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Abstract

¢ AIM: To explore the fundus vascular characteristics of
healthy individuals based on deep learning techniques,
with a view to discovering the range of normal values of
the fundus arteries and veins, as well as the relationship
between physiological factors, such as gender, age, body
mass index ( BMI ), blood pressure, and fundus
vasculature characteristics.

e METHODS :Fundus images of healthy people were taken
from a professional fundus camera, and the subject’ s
blood pressure and laboratory test was collected.
Additionally, the fundus arteries and veins were
segmented by the improved U-Net model, and the color,
morphology and Haralick texture features of the vessels
were extracted from computer vision technology.

e RESULTS: A total of 4 487 cases fundus images were
taken and 326 cases with healthy and clear fundus images
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were screened, including 200 males and 126 females.
There were differences in the morphology, color, and
textural characteristics of the left and right eyes, as well
as of the fundus arterioles and veins, with a mean vessel
width (width) of 1.146 in the arteries and 1.430 in the
veins, and an arteriovenous ratio about 4:5. Fundus artery
and vein characteristics in healthy individuals of different
ages (21-30, 31-40, 41-50) . compared with the healthy
population aged 21 - 30 and 31-40 years, arterial and
venous inverse difference moment (idm), f12 and venous
angular second moment (asm) values increased, and
arterial and venous contrast (con), entropy (ent),
difference entropy (den), and venous sum entropy (sen)
values decreased in 41-50 years. Compared with the 21-30
years age group, arterial f12 values increased and venous
con values decreased in 31-40 years (all P<0.05). Fundus
vascular characteristics of healthy individuals of different
sexes: compared with male, fundus arterial and venous
sum average (sav), sum variance (sva) values, arterial
curved values, and venous b mean, bsd, variance (var),
sen, ent values increased in female, while venous area
value of female decreased (all P<0.05). There were no
statistically significant differences in fundus arteriosus and
venous features in healthy subjects with different levels of
BMI (all P>0.05). Fundus characteristics of healthy people
with different degrees of blood pressure: there were
statistically significant differences in fundus arteriosus
area, width, and venous con, idm, dva, and den values
between the normal blood pressure and high blood
pressure groups (all P<0.05).

¢ CONCLUSION: The characteristics of the left and right
eyes as well as the fundus arteries and veins differ in
healthy individuals and correlate with physiological factors
such as gender, age and blood pressure, which have the
value of a potential microcirculation marker.

o KEYWORDS: healthy people; fundus image; deep
learning; fundus vasculature (arteries, veins)

Citation: Hui MY, Shi JL, Yu XH, et al. Analysis of image
features of fundus blood vessel in healthy human eye based on deep
learning techniques. Guoji Yanke Zazhi (Int Eye Sci), 2024,
24(10) : 1542-1550.

0315

G5 22 RGP 2 M R A IR (R0, 5 £ AR JEE I
A PR B, N, AR M B e AL A LSS BT 1, IR
JRESH U AN AT LU T2 W AR I A B 5, OF H 514 2
A B PR % ARG, B n.Co i 45 L VR R BE 2 U8 3R
Gt BT AR S BRSO P . RS B TP BE 2
W 1) B EARIG , 2 KR PR SRS R, PEBfE
PG AL B R N T8 REHOR RO AR & Ji%  E0F R T8 TR
S HOR RIS A SR A6 i R SR A B
HOR ATLUGE BV A 297 O 4 B e i H
B9 o RTT, X T e A HR I i A7 A9 AR AIE B A I ) A 2R
HHPZOO AR, A A RE R, AR SR T R
PR IERCT A 4 B AR | % 7 3 g A4 A6 e 9 A5 3] )

326 Wil fHE R IR IS RRIE SEAT 40 M7, B 78 Rl R = AR 42 it
R IV A 57 ARG M T 53000 2 O i LB AR, DA SO R AR % | 1
5 AT B HE # (body mass index , BMI) K Ifil 45 48 FE RS
ARJEC 1M 35 R AIE

1 X &A%

1135 B IFsE, 90 A 2019-09/2023-11 7£ L iff
H R 24 R 2 B i Y R B A Ay rh O (AR, IR Bt ARG iR
AT B W i th A G N ARRHER RN . 4
AFRAE: (1) 4R 21-50 %5 (2) T IR s s, BRI
TS FEAEZG ) . 23 IS B (GLU) <7.0 mmol/L sS4k I
ZI85 11 (HbAlc) <6.5%"  (3) JC i i H s s HL AR IR FH R
JEZ5 ). W 45 JE ( SBP) < 140 mmHg H. 4T 9 J£ ( DBP)
<90 mmHg'" ; (4) J 7 i HfAE 7 s B A AR FH B IR 259 .« 1.
5 1H [ B (TC) < 6.2 mmol/L A1 (&%) H il =& (TG) <
2.30 mmol/L'"™'; (5) Hofts B 8 A= I3 1L FR % 40
O HL BTS2 TE 012 B0 5 (6) HR IS R 48 58 ¥ M | iy
SO S X A3 B B K 45 40 B 5 (7)) XoF A BF 5 14 [
oo HEBRARE . (V) HEBRO i il B S R
RAS (2) BIFGEIER L5 1, 5 B IR B A/ F AR
oA ER YL PERR P MR B & 5 (3) A TR IR IR GE B 1
SR B LD B 5K TCIEAAEEE ; (4) e B A 5 BN 42
R (850 IRIEEBRANE M # 5 (5) MR M i LI A 205 (6) A
KB A BRI & & . ARG (MR R E
YA JFIN) 3 v B 2R A4 B I O R B AR
7= B2 HE I 520 ( No.2018-616-45-01) , 78 H R Ifs Rk
58 w0 ( No. ChiCTR2000037664 )

12 73k

121 ANOZRBUREEERE REZIKEEARFE
JSEREN (2 R Y G A ok T =B SN L N ol = e I R ¢
& MR RS B RBTR I BMI LK T fE
WA L PR H B LA B0 L ] RS (IR B R ) B
B ES CT 4%, B3 s S fe ik rhoc 35545

122 S4H 5 IEHAFE I S A [m) A 2 DR 28 X6 IR JIC 1M /8 1 52
W, 5B 1k A0, SRR 3R B AR S BMIL B2 it e 4647 434
(1) 4E Bt LLRE 10 5 o — 4R B v 4, 73 21-30,
31-40.41 - 50 % I 3 41; (2) BMI. #§ 3C #ik # i .
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BIRRBRRER n=2742

BIRRSRME n=230
PP mEERE n=a4
y BB MARSE n=795
BREA BIFRFTEINGESRS n=254
n=422
REEH/BRTE |
n=89 B ]
RRRE
n=333
o FEERERE
y n=7
n=326
v v v v
R BMI mE
(%) #351 (kg/m?) (mmHg)
! Y Y SBP <1308 130<SBP < 140
21-30 31-40 41-50 ] % <185 185-239 =24 N ey
n=109 | n=143 | n=74 n=200 n=126 n=21 n=219 n=86 DBP <90 / 80<DBP<90
n=243 n=83
3 RBEEEEMERER,
F1 EREEEREERES T xX+s
5 ik () BMI(kg/m?) SBP ( mmHg) DBP ( mmHg)
5 200 34.91+£0.47 22.89+0.19 119.14+0.75 73.31+£0.58
B’y 126 33.86+0.62 21.39+0.23 111.52+0.95 69.55+0.70
t 1.373 5.099 6.336 4.074
P 0.171 <0.001 <0.001 <0.001
F2 AEFREBEEEEERESHT
, PR (], % ) _ _ _
E () ek 7 % BMI(X£S kg/m?) SBP(X%S,mmHg) DBP(X%£S, mmHg)
21-30 109 57(52.3) 52(47.7) 21.84+0.27° 113.97+1.01° 69.79+0.69°
31-40 143 96(67.1) 47(32.9) 22.17+£0.23" 115.98+0.96" 71.92+0.71°
41-50 74 47(63.5) 27(36.5) 23.29+0.26 119.88+1.25 74.76+1.01
X/t 5.933 6.996 6.380 8.254
p 0.051 0.001 0.002 <0.001
7" P<0.05 vs 41-50 %/
£ 3 ABEEEBM EEEERZESH
o PR (B, % ) _ _ _
BMI(kg/m?) Bi%L i % ES(XES, %) SBP(XtS,mmHg) DBP(X%S, mmHg)
<18.5 21 10(47.6) 11(52.4) 31.05+1.15 111.95+2.54 70.95+1.14
18.5-23.9 219 124(56.6) 95(43.4) 34.23+0.45 115.47+0.76 71.61+0.58
=24 86 66(76.7) 20(23.3) 36.03+0.76 119.06+1.11 72.7+£0.90
X/t 12.33 5.275 4.885 0.663
P 0.002 0.006 0.008 0.516
x4 AABRENEEEEERZESHT
" R (H, %) _ _
1L % ( mmHg) % ] i AR (XS, %) BMI(XES,kg/m”)
SBP<130 H. DBP<80 243 135(55.6) 108(44.4) 33.68+0.42 21.97+0.17
SBP 130-139/DBP 80-89 83 65(78.3) 18(21.7) 36.92+0.76 23.32+0.27
X/t 13.513 -3.850 -4.039
P <0.001 <0.001 <0.001
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2.2.2 IRk SERAKEFMELL B R ARRAE . 3l ik il
area  width .smallrate . curved .smallcurved 3%, 22 % H 4 il
FRE(H P<0.001,37) . Bk width B{E 4 1.146 ik
width ¥J {8 & 1.430, 3 # ik Lt ( arteriole — tovenule ratio,
AVR) 29k 4:5, BitaFFE . 8l F KI5 b mean bsd 4>
A, ZRASIEE L (¥ P<0.001,5R 8) , S
YHAE . 3l KM% idm  con .ent .asm ,cor var sav . sva sen .
dva.den f12 f13 WA, ZRASIF5¥E X (¥ P<0.001,
%9),

23 MREMEFIES £ BHFHEMHEXERE

231 RERMESFMES EEFEMEXESH  Pearson

S5 RN R AR AL 34 5 R RS 2l VK O A R AE AH OC (3 P<
0.05) , W& 4,

2I2AFERMBEERKEMEIFMEES K1 BMI,
SBP .DBP {1 Mg, % 21-30.31-40 ,41-50 % =4 A
[ A 0 B Akt e N R RS I 45 R A R AT U 2500, 45 SR
78,21-30.31-40 41 -50 % = 4 4F 1% BLIa] IR 30 | # ik
con . idm ,ent .den 12, IR JE K asm  sen FHEEZE R A 5
TH#E (3 P<0.05) , ARV BB P L 23, 5
21-30 % 2 31-40 % It ,41-50 % B8 #lK idm £12 51
{3 K, con .ent  den FFIE(ERFEAK, § Bk asm $FIEE 3G K
sen FRIE(EFRAS; 5 21-30 2 tb, 31-40% 1 sh ik £12 {34

FAHE AT 25 3 s, (@ R AR % 151 BMI, SBP . DBP KK con HFEAR (1 P<0.05) , W4 10,
*5 EAREREINBKISELLE xEs
IR 53] R % width smallrate curved bsd idm ent asm
R 271 1.144+0.0029  0.131+0.0028 0.921+0.0048 0.082+0.0013  0.812+0.0022  1.230+0.0099  0.124+0.0025
HIR 271 1.151+0.0031  0.116+0.003 0.893+0.007  0.103£0.0014 0.807+0.0021  1.336+0.0095 0.102+0.0022
t -2.132 4.085 3.515 -12.340 2.089 -8.920 7.509
P 0.034 <0.001 0.001 <0.001 0.038 <0.001 <0.001
AR 31| HR %% cor var sen den f12 f13
ZEHR 271 0.884+0.0025 9.320+0.2381 1.085+0.0081 0.315+0.0025 0.514+0.0033  0.731+0.0033
FHHR 271 0.912+0.0021 13.481+0.2863 1.185+0.0079 0.321+0.0024 0.554+0.0029 0.775+0.0029
13 -9.824 -12.809 -9.977 -2.437 -11.205 -11.257
P <0.001 <0.001 <0.001 0.015 <0.001 <0.001
* 6 ZAARERERRKEMES T xxs
HE 51 R %% area smallrate bsd ent asm
AHR 271 0.019+0.0003 0.090+0.0023 0.101+0.0014 1.403+0.0098 0.088+0.002
HIER 271 0.019+0.0002 0.079+0.0022 0.118+0.0012 1.478+0.0081 0.076+0.0015
t -2.497 3.888 -10.846 -6.969 5.052
P 0.013 <0.001 <0.001 <0.001 <0.001
HR 51 R %% cor var sen f12 f13
EHR 271 0.905+0.0025 12.645+0.284 1.203+0.0077 0.491+0.0036 0.753+0.0033
AR 271 0.921+0.0021 16.616+0.2854 1.279+0.0064 0.524+0.0033 0.785+0.0027
t -5.998 -11.64 -8.522 -8.688 -9.003
P <0.001 <0.001 <0.001 <0.001 <0.001
=7 RIE3N . EHKESSELR x+s
145 15155 area width smallrate curved smallcurved
Bhlk 326 0.017+0.0001 1.146+0.0023 0.123+0.0021 0.905+0.0045 0.985+0.0007
ik 326 0.019+0.0002 1.430+0.0039 0.084+0.0016 0.861+0.0063 0.981+0.0009
t -9.396 -86.226 15.639 6.061 3.895
P <0.001 <0.001 <0.001 <0.001 <0.001
#8 MRIEK3N.FHIKEIBIFEILE xts
JiiIKES %% b mean bsd
Bhiflk 326 0.583+0.0033 0.092+0.001
ik 326 0.54+0.0033 0.109+0.001
t 39.199 -21.741
P <0.001 <0.001
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F*9 MRIKB) FRRKGUIR4HELL R x*s
[ﬂl% W'J?ﬁ idm con ent asm cor var sav
Bk 326 0.809+0.0017  0.469+0.0065 1.284+0.0073 0.112+0.0017 0.897+0.0019 11.360+0.2078 37.272+0.2063
ik 326 0.763£0.0019  0.644+0.0089 1.442+0.0068 0.082+0.0013 0.913+0.0017 14.595+0.2291 34.546+0.2059
! 53.561 -39.26 -29.123 23.216 -8.568 -19.498 39.288
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
M4 15155 sva sen dva den f12 f13
Ffik 326 1389.111+15.8296 1.136+0.0060 0.469+0.0065 0.319+0.0019 0.534+0.0026 0.753+0.0025
ik 326 1196.050+14.9607 1.241+0.0053 0.644+0.0089 0.365+0.0020 0.507+0.0027 0.769+0.0023
t 38.287 -21.288 -39.26 -49.175 13.089 -6.969
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
£10 ARERRERKMDEHFTERSH xx£s
HIR JF i A5 AR 21-30 % (n=109) 31-40 % (n=143) 41-50 % (n=74) MS F P
SRR
con 0.497+0.011* 0.475+0.010* 0.416+0.014 0.140 10.902 <0.001
idm 0.802+0.003° 0.807+0.002" 0.82420.004 0.011 12.265 <0.001
ent 1.293+0.013* 1.296+0.011° 1.248+0.015 0.057 3.438 0.033
den 0.326+0.003° 0.321+0.003* 0.303+0.004 0.012 10.683 <0.001
f12 0.522£0.004"¢ 0.535+0.004" 0.549+0.006 0.014 6.775 0.001
HK AR
asm 0.078+0.022° 0.079+0.023" 0.092+0.003 0.004 7.906 <0.001
con 0.694+0.015™° 0.652+0.013" 0.553+0.018 0.410 18.023 <0.001
idm 0.753+0.003* 0.760+0.003" 0.7830.004 0.019 18.596 <0.001
sen 1.251+0.009* 1.250+0.008" 1.212+0.011 0.039 4.326 0.014
ent 1.463+0.012° 1.453+0.010" 1.387+0.014 0.132 9.431 <0.001
den 0.376+0.003° 0.368+0.003" 0.34420.004 0.021 18.264 <0.001
f12 0.498+0.005* 0.505+0.004" 0.523+0.006 0.013 5.381 0.005
P S)  BMI L SBP \DBP 1 AHMEH: ,* P<0.05 vs 41-50 % ;°P<0.05 vs 31-40 % ,
A B
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F 11 HSRENFRIFENXRSN xX+s
AR JES 1M 45 R A B (n=200) 4 (n=126) MS F P
BKRFAIE
curved 0.895+0.006 0.920+0.008 0.038 5.934 0.015
sav 36.911=0.270 37.845+0.346 57.363 4.209 0.041
sva 1356.534+20.678 1440.82+26.532 467350.153 5.835 0.016
HTKRAE
area 0.01920.0002 0.018+0.0003 0.0001 9.009 0.003
b mean 0.533+0.004 0.551+0.006 0.021 6.010 0.015
bsd 0.107+0.001 0.114£0.002 0.003 9.748 0.002
var 13.928+0.292 15.655£0.375 194.027 12.206 0.001
sav 34.101x0.269 35.252+0.346 86.068 6.360 0.012
sva 1158.404+19.543 1255.805+25.109 617010.659 8.666 0.003
sen 1.232+0.007 1.256+0.009 0.037 4.146 0.043
ent 1.429+0.009 1.461=0.011 0.067 4.767 0.030
i B4R BMI,SBP | DBP fE A&
F 12 FEEEME B BRE BB IKFE L& xts
SBP<130 mmHg H. SBP 130-139 mmHg/
AR JFS 145 R DBP<80 mmHg DBP 80-89 mmHg MS F P
(n=243) (n=83)
BKRRAE
area 0.0170.002 0.0160.002 0.00003 7.640 0.006
width 1.132+0.005 1.151%0.003 0.020 12.129 0.001
HITKCRAE
con 0.632+0.01 0.677+0.017 0.110 4.886 0.028
idm 0.76620.002 0.755+0.004 0.006 6.195 0.013
dva 0.63220.010 0.677+0.017 0.110 4.886 0.028
den 0.362+0.002 0.373£0.004 0.006 5.64 0.018
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