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Percentage of individuals with
Hearing Loss by Age & Severity

Mo MODERATE+

3 8 2 Million Americans aged
12 years or older
o (14.3%) have hearing loss

0.2% 0.4% 1.6%

12-19 20 - 29 30 -39 40 - 49 50 - 59 60 - 69 70-79 2 80

Cochiear Carter for . Goman & Lin. (2016). Prevalence of hearing loss by severity in the United States.
Hearing and Public Health Jhucochlearcenter.org

BN JOHNS HOPKINS
e American Journal of Public Health, 106(10), 1820-1822.

BLOOMBERG SCHOOL
of PUBLIC HEALTH
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Prevalence of hearing loss
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Prevalence of disabling hearing loss by region
10%
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0%

High-income Central/Eastern Sub-Saharan Middle Eastand South Asia Asia Pacific Latin America and East Asia
nations  Europe and Central Africa Morth Africa Caribbean
Asia

m Prevalence of disabling hearing loss (=30 dB) in children (<15 years old)
B Prevalence of disabling hearing loss (>40 dB) in adults (15+ years old)

Data based on 2018 WHO Global Estimates on Prevalence of Hearing Loss
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Prevalence of Disabling Hearing Loss
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M Prevalence of DHL for children until 14 years old (per 100 children)

Prevalence of DHL for adults 15 years or older (per 100 populuation)

M Prevalence of DHL for adults 65 years or older (per 100 population)

*MED, WHG, J01F DAL estimates, where DAL adulk threshold = =21 dB
and children threshold is 31 dB {children 0 until 14 years old).
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Prevalence of Disabling Hearing Loss for children
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Prevalence of Disabling Hearing Loss for children
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wm | inear (Prevalence of Disabling Hearing Loss for children until 14 years old)
*MBD, WHO, 2012 DHL estimates, where DHL children threshold is 231 dB.
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“The best way ito predict the future is to create it.”
(Peier F. Drucker)
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Medications, vitamines (VAD
syndrome) drugs, chemical
agents (herbicides, fungicides &
lead) alcohol & nicotine,

Metabolic & hormonal
disturbances: diabetes &
thyroid dysfunction (Pendred
syndrome)
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» Malformations of the EAC M\A “ I S\
e Disturbed aeration of tympanic cavity r j Lfc
« Deformities of ossicles )M-LIM QA-M\M (5 A G|V IV |
¢ Rudimentary or aplastic ossicles ;j\_1 - | s | i “ ;\_1 - 2\;
= () (S-LLJ s 9% S,
» Malleoloincudal joint fusion (absent joint gap) 1 ) ) S5 .77 J i 2
¢ Incudostapedial disconnections Al \ “ ( ‘! “ a j
¢ Hypoplasia of tympanic cavity C C 5 ¢ ) < = 5 3
(normal: maximum width of tympanic cavity in an axial (d\.m.\\ LSJS-‘
layer at height of promontory app. 7-10 mm) 1 !
* Stenosis or occlusions of oval and round window (?LQ/I >) °J5JAM} (?L“2>) ) 328l 4
Ce gl Wik, L (3451 5] 3)
; round window: [ w 3 o
e Incomplete development of cochlea °~)5J 25 - \ S8 é‘u‘ . ‘f 5
(standard: 2 % turns) (BJ}J 1.5 u_um}a)
e Aplasia of cochlea with and without aplasia of A r .
vestibulocochlear nerve ‘—’1"“: SERRS S J‘ UJJH‘ g“” pc .6
« Dysplasia or aplasia of semicircular canals ‘_;’A)s]\ LS)"h’ \ ‘.—"‘é’J\
» Dysplasia of vestibule U)@J\ :\_\.@‘}[\j ).\léﬂ\ dS....u uas.\ j\ dS.uu ed.c .7
« Enlarged vestibular aqueduct and saccule SS\ - “daall 1) -
e Incomplete or absent cochleomeatal separation (gusher C""ﬁ} L5 )-‘h’ d t‘-"ﬁ 8
ear) ‘fﬁ}d\ @\.«A\ P\jj\ L_&S‘_ j\ & Uatt 9
» Abnormal course of large skull base vessels and facial 5 =) LAl a9 A Ve
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EAC malformation groups type A to C (from Weerda)




Disorders of the Outer Ear

Accessory auricle Additional pinna or auricular tissue

Anotia Congenital absence of pinna

Cleft pinna Congenital fissure of the pinna

Coloboma lobuli Congenital fissure of the earlobe

Macrotia Congenital excessive enlargement of the auricle
Microtia Congenital small pinna

Melotia Congenital displacement of the pinna
Low-set-ears Congenitally displaced pinna

Polyotia Additional pinna on one or both sides
Preauricular tags Small appendage anterior to pinna

Scroll ear Rim (helix) of pinna is rolled forward and inward
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Category Subgroups

A 1. Complete aplasia of inner ear (Michel
= incomplete deformity)

embryonic 2. Common cavity (otocyst)
development 3. Aplasia/hypoplasia of cochlea

4.

(normal posterior labyrinth)
Aplasia (Figure 5)/hypoplasia of
posterior labyrinth

(normal cochlea)

. Hypoplasia of entire labyrinth
. Mondini dysplasia

B

= aberrant
embryonic
development

N =10 O,

. Enlarged vestibular aqueduct
. Narrow internal auditory canal

(intraosseous diameter less than 2 mm)

. Long crista transversa
. Internal auditory canal tripartitus
. Incomplete cochleomeatal separation

C

= isolated
hereditary
malformations

=l bW

. X-linked hearing loss

D

Malformations associated with syndromes
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Classification of inner ear malformations according to Marangos
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Category A

Aplasia or malformations of cochlea

1.
2.

3.

Labyrinthine aplasia (Michel deformity)
Aplasia of cochlea, normal or deformed
vestibule and semicircular system
Hypoplasia of cochlea, normal or
deformed vestibule and semicircular
system

Incomplete cochlea, normal or deformed
vestibule and semicircular system
Common cavity: cochlea and vestibule
build a common space without internal
architecture, normal or deformed
semicircular system

Note: enlarged vestibular aqueduct possible

Category B

Normal cochlea

1

Dysplasia of vestibule and lateral
semicircular canal, normal anterior and
posterior semicircular canal

Enlarged vestibular aqueduct and
normal or dilated vestibule, normal
semicircular system

N

o sl ol aualade A
BTSN

b oyl B
(4o nlas Cla gi5)

Classification of inner ear malformations according to Jackler
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Cochlear
malformations

Configuration

Michel deformity
(arrest: 3" week)

Complete absent of cochlear and
vestibular structures; often
aplastic internal auditory canal;
absent vestibular aqueduct

Cochlear aplasia
(arrest: late 3 week)

Absent cochlea; normal, dilated
or hypoplastic vestibule and
semicircular canal system; often
enlarged internal auditory canal;
mostly normal vestibular
aqueduct

Incomplete partition
type |

(=cystic
cochleovestibular
malformation, Figure 9)
(arrest: 5" week)

Cysticallly enlarged cochlea
without internal architecture;
dilated vestibule, mostly enlarged
internal auditory canal; absent,
dilated or normal semicircular
canal system; normal vestibular
aqueduct

Common cavity
(Figure 8
(arrest: 4" week)

Cochlea and vestibule build a
common space without internal
architecture, normal, deformed or
absent semicircular canal
system; internal auditory canal
more enlarged than narrow;
mostly normal vestibular
aqueduct

Cochlear hypoplasia
(arrest; 6™ week)

Distinctly recognizable
separation of cochlear and vesti-
bular structures; small cochlea
bud; absent or hypoplastic
vestibule and semicircular canal
system; narrow or normal
internal auditory canal;, normal
vestibular aqueduct

Incomplete partition
type Il
(=Mondini-deformity,
Figure 10)

(arrest: 7" week)

Cochlea with 1 %2 turns, cystically
dilated middle and apical turn
(cystic apex), nearly normal size
of cochlea; slightly dilated
vestibule; normal semicircular
canal system; enlarged
vestibular aqueduct

Normal (Figure 11)

Regular cochlear and vestibular
structures; normal internal
auditory canal and vestibular
aqueduct

Cochlear malformations by time of developmental arrest according to Sennaroglu
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Main groups Configuration - Je L 1At e
Cochlear Michel deformity/cochlear aplasia/ . - -
malformations common cavity/incomplete i ';S: I cala 9,?,", 1
partition type I/cochlear - |
hypoplasia/incomplete partition 'J,SQ Al Ccala 9,'";;
type Il/normal T 2
Vestibular Vestibule: AN A8y s 535 3
malformations absent/hypoplastic/dilated .
(including Michel deformity and (bl aand) (5 yae o o35 4
common cavity) i [ -
Semicircular canal Absent/hypoplastic/enlarged L5J"L >l ‘J ‘ ‘_’u’} =L
malformations
Internal auditory canal | Absent/narrow/enlarged
malformations
Vestibular and Enlarged/normal
cochlear aqueduct
malformations

Main groups and configurations of cochleovestibular malformations according to Sennaroglu
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Michel’s aplasia (Jxix) piad a2e
Mondini (2 ) aal ac
aplasia

Scheibe aplasia (x\s) aal axe
Alexander (LXluSl) aual axe
aplasia

Bing ({leim) -&in) phal axc
Siebenmann aplasia

Enlarged s daall Jluall 3L au s
vestibular agueduct

Absence of (s all cuaxll Cile
CN VIII

(1
(2

(3
(4

(5

(6

(7
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Relative Incidence of Cochlear Malformations

Malformation Incidence (")
Incomplete partition (Mondini dysplasia) o5

Common cavity 26

Cochlear hypoplasia 15

Cochlear aplasia 3

Complete labynnthine aplasia (Michel aplasia) 1
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Crouzon Syndrome (craniofacial dysostosis)
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Branchio-oto-renal (Melnick Fraser Syndrome)
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X-linked Disorders

An Example of X-linked Alport’s QJ‘S-.J\ &AJ»\:\A

Recessive Inheritance

Hearing f riearing syndrome
T W) Aaal) AndY) Al Dl
‘; '8 opalatal-digital syndrome

TN Noreg s
N pfrome

Hearing Hearing Hearing Deaf

Daughter- Son Daughter- Son
Noncarrier Carrier

Im this figure, ' is an X chromosome with a
usual copy of the gene, and j is an X
chromosome with a copy with a recessive
mutation. § is a¥Y chromosome.
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Mitochondrial Disorders 4;_aiiall <yl jlaaY!

The Relationship Between Chromosomes,

Mitochondria, and Mitochondrial DNA

Mitochondrial dysfunction
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Key Facial Characteristics of Down Syndrome
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Sensorineural
Hearing Loss

50%

50%

s 3l

Genetic

70%

Nonsyndromic
¢ Recessive 75%
¢ Dominant 25%
¢ X-linked and
mitochondrial <1%

30%

Environmental
¢ CMV and other
*TORCH” infections|
¢ Ototoxicity
¢ Prematurity

Syndromic
¢ Pendred
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¢ Waardenburg
¢  Many others
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Infections

Birth-related
causes

17%

~ X

Prameturity  Low birth weight
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Days |
Gestation

0 280
Trimesters (i T S Ll ]
‘ - First Second Third
Periods
 Phases 1= =S EF , ‘
i Organogenesis

Fertilization == Primary Morphogenesis

Cleavage ' { Birth
Blastulation ' Mprﬁly
Implantation ’ '
o Examples: - Cognitive Impairment
Neural Tube Defects . Hearing Loss
Gastrulation Gastroschisis Hypoglycemia
Single Outflow Tract Cardiomyopathy
) Mela_ ~ Lung Immaturity
Teratogenic »
Exposure

| QOutcomes |
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Abnormal Organ Differentiation, Growth, and Function






A 430 gl Sl glall £

Congenital Toxoplasmosis gondii
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Author, year | Filiation of main Study Casuistry Methods of performing the Results on hearing disorders
author, country design hearing evaluation
Wilson Stanford University Css 24 children (follow-up) with Pure-tone and speech recep- | The incidence of SNHL ranged from
et al, 1980"" School of Medicine, US congenital toxoplasmosis tion threshold audiometry. 22 to 30%.
McGee University of 55 30 infants within 2 months of | ABR. A total of 6 (20%) of the 30 infants
et al, 199214 Chicago, US birth were diagnosed with mild to
moderate conductive hearing loss
associated with otitis media.
Sensorineural hearing loss was not
described.
Mcleod University of s 131 infants (follow-up) with Mot described. Mone had SNHL.
et al, 20067 Chicago, US congenital toxoplasmosis
Andrade University of Minas Css 30,808 newborns. Among Hearing test battery: Out of the children with congenital
et al, 200812 Gerais, Brazil them, 19 newborns behavioral observation toxoplasmosis, 4 were diagnosed
diagnosed with congenital audiometry, audiometric, with SNHLand 2 with conductive loss.
toxoplasmosis transient and distortion Considering the SMHL, 2 childrenhad
product otoacoustic mild, 1 had moderate. and 1 had
emission, ABR and profound hearing loss. Two properhy-
tympanometry. treated children persisted with
hearing loss.
MNoorbakhsh University of Medical cCcs 95 infants with SNHL and Audiologic screening with Antibodies were found in 12% SNHL
et al 2008'" Sciences, Iran 63 healthy infants were ABR, EOAE, and PTA children (children aged 3-5 years
compared old) and in 21.2% (children younger
than 1-year-old), whereas in healthy
children
Austeng Fredrikstad Hospital CSsS 27,727 children born in Otoscopy, immittance audio- 40 women had primary Toxoplasma
et al, 2010" | Trust, MNorway MNorway between 1992-1994 | metry, otoacoustic emissions gondii infection in pregnancy and
and play audiometry, none of their neonates had hearing
behavioral audiometry in free loss; 22 children were diagnosed
field, or ABR. with hearing loss of other origins.
Resende University of Minas Css 106 children diagnosed with Hearing test battery: They found normal hearing in 60
et al, 2010" | Gerais, Brazil congenital toxoplasmosis in behavioral observation children (56.6%), conductive
the neonatal screening audiometry, ABR, transient hearing lossin 13 (12.3%), SNHLin 4
program during 6 months and distortion product (3.8%), and central hearing
otoacoustic emission, and disorders in 29 (27.4%). There was
tympanometry. no difference between children
with additional risks for hearing loss
and children who only had onhy
toxoplasmosis.
Silva Sdo Paulo State s 565 newborns Transient EOAE 65 (11%) newborns had risk factors

et al, 20158

University, Brazil

for hearing disorders, and
congenital toxoplasmosis was
found in 1 newborn; 13 infants
presented hearing loss at retest.
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Congenital Toxoplasmosis gondii
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Maternal Smoking

-
.

Alteration in DNA methylation patter of fetal gene pools
Placental Function: LINE- [43], Alu¥b8 [9]
Neurodevelopment: NR3C1 [50), HSD11B2 [51], GPRI3, LRFN3 [53]
Neurotransmission: HTR24, ADA [47.48]
Immune development: AD4, PTPN22 [48]
Transcriptome regulator: RUNX3 [46], PURA, GTF2H2, HKRI [49]
Calcium binding: GCA [45]
Metabolism of aromatic hydrocarbon: CYP1A1 [49]
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Placental abruption, Miscarriage, stillbirth, preterm delivery
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Susceptible targetsin the fetus
Gene targets n miRNA targets Histone modifying targets n DNA methylation targ
avelopmental: Plunc, Neurofilament, Pale ear [68], ~ miR-9, miR-21, miR-153,  H3K9ac [81] DNMT, MeCP2 [67]
Hoxal [87] miR-335 [73]; miR-10a, H3K27me3 [82]

i ot 3 miR-10b, miR-30a-3p, CBP [83]
Al Proliferation:  Oct4, Sox2, Nanog [72], Bubl, DiR-145, miR-152.

Cdc20, CcnBl, Plkl [74 : :
c20, CenB1, PIkI [74] miR-29¢, miR-30¢-5p,
2|l Differentiation: SoxI, Zicl, Cxcl12, BMP8b, Dmrtl, miR-154, miR-200a,

Meis1, Mef2c[72], Sh3bp2, Tnf, miR-296, miR-339,
Adrala, Pik3rl [75] miR-362, miR-496 [87]
ain development:  Pten, Otx2, Slitrk2, Nmnatl [79]
1printing; H19 [76], POMC [80], Sfinbt2, DIkI,
Ube3a [79]

aming & Memory: PNOC, PDYN [82]

Phenotypic outcomes in the offspring
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Fetal alcohol spectrum disorder (FASD) 5SIAN g olAN) g .1
* Attention and memory deficit dudad 4 : \ "l.; a

« Craniofacial malformation e Wt !,' J ‘j J“j -2
* Motor function abnormalities . A‘JSJ?“ 2B gl) g 3
» Auditory and language problem 4y gll) Amacd) clyl o) 4
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Ototoxic medications & substances
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Malnutrition

Absence of dietary methyl group donors such as folate, choline, methionine,

betain and methylcobalamine

Imbalance in folate-mediated one-carbon metabolism (FOCM) pathway [9¢

Mutation in methionine synthase reductase (Mirr) gene, essential for
deployment of methyl groups from the folate cycle [104]

Down-regulation of genes related to fetal brain development: BDNF.,
CREB, NGF and TrkB [105]

H3K9 and H4K20 methylation [114]

Altered expression of miRNAs linked to FOCM pathway : miR-29¢, miR-
183, miR-422b, miR-189 [115]; miR-22, miR-24, miR-29b, miR-34a,
miR-125, miR-344-5p/484, miR-488 [116-118]
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Metabolic disorders

» Maternal Hypotflyroidism }'}J\ &\éﬁ)\ (s Lealll T )S,,,S\ l_@_A_Q,\ °
2 23 (Bl gl ¢ AL

Trigger epigenetic imbalance in the fetus

[149,150,157,158,172] O Ae gl Gl Al e S e
JJLSJ :\_\AMY\ QL\\.\‘)L.&AY‘ Y
* Induces oxidative stress [148] . U W & | .
dic gaa gill Cauall
* ROS accumulation [148] J; ‘=2 jj . & jd -
* Inflammatory response [155] “E‘SJAM L)& ‘—’L“)L“'\ ‘j‘“—‘j‘
« Cytokine production [156] dauac L J_L__'é\
* Decreased T3 levels [169] ’ .
» Altered levels of metabolic genes [172] A uasll “—’\T")‘L“éy\ Jadi e
Neuroanatomical /neuropsychological t—il-\‘ )Ja-s'a\ 6‘\-35 )&Aj\ 9 Z\-mﬁ-d\
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Congenital, Perinatal & postnatal Hearing Loss

2023 — 2022 (o ) alall



st 16N (5 1000 /2 <
s ALl Al Cilaal 2D —
) i (e aa] il o

35 Bball & SL xandd) i e
LIty <l jaall d sk 4AY
AloiSal) g &l gdat ) jleag
Aalzll

Al yexll d3le ) 305 22aT e
e Sﬁj n ., 4:15 &h

el




rwal) Jalad) e A

' Ss bl 1 e —

S e bl Ay —
“_MJ““ A Ney dasi e — Sal g2l daxia  —
483) ya 322N

rGigaadl () LB
EJYJM:J:\AJ‘}@_L :gJYJ —
DAl sedaicuile —
&y gaall Ale jaal
Aall) )olai J cAalll alas J8

"ﬁAJﬁ.\ﬂ\ JHAL) = L E
Ul el il i e i —
s sl g daa HLAY Y

L;""“QL;‘“;&‘““UAS‘ —_
d.\.u.nj\j M.La\_ﬂ\ uJ\J\ UA\JA\

S el orandl NP
o2l el hlide e gl — Gl okt ay cdall e amy —
38 jidia OIS



duailal g eu.d\ Uall cdaial

iy s H dadd) wa  F
Abas saals ol tclall am s — 040 16 "csa —
Lee GdY) Al reuilal) S = «.2 55 41 :Jaas —
ookl cawa ] @270 -56 ;Jaiee 22l —
Gl pand) (a7 jEae — @290 -71 ;22d —
pndl i Ba% AN F 1 B e — @290 < :3ee —
a en rpad) ali ) oS cua |G
AN s ) 50 500 > headiie il plg —
o o) Gl Gy (e Se 2000 -500 ;i sic & 158 —
dallaall o) gl A
el Y il g pusfe e — 3,2 2000 < dlle o il —

Aallaally 5l i gl aa



S5l pand) el Cigiuatl

Prelingual Deaf Chidren
11000
]
[ | 1
Idio pathic Non-genetic Genetic
5% 25% 0%
|
| 1
Non-syndsomic Syndeomic
70% < 1) S
s 118
| 1 i |
Augosomal recessive Auzosomal domen ant X-hnked
75% - 85% 15% - 24% 1%-2%
1
[ ]
DFNB1 Other DFNB
50% S0%

1Y ) randd) 2l o
%50 S5 —
(Al gal Ay Jal g8) uiSa —
%50
A gahall & aand) ali e
%50 &5 —
%25 —uiSa —
%25 <52 e —



History taking: Risk factors for congenital and childhood hearing loss

Prenatal Examples

Maternal infections TORCH (toxoplasmosis, rubella, cytomegalovirus, herpes simplex,
syphilis)

Maternal exposure to toxic agents Aminoglycosides, furosemide, quinine, chloroquine,
thalidomide, alcohol, tobacco

Maternal metabolic disorders Diabetes, hypothyroidism

Perinatal Examples

Prematurity

Low birth weight <1500 ¢g

Hypoxia, low APGAR scores 0-3 at 5 min; 3-6 at 10 min

Hyperbilirubinemia

Sepsis

NICU admission

Extracorporeal membrane oxygenation (ECMO)

Exposure to ototoxic medications

Postnatal Examples

Viral illness Varicella, measles, mumps

Bacterial meningitis

Otitis media with effusion

Trauma Head trauma, noise exposure

Metabolic disorders Hypothyroidism, glycogen storage disease
Neurodegenerative disorders

Genetic syndrome, other organ system abnormalities Visual impairment, kidney disease, history of syncope

Family history Examples

First and second degree relatives with hearing loss

Common origin from ethnically distinct areas of the world Ashkenazi Jews, Japanese

Consanguinity

Adapted from Lin and Oghalai” and Mafong et al.
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Signs and symptoms
of hearing loss in babies

. Birth to 4 months
* Newborn doesn't startle at
loud sounds
* Asthe weeks go by, doesn't
- respond to your voice, such

4-9 months

e Baby doesn't smile when
spoken to, nor notice toys
that make sounds

e May not turn her head
toward familiar sounds
as smiling, cooing or
calming down e Isn't making many babbling
noises, doesn't seem
to understand hand motions

like the "bye-bye" wave

9-15 months 15-24 months

e Child isn't using many
simple words, and can't

o Infantstill isn't
babbling much nor

attempting to point to body parts
repeat simple when you asK
sounds
e Can't name common
e Doesn't use his objects
voice to get your
attention e Doesn't listen with
interests to songs,
e Doesn'trespond to rhymes and stories
his name

e Can't follow basic
commands
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Neonatal Intensive Care
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Otitis media

0 OTITIS MEDIA
i INFLAMED EARDRUM
e Pressure on the eardrum, and

N fluid restricts the movement of
e, the bones of the middle ear, _
e which impairs hearing
L5 i
:.";." .. Ny
‘ }_': The eardrum is intially *
:;1 stretched inward, ' ‘
‘$ causing pain N\
S ' As an infection progresses,
~ the fluid pressure can cause
g “the eardrum to bulge

outwatd

' " =43
..';" s The Eustachian Tube

b .. ‘o' "9 "‘."

W ilesl 8050 becomesinflamed ¢
T and blocked
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Bacterial Labyrinthitis

il JBae) 5 23l puac s pen el (38 e 4l a5 g6 ey pdl) e
Llas Gleily (ga50 38 545 julaall

gl yal) 1Y) o
(ot smliy 38 i o il S ) ) Aie Jall ans sl 3Y) Ll (g i () —
(ol Juadll yie HLESN) ool Llas Q@Y (o 5 4 ) —

roaal) Jal e e
Gl cladiia o) e g pall QUM HLES e aniy tamd) gl uaal) 4l Glgdll 1

(e Usmilin (381 yia (g 3 (an g (3 Aledll) Aalalll 31 Jil s )

SRS (gt sl Gl D 53ma (e 58 n JLEE) (e aady tpd gall (Al 4l Gilgdl) 2
e O giys il Jold ey 502 1 pdlle AB AT Gl 3

g gall gl ) Glgil) Aa ja A 5 guad Ao puuy mllay ol 13) Al 3L gl (AuBN) 4N Gilgd) :NLB




at
R 453 gl
» 4 o
Bacterial Labyrinthitis
rcladall g ol Y e
b ) 92) Ay ulas (al e V) S8 3 S Jal ) 8 —
(3025 4 he Ay nlan sl )y lelil aa g oalia
Al e aak gila —
o2y B Al g
sl o gl (A1) Al YD 5 5all Cladle 5 al el —
(Ll
Edlad) e
4 nlas Ailladie ae ddle Gl oo a5 A Dlala —
(st 1) Y1 8 ALY 3 ) g 0lad oad e i —
(Rl S a5 Llle dAad) il




@A 4l Gilgal
Luetic Labyrinthitis
Stage 1 Stage 2 Stage 3 daaldl) Al Gl 1 paad) Jalad) o

ECM binding Endothelial cell Extravasation

rceptr Treponema Pallidum
inding

i rbual eyl e
e DA (538 a1 sl Jleall dbal Cuaad —

Host

endothelium AJ;)AM Ji (L\M\ t_\\.g_“\) ‘\_1..).1\:\]\ ‘dAJAM

T. pallidum OM 2.1.{:)‘2\ M\.m\ cJ\;j\ Q\A&d\ L_i\.@_ﬁ\) 4:\5\_15\
(il 2 gl
Tp0751
o @AY Al el 5 il
Gy palil) g aoliall dpindll lac V) 3 i —
4l

el Caalll e gl ) Gy i —
sl JLEY) 3ok e ol phlll

Agmand) Aninall (3nad s plie il —
"l Tz i’



@AY 4l Gilgal
Luetic Labyrinthitis

.Eu-u-w .
J‘jﬂ‘ Tulllo s sngn sl e —
o\J\J.a d.‘.\).mj\j
:Henbert’s Sign < e —
— 3 2 sa s (30 (e Alag) sl Adle
d—‘-L"M 9m@u943‘ L;L‘“’JUJ‘
CM\ °

LAQMJ@JJ&Y\MAJAMUJS_\_
Gl i)

damand) LD il ga.AuM Salall —




& uall aliall (2 gua )
:Labyrinthine concussion 43 zlad ) .1
=L (-/+) by gams i sy Gl )l e () IS 58 iy all

2 = @Eua alae HuSy 48 0 e )0
= = G 5 N s e Aeald) )Y baall o B gkl —
[ P Aada o Lae R 31 ) desanll alae e Jais
Y ) 5 3 i W gy 5 RSl Y1 ) gl Al
2\ 2l Akl
= el e¥ —
Wy NIRRT 7 J -, £ SR
S e gl .
OV s Gl bl agie pan o) GREa e B3 L 8 e
Julie 053 a5l ga edar (g s (puand 1 AN —




(> uall P.B:J\ -8

:Temporal Bone Fractures (TBF) (Sall aliall j3us 2
seuall alaall st (Gl I e 3 il 4 58l) (i gum ) (255 —
Walide 5l (%20>) Laa sine 5l (%80) WY sl 1l (<5 —
ol A leeal b Ciiaill) o
1A ghll gl —
5ol p gl 5 padd Ul e el i ey
(Al 5l g aa) dila dpca 558 (e any o
1Al Jinal) gl —

ol o el sme o Lasee el bl 6
(AN 5l dpen) dals sl dpalal Byad dun 558 e anii e

N ) Al b il o
? il z A HeS —



(TBF) (& xall aliall ) guss
ladall g (i Y

O s 5 (oAl Ay glall ) guusl) o
o sl
M\dﬂwwuuﬁ\yﬁ\dm

Jaball elLie (3 hai camy O3 o s palall

el als
(e 5 g o) (e 550 5
(Slartanll Sl (3 ,88) pandl i —
ALY Aadadl) sole (%20 >) ensl JLaN —
(C30) S o2l Leleal) Qi) (Sl —
adll zlad )l —




(TBF) (Sall aliall ; guss

aladall g ) e

Transverse fracture
Foramen spinosum Foramen lacerum

O S 53 oA A yiaall ) guusll o

-aakalll

¢ 9_ad) dregae al ye by (38 e mad ) gn —
(el olsie

Lle dyeall dakadll 4 (%50) e sl JLal) —

el (5 e A JLidall (g gl a5l —
(<)
Al

-




\ Cochlea Adhqo of mallet w

><~——Ml|

‘ﬁ»%

rlelaliny) o

Soadl ikl et 1
Cplal) L"sll.c
(3559

a5l il Sl Al 3
&> 5l uanll 45l o<l

o Qi e ) et 4
e sl baliadl s

lal sl 38 5 xie
Aile

3



g.ﬁw‘ P&J‘JJ‘SJ&:‘

:bAM-“ udﬁ °
oty s dal all allay 1 8 aand) el —
Julall clie o cilaulaall
s DAY 1 ardl ol aedd) pats —
Cligmally 5 505 a5 aand) BaleinsY Al
Ulal da) ol el (K1 canliall dpnadd)
Wasd) gl (goliil o5 ) puls 332 Y
s ylgdl) e
4 s ool ae Jualisale) —
:Q.-,\-.\H\ )
sl sla e ol




Bugdal) 338 g dpdanad) BAELN B AEY) (35
Round & oval windows Rupture

W
(sl 5 ol jalall L) daaliall (5 sall Jaxazall VS —
dpca ) Y oLy —
(... oeidae sl ol Jlass) 3230500 400 58l o geall —
clie o allll ) dudel (3 e dada pall Y
EJJM\ paalal)
scladlad) () oY)
il s (pun gan pati —
(Bumis el s e ) 308 Al () el pa ciie Jl50 —
a4y she & lansl )l —
s il
) ddal, —
Oadas cathadia —
(Lol gl galail) agll ) suls Sl paial s A daljall —




A a3 4 gl dpanad)
Drug-Induced ototoxicity
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Noise-induced Hearing Loss
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Noise-induced Hearing Loss
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How Loud Is Too Loud?

Noise-induced hearing damage is related to the duration
2t and volume of exposure. Government research

\  suggests the safe exposure limit is 85 decibels for
' eight hours a day. Some commaon decibel levels:

| 105 _ 110 l
f("' E.‘tfr_ff!! !

Raindrops Normal Busycity Hair Chain- AniPod Jack- Gunshot,
conversation traffic  dryers uﬂnner'ts saws  at peak hammers fireworks
volumes
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Noise-induced Hearing Loss
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Prevent Hearing Loss

Hearing loss is a worrying trend in the UK...
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people in the UK suffer from Over 800,000 people Almost 75% of over 70 year-
1 of hearing loss - about 1in 6 are profoundly deaf olds suffer from hearing loss 9\ a o n

eryday activities can place enormous stress on the ears L ... . "
&)L.J\ 4\...33_15\ .Lm.u e\.A.\AY\
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Some useful

(0 (( products include:

- Foam earplugs
- Re-usable plugs
- Ear defenders
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Audioprofile

FREQUENCY IN HERTZ (Hz)

Legend (age in years;
only right ear shown)
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Percent hearing impairment

Impairment (%) Pure tone average (dB)" Residual hearing (%)
100% 91 dB 0%
80% 78 dB 20%
60% 65 dB 40%
30% 45 dB 70%

“ Pure tone average of 500 Hz, 1000 Hz, 2000 Hz, and 3000 Hz.
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An Example of Autosomal
Recessive Inheritance
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In this figure, is a usual copy and (] isa

copy with a recessive mutation
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Certain Notices

Note 1. G/PC3 is responsible for progressive sensorineural hearing
loss that can be associated with audiogenic seizures

Note 2: STRC causes Deafness-Infertility syndrome when deleted in
conjunction with CATSPERZ (Zhang et al., 2007).

Note 3. Some variants in CDC14A causes Deafness-Infertility
Syndrome in males.

Note 4. GPSMZ2 was initially reported as a non-syndromic hearing
loss gene but later determined to cause Chudley-McCullough
syndrome, see Diaz-Horta et al 2012 and Doherty et al 2012.

Note 5: RORI1 is responsible for autosomal recessive hearing /oss
associated with common cavity inner ear malformations and auditory
neuropathy



Certain Notices

Note 1: DFNB5 was reported originally as DFNBA4.
Note 2. DFNB9 was reported originally as DFNB6.

Note 3: DFNB26 is suppressed by dominant modifier
DFNM1.

Note 4: The gene at the DFNB82 locus was initially
reported as GPSMZ2 by Walsh et al 2010, but this gene
was later determined to cause Chudley-McCullough
syndrome, see Diaz-Horta et al 2012 and Doherty et al
2012.
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An Example of Autosomal
Dominant Inheritance

Deaf Hearing
Father Mother
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L |

A f A

Deaf Hearing Deaf Hearing
Daughter Son Son Daughter

0
In this figure, ' is a usual copy and () isa
copy with a dominant mutation.
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Autosomal Dominant
Nonsyndromic Hearing
Loss Genes & Loci
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Certaln Notices

Autosomal Dominant Genes Called in to Question

Locus (OMIM) m Original Reference Reference in Disagreement
DFMNA4E MYOIA Donaudy et al., 2003 Eisenberger et al., 2014

* Note 1: Mutations in DSPP cause dentinogenesis imperfect
associated with hearing impairment in some familles.

 Note 2: MYOLIA has been called in to question as the
causative gene for DFNA48, see Eisenberger et al., 2014
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An Example of X-linked
Recessive Inheritance

Hearing Hearing
Father Mother-
Carrier

Hearing Hearing Hearing Deaf
Daughter- Son Daughter- Son
MNoncarrier Carrier

In this figure, 8 is an X chromosome with a
usual copy of the gene, and | is an X
chromosome with a copy with a recessive
mutation. ﬁ is aY chromosome.
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X-linked nonsyndromic hearing loss genes

X-Linked Nonsyndromic Hearing Loss Genes

oy el e

2 el | i et

£ §ousre Deprog et al., 1959

DFMX4 SMPX Schraders et al., 201 1; Huebner et al., 2011
DFNX5 AlIFM 1 Zong et al., 2015

2 i, 1

*Previous nomenclature designated X-linked loci as DFN but this has been changed to DFINX



X-linked Nonsyndromic Hearing Loss Locli

X-linked Non-syndromic Hearing Loss Loci
s M) G Lcation | Gee Ol Ko s o)

DFNXT* Xq22 PRPS1 Liu et al.,, 2010

DFNX2 Xq21.1 POU3F4 De Kok et al., 1995

DFNX3 Xp21.2 unknown Schraders et al., 2011; Huebner et al., 2011
DFNX4 Xp22 SMPX del Castillo et al., 1996

DFMNX5 Xq26.1 AlFM T Zong et al., 2015

DFNXG Xq22.3 COL4A6 Rost et al., 2014

*Previous nomenclature designated X-linked loci as DFN but this has been changed to DFNX
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Mitochondrial mutations causing Mitochondrial mutations causing
Nonsyndromic hearing loss NSHL syndromic hearing loss SHL
. . .4 . Gene Mutation Phenotype
Gene Mutation  Occasional additional findings

TRNALeu (UUR) 3243A—-G

diabetes mellitus, neurologic disorder,
hearing loss

125 rRNA 1555A-G - fjRNALys | e
7445A—G palmoplantar keratoderma T

diabetes mellitus, neurologic disorder,
hearing loss

TRNASer (UCN) 7472insC  neurologic disorder, keratoderma ks & [

progressive myoclonic epilepsy,
ataxia, hearing loss

';r I~ 1 l T Y C i Several large deletion

external ophthalmoplegia,
retinopathy, ataxia, arrhythmia

Several larger deletion/duplication

diabetes mellitus

TRNAGIu 14709T—C

From van Camp and Smith [4].

diabetes mellitus

From van Camp and Smith [4].




Gene Location Locus/syndrome
Transcriptional
PAX3 2q35 Waardenburg type I-I11
MITF 3ql2 Waardenburg type 11
SO0X10 22ql3 Waardenburg type IV
POU4F3 5q31 DFNALS
POU3F4 Xg21.1 DFN3, X-linked gusher
EYAl 8ql3.3 branchio-oto-renal locus, DFNA10
EYA4 6q22.2-q23.3 Branchio-oto-renal, DFNA10
Intracellular
MYO7A 11ql13.5 DFNB2. DFNAIL, UsherlB
MYO6 6ql3 DFNA22, DFN17
MYH9 22q12.2-q13.3. DFNA22, DFEN17
MYOI5 17pll.2 DFNB3
DIAPHT 5q31 DFNAL
STRC 15q15 DFNBI16
OTOF 2p23 DFNB9
TCOFI 5q32-g33.1 Treacher Collins
Transmembrane
KVLOT!1 lIpl5.5 JLNSI locus/Jervell Lange Nielsen
KCNE1 21g22.1-g22.2 JLNS2 locus/Jervell Lange Nielsen
KNCQO4 Ip34 DFNA2
SCL2644 (PDS) 7q21-q34 DFNB23, DENB15, DFNB4 UsherlF-II1,
CDH23 10g21 Pendred
CLDN14 21g22.3 DFNBI18, DFNB12, UsherlC-D
DFNB29
Extracellular
COL2A41 12q13.11-q13.2 Stickler type 1
COL1IA2 6p21.3 Stickler type 3, DFNA13
COLI1AI Ip21 Stickler type 2
COL4A5 Xqg22 Alport
COL4A3 2q36-q37 Alport
COL4A4 2q36-q37 Alport
TECTA 11922 DFNAS, DFNA12, DFNB21
oT0A4 l16pl2.2 DFNB22
GJB2 13q12 DFNBI1, DFNA3, palmoplantar hyperkeratosis
GJB6 13ql2 DFNA3
GJB3 Ip34 DFNA2

Some of the genes causing hearing impairment and

genetic heterogeneity
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Syndromic Hearing Impairment
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Common Forms of Syndromic Deafness

Syndrome

Alport

Branchio-oto-renal

Jervell and Lange-Nielsen
Neurofibromatosis type 2
Pendred

Stickler

Usher syndrome

Waardenburg syndrome

Main features (besides deafness)

Kidney problems

Neck cysts and kidney problems

Heart problems

Tumors of the hearing and balance nerve
Thyroid enlargement

Unusual facial features, eye problems, arthritis
Progressive blindness

SKin pigment changes
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Table 1. Common types of Hereditary Hearing Impairment

Disorder Transmission Gene Location Type of HL
Otosclerosis AD unk S,C,M
Treacher-Collins Syndrome AD 5q11 C
Goldenhar Syndrome AD 797 C
Waardenburg Syndrome, type | AD 2q35-37 S
Branchio-oto-renal Syndrome AD 8q S,C,M
Neurofibromatosis, type Il (NF2) AD 224 S
Usher Syndrome, type Il AR 1932 S
Pendred Syndrome AR 8024 S
Jervell and Lange-Nielsen

Syndrome AR Probably 1p S
Alport Syndrome AD unk S
X-linked Xg22-24 S
AD Delayed Onset
Progressive SNHL AD 5031 S
Mixed Hearing loss with stapes
fixation and perilymphatic gusher X-linked Xg21 CM

—

AD: autosomal dominant; AR: autosomal recessive; HL: hearing loss; C: conductive HL; S: sensorineural HL,;
M: mixed HL; unk: unknown
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Types of Nonsyndromic hearing
Disorders

Recessive hereditary SNHLAIL &) )y juac s gaw (all
Dominant st

Dominant progressive 48 yis 52l

Dominant progressive with ¢ sl dls e 12y ae 438 yia 320
adult onset

X-linked (POU3F4 gene) 4aiic wially Jag

Mitochondrial (MT-RNR1 and MT-TS1 genes) ¢ _xia
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Connexin 26 & Connexin 30
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Conmeaxin 28 (GJBZ) is ona of the main proteins

h ol
inwahsad in potassium (K+) homeostasis in the cachlea
of the inner ear. It is found in the supporting cells
fibracytas of tha spiral higameant and in calls of the spiral
limbus. [Adapted from Stesel. KLP. (1898) Scence 285,
13831364, with parmissian. ]
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Glossary

Audiologist .. ................ A person who specializes in evaluating people with
hearing loss

Carrier ... o cwee ... ... A person who has one unaltered version of a gene
and one version with a recessive mutation. This person is not affected by the mutation.
Chromosome . ............... A structure containing many genes arranged on a

long strand of DNA. Each person has 23 pairs of chromosome, including a pair of sex
chromosomes

Clinical geneticist . ........... A doctor who specializes in recognizing and treating
patients with genetic diseases

Conductive hearing loss ... ... Hearing loss caused by problems in the outer or
middle ear

DNAM... . . ... . % St 5N (deoxyribonucleic acid) The chemical that makes up
genes. It is composed of adenine (A), cytosine (C), guanine (G), and thymidine (T)
Dominant mutation . .......... A mutation in a gene that is strong enough to make a
person affected even if the person also has a normal copy of the gene

Electrocardiogram ........... (ECG or EKG) — An electrical measurement of heart

function.



Glossary

Gene....... f..... NF. .. A unique sequence of DNA that serves as a specific
set of instructions in the body

Hearing threshold . ........... The lowest level of sound that can be heard during a
hearing test.

Hereditary #0000 B UU0UTN inherited; something that is passed from parent to
child

Mitochondria................ Small structures within cells that provide energy for
the cell. Mitochondria have their own DNA, different from the cell’s DNA

Lol T, TR A change in a gene sequence that often disrupts the
function of the gene

Nonsyndromic deafness . ... ... Hearing loss that occurs in the absence of other

medical problems
Otolaryngologist (ENT/ORL) . . .A doctor who studies ear, nose and throat disorders

Recessive mutations, “u. . .. .« A mutation in a gene that is not strong enough to make
a person affected if the person also has a normal copy of the gene

Sensorineural hearing loss . . . .Hearing loss caused by problems in the inner ear
Syndromic deafness .......... Hearing loss that is associated with other medical
problems

X-linked inheritance .. ........ A special form of inheritance that involves mutations

on the X-chromosome
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Auditory neuropathy (amd) (uand) JMicY)
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Fibres from the low-frequency encoding apex of the cochlea occupy the core of the nerve trunk and

end in the ventral portion of the cochlear nucleus, whilst fibres from the high-frequency base are at

the periphery of the nerve trunk and arborise in more dorsal parts of the cochlear nucleus.
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o Auditory neuropathy/dys-synchrony (AN/AD) refers to the hearing impairment seen when
cochlear amplification (i.e. OHC function) is relatively preserved, but afferent neural
conduction in the auditory pathway is disordered.
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AN/AD can be associated with any degree of hearing loss or audiometric configuration and is
characterized by marked hearing fluctuation: with characteristic temporal and speech perception
deficits which are disproportionate to the audiometric thresholds.




Initial assessment for AN/AD

* Case History
* Otoscopy
* Auditory Brainstem Response ABR (ABR) Testing

® Tests of outer hair cell function:
1. Diagnostic OAEs

2. Cochlear Microphonics
 Immittance

* Behavioral Audiometry
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Effects of Altered Synchrony and Reduced Input
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Diagnostic feature ANSD Space occupying
lesion

ABR Absent present

CAP Absent Present

MRI or CT Normal abnormal
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o CAPD affects the above perceptual and neural processes in CNS.
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CAPD may co-exist with, but is not the result of, dysfunction in
other modalities.



CAPD or Higher-order deficit
eoldad) b laal) Ciilla o) eyl o) af Aallal) Gl jlaal
o Higher-order cognitive, communicative, and/or language-related functions. Example: Abilities such

as phonological awareness, attention, and memory of auditory information, auditory synthesis,
comprehension, and interpretation.

nnal) 5 agdll 5 aand) JalSll 5 5 SIAN 5 oY 5 o s) 5 i) oo IS AR — i) il — A jaall st el il Llall cail gl

o The presence of language, learning, or any higher-order related difficulties without concomitant

auditory complaints is NOT typical of CAPD.
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o CAPD cannot be attributed to higher-order language, cognitive, or related disorders.
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o CAPD and higher-order disorders may co-exist.
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o NOT all CAPDs lead to speech or language difficulties.

o NOT all speech, language, and related difficulties are due to or

associated with CAPD.
o Not all children with language, learning problems have a CAPD.

o CAPD is an auditory disorder; therefore, the audiologist should

conduct the diagnosis.



o CAPD in Children: Prevalence and Incidence

« 3to 7% of school-age children exhibit some form of learning
disability. (Lewis, 1986)

* The number of children with CAPD within this population is
unknown due to lack of adequate identification procedures,

but it is likely to be quite high.



Causes of CAPD in Children: Neurological
Lesions <:slaa &

o Neuromorphological disorder:

e ~ 65-70% of pediatric with CAPD.

e Polymicrogyri and heterotopias in splenium of corpus callosum.
o Neuromaturation delay of CAS.

e ~ 25-30% of pediatric with CAPD.

o Neurologic diseases and disorders.
e ~ 5% of pediatric with CAPD.



Causes of CAPD in Children: Risk Factors

o Environmental and pre/post birth causes:
e Prematurity.z /!l
e Low birth weight.sa¥ ¢l ()5 s
e Abnormal secretion that affects brain cell development prior to birth.
52Y sl Jd g laall okt e i ) dmgdall e <l 31 EY)
* Unspecified birth problems.2é =all e 33 ll JSLAa
e Anoxia.AsuSYy! yats
e RH incompatibility. (s n ) aal) s
e Hyperbilirubinemia.cm skl L 4
e Ototoxic drugs. il sall el



Causes of APD in Children: Co-Morbidity

A2l &b s2a Learning disabilitieso

Axlll @l yhasl Language disorderso

L) Camaa ol il yaal Attention deficit disorderso
Dyslexia.o

e ) a3 Cledll Chronic otitis mediao
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Behavioral characteristics of potential candidates for
testing:
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The CAPD Team: A multidisciplinary approach

* Audiologist.
 Speech-language Pathologist.
* Educator.

* Psychologist.

» Soclal Worker.

* Parents.

* Physician.




The CAPD Team: A multidisciplinary approach

The CAP Team

Member

Responsibilities

Audiologist
Speech-language
pathologist
Educator
Psychologist
Social worker

Parents

Physician

Manages and coordinates CAP effort; performs audio-
logical evaluation to rule out peripheral hearing loss

Defines child’s receptive and expressive language skills,
as well as written language and associated abilities

Provides information regarding child’s listening and
learning behavior in the classroom

Determines child’s cognitive skills and capacity for
learning

Serves as primary liaison between school and family

Provide information regarding developmental milestones,
auditory behavior in the home, and medical and
academic history

Rules out presence of pathology that may affect learning
abilities



Things to consider prior to CAPD evaluation

o Peripheral hearing evaluation: PTA, Speech Audiometry, OAEs, Tymp.

o Make sure you control confounding factors: Environmental distractions,

Attention span, Fatigue, Hunger and thirst, Bathroom needs.

o CAPD assessment duration: 1 to 3 hours according to the child’s

cooperation.



Effect of CAPD differs from one child to another based on:

» Life circumstances. el Gy ok o
L galll 3N

| anguage competency. Ll gkl s fpal Jel el @
L ped) < gl o

* Top-down factors (e.g. Attention).

* Cognitive skills.



Categories of CAPD management

o Environmental modifications(4l J:2) and teaching suggestions designed to improve

children’s access to auditory information.
Juadl (i cranadl 4iall Jia gl e Jilall sl Cagyla alay) e o o

o Remediation technigques (z>) <L) designed to enhance discrimination, interhemispheric
transfer of information, and associated neuro-auditory functions.
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o Compensatory strategies (4asead e iy designed to teach children how to overcome

residual dysfunction and maximize use of auditory information.
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Environmental Modifications and
Classroom-Based Strategies
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Compensatory Strategies
duda glaal) culiast) yic)

v We need to help CAPD children to become active listeners.
Oaleld (padine V536 O CAPD Jl (a2 bise e o 583V
(top-down ) bited) Jusad) s Sl AUl 3 )kl sldie) sy v/

* Linguistic abilities.d sl &l jleal)
 Cognitive abilities.d =l 5 2l
« Memory abilities.s Sl 5 ;a4

« Motivation. ju=il)

« Attention. sLisy!

Active listening strategies



» Speech-Language Pathologists and educators and other
professionals might need extra training and education to handle
CAPD cases appropriately.




4y 38 yall dmad) datlaal) ) ol
Central Auditory Processing Disorder

.".. . .~S‘ aﬁ ...SS.Y‘ w‘ ‘)‘)EA CA é % .~~NI - O



CAPD Definition

o “When auditory perception is disturbed, the normal selective process is
disturbed or impossible; all sounds are of equal importance and make
continuous demand on the organism...the child is incapable of listening

to a given sound”.

o “...The child can hear but can not structure the auditory world and

select those sounds pertinent to adjustment.”... Helmer Myklebust, 1954

o CAPD is a disorder in the CNS mechanisms and processes responsible

for the specific behavioral phenomena in the CNS. (ASHA, 1996)



CAPD... Other Definitions

o For accurate decoding, perception, recognition, and interpretation of
auditory input: Several neurophysiological and cognitive
mechanisms and processes are necessary.

o ASHA (2005 a, b): CAPD is a deficit in the perceptual processing
of auditory stimuli and the neurobiological activity that underlies
that processing, and gives rise to the electrophysiological evoked
potentials.



CAPD Symptoms

o Typically, subjects with CAPD will exhibit Auditory or Listening
difficulties, as their primary complaints.

o Exacerbated in unfavorable acoustic environments.

o Associated with difficulties In:

 Higher-order language, learning, and communication function.
« BUT, the relationship is complex.

o CAPD may co-exist with, but is not the result of, dysfunction in other
modalities.



CAPD or Higher-order deficit

o Higher-order cognitive, communicative, and/or language-related functions.
Example: Abilities such as phonological awareness, attention, and memory
of auditory information, auditory synthesis, comprehension, and
Interpretation.

o The presence of language, learning, or any higher-order related difficulties
without concomitant auditory complaints is NOT typical of CAPD.

o CAPD cannot be attributed to higher-order language, cognitive, or related
disorders.

o CAPD and higher-order disorders may co-exist.



o NOT all CAPDs lead to speech or language difficulties.

o NOT all speech, language, and related difficulties are due to or

associated with CAPD.
o Not all children with language, learning problems have a CAPD.

o CAPD is an auditory disorder; therefore, the audiologist should

conduct the diagnosis.



o CAPD in Children: Prevalence and Incidence

« 3to 7% of school-age children exhibit some form of learning
disability. (Lewis, 1986)

* The number of children with CAPD within this population is
unknown due to lack of adequate identification procedures,

but it is likely to be quite high.



Causes of CAPD in Children: Neurological Lesions

o Neuromorphological disorder:

e ~ 65-70% of pediatric with CAPD.

e Polymicrogyri and heterotopias in splenium of corpus callosum.
o Neuromaturation delay of CAS.

e ~ 25-30% of pediatric with CAPD.

o Neurologic diseases and disorders.
e ~ 5% of pediatric with CAPD.



Causes of CAPD in Children: Risk Factors

o Environmental and pre/post birth causes:
e Prematurity.
e Low birth weight.
e Abnormal secretion that affects brain cell development prior to birth.
e Unspecified birth problems.
e Anoxia.
e RH incompatibility.
e Hyperbilirubinemia.
e Ototoxic drugs.



Causes of APD in Children: Co-Morbidity

Learning disabilities.
Language disorders.
Attention deficit disorders.
Dyslexia.

Chronic otitis media.
Aging



Behavioral characteristics of potential candidates for
testing:

o Demonstrates normal-hearing sensitivity but with significant history of prolonged middle ear
disease (e.g. otitis media).

o Responds inconsistently to auditory stimuli. Responds inappropriately on many occasions,
but, at other times, follows auditory instructions in a normal manner.

o Difficulty with localizing sounds, including the inability to tell the distance of the sound
source, or the inability to differentiate between soft and loud sounds.

o Becomes frightened and upset when exposed to certain sounds (usually loud in nature) to the
point that they cover their ears or remove themselves from the listening environment.

o Difficulty in discriminating between different sounds.

o Shows deficiencies in remembering phonemes and manipulating them on tasks such as
reading, spelling, and phonics, as well as phonemic synthesis or analysis.



Behavioral characteristics of potential candidates for
testing:

o Difficulty understanding speech in the presence of background noise.

o Difficulty with auditory memory, either span or sequence, and poor ability to
follow multiple instructions.

o Demonstrates poor listening skills and shows decreased attention for auditory
Information, distractibility or restlessness while listening in difficult listening
situations..

o Frequently requests that information be repeated. Often responds to direct
guestions with ‘huh’ or ‘what’.

o Difficulty understanding rapid speech or individuals with an unfamiliar
dialect.



The CAPD Team: A multidisciplinary approach

* Audiologist.
 Speech-language Pathologist.
* Educator.

* Psychologist.

» Soclal Worker.

* Parents.

* Physician.




The CAPD Team: A multidisciplinary approach

The CAP Team

Member

Responsibilities

Audiologist
Speech-language
pathologist
Educator
Psychologist
Social worker

Parents

Physician

Manages and coordinates CAP effort; performs audio-
logical evaluation to rule out peripheral hearing loss

Defines child’s receptive and expressive language skills,
as well as written language and associated abilities

Provides information regarding child’s listening and
learning behavior in the classroom

Determines child’s cognitive skills and capacity for
learning

Serves as primary liaison between school and family

Provide information regarding developmental milestones,
auditory behavior in the home, and medical and
academic history

Rules out presence of pathology that may affect learning
abilities



Things to consider prior to CAPD evaluation

o Peripheral hearing evaluation: PTA, Speech Audiometry, OAEs, Tymp.

o Make sure you control confounding factors: Environmental distractions,

Attention span, Fatigue, Hunger and thirst, Bathroom needs.

o CAPD assessment duration: 1 to 3 hours according to the child’s

cooperation.



Effect of CAPD differs from one child to another based on:

* | Ife circumstances.

| anguage competency.

* Top-down factors (e.g. Attention).

* Cognitive skills.



Categories of CAPD management

o Environmental modifications and teaching suggestions designed to

Improve children’s access to auditory information.

o Remediation techniques designed to enhance discrimination,
Interhemispheric transfer of information, and associated neuro-auditory

functions.

o Compensatory strategies designed to teach children how to overcome

residual dysfunction and maximize use of auditory information.



Environmental Modifications and
Classroom-Based Strategies

o The learning environment needs to be a highly redundant.
o Teachers should focus on achieving the learning goal, regardless of the used method of learning.

o Note taking can be detrimental for the CAPD child in the classroom, Teachers should provide the

lecture notes a head of time for CAPD children, or assign a note taker for the CAPD child.

o Teachers should take actions that improve the child’s access to target information, while

simultaneously decreasing background noise.
v Reduce the noise and enhance the SNR as much as possible.
v Teachers should be encouraged to make frequent checks for understanding after giving instructions.

v Teachers should conduct repetition or rephrasing when needed.



Compensatory Strategies

v We need to help CAPD children to become active listeners.

v Keep the top-down factors in mind:

* Linguistic abilities.
» Cognitive abilities.
* Memory abillities.
* Motivation.

» Attention.

Active listening strategies
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BINAURAL VERSUS MONAURAL LISTENING

o binaural summation,localization, head shadow effects and binaural
release from masking.
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It is possible that unilateral hearing loss accompanying noise and reverberant conditions typical of most classrooms makes learning a

highly demanding task, resulting in reduced academic performance of many children with unilateral sensorineural hearing loss.
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Auditory performance
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EDUCATIONAL PERFORMANCE
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Figure 14.4 The percentage of children who failed each grade. Re-drawn from Bess et al.*



Language and cognitive skills
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Psychosocial problems
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screening test or if there is concern from the child’s parents, teacher,
audiologist, or physician regarding speech or language development.
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Early-implanted children often reach canonical babbling milestones by 3—4 months and word onset between
6 and 10 months post-implant activation. The goal of cochlear implantation is the acquisition of intelligible
oral communication. This means that the child must learn not only to produce a diverse set of consonants
and vowels, but also to produce them correctly in the appropriate order with respect to a word target.

We call this phonetic accuracy.



Chronological age refers to the time (years and months) a person has lived since birth. In
children with sensorineural hearing losses, this metric allows comparison with children
with equivalent mafurational status of basic systems such as motor development, vision
etc.

Age at onset of hearing loss characterises the chronological age (years and months) when
the hearing deficit occurred. The age at onset of hearing loss may be 1dentified by a specific
age (e.g. 6 months) or by categorical notations: congenital (hearing loss present at birth)
versus acquired (hearing loss occurring after birth) or pre-lingual (hearing loss acquired
before language acquisition) versus post-lingual (hearing loss acquired after language 1s
learned).

Age at identification of hearing loss represents the chronological age (vears and months)
when the hearing loss was diagnosed.

Age of amplification refers to a child’s chronological age at the time hearing aids are first
fitted.



Age at cochlear implantation refers to a child’s chronological age at the time of surgery
or denotes a child’s chronological age when the cochlear implant was activated, the 1nitial

hook-up. Depending on the operational definitions assigned to this term, the age at cochlear
implantation may vary by 3—6 weeks.

Hearing age denotes the length of time (years and months) since auditory intervention.
When the child wears a hearing aid, hearing age refers to the length of time since the
hearing aid fitting. When a child first wears a hearing aid and later receives a cochlear
implant, hearing age refers to either the time since the hearing aid fitting or the amount of
auditory experience with the cochlear implant.

Duration of deafness describes the difference in time (years and months) between onset
of sensorineural hearing loss and when assistive hearing intervention occurs.
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