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Definicées

Disturbios auditivos relacionados a disfuncao na
sinapse entre as CCl e o Nervo Auditivo, ou no proprio
nervo;

Evidéncias clinicas de funcionamento normal das CCE;
Dificuldades na compreensao da fala;

Limiares auditivos para tons puros e de deteccao da
fala que podem variar entre a normalidade e similares
as perdas auditivas severas;

Dificuldades no processamento auditivo temporal
(mudancas rapidas em um periodo de tempo)



Caracteristicas

Sem dificuldades auditivas aparentes, porém
com testes audioldgicos alterados;

Sem queixas auditivas, porém com queixa na
compreensao da fala;

Dificuldades na presenca de ruido;

As habilidades auditivas podem se mostrar
flutuantes ou transitorias;

Em criancas pode afetar o desenvolvimento
da linguagem e académico;
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Auditory neuropathy
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Summary

Ten patients presented as children or young adults with
hearing impairments that, by behavioural and physiological
testing, were compatible with a disorder of the auditory
portion of the VIII cranial nerve. Evidence of normal cochlear
outer hair cell function was provided by preservation of
otoacoustic emissions and cochlear microphonics in all of
the patients. Auditory brainstem potentials showed evidence
of abnormal auditory pathway function beginning with the
VIII nerve: the potentials were absent in nine patients and
severely distorted in one patient. Auditory brainstem reflexes
(middle ear muscles; crossed suppression of otoacoustic
emissions) were absent in all of the tested patients.
Behavioural audiometric testing showed a mild to moderate
elevation of pure tone threshold in nine patients. The extent
of the hearing loss, if due to cochlear receptor damage,
should not have resulted in the loss of auditory brainstem

Keywords: neural hearing loss; auditory neuropathy
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potentials. The shape of the pure tone loss varied, being
predominantly low frequency in five patients, flat across all
frequencies in three patients and predominantly high
frequency in two patients. Speech intelligibility was tested in
eight patients, and in six was affected out of proportion to
what would have been expected if the pure tone loss were of
cochlear origin. The patients were otherwise neurologically
normal when the hearing impairment was first manifest.
Subsequently, eight of these patients developed evidence for
a peripheral neuropathy. The neuropathy was hereditary in
three and sporadic in five. We suggest that this type of
hearing impairment is due to a disorder of auditory nerve
Sunction and may have, as one of its causes, a neuropathy
of the auditory nerve, occurring either in isolation or as part
of a generalized neuropathic process.

Abbreviations: ABR = auditory brainstem responses; HL = hearing level; nHL = normal hearing level

€ Audiometria tonal de
normal a profunda
com diferentes configuracoes

v Pesquisadores apresentam um
grupo de 10 pacientes com
resultados audioldgicos compativeis
com um disturbio do VIII Par Craniano

+»» Evidéncias de células ciliadas externas
com funcionalidade normal;
Presenca de EOA e
Microfonismo Coclear

<> PEATE com evidéncias de
anormalidade nas vias auditivas;
Respostas ausentes ou muito
alteradas

» Inteligibilidade de fala imompativel
com os resultados da audiometria tonal
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1988, estudo com 8 criangas

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 brainstem responses, and normal outer hair
cell function as measured by oitoacousiic 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 aunditory neuropathy. Methods. Each
subject was tested with pure tone and speech audio-

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 auditory 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:vpauuy

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

Ohjective: 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.

Design: RHesults for 20 subjects who showed repeat-
able cochlear microphoenic 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
ecach case. Where possible, otoacoustic emission and
speech perception results (unaided and aided) also
were obtained.

Results: One in 433 10.23%) 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. Diserimination skills
were also variable. Approximately half of the sub-
jects 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,

Conclusion: 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 idiosyncratic,
producing significant variations in both the detee-
tion and diserimination of anditory signals. As such,
the management of children with this disorder
must allow for individual differences.

tEar & Hearing Y95 200I08 2520

The use of auditory evoked potential technigues
such as the auditory brain stem response (ABR) for
the assessment of hearing in young and difficult-to-
tact children 12 aow wall actaklichad A nonmber of

) S i )
normally hearing and hearing-impaired subjects
{Gorga, Worthington, Beiland, Beauchaine, & Gold-

gar, 1985; Hyde, Riko, & Malizia, 1990 Kileny 1O0S

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 abszent
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 emizsions (OAEs) in a number of re-
cently reported cases 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) uszed the presence of these
cochlear responses (0OAE: and CMs) and absent or
abnormal ABHs in a group of 10 adults and children
to identify a disorder that they called “auditory

nenranathu® (ART The ferm *netraonathv® Te 11ead 0

Ear & Hearing, 1999

Estudo com 20 criangas de maior risc
tra uma prevaléncia maior do que
a esperada em criangas

0,23%

Resultados variados de

audiometria

e percepg¢ao de fala;

Algumas crianc¢as com resultados
aceitaveis nos testes de

percep¢ao de fala,

se beneficiaram do uso de AASI
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Temporal and speech processing deficits in auditory neuropathy
Zeng, Fan-Gang!'®; Oba, Sandy?; Garde, Smita®; Sininger, Yvonne?; Starr, Arnold®

[—] 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.

2 1999 Lippincott Williams & Wilkins, Inc.

€ ENA afeta a sincronia neuronal, sem afetar a fun¢do de amplificacdo da orelha interna.
€ Relatam ouvir, porém nio conseguem compreender a fala.

@ Testes psicofisicos mostram que o reconhecimento de fala pobre esta relacionado a uma
Importante alteragao no processamento temporal.

€ Importincia da sincronia neuronal para a percep¢do auditiva,

incluindo o reconhecimento da fala.
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ABSTRACT

Auditory neuropathy (AN) was initially described as impairment of
auditory neural function, with preserved cochlear hair cell function. In
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 to 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 age of onset,
presence of peripheral neuropathy. ctiology, and behavioral and
physiological measures of auditory function. The sites affected along
the peripheral auditory pathway may include dysfunction of the outer
hair cells, the synapse between hair cell and auditory nerve, and the
auditory nerve fibers, with myelin as well as axonal impairments
contributing to the disorder.

KEY WORDS

hearing, auditory necuropathy, otoacoustic cmissions, hair cells,
auditory nerve, brainstem potentials
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Estudo com 67 pacientes;
Grande variagao

Habilidades para identificar

mudangas temporais;

Idade de inicio;

Presenca de patologias periféricas;
Etiologia;

Nas respostas fisioldgicas;

Nas respostas a Av. Comportamental;

Locais afetados:

Disfun¢ao das CCE;

Sinapses da CC e Nervo Auditivo;
Fibras do Nervo Auditivo;
Mieliniza¢cao e Axonios;
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ABSTRACT

ABSTRACT | PATIENTS AMND METHODS | RESULTS | COMMENT | ARTICLE
INFORMATION | REFEREMNCES w

Objective To medically and audiclogically characterize a population of children diagnosed as hawving
auditory neuropathy (AN).

Situdy Design Retrospective medical chart review.

Setting/Subjects We identified =2 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. Clinieal features common among
our population included a history of hyperbilirubinemia (n = 11 [50%]), prematurity (n = 10 [45%:]1),
ototoxic drug exposure (n = 9 [41%]), family history of hearing loss (n = 8 [36%]), neonatal ventilator
dependence (n = 8 [36%]), and cerebral palsy (n = 2 [%]). Full clinical and audioclogical data were
awvailable for 18 of the 22 children, including otoacoustic emissions, auditory brainstem responses with
cochlear microphonics, and age-appropriate audiometric findings. Significantly, 9 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 success of cochlear immplantation in 4 children.

Conclusions Management of AN in children reguires 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; hyperbilirnbinemia can be associated with spontaneouns
improvement of hearing thresholds. For those children not benefiting from amplification or FM systems,
cochlear implantation remains a potentially successful method of habilitation.

> 22 criangas

» Etiologias do ENA

> Fatores Genéticos; Historia Familiar de DA

» Hiperbilirrubinemia; Prematuridade;Drogas ototdxicas; Ventilagdo Mecanica;
> Paralisia Cerebral;



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

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

t is estimared that about 1 in 500 children are born with a

significant hearing loss," Non-syndromic recessive hearing

loss (NSRHL) represents 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 consanguineous pedigrees (see the Hereditary
Hearing Loss Homepage htrp:/fwww.uia.acbe/dnalab/hhh for
an overview ).

By definition, non-syndromic suggests a “simple” pheno-
type limited to hearing loss with no other associated
symptoms. However, hearing is a complex process. Since a
hearing defect might occur at any place aleng the auditory
pathway, it would seem reasonable to expect to be able to dif-
ferentiate rypes of NSRHL based on the location where the
auditory process is disrupted. Indeed, new audiological testing
strategies now glve [nsight inio the point where such delects
have eccurred.

Pure tone audiometry has been the standard method wsed
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 failing. 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
auditery pathway, which detects responses of the outer hair
cells (OHCs) to environmental sound.”* A good review of
auditery 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 varving degrees of hearing loss with poeor
speech recepiion out of proportion to the degree of hearing
loss. In contrast to those with non-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° " whereas others have not had
such good results.

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

sovewn dwcludon b e | 1l senwdod aoedolend ARY con

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 twe 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 dB HL is moderate, 61-80 dB HL is severe, and
above 80 dB HL is profound. The status of the auditory path-
way was determined using tympanoemetry, middle ear muscle
reflex (MEMER), and ABR. OHC [unciion was measured using
distortion product OAE (DPOAE)," transient evoked OQAE
{TEQAE), " andfor cochlear microphonics (CM).” All subjects
diagnosed with hearing loss were examined by an oiclaryn-
gologist, a neurologist, and geneticist and underwent testing
1o rule out syndromic diserders.

» Approximately 1 in 500 children has hearing loss, with
non-syndromic recessive hearing loss [NSRHL) being the
most common. We studied four fomilies with a unique
type of NSRHL called non-syndromic recessive auditory
nevropathy [NSRAN). Contrary to most hearing losses,
the auditory pathway up fo and including the cochlear
outer hair ca’i)saﬁ.rncrions normally in these NSRAM sub-
jects, suggesfing that the lesion is in the inner hair cells
or more central. Most subjects with MSRAN and other
types of auditory neuropathy (AN, including syndromic
and non-genefic cases, have speech perception dispro-
portionately pocrer than the degree of hearing loss and
disappointing results with hearing aids. To elucidate the
type of hearing loss, we smmhoﬁ for the cousative gene
in four families.

Audiclogical studies confirmed the presence of AN in
four MSRHL families. A genome wide linkage study was
carried out ond the otoferlin gene [OTOFR was

2003, DESCRICAO OTOF

4 familias com 2 ou mais filhos



MENTAL RETARDATION AND DEVELOPMENTAL DISABILITIES
RESEARCH REVIEWS & 225-237 (2003)

AUDITORY NEUROPATHY/DYS-SYNCHRONY:
DIAGNOSIS AND MANAGEMENT

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

Mew Orleans, Louisiana

JVi.rgiﬂj.:l Ear, Nose, and Throat Associates, Richmond, Virginia

Auditory brainstem responses (ABRs) and otoacoustic emissions
{DAEs) are objective measures of auditory function, but are not hearing
tests. Normal OAEs reflect normal cochlear outer hair cell functicn, and an
ABR indicates a synchrorous neural response. It is quite possible for a
patient to have normal OAEs but absent or grossly abnormal ABR and a
behavioral audiogram that is inconsistent with either test. These patients,
who may constitute as much as 10% of the diagnosed deaf population,
have auditory neurcpathy/dys-synchrony (AMNFAD]. To diagnose ANJAD ac-
curately, ABRs are obtained in resporse to condensation and rarefaction
clicks to distinguish cochlear micropheonics (CM) from neural responses.
Appropriate management is confounded by variation among patients and
changes in auditory function in some patients over time. Recommendations
for maragement include visual language exposure through methods such
as American Sign Language (ASL), Cued Speech, or baby signs, and closely
following patients. o 2003 Wiley-Liss, Inc.
BRDD Research Reviews 2003;%:225-231.

Key Words: auditory reurcpathy/dys-synchrony (ANSAD); auditory brain-
stem respoense (ABR); otoacoustic emissions (OAEs), cochlear microphonic
(M), middle-ear muscle reflexes (MEMRS)

INTRODUCTION AND ORIENTATION—ABR
AND OTOACOUSTIC EMISSIONS ARE NOT
INFALLIBLE HEARING TESTS
he casual reader of anditory screening literature mighe be
I led to believe that oroacoustic 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 otoacoustic emissions but have either
absent inner hair cells or compromised newral 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;
Amamezzi et al, 2001].
Similarly, a padent may have an absent ABR and nor be

vention are not appropriate. Absent ABRs and absent OAEs in
the presence of normal tympanometry (confirming a normal
middle ear system) strongly indicate peripheral hearing impair-
ment requiring intervendon. Absent ABRs with present oto-
acoustic emissions, normal tympanometry, and absent middle-
ear muscle reflexes (MEMRS) swongly sugpest auditory
neuwropathy/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
et al., 1998].

We have seen a few of these patents develop hearing,
speech, and lanpuage 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-
rimes later mis-diagnosed as having “Central Auditory Process-
ing Disorders” or even Attention Deficit Disorders because their
ability to attend o signals in noise is inordinately poor. Some
others act and live a Deaf life. The majoricy fall somewhere in
berween, showing distinct anditory problems but 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 ABR: and middle-ear muscle reflexes are absent,
bur otoacoustic emissions are present (or have been at one time),
the patient is at great risk for aoditory neuropathy/dys-syn-
chrony. Data from such patients are summarized in Figures 1, 2,
and 3. The rationale for the addidonal 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 VIIth N., when in fact evidence supports

multiple etiologies and multiple locatons ranging from the inner
T~ o1 e A e Th L D [ . (. .

2003, TERMINOLOGIA
NEUROPATIA AUDITIVA/
DESSINCRONIA AUDITIVA



Terminologia

Neuropatia Auditiva, Starr — 1996

Dessincronia Auditiva, Berlin et al. — 2001; Rapin
e Gravel — 2003

Espectro da Neuropatia Auditiva (ENA) ou
Disturbios do Espectro da Neuropatia Auditiva
(DENA), Como, NHS — 2008

Diretrizes (Guidelines for Identification and
management of Infants and Young Children with
Auditory Neuropaty Spectrum Disorder,
Northern, J - editor) — Hayes e Sininger (2008)



Guidelines for

Identification and Management
of Infants and Young Children

with Auditory Neuropathy Spectrum Disorder

e

The Children’s Hospital
® Bill Daniels Center for Children’s Hearing

Guidelines Development Conference
at NHS 2008, Como, Italy

Northern, J - editor — Hayes e Sininger (2008)



Tipos

Tipo | — Pré-sinaptico
Tipo Il — Pds-sinaptico
Starr et al. — 2004

Local de lesao

Nervo auditivo ou CCl e sinapses
Disturbio do Nervo Auditivo
Disturbio Auditivo sinaptico
Starr et al. - 2008



Terminologia

e Continuar utilizando “Neuropatia Auditiva” ja
reconhecido por pacientes, familiares e
profissionais;

* Habilidades auditivas e de linguagem com
grande variacao de sintomas;

* O termo "Espectro” poderia expandir o
conceito do disturbio em termos de locais
acometidos, além do préprio nervo auditivo;



Desafios

e Cada individuo com o ENA deve ser
considerado de forma unica, devido a grande
variacao de dificuldades relatadas;

e Os testes audiologicos nao podem predizer o
grau de dificuldade apresentado por cada
individuo;

* A intervenc¢ao aplicada as PANS nem sempre
se adequa ao individuo com ENA;



DIAGNOSTICO
Bateria de Testes

EmissOes Otoacusticas Evocadas (EOA)
EOA-T e/ou EOA-PD —

EOA podem estar ausentes pela presenca de alteracoes de
orelha média, principalmente em criancas;

Pesquisa de presenca/auséncia de Microfonismo Coclear
(MC)
PEATE/BERA com cliques em 80-90 dBnNA

Estimulos com polaridade invertidas (condensado e
rarefeito)

Comparar com os resultados obtidos com os tubos do fone
de insercao clipados.
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PEATE/BERA

e Auséncia de respostas; sem registro de ondas
eV,

* Presenca de ondas com tempo de laténcia
orecoces (ondas | ou lll); MC?

* Sincronia pobre com atraso de tempo de
laténcia da onda V;



ENA x Perda Descendentes

Diagnostico diferencial
Ambos podem ter MC;

Ambos podem ter EOA alteradas ou
parcialmente presentes;

PEATE/BERA alterado
Complementar PEATE com FE
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PRESENCA DE MICROFONISMO COCLEAR
NO PEATE-CLIQUE: DIAGNOSTICO 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 Ribeiro Ivo Rodrigues ", Silvia Napole Fichino @, Déris Ruthy Lewis ©

RESUMO

Tema: diagndstico diferencial entre espectro da neuropatia auditiva e perdas auditivas cocleares des-
cendentes em criancas com presenca de microfonismo coclear no PEATE-clique. Procedimentos:
este relato de caso descreve os resultados da avaliagdo audiolégica de duas criancas atendidas no
Centro “Audi¢éo na Crianga” da Divisdo de Educagéao e Reabilitacao dos Disturbios da Comunicagcao
da Pontificia Universidade Catdlica de Sdo Paulo (CeAC/DERDIC/PUCSP) que apresentaram micro-
fonismo coclear no registro do PEATE-clique. As criangas foram submetidas as avaliagdes utilizando-
se o PEATE-clique, o registro das emissbes otoacusticas e a avaliagdo audioldgica tonal, com a
técnica da Audiometria de Reforgo Visual. Resultados: as avaliagdes comportamental, eletroacustica
e eletrofisioldgica revelaram que as criangas apresentam perda auditiva sensorioneural (coclear) com
configuragao descendente, de modo que a presencga do microfonismo coclear no registro do PEATE-
clique era provavelmente gerada pela preservacao da céclea nas frequéncias baixas. Concluséao:
os casos apresentados mostram que na auséncia das emissdes otoacusticas e presenga do microfo-
nismo coclear, nao se deve interpretar isoladamente cada exame, para que nao ocorram equivocos
no diagndéstico, que pode ser confundido com o Espectro da Neuropatia Auditiva. O microfonismo
coclear pode aparecer em outras condigcoes, tais como em perdas auditivas cocleares descendentes.

DESCRITORES: Potenciais Evocados; Perda Auditiva Neurossensorial; Céclea

)

@)

@)

Fonoaudiéloga do Centro “Audi¢do na Crianga” da Divisdo
de Educacdo e Reabilitagdo dos Distirbios da Comuni-
cacdo da Pontificia Universidade Catdlica de Sao Paulo,

INTRODUGAO

CeAC/DERDIC/PUC-SP, Sao Paulo, SP; Mestre em Fono-
audiologia pela Pontificia Universidade Catdlica de Sao
Paulo; Doutoranda do Programa de Estudos Pds-Gradua-
dos em Fonoaudiologia da Pontificia Universidade Catdlica
de S&o Paulo.

Fonoaudiéloga do Centro “Audi¢do na Crianga” da Divisdo
de Educacdo e Reabilitagdo dos Distirbios da Comuni-
cacdo da Pontificia Universidade Catdlica de Sao Paulo,
CeAC/DERDIC/PUC-SP, Sao Paulo, SP; Mestre em Fono-
audiologia pela Pontificia Universidade Catélica de Sao
Paulo.

Fonoaudidloga do Centro “Audigdo na Crianga” da Divi-
sdo de Educagdo e Reabilitagdo dos Disturbios da
Comunicagdo da Pontificia Universidade Catdlica de Sao
Paulo, CeAC/DERDIC/PUC-SP, S&o Paulo, SP; Profes-
sora Doutora Titular da Pontificia Universidade Catélica
de S&o Paulo, PUC-SP, Sao Paulo, SP; Professora da

Os potenciais evocados auditivos de tronco
encefdlico com o estimulo clique (PEATE-clique)
vém sendo amplamente utilizados na avaliagao da
funcdo auditiva em neonatos e criangas . Na sus-
peita do Espectro da Neuropatia Auditiva (ENA) os
PEATE-clique s&o realizados com polaridades de
estimulo condensado e rarefeito, para pesquisa do
microfonismo coclear (MC) °.

Faculdade de Fonoaudiologia e do Programa de Estudos
Pés-Graduados em Fonoaudiologia da Pontificia Universi-
dade Catdlica de Sao Paulo, PUC-SP, Sao Paulo, SP; Dou-
tora em Saude Publica pela Universidade de Séao Paulo.

Conflito de interesses: inexistente

Rev. CEFAC. 2010 Nov-Dez; 12(6):1077-1083
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Figura 1 — Resultado do registro do PEATE-clique do caso 1
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Testes Adicionais

* Pesquisa dos Reflexos Acusticos;

e Ausentes ou alterados;

* Para criancas abaixo de 6 meses de idade, tom
teste de 1000Hz;



Testes Adicionais

Pesquisa da Supressao das EOA;
Pequena aplicacao na clinica audiologica;

Pode ser um complemeno em individuos com
EOA presentes;



Supressao EOA

Pesquisa em 60 dBNPS

Cligues lineares

Com e sem presenca de ruido (white noise)
Ruido de 60 dB

Sistema Olivo-Coclear Medial (OCM)



Ava
Ava
Ava

Avaliacbes Necessarias

lacao ORL
lacao Audiologica
lacao de Desenvolvimento

Estudo Geneético

Ava
Ava
Ava

ilacao Oftalmolodgica
iacao Neurologica
ilacao de Linguagem



Amplificacdo

O PEATE/BERA ndo deve ser o parametro para
a amplificacao;

Resultados da Audiometria Tonal, Deteccao e
Reconhecimento de Fala, e Observacao do
Comportamento Auditivo devem dar suporte
aos ajustes da amplificacao;

Monitoramento devido a flutuacao;
Uso do FM pode contribuir;
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June 2002 - Volume 23 - Issue 3 - pp 239-253
Article

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 speach perception abilifies of children
with auditory neuropathy (AN) and to compare their performance to children with
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-
set speech perception ability (7/15 cases), or performance levels similar to their sensorineural
counterparts (8/15 cases). Approximately 50% of children with AN showed ERPs of normal
latency, amplitude and morpholagy. In all cases, response presence (at normal latencies)
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
andlor extremely poor speech perception.

2002, Ear & Hearing
» 18 criangas — ENA
» Habilidades de percep¢ao da fala com sem AASI;
» Cortical Event Related Potentials (ERPs) em ENA;

» 50% das criangas — ASSI e ERPs
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Cochlear Implantation in Auditory

Neuropathy

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

Objective: Auditory neuropathy is a recently de-
scribed 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 results 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 recipients of implants.
Methods: A single-subject, repeated-measures design,
evaluating closed-set and open-set word recognition
abilities was used to assess the subject and a control
group of matched children with implanta 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 matched group of pediatric cochlear
implant recipients who experienced progressive sen-
sorineural hearing loss resulting in profound hearing loss.

METHODS

Subject

J.G., 8 4-year old boy was refe
because of progressive hearing loss a
periencing progressive visual loss. In
a mild hearing loss in the right ear

The Laryngoscope

Lippincott Williams & Wilkins, Inc., Philadelphia
© 2001 The American Laryngological,
Rhinological and Otological Society, Inc.

2001, 5 criangas IC

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. Sfudy Design: Pre- and post-
operatively, these children received complete medical
examinations at Mayo Clinie, 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
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August 2006 - Volume 27 - Issue 4 - pp 399-408
dei: 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 electrophysiologic 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
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.

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 newborn infant
hearing screening, whereas one presented at 3 yr of age. On diagnestic AER testing, all 9
children {9 of 13 affected ears; 69%) 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 MR

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 MRI and
electrophysiologic 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, electrophysioclogic
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

2006,

4 AUSENCIA OU DEFICIENCIA
NO NERVO COCLEAR
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Original Article

International Journal of Audiology 2010; 49: 30-43

Multi-site diagnosis and managementof  °
260 patients with Auditory Neuropathy/
Dys-synchrony (Auditory Neuropathy
Spectrum Disorder’)

Abstract Sumario .

Test sesults and mansgement dta afe summanized for 260
patieets with diagnoses of Auditory Neusopthy Specirum
Diserdes (ANSD). Hering aids were tred in 85 of these
paticrits, and 49 patients tred cochlear implasts. Appeoxi-
mately 15% reported some benefit from heasing aids foe
langussps leaming, while impeovement in speech comprelien-
sion and language acquisition was reported in 5% of patients
who were iplanted, Approximately 3% (13260 of the
total pegulation developed noral speech and langusge
witlout intervention. Patients were disgnosed an our labo-
ratoey (m=bh) of referred frot other sites (n=1%4), and
all showed absentigrossly abnoetal auditory beainstem
responies (ABR), often ‘inging’ cochlear mecrophontes, and
the presence of histery of stescoustic enissions. Eliologies
and coexisting cotuditions meluded genetic (n=41), periph-
eral meuropatbies (7= 20}, pesiraal undice andior anoxia
aedive prematunty (n=74) These patients eomprise 10%
o tiore of hearing ipaived patients; theiz Languape anquisi-
tiom eajeetoeies are penerally unpredictable from theie audie-
prams,

St resunen los resultados de las prochas v los datos del
(raramiiento de 260 pacientes con dapnbatico de Espectro de
destrdens de la Neuopatis Auditiva (ANSD). B 85 de estos
pacictties s probo ¢l s de auilires anditivos y 49 pactentes
recibieron un implante cochesr, Apeoximadamente 15% repori-
aree) i beneficio on hos ausiares auditivos para Ja adqui-
szl del lenguaje micntras que el B5% de los que recibieron
st imiglants reportaron und mejoeta én b comprensidn v la
adquisicion del lenguaje. Apronimadamnente 5% (13260 de
i probilacidn tetal desarralld lenguaie pom] sm inlervensitn,
Lo paciente fueron dagrosticados en nuestro laboratorio
(n=48) o refieridos de alpin oo lads (n=154) v todos mos-
(rarini ausencta o amornalidad importante de los potenciales
evicados (ABR), frecuentemente con una microfnica cocler
“tmbrante” ¥ con presencia o hstoria de emistones oloacds-
beas. La etiobogla o ks condieiones co-existentes ineluidss
flueeiie: genbtieas (n=4 1), neuropatias perifiricas (n=20), icteri-
¢l perinatal y/o anoxia wo pretmatuses (n=74), Bstos pactentes
repeesentan 0% o msks de los pacientes con hipoacusia; su
(rayectora en ¢l proceso de adquisieitn del lenguzje e pen-
eralmmente impredecibbe & partie de ss audiogramas.

260 PACIENTES;

85 AASI

49 IC

5% AUDICAO NORMAL

15% RELATARAM BENEFICIOS
COM AASI

85% RELATARAM BENEFICIOS NA

PERCEPCAO DA FALA COM IC
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ABSTRACT

Objective: To characterize the P; 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 perception 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 Sdo Paulo.
The sample included 14 pediatric (4-11 years of age) cochlear implant users with ANSD, of both sexes,
with profound prelingual hearing loss. Patients with hypoplasia or agenesis of the auditory nerve were
excluded from the study. LLAEPs produced in response to speech stimuli were recorded using a Smart EP
USB Jr. system. The subjects’ speech perception was evaluated using tests 5 and 6 of the Glendonald
Auditory Screening Procedure (GASP).
Results: The P; 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
with 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 P,
component are related to behavioral auditory skills.
Conclusions: In children with ANSD using cochlear implants, the P; component can serve as a marker of
central auditory cortical development and a predictor of the implanted child’s speech perception
performance.

© 2012 Elsevier Ireland Ltd. All rights reserved.
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Protocolos diferenciados para neonatos com e

sem |IRDA;
EOA para criancas sem IRDA;

PEATE/BERA para criancas com IRDA;

RDA — Maior probabiidade de ENA

Reinternacao — nova triagem |
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