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[ Abstract] In recent years, generative artificial intelligence ( AI) technologies have achieved remarkable
progress in the early screening,risk prediction,disease progression assessment,and clinical trial design of glaucoma.
Using advanced algorithms, such as generative adversarial networks, variational autoencoders, and diffusion models,
researchers have synthesized high-quality structural images of the optic disc, macular region, and retinal nerve fiber
layer, which effectively alleviates the limitations of scarce clinical imaging data and label imbalance. These methods
have substantially improved the accuracy and generalization of deep learning models in visual field defect prediction,
structure-function mapping, and longitudinal disease progression simulation. Meanwhile, multimodal generative
approaches that integrate imaging data,visual field tests,and clinical features have facilitated individualized prediction
of glaucoma progression. In addition, large language models have shown preliminary potential in ophthalmic image
interpretation, clinical text information extraction, and decision support, providing new insights into intelligent
ophthalmic diagnosis and treatment. However, the clinical implementation of generative Al in glaucoma faces
challenges. The pathological authenticity and cross-device consistency of generated images require further validation,
which may affect the reliability of early glaucoma detection. The heterogeneous characteristics of different glaucoma
subtypes,such as open-angle and angle-closure glaucoma, also limit the generalization of synthetic data. Moreover,
issues related to model interpretability (" black-box" nature) ,artifact generation,data privacy,and ethical governance
remain key barriers to clinical translation. In the future,it is expected that establishing large-scale training frameworks

that incorporate multicenter, multimodal, and multiethnic datasets will enhance model robustness and clinical
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applicability. Furthermore , generative Al may contribute to remote ophthalmic care and personalized precision therapy

by enhancing low-quality image, reconstructing missing data, and simulating dynamic disease courses. This article

reviews the current applications, core technologies, and challenges of generative Al in glaucoma diagnosis and

management,and discusses its future directions and translational potential in clinical ophthalmology.

[ Key words]

Generative large language models

Generative artificial intelligence; Glaucoma; Generative adversarial networks; Deep learning;

Fund program: Shenzhen Science and Technology Program (JCYJ20220818103207015) ; Sanming Project of

Medicine in Shenzhen (SZSM202311012)
DOI.10.3760/c¢ma. j. ¢n115989-20250609-00189

HOURZLEKEENAT SR EN ELIRFZ— 5
T A B D ), G AR R R BT R AR I, 2] 2040
L RERTEOCI B R L L2 T ORI R R
FURE IR 2 A AL, B P & B BoA AR T, B
DA A R L e R T W R0 R fR B L 9T T ik
BT T IR IE BEOAE L O o# A8 T W7 2 3 4l (optical coherence
tomography , OCT) {5 AR B 45 £ 55 £ 150 5 503 , 15 3% S8 B0 408 1)
iR 2 A A T WP P R A A A, ) 24 T O AR L A
BRI 2 IR

UL AE SR AT HE Cartificial intelligence , AT) AR, i H & 3
THE 2 2T B BEAL T G IR RGP RS 500 955 155 T Ak 2
TR B E RS B A KB SR B R 2 4
(convolutional neural networks, CNN) TR E FET K TH
SR A SR B W R T SR, AT 76 T G HR 408 3k —
A % e TE T I 3% N80 S R AR AR o3 A A 3 A R AT gt 5
SESCHIMI U A R AT PR R I AF R e A R 43
32, B A BB A B e T R ST 5 R A BN 4 1
fig S35 e ) 2 A % H 9 4% ( generative adversarial networks,
GAN) 2%y H 4w 15 £ ( variational autoencoder, VAE) | " H{ #%% %Y
ERORTEBE 27 5256 B 1 5 32 W B0 45 07 T R B B
KW e B AT AN AL AT LA i LS W A B
SR, 30 T 42 T AT A8 18 A 52 Z% 5 A% 1R R I R R NIz
FLBE T, B G IR B B 00 A | e B0 B VA 9T T R e A AR
TR AR R

A SCF G MFOIF S A AR N AT 7E 75 6 IR S i de 7 iz
HEJR W o UG AR S 1Y 5 B 12 W A i R T B 4y
M8 A YE I, T R0 4 2R AR OB AL B9 1 FH 3% 5 A0 45 4 A
I o7 Y e TR 0 ) 0K A, O e B A i U R ke 1 e R T ]

1 £ AR ARER

AR AT 3 2G04 SOAS AR A PR AR R 2 A T O A
e BB ETE A5 A AR 1, )2 N T R A AR S
DS RE B 3 5 25 5 ME S B IR BB 12T Y A .

TESCAHE U5 T , 2 T Transformer L4 ) I 25 1 5 45 1
(4 GPT.T5 BART) B F T+ I ARIEF AL BAE 1. 2023 4F
RATH) GPT-4 5l AN SCE S MA WP TSR S
NBE ST o SR T T S 2 A A I PR S AS A
FNIBT 55, 40 Flamingo-CXR R 4t A 2 A4 MW I 7 45 B2 3

I I B B K Oy PR 2 B e SRR A R kAT . R
JEJT T, GAN F 2014 4R DSk, © )iz B T R A R
H RS 1R B 26 A 451 U 860 Pix2Pix (2016) Al
CycleGAN(2017) " 4 4 £ P 25 P4 o T 0 40 g 150 14
5 VOCT P8 fh 3% K50 IE 2 45 44 — Zh BE B 45 B T 1 4, VAE
] G 7 A1 2 VW) ) 3 S8 P AR L T T DG IR A b 28 2T 4 )2 )L
B S5 1 00 25 35 5 R IR R SRR . 2020 4R R L
L Y TR W SRS, R IR AR BT . denoising diffusion
probabilistic model'*’ Latent Diffusion Model **’ ZEF R P B R T
T RGBS 2 R, © T AR TS AL T JZ 473 i ( computer
tomography, CT ) | fili #8 #% i It 4k B 1% M IR R B 18 & %
5

BB i = 5 LG A RE T Y SR T, 2 B AR R R BT 5 A
Mo Ho, SCA A i B & ( Text-to-Image, T21) 2 #it 7Y {{ 3%,
OpenAl i) DALL + E . Google ffJ Imagen , Meta i) CM3leon, JF Ji
HE AN Stable Diffusion, L& A ¥ Y45 %Y Midjourney HJHES) T 1%
AR AE BE 2 PR 8k A B T o T21 &8 T4 CT IR JE &1 %
4, SCRFR WO AL BOHE B 3 AR I 0% . I Nwoye %Y 4
ffy Surgical Tmagen #57 A] A ¢ S 43 5 16l 455 Li 451 42 th i1y
GLIGEN #5575 e A e i T s B i A = o BB AR i TR
He R % (Image-to-Image ) J7 1 , B ] Pix2Pix 5 CycleGAN ##
BT R B AR U T S8 B AF R T HOBE B AN InstructPix2Pix |
ControlNet il Image Editing Diffusion 7E K £ 16 & XAk E 8 5K
2 G R R B R

SRS AN AT 27 T B ES GAN/VAE #5215
Al Transformer F147 BB Y f) 22 BEAS RAERL B B, L C R A% 5
1155 BEBEAS AR S AR BE 1, 0 O IR S5 R IR B B B2
ST SR BT I AT RE

2 ERHXAIRREEFARZGHOEA

2.1 IREER

A0 MR TG AR 10 9 75 06 AR A2 6 15 45 B 9 % ik 2 1% T Bt 1A
R RS W AOR 255 5 00 D) B 45 A 110 0 B AL L I M I DR A
PP 20 4505 R HE R A T B T H . B AT R B K
JE& | MR R R MR 75 DG IR 1 4 00 A i 132 W v 1 B Rk AT
TR 5 LI B 7% b 10 BT A 40 L WA O 75 G IR 32
{19 56 BRS04 A, HL 11 5 Ak L4 WS G o R S T
PR GO 4y B AR 0 98 07 T, Ha %Y 3K T 2 HE R GAN



B S IO IR B 2 Ak 2025 4F 11 HEE 43 %5 11 ] Chin J Exp Ophthalmol , November 2025, Vol. 43 /No. 11

- 1055 -

PR T — b 3 A BRI AR kLSBT HR R RO PR 4 ) R
4 FRIERTE IR T LA 1 % T A L I AS A, T AR T
5 M MR A 6 S5 L L ) A O R

LA, B JES 545 5008 ) 75 etk B AR T A% B 2 o B 11 32 Ak
1. N T YR IX — S, Chen 25 7% A1) F AR B3t A 4 B9 2% 44
AR A R TR R, R T U R 4 B
EHRTET T OGHR A LA f v B, R AR T 0 2L SR U B 1 R
Wi o SR, S 148 4 SR 4 1 R JFG 7% B 7 76 S 35 0 R 14 IS D 4
T 2 57, 330 0 W 2 3T B 1 32 AL BE 0 M I T Bk . i —
[, He 251 3 F GAN f [ 1% 31 B 56 e H R, 32 o WL 40 %
HEL I % 45 0 10 J7 ¥ o 1% 07 W% Optain MIALSR 48 19 W0 455 1 1%
49 5 Topeon HIHL 15 — B KUK, A 280k A 15 4 [FD 1L 452
BB SRR TE T OGIR E 3his W A R R A B B i
B P A — B

BEAN, Yo 25505 i 45 A A B O S AR AR R A £ B 4R
TR T GAN ¥ I % 0 PR % 4 BT v 3% i AE
S MR B8 45Uk B T W 0 % s T A R R
R S P4, L o R A ik R LR R AR TR T %
9 43 B R, 0 T ok B 9 SR PR, TR TR IR I R A L B S
G T AR TR O MR R 6 0 AR R T ME R . 53 4, Lei
2 U 0 Wy — i G W S R 7 O A A i R B RN
23 A R M A D T AN () 0 S A0 R A5 15 T e [ A 25 S )

2 TT AR TE T AN [ 0 5 A rh R A8 A AR 23 45 2R 0 v
P LGB T R 52 B b R UL 1 R A 25 e 02 T 4 R 1 s i
£ 5 777 G IR 2 Wt AL 0 A5 e AT g 4k

T 750 235 Ky 1) 35 J7 1 , Krishna 25 °° 382 H1 B EffUnet 35 B
o9 2% 55 23 ] A= R B Y IR & B 1% EffUnet-SpaGen, SE 3 1 41 8
FNRLRR 8 25280 S HE 43 o G306 T 25 ) JLfmf O 28 1 5 43 31
WERR I TE N FF R HE 2 LAY i £ F 1 AL (area under the curve,
AUC) {3k 0.997, Ht53 %8 B FEAR, J U 7 A 0tk ¥ 16 PR 4 )™
W d1. WAL, Chowdhury &7 )3 F 0~ A GAN Al Bt 2%
SqueezeNet, i, 5y 52 3 T WL 4k 320 2% 1) Al B2 53 1), A 2005 B 75 Ol
ML 75 5 , 42 5 12 97 B 2 ok Bl 3¢ Govindharaj 45 45 4 4T
B2 I F GAN, I F 131 25 1) MobileNetV2 45 52 g 41 4% €] 15
G A B4 F) B R TR 6 IR I ME A K 98.9%
Pandey % 3£ F 4 BIOME 5800 2 B 22 K AL 5 B R IRIS R B
2L GPAN NG ) R O B R SR T A R RS B
YR 2P0 4 2880, R AUAR T 1 75 DG IR A DU B L 6 AT 9
Joe 2 Z2 R LI B A TR S R B T AR s AT TE R 2R IR R
PRI 12 W TR B D

UL, A AT E 1 R AR R B R A AR
FU TR O N e B BT T G R i S S ME R R, B
S TR (0 IR IS IR AR AR TG AR A Bhi2 e e Y b KR,
£ 1R,

F1 RN AIESEREXREZBIOARIER
1E# A WF5E J5 17 AL IR 2 T B A L N E AR FEgh
Ha 25131 2020 A 4% B R B 4y B PR GAN MR RE W IRIEE B, W& BB E 2 EERSPERET 46, MR
R0 B /I L B A IR =7t 5 e A 20, 3R R O IR R R
T o i 26
Chen %3] 2024 WA E AR R AR ASDRE  ARMERERMESR  IGBIREY R, AMEMEIRME, B EFRTE
o TR PERE AR AG I A R M B
He 2513 2023 Bk A ML & B GAN B {2 X 45  Optain 55 Topcon AHHLM 85 & 45 30 28 BB SCHUA [W) i 4% 1) LA RURS % 46, 42
G383 v LE 3 #HEBR waE T 4 7 6 IR B 312 W o 1 Pk
5%
Yu 23] 2019 Z b5 AL GAN ( Pix2pix + DRIVE I DRISHTI-GS & A& B & LW MCML i A 77 ¥ & 2 f F 2 i 4%
o s P A% A ResU-net) LigE S MR R W BS W A5, 4 I 1% PSNR Al SSIM
e fE , B4 OCIRE B s Wik h
Lei 213 2022 HF G M B GAN+E{2 A5  REFUGE I 4345 Drishti- 85 4 38G8E 07, #2 7E Drishti-GS B48 45 ¥ 4F 43 | Dice
&R RRAE X5 GS F1 RIM-ONE_r3, &%  JH4> &)@ ke T2 3% , . BRI 5 =
R4 R ReA R ET Rz L RE S
Krishna %5030 2021 ML# 1 ML #F 4> EffUnet 5545 [ ORIGA J¢ DRISHTI ¥  Fi&ORifEs#1,48 0% AUC 35 0.997, 35 Ve U5 il
) Je 73 ) g A JRASE AL (SpaGen) 44 =2 W FEAR, A B AT I A F
RAE
Chowdhury % 7712025 ¥ 4% 3 £ 40 ki #OUF - 2% 4 GAN  ¥LEL SR T 4 RAME DGy ST DLE BT AR
B4y ) SqueezeNet ) B 7 O AR O A T o R
Govindharaj %1% 2025 M % & W T B % 3 45 4 B % MobileNetV2 & $ETF M I i 1 R 7 GHRAG I i R 98. 9% , £ I
SR 4 GAN G R R Sz ke H 5L BIREZ L EE R
Pandey 2511 2025 Z MR E % PO R GREHARBERRIE ZRBIEKLET  HREGREEEE, IGEMN L
B S 4y 2% ¥ S AR A ) PEIR S AP RRER T, B R Il PR 12 W

L ¥ [

TE AT N TR RE s GAN : A2 JRU0 5T M 2% ;s MCML . 22 18 18 22 314 5 PSNR « 068 {5 M L 5 SSIM - 2544 AH L 45 455 AUC : i 2R T B



- 1056 -

AR SIS IR B AR AR 2025 4F 11 HEE 43 %% 11 ] Chin J Exp Ophthalmol , November 2025, Vol. 43 ,No. 11

2.2 OCT A%

PEAE A, R B AT R JE T GAN A1H: At 4% 135 2 g A6 7
F9 P14 3 388 S B BB R 7E R T OCT JBRR i 7 ' 1R 7 2 i ig
U o 9 7T BUTS T — 52 B M . A G BFFE AL k% T OCT [
15T 3 g T OC IR G I 5 5 4 T 4R A TR I B B, LR ET
FEHE SR INF 2 BT

— Wi %& K T (NPJ Digital Medicine) ) BF 5% 7, Bellemo
SOV T S 0 e B U B 2 ST RS R I B T A K OCT ( spectral-
domain OCT, SD-OCT) [&] % H Jbk 4% 5 19 7T KL%, 9% b 1 1A% T
JIEAS L B IR B 3% 7 v AR R A 4 0 B 4 5 B SE 4R OCT
(swept-source OCT,SS-OCT) & Q76 5 148 b5 (40 Jok 4% JI5 J5E 3
AT AR I 2 B A e v i — Bk R T e PR S e v
Kim 2" F| i Cycle-GAN $2 74 T 7 [ # 4 5% 4 OCT 14 1 5
5, (8 E A0 ) I b 25 2T 4k )2 ( retinal nerve fiber layer, RNFL) [
o BN R R FAL G i, A4 = TR BT KR 2
VBTE A 1 A7 R T 5 4% 22 5 2 T — Bt A R 1 Bk R

BLAh TE OCT {5 5 34 38 J5 1, Lazaridis 25 Fi| ] GAN 4£
Tt s OCT AR A 1 W b, 5 L 78 245y 7 T Ao 0 ik 485 O 42 3
TR OCT B4, H3% J7 i 25 16 45 18 PRl 45 0k 10 85 3 8 £
T A P T 5 AA PR, B E T A R 14 7 O 16 B 5 v
FIM . ZEBRAT T OCT 4538 , Zheng %' R il GAN 4 & T £
U5 PR £ 75 56 IR A IR BT OCT 4% LA %l Bl 1) 4 07 5, 1L O
1 VI 45 5 T 3 A5 10 A58 780 76 ik 7. 36 I B8R 4R B AR PR R R
BB (AUC Jy 0.94) 5 i H 72 52 IR I 25 B9 #55 B AH 24 (AUC
J90.97) R A B EAG T B A B Bt sl D AR B R AR B S

B 4. M A1, Sreejith %5 1 T Ol IR 8 1 W 22 A
OCT PR & ML BEAT WF T, R FH i ik X GAN #2343 Bk %€ OCT
B8 L RIS S5 R R, A BB R AR T 23 Gk 5 B S 1 Dy T
5 S R TC I 28 5 5 () I 5 0 PR A5 1) 2 ) A 2R A 1
(AUC 24 0.97) 541#8 (AUC Zy 0.90) i £ b 35 2 3L i 1
S T G HRAG I P RE , EL¥ &1 7 32 8 2 5 U IX 3 5 L 52 A
BN — 5

X LT TR, A s AL Jr iR TE OCT BIRIE SR & B S 25
Hey s 5k 73 M 5 T JE B MR R O N LT LB e AR R S T
MUV, i REAE 2 Ff HR G 12 W v il B R RS 5 9 25, HAT ) 1 1) i
PREE AL T 5%

3 AN AIRAREFXRANPHEA

AR AT SR TE T L HR XU B 10300 55 9 g 2F Jo DA o i B
R o LR IATE T RS T I A R E A S R R b
A R LA S I i Bl B, DT B T I8 R 2 o A8 L ¢ T )
PERE Sz ARE S

Hussain % (0 42t — Fh 25 & GAN 1) 2 B 25 R %
JHELE  FhG T 45 M M OCT PG LB M B3 L N A g it 2
5l RAEFAL, JFFI T GAN BE U1K SR ) OCT [ /4, T 31 12
DA GBI EF A AL 5 5 R AR W, %07 1 7R T AE R R PR Y
HOLMR A (PP 4G TP 24 4 22 >3 dB) Hh AUC=0. 83, H A4
T B 6 5 A T R A A T A i A 2R T
WETT 9 H . HWFFERIA T GAN A& MUE IR T H
SRR AN B I R B0 RE ) 5 T A T A (.

R2 ERA AIEFKIREX OCT EEHHHR

YE# Ay HF5E J5 1n) LR A TR R4 E L N E A FELE
Bellemo 2 4] 2024 5 SD-OCT A X W B 150 784 sk B & (1E % . & Ot B4 SS-OCT g &S E Y SS-OCT 4 k4%
Bkég BT AL AE AT A DR HR) R AR A JIEJRE B LT B A BURN I A
S5 4 BRI A5 R e
—F(ICC £ 0.99) ; LXK
S IE AN 47. 5%
Kim 2141 2025 RNFL i1 Bt 88 Cycle-GANvs. £ 4 3kE OCT E4 BTG AR Cycle-GAN  7E Fréchet
i 5 B R bR Pix2Pix i} 43#) RNFL i1 8 Inception Distance J i1 % &
1k EHER LB ETF
Pix2Pix
Lazaridis 2[4 2021 TD-OCT K 1% £ GAN i+ UKGTS %4, 77 4 % OCT 27} TD-OCT |42  RNFL I & — 84 2 3, i
5 DU HTAE A B AE 24,284 44 % R & & SD-OCT B X Lk iy 1.09 Jh &
OCT 4 A o T i 4 K 1.24
Zheng 45"+ 2021 FHAWA RN GAN 28 643 ik AS-OCT Fiy s MR AT INL B & & #20E mE KR,
i AS-OCT & G YU AT R FF H I AR AT Y IR B 2
B 1 >R T AR ) A T A 6 IR
AUC i 0.97
Sreejith 2[4 2022 #H J6 R OCT  Progressive 990 IE F MR {5,862 H IR B ACE S BRI A AR IR B U 3
[ 15 4 1 GAN [#14 4 F 3 4y R AUC X 0.90, it T &6 4

Kk

HAIHAE I Gt

TE AL AL fE

OCT -5t A T Wi J2 49 41 ; SD-OCT : 43 g, OCT ; RNFL . HL [7 I 1o 22 21 4 /= ; TD-OCT : I} Jsk OCT; AS-OCT: HRfif 75 OCT; DR« Al JR i 1
HLI JE A A2 5 SS-OCT : 145K OCT;1CC : 2 WA G R B0 GAN « A= BN ST R 4% 5 AUC - 1 2% 1 T A7



B S IO IR B 2 Ak 2025 4F 11 HEE 43 %5 11 ] Chin J Exp Ophthalmol , November 2025, Vol. 43 /No. 11

- 1057 -

T — TGURIE 5 DU A 2B A BoRE B i T OCT [B1H& 1y B4 52
1E, AR i Transformer #5505t 3 5t AR AR BF 451 45 19 5000 6E 7 5 BFF
5 Z il T DINO Vision Transformers, 3 76 Yl 25 7 % 1 674 %
OCT-HLBF MR AT DA 1 IF , i 35 Bl 38 1 J00000RK J32 5 e 4, i
GradCAM 5 REAE AT A4k T B B64IF 1 454 - 2y g 22 18] 1 56 B¢ 3
B 7 Chen 55 “IET VAE FF & T — B Q1R 1L U7 1, 38 i K
IR HOAR R4 6% S IRK % 5 OCT J& B & 3% 2 [a] {9 X
NGRS E RS BT B A BA GRS % M E
RNFL JEFEE A,

A R AT HORTE T O R S50 00 A58 B e g o T, S AR R T
S50 5 Dy A5 5 2 18] 1 U 5] 000 B Ty, 405 b 4 B a K E
h 55 B R A 7 30 35 4R T TR AL A oE 0 1 5 I K 52
,@[4510

4 ERAKRFEEIAES IR H A

AL AR, A AT 7 M 7 MR R 4500 B ¥ 7 H 45 5% B ¢
T, 7 O IR A5 AT 2 IR B B IS R R R
Srinivasan 4§ 7' T & ) — 5 BF 5% B 0T T B L OE K I 5
T ——GPT-4V Fil Google Gemini, 7£ 351 51| Fl 2 W7 ¥ I+ i [&] 4%
R 9 2 B 7 1T B RE 7, 306 55 T LA T OB IR TE ALY 6 IR 5 1%
WF5E B , GPT-4V 15 P 0[5 55 6 62 00 J i 2 B ¢ 4% 85 1) 3R fik
J£(97.1%) , {5 HA2 W7 il 30 B S5 8 AR A2 L AR 21. 2% F 38 I 4t
WRBEHR B VA BE IR A AR L BRSO R A A
L0045 K 0 R 7, H i R 2 LA I R 0 T, A T R T R
AT [ IR 45 35K 52 A4k B e O 5 R

55— T 1 Ming 25 JF JE f 4 I8 161 BT 95, 4R 4 5 ok 4G
ZEREAE T ChatGPT 75 MR BT 12 1 5 1l 015 Wi PR 12 7 7 11 1Y
FW. SR ER,EQEECRAENNZ WA T LR,
GPT-4. 0 7615 W7 IE % J5 1 452 10 6 %8 8 5 7 43 B 18 00l , 4% ) 2
TETF G it bR P 3 LA % IS 6 V) 0 95 97 258 T 1) 9 240 T o4 0
BE . eAh, GPT-4. 0 i 2 B H B AIE 19 1212 3 S H 5 119 IF 612
WA 7, S 7% HAE MR 05 R G A A B2 v B . R
W ZBEFE TG L B Bk K38 5 8 4 1 0 T I A 52
S AT 7 3 — A i A M A S A

5 EpNAIEARESERIEKREZIT RS TPRIIER

UEAE SR, A R AT 3 AR 7E 32 717 6 R I PR 30 33 A
KA b F9L A g 7 T R B A A AT S, A B R S 3
35 ST BRI 2 AT .

WG, T gL 58 TD-OCT B R 15 W LA 6 6 78 4
J5 e RNFL B0/ 5 A4 FI7 45 5F 9 1 B 158 365 5 3 D AR 12 1 [ 5t
Lazaridis %" $ 1 T — P JEFF GAN 4 55, B 455 TD-OCT
VL4 1% A T 45 ek 1 R OCT PR, 3% 0 i3l id £ W)
246 4 15 D0 0 6 B R S B X A B PR AT 1 B4
I B AR TR O MG PR 56 P A T 4L 1) A0ORE 1 3R 5 A
BFFE 25 S 3%, %A R (g 4 71 T TD-OCT 76 52 3t 3h 3 I
11922 B, 0 55 1 0 2804 30 L 28 3 B0 0 00 14 K S, M T A
/0> W PR A 36 T 5 A 5 I 7 T RO A, 32 738 R K

K, UK 7E I PRAR 5 SCAS (5 S A0 B T, Schmidt 252 48 T
o T T 4 A B 1 485 Ak £ S A O i, AR GO I
A R RS A X R 6 R T O R AR 5E B 201 ) I PR 3 o
HEAT S5 ALIE SCREBE 3% 07 TR 45 4 b F SCTE 56 30 M AR L 78
245 70 /IVREA SO 4 AR SR IRUAE T 00 5 i 26 B, 55 06 IR S0
S0 FLAMBCHR 2 0.47, B E 0 FAES% MG BB . kit
AT, A Rt AL TE 3 25 1k $ T 75 06 MR I AR 3 06 1 3 i
B b BRI T T A

6 B S5EEE®

it 5 2B 1 AT A8 R RS R A% 43 0, 0 B 7 6 IR 32 1 4908k
f PR AR C PR AR S M IR H AR B Y, — v, R
B 1 T % A I 0 50 S S TR A, L L B S 4 AT S A
1758, 04 BG AT e A 2 X L5808 1) O 3% ol dE B SE R A8, 2
A TR I R 380 B W A 40 G W A o DO 2 o) MR e =
AR R A L A L A I R i A T B B D AT
SO SO AR R AT B R T R T A I 2
GAIE TR 5] Z 12 Wi T F AR RS B BT VEIR & KU, 2
i B2 97 4908800 12 AR ) W A IR R AT AR 58 36, iRl i Sr A
BT HAR BTG R LR A ER D,

TERRTA S &4 2, RS A i AT W) 38 5 6 BB el 2
X LS ER R AF AR (R T AR BT RO B 4 A L A 4
R B o s 5 22 A G AR SR BB R R Y L A,
AT %6 B2 i B 5 T2 AT 140 AS 1T A, JEC 9 A 1 35892 XU R 7 1
WAl o 5 — A% 0 [a)AE TR B2 AL AR T, 2 Hho0 BOs Al 7
WH SEMALARE E2ES, 5 S8R G, R T
TR ()G PR R 5 28 T B I, R ol I i 7 O IR £ Kk
fl AR 2 SO A 0 4 S, 4 3l B o0 BE R BG TE 5 A PRI A,
B e B at AT 3R B 78 5 6 IR 297 S0 B9 AT #5242 5 0] {5 B
e

7T RESING

Foke B B AL ZE 5 YR 1297 b i B R R sk IR Ak, JC 3L
TERERDLYZ AL RE T AL b0 36 IE 5 T A R — 2B R k. M AT R
R R 32 BEAROR P v O BN S SR AT I R 5 0 0, o DL T 2
W& TP iK 2 IR X IBOR TR B I R 5t . B, A
2l RS BRI A I ZRAE S, 5 TR R B G E B
RO 2 J i TR B 7 1Y AR BN R O T IR AR S
I PR A6 b (40 B A0 AR RS L) G (R BTG A il
it Transformer B 25 180 25 VR FE Rl 5 X 45 52 BE X A8 3 i B AR S 1Y
AT AR, By ) T ORI R R SR v L Ak, g5
Al SRR IR RN SRR BT T L AR OB R AT A IO LR
P38 A IR Ok BN 1 R A % T S R A AL SRR R 12
IT 10 HER P A5 B i T L R A R AL A U ) T T
AT AG AN AU REAE 19 8 97 7 28 A B, Wl B A 1R T R AL
Wi A PRI 25 07 AR AE HE S O IR G R 8 21 iy B 12
1 S sk

A L AT IE DUHT BT SR A 0 T A 0 o IR RIS T A



- 1058 -

AR SIS IR B AR AR 2025 4F 11 HEE 43 %% 11 ] Chin J Exp Ophthalmol , November 2025, Vol. 43 ,No. 11

B2 Wi 50 SROF 58 i 0 o 3 i 5l PR AR A 0 L Th B2 L IE B
Wb 45 XM T B 55 ZAEAL B BEAR , A2 RS BUA AL R b T 15
GEIRBE 2 T TR /IR A | B 25 F0AIR BTk R4 3 5 T A M BE R
S, 3 P T T IUI AR TR Y o B R PR I RS . 5
e A R 5 B AE 2 4F 55 U [ 2 W &5 4 A SCAR R
SPRCLL B 5 T o % 2 SR T T A R R e ORI R D
IEZ B ALEF GRS AR Ao 3 — U RE L
Fo Al AL TE 5 6 IR U A R 2 TR A 07T, s AT B2 4 20 0 o
MR Ak 1) A i A — A A P TR0 — 2 3 DR SR ) PA) B3,
S B R IR 2 5 I PR S B R K PR

FlEEm R A 15 & 2 WA TE R 4 ol %

£ % 3Lk

[1] Jayaram H, Kolko M, Friedman DS, et al. Glaucoma: now and beyond
[J]. Lancet,2023,402 ( 10414 ) : 1788-1801. DOI: 10. 1016/50140-
6736(23)01289-8.

[2] Shan S, Wu J, Cao J, et al. Global incidence and risk factors for
glaucoma;a systematic review and meta-analysis of prospective studies
[J].J Glob Health,2024,14:04252. DOI1.10. 7189/jogh. 14. 04252.

[3] Tham YC,Li X, Wong TY, et al. Global prevalence of glaucoma and
projections of glaucoma burden through 2040:a systematic review and
meta-analysis[ J]. Ophthalmology,2014,121(11) : 2081-2090. DOI;
10. 1016/j. ophtha. 2014. 05. 013.

[4] Reis TF, Paula JS, Furtado JM. Primary glaucomas in adults;
epidemiology and public health-a review [J]. Clin Exp Ophthalmol,
2022,50(2) :128-142. DOI:10. 1111/ceo. 14040.

[5] Weinreb RN, Aung T,Medeiros FA. The pathophysiology and treatment
of glaucoma:a review[ J]. JAMA,2014,311(18) : 1901-1911. DOI;
10. 1001/jama. 2014. 3192.

[6] Schuster AK,Erb C,Hoffmann EM et al. The diagnosis and treatment of
glaucoma[ J ]. Dtsch Arztebl Int,2020,117 (13) : 225-234. DOI: 10.
3238/arztebl. 2020. 0225.

[7] Huang Y,Gong D, Dang K, et al. The applications of anterior segment
optical coherence tomography in glaucoma: a 20-year bibliometric
analysis[ J/OL]. Peer], 2024, 12 : 18611 [ 2025-06—01 ]. https://
pubmed. ncbi. nlm. nih. gov/39619196/. DOI:10. 7717/ peerj. 18611.

[8] Jiang Y,Gong D, Chen XH, et al. Analysis and comparison of retinal
vascular parameters under different glucose metabolic status based on
deep learning[ J]. Int J Ophthalmol,2024,17(9) : 1581-1591. DOI;
10. 18240/ijo. 2024. 09. 02.

[9] Zeppieri M, Gardini L, Culiersi C, et al. Novel approaches for the early
detection of glaucoma using artificial intelligence [ J]. Life ( Basel ),
2024,14(11) :1386. DOI:10.3390/1ife14111386.

[10]Guo M, Gong D, Yang W. In-depth analysis of research hotspots and
emerging trends in Al for retinal diseases over the past decade[J].
Front Med ( Lausanne ), 2024, 11 : 1489139. DOI: 10. 3389/fmed.
2024.1489139.

[ 11]Huang X,Islam MR, Akter S, et al. Artificial intelligence in glaucoma:
opportunities, challenges, and future directions [J]. Biomed Eng
Online,2023,22(1) :126. DOI:10. 1186/s12938-023-01187-8.

(121600, JA B BTN, 45 kT 2 RS ER iR 2 S B OLIR

WA R L > b i B [T R e S g IR R 2R R 2024,
42(12) : 1149 - 1154. DOI: 10. 3760/cma. j. cn115989-20240104-
00005.
Qian CX,Zhou LX, Feng XL, et al. Application of deep learning with
multimodal data in glaucoma diagnosis and severity grading[ J]. Chin J
Exp Ophthalmol, 202442 (12) : 1149-1154. DOI. 10. 3760/cma. j.
¢n115989-20240104-00005.

[13]Li F,Wang D, Yang Z, et al. The Al revolution in glaucoma: bridging
challenges with opportunities [ J]. Prog Retin Eye Res, 2024, 103 :
101291. DOI:10. 1016/]. preteyeres. 2024. 101291.

[14]Ho J, Jain A, Abbeel P. Denoising diffusion probabilistic models
[J/OL]. ArXiv e-prints, 2020 [ 2025-06-01]. https://doi. org/10.
48550/ arXiv. 2006. 11239.

[ISTEPRFE . AT B2 B0 2 K M B s B B 2% 5 (e R

[J). B % 5§, 2023, 1 (1) : 3-5. DOIL; 10. 3760/cma. j.
¢n101909-20230602-00008.
Wang ZC. Unlocking the productive potential of healthcare data
elements for robustdevelopment of digital medicine and health [ J].
Digital Medicine And Health,2023,1(1) :3-5.DOI.10.3760/cma. j.
¢n101909-20230602-00008.

[ 16 ] Goodfellow 1J, Pouget-abadie J, Mirza M, et al. Generative adversarial
nets[ J/OL]. ArXiv e-prints, 2014 [ 2025-06-01 ]. https://doi. org/
10. 48550/arXiv. 1406. 2661.

[ 17]Kingma DP, Welling M. Auto-encoding variational bayes[ J/OL]. ArXiv
e-prints, 2013 [ 2025 = 06 = 01 ]. https://doi. org/10. 48550/ arXiv.
1312.6114.

(U8 ]l vty , SRt N LA Re A ¥ YEIR B v b i R W fndr i [J].

AR B 4% &, 2023, 59 (9) : 691 - 695. DOI: 10. 3760/cma. j.
¢n112142-20230519-00204.
Zhuo YH, Wu J. The application potential and direction of artificial
intelligence in the prevention and treatment of glaucomal[J]. Chin J
Ophthalmol ,2023,59(9) : 691-695. DOI. 10. 3760/ cma. j. cn112142-
20230519-00204.

[ 19] Tanno R, Barrett D, Sellergren A, et al. Collaboration between clinicians
and vision-language models in radiology report generation [J]. Nat
Med,2025,31(2) :599-608. DOT:10. 1038/s41591-024-03302-1.

[20]Isola P, Zhu JY, Zhou T, et al. Image-to-image translation with
conditional adversarial networks[ C]. Honolulu:2017 IEEE Conference
on Computer Vision and Pattern Recognition ( CVPR ), 2017 :
5967-5976. DO1:10. 1109/CVPR. 2017. 632.

[21]Zhu JY, Park T, Isola P, et al. Unpaired image-to-image translation
using cycle-consistent adversarial networks [ C ]. Venice; 2017 IEEE
International Conference on Computer Vision ( ICCV ), 2017
2242-2251.DOI:10. 1109/1CCV. 2017. 244.

[22]Rombach R, Blattmann A, Lorenz D, et al. High-resolution image
synthesis with latent diffusion models [ C]. Proceedings of the IEEE/
CVF Conference on Computer Vision and Pattern Recognition, 2022 :
10684-10695.

[ 23] Miiller-Franzes G, Niehues JM, Khader F, et al. A multimodal
comparison of latent denoising diffusion probabilistic models and
generative adversarial networks for medical image synthesis [J]. Sci
Rep,2023,13(1) : 12098. DOI.10. 1038/541598-023-39278-0.

[24]Nwoye C I,Bose R, Elgohary K, et al. Surgical text-to-image generation
[J/OL]. arXiv e-prints, 2024 [ 2025 - 06 - 02 ]. https://doi. org/10.
1016/j. patrec. 2025. 02. 002.

[25]Li Y, Liu H, Wu Q, et al. Gligen: open-set grounded text-to-image
generation[ J/OL]. arXiv e-prints,2023 [ 2025-06-02 ]. https://doi.
org/10. 48550/ arXiv. 2301. 07093.

[26]Zhang L, Rao A, Agrawala M. Adding conditional control to text-to-

Proceedings of the IEEE/CVF

international conference on computer vision,2023 : 3936-3847.

image diffusion models [C].

[27]Kawar B,Zada S, Lang O, et al. Imagic: text-based real image editing
with diffusion models [ J/OL]. arXiv e-prints, 2022 [ 2025-06-02].
https://doi. org/10. 48550/ arXiv. 2210. 09276.

[28]Haja SA, Mahadevappa V. Advancing glaucoma detection with
convolutional neural networks:a paradigm shift in ophthalmology[J].
Rom J Ophthalmol ;2023 ,67(3) :222-237. DOI.; 10. 22336/xjo. 2023.
39.

[29] Ramesh PV, Subramaniam T,Ray P, et al. Utilizing human intelligence
in artificial intelligence for detecting glaucomatous fundus images using
human-in-the-loop machine learning[J]. Indian J Ophthalmol, 2022,
70(4) : 1131-1138. DOI;10. 4103/ijo. I]JO_2583_21.

[30] spAepe2f e IRBL 20y 2 OGIRF A, P [ B2 8 U S IR PR LT
BB AL 2 T HRRE BEA A N R RE T O R B O A R e
AL BEIE R B R 7 (2020 4F) [J]. AR IRBL A &, 2020, 56 (6) ¢
423-432.DOI:10. 3760/ cma. j. cn112142-20200102-00003.

[31]Ha A,Sun S,Kim YK, et al. Deep-learning-based enhanced optic-disc
photography[ J/OL]. PLoS One,2020,15(10) : €0239913[ 2025-06~
02]. https://pubmed. ncbi. nlm. nih. gov/33002080/. DOI:10. 1371/
journal. pone. 0239913.

[32]Chen D, Han Y, Duncan J, et al. Generative artificial intelligence
enhancements for reducing image-based training data requirements|[ J].
Ophthalmol Sci,2024,4 (5) : 100531. DOT; 10. 1016/j. xops. 2024.
100531.

[33]He S,Joseph S,Bulloch G ,et al. Bridging the camera domain gap with



B S IO IR B 2 Ak 2025 4F 11 HEE 43 %5 11 ] Chin J Exp Ophthalmol , November 2025, Vol. 43 /No. 11

- 1059 -

image-to-image translation improves glaucoma diagnosis[ J]. Transl Vis
Sci Technol,2023,12(12) :20. DOT; 10. 1167/tvst. 12. 12. 20.

[34]Yu Z,Xiang Q, Meng J, et al. Retinal image synthesis from multiple-
landmarks input with generative adversarial networks[ J]. Biomed Eng
Online,2019,18(1) : 62. DOI; 10. 1186/s12938-019-0682-x.

[35]Lei H, Liu W, Xie H, et al. Unsupervised domain adaptation based
image synthesis and feature alignment for joint optic disc and cup
segmentation[ J]. IEEE ] Biomed Health Inform, 2022, 26 (1) :
90-102. DOI; 10. 1109/JBHI. 2021. 3085770.

[36 ] Krishna Adithya V,Williams BM, Czanner S, et al. EffUnet-SpaGen ; an
efficient and spatial generative approach to glaucoma detection[]J]. ]
Imaging,2021,7(6) :92. DOI:10. 3390/jimaging7060092.

[37]Chowdhury A,Lodh A, Agarwal R, et al. Rim learning framework based
on TS-GAN: a new paradigm of automated glaucoma screening from
fundus images [ J]. Comput Biol Med, 2025, 187 : 109752. DOI. 10.
1016/j. compbiomed. 2025. 109752.

[38] Govindharaj I, Santhakumar D, Pugazharasi K, et al. Enhancing
glaucoma diagnosis; generative adversarial networks in synthesized
imagery and classification with pretrained MobileNetV2[ ] ]. MethodsX,
2025,14:103116. DOI:10. 1016/j. mex. 2024. 103116.

[39]Pandey PU,Micieli JA,Ong Tone S, et al. Realistic fundus photograph
generation for improving automated disease classification [J]. Br J
Ophthalmol, 2025, 109 (7) : 791 — 798. DOI. 10. 1136/bjo-2024-
326122.

[40] Bellemo V,Kumar Das A,Sreng S, et al. Optical coherence tomography
choroidal enhancement using generative deep learning[J]. NPJ Digit
Med,2024,7(1) : 115. DOI; 10. 1038/s41746-024-01119-3.

[41]Kim YE, Lee EJ, Yoon JS, et al. Optical coherence tomography image
enhancement and layer detection using Cycle-GAN [ J]. Diagnostics
(Basel) ,2025,15(3) :277. DOI; 10. 3390/ diagnostics15030277.

[42] Lazaridis G, Lorenzi M, Mohamed-Noriega J, et al. OCT signal
enhancement with deep learning [J]. Ophthalmol Glaucoma, 2021,
4(3) :295-304. DOI:10. 1016/j. ogla. 2020. 10. 008.

[43]Zheng C, Bian F, Li L, et al. Assessment of generative adversarial
networks for synthetic anterior segment optical coherence tomography
images in closed-angle detection [ J]. Transl Vis Sci Technol, 2021,
10(4) :34.DOI:10. 1167/tvst. 10. 4. 34.

[44]Sreejith Kumar AJ, Chong RS, Crowston JG, et al. Evaluation of
generative adversarial networks for high-resolution synthetic image
generation of circumpapillary optical coherence tomography images for
glaucoma[ J]. JAMA Ophthalmol,2022,140( 10) : 974-981. DOI. 10.
1001/jamaophthalmol. 2022. 3375.

(45 X0 A7, ik B, B 7R N DA RE 7R 75 06 IR 4008 fy o7 I 1 35t 7 78
T oA 2 B [ J]. AR IRl 2% &5, 2021,57(3) : 191-193. DOI:
10. 3760/ cma. j. ¢n112142-20210103-00002.

[46] Hussain S, Chua J, Wong D, et al. Predicting glaucoma progression
using deep learning framework guided by generative algorithm[ J]. Sci
Rep,2023,13(1) : 19960. DOI;10. 1038/s41598-023-46253-2.

[47]Sriwatana K, Puttanawarut C,Suwan Y, et al. Explainable deep learning
for glaucomatous visual field prediction: artifact correction enhances
transformer models[ J]. Transl Vis Sci Technol ,2025,14(1) :22. DOI;
10. 1167/tvst. 14. 1. 22.

[48]Chen HS,Chen GA,Syu JY,et al. Early glaucoma detection by using
style transfer to predict retinal nerve fiber layer thickness distribution on
the fundus photograph[ J]. Ophthalmol Sci,2022,2(3) : 100180. DOI;
10. 1016/j. xops. 2022. 100180.

[49]Srinivasan S, Ji H, Chen DZ, et al. Can off-the-shelf visual large
language models detect and diagnose ocular diseases from retinal
photographs? [ J/OL]. BMJ Open Ophthalmol,2025,10( 1) : 002076
[2025-06 - 01 ]. https://pubmed. nchi. nlm. nih. gov/40194867/.
DOT: 10. 1136/bmjophth-2024-002076.

[50]Ming S, Yao X, Guo X, et al. Performance of ChatGPT in ophthalmic
registration and clinical diagnosis: cross-sectional study[J/OL]. ] Med
Internet Res, 2024, 26 : 60226 [ 2025 — 06 — 02 ]. https://pubmed.
nebi. nlm. nih. gov/39541581/. DOI; 10. 2196/60226.

[ 51] Lazaridis G, Lorenzi M, Ourselin S, et al. Improving statistical power of
glaucoma clinical trials using an ensemble of cyclical generative
adversarial networks[ J]. Med Image Anal,2021,68:101906. DOI: 10.
1016/j. media. 2020. 101906.

[52]Schmidt DM, Cimiano P. Grammar-constrained decoding for structured
information extraction with fine-tuned generative models applied to

clinical trial abstracts[J]. Front Artif Intell, 2024, 7 : 1406857. DOI .
10. 3389/frai. 2024. 1406857.

[53]Gong D, Li WT, Li XM, et al. Development and research status of
intelligent ophthalmology in China[J]. Int J Ophthalmol ,2024,17(12) :
2308-2315. DOI;10. 18240/ijo. 2024. 12. 20.

[ 54 CHRRR AT BRI PR B A6 B % R4 (2023) ) KA, h I E 2

HEMSBFHBRESERETT o, PEESHF DS REE
ol 22 51 2x . IRBFN A RE N PR 2 A B % 50 L (2023) [J]. o
e g iR BF 4% i, 2023, 41 (1) = 1 -7. DOI: 10. 3760/cma. j.
¢n115989-20220905-00414.
Expert Workgroup of Expert consensus for ethics of clinical application
of artificial intelligence in ophthalmology (2023) , Digital Imaging and
Intelligent Medicine Branch of China Medical Education Association,
Intelligent Medicine Special Committee of China Medical Education
Association. Expert consensus for ethics of clinical application of
artificial intelligence in ophthalmology ( 2023 ) [J]. Chin J Exp
Ophthalmol ,2023,41 (1) : 1 =7. DOI. 10. 3760/cma. j. cn115989-
20220905-00414.

[55]5kF 22, 2 N REATOLIR: LB S P[] h Iz IRl
Z4:,2018,36(4) :245-247. DOL:10. 3760/ cma. j. issn. 2095-0160.
2018. 04. 002.

Zhang XL, Li F. Artificial intelligence and glaucoma: opportunities and
challenges[ J]. Chin J Exp Ophthalmol,2018,36(4) :245-247. DOI;
10. 3760/ cma. j. issn. 2095-0160. 2018. 04. 002.

[56]Zheng B, Wu MN,Zhu SJ, et al. Attitudes of medical workers in China
toward artificial intelligence in ophthalmology: a comparative survey
[J].BMC Health Serv Res, 2021, 21 (1) : 1067. DOI. 10. 1186/
512913-021-07044-5.

[57]Ning Y, Teixayavong S,Shang Y, et al. Generative artificial intelligence
and ethical considerations in health care:a scoping review and ethics
checklist[ J/OL]. Lancet Digit Health, 2024, 6 ( 11) : e848 — e856
[2025-06-02]. http://www. ncbi. nlm. nih. gov/pubmed/39294061.
DOI.10. 1016/82589-7500(24)00143-2.

[58]# & H, M gh , B 4E %, % (5 B S E M AR TEF LI H
8] A S8 25 v B BT BUR 5 23 B (0] B0 B 2 S5 R, 2024,
2(4) :224-230. DOI:10. 3760/ cma. j. cn101909-20240128-00013.
Yang CY,Huang YY, Zheng WX, et al. Current status and analysis of
the application of an information-based health support management
system in patients with day surgery for glaucomal[ J]. Digital Medicine
And Health,2024,2(4) : 224-230. DOI 10. 3760/cma. j. cn101909-
20240128-00013.

[59] Abdullah YI, Schuman JS, Shabsigh R, et al. Ethics of artificial
intelligence in medicine and ophthalmology[ J]. Asia Pac J Ophthalmol
(Phila) ,2021,10(3) :289-298. DOI; 10. 1097/AP0O. 000000000000
0397.

[60] Yang WH, Shao Y, Xu YW, et al. Guidelines on clinical research
evaluation of artificial intelligence in ophthalmology (2023)[J]. Int J
Ophthalmol ,2023,16(9) : 1361-1372. DOI; 10. 18240/ijo. 2023. 09.
02.

[61]Prabhakar B, Singh RK, Yadav KS. Artificial intelligence ( Al)
impacting diagnosis of glaucoma and understanding the regulatory
aspects of Al-based software as medical device [J]. Comput Med
Imaging Graph, 2021, 87 : 101818. DOI; 10. 1016/]. compmedimag.
2020.101818.

[ 62] Aravazhi PS, Gunasekaran P, Benjamin N, et al. The integration of
artificial intelligence into clinical medicine: trends, challenges, and
future directions[ J . Dis Mon,2025,71(6) : 101882. DOI; 10. 1016/
j. disamonth. 2025. 101882.

[ 63]Hallaj S, Chuter BG,Lieu AC,et al. Federated learning in glaucoma:a
comprehensive review and future perspectives [J]. Ophthalmol
Glaucoma,2025,8( 1) :92-105. DOI:10. 1016/j. ogla. 2024. 08. 004.

[ 64 ] Mursch-Edlmayr AS,Ng WS, Diniz-Filho A, et al. Artificial intelligence
algorithms to diagnose glaucoma and detect glaucoma progression:
translation to clinical practice[ J]. Transl Vis Sci Technol,2020,9(2) :
55.DOI:10. 1167/tvst. 9. 2. 55.

(W ki H 91 :2025-06-09 & [l H 1 :2025-07-17)

(AR 5T i)





