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Abstract

reported in two patients with single-sided deafness.

in determining the motivation to use the implants.

Tinnitus, inner ear malformation

Background Individuals with single-sided deafness have difficulty understanding speech in noise and determining
sound direction in their daily lives. Cochlear implantation, a globally accepted rehabilitation method, has recently
become used in Turkey in patients with single-sided deafness. In this study, the effects of cochlear implants on audi-
tory temporal processing skills, speech-in-noise perception performance, tinnitus, and subjective benefit were

Case presentation The cochlear implant was applied to two children with single-sided deafness with and without
inner ear malformation. Speech in noise score, gaps in noise test, duration, and frequency pattern test were used. Also,
cochlear implant benefits and the presence of tinnitus were questioned by questionnaires. Speech-in-noise percep-
tion performance and auditory temporal processing skills improved in the postoperative period compared to the pre-
operative period. It was also observed that although the cochlear implant improved the quality of life, motivation

for device use decreased in the first 6 months of the postoperative period.

Conclusions Cochlear implantation in individuals with single-sided deafness with and without inner ear malforma-
tion is useful in increasing auditory temporal processing skills and understanding speech in noise ability. In addition,
cochlear implantation is a useful method to improve quality of life, especially regarding spatial perception, and it

did not cause tinnitus in our patients. Selecting an implant model that enables data logging provides an advantage

Keywords Cochlear implant, Single-sided deafness, Speech in noise test, Auditory temporal processing, Case report,

Background

Individuals with Single-Sided Deafness (SSD) have diffi-
culty in sound localization, particularly in understanding
speech in noise, because they cannot use spatial auditory
cues [1, 2]. Cochlear implantation has recently become
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the primary approach to treating SSD. This mainly stems
from the restored binaural hearing provided by cochlear
implants in SSD, which enhances the spatial localization
of the sound and improves speech-in-noise perception
[3-5]. There has yet to be a published article on this topic
in Turkey. This study evaluated the effectiveness of coch-
lear implants in patients with unilateral hearing loss from
various perspectives.

Case presentation

Case 1

The male patient was born at full term in 2009. No
risk factors have caused hearing loss in the postnatal
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period. Newborn hearing screening was bilaterally nor-
mal. The patient has a history of febrile convulsion at
4 years of age. In February 2018, the patient had a sud-
den hearing loss in his right ear. Subsequently, follow-
ing therapy at another clinic, the hearing loss became
permanent. The patient had normal hearing in the left
ear and severe sensorineural hearing loss in the right
ear. Radiology results, as per the temporal CT and MRI
were bilaterally normal. The patient received a coch-
lear implant (CI 422 Slim Straight) in the right ear in
2020. Intra/post-operatively, all electrode impedances
were normal, and electrically evoked compound action
potential was obtained on 5 electrodes. According to
the data logging, the duration of implant use decreased
to 5.6 h/day at 3 months after implant activation. Dura-
tion of implant use increased to 11.7 h/day, 12 h/day,
and 13 h/day at 6-month, 1-year, and 2-year follow-
ups, respectively. The hearing thresholds with CI in the
free field were evaluated by delivering constant noise at
50 dB to the healthy ear (pure-tone average (PTA):10)
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with headphones. The results of the masked hearing
thresholds with the CI in month 6, year 1, and year 2
are demonstrated in Fig. 1.

The auditory temporal processing was evaluated with
the gaps-in-noise (GIN) test, duration, and frequency
pattern test. Signal intensity was determined as 55 dB
SL for both tests. Speech-in-noise perception perfor-
mance was assessed by determining the monosyllabic
word recognition score in noise. Speech signal was kept
constant at 60 dB and evaluation was made under three
conditions, i.e., at signal-to-noise ratio (SNR) levels
of 0,+5, and +10. All of the tests were evaluated in a
free field (0° azimuth, 1 m distance). The Speech, Spa-
tial, and Qualities of Hearing Scale (SSQ), The Tinnitus
Handicap Inventory (THI), and Mini Tinnitus Ques-
tionnaire (TQ) were used in the subjective evaluation.
All objective and subjective evaluations were carried
out preoperatively and at postoperative 6 months, year
1, and year 2. All of the results for case 1 are demon-
strated in Table 1.

Case 1. CI Thresholds
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Fig. 1 Hearing thresholds with the cochlear implant in case 1
Table 1 Subjective and objective evaluation results of case 1
Case 1 Preop Postop Postop Postop
6 months 1year 2years
Temporal ordering Duration pattern test (%) 80 90 96 100
Frequency pattern test (%) Could not do 56 70 74
Temporal resolution GIN test (ms) 6 5 4 4
Speech-in-noise scores SNR: 0 (%) 92 92 100 96
SNR:+5 (%) 80 96 92 86
SNR:+ 10 (%) 76 80 96 92
SSQ Speech perception 3 6 4 6
Spatial perception 2 5 4 7
Hearing quality 6 6 6 8
Overall score 4 6 5 7
Tinnitus THI 0 0 0 0
TQ 0 0 0 0
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Case 2

The female patient was born at full term in 2006. She did
not undergo a newborn hearing screening. Her mother
had normal hearing in the right ear and moderate sen-
sorineural hearing loss in the left ear. She has a history
of febrile convulsion at one year of age. She noticed her
hearing loss in 2019 during a training course with mul-
tiple speakers. The patient had normal hearing in the
left ear (PTA 10) and profound SN hearing loss in the
right ear. Radiological evaluation showed Incomplete
Partition Type 1 (IP-1) and Cochlear Hypoplasia Type
4 inner ear anomalies in the right and left ears, respec-
tively. In 2021, she received a cochlear implant (Sonata
Form 19) in the right ear. A C-arm was used to check the
accuracy of electrode placement during surgery. Intra/
post-operatively, all electrode impedances were normal
whereas evoked compound action potential could not
be obtained. The duration of implant use was verbally
questioned since the CI brand used by the patient did
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not possess data logging properties. Four months after
implant activation, her parent stated that she only used
the implant when outside. In subsequent follow-up visits,
she used her CI consistently. The hearing thresholds with
the CI by masked were determined at month 6 and year,
using the test procedure specified in case 1. The values
obtained are shown in Fig. 2.

All mentioned tests and questionnaires were per-
formed preoperatively and at postoperative 6 months and
year 1, in the same manner as the test procedure spec-
ified in case 1. All of the results for case 2 are demon-
strated in Table 2.

Discussion

The significance of auditory temporal processing in
speech comprehension in quiet and noisy environments
has been well-documented [6]. In case 1, continuous
improvement in auditory temporal processing skills was
observed. In the GIN test, the approximate threshold

Case 2. CI Thresholds
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Fig. 2 Hearing thresholds with the cochlear implant in case 2

Table 2 Subjective and objective evaluation results of case 2

. Year

Case 2 Preop Postop Postop
6 months 1year
Temporal ordering Duration pattern test (%) 93 90 93
Frequency pattern test (%) 80 93 86
Temporal resolution GIN test (ms) 5 8 6
Speech-in-noise scores SNR: 0 (%) 72 100 100
SNR:+5 (%) 48 96 76
SNR:+10 (%) 40 92 84
SSQ Speech perception 7 8 8
Spatial perception 4 8 8
Hearing quality 6 8 8
Overall score 6 8 8
Tinnitus THI 6 [§ 10
TQ 4 4 4
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decreased from 6 to 4 ms, leading to improved tem-
poral acuity. While case 1 failed to do the preoperative
frequency pattern test, he could perform the test postop-
eratively and increase his score. Also, case 1 achieved a
remarkable 92% speech comprehension in noise, specifi-
cally under the challenging SNR + 10 condition two years
after cochlear implantation. Conversely, case 2 observed
variable improvement in auditory temporal processing
and speech-in-noise perception skills. Six months after
implantation, a peak in speech comprehension in noise
was observed, followed by a slight decline in scores. How-
ever, at the postoperative 1-year mark, case 2 significantly
enhanced speech-in-noise perception skills compared
to the preoperative period. Also, The GIN test results
reflected this variability. The GIN test was increased by
8 ms at postoperative six months and reduced by 6 ms at
postoperative 1 year. Despite the fluctuations observed
in case 2, all auditory skills demonstrated improvement
at the postoperative 1-year assessment, highlighting the
positive impact of cochlear implant usage. Case 2 had
IP-1 cochlear malformation in the ear that received the
implant. In addition, case 2 had Cochlear Hypoplasia
Type 4 in her normal hearing ear, which made the CI
indication stronger due to the possibility of developing
hearing loss. IP-1 malformation generally progresses with
progressive severe sensorineural hearing loss [7]. Case
2 stated that she noticed her hearing loss at 12. Unlike
case 1, case 2 did not undergo newborn hearing screen-
ing. Therefore, there is insufficient information to con-
clude that case 2 has acquired SSD. Although the degree
of hearing loss due to inner ear anomaly is not precisely
known in case 2, the patient might have realized that she
had hearing loss in an environment of multiple speakers
even though she probably had congenital hearing loss. In
SSD, contralateral afferent pathway dominance, observed
in normal hearing, is reduced. Delivery of stimulus from
the healthy ear to both hemispheres reorganizes the
auditory pathway, leading to aural preference syndrome.
In SSD, delayed treatment may decrease the benefit of
auditory prostheses such as cochlear implants [8]. The
variability in the improvement of auditory skills in case 2,
compared to case 1, could stem from the longer duration
of hearing loss. Additionally, a cochlear anomaly in case
2 likely contributed to this variability. In conclusion, both
cases demonstrated noteworthy improvement in audi-
tory temporal processing skills and speech perception in
noise performance due to cochlear implant usage. These
findings underscore the efficacy of cochlear implants in
promoting the restoration of binaural hearing in individ-
uals with SSD, irrespective of inner ear anomaly.

It has been reported that there is no complaint of tin-
nitus in the affected ear in congenital SSD, whereas
acquired SSD generally involves tinnitus in the affected
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ear [9]. Case 1, diagnosed with single-sided deafness
(SSD), did not report tinnitus before or after cochlear
implantation. In the case of case 2, presumed to have
congenital hearing loss due to an inner ear anomaly, tin-
nitus was present both preoperatively and postopera-
tively. However, the tinnitus observed in case 2 was very
mild, only perceivable in quiet environments, as indicated
by the THI. Additionally, according to the TQ, it was of a
degree that did not pose significant clinical concern and
did not increase postoperatively. Regardless of the inner
ear anomaly, it was established that SSD did not induce
significant tinnitus in either case, and the utilization of
cochlear implants did not trigger or exacerbate tinnitus.

Individuals with SSD have difficulty establishing com-
munication in noisy environments, places with poor
acoustics, and places with limited direct listening. This
has a negative impact on social communication in such
patients [10]. Both cases have been found to increase all
scores of subscales of SSQ after the surgery compared
to the preoperative period. The most dramatic increase
due to CI use was observed in the spatial perception
subscale in both cases. This result shows that CI effec-
tively increases the quality of life using spatial auditory
cues in individuals with SSD. On the other hand, in both
cases where the positive impact of the implant on the
quality of life was noted, there was a decrease in moti-
vation to use the implant during the first six months
postoperatively. Both patients struggled to acclimate
to the sound of the cochlear implant during the initial
6 months of implantation. While case 1 had an implant
with data logging capabilities, case 2 did not have such
features. Therefore, information regarding implant usage
was obtained through verbal communication, primar-
ily based on the clinical experience gained from case 1.
This feature proves advantageous, enabling clinicians to
effectively assess patient progress and tailor interventions
accordingly. Additionally, in cases of SSD, more frequent
monitoring of cochlear implant usage might be neces-
sary during the initial months. Consequently, we are of
the opinion that selecting a CI brand that enables check-
ing the data for the duration of implant use during the
implant adaptation period provides an advantage to the
clinician.

Conclusion

In SSD cases, cochlear implantation is an effective treat-
ment that improves the auditory skills provided by
restoring binaural hearing. This approach, verified to
be beneficial by objective and subjective methods, does
not cause tinnitus. Selecting a CI brand with a data log-
ging feature would ensure an advantage in follow-up in
patients with SSD.
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Abbreviations

SSD  Single-sided deafness

@ Cochlear implant

GIN  Gaps-in-noise

SNR  Signal-to-noise ratio

SSQ  The Speech, Spatial and Qualities of Hearing Scale
THI TheTinnitus Handicap Inventory

TQ Mini Tinnitus Questionnaire

PTA  Pure-tone average
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