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Objectives: The aim of this study is to show the long-term effects
of cochlear implant as a treatment in both children and adults with
acquired single-sided deafness.
Study Design: Observational, descriptive, cross-sectional.
Setting: Tertiary referral center.
Patients: 21 children and 20 adults with SSD.
Intervention(s): Unilateral CI.
Methods: Speech detection thresholds and disyllabic words test
(65 dB SPL) were performed in the modalities azimuth (S0), sig-
nal CI side (SCI), and signal on the normal hearing (SNH). The
normal ear was masked with both white noise of +10 dB of the
hearing threshold and plugging the same ear, whereas the speech
testing was performed using the cochlear implant wireless system.
Results: All results were obtained up to 48 months after the activa-
tion of the sound processor. All study subjects showed improvements
in speech test results in all conditions tested. Word recognition in
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noise in children improved from 42.76% at 6 months after activation
of the sound processor to 76.38% at 48 months in the S0 condition,
from 50 to 78.10% in the SCI condition, and from 38.48 to 66.48%
in the SNH modality. Regarding adults, word recognition in noise
went from 45.40% at 6 months of activation of the sound processor
to 73.40% at 48months in the S0 condition, from 52.60 to 76.20% in
the SCI condition, and from 43.60 to 64.80% in the SCI condition
(p < 0.001). The average duration of use of the speech processor
daily was 11 hours in children and 9.4 hours in adults.
Conclusion:When comparing children's performance with adults',
progressive improvement in speech discrimination compared with
adults was observed.
Key Words: Cochlear implant—Single-sided deafness—Speech
detection—Unilateral deafness.
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INTRODUCTION

Single-sided deafness (SSD) is defined as unilateral se-
vere to profound hearing loss with normal hearing in the
contralateral ear (1). Peoplewith only one functional ear ex-
perience difficulties in hearing and understanding in noisy
environments, impaired sound localization, and increased
stress and social isolation.

There are several studies that show that cochlear implan-
tation can benefit peoplewith single-sided deafness. The im-
provements observed are in speech recognition in the im-
planted ear and suppression of tinnitus if it is associated with
hearing loss. In addition, greater balance control, improved
localization, and improved speech recognition in noise when
analyzed bilaterally (normal ear and implanted ear) (2–4).

The prevalence of SSD in children is increasing, likely
due to the introduction of universal newborn hearing
screening. Even then, the diagnosis of unilateral hearing
loss in children may still be delayed (5,6).

The impact of SSD in children is now recognized as a cause
of speech, and receptive and expressive language delay, affect-
ing academic and social performance. Cochlear implantation
(CI) in children with SSD should be considered as early as
possible to maximize learning opportunities (7–9).

Studies show that cochlear implantation in adults with
SSD improves several aspects of hearing achieving com-
parable speech perception outcomes to conventional
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candidates, as well as improves health-related quality of
life (10,11).
The aim of this study is to show the long-term effects of

cochlear implant (CI) as a treatment in children and adults
with acquired single-sided deafness.

MATERIALS AND METHODS

This study was approved by the Ethics Committee of our
Hospital (Code Etic Committee HUGCDN: 2021-228-1).
Adults and parents were informed about the advantages
and disadvantages of the treatment options for single-sided
deafness (no treatment, bone conduction system, CROS sys-
tem, or CI), and expectations were adjusted for the possible
outcomes of cochlear implantation. All subjects trialed a
bone-conduction device and the CROS system device before
surgery, with no improvement in the hearing or localization
tests. The investigators informed the adults and parents about
the risks and benefits of participating in this study, obtaining
informed consent before the start of the study
An oobservational, descriptive, cross-sectional study

was conducted in two populations, adults and children
(<12 yr) with acquired SSD. They underwent CI between
January 2018 and December 2019. There was a minimum
follow-up of up to 48 months after the activation of the
sound processor of the cochlear implant.
We excluded implanted patients with ossification, co-

chlear malformation, or any other pathology that could pre-
vent complete insertion of the electrode array, severe to pro-
found hearing loss related to meningitis, and posterior fossa
tumors or other retrocochlear pathologies or central hear-
ing-loss. We also excluded subjects with middle ear pathol-
ogies precluding performance of CI (e.g., active middle ear
infections, tympanic membrane perforation) or any addi-
tional disabilities that might preclude participation in the
evaluations; we did not include subjects in whom parental
consent was not obtained.
According to the protocol for the selection of cochlear

implant candidates in our center, the following tests were
performed on the children group: pure-tone audiometry
(0.5–1–2 kHz), auditory evoked potentials in steady state
(if it was considered necessary to confirm thresholds),
and disyllabic speech test in quiet conditions at 65 dB
SPLwithout lip reading in free-field tests. For lateralization
test, five speakers were used in positions 0, 45, 90, 270, and
370 degrees. Genetic tests (Conexin 26, otoferlin) were also
used. In adults: pure-tone audiometry (0.5–1–2 kHz), disyl-
labic speech test, and lateralization test were performed un-
der the same conditions described for the children group.
Imaging tests were performed in both groups: cerebral
magnetic resonance imaging (MRI), and high-resolution
computer tomography or cone-beam CT.
All the operations were performed by the same surgical

team. The CI electrode arrays used in this study were the
Cochlear Nucleus Profile with Slim Electrode Modiolar
CI532 and Cochlear Nucleuswith Contour Advanced Elec-
trode CI512.
The ACE codification strategy was applied to program

the speech processor by using the Software Custom Sound
Otology & Neurotology, Vol. 00, No. 00, 2025
3.1; the frequency assignation (FAP) by channel method
was applied (12,13).

Hearing tests were performed at 6, 18, 24, 36, and
48 months of device usage.

All patients routinely used a standard protocol in our center
(“Protocol for the assessment of hearing in Spanish Language”)
for adults and a version adapted to infant population (14).

The audiological test performed after cochlear implanta-
tion was a disyllabic speech test at dB-SPL condition with-
out lip reading in free-field testing. The test (only disyllabic
and disyllabic in noise) is presented in prerecorded digital
format (14). Sound was presented in azimuth (sound pre-
sented from the center) (S0), signal CI side (SCI), and sig-
nal on the normal hearing (SNH); the normal-hearing ear
was masked by an auditory threshold for white noise of
+10 dB and a complete plugging and noise-canceling ear-
phone. The ear with CI speech testing was performed using
the Cochlear wireless Mini Microphone accessory.

A soundproof hearing booth with a separate booth for
the operator, Audiotest 340 Interacoustics AS DK-5610
Assens audiometer, Denmark 2008 CE 0123, and with a
set of Resolv Active Studio Monitor A5 45Hz-27 Khz
Biamped 50W speakers, was used to carry out all the tests.

In each visit, reports were obtained from parents regard-
ing information on device use, attitude, and performance.

Data for the present study were stored inMicrosoft Excel
spreadsheets, and analyseswere performed using the Statis-
tical Package for Social Sciences (SPSS), version 25.0 (15).
An exploratory and descriptive analysis was carried out.
The categorical variableswere expressed in percentages and ab-
solute frequencies, whereas numerical variableswere expressed
as average, median, and standard deviation values. Percentages
were compared by using the chi-square test, and average values
were compared by using the Student t test for paired samples.
Analysis of equality of distribution was performed using
the analysis of variance (ANOVA) or Kruskal-Wallis test
and Bonferroni test (multiple comparison test), depending
on the characteristics of the data. Statistical significance
was set at p < 0.05.

RESULTS

We studied 21 children (38.1% males, 61.9% female)
and 20 adults (35.0% males, 65% female).

All subjects had acquired unilateral hearing loss. With re-
spect to the causes of SSD in children, the etiologies were
as follows: progressive hearing loss of unknown origin in
13 subjects (62%), a sudden hearing loss in 4 subjects (19.
%), cholesteatoma in 2 subjects (9.5%), and cytomegalovirus
(CMV) 2 subjects (9.5%). With respect to the causes of SSD
in adults, the etiologies were as follows: progressive hearing
loss of unknown origin in 10 subjects (50%), sudden hearing
loss in 4 subjects (20%), Menière's disease in 2 subjects
(10%), otoschlerosis in 3 subjects (15%), and acoustic trauma
in 1 subject (5%). The whole sample's presurgical average
PTAwas 86 ± 12 dB in the implanted ear and 24 ± 4 dB in
the normal-hearing ear.

The average age of implantation was 7.1 years (range,
6.0–12.0 yr) in children and 49.06 years in adults (range,



TABLE 1. Characteristics of single-sided deafness in children

Subject Gender Age at Implantation (yr) Etiology Laterality Duration of Deprivation(mo) Type of Cochlear Implant Daily Hours of Use

1 Female 7.1 Unknown Left 18 532 11
2 Female 6.0 Unknown Left 6 532 13
3 Male 12.0 Cholesteatoma Left 24 532 12
4 Female 6.2 Unknown Left 12 532 10
5 Male 6.3 Sudden hearing loss Right 12 532 10
6 Female 6.2 Unknown Left 6 512 9
7 Female 6.7 Unknown Left 9 532 10
8 Male 6.1 Unknown Right 6 532 12
9 Male 6.2 Sudden hearing loss Left 18 512 13
10 Male 8.1 CMV Right 14 532 12
11 Female 7.1 Unknown Right 8 532 12
12 Male 6.2 Unknown Left 16 532 11
13 Female 10.2 Sudden hearing loss Right 12 532 10
14 Female 6.7 Cholesteatoma Right 11 532 11
15 Male 8.4 Unknown Left 10 532 9
16 Male 7.2 Sudden hearing loss Left 10 532 13
17 Female 6.4 Unknown Right 12 532 9
18 Female 6.7 Unknown Left 15 512 10
19 Female 6.0 Unknown Right 14 532 12
20 Female 6.1 Sudden hearing loss Left 6 532 11
21 Female 7.3 CMV Right 14 532 10
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34.8–59 yr). The right ear was the affected ear in 42.9% of
children and in 35% of adults. The average duration of dep-
rivation in the deafened ear in children was 12 months, and
it was 9.7 months in adults, considered “the time of depri-
vation” from the time of first diagnosis of profound deaf-
ness or severe hearing loss. Cochlear Nucleus Profile with
Slim Electrode Modiolar CI532 was used in all patients ex-
cept in seven subjects who used Cochlear Nucleus with
Contour Advanced Electrode CI512. The average duration
of daily word processor use was 11 hours for children and
9.4 hours for adults; data were obtained by logging data di-
rectly from the speech processor (Tables 1 and 2).
In children, the average speech discrimination was

44.7% (SD, 4.122%) at 6 months postoperatively and
76.3% (SD, 2.801%) at 48 months; the average improve-
ment was 31.6 percentage points (p < 0.001). For sounds
TABLE 2. Characteristics of sin

Subject Gender Age at Implantation (yr) Etiology Laterality D

1 Male 35.8 Sudden hearing loss Right
2 Female 58.7 Otosclerosis Left
3 Male 47.7 Sudden hearing loss Left
4 Female 59.0 Unknown Right
5 Male 57.4 Sudden hearing loss Right
6 Male 38.4 Unknown Left
7 Female 49.6 Unknown Left
8 Female 47.5 Unknown Right
9 Male 48.5 Menière's disease Left
10 Female 49.9 Acoustic Trauma Right
11 Female 56.4 Unknown Left
12 Male 58.4 Menière's disease Left
13 Female 59.0 Unknown Right
14 Female 55.4 Unknown Left
15 Female 44.8 Unknown Left
16 Female 37.4 Sudden hearing loss Left
17 Female 35.2 Unknown Right
18 Male 34.8 Unknown Left
19 Female 48.6 Otosclerosis Left
20 Female 58.7 Otosclerosis Left
presented to the implanted ear, the speech discrimination
was 50.0% (SD, 3.688%) at 6 months postoperatively and
78.1% (SD, 2.0%) at 48 months; the average improvement
in speech discrimination was 28.0 percentage points
(p < 0.001).

For sounds presented to the contralateral ear, the speech
discrimination was 38.4% (SD, 3.683%) at 6 months post-
operatively and 66.4% (SD, 3.219%) at 48 months; the av-
erage improvement was 28 percentage points (p < 0.001;
Table 3 and Fig. 1).

In adults, the average speech discrimination was 45.4%
(SD, 2.981%) at 6 months postoperatively and 73.4%
(SD, 3.733%) at 48 months; the average improvement
was 28% (p < 0.001). For sounds presented to the im-
planted ear, the speech discrimination was 52.6% (SD,
2.683%) at 6 months postoperatively and 76.2% (SD,
gle-sided deafness in adults

uration of Deprivation(mo) Type of Cochlear Implant Daily Hours of Use

10 532 10
6 532 7
11 532 9
9 532 12
8 512 9
6 512 10
7 532 11
7 532 11
12 512 9
11 532 10
10 532 10
13 532 10
11 532 8
9 532 7
11 532 9
13 532 10
8 532 11
12 512 9
13 532 8
7 532 8

Otology & Neurotology, Vol. 00, No. 00, 2025



TABLE 3. Evolution of speech test results (azimuth (S0), signal CI side (SCI), and signal on the normal hearing (SNH) in children with
single-sided deafness

Direction of Sound Presented Mean Speech Discrimination Standard Deviation Mean Improvement p Value

Azimuth 6 mo 44.7 4.1 31.6 <0.001
Azimuth 48 mo 76.3 2.8
Implanted ear 6 mo 50.0 3.6 28.0
Implanted ear 48 mo 78.1 2.0
Contralateral 6 mo 38.4 3.6 28.0
Contralateral 48 mo 66.4 3.2

An important improvement in the results is observed when comparing 6 and 48 months (p < 0.001).
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3.548%) at 48 months; the average improvement in speech
discrimination was 23.6% (p < 0.001). For sounds pre-
sented to the contralateral ear, the speech discrimination
was 43.6% (SD, 3.409%) at 6 months postoperatively and
64.8% (SD, 4.420%; p < 0.05) at 48 months; the average
improvement in speech discrimination was 21.2%
(p < 0.001; Table 4 and Fig. 2).
A general linear model analysis of repeated measures

was then performed for the abovementioned speech discrim-
ination results in order to compare the main effects with a
Bonferroni confidence interval adjustment. We obtain in
the children's group the following results: 44.76% at
6 months, 47.24% at 18 months, 56% at 24 months,
68.57% at 36 months, and 76.38% at 48 months. For the
adult group, we obtained 45.40% at 6 months, 52.20% at
18 months, 58% at 24 months, 65.60% at 36 months, and
73.40% at 48 months. Regarding the evolution of results
(speech performance), a homogeneous increase is observed
in the case of children, with gradual development throughout
the study period. In the case of adults, there was a suggestion
FIG. 1. Improvement in the results of speech tests (azimuth S0) in childre

Otology & Neurotology, Vol. 00, No. 00, 2025
of an increase in results at month 36 onward; however, this
did not reach statistical significance (Figs. 1 and 2).

In the complete sample, the relationship between the
time of hearing deprivation and the performance in disylla-
bles in the implanted ear, at 6 and 48months, was analyzed,
and it was observed that the shorter hearing preservation
period, the better performance was obtained (p < 0.001).

DISCUSSION

Single-sided deafness has consequences beyond sound lo-
calization and spatial hearing; in the child, it affects language
development, school performance, social relationships, and
overall ability in cognitive tasks. Without intervention, chil-
dren with SSD show developmental deficits in learning and
memory, akin to those with bilateral cochlear implants (16).

When comparing the performance of children with that of
adults, children unilaterally implantedwith SSDexhibit amore
proportional increase in speech discrimination and achieve
comparable, if not slightly greater, maximum improvement.
n from 6 to 48 months after implantation.



TABLE 4. Evolution of speech test results (azimuth (S0), signal CI side (SCI), and signal on the normal hearing (SNH) in adults with
single-sided deafness

Direction of Sound Presented Mean Speech Discrimination Standard Deviation Mean Improvement p Value

Azimuth 6 mo 45.4 2.9 28.0 <0.001
Azimuth 48 mo 73.4 3.7
Implanted ear 6 mo 52.6 2.6 23.6
Implanted ear 48 mo 76.2 3.5
Contralateral 6 mo 43.6 3.4 21.2
Contralateral 48 mo 64.8 4.4

An important improvement in the results is observed when comparing 6 and 48 months (p < 0.001).
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In the study by Rahne and Plontke (11), as in our study,
all patients (children and adults) with SSD benefited from
cochlear implantation by significantly improving speech
recognition. There are also recent neurophysiologic data
showing that children undergoing unilateral CI for SSD
can demonstrate reversal of cross-modal cortical reorgani-
zation after CI, even with prolonged periods of deafness be-
fore implantation (17).
Pediatric subjects with SSD benefit substantially from

cochlear implantation. Objective speech outcome measures
are improved in both quiet and noise (18). In our study, ver-
bal recognition only of the implanted ear has been evaluated
with the aim of seeing the evolution and extent of improve-
ment in long-term follow-up. Shin et al. (19) in their system-
atic review conclude that cochlear implantation improves
speech and language skills in CMV-infected patients, but
the results aremixed comparedwith non-CMV-infected chil-
dren; this is possibly the same reasonwhy our study obtained
better results because our cohort includes only a small per-
centage of CMV-infected subjects.
FIG. 2. Improvement in the results of speech tests (azimuth S0) in adults
The effect of age of onset of hearing loss and age of im-
plantation is another critical, unresolved piece of the puzzle
to understanding the performance outcomes of hearing im-
plants in children. Benchetrit et al. (20), in a systematic re-
view and meta-analysis, reported that children with congen-
ital SSD obtained lower results on patient-reported hearing
performance questionnaires compared with children with
acquired SSD. However, in a case series presented in the
study by Deep et al. (21), the authors reported improve-
ments in speech perception in both patients with congenital
SSD and those with acquired SSD. In our series, the shorter
the deprivation time in both children and adults, the better
the results are achieved in a shorter period of time.

There has been some concern regarding device nonuse in
children undergoing unilateral CI for SSD. Thomas et al.
(22) showed that 4 of 21 subjects (19%) were limited or
nonusers, and this was despite the fact that they found sig-
nificant improvements in all aspects of binaural hearing re-
gardless of whether they were implanted more or less than
6 years of age in a congenitally deafened population.
from 6 to 48 months after implantation.

Otology & Neurotology, Vol. 00, No. 00, 2025
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Additionally, 60% of the subjects with post-implantation
follow-up of more than 3 years were limited or nonusers.
However, in our study, compliance was excellent up to
4 years.
Indeed, the literature is variable with regard to compliance.

In the study by Ehrmann-Mueller et al. (23), all implanted
children are full-time users regardless of age or duration of
deafness before implantation. Gordon et al. (21,24) studied
a group of 57 children and found that outcomes and subse-
quently compliance were better in younger children than ad-
olescents. Our study population had no adolescents and that
could explain the better compliance. Although children with
permanent bilateral hearing loss rely on their CI and therefore
have good compliance, children with SSD have a normal
hearing ear that is adequate for certain listening environments
and may not perceive a deficit. In the current study, we found
that approximately 70% of patients are regular users (>7 h/d)
of their CI and that older patients used their devicemore, sim-
ilar to previous studies. That being said, it should not be im-
mediately assumed that patients with limited device use are
dissatisfied with their CI. There may be satisfaction with
the result of the CI, but the subjects may mainly use it during
school hours. This highlights the “situational deficit” pre-
sented by SSD and the fact that patients with SSD can still
gain significant satisfaction and utility from their CI despite
not wearing it during all waking hours.
In our study, as in other studies, the adults CI users with

SSD and bilateral SNHL have comparable duration of de-
vice usage at longer follow-up periods (25).

CONCLUSION

Our study has shown that hearing performance improves
over a period of 4 years in both children and adults who had
cochlear implantation for acquired single-sided deafness
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