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[ Abstract] Objective To investigate the application value of deep learning optical coherence tomography
(OCT) on wet age-related macular degeneration (wAMD) assisted diagnosis. Methods Weakly supervised deep
learning algorithms was applied on the premise that only disease or not can be provided as a marker. The OCT image
automatically assisted in the diagnosis of diseased areas of wAMD , and thermograms were applied to provide a basis for
doctors to detect disease areas. Based on the deep learning of weak supervision,a new network algorithm structure was
proposed for detecting disease area in ophthalmic OCT images. At the same time, thermograms were adopted to
improve the accuracy of the lesion map,which is the location of the lesion area. This study followed the Declaration of
Helsinki. This study protocol was approved by Ethic Committee of Ningho Eye Hospital ( No.2018-YJ05). Written
informed consent was obtained from each subject before entering study cohort. ~ Results Resnet-based deep learning

algorithm gave a diagnostic accuracy rate of 94.9% for the disease, which was much higher than that of AlexNet
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85.3% ,VGG 88.7% , and Google-Net 89.2% . The thermograms with different colors provided a more convenient
auxiliary diagnosis basis for doctors.  Conclusions Compared with the original classification network , which needs
disease area markers as empirical knowledge, deep learning algorithm model not only provides better results in the

classification of retinal diseases,but also marks potential disease areas. The lesion area provides a basis for judging the
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area of the lesion for the diagnosis of wAMD.
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supervision deep learning

Fund Program: Zhejiang Natural Science Fund Project (LY19H120001, LQ19H180001) ; Zhejiang Medical
and Health Science and Technology Program (2018KY737); Zhejiang Traditional Chinese Medicine Science and

Technology Project (2018ZA111) ; Ningbo Yinzhou District Science and Technology Bureau Agricultural and Social

Science and Technology Projects ( YinKe[2017 ] No. 110)
DOI:10.3760/cma. j. issn. 2095-0160. 2019.08. 014

B A & M B BE A PE (age-related macular
degeneration, AMD ) J& H {if 42 BR & 4F (8 BUE 19 £ 2
N 2 — , A PR A I A5G 1 B 722 1 (wet age-related
macular degeneration, wAMD ) Xf #, /7 f& & % K, wAMD
J2 JVK 2% JIEE 2B A0 1 A8 7E B BE AR S A Bruch [ AL 9 I
(S0 o0 = N R L S BN o = 90 & R
1fil 4% ( choroidal neovascularization, CNV) , 5 % 4 1 I 5%,
L B E LD BB o AR, B A
T 7 )2 3 i (optical coherence tomography, OCT) [ %
& BEA R OCT [EIZ ] DL iE A& W 8¢ 55 1 IR JIsE 21 21
ik Z A 2 Wk Ko G, OCT # ) iz i il T
wAMD B 1L W AT R T T ELAURR P A
PEECE . H 1 B8 B2 R OCT BR £k =11
A5k, LA far 78 43 F) AN 8 B IR 2 2 2 O ¥k i
A B i3 6 DR LS 1 2 TR AR R B Hle , A Il PR = 2 v
A5 T R 1 0 A 2 W AT R IRYT 1S T AL
PEAR R BE Dy 48 BERE 2% O 2R e E R 2 Y BE A
A8 53 A U ST A DR 18 T R 1) A i 94 B 2 1R
RBEFAR A% G0 T WB 5 2 WY TR BE 2 ) J7 6 4
B I A g A 8] 530 B R 2  R LA R R X
B, RETX 2 FARIE O OR Bk B sl eE A AL, B
2SI DX I il B2 W T B K R B 1 R (U0 R
A 3 SCEL R R g, i L X AN [R] A 96 s Aol 288 R AL
FRIE, 5 B E A iR bRid il e, AFFE TR — b
BE T 55 W B o o TR BE 2 o B TR UK [ 5 0 7
SR Y AR AR T 2 R R IR AL, AL RE B B 2
W, ] g R Gy 00 i e DX, Oy B A 2 4 o T
i R

1 #AREFE

L1 — stk
WA 2018 47 6—12 H 127 F T AR BL R Be i i2 N

wAMD [ F 3 22 5] 23 BR ,HR 5 16 i 17 B}, 4 6 il
6 IR ;4E#% 53 ~80 %, F-15(65.2+3.3) %, A AFRIE:
FiAT B BRI T F 0. 1, FR R [ 90 4 4, i S 7] I
B ABRAFE MR E IR E T IR T T IR R
P B A8 B2 51 2 o A58 o (L5 :2018-Y]05) |, T A7
BE BB M R
1.2 ik

R A8 12 e #0553 B8] S 5 120 R T 1 7 42 Spectralis
OCT™™ EDI 23X 3547 5 AR T W7 J2 28 P 4 485 46 I AR S
IR H A TOPCON 4 [ i BEAH BILE AT IR IS BEAH , &2
7 FEIHE AR e PR 9 okt AR o T 003 1 491 R 3 T A
— A 5EEE ) volume , £ > volume g 384 7% B 354 &
18 R KN R 379421 1) OCT 948 K44, 7 b 54
HgI 43 80% il 4R 4E 20% R 2, Aok E% 7|
S5 0I03P B, P A 0 4 T BT R R O 448 <448 R R
WA o MGt #p, Bk R 4K S H
o 2 A0 R B T i ) 84 430 4 1% T ke 1
5 P25 vz AL PE R, I B 1k M 2% 0t A o 3F SR wAMD
W5 S 1 ME R 6, LR AR JHR 7 A4 99k X SR T 1
T 325 3 e 2 6 000 9 kb X I8 1) 3 i L 48 5 EE A R B g
AT 1) o A
1.2.1 315 wAMD 2Wi 3 K HER % BT ResNet-
101 R B S AD 127 58 Y v 35 U B (1) 2 B0 R 2 Bl L
IR AL, 1 2 A ImageNet % 4f5 P o 5001 2545 2] 19, i
KT EW A OR R O KOR B S 2 )R NS
Ho IR ResNet 5595 i o5& 1 H F R B} OCT &4
AMD [y 4328, 22 503k LA 32 22 0 F T T S LA B 1Y)
E R 5 B BT . ResNet & — i IR B 2%
PR AESE , BB E T 4 DS BE 255 B 5 BB
4 A S 1 % 2526 BB H B 5 1 20 i 4 L AT ) AR
FEPE 0 RRAE IS 7 020 B2 BB A 5 AE R H Ak 2D 3
W, fE4ANREE RSB )E, & RTF ik



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

JZ2 W A e — 28 9 D A E’JR?L IX B R AL
AR AT mﬁﬁxﬂkﬁhﬁ% PR %
e Ay e MR B 5 1Y 2 T Pk R, O T FE AL AR FE AL AL 1Y
T AR B M 45 . %R S WI a2 ] Rk
A 0. 001, S 78 3 14 2 o A0 4 i B R W) A6 24
R 1/10, [R] I, T 555300k T GE A 09 &5 2R & ir A7
&5 R0 bR S B R A s R LT 3
o 0 Tk Y A 3, S 0K 8 R T A AR e 2 T
%% ( convolutional neural network , CNN) AlexNet"’ 7£ %
Wa4E F Y12 W v 6 2% ; VGG (visual geometry group ) Al
Google-Net 735l £ 22 1 % B2 #l 28 W 4% 1) 2 4> & e &
[f), 28 5 B i AN B RO o LB 3 R T R A o R
HARBEST TR ResNet-101* SEAT % He o

1.2.2 ApF o kb 8 0 B AR BESE Ak T 58 i
827 2] B AT T 7 0 K o A DX SpR 1 s ok, R
B A S Bl BRI o — e 2 B9 AT TR A 3R
o P 1% 26 B b 22 0 2% Xof T i — 2 4 i ) K 48, B IXC
B FRAE R A3 SR A R FEAR G . A WETE M 4% b
B E R AE HEAT 42 JR) F- 5 W AL B4, R 3 28
AR AR A7 Rl i o R R R, 7R X
{7 AL 1Y) S R A b, AT DL A 2 Y A R 5 (R
AL JZ 38 Ao e o R S, B 08 7 40 Ui 45 2R O A i 114
PG v 21 A DX, 3 B AR Bk O s kb A8 g P A R
S o A SR 4 b Ak B R AR S 24 M A A TR R S A
MZREARITZ bk S (E 0y A 1 T4 i s
i t VIR SR R — A BUZ R AE B8 ISR DR 345 9
PAE (T .

m 0505

\ BT (Lﬂ:

BB BRI

Bl RESCHEERFEEANEBEREERER

I ek AT T AT A 78 D 6 PG P 5 g X3 8 A8
SRR R, 5 A S AR B R B 2 DX R T
R I, 20 €0 728 T DA €57 B 8, D e e T AL
@ fa AR B A B AR R — A e 2 A
T H DX 4 R T A G RE BRI T kb X IR A Y
(AR

2 #R

2.1 Sp2RiER
Z MR CNN AlexNet Y #ER 3N 85.3% , W
WEEIRB L AKREMFETE I, gl T
wAMD B2 W, VGG Fll Google-Net 12 W i 1 R /3
Sk 88. 7% F1 89. 2% , 3 W IR BN B I 4 25 #) AT 44

TFHERIE) PERE o A B 58 2k 9 ResNet-101 12 I i i
BH 4. 9% LT LA L 3 Fhak > ik
2.2 gtk E

Pl 2 3R B3 0 BT oA LE 0 P15 T 6T I £ 9k
J1EL BT LU 4 R o XAk F it AR
He gk MR TRk X

B2 EBRKOCTERMMMMARE A:0CTH B HAJKE

T BE—AESE OCT BRI T wAMD 2 Wi i) A
ROE B B B IR IR AR 25 SR AT X R ikt
DI T DXL 8 i I, 32 78 12 DX 380 g b 1) ml g
PEEOR o BEAh, 3 T k387 18T i Rk AE W TR R
B R Z )5 i 2 B 2l AR g A DX A Al — > 5
Tk A8 7 P T HE , it — 25 3 Bl R A PR E A7 kA
BLfLE (K 3) .

3 itig

e GE 1% 2 B B o3 M 2 3R T A I SCRRRAE |
B A BB LA B A @R ARBE R R AR VE B 45 T7 vk o X
*ﬁ*ﬁﬁ%tﬁ%ﬂﬂ#fﬁﬁ%ﬁﬁﬁﬁ Webx o F 1TE
il BT o SR, BT T — A RO T 3l A5 Ak 52 X
%%ﬁﬁ%ﬁ%ikﬂ’ﬁﬁaéﬁ?’ﬁmﬂ,ﬁﬁﬂ%ﬂi%~§’§fﬁ
BT A S AR ME IS JH T BB o AL AT LR
9% 2h 77 I HTAT 55, BE B B I TR A 1 KR A K Bl
B o o MO R A AN RCR A E o 55  X R ) A
1117 2 AU T B B[], BILAS 7 > J7 1 AT L H A
WA B U B gl o7 o B o R AE , o o) i
FEAS i _E e — A A 1] AR SR A o dd a2 ) A
T AN 5 K A o 1 456 T 0 004 A 68 2 248 2 7 0 B



e S IR B 243k 2019 4F 8 45 37 #4545 8 1 Chin J Exp Ophthalmol , August 2019, Vol. 37, No. 8 . 661 -

REE o A
A S
s ! oA I - d rf-:-:v-u_‘:,i,:q,‘.., )
1 “* 0 r l" ‘ﬁﬁh ’ "‘"F’. e ‘f‘l‘?:{'x"l*

-l
v q‘

m.
m.

-'.r' .

3 wAMD BRFEBMRKRAE OCT RXEHMRAEER M A N BRI R G HIRE A AT BO6IRE K2 L OCT K& A 3l A Uk

SRR B DT HE S g bk XU AR L ZEIREH AT CNV AT RPESEAF T (Hi3k)  B:#H 2 ZMREH W W CNV 4 K F RPE S
T(Hik)  CoBF 3 AMREEB Wl CNV R RPE FIGK 46 56 40 10 )2, S v 87, A5 9100 85 D't S S5 4 005 v b 4 i) 0 199 58 2%k 24 I

(%)

B I E A DS . BRI, B g A S TE R AR R 4
ProeE 2 X EEWEN, &l — A B KHT R
1 WF 5% S

TR 2 o] JE 3 T 1 22 I 4% 1) — Fh HL 38 2 ) B vk .
2006 4F , Hinton B Y R 27 > B ML &, B A HL ik
it 14 AlexNet fE 2012 4F ImageNet B4 4325 Lk %% Fr B
57— ARG, W AT R T L IR
R Z LA 3 U b IO 7 B Rk, BT CNN
TR JBE 27 2] AE BRI R AL BRGUA T )iz TR A iF
GTo HeTIRBE S WY Bk, UTE W) 30040 15 A= 32 At
o BRIEIR 1 23 RAR T 45 2R, 9K ) T8 2o B ) A% A AL ] Ok
B 3l 20 o BRI G B 5 AE 42 B, [R) I R T 4 B0 4R AR
B ZRor 26 o T, Il it A B A ) il 4 it
TP REAS B3 X A B B R HEA T2 W, 3X R K
BTEAMTH, Fu 2™ ST IR SRS T M 4%
filG iy 7 Aok AT H OGIRIZ I, 76 ORIGA % #s 4 rh ik
FIT 90% M MEH R " o Zhou 55 I T YR HE A > K fif
TR DR A P ) 55 2 1 12 I8 73 4R, 7E Kaggle 22 TT 1Y 8

3 K R AL 0 S A8 B AR b A T R A Y
Al o IX AR A5 S B E ] A 22 I 45 1) T v e 8 4l Bl =
A TR IS B 2 W, 6 AMD 2 1 J5 T, Mohammad
2 U5 3 [ SR 40 % €0 R 181 4% Drusen X35
KL Wi BB AMD, Lee % B0iE T YR JE 2%
S REMS H XTI T OCT BRIy AMD ¥4 #E 47 A %053
KL Wi Kermany 45" 5 TaF B2 > 5 kK 1 8
2] OCT IR, 76 Ui 25 3CH 90 W B2 5 AMD R R
o P R K o 3 R R R M Y AE 95% L
o kSR 2 B IS UE W P I 2 1Y)y 1% R A A D IR
AR A , o & X AMD #E4Ti2 Wi, HJ&, B Al
T 4 5 VR B 2 o] I IR IG5 05 12 W 4 SIS AR L R B 2
2 M AE— A FEAE SR IO &5 SR 7 e SR & 1, RO R bR
BAEGER G TR — D Rai R, Wik, ke
i B2 AL — L AT i e Y 12 T AR IR 1 B 0 3 n Bk Y ]
fE B

H Al H A 3 T IR B 2 2T (50 43 R BAA AT LA
Y — P W2 S R . I 2RI AR IR R



- 662 - ARSI IR R 75 2019 4F 8 H 45 37 %% 8 ] Chin J Exp Ophthalmol , August 2019, Vol. 37, No. 8

DA e % 7 G A TG ER I BORR 25 40 2, SR 5 18 B L Rl |
A o A T A A I 5, B 045 B — R R G s Ok
B2 W R T RO R R . T 2 ST
PR o3 28 Ko M 5 O B VE X T80 1 75 R 2 AR H R
(9, AN S B RR 0K 5 G 75 O, 38 7 B AR AT B
DI A 2 Bl AR T A A AL R A Bl
SRAL, RSB IR T RE , X B T BRSO
F T3 RIS 8 1he A1 6F 7 A [ 4 95 ol 24 AR A 437 2
BANAFEEL FRARCT TR,

AR5 Hh SR H1 e — Tl 2 T 355 I 2 > 0 TR R 2
SBE R AR AU R Bl B B R 25 45 SR TR
G WAL, S AL RE % HEAT P 12 W, 1 RE 6 4G I 1
Tk X, IR 08 3 T2 W7 45 S , B 408 25 4 T i 8% 1 1K
P, T 38 2% HR RS R SR 1T B 30 43 28 DL KOs A IX 3k
R i B . HARSR UG, A ST I 7E ResNet 1) £ 4l |
4 S 3 A =2 1 I 5 2 AR e 0 R A A T B
{57 A3 , e & AL BE 4% 1 1o 2% P 902 705 A7 76 MR DY 5
FRAE , 5 REAS B b DX I B A7 11, I S5 25 00 B k1K
8, 12 WO B 0 T LA R

AL R F W], ResNet 4514 %] wAMD %5 43 2K
BORAE T LARIT Y VGG Fl Google-Net, [ i} HE % 4 K5 1
i 37 ek XI5, 26 I A BF 5 o SR 00 0 T 55 M o
S HR BN 4 G b A T B 3 i T A 14 T 8 4
o3 1 2 G X 4 A 6 T AR B i R IR A R IX
G MR JEE 05 B4 e, T A g i A I O 3 4 WA PR 32 08 A
Bl U7 B PPASIE I ORI A B T H . AR —
SE BRI PR, ANAREAR B/ 78 B 4 T R AR R
A BE TR ST

B A 5T s I o 2 55k % wAMD
OCT UG HEAT 43 H7 12 W7, 7] I 32 F ik 55 W B 42
TEAS R BE 28 25T 105 kL X ISR T 1 A 00 F, # 30%
TE f 993 b DX, 25 6 PR 15 22 32 T wAMD J YA 97 280 L
SRR . TS T — 2 BT KRR BT ST, 3
0 TR T S P 23 O 8 45 4 T 25 i 2, S BT ]
e 2 X I 4% 4 2 BB, 45 W R T A

R 8
FUSEMR AT A 4975 WA A6 R i ol 5
5% Uk

[1] Wong WL,Su X, Li X, et al. Global prevalence of age-related macular
degeneration and disease burden projection for 2020 and 2040: a

systematic review and meta-analysis [ J/OL ]. Lancet Glob Health,
2014,2(2) :e106-116[2019-02-03 ]. https;//www. thelancet. com/
journals/langlo/article/PI1S2214-109X ( 13 ) 70145-1/fulltext. DOI;
10.1016/52214-109X(13)70145-1.

[2] Cheung CM,Li X, Cheng CY,et al. Prevalence, racial variations, and
risk factors of age-related macular degeneration in Singaporean
Chinese, Indians, and Malays [ J ]. Ophthalmology, 2014, 121 (8) :
1598-1603. DOI:10. 1016/j. ophtha. 2014.02. 004.

[3] Do DV,Gower EW, Cassard SD,et al. Detection of new-onset choroidal
neovascularization using optical coherence tomography:the AMD DOC
Study[ J]. Ophthalmology,2012,119(4) : 771-778. DOI.10. 1016/j.
ophtha. 2011. 10.019.

[4] LeCun Y, Bengio Y, Hinton G. Deep learning [ J ]. Nature, 2015,
521(7553) :436-444. DOI1.:10. 1038/ nature14539.

[5] Krizhevsky A, Sutskever I, Hinton GE. ImageNet classification with
deep convolutional neural networks [ J ]. Communicat ACM, 2017,
60(6) :84-90. DOI:10.1145/3065386.

[6] KarenS, Andrew Z. Very deep convolutional networks for large-scale
image recognition [ J/OL ]. Computer Sci Computer Vision Pattern
Recogn,2014 : 1-14[2019-02-11 ]. http://www. oalib. com/paper/
4068791#. XOusGYcSGWg.

[7] Gu Z,Cheng J,Fu H,et al. CE-Net; Context encoder network for 2D
medical image segmentation[ J/OL]. IEEE Trans Med Imaging, 2019
[2019 — 06 — 23 ]. https://ieeexplore. ieee. org/document/8662594.
DOI:10.1109/TMI. 2019.2903562.

[8] Fu H,Cheng J,Xu Y,et al. Disc-aware ensemble network for glaucoma
screening from fundus image [ J]. IEEE Trans Med Imaging, 2018,
37(11) :2493-2501. DOI:10.1109/TMI. 2018.2837012.

[9] Zhang Z,Yin FS,Liu J,et al. ORIGA (-light) : an online retinal fundus
image database for glaucoma analysis and research[ J]. Conf Proc IEEE
Eng Med Biol Soc,2010,2010 : 3065 -3068. DOI. 10. 1109/IEMBS.
2010.5626137.

[10]Zhou K, Gu Z,Liu W, et al. Multi-cell multi-task convolutional neural
networks for diabetic retinopathy grading[ J]. Conf Proc IEEE Eng Med
Biol Soc, 2018, 2018 : 2724 — 2727. DOI; 10. 1109/EMBC. 2018.
8512828.

[11 ]Mohammad MS,Kumar SS, Mahamud KA, et al. Automated method for
the detection and segmentation of drusen in color fundus image for the
diagnosis of age-related macular degeneration[ J]. IET Image Process,
2018,12(6) :919-927. DOI:10. 1049/iet-ipr. 2017. 0685.

[12]Lee CS, Baughman DM, Lee AY. Deep learning is effective for the
classification of OCT images of normal versus age-related macular
degeneration[ J]. Ophthalmol Retina,2017,1(4) :322-327. DOI.10.
1016/j. oret. 2016. 12. 009.

[13 ] 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. 1013/j. cell. 2018.02.010.

[14]Zhao R,Camino A, Wang J, et al. Automated drusen detection in dry
age-related macular degeneration by multiple-depth, en face optical
coherence tomography[J]. Biomed Opt Express, 2017, 8 (11 ) :
5049-5064. DOI;10. 1364/BOE. 8.005049.

[15]Riccardo G, Anna M, Salvatore R, et al. A survey of methods for
explaining black box models [ J]]. ACM Computing Surveys, 2018,
51(5) :1-42.DOT:10. 1145/3236009.

(WeHs B #1:2019-02-19 &[] H #1:2019-07-04)

(ARS8 X3 )





