical Review Authority (5/10-2021, Dnr: 2021-04970).
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1. Introduction

The population in the world grows older, and age-related hearing loss is known to
substantially impact quality of life [1,2]. Studies have found that the incidence of dementia
is higher in people with self-reported hearing problems compared to hearing aid users or
cochlear implant users [3]. Age-related hearing loss arises in most people, and it is a known
fact that it can substantially impact quality of life and is an independent risk factor for the
development of cognitive decline and even Alzheimer’s disease [4–6]. Studies estimate that
hearing loss may account for 9% of the risk for Alzheimer’s disease [3]. A 25-year prospec-
tive study of 3777 people aged 65 years or older found a higher incidence of dementia in
those with self-reported hearing problems compared to hearing aid users [7]. Similarly, a
cross-sectional study found that persons with untreated hearing who did not use hearing
aids showed worse results in cognition tests compared to normal-hearing persons. The
study also indicated that social isolation is a crucial mediating factor [8]. A US nationally
representative survey tested persons over 50 every two years for 18 years. They found that
hearing aid use was positively associated with episodic memory scores. Deterioration in
episodic memory scores was slower after than before the use of a hearing aid [9].

Cochlear implantation (CI) is a routine treatment for severe hearing loss. Earlier studies
have shown a significant increase in speech perception after CI for all age groups [10,11].
There is no agreement among studies on what defines an elderly patient. Some studies
consider those over 65 years to be elderly [12]. Other studies define patients above 60 years
as being elderly [13,14]. We have many patients aged 85 and older who are enrolled at our
clinic, and we saw the need for a thorough investigation and analysis of this group.
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The present study aims to investigate the usage and benefits of CIs in elderly patients
aged ≥85 years. Aspects including the handling of the CI processor, if they can come to the
clinic if needed, and how the CI has influenced their well-being will be analyzed.

2. Materials and Methods

All patients included in this study were 85 years of age and older. They were implanted
at Akademiska University Hospital, Uppsala, Sweden or another clinic but did their follow-
up checks at Akademiska University Hospital. The patients had implants from Cochlear
(Lane Cove, NSW, Australia) and MedEl (Innsbruck, Austria). The patients answered two
questionnaires: EQ5D-3L [15] “Reprinted with permission from Ref. [16]. Registration
ID: 48413.” and a questionnaire obtained from the Swedish CI quality register [17] that
included questions about usage, handling, satisfaction, difficulties, etc. In EQ5D-3L, the
patient rated his or her current health status on a scale from 0 to 100. From the answers
given by the patient on the five questions in EQ5D-3L, an index value was calculated.
The index value is a score between 0 (dead) and 1 (full health). The medical records were
searched for the implantation date, implant model, speech processor model, monosyllabic
word (MS-word) scores measured with CI only at 65 dB SPL in a sound-treated booth in free
field, infections over the implant, and if they had appointments to the clinic that had been
canceled for health-related issues. A one-sample Wilcoxon signed rank test (for the non-
normally distributed data) was used to calculate if the mean value (VAS and index value
from EQ5D-3L) from this study differed significantly (α = 0.05) from the population mean.

All patients aged ≥85 years who were enrolled at our clinic were asked to participate
(71 patients). Information about the study, a consent form, and the two questionnaires were
sent to the patients via mail, with one reminder if they did not reply. If they were willing
to participate, they returned the questionnaires to the clinic via mail, together with the
consent form.

3. Results

Forty-three people responded (19 males and 24 females). The mean age for the
respondents was 88 years, ranging from 85–97. They were implanted at a mean age of
79 years, ranging from 67–90.

In Figure 1, the results for this study from the EQ VAS (self-rated health) from the
EQ5D-3L are displayed (n = 40, three respondents did not answer) together with the
mean VAS from an average Swedish population aged 75 and above [18]. No statistically
significant difference was found between the current study and the population mean.
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Figure 1. VAS from EQ5D-3L from this study and for an average Swedish population aged 75 and
above [18]. The results are displayed in total and separated for men and women.
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Figure 2 shows the EQ5D-3L index values for this study (n = 38, five did not answer
all questions and were excluded) together with the mean index value from the average
Swedish population aged 75 and above [18]. For all groups (women, men, and total) there
is a significant difference in the index values between the current study and the mean
population (p < 0.0001).
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Figure 2. Index value from EQ5D-3L from this study and for an average Swedish population aged 75
and above [18]. The results are displayed in total and separated for men and women.

Figure 3 shows all patients’ best MS word scores and their latest MS word scores
with CI only. The measurements are conducted in a sound-treated booth in a free field at
65 dB SPL. The red lines are the patients with a decline in the MS word score of more than
20 percentage points. Those patients are displayed in more detail in Table 1. The mean
value for the best MS word score for the patients in this study was 44%, and for the latest
MS word score it was 35%.

Four patients out of the forty-three included in the study canceled appointments at
the clinic due to health-related issues that made it difficult to travel to the clinic (3) and the
severe sickness of the patient’s spouse (1). None of those four are among the patients with
a change in the MSword score of more than 20 percentage points, as shown in Table 1. One
patient has had a documented incident of infection over the implant housing but is not one
of the patients in Table 1 with a decline in the MS word score of more than 20 percentage
points. Five of the forty-three patients in the study live at home with home care or at a
nursing home. In 7 of the 43 cases, we do not know their living situation. The remaining
31 patients live at home with no support. One patient living in a nursing home is patient
Q41 in Table 1.
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Figure 3. MS words best score and MS words at the latest visit to the clinic for all patients in the
study. Patients marked with a red line have a decline in the score of more than 20 percentage points.
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Table 1. Patients with a change in monosyllabic score of more than 20 percentage points between
best and latest measure, their daily CI usage, EQ5D VAS score, index value (NA = no answer), age,
and sex.

Patient
MS
Best
(%)

MS
Latest

(%)

Change
(Percentage

Points)

Usage/Dag
(h)

EQ5D
VAS

Index
Value Age Sex Comment

Q3 64 42 −22 >8 h 80 0.9349 85 W

Q19 22 0 −22 4–8 h 70 0.7139 88 W

Reported “I cannot handle my
usual activities” on EQ-5D.

Other health-related issues than
hearing difficulties.

Q29 48 0 −48 >8 h 90 0.9694 90 W

Q38 84 56 −28 >8 h 70 0.9694 97 M

Even after a significant decline
in results, these results are better

than average for adults at our
clinic.

Q40 48 24 −24 >8 h 72 NA 88 W

The patient has been upgraded
since the last MS word test. The
best MS word score is measured

on a higher presentation level
than the latest measure.

Q41 44 16 −28 >8 h NA NA 96 M
The patient lives at a nursing

home. Vision impaired.
Isolated.

Q42 76 36 −40 >8 h 80 0.9349 85 M

Figures 4–10 show a selection of the questions from the Swedish CI quality register
questionnaire. The number of patients who have answered the questions is displayed in
each figure. Figure 4 shows the CI and hearing aid (HA) usage. Figure 5 shows to what
extent patients thought that CI was worth the effort. Figure 6 shows if CI has influenced
their joy of living. Figure 7 shows how often they have problems handling their CI. Figure 8
shows if CI has changed their everyday life. Figure 9 shows if they obtained enough
information from the CI team about their rehabilitation. Figure 10 shows how much their
remaining hearing difficulties disturbed their activity capacity during the last two weeks.
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Figure 11 shows the number of upgrades of the CI-processor among patients in this
study. We have used a seven-year time limit for upgrades at our clinic for all ages. The
upgrade status is unclear for two patients, and two patients have not been upgraded. The
reason for this was health-related issues that made it hard to travel to the clinic in one case
and severe vision problems that made handling a new device hard in another case. None
of the non-upgraded patients are among the patients in Table 1.
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4. Discussion

In this study, CI users showed no significant difference in VAS scores from EQ5D-
3L when compared to the reference group from an average Swedish population aged 75
and above [8]. Said de Angelo et al. [19] saw no difference when comparing the QoL for
CI users and normal hearing subjects using the World Health Organization Quality of
Life (WHOQOL-BREF) generic assessment questionnaire, even though their cohort was
extensively younger. The index value from EQ5D-3L shows that our investigated group of
CI patients scores significantly higher than the reference group from an average Swedish
population aged 75 and above [18].

Hilly et al. [20] saw that cochlear implantation improved audiometric outcomes and
quality of life in elderly patients and that these benefits were stable over time. They used
Short Form 36 Health Survey questionnaires for evaluation. Saraça et al. [21], on the other
hand, found in their study that the QoL of healthy adults was better than that of CI users.
They investigated a younger group of patients (mean age just above 40 for both groups)
using WHOQOL-BREF.

The seven patients in this study with a decline in speech performance (i.e., a decline in
the MS word score of more than 20 percentage points) have been carefully investigated.
One of them (Q38) still scores above average compared with all adult patients at our
clinic (average MS word score of 47% for adults and 38% for those implanted at age 79
or older [11]). Q19 can no longer handle his or her usual activities but does not score
significantly lower on EQ5D-3L than the average Swedish population aged 75 and above.
Q29, Q38, and Q41 all are 90 years old or older. We have not found a shared reason for their
decline in speech performance.

Almost all the patients in this study used their CI for more than 8 h daily. None of
the patients used it for less than 4 h a day. One pitfall in our study is that we do not know
the non-participants in this study. One might assume that these individuals might use
their CIs less. Thirty-seven out of forty-one patients reported that the CI was worth the
effort, and thirty-nine out of forty-two reported that their CI had influenced their joy of
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living very much or for the most part. Twenty-nine of forty-two reported that their life
has become much better after CI. All patients reported that they obtained information
from the CI team about the rehabilitation process, at least to a large extent. Overall, the
patients were very satisfied with their CI, even though 30 of 40 patients reported that
their remaining hearing difficulties still disturbed their activity capacity during the last
two weeks. Imagawa et al. [22] found in their study of satisfaction levels among CI users,
comparing those over 75 with those under 75 years of age, that the elderly group was
less satisfied with their CIs than the younger group, even though 93.3% of all subjects
responded that they were “somewhat satisfied” or better. The factors that significantly
influenced the satisfaction level were improvements in their ability to understand everyday
conversations with family members and to have conversations at reception desks, such as
those in banks and shops.

Thirty-three of forty-two patients in the current study have never or seldom had
difficulties handling their CI. Two respondents answered that they often have problems.
Elderly CI users in the study by Imagawa et al. [22] were highly independent, with basic
operations such as attaching, turning on and off, charging batteries, exchanging batteries,
and storing the device. However, they were less independent in more complex operations
such as adjusting the volume, switching between programs, and exchanging cables. The
routine at our clinic is to meet all elderly CI patients (above 85) at least once a year for
an audiological and technical evaluation. We give guidance and training on the device
operation. This practice adheres to the latest guidelines in Sweden regarding the care of
people with severe hearing loss [23]. Our clinic has no age limit for upgrades of the CI
processor, since we believe that all ages can benefit from newer techniques. Exceptions
can be made for patients with severe illness or dementia because programming a new
device requires several clinic visits and the ability to learn how to handle it. However, with
exhaustive family and healthcare personnel support, even those patients can benefit from a
new device.

In their study comparing speech results, complications, and rehabilitation between
people over and under 70 years of age, Rohloff et al. [24] found that the recovery period
of vestibular dysfunction after surgery may be longer in the elderly. Otherwise, they saw
no difference between groups. An earlier study from our clinic [11] found no severe pre-
or postoperative surgical complications among patients who were 79 years old or older at
CI surgery.

Raymond et al. [25] found that older geriatric adults do not have higher rates of
postoperative healthcare utilization after cochlear implantation than their younger, hearing-
impaired counterparts, despite presumed higher rates of frailty and comorbidity.

One concern for older patients is that the surgical procedure with cochlear implantation
might have a higher risk for morbidity and mortality or that the aging brain might be
more vulnerable to anesthesia. The procedure takes 1.5–2 h and is usually performed
under general anesthesia. In some clinics, attempts have been made to do it under local
anesthesia [26,27]. However, anesthesia-related complications seem to be rare. Many
adverse outcomes may be multifactorial. Postoperative complications are mostly related
to the perioperative procedure, not the anesthesia itself [28]. Cochlear implantation is
considered a safe treatment with low risks of complications [29].

In summary, hearing loss might result in cognitive decline through reduced cognitive
stimulation. Hearing aids may have a modifying effect on the course of cognitive decline
in older age. Providing hearing aids or other rehabilitative services for hearing impairment
early in life may slow down the growing worldwide incidence of dementia.

5. Conclusions

Elderly patients over 85 years old often use their CIs full-time and are mostly satisfied
with them. The results from EQ5D-3L suggest that the CI positively affected their well-
being. Handling issues must be considered, and reoccurring guidance and training on
device operation are needed. Follow-up for this group of patients is essentially needed on
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a regular basis. CI surgery is considered a safe treatment, even for the elderly. Upgraders
to new external equipment (e.g., sound processors) should not be excluded because of age,
as a good rehabilitation for hearing loss may slow down the growing worldwide incidence
of dementia.

Author Contributions: Conceptualization, Methodology, and Validation, K.H., U.L. and N.S.-M.
Formal Analysis and Data Curation, K.H.; Writing—Original Draft Preparation and Writing—Review
& Editing, K.H., U.L. and N.S.-M.; Visualization, K.H. and U.L.; Project Administration, K.H.; Funding
Acquisition, K.H. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by the Foundation of Tysta skolan Dnr: FB21-0012.

Informed Consent Statement: Informed written consent was given by the patients.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Babajanian, E.E.; Patel, N.S.; Gurgel, R.K. The impact of Cochlear Implantation: Cognitive Function, Quality of Life, and Frailty in

Older Adults. Semin. Hear. 2021, 42, 342–351. [CrossRef] [PubMed]
2. Löfvenberg, C.; Turunen-Taheri, S.; Carlsson, P.-I.; Skagerstrand, Å. Rehabilitation of Severe-to-Profound Hearing Loss in Adults

in Sweden. Audiol. Res. 2022, 12, 443–444. [CrossRef] [PubMed]
3. Livingston, G.; Huntley, J.; Sommerlad, A.; Ames, D.; Ballard, C.; Banerjee, S.; Brayne, C.; Burns, A.; Cohen-Mansfield, J.; Cooper,

C.; et al. Dementia prevention, intervention, and care: 2020 report of the Lancet Commission. Lancet 2020, 396, 413–446. [CrossRef]
4. Lin, F.R.; Metter, E.J.; O’Brien, R.J.; Resnick, S.M.; Zonderman, A.B.; Ferrucci, L. Hearing loss and incident dementia. Arch Neurotol.

2011, 68, 214–220. [CrossRef] [PubMed]
5. Thomson, R.S.; Auduong, P.; Miller, A.T.; Gurgel, R.K. Hearing loss as a risk factor for dementia: A systematic review. Laryngoscope

Investig. Otolaryngol. 2017, 2, 69–79. [CrossRef] [PubMed]
6. Gurgel, R.K.; Ward, P.D.; Schwartz, S.; Norton, M.; Foster, N.L.; Tschanz, J.T. Relationship of hearing loss and dementia: A

prospective, population-based study. Otol. Neurotol. 2014, 35, 775–781. [CrossRef]
7. Amieva, H.; Ouvrard, C.; Meillon, C.; Rullier, L.; Dartigues, J.F. Death, depression, disability, and dementia associated with

self-reported hearing problems: A 25-year study. J. Gerontol. A Biol. Sci. Med. Sci. 2018, 73, 1383–1389. [CrossRef]
8. Ray, J.; Popli, G.; Fell, G. Association of cognition and age-related hearing impairment in the English longitudinal study of ageing.

JAMA Otolaryngol. Head Neck Surg. 2018, 144, 876–882. [CrossRef]
9. Maharani, A.; Dawes, P.; Nazroo, J.; Tampubolon, G.; Pendleton, N. Longitudinal relationship between hearing aid use and

cognitive function in older Americans. J. Am. Geriatr Soc. 2018, 66, 1130–1136. [CrossRef]
10. Budenz, C.L.; Cosetti, M.K.; Coelho, D.H.; Birenbaum, B.; Babb, J.; Waltzman, S.B.; Roehm, P.C. The effects of cochlear implantation

on speech perception in older adults. J. Am. Geriatr. Soc. 2011, 59, 446–453. [CrossRef]
11. Lundin, K.; Näsvall, A.; Köbler, S.; Linde, G.; Rask-Andersen, H. Cochlear implantation in the elderly. Cochlear Implant. Int. 2013,

14, 92–97. [CrossRef] [PubMed]
12. Sonnet, M.-H.; Montaut-Verient, B.; Niemier, J.-Y.; Hoen, M.; Ribeyre, L.; Parietti-Winkler, C. Cognitive Abilities and Quality of

Life After Cochlear Implant in the Elderly. Otol. Neurotol. 2017, 38, 296–301. [CrossRef] [PubMed]
13. Marx, M.; Mosnier, I.; Belmin, J.; Wyss, J.; Coudert-Koall, C.; Manrique Huarte, R.; Khnifes, R.; Hilly, O.; Martini, A.; Cudo, D.

Healthy aging in elderly cochlear implant recipients: A multinational observational study. BMC Geriatr. 2020, 20, 252. [CrossRef]
[PubMed]

14. Oyanguren, V.; Goffi Gomes, M.V.; Tsuji, R.-K.; Bento, R.F.; Neto, R.B. Auditory results from cochlear implants in elderly people.
Braz. J. Otorhinolaryngol. 2010, 76, 450–453. [CrossRef]

15. Burström, K.; Sun, S.; Gerdtham, U.G.; Henriksson, M.; Johannesson, M.; Levin, L.Å.; Zethraeus, N. Swedish experience-based
value sets for EQ-5D health states. Qual. Life Res. 2014, 23, 431–432. [CrossRef]

16. EQ5D. Available online: https.euroqol.org (accessed on 14 April 2022).
17. Swedish Quality Register of Otorhinolaryngology. Available online: http://www.registercentrum.se/ (accessed on 3 November 2022).
18. Björk, S.; Norinder, A. The weighting exercise for the Swedish version of the EuroQol. Health Econ. 1999, 8, 117–126. [CrossRef]
19. Said de Angelo, T.C.; Moret, A.L.M.; Alves da Costa, O.; Nascimento, L.T.; de Freitas Alvarenga, K. Quality of life in adult

cochlear implant users. CoDAS 2016, 28, 106–112. [CrossRef]
20. Hilly, O.; Ehwang, E.; Smith, L.; Shipp, D.; Nedzelski, J.M.; Chen, J.M.; Lin, V.W.Y. Cochlear implantation in elderly patients:

Stability of outcome over time. J. Laryngol. Otol. 2016, 130, 706–711. [CrossRef]
21. Saraça, E.T.; Batukb, M.O.; Sennaroglub, G. Evaluation of the quality of life in adults with cochlear implants: As good as the

healthy adults? Am. J. Otolaryngol. 2019, 40, 720–723. [CrossRef]
22. Imagawa, N.E.; Hirota, E.; Morino, T.; Kojima, H. Factors related to the satisfaction level of elderly hearing-impaired individuals

with cochlear implants. Auris Nasus Larynx 2020, 47, 793–799. [CrossRef]

http://doi.org/10.1055/s-0041-1739367
http://www.ncbi.nlm.nih.gov/pubmed/34912162
http://doi.org/10.3390/audiolres12040044
http://www.ncbi.nlm.nih.gov/pubmed/36004952
http://doi.org/10.1016/S0140-6736(20)30367-6
http://doi.org/10.1001/archneurol.2010.362
http://www.ncbi.nlm.nih.gov/pubmed/21320988
http://doi.org/10.1002/lio2.65
http://www.ncbi.nlm.nih.gov/pubmed/28894825
http://doi.org/10.1097/MAO.0000000000000313
http://doi.org/10.1093/gerona/glx250
http://doi.org/10.1001/jamaoto.2018.1656
http://doi.org/10.1111/jgs.15363
http://doi.org/10.1111/j.1532-5415.2010.03310.x
http://doi.org/10.1179/1754762812Y.0000000006
http://www.ncbi.nlm.nih.gov/pubmed/23007164
http://doi.org/10.1097/MAO.0000000000001503
http://www.ncbi.nlm.nih.gov/pubmed/28806342
http://doi.org/10.1186/s12877-020-01628-2
http://www.ncbi.nlm.nih.gov/pubmed/32703167
http://doi.org/10.1590/S1808-86942010000400008
http://doi.org/10.1007/s11136-013-0496-4
https.euroqol.org
http://www.registercentrum.se/
http://doi.org/10.1002/(SICI)1099-1050(199903)8:2&lt;117::AID-HEC402&gt;3.0.CO;2-A
http://doi.org/10.1590/2317-1782/20162015097
http://doi.org/10.1017/S0022215116008197
http://doi.org/10.1016/j.amjoto.2019.06.010
http://doi.org/10.1016/j.anl.2020.04.010


Audiol. Res. 2023, 13 106

23. Nationellt Kliniskt Kunskapsstöd. Personcentrerat Och Sammanhållet Vårdförlopp Grav Hörselnedsättning. Available online:
https://nationelltklinisktkunskapsstod.se/vardprogramochvardforlopp (accessed on 17 October 2022).

24. Rohloff, K.; Koopmann, M.; Weiß, D.; Rudack, C.; Savvas, E. Cochlear Implantation in the Elderly: Does Age Matter? Otol.
Neurotol. 2016, 38, 54–59. [CrossRef] [PubMed]

25. Raymond, M.J.; Dong, A.; Naissir, S.B.; Vivas, E.X. Postoperative Healthcare Utilization of Elderly Adults After Cochlear
Implantation. Otol. Neurotol. 2020, 41, 2008–2013. [CrossRef]

26. Dietz, A.; Wüstefeld, M.; Niskanen, M.; Löppönen, H. Cochlear Implant Surgery in the Elderly: The Feasibility of a Modified
Suprameatal Approach Under Local Anesthesia. Otol. Neurotol. 2016, 37, 487–491. [CrossRef] [PubMed]
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