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Q\/AL Intake

o= {08 * M, age 36, with asymmetric sensorineural hearing
loss and tinnitus in the LEFT ear
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* no vertigo complaints

e patient works as a pilot for the Brussels Airlines
(he was allowed to fly with asymmetric hearing
loss as long as he had no vestibular symptoms)
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&\/ALV MRI diagnosis

A small intravestibular schwannoma is found, localised antero-
inferiorly in the vestibule close to the sacculus.

No extension to the semicircular canals, cochlea or the fundus of
the internal auditory canal.
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&\/AL Follow up

Case 1

* in February 2010 a spell of rotatory vertigo with
lateropulsion and nausea

e progression of the hearing loss in the left ear
* increased intensity of the tinnitus
=> The Medical Board cancels his flying license

Counselling

Intratympanic Gentamycine ?
Surgical removal of schwannoma ?
Other options ?

What with the tinnitus ?




=7
&\/L Treatment

Case 1

25/02/2011 Electrical Round Window Stimulation
=> complete suppression of the tinnitus

e 15/03/2011 Surgical removal of the intravestibular
schwannoma via translabyrinthine approach with
simultaneous placement of a ClI, simultaneously
destroying his left vestibular end organ

* Intra-operative tests show normal impedances for
all electrode contacts and normal NRT-responses

 Post-operatively complete suppression of the
tinnitus when the implant is switched on.
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&\/AL Tonal audiometry after Cl left

Case 1 Rechts Links
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Legend: TL = thresholds with ClI [CP810] P3 in free field with
contralateral normal ear masked with narrow band noise through
a headphone
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Speech audio in quiet with Cl on &
normal ear masked

Case 1
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Legend: TL = Speech discrimination with Cl [CP810] P3 in free
field with normal contralateral ear masked with speech noise
through a headphone
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&\/AL In the end ...

Case 1

In January 2014 he was examined by the Medical
Board of Brussels Airlines. His flying license was
reinstated. He starts flying again this autumn

 He shows good central vestibular compensation

* His tinnitus remains suppressed when the implant is
switched on, he also shows pretty long periods of
residual inhibition

* His speech discrimination in noise has much
improved
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&\/aL What did we learn from this case?

e This remarkable case convince us that the
application of ClI in acquired unilateral deafness is
potentially promising

e The results corroborate the results we obtained
from a prospective study started in 2009
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&\/ﬁL Literature Review — Quaranta et al.2004

O R W Tinnitus present in Cl patients pre-op: 66-86%

Tinnitus
Ipsilateral effect of electrical stimulation with CI:
* tinnitus disappeared: 2-78%
* improved: 46 - 81%
* did not change: 5-50%
* got worse: 2-9%

Contralateral effect of electrical stimulation with Cl:
 improved: 42 - 71%
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&\/L Material & methods

Study 1

Cl &
Tinnitus

* Retrospective, questionnaire-based study

* Population:
e 118 consecutive adult Cl-users
* > 6 months experience with Cl
e Cochlear® and Advanced Bionics® devices

* Respondents:
* Questionnaires: 118
e Response rate: 108  (92%)
* Fully completed: 93  (86%)
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&\/AL Results

AR . Tinnitus present in 65% of the Cl-candidates
(Quaranta: 66-86%)

ey - Tinnitus totally gone ipsilaterally during
electrical stimulation: 28% (Quaranta: 2-78%)

Tinnitus

No significant correlations of tinnitus relief with:
 gender & age
* aetiology of deafness
* fitting data
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&\/AL Conclusion

(W 1. Cochlear implantation might provide solution for
a number of patients with uni- or bilateral
Cl & deafness and otherwise untreatable tinnitus.

Tinnitus

2. The ClI group as a whole shows improvement,
but it is difficult to identify potentially successful
cases due to nonexistence of valid predictive
factors.

3. Without high probability for a successful
outcome it is very difficult to propose a costly
cochlear implantation as a treatment option.
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&\/L Discussion

S{[\&N 1. How to predict the outcome of electrical
stimulation with cochlear implants in severe

tinnitus ?
Cl &

Tinnitus 2. How to identify individual patients in whom
cochlear implantation would offer the certainty
or at least a high probability of tinnitus

suppression?
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&\/AL Material & Methods

Study 2| Prospective 2009-11 study approved by the MEC.

e Acute electrical round window stimulation in 15

Round patients with severe unilateral tinnitus.

Window Bz?\II electrode microsurgically p.Iaced in contact
with the RW membrane and driven by the 3WIN
Promontorium Stimulator.

Stimulation

* High and low frequency pulsatile and sinusoidal
stimuli.
* Goals:

— evaluation of RW stimulation for tinnitus inhibition

— definition of the most efficient parameters of electrical
stimulation




Q\/AL Own Study 2: Round Window Stimulation
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Q\/L Results & Conclusion

Study 2

Round
Window
Stimulation

* Complete inhibition of tinnitus was obtained in
5/15 patients (33%).

* In5/15 (33%) patients a partial inhibition was
observed.

* In5/15 (33%) of the patients no effect on
tinnitus was observed.

* No statistically significant correlation was seen
with any of the tinnitus parameters (yet slight
trends for: short duration, tonal character and
positive acoustic masking).
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&\/AL Final Conclusions

oA 1. Approximately 1/3 of patients with severe
Tinnitus unilateral tinnitus can be successfully treated by
electrical stimulation in the ipsilateral ear.

2. Since no strong predictive factors exist that
would allow for selection of potentially
successful candidates we believe that acute RW
stimulation is the best way to identify these
patients.
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M Tinnitus

Sided
Deafness

[d Speech discrimination?
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&\/ALProblems caused by SSD

Single
Sided
Deafness

* Head shadow

* Problems with sound localization
 Compromised instantanous hearing

* Poor understanding of TV sound [sandro Burdo]

* Decreased speech understanding in noisy
situations (especially when the noise is coming
from the normally hearing side)

» This leads to compromised incidental learning
and decreased school performance. [Sandro Burdo]
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&J‘L BAHA — CROS/Bi-CROS

Single
Sided
Deafness BAHA
CROS / Bi-CROS systems
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(L~ BAHA satisfaction score (VAS)

More than Satisfaction score per group
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In SSD 15% non-users and only 48% regular users
(even though only 26% patients with SSD effectively got
implanted with the BAHA)
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&\/L Other solution for SSD: CI?

S The idea of Cl application in SSD was the result of
SCERE application of Cl for otherwise untreatable unilateral
PEEIUEEER  tinnitus in the deaf ear.
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Q\/AL Method

1. patients with positive result of the RW
stimulation have been implanted and ALL these
show full relief from tinnitus during ClI
stimulation after >1 year follow-up.

2. The tinnitus comes back to various extent when
the cochlear implant is switched off.

Clin SSD

3. All these patients reported also improvement in
the spatial perception of sounds and in speech
understanding.

=> Encouraged by good results obtained in tinnitus
patients we implanted additional 6 patients with
SSD, including 1 child with congenital unilateral

_d;amgss
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&\/L Method: speech perception in noise

Clin SSD
Set-up 1: with & without Ci
Speech Speech noise
70 dB SPL S/N -5,0,5,10 dB
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&\/L Results: speech perception in noise

CRORRDE Setup 1 (S-CI,N-NH) : 20-40% improvement with CI
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&\/L Method: speech perception in noise

Cl in SSD

Speech noise
S/N -5,0,5,10 dB

<
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Set-up 2: with & without Ci

Speech
70 dB SPL
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&\/L Results: speech perception in noise

SN BN Setup 2 (N-CI,S-NH): no difference with & without CI

=> no detrimental effects on speech understanding
with the good hearing ear
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J\/&L Comparison with other studies

[Arndt et al. 100

2011] %
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&\}L Test set up Radboud University




—
~ M\
,

J\/L Method & Results: Sound localisation

Cl in SSD

Case 1: HDH

Case 1: GVL

Response

Response

80

60 -

40+

40t

-80+

Cl OFF

@, .
[
[}

*

L
Response

-100
-100

100

-80

60

<40 20 0 20 40

Target

60

80 100

60

20+

60

-100

Response

-100

100

CI ON

80

60

401

20

40+

60+

-80+

-100
-100

100

80

60

40}

20F




|

-~
—a

J\s///‘\—’

[Arndt et al.
2011]
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&\/’AL Cl in adult patients with SSD

Conclusions

1. In our test set-up 1 we observed significant
improvement of speech understanding in noise
by 20-40%%0, which is much larger than in the
case of BAHA or CROS application in SSD.

2. Improved localisation capability results
corroborate the published results of Arndt et
al., suggesting re-activation of binaural
processing of sound.




Thank you for listening
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&\;L Audiologische evaluatie na ClI links

Detectie:

* FF met Cl, maskeerruis via hoofdtelefoon
contralateraal (rechts): 15/15

Discriminatie:

* FF met Cl, maskeerruis via hoofdtelefoon
contralateraal (rechts): 22/22
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= Our experience with CI’s in SSD
J\/L P

-> 10 patients implanted so far at our clinic.

Literature:

Otol Neurotol. 2011 Jan;32(1):39-47.

“Comparison of pseudobinaural hearing to real binaural hearing
rehabilitation after cochlear implantation in patients with unilateral
deafness and tinnitus.”

Arndt S, etal.: 11 patients

Audiol Neurootol. 2009;14(3):163-71. Epub 2008 Nov 13.

“Binaural hearing after cochlear implantation in subjects with unilateral
sensorineural deafness and tinnitus.”

Vermeire K, et al. : 9+ 11 patients
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&\/AL Audiological evaluation after Cl left

Speech .
audiometry %0 , = -

in noise jg A /
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 Legend: speech 70dB SPL LEFT (Cl side), noise RIGHT
(normal hearing side)
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&\/L Cl in adult patients with SSD

Test set-ups: 100 S
a0 ; :
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Speech N A Cl off
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Setup 1: Speech discrimination in noise (S-NH, N-CI)
at 0 en -5dB S/N improves with 20-40% with CI.
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Q\/’*L Own Study 2: Round Window Stimulation

Tinnitus duur

Tinnitus type [jaren]
Residuele
Frequentie inhibitie
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Successful Tinnitus Suppression by Cochlear Implants
Predictive Value of Electrical Round Window Stimulation

Offeciers FE, Zarowski A

Vanspauwen R, De Coninck L



&\/ﬁL ACCME learning objectives

Learning 1. Approximately 1/3 of patients with severe
Objectives unilateral tinnitus can be successfully
treated by electrical stimulation with a
cochlear implant in the ipsilateral ear.

2. There are no audiological or anamnestic
factors that allow correct identification of
candidates in whom electrical stimulation
with Cl would effectively suppress tinnitus.




&\/ﬁL ACCME learning objectives

Learning 3. We believe that, barring actual Cl, acute
Objectives RW stimulation is the second best way to
identify potentially successful patients.

4. All patients with complete tinnitus
suppression during the acute RW
stimulation also show complete relief
from tinnitus after implantation with ClI.




&\/&L Tinnitus as Result of Deafferentiation

Hearing loss / deafferentiation

v

Spontaneous activity in the acoustic pathways

v

Synchronisation of the spontaneous activity
in the auditory cortex

v

Sensation of tinnitus
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J\/&L Synchronous Cortical Hyperactivity
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Ear

ormal healthy

o
%, 0%9" 6.000Hz
(A

049 T\ gy?
e% . %06 5.000Hz
0. ....

0008,
08/

e ) 0:. %

.0.0
0 5 390 4.000H:
0

Auditory cortex

Interruption
of signal transfer

Tinnitus

0—> :o. g,

Ear

0 @
0% 5 40"% 4.000H:
[ ] L ¢

Auditory cortex

(A =k |

sI1Imfrrouvggushhmous ambPbvw enre
EUROPEAN INSTITUTE FOR ORL



&\/ﬁL Influence of Electrical Stimulation

Interference with the tinnitus generating
circuits in the dorsal cochlear nucleus,
colliculus inferior and changes in the cortical
activity.

This is the basis for the (temporary) residual
inhibition.
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Single
Sided
Deafness

N\
KJI\/AL Results BAHA/CROS in SSD

* Yet, still monophonic hearing

* Practical benefit involves only the relief from the
head shadow

 Marginal improvement in speech understanding
in noise

* Marginal improvement in localisation
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&\/AL Patient overview

Study 3

Cl after
RW stim.

Four unilaterally deaf patients with tinnitus,
who showed complete tinnitus inhibition during
the acute RW stimulation, have received a
cochlear implant during the period 2009 to

2011.
VdWH RH FR BP
Cl Aug ‘09 Aug ‘10 Jan ‘11 March ‘11
Freedom | Harmony CP810 CP810
. &= M F | smvasesmnmesorivsee
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&\/AL Results

[\A&] 1. All 4 patients show full relief from tinnitus
during Cl stimulation after >1 year follow-up.

Cl after 2. The tinnitus comes back to various extent when
RW stim the cochlear implant is switched off.
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S Method: speech perception in noise

Cl in SSD
Set-up 1 Set-up 2
Speech Speech noise | Speech noise Speech
70 dB SPL $/N-5,0,510dB | s/N-5,0,5,10 dB 70 dB SPL

"

<

k-

Two test conditions for each set up:
with and without CI
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- Speech audio in quiet with Cl on &
\/L normal ear masked
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Legend: TL = Speech discrimination with Cl [CP810] P3 in free
field with normal contralateral ear masked with speech noise
through a headphone
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Q\/AL Method

Clin SSD 4 patients with positive result of the RW stimulation
have been implanted and ALL these show full relief
from tinnitus during Cl stimulation after >1 year
follow-up.

VdWH RH FR BP
Cl Aug ‘09 Aug ‘10 Jan ‘11 March ‘11
Freedom | Harmony CP810 CP810
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Q\/AL Intake

=11:w4 = Girl with congenital CMV
= UNHS + audio work-up
= RE deaf, LE normal ABR thresholds
= Later on LE ear showed high frequency loss (4-8 KHz)

= MRI: hyperintensity in the anterior part of basal turn
— fear for fibrosis & ossification

= Recurrent OME => adenoidectomy & 2 ventilation
tubes on 7/04/2012

= Cl12/06/2012 at the RIGHT side (age 1;3), following
positive advice from ad hoc international peer
review committee
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&\/AL Results

‘1.2 °* Rehabilitation: wears Cl whole day

— intermittent masking of the normal ear, 3-5
hours daily during 1st year post-implantation
(white noise via BTE noise generator).

* Initial results
— good hearing thresholds in the implanted ear

— full phonemic contrast discrimination - APE (in
free field, with the normal ear masked)

* Next questions
* open set speech discrimination
* real binaurality?
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Case 2
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&\/AL Audio - age 3;1 — tonal audiometry

Rechts
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&\/AL Audio - age 3;5 — tonal audiometry

C 2 Rechts Links
ase 125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000
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Left ear masked by headphones at 250-2000 Hz
Age at test: 3;5
Better thresholds at 4-6 KHz: overmasking effect at 250-2000 Hz?
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&\/L Speech audio - age 3;1
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TR= right ear Cl switched on; left ear masked by headphone
X= left ear only; right ear Cl switched off

TB= Cl right + left ear

Age at test: 3;1
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(L~ Speech audio - age 3;5
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TR= right ear Cl switched on; left ear masked by headphone
X= left ear only; right ear Cl switched off

TB= Cl right + left ear

Age at test: 3;5

Beware: large standard variation — child was tired after
prolongued test session
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&\/L Localisation skills

‘1) °* Localisation is still a problem.

* Parents are not sure. Mother claims improvement,
father is still in doubt

 We tried localisation tests. They were still too
difficult.

* However, localisation skills are not hard-wired into
the brain, but need to be learned. Children with
normal binaural hearing only perform well from
age 5 onward.

* So we will keep testing and expect improvement. If
postlingual unilaterally deaf implanted adults show
clear improvement, why wouldn’t the kids?
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&\/L Conclusions

‘w12 °* The Cl seems to offer a consistent benefit in
speech understanding

e Given the HF loss in the hearing ear, the

contralateral Cl provides important input for
speech discrimination

* Binaural hearing — binaural processing?

* A next similar case is implanted a few weeks ago.
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J\/ﬁL Our experience with CI’s in SSD

-> 10 patients implanted so far at our clinic.
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