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Neuropathie audi-ve chez l'enfant et l'adulte : réglages



Les neuropathies auditives

Le terme « neuropathie » est introduit par Starr et al. en 1996 : profil de surdité atypique 

• Une discordance entre audiométrie tonale et vocale 

• Des résultats aux tests électrophysiologiques non cohérents : 

- Otoémissions acousDques (OEA) présentes

- PotenDels évoqués audiDfs  (PEA) anormaux ou absents

- PotenDels microphoniques cochléaires conservés 

Starr et al., Brain, 1996
Tobias Moser & A. Starr (2016) 



E1et auditif sur le filtrage cochléaire 

Les conséquences percep-ves 

 DégradaDon de :

• Mélodie et contour intonaDf

• LocalisaDon

• Intelligibilité dans le silence

• Intelligibilité en écoute complexe

Nicolas Wallaert, Intégra2on audi2ve des modula2ons temporelles: effets du vieillissement et de la perte audi2ve 
Romolo Daniele De Sia2 & al; Auditory Neuropathy Spectrum Disorders: From Diagnosis to Treatment: Literature Review and Case Reports, Journal clinical medicine 2020

Problème de codage temporel et de synchronisa-on du signal audi-f.



Neuropathies auditives et implant cochléaire 

Comment prévoir le résultat avec un implant cochléaire  ?

E-ologie 
Notamment géné-que ++++



Trouble du spectre de la neuropathie auditive

Tobias Moser & A. Starr (2016)  Nature Reviews Neurology 

Présynap)que

Postsynap)que

Ganglion spiral

Noyau cochléaire

Synapse à ruban
 (synaptopathie) 

Cellules ciliées internes

Géné)que Acquise

Hypoxie
Bruit

Carbopla:ne

OTOF (DFNB9)
SLC17A8

CCI

Dendrites

Ganglion spiral

Nerf audi:f
TC

Centrale

Prématurité
Bruit

Hypoxie 
Ototoxique

Ictère

OPA1, DIAPH3,ROR1

ATP1A3

Aplasie/Hypoplasie
SLC52A2/A3,

NARS2 (syndrome de Leigh)
FDXR, TIMM8A 

(syndrome DDON / Mohr-Tranebjaerg)

Pronos)que IC 

BON RESULTAT
Dandan Zheng et al., 2020

Iwasa et al., 2019
Shearer et al., 2017

BON RESULTAT
Santarelli et al., 2015

Starr et al., 2004
Diaz-Horta et al., 2016

Paquay et al., 2018

MAUVAIS
Brookes et al., 2008

VARIABLE
Frewin et al., 2013

Miyamoto et al., 1999
Kobayashi et al., 2021 

FXN (ataxie de Friedreich)
CMT (MPZ, PMP22)

Charcot-Marie-Tooth
Axone



Trouble du spectre de la neuropathie auditive

Tobias Moser & A. Starr (2016)  Nature Reviews Neurology 

Présynap)que

Postsynap)que

Ganglion spiral

Noyau cochléaire

Synapse à ruban
 (synaptopathie) 

Cellules ciliées internes
CCI

Pronos)que IC 

BON RESULTAT
Dandan Zheng et al., 2020

Iwasa et al., 2019
Shearer et al., 2017

BON RESULTAT
Santarelli et al., 2015

Starr et al., 2004
Diaz-Horta et al., 2016

Paquay et al., 2018

MAUVAIS
Brookes et al., 2008

VARIABLE
Frewin et al., 2013

Miyamoto et al., 1999
Kobayashi et al., 2021 

Dendrites

Ganglion spiral

Nerf audi:f
TC

Centrale

Axone



Neuropathies auditives et implant cochléaire 

Comment prévoir le résultat avec implant cochléaire ?

Les tests 
électrophysiologiques

E-ologie 
Notamment géné-que ++++



Electrophysiologies : EchoG et PEA électriques (eABR) 

ECochG : Enregistre les poten)els électriques générés par la cochlée et le nerf audi)f à une s)mula)on acous)que 

• Confirme la dissocia/on : cochléaire - neuronale (CM présents vs PEA altérés)

• Aide au phénotypage pré vs post-synap/que : 

- valeur pronos/que IC

- choix de la stratégie de s/mula/on (vitesse/stratégie)

• Monitoring per-opératoire de l’inser/on (suivi des poten/els CM et  SP)

Lalayants et al., 2022 ; Jeon et al., 2013



Electrophysiologies : EchoG et PEA électriques (eABR) 

ECochG : Enregistre les poten)els électriques générés par la cochlée et le nerf audi)f

• Confirme la dissocia/on : cochléaire - neuronale (CM présents vs PEA altérés)

• Aide au phénotypage pré vs post-synap/que : 

- valeur pronos/que IC

- choix de la stratégie de s/mula/on (vitesse/stratégie)

• Monitoring per-opératoire de l’inser/on (suivi des poten/els CM et  SP)

PEA électriques (eABR) : mesure des poten)els évoqués audi)fs du tronc cérébral à une s)mula)on électrique

• eABR présents et reproduc)bles : Bon pronos/c implant cochléaire

• eABR altérés ou absents : Pronos/c IC plus incertain

• Aider au réglage (mapping/fréquence) et évaluer les interac/ons entre les canaux d’électrodes

Lalayants et al., 2022 ; Jeon et al., 2013



PEAc (potentiels évoqués auditifs corticaux )

• Ce que mesure le PEAc : 

- PercepDon audiDve au niveau du cortex : indépendante de la synchronisaDon périphérique

• Intérêt : 

- ÉvaluaDon objecDve de la maturaDon corDcale

- UDlisable même si PEA absents

      - SDmuli vocaux : m/g/t/s (250- 3250 Hz)

• Valeur clinique dans la neuropathies audi;ve: 

- PEAc présents → bon pronosDc

- PEAc absents → pronosDc incertain

Rance and Starr, 2015/Kinjal Mehta, 2020 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Mehta+K&cauthor_id=31432720
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• Ce que mesure le PEAc : 

- PercepDon audiDve au niveau du cortex : indépendante de la synchronisaDon périphérique

• Intérêt : 

- ÉvaluaDon objecDve de la maturaDon corDcale

- UDlisable même si PEA absents

      - SDmuli vocaux : m/g/t/s (250- 3250 Hz)

• Valeur clinique dans la neuropathies audi;ve: 

- PEAc présents → bon pronosDc

- PEAc absents → pronosDc incertain
Suivi après implanta)on : Onde P1

- Améliora/on : Diminu/on latence + augmenta/on amplitude → plas/cité

- Pas d’améliora/on : limita/on fonc/onnelleRance and Starr, 2015/Kinjal Mehta, 2020 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Mehta+K&cauthor_id=31432720


Electrically evoked Stapedius Reflex Threshold : seuil du réflexe stapédien évoqué électriquement.

• Repère objecDf pour calibrer les niveaux C/M 

• Très uDle si paDent est peu fiable

• Valable chez l’adulte et l’enfant (Andrade KC et al., 2013, Wolfe 

& Kasulis, 2008).

• Mesure objec+ve : eSRT 

Brickley et al., 2005; Buckler et al., 2003 Andrade KC et al., 2013, Wolfe & Kasulis, 2008

Implant cochléaire : eSRT

Probléma+que : 
absence de réflexe stapédien dans la plupart 

des neuropathies 



Réglages 



• La  psychoacous3que est souvent variable / peu fiable au début

• L’enjeu du réglage est de vérifier que le nerf répond et que la s3mula3on est « u+le »

Réglage : Tableau clinique  



• Mesure objec+ve : eCAP (NRT/NRI/ART) 

• Présence d’excitabilité neurale

eCAP présent = nerf s/mulable

• Cartographie spa)ale personnalisée

eCAP par électrode → “zones faibles” vs “zones bonnes” 

• Aide au mapping

Réglage T/C (ou MCL) quand le pa/ent ne sait pas répondre

Le profil des seuils C/M peut être corrélé́ au profil des seuils NRT, pas leurs valeurs 

Implant cochléaire : Stratégie de réglage  - eCAP



• Mesure objec+ve : eCAP (NRT/NRI/ART) 

Neuropathie présynap)que : eCAP souvent préservé 

Neuropathie postsynap)que:  eCAP parfois difficile à obtenir ou absent

Implant cochléaire : Stratégie de réglage  - eCAP

Eur Arch Otorhinolaryngol

Effects of electrical stimulation rate in genetically confirmed pre- and post-Synaptic auditory neuropathy in children
Majid Karimi 1, Mohsen Ahadi 2, Mohammad Ajalloueyan 3, Nader Saki 4, Saeid Morovva? 5, Golshan Mirmomeni 6

2026

https://pubmed-ncbi-nlm-nih-gov.accesdistant.sorbonne-universite.fr/?term=Karimi+M&cauthor_id=41699245
https://pubmed-ncbi-nlm-nih-gov.accesdistant.sorbonne-universite.fr/41699245/
https://pubmed-ncbi-nlm-nih-gov.accesdistant.sorbonne-universite.fr/?term=Ahadi+M&cauthor_id=41699245
https://pubmed-ncbi-nlm-nih-gov.accesdistant.sorbonne-universite.fr/41699245/
https://pubmed-ncbi-nlm-nih-gov.accesdistant.sorbonne-universite.fr/?term=Ajalloueyan+M&cauthor_id=41699245
https://pubmed-ncbi-nlm-nih-gov.accesdistant.sorbonne-universite.fr/41699245/
https://pubmed-ncbi-nlm-nih-gov.accesdistant.sorbonne-universite.fr/?term=Saki+N&cauthor_id=41699245
https://pubmed-ncbi-nlm-nih-gov.accesdistant.sorbonne-universite.fr/41699245/
https://pubmed-ncbi-nlm-nih-gov.accesdistant.sorbonne-universite.fr/?term=Morovvati+S&cauthor_id=41699245
https://pubmed-ncbi-nlm-nih-gov.accesdistant.sorbonne-universite.fr/41699245/
https://pubmed-ncbi-nlm-nih-gov.accesdistant.sorbonne-universite.fr/?term=Mirmomeni+G&cauthor_id=41699245
https://pubmed-ncbi-nlm-nih-gov.accesdistant.sorbonne-universite.fr/41699245/


• Mesure objec+ve : eCAP (NRT/NRI/ART) 
• La forme de la réponse :

- Amplitude N1-P1  : bonne croissance de la réponse (pente forte)

- Forme de l’eCAP : bien défini

Implant cochléaire : Stratégie de réglage  - eCAP

eCAP normal

Hétérogène Morphologie atypiqueSatura/on
De Mello et al.; 2014



• Mesure objec+ve : eCAP (NRT/NRI/ART) 

Implant cochléaire : Stratégie de réglage  - eCAP

eCAP absent : prudence -  s+mula+on lente

eCAP hétérogène : désac+va+on électrodes ?

Nécessité d’un réglage individualisé basé sur eCAP + géné+que



Implant cochléaire : tests objectifs

ECochG → site lésionnel 

eCAP → excitabilité 

eABR → synchronisa3on 

PEAc → traitement cor3cal audi3f

eSRT → confort (C/M)



Bonne progression 
• Stratégie recommandée : ACE

→ bon compromis temporal/spectral
• Maxima 8 à 10
• Fréquence : 720–900 parce que :

- le nerf répond bien
- problème synap/que est bypassé
- Vérifier avec les eCAP

• Réglage progressif : 
→ adapta/on progressive

Auditory Performance and Electrical S2mula2on Measures in cochlear Implant recipients With Auditory neuropathy compared With Severe to Profound Sensorineural Hearing Loss 
Joseph AOas,1,2 Tally Greenstein,2 Miriam Peled,2 David Ulanovski,3,4 Jay Wohlgelernter,3 and Eyal Raveh3,4 
Otology & Neurotology

Réglages 

Logiciel Cochlear EP



Bonne progression Performances faibles 

• Stratégie recommandée : ACE
→ bon compromis temporal/spectral

• Maxima 8 à 10
• Fréquence : 720–900 parce que :

- le nerf répond bien
- problème synap/que est bypassé
- Vérifier avec les eCAP

• Réglage progressif : 
→ adapta/on progressive

• Fréquence:  250 Hz (point le plus important)
• Maxima : à personnaliser, souvent plus faible si confusion
• Modifier la largeur impulsion si nécessaire 

• Stratégie : ACE ou SPEAK (s/mule moins vite ) : 
- permet de réduire la surcharge temporelle

Objec)f :
- Améliorer la percep/on en réduisant le chaos temporel
- Améliorer synchronisa/on perçue

Auditory Performance and Electrical S2mula2on Measures in cochlear Implant recipients With Auditory neuropathy compared With Severe to Profound Sensorineural Hearing Loss 
Joseph AOas,1,2 Tally Greenstein,2 Miriam Peled,2 David Ulanovski,3,4 Jay Wohlgelernter,3 and Eyal Raveh3,4 
Otology & Neurotology

Réglages 



•  Réglages chez AB

• S;mula;on plus lente : vitesse diminuée  (LP/PW ~75 µs si besoin)

• T subjec;fs sécurisés : audibilité stable, éviter sur-sDmulaDons. 

• Vérifier la réponse des NRI

Performances faibles 

• HiRes séquen;el (mono-électrode) : signal plus simple (HiRes-S)

• Densité spa;ale : désacDvaDon 1 électrode / 2 pour diminuer l’overlap 

• Traitement du signal : ClearVoice + sensibilité adaptée pour améliorer le  RSB et le confort

• MAPs progressives + suivi très régulier

Réglages 



Bonne progression Performances faibles 

• Stratégie recommandée : FS4 / FS4p (FineHearing)
→ bon compromis

• T ≈ 8%
→ si mesures instables et peu fiables

• Maplaw : de 500 à 1000 

• Réglage progressif : 
→ adapta/on progressive

• Stratégie : FSP ou HD-CIS : 
- Réduire la vitesse de s/m (pps) : entre 600 et 1000
- Réduire la surcharge temporelle

• Réglages des MCL avec PULSE plus large 

• T mesurés et sous-corrigés  : diminue le bruit fond 
- Signal plus propre et contrastée

• Temps d’adapta/on 

Réglages 



Réglage: EBP 

82© Cochlear Limited 2023
Crédit : Cochlear 

Vitesse faible : Meilleur   

Vitesse faible : Iden/que

Vitesse faible : Pire



• Plusieurs études ont démontré l’avantage du système FM dans la prise en charge 

des neuropathies audi3ves.

• Associer très précocement l’u3lisa3on de systèmes FM ou de microphones déportés

• Améliora+on du rapport signal/bruit

for their control counterparts. Mean consonant-nucleus-
consonant phoneme score (0 dB signal-to-noise ratio) for par-
ticipants with Friedreich ataxia was 56.4 + 25.6% and for the
controls was 81.6 + 3.4% (T ¼ –2.96, P < .05 [–44.84,
–5.56]). Provision of the FM-listening device resulted in sig-
nificant perceptual benefits for children in both groups. Mean
FM-aided score for those in the Friedreich ataxia group was
80.7 + 10.8% and for the control cohort was 92.3 + 1.5%
(T ¼ –3.28, P < .05 [–10.74, –3.44]), which represented an
average improvement of 24.5 + 16.1% for children with
Friedreich ataxia and 10.7 + 2.6% for children in the control
group (T ¼ 2.51, P < .05 [1.12, 26.42]) (Figure 5).

Discussion

Each of the children with Friedreich ataxia who participated in
this study showed normal or near-normal sound detection.
Mean hearing threshold levels were significantly poorer (than
matched controls) for low frequency (250 Hz) tones but were
within the normal range for frequencies containing most of the
spectral energy required for functional hearing (500 Hz to 8
kHz). As such, their audiometric findings resemble those previ-
ously reported for adult subjects with Friedreich ataxia6-9 and
suggest that sound detection was unlikely to have affected their
auditory processing ability.

All of the participants with Friedreich ataxia did, however,
show evidence of auditory neuropathy presenting with normal
cochlear responses (cochlear microphonics), but either absent
or low-amplitude auditory evoked potentials. This pattern is indi-
cative of auditory nerve axonopathy and is consistent with histo-
logical evidence that has shown preserved cochlear structures
(organ of corti and hair cells) and selective VIIIth nerve damage
in the temporal bones of adults who have Friedreich ataxia.23

Basic auditory processing was disrupted in the children with
Friedreich ataxia. While amplitude modulation detection for a

low modulation rate (10 Hz) stimulus was normal (suggesting
normal sensitivity to amplitude [level] changes), they showed
an impaired capacity to detect modulation occurring at a rapid rate
(150 Hz). That is, the auditory pathways in these children were
less able to encode signal changes occurring over a brief (6 ms
to 7 ms) time course. The precise mechanisms underlying this
temporal processing deficit are not fully understood, but axonopa-
thy may produce neural desynchrony where inconsistent conduc-
tion velocities result from partially damaged (but still
functioning) fibers, secondary demyelination, and/or conduction
block.24 Desynchrony in the central auditory pathway could, in
turn, produce a time-smeared neural representation of acoustic
stimuli.14

Speech perception deficits were observed in all listening con-
ditions but were particularly pronounced when speech was pre-
sented in the presence of a competing signal. Mean consonant-
nucleus-consonant phoneme score in the 0 dB signal-to-noise
ratio condition for the Friedreich ataxia cohort was only 22%,
indicating that, on average, the children could correctly imitate
less than one speech sound per word. In contrast, their normal
peers could identify more than half of the phonemes—a level
that would allow the listener to use contextual cues and word
knowledge to aid understanding in a conversational situation.
Reduced ability to cope with background noise is a commonly
reported consequence of impaired temporal resolution and is
thought to reflect increased masking effects and/or reduced abil-
ity to use brief silent periods in a fluctuating noise to access the
speech signal.8,14,15,22 Whatever the mechanism(s), the perfor-
mance levels observed in this study indicate that a high propor-
tion of children with Friedreich ataxia will likely face significant
communication and educational challenges, as the listening con-
ditions in a typical school classroom (0 dB to 3 dB signal-to-
noise ratio) are similar to that used in the perceptual testing.25

Deficits on formal speech testing were also reflected in the
subjects’ self-reported hearing disability ratings. Children with
Friedreich ataxia considered their listening and general com-
munication to be hampered in more than 30% of everyday cir-
cumstances, whereas their matched controls reported
difficulties in < 10% of situations. It is not surprising that par-
ticipants with Friedreich ataxia found noisy and reverberant
(echoic) conditions to be a particular problem (Figure 4).

Speech perception was made significantly easier when
wearing the personal FM system. These devices improve listen-
ing in noise by increasing the signal-to-noise ratio. That is, the
speech is relatively louder than the noise because it is picked up
(by the transmitter microphone) in close proximity to the
source. The signal-to-noise ratio advantage afforded by the
device is the same for all users ("6 dB at a typical conversa-
tional distance) and hence everyone will enjoy a listening ben-
efit. Significantly, this 6 dB improvement resulted in a bigger
perceptual advantage for the children with Friedreich ataxia
in this study (24% average FM-aided improvement compared
with 10% for the controls), reflecting their specific listening
in noise problem. As such, while not allowing perfect percep-
tion in noise, the provision of FM-devices did increase the
mean speech score for those in the Friedreich ataxia cohort to

Figure 5. Unaided and FM-aided speech perception scores (CNC
words at 0 dB SNR) for each of the Friedreich ataxia subjects. Also
shown are the mean +1 SD scores for the Friedreich ataxia and
matched control groups.
Abbreviations: CNC, consonant-nucleus-consonant; FRDA, Friedreich
ataxia; SD, standard deviation; SNR, signal-to-noise ratio.

Rance et al 1201
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Special Issue Article

Auditory Processing Deficits in Children
With Friedreich Ataxia

Gary Rance, PhD1, Louise Corben, PhD2, and
Martin Delatycki, PhD2,3

Abstract
Friedreich ataxia is a neurodegenerative disease with an average age of onset of 10 years. The authors sought to investigate the
presence and functional consequences of auditory neuropathy in a group of affected children and to evaluate the ability of personal
FM-listening systems to improve perception. Nineteen school-aged individuals with Friedreich ataxia and a cohort of matched
control subjects underwent a battery of auditory function tests. Sound detection was relatively normal, but auditory temporal
processing and speech understanding in noise were severely impaired, with children with Friedreich ataxia typically able to access
less than 40% of the information available to controls. Use of FM-listening devices did, however, improve the speech perception
performance of those with Friedreich ataxia to the level of their unaffected peers in conditions designed to replicate the listening
environment of the average school classroom.

Keywords
auditory processing, Friedreich ataxia, hearing, speech perception, auditory neuropathy
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Friedreich ataxia is the most common of the inherited ataxias.1

Clinical features of the disease include progressive limb and
trunk ataxia, cardiomyopathy, scoliosis, and an increased rate
of diabetes mellitus.2,3 The disease typically presents in child-
hood, with an average age of onset of 10 years.4 Friedreich
ataxia occurs as a result of mutations in the FXN gene.5 In
98% of mutant alleles there is expansion of GAA trinucleotide
repeats in intron 1 of the gene, which causes partial silencing of
FXN and subsequent deficits in ‘‘frataxin,’’ the encoded pro-
tein.3 The other 2% of allele abnormalities are the result of
point mutations.1

Hearing, as measured by the ability to detect sound, tends to
be unimpaired in individuals with Friedreich ataxia, with most
studies showing audiometric thresholds (averaged across the
speech frequencies) within the normal range.6-9 Although this
finding suggests normal peripheral (cochlear) function, it does
not guarantee normal perception, and most (adult) Friedreich
ataxia listeners described in the literature have, in fact, shown
evidence of auditory neuropathy, presenting with either absent
or distorted electrophysiologic responses from the VIIIth nerve
and auditory brainstem.8,10,11

Auditory neuropathy is known to affect the neural represen-
tation of complex acoustic signals.12 In particular, the resulting
disruption of neural synchrony can impair temporal resolu-
tion—the ability to perceive rapid changes in auditory signals
over time.13,14 Psychophysical studies exploring auditory tem-
poral processing in listeners with auditory neuropathy as a

result of Friedreich ataxia have consistently shown impaired
detection of brief gaps (silent periods) and rapid envelope
variations (sinusoidal amplitude modulation) in continuous
stimuli.9

The primary functional consequence of auditory temporal
processing deficit is disruption of speech understanding. Dis-
crimination of phonemes (individual speech sounds) in running
speech, or even in isolated words, requires that the listener per-
ceive the characteristic spectral shapes of individual sounds
and be able to efficiently update this perception to track
changes occurring over the course of only 10s of milliseconds.
Difficulties with speech understanding are common in adults
with Friedreich ataxia.8,9,15 Perceptual ability varies depending
on the degree of temporal processing disorder,9 but most
affected adults report impaired communication in everyday lis-
tening circumstances15 that worsens with progression of the

1 Department of Audiology & Speech Pathology, University of Melbourne,
Parkville, VIC, Australia

2 Bruce Lefroy Centre for Genetic Health Research, Murdoch Childrens
Research Institute, Royal Children’s Hospital, Parkville, VIC, Australia

3 Austin Health, Heidelberg, VIC, Australia

Corresponding Author:
Gary Rance, PhD, Department of Audiology & Speech Pathology, The University
of Melbourne, 550 Swanston Street, Parkville, VIC 3010, Australia
Email: grance@unimelb.edu.au

Journal of Child Neurology
27(9) 1197-1203
ª The Author(s) 2012
Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/0883073812448963
http://jcn.sagepub.com

 at UCSF LIBRARY & CKM on April 18, 2015jcn.sagepub.comDownloaded from 

SUCCESSFUL TREATMENT OF AUDITORY PERCEPTUAL DISORDER
IN INDIVIDUALS WITH Friedreich ATAXIA

G. RANCE,a* L. A. CORBEN,b E. DU BOURG,a

A. KINGc AND M. B. DELATYCKIb

aDepartment of Otolaryngology, The University of Melbourne, Parkville,
Victoria 3010, Australia
bBruce Lefroy Centre for Genetic Health Research, Parkville, Victoria,
Australia
cAustralian Hearing, Victoria, Australia

Abstract—Friedreich ataxia (FRDA) is a neurodegenerative
disease affecting motor and sensory systems. This study
aimed to investigate the presence and perceptual conse-
quences of auditory neuropathy (AN) in affected individuals
and examine the use of personal-FM systems to ameliorate
the resulting communication difficulties. Ten individuals with
FRDA underwent a battery of auditory function tests and their
results were compared with a cohort of matched controls.
Friedreich ataxia subjects were then fit with personal FM-
listening devices and evaluated over a 6 week period. Basic
auditory processing was affected with each FRDA individual
showing poorer temporal processing and figure/ground dis-
crimination than their matched control. Speech perception in
the presence of background noise was also impaired, with
FRDA listeners typically able to access only around 50% of
the information available to their normal peers. The use of
personal FM-listening devices did however, dramatically im-
prove their ability to hear and communicate in everyday lis-
tening situations. © 2010 IBRO. Published by Elsevier Ltd. All
rights reserved.

Key words: Friedreich ataxia, auditory neuropathy, auditory
processing, speech perception.

Friedreich ataxia (FRDA) is a neurodegenerative disease
affecting motor and sensory systems due to mutations in
the FXN gene (Campuzano et al., 1996). Approximately
98% of mutant alleles show an expanded GAA trinucle-
otide repeat in intron 1 and 2% are point mutations (Cos-
see et al., 1999).

The auditory consequences of FRDA are common and
severe. Affected individuals present with dys-synchrony of
neural firing in the central pathways (auditory neuropathy
[AN]) despite often displaying normal sound detection
(Rance et al., 2008). Electrophysiologic potentials from the
cochlear nerve and auditory brainstem are either absent or
reduced in amplitude, whereas pre-neural responses (oto-
acoustic emissions/cochlear microphonics) from the co-
chlear outer hair cells are typically normal (Rance et al.,

2008). This pattern is consistent with histologic evidence
showing preserved cochlear structures in conjunction with
specific auditory nerve damage in individuals with FRDA
(Spoendlin, 1974).

Disruption of neural synchrony can have significant
effects on auditory perception in listeners with FRDA. Re-
cent work from our laboratory has revealed impaired tem-
poral resolution (the ability to perceive rapid temporal
changes in sounds) and consequent deficits in speech
discrimination (which is contingent on the precise repre-
sentation of brief timing cues) in most cases (Rance et al.,
2010). Impairment of speech perception, which is common
to all forms of AN, is particularly obvious in the presence of
background noise, even at signal-to-noise ratios (SNRs)
experienced in everyday listening environments such as
offices or school classrooms (Rance et al., 2008).

Amelioration of the functional effects of AN is challeng-
ing. Conventional hearing aids amplify sounds but are not
designed to clarify temporally distorted signals. Further-
more, they do not significantly improve the SNR of speech
in background noise and as such, have been consistently
unpopular in trials involving adults with neurodegenerative
auditory neuropathy (Rance, 2005). An alternative ap-
proach, which is specifically designed to improve listening
in noise and has proven beneficial for individuals with
peripheral (cochlear) hearing loss, involves the use of
FM-listening devices (Hawkins, 1984). These systems
transmit speech signals (detected by a lapel-worn micro-
phone) via radio-waves to ear level receivers worn by the
listener. Thus, the listener obtains a SNR advantage from
the proximity of the speaker’s mouth to the transmitter
microphone.

Our study aims were to investigate the presence and
perceptual consequences of auditory neuropathy in sub-
jects with FRDA and to examine the efficacy of FM-listen-
ing systems in this population.

EXPERIMENTAL PROCEDURES

Ten subjects (four females) homozygous for GAA expansion of
intron 1 of the FXN gene were recruited through the FRDA clinic
at the Monash Medical Centre. As each subject was given the FM
device at the end of the trial and as we had a limited number of
systems, preference was given to school-aged children and adult
subjects known to experience communication difficulties in back-
ground noise. Age at assessment ranged from 8 to 42 years and
age at disease onset ranged from 5 to 20 years. See Table 1 for
details. Sound detection was essentially normal in all cases with
4-frequency average hearing level varying from 8.75 to 30 dBHL.
Overall disease severity was measured using the Friedreich
ataxia rating scale (FARS; Subramony et al., 2005). The FARS is
scored out of 167, a higher score indicating a greater level of

*Corresponding author. Tel: !61-3-9035-5342; fax: !61-3-9347-9736.
E-mail address: grance@unimelb.edu.au (G. Rance).
Abbreviations: ABR, auditory brainstem response; AM, amplitude
modulation; AN, auditory neuropathy; APHAB, abbreviated profile of
hearing aid benefit; FARS, Friedreich ataxia rating scale; FRDA, Frie-
dreich ataxia; SNR, signal-to-noise ratio.
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MESSAGES CLÉS

• La neuropathie audi3ve est une en3té hétérogène → diagnos3c é3ologique essen3el

• Les explora3ons objec3ves permeJent de guider le pronos3c et les réglages

• L’implant cochléaire peut être très performant dans certaines é3ologies

• Le réglage doit être individualisé :

- Guidé par les profils géné+ques et neuronaux 

- La fréquence de s+mula+on → paramètre clé (EBP)

• Le réglage doit être dynamique dans le temps




