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OnpepenexHne

PaccTponcTso cayxa, ceA3aHHOe ¢ AUCPYHKUMEN
B CMHancax mexay BBK 1 cnyxoBbim HepBOM, nnu
C ANCHYHKLUMEM CaMOro HepBa

KAnHn4Yeckne npusHakm HOPMaabHOro
dYHKUMOHMpPOBaHMA HBK

pr,EI,HOCTM B NMOHUWMaHUN peyH

[Moporn CAbILLMMOCTU YNCTbIX TOHOB U
obHapyKeHnAa pevyn moryT BapbupoBaTb OT
HOPMaJIbHbIX A0 TAMKE/I0ON TYrOyXoCTH

3aTpyaHEHNA BpEMEHHOU C/IyXxoBOU 06paboTKM
(Nnpun 6bICTPOM N3MEHEHUU CUTHANA BO BPEMEHM)



XapaKTepPUCTUKN

OTcyTCTBUE ABHbIX HAPYLIEHUM CAyXa, HO
OTKNOHEHUA B pe3ynbTaTax ayAno/0rMYeCcKmnx
TecToB

be3 *anob Ha cayx, HO ¢ }Kanobamu Ha naoxoe
NMOHUMAHME Peyn

3aTpyaHEHUA B LUyme

CnyxoBble NoKasatenm MmoryT bbiTb
HecTabunbHbIMMK

Y geteit MoxKeT bbITb HapyLLEeHMe peyesa3blKoBOro
Pa3BUTUA
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Auditory neuropathy 13 10 naymeHToB C AaHHbIMMN,

Arnold Starr,’ Terence W, Picton, Yvonne Sininger,” Linda I, Hood® and Charles 1. Berlin®
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e e o e oty o bt ks .15 natonorum VIl Hepea
o T  [lpWU3HaKM HOPMANbHOIO
GYHKLMOHUPOBAHUSA
S et e i e HAPYXHbIX BOJIOCKOBbIX

KNneTtoK: Hanndyme OAd mn
MUKPOPOHHbIX MOTEHLIMANOB
YANTKN

* [lpu3HaKKW NnaTo/I0rnu
C/IYXOBbIX NPOBOAALLMX NYyTEN
no gaHHbim KCBI1: oTcyTcTBUE
peakuun nam sHadnTe/ibHble
N3MEHEHMA KOHUrypauum

Kevwaords: pewrnl hearing loss, asditory neuropathy

Abbreviations: ABR = auditory brairstem responses; HL = hearing kevel; sHL = normal heanng lewel

* ToHanbHaA ayanomeTpmAa: oT

HOpMbI 0 rnyboKoun notepu OTBETA

cAyxa € pasnnyHbIMU * PacxoxpeHuna mexay
BapMaHTaMu Pa3bopUMBOCTLIO peun n
ayaMomeTpuyecKom pe3ynbTaTaMn TOHA/IbHOM

KOHOUrypaLMK NoporoBon ayamuomeTpum
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Auditory Neuropathy in Childhood

Karen Jo Doyle, MD, PhD; Yvonne Sininger, PhD; Arnold Starr, MD

Objectives: Auditory neuropathy is a recently de-
scribed disorder in which patients demonstrate hear-
ing loss for pure tones, impaired word discrimination
out of proportion to pure tone loss, absent or abnormal
auditory brainsiem responses, and normal outer hair
cell functicn as measured by oitoacoustic emissions
and cochlear microphonics. We have identified eight
pediatric patients having hearing deficits that are
most likely due to a neuropathy of the eighth nerve, In
this study, the results of audiologic testing performed
with these eight children are described, Study Design:
Retrospective review of audiologic findings in eight
children with auditory neuropathy. Methods. Each
subject was tested with pure tone and speech aundio-

INTRODUCTION

A group of pediatric patients has been identified who
have hearing loss and absent or severely abnormal audi-
tory brainstem responses (ABRs), yet have normal
cochlear function as measured by otoacoustic emissions
(OAEs). Starr et al.! named this disorder audifory neu-
ropathy and studied the auditory abilities of these pa-
tients. Starr et al.? described an 11-year-old girl who de-
veloped progressive hearing loss from the age of 7 years,
and who had such great difficulty understanding speech
that she was dependent on lip-reading, Her pure-tone au-
diogram progressed from mild hearing loss to bilateral,
moderately severe neurosensory hearing loss with poor



Clinical findings for a group of infants and young children with

auditory neuropathy
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Clinical Findings for a Group ol
Children with Auditory .. cu:vpawuy

Gary Rance, David E. Beer, Barbara Cone-Wesson, Robert K. Shepherd,
Richard C. Dowell, Alison M. King, Field W. Rickards, and Graeme M. Clark

Objective: To examine the prevalence of auditory
neuropathy in a group of infants at risk for hearing
impairment and to present an overview of the clin-
ical findings for affected children.

Degign: Results for 20 subjects who showed repeat-
able cochlear microphonic potentials in the absence
of click-evoked auditory brain stem responses are
included in this study. Behavioral and steady state
evoked potential thresholds were established in
each case. Where possible, otoacoustic emission and
speech perception results (unaided and aided) also
were obtained.

Results: One in 433 (0.23%) of the children in our
series had evidence of auditory neuropathy. The
audiometrie findings for these subjects varied sig-
nificantly, with behavioral thresholds ranging from
normal to profound levels. Discrimination skills
were also variable. Approximately half of the sub-
jeets showed little understanding, or even aware-
ness, of speech inputs in both the unaided and aided
conditions, There were, however, a number of chil-
dren who could score at significant levels on speech
discrimination tasks and who benefited from the
provision of amplification.

Conelusion: The results suggest that auditory neu-
ropathy is more common in the infant population
than previously suspected. The effects of neuropa-
thy on auditory function appear to be idiosyneratie,
produeing significant variations in both the detec-
tion and diserimination of auditory signals. As such,
the management of children with this disorder
must allow for individual differences.

(Ear & Hearing 1995200238 <252

The use of auditory evoked potential techniques
such as the auditory brain stem response i ABR) for
the assessment of hearing in young and difficult-to-
test children 15 now well estahlished. A numhber of

normally hearing and hearing-impaired subjects
(Gorga, Worthington, Reiland, Beauchaine, & Gold-
gar, 1985; Hyde, Riko, & Malizia, 1990, Kileny &
Magathan, 1987; Picton, Durieux-Smith, & Moran,
1994; Sasama, 1990; Stapells, Gravel, & Martin,
1995; van der Drift, Brocaar, & van Zanten, 1987}
As a result, reasonably accurate estimates of hear-
ing level can be made for children who are too
immature to cooperate for behavioral audiometry,

However, there have been reports in the litera-
ture of isolated cases in which evoked potential
threshold levels have been significantly worse than
would be expected from the subject’s audiogram
(Davis & Hirsh, 1979; Hildsheimer, Muchnik, &
Rubenstein, 1993; Kraus, Ozdamar, Stein, & Reed,
1984; Lenhardt, 1981; Worthington & Peters, 1980).
For example, Kraus and her colleagues identified
seven cases in a group of 49 children with absent
ABRs who had behavioral thresholds in the normal
to moderate hearing loss range. These authors con-
cluded that the inconsistency between behavioral
and evoked potential findings in these children may
have been the result of dual cochlear and auditory
brain stem dysfunction.

The presence of preneural evoked responses such
as the cochlear microphonic (CM) potential and
otoacoustic emissions (OAEs) in a number of re-
cently reported eases has indicated that ABRs may
be absent in children and adults with outer hair cell
(OHC! function and reasonable hearing thresholds
(Deltenre, Mansbach, Bozet, Clerex, & Hecox, 1997;
Sininger, Hood, Starr, Berlin, & Picton, 1995; Starr,
Picton, Sininger, Hood, & Berlin, 1996).

Starr et al. (1996) used the presence of these
cochlear responses (OAEs and CMs) and absent or
abnormal ABHRs in a group of 10 adults and children
to identify a disorder that they called “auditory
nenranathv® (AN] The term “nenranathv” is nsed tn

Ear & Hearing, 1999

O6cneposaHue 20 geten n3
rpynnbl PUCKA NOKas3ano
6ONbLIYIO, YEM OXKMAANOCD,
PACNPOCTPAaHEHHOCTb 3TOU
natonornn y geten —0,23%

BapunabenbHOCTb
pPe3y/bTaToB ayaANOMeETPUM
N BOCNPUATUA peyn

Y HEKOTOpbIX AeTeu C
npUemMmieEMbIMU
pe3yabTaTaMn TECTOB
Pa3bopUMBOCTU peun
3pPEeKTNBHO
MCNO/Ib30BaHMe
3BYKOYCU/IMBAOLLMX
YCTPOWCTB
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Temporal and speech processing deficits in auditory neuropathy

Zeng, Fan-Gang!®; Oba, Sandy?; Garde, Smita®; Sininger, Yvonne?; Starr, Amold*

[=] Abstract

AUDITORY neuropathy affects the normal synchronous activity in the auditory nerve, without
affecting the amplification function in the inner ear. Patients with auditory neuropathy often
complain that they can hear sounds, but cannot understand speech. Here we report
psychophysical tests indicating that these patients' poor speech recognition is due to a

severe impairment in their temporal processing abilities. We also simulate this temporal
processing impairment in normally hearing listeners and produce similar speech recognition
deficits. This study demonstrates the importance of neural synchrony for auditory perceptions '
including speech recognition in humans. The results should contribute to better diagnosis and
treatment of auditory neuropathy.

© 1999 Lippincott Williams & Wilkins, Inc.

CnyxoBas HenmponaTmA
HapyLaeT HEUPOHHYIO
CMHXPOHMU3ALUMIO, HO HE
BAUAET HAa QYHKLMIO
YCUIeHUA BHYTPEHHEro yxa.

[TauneHTbl CAblWaT, HO He
MOTYT MOHATb peub.

[Mcnxodumsmnyeckmne TecTbl
YKa3bIBalOT, YTO M10XaA
Pa3bopUMBOCTb peyn
CBAA3aHa C 3HAYUTENbHbIMMU
HapyLLEHUAMM BPEMEHHOWN
06paboTKN.

HelpoHHaA CUHXPOHM3ALUUA
BaXXHa A5 C/IyXOBOro
BOCMPUATUA, B TOM YUC/e
NNA BOCNPUATUA PeEYN.



THE VARIETIES OF AUDITORY NEUROPATHY
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ABSTRACT

Auditory neuropathy (AN) was initially described as impairment of
suditory neural function, with preserved cochlear hair cell function. Tn
this report. 67 patients with audiological and neurophysiological
criteria For hearing loss due to auditory neuropathy are described
Reviewing this large body of patients, AN appears 10 consist of a
number of varieties, with different etiologies and sites affected. All
varieties share a relatively spared receptor function, and an impaired
neural response, with diminished ability to follow fast temporal
changes in the stimulus, but different varieties in this general scheme
can be distinguished. Analyses of the clinical features indicate that
auditory neuropathies vary in several measures including ape of onset,
presence of peripheral neurcpathy, etiology, and behavioral and
physiological measures of auditory function. The sites affected along
the peripheral audivory pathway may include dysfunciion of the outer
hair cells, the synapse betwesn hair cell and auditory nerve, and the
auditory nerve fibers, with myelin as well as axonal impairments
contributing to the disorder.

KEY WORDS

hearing, awditory neuropathy, otoacoustic emissions, hair cells,
auditory nerve, brainsiem potentials
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e ObcnepoBaHo 67
NauMeHToB

e Bonblian BaprnabenbHOCTb
PEe3yNbTaToB:

CnocobHoCTb ObHapyKeHUA
BpeMeHHbIX nsmeHeHUn

BO3paCT Ha4ana 3aboneBaHuA

Hannuune nepudepunyeckon
naTonormu

JTUoNorunA
dusnonornyeckne peakumm
[loBegeHYeckne peakuymm

e Ob6nactn nopaxkeHus:

HapyweHune ¢pyHKunmn BBK

CuHancbl mexay BK v
C/IyXOBbIM HEPBOM

Bo/10OKHa cnyxoBoro HepB.a
MuenmHmnsauma akCoHoB



Clinical and Audiological Features in Auditory
Neuropathy
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Objective To medically and andiologically characterize a population of children diagnosed as having
auditory neuropathy (AN).

Study Design Retrospective medical chart review.

Setting/Subjects We identified 22 patients from a pediatric otology clinic in a tertiary care pediatric
hospital setting.

Results A genetic factor in AN is suggested by our identification of 3 families with 2 affected children and
2 other children with family histories that were positive for hearing loss. Clinical features common among
our population included a history of hyperbilirubinemia (n = 11 [50%]), prematurity (n = 10 [45%]),
ototoxic drug exposure (n = g [41%]), family history of hearing loss (n = 8 [36%]), neonatal ventilator
dependence (n = 8 [36%]), and cerebral palsy (n = 2 [9%]). Full clinical and audiological data were
available for 18 of the 22 children, including otoacoustic emissions, auditory brainstem responses with
cochlear microphonics, and age-appropriate audiometric findings. Significantly, g of these 18 patients
showed improvement in behavioral thresholds over time, indicating that a subset of children with AN may
recover useful hearing levels. Also significant was the suceess of cochlear implantation in 4 children.

Conclusions Management of AN in children requires serial clinical and andiometric evaluations, with a
prominent role for behavioral testing. Prematurity, genetics, and hyperbilirubinemia appear to be
significant factors in the development of AN; hyperbilirubinemia can be associated with spontaneous
improvement of hearing thresholds. For those children not benefiting from amplification or FM systems,
cochlear implantation remains a potentially successful method of habilitation.

e 22 pebeHKa

°* I3TNONOIrNA CZIYXOBOU
HenponaTumn

— [eHeTnyeckmne dpakTopsl,
CEMENHbIN aHaMHe3
CnyxoBoi HeponaTtum /
ANCCUHXPOHUMN

— [unepbunnpybnHemms,
HEeJOHOLLIEHHOCTb,
OTOTOKCUYECKUE
npenaparbl,
NCKYCCTBEHHAHA
BEHTUNALMA NETKNX

— LepebpanbHbi napanmy



Non-syndromic recessive auditory neuropathy is the result
of mutations in the ofoferlin (OTOF) gene

R Varga, P M Kelley, B J Keats, A Starr, S M Leal, E Cohn, W J Kimberling

gnificant hearing loss." Non-syndromic recessive hearing

loss (NSRHL) represenis a major aetiologic factor in
childhood hearing loss since it accounts for approximately
40% of all cases.” Many of these genetic forms of hearing loss
are indistinguishable with current clinical methods. Even so,
more than 12 recessive genes have been identified primarily
from large ainecus pedi (see the ditary
Hearlng Loss Homepage htrp:dwww.ula.ac.be/dnalab/hhh for
an overview),

By definition, non-syndromic suggests a “simple” pheno-
type limited to hearing loss with ne other associated
symptoms. However, hearing is a complex process. Since a
hearing defect might occur at any place along the auditory
pathway, it would seem reasonable to expect to be able to dif-
ferentiate types of NSRHL based on the location where the
auditory process is disrupted. Indeed, new audiological testing
strategies now give insight into the point where such defects
have occurred.

Pure tone audiometry has been the standard method used
to measure hearing threshold but, since it subjectively tests
the overall integrity of the auditory pathway, it gives only lim-
ited information about where that pathway is lailing. The
auditory brainstem response (ABR) is an objective measure of
the overall auditory transduction process. The otoacoustic
emissions (OAEs) test Is another objective measure of the
auditory pathway, which detects responses of the outer hair
cells (OHCs) to environmental sound.” A good review of
auditory tests can be found in Hood.”

Some children have a hearing loss based on pure tone audio-
metry and ABR, but with normal OAEs. This type of hearing
loss has been defined as auditory neuropathy (AN).* Subjects
with AN can have varying degrees of hearing loss with poor
speech reception out of proportion to the degree of hearing
loss. In contrast to those with nen-AN hearing loss, most sub-
jects with AN are not helped by hearing aids. The results of
cochlear implantation (CI) have been mixed. Some cases of
AN have been helped by CL" 7 whereas others have not had
such good results,"

The genetic study of AN is complicated by the fact that the

tncladas hassina 1 141 Lod deexioe 4RI

II is estimated that about 1 in 500 children are born with a

J Med Genet 2003;40:45-50

SUBJECTS AND METHODS

The appropriate institutional review boards approved this
study and informed consent was obtained from human
subjects. We observed four families with two or more children
who had sensorineural hearing loss and normal OHC function
{fig 1). The degree of hearing loss was determined by standard
pure tone audiometry. The scale used to classify the degree of
hearing loss is as follows: 0-20 dB HL is normal, 21-40 dB HL
is mild, 41-60 dE HL is moderate, 61-80 dB HL is severe, and
above 80 dB HL is profound. The status of the auditory path-
weay was determined using tympanometry, middle ear muscle
reflex (MEMR), and ABR. OHC function was measured using
distortion product OAE (DPOAE)," transient evoked OAE
{TEDAE)," and/or cochlear microphonics (CM)." All subjects
diagnosed with hearing loss were examined by an otolaryn-
gologist, a newrologist, and geneticist and underwent testing
to rule out syndromic disorders.

* Approximately 1 in 500 children has hearing loss, with
nan-syndromic recessive hearing loss {NSRH[] being the
most common. We studied four families with a unique
type of NSRHL called non-syndromic recessive auditery
neuropathy [MSRAN]. Contrary to most hearing losses,
the audilory pathway up to and including the cochlear
outer hair cells functions normally in these NSRAN sub-
jects, suggesting that the lesion is in the inner hair cells
or more central. Most subjects with NSRAN and other
types of auditory neuropathy [AN), including syndromic
and non-genefic cases, have speech perception dispro-
portionately poorer than the degree of hearing loss and
disappointing results with hearing eids. To elucidate the
type of hearing loss, we seamhss for the causative gene
in four families.
Audiclogical studies confirmed the presence of AN in
ur NSRHL families. A genome wide linkoge study was
camied out and the otoferlin gene [OTOF was

2003: onucaH reH OTOF
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MENTAL RETARDATION AND DEVELOPMENTAL DISABILITIES
RESEARCH REVIEWS % 225-231 (2003)

AUDITORY NEUROPATHY/ DYS-SYNCHRONY:
DIAGNOSIS AND MANAGEMENT

Charles I. Berlin', Linda Hood', Thierry Morlet', Kelly Rose®, and Shanda Brashears'
"Kresge Hearing Research Laboratory, Department of Oteolaryngology, Louisiana State University Health Sciences Center,

New Orleans, Louisiana

“Wirginia Ear, Nose, and Throat Associates, Richmond, Virginia

Auditory brainstem responses (ABRs) and otoacoustic emissicns
(0AEs) are objective measures of auditory function, but are not hearing
tests. Normal QAEs reflect normal cochlear outer hair cell functien, and an
ABR indicates a synchronous neural response. It is quite possible for a
patient to have normal OAEs but absert or grossly abnormal ABR and a
lbehavioral audiogram that is inconsistent with either test. These patients,
who may constitute as much as 10% of the diagnosed deaf populaticn,
have auditory neuropathy/dys-synchrony (AN/AD). To diagnose AN/AD ac-
curately, ABRs are obtained in response to condensaticn and rarefaction
dlicks to distinguish cochlear microphonics (CM} from neural responses.
Appropriate management is confounded by variation among patients and
changes in auditory function in some patients over time. Recommendatians
for management include visual language exposure through methods such
as American Sign Larguage (ASL), Cued Speech, or baby signs, and closefy
following patients. 2003 Wiley-Liss, Inc.
MRDD Resaarch Reviews 2003;9:225-231.

Key Words: auditory neurcpathy/dys-synchrony (ANAD), auditory brain-
stem response (ABR); otoacoustic emissions (OAEs); cochlear microphenic
{CM); middle-ear muscle reflexes (MEMRS)

INTRODUCTION AND ORIENTATION—ABR
AND OTOACOUSTIC EMISSIONS ARE NOT
INFALLIBLE HEARING TESTS
he casual reader of anditory screening literature might be
I led to believe that otoacoustic emissions (OAEs) and
auditory brainstem responses (ABRs) are in and of them-
selves objective tests of hearing. They are not. When normal
OAEs are present, they reflect normal outer hair cells in the
cochlea and imply a normal middle ear. However, some very
deaf patients have normal atoacoustic emissions but have either
absent inner hair cells or compromised neural synchrony. This
should not be interpreted as a brainstem or brain disorder but
more peripherally as part of a disruption of the inner hair cell
nerve fiber junction or the nerve trunk iself [Starr et al., 1996;
Amanzzi et al., 2001].
Similarly, a patient may have an absent ABR and not be

vention are not appropriate. Absent ABRs and absent OAEs in
the presence of normal rympanometry (confirming a normal
middle ear system) strongly indicate peripheral hearing impair-
ment requiring intervention. Absent ABRs with present oto-
acoustic emissions, normal tympanometry, and absent middle-
ear muscle reflexes (MEMRs) swrongly suggest auditory
neuropathy/dys-synchrony (AN/AD). ABRs should be ob-
tained separately for positive and negative polarity clicks; com-
parison of these responses is useful in identifying the cochlear
microphonic and separating it from the neural response [Berlin
eral, 1998].

We have seen a few of these padents develop hearing,
speech, and language normally who would never have been
identified had their initial screening not included an ABR. Some
develop into normal hearing and speaking adults who show little
trouble other than difficulty hearing in noise; they are some-
times later mis-diagnosed as having “Central Auditory Process-
ing Disorders™ or even Awention Deficit Disorders because their
ability to attend to signals in noise is inordinately poor. Some
athers act and live a Deaf life. The majority fall somewhere in
berween, showing distinct auditory problems bur also showing
periods of sporadic hearing or having difficulty in hearing far
beyond that predicted by their pure tone audiograms.

DEFINITION OF AUDITORY NEUROPATHY/
DYS-SYNCHRONY

When ABRs and middle-ear muscle reflexes are absent,
bur oroacoustic emissions are present (or have been at one time),
the patient is at grear risk for anditory neuropathy/dys-syn-
chrony. Data from such patients are summarized in Figures 1, 2,
and 3. The rationale for the additional term is expanded upon in
another publication [Berlin et al,, 2001] but is reviewed briefly
here. The name “auditory neuropathy” implies a confirmed
pathology of the VIIIth N., when in fact evidence supports
mulriple etiologies and multiple locarions ranging from the inner

hnie aall fmnlf [Bomasmmt ne &l WA bn benmaimknein dasmoasd -
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MCMNONb30BaH TEPMUH
"cnyxoBas HeMponaTtua /
C/IyXOBasi ANCCUHXPOHUA"



TepmuHonorua

CnyxoBas HemponaTtua (Starr, 1996)

CnyxoBasa anccuHxpoHus (Berlin u coasT., 2001;
Rapin, Gravel, 2003)

PaccTponcTsa cneKkTpa C/IyXxoBOM HEMPONAaTUK
(NHS, Komo, 2008)

PykoBoasawme ykasaHua (Guidelines for
|dentification and management of Infants and
Young Children with Auditory Neuropathy
Spectrum Disorder, Northern, J [ed.] — Hayes,
Sininger, 2008)



Guidelines for

Identification and Management
of Infants and Young Children

with Auditory Neuropathy Spectrum Disorder

The Children’'s Hospital

= Bill Daniels Center for Children’s Hearing

Guidelines Development Conference
at NHS 2008, Como, Italy

Northern, J — (ed.) — Hayes e Sininger (2008)



Tunol

Tun | — npecMHanTU4YeCcKum
Tun Il — nocTcMHaNTUYeCcKum
Starr n coasT. (2004)

YpoBeHb NopaXeHunAa

— CnyxoBou HepB unm BBK 1 cnHancol
* [laToNOrnMAa cnyxoBoro HepBea
* [laTonorma cMHancos

Starr n coasT. (2008)



TepmuHonorua

* [lo-NpexHemy UCnosib3yeTcs TEPMUH
"cnyxoBaa HeMponaTua', XopoLo 3HAKOMbIN
naumMeHTam, MX CeMbAM U cCneuuanmncTam.

e Cnyxope4yeBoe PacCTPOMUCTBO, OTMYAtOLLEECSA
Pa3HOOHOPA3HOU CMMMTOMATUKOM

e TepmuH "cneKkTp" no3sonaeT pacwmpuTb
KOHUENUWUIO YPOBHEN NOPAXKEHMUA, HE
OrpaHN4YMBaAACb CODCTBEHHO CAYXOBbIM
HEepPBOM



CnoXHoctu

e KaXXablX 4enoBeK C PacCTPOUCTBOM CNEKTPa
C/IYXOBOW HEMPONATUUN AO/IKEH PacCMaTPMBATLCA
MHANBUNAYANIbHO B CBA3M C HONbLLIUM
pa3Hoobpasnem CMMNTOMATUKM

e Ayauonornyeckme TecTbl He MOryT npeacKasaTb
CTeneHb 3aTPYAHEHUMN, NCMbITbIBAaEMbIX KaXKAblM
OTAEe/IbHbIM NaLMeHTOM

e BmewartenbCcTBo, ymecTHoe Npu HECUHAPOMHOMU
TYrOyXoCTH, He BCceraa NnoaxoauT NAAM C
PACCTPOMNCTBAMM CNEKTPA CIYXOBON HEMPONATUMU



I1narHOCTUKa
Habop TecTtos

Bbi3BaHHaA oToakycTnyeckaa ammccusa (BOA3)

— 3apepkaHHana (3BOA3) 1 Ha yacToTe NPOAYKTA UCKAXKeHUA
(OA3MNN)

— OAD moXKeT OTCyTCTBOBaTb M3-3a NATO/IOMMKU cpeaHero yxa,
ocobeHHOo y aeTewn

YTOYHEeHUe Hannuuna/oTcyTcTBUA MUKPODOHHbIX
noTeHumanos yinTkm (CM)
KCBI1 B oTBeT Ha wenykm nHTeHcmsHocTbio 80-90 ab HIC

— Pa3pgenbHan 3anucb B OTBET Ha CTUMY/Ibl MEPEMEHHOM
NONIAPHOCTYU (CryweHmne n pasperkeHue)

— CpaBHeHue ¢ pe3yabTaTamMu, NOAYYEHHbIMU NPU NepexaTum
Tpybo4YeK BHYTPUYLLHbIX TenedpoHOB
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e Hannume paHHux sonH (Il nam lll):
MUKPOGDOHHbIE NOTEHLMANbI YINTKN?

* [1noxaa CUMHXpPOHM3AUMA N YyBeNndeHue
JNTATEeHTHOCTU BO/HbI V



HenponaTtna nnn HacneacTtBeHHasn
TYrOyXoCTb?

e InpdpepeHuManbHaa AMArHOCTUKA

B obounx cnyyasax moryt ObITb MUKPODOHHbIE
NOTEHUWaNbl YINTKU

B obounx cnyyasax moryT ObITb HapyLUEHHbIE
MNN YaCTUYHO coxpaHHble OAD

* HapyweHuna KCBIT

e lononHunTe nccneaoBaHmMe YacTOTHO-
cneyndunyeckmmm KCBIT
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PRESENCA DE MICROFONISMO COCLEAR
NO PEATE-CLIQUE: DIAGNGSTICO DIFERENCIAL
ENTRE ESPECTRO DA NEUROPATIA AUDITIVA E PERDAS
AUDITIVAS COCLEARES DESCENDENTES EM CRIANCAS

Presence of cochlear microphonics in click-ABR:
differential diagnosis between auditory neuropathy spectrum
disorder and steeply sloping cochlear hearing loss in children

Gabriela Aibeire lvo Redrigues ©, Silvia Nipole Fichino @, Ddris Authy Lewis ™

RESUMOD

Tema: dagnistico dierencal entre espactro da neuropata audtve e perdas auditivas coclearss des-
cendenlog mm oriangas com presengs de microlonismo colear no PEATE-cique, Procedimentos:
aste ralato da caso descrava o6 resultados da avalacdo audiciigica da duas criangas atendidas no
Centro “Audgie na Crangs” da Diviséo de Educagio e Feablitagio dos Distlrlos da Comunicagio
da Pontificia Universidade Caldlica de Sdo Pavka (CadCDERDICPUCER) qun aprasantaram micro
fonismo coclear no registro do PEATE-cligue. As criangas foram submatidas as avaliagbes utilizando-
w8 0 PEATE-clique, o regsiro das emissbes alsaclshoss @ a avaliaghs audioldgica tomal, cam a
técnica da Audiometria de Reforgo Visual, Resultados: as avalingies compartamantal, elefroacistica
& alelrofizioldgica revelasam que 83 criangas apresentam perda audiiva sensorioneural (coclear) com
configuragho descandans, de mado gue a prasanda do microlonismo cocléar no regsirno do PEATE-
cligua ara provavelmanie garada pala praservacio da coclea nas frequéncias baixas. Conclusio;
08 Casos apresentados mostram que na auséncla das emissdes oloacisticas e presanga do micrato-
nigrmo coclasr, ndo se deve inlerpretar isoladamerte cada exama, par que ndo coomam equivooss
na diagndstico, que pode sar confundido com o Espectro da Newapatia Awditiva. © microfonismo
coclear pode aparecer em outras condigoes, tais como em perdas auditivas cocleares descendentas.

DESCRITORES: Potanciais Evocados; Parda Auditva Newmossensarial; Cdclea

Fancaudidloga de Centre “dudiche na Crinnga™ da Diviséio INTHU‘DU¢§.¢
de Ecucagho o Aeabitagho dos Dishirbios da Comuni
caple do Ponlitica Unkorsidads Catifca de Edo Padlo,

CodCTMERDICPLC-SP, Gha Pauls, SF. Masrs am Fofe-
waipioga pela Ponifice Universidade Cabilca do Sao
Faule; Doutoranda do Progmama de Esiudos Pés-Gmdus
dea @mi Fonosodiohogia da Ponilca Usiversidade Candlica
de Sho Fauls.

Fonoaudidioga do Gentro “Audigde na Crinnga” da Divisao
da Educaglo o Roabiliagks doa Dishirbios da Somuni
cagio da Ponlftica Unkanddads Cadlcs de Slo Padn,
Conl/DERDIZFUC-5P, 580 Pauls, 5P Mosire am Fonc-
sadipioga pela Fonifica Usiversidade Cabdlca do Sdo
Faiila

Foncaudidioga do Cerdeo “Sudigic ra Cranga® de Divi-
sip co Educaghs o FeabiRfagho dos Diswrbios da
Comuniagic da Portlizls Unbaridada Caldies do 6
Paule, CRACDERDICPUC-SP, S8a Paule, 5P; Profas-
sara Dostora Tridar da Ponbiticls Uneeeesidace Caiclica
de Bl Fauls, PUC-EP, Slo Pauo, SP; Prolossora da

Os polenciais evocados avdiivos de fronca
ancafalice com o estimulo cique (PEATE-cligua)
wiirn sendo armglaments Wiszados na avaliagio da
fungdio auditiva am naonatos a crangas ', Na sus
pelta do Espectre da MNeurcpaba Auditva (ENA) o5
PEATE-clique sio realizados com palandades da
astimulo condensado g rarefoido, para pesquisa do
microfonlama coclear (MC) 5

Facddsds de Fonoaudinegia » co Progresa de Ealudo
Piés-Giradeados em Forcaudiciogin da Portiicia Universi-
dade Caldlica da Sdo Paule, FUC=5P, Sio Pado, SP; Dou
e & Sadds Piblica pela Univessldade da Sao Paula

Confiio de Interosses: inmxdshonio

P, CEFAG, 2010 Mov-Die; 12{HE1077-1083
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JlononHUTEeNnbHble TecTbl

 Perncrpauma akyctnyeckmnx pedsexkcos
— OTCYTCTBYHOT UNU HAPYLUEHbI
e Y neten mnaauwe 6 mec. cneayet

MCNOJIb30BaTb 30HANPYIOLLLMN TOH HYaCTOTOM
1000 Iy,



JlononHUTEeNnbHble TecTbl

* ccneposaHne noaasneHmna OA3
— He pacnpocTpaHeHOo B KAIMHUYECKON NPaKTUKe

— MoxKeT bbITb A0NONHUTENBbHBIM UCCIEA0BAHUNEM Y
nauneHToB ¢ Hanndymem OAD



[TonpasneHne OAD

YposeHb ctumyna 60 ab Y3/
JINHENHbIE WEeNYKU

C 6enbim wymom mn 6e3 wyma
— YpoBeHb wyma 60 ab

MeaunanbHan O/IMBOKOX/1€eapPHaA CUCTEMA



Heobxoanmbie nccneaoBaHmA

O6cnepgosaHue J1IOP
Ayamnonormnyeckoe obcnegosaHue
OueHKa pa3BuUTmA

[eHeTUYeCcKoe nccnengosaHme
OdTanbmonornyeckoe obcneaoBaHme
HeBponornyeckoe obcnenoBaHme
PeyedasblkoBoe obcnenoBaHme



3BYKOyCcuneHune

e [laHHble KCBI1 HenpurogHbl ana onpeaeneHma
HeobxoaMMoro ypoBHA 3BYKOYCUNEHUS

 HacTpOMKM 3BYKOYCUNEHMA AONKHbI
6a3mnpoBaTbCA Ha AaHHbIX TOHA/IbHOWM
ayaANOMETPUU, PeYEBbIX TECTOB M NOBEAEHYECKOM
ayanomeTpuu

* B cBA3M C BO3MOXHbIMU KO/IEOAaHNAMM YPOBHHA
cnyxa HeobxoaMm NOCTOAHHbIA MOHUTOPUHT

e cnonb3oBaHune FM-cuctem moxKeT OKa3aTbCA
3PPEKTUBHBLIM
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Speech Perception and Cortical Event Related Potentials in
Children with Auditory Neuropathy

Rance, Gary; Cone-Wesson, Barbara; Wunderlich, Julia; Dowell, Richard

[=] Abstract :

Objectives: 1) To investigate the unaided and aided speech perception abilities of children
: with auditory neuropathy (AN) and to compare their performance to children with :
H sensorineural hearing loss. 2) To establish whether cortical event related potentials (ERPs) ;
: could be recorded in children with AN, and to determine the relationship between the
presence of these responses and speech perception.

Design: Unaided and aided speech perception assessments (PBK words), and cortical-ERP
! testing was carried out in a group of 18 children with AN. Data also were obtained from a ]
cohort of age and hearing level matched children with sensorineural hearing loss.

Results: The speech perception performance of the 15 children with AN able to complete a
PBK-word assessment, fell into two distinct categories. The children either showed no open-
p set speech perception ability (7/15 cases), or performance levels similar to their senserineural g
: counterparts (8/15 cases). Approximately 50% of children with AN showed ERPs of normal
H latency, amplitude and morphology. In all cases, response presence (at normal latencies) 1
was consistent with reasonable speech perception ability, and response absence was
consistent with negligible speech perception.

Conclusions: In approximately 50% of children with auditory neuropathy, the provision of
amplification results in significant open-set speech perception improvements. The results
confirm the previously published reports that speech perception ability cannot be reliably
: estimated from the behavioral audiogram in children with AN. Obligatory ERP test results :
may offer a means of predicting perceptual skills in newly diagnosed youngsters as the
presence of ERPs (with age-appropriate latency and morphology) was correlated with
significant open set speech perception abilities and amplification benefit. The absence of the
ERP in contrast, indicated profound hearing disability evidenced by profound hearing loss

: and/or extremely poor speech perception.

e 2002, Ear & Hearing
e 18 neten c

PACCTPOUCTBAMMU
CMeKTpa CAyXoBOWU
HenponaTum

Bocnpusatue peun 6e3
CNYXOBbIX annapaTos

KopKoBble NoTeHLuUManbl,
CBA3aHHble C
cobbiTnamm (ERP)

e Y50% neten —

HopMmanbHble ERP
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Cochlear Implantation in Auditory

Neuropathy

Richard T. Miyamoto, MD; Karen Iler Kirk, PhD; Julia Renshaw, MA; Debra Hussain, MA

Objective: Auditory neuropathy is a recently de-
seribed clinical entity characterized by sensorineural
hearing loss in which the auditory evoked potential
{ABR) is absent but otoacoustic emissions are present.
This suggests a central locus for the associated hearing
loss. In this study the resulis observed in a child with
auditory neuropathy who received a cochlear implant
are presented and compared with those of a matched
group of children who were reeip.lenta of implants.
Methods: A single-subject design,
evaluating closed-set a.ncl open-ﬂet word recognition
ahilities was used to assess the subject and a control
group of matched children with implants who had also
experienced a progressive sensorineural hearing loss.
Results: The subject demonstrated improvements in

tailed accounting of the clinical course of a child with
Friedreich’s ataxia who received a Nucleus 22-channel
cochlear implant (Cochlear Corp., Englewood, CO) and com-
pare his progress to a matehed group of pediatric cochlear
implant recipients who experienced progressive sen-
sorineural hearing loss resulting in profound hearing loss.

METHODS
Subject
J.G., a dyearold | The Lamngmﬂ)pe & Wilki piladelnhi
because of progressive b Lippincott Williams & Wilkins, Inc., Philadelphia
RS B0 - © 2001 The American Larynguloglcal,
PEMENCING Progressive ¥ Rhinglogical and Otological Society, Inc.

a mild hearing losa in tk

Cochlear Implants in Five Cases of Auditory
Neuropathy: Postoperative Findings

and Progress

Jon K. Shallop, PhD; Ann Peterson, MA; George W. Facer, MD; Lee B. Fabry, MA; Colin L. W. Driscoll, MD

Objectives: To review our experiences with some of
the preoperative and postoperative findings in five chil-
dren who were diagnosed with auditory neuropathy
and were provided with cochlear implants. We describe
changes in auditory function, which enabled these chil-
dren to have significant improvement in their hearing
and communication skills. Study Design: Pre- and post-
operatively, these children received complete medical
examinations at Mayo Clinic, including related consul-
tations in audiology, pediatrics, neurology, medical ge-
netics, otolaryngology, psychology, speech pathology,
and radiology. Methods: These children typically had
additional medical and audiological examinations at
more than one medical center. The hearing assessments
of these children included appropriate behavioral au-

Mayo Clinic Rochester have not had any postoperative
medical or cochlear implant device complications. All of
the children have shown significant improvements in
their sound detection, speech perception abilities and
communication skills. All of the children have shown
evidence of good NRT results. All but case D (who was
not tested) showed evidence of good postoperative
EABR results. Otoacoustic emissions typically re-
mained in the non-operated ear but, as expected, they
are now absent in the operated ear. Conclusion: Our
experiences with cochlear implantation for children di-
agnosed with auditory neuropathy have been very pos-
itive. The five children we have implanted have not had
any complications postoperatively, and each child has
shown improved listening and communication skills




Ear & Hearing:

August 2006 - Volume 27 - Issue 4 - pp 399-408
doi: 10.1097/01.aud.0000224100.30525.ab
Research Articles

Auditory Neuropathy Characteristics in Children with Cochlear
Nerve Deficiency

Buchman, Craig A.; Roush, Patricia A.; Teagle, Holly F. B.; Brown, Carolyn J.; Zdanski, Carlton J.;
Grose, John H.

[=] Abstract

Objective: To describe a group of children exhibiting electrophysiclogic responses
' characteristic of auditory neuropathy (AN) who were subsequently identified as having absent
or small cochlear nerves (i.e., cochlear nerve deficiency).

Design: A retrospective review of the clinical records, audiclogical testing results, and

I magnetic resonance imaging (MRI) studies. Fifty-one of 65 children with AN characteristics
on auditory brain stem response (ABR) testing had MRI available for review. Nine (18%) of

| these 51 children with ABR characteristic of AN have been identified as having small (N = 2;
4%) or absent (N = 7; 14%) cochlear nerves on MRI.

i Results: Of the nine children with cochlear nerve deficiency, five (56%) were affected

| unilaterally and four (44%) bilaterally. Eight of nine presented after failing a newbomn infant

i hearing screening, whereas one presented at 3 yr of age. On diagnostic ABR testing, all 9
children (9 of 13 affected ears; 68%) had evidence of a cochlear microphonic {CM) and
absent neural responses in at least one ear. In the unilateral cases, AN characteristics were
: detected in all affected ears. In bilateral cases, at least one of the ears in each child
demonstrated the AN phenotype, whereas the contralateral ear had no CM identified. Only

| one ear with cochlear nerve deficiency had present otoacoustic emissions as measured by
distortion-product otoacoustic emissions. In children with appropriate available behavioral
testing results, all ears without cochlear nerves were identified as having a profound hearing
loss. Only 4 (31%) of the 13 ears with cochlear nerve deficiency had a small internal auditory
' canal on MRI.

Conclusions: Children with cochlear nerve deficiency can present with electrophysiologic
evidence of AN. These children frequently refer on newborn screening examinations that use
: ABR-based testing methods. Similar to other causes of AN, diagnostic ABR testing will show
a CM with absent neural responses. Given that 9 (18%) of 51 children with available MRl and
| electrophysiclogic characteristics of AN in our program have been identified as having
cochlear nerve deficiency makes this a relatively common diagnosis. These findings suggest
that MR is indicated for all children diagnosed with AN. Moreover, electrophysiologic
evidence of unilateral AN in association with a profound hearing loss should make the

' clinician highly suspicious for this problem. Although children with cochlear nerve deficiency
who have a small nerve may benefit from cochlear implantation or amplification, these

] interventions are obviously contraindicated in children with completely absent cochlear

e 2006

e OTCyTCTBME CNYXOBOrO
HepBa UM HapyLlweHune
ero PyHKUmnm
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Ana Claudia de Freitas Martinho (AHa Knaygus ae ®peintac MapT1HbO)

CnyxoBas HeMponaTua/ANCCUHXPOHUA Yy AeTen,
MOJIb3YIOLUXCA KOX€aPHbIMU MMMIAHTaMM
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zeumen los resultado

e 260 obcnepyembix
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Objective: To characterize the Py component of long latency auditory evoked potentials [LLAEPs) in
cochlear implant users with auditory neuropathy spectrum disorder (ANSD) and determine firstly
whether they correlate with speech perceplion performance and secondly whether they correlate with
other variables related to cochlear implant use
Methods: This study was conducted at the Center for Audiological Research at the University of Sio Paulo
The sample included 14 pediatric (4=11 vears of age) cochlear implant users with ANSD, of hoth sexes,
with profound prelingueal hearing loss. Patients with hypoplasia or agenesis of the auditory nerve were
excluded from the study. LLAEPs produced in response o speech stimuli were recorded using a Smart EP
USE Jr. system. The subjects’ speech perception was evaluated using tests 5 and & of the Glendonald
Auditory Screening Procedure [GASE)L
Results: The Py component was detected in 12/14 [85.7%) children with ANSD. Latency of the P,
component correlated with duration of sensorial hearing deprivation ["p = 0,007, r=0.7278), but not
wilth duration of cochlear implant use. An analysis of groups assigned according to GASP performance (k-
means clustering] revealed that aspects of prior central auditory system development reflected in the Py
companent are related to behavioral auditory skills,
Conclusions; D child ren with ANSD LAimg cochiear |n1'|_;||.||1l::... the Py component can Serve as a marker ol
central auditory cortical development and a predictor of the implanted child's spesch perception
performance

@& 2012 Elsevier Ireland Ltd. All rights reserved.
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KCBIy geten c pakTopamm pucka

Hannume $paKkTopoB pMcKa CONPAXKEHO C
BbICOKOW BEPOATHOCTbIO C/TYXOBOW
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[MToBTOpPHaA rocnmMTanm3auma U NOBTOPHbIN
CKPUHWHT

g/
E
|
H.
.
y




CNACHUBO!!

dorislewis@pucsp.br
drlewis@uol.com.br



