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Pediatric Audiology Program
University Of North Carolina
Chapel Hill

Universal NB screening legislation 1999

Pediatric Audiology and Cl Teams

CASTLE pre-school
Total 1400 infants and children

800 using amplification
600 with cochlear implants
180+ with ANSD diagnosis
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Auditory Neuropathy:
A Definition

Clinical syndrome characterized by
electrophysiological evidence of normal or near
normal cochlear function and absent or
abnormal auditory pathway transduction




Audiologic Findings

U Normal outer hair cell function as measured by
present otoacoustic emissions (OAES) or the
presence of a cochlear microphonic (CM).

U OAEs may be present initially but disappear over
time
U Abnormal auditory nerve response as observed
by absent or markedly abnormal ABR

U Acoustic reflexes are absent in most cases



Clinical Characteristics Reported

A Pure tone thresholds ranging from normal to profound

A Disproportionately poor speech recognition abilities for
the degree of hearing loss

A Difficulty hearing in noise
A Impaired temporal processing
A Hearing fluctuation

A Some individuals with AN have little or no
communication difficulties while others are functionally
deaf

A Not all individuals diagnosed with AN experience the
same problems

(Starr et al 1996, Zeng et al 1999, Kraus et al 2000, Rance
et al; 2002; 2004, 2005, Zeng and Liu, 2006)




Auditory Neuropathy:
Not a New Disorder

UTerm nNnAuditory Neuropathy
et al in 1996

U Not a new disorder

» Early reports of children with absent ABRs
responding to sound
A Davis and Hirsch, 1979
A Worthington and Peters, 1980
A Kraus et al, 1984

U Newer technologies and procedures, in particular
OAEs made it possible to conduct differential
diagnosis of sensori-neural hearing loss
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Starr et al Report 1996

U 10 patients with absent or abnormal ABR with evidence of normal
cochlear outer hair cell function
» Present cochlear microphonic and otoacoustic emissions

U Patients ranged in age from 4-49
U Presented without neurologic involvement at time HL identified

U 8/10 patients subsequently diagnose with other peripheral
neuropathies including 3 with Charcot Marie Tooth disease

U Speech recognition scores were poorer than expected for degree
of hearing loss

UResults obtained seemed to be ¢
| 0s s O




Prevalence

U Disorder initially thought to be rare

UgMany publi shed reports si
patients with similar audiologic test findings (absent
ABR with present CM and/or OAES)

U Estimates range from 7-10% of children diagnosed
with permanent hearing loss

(Rance 2005)




Possible Etiologies and Associations

U Genetic Etiologies:

» Syndromic:

A Charcot-Marie-Toot h di sease; Friedric
motor and sensory neuropathy (HSMN)

» Non-syndromic:

A Recessive genetic mutations: Otoferlin (OTOF),
Pejvakin (PJVK)

A Autosomoal dominant mutations: AUNAL (onset of
auditory symptoms in late teens)

U Perinatal Conditions:
Hyperbilirubinemia

Hypoxia

Low birth weight

More common in premature infants
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Rance (2005);Rapin & Gravel (2003);Starr et al. (2003); Hayes 2011
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Possible Etiologies and Associations
(cont.)

U Congenital Conditions:
» Cochlear Nerve Deficiency

U Infectious Processes
Viral Infections (e.g. mumps, meningitis)
U Head injury
» e.g. Shaken baby syndrome

Rance (2005);Rapin & Gravel (2003);Starr et al. (2003); Hayes 2011




Lessons from the Past

X X X X X X X X

Kalamazoo (1977)

ABR/OAE testing unavailable at that time

19 year old educated at school for the deaf

ASL primary mode of communication

Normal hearing sensitivity by pure tone audiometry
Central deafness or 7ANSD

More tools available now but still many questions
Current Interest in AN



Auditory Neuropathy:
Challenges/Questions

A What should we call this disorder?
A How do we accurately diagnose it?

A What should we tell a family to expect following initial
diagnosis of AN when infant is only a few weeks of
age?

A Do all children who present with audiological findings
of AN have the same disorder or to the same degree?

A Can treatment protocols be generalized or should they
be individualized?

A Are there clinically available diagnostic tools that allow
us to predict benefit from a particular technology?




Auditory Neuropathy:
Challenges/Questions

A Will hearing aids be helpful for
the short term or the long term?

A What constitutes an adequate
trial period with amplification?
A How do we determine who will

benefit from hearing aids or
cochlear implants?

A Will alternative hearing aid
processing strategies result in
better performance?

A What communication approach
fl | UNC IS best?
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Controversy

Exists in almost every aspect of disorder:

U Terminology

U Etiology

U Possible Mechanisms
U Treatment




Terminology

A Starr et al 1996:
» Auditory neuropathy
A Berlin et al 2001
» Auditory neuropathy/dys-synchrony
A Starr et al 2004:
» Pre-synaptic (Type I):
A When evidence of hair cell involvement exists
» Post-synaptic (Type Il):

A When patient has evidence of auditory nerve
iInvolvement




Terminology

A Gravel and Rapin 2006:
» Sensory hearing loss (hair cells)

» Auditory neuropathy (pathology of spiral
ganglion cells and VIlith nerve axons)

» Central hearing loss (central auditory pathway)

» Neural conduction disorder (when differentiation
cannot be made)

A Gibson et al 2008:

» Imaging, genetic and electrophysiologic testing
should allow us to identify pathologic entities
according to site of lesion

» Blanket terms such as AN/AD may be more
misleading then helpful




A Guidelines Development Conference:
|dentification of Infants and Children with
Auditory Neuropathy

Lake Como, Italy, June 19-21, 2008

Found at:

http://www.thechildrenshospital.org/pdf/Guidelines%20for
%20Auditory%20Neuropathy%20-%20BDCCH.pdf




Panel Members

A Gary Rance

A Christine Petit
A Barbara Cone
A Deborah Hayes
A Charles Berlin

A Pat Roush

A Yvonne Sininger
A Jon Shallop

A Kai Uus

A Arne Starr



Guidelines:
Identification and Management of Infants and Young
Children with Auditory Neuropathy Spectrum Disorder

A Terminology

A Diagnostic Criteria

A Comprehensive Assessments

A Audiological Test Battery

A Amplification Strategies

A Considerations for Cochlear Implantation

A Habilitation for Communication Development

A Screening

AMonitoring Infants with ATr
A Counseling Families of Infants with ANSD
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Terminology Considerations

A Same constellation of findings with different sites of lesion:
» Auditory nerve
» Synaptic dysfunction at junction of inner hair cell/auditory nerve
» Myelin disorder
» Cochlear nerve deficiency (small or absent 8™ nerve)

A Panel sought to identify simplified terminology to reflect an
auditory disorder with a range of presentations secondary to
variety of etiologies

A AUDITORY NEUROPATHY SPECTRUM DISORDER




Diagnostic Criteria

A Minimum Test Battery Required for Diagnosis:
» Tests of cochlear hair cell (sensory) function:
A Otoacoustic emissions and/or
A Cochlear microphonics
A Tests of auditory nerve function:

» Click-evoked auditory brainstem response (ABR) to
high-level click stimuli




Comprehensive Evaluations
Following Diagnosis with ANSD

A Otologic

A Radiologic imaging (MRI/CT)

A Neurologic

A Medical Genetics

A Ophthalmologic

A Pediatric and Developmental Evaluations
A Communication Assessment
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Why Comprehensive Medical Evaluation is Important
UNC-Chapel Hill ANSD Children
72% have some positive history)

Medical Diagnhoses
N=130

High Bili
Kernicterus
Syndrome
Meningitis
Unknown
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other neuropathy
ototoxic meds
Perinatal F/Infxn

Diagnosis




Otologic Examination

A Medical History
A Ear Exam
A Etiology

A Other associated problems
» Selzures

Motor delays

Visual problems

Ear canal problems

Otitis media

A Radiologic Studies (MRI/CT)

» Inner ear malformations
» Cochlear nerve integrity

A Other studies as needed
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Recommended Audiologic Test Battery

A Auditory Brainstem Response (ABR)

A Acoustic Immittance Measures
» Tympanometry
» Acoustic Reflex Testing

A Otoacoustic Emissions Testing

A Behavioral Audiometry
» VRA, BOA, play audiometry

A Speech Recognition Testing




Recommended Audiologic Test
Battery

A Auditory Brainstem Response (ABR)
A

»

»
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Normal ABR
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Estimating the Audiogram from ABR
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Absent ABR with No Cochlear Microphonic:
Child with profound hearing loss
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Abnormal ABR with Present CM
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What is a Cochlear Microphonic (CM)?

A Pre-neural response (occurs before Wave | in the ABR)

A Unlike the ABR, the CM shows a direct phase relationship to the
acoustic wave form. When the polarity of the stimulus is changed
there is a reversal of CM waveform

A Considered to have limited clinical use in past; renewed interest in
diagnosis of ANSD

ACM can be recorded in nor mal e a
ears with ANSD

A Significance in ANSD is when CM is present when neural
response is absent or markedly abnormal

A Amplitudes larger in patients with CNS problems (Santarelli et al
2006)



ABR Protocol for Evaluating CM

A Must have adequate recording conditions
» Infant ready to sleep
» Avoid electrodes positioned over transducer

A Single polarity clicks at 80 & 90dBnHL with
rarefaction and condensation polarities

A Must use insert earphones

A No-sound run with sound tube disconnected or
clamped to check for stimulus artifact




CM vs stimulus artifact

Bilateral auditory neuropathy/dys-synchrony

No Sound i BB No Sound Ri  QHdE

Rarefaction

Condensation Li 78dB

LATENCY 4.00 ms/div

open sound tube

crimped sound tube

LATENCY
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open sound tube

| crimped sound tube

4.00 ms/div




What os DI fferent ?
ANSD vs ntypical o ¢

A Not possible to obtain threshold estimates
with ABR

A Difficult to predict severity of disorder at time
of diagnosis In infants using currently
available tests

A If infant is identified early with ANSD it may
be sever al mont hs Dbef
thresholds can be adequately measured




Auditory Steady State Response
(ASSR)

U ASSR responses can be obtained to high
signal levels (>80dBHL) with ANSD but
responses are elevated even in children
who later show normal behavioral
audiograms (Attias et al 2006, Rance et al
1998, Rance & Briggs, 2002)

U Therefore, ASSR cannot be used to
determine thresholds in ANSD




Cortical Evoked Potentials
(CAEPS)

A CAEPSs not as reliant on timing as earlier evoked potentials and
may be present when ABR is not

» Hood, 1998, Rapin and Gravel, 2003

A Unlike ABR must be completed in awake (but quiet) infants
»  Cone Wesson and Wunderlich, 2003)

A CAEP may be useful tool for some difficult to test patients

» Pearce, W, Golding, M, and Dillon, H, Cortical Evoked
Potentials in the Assessment of Auditory Neuropathy:
Two Case Studies. Journal of the American Academy of

Audiology, 2007, 18:380-39
A Further CAEP research needed with normal infants and infants
with SNHL and ANSD

ERSIN®

SCHOOL OF MEDICINE







Variable Presentations of ANSD
Case Examples




Case #1: UNC
Present CM and OAES @ ‘
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