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ABSTRACT

Conclusion Cochlear implantation (Cl) for Japanese single-sided deafness patients resulted in
improved speech perception, increased sound localization accuracy, and reduced tinnitus
handicap. Objectives This study reports results for five adult SSD cases with Cl, focusing on the
benefits they obtained in terms of speech recognition, sound localization, and tinnitus handicap.
Methods Five Japanese patients meeting the eligibility criteria were included in this study. All
patients were implanted with a fully inserted MED-EL Concerto FLEX28® implant (MED-EL,
Innsbruck, Austria). Speech perception outcomes in noise, as well as sound localization and tinnitus
disturbance, were assessed pre-surgically and at 1, 3, 6, and 12 months after Cl activation. Results
The Japanese monosyllable test score in noise improved gradually after implantation. In some
cases, speech perception ability appeared unstable, particularly in the first 1-6 months after
implantation. The sound localization ability showed marked improvement in all cases, with the
disturbance to daily life caused by tinnitus also decreasing in all cases from the early post-operative
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period.

Introduction

Single-sided deafness (SSD) is characterized by severe-to-
profound sensorineural hearing loss in one ear and normal
hearing or only mild hearing loss in the better hearing side. SSD
has been estimated to affect ~200 individuals per million in the
world each year [1], while in another report the prevalence of
SSD was observed to be one case per 300 people [2].

SSD often occurs suddenly and its causes include sud-
den sensorineural hearing loss of unknown cause (sudden
deafness), Meniere’s disease, head or ear injuries, and infec-
tions such as mumps or meningitis. In Japan, the incidence
of SSNHL is 60.9 per 100 000 population [3], with 3.4% of
these patients experiencing severe hearing loss of over 90 dB
[4]. In spite of having normal hearing in the unaffected
ear, SSD patients often experience difficulties in hearing,
particularly in noisy environments, as well as in sound
localization [5].

In addition, this form of hearing loss often results in
tinnitus. The reason for this is that normal-hearing listeners
use two ears for processing sound, defining directions, and
understanding spoken language even in noisy conditions.
Three effects; the head shadow effect, binaural summation
effect, and squelch effect, are thought to be responsible for the
advantages associated with binaural hearing.

Contralateral routing of signal (CROS) hearing aids or
bone-anchored hearing aids (Baha) have usually been

considered for patients with SSD in order to improve hearing
disabilities, and several studies have shown their efficacy in
terms of speech perception in noise. However, a review article
by Peters et al. [6] concluded that neither Bone Conduction
Devices (BCD) nor CROS provides benefits in terms of speech
perception and sound localization (improvements in speech
perception are only observed in limited circumstances), and
the quality-of-life, as assessed by APHAB and other QoL
questionnaires, was not improved except for on the speech
communication sub-scale. It is, therefore, thought to be
difficult to improve symptoms associated with unilateral
hearing based on the fact that these devices cannot restore
binaural hearing.

Recently, cochlear implantation (CI) has been applied for
SSD to help overcome hearing deficits. Additionally, this form
of hearing loss often results in tinnitus, and many studies have
reported that CI may reduce tinnitus in patients with bilateral
severe hearing loss.

In Japan, we are currently involved in an ongoing clinical
trial of CI for SSD patients at Shinshu University, Keio
University, Saiseikai Utsunomiya Hospital, and the
International University of Health and Welfare, Mita
Hospital, with CI performed for SSD in only five patients in
Japan to date.

Here, we report our results for these five adult SSD cases
treated with CI, with particular focus on the benefits they
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obtained in terms of speech recognition, sound localization,
and tinnitus handicap.

Materials and methods
Subjects

This study was designed as a multi-center trial, and performed
at Shinshu University, Keio University, Saiseikai Utsunomiya
hospital, and the International University of Health and
Welfare, Mita Hospital. The study protocol was reviewed and
approved by the Ethics Committee of each collaborative
institution, and written informed consent was obtained from
all subjects.

Eligible participants were all adults (aged 20 years or older)
who experienced unilateral sensorineural hearing loss of at
least 70 decibels (dB), and functional acoustic hearing in the
better hearing ear. Eligibility criteria also included a duration
of deafness of 6 months after onset, and treatment within
10 years from onset. We also included patients with a
moderate tinnitus handicap as evaluated by Tinnitus
Handicap Inventory (THI) score.

Five patients matching these eligibility criteria were
included in this study (Table 1).

All patients were implanted with a fully inserted MED-EL
Concerto FLEX28® implant (MED-EL, Innsbruck, Austria).

Clinical evaluations

Speech perception outcomes in quiet and noise as well as
sound localization and tinnitus disturbance were assessed pre-
surgically and at 1, 3, 6, and 12 months after CI activation.

We used the Japanese monosyllable test (67S) as the speech
perception test. The speech signal was presented at a constant
level of 65 dB sound pressure level (SPL) in the 678 test, while
the noise signal varied from+10dB to 0dB signal-to-noise
ratio (SNR). Tests were performed in a free field, with the
subject seated 1 m away from the loudspeakers. The spatial
configuration for the speech testing consisted of speech from
the front and noise from the normal hearing ear (S0/Nhe).

Sound localization was tested in a semi-anechoic chamber.
The patient was seated in front of nine loudspeakers, separated
by 22.5° in a semi-circle of 1 m radius (-90° to 90° azimuth).
The height of the patient’s head was adjusted to the height of
the loudspeakers, which were 1 m from the floor. Each
loudspeaker was numbered from -90° to 90° azimuth.

The test was performed as described previously [7]. The
stimulus was a 1 s speech-shaped noise (CCITT noise) burst
with a 100 ms rise/fall time. Stimuli levels were randomly

Table 1. Overview of patients included in this study.

PTA average
Age at Duration of

Case implantation,  deafness, Better

no. Hospital Sex years months  Side hearing ear Implanted
1 Shinshu F 65 48 R 1 92

2 Shinshu F 26 13 L 9 m

3 Mita F 58 84 L 17 103

4 Keio F 71 63 b 32 1M

5 Saiseikai M 41 24 R 17 106
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chosen at 60, 70, and 80 dB SPL. In the test, all stimuli levels/
loudspeakers were presented five times, so that 135 stimuli
were presented at random. The subject judged the loudspeaker
from which a sound was presented and responded using a
tablet device with a touch panel. There was no feedback during
testing. MED-EL software, consisting of a laptop computer and
tablet device, was used for stimulus presentation, data collec-
tion, data analysis, and receiving the subject’s responses.
Localization accuracy was quantified using the mean deviation
score (d) and bias score (b). The mean deviation score (d)
indicated the deviation between the judged azimuth and the
sound presentation azimuth with and without bias adjustment,
while the bias is the localization error, which is constant across
all loudspeakers.

Tinnitus distress was assessed by Tinnitus Handicap
Inventory (THI) score [8]. The THI is composed of
25 questions designed to establish the disturbance to daily
life associated with tinnitus using a scale from 0 (not at all) to
4 (frequent). The final totaled score can range from 0-100,
with high scores indicating a greater handicap. The presence of
perceived tinnitus handicap can be determined based on the
total THI score as follows; Grade 1 (slight or no handicap) for
a total score from 0-16, Grade 2 (mild handicap) from 18-36,
Grade 3 (moderate handicap) from 38-56, and Grade 4 (severe
handicap) over 58.

Results
Speech perception in noise

The results of speech perception in noise were improved
(Figure 1) after CI, while the Japanese monosyllable test score
in noise improved gradually after implantation.

In the case of Shinshu-2, the scores improved at 1 month,
although the scores were observed to deteriorate at 6 months
post-implantation. In the case of Keio University, the score at
0dB SNR was observed to improve only slightly. Consistent
ceiling effects were observed at 10dB SNR, and generally at
5dB SNR.

Sound localization

The results of sound localization testing are shown in Figure 2.
The scatter diagram shows the relationship between the sound-
presented loudspeaker and the loudspeaker answered by the
patients (Figure 2A). In both cases shown, the patient-
answered loudspeaker showed a bias toward the unilateral
side before CI implantation, although they were able to identify
the correct speaker on the bilateral side after CI implantation.

In addition, Figure 2B shows time course of deviation and
bias scores for the five patients. Sound localization is regarded
as better where deviation and bias scores are close to zero. The
d and b scores showed marked improvement in all cases.

Tinnitus disturbance

The time courses of the THI scores for the five cases are shown
in Figure 3. All patients reported marked tinnitus suppression.
The THI scores decreased toward no handicap (Grade 1) in
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Figure 1. Results of the Japanese monosyliable test for each set of signal-to-noise conditions; horizontal axis represents the percentage of correct answers.

three cases, and mild handicap (Grade 2) in two cases. A
significant difference between the pre-operative and 1-year
post-cochlear implantation scores was observed using a paired-
sample t-test (p=0.019).

Discussion

The results in these cases are in line with previous findings,
and indicate that cochlear implantation is an option for
Japanese-speaking patients with unilateral profound hearing
loss.

The results of speech perception in noise improved in all of
the five cases presented. We used the Japanese monosyllable
test (675) as a speech perception test, and this is the first study
to evaluate speech perception in noise after cochlear implant-
ation for Japanese-speaking patients with unilateral deafness.
This test battery revealed difficulties in speech perception,
particularly at 0dB SNR. Our data showed that the Japanese
monosyllable test score in noise at 0 dB SNR was ~70-80%
correct among control subjects with bilateral normal hearing,
and an average of 32.5% among sudden deafness patients in
our institution, with decreases in score observed with increases
in the threshold.

In the Shinshu-1, Shinshu-2, and Mita Hospital cases, the
scores in the monosyllable test in noise at 0 dB SNR improved
at 12 months after implantation, although the score was
unstable during the period from 1-6 months after CL. In the
case of Shinshu-2, in particular, the score in the monosyllable
test in noise at 0 dB SNR improved from 45% to 60% correct at
1 month after implantation, but then fell again at 6 months
after implantation. In the Keio University Hospital case, the
effect on speech perception in noise was limited. The cause of
this unstableness is not yet clear, but it is possible that the
integration of binaural hearing between the normal hearing
side and CI side requires a certain amount of time and auditory
training. In fact, the total time of CI activation in the case of
Shinshu-2 decreased gradually, and then decreased rapidly at
6 months after CI implantation. In an earlier unilateral
deafness case study by Nawaz et al. [9], one subject successfully
received training to stimulate both ears simultaneously and
promote binaural integration. There have been few detailed
reports of such a time course after cochlear implantation in
cases with unilateral deafness to date, so we speculate that
long-term follow-up and auditory training are required after

cochlear implantation in patients with unilateral deafness.
Further, future clinical trials to evaluate the efficacy of CI for
SSD would assist in determining the appropriate protocol for
auditory training.

Sound localization ability in the cases in this clinical trial
improved gradually. Arndt et al. [10] found that localization
error improved significantly after cochlear implantation
compared to the pre-implant conditions, not only unaided
but also with a CROS or Bone conduction devices, reporting
a reduction in the localization error from 33.9 to 15.0° at
6 months after cochlear implantation.

In our cases, the mean deviation score improved from 58.4
to 26.6 (at 12 months). Differences in the degree of localization
error among the studies can be attributed to differences in the
test battery; for example, in the arrangement of the loud-
speakers and signals. Interestingly, the degree of localization
error also improved over time in our cases, although the
hearing threshold was almost stable after cochlear implant-
ation. Localization error does not usually improve in patients
with sudden deafness in our institution when their hearing
levels are fixed, so the integration of acoustic sound from the
normal hearing side and electric signals from the CI side also
appears to require a certain amount of time and training for
sound localization.

We also found that the disturbance caused by tinnitus
was decreased in all cases. A significant positive effect of
cochlear implantation on tinnitus has been reported previ-
ously. Tavora-Vieira et al. [11] reported that the mean TRQ
(Tinnitus Reaction Questionnaire) score was 48.8 pre-opera-
tively, but fell to 1.75 at 24 months post-operatively. In their
report on the time course of TRQ scores at 3, 6, 12, and 24
months after implantation, the improvement was found to be
significant at 3 months and stable over the long-term. Punte
et al. [12] also reported a significant reduction in tinnitus,
further, but also showing that the tinnitus recurred after
switching off the CI Recently, there are many reports on
tinnitus treatment using acoustic therapy, and tinnitus control
instruments (TCIs) and hearing aids employ this type of
therapy for patients with mild-to-severe hearing loss. However,
in subjects with profound hearing loss in the ear experiencing
tinnitus, the use of such treatment devices is impossible.
Cochlear implantation could be useful in reducing the
disturbance to daily life caused by tinnitus in patients with
unilateral profound hearing loss.
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Figure 2. Results of the sound localization test. (A) The scatter diagram shows the sound localization test results for two cases. The horizontal axis shows the number
of speakers arranged from the =90 to 90 azimuth, and the vertical axis shows the number of speakers that the patient correctly identified. Speaker No. 5 was directly in
front of the patient. The size of each circle in the diagram indicates the number of times the patient chose each specific speaker. Larger circles show that the
patient chose a speaker more frequently, while smaller circles indicate the speaker was less frequently chosen. The position of each circle indicates the position of the
sound-presented speaker chosen by the patient. (B) The time course of the Deviation (d) and Bias (b) scores for each case.



