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1. ATHIAHRI TAERBIA 2K ? H ow m uch has the Clhelped you to do your work ?

() A (b) 1% () FK (D) K& (o) ZE

2 NLESRHRAIRO AR R BIA 2K ? H owm uch has the Clpositively influenced yourcareerdevelopm entorplanning ?

() K (o) T% (o) Ak (D) TEM () BE

3. EMAANTHIWRERTAENEINEZNA LK ? Howm uch m ore active have you been in yourworking environm entafterthe CI?

(a) RK (b) FEE (o) MK (d) BEW (o) &E
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(@) K (b) HEE (o) AR (d) B (o) BE
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() K () T% (o) Ak (D) TEM () BE
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auralsquelcheffect) 2 et 7515 Wk HE B 460 00 H- 38 s S A P 5 s A\ A MR P R B 5 TR BRAR o 2SR BIME
(spatiallyseparatedsignals) A& FE7E XL B 7 {55 (1 s [ RTIR 8 2, A9 R T 00 5 TR ERAR T () o XU S 52808,
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FIHHMAEE (SRT) 0.5~2dB ) o TG 51 HR s 28 G 7 BB 1K SR RE & 5 R AN 80 [R] IR
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IS I A T R A A R0 N BT S e i ot 5 | N BRIRE R B B X FE RS IR R 77, AT AN A A
BT EES [ JHT, AT LAGE I R P LRI (loopede-lectricalstimulation) £ 25 A5 I AT AR FH AR T M i 0R2 BN
R, HEMIATREA T 2SI NSNS S5 S Ml i () A ARG BNG, JXFOAMHT NE H 5 -5 1Y i)
RIS A VAR A H YR T T B BRSO R IR B 5 AT DU i, 0 N T H g mT LA — 25400
A EL G A Do) SRR G RS A AR A S AL, b S SO RIS N R ) - 1 2
REWE ) X SWRAN AR =0 5 JRAE DCRC ) AR & ) R B RS I ROER 5 Fra v Bk
RIHO™ A= R TC & 22 5 10 RSN JEE R thxh H RS 5T S OR B4, ASIR] B RIBRER o HE e g A7
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Hearing principle,clinical manifestations and intervention strategies of
unilateral deafness

Xia Qingqing '****, Li Jianan "***, Yang Shiming ">**

1 Department of Otolaryngology Head and Neck Surgery Medicine, Chinese Peoples Liberation Army General Hospital (Beijing 100853)
2National Otolaryngology Clinical Medicine Research Center (Beijing 100853)

3 Key Laboratory of Deafness Ministry of Education (Beijing 100853)

4 Beijing Key Laboratory of Deafness Prevention (Beijing 100853)

5 School of Medicine, Nankai University (Tianjin 300071)

Abstract

At present, there is a relatively large group of hearing loss population in the world, and single-sided deafhess (SSD) is
considered as a type of hearing loss. Single-sided deafness refers to severe to profound sensorineural hearing loss in one
ear with normal or mild hearing loss in the opposite ear. These patients may experience difficulties in sound localization,
speech recognition in noise, and poorer quality of life. Children with single-sided deafness get fatigue easily, and their
learning and intellectual development can be affected due to long-term use of unilateral hearing. Due to relatively intact
hearing in the opposite ear, this type of hearing loss does not raise much concern, resulting in a considerable number of
patients not receiving intervention in lifetime. This article systematically introduces the hearing principle, clinical man-
ifestations and the characteristics of different intervention methods. It aims to help patients with single-sided deafness
to recognize the downsides of this type of hearing loss and to understand the advantages and disadvantages of different
intervention methods, and assist these patients to choose and receive specific interventions as soon as possible.

Excerpt

“When the hearing loss of the affected ear reaches severe to profound sensorineural hearing loss, cochlear implantation
criteria is met. At present, cochlear implant (CI) is the only intervention method that can retain bilateral auditory stimula-
tion.”

“Studies have shown that cochlear implantation of the affected side will not affect the speech understanding of the nor-
mal hearing ear. The brain can integrate the received electrical stimulation and auditory stimulus signals simultaneously,
and improves hearing of the affected ear, speech recognition in noise and localization ability. Cochlear implantation can
improve localization, indicating brain plasticity and adaptation ability of the auditory system. The improvement of sound
source localization and the balance of the interaural time difference and interaural intensity difference can avoid poor re-
modeling of the auditory system of SSD patients. Moreover, most patients with SSD experience severe tinnitus. After co-
chlear implant switch-on, tinnitus can be relieved to varying degrees, even for refractory tinnitus. A longitudinal 10-years
study found that tinnitus suppression was most obvious during the first three months after cochlear implant switch-on.
“Prelingual or postlingual deafness is an important influencing factor for adults and children to choose CI. Postlinggual
SSD children and adults show improvement in sound localization and speech recognition in noise after cochlear implan-
tation. Studies have shown that as long as the good ears can obtain effective acoustic stimulation, the bilateral auditory
pathways can be preserved, which indicating that the duration of deafness may not be a determinant factor in postlin-
gually deafened SSD patients. However, the suggested timing of receiving CI in patients with congenital or early-onset
SSD is unclear. Overall, children and adults with prelingual SSD have poorer CI performance due to hearing deprivation.
“A questionnaire survey of SSD CI recipients showed that the four main factors that prompted them to choose cochlear
implants were the need of sound source localization, tinnitus and noise sensitivity, hearing concerns of the good ear, and
improvement of life quality.”

Key Words: Single-sided deafness; Intervention; Treatment.
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Etiology and therapy indication for cochlear implantation in children
with single-sided deafness

S.L.Cushing"** K.A.Gordon***, M.Sokolov"** ,V.Papaioannou*,M.Polonenko*** ,B.C.Papsin"**

1 Department of Otolaryngology, Head and Neck Surgery, Hospital for Sick Children, Toronto, Canada

2 Department of Otolaryngology, Head and Neck Surgery, University of Toronto, Toronto, Canada

3 Archie’s Cochlear Implant Laboratory, Hospital for Sick Children, Toronto, Canada

4 Department of Communication Disorders, Hospital for Sick Children, Toronto, Canada

5 Department of Neurosciences & Mental Health, Hospital for Sick Children, Toronto, Canada 6 Institute of Medical Science, University of
Toronto, Toronto, Canada

Abstract

Objective: The characteristics of children with single-sided deafness (SSD) who become candidates for unilateral cochlear
implantation (uCI) were identified.

Study design:In all, 118 children with SSD presenting from 2013-2019 to a tertiary pediatric children’s hospital were
retrospectively assessed regarding candidacy for uCI.

Results:Of the 118 children, 103 had completed uCI candidacy assessment, while 15 were undergoing this assessment at
the time of review. More than half of children did not go on to implantation Unilateral deafness - Cochlear nerve aplasia
- Cochlear nerve hypoplasia - Cytomegalovirus - Pediatrics - Hearing lossUnilateral deafness - Cochlear nerve aplasia -
Cochlear nerve hypoplasia - Cytomegalovirus - Pediatrics - Hearing loss(63/103, 61%), with the 2 main reasons being (1)
half (31/63) did not meet candidacy criteria for implantation, most commonly due to cochlear nerve aplasia/hypoplasia
(31/82 who were assessed with MRI, 38%) and (2) families (30/103; 29%) declined participation in the surgical arm of
the trial. The most common etiologies of SSD in the 37/103 (36%) children who both met candidacy and consented to
implantation were congenital cytomegalovirus (cCMV; 16/37, 43%), unknown (6/37, 16%), cochleovestibular anomaly
and trauma (each 5/37, 14%).

Conclusions:Many children with SSD who present for implant candidacy assessment do not ultimately receive uCl.
Major factors contributing to noncandidacy are cochlear nerve aplasia and parental acceptance of the intervention. While
approximately half of children with SSD in our cohort were candidates for implantation, only 1/3 of the total cohort pro-
ceeded with implantation with the main predictors of acceptability of this intervention being an etiology (i.e., cCMV) that
carries risk of progressive deterioration in the better hearing ear or SSD that was sudden in onset. These findings provide
important insight into this new population of cochlear implant users and the emerging acceptance of intervention in chil-

dren with SSD.

Key Words:Unilateral deafness ¢« Cochlear nerve aplasia * Cochlear nerve hypoplasia « Cytomegalovirus ¢ Pediatrics ¢

Hearing loss.
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Usefulness of cochlear implantation in children with single sided deafness

Désirée Ehrmann-Mueller®* , Anja Kurz® , Heike Kuehn®, Kristen Rak®, Robert Mlynski® , Rudolf Hagen® , Wafaa Shehata-Dieler®

*Department of Otorhinolaryngology, Plastic, Esthetic and Reconstructive Head and Neck Surgery, University of Wuerzburg, Josef-Schnei-
der-Strasse 11, 97080, Wuerzburg, Germany

®Department of Otorhinolaryngology, Head and Neck Surgery, “Otto-Koerner”, University of Rostock, Doberaner Strasse 137-139, 18057,
Rostock, Germany

Abstract

Objectives:Children with single sided deafness (SSD) show a poorer performance at school, which is attributable to
reduced speech discrimination in noise, to reduced localization ability, and to a decreased power of concentration due to
faster hearing exhaustion. Therefore, it is important to provide children with SSD with adequate hearing amplification to
restore binaural hearing. This can only be achieved by provision with a cochlear implant (CI). But these treatment option
in children with SSD is still under discussion.

The aim of the present study is to evaluate audiological and clinical results in children with SSD following cochlear im-
plantation. A special focus was placed on the duration of deafness before implantation and on the frequency of Cl-use in
everyday life.

Methods:Seven children with SSD of different etiologies who were provided with a CI between 3 and 16 years of age
were evaluated. Every child underwent multiple audiological tests before and after cochlear implantation. After cochlear
implantation speech recognition tests in noise using the HSM (Hochmair, Schulz and Moser 1997) test and localization
tests were performed. Furthermore, the frequency of implant use was evaluated.

Results:Speech recognition in noise with CI compared to the unaided condition significantly improved in all children in
different settings. Improvement of the localization ability measured by the root mean square error (RMSE) was shown in
all children. All children are very satisfied with the decision to have undergone cochlear implantation and are all full-time
users.

Conclusions:Cochlear implantation benefits speech recognition in noise and sound localization ability in children with
SSD at different ages. All implanted children are full-time users regardless of age or duration of deafness before implan-

tation.

Key Words: Single sided deafness,Cochlear implantation,Speech recognition,Use of device.

W/REESE | NUROTRON DIGEST

v BRE & B N TR L

100+
90 '* “ E= unaded

80+

%
|

= aided

in

tion
-]
=2

1

|
_

60—
50— e
40 [
30+
20+ u
10-

crimina

»
-

speach di

1 | |
o i o

o & N
ﬂ:"" -E?' aif"h

Fig. 3. Speech perception in noise (Wuerzburger). Speech perception in noise with the Wuerzburger two syllables test in
different signal to noise conditions (SNR_, S N, NH, SN 0, 5, 10), unaided vs. aided, best over time (the number of chil-

60 0" 90
dren is marked in points). SNR = signal to noise ratio.

200+

& months 12 months 18 months 24 months

i ] [ | | J i J
¥ i L] 1 I ! I !

1504 ¢

i

50- L) . - QQ :r hat
? v
0 ——r— — — Y

Fig. 4. RMSE over time. Localization results shown as the root mean square error (RMSE) over time (6, 12, 18, 24 months

®
e =

after first fitting) (the number of children is marked as points).

W/REESE | NUROTRON DIGEST

15



16

BN T\ % 7 2 akif &

AFE L
RO EE )L N T H W AR AR

Désirée Ehrmann-Muellera, Anja Kurza , Heike Kuehna , Kristen Raka , Robert Mlynskib , Rudolf Hagena , Wafaa Shehata-Dielera

ABE YL RIRER LT SRR, B, SERMEESLIME, EEMA/RRE, ABK - RE - Wi, 97080
BREE B M FE O R B Rt SLESMEL, FEE BT BT - RHEAN 2aghf 137-139, 18057

[HHE]

B0 BARMEE (SSD) MJLEAEAARRINEE ) XA HFE T f g iES R HIRAG, EARES IR
K TR S B I S BT ES MR ik, SR SSDRT LB HE L2 05 I WT F1780K AR E XUCH T S+
YL X AR N THM (C1) SR8l (HIXLESSDARJLARYT T RENHEH .
AR SE ) B A PR LR L EW 5 SSDI T F1 24 G RS S o 48 DG T R RN i LR M 2T 1] LA L
2B 3 il P CIig A .
75k X713~ 165 R FE FSSDE LA TCI Al o A% T N LHIRE AT E#EZ 1 2 )T 120
e NLHIAEASS, #HTTHSM (Hochmair, SchulzFlMoser 1997) FEME A HZEA 7 1 & dR iR A (62 3 o
BRAh, PR AR A5 AT
SR EAFRIET, g JLENCIS h i E R S RS LY RENE . Eira LIRS BR T8
M¥FRIRZE (RMSE) W IEMLRESI IR R FIrA JLEEx 2 N CHARE A JUE SRR R, JFHA R
LRAGAE R

510 N LHIE AR TR EAFEESSD L M FIR 5 E M RE T AR S I8 Ira AR LEEME AR TCIT
AR O A T 2R R TRV o], R R A &

[88im] oM HE, NTHBEA, FiB0, &

W/REESE | NUROTRON DIGEST

* a2 B0 2 N T AR\

Multifactorial Positive Influence of Cochlear Implantation on Patients
With Single-Sided Deafness

Sophia M. Haufller, MD, PhD ; Vanessa Kopke, MD, PhD; Steffen Knopke, MD, PhD; Stefan Grébel, MD, PhD; Heidi Olze, MD, PhD

Abstract

Objectives:Single-sided deafness (SSD) is an extreme case with profound unilateral hearing loss in the poorer ear and
regular hearing in the other ear. The aim of this study is to investigate the impairment in the daily life of SSD patients
and the influence of cochlear implants (CI) on their health-related quality of life (HRQoL), the impact on existing tinni-
tus distress and psychological comorbidities, and audiometric parameters.

Methods:In total, 21 patients (8 male and 13 female) were included, and the Charité Test Battery was applied for all
patients. Data on HRQoL were collected with the Nijmegen Cochlear Implant Questionnaire and the Medical Outcome
Study Short Form 36 (SF-36) Survey. Tinnitus distress was assessed with the Tinnitus Questionnaire (TQ). Data with
regard to psychological comorbidities were collected using four validated questionnaires. Speech perception was assessed
with the Freiburg Monosyllable Test (FMS), the Oldenburg Sentence Test (OLSA), and the Oldenburg Inventory (OI).
Results:HRQoL improved in the subdomain social interactions. Tinnitus distress dropped significantly 6 months postop-
eratively. SSD patients preoperatively showed elevated levels of stress, depressive symptoms, and anxiety. Postoperative-
ly, these psychological symptoms improved with regard to stress, tension, and demands. The audiometry tools revealed a
significant improvement in directional hearing (OI), speech perception in silence, and in the speech intelligibility threshold
(OLSA).

Conclusion: There was an improvement in HRQoL and a reduction of tinnitus and cognitive distress. The preoperatively
elevated stress level decreased significantly, and psychological comorbidities such as depressive symptoms and anxiety
all improved postimplantation.

Key Words: Cochlear implantation, single-sided deafness, quality of life, stress, tinnitus.
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Fig. 3. Results of the Nijmegen Cochlear Implant Questionnaire. The lighter bars show the preoperative results; the darker
bars show the postoperative results. 1 = basic sound perception; 2 = advanced sound perception; 3 = speech production; 4
= self-esteem; 5 = activity limitations; 6 = social interactions; CI = cochlear implant; NCIQ = Nijmegen Cochlear Implant
Questionnaire.
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Cochlear Implantation for Single-Sided Deafness: Observations in Poor
Performers

Philipp Mittmann',A. Ernst’,S. Scholz',R. D. Battmer',I. Todt'

1 Department of Otolaryngology, Head and Neck Surgery, Unfallkrankenhaus Berlin, Germany

Abstract

Objectives:Patients with single-sided deafness can nowadays receive a cochlear implant. A majority of these patients are
well adapted and benefit from the implant. The aim of this study was to evaluate the reasons for poor performance in a
group of patients with single-sided deafness, who received a cochlear implant.

Design: A total of 65 patients were enrolled into a retrospective case series. Seven poor performers were present in the
group. Freiburger monosyllabics, localization testing, and radiologic images were evaluated.

Results:Localization testing showed the absence of lateralization ability in three patients, whereas the Freiburger mono-
syllabic word scores improved in three patients. One patient had no speech perception after 1 year of rehabilitation. Find-
ings of magnetic resonance imaging (MRI) revealed cerebral involvement in five patients.

Conclusion: Various factors influence the outcome in unilateral cochlear implantation in patients with single-sided deaf-
ness. These reasons may be preoperative, operative, or postoperative. Nevertheless, the majority of patients benefit from

these implants.

Key Words:single-sided deafness,cochlear implant,sound localization.

Fig. 2 MRI scan before (A) and after (B) cochlear implantation on the right side. T2-weighted images after cochlear im-
plantation include the artifact caused by the magnet. The lacunar infarct is seen in the pontine area.
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Single-Sided Deafness and cochlear implantation in congenital and ac-
quired hearing loss in children

Angel Ramos Macias*, Silvia A Borkoski-Barreiro*, Juan C Falcon Gonzalez*, Isabel de Miguel Martinez **, Angel Ramos de Miguel*

*Hearing Loss Unit. Otorhinolaryngology, Head and Neck Department. Complejo Hospitalario Universitario Insular Materno Infantil, Las Pal-
mas of Gran Canaria, Spain.
**Microbiology Department. Complejo Hospitalario Universitario Insular Materno Infantil, Las Palmas of Gran Canaria, Spain.

Abstract

Background:While CI provision is a well-established and beneficial therapy in an increasing number of countries for
adults with acquired SSD, there is less experience with this therapeutic option in children.

Objective of review:determine the audiological and clinical results of cochlear implantation in children below the age of
12 years old with congenital and acquired single-sided deafness.

Evaluation method:Observational, descriptive, transversal study, in children <12 implanted for congenital or acquired
SSD. Speech reception thresholds, Cortical responses, Auditory Lateralization Test and SSQ questionnaire.

Results:All the children with congenital SSD showed positive cortical responses. Positive results were obtained in the
Auditory Lateralization Test for the following modalities: 0°, 45° and 90°.

With respect to the Speech Test, the children with acquired SSD showed the following results: 92% and 100% in recog-
nition and 48% and 68% (Azimuth modalities), Signal CI side 52% and 68% and Signal normal hearing side 44% - 60%
(p <0.05).

In both group the processor was used for 6-12 hours.

With respect to the SSQ questionnaire results, the parents were more satisfied within the postoperative period than within
the preoperative period (P<0.001).

Conclusions:Cochlear implant provides children with congenital SSD with significant audiological and subjective ben-
efits. Children with congenital SSD and implanted after a longer period may not have an important benefit (binaural)
although other bilateral effects can be achieved. Children with post-lingual unilateral deafness and after a short period
of hearing deprivation probably integrated the normal acoustic hearing with the cochlear implant electrical signal and

showed binaural benefits.
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Cochlear Implantation for Single-Sided Deafness: A Multicenter Study

Douglas P. Sladen, PhD; Christopher D. Frisch, MD; Matthew L. Carlson, MD; Colin L.W. Driscoll, MD; Jennifer H. Torres, MA, CCC-A2;

Daniel M. Zeitler, MD

Abstract

Objectives/Hypothesis: To report the preliminary outcomes of patients with single-sided deafness and asymmetric hear-
ing loss undergoing cochlear implantation at two centers.

Study Design:Retrospective review and prospective data collection

Methods: Patients with single-sided deafness who underwent cochlear implantation at two centers were included. Pre and
postoperative measures included monosyllabic word and sentence recognition in quiet for the ear implanted, and sentence
recognition in noise in the best-aided bilateral condition.

Results: Average monosyllabic word recognition scores in quiet improved significantly from 11.3% (standard deviation
[SD] 15.6%) preoperatively to 48.7% (SD 24.2%) at the 3-month postactivation interval, although they did not increase
significantly between the 3-month and 6-month intervals. Sentence recognition scores in quiet increased significantly
from 18.4% (SD 28.5%) preoperatively to 65.9% (SD 17.9%) at the 3-month postactivation interval, but not between the
3-month and 6month intervals. Sentence recognition in noise in the best-aided bilateral condition increased from 59% (SD
16.3%) preoperatively to 72% (SD 16.0%) at 6-months postactivation, though the difference was not statistically signifi-
cant. Thirteen of the participants reported tinnitus prior to surgery. Of those, 12 reported that tinnitus was improved after
implantation, and one reported that tinnitus was unchanged.

Conclusion:Preliminary results suggest that speech recognition in a singly deafened ear is significantly improved after co-
chlear implantation, although speech recognition in noise measured in the bilateral condition remains the same at 6months

postactivation.

Key Words:Cochlear implant, single-sided deafness, signal-to-noise ratio, tinnitus, speech understanding in noise, sudden

sensorineural hearing loss.

W/REESE | NUROTRON DIGEST

23



24

BN T\ % 7 2 BkiE &

HE I
PR ELER N T ERAEN . — T UMY

Douglas P. Sladen, PhD; Christopher D. Frisch, MD; Matthew L. Carlson, MD; Colin L.W. Driscoll, MD; Jennifer H. Torres, MA, CCC-A2;

Daniel M. Zeitler, MD

[H#HE]

BR/Bi%

HGEAEPIA O3 N THS R 19 500 52 RAS BRI 4006 BB IR 2B 4551

e an

(] st AT S T WS PR R BB

Fik:

IALEPT D DB N TH IR B E 3 858« ARHTFNAR 551 G462 T A9 B 17 i Ay 73R8, DA
NAERH S A B A T A T 1 73R

“R.

R B T R A S AR BT 11.3% (FRIEZE[SD]15.6%) TERESFEAST3 M H1948.7% (SD
24.2%) , ABAE3-6H B TE BG I B BE BN LR A TR BB ARRTAT18.4% (bRifEiZE28.5%) BE
WIMEIREA G331 A 165.9% (AREZE17.9%) , {HAE3D A Rle ™ A 2 AR [a]a] b A B8 1R o ARl
MBI ZAE T, R 3REE N I A) TIRBIMRATHI59% (SD 16.3%) MBI G641~ H 172% (SD 16.0%) ,
REERTEIFE L. BESEELETARTMEEN, Hppl A G SGEE, 15 S H AR SR
i

WA IRAEW], RN S A T M A B S R IAEROE G 6 D A M ARFEA . B EE R N T H i
ARSI T BERINGEE

N

[X82R] ATHE, B0HE, FUit, Bug, BEEEIG, SRS st sk

W/REESE | NUROTRON DIGEST

° akif & B N TR L

Long-term Audiologic Outcomes After Cochlear Implantation for Sin-
gle-Sided Deafness

Douglas P. Sladen, PhD; Christopher D. Frisch, MD; Matthew L. Carlson, MD; Colin L.W. Driscoll, MD; Jennifer H. Torres, MA, CCC-A2;

Daniel M. Zeitler, MD
*From the Department of Otolaryngology-Head and Neck Surgery (C.B.S., Z.A-Q,, V.Z.,, A.L, C.D,, B.J.G., M.R.H.); and Department of Neuro-
surgery (C.B.S., Z.A.-Q,, V.Z,, A.L, C.D,, B.J.G., M.R.H.), University of lowa Hospitals and Clinics, Iowa City, Iowa, U.S.A.

Abstract

Objectives: To evaluate the long-term audiometric outcomes, sound localization abilities, binaural benefits, and tinnitus
assessment of subjects with cochlear implant (CI) after a diagnosis of unilateral severe-to-profound hearing loss.
Method:The study group consisted of 60 (mean age 52 years, range 19—-84) subjects with profound hearing loss in one
ear and normal to near-normal hearing in the other ear who underwent CI. Data analysis included pre- and postoperative
Consonant-Nucleus-Consonant (CNC) Word scores, AzBio Sentence scores, pure tone thresholds, sound localization, and
Towa Tinnitus Handicap Questionnaire scores.

Results:Preoperative average duration of deafness was 3.69 years (standard deviation 4.31), with an average follow-up
time of 37.9 months (range 1-87). CNC and AzBio scores significantly improved (both P < 0.001) postoperatively among
the entire cohort, and there was much heterogeneity in outcomes with respect to deafness etiology subgroup analysis.
Sound localization abilities tended to improve longitudinally in the entire cohort. Binaural benefits using an adaptive Hear-
ing in Noise Test test showed a significant (P < 0.001) improvement with head shadow effect. Utilizing the lowa Tinnitus
Handicap Questionnaire, there was significant improvement in social, physical, and emotional well-being (P = 0.011),
along with hearing abilities (P = 0.001).

Conclusions:This case series is the largest cohort of CI SSD subjects to date and systematically analyzes their functional
outcomes.Subjects have meaningful improvement in word understanding, and sound localization tends to gradually im-
prove over time. Binaural benefit analysis showed significant improvement with head shadow effect, which likely provides
ease of listening.

Key Words:Cochlear implants, sensorineural hearing loss, quality of life.
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Fig. 5. Average of binaural benefits seen after CI for SSD. When noise was introduced to the listener in in the NH ear with
the CI turned on (everyday condition), there was a significant (P < 0.001) improvement with the head shadow effect. No
significant differences were seen with respect to binaural summation or the squelch effect. Nonimplanted is when sound
is introduced with the CI turned off. CI = cochlear implant; NH = normal to good audiometric profile; SSD = single-sided
deafness is right.
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Speech Recognition in Noise in Single-Sided Deaf Cochlear Implant Re-
cipients Using Digital Remote Wireless Microphone Technology

Thomas Wesarg* Susan Arndt* Konstantin Wiebe* Frauke Schmid*t Annika Huber*t Hans E. M "ulderi Roland Laszig* Antje Aschendorft* Iva

Speck*

*Department of Otorhinolaryngology—Head and Neck Surgery, Medical Center—University of Freiburg, Faculty of Medicine, Freiburg, Germa-
ny; tUniversity of Applied Sciences Offenburg, Offenburg, Germany; $Phonak Communications AG, Murten, Switzerland

Abstract

Background:Previous research in cochlear implant (CI) recipients with bilateral severe-to-profound sensorineural hear-
ing loss showed improvements in speech recognition in noise using remote wireless microphone systems. However, to our
knowledge, no previous studies have addressed the benefit of these systems in CI recipients with single-sided deafness.
Purpose:The objective of this study was to evaluate the potential improvement in speech recognition in noise for distant
speakers in single-sided deaf (SSD) CI recipients obtained using the digital remote wireless microphone system, Roger. In
addition, we evaluated the potential benefit in normal hearing (NH) participants gained by applying this system.
Research Design:Speech recognition in noise for a distant speaker in different conditions with and without Roger was
evaluated with a two-way repeated-measures design in each group, SSD CI recipients, and NH participants. Post hoc
analyses were conducted using pairwise comparison t-tests with Bonferoni correction.

Study Sample:Eleven adult SSD participants aided with CIs and eleven adult NH participants were included in this study.
Data Collection and Analysis: All participants were assessed in 15 test conditions (5 listening conditions %3 noise levels)
each. The listening conditions for SSD CI recipients included the following:(I)only NH ear and CI turned off, (II)NH ear
and CI (turned on),(III) NH ear and CI with Roger 14,(IV)NH ear with Roger Focus and CI, and (V) NH ear with Roger
Focus and CI with Roger 14.For the NH participants, five corresponding listening conditions were chosen:(I)only better
ear and weaker ear masked,(IT)both ears, (III) better ear and weaker ear with Roger Focus, (IV) better ear with Roger
Focus and weaker ear, and (V) both ears with Roger Focus. The speech level was fixed at 65 dB(A) at 1 meter from the
speech presenting loudspeaker, yielding a speech level of 56.5 dB(A) at the recipient’s head. Noise levels were 55, 65, and
75 dB(A). Digitally altered noise recorded in school classrooms was used as competing noise. Speech recognition was
measured in percent correct using the Oldenburg sentence test.

Results:In SSD CI recipients, a significant improvement in speech recognition was found for all listening conditions with
Roger (III, IV, and V) versus all no-Roger conditions (I and IT)at the higher noise levels (65 and 75 dB[A]). NH partici-
pants significantly benefited from the application of Roger in noise for higher levels, too. In both groups, no significant
difference was detected between any of the different listening conditions at 55 dB(A) competing noise. There was also no
significant difference between any of the Roger conditions III, IV, and V across all noise levels.

Conclusions: The application of the advanced remote wireless microphone system, Roger, in SSD CI recipients provided
significant benefits in speech recognition for distant speakers at higher noise levels. In NH participants, the application of

Roger also produced a significant benefit in speech recognition in noise.

Key Words:cochlear implant, remote wireless microphone system, single-sided deafness, speech recognition in noise.
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Abbreviations: ADRO=5 Adaptive Dynamic Range Optimization; ASC=5 Autosensitivity control; CI 5 cochlear implant;
FM=5 frequency modulation; HA=5 hearing aid; NH=5 normal hearing; NHbe=5 better normal hearing ear; NHwe=5

weaker normal hearing ear; OLSA=5 Oldenburg sentence test; SSD=5 single-sided deafness.
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Cochlear implantation as a long-term treatment for ipsilateral incapaci-
tating tinnitus in subjects with unilateral hearing loss up to 10 years

Griet Mertens »*", Marc De Bodt®®, Paul Van de Heyning>®

*Univ. Dept. Otorhinolaryngology, Head and Neck Surgery, Antwerp University Hospital, Belgium
®University of Antwerp, Belgium

Abstract

Introduction:The authors previously demonstrated that tinnitus resulting from unilateral hearing loss (UHL) can be treat-
ed with electrical stimulation via a Cochlear Implant (CI). The study aimed to do a longterm (LT) evaluation of CI in
subjects suffering from UHL and accompanied incapacitating tinnitus up to 10 years. The primary focus of the study is on
LT tinnitus reduction.

Subjects:LT evaluation was derived from 23 subjects suffering from UHL and accompanied incapacitating tinnitus
(Pre-operative Tinnitus Loudness Visual Analogue Scale (VAS) score >6/10). They were cochlear implanted at a median
age of 55 years (22-71 yr) and had 8 years (3-10 yr) experience with their CI at the LT testing. The subjects were catego-
rized into two groups: a Single-Sided Deaf Group (SSD) and an Asymmetric Hearing Loss Group (AHL). The SSD group
comprises subjects with contralateral normal hearing (i.e. air conduction pure tone average (PTA0.5, 1, 2 and 4 kHz) <30
dB HL) and the AHL group subjects with contralateral mild to moderate hearing loss (i.e. air conduction PTA0.5, 1, 2 and
4 kHz > 30 dB HL).

Methods:In order to obtain a LT structural overview of the CI use in UHL subjects, a structured interview was conducted
including questions about daily amount of CI use, residual inhibition of the tinnitus after switch off, tinnitus type, etc. The
VAS,, i loudnese a0d the Tinnitus Questionnaire were obtained preoperatively, one, three, six, 12, and 36-months post-oper-
atively and at the long-term test interval (8 (3 e10 years) post-operative). The Hyperacusis Questionnaire was administered
in the CI and the CI . condition.

Results:The structural interview revealed that all patients (23/23) still wear their CI seven days a week, eight (3¢10)
years after cochlear implantation. It appeared that in all subjects but one CI switch-on is the first act when rising and CI
switch-off is the last act before bedtime. In the SSD group, tinnitus suppression is still the primary benefit reported (83%),
whereas in the AHL the majority of the subjects (55%) report that the primary benefit shifted to improved hearing. In the
majority of the subjects the tinnitus reduction starts within 1 min (in 70% of the cases) and the residual inhibition after CI
switch-off is less than a minute (in 65% of the cases). The VAS and TQ scores significantly improved up to three months
after the first-fitting and remain stable up to the LT test interval. The median score on the Hyperacusis Questionnaire was
17 (7-36) in the CI . condition and improved to 23,5 (12-39) in the CI,; condition in the SSD group.

Conclusion:This is the first study to report on LT results in a large number of UHL CI users, up to 10 years. Structured
interviews shows that 100% of the subjects wears their CI seven days a week. The tinnitus reduces significantly up to
three months after the first-fitting and the tinnitus reduction remain stable up to the LT test interval. The SSD group report
tinnitus reduction as the primary benefit, whereas the majority of the AHL group report improved hearing as the primary
benefit, eight (3-10) years after implantation. In addition to the tinnitus reduction, the CI provides also a benefit regarding
reported.
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Fig. 3. Overview structured interview, including questions related to CI use, experienced tinnitus and primary experienced

advantages after CI in the SSD and the AHL group.
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The Influence of Cochlear Implantation on Tinnitus in Patients with Sin-
gle-Sided Deafness: A Systematic Review
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Abstract

Objectives: This systematic review provides an overview of the available studies (published by January 29, 2018) with
descriptive data analysis about the influence of cochlear implantation on tinnitus in patients with single-sided deafness
(SSD).

Data Sources:PubMed, EMBASE, Web of Science, Cochrane Library, and Google Scholar.

Review Methods:Original studies about the influence of cochlear implantation on tinnitus, measured with different tin-
nitus questionnaires or visual analog scale, in patients with SSD were included. The pre- and postimplantation tinnitus
scores of the included studies were extracted for the further systematic review.

Results:The systematic search yielded 1028 studies. After evaluating titles, abstracts, and full texts, 1011 of these were
dismissed. From the remaining 17 studies, 4 showed a low directness of evidence or high risk of bias and were therefore
excluded. Due to the nature of cochlear implantation in SSD, only cohort studies and no randomized trials exist, which
limits the evaluation in a systematic review. Generally, the mean tinnitus questionnaire scores decreased after cochlear
implantation in these 13 studies with a total of 153 patients. The most widely used tinnitus questionnaire was the Tinnitus
Handicap Inventory. In these studies, 34.2% of patients demonstrated complete suppression, 53.7% an improvement, 7.3%
a stable value, and 4.9% an increase of tinnitus, and none of the patients reported an induction of tinnitus.
Conclusions: This review shows a clear improvement of tinnitus complaints after cochlear implantation in patients with

SSD. Therefore, tinnitus might be considered as an additional indication for cochlear implantation in SSD.

Key Words:unilateral hearing loss, cochlear implant, CI, tinnitus, singlesided deafness, cochlear implantation, review

Cuantitative Effects of Tinnitus after Cochlear Implantation
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Figure 4. Number of patients from all the studies categorized into different outcome classes. The calculation was based on

the studies, which used the Tinnitus Handicap Inventory (THI) and/or visual analog scale (VAS) questionnaires.
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Mechanisms of Localization and Speech Perception with Colocated and
Spatially Separated Noise and Speech Maskers Under Single-Sided Deaf-
ness with a Cochlear Implant

Coral Dirksl,2, Peggy B. Nelsonl, Douglas P. Sladen3, and Andrew J. Oxenham?2

1Department of Speech-Language-Hearing Sciences, University of Minnesota, Minneapolis, MN, USA
2Department of Psychology, University of Minnesota, Minneapolis, MN, USA
3Department of Communication Sciences and Disorders, Western Washington University, Bellingham, WA, USA

Abstract

Objectives: This study tested participants with a cochlear implant (CI) in one ear and acoustic hearing in the other ear, to
assess their ability to localize sound and to understand speech in collocated or spatially separated noise or speech maskers.
Design: Eight CI users with contralateral acoustic hearing ranging from normal hearing to moderate sensorineural hearing
loss were tested. Localization accuracy was measured in five of the participants using stimuli that emphasized the separate
contributions of interaural level differences (ILD) and interaural time differences (ITD) in the temporal envelope and/or
fine structure. Sentence recognition was tested in all eight CI users, using collocated and spatially separated speech-shaped
Gaussian noise and two-talker babble. Performance was compared with that of age-matched normal-hearing (NH) listen-
ers via loudspeakers or via headphones with vocoder simulations of CI processing.

Results: Localization improved with the CI, but only when high-frequency ILDs were available. Participants experienced
no additional benefit via ITDs in the stimulus envelope or fine structure using real or vocoder-simulated CIs. Speech rec-
ognition in two-talker babble improved with a CI in 7 of 8 participants when the target was located at the front and the
babble was presented on the side of the acoustic-hearing ear, but otherwise showed little or no benefit of a CI.
Conclusion: Sound localization can be improved with a CI in cases of significant residual hearing in the contralateral ear,
but only for sounds with high-frequency content, and only based on ILDs. In speech understanding, the CI contributed

most when it was in the ear with the better signal-to-noise ratio with a speech masker.
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Fig. 8. Speech recognition thresholds for NH listeners in the sound field (first panel), NH listeners in the vocoder simula-
tion (second panel), and SSD+CI in the sound field (third panel),groups, respectively. Speech and noise location appear on
the x-axis and SRT in dB appears on the y-axis. Blue bars represent conditions where the masker was speech-shaped noise
(SSN). Red bars represent conditions where the masker was time-reversed two-talker babble (TTB). Darker shaded bars
represent the monaural condition. Lighter shaded bars represent the binaural condition. Error bars represent +1 standard
error.
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Binaural Perception in Single-Sided Deaf Cochlear Implant Users with
Unrestricted or Restricted Acoustic Hearing in the Non-Implanted Ear

Camille Dorbeaua John Galvinb Qian-Jie Fuc Elsa Legrisa Mathieu Marxd David Bakhos a, e

aCHRU de Tours, Service ORL et Chirurgie Cervico-Faciale, Tours, France;

b House Ear Institute, Los Angeles, CA, USA;

cDepartment of Head and Neck Surgery, David Geffen School of Medicine, University of California Los Angeles, Los Angeles, CA, USA;
d CHU Toulouse, Hopital Purpan, Service d'Otologie-Otoneurologie, Toulouse, France;

e Université Francois-Rabelais de Tours, CHRU de Tours, UMR-S930, Tours, France

Abstract

Cochlear implantation (CI) can benefit patients with singlesided deafness (SSD) in terms of sound localization, speech
understanding in noise, tinnitus severity, and quality of life (QoL). In previous studies, CI outcomes have been largely
reported for SSD patients with normal “unrestricted” hearing in the contralateral ear. However, SSD patients may often
have some degree of hearing loss in the contralateral ear (“restricted” acoustic hearing). In this study, we report results
from a French clinical trial for CI in in SSD patients (NCT02204618). Localization, speech reception thresholds (SRTs)
in noise, tinnitus severity, and QoL were evaluated in 18 SSD patients 1 year after CI. Data were analyzed for 2 subject
groups according to the pure-tone average thresholds in the non-implanted ear: unrestricted acoustic hearing

(UNRES; <25 dB HL; n = 10) and restricted acoustic hearing (RES; > 25 dB HL; n = 8). Across all subjects, localization
was significantly better with the CI on than off (p = 0.005); there was no significant difference between subject groups (p =
0.301). When speech and noise were co-located (SONO), there was no significant difference in SRTs with the CI on or off (p
= 0.480); SRTs were significantly better for the UNRES than for the RES group (p = 0.005). When speech and noise were
spatially separated (SCINNH), SRTs were significantly better with the CI on than off (p < 0.001). While SRTs were better
for the UNRES than for the RES group (p = 0.024), the CI benefit was more than 50% greater for the RES group due to
the restoration of high-frequency speech cues. Questionnaire data showed that tinnitus severity was significantly reduced
(p = 0.045) and QoL was significantly improved after one year of experience with the CI (p <0.001). Age at testing was
significantly correlated with SRTs for the SONO condition; duration of deafness was correlated with SRTs for the SCINNH
condition. There were relatively few correlations between behavioral and subjective measures, suggesting that both were
valuable when assessing CI benefits for SSD patients. The present data suggest that indications for CI should be expanded

to include unilaterally deaf patients who have normal hearing or mild-to-moderate hearing loss in the nonimplanted ear.

Key Words:Unilateral deafness * Single-sided deafness * Cochlear implant * Localization ¢ Speech in noise * Clinical trial
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Fig. 4. a Boxplots for THI scores with the CI off (red) and CI on (green); lower scores indicate reduced tinnitus severity.
b Boxplot for GBI scores; higher scores indicate better self-perceived outcome. ¢ Boxplots for SSQ scores for the Speech,
Spatial, and Quality categories; higher scores indicate better outcomes. In all panels, the red and green boxes show per-
formance before and one year after receiving the CI respectively. The boxes show the 25th and 75th percentiles, the error
bars show the 5th and 95th percentiles, the filled circles show outliers, the solid line shows the median, and the dashed
line shows the mean.
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Effect of Cochlear Implantation on Quality of Life in Adults with Unilat-
eral Hearing Loss

Margaret T. Dillona  Emily Bussa  Meredith A. Rootha  English R. Kingb

Ellen J. Deresb ~ Craig A. Buchmanc  Harold C. Pillsburya  Kevin D. Browna

aDepartment of Otolaryngology/Head and Neck Surgery, University of North Carolina at Chapel Hill
bAudiology Department, UNC Health Care, Chapel Hill, NC
¢ Department of Otolaryngology/Head and Neck Surgery, Washington University, Saint Louis, MO, USA

Abstract

Objective: Patients with moderate-to-profound sensorineural hearing loss in 1 ear and normal hearing in the contralateral
ear, known as unilateral hearing loss (UHL) or single-sided deafness (SSD), may experience improved quality of life with
the use of a cochlear implant (CI) in the affected ear. Quality of life assessment before and after implantation may reveal
changes to aspects of hearing beyond those explicitly evaluated with behavioral measures.

Methods: The present report completed 2 experiments investigating quality of life outcomes in CI recipients with UHL.
The first experiment assessed quality of life during the 1st year of device use with 3 questionnaires: the Speech, Spatial,
and Qualities of Hearing Scale (SSQ), the Abbreviated Profile of Hearing Aid Benefit (APHAB), and the Tinnitus Hand-
icap Inventory. Twenty subjects were evaluated preoperatively and 1, 3, 6, 9, and 12 months post-activation. Quality of
life results were compared over the study period using traditional scoring methods and the SSQ pragmatic subscales.
Subscales specific to localization and speech perception in noise were compared to behavioral measures at the preopera-
tive and 12-month intervals. The 2nd experiment evaluated quality of life preoperatively and at the 12-month interval for
CI recipients with UHL and CI recipients with bilateral hearing loss, including conventional CI users and those listening
with electricacoustic stimulation (EAS). The 3 cohorts differed in CI candidacy criteria, including the amount of residual
hearing in the contralateral ear.

Results: For subjects with moderateto-profound UHL, receipt of a CI significantly improved quality of life, with benefits
noted as early as 1 month after initial activation. The UHL cohort reported less perceived difficulty at the pre- and postop-
erative intervals than the conventional CI and EAS cohorts, which may be due to the presence of the normal-hearing ear.
Each group experienced a significant benefit in quality of life on the APHAB with CI use.

Conclusions: Cochlear implantation in cases of substantial UHL may offer significant improvements in quality of life.
Quality of life measures revealed a reduction in perceived tinnitus severity and subjective improvements in speech percep-
tion in noise, spatial hearing, and listening effort. While self-report of difficulties were lower for the UHL cohort than the

conventional CI and EAS cohorts, subjects in all 3 groups reported an improvement in quality of life with CI use.

Key Words:Unilateral hearing loss ¢ Single-sided deafness * Cochlear implant * Quality of life
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of the dashed line. Plotting conventions follow Figure 2 .
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Fig. 8. Results on the Abbreviated Profile of Hearing Aid Benefit in the Ease of Communication (EC), Background Noise
(BN), and Reverberation (RV) subscales at the preoperative (white) and 12-month (gray) intervals for the conventional
cohorts with cochlear implant (CI), electric-acoustic stimulation (EAS), and unilateral hearing loss (UHL). Plotting con-

ventions follow Figures 2—6.
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Cochlear implantation in adults with single-sided deafness: generic and
disease-specific long-term quality of life

Franz Muigg1,2 « Harald R. Bliem2 « Heike Kiihn3 « Josef Seebacherl « Bernhard Holzner4 « Viktor W. Weichbold1

1 Department for Hearing Speech and Voice Disorders, Medical University of Innsbruck, Anichstrafle 35, 6020 Innsbruck, Austria
2 Department of Psychology, University of Innsbruck, Innsbruck, Austria

3 Comprehensive Hearing Center, ENT University Clinic, Wiirzburg, Germany

4 University Hospital of Psychiatry I, Medical University of Innsbruck, Innsbruck, Austria

Abstract

Purpose: To determine the 2-year outcome of health-related quality of life (HRQoL) in adults who received a cochlear
implant (CI) for single-sided deafness (SSD).

Methods:Twenty adults (mean age at implantation: 47 = 11 years) with SSD (PTA worse ear: 113 dB HL, PTA better
ear: 14 dB HL) were administered the Nijmegen Cochlear Implant Questionnaire (NCIQ), and the Health Utility Index 3
(HUI 3). Questionnaire administration occurred before cochlear implantation and 3, 6, 12, and 24 months after implant
activation.

Results:Of the 20 patients, 2 discontinued CI use within the observation period due to poor benefit. The NCIQ total score
of the sample increased significantly over time (p = 0.003). The largest increase occurred within the first 3 months of CI
use. Also, the HUI 3 multi-attribute utility score increased significantly (p = 0.03). The post-treatment increase of this
score (+ 0.11 points) indicated that the gain in HRQoL was clinically relevant. Patients with a duration of deafness > 10
years had in all measures an equal HRQoL improvement than had patients with a duration of deafness < 10 years.
Conclusion:Cochlear implantation led to significant improvement of hearing-specific and generic HRQoL in our patients.
The improvement was seen after 3 or 6 months but did not increase further at later intervals. Patients with long-lasting SSD
may be at higher risk of discontinuing CI use. However, if they adapt to the CI, they can experience an equal increase of

HRQoL as patients with a short duration of SSD.

Key Words:Single-sided deafness ¢« Cochlear implant * Health-related quality of life « Duration of deafness.
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Fig. 1 Mean NCIQ scores (total score and domain-specific scores) at time-points pre-operatively (each first bar of the
domains) and 3, 6, 12 and 24 months after implant activation (subsequent bars in this order). Error bars represent SD. BSP
basic sound perception, ASP advanced sound perception, SP speech production,SE self-esteem,SI social interaction,Act

activities, Total total score.

1.0

1.00 l 1 I T
LR i ] L
O.E0 '

0.70

0.60 i

0.50

[h.&0

0.30

70 |

0.10

0.00

S PSS

pre-op B3 months W6 month: BE12 month: B24 months

Fig. 2 HUI 3 findings over time: multi-attribute utility score (MAUS) and single-attribute utility scores of the eight single
attributes shown as series of bars. Each series represents the time-points pre-operatively,3, 6, 12, and 24 months after

implant activation (in this order). Error bars represent SD.
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Consequences of Stimulus Type on Higher-Order Processing in Sin-
gle-Sided Deaf Cochlear Implant Users

Mareike Finkea, b  Pascale Sandmann a,c,e HannaBonitzb Andrej Krala,d Andreas Biichner a, b

a Cluster of Excellence “Hearing4all”, and Departments of

b Otorhinolaryngology

¢ Neurology

d Institute of AudioNeuro Technology and Department of Experimental Otology, Hannover Medical School Hannover
e Department of Otorhinolaryngology, University Hospital Cologne, Cologne, Germany

Abstract

Single-sided deaf subjects with a cochlear implant (CI) provide the unique opportunity to compare central auditory pro-
cessing of the electrical input (CI ear) and the acoustic input (normal-hearing, NH, ear) within the same individual. In
these individuals, sensory processing differs between their two ears, while cognitive abilities are the same irrespectively
of the sensory input. To better understand perceptualcognitive factors modulating speech intelligibility with a CI, this
electroencephalography study examined the centralauditory processing of words, the cognitive abilities, and the speech
intelligibility in 10 postlingually single-sided deaf CI users. We found lower hit rates and prolonged response times for
word classification during an oddball task for the CI ear when compared with the NH ear. Also, event-related potentials
reflecting sensory (N1) and higher-order processing (N2/N4) were prolonged for word classification (targets versus non-
targets) with the CI ear compared with the NH ear. Our results suggest that speech processing via the CI ear and the NH
ear differs both at sensory (N1) and cognitive (N2/N4) processing stages, thereby affecting the behavioral performance
for speech discrimination. These results provide objective evidence for cognition to be a key factor for speech perception

under adverse listening conditions, such as the degraded speech signal provided from the CI.

Key Words:Cochlear implant ¢ Single-sided deafness ¢ Unilateral hearing loss ¢ Event-related potentials ¢ Speech

intelligibility « Listening effort.
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Fig. 2. Decreased hit rates (a ) and increased RTs ( b ) were found for word classification with the CI ear compared to the
NH ear. ¢ The subjectively rated listening effort was enhanced when listening via the CI. Error bars denote the standard

error of the mean.
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Fig. 3. ERP waveforms for the CI ear (gray; colors in the online version only) and NH ear (blue) for the N1 ( a, fronto-
central ROI), N2/N4 ( b, central ROI), and P3 ( ¢, parietal ROI). ERPs elicited by targets are displayed by solid lines,
ERPs elicited by nontarget stimuli by dotted lines. Latencies of the respective ERP components are shown as bar graphs

on the right.
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Comparison of Place-versus-Pitch Mismatch between a Perimodiolar
and Lateral Wall Cochlear Implant Electrode Array in Patients with Sin-
gle-Sided Deafness and a Cochlear Implant

Jeroen PM. Peters a, b Edwin Bennink ¢ = Gijsbert A. van Zanten a, b

aDepartment of Otorhinolaryngology and Head and Neck Surgery, University Medical Center Utrecht, Utrecht, The Netherlands
b UMC Utrecht Brain Center, Utrecht, The Netherlands
¢ Image Sciences Institute, University Medical Center Utrecht, Utrecht, The Netherlands

Abstract

Background: In electric-acoustic pitch matching experiments in patients with single-sided deafness and a cochlear im-
plant, the observed “mismatch” between perceived pitch and predicted pitch, based on the amended Greenwood frequency
map, ranges from —1 to —2 octaves. It is unknown if and how this mismatch differs for perimodiolar versus lateral wall
electrode arrays.

Objectives: We aimed to investigate if the type of electrode array design is of influence on the electric-acoustic pitch
match.

Method: Fourteen patients (n = 8 with CI422 + lateral wall electrode array, n = 6 with CI512 + perimodiolar electrode
array; Cochlear Ltd.) compared the pitch of acoustic stimuli to the pitch of electric stimuli at two test sessions (average
interval 4.3 months). We plotted these “pitch matches” per electrode contact against insertion angle, calculated from
high-resolution computed tomography scans. The difference between these pitch matches and two references (the spiral
ganglion map and the default frequency allocation by Cochlear Ltd.) was defined as “mismatch.”

Results: We found average mismatches of —2.2 octaves for the CI422 group and —1.3 octaves for the CI512 group. For
any given electrode contact, the mismatch was smaller for the CI5S12 electrode array than for the CI422 electrode array.
For all electrode contacts together, there was a significant difference between the mismatches of the two groups (p < 0.05).
Results remained stable over time, with no significant difference between the two test sessions considering all electrode
contacts. Neither group showed a significant correlation between the mismatch and phoneme recognition scores.

Conclusion: The pitch mismatch was smaller for the perimodiolar electrode array than for the lateral wall electrode array.

Key Words:Electric-acoustic pitch match ¢ Place-versus-pitch « Cochlear implant ¢ Frequency-place map ¢ Single-sided

deafness * Hearing loss * Perimodiolar electrode array * Modiolar hugging « Contour advance * Lateral wall electrode.
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Fig. 4. Mismatch expressed per electrode contact per group and experiment. The mismatch relative to the Stakhovskaya
reference is plotted per electrode (data relative to Cochlear reference not shown). Data points are displayed separately for
the CI422 and CI512 groups, as well as for the Test and Re-test experiments. For the CI422 group, there is no significant
difference between Test and Re-test for any of the electrodes. For the CI512 group, E15 and E19 differ significantly be-
tween Test and Re test, indicated with orange asterisks. For E11, there is a significant difference between the two groups
for both Test and Re-test, indicated with black asterisks. For E15, the difference between the two groups is statistically

significant for Retest, but not statistically significant for Test.
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Cortical organization restored by cochlear implantation in young chil-
dren with single sided deafness

Melissa Jane Polonenko 1,2, Karen Ann Gordon1,2,3,4, Sharon Lynn Cushingl,3,4 & Blake Croll Papsin1,3,4

1 Institute of Medical Sciences, The University of Toronto, Toronto, ON, M5S 1A8, Canada.

2 Neurosciences and Mental Health, The Hospital for Sick Children, Toronto, ON, M5G 1X8, Canada.

3 Department of Otolaryngology — Head & Neck Surgery, The University of Toronto, Toronto, ON, M5G 2N2, Canada.
4 Otolaryngology — Head & Neck Surgery, The Hospital for Sick Children, Toronto, ON, M5G 1X8, Canada.

Melissa Jane Polonenko and Karen Ann Gordon contributed equally to this work.

Abstract

Early treatment of single sided deafness in children has been recommended to protect from neurodevelopmental prefer-
ence for the better hearing ear and from social and educational deficits. A fairly homogeneous group of five young children
(<3.6 years of age) with normal right sided hearing who received a cochlear implant to treat deafness in their left ears
were studied. Etiology of deafness was largely cytomegalovirus (n = 4); one child had an enlarged vestibular aqueduct.
Multi-channel electroencephalography of cortical evoked activity was measured repeatedly over time at: 1) acute (0.5 £+
0.7 weeks); 2) early chronic (1.1 + 0.2 months); and 3) chronic (5.8 £ 3.4 months) cochlear implant stimulation. Results
indicated consistent responses from the normal right ear with marked changes in activity from the implanted left ear. Atyp-
ical distribution of peak amplitude activity from the implanted ear at acute stimulation marked abnormal lateralization of
activity to the ipsilateral left auditory cortex and recruitment of extra-temporal areas including left frontal cortex. These
abnormalities resolved with chronic implant use and contralateral aural preference emerged in both auditory cortices.
These findings indicate that early implantation in young children with single sided deafness can rapidly restore bilateral

auditory input to the cortex needed to improve binaural hearing.
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Cochlear implantation in adults with unilateral deafness: A review of the
assessment/evaluation protocols

Dayse Tavora-Vieira, Roberta Marino, Aanand Acharya, Gunesh P. Rajan

Otolaryngology, Head & Neck Surgery-School of Surgery, University of Western Australia, Perth, Australia, Fiona Stanley Hospital, Perth,

Australia

Abstract

Objectives: Cochlear implantation is becoming widely used outside the tertiary research centers for treatment of unilat-
eral deafness (UD). No consensus exists, however, on the most suitable assessment/evaluation protocols for this group of
adult patients. This paper aims to review the assessment and evaluation protocols used by various research groups and to
propose a protocol for the use in the clinical setting.

Methods: The PubMed, Embase, and Cochrane Library databases were searched with the keywords ‘cochlear’, ‘implant’,
‘single-sided’, ‘deafness’, ‘adults’, ‘unilateral’, and ‘deafness’. The words were either used individually, combined in
pairs, or in groups of 5. All articles reporting on prospective studies, retrospective studies, or case studies were included.
Results: Sixteen published studies met the inclusion criteria. Measures of hearing performance, tinnitus, subjective quality
of hearing, and quality of life varied greatly among studies.

Discussion: Adaptive speech in noise testing, localization, tinnitus measurement questionnaires, and selfrated hearing
improvement are widely used among the research groups. These tools in conjunction assess and evaluate the main issues
associated with UD.

Conclusion: The test battery most commonly used to assess and evaluate adult cochlea implant users with UD consists
of (a) a subjective self-rating of hearing performance, (b) localization testing, and (c) the adaptive speech in noise testing
conducted in at least the following three spatial configurations: speech and noise presented from the front (S0/NO), speech
presented from the front and noise presented to the good hearing ear (S0/Nhe), and speech presented to the implanted ear

and noise presented to the hearing ear (Sci/Nhe).

Key Words:Unilateral deafness, Cochlear implant, Assessment protocol.
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Re-training the deaf ear: Auditory training for adult cochlear implant
users with singlesided deafness

Dayse Tavora-Vieira , Roberta Marino

School of Surgery, The University of Western Australia, Fliona Stanley Hospital, Perth, Australia

Abstract

Objective: While cochlear implant (CI) provision for adults with single-sided deafness (SSD) is now an accepted treat-
ment option, auditory training programs specific to this group of CI users have not been described. This paper details the
auditory training protocol and critical factors required to rehabilitate CI users with post-lingual SSD.

Outcomes and Results: Several key factors are integral to the success of the rehabilitation program; these include 1) CI
users with SSD require a map that is balanced as closely as possible to their normal hearing ear and has optimal mapping
levels; 2) the auditory training program needs to be stimulating, rewarding, and directly stimulate the implanted ear via
Direct Auditory Input (DAI); 3) CI users need to achieve some success in the early post-implantation stages to maintain
or increase their motivation; 4) CI users need to be fully committed to the auditory training; and 5) a well-defined struc-
tured auditory training program with immediate feedback and markers of success helps ensure optimal communication
outcomes. As an indication of success, from the foundation of the program in 2008 until the present all adults with SSD
who have received a CI at our clinic (N=114) only 5 have elected to stop using their device.

Conclusion: The auditory training program described herein has been developed to optimize hearing and quality of life

outcomes for adult CI users with SSD.

Key Words:Single-sided Deafness, Rehabilitation, Unilateral deafness, Cochlear implant, Auditory training.
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Cortical auditory evoked responses in cochlear implant users with ear-
ly-onset single-sided deafness: indicators of the development of bilateral
auditory pathways

Andre Wedekinda, Dayse Tavora-Vieiraa,b and Gunesh P. Rajana,b

aDepartment of Otolaryngology, Head and Neck Surgery, School of Surgery, University of Western Australia, Perth and bFiona Stanley Hospital,

Murdoch, Western Australia

Abstract

Cochlear implantation (CI) for early-onset single-sided deafness (SSD) provides a unique insight into the development
and cortical reorganization of binaural pathways. This case series aimed to investigate the impact of duration of deafness
on CI outcomes as measured by cortical evoked auditory potentials (CAEPs). Four adults with early-onset SSD were
studied after CI. The adults had a duration of deafness of 22, 24, 42, and 38 years before implantation. CAEPs and speech
perception in noise were used to investigate binaural cortical pathways and function. Our four patients lost their hearing
at the ages of 3, 6, 5, and 6 (S1, S2, S3, and S4, respectively). CAEPs were present bilaterally in S2, S3, and S4. S1°s,
who had the least experience with a CI, cortical responses at 1 month after CI activation showed cortical responses from
the CI ipsilateral pathway, but no responses from the CI contralateral pathway. At 3 and 6 months, S1 showed significant
cortical responses from the CI contralateral pathway for two speech tokens. An improvement in speech perception in noise
testing was observed in all four participants. This case series indicates that long duration of deafness for early-onset SSD
is not a contraindication for CI and may not impact the long-term outcomes in this population. The electrical stimulation
from the CI integrates with the normal hearing ear to produce bilateral cortical projections and functional improvement
in speech perception in noise. These early data provide surprisingly positive results and call for larger scale research to be

carried out.

Key Words:binaural hearing, cochlear implant, cortical auditory evoked potentials, single-sided deafness.
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