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Abstract

e This paper aims to delve deeply into the practical
guidelines for the application of artificial intelligence (Al)
in the diagnosis of anterior ocular diseases in
ophthalmology. Given the complexities and variability
inherent in the images associated with the research of
anterior segment diseases, Al has traditionally found its
principal application in the sphere of posterior segment
diseases within ophthalmology. However, with the
evolution and advancement of Al technologies, notably
machine learning and deep learning, alongside an
exponential surge in anterior segment electronic image
data, the implementation of Al in the domain of corneal,
conjunctival, lens, and eyelid disease is not only feasible
but has become a reality. The Ophthalmic Imaging and
Intelligent Medicine Branch of the Chinese Medical
Education Association, in tandem with the
Ophthalmology  Professional = Committee  of the
International Translational Medicine Association, have
orchestrated a consortium of experts. These specialists
have synthesized the most recent progressions, both
nationally and internationally, in the application of Al in
the diagnosis of anterior ocular diseases. This includes its
use in corneal, conjunctival, lens, and eyelid diseases,
and provides an analysis of the current challenges faced
as well as the future directions of development. This
guideline has been formulated through several iterations
of thoughtful discussion and revisions. Its purpose is to
empower clinical ophthalmologists with a reliable
framework to facilitate the enhanced application of Al in
diagnostic decision - making and clinical research for
anterior ocular diseases.
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SR PRREDGEE AL | IX SO 2 14545 F] R S B B A A
S AR S DA S EE | P RRI R TE Y i D'
RO & 4 Bk R W PR R (55%)' . N L BE
(artificial intelligence , Al) F#] JF & H T HL ™ JIE5 5 5 1
JERRT ARk MR B £ A B AR AT R T ER AT R
95, R T IR 5008 1412 W R 7 38 0 SO AR 2R o T
AL FE BT KA (slit—lamp photography , SLP) (Il 15 Y24 AH
F Wi )2 F1# ( anterior segment optical coherence tomography,
AS-OCT) fA I (5] | fh B5E P e I fol i A 2 4 W Al e
(in vivo confocal microscopy, IVCM )" 4 [ 595 95 14 32
W AEAR R 2 T A Tz AR B8 i AR P 48 5% AR 75 1% B VS 51
BRI Z T, i T2 S IR A 45 0 AR LI R Y A %
PE W AT 0 75 AT Z 0k A, PRt 6 T IR A
BRI AT ZERRBE A 10 78 72 (B AS W 32 T, R i)
TEMA R A FIHE T PG 03 BT 1 R, mT 442 g MR 171 5
WU 3 9 B MERAVE T BN VR T e . A AL 7EIR
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Ge— W nl SF FE e, T E E A H 2 IRFHE RS ik
BEIT 323 R B e Ak B2 2 2 IR Bl 25 B 2% 77202207
AT CN T RETE AR A1 5 5 12 W i /4 17 96 B (2023) )
LR HEPRELHK LR IRFH B LT 2023~
07-03 TAEL2A 2] N A1 AT 2R Bi-15 9299 i 1 FH A 5% 30
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PG AL O B U L 28 3 5 B O3 3 A R
HOMLL E S BGHAT G FIE Y 48 m 7EA& SO ) 55 45 5%
Z 5L RN L, R 2k s 4 H, B
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WFEDIE 1 4E4R
2 RATT BRm EE LW GENF Al EREIE
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Bl a5 2 i T ANN 3260 Xz ik Bg
R B SR B S =R R R A R B 2
B R AR N, 45 5 % I ANN J3 28 28 X6 4 7 A L B 2
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Li S TF & T — A FH 0 B 50 45 F R e 24 AT &
B TR BEAFAE 2 W AR BHE 9 DL 59k, N 1772 5K
ZABRAT G b 430 A2 LT 13404 A58 43 Hebr 2 8324
A3 BUF R S5 A 1772 A9 BARFAE  BR 1 A 1C £ 0 2
FFIESR , AT 3845 B8 1Ak AR B4 R B2 Loo 451
Peih T AT DL 4 A BhA s, 1T 431 SLP R IR
PR L A FNGIAE W F R A= bR 75 i B s 4R i R A 133
MRAY SLP UG AL, IF B IR BB A= T 3h i, ZE P Al AS [F]
HYRRAN R 2% SLP BRI A IR AR 45 0 A A= W bs i, %
RGAEEG F PR E T 4 DR A4S AR
R AP AR VAR B B TR it B DR 4 B B
LT H T E) SLP KU LA s &9,
412 BI#ERE &4 A K (keratoconus , KC) B EE (L] R 4k
£ B T2 W RS DU 48 )2 O T AR w388 2 — 4
I RARAR o 32 W T2 B30 3 & g 05 AT e il 2 A g
HIE A BT 2 4552 FIl AS—OCT, Eid Ry LR, £
it AT FETE R U AR 20 I IFIE ] 1 HAT %0k, Hovh
£ 45 A5 A 2 M 4% L CNN | 3 47 ) 5 AL ( support vector
machine , SVM ) 2% > Fll [ itk SR 432107 X 28 AT 5
RO RUTE T RE A% 1 B R B 2R X 73 KCRFTIE IR,
T Jk B BRI b TR 18] DX 43 B KGRI IR 2 R M
Y, SR, AL AT LA R TS 4R AE , DS &1 2 7 R 2 iE 1Y
L KC BB M MR . Smolek %52 5 AT — Ffi il
24 (NN) B33 3 2o fuff AR A o A PR A o Tt 1ok
X34 KC HRAN KC B, 25, ¥ ZHF 58 ML 550k
i 3 A REH IR ARG B0 KC R, Accardo 257! ffi FH NN
SR XA R KC R AINIE AR, AU 94.19% R¢ 5
97.6% ., FififF Scheimpflug FHHLZERRFIY ) Z N, 215
AT AHIC B BIFFE i 2o fi FH 12 28 G WO AR A S i = T AN s % il
FERL I R KC, Kovaes 45" B ML 5% 1 BX &
Scheimpflug AHALKE I 3] KC HR |, R R 92% , LAk,
Xu 2P g G-AMBEM R G BN ET -2 R
KerNet ) ML #7Y KerNet A B T X/ A X Fr KC R 5 1E
i IR (area under the curve, AUC=0.985) , Chen L [24] 49 2t
T~ CNN BEAY A A G5 4 Al v ] e 2 L R RS
PET By e e 1], SR i £ R TR 0 R 4] KGR A o 32 5
90% ., IRBFTREE IR B, AR DK BE X B 5% 1M 5, AL
FEfHFH Scheimpflug AHHLAE I KC 5 A HA B K
71 Scheimpflug AL IR (141K 53 98 23 G BA FRE W]
REMR N Z — Ak, BT AL B, — e il B 45 A
K H 2R A A A S, AR R SR 000 KC R ARG TR 2
Shi 45> 454 T Scheimpflug AHAHLAT AS-OCT, M 121 IR 5
BEE BB PR B R SRR E , s A I T A5 B DL IX 43
U KC ARFIIEHR IR (AUC=0.93), [H bk, AR 4E R 9 £
FEAT B AT DA i ) KC ARG B, ALK LR 38 ot 25 5
ST R AN 8 KC B9A T T A,
AN IERIRIERRMERE IR M [ b 205 2
(diabetic peripheral neuropathy , DPN) J& 1 FUF1 2 Tl R i
TRy DL R AE S SO A RIS T 2 B AR A 6 R 3R LA
W AESE DPN HEJR A SCHE™  IVCM AT 2 2 A B AL
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THRZ LIRS I 0 DPN - Scarpa 451 i H] CNN 5
X 50 e SZ R 1 50 5] 2 A 12006 AR R0 DR s 52
A IVCM EHE ST 7028, 1% CNN Bk it 7 —Fh 58
4 H SRR AT 2 F TR0 I R T S £ B 229
ARIRAE (YEWIZE =96% ) , Preston L0 2 369 5] 57 it %
B IVCM B4, FII H CNN B33k DA S v 42 BCAE AiE I X
DPN #7432, 45 B R B, F1 B4 5 5 (0.91 4%) o &F Xt
FARER 227 4, Williams 255" X5 T+ 222 ] 3238 % 9 IVCM
BRI —Fh 5L+ DL MR e i S 2F 4 KB 43 SR
SR RS i B, LLi2 W DPN R H T E R E, 5
ACCmetrics F Bl #2853 A 801 LR 10 B30 1)t 1Y) BT A b
2B T ACCmetrics, X} DPN A9 % %€ H AT 87% W
SRR 68% I R . Meng %5 HF & T —Fh DL B3k,
o P A 28 A\ 1Y o B 2R £ B BB ( corneal confocal
microscopy , CCM ) EE X} 279 {54 R 955 m b PR 9 Ay 1 57 4
H A B0 AE (PN) AR R S Bl 75025, 45 R R, X
PN (K32 W R M 0.91(95% CI 0.79~1.0) , F¢ 51K
0.93(95% CI 0.83~1.0), AUC 4 0.95(95% CI 0.83 ~
0.99) , UL, R PGEIREF R E AR CCM #E1T3EF ALY
LW BT 28 DPN FUE R 00 R0 R 28

414 FIREFRAR  MIEIRAR R 35 h AN Rz 40 i
oL I 35 AL e i 5 | S 3 % 7E 4 BT S R T R B,
AL A SC I IE R R A A TI2 W, AT BT & F TR
FABCEFRAR, Gu 5 R T —FF s i 2 DL M %,
ZMLH— RPN ZAL 55 A 2E S i dn Ak, i 10 44
ARRHE AR TR B R RE B SR 40 A 510 135 A
M) BA LA R AR ARER AREERAR
ol A R f R R ) T 12 B3 IS W A RS R N R B
PR AUC iy 0.939 , H 52 B8 FRE 5 B 5 i A7 R R B2 A=
B AR  B B 4, Fuchs N 2 £A 8 3% A K ( Fuchs’
endothelial corneal dystrophy, FECD ) FEAE 2 317 M A 5
A F O, AT Be T 20 IR AR EE ML ) R % Eleiwa
SECVEH T AR DL 7k LA B X435 A RS R0 A
Meih FECD 5%, 1fi F 18720 3 AS—OCT [l 1% (9180
ok AR 5400 5K . B FECD;4 140 3K . 53 FECD) JH T
TE R FRAE DL 4328 W 45, 25 1k B, e AR AUC
0.997+0.005 , & .1 FECD (1) R 5% 91% , 45 557 H
97% ,AUC 4 0.974+0.005 ; % Il i 5] FECD ) 4% 5 %
98% , RABE =ik 100% ,AUC 4 0.998+0.001, [H it DL 5
PR R B 3258 FECD 2 T 5., 7] ] T FECD
J R ) R B 2

415 MEFAK

4151 BRFAR FlE X AEN ) KA FEAR J5 I K AE T
SR, JE T ARSI AL AH SR 58 Bk 22 | 45 51 2
FAEEOC R FAR TGP SRS R T A, T 5 %R
A AW S 2EH55 (NG IR KC) SRR AR A 2, SR A
IEH AR A ) 2 2 Bl 55 e TR i A 07 2 %
T B A EEEY kS S0 EE W EE ) %
0T, P T A R 1l B B ) el e o, R U A B D 1 i
T AL B 1 BRI AT 4R EL A Bk R ML Lopes &7 BI AT
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Pentacam BENLARARAE 0 ( PRFL) |, 78 A IR . 7E [B #2058 1E
(BT 25 T 5K PRFT (19 R EBUE Jy 85.2% , 15 5 2
96.6% . Xie 55V FIHI 6465 1k £ 5122 41 1 PRI A 4y
W4 , & T Pentacam InceptionResNetV2 JENCTF ARG £
45 (PIRSS) , i J& — AL T W2 i i i & T 5 @ 7
DL 2844 | I TR BIA ARG 5k KU 1 Ji D' TR 45 2R &
ILIZ ZR G0 % ) BEAY 5K 1 R B 80% , 2 W A 0] KC 1Y
RAGE N 90% , SRS Wi R K 95% , AUC Ky 0.99, 7¢
SE I H AR I BE RIS RN £ D KC D7 T, PIRSS [
Belin— Ambrésio 1 5 ¥ 5K & 7~ ( Belin — Ambrésio enhanced
ectasia display, BAD) 732548 B UEA (93.7% vs 86.2%) ., It
Hb BT BAD #9758 8 5 4 4 BH 1 2 S 10% , i i
PIRSS MR FHME RN 1.7% , R ZE AR TR &,
(AT T X R AT N B U, DL T A R i 5 e S 1 B
T AT AN A R R P AR
4152 AEREAR IR EMRIE , XA B H A 1%
SRAEFERG I, 371 % T B K B0 45 A 46 A s 4l
AT J7E ] LIS Bl f B AR} B AR T 4 Wi P Ak 2 75 3E A T £
BAEAR . Yousefi S5-I T — 3T Al RS0, LG4
AR MR S 4 | 100 T o 8 8 Sk 7 ) 1) 4 JBE 2
B0 A B T AS-OCT {5 B R B KC 85 Bz B A
RS v 1) S (3495 il 32 103 ) | T L3 W] LAY Bl I A
HRAJE 1 BRAT JEL B 47l 2R ] B LA B SR BRUIR A B /N () T
T HE it Hayashi L0 g 57 T — A DL M B Visual
Geometry Group—16 , ATl ¥ i A J2 A IR A A ( DALK)
T AR HP I IE A A D (successful big—bubble, SBB) f A5
RO 45 BRI AUC 3551 0.75,SBB A RE B3
RN T78.3% (18/23 HR) (95% CI 56.3% ~92.5%) ,1% H 3l
LRGN T AE DALK P H0 SBB 97 ), Treder 55"
Pk T —FET DL BJ7 kM 1172 5k AS-OCT K&
(609 ik : FiHE oA ;563 5 . 7 RS AL ) VI 2R A il TR
B TR 4 M 4% (deep convolutional neural network,
DCNN), UL A 3 # I Descemet & N [ fi I % ¥ R
(DMEK) J5 R AE I B (GD) , 45 2R & Bl 2 4% 1 R
BEH 98% , ¥ S E Ol 94% , UE R N 96% Vigueras —
Guillen 45" J¥ & T —Fh DL J73k, T 41 IRRJG 1,
3.6.12mo FH Topcon SP—1P £ K N B7 B i B 445 19383 5k
RV 5T 2 R B B B A IR AE R R PPl 2 L
SRR B A% BE (ECD) S REL(CV) IS IE 4i
LA (HEX) |, JEX5 B A R AT T30 73 1, 45 R 15 21 £
B 2 2 B W) R T R K 98.4% , =5 T Topeon X 14 1Y
71.5% , PHCAIT 8 UE S B $2 Hh 19 DL 5 325 BV 7E B PR
PE R B A 8 45 T 11 A5 b B SR AT AT AR RN UE B Y
it

4.2 ZEIERR

421 BRREA  FARE NS — TR W0y RS A R
I, FURRAE R AR IS 1 P AR A K R HAn, BOR
o0 FE 23 T AN WP, Bk, AL /] T
KEMFERE R AR AL, Wan F VLT
T IR R 4 AR AL B v A AL B AR

I3 E] FRIESE R 328 4 AR IX 43 SR PR IR R O R
AR, Jf AT SVM AT ANN X (815 Ak 375 6 1 PR BE#EA 71
W BRI R AL 38 )7 15 1) RAEEE Re 7 R AUC
G114 88.7% (88.3% 1 95.6% , Xu ¥ K T —Flvh 4k
T DL IR REIZ W R ALK IR B N, L 5M AL i2
Wi RGN G o =28 BIVIE & BR8P AR O 52 LR
BT TR, G WR ALIZW R GEXT 470 K800 ES 1
HER R 94.68% , i Wi —EPE &, =41 Kappa HIIFF 85%
Phbo iR, AL LAY TE SR B P 0912 B il o 26
T RS IS R A 25 SR . Zheng &R FHIER A )
BT T — AR BRG] T B2 W BRI AR
U] LM HR A P45 mh R 1 5 P45 BRbR 18 1R R 45 401
T AR EUR , BZAE AT i A F-HL, B B Pk T A
TR . Gan 55 41X 2 2 (1 F90I0 25 SR ME LA A 28 114
B (BIR ST RS , 51BN B WSS (gradient—
weighted class activation mapping, GradCAM) K DL i 2 H
{RRER — )2 nukilas T AL S R T TR N 4
2R 1) DL AR iy T 000 11 o0 X, 12 DX 0 BRI 1) S
PR B A B — 2

422 HHMSEIER W BMESE R (AC) B —Fh HIER
AT 2 Y A DA 200 0 X 5 e P IR 8 & S 5, 485 5 5
IR UL ARGE " | VF 20l SO 45 I 46t = SRR AE 1 11
iR S AARAE 12 W T B AT 20 98 R 90 50 [ 2 D) 45 & 3L
i R R B, LI 5 4 LA S S A Ay, 2 BB FE L2 IR AR %
JiE 7 B AR BEAE A, DR, TR 45 15 70 10 % IR 9T o ok 4
Hi 4 B FEL, Yoneda 555 % W T —Fhad s BRAS A ) 24
BEUAT BR R A7 40 A 3 S Ak 7 7R R 10 AR, £ 1T RGB
PR R 3 3 & A7 SRV 0 W S IO TR i A, T AR BE RO
r L o ) T AR (% ) DA 4 I T i, A E T DL AT S R
Ay A R U5 KB IO 4 PR B9 B £E ROT (400 2 FL &
Zx300 K P12 £ ), Tabuchi " F & T —FET
VGG~ 160 i 27 > A AL (1 78 1™ S P2 B2 Ar R R B¢, T
A 10186 SKIENR , I ZLBUAT By AL &R JF4EICT 0~3
RIB o34, 45 3R AL « RECH 0.74, HER H.
5 PR G0 53 P ey BE— B, T LA fe KRR BE bk /0¥ 53 2
Z (B 32 0 2 S ]t

4.3 BRI ER

431 FERMEXEBANE AL SEHERL, 0N E
AR R RN, T 2B A AT DG [ 5 R
MR PG PRI A AN ] 26 B4 B P45, 2 19 T SVM DCNN A3 1
25 4 28 W 4% ( convolutional recurrent neural network
CRNN) 4§ Z i ML il DL 3%t (1 A B HETT 1 S22 WA 53
G UL AN ] ™ R B N B 1 O A S IR | 4 TR ik
(posterior capsular opacification, PCO) | ff fb A T & iR 4
(intraocular lens,TOL) BT Xu 28155 F AR JiE A%
PGB NI T B Z AR R EOR X 73 N R i ™ SRR
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