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Figure 1 Color fundus images and OCT scan images for stage 1-4 ERM. (a, b) Stage 1 ERM, OCT shows epiretinal hyperreflective band, clearly
defined retinal layers and preserverd foveal depression. (c, d) Stage 2 ERM, OCT shows loss of foveal depression but clearly defined retinal layers.
(e, f) Stage 3 ERM, OCT reveals continuous hypo-and hyper-reflective bands indicating the thickening of inner nuclear layer and inner plexiform layer,
defined as continuous ectopic inner foveal layer (EIFL)(indicated with yellow arrow); the retinal layers are still clearly distinguishable. (g, h) Stage 4
ERM, OCT shows EIFL, significantly thickened retina and disordered anatomical structure of retinal layers
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Figure 2 Color fundus images and vascular morphological analyses. Left images showed original color fundus photographs, middle images showed
results of identification of retinal vasculature by EVision Al right images showed analyses of retinal vasculature by EVision Al; blue vessels were
identified as veins, red vessels were identified as arteries, white lines marked locations used to calculate the vessel diameter, points on vessels were

selected at ten-pixel interval, the length of the line between two points were calculated to be the diameter of the retinal vessel at aforementional points.
(a—c) Stage 1 ERM eye; (d-f) stage 2 ERM eye; (g—i) stage 3 ERM eye; (j-1) stage 4 ERM eye
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F 1 ERMAR Ko AR A BB B A AE T AR

Table 1 Retinal vascular parameters for ERM eyes and healthy contralateral eyes

ERMIR (n=112) XHUER (n=112) P

M3 53 32 I () 68.65+4.50(53.48~78.19) 67.53+5.03(53.19~80.66) 0.037*
B853S e () 72.85+7.98(50.28~88.39) 71.32+9.52(45.23~85.45) 0.248+
K353 30 fA (B 67.50+5.22(51.68~78.97) 65.75+6.06(46.22~78.34) 0.013+
IKERpI 24 1.52+0.04(1.34~1.59) 1.55+0.04(1.35~1.62) <0.001
1A (um) 65.77+9.62(37.67~101.22) 58.85+6.98(45.90~85.29) <0.001+%
FEBEHC M3 mmit PR AR (um) 60.02£9.78(41.61~103.01) 50.39+6.07(39.63~71.70) <0.001+
HEBEHC S mmits PR (um) 70.18+9.32(40.18~106.72) 63.01+6.34(51.35~91.15) <0.001+
M F-45725 1 (< 10%) 0.98+0.18(0.67~1.60) 0.9120.15(0.66~1.31) <0.001+

B0 M3 mmil FE A LS [ (< 10%) 1.34+0.36(0.53~2.68) 1.27+0.26(0.72~1.91) 0.066+
BEBEHC TS mmit B I A 25 1 E (< 10%) 1.05£0.21(0.65~1.65) 0.98+0.17(0.68~1.45) <0.001%
Bk (< 10%) 0.83£0.20(0.54~1.49) 0.77+0.19(0.52~1.43) <0.001%
FEHEHUL M3 mm il FE N SIS T EE (< 10%) 1.04£0.47(0.53~2.74) 0.98+0.31(0.49~2.26) 0.005F
FEBELC M5 mm ] P 3h kS R (< 10%) 0.88+0.22(0.52~1.61) 0.81+0.22(0.49~1.63) <0.001%
F KT 2725 1 (< 10%) 1.11£0.21(0.72~1.82) 1.04+0.16(0.73~1.62) 0.003+
BEBE L0 U3 mm 1 ] P A R (< 10%) 1.51+0.44(0.49~2.94) 1.55+0.32(0.87~2.89) 0.155+
BEBELC S mm 1 R P S E (< 10%) 1.19+0.25(0.67~1.92) 1.1340.19(0.77~1.71) 0.028+
1A = FEBEIE M () 80.62+10.01(60.62~109.27) 90.00+8.96(63.91~106.45) <0.001+%

LB 5 S A B () (57237667.4703~i11120“57i.14115) (5851)27.'2354~i11018977f370) <0.001%

PRI F BB 2 (um) 4322.83+417.96(2077.23~5703.81)  4185.76+213.79(3821.76~5074.06) <0.0017

HEBE AT LI A () 8.72+4.85(~1.84~26.21) 9.32+4.21(-1.36~18.83) 0.304+
TP L S B R K e/ () 56.73+24.91(4.17~89.63) 56.00+25.24(1.84~89.63) 0.846+
CFT(um) 500+99(230~776) 214+25(169~289) <0.0017%

a) *, BCXFoRr; T, Wilcoxon -5 kA

AT E 2R, 2WERM(A%)5P=0.002), 3HERM
(%% J5 P<0.001) M4 ERM(J# %% J5 P<0.001)4: JCERM
AR 8 B o [M13 o i 61 A ILAST- 38 A58 Bl 25 o 3401
ERM(H% J5 P<0.001) X4 ERM (5% J5 P<0.001)%5¢ 1
HIERMHR B BE .0 113 mm 3l il if 55 - 245 48 g 00
iy HAAS 4 e 2 25 5. 2 ERM (I %2 )5 P=0.011)
3WIERM(J#%£ J5 P<0.001) S 4 FHERM (% 5 P<0.001)
B FEERMAR B BE A0 V15 mm i3t BBl P 145 2448 4% i
FEm; 3WERM(H 5 P<0.001) L4 ERM (% 5
P=0.002)% 1HHERMAR # BE .00 115 mm i FlIfL - F- 15
AR RN, 2 ERMAS IHERMER #5015 mmd
LA YR N, X R 25 5 0 it
B X OH# 5 P=0.056); HAagdln L mE 25, 33
ERM (¥ %% J55 P=0.038) % JCERM R IfiL 45 - 44 25 iy i b
EXOm, Hagdamii®E2S. SMERMORE S
P=0.055)$ TCERMHR # BE .0 115 mm i [ P 1l -1
Lh BRI, (AT N, AR T A 2
5. AMERM(IH %5 P=0.028F10.045)% LERMIR 31 ik

3418

SEXA A . EBEPO M5 mmIE P 3 bk i A
i, HAr 4l m e B 3 25 5. AMHERM(RIEE 5 P<0.001)
K 3HAERM (% 5 P<0.001) 4 JCERMIML A 55 1 B
N, A A R 2 25 5. AMIERM(RE f
P<0.001) & 3HERM (% J5 P<0.001)3: JCERMAR 1M 45
=5 VB BEAC AU B I 2 ;. 2 ERMAS TCERMIR Ifil
M BREAC SR s, REXMER TR ESIT
S WG P=0.052); HARA AT RE 2R, 4
ERM(% 5 P=0.002) &% 3 ERM(JH % J5 P=0.007)% ¢
ERMIR . 4#ERM4 1 HHERMHR (% Ji5 P=0.027) 4 4%
FIHE BT B E 10N, A ERMAEL 2 ERMIR W45 51 8%
BEFE S HE, AR R IR R LS
P=0.054); HAKARTTRELES. M55k
. BNCE et . SR scde L i
M3 mm B P I A 3 R SRS i L kT
R . BB O M3 mm Az S mmiiE [ PRk R
B DAL A R I A PO B R 4 S A R K B e A
Jo i S 2 ] 22 5



it =z
% 2 FAFEERMSHIHT PR ML & 4R FE AR
Table 2 Retinal vascular morphological parameters for different ERM stages
JCERM(n=112) IERM(n=25) 2ERM(n=24) 3ERM(n=71) 4ERM(n=26)  PfH
Btk 35/77 11/14 9/15 19/52 11/15 0.387*
() 66.7+8.0(43.0~89.0) 68.0+9.1(48.0~82.0) (gg'gf;;‘g) 67.4+7.4(54.0~89.0) 65.3+9.3(43.0~80.0) 0.874F
B I RIBE R I 23(29.9%) 3(12.0%) 7(29.2%) 15(21.1%) 3(11.5%) 0.505*
B IEm LR 51(45.5%) 8(32.0%) 13(54.2%) 34(47.9%) 7(26.9%) 0.196*
B IR SN B R RE Ak O P 8(7.1%) 1(4.0%) 1(4.2%) 7(9.9%) 0(0.0%) 0.571%*
B IEMRIEYE st 3(2.7%) 0(0.0%) 2(8.3%) 1(1.4%) 0(0.0%) 0.399%*
214.0+24.6 237.5430.9 420.4+74.4 492.6+73.4 618.7+69.5
CFT(um) (169.0~289.0) (187.0~323.0) (292.0~605.0) (309.0~652.0) (458.0~776.0) <0.001%
131.9£72.2 266.4+94.4
= — — —
EIFLE (um) (37.0~397.0) (147.0~503.0) ~0-001
. 67.53+5.03 66.90+6.95 69.19+4.84 69.01+4.20 68.03+£5.28
AN A14 0y
M9 73 S (53.19~80.66) (51.14~77.63) (59.83~77.75) (59.86~78.19) (53.48~77.41) 0.162§
s 71.97+9.52 71.67+7.99 75.18+5.29 72.70+8.00 73.3748.39
MZAAT YA 3
T35S (50.41~85.45) (50.56~84.16) (65.29~86.87) (50.28~88.39) (52.50~85.86) 0.244%
s 65.78+6.07 65.24+6.45 67.20+5.92 68.05+4.75 66.12+5.79
RS PA 3 4
LSRR (46.22~78.34) (48.80~80.98) (56.85~77.72) (59.56~78.97) (51.68~76.53) 0.1811
- 1.5510.041 1.533+0.046 1.5310.043 1.527+0.032 1.5160.046
i YA 1Y
SRR (1.346~1.623) (1.398~1.590) (1.384~1.585) (1.418~1.588) (1.344~1.567) <0.001%
58.85+6.98 58.39+6.02 63.36+8.29 66.30+10.17 66.65+8.82
fEEN P A4 A
PR A () (45.90~85.29) (49.64~73.70) (47.92~86.61) (37.67~101.22) (53.05~90.13) <0.001%
BB M3 mm3 RN 50.39+6.07 51.42+6.42 57.86+9.42 60.56+10.47 61.81+8.94 <0.001+
FEERAE (39.63~71.70) (40.58~70.33) (46.63~84.72) (41.61~103.01) (44.90~80.78) :
BEBEALC M5 mmit 63.01+6.34 62.48+6.54 68.18+7.52 70.84+10.06 70445814 0 +
FIERAE (51.35~91.14) (53.23~79.73) (53.02~88.70) (40.18~106.72) (53.19~90.15) :
0.915+0.149 0.918+0.1578 0.951+0.166 0.99440.188 0.987+0.122
AL iy 4
P (<107) (0.657~1.313) (0.696~1.371) (0.752~1.344) (0.668~1.601) (0.780~1.300) 0.014¢
FEHE A M]3 mmi P I 1.273+0.264 1.247+0.283 1.273+0.312 1.358+0.376 1.326+0.293 0411+
2 (x10%) (0.716~1.912) (0.792~1.963) (0.896~2.197) (0.533~2.678) (0.820~2.020) :
FEBEHLC M5 mmil B A IS 0.978+0.173 0.977+0.177 1.014+0.186 1.064+0.223 1.050+0.144 00261
25 i EE (< 10%) (0.678~1.447) (0.797~1.531) (0.785~1.498) (0.651~1.646) (0.814~1.415) :
RS 4 0.77120.190 0.773+0.168 0.804+0.171 0.833+0.214 0.857+0.147
BT (<10) (0.523~1.426) (0.573~1.199) (0.567~1.192) (0.543~1.493) (0.636~1.282) 0.021%
FHEFLL M3 mmitl F N Sk 0.983+0.313 0.979+0.270 0.967+0.242 1.154+0.423 0.996+0.291 0.053+
2 (<10%) (0.495~2.256) (0.598~1.577) (0.679~1.408) (0.518~2.740) (0.383~1.612) :
HERELC M5 mmi Bl Bk 0.810+£0.219 0.812+0.181 0.845+0.184 0.887+0.256 0.908+0.170 0.024+
A (< 10%) (0.493~1.627) (0.630~1.232) (0.567~1.193) (0.524~1.611) (0.637~1.293) :
T s 4 1.043+0.164 1.041+0.216 1.084+0.213 1.121£0.211 1.08620.168
BTS2 L (<107) (0.731~1.622) (0.814~1.749) (0.805~1.694) (0.720~1.819) (0.866~1.538) 0.096t
BT M3 mmye B ik 1.547+0.324 1.463+0.441 1.522+0.426 1.494+0.422 1.524+0.445 0276+
2 (x10%) (0.871~2.885) (0.939~2.853) (0.996~2.936) (0.488~2.678) (0.870~2.669) :
FEHEFLL M5 mmi B N K 1.126+0.187 1.114+0.244 1.162+0.240 1.203+0.266 1.163+0.207 0172
25t BE(x10%) (0.772~1.709) (0.840~1.906) (0.797~1.871) (0.668~1.924) (0.901~1.673) :
, " 90.004+8.956 85.021+9.037 83.977+10.334 80.915+10.520 77.534+9.497
Pz S i
L 5 RIS () (63.906~106.451)  (71.470~99.620)  (61.438~97.871)  (60.624~109.265)  (59.779~97.252) <0.001%
. 8447.35£1197.47  7742.96+1285.57  7549.30+1113.87  7396.54+1358.88  7197.856+1131.77
s I BT L
L5 5 B HEAS U B (um) (5503.25~10874.30) (5792.26~10349.60) (5795.33~9722.53) (5276.40~11057.45) (5403.66~10057.93) <0.0011
, N 4185.764213.79  4173.744224.58  4189.09+297.999  4310.95+444.46  4473.43+403.47
] | R B
P S SR ) () (3821.76~5074.06) (3827.01~4773.99) (3470.86~5022.78) (2077.23~5703.81) (3952.98~5513.89) <0.001%
9.32+4.21 7.69+4.70 8.35+4.51 8.86+5.13 8.92+3.86
ORI A (2 (—1.36~18.83) (—0.34~16.70) (—1.84~18.26) (—1.41~26.21) (1.23~19.68) 0.542¢
AW B2 S S e A il 56.00+25.24 57.08+£29.14 55.38+24.50 56.05+25.02 60.23+24.77 0918+
Jefh () (1.84~89.63) (0.09~89.52) (7.15~85.25) (6.59~89.63) (4.17~87.59) :

a) *, FisherKi#A55; 1, Kruskal-Wallis HKZ%; T, Mann-Whitney UKi3; §, ANOVASEI
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DIERMAHHO~43 AR &, PR . 4Rl . &2
RUBEDRAG . v U | bR sl K s A Bl Ak O U
WRIEE AT | IS T35 50 S0 Jeff L I o0 T 44K
MR AP E . 5 = fE B
AL I S R BEAS RS . LA . A
WL SR K e AR, 1TTAIFE02E
FET. A (P=0.716) . HEHI(P=0.601), 27UHE IR
(P=0.177). @ IMLERG(P=0.632). FEARSHIKHRERT L
PO G (P=0.289) . B IHM:IGRESE(P=0.939) ., Ifi4F
Y10 X I (P=0.168) . M5 = FIBBEIE M (P=0.761) .
M55 55 FE RS SR B (P=0.684) . B BEM BT L e f
(P=0.411) 4 7% B % 28 5 0 5% /i K ke £
(P=0.658) 5 ERM 3 1 JC i 3 AH OC1:;  IMLAE /0 B 4R 4L
(P=0.004, ZE¥MHEIHE-9.7753). M4 FEHERP
<0.001, FEAHITE0.064), M2 Hh JE (P<0.001,
ZEUHIHE2.882) SERM A .

PONIIIRER S 2 G K= oK = - 87 AN LI K]
S mmyE P A . AEEE R B
UL I3RS mm i B P I A5 I ol A S RN B
FA T AR 275 IERM 3854501 09 M BEFEATIE M 5
ROCHNZE, BUZYE48 i K0 35 s A e fE I A s
(cut-off{E); AUC., R | FE5 B K cut-of fff U353,

PR . AERY . A2 R IRAE . IR .
ARSIPKHRERE AR . BRIHVERASE . 13 F 1y

IS M S A BEAS T B L A B BB
B R REE L S M A R K e A L A T 4R
<1.553., I F¥HER>61.93 I8 T2 ih
>0.893 ., I = FIEBEIE f1<88.84 K [ 4L i, ERMA
FERIRFRN3a A — KN, — 53K Logistic[A]IH
M (Forward: LRIE), FEAIME SFitAm L A A 5
KXt A R B, LU EE W4, BifiNagelkerke
R*=0.444(P<0.001), /K% 88.2%, 157+ £59.8%.

ffi Py thon b4 S X6 490 Do BB 1 45 T 25 B N I 4R AR
T ERMUZ: A5 38390 S LA b B~ JSmiAl,) SR FHAE AL
252 ITIEBEALARAR. G AFFIEALSE: N 2R
AEWS . GIFHEIRIG . BOFEER . SIFROE. &
FEMwiAsE. LRSI A R AE: A3 . IS 53
Y, M-8R, EHEEPOM3 mmiEFE N
R O MS mmyE B RS L A
iR BB M3 mmiE P S R BB
M5 mmyw BN IS . Sk EaErh
M3 mmyg NSRS I EE . LG M5 mmii [
WK RS . FEbkCE A MR . B0 M3 mmi
FBL P9 s il B . BB PO 915 mm i [ PN 0 S i
B M S BB S MBS SR M
BB RS . MEEAEL e . I BEIEL
BRI f . R4 2 B AE (stratify=y ) #%8:2
Y143, M Erandom state=42fR UER] I, K4 51 ZR4E

* 3 MERESHFNERZTAFERM 353048 FIROCH L1 BTN 1847

Table 3 ROC for prediction of stage 3 or 4 ERM using retinal vascular morphological parameters

M A AUC(95% 8 {5 X [i]) TR S cut-offff P
JIK =7 IR e 0.709(0.647~0.771) 88.7% 52.8% <1.553 <0.001
I AR (pm) 0.783(0.729~0.837) 73.7% 69.6% >61.93 <0.001
BEHEPLC M3 mmi FE TR (um) 0.796(0.739~0.853) 73.2% 75.8% >54.85 <0.001
FEBEHC M5 mmit P45 42 0 (um) 0.754(0.693~0.816) 62.9% 80.8% >68.16 <0.001
A7 T BE (< 10%) 0.627(0.556~0.697) 74.2% 49.7% >0.893 <0.001
FEHEALC U3 mmits BBl P I 25 1 3 (< 10%) 0.570(0.496~0.644) - - - 0.060
FEHEHOLMS mm i FE A LS R (< 10%) 0.620(0.549~0.691) 53.6% 67.7% >1.032 0.001
M5 = FIEHEIE A () 0.729(0.663~0.794) 83.7% 53.8% <88.84 <0.001
F 4 MEHESHFNBREB AP ERM 350480 B — 43 Logistic[F 13 4 H7
Table 4 Binary logistic regression analysis for prediction of stage 3 or 4 ERM using retinal vascular morphological parameters
SRl [EIEES4 HEA HE(95% BA% X)) FrifEis P
A M 4ik<1.553 1.981 7.247(3.286~15.983) 0.404 <0.001
&V 47>61.93(um) 0.823 2.277(1.192~4.348) 0.330 0.013
IMAEF-H25 11 >0.893(x 10%) 1.618 5.044(2.527~10.068) 0.353 <0.001
15 5 MBI f1<88.84(JF) 1.532 4.628(2.241~9.556) 0.370 <0.001
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Figure 3 (Color online) 20 most important features in random forest model
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Quantitative assessment of retinal vascular morphological
parameter analyses in eyes with idiopathic epiretinal
membrane using artificial intelligence
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Idiopathic epiretinal membrane (iIERM) is a common vitreoretinal condition caused by the proliferation of glial cells and
retinal pigment epithelial cells at the surface of the inner limiting membrane (ILM). Fundus photography, as a low-cost,
portable, and easy-to-perform fundus examination, has been widely used for screening fundus diseases. Currently, deep
learning models based on fundus photography can identify ERM in affected eyes. However, few studies have quantitatively
assessed fundus parameters, particularly retinal vascular morphology, in ERM-affected eyes and use these parameters to
predict or assess ERM severity. Optical coherence tomography (OCT) is the gold standard for the clinical diagnosis and
assessment of ERM, though due to the high cost and poor portability of the examining devices, it is difficult to carry out
large-scale OCT screening in the population. This study aimed to evaluate the correlation between retinal vascular
morphological parameters from color fundus photographs and the severity of ERM on OCT scans and explore the viability
of using these parameters to predict the severity of ERM in affected eyes. This study retrospectively analyzed retinal
vascular morphological characteristics of 292 eyes of 146 iERM patients at Peking University People’s Hospital from
January 2023 to March 2025 using quantitative technology based on a deep learning-based system EVisionAl. ERM
staging based on ectopic inner foveal layer (EIFL), EIFL thickness and central foveal thickness (CFT) on OCT were
recorded. Intergroup analyses of vascular morphological parameters between eyes with different stages of ERM were
performed and their correlation with ERM staging were analyzed. The results showed: in patients with unilateral ERM,
compared with the healthy contralateral eye, the mean vessel branch angle, mean vessel diameter, and mean vessel curvity
of the ERM eye were increased, vessel fractal dimension and the angle between the vascular arch and the macula were
decreased (P<0.05). The vascular fractal dimension (P=0.004), mean vessel diameter (P<0.001), and mean vessel curvity
(P<0.001) were correlated with ERM stages. Vascular fractal dimension less than 1.533 (OR=7.247, P<0.001), mean vessel
diameter more than 61.93pum (OR=2.277, P=0.013), mean vessel curvity more than 0.893x 10* (OR=5.044, P<0.001), the
angle between the vascular arch and the macula smaller than 88.84°(OR=4.628, P<(0.001) were risk factors for stage 3 or 4
ERM. This study analyzed retinal vascular morphological characteristics and their correlation with ERM staging as well as
prognostic factors in predicting stage 3 or 4 ERM eyes, providing a new modelling strategy to grade and evaluate the stage
and severity of ERM eyes with color fundus images. More prospective studies with larger sample sizes are needed in the
future to better explore the relationship between retinal vascular parameters on fundus photographs and the severity as well
as surgical prognosis of ERM eyes.

idiopathic epiretinal membrane, artificial intelligence, fundus imaging, retinal vessel caliber, vascular fractal
dimension
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