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Shinshu University Cl patients at NTUH
(Usami et al., 2016) (~2019/5)

unknown GJBZ
15%
Unknown 10%
i GJB2 biallelic )
congenital rubella ggg%z%r 290/:’ l ZOA’
syndrome ~—~——__ 5%
" o SLC26A4
meningitis
Jervell and Lange- 3% 20%
'(\‘A‘?}?V%‘f%&?@.”éf HEbY Cochlear n. deficiency 12%

19, \/5%
Noconan syndrome ; ;
1% \/ SLC26A4 biallelic MY015A

9% Kernicterus
21 trisomy—____~" 2%
(1]

o
1% / — 6%
CDH23 9
e nonn )
7% nknown
1% iallelic biallel 5%
biallelic biallelic 0
Usher syndrome / PORN syndIS?(r;\;%? % {/ 9
(CDH23 biallelic Waardenbrug & ° STRC 3%
PCDH15 biallelic) Syndrome CHARGE 2%

o 5 / ILDR1 3%
i vito. 125 A 26 | | ST iogsss 2
A 2% 3% PTPN11 2%' GIB6 2% WFs1 2%

(59% I 2t iz 3% 38 & (L FIF 57%
(A i # A QHRF 7%
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— N %7 ]“:l- ?E,]VJ- %&" *ﬁﬁ
1] 'IJ%? ERRIDZE b1
1.2 #1& 5445 4 (Oto-acoustic Emissions,OAEs)

Pair Bl F B & (Auditory Brainstem
Response, ABR)

3.48 LK L5 B & (Auditory Steady
State Response, ASSR)

4.5 FEf. 4 ¥ & (Impedance Audiometry)
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- NP4 PHATEERIIESL
B R® A4 & 4 (OAEs)
1. p % 4B ¥ 5 (Spontaneous OAES)
A4 %32 ...50%(+)
2. 3% % B ¥ 5+ (Evoked OAES)
B4 ¥R ...>95% (+)
(1)%*#g B #i# &4 (Distortion-product OAEs)

(2)° %74 % (22 &% & (Transient evoked
OAEs)
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-~ HRABPATRERS RE
B B9 54 & & (OAEs)
2. 3% % B #1854 (Evoked OAES)
(1)%%5%?}1 #-13 5+ (Distortion-product OAES)

Tlgcd : B FH3FFLF2; #FEF F2/F1=1.2
DPOAEmeE & 2F1 ) Ez%«ﬁ (mild HL)—>0AE\L

DPGram #2 1998/10{23-10:09:19-DP-L_ ~1-UH(-] DPViewer #3 * [HL/F
F1 = 69dB SPL @ Accepted Frames = 10 i F1 = 69dB SPL @ 500Hz Accepled Frames = 83
F2 = 69dB SPL @ Rejected Frames = 0 199 02, 05-22:18:49-0 F2 = 69dB SPL @ 593Hz Rejected Frames = 19
DP = 8dB SPL @ (Test Status = Accepted i DP = 3dB SPL @ 406Hz Test Status = Accepted
NF = -7dB SfNormal Range = NTUH 70/70 [} NF = -7dB SPL Normal Range = = NTUH-70/70

+ Geometric Mean of F1 and F2 [Hz]
TAICNUNG "St Result = DPGram WNL

Scoring Used = SCREEN [< 3
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B B9 54 & & (OAEs)
2. 3% % B #1854 (Evoked OAES)

(2)E8reh % (28

1 g click

W iranen

#-13 5+ (TEOAES)

Tests

Eerttrtings

aAanalysis Cptrtions

View

Mermocxry

Sdaz ng Phinar Kir

Information

Stlnulus

IT088 DP+TEOAEs US_61 i)

|—Hespnnse SHR—

[z _3Pa- [Patient: tinnitus
Ear. right ID: — A T T T T
Date. ... 15/86/2885
-.3Pa-| |EMode¥ STIMULUS dB GAIM
L Ems | (M¥ DbleNL RAPID H.8 A enc EHe |
T T T T T T T T | T T T T T T T T T
Response Waveform Power Analuysis
S5tim, Echa,
6H
* B.5nPa |
{28dB>
‘IB,]
B - IR I L T Ll
28
= + |
B.
fue QuickScreen -
25
13ms |
Bns dB

HOTSE rneut 28 . Adk
REJECTION AT 47 . 3dk
EQUIVALENT P_4.amfy

OUIET EH 26M=100%
HMOISY MN H

asE HMepn 150 b
6—E DIFF =5 _2dk

RESPOHSE1S. 8it
LAYE REFRO ‘99
ERMND REPROZSHR &

0.7 1.5 2.2 3.0 3.7 KK
I3 99 99 98 93 X

11 22 2517 11 i

STIMULUS6HdBpk
MEAM STIMULLUS

STREILITY DTE

|TEST TIME K ESECl

SAVE DIRECTORY
C:%ILO0-YS5“ECHODATA
FILLED=41=/999
EEYIEN DIRECTORY
C:%ILO0-WS“ECHODATA
SCREEM DATA SOURCE
ECHODATAMNCOLTRL. D

H rric kH=




SF

- \24317:"_ "'} TE«T’*{&"%@E
iz FILF Rk % (ABR)
PaiE 1NV g

735 : click, tone burst

FRE FRERE
FE: VAR ] 3§ &




{& ;.‘,/r

- H*Rd AP LREERI RS

"nir it F B1e & (ABR)

o Aediflipd E AT EIDF PR DR T AT

. /év,l /}Jt%djﬁé AL % =

'”@%#Wﬁ§ﬁ¢ 51T i

e % %1 T AR BE A g DR IR
% tone burst 500 Hz& /B i&

e A iE MJ_ /}i-@”ﬁ A It

P! R EL5dB ) FR £ R

‘%ﬁﬂﬁa%%ﬁﬂﬁﬂ;milm
o LR A 5 RIZAK L rarefaction(Eid )
& +yanes 2 CoNdensation (% & )2 alternation:

)

ok
? (1

Aﬁ



=
/8

5

18

ol X

s &ie & (ABR)

I+

TR

e

B

2
—

N

LES

{11

R
(1) click

522->4-1 kHz

-MEURD

0

(2)tone bursts:

’

10 kHz

N R

0

ER

",

4093818
SH

11692, AEBR

-100.0

-100.00

]
u

L3
U
2
Q
4




.t T

- NP4 RMATEERIES
B ¥g % 5 kb (cochlear microphonics, CM)
R A 5 %2 (ANSD)
50 ¢ R/EE R E2 7V15%

Bilateral auditory neuropathy/dyssynchrony

No Sound No Sound Ri 60 dB

Condensation LI

LATENCY 4.00 ms/div
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- §Y 3§ : 226 Hz ~ 800 Hz ~ 1 kHz
- static compliance (cc
ear canal vo;ume (cc)
peak pressure (daPa)
-2 FF BABRE &
- FERRT B R
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S HREFIRSIEERI RS
§T e rE 2B % SR AR
1. 7 52 B2+ ¥ 4 (BOA): < 0.5
2. ﬁ,{ig 3L ? & & (VRA): 0.5"’2.5}%‘
3. B3-F. 4 # & (SFA)
4. | 58V B ? & & (CPA): 2.5"’5}%‘
5. % a7 ®A
** challenging in children with severe to profound

SNHL, or concurrent global developmental
delay
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"%%ﬁ%ﬁ A EE #E
1. 7 % BB # 4 (BOA)
< 0.5 g e 3E 24 52
T 5 BLE
- stk (startle,Moro‘s-like reflex)
-FE_P% & B¥ P% (eye-blink, auropalpebral
reflex)
-Bp.L 4 $ (arousal response within 2
sec)
-i& 58 3 F 35 %k (sound localization)

Eiyanis
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AR H B4 H A (VRA)

-6 1§ 3 ~2.58 e B 24 52

B o F B(F S BR)>AREHR(ETY)
AR RFIRFORRE

-# AR NE ST L GRS B B

- @A P FE BB R P 1 R AR S
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3. ¥RV FL 4 A (CPA)
-2.5~5
RIS FEP
L BMIMF IR E
(0.5, 1, 2, 4kHz)
FIRCRE
33 R




R4

[Newborns]
Within 3 days after birth
Initial AABR screening, Second AABR screening

[Referred cases]
1 month after birth
Initial diagnostic hearing tests:
click-ABR + OAE + tympanogram
Second diagnostic hearing tests:
tone-ABR/ASSR + tympanogram

[Diagnostic hearing tests failed]
< 6 months: BOA
6~30 months: VRA
(IntJ Ped ORL 2014;78:14-18)

Eihiranis (Int J Ped ORL 2011;75:409-414)
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R?FER
(107.07.10)

108/02/13 7™M 108/05/08 10M
VRA
107.07.10 K _-l—-- "

aABR:s E (-)

107.08.08
cABR: % B 75 dB(+)

107.10.25 (3*M)

Hearing Level (dB)
Hearing Level (dB)

125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000
J 2 Frequency ( Hz) Freauency ( Hz )
cABR: s 35, _-_r.35 109/08/27 2Y1M 109/11/19 2Y4M

500 Hz: + 45, 340 _ . CAwith HAs

109.03.04 (1Y8M)
GJB2 c.109-G>A/wt

Hearing Level (dB)
Hearing Level (dB)

125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000
W iyenis Frequency (1)

Frequency ( Hz)

TAICHUNG TZIU CMI NOSPITAL
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e <6ip ¥ e 6 % ~241p *
iR F B 4 (ABR) Falt A
J J
B 2% & % (OAE) FIEF ? # & (Impedance)

J J

FRIEK.# # & (Impedance) B %18 5{g & (OAE)
J J

7 BLE PadF LI F 18 & (ABR)




374 R4 G

19943 'i ﬁ] ﬁ] w) % (NIH) ALGO AABR technology
i X l.,:l. {E}#F'g 24 ;:l‘—.‘//‘ l&ﬁ—' 3 m/O screens the entire hearing
’ut o '-4- {E}#FE % ?ﬁ é’: 6 m/ pathway, fron'1 the outer

ear to the brainstem. OAE
tests from the outer ear
1. H %L@ éﬂ'a) 4 *ﬁ E_ (OAES) to the cochlea only
*RA A S
50 R R E R 7715%
B BT ¥

2. B —\ p“*-’-’\a)t,} K f,@;’fﬁ E_ ” , =
(Automated ABR’ aABR) —=AdirBrainstem Respnse(ABR) '-__v




L T 21!
S SRl
¥4 R4 G RERL

I

|

]I

91& 97 & 100#  101# 1024 - 104#&
(Huang CM et al. Int J Pediatr Otorhinolaryngol 014)

+¥ AR
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aABR+
aABR g TEOAE
i N (%) 0.8* 1.6 5.8
qdwé‘ﬁﬁ 5 5 (%) 0.42 0.25  0.45
24T *(USS) 7.33 8.60  10.04

* statistically significant
(Lin HC et al. Otol Neurotol 28:788-792,2007)



R4

£ X AR (%)

3 gn g3

Lin HC et al. 2007
(n=25,880)

Huang et al. 2013
(n=15,790)

0.21 0.21 0.42

0.15 0.14 0.29

(Lin HC et al. Otol Neurotol 28:788-792,2007)
(Huang HM et al. Int J Pediatr Otorhinolaryngol 77:1734-1737,2013)
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Well baby nursery  NICU
(n=13,676) (n=1,948)

A% (%) 0.7 2.8*
B R4 & (%) 0.27 1.6*
T 3o e & (0 ) 1.9 3.8*

* statistically significant
(Li PC et al. PLoS One 11;2016)



B =0

R4 IR
T 9%+ 4 B E(PTA)
- = 2 (26-40 dB)
- ¥ B (41-55 dB)
- ¥ £ & (56-70 dB)
- & & (71-90 dB)
- & € & (>90dB)

R ;}E'ﬁ'g B AR
HI % = (PTA - 25) x 1.5%
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R4 IR
3G A

- = 1%(16-25 dB)

- #= & (26-40 dB)

- ¥ R (41-70 dB)

- & & (71-90 dB)

- &€ & (>90dB
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Mechanism
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£ (air-bone gap)

i ¥ i
. \’m\?

1. ¥ 3 1% (conductive)
B B¢ AR "-@‘5%

2. & ¥ # ’“‘l’a‘(sensormeural)
B 455 B4R 15 (B AT~ "ait)p %

3. /& £ 4 (mixed)
it T
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2R ALY
T "% %7 R 3R (HRCT)frridm i #2(MRI)

Laryngoscope 2005;115:132

_&\‘J- F F]’} &E &)#E' m 15] E— ?g‘:é: _% Audiol Neurotol 2005;10

Laryngoscope 2005,;115:1060

—ﬁ‘]' b l&?ﬁ"};}F rﬁ)?‘:, ¥ Arch Ped Ado Med 2008:162
- B2 \ =YY -
-FHEE BB R AR OP BB g i 8

R 3 s 5%

40%R § A I 2 E

—3¢ 5 BLAR eFE 18 (U B 1Bt 1)
SRR E R T 4 ik e B &
SRR B E/ L 1 D) T ek



S ATE

T Y BTk &2 (HRCT)
B ¥ % 93 A5 (Cochleovestibular Anomalies)

—H ﬁ,[ﬁ
Jackler et al (1987)
1. Complete labyrinthine aplasia
2. Common cavity
3. Cochlear aplasia
4. Cochlear hypoplasia
5. Incomplete partition
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T Y BTk &2 (HRCT)
B ¥ % 93 A5 (Cochleovestibular Anomalies)

—H ﬁ,[ﬁ

Sennaroglu et al (2002)

1. Michel deformity

2. Common cavity

3. Cochlear aplasia

4. Hypoplasic cochlear

5. Incomplete partition | (cystic cochlea),
&ty anadl (Cystic apex + basal turn), Il
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EE AT
T % %7k B (HRCT)

H iz,‘ﬁ?ﬁ k£33 35 (Cochleovestibular Anomalies)
— a0 e (Vestibule)

L3+ 2. %] 3187
-Z ¥ (Semicircular canal) r ot _
Sando et al. (1984) FFTERE

1. 877332 23875 T
-+ W j&§-K B (Large vestibular aque 4 a

Mafee et al.(1992)
& irarMalvassori 50%; Emmett 63%; L

AICHUNG TZU CMI NOSPITAL
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T "5 ¥ & #%2(HRCT)

B g+ feva A5 (Cochleovestibular Anomalies)

-P Fif S I |
1. 3%~ 2. ¥ -] | y i :

~3 ﬁfgzé *«*’-} e a;—‘»:}F'(Cochlear Nerve Def|C|ency) |

3 tfﬁzt’ & 3L (Cochlear Aperture, Cochlear N. Canal)
Narrow or Stenosis |




LR AT
Fa= 33 #>(MRI)
Constructive interference in steady-state

B gpA 5w 5 # 3 (Cochlear Nerve Deficiency,
CND)

- X% 5 (cochlear nerve aplasia)

-2 ¥ % % (cochlear nerve hypoplasia)

-~

o ( ” X



TR AT

94 > 147% 7 (106.12.13)
5 B JAF T 'a%rk ik

ABR: Rt 90 dB(+); Lt (-) s
108.07.24 ) o




S AR

4§ > 4%3PB * (103.07.25)

+ B A
107.10.31

Pure-Tone Audiogram

250 500 1K 2K 4K

TAICHUNG TZIU CMI NOSPITAL

[SSET-1SNV] 89 W (2297 prowsasyl Suuesy

Tympanogram
00 200 100 o

R Ttk B i

+100 *200




ke s

B Hg w0 fe1d A5 (Cochleovestibular Anomalies)

-40%R 5 A FHECIE 2R

- T EFH M A > sy FHEF

- e fp 2R cnELE T 3% &3 (auditory-
verbal communication with nonauditory
forms) X & i 1t & 3d 5 +

G B AR s SCTH 45 H A > eh
Cl=+ jis



ke s

B ¥ % feua A5 (Cochleovestibular Anomalies)
-2 3 5544 4 (CND)
> I%FEIAR 54 SR T
£ mE R A
7 i * Cl
B B e JA R oot § ]

s

g

AL



AR

—HRCT¥ 3= p B A) ~ o % % {oo 47
Edw oo RS RK AR IeE T >

—HRCT#A: BE: 72 2972 7 P g 3 gRdd 5
3 4F (CND)

~-MRI{cHRCT A = § ﬂt :n,» oM 1 HNEAE W2

e H ﬁ,%’g 1q d}g

Eiyanis



S AT

HRCT vs MRI
CT—>Brain tumor? Leukemia?

1.Tx1.23% ¢ o J5; T x1.54 % *a %

Dose Response 2020; 18(2)

2. R g5t £ >30 mGy Tx3.18% v w
* F M E >60 mGy T x2.821% P
=i Bi10-£ > & 10,0005 4 3 e 16
S HEH A > 51,0000 4 B 416
*one Brain CT: %&£ & ™5 & & 28 mGY

¥ Ak B 5 £ 8 mGy

Lancet 2012;380:499-505. ._
Pediatr Radiol 2021;51:45-56.
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23 B4 454 |(1-5/1000)

33% 67%
Ztif i LY
70% 30%
ArGHREN | [REERE
120% 175% l 2~3% 2~3%
DFNA DFNB DFN Mitochondria
1-51 1-40 1-8 A1555G
AD AR X-linked etc.
FORAEE | A AER | | ke R




-~ B A FE (2002~)
>2000%2%  ~ 40003

SLC26A4 GJB2 m. 12S rRNA

(Audio Neurotol, 2008)



V371/235delC
45.7%

41.0%
V371/v37i

g
=
I
o
-
[Te]
o
@D
=
@
o
=
&
@
€=
-
.“-i-‘
=4
o
o
E
o

MNo. at risk Follow-up time (year)
V371/V3T71 156 a3 8o 76 66 5 Genotype: ——— All: dB = 18.6806 + 1.0472"year, R* = 0.02

e V374/235d2IC 35 19 18 17 16 — V37IV3TI: dB = 17.9202 + 1.2231 g
--All 191 112 100 a3 a2 8 - V371/235delC: dB = 22.0193 + 0.3332"year, R%=0.001

2009~2015#& 51731 %54 %2 dB = 18.7 + 1.05 /yr
DT 0 6

821+ (1.6%) & | % 2 525 (GJB2)

461+ (56.1%)3d i F. 'ﬁ’%’}é

@ ’Zﬁ l,} £\ s . 3& 14 fb\ Rl lw:[. g&‘:‘lﬁ’ Genetics in Medicine 2017;19 (1):6-12.



R ek & ) m&» F] & P

B 3 TR

GJB2, m.12S rRNA, &
SLC26A4 hotspots

30"40%1 160“70%

Ta rgeted NGS
next-generation seq.)

Large NGS (226 genes)

* Multiplex families
* Cl candidates

Small NGS (27 genes)

e Simplex families
e Common syndromes

Audiol Neurotol 2008;13
PLoS One 2013;8

Mutat Res 2015;771

Sci Rep 2017;7 ~ 1/3 multiplex families solved \L
J Mol Diagn 2019;21

W iyarns

Whole exome/genome sequencing §




RATFR A

e BAR FH HIEIA:
A g A5 31%, B MR BILRF 27%
GJB2% BHE AFIRE 4%
SHE BT EER R E
o % B3 R F A SHEA
¥ BB & F1(GJB2, SLC26A4, mt 12S rRNA) R %27%
fEBwi3a; 3%
SEXEER A FlR R

(JAMA Otolaryngol Head Neck Surg 2017;143(9):912-919)

W irarin



REAlR 2

SR YR & N2 € Wk Mg , Fdf 52
2 e R R T At~ B A TR o
W AR 2 B B

R 25 %: ~60% OTOF,

IP-11: ~70% SLC26A4

IP-11I: ~100% POU3F4

B #F BLAp (Brigfd): ~20% CDH23
 HEFAR: TECTA

MOAE Fp (i 2): ~5% WFS1

¢ B AEEAE (L A ): MYO15A, TMPRSS3
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He ¥l a

—E % 54 (CMV) i 4 iR

- 7 BJEKG (Jervell and Lange-Nielsen syndrome)
—fKki % 17 (Alport syndrome in older children)
~ALE e & ol 4 & & (Usher’s syndrome)

-F %42 5 A ¥ & (Branchio-oto-renal syndrome)

s o

g
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13.5%
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RT3 2[4 HRAFIHE e 53 6 ik

Audiol Neurotol 2008;13
. PLoS One 2013;8
#14 %2 (n=1716) Mutat Res 2015;771

Sci Rep 2017;7

, J Mol Diagn 2019;21
|32 om wim

JAL 8 (re59)

Fra TR T+ #74 2K F+
E@%ﬁ%ﬁ% E it 4 i
| R

5/8 (62.5%) F.3f 1/12 (83%) A

w,i. AN (J Pediatr 2018;199:144-150) =l |-



o =R KR

o B3 4/ bt M A

o KAl HE AL DR
Eiranis

False positive

PLoS One 2011,6
Genet Med 2017;19
J Pediatr 2018;199
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Middle Ear [ Vestibular Organs Nerve
(Balance) (Balance & Hearing)

Bones
Cochlea

Eardrum (Hearing)
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