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Abstract

¢ In recent years, ophthalmology, as one of the medical
fields highly dependent on auxiliary imaging, has been at
the forefront of the application of deep learning algorithm.

The morphological changes of the choroid are closely
related to the occurrence, development, treatment and
prognosis of fundus diseases. The rapid development of
optical coherence tomography has greatly promoted the
accurate analysis of choroidal morphology and structure.
Choroidal segmentation and related analysis are crucial
for determining the pathogenesis and treatment strategies
of eye diseases. However, currently, choroidal mainly

relies on tedious, time - consuming, and low -
reproducibility manual segmentation. To overcome these
difficulties, deep

segmentation have been developed in recent years,

learning methods for choroidal
greatly improving the accuracy and efficiency of choroidal
segmentation. The purpose of this paper is to review the
features of choroidal thickness in different eye diseases,
explore the latest applications and advantages of deep
learning models in measuring choroidal thickness, and
focus on the challenges faced by deep learning models.
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H T2 M 4% ( convolutional neural networks, CNN) J&
— SRR M 4 W 2 (feedforward neural networks ) , H AU &
—ZANERITE, Bz Tt U o | B8 5 b 45 4
o Sui BRI 22 RUBE it B g 1) 45 AU 5 19 4% T LA
BN F IR R R bz ST AL R AR e 15 T AL
Y T A PR Dk 2% Rt s D28 IR SO RS R AN 3
SV IR R 8 B A A I A S B 1 BE BR ), L2
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T/ NG AR R A R A S i & e
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BRiz sh FHAISBE R Z M E R 22 B R Tkt
£ VPGB RART 14 OCT MR 34 A A
AR 1T TC S T AN 6] RS X b RN 8 B Fel 4
BPEAE ) BRI T I, XA e R R A T
S E AR 2 8] Y 07 S, AT LA e B ) B B
BV TZ AL RE 7, i L RE % 2 5 38 P AN ] 5 A B 4

1009



EiRRRIZAE 2023F 68 EF23% F6H
B93E.029- 82245172 85205906

http://ies.ijo.cn
B85 {57%§.1J0.2000@ 163.com

4.4 TEBEARSE] TEIREE b BEAL SR (GPU)
1) B S BEHLAE BUAEA 2 ( DRAM ) AS J2 2 385 38 77 7 1) ] L
TR RE A il 7 2 S B B RIR R ke %
7 A 2 T A A A RN B R A
GPU BRI BELAT 1R 27 J 1 Jok 2% 15858 B2 S 5 b 1) B
FERE . R, B TSR HLAE R A AN T ik 203X — BHL A
A EIfR R
5 INEG

L5 LTIk, OCT AR (9 K e TR 1 Jo A Jik 285 J5 )
BRI A, TR JE 25 > R JDk 4 JIE ) 5l 2 502l o SR ol P
BT R 2 AR A K 2% 15 K 4l 4 25 Jmy PR 1, Bl
BRI WAL AR TE AR R, N T RE RE W S B e
PR E R B 25 ) BEAL R 58, O H 20 B AL SR ) ik 2%
JEERE B . 1% R Ge e G B R R Y A B TR MR B
PRAEFIAL PRI rb Y £ 327 0 2 12 Wi A0 M 00 i 2% MBS0 o 5
PR | DR RS T TR0 AT AN X B[R], ik — 2D 4 e 2 W ik
FIFRAY TR [a) I R AR 17 4 2L e o A AR
Sk
1 LeCun Y, Bengio Y, Hinton G. Deep learning. Nature 2015; 521
(7553) :436-444
2 Yousef R, Gupta G, Yousef N, et al. A holistic overview of deep
learning approach in medical imaging. Multimed Syst 2022;28 (3):
881-914
3 Obermeyer Z, Lee TH. Lost in thought—the limits of the human mind
and the future of medicine. N Engl J Med 2017;377(13) 12091211
4 Farooq MS, Arooj A, Alroobaea R, et al. Untangling computer—aided
diagnostic system for screening diabetic retinopathy based on deep
learning techniques. Sensors 2022;22(5) ;1803
5 Thompson AC, Jammal AA, Medeiros FA. A review of deep learning
for screening, diagnosis, and detection of glaucoma progression. Transl
Vis Sci Technol 2020;9(2) ;42
6 Thakoor KA, Yao JA, Bordbar D, et al. A multimodal deep learning
system to distinguish late stages of AMD and to compare expert vs. Al
ocular biomarkers. Sci Rep 2022;12(1) :2585
7 Attallah O. DIAROP: automated deep learning—based diagnostic tool
for retinopathy of prematurity. Diagnostics 2021;11(11) ;2034
8 Singh SR, Vupparaboina KK, Goud A, et al. Choroidal imaging
biomarkers. Surv Ophthalmol 2019;64(3) :312-333
9 Cheung CMG, Lee WK, Koizumi H, et al. Pachychoroid disease. Eye
2019;33(1) :14-33
10 ARG R, 5, AR A LR AL R IRRS i it B bk 2% i
JEEERISCER. PARIRPDE A 5 A28 2021;23(10) :759-765
11 1R3%, GAAR, AR20 . SR L BB O M1 T Dk 4 5052 2 1y 7
TR R P 2. EPRIRFL A 2021;21(3) :540-544
12 Fledelius HC, Jacobsen N, Li XQ, et al. Choroidal thickness at age
66years in the Danish high myopia study cohort 1948 compared with
follow—up data on visual acuity over 40 years: a clinical update adding
spectral domain optical coherence tomography. Acta Ophthalmol 2018 ;96
(1) :46-50
13 Hoseini = Yazdi H, Vincent SJ, Collins MJ, et al. Wide - field
choroidal thickness in myopes and emmetropes. Sct Rep 2019;9(1) 3474
14 Zhang XM, Cole E, Pillar A, et al. The effect of change in
intraocular pressure on choroidal structure in glaucomatous eyes. Invest
Ophihalmol Vis Sct 2017 ;58(7) :3278-3285
15 Bayraktar S, Cebeci Z, lzgi B, et al. The effect of glaucoma

1010

medication on choroidal thickness measured with enhanced depth —
imaging optical coherence tomography. Med Hypothesis Discov Innov
Ophthalmol 2019;8(1) :44-51

16 Sarwar S, Hassan M, Soliman MK, et al. Diurnal variation of
choriocapillaris vessel flow density in normal subjects measured using
optical coherence tomography angiography. Int J Retina Vitreous 2018;
4.37

17 Ormaechea MS, Hassan M, Mahajan S, et al. Correlation between
subfoveal choroidal thickness and anterior segment inflammation in
patients with chronic stage of Vogt — Koyanagi — Harada disease. Ocul
Immunol Inflamm 2022;30(3) .:646-651

18 Gattoussi S, Cougnard—Grégoire A, Korobelnik JF, et al. Choroidal
thickness, vascular factors, and age - related macular degeneration.
Retina 2019;39(1) :34-43

19 Kumar JB, Wai KM, Ehlers JP, et al. Subfoveal choroidal thickness
as a prognostic factor in exudative age-related macular degeneration. Br J
Ophihalmol 2019; 103(7) :918-921

20 Nagaoka T, Kitaya N, Sugawara R, et al. Alteration of choroidal
circulation in the foveal region in patients with type 2 diabetes. Br J
Ophihalmol 2004 ;88(8) :1060-1063

21 Torabi H, Saberi Isfeedvajani M, Ramezani M, et al. Choroidal
thickness and hemoglobin Alc levels in patients with type 2 diabetes
mellitus. J Ophthalmic Vis Res 2019:14(3) :285-290

22 Borrelli E, Palmieri M, Viggiano P, et al. Photoreceptor damage in
diabetic choroidopathy. Retina 2020;40(6) ;10621069

23 Zhang PF, Zhou MW, Wu Y, et al. Choroidal thickness in unilateral
idiopathic macular hole. Retina 2017;37(1) :60-69

24 Zeng J, Li JQ, Liu R, et al. Choroidal thickness in both eyes of
patients with unilateral idiopathic macular hole. Ophthalmology 2012 ;119
(11):2328-2333

25 Sodi A, Lenzetti C, Murro V, et al. EDI-OCT evaluation of choroidal
thickness in retinitis pigmentosa. Eur J Ophthalmol 2018;28( 1) :52-57
26 Sabbaghi H, Ahmadieh H, Jalili J, et al. Choroidal thickness in
different types of inherited retinal dystrophies. J Ophthalmic Vis Res
2020;15(3) :351-361

27 Gifford FJ, Moroni F, Farrah TE, et al. The eye as a non—invasive
window to the microcirculation in liver cirrhosis; a prospective pilot
study. J Clin Med 2020;9(10) :3332

28 Salobrar - Garcia E, Méndez—Hernandez C, Hoz R, et al. Ocular
vascular changes in mild Alzheimer’s disease patients: foveal avascular
zone, choroidal thickness, and ONH hemoglobin analysis. J Pers Med
2020;10(4) :231

29 Koay CL, Quo MJ, Subrayan V. Reproducibility of choroidal thickness
measurements in subjects on 3 spectral domain optical coherence
tomography machines. Int Ophthalmol 2017;37(3) :655-671

30 ElTanboly A, Ismail M, Shalaby A, et al. A computer — aided
diagnostic system for detecting diabetic retinopathy in optical coherence
tomography images. Med Phys 2017;44(3) :914-923

31 Fang LY, Cunefare D, Wang C, et al. Automatic segmentation of nine
retinal layer boundaries in OCT images of non—exudative AMD patients
using deep learning and graph search. Biomed Opt Express 2017;8(5) :
2732-2744

32 Sandhu HS, Eltanboly A, Shalaby A, et al. Automated diagnosis and
grading of diabetic retinopathy using optical coherence tomography. Invest
Ophihalmol Vis Sci 2018;59(7) :3155-3160

33 Masood S, Fang RG, Li P, et al. Automatic choroid layer
segmentation from optical coherence tomography images using deep

learning. Sci Rep 2019;9(1) :3058



Int Eye Sci, Vol.23, No.6 Jun. 2023 http .//ies.ijo.cn
Tel.029-82245172 85205906 Email :1JO.2000@ 163.com

34 Sui XD, Zheng YJ, Wei BZ, et al. Choroid segmentation from Optical
Coherence Tomography with graph — edge weights learned from deep
convolutional neural networks. Neurocomputing 2017 ;237.332-341

35 He F, Chun RKM, Qiu ZC, et al. Choroid segmentation of retinal
OCT images based on CNN classifier and I, -1, fitter. Comput Math
Methods Med 2021 ;2021 .8882801

36 Xuena C, Xinjian C, Yuhui M, et al. Choroid segmentation in OCT
images based on improved U-net. Image Processing 2019

37 Kugelman J, Alonso—Caneiro D, Read SA, et al. Automatic choroidal
segmentation in OCT images using supervised deep learning methods. Sci
Rep 2019;9(1) :13298

38 Alonso—Caneiro D, Read SA, Collins MJ. Automatic segmentation of
choroidal thickness in optical coherence tomography. Biomed Opt Express
2013;4(12) :2795-2812

39 Chen HJ, Huang YL, Tse SL, et al. Application of artificial
intelligence and deep learning for choroid segmentation in myopia. Transl
Vis Sci Technol 2022;11(2) ;38

40 Viedma IA, Alonso-Caneiro D, Read SA, et al. OCT retinal and
choroidal layer instance segmentation using mask R—CNN. Sensors 2022
22(5):2016

41 De Fauw J, Ledsam JR, Romera — Paredes B, et al. Clinically

applicable deep learning for diagnosis and referral in retinal disease. Nat
Med 2018;24(9) :1342-1350

42 Lu DH, Heisler M, Lee S, et al. Deep—learning based multiclass
retinal fluid segmentation and detection in optical coherence tomography
images using a fully convolutional neural network. Med Image Anal 2019;
54:100-110

43 Xu J, Ishikawa H, Wollstein G, et al. Alignment of 3-D optical
coherence tomography scans to correct eye movement using a particle
filtering. IEEE Trans Med Imaging 2012;31(7) :1337-1345

44 Baghaie A, Yu Z, D’Souza RM. State —of —the—art in retinal optical
coherence tomography image analysis. Quant Imaging Med Surg 2015;5
(4):603-617

45 Bogunovic H, Venhuizen F, Klimscha S, et al. RETOUCH: the
retinal OCT fluid detection and segmentation benchmark and challenge.
IEEE Trans Med Imaging 2019;38(8) :1858-1874

46 Ching T, Himmelstein DS, Beaulieu—Jones BK, et al. Opportunities
and obstacles for deep learning in biology and medicine. J R Soc Interface
2018;15(141) :20170387

47 Maetschke S, Antony B, Ishikawa H, et al. A feature agnostic
approach for glaucoma detection in OCT volumes. PLoS One 2019; 14
(7) :e0219126

1011



