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INTRODUCTION

<A number of patients do not reach optimal performance 

according to their own pronostic factors

10 to 50% can be considered as poorer performer



GOAL OF THE STUDY

uTo analyze CI auditory outcomes as a function of delay

post activation and the various factors underlying the results

vTo design a predictive model during counselling based

on patient related factors and electrode insertion

®To compare early auditory outcomes to the predictive

mode and propose remediation



POPULATION

Inclusion 

¸All adults with unilateral CI and profound HL at least one year

follow-up and receiving the same aural rehabilitation program

Study design

¸The percentage of variance (22) expresses the impact of each

factors

N : 118

N : 77
ConeBeam/
CT-Scan
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OVERAL RESULTS

Noise 10 dB SNR

1 3 6 9 12

0
2

0
4

0
6

0
8

0
1

0
0

Post activation delay /months

S
c
o
re

 i
n

 Q
u
ie

t 
/ 
1
0
0

Quiet 

Post activation delay/months

1 3 6 9 12
0

2
0

4
0

6
0

8
0

1
0

0

S
c
o
re

 i
n

 N
o

is
e

/ 
1

0
0

N = 118



The development of speech understanding

with CI does not follow a linear function with time

3 Years

6 Months

1 Month

Activation

Surgery

Pre-op

The first two weeks are as important as the
next six months, and the following 2-3 years.

.

High sentence scores canbeobtained
by onlyone dayafteractivation.

TIME

Fraysseet al., Poor performance in adult CI patients and its remediationCI2018, Antwerp
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FACTORS TO BE CONSIDERED

<Biographic and audiologic factors

¸ Age at implantation

¸ Etiology

¸ Duration of hearing loss

<Anatomical and surgical factors

¸ Insertion depth of apical electrodes

¸ Scala location

<Linguistic and neurocognitive skills

Patient related

Insertion technique

Personalized auditory
rehabilitation



BIOGRAPHIC FACTORS

<Age at implantation : NS

<Duration of deafness : 9 to 12% total variance

(0.46 pts per year of profound HL)              

<Etiologies : 20 to 30% total variance 

(Chronic otitis, Meniere diseases)



BIOGRAPHIC FACTORS

DATA



ANATOMICAL AND SURGICAL FACTORS

BASED ON POSTOPERATIVE CONE BEAM

1 Insertion depth 2 Scalar location



THE EFFECT OF INSERTION DEPTH ON 

AUDITORY OUTCOMES
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Insertion depth EA ( ° )

Nucleus Perimodiolar

+ STĄSV or SV 

Ą

For perimodiolar electrode negative correlation 
between insertion depth and auditory outcomes

Nucleus
AB

MED-EL
Straight designs

9% of variance, p<0.001
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FREQUENCY ALLOCATION

AND TONOTOPIC ORGANZATION

< Size of the cochlea

< Type of electrode array

< Spacing between electrodes

A



FREQUENCY ALLOCATION

INSERTION DEPTH

Spiral Ganglion Lateral Wall

785 Hz

1539 Hz

3174 Hz
6193 Hz

Mean spiral ganglion frequencies
(Stakhovskaya et al, 2007)

90°

180°

270°

360°

750 Hz

1437 Hz

2875 Hz
5687 Hz

Matched sound-processor frequency to 
electrode allocation

UPWARD SHIFT 
å1.2 octaves

¸Moderate shifts may be easily accomodated but larger shifts > 1,5 octave 
may affect auditory performance and the adaptation process take more time
(e.g. Li et al., 2009)



HOW CAN WE OPTIMIZE

FREQUENCY ALLOCATION ?

<By a better surgical planning based on radiological data and 

electrode type

Pre op.



HOW CAN WE OPTIMIZE

THE ELECTRODE INSERTION ?

<By reprogramming the electrodes based on post operative

insertion angle

Pre op.

Calcul  Chris James, basedon Stakhovskaya

RW 360°

El Angle SG Freq Filtre Freq Shift Oct

1 535 335,4 149 1,17

2 460 498,3 261 0,93

3 390 724,3 408 0,83

4 325 1047,5 601 0,80

5 270 1471,4 854 0,78

6 225 1993,7 1191 0,74

7 185 2674,6 1638 0,71

8 145 3680,3 2233 0,72

9 110 4974,1 3028 0,72

10 70 7192,2 4090 0,81

11 35 10159,1 5510 0,88

12 10 13327,4 7175 0,89

Decalage 
Moyen 0,83



SCALAR LOCATION

p < 0.01

NS

Scala tympani
Scala vestibuli

or Dislocation

Â Type of electrode

·Straight (N : 43*) 38 (88%) 5 (12%)

·Perimodiolar (N : 53**) 33 (62%) 20 (38%)

ÂDepth of insertion 432Á 403Á



SCALAR DISLOCATION IMPACT 

AUDITORY OUTCOMES 

¸ In our study the scala dislocation reduced scores by 12 - 25 pts  

at one year (p<0.01), r2=14%

So why use a perimodiolar electrode ?
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PREDICTIVE MODEL

Based on :

¸Duration of deafness

¸Etiologies

¸Electrode insertion



PREDICTIVE MODEL OF AUDITORY 

PERFORMANCE

<Based on our biographic data, we may develop a mathematical

model during councelling based on biographic factors

¸ 90 ï0.5/yr HL ï(X étiologies)



VARIANCE OF PERIPHERAL FACTORS

ON OUTCOMES

In noise In quiet

Etiology 0.34*** 0.25**

Duration of deafness per year 0.06* per year 0.08* per year

Insertion length per degree 0.09*** 0.08**

Proportion of electrodes in the scala tympani 0.14** 0.13**

Total impact of peripheral factors 41% 49%



NEUROCOGNITIVE AND LINGUISTIC 

SKILLS

<In our study, 50 % of the variance at 1 month cannot be

explained by auditory peripherical factors

<Speech discrimination in degraded condition (CI or HA to 

some limit) may be compensated by neurocognitive and 

linguistic skills

<The evolution of crossmodal plasticity is one of the underlying

processes of compensatory mechanisms



< We studied the dynamics of reversed crossmodal plasticity by TEP Brain 

imaging during auditory speech tracking

Time of activation

Patient reached 60% correct speech recognition


