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Abstract

Background For patients with single sided deafness (SSD) or severe asymmetric sensorineural hearing loss (ASHL), cochlear
implantation remains the only solution to restore bilateral hearing capacity. Prognostically, the duration of hearing loss in
terms of audiological outcome is not yet clear. Therefore, the aim of this study was to retrospectively investigate the influ-
ence of subjective deafness duration on postoperative speech perception after cochlear implantation for SSD as well as its
impact on quality of life.

Materials and methods The present study included a total of 36 adults aged 50.2 +15.5 years who underwent CI for SSD/
ASHL at our clinic between 2010 and 2015. Patients were audiometrically assessed at 3 and 12-36 months postoperatively.
Test results were correlated with self-reported duration of deafness. Quality of life was assessed by questionnaire.

Results Mean duration of deafness was 193.9 +185.7 months. The side-separated hearing threshold showed an averaged
target range between 30 and 40 dB HL. Freiburg monosyllable test increased from 0% pre-operatively to 20% after 3 months
(p=0.001) and to 50% after 12-36 months (p =0.002). There was a significant correlation between audiometric outcome
and subjective deafness duration at 12-36 months postoperatively (r=— 0.564; p=0.02) with a cutoff for open-set mono-
syllable recognition at a duration of deafness of greater than 408 months. Quality of life was significantly improved by CI.
Conclusions CI implantation in unilaterally deafened patients provides objective and subjective benefits. Duration of deafness
is unlikely to be an independent negative predictive factor and thus should not generally be considered as contraindication.

Keywords Hearing rehabilitation - Single sided deafness - Cochlear implant - Duration of deafness - Questionnaire

Introduction

Patients with single sided deafness (SSD) and a normal-

hearing contralateral ear are severely limited in various

aspects of their daily lives [1]. These limitations due to mon-

54 Tobias Rader aural hearing are particularly evident in directional hearing

tobias.rader@med.uni-muenchen.de (localization of sound sources), speech understanding in
noise, and auditory effort [2—4].

In acquired single sided deafness (SSD), a cochlear
implant (CI) is the best possible treatment option to largely
restore binaural hearing in affected patients. CI provision is
also widely established in congenital born unilaterally deaf
children [5-9]. In addition to the positive effects of the CI
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An influence of the normal-hearing opposite ear as an
influence of central speech processing in SSD patients is
shown by significantly worse hearing in the better ear com-
pared to the age-correlated normal-hearing (NH) compari-
son group [14].

Predictive factors for hearing rehabilitation success via
cochlear implantation are widely reported. Duration of deaf-
ness is a recognized factor in predicting hearing success
[15-17]. This paper retrospectively investigates the influ-
ence of self-reported duration of deafness on postoperative
speech perception after cochlear implantation for SSD as
well as its impact on quality of life.

Materials and methods

In the present study, hearing rehabilitation in SSD by means
of CI fitting is further investigated within the framework of
a retrospective data analysis. For this purpose, 36 patients
were identified who were fitted with a CI for SSD at the
Department of Otorhinolaryngology of the University Medi-
cal Center of the Johannes Gutenberg University Mainz
between 2010 and 2015.

Patient specific data with regard to date of birth, gender,
self-reported duration of deafness, side of deafness, cause
of deafness, history of hearing aid/CROS fitting, history of
tinnitus complaints, date of surgery, implant and electrode
type, as well as audiometric data and subjective patient sat-
isfaction were recorded.

Follow-up audiometric data were collected and analyzed
at 3 months and at 12-36 months after surgery. Quality of
life was assessed by questionnaire.

Audiological examinations

All patients who were evaluated underwent comprehen-
sive audiological examinations as part of the preliminary
examinations for cochlear implantation. The examina-
tions were performed in soundproof booths with calibrated
audiometers.

Pure-tone audiometry for air- and bone-conduction was
tested separately for both ears at the following frequencies:
125, 250, 500, 1000, 2000, 3000, 4000, 6000, and 8000.
Masking of the better hearing ear was performed to rule out
cross hearing using narrowband noise. If no hearing thresh-
old could be recorded due to deafness, the hearing threshold
at this frequency was set to the value of 130 dB to perform
a statistical evaluation of the hearing threshold.

For the evaluation of speech intelligibility in quiet,
the Freiburg speech intelligibility test (using monosylla-
bles and numbers) according to Hahlbrock [18-20] was
used. Testing was performed preoperatively using head-
phones and postoperatively in the open field at a speech
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presentation level of 65 dB SPL. The non-implanted con-
tralateral ear was masked during the measurement in the
free field via insert earphones with CCITT noise > 65 dB.

Quality of life questionnaires

Quality of life was assessed with the Bern Benefit in Sin-
gle Sided Deafness Questionnaire (BBSS) [21]. The test
consists of 10 items, each divided into a scale from — 5
("much easier without device") to 5 ("much easier with
device"). The respondent can enter the level that applies
to him or her, analogous to a numerical pain scale. The
questionnaire measures subjective patient satisfaction and
compares it to the state of hearing care before cochlear
implantation. The BBSS questionnaire was used to assess
the pre- and post-operative status in a single questionnaire.

Statistical evaluation

The statistical analysis of the results and the comparison
of the individual groups with each other were carried out
using non-parametric rank tests with the aid of SPSS soft-
ware (IBM/NY, USA). Here, p-values < 0.05 were con-
sidered significant and < 0.01 as highly significant. The
Wilcoxon signed rank test was used for intergroup com-
parison, and the one-sample signed rank test was used for
the intragroup test. Correlation was calculated according
to Pearson (two-tailed). Results are presented as median or
rounded mean values with the respective standard devia-
tion (£ SD), unless otherwise indicated.

Results
Patient collective

In the present study, data of 36 patients (22 female, 14
male) were retrospectively collected and analyzed who
were fitted with a CI due to acquired SSD or asymmetric
sensorineural hearing loss. All patients were fitted with
CROS- or high power hearing aids depending upon resid-
ual hearing capacities. The mean age at implantation was
50.2+15.5 years. 22 (61.1%) patients received left-sided
and 14 (38.9%) right-sided Cls.

22 (61.1%) of the patients were implanted with a MED-
EL CI system from MED-EL and 14 (38.9%) with a coch-
lear CI system. The tabular listing of the electrode array
used in combination with the implant in each case and the
corresponding frequency distribution is shown in Table 1.



European Archives of Oto-Rhino-Laryngology (2023) 280:651-659

653

Table 1 Number and frequency distribution of cochlear implant mod-
els and associated electrode types

Manufacturer Model Electrode Implantation
type
P Quantity Percent (%)
MED-EL SYN- FLEX? 8 22.2
CHRONY
CONCERTO FLEX*°! 1 2.8
FLEX? 10 27.8
FLEX % 1 2.8
Compressed 2 5.6
Cochlear CI522 Slim straight 2 5.6
CI512 Contour 5 13.9
advance
CI422 Slim straight 7 19.4
Causes of deafness

The mean self-reported duration of deafness of the patients
before cochlear implantation was 193.9 + 185.7 months
(min: 1; max: 660 months). The following causes for deaf-
ness were reported: Hearing loss (58.3%), congenital pro-
gressive hearing loss (11.1%), acoustic neuroma (8.3%),
tympanoplasty (8.3%), and temporal bone fracture (5.6%).

Tinnitus
More than two thirds of the patients (66.7%) complained of

tinnitus symptoms in addition to unilateral hearing loss. One
third (33.3%) of the patients described a tinnitus ipsilateral

Fig. 1 Boxplot representation of A
the preoperatively determined

non-implanted ear

to the deafness, 27.8% a bilateral tinnitus and 5.6% a con-
tralateral manifestation.

Pure tone audiometry

Figure 1 shows the hearing thresholds for the non-implanted
and the implanted ear determined preoperatively by pure
tone audiometry using headphones. The figure shows that
these are patients with unilateral normal hearing or con-
ventionally with hearing aids treatable low-grade hearing
loss (asymmetric sensorineural hearing loss, ASHL). The
median hearing loss across all 9 measured test frequencies
is 39.0 dB HL in the non-implanted ear and 100.5 dB HL in
the implanted ear.

Speech audiometry

Figure 2 shows the results of the Freiburg Number and
Monosyllable Test at the time points preoperatively, 3 and
12-36 months, postoperatively. Preoperatively, the test was
performed via headphones, at the postoperative time points
in the open field with active masking of the non-implanted
ear.

The result in the Freiburg number test shows a signifi-
cant increase from a median of 0% to 90% after 3 months
(»<0.001) and from 90 to 100% in the long-term course
(p>0.05). The result in the Freiburg monosyllable test
increases from 0% pre-operatively to 20% after 3 months
(»=0.001) and from 20 to 50% in the long-term course
(»p=0.002). 50% of the patients show a percentage of
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between 30 and 60%.

Relationship between duration of deafness
and speech comprehension

If the duration of deafness is compared with the speech
understanding at the time points 3 months and 12-36 months
as a correlation, a non-significant correlation according to
Pearson (r=— 0.294; p>0.05) is shown for the time point
3 months and a highly significant correlation (r=— 0.564;
p=0.02) for the time point 12-36 months (Fig. 3). At
12-36 months after implantation, all patients (except one)
who do not show open-set monosyllable recognition after
this time point have a duration of deafness greater than
408 months (34 years). In 6 of 7 patients with a duration of
deafness < 156 months (13 years) who did not show open-
set monosyllable recognition at 3 months achieved a score
of >30% at 12-36 months.

BBSS quality of life questionnaire

Figure 4 shows the results of the BBSS questionnaire. The
individual answers of the patients are shown as boxplots
within the proficiencies from — 5 (much easier without CI)
to 5 (much easier with CI). The medians, like the markers
of the 25% quartiles, are also in the positive range in all 10
items, i.e., better with CI device. The lowest median value
was found in question 7 for the item "speech understanding
in reverberant rooms" with 1.3. For question 10 with the
item "overall impression of hearing" the highest satisfac-
tion was found with CI with a value of 4.1. From the sub-
questions in the BBSS the average value over all questions
is calculated as "total score" with a value of 2.4.
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The present retrospective evaluations show that unilaterally
deaf patients achieve satisfactory speech understanding in
addition to strong subjective satisfaction. The aim of this
study was to analyze whether the duration of deafness before
implantation in these CI users is a negative predictive factor
for their postoperative outcome.

Speech audiometry

In Freiburg monosyllable comprehension test, patients show
a median increase over the preoperative measurement (0%)
to 20% in the first three months and to 50% for the period
12-36 months. The data of this evaluation show a slightly
more favorable speech understanding than the data published
by Sullivan et al. using the consonant-nucleus-consonant
(CNC) speech test with results of 32% and 30% for the time
points 3 and 6 months after implantation to about 35% for
the period 12-36 months. [13]. On average, these results
measured with CI alone and masked counter ear are worse
compared to "classic" CI patients without SSD. For exam-
ple, data from Hoppe on 284 cases 6 months after implanta-
tion show a monosyllable understanding of monosyllables
between 65 and 85%. [22]. This is due to the fact that in SSD
the normal hearing ear takes over the main task of speech
discrimination and supports the CI ear, especially in difficult
noise situations and directional hearing. [23].

It should be emphasized that the significant improvement
in speech understanding between the periods 3 months post-
operatively and 12-36 months postoperatively shown in the
present collective is accompanied by no change in the hear-
ing threshold in the inflation curve. This is most likely to
be explained by training effects of the parallel audioverbal



European Archives of Oto-Rhino-Laryngology (2023) 280:651-659

655

Fig.3 Correlation between A
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therapy or by an improvement of central auditory process-
ing, respectively, and is in accordance with the literature
[24, 25].

Influence of the duration of deafness on speech
understanding

The main question of this work was the relationship between
self-reported duration of deafness and postoperative mono-
syllabic comprehension.

First, the result after 3 months postoperatively was con-
sidered as an approximation. Here, the analysis of the linear
regression according to Pearson showed a tendency towards
a negative correlation between self-reported duration of
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duration of deafness [months]
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deafness and postoperative outcome in the Freiburg mono-
syllable comprehension, however, without reaching signifi-
cance level (r=—0.294; p> 0.05). In accordance with the a
results of other study groups, no correlation between deaf-
ness duration and speech understanding can be identified in
the present collective at this time [26].

Looking at the results of the linear regression analysis
12-36 months after CI fitting, there is a clear and highly sig-
nificant correlation between self-reported duration of deaf-
ness and speech understanding after CI fitting (r=— 0.564;
p <0.01). This result is supported by the individual analy-
sis of the single cases. At 3 months postoperatively, only
one out of seven patients (14.3%) with a self-reported
duration of deafness greater than 400 months yielded a
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Q1: conversation with a person in a quiet environment

Q2: speech understanding while watching TV or listening to the radio
Q3: listening to music

Q4: conversation at a distance of 5 meter or more

Q5: conversation in noise/with background noise

Q6: conversation in a moving car

Q7: speech understanding in reverberant rooms

Q8: group conversation with 3 or more persons

QQ: localization of (warning) signals

"

Q10: overall impression of hearing o ® ?—_—<
-5 -4 -3 -2 -1 0 1 2 3 4 5
much easier .... somewhat similar with .... somewhat much easier
without the CI easier and without easier with the CI

Fig.4 Results of the BBSS questionnaire. Q1-Q10 indicates question number. Boxplot representation with median, quartiles, and maximum

values. Circles represent outliers

monosyllabic understanding of >30%. At 12-36 months,
this ratio increased to two out of seven patients (28.6%)
while one patient was able to achieve a monosyllabic under-
standing of 10%. Consequently, four out of seven patients
(57.1%) with a self-reported duration of deafness greater
than 400 months showed no monosyllabic understanding.
However, for deafness durations of less than 400 months, 28
of 29 patients (96.6%) were able to achieve a monosyllabic
understanding of >30%. In case of a self-reported duration
of deafness of less than 156 months, a majority of patients
(85.7%) who had no open monosyllabic understanding at
3 months showed monosyllabic understanding of >30%
at 12-36 months. Accordingly, the prognosis for success-
ful hearing rehabilitation with CI in our collective can be
assumed to be favorable for deafness durations of less than
400 months. Successful hearing rehabilitation with CI for
longer deafness durations must be regarded as clearly lim-
ited but nevertheless feasible. In line with this, Nassiri et al.
could not find any difference in the hearing success of SSD
patients with CI between a deafness duration of more or less
than 10 years [26].

Furthermore, it is unclear whether the duration of deaf-
ness alone or whether other factors, such as age-related
factors, play a role in determining the prognosis of patients
with deafness durations exceeding 33 years. The etiology
of the hearing impairment is of central importance [27].
The majority of patients (77.7%) in the present collective
developed SSD as a result of a sudden hearing loss, con-
genital progressive hearing loss, or after tympanoplasty.
These etiologies represent typical causes of cochlear hear-
ing loss without evidence of a neural component. This
contrasts with patients who developed SSD as a result of
resection of a vestibular schwannoma (8.3%) or after tem-
poral bone fracture (5.6%). Hearing loss of these etiologies
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may occur in combination with neural or central hearing
loss in addition to cochlear hearing loss [28, 29]. This, in
turn, may negatively affect the prognosis of hearing gain
with CI or the results of the present collective.

Other possible influences are, for example, the use of
a hearing aid before CI fitting, the implantation site, the
absence of cardiovascular risk factors, and the residual
hearing in the fitted ear [30]. Of course, the quality of
surgical care (surgeon experience, clinic caseload, etc.)
should also be considered, as technical factors also influ-
ence outcome [31].

In addition to the pure prognosis in terms of hearing
rehabilitation, especially in elderly patients, the proven
positive impact on cognitive function should also be con-
sidered [32, 33]. Since hearing loss represents an inde-
pendent and treatable risk factor for the development of
dementia, this should be discussed in detail during patient
counseling and evaluated as a therapeutic rationale in light
of the limited prognosis.

Patients with above-average deafness duration represent
a phenomenon CI clinics in general were confronted with
after the establishment of the indication for CI in SSD
patients in 2008 [11]. Since only conservative hearing aid
fittings using conventional hearing aids, Contralateral
Routing of Signals (CROS) or BiCROS hearing aids, or
implantable bone conduction hearing systems were avail-
able for these patients until then, the newly established
indication resulted in a large collective of long-term deaf-
ened patients for whom the option of CI was available for
the first time. Accordingly, the number of patients with
long-term deafness presenting for CI evaluation could
potentially be expected to decline in the coming decades
against the background of widespread availability of CI
fitting.
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Quality of life assessment

The study of quality of life represents an important endpoint
for a health and medical research [34]. Patients assessed
their respective hearing impression in certain situations
using a predefined scale.

The patients with SSD rated their hearing impression
with CI better than compared to their condition preopera-
tively without CI. Thus, the median values of all questioned
items are shifted to the right on the scale, which reflects a
more positive hearing impression with hearing aid. Overall,
the answers are relatively homogeneous with interquartile
range values also in the positive range (range between 25
and 75%).

Several studies show that hearing via CI can result in lim-
ited music enjoyment due to the technical limitations of a CI
[35, 36]. The good rating of the item music in the BBSS can
be justified by the special patient population of SSD, who
in the "best aided condition" with CI and normal hearing
on the opposite side, certainly absorb music more with the
normal hearing ear.

Question 7 "Conversation in reverberant rooms" is rated
as the most difficult situation with a CI at the median in the
BBSS. Conversation in reverberant rooms is also rated as a
difficult listening situation in other studies [37, 38].

The result of question 10 with the item "Overall impres-
sion of hearing" is gratifying. The improvement shown here
for unilaterally deafened patients after implantation with a
Cl is also evident in other studies such as Jacob et al. and
Prejban et al. [39, 40]. For example, Jacob et al. showed an
acceptance of CI- care for 13 patients with SSD of 100%.
Prejban et al. describe a benefit after CI fitting especially in
difficult listening situations. Both studies postulate that the
restoration of hearing by means of CI is also a reasonable
therapy option for SSD.

Limitations of the study

Limitations of the present study are primarily due to the
study design. This was a retrospective patient population
from a single CI center. Due to the retrospective study
design, audiometric control was not available for all patients
at uniform time points. This resulted in the comparison three
months postoperatively, which was available for all patients,
and 12-36 months postoperatively. In addition, Oldenburg
sentence test results were available for only a small pro-
portion of patients, so that only the Freiburg sentence tests
available for all patients were evaluated. Consequently,
no statements can be made about the significantly more
demanding hearing in noise.

Patients with SSD and ASHL of different etiologies were
also included. Accordingly, it is not possible to differentiate
between the influence of SSD or ASHL on hearing success

with CI. In addition, a considerable proportion of patients
had unusually long subjective deafness durations due to the
newly established indication for CI in SSD. Furthermore, eti-
ologies of hearing impairment were present, which in addi-
tion to cochlear hearing loss may also cause neural or central
hearing impairment. In conclusion, the BBBS questionnaire
used to assess quality of life after unilateral CI fitting is
basically developed for assessment after fitting using Bone
Anchored Hearing Aid (BAHA).

Summary

Overall, this work showed that CI implantation in unilater-
ally deafened patients provides objective and subjective ben-
efits. The current research findings support these results and
show that the use of a CI in SSD will continue to increase
in the future.

Based on these findings, the subjective duration of deaf-
ness before implantation in the deafened ear alone should not
be the sole contraindication against CI in SSD. It is still not
clear which preoperative factors are a precise predictor for
the postoperative speech understanding in individual cases.

In perspective, the targeted use of patient-specific ana-
tomical (e.g., the insertion angle of the CI electrodes) and
physiological data (e.g., the pitch mapping of individual CI
electrodes) and their inclusion in speech processing strate-
gies will also lead to a better more realistic mapping of the
acoustic situation during electrical stimulation via the CI
[41,42].
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