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[ Abstract] Objective To propose a new evaluation system and evaluate the application value of diabetic
retinopathy ( DR) intelligence assisted diagnostic technology based on fundus photography. Methods By using the
diagnostic test method,an evaluation system of DR intelligent diagnostic technology based on fundus photography was
established. The fundus photographs of 331 diabetic patients (662 eyes) with DR screening were collected in the First
Affiliated Hospital of Huzhou University from January 2017 to October 2018. The results of experts” diagnosis and
intelligence assisted diagnosis were compared and evaluated. The evaluation system includes primary evaluation,

intermediate evaluation and advanced evaluation. The primary evaluation is the consistency of non-DR (NDR) in all
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diabetic patients receiving DR-assisted diagnostic techniques;the intermediate evaluation is the diagnosis consistency
of DR lesion degree in patients diagnosed with DR (grade 1-4) ;the advanced evaluation is the diagnosis consistency
of DR classification ( grade 0 —4 ) in all diabetic patients receiving DR-assisted diagnostic techniques. The
intermediate evaluation includes two evaluation methods. The main evaluation indicators include sensitivity, specificity
and Kappa value.  Results Based on experts” diagnosis, NDR accounted for 22. 7% ; mild non-proliferative DR
(NPDR) , moderate NPDR, and severe NPDR accounted for 19.9% ,18. 7% and 25.7% , respectively ; proliferative
DR(PDR) accounted for 13. 0% . Based on intelligence diagnostic system,NDR accounted for 25. 8% ; mild NPDR,
moderate NPDR and severe NPDR accounted for 19.7% ,19.3% and 22. 8% , respectively ; proliferative DR ( PDR))
accounted for 12. 4% . Based on evaluation system in the paper,the sensitivity , specificity and Kappa value in primary
evaluation were 91.4% ,84.7% and 0.72; the sensitivity, specificity and Kappa value in intermediate evaluation
method one were 88.4% ,91. 1% and 0. 79 the sensitivity, specificity and Kappa value in intermediate evaluation
method two were 80.5% ,93.3% and 0. 75 ;the Kappa value in advanced evaluation was 0. 62.  Conclusions The

evaluation system can be applied to the evaluation of DR intelligent diagnostic technology, and the evaluation result

can be used as the basis for the selection of DR intelligent diagnosis application scene.

[Key words] Diabetic retinopathy; Artificial intelligence;

networks; Evaluation system; Intelligent diagnostic technology

Deep learning; Diagnostic imaging; Neural

Fund program: Natural Science Foundation of Zhejiang Province ( LQ18F020002); Zhejiang Basic Public
Welfare Research Program ( LGF18H120003) ; Zhejiang Medical and Health Research Project (2018270516)

DOI:10.3760/cma. j. issn. 2095-0160.2019. 08. 017

i DR 5 AR ] JIES 5 2% ( diabetic retinopathy , DR) J2& i
PR A i A8 O RAE , P R OBE SR R E ONRE R
DR (RN 24.7% ~37.5% , S JAFE N1 14 2K Y
FEFEFZ "7 £ DR 27 ik E KRR
I HECRH SR IBCRE 0 155 B8 1, i 22 0 R IR B K
W AEAE WL Fr HE DL SE BAR ME AL R AR e 12 8K
PRI M, B N T fE (artificial intelligence, AT) £
AT DR 2 Wi A nl E k5 12 W 1 3 HE A A 1, H
Hi DR B GEH B2 Wi SR VF 2, 3 I PL &% 5% )
FAR PRSI HAR N E FFREIA 2
W B AR AT DL BR [ PR DRl R 23 9 25 8 R 8O Ry
S HEAN Kappa R ECAAR GF O 25 51, A 19 BOR AL RE 52 3
“OEA DR W H . I, # S I SE — Y DR
REH B2 W BRI IA R B3 U 2. HETENE
AE 4 B2 W 2 48 i o HOE H Bl IR b, 1 6 2 A A9 AH
. DR BEHE B2 Wi BRI PE AN 45 2R . A BE 5T 192
— % DR 2 B4 B2 Wi 5o R B DA AR 2R, 4R 1 N
A .

1 ABSHE

1.1 —f5R

K 12 Wil 6 i 98 07 i, I 2017 48 1 H %2018
A 10 H AE ) 9N I 9 27 B BT s 56— S e AR BH s R DR
A 4 331 50 i H 662 MR 4 % 4, R RS B A,
w5 146 f6i] 292 HR, 4z 185 i 370 R ; 4F#% 36 ~75 %,
44 (58.35+6.27) & s Ee AR IEWL ) R EkdE ~ 1,051
RUBE bR £8 43 ] ,2 RUBE DR 288 4] R £ RIS R

FAASRHE I R 2 DR S84 (008 @R T, G 6l
DRO ~4 Z¢; M8 {95 b B L& R Re s sz Bhnl . HE
W < A VA A 0 A O M B B P R R R
BELZE W0 o9 5% 51 Jk BHL 28 % 400 o 0, 38 4 4 45 3 30 (B
ARG Hh I 98 S R A I T 8 s ) R € RIS JE o
AW LI 662 HR DR (0 0R IS IR 7 #1730 fig
B2 Wi Z TR AT TR Ok B
1.2 Fi
1.2.1 pd R aeH izl 662 IR DR & IR JiK i
Jr KRR 331 (50 PR A8 A R R 2 e R £ IR
JIE B8 A (CR-2Plus AF G4 i IR S BEAH ML, H AR REA
A ) RN 5 2 POHRRR IR IS B AR IR IR A 2
DR, Gy [l % € BRI BECRH AL AT 48 1 5K 38 B R vt 1Y
45° R AR B 7 AT I 2 W, SR A el 2 B R
BEIM 2312, % B A) XU 2 W8, [R] B 245 6 50 3 IR A
A At I K 2 BT 43 A% 8 DR 4y W12 W 45 A1 OF
B2 WL B2 W 45 R e A B KW e R B
IR WI . 24 2 (BT W g A — 20t , 28 3
P = B RIEAT LW 45 I A 25 R

AT 5T B BN & T — A TR 2 S AR 22 )
S AR DR R4 B2 W &R St 5 B Y1 R
AN 10 0005k 22 MR A2 1 0 ~ 4 1 DR (4 IS
MR R, R VGG BRI BEAT I, DL By R 18
S 4 DR A8 [ bR 4 G AR e 1 S AR e R
SIHERS 229 T0% P53 R 2 = 1E 8 U 0/ 6 iR )
Ho K ik 331 BDRE B R A 662 R R IR K R
A% %) DR e B 12 W & Ge 4 1E R AR IUE fg



. 676 - ARSI IR B AR AR 2019 4 8 H %5 37 %5 8 ] Chin J Exp Ophthalmol, August 2019, Vol. 37 ,No. 8

B2 W5 1F 9 B RE A B2 Wi 4 . KA DR i A2 [
BRAShRIE " K BRI M 53 o AE DR (non-diabetic
retinopathy ,NDR) (DR 0 2§ ) %5 B2 3F 38 A5 P4 PR s 1L
[ 5% A% ( non-proliferative diabetic retinopathy , NPDR) |
Hi i NPDR (H i NPDR I A= V0 DR o A0 99 g8 g A5
( proliferative diabetic retinopathy ,PDR)

1.2.2 o5 &ADHEBNWEA R DR & 68 B2
Wr RS2 5 R DR B B2 W7 AN TR, 5 %
XF B Rl B2 W B R L — PR O . APETE 4R
HE A PEA A AR B S ) GO A PN R R AN
FIGATH R AE BT A 452 DR RE 4l B 12 W 50K 1 4 IR
o J & TP XS NDR (2 W — 23 (0 . NDR; 1 ~ 4 4.
DR) ; R X E 2 W DR(1 ~4 9) w72
FEEE RIS W — B0 & O W TE T A #:% DR ) #E
4 B2 W 1 PR R E T DR 430 (0 ~4 Z0) 1Y
L —HR(E£ 1),

&1 DR FHEMFHEISHEARTNER

TSR 2R F T AR SR B

(I JRARJH DR B RE A2 WA ARIX R B 4 BB
B2 W AR Ji DR FE DL

g CiZ2Wiy DR B Wiz, H9E RSt X K
# HJE DR e H B

GE: AR A DR B RE ATigWT 0~ WL R ERE
B2 W A & 4 ¢ DR

TE - DRl B 4 199 0 72

Xt A I H AT 2 B T ik 1 EE I
RRIVENTTIL 1 4% M DR H bR AR HEZ W o 1 ~4
A K 1 9% DR AE N EJZ DR,2.3 Ml 4 2% DR
YRy B DR, 7HEE R REA B 12 W R 5812 W R U 4
S BEA — B PO 7 ik 2 9% IR DR [ PR oy S b
HEZW o 1 ~4 G & fF 1 20 2 9% DR R i
J¥ DR,3 ¢ f1 4 ¢ DR {F 5y )% DR, 58 GE i Bh i2
Wi RGE2 W R R 5 R — B X2 BT IE
LW R BT O LIRS IS & IR R . P EOF
b, RABUEE O IE A WS 8 DR B bR 4 57 O IE.
T FIWT A2 B2 DR B HE A
1.3 Stk

KAl SPSS 18. 0 et A8 AT it 0 Mo THEL
BB IR B 1 o0 BRI = POT R R R
JE S BE A2 W 56 ) — Sk (Kappa ) o BLEH
N2 W48 AT D i R A2 W7 45 R, Kappa {HAE 0. 61 ~
0. 80 Jy i %% — i, >0. 80 Jy iy B — B o

2 #R

LR W42 W NDR # 150 IR, |5 22. 7% ; A [
FLEEF DR % 512 R, 4 77.3% , H.ip 4% ¥ NPDR 2 132
iR, 45 19.9% ,H i NPDR % 124 i}, 5 18.7% , & Jif
NPDR % 170 i}, |5 25.7% ,PDR % 86 IR, |5 13.0% ,
B BREHE B2 T 4 45 S B R NDR # 171 R, [ 25. 8% ,
i B NPDR % 130 R}, /5 19.7% ; #1 ¥ NPDR % 128
R, .5 19.3% ; # & NPDR % 151 i, |5 22.8% ; PDR
FH82MR, 5 12.4% , LKW Hi%E NPDR A9 132 R
A 33 IRBEE AR RS2 W NDR, (5 25% 5 & K2 Wi
() 124 R v BF NPDR ' 24 HR 2 Wi 4 %% iF NPDR, 5
19% ;& KL Wi i) 170 IR 5 % NPDR w43 34 1R 9% fig
ARG W EE NPDR, (5 20% (£ 2) .

R2 LTHRUHIREHRMESHERSHLHERIER (n)

B HE B2 Wi o
22 3 =
CRUH e LAl T H)E PDR
NPDR  NPDR  NPDR

NDR 127 16 6 1 0 150
&P NPDR 33 81 16 2 0 132
i NPDR 8 24 68 18 6 124
i NPDR 2 7 34 118 9 170
PDR 1 2 4 12 67 86

1 s NDR ;M R 408 I 55975 28 ; NPDR : Sl 344 A= 1 i i i 40 T 3 7%
PDR ; 3 A= P 4 R 75 40 19 e A%

5% FZ WA L, A5 1R R 0 GOT o
FREH IS W R 91.4% KSR E R 84.7% ,
Kappa 2805 0. 72( 3£ 3) s PRI 5k 1 2T R
By 88. 4% 45 5HIE N 91. 1% ,Kappa 250N 0. 79;
RPN ik 2 WS W R B 80.5% , RF N
93.3% ,Kappa Z5( 0 0.75(£ 4) . ZHIEWIK R M
REE Fr 5 Kappa [H4E R W#E 5, b S HoEm
R RE S Bl i2 B Kappa R4k 0. 62,

K3 MRIMPERSEREFEHISHERILE (n)

L5 2 e 4 Bh i Wr

4 DR 7 DR
4 DR 468 44
7 DR 23 127

Y :Kappa=0.72 DR B SRS 9L IR A5 25 ( Kappa — SUHE KL 0 )

R4 PETMPERSERBHISHERILE (n)

B k4 Bh iz Wy
LRXLW PR O 1 PN Tk 2
¥ DR ¥ DR EJ¥ DR %JE DR
& DR 336 44 206 50
% DR 25 257 27 379

T P RAT AN J7 75 1: Kappa = 0. 79 ; /1 3T f 77 % 2: Kappa = 0. 75
DR : 1% i 95 W0 I 5237 25 ( Kappa — ZiC1H: 462 55 )



s gh IR B8 Ak 2019 4F 8 H S 37 5% 8 ) Chin J Exp Ophthalmol , August 2019, Vol. 37, No. 8 - 677 -

RS ZRINGERRGE $57EM Kappa RE LK

WA 7 % RIE (%) PR (%) Kappa

WIFAEAN 91. 4 84.7 0.72

PR T 1 88.4 91. 1 0.79

P T v 2 80. 5 93.3 0.75

5 S B - - 0.62
TE s = R A

3 g

P BR o 10 P00 155 72 BT 7 A0 B R 19 i 2 7 1
Bi7 6 BIF 5 B BIF 5 485 SR 52, B i A5 5B DR 347 Al fil
90% f¥) DR M % (& ML I fiE, 6 DR [ BCH R M 50%
FEARE] 5% LAF 0 ¥ AT HF DR % BE 40 Biig i ol
DB 245300 42 T 4 S, 4 I T A B8 2 1912 9 I
], & H AT E P 46 DR i 5 i BF 5% 8 f ot

Bl AL IS AR B HE 2D B RRI2 Y7 I R W FH #F
T % R, AT B Bl 5 A 12 7 5 0 8 0 W IR B
HT#Mm s aemmis s oA 527 384
2 WER 2 R SOR FI W RS2 W RCR IR IR
BAF I TEM P 22 X RE 40 B2 W H R BEAT IR M . ASHE
FEPEH T DR REHH Bh 2 Wb R PEAN IR R LK R el
WIS W RV T 90 9% P 2% M % 3 B, T
YriA R RN TR R B2 W H R TE A SR AR L O
T AP ) A 1) 8 i 4 B2 W R I TR A R

DR % At i B 12 W 2 5% HIHL 28 2% > 19 J7 ¥ %+ DR
WA A SR, R 5 F DR M WIFR L MBS R A
VP2 B 98 4 06 $% 22 9 03 2 9k E AT T DR AR & B
G0 R IR HE A AR B B2 T B R 35 R A
R 7 ) BRSO, AW K L& K12 B DR iR
Ky T7.3% 5 HE R B2 I U R R 74. 2% | T A BE
SR, 2 E B R W R E T DR BEE N 20% ~
30% Y ARHE ST R B RE AR PR R B
R PR A 5E ik A AR AR 222k B TR Be
O PR SE % Bk T 22 5B AT DR A9 ER %, BT LU HEO R A%
B JE SRR o — Y KRS R BRI L SR R e
Wiz fe 1 .

DR 73 7 £ B 25 B b 3 BE /K i, 76 [ B DR Il JR
319 ,NDR & NPDR A1 PDR () 45 AF 38 % E % 1
5B, U 32 W0 DG B K I R B0 5 T 4 BE NPDR. 11
HEE NPDR A 32 B L S0 45 000 114 22 /0, S 32 187 52
PRI ¥ BE 7K I 52 45 K o AS B 5 Hh i A v BE NPDR
N T TR T K o 6 E R GRS 4 L v T
PL& B, & R EE B NPDR B2 R4 5k 25% .
19% F120% , 38 % & e R g6 2% H 4y 5% 12 4 NDR |

BRPEAIH EE NPDR, 52 B2 FIEE B2 NPDR Y212 %)
IR /N, B2 NPDR [ 3212 X & 19 52 i 56K, il
ABEFE ) DR B BEHE 1112 W R e B X B NPDR i
WIRCR B 2 R T S — PN 2R LU = Ha2 Wi se ) .

AL 7E DR B %0 B2 Wb B2 07 (H B 245
I 1) % G W A RE A M v X 2e 4 R AR BFSE ) DR
B BE 112 W7 B PEAN 1A R AT R AN (]2 IR R T B
HiZ2 I RSIP K. IO H RIX 5y 2 & DR, &
BACELUR , B 2 A X B B Al AR AR T ol i B2 U, 1T AR
U b F WA R 2w IE . WEORWI B A R R R
R4 B2 W B2 R 3L 2 AT AE S — A &0 DR 41 i
BLIERARIWESTF ARG R (WY ERAEX
) R 5 TR R M — AR BB R T 2k
IPEM T o A IZPEMNFRMER) DR BE 4 B i2 Wi 4
ARA] LA B2 e 0, 35 T T 2 IR AR Ll A B
(4 55 )2 B T7 MILAG 0 AR K oo, 5 R DR R il B2
BOR UL, % T4 B DR B F, 7T 45 7 45 i o | i
FIL G 55 4 IR YT , o s IR B L BHA YT T3, X 283597
i AE 2 BT AL RE S S B, T HR 12, i X T
DR B4, @2 A T OBl L2 |12 W n) #%
BT RLTT .

Fie BASBIE S84t 00 PE A A 3R, 90 9Tt A b 0
#r Kappa ZREIITE 0.7 LA b, @ g iF 4 Kappa RN
0.62, 3 HE %t K24 RFHEE A5 1T 1) AT DR i 2%
A IDx-DR F 2018 4F 4 J 313 FDA (b Ly,
SRR AR 5 4y 9k 87.2% Fi1 90.7% 1, HE
SEUT MY T R BhIS W DROAT BRI 2 S S R I 2
FEAG 18 JToRIR G iz B A — 4325 (0 4 f0 1 2%
VER—25,2 9.3 M 4 GuAE R —28) i R BRE Ty
SN 79. 5% F195. 3% s AWFFE R AN 7 1 1
(260705 H—%0) 19 %8 6e B B2 W 2 850 F AR
BE4Y Ky 88.4% F1 91.1% . AWF5E 5 IDx-DR'" #
B, 5O MR R 4 R S T Mg R
GiAA L, REE RS S, EEFHE R RS S IR IK2 W
JEAE R 2P 64T , 8 R 4l B a2 Ik o B8R HEBR T RT RE &
I 1 A UL R PR , I/ 1 X e A B 12 W 4
T 7/

AHIE ST 1) S BB R AE T A A A BT B B e 2
Wr R G ZRAE A AL 10 000 5K ] R, £ 2R B T B B
AR MR IC IR AR e, DI A Bl 1 AT /DN RE A R R
A A R G B R 8 25 i H A EE B
8 F % DR B RE 4 B 12 W R e b, A WF T AL RE A
A AT BA BT R R A B2 B R gk i AT iR g, AR AR I
B RO, AR BSCHE £/ ELYE F A, R e SPE R &R



. 678 - ARSI IR B AR AR 2019 4 8 H %5 37 %5 8 ] Chin J Exp Ophthalmol, August 2019, Vol. 37 ,No. 8

ZACTERAR . T3 50, A BE S v R 1 S ™ iR (8BRS IR
FPLIASE 1 3k LA B ol 1 45° % IR IR IR 7 2R AT
B RS W, 22 I R BB B2 5 L RS W 25 5
WS B 4B A I SR T A BB Dy o A AR B O R Y
45O IR I 4% 1 9k B BERE D2 Ik R 48, DL 4R
o B RS B2 W 9 B R K o BE AN, A BIE ST AR AR R
75 OB DR g P B BE K i TOWE PR P 85 BEOK i 7E DR
oL, 2 X2 Wi B R . PR 2
B AR SH, LIS s A5 BT 1R R

25 LT T T RS o 2] B Y LR B oy ) O
fidh 14 3 T HR R R 14 R Al B2 W AR Wl LAE 4] 9 0¥
0 R P R 2 B B e Y R AEORE R S R O
PR B B0 A8 O A AR o TSP AR BRI gk
P =2 DR WA (R 2 AT LUE A A = 209 B B
Pt , Bk — AP SRR A I 25 DR B REHH B2 W7 R 4E,
KUk 4 {6 DR WA K &, #fEZh DR 297 TARTE & %
BEBE g ITRE , fe BE T IE DR B AR 18 & o
Rl A 1R 27 A7 1 4 v R

%k

(U] s e sk, i A PR A0 D00 JBEEoRG 78 A G B TR S R 2 5 [T ] b

A IR B 26 7, 2019,37 (5) 390 -395. DOIL: 10. 3760/ cma. j.
issn. 2095-0160.2019.05.014.
Han JL,Han M. Research progress on single nucleotide polymorphisms
of genes associated with diabetic retinopathy [ J ]. Chin J Exp
Ophthalmol ,2019,37(5) :390-395. DOI:10. 3760/ cma. j. issn. 2095-
0160.2019.05.014.

(2] Zree, BotR [, X0 3CHy, 55 Wl PR A 000 JI5 g A A O 16 16; IR 3R 0 #r
[J]. RABHIFE ,2007 ,25(8) :599-601.

Luo XX ,Duan JG,Liu WZ, et al. Analysis of the related risk factors of
diabetic retinopathy[ J]. Chin Ophthal Res,2007,25(8) :599-601.

[3] ERTAEAEZI AT BRI B A 5 12 97 IR &5 R
J5 Z[R]. 2017. http://www. nhc. gov. cn/yzygj/s7653/201704/
352412911599419aa04 bbe4 €068¢962a. shiml,2017. 3. 23.

[4] Grewal PS,Oloumi F,Rubin U, et al. Deep learning in ophthalmology: a
review[ J]. Can J Ophthalmol ,2018,53(4) :309-313. DOI.10. 1016/
j.jcjo.2018.04.019.

[5] Raman R, Srinivasan S, Virmani S, et al. Fundus photograph-based
deep learning algorithms in detecting diabetic retinopathy [ J ]. Eye
(Lond) ,2019,33(1) :97-109. DOI.:10. 1038/s41433-018-0269-y.

[6] Kermany DS, Goldbaum M, Cai W, et al. Identifying medical diagnoses
and treatable diseases by image-based deep learning[ J]. Cell, 2018,
172(5) :1122-1131. DOI:10. 1016/j. cell. 2018. 02.010.

[7] Raju M,Pagidimarri V,Barreto R, et al. Development of a deep learning
algorithm for automatic diagnosis of diabetic retinopathy [ J]. Stud
Health Technol Inform,2017,245 (1) :559-563. DOI:10. 3233/978-
1-61499-830-3-559.

[8] 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.

[9] Schmidt-Erfurth U, Sadeghipour A, Gerendas BS, et al. Artificial
intelligence in retina[ J]. Prog Retin Eye Res,2018,67 : 1-29. DOI:
10.1016/j. preteyeres. 2018.07.004.

[10]LeCun Y, Bengio Y, Hinton G. Deep learning [ J]. Nature, 2015,
521(7553) :436-444. DOI:10. 1038/ nature14539.

(1L ] 2B E SRS S 4L DR RO AL 190 15899 42 Bs 36 45 1 (2 J2 hi)
[S].dbxat: AR A A, 2017 : 5-6.

[12] 25 = MR A P22 1 PR A e < B PR 95 1R 190 i€ 995 7% (2016 Jig ) [ EB/OL].

http ://blog. sina. com. ¢n/s/blog_130b8047c0102wqof. html,2017.

[13]Brown AF, Jiang L, Fong DS, et al. Need for eye care among older
adults with diabetes mellitus in fee-for-service and managed medicare
[J]. Arch Ophthalmol, 2005, 123 (5) : 669 — 675. DOI. 10. 1001/
archopht. 123.5.669.

[14]Gulshan V,Peng L, Coram M, et al. Development and validation of a
deep learning algorithm for detection of diabetic retinopathy in retinal
fundus photographs[ J]. JAMA ,2016,316(22) :2402-2410. DOI. 10.
1001/jama. 2016. 17216.

[15]Quellec G,Charriere K,Boudi Y, et al. Deep image mining for diabetic
retinopathy screening[ J]. Med Image Anal,2017,39 :178-193. DOI.;
10.1016/j. media. 2017.04.012.

[16]Gargeya R, Leng T. Automated identification of diabetic retinopathy
using deep learning [ J]. Ophthalmology, 2017, 124 (7) : 962 - 969.
DOI:10. 1016/j. ophtha.2017.02.008.

[ 17 ] Chandrakumar T, Kathirvel R. Classifying diabetic retinopathy using
deep learning architecture [ J]. Int ] Eng Res Technol,2016,5(6) :
19-24.DOI:10. 17577 /1JERTV51S060055.

[ 18 ] Abramoff MD, Lou Y, Erginay A, et al. Improved automated detection of
diabetic retinopathy on a publicly available dataset through integration
of deep learning [ J ]. Invest Ophthalmol Vis Sci, 2016, 57 (13) :
5200-5206. DOI:10. 1167 /iovs. 16-19964.

[ 19 ] Abramoff Michael D, Lavin PT, Michele B, et al. Pivotal trial of an
autonomous Al-based diagnostic system for detection of diabetic
retinopathy in primary care offices[ J]. npj Digit Med,2018,1 (1) :
1-8.DOI:10. 1038/541746-018-0040-6.

[20 ] Mansour RF. Deep-learning-based automatic computer-aided diagnosis
system for diabetic retinopathy [ J]. Biomed Eng Lett,2018,8 (1) :
41-57.D01:10.1007/s13534-017-0047 -y.

[21) £ BREF. N LR RIERAERZH P rg i FILT]. A s
RA} 24 75 ,2018,36 (10) :796-799. DOI:10. 3760/ cma. j. issn. 2095-
0160.2018.10.013.

Wang SS, Chen JL. Application of artificial intelligence in ocular
imaging diagnosis [ J ]. Chin J Exp Ophthalmol, 2018, 36 (10 ) :
796-799. DOI:10.3760/cma. j. issn. 2095-0160. 2018. 10. 013.

[22]Liu ZF, Zhang YZ, Liu PZ, et al. Retinal vessel segmentation using
densely connected convolution neural network with colorful fundus
images[ J]. ] Med Imag Health Inform,2018,8(6) :1300-1307. DOI;
10. 1166/ jmihi. 2018. 2429.

[23]Esteva A, Kuprel B, Novoa RA, et al. Dermatologist-level classification
of skin cancer with deep neural networks[ J]. Nature,2017,542(7639) :
115-118. DOI;10. 1038 /nature21056.

[24]Orringer DA, Pandian B, Niknafs YS, et al. Rapid intraoperative
histology of unprocessed surgical specimens via fibre-laser-based
stimulated Raman scattering microscopy [ J |. Nat Biomed Eng,2017,
1(2) :1-25.DO0I;10.1038/s41551-016-0027.

[25]Long E,Lin H, Liu Z, et al. An artificial intelligence platform for the
multihospital collaborative management of congenital cataracts[ J/OL].
Nat Boimed Eng,2017,1(2) : 1-8[2019-01-12]. https://www.
nature. com/articles/s41551-016-0024. DOI. 10. 1038/s41551-016-
0027.

[26 ]Bu W, Wu X, Chen X, et al. Hierarchical detection of hard exudates in
color retinal images[ J]. J Software,2013,8 (11) :2723-2732. DOI;
10.4304/jsw.8.11.2723-2732.

[27]Yang N,Lu HC, Fang GL, et al. An effective framework for automatic
segmentation of hard exudates in fundus images[ J].J Circuits, Systems
Computers,2013,22(1) : 1-17. DOI:10. 1142/S0218126612500752.

(28 | BH, b, kA, 2 10 o — Btk it BRRE 1B4% 0 8 4 0 550 75
[J] AL ol R 2541 ,2012,41(6) :21-25.

Luo J, Xiao ZT, Geng L, et al. Retinal image vessels segmentation
algorithm based on phase congruency[ J].J Hebei Univ Technol 2012,
41(6) :21-25.

[29]Hubel DH, Wiesel TN. Receptive fields, binocular interaction and
functional architecture in the cat’s visual cortex[ J]. J Physiol, 1962,
160 :106-154. DOI:10. 1113/jphysiol. 1962. sp006837.

[30 ] Fukushima K, Miyake S. Neocognitron:a self-organizing neural network
model for a mechanism of visual pattern recognition[ M ]//Competition
and cooperation in neural nets. Heidelberg: Springer,1982 : 267-285.

[31]Sangeethaa SN, Uma Maheswari P. An Intelligent model for blood vessel



s gh IR B8 Ak 2019 4F 8 H S 37 5% 8 ) Chin J Exp Ophthalmol , August 2019, Vol. 37, No. 8 . 679 -

segmentation in diagnosing DR using CNN[ J/OL]. J Med Syst,2018,
42(10) :175[2019-02-01]. https://link. springer. com/article/10.
1007% 2Fs10916-018-1030-6. DOI:10. 1007/s10916-018-1030-6.

[32]Chudzik P,Majumdar S,Calivd F,et al. Microaneurysm detection using
fully convolutional neural networks [ J ]. Comput Methods Programs
Biomed,2018,158 : 185-192. DOI:10. 1016/j. cmpb. 2018.02.016.

[33]EFARGL, £ E, JE AR 0 25 1L 7R 48 AR AT B TR 3 1L 199 158 78 1) 37

AT (], AR IS 244 35 ,2010,26(2) :113-115. DOI: 10.
3760/ cma. j. issn. 1005-1015.2010. 02. 04.
Shu XW,Wang Y,Fan CF,et al. Epidemiology study on the prevalence
rate and risk factors of diabetic retinopathy in rural residents in
Shandong Province [ J ]. Chin J Ocul Fundus Dis, 2010, 26 (2) :
113-115.DOI:10.3760/cma. j. issn. 1005-1015.2010. 02. 04.

[34 ]G 0MEE, 2800, AR AR, 4. By iR Ad IX 2 OB IR i 1S S 4
B 5 (0 T A TR A AT 5 1 DR L 100 B A M DR G 8 BRE K fie
A R R R B R (], AR SR 5 IR A, 2016, 34 (4) ¢
363-367. DOI1:10.3760/cma. j. issn. 2095-0160.2016.04.016.

Jin PY ,Peng JJ, Zou HD, et al. A 5-year prospective study of type 2

diabetes patients in Shanghai Xinjing Community 1. The incidence and

risk factors of diabetic retinopathy and diabetic macular edema in

Chinese type 2 diabetes residents[ J]. Chin J Exp Ophthalmol, 2016,

34(4) :363-367. DOI:10.3760/cma. j. issn. 2095-0160. 2016. 04. 016.
[35] 2 b AR ARZR M. B AR S A [ M) Jb s . o [ 0 oL A,

2018 :8-10.
(36147 Ak, S, IBE AN T BRI M ).t - 9 b B 2 0R R
2018 :80-87.

(37 DB, A5 5t , T Ipg R, S8 N T8 R 100 IRV P A4 P00 o B SE i SR Y

REFALT]. 154 T8 ,2018 ,4(1) :24-30. DOL;10.3772/j. issn. 2095-
915x.2018.01.004.
Huang X, Gu S, Ma XY, et al. Artificial intelligence of diabetic
retinopathy image recognition used in the real world [ J]. Tech
Intelligence Engineer, 2018,4 (1) : 24 -30. DOI. 10. 3772/j. issn.
2095-915x.2018.01.004.

(Wi H 91:2019-02-23 & [al H 1] :2019-06-24)

(A3 2 8 X 40 )

BEE - AEHE - R

AT 318 30 B B E K

T SO 7SR 3 R e WA LR A S SR AU E A B TR R M R SCSGE — e LL 20 AU RV O B, — i
AN BERI AR AL, BN AR SAF 5, SCOBEP R S TS S AT R AF 5 R R L 406 T TR R RS 44 o 183 SO R SR AT 5 v S0 S

BB SO0,

AR & P 38 S48 BB = R AR R

AMD : 4F % AH 5 1 35 B A8 14 (age-related macular degeneration)

ANOVA ; H[F & J7 22 /3 #7 ( one-way analysis of variance)

BUT : iH i 24 65} 8] ( breakup time of tear film)

DR ;B BR 955 A ] 15955 7% ( diabetic retinopathy)

EAU . S5 H B 43116 45 1 48 (experimental autoimmune uveitis )

EGF . £ [ 4 K [Fl T (epidermal growth factor)

ELISA : I G032 W B I %2 ( enzyme-linked immuno sorbent assay)

ERG : 4% I} % H, [5] ( electroretinogram )

FFA . 586 IR 1148 15 52 (fundus fluorescein angiography)

FGF ; i £ 2t 41 Jfa 2E 1< 5+ (fibroblast growth factor )

GFP . 4% 6,5 Y. % [ ( green fluorescent protein)

IFN-vy .y T3 2 (interferon-y)

IL: [ 46l }fd 4 % (interleukin)

IOL: A T f IR A (intraocular lens)

IRBP ;Y [a] 52 14 A1 #% 2 ) Jii 45 4 45 1 (interphotoreceptor retinoid
binding protein)

LASIK ; #5350t £ JE A R4 R (laser in situ keratomi leusis)

ICGA . 5| W 5 2% .45 1& 5 (indocyanine green angiography)

LECs : IR 1& I B2 4 (lens epithelial cells)

miRNA : #%/]" RNA ( microRNA)

MMP ; £ i 4> J& 25 H B ( matrix metalloproteinase )

mTOR . Wi 2L 3 4 28 & 01 % X ¥ & H ( mammalian target of

rapamycin)

MTT ; Py H 3L A8 5 Mk 5 ( methyl thiazolyl tetrazolium)
NF . # 3 [H F (nuclear factor)
OCT . &4 T Wi )2 $1 4 (optical coherence tomography )
OR :fl; # H ( odds ratio)
PACG ; it & 14 141 /f BU 35 SR ( primary angle-closure glaucoma)
PCR ; 3 45 fifi 4% 20 52 ¥ ( polymerase chain reaction)
RGCs : £} P %15 41 Y (retinal ganglion cells)
POAG : J5i & 1 JF £ 0 % Y6l ( primary open angle glaucoma)
RB : #, % 5 £ 40 U J8 ( retinoblastoma)
RPE : # % i {5, & - JZ (retinal pigment epithelium )
RNV . 40 % 5387 A= 1.4 ( retinal neovascularization)
RP ;A ] iK€, 2% 75 4 (retinitis pigmentosa )
ST t:{HW 73 WikEe 1 (Schirmer I test)
shRNA ; /N % & RNA (short hairpin RNA)
SIRNA : /T4 RNA (small interfering RNA)
a-SMA : a3 L3N 3 4 ( a-smooth muscle actin)
TAO ; FR IR 41 ¢ AR 9% ( thyroid-associated ophthalmopathy)
TGF ;. #4 4k 4= K [ F ( transforming growth factor)
TNF : 198 PR FE [ T ( tumor necrosis factor)
UBM : ## 75 A ) B 535 5% (ultrasound biomicroscope )
VEGF: Il 48 N 2 4 K A F (vascular endothelial growth factor)
VEP . 1} 5 7 & Hi. v ( visual evoked potential )
(A TG )





