il 5 5 panall (s Cay las

MYAHB pae! pmnbpif
®I8p wert — yrcHofF ami/iik yrfb
(cifl bHbT) 2023 — 2022 chippfF ap/Mif



”»

dadaa

I Mn,£|,|v| VBHF T Up 1 prrpCq) b1V ambh rclF niK wireK SArprll VB TiF 3 U
brYAuf prK el yrKmk €T pluf ®18KM pTib bp%bm p|oYT a1c lfrclk cT pb¥l
frhe Ml (MBHbIF aNuf KMl pbuf) FritHbul bRYALF prK VBBIF 34 awbr bl
M (CIHbK chewm chttbmy) FAfaB MY (quCbIbB/ guTXFpM IhthK ME7RN) K
U8 f1 HK BbIhKE

W bb1 prpl wi bpyle Ml P1Y> awbiv At wr Upcim g VBB 34 bk i
FBF) FBBHD AMDBT pUm GTBK M pnl

Bi? ptwh fBb (B pH_CT flthc ,u,TmeMBH)F bb) befl c/lBh phB 6BipY FTBIFK T
MBTHIF W w1 UomAS(F pmM bFYAu,fa yHF3 CﬂBTJ QTJB

WrbmAhIM WIHFb/INLE F pféb bf AB WKmBtTB bFYAu, biK VBTiF Slipphat oY
U7 wrNeTHF féb (F prpch YA pB mf h UKmY maif utt Fpnbifm

WrCFmplF wrb b/ QbDbem yKnmets nfK bpYALF prK MBhiF Jq ObIK pBy/lr
iK IhshiB WryY ™/ 9 pTuJ Ml WrckpiF MY (rlATJMMF Muf bl ObIK)
WKMPCBIE M L_LJTbT bK)F WrBHlF pxt/IBik

biK asHbifm GTBMF VBT T 6bITF CT loml) wi/ikHbiF AMCicl yKipC Cff BK Al
,LI,TI'IKJMKJ brYAL

{
F

i

I> I = I = I



gl i iy y23

WrelFMF weHsF wslxs Poly A
_ 7 [Awbh bYA bb :brYAUF prK VBBIF T T

) vB R wiTrb 1O wipl wriBTHIF (ppYiF
il

auf vy afly .1
nEB/ WThFhKLE WA IKLF) WbprlBlF .2
cT afK ariflh eepip%) pBlBiF WrphlBF .3

uTprK whpps
J31 bb AR prK I/IBBKJF JW T
yiBT WhK M BB T MEpAYF it
aMup mf amifuf T e .p 25 B pobf
bYTuFf




clallsaall g dalall Cay jlasl

:Normal hearing CAPAR UBHIF A

amifiuf fifb €7 bYTY Ml brhrp 25 VsHiF whK ambh :amieiF T

anfiuf fifb €T bYT Ml brbrp 15 UshiF whK amby :bALF T
:Hearing Impairment or Hearing loss /iBhf JU A

(18K M b1 W bpyls Ml P1¥a) UpIiF arhs VBHE PY wk T

amMuf b i betm Ml Mokt T

W3FHIF AimHbLF mhe MY wtbi/iF wiprelF abib Wrsh T umiHs nin ppYm T
:Hard of hearing /I8HiF (bul) PAY A

K ambt b abl pipl wf bpyis_ P1Ys WshiF T T

WUmAXBIF WMAF bbi> AB UpfK bHofmhk aMbr T

IhKFhBlk rBhhok ICATM wi/lehiF Ap/islk A pihhr T

nMCicF VpC YrisK ag pIY s®h I ag ameir ik T huf pgbr



clallaall g dalall Cay jlasl

:deafness €A Wl aBHbif A
aup/ie wi ipt P1Y MBI anbr 21c affF mi d1e/IF MBHIF TJU MK T
RO lpp Twk wii NAK bHofmKE ph/IT T
amCictk NpC dpieK aB lppcs 9bfc CT MpHoBiF phhT T
1

Vstyts Ml Wl oMo amikm akblF I3 Luf uKset PHomil prll :Deafness T
bHoiMy WiTHMD Jpr Wk il amr) Alpr T3

‘Hearing disability upishif wlkuf A
OmiRE K bYTUF oMU T (bhip 40 <) WehiF I T
bIALF prK bYTuf ahuf T (byhih 30 <) VBHF U T
bt plm UMK Mis P 1belk VBTiF I Mk :ppswik UehiF Juk A
7hhbe mf urlFpm MEIHY



clallaall g dalall Cay jlasl

_pomiF Mxs putmslf MBHIF B wifc MK :ppuMk AsHF Ju A
durelk B %40 cT f/hhbem Ybfclk 4B %60 CT frifpm AMbT

(KnYp m KFpsl_ Yo M0R))
yrclF dibbMF a8 (1000 /3-1) ppowif sHF I Supc bpls T
acolf 0AR) dpff CK :lpbmF by MPhbelF VBBHF T M0h akl T

ApT_uthbuf T :ck lpbmF buc Mbhbelk BHIF U MEHI akl T
oMyl wepbiF wrmpuF_ afskwk_aptf armprr



Nonsyndromic

Syndromic

Genetic~60%
A

Environmental ~40%
A

Autosomal dominant




Mg FObF) aMbT blv clpms bia?} A%pslF MBhiF I mk cliomif UBHF U A
16V i VTR DRk Ml LBt WiMYAF CT i pMAGT M7 bk
dupclk 1/3 > T (Syndromic) WsCbihe} A%hpslk :bmuf F
durclk g 2/3 < T (Non-syndromic WBCkIBY AhpBlF p10) bMC/BIR :CHllF ¥
:Clowk B I wrtomsiF FB)KLI, ioA
urcis urehT yliom) Aot buCTBE clipmif BRIF I Ubfc ag %80
Ip’F B wreht wikpm) A%pe %18 -
Exti) uAhos ulkom} Ahps %2 clfmc
(FoprK) auf wit A urppthe wlFpwm



) aand)

2 Autosomal dominant - X-linked recessive
| B ornaz || T® DFN#

1 HO M“O@ ' %‘ OO
nOLC 6 OO OO
Autosomal recessive Mitochondrial

| TQ DFNB# | |

l ®
O




OFTTHBIF bEYALF brK CITATF BTIF Uip 1 VB

only 3 peM) A
hipll biK dmkbi bYPr T
B8 J21 3pchr epiK amik o Aumbr Ml Wpchr T

lao Jalall jlia ?“ 1) utD PR’
I =2 ! auf Avkb niK thar T
13) ol ada Luall 1oy :onlY 6 psl} A
23 “lall o asia) arBhKbll p1iB UMb WFThF) pir T
i JJ;';}" ,u ‘ii ) | uBTF} MKpr fBPKK intm prpmm Mrthhr T
& @?""L& C“"""‘ "di" M"da" M"ma" M“moo" Yimkb! ppHbT T
Jakall Alla) sy ¢ yac LSl
. A" nyrhmel) NBhH B piK MpAT T
&""mﬂ* ,‘“‘“ﬂ‘“‘ JSJ;J -onlV 10 psm) A
LY dalaill eyl o yHoraiF CAimHbLf ppHbT T

"fKFbM .. P PR M" " anyT dimHbuf KT plvr
-onl 18 pal} A

WYk pBFMLLF MI rBfbiF o pTp/ik anyr T

Wis ik 3 1 Arerl CT plplt T



WIGT urchH wibls

brYAuf CT yHof3) bhfas Ml an’s pp1ehif pkrdh v CrrehlF uiTHs
(FpBK pMHoLIf

lFrclF yrkmk nAK apnlf prEThv mATME oMU CIf%Fp\A?b OT/blF W I
NY plfm bYAuF prK

/8B witYslF IoMASIF beimK pp/h

i) WADPBIF urYFoBWF SAFTILF Vg

P1Tphim T3 IHH p1ib phch

PRtk arheh) pbedk bafphiim pbrik P 1biF yrsk!

T TIT=o TI=o I>o



iBfbM [fTclF CT Fpb) BRI T arb B WIBTHIF WUFKLWE 1 prHCh
/BRIF Uk pl HprC
PTph) pbFAF bafphiim Ol 13 1hiFm

PbrAF P I wHor{F wrBKLyf
|: AuF piK VBHiF % YbFC

niK plYy 21c_bYAFF lfrc cT OFAKF wihi VBBIF T34 pFls p/ih

niK ptih o #ll 8 ClRFM F FMbCB aiflom WmAxs(F wAEF pMA

ATCBKJF B bKyhim LLUMTRIM CBTAIF CrTRLwFm CKFBb’I‘bF OrBpIbF

(pAS neDb MBHIF) wrHoa IF kIR NIK nhcwm

aMuf  PAr ag arrcHoll aminelk Phas ar) o1im ami/lhy MBAR
cTHbiHbhaF_ drlBRiF cTHbrHbhaiM bYALF  PAM lpTrciim Prupm

wsiB antT a8?) ameiBl _ amei/iF aMBprsslk_ unirm AR whiFs
lohuF AN wBfiF weHbF cTHbHbha! (akbiF

= o |




Aalgl) Ll — JULY) vie aandl

:obi%F by PIBE pmp ndK prbhE A
UhslF brkym pbk bV bafphk T
biMF opslF nAK bl UPSYF T
VBHIF alfK T biT I3 1b Ofsprsr T

WitpelF  urhviMiCTVR uitiipablR Slimdhk pMAYy B
' ‘ At I 131 < FKuMus UshHiF ihippl

: » rMIR pMHbLF bYALF T nhe VBHF T4 wtppu

e ] F

I VAR S ops T aMCielk yKipC YK pmA§  .C
FYWas - B pC ay_ 2012 af/lif nhc :prhpirALE

A\ S cT amCic MpC Crnt 324200 A Mphr

oo S Yrbmf cT 58000 e alp/iiF_ fexl st

PP Ve Vo Ipchait

A A ,\ ~

W, Al / "‘a, /

Ste. State 2sponses



JukY! e aaull ali  Bgaall @l ) glall

Abite bb el SAiomAgH ik bely A
BRI

eSS e rriMTCTY) wier L wTp/liu @1UplF andF .1

s/ owmhelf niK fHomHbam amCHciu VBT

i TN Ny O (yrhctF Upi sl o) puisik
ot o e 3TN CTBHF QPBF bfbu puAy 2

= il - A clFoulF VB I pup wisk! prich .3

T wippie CT urlromilk Arpf Ihhbi

clpmlF /B

Sy MM CcBRIF bikiF CApsly pMAy .4
it UvpC_ amCictk NpC) gTﬂBTJmF
(wrBRlF MpBf

WrNBHF wriphifm Mupphik 6BFp% pMAL .5




ryjifF 3cFIB Wyrt cT UrliF wyrk!

FTRIC Pt VBIF whre bbly A
CT cyiimiF _ Fpuf tuimt np
plYm_lfrciF bekps Ut
all fB_ bbb VB TBIF NAK fkpuT
Uhrrs bb 17 b tiF/IB agr

FWB WBTIF ofbu pi¥r of obem A
al B lfrclF Yutmt ag prp/iF nik
_bHofmblE sckm _ iy HiFNB ay
opl abIbifm WIHF pMAGM
_atiflyltm _ Wrppwfm_ bRYALL
_WThYMF wcHolm_ be/IiF T pTu
Jmluf ar) Yelbi/iu




acand] alall o 5ol

3 aw wrBlf/iF ycHblf ysie Appc A
BT frBlFK fBMT afK bb B M

amrlf MK Ppm A

/BT WBKS bmc cKmif lpfCl -
VBHIF UiFpAYF) arB)Kbf LUpMp)/M
FKETIPhM F1Y 1 b

GBip) ABY WBHiF) wiliF GBp T
AFpPHF WTFb CT wrimuf WeHoif

niK wrimuf wrKplf) arkbhaslk bkl T
WBHIF T % dbre pripim P 1D

leblsé afBYKbE MAK prOTLF U1y T

bfc cT yrAF wirKplf MiAm I/IBTaKJ
/BT WFpAYF




acandll ] o sl

rasall 138 (e Lt 1) alaaY)

einall legal s A Te sl cOKEN ST e pand)y Y CDISEL ax3
Y Aol (5 giua o Lgiallaa g Lleta 760 (30 ST S (Say
Gl DA e 061 dle N Clead B aand) g 53] Ale ) zead (Say
nglma.“ KV u"“’ Q\Jﬁ\ eliy g

gaaal) dglardll Caaa sa & padll o olald) ae iy s (il Sk el 134
ALl



2021 alF T WBhiF oK ik Forpth wrslfif uchbiF wsys UppHs! A

:ATThfh! Atk ABYhr pMim
sne WirlMIF beT MEdbu Bh % ag T3 1 pl T el b Bl prphiF plw T

Lrppifm bk bbi> 4B anfirber berb dtich ag VBHIF TJU% nY ps wKFAYRF
ATbBhiFM

wreHbIF priufm ureHblF arlklul 1 VBTF % o I niK prptF Chor
Crfiytaiim pipTuf omyhB NAK K uB ek
VBT Y0 wrrlivl wpuF M Buim MBRIF T pAraB) gTKMbK)F YbiBC
rimuk wrrKpfk Chips omhhe? bkl 13 Ik AfBh> GBpM

dr

o1Iph) pbrAF baFphiim T LM bk P I wrHbta I Af Fotuwf wiBk!
/8BE T Awic

A
A
A



53 panal) ail] KUl GLESY) i

Cpead) S Cuall uat.:‘..‘i‘ﬂ
dales dgl O gl
ol

O Lo G B JUBY aallg digall
A jaal



dalil Cauliall < gl L diall dle ) (pania
Gl aaall (i ol AV () yal agaal (el g il
JalS S5 agdl a8

|
l
% W O 0100

Coad claad claglesall  dal Al a bl ) By 4 gaY)
duasa gl Bac Ll 5,LaY) ) daand) dalally
A B¢\

Aatacal)
As 3 J‘}.d'l



el 5 (V) Ale ) 4al 5 3l claasll

ycholf wsdx niK lprib Prifby KoYt plik ;mf H)bbK prich Crprpth A
WMLI,F WrrlmiF bCFhm? aFtdiim CKMK) p i UpbeXF wirthhbt anr afl fB We/MF
wTiKplF cBpte omphe niKu cy1lF omyhe NAK wiTFbl: ruf ﬂB% OfTHF A

GpAM B Wil by VIbF v B HIE T pAFaB buc WMLy ureHbik
lipTrmbB{F brKThiim P17tk bCFamm PbpAF JTBleJ M b P I biF

OiTF g p1ib) cehblf aplF cT atug) uirKplfm VBTF % eah apK A

aMuf cTHofHbh 3! JMI-baé calFIF omyhelF niK wip 13F poiwslF PIY A
c/BhF brkhi brte cT arHbhasim aHbF chppsm Ap/iBHifM

aMal wibrkelF wirKplk NiK bmHCHF it b ChiF UpMHbIF WM PrYT A
cKrByT o aHomifm PriFbhiim ar i3 wAhpslim /B HiFm

FTiK bmHb ik ankber wiiBh /s amtrher oMk g %17 T
drep> niK bmHbclF wmiFber T baplf ol arim arlfluf ar) priblk APk T
c/IBRHiF brklhiF




el g IV Ale y Galall dalall daiall |

WrATYF ag 1CTT £ CT VsTifM ANUF uTfKp bebM
Sl e 1 2 ef I F wrchbir
iy c: o Al 2030 ar/l wekpybBlF wiskyF PrK! as 3 Ppalf cYhHr
PR G ganaly g Bl b 3 Ife ,CI,MITFﬂbBiO antt 1g)_J 3|u /et bHber
KT wrtive amp UpwtF wripK Areps miK_ oMuf KFpBiu
s
VTiFM oMyl uisrbhslF utsKlF ek bbia A LWIN drich aber
aMuf urrKp 9repa Gfppn nin WTFYn_ EmF niK Chph chif
afx bbi> AB FneTpthM WixAmF wrcHslF AASIF CT MBTiim
apl NiK_ arppYhelk I 1uf bvHbc Y1 pul cchb
bctps UBT CT uirKplk o lipshhe wihfh niK _ Irvrhsik
llFrcif

YuiapyF (HEARING) fillBHiF yBCCiipfHbhaBbF T 3
drep3, prTmh) yHopalF wep/iF wcHolk bpte CT Wrhrhuf
:Cfr 8 A8YhoM,. lrctk betps UisT CT VRifm AV wiiKp
_ VBB ytbpalF dbisphiim ClfkbucyF_fptn T
kB WM o KRB oy T
. bk UprKa Afep> prTvbm_ wi/BHIF Afnithle niK bmHbelF T
_ b b7h arhchm
_IYuYF gg ek T
uricslr Affisytaif wbprls CTCY T

Q?bﬂ‘j -;-I._-:‘}Lﬂ.“ G-L;:L'l
eandls alal

o) bl e 450

leadle iy
\"_11:1;‘9]_3&\ .._-.-_ll"'"_" k_:.j..a;_n

L_'l._.}-'hth E.'.‘lL.‘:.! Saleas _):.‘!_,5:

fsshgall )

i

oJZ]-Jo]>ImlT

Cileain oll 455106 ja3eD
Ala Ll

A
A

A



J Ve

ArTiim aMuF wrKp 9reCa WyBH

Jdsiae um‘ (s
2030 ?u; ol gy )
2 n
e e
JUUS M50 16 Aawd e 1.4 (e Uisala 130 s i
blﬂi:ﬂ-u'! 553 JYJJ _).u.\'l s_1'!3.|.4.u 1.33 Q}ﬁ 1:151.4.*:!

fan ol 28 Jsd (Sipal Y
% ‘ ‘ umu g



aMuf ureKp Ok yHe) WHAT3rlk SApTeTdr
2030 asK bHij? UrliFm

Ly alias

v‘ %20

dajall oY) bl 2
JkY) (sa goawad) ()2 g
Al 9 5 e

lﬁJ.ﬁ EJLL';

%20

aladiuly dakaadl) 2
bl pacd) Sl gl 35
daal) MRy O gl (e

W88 Bal;

‘t %20

Lol Adain) (8
@ paddl o5 (Gadlly

BN gl) s




gl i il

s s g prﬂB 1,5 ar YrptpiF prly A
».13#430 Bw'l‘pbp,sp,mmﬂTJal
B e o ,u,MTﬂB 430 an? VBHIF T
TR b1k Apahal amtHCT
c/IBR{F Arpphiim

— PhK amibr 47 ArprhilF prlh A
! buic?) UBhHIF Y} Ar%rHoBIF
ppfB 2,5 cifme 2050
/50 ams 6phct I3
brkhiF Arepal amris
c/1BRiF Mupphifu




gl i Sl

2050-2019 «gand) o) LET) Jora b dad il S2L30

B ol aad) ) e pand! 8 CY S e e il el YT s
2497 2500
2000
1500
1000
?3.1_ 612 509
- 3 430 500
- —®
0

2050 2040 2030 2019



gl i Sl

-20 A7) akpsKY wnrphy atiE aripdF ar) Vs®iF PAY ik p1Ys omll vk ps/iF
"69

181K 69 iy 60 wips/iF WY T shiF AfpT A ppll P7b! M

YWFORy ATMF oTHRNF o) FPuF) wropls VIBTIF afbyy) wipHbwy uY oK plbl brtplf
iBfK 69 M 20 A1) akpfBK!

(pF IiF bp/s bUf puBiF) abrpsLy A VsBF % Abp/lsl clpK o Acw
(,u,MT B 30 m/_ U8 3 13) lpchslr Arrbmik €T T 1V ynsl bb aB pctm Cxp/t

K_a0_ oniif sfb T Ve Pﬂy ng pibl mf fBfK 12 ps/iF A AM#r nBBs
WTHFYF NBhiF ArHbmCT

0B fBfK 54 m 45 ar) akpreK! mmrphh Atk T MKJ OB CBM 2 clfmc Cif/lr
M 55 A1) akpreK uMkphh p,TMK) ,u,TI'IK] pi yC BM nio bpNelk Whor VsHF PY
.fBfK 64

%50m fBfK 74 m 65 a1% akppsK! mmrphy amMiF WAmF ag %25 a8 Mplr 8 CHp/T
BRI PNY np pib! Ml ferK 75 akppsK! HYp o LMY 8

Io I=o Io Io I~



JUkY! aie aaull als il

alF/F omybe K w1 wrchs uible ok biVALF prK VBT 3
O1BK 18T I ampl yrclF SAipuml gg 1000 /2-1 T
awnshr amiu ampivr aHb(F bEYAuf as urelF ¢T 90 ag plbl T
-alpAlk T
anm) ag (alfiF afbh o~ 5 <) VBB I s alffiF buc I 31 awils 466 clime ciflt T
brfAuF aB ovtis 34
2050 bwmich amris 900 clfmc @IHoth pp/ik fMk 4l Arptpthlk prlhy T
1000 /27 — 9 a7} byAuf piK ppomiF sHiF I freliK Supclk bplls Pt T
:FPKOF CT
(v wiic 1500) b bb d18K 8H T4 amhl IpbmF clibe as 1000 /2-1.5 T
bPF ppAGF MY phMF VBRI B 4m MBibelF UBHIF T Hbre it PYT T

lpumiF clhcl cliBh ohs 687 ftT My b ChiF afpdiF CT
op’blk _FpochHolf tumkt prirpTf T prbd pmime 1000 bb) 19 ar) pr bk Arptpth wmkphy T
(iptpp bb? MBh T ) frht Mkt cT 1000 bh 24 it bHhm
:Wrpmh CF
antpl lpwmiF clipc gg 1000 /3 = af nfs Yfpr pr prlh abl lppce 9f fHbci ptvy b T

Uppluf 6MC parT UrlT wiiiB dbiffK T Yok Chphhim ®1BK CIHbK chc 1Bh I U
(clfpmiF BTHIF T W)



Males: 183m.

*Children: 32
ildren: 32m A WEESy . \ - "

9%

tMBD, WHO, 2012 IZJHL estimates; DHL adults [15+ years) threshold
I5 = and children threshold is 231 dB.
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Percentage of individuals with
Hearing Loss by Age & Severity

MODERATE

38 2 Million Americans aged
12 years or older
* (14'30/0) have hearing loss

26.8%
13.3%

6.5%
—

12-19 20 - 29 30 -39 40 - 49 50-59 60 - 69 70-79 28

0.2% 0.4% 1.6%

OHNS HOPKING | cosasr conser b i h Goman & Lin. (2016). Prevalence of hearing loss by severity in the United States.
& JOHNSHOPKINS | it cocHocomacos American Journal of Public Health, 106(10), 1820-1822.
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Prevalence of Disabling Hearing Loss

VURBIF VBB T prlf bplis A
% niKUfF Mk bRYALF b)KK WUFKLL
FrutTY fnriy R Mokt WYAKB CT
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*MEBD, WHO, 2012 DHL estimates, where DHL children threshold is 231 dB
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Prevalence of disabling hearing loss by region
10%

9%
8%
7%
6%
5%
4%
3%
2%
1%
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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Source: the American Academy of Pediatrics7 Korver et al. Page 27 Nat
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© 1.7 brYAUF At pr bk bpfiB T

ATNTFTE prK pr BbYeF bpfiB T
"7 climel15 < paM) ariFev

P R A D A SV bcim nifm pT9b bb 17 bp/BlF pFpCT T

F A MG R T - FbUF AR T wibit 4B FrpYh

ST F -5 H 65 < P

© 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)
MEBD, W

M Prevalence of DHL for adults 65 years or older (per 100 population)
" T DAL estimates, where DAL adulk threshold 1= 221 dB

and children threshold is 31 dB {children 0 until 12 years old).
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South Asia: 2.4%

Asia Padfic 2%
.&Sahara Africa:

L% Latin Amernica and
.. Caribbean: 1.6%

Cent/East Europe

and Cent AsiBLE% o Foct pcia- 1.3%

1% -

y = 0.0266x "=

Middle East and
Morth Africa: 0.97%

Prevalence of Disabling Hearing Loss for children
e

1% - High Income: 0.5% g

‘biyALF T A
chf bb1 prlrf bplis KYarr T
clrstwk camiF bapi UprC s
hoVHi

i = A | 8 = m =
Average GNI per capita (thousands US Dollars)

2

#® Prevalence of Disabling Hearing Loss for children until 14 years old

*MBD, WHO, 2012 DHL estimates,

2 baplf AhMiB :GNI per capita T
bcimiF ppYfl itk cemulf



Jaza Jilia JUlaY) ool dmand) ddle ) HLESI Jana
(ALY 5 36 Al 48 ya) Cpall gl alas

J0%%
25%
® South Asia: 2.47%
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v =-0.002x +0.3291 2 and Cent Asial 6%
15% . [ ] wuf pF b

- bRYAuF CT fTAS wi/iBhik
10 = aillh bp/B pfrC 1B

e and I FpUF wTp/B) ArpiFmiF
(WhgblF

%

Prevalence of Disabling Hearing Loss for children

8 B 8 e I T . g
Average Parent's Literacy rate (% of population of 15 or more years old)
# Prevalence of Disabling Hearing Loss for children until 14 years old

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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Infections: viruses,
toxoplasmosis & lues

Disorders & troubles during
first part of pregnancy
(Bleeding, Malnutrition,

Irradiation, Rh incompatibility,
Hypoxia, Noise exposure

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

WhFopm wrB /HF CApkm IbA WC hBB Whipp T
kM I cOpHbiF a Lk

+ Disturbed aeration of tympanic cavity

OP’biF urhitpff

« Deformities of ossicles pKfﬂ'KJF MBBW OQTB quM | b A

* Rudimentary or aplastic ossicles

.Matleoloincr:daljop':ntfusicm (absent joint gap) WMﬂb J LbK) b%AK)F PMTM’* FI?%H;EA%WJ £|)V| E)( 2

« Incudostapedial disconnections v

: Hypomasi: oympancoadty kbl B MY archiF) AsrOF Qikmly .3
I{nmmatl:hm'a;?l;m WIdthtof tympan;cgawty in an axial (bI-TH:)bF (Dp)/b

e s (481 >) puheli (a82>) WY/ s .4
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e e e 8 4510 awp e o s AETCE kb K .6
» Dysplasia or aplasia of semicircular canals CﬂuM%F pCTHKme U/

* Dysplesia ofvestbul Wrlb1lf UTHILEFM CTf pr bblhy T Ml bb Ihapk .7
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okpliF VB optsl as P Vs afurHbil af Mpm)

wBfK WisT wlrKo M8 werk wrlps wib 18% Cikm 14k uik Trphh
WottF wrCendm Wt B Abpelf CT fHoMHb M

WptiF Wit Al T wilBHff wUpKwr? A%hph wrtb/E wrMiMuE
AMTHH wr/mkHbh(k wrekptiim wrips TR wib 18k prIph) wrekptlk wivimuf
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Prominent, protruding or ICOfYF aMuf A
Wi AbphiF m 14 ABYh :Bat ears

piclk BB WAF M0 T

liprcBifm WlpmCHF o) yiMFCHF b€ T

®BK lprcslf Puth T

WM witvbiF QARh T

c/mA prhclf bMA T
ah bl afwrkbi) wrisThF wcko TRy priphlf -
wTapbBKJ

Ibr/ME T wish uiblB pPvr b 1
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:lop-ear /Cup ear WT/IBY(F ,ﬂ,MLI,F A
WTRYF BpF i GF aB YT

ppclk b¥iB WTAF gARY T
lprceff KoK IpriC T

orcll pHbfth VB PFC AW
urtitsiF pYCHF M yloMCIF AFTY ¥
Cree P10 prhclF biB

lptH AMuF Mph

ATHR) writethik werp i) priphik
ICOfHF aMuf aB lpmt bUf &Cehlm
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CT drkm 1) uHTrohslF wrpbmF ArsCoislF A
Ml yipfetdE pOFMCHF B auf priHbm amTHbiF
> WpbMIE Mmrrim pTRaFmAE
CiiLf VrHbhF pBK) Citimb p liph usChis .1
(CIVBIF CHYF
\prB T Hmb) WidyBiF wrbYk wnuf weCoibslk .2

(aripmOwm
CBHONIF CiLf VkHbhF pBK .3

(cYHox cntm plHb) prmpiMO WBCLIB .
BOR WwmfbF wrsHoAMF wmuf wBChibsF .5
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:CHARGE UBCbIB A
IVFD UBCHIB A

AYuh it amotHs ATy T
K318

:cIMCHF bYAF 4BChihs A
Ml Akl T
:6pMTTh WBChIKE A

S vy St o ks amtiug
K318
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:Partial meatal atresia c(C#8 gptalf ¢kp .1
OFMTHBIF Vkbh apK Ml iy ¥
esr /MM NADME MU umIy) OTrphr T
WeTAh UpfK wifafplF gMuf ambh T
6ho? cripy chifm lpTHb Ibkm ag WBHF opts avbyr T
lipTHol WTFHB /1) PMKY
c/A bIA 10 putu V1B B HiF opts) d1Yh awbr pl
Y :Complete meatal atresia afijf gpal Gip .2

opTsl yrtpr> wehT ptur M VBHIF opTsl af W0 T
/BT

A8 %10 cT gtk clpitm %90 cT Yuptif prew T
S Yo

ophtlk ag wiHon pIbY rvstlk aMuF wmnte MFihy, T
SHHWF AB UFHbD Pl pMbMFM

c/mAIF o urpl Ml ytmA nABME aMuf ambh B ok T
1B afmrHolF FHFO abl
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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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b I SArsTMF Akmly A
FINTBPCM FNBTCM

Pt atcm bbl Ukmly A

NADME aMuf

FoppM WTY U IMTRGF ekl A
llpmpBIF IMTrHF

18y yrcrp Ik moF skmly A
NADME aMuf




yrNBHIF dre1AMF MrHbh i Minor malformationso OpMHbiF Arkm EhF  -f
:(YrBTIIF Mkkbh pHK) AUT
(Ppbm ARL) wibplf <3y
FBABFCHF Ml ofpKDIF mf wlpAslk A%y
(Ao Bl bTmAF i bb G abK) AetA/MF biHolr ®pYy T
oKrAF MBTIF opts be 1Y :fiMajor malformationsd op’biF Urkm IHF -
:bAIF Pvtm Apet /M
0 Ml iBRiF opts OTY) T
(microtia) afmrHoff il
CHAF aIl/IF VxHbh aK mi M0
insfChlF mf CAFBTNF Uktbh oK My T
Wbpchem lpmtme WibplF amby Abrelk alllB €T
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CCFMptF

AreChihB? WYTREhBIF AMUF Uikm I -3
M pFKpIMO WBChINB _ bTfT b% Tib WBCHINB_ AtiMb p IhTph WBCHINB

arBKbE M Wmiphkbf AFdpHbuf aK B TakE ankF Apkm b

:COpHbIF aflF aBY wrctp Nk riF Srkm I b

crrbuiF M Ul pfp Y

DA chifhiF U pfpt M0
WrlF/0km W BB criomif wiHb?

citlt cbplt aprp 1k f4)
cYiaif crrphhimbiF apmik

U W N R

-0
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- OplHo(F kM IF - -1

W8I AR ArsTK Vbl T
W hrke W8T Y/l Mrbph T

:0p7blF Arkm BHF -M

F*‘* bUlF) wie®iF SAp/isle) VsTIF bkl ajr T
:CBL/MF
WFHK niK ceZiF b} uiieh Ufle A
Elp
Forx miK e UNF bYF) uiish Cpafls A
BAHA yKMpCBIF yrs®iF CAp/isfF A
/riHbh) wilmHbh Arcipt Fot) at M T
Yrar/IF M BIAF F1O M UBRIF opts
Wt/ TlF
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FKOTYPh ahT - drBChIhBl WHTFEBIF Arkm BHF -9
Uhc YitbHbhabr lpp/he Wipris)
FHoBIF PCr MM |:>/KL|,F
:WreTp Ik kM EhF -3
CT d%hy M b _fptn puy Ofpch b T
.. 0p3! YrFpAYF

bafphlF b mrptiF éu ag phip/ie Aty T
drAbIn3F SMpc turthl aMuf NiK ccip ik

FT7R? WBFK
:CHIF CirphRIMBR apuiF pMF cYalk cxtph himbk apmik  pthBF) T
uRiFs . FY/73 uihbb MpT M cliphs b cchpTiF biHbh bl BfCT
_FIM gﬂTFbM CHAF Pnthi0 WIBT pll v nABMF aMufF i Mp3s

c I el bATF CrAbIhF
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avy) etk oMARF Pl mf MM oK atiy A
UnimtlF UFrelt bl WRAFYEF

wrhCHF rim iTF um 1y Mf Vkkbh 3% wi Vkkbh apK T
P CT M/ bib

CBlF pCTiKDIF brhalk UMy ' OV T

(lpbmiF p13) Femhye cimtlk c/lMYF bphef f4) T

CT WICTAKPF MY umMCICT wrhclk ol kbl I
WKAFRKE aMuF kv

nARIF VsHF opts 9 KMIb r

UHLIIF fHoMHS3) MpHbKufm artfp I Aikmlh T
(CnTMKJF




agrll MIhuF wrpmk bme cCr INIF wrhfk pMAbT A

IR wridm cxsliF 20 ek bme wrhelF Ip 13F 6 Yy A
I prK By wisHIF waycsk af/ly ambr A

ar) bb 1) yryrIm wrAFYF oMuF ambh (28-26) arkmibup oy A
onlf (3 -2.5)4 iinpum bl ametik Vshr A

(8m 4) arKmIbuf ar) wrARYF oMuf Srkm by alis Spch A
CHFbAR Che [UshR B ik CHEOR pKiBHF A



Classification «ayiaill

Cr M uthe CApkmBh I :COp MM CBIVIF Wiy rkm By .
L (Michel brl78) astfF ity fixtbh apK  .A
applh camif Vikkbol pRK LA ynMCACF SskmIGF B
(HiT) -AfBITIC) ik 3% Wil ANCRCEF ikbh apk .1
:pupcalF cnmylF VktbhlF oBK B (Mondini cipie) auCich amf p10 bbIF .2
ChIThf CINCICE Mitbyf pBK .1 (common cavity) pciuf PwtF mly .3

( Scheibe 1)
NCICH) wibKEHF WHF kb pBK .2 U :CTikplF Gkl .C
(Alexander phihbil) urSHh P Hox CAFeYF VikHbh apK mf pBK A

cimCActF bpheiim pCTikpF brheiF Arkmlhy D

Aqueductal malformations

OARIF VB TIF opts Yskmly  .E
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:COEAR gk cP AR A A wsohEel Cekly A

_ Bing- Hir} -afBriic imlh .1 : IR CBAJR

kb PHK :Siebenmann apK :Michel briTe milh .1
cf ITAE AThil afh WKFOC) it afh kb
PhK :Scheibe it umlh .2 (ixbeB p1O AMCHCIF

INCACHFM ETTHF Mikbh :Mondini cxipims il .2
:Alexander ppx bl iy .3 lipmp) AMCiCH I lpk ambh
uTpKF4F WYHF Aikbh o BK nMCACH I/IpC {(AYT PHby

M
ameAchl J53 pprhs befc?
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Category Subgrouhs

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

embryonic

development

2. Common cavity (otocyst)

3. Aplasia/hypoplasia of cochlea
(normal posterior labyrinth)

4. Aplasia (Figure 5)/hypoplasia of
posterior labyrinth
(normal cochlea)

5. Hypoplasia of entire labyrinth

6. Mondini dysplasia
B 1. Enlarged vestibular aqueduct
= aberrant 2. Narrow internal auditory canal
embryonic (intraosseous diameter less than 2 mm)
development 3. Long crista transversa

4. Internal auditory canal tripartitus

5. Incomplete cochleomeatal separation
Cc 1. X-linked hearing loss
= isolated
hereditary

malformations

D

Malformations associated with syndromes

I CmT pMAy - LA
(br1yB) afF MkHbijF abK T
(cl ETb) peimilF PwF
AMCACHF VrHbh % i abK
CrikhiF MiHbl T3 U mi apK
iimyF berb MkHbly T U
cipis ViHbh pBK
Ml cmT pvAy B
PCIIKDIF brhelF dTYh Ml 11wy
OAFHF IBRIF opTs OTY}
Kpi1BlF Pp/iF birAg
Yiptelr 28 nAF) iBh opts
C3fBHb CIMCIC brHbYiF apK
:WMCNB writpm HYrkmlh  .C
AhoslF clfiowlr eRF J% T
Extif)
:4UrBChInBY WHTFphe Yrkmlh  .D
YreCoip B ubphls Ypkmly T

Classification of inner ear malformations according to Marangos
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Category A

Aplasia or malformations of cochlea

1.
2.

3

Note: enlarged vestibular agueduct possible

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

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

il w7 Vikkbh abK
amcic

c/MA amCicl
(WTCTAKp HfKm )

X1 T

Classification of inner ear malformations according to Jackler

A

B
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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 agueduct

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

(arrest: 7" week)

Cochlea with 1 % 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




Main groups Configuration -
grop s o _ MO Pitby A

Cochlear Michel deformity/cochlear aplasia/

malformations common cavity/incomplete ,CI,IVICHCK]F qFKMIb 1
partition type I/cochlear |
hypoplasia/incomplete partition CTﬂKbK]F qFKMIb 2
type ll/normal |

Vestibular Vestibule: Wriinlk umdur Srkmllh .3

malformations absent/hypoplastic/dilated
(including Michel deformityand  AAFYF VBRIF opts Sskmly .4
common cavity)

Semicircular canal Absent/hypoplastic/enlarged pCT pr FT)BK) FKI\“b D

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 (br118) Wb}
Mondini (cCxipimp) VxHbh

Scheibe aplasia (C’fl) IZI)KI-bb
Alexander (ppihbill) MiHoh

Bing (afBimiC -Hir)) Vbl

apk

apK
aplasia
apK

apK
aplasia

apK
Siebenmann aplasia

Enlarged pCHKpF brhaif U] Tuy
vestibular agueduct

Absence of cChclk UHb/IF 10
CN VI

(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



Michel’s aplasia Jaidisa s g

Ml bSFB cBTt Clipm MipAY
prampriff) Ko/ Wtk Mhhbs
1863 &K ljpB bmu, PHom
AR Mal apy VkHbh abK

arh) aBHb

amtmA nAbMEr wrteraff aMuf

e ) )i
otfp Ik pp/hB ppmcB CYIA pivHbh T
asy MF0 1 lipaHbiF aflfil VkHbh 3 %)
(biBfb Wrhiim aMCACH
a) asHb pp% wiBh Whipp T
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UG H yrsht Wikpm
FKMT pIbuf CrCARCHR im Ik MK
M GmBhB CIHbK chc Bh I U

ClptB

P8l Lphh 8M|ocm pB lpmA>
py4F ViTomy 113 9 11 b M CAITCB
WCrBlE WrCTAKPIF

o el |

10y ,U,MC P ppmcsl cHAIR ptMHbhF T
CYCICIF CTrc FHFTO M8 PHoxm wl mf
Cicl eIk pre/iF ArOMm

Whpsk wishlF yhropl T

:PTIPhiF

AMCACTE NpC mY wishiF Apfiste T

'I‘
AN




yrcks bt uifpm) cliom mlh A

jimF o CYRIF ah af mf fCT Mikbh apK A
(E1bifm amCActF)

C AT imylF kvl o Urluf bb 1 kA
(MK c/MA celK i)

WrpYR) imyF o pMATE abyl cMA pmAy A
(WrbInfF Wosleym

AT PR ITIF i T bis A
bbIjF ch chomb MYK T
Esblf FINFmly T

prhbrip F10 AkM T
E A yrhclk pHoplF bbly b T

PEMCBIF CPAF piHbiF) iHbT 1 AbBTL A




Alexander Aplasia Jilbusyl) o

uisHT wlipm) cliom mly A
UTCKHB

AMCACH] WrpKpYF WAk um Ih
YrphfmblF NiK MBH I U

W{p/1EFR

oTMHF) KT 311 b A
ppMcBiF CYIALR

pTphF A
ut/iBh HpxfiB T
BpYhBIF Abrch amCic VipC T

A
A

NERREEEEY @
0.0 2.0 40/
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Enlarged vestibular aqueduct
_CHiF CT Up4F Al iiBuy iy Ppnr A
aiB 2 < Ahmhaik

WCTIKDF WiNBTF WrMF YipAYF A
clphs bbl?

PaiF bish ®Tp Supe lpMAS A
NpC Ml wirbplk wckpt p1} cArcaif

ElplF KnYp p) wi amCick
w8 RIF SAriiBlk oMb ObIK ptur b A
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WrFBIAR Sipfalk A che awbr pl 8h T A
/8T opts Vnitbh ycipt T AHh3B M clik M cIHbK
- IO yifBhE FBTﬂ’;ﬁW A VBHF % uTph Phsp A
[ M ptp I il bpy/1B niflm P1y3
WthAhF wrshiF Apwt/iafF oreK
cs /I bUiF) wrNehiF Apw/slt T
(BAHA lprli_ Ep iHbK) VortiF cOpd mi ppre! awbr pl A

anCick M€ YsieK ¥ PbiiF Mbe iituIK gber A

MigbiF UM VMG CIFtieK ClrppralF 1Yt urtppiF
TN HF dr fotwk ag ptb WKMBTB

Lelaliy W uatl cllabaid) de gana JAXI g AT cula gadily 488) jial) g Baleal) A3 bl gadidl) callats
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%20 cT WARF aMuF ekl P 1D gbst phbMF cIHbiF chelf VBB I CT
U CKfTHE pTMHDOHF)

bbI> WARF aMuf cT crmhif pMAYE T MipAYE oK atihy Arkm Iy afl/iB aTiy
nimut Witk baclk pnlY

WrdblndF umilur Aekm b prdy_ fKrl pibuf MaM B wrtrslf uyrCTikpiF M% /By pIT

aMCACH Arkm b DM

T _HbhF abK b1y cKiIiF pmHbhF) Y1 ,EI,BBT chif ummCActk qFKMIbK)F

Allpn Bl Pwrtifm I Upulk YCTYF  Arkbhif

(VikHbh bi3) wkmIB MY (ar VkHbh apK) wXFO wribiniF CAFmF by pl

/BHIF opTs afb Mo proMbb> kbR Lk Ml MkHbhs p10 AgrlF Wb awbr bl

d1Yhe A

brppi?) WBCKIKB bl lpthK HfBChIbB AB  CT WrAFKF aMuF HrkmIh ambh pl

dbrc ag pip/litm _ CHARGE wBCble (BOR) rBHOATIF urmfblF wmwiiwf H%Eg;)albsmb
Apr

oMl
cT ppwmcslf cYAlF pmHbhiF NiK (cxelif aABCHFY) chrAmBE amplF) pTMH:)b MYhT
C/IUmYEF pCTﬂKpK)F HI—bﬂKJ ' oAFRKE P ETb whipp
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bbCh il braT kbl WRARIF oML €T oplHblF Uik IKF T bpyls VBTiF 3 U ,u,MbT
f mir Julle: /Bt MP

pseudoconductive HL Wbk cikiF MBhHiF U bt aB mfbp% /miHbh ur K Jil)

BCbIHB Ccbm Ik cOfsplF bRk iphh M%) whe aM Smpcl utlfK pAfaB bech
(Gusher) 0Ty

b
A’hps bb 17 uimpme Wbl pKrl pIK chmbiF cOrspik bEFhiF ®Thh AbFc ambh pll
CMCACH? pTBﬂKJ b’blb K bMT‘M |/|B ExtiF)

)

p’K cbm I cOBpF bOFh FManbM I/IBTaKJ cT otps I ElpF KnYp phY

PPEDhBIF T Weniik Smpe lpMA>3 VB (transotic) aMuf
Ml arhehl nARME gMuf CbMTf)K rlﬂK chp’I‘KJF M AFYF PBiF Etb ycipt phYh b
NBTIF pFpthhF

Arhfppfl weshBlk wrikpmik Arpphabim WItTCHE bXFhmim ArhipplF aB ptp/iF pTvbh
WKARRE aMuf Arkm by 1 1 prbfhl Wk Kk

bach pnbiv WARKE aMur Yrkmlh ag prp/ilk €T wetm amCictk wKrpC 9K ph/l
UHLJIF irigm frrehlf Mgnbiim v IE cOpspiF bCRiF Mip D Smpch wvhps pmAS
ABrChBlE cntuif

T

I~ I - I @ I @ I>o
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WrAkm ®AKE atmty abl — wrcHolr ami/ik Wb
2023 — 2022 chfpplf ap/ik



BCYB

Erbuf ptc ouiim ENplF yiArem oMyl it omAR Ot aniF bbiIT
FYCE MM wreTp DHE mdfk wMk Makbh chif ArsChiblk andi

LLIRbM urCTikbM wnil Ao AY VBh U3 UrsChitslF aB bTbﬂKJF Thohh
abibf bHoYB) F7KI ontbe MK CIY/MF CIHb/F Ok ffpAYF)
HIF} ynAkm abibiF pMAY NiK frptth bTT B chvHblF amkplim AimHbhm

TBKLLF

uifphF prhch wlpKwr wtop bihch SPFpAY BF ik amdhyl opIbik WKLY
Obe! B FObF) FKETIPN WihpKBlk

forilhy plbf MpHoBIF BYAR ap/iF pTophiF bAPT UpthK uMTrpB Hrkm I putm
bifALf_ bYK piK ahchlF ap wtppf Ek IM3hsF df Fortuf agYh b bl
buC/e M8H T W) arrHoBlF bRYAUF) WkorYB

A

A
A

A
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Prelingual Deaf Chddren
111000 %75 :YiBChihg) Ahps p10 A
| - | %25 dfBChbite} Ahps A
=t | | e ] B o Uttt} befmK) :%40 Hhib .B
| : (KFpBf
Noneyndimic | [Sysaome | GMYAR CF BB 4 A
| = ) :%50 clipm A
Autosoenal recessive | | Autosomal dominant | | Xeinked %75 :YBChIn) A%pB p1O A
75% - 85% 15% - 4% 1% - 2%
r %25 UraChiie) A%ps A
nFr!.-m mmrlnma %25 Uhhbs .B

0% 0%

%25 Pump/iB pi0  .C
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Avitosomal recessive PTDPW @
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Pendred Syndrome i 4 3\ia

WY FpBUWF yTLF A
Wipoms Mrkbh wripms lpYA MOBE T

WrpMiF NiK lpmtmelF (PDS) SLC26A4
aK wimYhelk UFhiF cMikbi bimALF
vt bURKF ammpk CTBph

(Shibata et al. Atppwk pmiblim
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Jervell — Lange Nielsen Syndrome
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Waardenburg
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Collins
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Neurofibromatosis

WTMAB(E WMk wrBHOATHE WBCHINBI
(BOR) Brancio-oto-renal
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Treacher Collins (Mandibulofacial dysostosis)

BChIHBY Spmhm HipbMiF A (1/50000) MrHbh
yrckB Wlkpm Foprm Abfclk afliB CT UptFh wsht
it ap K CABIF LLYGF VkHbh 3 U

oyt I Ve civtF 18 clem Vb apims

/8B opts PRI B NABMIM yrtpr AU Aikmly

Yrxm 1 OB clrkbul M8 T % anth) nY pslF PHok
A8 18 T pirrciv st JIF

(%35) ppbMm LWxc Oy K

EBra{F bl bimAlF WrpMF niK wiikpm lipYA
_ Ml anB (bbfrph) pMi> b ahmp? Ceph (TCOF1)
CrTF pMARF
- PTIPhEF
BAHA w! ca/IiF bUilf) yis®h /B T
/mitbh VB psiF VBHF optem afvrtbd) uiimkbh cipt T
Wrptih wiiB®H Ypvie N A

I I=o Iso I=o o ISo I~



<y el 4 Plia

Apert Syndrome (Acrocephalosyndactyly)
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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
Recessive Inheritance

Hearing Hearing
Father Mother-
Carrier

(i
() ()
O‘ !
5 (J 8
Hearing Hearing Hearing Deaf
Craughter Son Daughter- Son
MNoncarrier Carrier

In this igure, 3 is an X chromosome with a
usual copy of the gene, and | is an X
chromosome with a copy with a recessive
mutation. f§ is a¥ chromosome.

Alport’s Ypmill YBChIHB
syndrome

IMHoUF WrbkelF ymMuf wBChIhslk
opalatal-digital syndrome
Norrie ppmt WBChIB
syndrome

2



Alport’s Syndrome
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Otopalatal-digital syndrome
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Key Facial Characteristics of Down Syndrome IDIIVI
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+ Dominant 25%
s X-linked and
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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- | Theincidence of SNHL ranged from
et al, 1980" | School of Medicine, US congenital toxoplasmosis tion threshold audiometry. 22 to 30%.
McGee University of CsSs 30 infants within 2 months of | ABR. A total of 6 (20%) of the 30 infants
et al, 1992™ 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 Not described. None had SNHL.
et al, 2006" Chicago, US congenital toxoplasmosis
Andrade University of Minas css 30,808 newborns. Among Hearing test battery: Out of the children with congenital
et al, 2008'? | Gerais, Brazil them, 19 newborns behavioral observation taxoplasmosis, 4 were diagnosed
diagnosed with congenital audiometry, audiometric, with SNHL and 2 with conductive loss.
toxoplasmosis transient and distortion Considering the SNHL, 2 childrenhad
product otoacoustic mild, 1 had moderate. and 1 had
emission, ABR and profound hearing loss. Two properly-
tympanometry. treated children persisted with
hearing loss.
MNoorbakhsh University of Medical ccs 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 L 27.727 children born in Otoscopy, immittance audio- 40 women had primary Toxoplasma
et al, 2010"7 | Trust, Norway Norway between 1992-1994 | metry, otoacoustic emissions gendii 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 €SS 106 children diagnosed with | Hearing test battery: They found normal hearing in 60
et al, 2010"* | Gerais, Brazil congenital toxoplasmosis in behavioral ohservation children (56.6%), conductive
the neonatal screening audiometry, ABR, transient hearinglossin 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 only
toxoplasmosis.
Silva 5380 Paulo State s 565 newborns Transient EOAE 65 (11%) newborns had risk factors

et al, 20158

University, Braazil

for hearing disorders, and
congenital toxoplasmaosis was
found in 1 newborn; 13 infants
presented hearing loss at retest.
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Congenital Toxoplasmosis gondii
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Acquired AIDS
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Congenital Herpes Simplex
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Congenital Herpes Simplex
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Maternal Smoking |

B

Alteration in DNA methylation pattem of fetal gene pools
Placental Function: LINE-1 [43], AluYb8 [9]
Neurodevelopment: NR3CI [50), HSD1IB2 [51], GPRI3, LREN3 [53]
Neurotransmission: HTR24, ADA [47.48]
Immune development: ADA, PTPN22 [48]
Transcriptome regulator: RUNX3 [46], PURA, GTF2H2, HKR1 [49]
Calcium binding: GCA [45]
Metabolism of aromatic hydrocarbon: CYP141 [49]

*y

Placental abruption, Miscarriage, stillbirth, preterm delivery

Nenrnhehavinral disarders: ATHD Antiam Tanrette’s sundrame Tie
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Susceptible targets in the fetus
Gene targets B iRV tagets BN Histone modifying targes n DNA methylation targ
svelopmental: 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]
ol fon iR-10b, miR-30a-3 CBP[83]
- : , Sox2, N 12 - : P,
Il Proliferation:  QOctd, Sox2, Nanog [72], Bubl, miR-145. miR-152.

Cdc20, CenB1, PIkI [74] iR 296, w3065,
2l Differentiation: Sox/, Zicl, Cxcll12, BMP8b, Dmrtl, miR-154, miR-200a,

Meisl, Mef2¢ [72], Sh3bp2, Tnf. miR-296, miR-339,
Adrala, Pik3rl [75] miR-362. miR-496 [87]
ain development:  Pren, Otx2, Slitrk2, Nmnat! [79)
printing: HI19[76], POMC [80], Sfmbi2, Diki,
Ube3a [79]

:aming & Memory: PNOC, PDYN [82]
Phenotypic outcomes in the offspring
:[TKEIR PR CIMEHF PTAR MFpAYA

Fetaiplootsl socetom isppier \PASD) Uobitim wPpeF MK .1
* Aftention and memory deficit wrycll wrntm Skl .2
* Craniofacial malformation )

* Motor function abnormalities WrbpclF wyt/imir qFM'\\/IJMI .3
* Auditory and language problem WAk wishiF AifpAYHf .4
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(BbFCB{FM HFohHbF
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APGAR Scale
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EViyfF :Respiration
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Prematurity g/ .5
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Ototoxic medications & substances

oMyl ykm DB yrvpuf o A wsfBiF wimpul) beRMCF  FRKF bupky ppYT
F

A ephifiF) il Abps aftmihTohCTUfF T briviF kK cUiatF BHIF B U rlK)ﬁJ oMy
prp L{F pi/1BlF bl p/IlF Bkl ab'BbTJTM ahc M afmiF MDM MA3 PHHC)
MchF(l%lﬂbobk@MﬁCgWﬂYm@&ﬂ%@g T clsch b|v|L|, 2 bbis KMy
(CIYRIF LLYF WkHbh %) wryel yrntu I SFpcy) wenhslk urmpLiim pimelk
Ak 10 WTFY wp) wrflm ymrK Apkm b :CYiaiF VBhiF
yrTiM UTIHbK (cIMChF bYAF usChitg) buchf T
urtLf piK cOpHbIF af/iF prply A OFCIF brirem amtbreTE) T
f)KXY pbf} ATtMkThTEHMCTYY QJYQHBWF WTMp/BMF ANyl wesBIF wrvpuf T
:bBCfF AtbIYF mbIB! _ AFTCMbTAOMKTBLIF)
VikHbhy T Y e hiF ST UTF il i (SApmirblfu Srppeity
CPAF Puthk K e/ wAhpsl WKARF aMuf Arkm s
cntuf M/ PrIbE T :bBCIF_ il CCRmpit
(cwpxms) amChcik |/I>Kl-bb I T uthiF bb Iy T ml ity Mikbh apK T
EbiF UBwy T WrshiF Arsr /M NABME aMuf Arkmlh T

sl VOFRIF yrycUF MeHbKLF kHbh abK T
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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 (M) 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

e OO VIRhoF_ ciBclF ppbBiF ekl A
_ - S , WKEpAE_ dpplF pmHbl _ crFrp HF
Trigger epigenetic imbalance in the fetus
[149,150,157,158,172] an) ulslK dp)f ArhiphiF as prlb A
POMARM UTbIYyRBE AFFPAY B MK
P3'h_priviF pxK opCMb PTA[F

—x 1

—

» Induces oxidative stress [148]
» ROS accumulation [148]

« Inflammatory response [155] HLLJTBQC’OF AQT 9 ?FQAy MBH{F
» Cytokine production [156] w'm-bK qF%FQ AyF
» Decreased T3 levels [169]
» Altered levels of metabolic genes [172] - W"EIWF C—lj% pAyb bB I b A
- A PAY'Bt I8Nt YFpAYH
Ne:ur-::ranat-:am;icgi‘fﬂeizlcfpsychqiqgié:a'l f% QAy @JTTQ”B)O M QJTTJy)K’OF
deficits in developing brain L_UH%FM DA
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Congenital, Perinatal & postnatal Hearing Loss

2023 — 2022 o), alall
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History taking: Risk factors for congenital and childhood hearing loss e

Prencatal

Examples

Maternal infections
Maternal exposure to toxic agents

| Maternal metabolic disorders

TORCH (toxoplasmosis, rubella; cytomegalovirus, herpes simplex,

syphilis)

Aminoglycosides, flurosemide, quinine, chloroquine,
thalidomide, alcohal, tobacco

Diabetes, hypothyroidism

Perinaial

Examples

. Prematurity
Low birth weight
: Hypoxia, low APGAR scores
Hyperbilirubinemia
Sepsis
NICU admission
Extracorporeal membrane oxygenation (ECMO)

Exposure to ototoxic medications

< 1500 ¢

0-3 at 5 min; 3-6at 10 min

Postnatal

Examples

Viral illness
Bacterial meningitis

| Otitis media with effusion
Trauma
Metabolic disorders
Neurodegenerative disorders

| Genetic syndrome, other organ system abnormalities

Varicella, measles, mumps

Head trauma, noise exposure

Hypothyroidism, glycogen storage disease

Visual impairment, kidney disease, history of syncope

Family history

Excmples

First and second degree relatives with hearing loss

Common origin from ethnically distinct areas ol the world

| Consanguinity

Adapted from Lin and Oghalai” and Mafong et al.

Ashkenazi Jews, Japanese
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Signs and symptoms
of hearing loss in babies

Birth to 4 months
» Newborn doesn't startle at

loud :mundﬂ
-« Asthe weeks go by, doesn't.

respondtﬂ your voice, such
as smilis mmng or
calming ¢

9-15 months

‘. |n€fal"ﬂ§5tlﬂ sntt
babbling much nor
attempting to

repeat simple
“sounds

‘s Doesn'tuse his
voice to get your
attention '

] Déeﬁh'h&spﬁnﬂ to
hi_s nz_l'meJ'

4-9 months

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

* May not turn her head
toward familiar sounds

o lsmt making many babbling
noises, doesn't seem
to understand hand motions
like the "bye-bye" wave

15-24 months

» Child isn't using many
simple words, and can't
point to body parts
when you

e Can't name common
objects

« Doesn't listen with
interests to songs,
rhymes and stories

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

Tl urTrYwr JomASMF beinK A wripiF UomASIF beml) whiph T A

WTRIF T afpiMiF ek VBToiF ah AFTRTR bRYAY o) MBHiF I UM
oMyl usfBiF ympuf .1 ol ptw i og pilhe 18 Whpp
JpbmiF ACv T4 .2 lpmA> prCh chif yrbrhuf bemmif
arf 5 A pIbL, wiif wan 3 :CK /BHIF U
Witk T pry phls KfYaKk .4 primlF pxK c iy Uik yBChIB .1
WhBFIFM ML ablF oMt} ApT .2
WryCHk wrntmik ArkmIhF .3
primiF wrekK CT wBplwr lps .4
WRpMIF P> CYIfF MkkbiF .5



Al

L __

KLLIF
|

< L Lr L L

o[ o<I_
= S
€Y _C
- =
mh\
I
= 2
=,
=
=
1o
<C
-



GO frreTlf Lepahih

T 0BUR L A

Pl fich pMAbT plitm ccil I/ITb pF
- (vmhiF aflih) aflis ity Mnhifu
BRI T Ym yrChpslk WI-bﬂKJ brip/F -

OTrpB clleBh cIHbK bbihKk B CIHb/IF
abfphm CKpislk b/ pp Wtk whiF bbihKE
lipopolysaccharide) urphiuf ACFHmik

(Lipoic acid mf

:ABHIF 340 yABIF IpMASIF bBfK A
A
2

cOsplF biFhit cT pbhilF Crbpy KRY3H

WICTIKDEF AFFpAY biu C3138(F QiplF
iTrpBIF

WHENslk P pa'h

(yvCplF AprpUniF) wilrK wyremipt yKmT

bYAF piK cKiF omyhe MipAY'F
UsHboBIF

3
A4
.5

JIF bTRYIE ak!
MK CCT% fo F fbmF B ArTpuk
afnlk )t/ chelf |/|BHOF JH)K

HPh FrrCRlF Mk B SAprTmik w7 hx
avrHbBF ag %10 cifmc
UrHbK bk antpl artpdk og %40
cItb/iF chel MBhiF T pBk!
:SMpelF
chelf Vs T Ubfe ,CI,B %50 < T
O1e/HF urtF Ot MhhbelF CIHb/I
cctl frreh M ,u,K atir bRYAUF prK
aMX TH 1% Supclk Wby Phay T
prm ) FIFCiF anbKJb MInslk
(FKPIBY wrmCplF
WriCuF Arrephhslk Afcfl AYYs T
ampc dop/i ag Wimeplk AprpUiiim
brYAIF pxK cctif frre i Mpnhk

bF/AUf prK T%

A
A
A



Bacterial
Meningitis

Emm:mm
mmﬂw and
y Compromise thair bigod

4 suppdy in the cochle

YRIGHT LA AL GIVE
PENALTY F ok T*J"'i FroRIZE :
CALL 1-877-303-1982 For LICENSE.

e e s i)




GOIHF Rl Lufmhif

FrCHIF YenylF MOB) MBBF U Yoty uiipA bY T
Fpbf) ArcrilF  FAKI wrplMiF CK

Wnhie pbpk T/ bafphiim pbpiF 1> ThiF

ag cir (Yfprtmpthhim wrmrclF AfppHblF) FrrC ik
VBT T3 U pHoMHbaM WrHB/IF brfdT

bYA bb prK ppmp bb 1M fiiph ViBHiF 0. lpMpY
(UI7FRY 6-4 ar) bYW freh Mk A ch
Yafle) VBTIF B prph) pbriF b3rhyF lpmpY
(amCic NpC mr wrsh

brYALF b)KK ,qMC clk NpC _fpti) prathiF apK

/8 af81B Vit M5k oAy lipMAS MR articelk
qu'b pprhaif berc bfapr Wniber apK




WOMYARR =Rl
bpl niz ABuig BB J %) bYALF a8 1000 /3-2 Mo
Efplf KnYpum 6rtYH preiF KoM YO MuiiF b buc Me 1 K VHiF 4% lomAS pihCh



Pibiiy wiHseif
Measles & Mumps
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Measles & Mumps
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Otitis media
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Otitis media

‘_ OTITIS MEDIA
e INFLAMED EARDRUM
4 Pressure on the eardrum, and
N fluid restricts the movement of
. the bones of the middle ear,
s which impairs hearing.
R AN
PR AR

% The eardrum is intially
h.'..', stretched rnwan:l. “'ﬁ

T ' As an infection progresses,

- the fluid pressure can cause
the eardrum to bulge
outward.

& g .‘_ 1 i
-*-'.'.'-' e The Eustachian TuhE '
Bl Oy 3‘-5 becomes inflamed ¢
L T L and blocked
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Otitis media
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Serous (viral) Labyrinthitis
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Bacterial Labyrinthitis

MifF buihKk M alfp cIbK che VBh TJW) dTrphs i) camipt MCO :PrpfyF A
rCh Mpmis PpYT bl M wrCTKpiF
Y pBiF yridF A
(cnth pmbrK) OTFphe crtphhivb apm) WkeCeF MABME aMuF e as p I OfF T
(cCAclk brhslf pIK prlhik) ccrll freh Mnhis pmit wth appe T
- KpBlF bcips A
Uik Apthis M wrmip T ApssymiE pF Ik oK atir tcBRF M cAHbBIF iThF My .1
(cnth pmhrr OTFphe ABCB MARM M MnhiF) wrAFKF aMuf b nil
pCrikh cnty pubpk MUB) pupes camtpt pflhF aK atr 1Y mBlF cotdF ik e .2
whre aMA caim iyl bl cemlpT MCO :p Ihke cctl ith Wbk .3

N MBlF M cAHbBIF Mpief wicps cT omtbl wKp®? Gl al M whts At} caprr cotdk ik ek :N.B




GETHR A Lafmbip
Bacterial Labyrinthitis
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Luetic Labyrinthitis
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Luetic Labyrinthitis
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Round & oval windows Rupture
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Drug-Induced ototoxicity
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Drug-Induced ototoxicity
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Drug-Induced ototoxicity
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Noise-induced Hearing Loss
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Noise-induced Hearing Loss

I-Iﬁw Loud Is Too Loud?

i Nolse-induced hearing damage is related to the duration
Wi and volume of exposure. Government research

A suUggests the safe exposure limit is 8b decibels for
eight hours a day. S5ome common decibel levels:

ARG

Raindrops Normal Busycity Halr  Rock  Chain-  AniPod Jack- Gunshot,
comversation traffic  dryers comcerts saws  at peak hammers fireworks
volumes
Sources: danpemusdecibels.ong; WEI research
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Noise-induced Hearing Loss
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Noise-induced Hearing Loss
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" Prevention @%F&IWJH

Hearing loss is a worrying trend in the UK_..
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Endolymphatic Hydrops
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Endolymphatic Hydrops
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Endolymphatic Hydrops
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Cogan Syndrome
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Audioprofile
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Percent hearing impairment

[mpairment (%) Pure tone average (dB)" Residual hearing (%)
100% 01 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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Certain Notices

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

Note 2. STRC causes Dealness-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

m
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In this figure, 8 is a usual copy and 0 isa
copy with a dominant mutation.
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Autosomal Dominant
Nonsyndromic Hearing
Loss Genes & Loci
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Cans (OMIM) Key Reference (Pubmed)
LHAPHL Lymch ot al, 1997
AR Hubgsch et al., L-J‘J"J_
RS : MHL. 1998

ff‘w‘: Hmlaell wval., 1957

G Crdda my al., FO00
MVILS Chodaiidy ot 4., 2004

i .'-icmum_ Theng 1 al., 2001

G IIMEADENAS van Laef ¢t al., 1994
ﬂ:.‘l_ Betpalouwy ot sl 2001; Young eral., 2001
LA TA Wezdorp et al., 20 Ii\
TECTA Verhoemarn ot al., IQ‘\J_EJ
CCRCR Roberison o al., 1008
£vad Wiyne er al, 2001
1!‘21 Lia wr-al., TO9r

CCAL P AR wll =i al., 1999
PSR S Vahuva et al., 1903

MYHG Lalweami ot Al X000

Shius ot ak,, P00 van Wijk «0al., 2003

Mlehianda of al,

00

Mosrach ot al. 00N

SLCT Tag Busl #ral, 2008

l\’_l‘..'r_f_ Makano ot al, 2018

CRHLE Peters ot al., FO02

NERES Makanishi e al, 2007

"__I‘E Mﬂ Wbk, J002

ECMFFAT footh e al, ors

ﬂ Abe et al, FO0D3R

PR wam et al_, ZO13

CTECS oA G- Hoybpor et al., 2009

MRS Muencin of al., 2000

TN Zhan ot sk, 2003

EAAC S DHAS] O Chegng o1 aky 2011

Tecrosd Azaing aval,, 3014, Fhareg 1 al., 2014

[t 3 2 My aard ot al, 2005

CREEFLE Xiwg ot al., 2004 Thoemes ot al,, 201 5
e Araler atal 014

Faro Seco vtal 2015

Cao et al,, 2015

Ersenborger ot al, 2017
Chern ot al, 2016
wl al., #0116

Wang ex al., M

®ia et al., 20T

Morgan ot al, 2018

ATFIEZ armiks ot al., 209
SE0% L_l.::_l_al., 2020
SLCT3AZ Hhutal ot al,, 2oXG
AEAPT B Cul ot al,, 2020

*l'i"'l'}ﬂ-'_"fAMﬁ'ilﬂ che Aruspn ey al, FO20



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

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

A Note 2: MYO1A 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 f:” Hearing
Father q% Mother-
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X-linked nonsyndromic hearing loss genes

X-Linked Nonsyndromic Hearing Loss Genes

e Py 52, 2010

bt §ousre Dejrog et al., 1393

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

i o, S

*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 Lcaion | e MM Ko frcs e

DFNXT* Xq22 FPRPST 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 Xg22.3 COL4A6 Rostet al., 2014

*Previous nomenclature designated X-linked loci as DFN but this has been changed to DFNX
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Hearing Deaf qu quBK)F DNA ]1 @JA%DBWF @JXFDMK)F A

alf os ppHoslF A

X UTiTHF AiplYaif) MehiF T4l prpnyhwt A
ysHF_e1tYIF Kpcsl 8 YD)

!

r

(coT1iF VBT T _ umiuf

The Relationship Between Chromosomes,
Mitochondria, and Mitochondrial DNA
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Mitochondrial mutations causing Mitochondrial mutations causing
Nonsyndromic hearing loss NSHL syndromic hearing loss SHL

Gene Mutation Phenotype

Gene Mutation  Occasional additional findings e o T e
TRN4Len (LILIR) 1434 -G diabetes mellitus, neurologic disorder,
f:x‘:|r1|||,:]f_~_i?_ ;
DN 5 TRNALys Bid4A—-G diabetes mellitus, neurologic disorder,
J,ELS‘ I R‘I\ '_I I' 5 :1 5’# et G = : BIS6T—C heanng loss
7445A—G palmoplantar keratoderma e | ! —
i ek ] - . z RN ASer (UCN) 121 ET=C progressive myoclonic epalepsy,
T'RNASer (UCN) 7472insC  neurologic disorder, keratoderma ¥ i  aaia, hearing loss
Several large deletion external ophthalmoplegia,
? 5 ] l T_} C - A ] retinopathy, ataxia, archyvthmia
Several |.’||‘_\|_:-.'| detetion/duphication  diabetes mellitus
TRNAGH 478 T—C diabetes mellitus

From van Camp and Smith [4].

From van Camp and Smith [4].




Exrthebilf cliomF VBHIF T

Gene Lacation Locusfsyndrome
Transeriptional
PAX3 2q35 Waardenburg type 1-111
ITE igl2 Waardenburg tvpe 11
SOX 0 22q13 Waardenburg type 1V
POU4F3 53l DFMNALS
PO Xg2l.l DFN3, X-hinked gusher
EYAl g8ql33 branchio-oto-renal locus, DFNALD
EYA4 6g22.2-q23.3 Branchio-oto-renal, DFNA 1O
Intracellular
MYOTA Ilgql3.5 DFNB2, DFNALL, UsherlB
W Yo fgl3 DFNA22. DFNIT
WYHY 22q12.2-q13.3 DFNAZZ, DFNIT
WYOIs 17pll.2 DFNBE3
IMNAPHT Sq31 DFNAL
STRC 153ql3 DFNB16
OTOF 2p23 DFNRBY
TCOF] Sq32-gii.l Treacher Collins
Transmembrane
KVLoT! L1lpl5.5 JLNSI loc Iil L Nielsen
KCNE} 2lg22.1-q JLMNS2 Joc w.l rell Lange Nielsen
KNCOd Ip34 DFNAZ
SCL26A4 (PDS) Tg2l-q34 DFNB23, DFNB15, DFNB4 Usherl F-111,
CDH23 10g21 Pendred
CLDNIS 21q22.3 DFNBI8, DFENBI2, UsherlC-D
DFNB2S
Extracellular

CaL2Af 12ql3.11ql13.2 Stickler type |

COLIIAZ 6p21.3 Suickler type 3. DFNAILSZ
COoLItAl Ip21 Stickler type 2

COLAAS Xqll Alport

COL4A3 2q36-q37 Alport

COLL AL 2q36-q37 Alpord

TECTA 11g22 DFNAS. DFNAL2, DFNB21
aT0oA 16pl2.2 DFNB22

GIR2 1312 DFENBL, DFNAS, palmoplantar hvperkeratosis
G B6 13gl2 DFNAZ

GJB3 Ip34 DFMNAZ

Some of the genes causing hearing impairment and
genetic heterogeneity
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Syndromic Hearing Impairment

/BT Ul uiTrpBlF wriFom Assruf A
:ArBCbInB?) A%hpBl ClFpmik
_plwf_ EVASHpr@m) yrcis wishT ylkom ¥
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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



/1B CFBChIRB) A%pBIF Clfpm

F VBHIF I Arsif

Clrom{F ABxiFm wYTFEBIF U

Mr IR SrEpmBtF

Table 1. Common types of Hereditary Hearing Impairment

Disorder Transmission
Otosclerosis AD
Treacher-Collins Syndrome AD
Goldenhar Syndrome AD
Waardenburg Syndrome, type | AD
Branchio-oto-renal Syndrome AD
Neurofibromatosis, type Il (NF2) AD
Usher Syndrome, type Il AR
Pendred Syndrome AR
Jervell and Lange-Nielsen

Syndrome AR
Alport Syndrome AD
X-linked
AD Delayed Onset
Progressive SNHL AD
Mixed Hearing loss with stapes
fixation and perilymphatic gusher X-linked

Gene Location Type of HL

unk S,C.M
5q11

[¢
=

Probably 1p
unk
Xq22-24

5031

Qo
L
%)
I
O 0 0t 0w Oo

=

Xq21

AD: autosomal dominant; AR: autosomal recessive; HL: hearing loss; C: conductive HL; S: sensorineural HL;

M: mixed HL: unk: unknown
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(Ipbca wipms 30<) asHofl 1)ThelF CrtpomslF whiph CT bifk puAy A
(FrbIaMF o) AiidF_ ppKRYF  FIMIF) wkbwwd ppeslf MivslF P 1B A
:CIRFd HflpmelF Ak A

Autosomal recessives (DFNB1 T DFNB12) :(%77) urckB wsht T

Autosomal dominants (DFNAL1 T DFNA11) :(%22) pfh ysht T

|

|

X-linked recessives (DFN1 T DFNG) :(%1) urcis Extl} uAhps T

Mitochondrial: maternal inhertance :(dy/Bytslf Mhc Pfhas Uwrl) urppthe T
(12sr RNA & tRNA-Ser UCN)

lptThs wrMYk wibx A
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Types of Nonsyndromic hearing
Disorders

Recessive hereditary SNHLurcig uliom c)HpK che /8h I
Dominant [Jp(fh

Dominant progressive urlphs pFh

Dominant progressive with MuffF wicps) 1) Vs wrliphs UptFh
adult onset

X-linked (POU3F4 gene) urcits Extif) Ahps
Mitochondrial (MT-RNR1 and MT-TS1 genes) pppts
Multifactorial Conditions befm/iF lipp/lhs AbfC

(1
(2
(3
(4

(5
(6
(7
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Connexin 26 & Connexin 30

connexin 26 NBNHBIF AME%F Cph (GIB2) uipmsl

o aBHbil chilpll MODIF wipmslk Mk MrHbh chif ArpYAF ph/ly T
: ”f\ drBChike} Ahps piilF (%50 T 40 <) Wik Mrhhbt bl phbmiF

) obBlim P 16 uf| eIy prMBm MK CAFQYA T

Fibrocytes

VBHIF T clipmF MBI Cliy b o BF Wifh T

WrCTikh wmmCic Hrkm b antpl ardHbBlk og Wil Abfc T
connexin 30 MK P36 Atmp) Ceph (GJIB6 ) uipmslf
urluf o (Hfpem 9ch) apmbe CIf)KTbMpéKJF MK bb I
yMYBBIF (gap junctions ) brHbibF AimtT IMKpaIF
lipmphBiF FrbIaff A1) bfHbhbE AK

AfmtT bblh chifv brHbhbk Hpmhmp? Makbh chif dipYAlR
wytam MR wpYs fabyrvm FbIafF ré) niK plIYh brHblbF
VBRI I ClFFM AMCHCH



K wuiMYhelF (GIB2) wlpmslF Mrkbh chiF CrpYALF
Connexin 26 brHhbk aAthvp?

i T s S A1) i 35delG o UphA It A
S e, -2) FKOF I WP HPM ArrCrlmyir
Enfr o8 (%3

a8 G anfdi Phc lpYAff VIMIS ET ar T
Wipmsi 35 Y mBik

o i 167delTo UpYAF Urly reimy A
FKOF IOK WARK HPhm Cprrb B Uf pmar
amB %5

bM Wrckys wiomslF CAFpYA oy A
U T wiprelk AuphiF bb Hﬁbb
/Bh



ClrpmiF MBBIF I Uil ury pslF FremimCryiF
OHC vs. IHC Function

- €6chlea with
organ of Cort :

Al ceils ampll Y
ical input to int ner o




Organ of Cortli

outer halre tectonial

Hensen's celis celis mambrarng

{outer border)

Cladins inner
hair
; —call
= | FErpET
border
T |}
\, - vestibular e
membrane
Rt
it |
. Bétichar's Salrih it ;
e colle phiadangeal  inneslouler V' innar
k. cells piflar cells phalangeal cen
™.,
~
cochlear - internal spiral tunnel
duct e g
(scala media) T e
/ oy
: i -
tectorial / jow ; W ST
membraneg o re i 2
b il - s T 1l
L] i ol ik
\ #m “y =
e . ! ~ -4
Dok i » - .
ol T e S < -'I\
& s ] S TR
T R \ cochlear
. nerve

7 J"" outerfinner tunnels



-
b
L]
4

4

-
5!




YHo kI

UTKFN e yTATASYF Srpwtusl WIFY W) porphiF I chiim wiptoBiF uHbYF ar A
cliomlF VBhiF J% dbfe afl/ie I I wibpe UpKrl bblh Al aber

N8 UeChihel pTl ChF udTrpBlF AikmInF A
ambitp_p Il WBChIkB CT CcOFIHDIF Wb F MenhlF T
AMBi Hib brTprt WBCHINBI WMTFBIF Wik yrATASNF Aipmtmsl T
Mpriboim usChits CT lp 1helk MPHbIFM aMiF CpfpAYF T
WTKFN iF 9 bMTMBKJ A

pTEPK WBCHINB CT FKEFEBHM WTCTAKPIR WrCrBIF (JpR4F I/ITJMbM CxipkmB imbh 1
BOR uBCbInsl WiTreB{F WHopaMF wmmCACE AApkm Ehim wiMiblk Srkm EHE 1

CHARGE Bblig Ybfc K cT clishif MHb/IF MpOm SAFF VBRI opts o1 T
ur 1 emlF wrlblalk URE Vb %0 wTFY w)

(GJB6_GJB2) bME/BYF WBhF I cT lppcs Uripms CAipVA) Tl obalF A
WCTiF) Ahpsifm caTlF MBRIF I prhs miK plfr pl cliowmF MehF I A



WTP?2BIF WhHFpF

WICTCTHF wrikpmik A

125 rRNA & urppthslt Aipmsif AFpYA
V8HF J% Ubfc cT tRNA ser (UCN)
arbeintl) K pMiF) AhpslF

_CliBRF )b/ bbihKbr @Tiph :OTOF T

bMC/BIF VBB T
30 arhbmmb :GJIB6
brppx) WBChIB :SLC26A4

Arpthrblf) artA%peslF :CDH23& MYO7A
dbic g %70 cifuc aK uivYhs ATCuMTBIFM
buuf Atk p IM! YBCbIKB

Ctb/lF chelF MBTHiF JW) Afps :COCH T

p3'he % UpCFRiF wrshh(k wikpmiF)

prpanf A

PGOm_aplk pbh_unmhmp wimep ArpphaF

WthtM wrKee whipp _wpO whrpp _ wribik
WirtHom asK prp/y

Apmimpm CrFtiplf bep/iim bYIF WKph
WhFMOE WKGpxsiF

_ oniherobiM WMk curdbk PO Om artth
Uhrplim bmik brich
)

F

KN yHopa wiikbe Yrpphain brifc
QJTTJMQTY)O ffb)KBFM cTipTuidb KFpBb
..FKPTOM Cprufm CMBCHIMTYbMAM



MBI T K1p8l wBCHIF wrHbH3KF Hipr b
CIFpmik

Wirctk bTrlY) PR bruF prlpn Vs atbLif bYARS wrpk/1A beb O1pT U4BKFHB A
ampl Etimaiiv AbYFhyF wTrb niK wphiwdu

_WNAkm ©AKE cHopHohak_ Af/IBRF cHopHohaF  bRYAL H%A CDprw ,CI,BSJ/bT A
lptrclim Pxufm oMuf cHopHohaF  brkihim Mapphik cHopHoh 3t

.MMHABK) p|= 1hhbf
atpth_ cIHAIF chelk MBRiF B4 M0 pibch cT pKFhh :urtFomiF Upr IhHBF A
Mk cT nphimh wmiFbeiv ClrpmiF bialF SMpec Mih I 31 1T byl lpm 1 BiF

_ JmbafF MK T bKUF AbYFhh niK ulFriwiv bmY sl clpmslF biaf_ bihhs
WriFomiE Afpphabh CT urilbiaufm WiKrehTbF pKiMUF aChly ofF Lt

/BT T Ak yrchk ag UBHIF T It Ipm P 1B :umiiuf Uor IhPoF A
VGA_GbiliF yAS Y u_lpnASIF bafuK firhch _ ufehcslf Mp/huf whfph ifsh I
uromp Y1k urIAlR I mcif



MBI T K1p8l wBCHIF wrHbH3KF Hipr b

CIFpmik

ytpp prpch eI UpIhhuf A brkihF e8fp) prbch -wfm AKF Upf 1R A
OMARF RIOW wrpMpYHF ClBIF Murpphiiu

Yrprhabh Fot) BT T
bikiF Ak prbchu uroMp YF
_pwmrc prpl Mmkm M hkslk c/lBhif
_rehiF YrxrNslE PHom p/)
bYAIF Fpu ljpshhalF wilkpsfk
bBK @Bbﬂ'a WFpBM HPMAHM
iK fKpTithm WiBhiF Apkt/IBiF

NHF r7hhbe

artdy_ CBTA/hFM CKrBhTBIM CYAF]
pr/1B af rBIK bHoMhiim Wik Arppns
WrmniE Afppusif mk bk 635)«9% UFTH
athth_pntic cifif VBTIF utpoh Etim bYAS
lpTmhlF Afmislf bib 1Y bb? bYAR Wi
wTTacKJM UroH¥F_ WKmB B

(F

F
(
F
F

wrHLF lppUF ardy sumeriF WpF IhHBF - A
iFc CT uiTrpBiF wrpH-F wufKUJFM

ybph I BIF

UrBChInBHF



ab)F  aBHbiF
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Deaf Mutism
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Management
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Management

Hearing Loss Degree
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Glossary

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

Cantihc o . .. ... 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

DS . .. LY e (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) T An electrical measurement of heart

function.



Glossary

Gene....... Jf.... . . . 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.

Frereditanyiiiiiuge, o T 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 cellos DNA

SN . . . . .. .. ... ... 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 mutation . . ........ 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 C/rl{F CYR/MF bblaKbf
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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.




crlF YRMF bbisKbr CTIfh

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

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

A Tests of outer hair cell function
1. Diagnostic OAES
2. Cochlear Microphonics

A Immittance
ABehavioral Audiometry



Alternating clicks 100 dBnHL

Condensation clicks 80 dBnHL

Rarefaction clicks 80 dBnHL
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Effects of Altered Synchrony and Reduced Input
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(A) Synchrony Input and reduced
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Anatomic sites of Dysfunction

Inner hair cells

IHC - 8th CN Synapse
(glutamate)

Distal end of nerve VIl
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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 ) af Aadlal) Gl jaual
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) g agdll 5 aand) JalSll 5 3 SIAN 5 oY 5 o s) g i) oo IS AR — S il — b jaall s )l Llal) Cail gl

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

auditory complaints is NOT typical of CAPD.
LJS)AMW‘ :\Aj\.:ud\ u\)kmy M}@YMQL\\S&QQ\ Jﬁjd‘jd\:ﬂﬂ\ LJ:\LLJS\ Y ngk_\\)bm\ JP)U;\

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 /2l
e Low birth weight.sa¥ ol ()5 s
e Abnormal secretion that affects brain cell development prior to birth.
52Y sl Jd g laall okt e i ) dpmgdall e <l 31 Y
* Unspecified birth problems.2é =all & 32 ll JSLAa
e Anoxia.AsuSYy! yads
e RH incompatibility. (s n ) aall il
e Hyperbilirubinemia. skl L 4
e Ototoxic drugs. 4l sall el



Causes of APD in Children: Co-Morbidity

A2l &b s2a Learning disabilitieso

Axlll @l sl Language disorderso

L) Camaa ol bl jlaal Attention deficit disorderso
Dyslexia.o

el a3 Cledll Chronic otitis mediao

crall A a8l Aging o



Behavioral characteristics of potential candidates for
testing:
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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 Manages and coordinates CAP effort; performs audio-
logical evaluation fo rule out peripheral hearing loss

Speech-language Defines child’s receptive and expressive language skills,

pathologist as well as written language and associated abilities

Educator Provides information regarding child’s listening and

Psychologist

Social worker
Parents

Physician

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 Gyl o
L galll 3N

L anguage competency. Ll okl s fpall Jal el o
L ped) < gl o

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

» Cognitive skills.



Categories of CAPD management

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

children’s access to auditory information.
Juadl (i ozl 4iall Jpia gl e Jilall sl Cagjla alay) e o o

o Remediation techniques (z>) <L) designed to enhance discrimination, interhemispheric
transfer of information, and associated neuro-auditory functions.
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o Compensatory strategies (4aseadl cilas) 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.
Oleld (padine V535S O CAPD Jl (a2 bise e o 583V
(top-down ) buled) Jased) auis Al A0l hall slate) cangy v/

* Linguistic abilities.d sl &l jleal)
 Cognitive abilities.d =4l 5 x4l
« Memory abilities.s Sl 5 ;a4

« Motivation. ju=3l)

« Attention. sLisy!

Active listening strategies



» Speech-Language Pathologists and educators and other
professionals might need extra training and education to handle
CAPD cases appropriately.
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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
questions 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 Manages and coordinates CAP effort; performs audio-
logical evaluation fo rule out peripheral hearing loss

Speech-language Defines child’s receptive and expressive language skills,

pathologist as well as written language and associated abilities

Educator Provides information regarding child’s listening and

Psychologist

Social worker
Parents

Physician

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.

L 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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o A full-scale speech-language evaluation is indicated if a child fails a

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
efc.

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 acquisifion) versus post-lingual (hearing loss acquired after language 1is
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 initial

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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