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Abstract

¢ Retinopathy of prematurity (ROP) is the primary cause
of preventable childhood blindness. It is hard to screen,
diagnose and objectively evaluate. There are various
modalities for ROP screening, including various contact or
non-contact imaging devices, smart phone-based fundus
photography, and artificial intelligence - based fundus
image analysis. The diagnosis of ROP is based on
visualization and recording of the entire retinal fundus of
ROP, which is also the basis for subsequent screening,
treatment assessment. Fundus screening is critical for
early recognition and facilitates early detection and
prompt referral. Potential features may be found by
analyzing and summarizing the characteristics of ROP
fundus images. Subsequently, timely and targeted ROP
prevention and treatment could be performed. Artificial
intelligence promotes automatic, quantifiable and
objective diagnosis of ROP. This article reviews commonly
used clinical fundus examination methods and fundus
image characteristics of ROP and summarizes the latest

research progress on the application of artificial
intelligence in the automatic diagnosis of ROP.
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B2 LA W S5 A2 ( retinopathy of premature , ROP) &
o A A R L LA ISR IO B 19 16076 1 AP IR A L 1942
AEH Terry'" IR A5 44 N S AK 5 2T 4E 36 5 5E ( retrolental
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WATEHIC ROP & H AT S BoEr A LA W ) 3 2R R
Z— zdm it R A ROR YT B g 2R DR AR A T
<2 000g, 3% H A 29 JE] < 32wk Ay B 7= JL R 44 5 12 )L AR IS
AT Y 4~ S M et TR Oy 4 R AR O A S B
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AT R 2B L EA T B B L E 8 7 HR IS 07 A I 12 W X EL T
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PRALT —Fp 2T A R0 Tk N T BB 0 A ik Tl
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Ak MR EHERAAE X N TR BT ROP A g2 Wi tH
Kbt 5tk AT 453k

1 ROP RREMEFH ik

1.1 Retcam [~ R MEERBE RS Retcam J& H Hil i
Seitk i R4 LAR SR 05 0 A 15 4%, LA 1 T B B T AR B
Ba G UL S AENG IR iz A, BEA R 48 T & s
JUAR RS 32018 O, 38 1300 1, K s AR I X, %o
TA/INRAEAN G U2 . AT DRI bt fa ) )Lk al ol
A MR B S IRV 34 PR A A 4385 K B Bt £, [R) s 4T
B R, A8 EA B ILE SRS, o T REAEHR A
AN RE B LT ST AL D B ) [ AT, a2 A R T 0, Jo I %
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FNGYT Je WS, 28 AT FH T RV b 45 25 2R IR IS S I Se R
PR ER A5 Z R R T 5 R A S a2 ke, I — i
FEE £ 45 SR W oRM, T B ROP 0 A 5 Xl W R H
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MRk A 55 A2 R IC 45 A A A8 L, Retcam X 11 X I
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FESZIN, 130483k T0 ik 58 SR MR IR BT A X 3k, 25 5 72 &
BT 2 B DXk, {2 R I G ] o 7 Y LR /N B
B8 D AATIHIR , BRI IS TR 2 P50 1) 0 52 AN K
AL

1.2 ZEEF AR JiE BB #8——RetinaScope  RetinaScope J&
— PP TR B T F IR B &, A AR R 2
I TR R T A5 . Wintergerst 251 Hf
G807 T RE T AL DN B o A8 9 A0 ROP i) 50k v
(90% F1 100% ) 4 S (88% F193% ) & . Lin 2 HF5%
K, BOR RetinaScope 1] D4 2 2] B4 i & K 4519 ROP
ARPE R R, A T2 0 0 DX S 4 1, PR AN 3 5 I R ROP
S, HANAR &L T E i — LM, A e Rl 5 Ho 7E
AL ROP i 52

1.3 715 BR Ji§ B & & %i——Panocam  Panocam LT #l
Panocam Pro 43 7] F 2015 2016 43153 [ FDA 510K it
HE LTI A LR IR B Z ', Panocam J&: 3T 4F 2 #f
Iz /N LRI TR A ik 25, B R R & i
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REXT L AL YRR o AT DR HT B 2o Stk 17 Tk T 47
G, A TEN 112 . FARZE NICU 24 S AT 5 (IR
GRS, FH R AT LT LN A, 8 TR W BE i
NLEL  fif e 1 ) 22k HR 455 AN g 2 UL 1 5% A9 ) A, 3T 4F R

784

Panocam 12 Wi ROP 11 2 B 55 5 58 W12 % 405l 8
97.6% .100% ,0.24% , 5 Retcam % JH— 5, A #i ) 1k
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PN R 2 JE I RTS8 i G CR 4R B F A% AT LASE B
s e REER, LR RIZTT, L ET R, b
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B . Pictor HIHLE Retcam #his Er, I HL 0T LA 3k
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ROP LI i G, L i /2 DL P 44 ROP & K D i R i
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o B A AT A0
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HWREHLFE TR AT — 53 m R EyT
PG R B AR 2 3 o 6 T SR L i R TR 4 A 12 W
ROP™* ot ROP 871k 12 Wi R Go A0 4 24 L 3 >
(classic machine learning, CML) JRJ¥2%>] (deep learning,
DL) £ 5 H% >) ( multi instance learning, MIL) &5 CML
Jray BT e T T IR VS PRI 1 6 A L S S v ROP R IS
U BYARR R R B A2 A8 2 B AT PR
I (BT DL SR S 15 G A% 1 B8 7 7T e i it fie ke
UE

— L BN TF & T — R AT DL I N LR B
H——TR 4 R 4 N 2% ( convolution neural network ,
CNN) , LU ROP fifi#y, CNN S5 F ROP (19K
P BRI A R AE , A BRI 22 (i—~ROP —DL 1 ROP.AT) 543
# ( DeepROP) 270 Brown %5 fdi F U-Net CNN SR AT
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BN 4T ER PN ROP AR R, 88 5 F L 5 R i
EURHFRLE A 5028, 3R-A5 93% MUY TN 949% 4% 53 B, 7 HA 7]
BTS2 T 8 4 ROP LR 6 44, i, Li
ORI R A ) N TR AT A AR PR 1 S R
E AR ROP i 25, i W 55 i | DeepROP R %t P4 & 1Y
CNN HERINT 54626 5K IR IE B8 17 5087 DeepROP 143
XF 1 BUFN 2 B ROP 9323038 TAERHIE th 4N AR 430k
98.1%(95% CI:97.3% ~98.9% ) 1 98.6% (95% CI :98.2% ~
99.1%) , X DeepROP 434 B A h i 5 1 4 ROP
F12 A ROP M AT REME AT AT, LR MR A P42 EL T 50
WEIR AT 1 SR B HET 5 DeepROP 143 HE T i
FAK(r,=0.758,P=0.001) ) , 553 Uit DeepROP 1757 RE
i WL e ROP 114 7™ F R B, R R A B8 1l Ay il B s A 7™
#H ROP AR =R ik

3 AR JiE B 4 E
3.1 RLFREY
SATIEARIE  HBK AL B ) o HCA 7 0 I ThT A9 IS/

B Kang 25V [ B0 9169, 18 FH Retcam I %S 2 {4
B 1297.1+330.9¢g, F- 349757 IE G i 28.8+1.8 J& 114 89 1] 89
2t ROP LA T SE I A A, Hovp 53 R 4ok
16,36 IR TCIR K AE , PL B W 4 R 3 2 h AR R s i i
% HERMZIGZ M 22 R LG #FE L(P>0.05) , Hi#
KAEL 20.75%353) 1 Y ROP, 75 EOGIAYY ,79.25% H 9Kk
MR, TCHEKAEA T, 41.67%3K5) 1 A ROP, F5 B #OEIA
J7,58.33%1R 1k, FTLLE A BERAEAL M A & R %
T IORRAEA] . RUVEORIE— MG 00 F 52 ROP iR 1k
FRAEY, (H/NTFBF IE G I 37 A FRRS2 i 1] S 04 4 oK AE
WU SR BT — K,

A2 WM KL RMNLIE, 5k —E K A KL
D3, T REAE” B SR T IX ROP 7£ [ 4R T fk
i AR —FRERR R L, JE ROP B LR EDY

3.2 HRIREY

3.2.1 BHANFREE  BFHIURE AR T 1982 4R Y, #8™ HE ROP
Ji WA DO 5% 1t 5 7 e AN, S ROP a2 A9 R AE P4 A
W Patel W FE K BB I AR 2 HOAR AR AE R
BAASG SRAERAE , F TSR AR 5 A 78 DEAK BN AR B, Bl %
JE A AR IO B T AS 2 A A v 178 B SR BRI A T AT
322 MMBENZHIN 75 ROP &A= B, WL H 52 T I 45
TS IX 8 A /0N HE L, R R 400 T 5 5 o> HEARAE
PRI 1A —A~ Al @D A2 i X, 28T
Roth B, &R H ML 7E K JE 1~ 2wk P49 2% BRR 22 )L
JEl X I e A A A R A I P B AN 2 )
Vit LR o Zhang 4554 [l 4> M 65 61 130 HR A IE R
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SHERU R0 0 S A T G B B B, AR 26 B EE N
ROP LM, Horpf 10 #1138 A-ROP =% 1 % ROP, 17
IS A VR A DA A BT, 7EIX 10 B BB L, 2 iR S 2
Z T HOEETT oA 1 B[] B RE 2 T O RN B A s
2y, FEIZWEAEH  ROP [ A& T 1 A AR (4 10 I 58 300 2% s 1f,
5TEIRIT I ROP AHAL, 1 52 2% BH A 0 09 J 30 2% i
I E = )L & A= ROP (4 A8 28 2 0 R I 5 300 2% 4 i 1)
24.584% . UL, BR324 il 2 ROP 1) iE SR AR 40
S32.3MMEEH I ROP £ Fifi it 1L I 5% 1 1 22 & A6 7E BT

Az AU G R ) R R A T BB T i A TR Y
BB TLRTEL, 53 A1 B A i A (R4S BE S LU G 55, DT 5
BB A Ju S I EPERST 39 61 F SRR 1.2
1 ROP 1 17 Bl e % 3 Hisk A-ROP HARTHIR AT EZ 26
PR =L, FERIE (1min Apgar #F43 Smin Apgar PF4) .
NICU s} (&) A7 5 B (1] 48097 B[] > 10d 490 Do) J58 o i 7 A i
DU PAT 2 v, A 00 P B o a2k 57 T30 U 2R ( OR = 0.030,
95%CI.0.001~0.775,P=0.035) . ZWF55H, HARNB A
39 B0 W B Il A 7 B 13.00+9.54d N, 75 EHR
ISP 17 BIFR A 10 B7E 39.60+21.69d PIFEAT, PIZH AL 1M
JESH I & AR 2622 S B B i b L (X°=9.356,P=0.002)
Vi BAL R L 1Ly ROP 0 i S AR 4
3.3 EFEREY
3.3.1 K Yaz VS T 115 28 JH IR FUE 870g
f I IX 3 3 ROP, 7EMFIEMGIE 36 JE I XUAR 2252 T B B 14
s 5 DA BB R R IE TR IS 44 R RS, A HIR G0N 1 0 40 ]
PR 5, I XA R o R O JIEE T 1 0l , 7 S S PR A, B S
XA IRAT AeRARER & B BRI BR AR 2 MR A 28 R i 368 2
[ A 0RO IS 7 oL, 85000 400 P I X3 AP, 5 — A
USAL T T XA T X 2Z (8], 5 AN T S 5ERTAY 1 IX (i
PREFINAE SR W™ ) A0 I BB i A 2 3 3 — 0, 1k F
5 NI TEZE AR L B A R A B E iR A i, AR
IRATHOEIAIT R B 6mo BEDT Y, ZIR A H RS, 1
HN N B I AR R 5 DUARBA BT AR 25 A OIR YT , T RE S
#H ROP # i, B UK S5 N 2 DI R 17 . 20 Bl B |
BBE & ROP IRIT AR S R ISR &Y
3.3.2 INEMMI MBI FE  Wu &5 R L o E
Rt HILXT HRGAE: | %o 28 X H 1] 422 46 IR 58 A1 Retcam [ 45 A
4 A-ROP | 1 [Xa Il X ROP 60 4] 120 HR#ATIEYY . X
S| RERL A R A 2H 30 18] 60 B4 AT B B A s 0
S RREAAVY A BRSBTS, AR PE 4 5 )
10 iR ROP & % (& 8bi2WOGiA T ) R ER Ayt 7 4 14
IR ROP & A& (5 18252 WOGIRYT , 2 ) PR AT 3¢ B 4 s 1
FERRABUAYT) . MU R B T KR R R
& FBJLINEE B B s A8 A o8 4R, HoR KRk kR
Ko IR TG RS 5 0 B0 2 174 B s 28 A psf | $1
YR K, T B BT T — 2R i

zi b AEIRIR TAE T, ROP HR S G b i 4 42 7 B 0
HEE S A BT i P ROP AT A L2 W 5 e ik e
FIKTFNEY T SR IEAG S [ 8, i — 25 B WF 58 vl REA B T
s bk SE G 22 SR A BTG R S, AR aE b &
L ROP HRJEC G b 7 0 1) LA RIS 0, T R0 2
WER R I o ELAT X TR TT TR
4 INGE

AR AUHR (A1 46 IR 455 02 ROP i &7 i S hn e (HT™
50 A T S AR T LA 3 e X 1 A A, A 45 SR ) 2 W
T 3 b DA A4 HIR P PRI Sk el 3 e P P e A 001
VLR R B e B B A . i RALIR S BI&
I3 MT R G T L 2 U K I R BIE ST 3 R ROP i #
B, HRUURIER A E A 5 R LA e B d A T A T
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SRV AS . AR ] LA i K HR R BRI 5T, B2t &
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