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Advances in artificial intelligence for cataract diagnosis

YAN Yuling"?, XUE Chunyan'

(1. Department of Ophthalmology, Hainan Hospital of Chinese PLA General Hospital, Sanya 572013, China;
2. Medical School of Nanjing University, Nanjing 210000, China)

Abstract

Cataract is a primary cause of blindness globally, particularly accounting for 50% of blindness cases in low- and middle-

income countries. As the population ages, it is predicated that cataract blindness cases in China will rise to 20 million

by 2050. However, low health expenditures, scarcity of medical equipment and ophthalmologists, and high screening

costs continue to hinder mass cataract screening in these countries. Artificial intelligence(Al)-assisted cataract diagnosis

offers significant advantages, including convenience, cost-effectiveness, and remote accessibility, potentially reducing

or even eliminating cataract blindness. This review aims to concisely summarize the research on automatic cataract

diagnosis utilizing Al, incorporating slit lamp images of anterior eye segment, fundus photographs, and swept source

optical coherence tomography images.
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JEAE R BRI IX Y FEIRBHS Pt R R, AT
TEAFIRAH G B BEAE PE (age-related macular degeneration,
AMD) . ARSI 2 (diabetic retinopathy,DR) Fl 5.
72 JLAW % A2 (retinopathy of pre-maturity, ROP) %) i £
ARSI 7 TS T RAFIRCE, e IE 2 T
BRI IS4 B A P L B ALK T RS 0
WA TS RE T AT, XA T I R = AR
TR G0 0 A N R R A R T SRR AL
23, PR NS A . 3R N BEEIZ T
EpAg &



162

AR A} 2£4R, 2024,39(3) journal.gzzoc.com

1 AIZE A RFEATAR AT B 8 B WSS BT

FIRTFEIR R b, HRBHER IS DLk i ik A
JEWIHNEER E207k . HNBER 2L, R
FIRAFME AT e T N B R ARG
FR I AT I AR A G E A R L S kR O
RAEF B, A RS

1.1 AP FARMEE NERISHT

FERAE 1A B 22 L A= s B HR BOBUHR () R
PRIRIR™, e RN ESR T, (B R LEA W]
A EM A E L RN 2 —, ek LERIIm
59%~20%. ‘B AE e . E NG (XS EE . R
i IR SN R . BN . MEE . IRl
). KB B S B IR (AR R A P i
URBEEE IR . RTBOROR)MIEN, fE— R P E R,
FERMEF N TR R LE R R LRI . &
Je v B SR PRI DX R 2 A S B i S B0UK B A s
RoN12-15/ TN, IR T RBEEG-4/ 07 )M, 1E3E
NS IX, SR P B 2 288 £ S 722 Ay T
R RR T TR B R BRI Y e R R
T K255 i . WHORINE PR B WL 1 B
A e ) LB A I B (e R ) ) SR e, 1
HVISION20201E 18 (#522020 .  4xBRFT S K Al b i
i, TAE ARG —Ra"

R 22 B850 RN 1 A B A A S AR L o 5 141 15
KRR T7, 17 HAS 2 BER A i 28 2R Gt i e b
S N (1] 3|14 SE T UF i A R G A9 | B o i
W SR TR G IS Yt R e g5 ia
NN 22T o RS DA A iSEDIE S PN e =
PAYBRE (4™ R B AT AR BE A T 090, A dE AN B W]
Ik 7z (FE R HEFLs0% Ll BB R, #EEE (E4
FHPSCL) SGET,  DASA T8 g (58 4253 i i £ L
Pk s AP, T80, Long® P T 2017
SETT R T — DT B 2 N 2% (convolutional neural
networks, CNN) [ H ZHi2 Wi 24t—CC-Cruiser, J-H A H
Canny 5 I FTHough 4 F 7 o7 At bR A DX S
JEE . HRAS . BEBSEMEFS . ZRGE T Il e iR
B PLOBAEEE XS RN N R R R T RS
T4 NI HERRTES

20194F, Lin%E AT T — 000t R0 LAPPAS (8
CC-Cruiser FJAIIZ Wi 2y FIE GEHRBHZ JT 22 8] lfe PR 22
Fo Bk A SHIRBH 121935061 (700HR ) JL 3 3 (4F
<142 BENL /LS, H CC-Cruiser(350HR ) s R R &

Z (3500R) I [ FEATi2 W, g5 B R, CC-CruiserX} H
P IS I RITG Y 7 SR 1T 2503 31k 87.49% F1170.8%
K TIRBLE Z1199.19%4196.7% ., CC-CruiserfE o R H
PRI W AR T T AL T IRBL L K. |
J&, CC-Cruiserffitiy B2y 7 I 55 #EI AL, JEHAS T/
AR e B T

T2 L R BAT TR 14 52 2 M 75 R S o
CC-Cruiser /1l M-I N, iXBHAT T ATRGAEIL
HFGR AP R, I, JiangZEPOF20214E 82 H
FUBE T WA E B SRR 2> E R B (lens partition strategies,
LPSs) T2 o7 ft bR AR DX IR D4 8 58 KAk 11 N iz
(IR HPE. AR, SeRMEENER A 2T
FICNNFEE I ResNet i AlexNet . GoogleNet%E,E\—ﬁEﬂi
PERT B, ]iang%[zo]ﬂ%ﬁﬁ%?DLE"JLPS(Hough
AR Fl Faster R-CNN)AEH 5 H 312 Wik I ResNetAH ZH
A, FIBHT-ResNetf5 7! % Faster-RCNN-ResNetf 7 ,
AT R ME B A B2 W (I 3058 R F W
Bﬁ) o RN, i ResNetFifl | HT-ResNetf A K
Faster-RCNN-ResNetfi A 7517 i 25 B =R 265351 by
92.57% . 97.07%#1197.96% WIILPS-ResNetth 7l i A if
B85 5 T ResNet#i il ;. H 5 Hough”THe L, Faster
R-CNNJ& A = R P FIRCR A R AELPS .

1.2 A FE#REX MR RIS

PP B2 i i DL 8 45 A I A DG R e, T AR 4
At RAARTR PR 73 M A% PE (nuclear cataract, NC) . JZ it
(cortical cataracts,CC) FIJ5 % I ] N B (posterior subcapsular
cataract,PSC)E%’é[m o NCH& IR H A s LAk
R H AR I 2 MR TG, B R B A
W, ATARYEAZ G S A% — 200y g, CCL AR
B JBOR A R FEAIE, H SRR A] 73 )k
W R R Kad 2l . PSCH S B i R
TR R AAAE, PR A, T X, 540 B 52 e 0
Fio HARIX 3B (14 85 R L Bt 4 AF 8 Y B T -
f, ABRER AT S AR R SR R R . MEiER
sk R

Acharyag?mﬂ:ZOIOﬁzﬂ:ﬁTﬁ/l\ﬁﬁﬁ[ﬁ% K& LA
KAlINCRY RSt . i % ARG UG A T Sk BN
BOMIK-BE R KL, DRRrE T =215 KRR
AURFE . SR (I R 1AL 46 5315 (backpropagation,BPA)
AT EEHR . AR, HNBEARE). 49REIR,
LRG| R N RS G2 R - 2431
3N93.3%, I HARIL T 98%H AR AL FI100%H ¢
S, XRIIZ RGN NCRN BA SR Im AR E .



N LERETE AN W BERE SRS, 4F

163

20104F LIPS A il R AN R T A . IF &
T—ENCH @jﬁ}éﬁ%gﬁ(automatic grading of nuclear
cataract, AGNC), i FI# 15 0005K fif 11 IR 5 5 ik
PR, X2 E UAE R BT UG b S A% X A 3G
W, R B R 5 95% . 20224F, Keenan: ™ &
T DL DeepLensNet, X LA_[3Ff [ P R R
JUERE ST T HIMER2E, I DeepLensNet
HIZWrPERE 5 142 IRBH B AE FN2444 B2 2R A 1A T LU A
SRR, XTI E UL A N EZER(NCHICC),
DeepLensNet 2 WHERME W 2 00 THIRBHEA: X T el
W WEAI(PSC), PIFIZWRYHERR PR

2 AEBRERANERNEZE

FIRT, RBATAPLEE T OGS R E A 5
T2 T NS, (U, AT 3
AMEHET LS BT B BOR N sk, SECHTER
M XA E—E B RIRE. M2, RIS
TERCRFNAT H AT A A TR P, ReRIE
PG T ATRY 7 AR S B BN 2 S PR v F 3h
TP ARG ) S R A T 5,

BOR A SCHiR v T8 A SR T B — 2 S R, X
PPN ™ AR A T A I PR 532 . 20164F, Yang
SEPTE IR S RS SR 1 HE ST T — R R,
FEXT A A F1 N B (N sl P e ) T P R
AR, BE . PR E) WIS . 7ESCR
] i HL (support vector machine, SVM) FIZ [1] A4 47 i1 22 ]
%% (back propagation neural network,BPNN) i i S fifi = >
PERL RS [, Yang 5 P T BIRRLA Y 24 SR
*ﬁiﬂB@%ﬂiﬁ?ﬁ[%ﬁﬁ%?ﬁ(Mﬂority voting) Sk
(Stacking) [LABE =2 Wi O HERIE . SE LSS A (28R
SR HEF ) G AL (SVM, BPN)TEFT A
A TE B 23 2% 24 492.6% 5591.8% 5 E I N IR S3
PATS T IEH /2R L H84.2%F181.9% , WFFELE R
B, SRR AR RIS WS 2 S RES I T B — 2 >
R, XA 2O R A R

H TR 2 ATRIF R i ) 2 2T IR RN T By
PN BRI AL AR A (FUE SCHRRAESE ), AT EA T
HINBERYIZIE 28 . (H2, — X e Tt ryts
TEFFEE IR B & MIRRH L RS R4 AT
PLERE, EDERIREL L R n] G 2 — L E B B
JCRAIE ;3 —Jr T, FUE CARHIE SR AT R 23 i B a7 4k
T, AR T E Sh R I E SRR E Y DLy
B, (HERREE T2 RRHE, WA b ]2 RHE Y
R . L, X F20204R L TASCNN

JERAIE, IR BUH A — SR A IR S SRSk 3]
FEE R IR IR BURRAE L 8, e Z3R15 TIRG
Jri-JR AR RN AL, AR R T N Bl A 1)
PERE

I N BEHR JE R FA48ET, 1 TS PRig st bl e A
TERIANE 222 56, T RE S EUR IR BRI IR BT
BSLAIRT E AR EUR S LA B — R UG AEH , FT e
BN RS, TR (BRI RER . R T
STEL AR A 1 P BRI AT, Wa TR 20224F JF & AN
Uk T — e TR AR, DS i TR m i RS
FHE R T B2tk B R Ry Rt bt T4k
ATBAY P AL L, — T BRI
JT i U 5 —N T CNNY [ P [ o s A
TENFRFIAMREAES, P T HATIAE N BEI2 W
T TR VERE . HERRTE S T 84%, REEUERT
71%, FiSE T 89% . Iy EIG N 1A A (AR Ml
ST AEVE AR T R W REEA TR 1 1 P R
il

P& BN 72 VAN P B AR R R
febn, LA THIIRER) F N B R RGN A =
SR 20234F, XieSEU R T R T IIREADL &
%t (deep learning systems,DLS), 1 X RIS G i A 44
ZARM AN, ZERE IR RS =2 ek
(LS NEWALS ruiwiin(zAl NiVE IS o] o i 3P 26 =51
EM S (best corrected decimal visual acuity,BCDVA)ZOSE/‘]
B FNBERIBCDVA<0.30 T B BE TN RE, DI iR
HREWE NN B = RIRFHE B HAT IR 28Ry 7 . LA
VLA IRBHEE B IS AR IR IR R i Eide 45, T
=FDLAE (DenseNet 121,Incepti0n—V3$ﬂResNet 50)1‘%
RIRYNGrR . BEEE v B IR JIE RS B AL o3 A I 580
S ST & =Y TR U ) i SO | R g T
WM TIT R R g, WEUE £ TP R n it
fE. 45 I7~, DenseNet121, ResNet 50%|]Inception-V3
15 N BRI 2807 TH B TR R 94.4% . 93.6%5592.8%,
SMEEAE NI AR LR RE R W R AE
DenseNet121., AN, XieZ5EP R 7E#TIT A HoN i AR B
= Bt i WS p RIS RSB S b, R T IR A
DenseNet1215 [ NBE L ZAGIZHIER R . X TIEAN
B R NN BRI ) SZ B N R 32, A 3AEL
WAL R . BA 100EE 0 S N T 5L
JiDenseNet121FJIZWTER 3 H91.8% , 90.4%591.4%.
ERGE TSR NN AR N By TS A Rl
FHEMRFARY, IF AR B 28 N By T A
HFPERE .



164

AR A} 2£4R, 2024,39(3) journal.gzzoc.com

3 ATENE KBTS

3.1 AIEEBEFHISHW B NEFRRE

TELTEAN SR, FERRRAHLIX, IREBEAE
B 5 N B A 2 T B SR A A, X
S X AT A AR — 4 N RS BT RS ™,
RREIS B M2 5 T AR N RS2, &
KRGEORALREG S Ol T e By 7 it PR A4
DXL ST BARIMAS IR IT 58, Z8KIROATEFR 1
B 55 A)LF4 (Tamil Nadu e-Governance Agency,TNeGA) T %
T sh I L Fe-Paarvai, %A Al @ 8 BETFALEE
Bk HHAT R RS T N R A ST, TSR
T 24T SR I FEAHMLAY o e-Paarvai) CNNFH
Z BRI, Horh B R Z A AL 2 17 57 R
HRIURFIE , SR 45 A R U 3 426 1
R BE T LG S i i I 2 e e B . 3R
A NEE . FANEEAR GG . Vasan % T
202344 e-Paarvai 5 IR FH B A Al HIZRLBAT 12 WA ) 9
S BRI HERR AT T PPAL . ERIN P BE T T
PN R 7 e R U (969 ) LA 1) 4 5 S
(25%), SMARAGAERR J88% ., S ZFLIT A Btk
23 [8), {He-Paarvailbi AR P /2 H BTHRFHS Wixt T Ik 55
A P 2 B b DX B N T AR B — TG 80 7

32 ASHITEANEETS hRIIRRE

F1 PN B ) R 338 W A0 R s AT T R Y
TG R B R, (HAP IR E 5T A P B 27
AEHRIAZ RN TP AL . 43 AR A B
BEE TR . B ey r i g . AT O R
HTI R R, AR BT IR S5 s R i
FBL I, WeZEB T 20194E S FIEGIE T — N8
MIALE&, HT 22006 R 500 1 P R b R 2
WRIETAINEIF R, DR PMERCR %
R, %A FEAEN L 1)Uk
X BESCERRE . RBOEIIREOE; 2) BT NEE
B (AN, HNREDHNEARS); 3) MR
e EARE M RV s R EL APER
ML 2R IMERAE 3 L IR AT 55 R B T H
fafsWrERE . 7eE B2, R ARL T 0 N R
FH PN e 1 PR B AR 142 BT A 2 43 531 S 88.18%
88.79%1098.18%. TEA W3, [N FEHR IS IR I
SRR G N E SRR AN B2 T ek 1T 9%)
RO N B (2 TRl V) . BT 45 1
IR, AV TR S AN BRI T R S5 S

FIERR N 79.50%. BRILZ AL, B NBR(CR T
1827 ) it RAAAZ A DX S5 TR e PR AS B 8 B s TR
MEUFRRMN . LEANRECNT18%) LHNEARG
FRI AL ARTTR Joh (L3 mum AR IX e N (TR Dt ) o i S
A AR AE RS IAE], IXATEEL T 30.3%
MNIEAT “$127 o TEESEITIRRZ T, 1AIRE
P& A= AE ] hy4 000051 SR E FRAEIRSS, AR =A%
BIRZ o, —ZIRRHE A BHAE AT R40 80651 £ fi
RS, IRBHE A5 A AR SS Ho 2K 1 i 28 50k
(102455,

4 AIXIFEARZHHLLSNE

I T P Ay e A 3 T MR R P fR 22 B AT 1R
R SRR IR GO FAS R e R R %, H Ak
A Ao MR RO ASERI R 3 LA S e [ Y Ry 7 s R A
I RSEE R, MR ISR 2 2 B T IR A i 7
BRI , SFEH R SRS W S Y. R
KTRDEA RG] LU S AR A D, (H 2EBAT I
fh A A R A A B W B EAY, IF Hk=12
Wi o B FEBRIE . AR ZEULAN A Sl T B AR I A
SRR A B T EAR DY BRIEZ AN, BT 3R
BB (BREECHREET . GE AR F [ HE ) af
LAFRAS 35 57 000 K FH T A B R R ZR AT RS, R
I, FATHIADY T H BRI W& A S GE .

4.1 ARSETEIREMRAL

M TR B, FIOETEDE A A0 W= 31 1
(swept source optical coherence tomograph,SS-OCT)HA AJ
FAENE, JFH3Z A R MR R AR AR N X
AP I 12 BT INFR A . 4R, SS-OCTE ]
TR AR AT R R R I E AR
HltL, Zéboulon ™ 1E20224F 77 K FIBIE T — DL
B, HTSS-OCT G b LME AR ZAG I H N B . %L
Y H H — 3 DR AR PG B MR P Bt
o DURAERIEZ I A BT, HR B Rk
51 2h94.4%7194.7%

42 ANZHIRELAL

20224F, Son% PR IFHAE T — 43 FDLIY A
B ATER SOBTRY, it FH 9 2 R0 A bR AR P 45 (BB
ST R IR MG ) Rz N B . %7 & PERE i
ResNet 18 . WideResNet 50 -2 fTResNext50 —ff ATE. 1 1
irigsm, Jf AT R AR IR EE R S (Tens



N LERETE AN W BERE SRS, 4F

165

opacities classification system IM,Locs )ﬂ‘ﬁi‘ SN2
WrS5 g, @R Emn, ASERBARR =~ — AT R
(ResNet 18, WideResNet 50 -2, ResNext 50)7EIZKINC
F T B8 B VT 23R h98.8296-5598.31% 5 TEIZWINCHZ i (4,
I YRR 22 498.519% 55 98.26% ;. 7RIS Kz [T IR I (cortical
opacity,CO) I ERf % 496.21%595.70%;  1EI2KPSCHT
HEW % 492.17%591.04% ., 55— 4% (95.83% ) M LE,
SE AT (96.43%) /s TI2INC . COFIPSCHYHefE:
REfEbn, AIDARMEE SR RIS WiERE . ALTE A NFR S
W A RIS TR 1

5 AHBIBEREISETHIEME, Bk SE

5.1 EMESHkEK
5.1.1 AIHIELE 2R

AT R YI 2575 B ABE4E , BRI o0
I ZRR 2 e map i P RE A ST . H RTEE 4R e L
PR AR AT R 5 TR 37 s MR 1) it s HHR R
FRAGANBE EEHE B2 R AFRARAS [R] R R B, i L
L JE P50 %) T AT 5 5 T 1 o T R A T S8 1 A %
P, B2 B AR . X IR T A G
T, B Z BB EUR, AT R B Tk
WA . XTELEE . AR AR, DAL S ik
ARATR I A 0, P EEUR A v R M S B
FEAE IR RS 25 . BRibZ 4h, SS-OCTEMG B HA
FMNE S AT EE AL, (H 32 B A L B A
JE SRR AR BAEACE R BRI . SR e-Paarvai®s F5 5))
BRA 0 AN TR T IR PR 2%, (HABAFAE TAIL
FAGL 5 M5 SR . R A T AR 2R &%
W, ATEE | A2 AR BRI R =z .
512 AR A 7E1m L

AU UL LA 2 Bk i g, &k
TR R AR b ) O DR 5 s a0 v 1 s D
Ao AR ATV AR B AR I B 4 I ZRal
M, B AR A AR AR R P T B SR 2%
TERZHUIEOLT, 45 AR IR (1) AT R 38 7 S e T
FEVIGREAE TP AR . P . e . MO SRR Y
PRI, R, TR AR R b B e D AT 325 1 1
B — TR AR
S.1.3 AVKEA S 2 350

AU B —AS S R HOR T A B . ALPTAK
HIBLER 7 2 IR UU—Fh N2 ) BRAR a0 ANk
Z B N ARBAR O IS W LS e
ADZ WAL b B (dt B Y SR e L, H 22 4R A

TAIGE AT SEFR o AT W R
BAEX T ASORUIE— R A A", 223
KA TARAFAE R T RE L, AR %A
—EREREYIRE, LOENIHAZE . 3677 HUXUES
B

52 #Hli&
52.1 Al#g S AR $H

MFTHIREE AL T e SRR S RS, ATLUE
AUSIRBHE P LS Ak, JrEidsGmgs ., K.
B . mHealth FEY 58 28 B 15 45 e UE I R R T I &
. 20204FHong 5 BAE DU AR T SGIE e BT M
KE R BE TR, AT R 3
RET-HILAY AL o0 BEFRE A5 ML i S K T3 P e e R A 15 2
f H 2530 1B BT IALZRGE AT LUK 11 P B A 4 s
IR SS -
522 AlE KB4 A

KEE IR A “SV™ BIEEE R 2 B4 .
ZRENE . RFR . B . ERRTER AT A R
“SV” A KB AT LA S A B AL T
FEEK 2 e TR R I . 5155 8dE &A1
L, KB IR 3N i ATEE AR AE 1 B 45 1 FH SR R T
HAMA WS, BAT, KREPE TS AD T H N BEAR
FRIAR G I &0 B RS U, LA & F N T S A
JEFERGHA T o Jiang 25 4 2L Bk T MG AE ]
AVBEITIU T 244 A B Je e NS EE I 5 T Zhou
IR AL 7T AR S A A, AN
B AR HR R ATt P AV A KB R AR AL, S B
P P AR SR AR S B A P 22 40 I e 3 T
RBCRPT . KhavandiZs 0 F K ¥l LI ATE & B T
“Dora” XfHWBEA G BE AT TRV S5HAE . i
e AT A s N BRI W RS2 ), 3R e e
JPOMER TAERCR . BEE IR SR AW, K
K H N BAHSCATT & L o515 51 8 B s, AN
PIBEAHSCTRBE . 1207, 197 AL RIS e B2y 7
I AR AL Sy AR

6 4iE

e H AT BSOS H AP
L AR VA IR A I AR A o] 4
ST B SRR, JF BLEE TR IR i 2 &
g SR AR I 2R R G S5 0T AT 4 A i
AEY. HRTAURE T4 JS IR RS I I A2



AR A} 2£4R, 2024,39(3) journal.gzzoc.com

166

-an[ea aand1pard aanedau ‘A N ‘onfea aandipaid aansod ‘A Jq ‘uonerasp prepuels (S 10110 parenbs ueaur “ISIAl ‘OAIND AT} IOPUN BIIE DY SIJON
°(AdN ‘enfea 2ano1pa1d 2anyesau) H)
AT ¢ (Add onfea aaporpaid aanisod) Hi Ty Hy ¢ (s ‘voneraap prepueys) Fzpil4 ¢ (IS 10119 patenbs ueaw) A XDz 1A £ (ONV Pamd oy sepun eare) \ylhl | Yzl ¢k

(0S XN [1y T-0S IINSNYPPIM

= . . . \” \ _rl—! ./ VN
8L6'0=D0NV 79°€6 996 €496 ST 1ONW) Y| T T et BN SEDUH DR 44 ) & UOS
. : . i (0S XN [1 T-0S IPNSIIIPIM ,
- o o
8L6'0=D0V 79°€6 996 €496 91 1NSN) Ye ol S B WU6T GBI SN D (44 ) % UOS
86'0=00V L6 v'¥6 — (1N-N) ¥ G G 9TE T %31 LOO-SS €T0T [ & UOMOGIZ
. : . . (0$7Ns2Y iy €A wondaouy . "
1L6:0=D0V £€€°56 €88 ¥'€6 TETONESRQ) Yool T S6¢8 ) 13 £20T e H X
. (sousoy-uondeour) Lz fu| 37 i 1 B .
16°0< DNV 68< 1L< ¥8 < S N%W s $96 €€ 5333 720t L d M
- - - . (NrenstA) 47 o i 5 2 ; «
$798 (NI Y2 bl T 0£0 8 %1313 070t & 0X
— — = (42 WA I T eeeT B33 9107 s 3 B0
66'0< DNV 1026 98 w16 (PNSN) Y2 Z b TF 8¢9 L€ Y3 S e 3 610¢ (6 H M
%8'LS=AdN _ .
£%6€°T6=Add st = it b7 6191 %) 5 D L7 €707 oy i UESEA
: 7 7 Iy \
— 00T 86 €6 0TS¢ e [y R% 010T edregoy
TG X I TAGHEH ol ol e o By
(63€°ds) 6 TLI=ASW — — — (oNsuaTdeaq) Lz fi| S T 666 8T ) 3 S DH e 7% Teoe [s2) ¥ PEUR
— — — §6 T 2 sy Al =+ 000 §< )3 S DU L % 010 CEAL
— 1026 9'L6 S€'L6 EZMME_ WHW&MM wed) o T 515 S 0 L3 7 1202 toay 7 B0l
%0'S6=AdN
‘o6t vL=Add vos Les = bl 988 )b ol B30 Y7 610¢ o W
PYIMATH %/ FHEE %/ B %/ sl (i) FE v HXs) B Hilt % iy )

jaEIRIEd Jo sisouSerp ay) ur [y Jo uonyestdde oY) wo MIIASY T J[qel,

VHH N h RSB RIV 12



N LERETE AN W BERE SRS, 4F

167

Jrih, WIDR. FOLHR . AMDEE™ | AIZE S I RSB
JTRO RS . IR A K OCTIRUG A AT I R E N
FRiZWi AT B E T & . BRILZ A, 2 TFDLAY
PRI ENTRS . PUTPUAL L B ie =i e
AWt R . MiE AR SRR R RIS K
BRG], RAKABAENIR s ATRGE 2 W
FIA RS, DAk F (RSO R 5 I 7 B A A JE B R
BHEA G SR, S H N R IHIZ 51597

FIFEIPIR FTAEH L BN AEAE A £ w58 o

FF IR B A= BA
A T AR Z A I (Creative

Commons), FCVFEE =7 H P #8344 (BY)-AERT L
PEA#FH (NC)-2% 1175 28 (ND) (CC BY-NC-ND) ) 5 X
Tz BRIV =5 AR T R R SCE A TS
RAT . EYE L R M. )RR S0 B F B R 2%
] 8 ARAG R, (HTE X S ok A rp o O B A 5 4
ACBR FAER M B B . AT ZEQE . TN
5] https://creativecommons.org/licenses/by-nc-
nd/4.0/ .

Sk

1. XuX, Zhang L, Li ], et al. A hybrid global-local representation CNN
model for automatic cataract grading[ J]. IEEE ] Biomed Health Inform,
2020, 24(2): 556-567. DOI: 10.1109/JBHI.2019.2914690.

2. 2019 Blindness and Vision Impairment Collaborators GBD, Vision
Loss Expert Group of the Global Burden of Disease Study. Causes of
blindness and vision impairment in 2020 and trends over 30 years,
and prevalence of avoidable blindness in relation to VISION 2020: the
Right to Sight: an analysis for the Global Burden of Disease Study[]J].
Lancet Glob Health, 2021, 9(2): e144-e160. DOI: 10.1016/S2214-
109X(20)30489-7.

3. WuX, Huang Y, Liu Z, et al. Universal artificial intelligence platform
for collaborative management of cataracts[ J]. Br J Ophthalmol, 2019,
103(11): 1553-1560. DOL: 10.1136/bjophthalmol-2019-314729.

4. Khanna R, Pujari S, Sangwan V. Cataract surgery in developing
countries[J]. Curr Opin Ophthalmol, 2011, 22(1): 10-14. DOI:
10.1097/1CU.0b013e3283414£50.

S. Lee CM, Afshari NA. The global state of cataract blindness[]].
Curr Opin Ophthalmol, 2017, 28(1): 98-103. DOI: 10.1097/
1CU.0000000000000340.

6. Liu YC, Wilkins M, Kim T, et al. Cataracts[J]. Lancet, 2017,

10.

11.

12.

13.

14.

1S.

16.

17.

18.

19.

390(10094): 600-612. DOL: 10.1016/50140-6736(17)30544-5.
Acharya RU, Yu W, Zhu K, et al. Identification of cataract and
post-cataract surgery optical images using artificial intelligence
techniques[J]. ] Med Syst, 2010, 34(4): 619-628. DOI: 10.1007/
$10916-009-9275-8.

Son KY, Ko J, Kim E, et al. Deep learning-based cataract detection and
grading from slit-lamp and retro-illumination photographs: model
development and validation study[ J]. Ophthalmol Sci, 2022, 2(2):
100147.DOI: 10.1016/j.x0ps.2022.100147.

Mayinuer Y, Wang NL. Vision 2020: the progress of blindness
prevention and eye health in Chinal J]. Zhonghua Yi Xue Za Zhi, 2020,
100(48): 3831-3834. DOI: 10.3760/cma.j.cn112137-20200825-
02468.

World Health Organization. Integrated people-centred eye care,
including preventable vision impairment and blindness [EB/OL].
(2020-10-16)[2024-06-05]. https://apps.who.int/gb/ebwha/pdf
files/EB148/B148_15-en.pdf.

Chylack LT Jr, Wolfe JK, Singer DM, et al. The lens opacities
classification system III. the longitudinal study of cataract study
group[ J]. Arch Ophthalmol, 1993, 111(6): 831-836. DOI: 10.1001/
archopht.1993.01090060119035.

Miller DD, Brown EW. Artificial intelligence in medical practice: the
question to the answer?[J]. Am J Med, 2018, 131(2): 129-133. DOL:
10.1016/j.amjmed.2017.10.035.

Azad N, Amos S, Milne K, et al. Telemedicine in a rural memory
disorder clinic-remote management of patients with dementia[ J]. Can
Geriatr J, 2012, 15(4): 96-100. DOI: 10.5770/cgj.15.28.

Castaneda C, Nalley K, Mannion C, et al. Clinical decision support
systems for improving diagnostic accuracy and achieving precision
medicine[J]. J Clin Bioinforma, 2015, S: 4. DOI: 10.1186/s13336-
015-0019-3.

Singh R, Barker L, Chen SI, et al. Surgical interventions for bilateral
congenital cataract in children aged two years and under[ J]. Cochrane
Database Syst Rev, 2022, 9(9): CD003171. DOI: 10.1002/14651858.
CD003171.pub3.

Chia WL, Martin F. Childhood cataracts[J]. Clin Exp Ophthalmol,
2001,29(2): 75-80.

Solebo AL, Teoh L, Rahi J. Epidemiology of blindness in
children[J]. Arch Dis Child, 2017, 102(9): 853-857. DOI: 10.1136/
archdischild-2016-310532.

Lenhart PD, Lambert SR. Current management of infantile
cataracts[J]. Surv Ophthalmol, 2022, 67(5): 1476-1505. DOI:
10.1016/j.survophthal.2022.03.005.

World Health Organization. Vision 2020: The Right to Sight
[EB/OL]. [2024-06-05]. https://apps.who.int/iris/bitstream/
handle/10665/206524/B1464.pdf?sequence=1.



168

AR A} 2£4R, 2024,39(3) journal.gzzoc.com

20.

21.

22.

23.

24.

2S.

26.

27.

28.

29.

30.

31.

32.

Jiang J, Lei S, Zhu M, et al. Improving the generalizability of infantile
cataracts detection via deep learning-based lens partition strategy and
multicenter datasets[ J]. Front Med, 2021, 8: 664023. DOI: 10.3389/
fmed.2021.664023.

Long E, Lin H, Liu Z, et al. An artificial intelligence platform for the
multihospital collaborative management of congenital cataracts[ J]. Nat
Biomed Eng, 2017, 1: 24. DOI: 10.1038/541551-016-0024.

Lin H, Li R, Liu Z, et al. Diagnostic efficacy and therapeutic decision-
making capacity of an artificial intelligence platform for childhood
cataracts in eye clinics: a multicentre randomized controlled
trial[J]. EClinicalMedicine, 2019, 9: 52-59. DOI: 10.1016/
j-eclinm.2019.03.001.

Asbell PA, Dualan I, Mindel J, et al. Age-related cataract[J]. Lancet,
2008, 365(9459): $99-609. DOI: 10.1016/S0140-6736(05)17911-2.
Li H, Lim JH, Liu J, et al. A computer-aided diagnosis system of nuclear
cataract[ J]. IEEE Trans Biomed Eng, 2010, $7(7): 1690-1698. DOI:
10.1109/TBME.2010.2041454.

Keenan TDL, Chen Q, Agrén E, et al. DeepLensNet: deep learning
automated diagnosis and quantitative classification of cataract type and
severity[ J]. Ophthalmology, 2022, 129(5): $71-584. DOI: 10.1016/
j.ophtha.2021.12.017.

Zhang H, Niu K, Xiong Y, et al. Automatic cataract grading methods
based on deep learning[ J]. Comput Methods Programs Biomed, 2019,
182:104978. DOI: 10.1016/j.cmpb.2019.07.006.

Wu X, Xu D, Ma T, et al. Artificial intelligence model for
antiinterference cataract automatic diagnosis: a diagnostic accuracy
study[ J]. Front Cell Dev Biol, 2022, 10: 906042. DOI: 10.3389/fcell.
2022.906042.

Yang JJ, Li J, Shen R, et al. Exploiting ensemble learning for automatic
cataract detection and grading[ J]. Comput Methods Programs Biomed,
2016, 124: 45-57.DOI: 10.1016/j.cmpb.2015.10.007.

Karkuzhali S, Mishra A, Ajay MS, et al. Glaucoma diagnosis based
on both hidden features and domain knowledge through deep
learning models[C]//2020 International Conference on Computer
Communication and Informatics (ICCCI). Coimbatore, India. IEEE,
2020: 1-9. DOI: 10.1109/ICCCI48352.2020.9104157.

World Health Organization. Discussion Paper: Proposed global targets
for 2030 on integrated people-centred eye care[EB/OL] (2020-11-
11)[2024-06-05]. https://who.int/docs/default-source/blindness-
and-visual-impairment/discussion-paper-eye-care-indicators-and-
proposed-targets-11-11-20.pdf.

Xie H, Li Z, Wu C, et al. Deep learning for detecting visually impaired
cataracts using fundus images[J]. Front Cell Dev Biol, 2023, 11:
1197239. DOI: 10.3389/fcell.2023.1197239.

Chua J, Lim B, Fenwick EK, et al. Prevalence, risk factors, and impact of

undiagnosed visually significant cataract: the Singapore epidemiology

33.

34.

3S.

36.

37.

38.

39.

40.

41.

42.

43.

44.

of eye diseases study[J]. PLoS One, 2017, 12(1): e0170804. DOI:
10.1371/journal.pone.0170804.

Vasan CS, Gupta S, Shekhar M, et al. Accuracy of an artificial
intelligence-based mobile application for detecting cataracts: results
from a field study[J]. Indian J Ophthalmol, 2023, 71(8): 2984-2989.
DOL: 10.4103/IJO.IJO_3372_22.

Zéboulon P, Panthier C, Rouger H, et al. Development and validation
of a pixel wise deep learning model to detect cataract on swept-source
optical coherence tomography images| J]. ] Optom, 2022, 15(Suppl 1):
$43-549. DOI: 10.1016/j.0ptom.2022.08.003.

Chen D, Li Z, Huang J, et al. Lens nuclear opacity quantitation with
long-range swept-source optical coherence tomography: correlation
to LOCS III and a Scheimpflug imaging-based grading system[J].
Br J Ophthalmol, 2019, 103(8): 1048-1053. DOI: 10.1136/
bjophthalmol-2018-312661.

Abdullah YI, Schuman JS, Shabsigh R, et al. Ethics of artificial
intelligence in medicine and ophthalmology[ J]. Asia Pac ] Ophthalmol,
2021, 10(3): 289-298. DOI: 10.1097/AP0.0000000000000397.
Hong Z, Li N, Li D, et al. Telemedicine during the COVID-19
pandemic: experiences from western China[J]. ] Med Internet Res,
2020, 22(5): e19577. DOIL: 10.2196/19577.

Goh JHL, Lim ZW, Fang X, et al. Artificial intelligence for cataract
detection and management[ J]. Asia Pac ] Ophthalmol, 2020, 9(2): 88-
95.DOI: 10.1097/01.AP0O.0000656988.16221.04.

Ting DSJ, Deshmukh R, Ting DSW), et al. Big data in corneal diseases
and cataract: current applications and future directions| J]. Front Big
Data, 2023, 6: 1017420. DOI: 10.3389/fdata.2023.1017420.

Jiang J, Liu X, Liu L, et al. Predicting the progression of ophthalmic
disease based on slit-lamp images using a deep temporal sequence
network[J]. PLoS One, 2018, 13(7): e0201142. DOI: 10.1371/
journal.pone.0201142.

Zhou Y, Dai M, Sun L, et al. The accuracy of intraocular lens power
calculation formulas based on artificial intelligence in highly myopic
eyes: a systematic review and network meta-analysis[ J]. Front Public
Health, 2023, 11: 1279718. DOI: 10.3389/fpubh.2023.1279718.
Wang T, Xia J, Li R, et al. Intelligent cataract surgery supervision and
evaluation via deep learning[J]. Int J Surg, 2022, 104: 106740. DOL:
10.1016/j.ijsu.2022.106740.

Khavandi S, Lim E, Higham A, et al. User-acceptability of an automated
telephone call for post-operative follow-up after uncomplicated cataract
surgery[J]. Eye, 2023, 37(10): 2069-2076. DOI: 10.1038/541433-022-
02289-8.

Du XL, Li WB, Hu BJ. Application of artificial intelligence in
ophthalmology[J]. Int ] Ophthalmol, 2018, 11(9): 1555-1561. DOI:
10.18240/ij0.2018.09.21.

(RERE: FALA; RERE: FHH)



