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[ Abstract] Objective To construct an artificial intelligence ( Al) -assisted system based on deep learning for
corneal in vivo confocal microscopy (IVCM) image recognition and to evaluate its value in clinical applications.
Methods A diagnostic study was conducted. A total of 18 860 corneal images were collected from 331 subjects who
underwent [IVCM examination at Renmin Hospital of Wuhan University and Zhongnan Hospital of Wuhan University
from May 2021 to September 2022. The collected images were used for model training and testing after being reviewed
and classified by corneal experts. The model design included a low-quality image filtering model, a corneal image
diagnosis model, and a 4-layer identification model for corneal epithelium, Bowman membrane, stroma, and
endothelium, to initially determine normal and abnormal corneal images and corresponding corneal layers. A human-
machine competition was conducted with another 360 database-independent IVCM images to compare the accuracy and
time spent on image recognition by three senior ophthalmologists and the Al system. In addition, 8 trainees without
IVCM training and with less than three years of clinical experience were selected to recognize the same 360 images
without and with model assistance to analyze the effectiveness of model assistance. This study adhered to the
Declaration of Helsinki. The study protocol was approved by the Ethics Committee of Renmin Hospital of Wuhan
University ( No. WDRY2021-K148).  Results The accuracy of this diagnostic model in screening high-quality
images was 0.954. Its overall accuracy in identifying normal/abnormal corneal images was 0.916 and 0.896 in the
internal and external test sets,respectively. Its accuracy reached 0. 983,0. 925 in the internal test sets and 0. 988,0. 929

in the external test sets in identifying corneal layers of normal and abnormal images,respectively. In the human-machine
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competition , the overall recognition accuracy of the model was 0. 878, which was similar to the average accuracy of the
three senior physicians and was approximately 300 times faster than the experts in recognition speed. Trainees assisted
by the system achieved an accuracy of 0. 816+0. 043 in identifying corneal layers of normal and abnormal images,which
was significantly higher than 0. 669+0. 061 without model assistance (t=6.304,P<0.001). A deep

learning-based assistant system for corneal IVCM image recognition is successfully constructed. This system can

Conclusions

discriminate normal/abnormal corneal images and diagnose the corresponding corneal layer of the images, which can

improve the efficiency of clinical diagnosis and assist doctors in training and learning.

[ Key words]

Microscopy, confocal; Cornea; Artificial intelligence; Deep learning

Fund program: National Natural Science Foundation of China (81770899); Major Project of Research and

Development Program in Hubei Province (2020BCB055); Interdisciplinary Innovative Talents Foundation from

Renmin Hospital of Wuhan University (JCRCZN-2022-007)
DOI:10. 3760/ cma. j. ¢n115989-20230101-00001

S RAE S A0 T 0 2 — 20, HL i WY B I J Dl
AEG LR AT S AR PN R A TR R E A A
J2 R 25 B Ty R B A AT S B O T R, R
B MR, A ORIR £ S 3R AR R Fuchs £ I
BB IR AN R A ) 2 B A I A — R, TR
FANEE S AR AL 458 0 B R Ak 2 1 5 U T 3 il 22 22
WA Z MBI o Rk, 8RR B2 KGR
T IR 4 By PR R TG A I R L 3 A
R4 B4 (in vivo confocal microscopy, [IVCM ) {E Sy —
ol AAR P A A T, AT 0 22 v O ) o R %
TR BURZS N A2t 28 A, A e s Bl vl e B A
5 NG B AR A A X 22l A BB 1 e R 2 W
HAREESHZME, RN HC H# 2. XA R
W 445 4 728 A R AT 00t A B 000 A o RSO 10 B X 1k
HERPPAG R E A R U T . HAE S bR TR
o7 IVCM 45 Sk 55k a] 47 £% 1 LA/ (400 wm x
400 pm) , AN PEAG Ff BRI 5 R 5 K &= R, N Lokt
P e it S S IR AN AL S B W ET L IVEM [
LT 12 U £ 28 56 B AH OC Fll HHR B A — i 5K B
Uil w5 — T A B I A S A RE X 20 A R A 2 OO 25
SR HE AR o B2 Wt T A BRSO i R HE TR
97 B TS 0 B A RS S TR LR
T, 29 80% 14 £ 5wl e S, 10 H R4 R Ok ik B R
T H R SR A MR 1 T 34 17 A e Bl 1 0 R A
PG B Fr IS A 0 2 DA 2 g, vl i IR SRR L
PRI B e BRI AR RO IF A B 25 T B 2 A I JE
REWERMBYI2IT . AN L% BE (artificial intelligence, AT)
R A Wi 1 2 TE TR U 25 1 B 2 U0 B A 2 T SR
g7 07" ALTERRBR B e i B Al 7 3 25 10 4 e
AERFERE, A, AL L) TVEM &4 3] i
B A A R 2 A RN B A0 T B 22 R SOIR
20 i S 5 AP A L 25 22 R A 1 0 1 ek A B S 53 T AR
WA TR TR T L A R v S R B

75 R PERE , SR TIT E I WG 0% T A B2 U 0 7 R R ) £y
PR AE/ 52 A A SR BE TS o A BEFE UM AT 4 B R
IVCM [EMR 19 B 312 Wk 8, S8 AR I R W T H 2%
AE S 11 BB 8 R i A A ] A5 4

1 #AMERFE

L1 ek
1.1.1 IVCM EBOokIE R 2 Wil 5t 58 7 i, ik
£ 2021 4£ 5 ] = 2022 4F 9 J] TR N R EE B iR
FBhrpoo Bk DR % b g B8 Be gE 47 IVCM 45 A8 (HRT
I /RCM, 7% [¥] Heidelberg Engineering /A &) ) B & ) ffi
WP B, e A bl R I8 T ERE L RS, i A
IVCM R i TAEZ Sl ik 15 4E 1 %R IREL IVEM
A6 A 12 U 28 7™ A KLY # A IS R AR IRIR AT B 44 4 3
JG T hRic X BN 2k, AW 5T ARG bl /R S BE E
EDRIEIWE £ R N DN S TR (o L A R 3
(f#it3 5 . WDRY2021-K148)

1.2 J5ik

1.2.1 IVCM E& G b 5 K sr 2 g AR
K N EE BE IR B A 246 ] 835 17 675 5K S ikl
KA pg B2 e 85 ) B #1185 5k IVCM B {& . K&
I 28 A L Ml ey AF T I8 0 7 26, 0 DA T IR ) o T
PR b B DG T R FE S Vi B A B A B4 fi
ANESE AR OO BT B B i BRI 20 A
PUNRIORZF B, e — ey 384 1R R x384 8 K
RNEHEAT 702 o KA 2014 45 R (b 1R A TREBO G 3L 2R
£ 10 U RT3 ) A 2021 AR R U 3R T 1Ak 3R A 8 TR
B L R 22 2 24016 IR 48 36 88 1 20 45 1) ff B = Uil
FOL L E R bR (1) IEH R bR B b
B 2 UG LT L B b B AR M S e L RS
TR, 5 B 18 50 5 TE R R 5 ) 2 IR SR B B I
G, T DR 25 R e o RO PR R OGR4
T 3 5T 22 PRIE O TO R AE 95 SO 55t B 300 S Wb i) i



S IG IR By s 2024 4F 2 HEE 42 4555 2 ] Chin ] Exp Ophthalmol , February 2024, Vol. 42, No. 2 . 131 -

RN A%, T LA OB R RO R M 28 IE W A 22 DONNL) 5 [ 1% 40 O 5 o i 18149 55 406 5 i 18144
BIG R HEF) ML 2450 5~ 7 S 400, A0 3% (2) DONN2 o o dat B4R HE A5 30001, o6 2 26 o i
o (2) 53 EGkRE S R ZEGTT I B % & 5 % K {%; (3)DCNN3, DCNN4 | DCNN5 J
T i Z5 ARG AL e A/ B PR AN 4 s 52 DCNN6 i DCNN3 2 DCNN4 43 BiLKE 1F 3 K 57 % &
ORGSR R LR R M L AT R ROy RO b B/ B R RS 2 % 2
BEREAL, A 10 A DL B R W A6 i B RS DU 40 I L A DCNNS5 J2 DCNN6 73 56 1E % K 58 09 LR/ )2
LA T B b3 A0 0 B % DUSUT 40 e /s i 1B T e el IRMR 26 B 2 R B 2R R . ORI 4T
T 45 5 S R IR J2 R T UL R R AN N B T AL RS EE A IR ARRBER s A R L T A R I oA
PERROGIRE MO BTk AL B B 2 A WK L,

T OB ML A SR AE A RN A
F1 BWEHNENERAERRYE

E@IEH%EI DL P BE 24 0 A A ?% Table 1 Information and quantity of the data collected

AR RAT ARG DR 45 b ik mEOK MR EENE  FR 2 R A (3

TN TR m REUE LU AT RE £ i ) () FE ) Ge®) RRE OWEAR BRE AR

EHREEG, ReEimaEesl sk 180 @FiE 10195 47.32:¢4.69 1501 1887 5887 920
R 2964 /

1 A 9 15 0l 2 I A oA T R R A

N N e P o 4R 45 o 3260  49.65+5.77 560 1103 964 633
g3 IR B0 AR ARG 43 K fR g ‘ ;;j B ,
ot
=Y S > — = aR — =
JER TSy b B R R = A R S ik 4R 85  EHE 1185  46.18+5.13 267 316 310 292
LN BIZ o Ja 5t 7 T2 PG IR R A il O AKERFF 21 EEE 360 50.24x6.05 62 89 106 103

5 T DA B A0 L N R R L BT AR TR A R
VI Hel B & Y . TE =/« PR OB A% BT i [R5 TE 15 W1 A T2 O, 30 45 J28 O B0 18 R AT B e
{%ﬁ/ ’ }JFH/\ IIIII EK“_‘X)FE Xj‘ﬁ BE ¢ H Note:/: Because most of the low-quality images could not determine the corneal layers, the

ﬁﬁ*ﬁ%ﬁﬂ:% g % EP T % Eﬁ %Z *E Q)ﬁ\ i’iﬁ ) E& number of each layer was not counted separately

2514, B 52 ) 4y A "

T/ 'Z‘I‘Ullf/z]jo Hﬁ%’?lﬁ@%kﬂﬁjﬂl}” x2 MANBEOHHIGRSE RS

é/%ﬁ% NSRS f&% VHR R G AR K 5k Table 2 Clinical diagnosis and number of included cases
W NEIEE/E e el R W DN AW Bt 2 A B 8 B ()

16 R 7 1% 15 L 2. RN L BREE R AR WEER WG ARB AR
o ﬁlmﬂh‘/%ﬁ AL I “%‘A‘ o W wmg wrre " dmmk Wk WA ket 0
1.2.2 fMEIVCEM HERASNZWRY o mer 3 5 18 15 12 10 8 8 29
e FIBNBE A R AT M AR R R muokeshmER 31 1S 8 8 3 5 2 3 0
B AT 43R 0F9E , B K & I Res-Net-50
1 B TR E | A7 H R AR ik 25 22 ERER ER ERINER

fll i 5
S0 T IR R 2 A o e

LR R

BFSEUs L T 45 T Res-Net-50 i 3 i 2% - 4
ST 1 2% 45 A0 A7 IR 4% 4 36 I 4,
ERES =
Early S i D ) %
arly Stopping, Drop out A & ¥ 4fs 45 97 E— LT T i
WOk SRS KB, B 44 -
NVIDIA Geforce GTX 2080 ( GPU W 1% - B e - B Taee | DCNN3 DCNN5
SGB) 11 % 45 2k i T b 780 355 e g —\ —
ﬁ{f{ﬁﬁﬁ Python ( 3.6.5 Hﬁ) éﬁg ’ TR il :Wl‘“& o RRIER d?}ﬁjiﬁ'l ﬁﬁtﬁﬁiﬁ%!ﬁ
TensorFlow & (1. 12.2 jx) 1 Keras JE 2 TN
(2.2.5 B0 46 H i o DR penz ﬂ .
BREC 0T 1A &t b 2 00 I I/ 5 % 4
SHAE M T o B I R AT TR 2, R
580 e o T B ¢ e 0 9 4 DCNNG
DCNN4

75 . VR ORE 2 FOW 4
AR (L) WEERF A 1 o mgmmm o, s

( deep convolutional neural network 1, Figure 1 Flow chart of model training DCNN:deep convolutional neural network



- 132 - S IR IR B L s 2024 4F 2 HEE 42 4555 2 ] Chin ] Exp Ophthalmol , February 2024, Vol. 42, No. 2

1.2.3 PN Faks
1.2.3.1 BERUMERRMEIUE 1A P ok i %5 B 4
(DR FENREERE) B 1A ER I i) Hhfls 4 (i
Raf g B2 B ) B T I A B A PERE . R T VE
JE RS BURE L 2R A R AE 4R (receiver
operating characteristic curve, ROC) ROC Jij £k T 1 X
(area under curve, AUC ), B 1 i M {4 ( positive
predictive value, PPV ) F BH ¥ # M {H ( negative
predictive value , NPV ) 3£ 45 15 o 5 4
1.2.3.2 i IVCM B2 W AHLRTE BRI 25
SE G, O3 3 O ST T B A I 2R AR R i AR i 18T R
360 5K, #ii 3 i A 10 4E LA E TAE 250 1y A B4l
FAETEBR IS 5 AHLRFE ., 3 A7 B2 I 43 3] 2t 57 %) 14 4%
RIIEH /55 MR IZ UG T2 W, 55 72 I v e 1)
—Z TN UL SR AR R, [A] i) P R 2 6 Y o AT P A 3
YR AT AH L B A 2 A ffy B S T, B s O #KC 3 SL BE Uil
S AR DAk 45 5 00 WA 1 ST A T B
1.2.3.3 HAVEIMRAE BRG] 7 5 AHLR
e[ — L Fr, 75 83 8 Aok &5l IVEM B Il Ho il IR
L9 /0F 3 AR IR BE 3 S5 2 T ML a5 i B b AT Bl e
B B (R f v E AL AT PP AG OF LU AR 48 T8 2 i 7R 45
0 BYAE G0 ok 52k 360 5K 1 4T 12 W T 0 R &
B HH 2 RVPAR B HERR
1.3 Sib20rik

K] SPSS 25. 0 F A (£ H
IBM /%] ) M MedCale 19. 1-64 {3/
A (L A MedCale Software 2% i s #
D) FEATG A B TR B
P& 25 Shapiro-Wilk ¥ 5 §1F 52 45 & = m
ERDH, UL ats Fomo ABLK
B v i AR T R W N B 012 W 1
BRI R R,
TP B AT S R AR BT BRI Y 12 o
W7 oA 00 R L AR FH AT AR A e K §
B P<0.05 %% %A ity

fiEL

LI

'8

L1

= O curve (ares = 0,988 8)
= X o 0 [¥] Y] ! [ XY

-
2 H#R

TE PRI 3 B v X S i TR 40 28 0 I o A RE Dy
0.916, UK B 4 0.910, 45 5 B & 0.921, PPV Ry
0.917,NPV & 0.915; 7E 4 3 I 3K 45 o o 4 5 A
0. 896, &k B 4 0.945, 45 5 Ky 0.847, PPV Ry
0.862,NPV 3} 0.938, (3)DCNN3 7& PN 2 i 42 o %}
1E B MR Z YR 50 B B A E B R 0,983, o x B
Bz /W B2 JZ2 PR B TR B O 1. 000, X 1T 35 9 J2 3H 5
YHER B Ry 0. 958, X 3 Jo J22 31 11 v 1 B 4 0. 9865 7
GBI 3 e IE F S ORI R AR o B
0. 988, Hora it 1 Bz /Ny Bz 2 18 53] 4 e Wff B o4 1. 000, Xif
TR T J2 TR ) A M R EE 0. 962, X i 5 2 1L ) A v
4 0. 993, (4) DCNN4 75 P il 128 46 vhoxd S5 i 8]
182 U I SR HE B B Dy 0. 925, Forpoxt | j /N B2
JZ U B U T B g 0,909, X6 i i 7 J2 3R 50 B0 o g
h0.°900, Xif i 2 P51 A4 o 5 BE R 0. 985 5 7 AP
A HOG S B2 R Y R AR B B 0..929,
oA 1 Rz /N R 2R B v RE R 0. 916, X iT 3 77
S TEUI 4 M W B Sy 0. 893, Ao i BT J2 R B 1 o A Sy
0.988, (5)DCNN5 J DCNN6 % i % &% S % |- i
T VA Bz J2 AE) £ Y A A 9 B A I s A 34 Dy
1.000, DCNN1 1 DCNN2 %} & 14 &5 /1% i & M iF/ 5
WOy R MR VB ME BE & ROC il £k UL &l 2; DCNN3 |
DCNN4 DCNNS5 #l DCNN6 % 814 J2 YR 51 19 18 16 46
W LI 3,

3000
e o
- B
1000 i€ :
o
00
EH Sl
(A) HiA (B}
2 o & N|
5. 3.
@ 1-1{;g}x @ -5 @

2 DCNNI1,DCNN2 1 DCNN3 # B BB B MR ROC #iZk  A:DCNNL LR (P #IHL) 1R

WHF B:DCNN2 B8 (ARG IRIBH M C. DCNN3 KRS (3 t) IREHF D :DCNN1

2.1 IR0 M O R

(D) I PLEL S DCNNT 76 4
BRI A T X i o A AR A 2R
S HE B B2 Dy 0.954, B R Oy
0.960, % 5 i 4y 0.940, PPV
0.983,NPV 2y 0.860, (2)DCNN2

(Internal test)

(Internal test)

BEAL (ARG ) ROC i 2k AUC = 0.989
0.968 F:DCNN2 ##1 (ShBlL) ROC fi2k  AUC=0.970 ROC. 32k % T4 45 F th 2%
Figure 2 Confusion matrix diagrams and ROC curve of DCNN1,DCNN2 and DCNN3 models
A Confusion matrix diagram of DCNNI ( Internal test)
C: Confusion matrix diagram of DCNN3 ( Internal test)
AUC =0.989
curve of DCNN2 ( External test)

E: DCNN2 # 54 ( 4 #8310 i) ROC ¢k AUC =

B: Confusion matrix diagram of DCNN2
D:ROC curve of DCNN1
E:ROC curve of DCNN2 ( Internal test) AUC=0.968 F:.ROC

AUC=0.970 ROC :receiver operating characteristic curve



tpAE SIS IR Rl 2 5 2024 4F 2 A4S 42 %45 2 ] Chin J Exp Ophthalmol , February 2024, Vol. 42, No. 2

- 133 -

00
500
-~ 4 - B
2 500 R
g i a
[EE 400 ig i
b= = 00
X 3 - X3
™ E =
| = i I’
& i
LR wsee wme o LR WHAR R
® s il
0
4 ol ~ [ilk
Bl 25 =0
+ z 200 H T
o K 14
= £ -
W00
& o % o

LB EEGhE MR

LRI ECHE #ERE o

HER RE R
i (E)

ToHE

()

E 3 DCNN3 DCNN4 DCNNS5 #1 DCNN6 =B iR E 5 FE A DCNN3 A H (P &80 it )

ML)  D:DCNNG6 FERE (P& k)
(HRERI )

E:DCNN3 45 5 (Sh )

Figure 3 Confusion matrix diagrams of DCNN3 ,DCNN4 ,DCNN5 and DCNN6 models
E:DCNN3 ( External test)

C:DCNNS5 (Internal test)

( External test)

D:DCNN6 (Internal test)

2.2 AWLIZ W HERR I LU AR

BEXT 360 sih v I R 5 AR Y N e 4 B B IR I
L H AR G 2 U Y S 2 HE R B2 O3 5] 0,922+
0. 000 F1 0. 916+0. 008, X 15 J22 Yk R 51 1) - 457 o 1y 32
43514 0. 956+0. 000 F1 0. 951+0. 005, 4 A 1 5 1 43 1
7 0.878+0. 000 F1 0. 881+0. 009, 4 %I 7 1F % /5 % H
W 2 R B S A2 I A v T 5 34 5 3 44 e 4F S IS U
A, 2R Y LG it L (1=0.749, P =0.495;1 =
1.487,P=0.300;:=—0.498,P=0.645) . 14 %% [ Jifi il
Bk 3 155 s, -1 8.764 s/8K; 47 & F BT 3 491 s,
W19, 697 /5K s BERLPEAL FHIE 11 s, 5734 0. 031 s/5K ,
PAR TR S 5 e AR BT B W, 29y 3L 300 £ (£ 3) .

F3 AHURR IVCM f R EG O ERER AR LR
Table 3 Comparison of accuracy and time of identifying
corneal IVCM images between the model and

F:DCNN4 57 ( &h#m3k)

ophthalmologists
B TVEM £y 55 1 45 o 1t 2
3k JHES(s)
EH/ 5% =3/ FENEN
i) 0.922 0.956 0.878 11
MR} =0 1 0.917 0.953 0. 869 3155
HR R 2 i 2 0.928 0. 944 0.892 3 491
MR B} 2= 0 3 0.908 0.956 0. 883 3 420

T IVOM 5 (R 36 2 4 8 ot

Note : IVCM :in vivo confocal microscopy

0
i I =
#f # "
= =
'f.‘_‘( Lo 150
‘E’Q ‘{ﬁ 100
T G
FEE  WER Do
B (D)
E& ﬂjﬂ 120
- o 00
w o i
i :M T M @
2l = é
=7 .
FEE A e EEE e o
HE ® B @

B:DCNN4 #E8 ( Y #FMi)  C:DCNNS5 1 ( Py &
G:DCNN5 B (S ) H:DCNNG6 7

A:DCNN3 (Internal test)
F:DCNN4 ( External test)

B:DCNN4 ( Internal test)
G :DCNNS5 (External test) H:DCNN6

2.3 BT B S AT S IS W v A B LA

IR A % < U 22 ML 4 T B JE 6 R OE /Sl B2 IR
BT SRS B 0.816+0. 043, B i 5 F 5
AU B AT A 0.669+0.061, 22 5 G it 2 X (1 =
6.304,P<0.001) ([ 4) .

HL s Bh i @ YL B A
ﬁ@’ﬁlzufﬁl —e
A2 =—————
IS —e
ARV 4 —
IRV IS *
VI i
ARG B2 7 —®
IRV 8 — e

0.I4 O.IS 0.I6 0.I7 0:8 OI.9 II.O
LW 1

4 RABHHERERETRRISHAREILR

Figure 4 Comparison of imaging diagnosis accuracy of trainees

between without and with model assistance
3 itig

ABETERI 2 A =502 B 4 A Z5r RBETIRS 9 Bl
IVCM &5 (R i PRI 45 M s o o 1) TE 1 Bz 5 i I
B IERRT BT R SRR R IR R R R S



. 134 - S IR IR B L s 2024 4F 2 HEE 42 4555 2 ] Chin ] Exp Ophthalmol , February 2024, Vol. 42, No. 2

B IR A B SR B AT R 2 W B e A
DCNNT BEAT = Joi #2181 4 0 26 5 F1 ] DCNN2 g 17 1E %
LS A R B U 5 BT DCNN3  DCNNS 347 1E %
R G B9 JZ R s # T DCNN4 (DCNNG6 47 53
iy B AR I R R o TR B B AR 3% I 4% Sy i X B 5k
PR T A B S8 1 32 W U] 52 P i DR 48 A P R A
B NEHREREILHEILA KA ERE R, H#E
o B A R 4 0 I 5 i AR TR BRI T R AT P R B TR B
1B/ 50 B JZ ORI S5 3, T A5 2 B3 % 8 TVEM
DEENIE LU NV T

PR, TR 2 2] $OR B B 12 W T HRABR P
(L I e 3 R B iR S B A 2 R A B R
T 2018 ARHEIME T B DT AT AR bR L 0 JBE g 72
BRI TR ™ o [, LA o) 70 ZLBRAT 5 e
P45 | BRI 59 O 2% A W JZ $14 (optical coherence
tomography ,OCT) | # Bt OCT K HRJiK i& 5 % £ Fh iR #}
i Ja 9 BRI T 2 8 ) R KT R P RS T4
CHE B L ) P A Bk 2 9 4 4 T IR
BE B RS 114 B U 0 IR B G il B2 BT R AL R T
TRIE =7 > 19 15 Bl 1 A I TR e K A M O IR X O A 7Y
AT R IVCM R G, B A A G g R B
AT n] 7 B iy BEE i 22 9 o AR 5 00 1 4 28 T 4 i R )
G 22 2T 2 A S IR A0 D % TR TR 22 B O T AR R
R0 55 5 8 40 0 1 D53 R A IS A B 0 o 5 1 2
SROTAG ST S8 0 U W TR E A 2058 T B
IVCM 1§17 Z R a5 kiU o (HBLA B 58 2 [B 48 R
—JZU A R R B HAR AL GUR T T A i i 2
AJE U B, PRI S — A3 ) 9 fE 4 1
il I 10 % Al 3 I TR A ) R kb 3k — o 5 40
=

Res-Net-50 J&—Ff B A 15 G HH /0 L 5 00 AL 55 41
SR ER 22 o ST REDR R T A TR EE ) 48 )1 2R AR Ak 1
R, s LA REREN 49 DERUZ LT 5%
5 9 45 RS, T SR it ol B A R JEE ) R A
H 3R Res-Net-50 @ 12T 6 A>T B M 42 19 2% 1 L
e T EE AT A G 0 w55 i ek R 32 Wi IE /5
TR S U0 # T2 7 TR RE ), 45 SR R W A
A 1o PEAR 5 P R e i [T 5 3R B AE /S T T R AT
BOF B ER BE R S S SO I AE X 0 A B B
JZ RIS Z FERE KN BE 4 MR ER AR
LWIREE . APLIETEUE R IZ B B A 5 S AR B M IR L
PR E NN iR MERTAPIBUY S i R S A [ IR A
FE300 ff o [R]I AERAF BE 1 Uil 7 22458 50 ) s %) TVEM
VP4 ) ) T 2 A S 4R ey, G v 8 0 A1 4 B B 00 Y

WIS R B ROE MR BRI RIRAER R %
FERUAE 57 B P Al TVEM & & i By BRI 9 7T
FHA B B g S Bl R B AR rp R 1R ) B A 03
Je T HRBE I bR o AR b M A A A S A R el
Ge— AR IBUIT 58 T o e 5 2 R S B TR

AROFFAIAAE— E B RIRPE . &G, i TR E
Xt B8R R R 45 SR 5 MR Y, Xk S B S R I RRAL ,
BEZRVEANM R W 22 KN B A IR S DU P A
FHAREE— 2P WOE BB PP A A RS4RI TE T
— BT RN GR A FEA A, 22BN R 57
MEFEAT 2R E1R 5 HU, BARABE 5 © R AT BE 2 Hu 4
N R A8 T 19 T ¢ ALy 7 3000 of R % Oy [ 7
[F3) PAY 8 (ol TS W R, A7 A Il A 50 2 L #) # JI5E AS FiE
AN 5[] IR, RT3 25 (R 08 1) A0 AR 30l i 8 20 4
I FE R 5 9 1 8 K5 AR A A7 B, A A2 DL X 57 T
FRABCE— 25 (5 Bl U3 X 0 Te] R, AR SRR 2 400
K5 22 58 DR e LA S7 o it B8 22 AR AR 5 R ) 8l 2
TR G AL , 7T 25 & 50 /3 45 J2 K IVEM. [
QAT 30X B o ol 1) P 531 ) P 482 ey A R S
JE , DUPRS AT SR T4 3t 37 T T i R S BB, 1) IR
FHE RE BT 8 Ko

R AR TEIT A T T IR A 2 1 A IR TVEM
IR REIS W i 7Y, 45 2R 3 W LU0 A A i 119 R Af 2 oy
57 J3E L AR RE T il B i R O B BR S i SRU A JE
IVEM {5 ZBERA A F e N 5 7 K2 Wi i 1
VEdR, o S A7 LA 2 76 8l 2% o 6 1 i PR 48 8 6 /0 s Ay
Rl 2 T e 2 11 4 X B J22 B e 2 T Ui A IR
A TVEM 5 A W) T B0 At B 3 A8 I8
F14 G 25 K AR BURIT 5 e i 4 5 A 1 J= Uk AT 1R
R MR IR E AT LR 4 PR
EERBAR Bk SO e U5 R AR B 0 B/ R
B SCEART 5 4R I AT T L R 48 B O B MO 5 AR G SR
WEFE R AR 5 R 2830 T8 ok g SERE 5T R A B 5 KR
25 N TR RERANE & X T - 25 600 B SR b g f

&%k

[1] Kumar A,Yun H,Funderburgh ML, et al. Regenerative therapy for the
cornea[ J/OL]. Prog Retin Eye Res, 2022, 87 : 101011 [ 2023 - 06 -
10]. https://www. ncbi. nlm. nih. gov/pme/articles/PMC8918435/.
DOI:10. 1016/j. preteyeres. 2021. 101011.

[2] Durand ML,Barshak MB, Chodosh J. Infectious keratitis in 2021[ J].
JAMA ,2021,326(13) :1319-1320. DOI:10. 1001/jama. 2021. 0424.

[3] Wang EF, Misra SL, Patel DV. In vivo confocal microscopy of the
human cornea in the assessment of peripheral neuropathy and systemic
diseases[ J/OL]. Biomed Res Int,2015,2015 : 951081 [ 2023 - 06 —
10]. https://www. ncbi. nlm. nih. gov/pme/articles/PMC4685107/.
DOI:10. 1155/2015/951081.

(4] WUZR 0, 5250 1 , 1 R A% , 45 JLSR MR W UBE T )R SR 20 4k A B8 7



S IG IR By s 2024 4F 2 HEE 42 4555 2 ] Chin ] Exp Ophthalmol , February 2024, Vol. 42, No. 2 . 135 -

ANREBBRFRAELT]. P ARIRFL I8 &, 2022,58(2) : 103-111.
DOI:10. 3760/ cma. j. ¢n112142-20210228-00099.

Gu SF, Peng RM, Xiao GG, et al. Imaging features of posterior
polymorphous corneal dystrophy observed by in vivo confocal microscopy
[J]. Chin J Ophthalmol,2022,58(2) : 103-111. DOI 10. 3760/ cma.
j.en112142-20210228-00099.

[5] Niederer RL, McGhee CN. Clinical in vivo confocal microscopy of the
human cornea in health and disease [ J]. Prog Retin Eye Res, 2010,
29(1) :30-58. DOI.10. 1016/]j. preteyeres. 2009. 11. 001.

[6] Wajnsztajn D,Nche E,Solomon A. Corneal complications of rheumatoid
arthritis[ J]. Curr Opin Allergy Clin Immunol,2022,22(5) :304-313.
DOI:10. 1097/ ACI. 0000000000000844.

[7] Xu F,Qin Y,He W,et al. A deep transfer learning framework for the
automated assessment of corneal inflammation on in wivo confocal
microscopy images [ J/OL]. PLoS One, 2021, 16 (6) : 0252653
[2023 - 06 - 12 ]. https://www. ncbi. nlm. nih. gov/pme/articles/
PMC8174724/. DOI.10. 1371/journal. pone. 0252653.

[8] Jeng BH,Ahmad S. In pursuit of the elimination of corneal blindness:is
establishing eye banks and training surgeons enough? [J].
Ophthalmology,2021,128 (6) : 813 - 815. DOI: 10. 1016/j. ophtha.
2020. 06. 042.

[9] LiZ,Jiang J, Chen K, et al. Preventing corneal blindness caused by
keratitis using artificial intelligence [ J/OL]. Nat Commun, 2021,
12(1) :3738[2023-06—12]. https;//www. ncbi. nlm. nih. gov/pmc/
articles/PMC8213803/. DOI.:10. 1038/541467-021-24116-6.

[10]Kang L, Ballouz D, Woodward MA. Artificial intelligence and corneal
diseases[ J]. Curr Opin Ophthalmol,2022,33(5) :407-417. DOI; 10.
1097/1CU. 0000000000000885.

[11]Qu JH,Qin XR,Peng RM, et al. A fully automated segmentation and
morphometric parameter estimation system for assessing corneal
endothelial cell images[J]. Am J Ophthalmol, 2022,239 : 142-153.
DOI:10. 1016/j. ajo. 2022. 02. 026.

[ 12]McCarron ME, Weinberg RL, Izzi JM, et al. Combining in wivo corneal
confocal microscopy with deep learning-based analysis reveals sensory
nerve fiber loss in acute simian immunodeficiency virus infection [J].
Cornea,2021,40(5) :635-642. DOI; 10. 1097/1CO. 0000000000002661.

[13]Mou L, Qi H, Liu Y, et al. DeepGrading: deep learning grading of
corneal nerve tortuosity[ J]. IEEE Trans Med Imaging,2022,41(8) :
2079-2091. DOI;10. 1109/ TMI. 2022. 3156906.

[14]Xu F, Jiang L, He W, et al. The clinical value of explainable deep
learning for diagnosing fungal keratitis using in vivo confocal microscopy
images[ J/OL]. Front Med ( Lausanne),2021,8:797616[ 2023-06-
15]. https://www. nchbi. nlm. nih. gov/pmc/articles/PMC8712475/.
DOI: 10. 3389/fmed. 2021. 797616.

[ 15T CHERR N T8 Al I R NG B4 K AL (2023) ) & A, i [ B2 25

HEMSBTRBRSERETF P&, PEREAUFTHSHRES
ol 2 O ox . IRBE N A BRI PR L A8 B % 28 3641 (2023) [J]. o
S iR BL 4% 3%, 2023, 41 (1) = 1-7. DOI: 10. 3760/cma. j. cn
115989-20220905-00414.
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.

[16]JAZe 30, T80, FA MR, 25 6 Al At fke % 1T A4 1 0 T8 5 Ak 11 3 T 4
5L, HAEIR B 44 & ,2020,56 (10) : 774-779. DOIL . 10. 3760/ cma.

j. en112142-20200415-00272.

Zhou YW, Yu Y, Zhou YB, et al. An advanced imaging method for
measuring and assessing meibomian glands based on deep learning[ J].
Chin J Ophthalmol, 2020,56 ( 10) : 774-779. DOI: 10. 3760/cma. j.
¢n112142-20200415-00272.

[ 17]Xie Y,Zhao L, Yang X, et al. Screening candidates for refractive surgery
with corneal tomographic-based deep learning[ J]. JAMA Ophthalmol,
2020,138(5) :519-526. DOI;10. 1001/jamaophthalmol. 2020. 0507.

[18]Li Z,Guo C,Nie D,et al. Deep learning for detecting retinal detachment
and discerning macular status using ultra-widefield fundus images
[J/0L]. Commun Biol, 2020,3 (1) : 15[ 2023 -06-20]. https.//
www. ncbi. nlm. nih. gov/pme/articles/PMC6949241/. DOI; 10. 1038/
542003-019-0730-x.

[19]#E 551 , AL Ak, XA 55, 45 N T4 R 7E 4 OB RS BRI 5 5 245 12

Wi K& g 1 (1], h A s 30 IR BE J% 75, 2022, 40 (12) -
1158-1163. DOI:10. 3760/ cma. j. cn115989-20220316-00108.
Dong XQ,Du SL,Liu HX, et al. Application of artificial intelligence for
community-based diabetic retinopathy detection and referral[ J]. Chin J
Exp Ophthalmol,2022,40(12) : 1158-1163. DOI: 10. 3760/cma. j.
en115989-20220316-00108.

[20]Wong TY, Bressler NM. Artificial intelligence with deep learning
technology looks into diabetic retinopathy screening[ J]. JAMA, 2016,
316(22) :2366-2367. DOI:10. 1001/jama. 2016. 17563.

(205K, i, 2= W00 ) B 2 00 1 P e 8 N R R R A iy
WFGE e ()], W AE s B IR Bl 22 5 ,2022,40(5) : 466-469. DOI; 10.
3760/ cma. j. cn115989-20200512-00341.

Zhang C,Ye Z,1Li ZH. Advances in intraocular lens power calculation
formulas in high myopia[J]. Chin J Exp Ophthalmol, 2022,40(5) :
466-469. DOI:10. 3760/ cma. j. cn115989-20200512-00341.

[22]Yu Y, Zhou Y, Tian M, et al. Automatic identification of meibomian
gland dysfunction with meibography images using deep learning[ J]. Int
Ophthalmol ,2022,42 (11) : 3275-3284. DOI. 10. 1007/510792-022-
02262-0.

(23] 73, 2830, Beohs 55 B TR Z B AR & W 25 p IR R B B P [

A6 3 1AL D0 JSE 5% 5 2 Bl 12 18 2R 6 IO PR VR A [0 op A8 SR HRBL
W5,2021,39(9) = 792 = 797. DOI; 10. 3760/cma. j. cnl115989-
20210114-00037.
Yu Y,Zhou YW, Chen D,et al. Evaluation of an aided diagnosis system
for vitreous and retinal diseases by analyzing B-scan ultrasound images
based on deep convolutional neural network [J]. Chin J Exp
Ophthalmol ,2021,39(9) :792-797. DOI. 10. 3760/ cma. j. cn115989-
20210114-00037.

[ 24 ] Tiwari M, Piech C,Baitemirova M , et al. Differentiation of active corneal
infections from healed scars using deep learning[ J]. Ophthalmology,
2022,129(2) :139-146. DOI:10. 1016/j. ophtha. 2021. 07. 033.

[25]Wei S,Shi F,Wang Y, et al. A deep learning model for automated sub-
basal corneal nerve segmentation and evaluation using in vivo confocal
microscopy[ J/OL]. Transl Vis Sci Technol ,2020,9(2) : 32[ 2023-06-
20]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC7414615/.
DOI:10. 1167/tvst. 9.2.32.

[26]Setu M, Schmidt S, Musial G, et al. Segmentation and evaluation of
corneal nerves and dendritic cells from in vivo confocal microscopy
images using deep learning [ J/OL]. Transl Vis Sci Technol, 2022,
11(6) :24[2022-06-23]. https://www. nchi. nlm. nih. gov/pmec/
articles/PMC9251793/. DOI.10. 1167/tvst. 11. 6. 24.

(M H 1 :2023-08-10 {6 el H 3 :2023-12-27)

(AR SCH X040 HEbEET)





