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Wever & 91 Bl 2 AL BL LSS Stevens® A f#iid
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FAMEERFH N T ARG 515 R B E S T RN
RAFAM,

POU3F43£ R 2875 S S Mondini 5 7 H (I TP-TT17Y,
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Joi B T3 T, UM 1) SR 3 R0 6 BB 20l IR\, Lk
A E R 18.8%. T JLFEREE AR AR, &L
FEBIRMHETE, BokBE HEE )L EE S \iE
J5 25 B T B N U T,



REBE: ARl 2021 4 51 % 8

SN - w73 9[RS0 R N A 73 S XA
N TR A SN T H AN, 75 L3 R RIS
N T R g e N I 27 s ) T AR )L o
WEFEAR I, [RIIRUMIRE N B 8 5 2 i 1, XU A T H-
Wk A ARG W 0E (LA AR 28 TSk B PR TCAR AL
LA HAR L. A 7 I A AE 221 i, &
JSL AT £ o AT ARAG A 2 KO T s fe . — s
FAN NN AN R I 345, H BR824 73 IR N 3
PR, B R RR B I TR XU A SR B 8, —
S SR TE PR 8] B L 204, #E3E N A B3RS
TONCE WG A, (B 5 2 5 [R] ) IS N B 1

2.5 MRS N\ THE

20144, EZGEiHREEE BRERE60% K LI LR
ZNIERR212MCN, FATH AR E811.04% 1160 %
PLEZ N BT J1BehG.  [R) i £F B 1 B A A AL 20
BRI, MEE N R, A THE AR AT L
H W 7RG B E KR 7y, MRS R E AT A
THUE AN R LIE WA, B——E%e, F
TREmAR

MosnierZs A\ * #1BiichsenschutzZ A\ 57 41188
BICIER, AR AR G I IR 23 2 R,
ANBEAE R AN RGN, ARAIEREIRIE . O I A
PG S 2 3N e 2R AR I R A

LR RSN E A iR A, N T 5
ARGV 55 FEE WA E, Sanchez-Cuadrado®
POEI B AT R, 704 BAEAI70% LR B AL
Bl AR fo 4l & W A S8 o PR e 2 B8 g, A&
ERELEE 2R, PoissantZ NPBE T ZEMEZ S
&, BFiE A T H TR 5 77 ] B AG B  gaksb,
PIOSRJER AN 300 R 3l ek e, 1 R R FE R, AR T
MG, HACA AN T AT SR At (1700 28 ] .
SAEMEZIRAERE N AT RE T F%, CosettiZs \P2HT 5t %
B, N THWHE NG 515 Be /1R85, T ReA
R X A 5 L S LA R

3 ALHWEREHS
3.0 HLAASBY A THARIA

B2 FIHLES NEARAERL B AR A W SR A B AT
FUFPAHR KT, N THEA T AR i

NBG S AN N B, —HSHLES A E AR E R
AN, AN BRI E AR SRR e, A
PG b

EHE., EE. R LTE T HELSAREA
FIRFFT. DU RS K UKAG H BB Tk L2 A, A
F I 5 75 B 3 FH L2 NSV (AR s 20 47 2 () T fE A
BENIREE, FTHFHE RS, AR St — Rk B ik B s
HARFLRE, (EbRAs bab A7 ar SE R e] & A v e,
)i A S W KA Bk 2T A LS N R G R H N B
R, ST EUR 51 AR, 08 68 K50
TEWGIR AT F AR, WeberflCaversaccio#] A
F20174F B F B AR e K2R FTHEAROHL 28 A
56— BN T H WA N IR IREE, 2 [E Sterkers ] PA T
KT HEFE ORI IR AEAN I H R 2 AN R S (Ro-
bOtol®).

N I dL AR AL R B R e E R 2 . AL
BHRKZETF R —Fha g1 B WCF T 340, R
WA R E AL, B AN B AR TE, KRGSk
PR 7E R B A2 T PR AR B TR B, R E R R
%3 T 6-SPSTY I BEALK e it 1 A AR A WL 2% NP,
AR BN S TS AR T 2 b, RN T
TR T R A BN B 5 N R A
i . A 3 K A e A [ (1 3R T A SRR T
SRR EM R S M ARG AT E B EM . kil
A2 38 K S 2 B R A LN R B 20204 43 107
[E P 5 451 % FH RobOtol ® R ZE L e A\ B T N\ L H e
AFAR.

WA ) L A AELE — 58 AR, Y58 B K2
P AR A 242 504 B 2R G s O B H 0 T R T 245
G ERLEARKLA AW LB TR 2 AT B A
BHA, WP RRFIRIE T RO E, F5le
JIRGERAE. N TH BN FARYLE N B0 R85 2
Z 2 REE, BTSRRI 2B Eh. RF
S W 1 R FE AR PR GG SR, A REEOR
FUER VR 1 TR R 1] HH 33 2 I PR 75 SR LA N R 4.

32 AR ATHIR

iz B N TR B i AR A L RSP
R HONE B T2, 2B FERE. &
& HURE DR B AN TR RN R S RS
SO R LB, HEF N THMREN, EARE RS

1045



ks NTHIREAR: %, BiES5 Rk

Wik HEBE) I D20 T ARSN R 73, SR St
HANTruE. AN T HE ] DUSEEL 4 R A% R 55
B, SMUUATE NTJC SR, Al fe DB, B H AT
SV AR TR TT R IR, (HAA— L4
RFEELTE, OFEF BN R AtRE LK T i
fabEEss, AN THETEN MR, 2ok
MRS PR H T HERE T2/ b,
Tl FLAEAT AL, H AT AR ARIRIE AN BIX L ER . 4 fl
AN TR E25 [ AP B N 8, AR e
Ko 2250 WA EAESN HAE B R EALR BT, A BEHRE
SUBAERZ T A TEIN T N SRIR A H R AR it
B, AT AP A e D, (E AR R AN N
T H TAERERE. R FE TRt T R 7 IR shaol
FeMt 7RIS, ol A AR AR T R T A
A3 AT I 70 HL A FEL R LR B, 8 HLA0 s~4 minlt F]
CAE SN St . IE AR SR T —Fh UR R 2 1
Rl ZIR RN RHO TR ZE SE R, yfig e
AR BN AR 1O ), SR AR, R
BRMEED, R BN N TR0 b =25
B R AR S A B

33 ALH#5H

HousefIBrackmann'*1 76201 40 K FF 46 W 52 A\ T
Hig5HGKC R, HiE T HBWIEH. Aschendorff
UM e B Al N L FEO /R, R B
ARG HG R BE20%~86% AN, [FII 42 H N T H-p3id B
JiE IR B O e ade B4 ELAS ) — ), H- A0 B ] DA ]
I Y497 . Vermeiref1Van de Heyning' " i# it %1204 52 it
RSB RI,  OUN S 2R N T E oA S N
WS a2 BV %, TRD B A D BT ) - 1 45 1) 2% fig
N G N 5 R 1A P B R ek 8 T e 7 R R R AT
Wr Feh 22 45 HL VRO B, P4 S5 B NS R HIT AR T R

S5 30k

AR fp e AR, EA Y BELRANTH
WA G TEHLIE R ML, FRSHSHE A 73 25 B 5 4 2k
AHEFUEEE N THE R IaT REBEE, &
H 2% RS H A D9 N TR (38 NEAE, (LA A I
NS N e i B N 7ee T )7 NG R S e
(] HEAT 11 PR SR PP Ak S B ] e IR XU 55

34 e ANTHIR

RN CHR IR S8 R A, At s
AT HBOCAE LRI B IR RIG T s aMEEE, FROA
J% N\ T.H-d(optical cochlear implant)*. A&
AARFME P DATF R —PoRs s s B TR, 0 Hoggid
TR ZE 5 AN [R] X $805E R, H AT sh P sese: o s (8
FH 62 B 0wk 2 3R AR E B FeAz,  H AT
75 R HLAL B3R A4S S W 4 R BT R KB
TAE.

4 JEH

NLTHIEH AR R RE) T REERI R, £
NN ARZ B R ILF S AR T ), H v ek
TIEFN RN B, (B0 5% 0w 2 — P AL,
WS SRESE S MERE TR SIER . AL
U S ROR SR Tk NN 77 - N EE N
2170000 N\, HH190%LL A& L3, 1 E S L F1Z)
N50%, X AE IR R L AE 2 B BN AN AR
RS AR, BRI SOR G T BURF H B RO 0
H AR & B 2EENA AN N ERRmE, fE2
TR LRI . A NG5 AT K
PPN THIGHIEARZ D K, AR Z RN E
E. ZEMBEEEANTH, 105 E0EE
HEN THIERH AR K CER R .

1 The World report on Hearing: executive summary. WHO, 2021, 3: 1-12

2 Xue J. The latest data bulletin of the second national sampling survey on disabled persons (in Chinese). Chin J Hear Speech Rehabil Sci, 2007, 1:
38 [BEEF. 3 IR AR BB R A . P EWr 0iE S BRE R R E, 2007, 1: 38]

3 Dudley H. Remaking speech. J Acoust Soc Am, 1939, 11: 169-177

4 Wever E G, Bray C W. The nature of acoustic response: the relation between sound frequency and frequency of impulses in the auditory nerve. J

Exp Psychol, 1930, 13: 373-387

1046


https://doi.org/10.1121/1.1916020
https://doi.org/10.1037/h0075820
https://doi.org/10.1037/h0075820

REBE: ARl 2021 4 51 % 8

16

17

18

20

21

22

23

24

25

26

27

Stevens S S. On hearing by electrical stimulation. J Acoust Soc Am, 1937, 8: 208-209

Djourno A, Eyries C, Vallancien B. De I’excitation du nerf cochlear chez I’homme par induction a distance a I’aide microbabinage a demure. CR
Soc Bioi (Paris), 1957, 151: 423-425

House W F, Urban J. Long term results of electrode implantation and electronic stimulation of the cochlea in man. Ann Otol Rhinol Laryngol,
1973, 82: 504-517

Simmons F B, Epley ] M, Lummis R C, et al. Auditory nerve: electrical stimulation in man. Science, 1965, 148: 104-106

Clark G M, Tong Y C, Martin L F A. A multiple-channel cochlear implant: an evaluation using open-set CID sentences. Laryngoscope, 1981, 91:
628-634

Cao K L, Wei C G, Wang Z Z. The application of multichannel cochlear implant in prelingual deafness (in Chinese). Chin J Otolaryngol, 2000,
35: 16-19 [# s, BLANY, EE A, 208 N LHREERTELE LHDEP IR, fEFAREIERIAE, 2000, 35: 16-19]

Wilson B S, Finley C C, Lawson D T, et al. Better speech recognition with cochlear implants. Nature, 1991, 352: 236-238

Li S J, Liu X W, Chen X J, et al. A review of clinical phenotypes and related genes in common syndromic deafness (in Chinese). Chin J Ocular
Sci, 2018, 16: 375-381 [4HifUiF, XIBESe, BRM6fE, 5. % MRS IR H # IR R R T RARSCR RBT FE Rt e, R R 2%, 2018, 16: 375-
381]

Shi L, Chen J, Li J, et al. Prevalence of GJB2 gene mutation in 330 cochlear implant patients in the Jiangsu province. J Laryngol Otol, 2016, 130:
902-906

Yan Y, Li Y, Yang T, et al. The effect of G/B2 and SLC26A44 gene mutations on rehabilitative outcomes in pediatric cochlear implant patients.
Eur Arch Otorhinol, 2013, 270: 2865-2870

Choi BY, An Y H, Song J J, et al. Clinical observations and molecular variables of patients with hearing loss and incomplete partition type III.
Laryngoscope, 2016, 126: E123-E128

Ulubil S A, Furze A D, Angeli S I. Cochlear implantation in a patient with profound hearing loss with the A1555G mitochondrial DNA mutation
and no history of aminoglycoside exposure. J Laryngol Otol, 2006, 120: 230-232

Wu CC, LinY H, Liu T C, et al. Identifying children with poor cochlear implantation outcomes using massively parallel sequencing. Medicine,
2015, 94: ¢1073

Battelino S, Klancar G, Kovac J, et al. TMPRSS3 mutations in autosomal recessive nonsyndromic hearing loss. Eur Arch Otorhinol, 2016, 273:
1151-1154

Wang B, Cao K L, Wei C G, et al. Electro-induced auditory brainstem response before cochlear implantation (in Chinese). Chin J Otolaryngol
Head Neck Surgery, 2016, 51: 826-831 [ £, % wa Fl, ZLEANN, 5. N T HMGAE N BT HL75 & U 5 I B 23k B L 7 . v A T B e ) 33
SRR, 2016, 51: 826-831]

Prejban D A, Hamzavi J S, Arnoldner C, et al. Single sided deaf cochlear implant users in the difficult listenirlg situation: speech perception and
subjective benefit. Otology Neurotology, 2018, 39: ¢803—e809

Tavora-Vieira D, De Ceulaer G, Govaerts P J, et al. Cochle ar implantation improves localization ability in patients with unilateral deafness. Ear
Hearing, 2015, 36: €93—98

Zha Y, Wang J, Gao Z Q. The department of otolaryngology of union medical college completed the first acoustic and electrical stimulation
auditory system implantation through the cochlea round window (in Chinese). Union Med J, 2012, 3: 309 [#X ¥, E &I, & & 50, BB S0 R}
S8 R FE] P9 191 20 FL g 154 T N B 7 LB S BT B RGN TR IR 224435, 2012, 31 309]

Sharma A, Dorman M F, Kral A. The influence of a sensitive period on central auditory development in children with unilateral and bilateral
cochlear implants. Hearing Res, 2005, 203: 134-143

Wang B, Wei C G, Cao K L, et al. A long-term study of speech recognition in patients with simultaneous bilateral cochlear implant (in Chinese).
Chin J Otolaryngol Head Neck Surg, 2018, 3: 189195 [, ZLFANI, & 7o F, 5. FEHISUN N T BN & 58 R HRCR T 7T, e
BT E LA R 8, 2018, 3: 189-195]

Gao Z, Wang S, Yang H, et al. Simultaneous bilateral cochlear implantation in children aged 12—18 months is safe and can be performed using
standard cochlear implant surgical techniques. Eur Arch Otorhinol, 2020, 277: 2193-2197

Varghese A M, Mathew J, Alexander A, et al. Bilateral simultaneous cochlear implantation in children: report of a case and review of literature.
Ind J Otolaryngol Head Neck Surg, 2012, 64: 95-96

Lachowska M, Pastuszka A, Glinka P, et al. Is cochlear implantation a good treatment method for profoundly deafened elderly? Clin Interv

1047


https://doi.org/10.1121/1.1902000
https://doi.org/10.1177/000348947308200408
https://doi.org/10.1126/science.148.3666.104
https://doi.org/10.1288/00005537-198104000-00018
https://doi.org/10.1038/352236a0
https://doi.org/10.1017/S0022215116008689
https://doi.org/10.1007/s00405-012-2330-y
https://doi.org/10.1002/lary.25573
https://doi.org/10.1017/S002221510500318X
https://doi.org/10.1097/MD.0000000000001073
https://doi.org/10.1007/s00405-015-3671-0
https://doi.org/10.1097/MAO.0000000000001963
https://doi.org/10.1097/AUD.0000000000000130
https://doi.org/10.1097/AUD.0000000000000130
https://doi.org/10.1016/j.heares.2004.12.010
https://doi.org/10.1007/s00405-020-05928-6
https://doi.org/10.1007/s12070-011-0219-5
https://doi.org/10.2147/CIA.S50698

ks NTHIREAR: %, BiES5 Rk

28
29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Aging, 2013, 8: 1339-1346

Mosnier I, Bebear J P, Marx M, et al. Predictive factors of cochlear implant outcomes in the elderly. Audiol Neurootol, 2014, 19, Suppl 1: 15-20
Biichsenschiitz K, Arnolds J, Bagus H, et al. Surgical risk profile and audiological outcome in the elderly after cochlea—implantation. Laryngo-
Rhino-Otologie, 2015, 94: 670-675

Sanchez-Cuadrado I, Lassaletta L, Perez-Mora R M, et al. Is there an age limit for cochlear implantation? Ann Otol Rhinol Laryngol, 2013, 122:
222-228

Poissant S F, Beaudoin F, Huang J, et al. Impact of cochlear implantation on speech understanding, depression, and loneliness in the elderly. J
Otolaryngol Head Neck Surg, 2008, 37: 488-494

Cosetti M K, Pinkston J B, Flores J M, et al. Neurocognitive testing and cochlear implantation: insights into performance in older adults. Clin
Interv Aging, 2016, 11: 603613

Baron S, Eilers H, Munske B, et al. Percutaneous inner-ear access via an image-guided industrial robot system. Proc Inst Mech Eng H, 2010, 224:
633-649

Weber S, Gavaghan K, Wimmer W, et al. Instrument flight to the inner ear. Sci Robot, 2017, 2: eaal4916

Li J J, Zhao K, Wang B R, et al. Cochlear Electrode Implantation Robot Based on 6-SPS Parallel Mechanism (in Chinese). China Patent,
CN108379733A, 2018-08-10 [ZLa %, XYL, Txksl, 2. FT6-SPSHYFF A I H-d A A M LS A, H E L F], CN108379733A, 2018-
08-10

Zhou C Z, Xie L. Research on navigation matching algorithm for minimally invasive cochlear implant surgery (in Chinese). J Jiangxi Nor Univ-
Nat Sci Ed, 2017, 41: 344-348 [JH 5B, W), eI A LHRF AR SAUVCHE FEBT L. LV IMRR S 2430 (E ARRHER). 2017, 41: 344-348)
Jia H, Pan J X, Li Y, et al. Preliminary application of ear robot to assist cochlear implant electrode (in Chinese). Chin J Otolaryngol Head Neck
Surg, 2020, 55: 952-956 [BUW, tkaxH, 24, 55 HARWLE N AN T Hw AR A KA1 R, A B SRSk 34 Rk %, 2020,
55: 952-956]

Labadie R F, Balachandran R, Noble J H, et al. Minimally invasive image-guided cochlear implantation surgery: First report of clinical
implementation. Laryngoscope, 2014, 124: 1915-1922

Carlson M L, Driscoll C L W, Gifford R H, et al. Cochlear implantation: current and future device options. Otolaryngol Clinics North Am, 2012,
45:221-248

Mercier P P, Lysaght A C, Bandyopadhyay S, et al. Energy extraction from the biologic battery in the inner ear. Nat Biotechnol, 2012, 30: 1240—
1243

House J W, Brackmann D E. Tinnitus: surgical treatment. Ciba Found Syrup. 1981. 85: 204—216.

Aschendorff A, Pabst G, Klenzner T, et al. Tinnitus in cochlear implant users: the Freiburg experience. Int Tinnitus J, 1998, 4: 162-164
Vermeire K, Van de Heyning P. Binaural hearing after cochlear implantation in subjects with unilateral sensorineural deafness and tinnitus.
Audiol Neurotol, 2009, 14: 163-171

Zhang K'Y, Guo H, Wu S, et al. Recent advances and challenges in the study of optical cochlea (in Chinese). Chin J Otolaryngol Head Neck
Surgery, 2016, 51: 73-77 [FKITR, ¥WH, B, 5. S Bl 7L (0t e L k. e B B Sk s LR, 2016, 51: 73-77)

1048


https://doi.org/10.2147/CIA.S50698
https://doi.org/10.1055/s-0034-1390454
https://doi.org/10.1055/s-0034-1390454
https://doi.org/10.1177/000348941312200402
https://doi.org/10.1243/09544119JEIM781
https://doi.org/10.1126/scirobotics.aal4916
https://doi.org/10.1002/lary.24520
https://doi.org/10.1016/j.otc.2011.09.002
https://doi.org/10.1038/nbt.2394
https://doi.org/10.1159/000171478

REBE: ARl 2021 4 51 % 8

Cochlear implant technology: past, present and future

WANG Bin, YANG Hua, CHEN XiaoWei, CAO KeLi & GAO ZhiQiang

Department of Otolaryngology, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences & Peking Union Medical College,
Beijing 100730, China

Cochlear implant (CI) technology can help the majority of patients with severe to profound sensorineural deafness to restore hearing.
This technology was first launched in 1800 by the Italian physicist Alessandro Volta who found that electrical stimulation of the
normal ear can produce hearing. In the 1960s, it began to enter the practical stage, and underwent technological development in two
directions, single-channel and multi-channel. In 1979, the single-channel cochlear implant was successfully developed in Peking
Union Medical College Hospital (PUMCH), and the first cochlear implantation in China was performed in 1980 in PUMCH. The first
multi-channel cochlear implantation in China was also performed in PUMCH in May 1995. As the technology progressed, cochlear
implantation with electric-acoustic stimulation (EAS), bilateral cochlear implantation, and robot-assisted cochlear implantation
gradually went on stage. The first EAS cochlear implantation in China was performed in 2012 in PUMCH, and research on bilateral
cochlear implantation in PUMCH ranks at the forefront in China. With increasing successful cases of surgery, the indications for
cochlear implantation have gradually extended. In 2008, preoperative electrical stimulation auditory evoked potential technology was
successfully developed in PUMCH, which is novel in China, and by which a large number of difficult and complex cases were
successfully implanted with CI. Cochlear implantation for unilateral deafness and tinnitus and robot-assisted cochlear implantation
have also been carried out worldwide. The first robot-assisted cochlear implantation in China was successfully performed in 2020 in
Shanghai 9" People’s Hospital. At the same time, the research of optical cochlear implant has entered the experimental stage. This
paper summarizes the development of cochlear implant technology in China and abroad, the current technical expansion and the
future development trend, to provide reference for its technological progress.

cochlear implant, history, development, trend
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