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•  M,	
  age	
  36,	
  	
  with	
  asymmetric	
  sensorineural	
  hearing	
  
loss	
  and	
  7nnitus	
  in	
  the	
  LEFT	
  ear	
  

•  no	
  ver7go	
  	
  complaints	
  
•  pa7ent	
  works	
  as	
  a	
  pilot	
  for	
  the	
  Brussels	
  Airlines	
  	
  

(he	
  was	
  allowed	
  to	
  fly	
  with	
  asymmetric	
  hearing	
  
loss	
  as	
  long	
  as	
  he	
  had	
  no	
  ves7bular	
  symptoms)	
  

Intake	
  

Case	
  1	
  



MRI	
  diagnosis	
  

A	
   small	
   intraves7bular	
   schwannoma	
   is	
   found,	
   localised	
   antero-­‐
inferiorly	
  in	
  the	
  ves7bule	
  close	
  to	
  the	
  sacculus.	
  
No	
  extension	
  to	
  the	
  semicircular	
  canals,	
  cochlea	
  or	
  the	
  fundus	
  of	
  
the	
  internal	
  auditory	
  canal.	
  

Case	
  1	
  



Follow	
  up	
  

Case	
  1	
   •  in	
  February	
  2010	
  a	
  spell	
  of	
  rotatory	
  ver8go	
  with	
  
lateropulsion	
  and	
  nausea	
  

•  progression	
  of	
  the	
  hearing	
  loss	
  in	
  the	
  leM	
  ear	
  
•  increased	
  intensity	
  of	
  the	
  7nnitus	
  

	
  =>	
  The	
  Medical	
  Board	
  cancels	
  his	
  flying	
  license	
  
	
  

Counselling	
  	
  	
  
Intratympanic	
  Gentamycine	
  ?	
  	
  	
  
Surgical	
  removal	
  of	
  schwannoma	
  ?	
  	
  	
  
Other	
  op7ons	
  ?	
  	
  	
  
What	
  with	
  the	
  7nnitus	
  ?	
  



•  25/02/2011	
  Electrical	
  Round	
  Window	
  S7mula7on	
  	
  	
  	
  
	
  =>	
  complete	
  suppression	
  of	
  the	
  7nnitus	
  

•  15/03/2011	
   Surgical	
   removal	
   of	
   the	
   intraves7bular	
  
schwannoma	
   via	
   translabyrinthine	
   approach	
   with	
  
simultaneous	
   placement	
   of	
   a	
   CI,	
   simultaneously	
  
destroying	
  his	
  leM	
  ves7bular	
  end	
  organ	
  

•  Intra-­‐opera7ve	
   tests	
   show	
   normal	
   impedances	
   for	
  
all	
  electrode	
  contacts	
  and	
  normal	
  NRT-­‐responses	
  

•  Post-­‐opera7vely	
   complete	
   suppression	
   of	
   the	
  
7nnitus	
  when	
  the	
  implant	
  is	
  switched	
  on.	
  	
  	
  	
  

Treatment	
  

Case	
  1	
  



Tonal	
  audiometry	
  aBer	
  CI	
  leB	
  

Case	
  1	
  

Legend:	
   TL	
   =	
   thresholds	
   with	
   CI	
   [CP810]	
   P3	
   in	
   free	
   field	
   with	
  
contralateral	
  normal	
  ear	
  masked	
  with	
  narrow	
  band	
  noise	
  through	
  
a	
  headphone	
  



Case	
  1	
  

Speech	
  audio	
  in	
  quiet	
  with	
  CI	
  on	
  &	
  
normal	
  ear	
  masked	
  

Legend:	
  TL	
  =	
  Speech	
  discrimina7on	
  with	
  CI	
  [CP810]	
  P3	
  in	
  free	
  
field	
  with	
  	
  normal	
  contralateral	
  ear	
  masked	
  with	
  speech	
  noise	
  	
  
through	
  a	
  headphone	
  



•  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	
  ves7bular	
  compensa7on	
  	
  	
  

•  His	
  7nnitus	
  remains	
  suppressed	
  when	
  the	
  implant	
  is	
  
switched	
   on,	
   he	
   also	
   shows	
   preby	
   long	
   periods	
   of	
  
residual	
  inhibi7on	
  

•  His	
   speech	
   discrimina7on	
   in	
   noise	
   has	
   much	
  
improved	
  

	
  	
  	
  	
  

In	
  the	
  end	
  …	
  

Case	
  1	
  



•  This	
   remarkable	
   case	
   convince	
   us	
   that	
   the	
  
applica7on	
   of	
   CI	
   in	
   acquired	
   unilateral	
   deafness	
   is	
  
poten7ally	
  promising	
  

	
  
•  The	
   results	
   corroborate	
   the	
   results	
   we	
   obtained	
  

from	
  a	
  prospec7ve	
  study	
  started	
  in	
  2009	
  

	
  	
  	
  	
  

What	
  did	
  we	
  learn	
  from	
  this	
  case?	
  



CI	
  &	
  
Tinnitus	
  

Literature	
  Review	
  –	
  Quaranta	
  et	
  al.2004	
  

Tinnitus	
  present	
  in	
  CI	
  pa7ents	
  pre-­‐op:	
   	
  66-­‐86%	
  
	
  
Ipsilateral	
  effect	
  of	
  electrical	
  s7mula7on	
  with	
  CI:	
  
•  7nnitus	
  disappeared: 	
   	
  2	
  -­‐	
  78%	
  
•  improved: 	
   	
  	
   	
   	
   	
  46	
  -­‐	
  81%	
  
•  did	
  not	
  change:	
   	
   	
   	
  5	
  -­‐	
  50%	
  
•  got	
  worse: 	
   	
   	
   	
   	
  2	
  -­‐	
  9%	
  

	
  
Contralateral	
  effect	
  of	
  electrical	
  s7mula7on	
  with	
  CI:	
  
•  improved: 	
   	
   	
   	
   	
  42	
  –	
  71%	
  

	
  



•  Retrospec7ve,	
  ques7onnaire-­‐based	
  study	
  

•  Popula7on:	
  
•  118	
  consecu7ve	
  adult	
  CI-­‐users	
  
•  >	
  6	
  months	
  experience	
  with	
  CI	
  
•  Cochlear©	
  and	
  Advanced	
  Bionics©	
  devices	
  

•  Respondents:	
  
•  Ques7onnaires: 	
   	
  118	
  
•  Response	
  rate: 	
   	
  108	
   	
  (92%)	
  
•  Fully	
  completed:	
   	
  	
  	
  93	
   	
  (86%) 	
  	
  

Material	
  &	
  methods	
  

Study	
  1	
  
	
  

CI	
  &	
  
Tinnitus	
  



•  Tinnitus	
  present	
  in	
  65%	
  of	
  the	
  CI-­‐candidates	
  
(Quaranta:	
  66-­‐86%)	
  

•  Tinnitus	
  totally	
  gone	
  ipsilaterally	
  during	
  
electrical	
  s7mula7on:	
  28%	
  (Quaranta:	
  2-­‐78%)	
  

No	
  significant	
  correla7ons	
  of	
  7nnitus	
  relief	
  with:	
  
•  gender	
  &	
  age	
  
•  ae7ology	
  of	
  deafness	
  
•  fimng	
  data 	
  	
  

	
  	
  

Results	
  

Study	
  1	
  
	
  

CI	
  &	
  
Tinnitus	
  



1.  Cochlear	
  implanta7on	
  might	
  provide	
  solu7on	
  for	
  
a	
   number	
   of	
   pa7ents	
   with	
   uni-­‐	
   or	
   bilateral	
  
deafness	
  and	
  otherwise	
  untreatable	
  7nnitus.	
  

2.  The	
   CI	
   group	
   as	
   a	
   whole	
   shows	
   improvement,	
  
but	
  it	
  is	
  difficult	
  to	
  iden7fy	
  poten7ally	
  successful	
  
cases	
   due	
   to	
   nonexistence	
   of	
   valid	
   predic7ve	
  
factors.	
  

3.  Without	
   high	
   probability	
   for	
   a	
   successful	
  
outcome	
   it	
   is	
   very	
   difficult	
   to	
   propose	
   a	
   costly	
  
cochlear	
  implanta7on	
  as	
  a	
  treatment	
  op7on.	
  

Conclusion	
  

Study	
  1	
  
	
  

CI	
  &	
  
Tinnitus	
  



Discussion	
  

1.  How	
  to	
  predict	
  the	
  outcome	
  of	
  electrical	
  
s7mula7on	
  with	
  cochlear	
  implants	
  in	
  severe	
  
7nnitus	
  ?	
  

2.  How	
  to	
  iden7fy	
  individual	
  pa7ents	
  in	
  whom	
  
cochlear	
  implanta7on	
  would	
  offer	
  the	
  certainty	
  
or	
  at	
  least	
  a	
  high	
  probability	
  of	
  7nnitus	
  
suppression?	
  	
  

Study	
  1	
  
	
  

CI	
  &	
  
Tinnitus	
  



•  Prospec7ve	
  2009-­‐11	
  study	
  approved	
  by	
  the	
  MEC.	
  
•  Acute	
  electrical	
  round	
  window	
  s7mula7on	
  in	
  15	
  

pa7ents	
  with	
  severe	
  unilateral	
  7nnitus.	
  	
  
•  Ball	
  electrode	
  microsurgically	
  placed	
  in	
  contact	
  

with	
  the	
  RW	
  membrane	
  and	
  driven	
  by	
  the	
  3WIN	
  
Promontorium	
  S7mulator.	
  	
  

•  High	
  and	
  low	
  frequency	
  pulsa7le	
  and	
  sinusoidal	
  
s7muli.	
  

•  Goals:	
  
–  evalua7on	
  of	
  RW	
  s7mula7on	
  for	
  7nnitus	
  inhibi7on	
  
–  defini7on	
  of	
  the	
  most	
  efficient	
  parameters	
  of	
  electrical	
  

s7mula7on	
  

Material	
  &	
  Methods	
  

Study	
  2	
  
	
  

Round	
  
Window	
  

S8mula8on	
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•  Complete	
  inhibi7on	
  of	
  7nnitus	
  was	
  obtained	
  in	
  
5/15	
  pa7ents	
  (33%).	
  

•  In	
  5/15	
  (33%)	
  pa7ents	
  a	
  par7al	
  inhibi7on	
  was	
  
observed.	
  	
  

•  In	
  5/15	
  (33%)	
  of	
  the	
  pa7ents	
  no	
  effect	
  on	
  
7nnitus	
  was	
  observed.	
  

•  No	
  sta7s7cally	
  significant	
  correla7on	
  was	
  seen	
  
with	
  any	
  of	
  the	
  7nnitus	
  parameters	
  (yet	
  slight	
  
trends	
  for:	
  short	
  dura7on,	
  tonal	
  character	
  and	
  
posi7ve	
  acous7c	
  masking).	
  

Results	
  &	
  Conclusion	
  

Study	
  2	
  
	
  

Round	
  
Window	
  

S8mula8on	
  
	
  



1.  Approximately	
  1/3	
  of	
  pa7ents	
  with	
  severe	
  
unilateral	
  7nnitus	
  can	
  be	
  successfully	
  treated	
  by	
  
electrical	
  s7mula7on	
  in	
  the	
  ipsilateral	
  ear.	
  

2.  Since	
  no	
  strong	
  predic7ve	
  factors	
  exist	
  that	
  
would	
  allow	
  for	
  selec7on	
  of	
  poten7ally	
  
successful	
  candidates	
  we	
  believe	
  that	
  acute	
  RW	
  
s7mula7on	
  is	
  the	
  best	
  way	
  to	
  iden7fy	
  these	
  
pa7ents.	
  

	
  

	
  	
  

Final	
  Conclusions	
  

	
  
	
  

CI	
  &	
  
Tinnitus	
  



Single	
  
Sided	
  	
  

Deafness	
  

!  	
  Tinnitus	
  
	
  
"	
  	
  Speech	
  discrimina7on?	
  

CI	
  &	
  SSD	
  



•  Head	
  shadow	
  
•  Problems	
  with	
  sound	
  localiza7on	
  	
  
•  Compromised	
  instantanous	
  hearing	
  
•  Poor	
  understanding	
  of	
  TV	
  sound	
  [Sandro	
  Burdo]	
  
•  Decreased	
  speech	
  understanding	
  in	
  noisy	
  

situa7ons	
  (especially	
  when	
  the	
  noise	
  is	
  coming	
  
from	
  the	
  normally	
  hearing	
  side)	
  

#  This	
  leads	
  to	
  compromised	
  incidental	
  learning	
  
and	
  decreased	
  school	
  performance.	
  [Sandro	
  Burdo]	
  

Problems	
  caused	
  by	
  SSD	
  

Single	
  
Sided	
  	
  

Deafness	
  



BAHA	
  

CROS	
  /	
  Bi-­‐CROS	
  systems	
  

BAHA	
  –	
  CROS/Bi-­‐CROS	
  

Single	
  
Sided	
  	
  

Deafness	
  



More	
  than	
  
500	
  

BAHA	
  
implants	
  	
  

since	
  1990	
  
for	
  various	
  
indica8ons	
  

	
  

BAHA	
  sa8sfac8on	
  score	
  (VAS)	
  

In	
  SSD	
  15%	
  non-­‐users	
  and	
  only	
  48%	
  regular	
  users	
  
(even	
  though	
  only	
  26%	
  pa7ents	
  with	
  SSD	
  effec7vely	
  got	
  
implanted	
  with	
  the	
  BAHA)	
  



The	
   idea	
   of	
   CI	
   applica7on	
   in	
   SSD	
   was	
   the	
   result	
   of	
  
applica7on	
   of	
   CI	
   for	
   otherwise	
   untreatable	
   unilateral	
  
7nnitus	
  in	
  the	
  deaf	
  ear.	
  
	
  

Other	
  solu8on	
  for	
  SSD:	
  CI?	
  

Single	
  
Sided	
  	
  

Deafness	
  



1.  pa7ents	
   with	
   posi7ve	
   result	
   of	
   the	
   RW	
  
s7mula7on	
  have	
  been	
   implanted	
  and	
  ALL	
   these	
  
show	
   full	
   relief	
   from	
   7nnitus	
   during	
   CI	
  
s7mula7on	
  aMer	
  >1	
  year	
  follow-­‐up.	
  

2.  The	
  7nnitus	
  comes	
  back	
  to	
  various	
  extent	
  when	
  
the	
  cochlear	
  implant	
  is	
  switched	
  off.	
  

3.  All	
  these	
  pa7ents	
  reported	
  also	
  improvement	
  in	
  
the	
   spa7al	
   percep7on	
   of	
   sounds	
   and	
   in	
   speech	
  
understanding.	
  

=>	
  Encouraged	
  by	
  good	
  results	
  obtained	
  in	
  8nnitus	
  
pa8ents	
   we	
   implanted	
   addi8onal	
   6	
   pa8ents	
   with	
  
SSD,	
   including	
   1	
   child	
   with	
   congenital	
   unilateral	
  
deafness	
  

CI	
  in	
  SSD	
  
	
  

Method	
  



CI	
  in	
  SSD	
  
	
  
	
  
	
  
	
  
	
  

Method:	
  speech	
  percep8on	
  in	
  noise	
  

CI	
  

Set-­‐up	
  1:	
  with	
  &	
  without	
  CI	
  

Speech	
  
70	
  dB	
  SPL	
  

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



Results:	
  speech	
  percep8on	
  in	
  noise	
  

CI	
  in	
  SSD	
  
	
  
	
  
	
  
	
  

Set-­‐up	
  1	
  

Set-­‐up	
  1	
  

CI	
  on	
  
CI	
  off	
  

Set-­‐up	
  1	
  

Setup 1 (S-CI,N-NH) : 20-40% improvement with CI  



CI	
  in	
  SSD	
  
	
  
	
  
	
  
	
  
	
  

Method:	
  speech	
  percep8on	
  in	
  noise	
  

CI	
  

Set-­‐up	
  2:	
  with	
  &	
  without	
  CI	
  

Speech	
  
70	
  dB	
  SPL	
  

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



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

	
  
=>	
   	
  no	
  detrimental	
  effects	
  on	
  speech	
  understanding	
  	
  

	
   	
  with	
  the	
  good	
  hearing	
  ear	
  
 

Results:	
  speech	
  percep8on	
  in	
  noise	
  

CI	
  in	
  SSD	
  
	
  
	
  
	
  
	
  



Comparison	
  with	
  other	
  studies	
  

[Arndt	
  et	
  al.	
  
2011]	
  

	
  

30% 

Set-up 1 Set-up 2 



Test	
  set	
  up	
  Radboud	
  University	
  

CI	
  in	
  SSD	
  
	
  
	
  
	
  
	
  



Method	
  &	
  Results:	
  Sound	
  localisa8on	
  

CI	
  ON	
  

Case	
  1:	
  HDH	
  

Case	
  1:	
  GVL	
  

CI	
  OFF	
  CI	
  in	
  SSD	
  
	
  
	
  
	
  
	
  



Comparison	
  with	
  other	
  studies	
  

[Arndt	
  et	
  al.	
  
2011]	
  

	
  

Improved localization with CI  



1.  In	
  our	
  test	
  set-­‐up	
  1	
  we	
  observed	
  significant	
  
improvement	
  of	
  speech	
  understanding	
  in	
  noise	
  
by	
  20-40%,	
  which	
  is	
  much	
  larger	
  than	
  in	
  the	
  
case	
  of	
  BAHA	
  or	
  CROS	
  applica7on	
  in	
  SSD.	
  

2.  Improved	
  localisa7on	
  capability	
  results	
  
corroborate	
  the	
  published	
  results	
  of	
  Arndt	
  et	
  
al.,	
  sugges7ng	
  re-­‐ac7va7on	
  of	
  binaural	
  
processing	
  of	
  	
  sound.	
  

Conclusions	
  
	
  

CI	
  in	
  adult	
  pa8ents	
  with	
  SSD	
  



Thank	
  you	
  for	
  listening	
  



Detec8e:	
  
•  FF	
  met	
  CI,	
  maskeerruis	
  via	
  hoofdtelefoon	
  

contralateraal	
  (rechts):	
  15/15	
  
	
  	
  
Discrimina8e:	
  
•  FF	
  met	
  CI,	
  maskeerruis	
  via	
  hoofdtelefoon	
  

contralateraal	
  (rechts):	
  22/22	
  

APE	
  test	
  

Audiologische	
  evalua8e	
  na	
  CI	
  links	
  



-­‐>	
  10	
  pa8ents	
  implanted	
  so	
  far	
  at	
  our	
  clinic.	
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•  Legend:	
  	
  speech	
  70dB	
  SPL	
  LEFT	
  (CI	
  side),	
  noise	
  RIGHT	
  
(normal	
  hearing	
  side)	
  

Speech	
  
audiometry	
  

in	
  noise	
  
without	
  CI	
  with	
  CI	
  

Audiological	
  evalua8on	
  aBer	
  CI	
  leB	
  



Setup 1: Speech discrimination in noise (S-NH, N-CI) 
at 0 en -5dB S/N improves with 20-40% with CI. 

CI	
  in	
  adult	
  pa8ents	
  with	
  SSD	
  

CI	
  on	
  
CI	
  off	
  

Test	
  set-­‐ups:	
  
	
  

Speech	
  
percep8on	
  

in	
  noise	
  	
  
(adult	
  CVC	
  

lists)	
  
	
  



•  Legende:	
  	
  
•  S	
  CI	
  N	
  nt	
  CI	
  
•  TL=	
  CI	
  links	
  
•  x=	
  zonder	
  CI	
  



•  Legende:	
  	
  
•  S0N0	
  
•  TL=	
  met	
  CI	
  L	
  
•  x=	
  zonder	
  CI	
  





	
  	
  
Pt.	
  

	
  	
  
Ini8alen	
  

	
  	
  
Tinnitus	
  type	
  

Frequen8e	
  
[kHz]	
   Luidheid	
  [dBSL]	
  

Residuele	
  
inhibi8e	
  
akoes8sch	
  

Tinnitus	
  duur	
  
[jaren]	
  

1.	
   BS	
  

zuivere	
  toon	
   6,0	
   10,00	
  
onmogelijk	
  
(cophose)	
  

19	
  

2.	
   HW	
  
zuivere	
  toon	
   1,0	
   15,00	
   par7eel	
  

10	
  

3.	
   FR	
  

zuivere	
  toon	
   8,0	
   -­‐5,00	
  
onmogelijk	
  
(cophose)	
  

1,5	
  

4.	
   HL	
  

smalbandruis	
   3,0	
   20,00	
  
onmogelijk	
  
(cophose)	
  

14	
  

5.	
   LI	
  
smalbandruis	
   1,0	
   25,00	
   geen	
  

25	
  

6.	
   MJ	
  
zuivere	
  toon	
   3,0	
   10,00	
   aanwezig	
  

5	
  

7.	
   PD	
  
smalbandruis	
   10,0	
   10,00	
   par7eel	
  

2,5	
  

8.	
   SI	
  
zuivere	
  toon	
   1,5	
   20,00	
   aanwezig	
  

9	
  

9.	
   VGL	
  
smalbandruis	
   10,0	
   10,00	
   par7eel	
  

2	
  

10.	
   VNR	
  
smalbandruis	
   1,0	
   10,00	
   aanwezig	
  

21	
  

11.	
   VE	
  
smalbandruis	
   1,5	
   15,00	
   par7eel	
  

10	
  

Study	
  
Popula8on	
  

Own	
  Study	
  2:	
  Round	
  Window	
  S8mula8on	
  



Successful	
  Tinnitus	
  Suppression	
  by	
  Cochlear	
  Implants	
  	
  
Predic8ve	
  Value	
  of	
  Electrical	
  Round	
  Window	
  S8mula8on	
  	
  

Department	
  of	
  Speech-­‐Language	
  Pathology	
  and	
  Audiology	
  	
  
	
  Study	
  day	
  on	
  28	
  August	
  2014	
  -­‐	
  Pretoria	
  

Offeciers	
  FE,	
  Zarowski	
  A	
  
Vanspauwen	
  R,	
  	
  De	
  Coninck	
  L	
  



1.  Approximately	
  1/3	
  of	
  pa7ents	
  with	
  severe	
  
unilateral	
  7nnitus	
  can	
  be	
  successfully	
  
treated	
  by	
  electrical	
  s7mula7on	
  with	
  a	
  
cochlear	
  implant	
  in	
  the	
  ipsilateral	
  ear.	
  

2.  There	
  are	
  no	
  audiological	
  or	
  anamnes7c	
  
factors	
  that	
  allow	
  correct	
  iden7fica7on	
  of	
  
candidates	
  in	
  whom	
  electrical	
  s7mula7on	
  
with	
  CI	
  would	
  effec7vely	
  suppress	
  7nnitus.	
  	
  	
  

ACCME	
  learning	
  objec8ves	
  	
  

Learning	
  
Objec8ves	
  



3.  We	
  believe	
  that,	
  barring	
  actual	
  CI,	
  acute	
  
RW	
  s7mula7on	
  is	
  the	
  second	
  best	
  way	
  to	
  
iden7fy	
  poten7ally	
  successful	
  pa7ents.	
  

4.  All	
  pa7ents	
  with	
  complete	
  7nnitus	
  
suppression	
  during	
  the	
  acute	
  RW	
  
s7mula7on	
  also	
  show	
  complete	
  relief	
  
from	
  7nnitus	
  aMer	
  implanta7on	
  with	
  CI.	
  

Learning	
  
Objec8ves	
  

ACCME	
  learning	
  objec8ves	
  	
  



Tinnitus	
  as	
  Result	
  of	
  Deafferen8a8on	
  

Hearing	
  loss	
  /	
  deafferen7a7on	
  
	
  

Spontaneous	
  ac7vity	
  in	
  the	
  acous7c	
  pathways	
  
	
  

Synchronisa7on	
  of	
  the	
  spontaneous	
  ac7vity	
  
in	
  the	
  auditory	
  cortex	
  

	
  
Sensa8on	
  of	
  8nnitus	
  



Synchronous	
  Cor8cal	
  Hyperac8vity	
  
From	
  
ANM	
  



Influence	
  of	
  Electrical	
  S8mula8on	
  

Interference	
  with	
  the	
  7nnitus	
  genera7ng	
  
circuits	
  in	
  the	
  dorsal	
  cochlear	
  nucleus,	
  

colliculus	
  inferior	
  and	
  changes	
  in	
  the	
  cor7cal	
  
ac7vity.	
  

	
  
This	
  is	
  the	
  basis	
  for	
  the	
  (temporary)	
  residual	
  

inhibi7on.	
  

Di	
  Nardo	
  
et	
  al.	
  	
  
2009	
  



•  Yet,	
  s7ll	
  monophonic	
  hearing	
  	
  

•  Prac7cal	
  benefit	
  involves	
  only	
  the	
  relief	
  from	
  the	
  
head	
  shadow	
  

•  Marginal	
  improvement	
  in	
  speech	
  understanding	
  
in	
  noise	
  

•  Marginal	
  improvement	
  in	
  localisa7on	
  

Results	
  BAHA/CROS	
  in	
  SSD	
  

Single	
  
Sided	
  	
  

Deafness	
  



•  Four	
  unilaterally	
  deaf	
  pa7ents	
  with	
  7nnitus,	
  
who	
  showed	
  complete	
  7nnitus	
  inhibi7on	
  during	
  
the	
  acute	
  RW	
  s7mula7on,	
  have	
  received	
  a	
  
cochlear	
  implant	
  during	
  the	
  period	
  2009	
  to	
  
2011.	
  

Study	
  3	
  
	
  

CI	
  aBer	
  
RW	
  s8m.	
  

	
  

Pa8ent	
  overview	
  

VdWH	
   RH	
   FR	
   BP	
  

CI	
   Aug	
  ‘09	
  
Freedom	
  

Aug	
  ‘10	
  
Harmony	
  

Jan	
  ‘11	
  
CP810	
  

March	
  ‘11	
  
CP810	
  



1.  All	
  4	
  pa7ents	
  show	
  full	
  relief	
  from	
  7nnitus	
  
during	
  CI	
  s7mula7on	
  aMer	
  >1	
  year	
  follow-­‐up.	
  

2.  The	
  7nnitus	
  comes	
  back	
  to	
  various	
  extent	
  when	
  
the	
  cochlear	
  implant	
  is	
  switched	
  off.	
  

3.  In	
  pa7ents	
  with	
  unilateral	
  deafness	
  speech	
  
understanding	
  in	
  noise	
  improves	
  with	
  on	
  
average	
  20%	
  in	
  the	
  test	
  set-­‐up	
  when	
  the	
  noise	
  
source	
  is	
  placed	
  at	
  the	
  hearing	
  ear	
  and	
  the	
  
signal	
  at	
  the	
  side	
  of	
  CI.	
  

Results	
  

Study	
  3	
  
	
  

CI	
  aBer	
  
RW	
  s8m.	
  

	
  



Two	
  test	
  condi7ons	
  for	
  each	
  set	
  up:	
  	
  
with	
  and	
  without	
  CI	
  

CI	
  in	
  SSD	
  
	
  
	
  
	
  
	
  
	
  

Method:	
  speech	
  percep8on	
  in	
  noise	
  

CI	
   CI	
  

Set-­‐up	
  1	
   Set-­‐up	
  2	
  

Speech	
  
70	
  dB	
  SPL	
  

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

Speech	
  
70	
  dB	
  SPL	
  

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



Case	
  1	
  

Speech	
  audio	
  in	
  quiet	
  with	
  CI	
  on	
  &	
  
normal	
  ear	
  masked	
  

Legend:	
  TL	
  =	
  Speech	
  discrimina7on	
  with	
  CI	
  [CP810]	
  P3	
  in	
  free	
  
field	
  with	
  	
  normal	
  contralateral	
  ear	
  masked	
  with	
  speech	
  noise	
  	
  
through	
  a	
  headphone	
  



4	
  pa7ents	
  with	
  posi7ve	
  result	
  of	
  the	
  RW	
  s7mula7on	
  
have	
  been	
  implanted	
  and	
  ALL	
  these	
  show	
  full	
  relief	
  
from	
   7nnitus	
   during	
   CI	
   s7mula7on	
   aMer	
   >1	
   year	
  
follow-­‐up.	
  

CI	
  in	
  SSD	
  
	
  

Method	
  

VdWH	
   RH	
   FR	
   BP	
  

CI	
   Aug	
  ‘09	
  
Freedom	
  

Aug	
  ‘10	
  
Harmony	
  

Jan	
  ‘11	
  
CP810	
  

March	
  ‘11	
  
CP810	
  



Intake	
  

$  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	
  &	
  ossifica7on	
  
$  Recurrent	
  OME	
  =>	
  adenoidectomy	
  &	
  2	
  ven7la7on	
  

tubes	
  on	
  7/04/2012	
  
$  CI	
  12/06/2012	
  at	
  the	
  RIGHT	
  side	
  (age	
  1;3),	
  following	
  

posi7ve	
  advice	
  from	
  ad	
  hoc	
  interna7onal	
  peer	
  
review	
  commibee	
  

Case	
  2	
  
	
  



•  Rehabilita7on:	
  wears	
  CI	
  whole	
  day	
  	
  	
  
–  intermibent	
  masking	
  of	
  the	
  normal	
  ear,	
  3-­‐5	
  
hours	
  daily	
  during	
  1st	
  year	
  post-­‐implanta7on	
  
(white	
  noise	
  via	
  BTE	
  noise	
  generator).	
  

•  Ini7al	
  results	
  
–  good	
  hearing	
  thresholds	
  in	
  the	
  implanted	
  ear	
  
–  full	
  phonemic	
  contrast	
  discrimina7on	
  	
  -­‐	
  APE	
  (in	
  
free	
  field,	
  with	
  the	
  normal	
  ear	
  masked)	
  

•  Next	
  ques7ons	
  
•  open	
  set	
  speech	
  discrimina7on	
  
•  real	
  binaurality?	
  

Results	
  

Case	
  2	
  
	
  



Audio	
  -­‐	
  age	
  3;1	
  –	
  tonal	
  audiometry	
  

TR=	
  CI	
  right	
  ear	
  	
  
LeM	
  ear	
  masked	
  by	
  headphone	
  
Age	
  at	
  test:	
  3;1	
  

V=	
  Free	
  Field	
  AC	
  
High	
  tone	
  SNHL	
  4-­‐6	
  KHz	
  

Case	
  2	
  
	
  



Audio	
  -­‐	
  age	
  3;5	
  –	
  tonal	
  audiometry	
  

TR=	
  CI	
  right,	
  	
  
LeM	
  ear	
  masked	
  by	
  headphones	
  at	
  250-­‐2000	
  Hz	
  
Age	
  at	
  test:	
  3;5	
  
Beber	
  thresholds	
  at	
  4-­‐6	
  KHz:	
  overmasking	
  effect	
  at	
  250-­‐2000	
  Hz?	
  

Case	
  2	
  
	
  



Speech	
  audio	
  -­‐	
  age	
  3;1	
  	
  

TR=	
  right	
  ear	
  CI	
  switched	
  on;	
  leM	
  ear	
  masked	
  by	
  headphone	
  
X=	
  leB	
  ear	
  only;	
  right	
  ear	
  CI	
  switched	
  off	
  
TB=	
  CI	
  right	
  +	
  leB	
  ear	
  
Age	
  at	
  test:	
  3;1	
  

Case	
  2	
  
	
  



Speech	
  audio	
  -­‐	
  age	
  3;5	
  	
  

TR=	
  right	
  ear	
  CI	
  switched	
  on;	
  leM	
  ear	
  masked	
  by	
  headphone	
  
X=	
  leB	
  ear	
  only;	
  right	
  ear	
  CI	
  switched	
  off	
  
TB=	
  CI	
  right	
  +	
  leB	
  ear	
  
Age	
  at	
  test:	
  3;5	
  
Beware:	
  large	
  standard	
  varia7on	
  –	
  child	
  was	
  7red	
  aMer	
  
prolongued	
  test	
  session	
  

Case	
  2	
  
	
  



Localisa8on	
  skills	
  

•  Localisa7on	
  is	
  s7ll	
  a	
  problem.	
  	
  
•  Parents	
  are	
  not	
  sure.	
  Mother	
  claims	
  improvement,	
  

father	
  	
  is	
  s7ll	
  in	
  doubt	
  
•  We	
  tried	
  localisa7on	
  tests.	
  They	
  were	
  s7ll	
  too	
  

difficult.	
  	
  
•  However,	
  localisa7on	
  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	
  tes7ng	
  and	
  expect	
  improvement.	
  If	
  
postlingual	
  unilaterally	
  deaf	
  implanted	
  adults	
  show	
  
clear	
  improvement,	
  why	
  wouldn’t	
  the	
  kids?	
  

Case	
  2	
  
	
  



Conclusions	
  

•  The	
  CI	
  seems	
  to	
  offer	
  a	
  consistent	
  benefit	
  in	
  
speech	
  understanding	
  

•  Given	
  the	
  HF	
  loss	
  in	
  the	
  hearing	
  ear,	
  the	
  
contralateral	
  CI	
  provides	
  important	
  input	
  for	
  
speech	
  discrimina7on	
  

•  Binaural	
  hearing	
  –	
  binaural	
  processing?	
  	
  

•  A	
  next	
  similar	
  case	
  is	
  implanted	
  a	
  few	
  weeks	
  ago.	
  	
  

Case	
  2	
  
	
  



-­‐>	
  10	
  pa8ents	
  implanted	
  so	
  far	
  at	
  our	
  clinic.	
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