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[ Abstract] Objective To establish an accurate retinal vascular network segmentation method for multiple
fundus diseases, and to investigate the changing patterns of retinal vascular morphological parameters in these
diseases. Methods A retrospective study was conducted. Color fundus photography data of 829 patients with
fundus diseases and 146 healthy adults were collected at Zhongshan Ophthalmic Center,Sun Yat-sen University from
January 2020 to December 2023. The multi-path segmentation network was fine-tuned, and the color fundus
photography data of diabetic retinopathy ( DR) , glaucoma and age-related macular degeneration (AMD) patients and

healthy adults in the fundus image vessel segmentation public dataset were input for training until the loss value of the
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model stopped decreasing,and finally the trained multi-disease retinal vascular segmentation model was obtained. The
retinal blood vessel morphological characteristics analysis method previously developed by our research group was used
to analyze the subjects” color fundus images centered on the macula,the retinal blood vessel fractal dimension (D,),
vascular area ratio (VAR) ,mean diameter (D ) ,tortuosity (7) and other morphological characteristics parameters
were extracted and compared among various disease groups. This study adhered to the Declaration of Helsinki. The
study protocol was approved by the Ethics Committee of Zhongshan Ophthalmic Center,Sun Yat-sen University ( No.
2023KYPJ344). Written informed consent was obtained from each subject. Results The accuracy of the multi-
disease color fundus photography vessel segmentation model on the test set was 0. 987 ,and the area under the receiver
operating characteristic curve was 0.995. After adjustment for age and sex, there were statistically significant
differences in adjusted D,,adjusted VAR ,adjusted D, and 7 among different groups ( F=27.87,47. 60,26.48,4.63;
all at P<0.001). Adjusted D, in AMD group, DR group, diabetic macular edema ( DME) group, retinitis pigmentosa
(RP) group,branch retinal vein occlusion ( BRVO) group and central retinal vein occlusion ( CRVO) group was
significantly decreased than in normal control group, and the differences were statistically significant (all at P <
0.05). Adjusted VAR in all disease groups except optic neuritis group and central serous chorioretinopathy group was
significantly decreased compared with normal control group, and the differences were statistically significant ( all at
P<0.05). The adjusted D, in DME, glaucoma,RP ,BRVO and CRVO groups was significantly decreased than that in
normal control group,and the differences were statistically significant (all at P<0.05). 1 was not affected by age or
sex and did not require adjustment. 7 in DR group and DME group was significantly increased compared with normal
control group, and the differences were statistically significant (both at P<0.05). Conclusions An accurate
retinal blood vessel segmentation method for various fundus diseases was successfully constructed. This method shows
high accuracy in retinal blood vessel segmentation in color fundus photographs of various retinal diseases. There are
significant differences in the morphological characteristics of retinal blood vessels among different retinal diseases.

[ Key words] Retinal diseases; Retinal vessels; Artificial intelligence; Color fundus photography;
Morphological parameters
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R o0 5% it A8 R B Y ke BT L X

TEARZ B 3L R ) 7 3k, L U-Net 944
) & T 2 W 4% (convolutional neural networks,
CNN) )5 i Tz . Z %1% Ladder-Net Jit—
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Table 1 Comparison of age and sex differences among
different groups

2 51 k> SR (s, ) FERI (/4 n) "
(g % i 146 29.35+1.69 76/70
AMD 41 86 68.45+9. 30 33/53
DR 4 142 57.92+10. 32 76/66
DME 41 55 57.91+11. 88 22/33
HoLRAL 16 46.88+16.70 8/8
M2 R A 59 42.68+15.51 32/27
CSC 4 69 48.46+11.38 28/41
RP 41 150 39. 19+ 14. 00 79/71
BRVO 41 148 54.96+11.25 84/64
CRVO 41 104 51.05+15.20 41/63
F/X* 91. 85 18.17
Pt <0. 001 0. 033

T (a EE 200X B h)  AMD . 4R % A 6 1 2 BE AR 1 5
DRl PR 40 0 5 22 5 DME 5 R AR 1 5 B 7K b 5 CSC bt 1 3K 1
Jik 245 JE L 1 J 5 A 5 RP - 490 P 5% €5 3 A 1 s BRV O < 00 19 JBE 7 2 Jk L 2
CRVO 4 [ 5 b e ik BH 7€

Note: (a: One-way ANOVA; b. X? test )
degeneration ; DR ; diabetic retinopathy ; DME ; diabetic macular edema; CSC ;

AMD; age-related macular

central serous chorioretinopathy; RP : retinitis pigmentosa; BRVO: branch

retinal vein occlusion; CRVO ; central retinal vein occlusion
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Figure 1 Model segmentation process and results

AMD ;45 e F 56 18 2 B A8 4 5 DR <l DR 0 199 IR 72

AMD : age-related macular degeneration; DR :diabetic retinopathy
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Table 2 Comparison of retinal vascular characteristic parameters among
different groups (xs)

4153 % D; VAR(%) D, (um) T
e B Xof B 4 146 1.39+0. 04 5.75+0. 87 70.29+10. 40 2.92+0.09
AMD 41 86 1.32+0.07" 4.25+1.23" 76.41+8.02 2.95+0.11
DR 41 142 1.31+0.07° 4.25+1.29° 78.46+5.36 2.98+0.11°
DME 4 55 1.25+0. 10" 3.23+1.39" 76. 81+9. 66 3.00+0. 21"
HOGIR4L 16 1.34£0.07* 4.43+1.21° 71.08=11.92 2.96+0. 10
Bl 22 52 41 59 1.37+0. 05" 5.05+1. 13" 70. 89+8. 66 2.96+0. 11
CSC 41 69 1.39+0. 04 5.69+0.92" 73.84+7. 46" 2.91+0.10
RP 4 150 1.30+0. 06" 3.33+1.00° 78.84+6.21 2.90+0.11
BRVO 4 148 1.30+0. 11" 4.10+1. 60" 65.55+8.76" 2.98+0. 16
CRVO 4 104 1.29+0. 12" 3.83+1.78" 72.51+11.33 2.92+0.32
F{H§ 28.32 47.70 25.79 4.63
P {H <0. 001 <0. 001 <0. 001 <0. 001

T SRR B AL L #2, P <0. 05 (B[R 3R J7 22 43 M1, LSD- Ky 36 ) AMD : 4F i A 56 1 0 B 25
DRl DR 40 I 55 742 5 DME < Bl DR P8 38 B K B 5 CSC HH L P P Pk % ISR IR0 A A s RP < R Y
J5E 8, 2R A8 P s BRVO : 4L 190 fIR 43 S # K BEL 2 5 CRIVO < A Do) fiE e sl # Jk BEL 98 5 D2 43 B 28 50 VAR 1 55 1
BULE ;D I 04 FLAR 5 v 0

Note ; Compared with normal control group, “P<0.05 ( One-way ANOVA ,LSD-¢ test) AMD ;age-related
CSC:

chorioretinopathy ; RP ; retinitis pigmentosa; BRVO ; branch retinal vein occlusion; CRVO ; central retinal vein

macular degeneration; DR diabetic retinopathy; DME; diabetic macular edema; central serous

occlusion ; D : fractal dimension; VAR :vessel area ratio;D  :mean diameter;T:tortuosity

F 3 RIEFH R E R E A 8 0 M S D EF 4 ES B & (x2s)

Table 3 Comparison of retinal vascular characteristic parameters among

different groups after adjustment for age and sex (xzs)

2090 %% Diger VAR (%) D, g (pm) T

i B X HE 4 146 1.39+0. 04 5.77+0. 87" 77.93+5. 38 2.92+0.09
AMD % 86 1.32£0.07" 4.28+1.23" 76.95+8. 02 2.95+0. 11
DR 4 142 1.3220.07" 4.27+1.29" 77.06+9. 65 2.98+0. 11"
DME 4 55 1.26£0. 10* 3.25+1.39" 71.33x11. 96" 3.00=0. 21"
T OGHR 41 16 1.35+0.06 4.45+1. 20" 70. 84+8. 50" 2.96=0. 10
P 2 58 21 59 1.37+0. 05 5.07+1. 14 73.68+7.33 2.96+0. 11
csc 4 69 1.39+0. 04 5.72+0. 92 78. 84+6.20 2.910. 10
RP 41 150 1.30£0. 06" 3.35%1.00" 65.30+8. 65" 2.90+0. 11
BRVO 4] 148 1.3120. 12° 4.11%1. 60" 72.68+11.22" 2.98+0. 16
CRVO 41 104 1.2920. 12" 3.86+1.79" 70.35+10. 31" 2.92+0. 32
F {1 27.87 47.60 26.48 4.63
P <0.001 <0.001 <0.001 <0. 001

T S X B L, P <0. 05 (A B 3R U5 22 20 7, LSD-¢ A5 50)  AMD . 4F % AH 56 1 3 B A8 4
DR A4 PR A0 P 5505 722 5 DME < i RO T 38 B K Al 5 CSCe w0 1 3R 9804 ok 265 6 400 14 6 728 5 RP - L 1%
A 3R AE 44 s BRVO « 40 0 5 53 S UK BEL 28 5 CRVO « 200 15 5 v ke s [k BEL 26 5 D 43 U 48 %5 VAR i 5 T
FRLL D, 3 LA AR 5 v 4

Note ; Compared with normal control group,“P<0.05 (One-way ANOVA ,LSD-¢ test) AMD : age-related
DR: diabetic retinopathy; CSC:

chorioretinopathy ; RP : retinitis pigmentosa; BRVO : branch retinal vein occlusion; CRVO; central retinal vein

macular degeneration; DME: diabetic macular edema; central serous

occlusion ; D, ; fractal dimension; VAR :vessel area ratio;D  :mean diameter;T:tortuosity
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