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Abstract

e AIM. To analyze the clinical utility and value of the
ultra- wide - field swept - source optical coherence
tomography angiography (UWF-SS-0OCTA) technique in
changes of blood flow density and thickness in the central
and peripheral regions of the retina and choroid in
patients with nonproliferative diabetic retinopathy
(NPDR) with or without diabetic kidney disease (DKD).

¢ METHODS: Cross-sectional study. Totally 50 cases (50
eyes) of diabetes mellitus (DM) that visited our hospital
between June 2023 and June 2024 were included. They
were divided into three groups: NPDR combined with
DKD group (DKD group, n=20), NPDR without DKD
group (NDKD group, n=20), and DM without retinopathy
group (DM group, n=10, which served as control). In
order to investigate the impact of DKD on ocular
microangiopathy in NPDR patients, the retina and choroid
within 24 mm x 20 mm of the scan were separated into
central and peripheral areas using the 3 x 3 nine - grid
partition option that comes with UWF-SS-0OCTA, and the
parameters were then quantitatively assessed.

¢ RESULTS: The central and peripheral blood flow density
of the choroidal capillary layer ( CCP) was statistically
significant between the DM group and the DKD group (t=
3.93, P=0.0003; t=3.34, P=0.0016), and between the
NDKD group and the DKD group (t=-3.06, P=0.003; t=
-2.55, P=0.013), but there was no statistically significant
difference between the DM group and the NDKD group
(t=1.44, P=10.157; t=1.26, P=0.21). The mid - large
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choroidal vessel (MLCV) showed a progressive decline in
central and peripheral blood flow density in the DM,
NDKD, and DKD groups ( F=13.74, 19.03, all P<0.0001).
The DM, NDKD, and DKD groups saw a progressive
decrease in central and peripheral choroidal thickness
(CT; F=10.72, P=0.0001; F=13.12, P<0.001).

e CONCLUSION: CCP, MLCV, and CT can be used as
visual indicators to identify impaired renal function in
patients with NPDR. UWF - SS - OCTA can support the
development of precise and noninvasive monitoring and
treatment technology for diabetic ocular microangiopathy,
while also offering a scientific foundation for the joint
management of DR and DKD.
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Bl JRI% ( diabetes mellitus, DM) ) £ 9 R 7E tH 57 v0 F
PN SR i, AR 4l ] B B PR 75 B (International Diabetes
Federation, IDF)2017 A0 iUEHE Wow |, e A DM
A 45142, BT E] 2045 4 DM R H 23N F] 6.93 12, ¥
PRI FE A 2017 AE I IR L 35 53.69% " FRE L 2 Al
W PRI ( type 2 diabetes mellitus, T2DM ) A, 1 B R R
(type 1 diabetes mellitus, TIDM ) A1 HAfZE % DM 2> I
397 00 ) B9 AF ( diabetic retinopathy, DR) 54 PRI B
% ( diabetic kidney disease, DKD) YEH DM B9 5 K fk i 4
IERAE W B A BRAR B T ™ E R, R AR R SR
L SR B U A i B 254 R Aok R DA B A P 3L T Y
B REARLYE B DIAR G L SR, SR I Rl AR K R
& ALY R T4 P X T DR 5 DKD 2 [8] B A T
AR B AR A£G, PR L4 1 5 (fluorescein
fundus angiography, FFA) 88 A2 Wi DR (4 4r i {2
F T DKD S5 B DIRESZ 1, AT e JC kit 52 FFA BT A5 (1) 1
s, I BR ] T AR B BT N . R T
Peix — M 8, O 2= A T W )2 3 I 4 B AR (optical
coherence tomography angiography, OCTA) 5 K [ iz T 4= ,
VER—FPAEAR APER = 4EIR B US T5 5, BRI 4 2 5
MM IEL5HY , y DR B2t 7 —Fhede 4 HAA 0 2 4R
T A ) AR IR A T 2 S
B 1B (ultra - wide — field swept — source optical coherence
tomography angiography, UWF-SS—OCTA ) 4 AR ) HH B, 58
SRR AT T FRATTOT PR 19X 5% K ik 285 S Ik 4 3% G Ak
P, X AN REMS HE 1L 20008 ) A 4 55 10 2 5 X m
SRR IEME IR FRVF IR AT 3K L T 40 45 18 4T B A A
FERIEAL DR IS DKD 2 [6] i ¥ 7 B v d2 1t 1 o
A TH AR IE B

ARMFFE R TOAN A UWF-SS-0CTA I 4E DM 3% K&
A 348 7 M OB R 5 0 I BRE ZE ( nonproliferative  diabetic
retinopathy , NPDR ) FEUE ) L DX B % fk 4 M 45 J 2 PR i a i
FEXPEAEBEAT X FE 3 A, WA NPDR (835 & A
DKD S 4 190 HE& ik 28 R i Il A5 52 e 14 22 57, I A B2 DA 1 0

820

gk b FH T BE 4R R fEA DKD (9 NPDR BB F R B H T~
£ DKD [ NPDR £ & 09 m] ARG AR 6 A , LA W 0 48 b
AEf% 1 DKD B NPDR A& 19995 17 2F e F i $e ik —
S ZME,

1 & FF %

1.1 3% Bl arsy, P 2023 -06/2024-06 1 8] 5t
LT IARE ERREMHE BB DM 2 50 6] 50 R
Hdr 517 6 17 HR, % 33 1 33 B}, 4F#% 23 -70 (F-15
51.46+11.05) % , 1112 DM FFeJy 3-18 (“F-34 9.04 +
4.63)a, ¥4 6 mo LA I AR RE B I I (9697 7 58, R B
FIRVENIFFEXT S, AR EEA DKD FIAR R B 48 43
>4 NPDR 43 DKD 41 (DKD 41,20 4] 20 HR ) .NPDR A&
Jf- DKD 2H (NDKD 41,20 ] 20 HR ) LA Kz DM JCH W] JiEE 55 725
ZH (BP 24l DM %40, DM 41,10 1 10 AR, 7E R %R ) .
Y AKRUE (1) K2 Bt IR A St ' 100 3 93 A 5 ( 2) AR ik X IR
He b W %R BR & (intraocular pressure, I10P ) 3%
<21 mmHg; (3) KMPELF | fE 52 B BE & IR BL & T0UR A5 19 1R
3 (4)UWF-SS-0CTA MR AR S a5 =7, HEbRAR
#E . (1) JE G E R (2) Be A A 8O0k 2
I 1 5 50T 5 2 11 HIR ) T ARG A (MR BR R 0, R
)5 (3) A A IRIE AT E , B IR R T2, 1778 0 I 1L
BRI ATAIAMERT ; (4) BEAE A T OGIR & B i
(ZERERBE =-6.00 D) W0 I 158 o) ik BEL 2 LA e HoAth o] i
S i 2% FEC R A0 19X P =8 400 0285 A IR S5 9360 5 (5 ) BE A HIR 358
SR AT AT H 2 5 1 R (HR 5 G Z 1 A5 P 20
A HRFRE M 25 A AESE ) 5 (6) WEAE IR 4 &2 i AT [ 5 97
(BRI 2500 0 A OO L BEAR IR TT ) IR
(7) % T2DM Z &b, id B H H A 52 ) 4= B 4 Ol 1 50 (%
PERR  RPE RGBT ) 5 (8) IR Lotk ARWFFTE B
FREE A0 B 22 51 25 W 2 4L o (HEUE S . wyfy — 2024 —ky -
177) PR E F )N, a2 5% (I
PN BB ME R E,

1.2 %

1.21 DRIZEFFRERSH (1) 32 1999 4 WHO )
T2DM'7 5 (2) 744 Tk D FR o 90 90 RS 25 s R 1297 46
(2022 4F) Y ) DR 2 WTERIE; (3) 28 1h T BE BB} I R
P A= MR35 [ B DR 32 Wt 5 3004 v 328 4 7 HIR JEG 400 o A 25 £°F
4 NDR # J NPDR #

1.2.2 DKD 2 WitrER S H 7201 a DM 1 R B it E 1
97 DR - HE o At i R 5 e B R A I L T, &=/ A& T 3
—IZ A2 Wk DKD: (1) HEBR T H Z WL T, 7
3-6 moN ) 3 AN v & /b 2 R A& A/ LB HE
(urinary albumin creatinine ratio, UACR) =30 mg/¢g R
EﬁF‘Hﬁ%(uﬁn&ry albumin excretion rate, UAER) =30 mg/24 h
(=20 peg/20 min); (2) il B ) B /N BRJE 1 >R (estimated
glomerular filtration rate, e—GFR) <60 mL/(min - 1.73 m*)
g3 mo LU b (3) B K474 DKD Y BE g 8
DKD Iifii R 43 84 98 b 0 B o ' 0 95 Bl ¥ 48 1 (2021
AERR) Y

123 EMRARE MASSAKBHWEEYWARES
i, 958 AR HRFRAS A5 . AR IR AR AR AR RR 2 BT A
A KRR G TR R T A O IR IR B K A UWF —SS -
OCTA ¥4,
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S WM SR M AR DM RF S R] | BT VR YT
1%L .e~GFR UACR 4 B REEIERIT L

1.2.5 UWF-SS-OCTA BIME B 5 W5 £ 35 100 1o JiEE
Kk B Rl R 24 mmx20 mm A3 G, ISCEE B 5 1
2B M E M JZ (shallow capillary plexus, SCP) .26
M5 N JZ (deep capillary plexus, DCP) | ik 4% % = 40 1L
& JZ (chorioidal capillaris plexus, CCP) & ik %% H5 v K M4
JZ( mid-large choroidal vessel, MLCV) B IR 28, VR 2
W B B BE (superficial retinal thickness, SRT) 1R JZ L/ i
JEFE (deep retinal thickness, DRT) J ik %% & )8 B ( choroid
thickness, CT) #4174k, PR UEF Al KIS A9 & o i,
TR LT B B IR K R AE 7 B 0y v (B 7 i, S48
R 24 mmx20 mm , QR4 48 PEUGU5T 1 AN 6% AL, U &3
FRER , SR SRR EUR S SR B8 7 S UL B
FUMGEE . 4% UWF-SS—OCTA 3 27 H AR it o i 3%
PRSI G WIS A5 35 HEBRAE A1, 78 #4746 2 i R AT i
FHHR 21138 B D B 08/ 3N B PR

1.2.6 UWF-SS-OCTA # [ i% K ik 4% IR B 1 9 X 77 % &
H$B i UWF-SS-0CTA B4 ¥44fi 1] BM—400 K 35,
ZALEREA 24 mmx20 mm LR RE, 7
UWF-SS—-OCTA K& i i A A% 9 N B A 52 Lo 1 hE
ALK R 0 JEE T DK 25 158 8 3l 53 AN W] B2, DUIET 1, 5 BF
A BEN 24 mmx20 mm Y 55 )P0 P9I G PRA A B A
1 3x3 I TUE RS A 3l 0 BB K i 345 04 BRI 400 1) I &

B 1 NDR £:3& UWF-SS-OCTA 24 mmx20 mm 7 i & fk 2% fE

G20 53 A Hp e DI R 70 X3, B A oA 8 mmx 6.7 mm,
JFHE 8 mmx 6.7 mm A& I &S5, 0 AT 8 mmx
6.7 mm T TR E LR o X (L0 ERE) |, Hof 7 i vl X
KB A SRR B g LA T A A
AR RIERMEIL B EE sP A T 4, HLAE A TR A i RAT]
LAY H A7 0 AR 308 B ) BRI A TS o BE O . TE
UWF-SS—OCTA EI{5 H i 2 10 I 158 % Jok 445 B 1K S84
Giih2# oy Bt R ST 2% i SPSS26.0 #4740 #T
T PORER T Shapiro-Wilk $E17 IEAS MRS, T PEORHT
HBIEBNHHT L, xts Fon, ZHHEBERHANER
J5 2008, i3k — A5 1) 4H 8] 75 75 L %8 2% A Bonferroni 6 %5,
P<0.0167 K22 A Goil2# 2 S T HEORRE U B IR e
AR AT XK 5, SR Pearson AH GRS HT, P<
0.05 W ZERBFI2EE L,
28R
21 BEW—MIER DM 41 NDKD 41 . DKD 41 & #
AAERS 10P A, Z R EEIT¥E X (¥ P>0.05), 5
DM 40 % ,NDKD 2 . DKD 41 HY e-GFR ) i & P& (1
P<0.0167) ;-5 NDKD 41 tt, DKD 241 e—GFR . % F# A%,
UACR B #F T (1 P<0.0167) , W4 DKD #) NPDR
HHE K UACR FIEAKAH e—GFR, W3 1, NDKD £
DKD 41 5##% NPDR 43 L #5, 25 S LG it 24 38 X (X =
0.144,P=0.931) , WL3& 2, "] LUACH =4 B & BRI 9T R 2
Z AN — BT A —EL

SERSEE®/R A.SCP;B:DCP;C.CCP;D.:MLCV,

x1 ZHBREMN—EERLE
26 531 PS54 ) AR (XES ) IOP (X %S, mmHg) e—GFR(X=£S ,ml/min) UACR(X %S, mg/g)
DM i 3/7 51.50+5.21 14.50+3.69 104.92+6.38 3.80+1.37
NDKD 41 6/14 51.85+10.37 14.90+3.37 94.64+14.12° 5.43+3.73
DKD 4 8/12 51.05+13.94 15.90+1.41 65.65+£21.75%" 231.12+156.92""
X2/ F 0.53 0.02 1.25 27.96 21.92
P 0.765 0.979 0.310 <0.001 <0.001

1 : DM 415 DM JCHL R G A8 26 s NDKD 46 5 NPDR A4 3 DKD 44 ; DKD #41 % NPDR & 3f DKD 4 ,*P<0.0167 vs DM #1 ;" P<0.0167 vs

NDKD 41,
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22 BE NPDR Y5 B IhaEMMEX ST Ao it
445 A NPDR i3 40 ], H:+ NDKD 41 20 i, DKD 41 20
fil, NDKD 41 NPDR 43 #15 e-GFR 2 A X (r =
-0.94,P<0.0001) ,55 UACR AAHK(r=-0.18,P=0.45),
DKD #H ) NPDR 435 e - GFR,UACR 2 E A% (r=
0.02,P=0.03;r=0.94, P<0.0001), A {k NPDR 4H ¥
NPDR 4315 e~ GFR ,UACR G M Xt (r=-0.42,P=
0.01;r=0.51,P=0.002) ,

%2 NDKD Z#1 DKD 42k NPDR %3 iR
451 R % 13 113 13
NDKD 41 20 6 8 6
DKD £ 20 6 7 7

£ .NDKD 4 & NPDR A4 3 DKD 4H; DKD 4H & NPDR & Jf
DKD 21, 1 #i A% B AR 3G AE 0] A 6 40 1004578 R R 1 ol A%
I HA 2 v B A 1 A 1T A B 300 o 3 22 ) ) 00 D) i A8, ] 5
FFAL R L I AP R (B AR SR BE 5 T B o B B ARG AR
B—ZBRAPIE P I =20 A~ i, FEE D 2 ARBEA
BT R RIDK BB BRAE” AR, Bl B 1 AN BRAF AR A ) 5 A
iM% 5% (IRMA) .

2.3 =48 SCP.DCP.CCP MLCV E &3t % & A X 13 fn
WEERR DM 41 NDKD 40 . DKD #H SCP .DCP . CCP .,
MLCV A H e 2 J8L 10 DX R i 3 2% 8 e 4, 22 A i 22
X (¥ P<0.01), W55 3. 5 DM 41 NDKD 2H #H v, DKD
2 SCP . DCP ,CCP Al MLCV JZ A4 7 5 K Ji& i1 X 38 6 1fi 3
W RE P i AR (3 P<0.0167) . 5 DM 414H It , NDKD
2H SCP J& 11 [X 38 ) I 37 % & . DCP Fl MLCV Hr e K J& i
DX 3k P o 7 % B ik 3 B AIR (3 P<0.0167) , SCP H gt [X 5§,
B4 I3 28 5 CCP by e N ] 30 DX Sl i I 9 %85 32 T W ik A
(¥ P>0.0167) , W% 4 5,
2ARRADENHDRREBLXFEERER DM 41 NDKD
2 DKD #H e 7 Ji i X 38, SRT .DRT & CT W4, 22564
GuiteFE (¥ P<0.05) , L% 6, 5 DM 414 b, DKD 41
rho % 50 X 8 SRT 1 DRT #4538 14 J5E (#) P<0.0167) ,
NDKD £H e K J& 34 X 35k SRT 1 DRT JoHA & 284k ( # P>
0.0167) ;5 NDKD £ #H k., DKD #H H g J% J& i1 [X 8 SRT
1 DRT JCH 87284k (¥ P>0.0167) , 5 DM 411 NDKD 4H
A, DKD 21 o e T2 J8 71 X 4k CT 2 % 78 (35 P<
0.0167) ;5 DM ZHAH H, NDKD 40 Hp g J% J& i X 38, CT &
AR (1 P<0.0167) , W3 7 .8,

%3 UWF-SS-OCTA 7R[E4) 2 Ky S T B i1 [X 3 1 i 25 4L ) 22 R L 3% (X£S,%)

- scp DCP ccP MLCV

g il g Jiih rho Jiih ok Jilih
DM #H 39.30+3.71  30.88+£3.03  34.00£2.54 28.98+1.14  45.90+3.51 40.61x1.11 66.60£2.68  60.33x2.15
NDKD 1 35.20+3.46  27.36x2.15"  30.60+2.87" 26.37+£2.49°  43.45+5.24 39.84+1.87  62.50+5.16° 58.01+1.49"
DKD 4 31.10+£5.49"" 25.11+1.69"" 26.95+4.40"" 24.71+1.24"" 39.20+3.82"" 38.58+1.43"" 59.30+1.63"" 55.98+2.01""
F 11.98 23.32 14.20 18.04 9.00 6.44 13.74 19.03
P <0.0001 <0.0001 <0.0001 <0.0001 0.0005 0.0034 <0.0001 <0.0001

1. DM 264 DM JCHE R IR 725 4H ; NDKD #H4 NPDR A3 DKD 4H ; DKD 464 NPDR 431 DKD 4H " P<0.0167 vs DM 4H ;" P<0.0167 vs

NDKD 4,

&4 DM 4 NDKD 4 ,DKD 28 3 [X 155 1f 7t 2 FE 481 18] 7 7l P 32

%5 DM 4 .NDKD 4 .DKD 4 & %1 [X 15 il 57t 25 FE 48 6 ) 7 B 32

- DM £ DKD 21 - DM 4 DKD 1
t P t P t P t P

NDKD #1 SCP H 4 239 0.02 -2.93  0.007 NDKD £ SCP il 4.15 0.0001  -3.25 0.002
DKD #H 4.78  <0.0001 DKD £ 6.81  <0.0001

NDKD 41 DCP 14k 2.49  0.013 =328 0.002 NDKD 41 DCP ik 3.66  0.0006 -2.85 0.007
DKD #] 5.17  <0.0001 DKD £ 5.99  <0.0001

NDKD £ CCP Hrgt 1.44  0.157 -3.06 0.003 NDKD £ CCP i1 1.26  0.21 -2.55 0.013
DKD £ 3.93  0.0003 DKD £ 3.34  0.0016

NDKD £ MLCV gt 292 0.007 -2.79 0.007 NDKD 4  MLCV i 3.23  0.002  -3.47 0.001
DKD % 5.19  <0.0001 DKD £ 6.07  <0.0001

£ .NDKD 25 & NPDR A& 3 DKD 4H; DKD 4H & NPDR & 7
DKD 4,

1 .NDKD 4H & NPDR A4 3 DKD 4H; DKD 4y NPDR & 3
DKD 4,

%6 UWF-SS-OCTA R4 ER R K E N K5 EE & (XS, um)

SRT DRT CT
4151 ; 8 5

o Jii JEi rp o Jii

DM 41 110.30+5.66 66.55+2.79 200.70+4.30 170.68+2.75 243.40+19.99 219.71+8.95
NDKD 41 112.85+7.65 69.913+5.77 202.60+4.16 172.63+1.80 202.35+21.12°  211.21%6.56"
DKD 41 118.106.11° 70.85+1.61° 205.60+5.66" 173.62+2.76" 205.40+22.37""  203.90+8.99""
F 5.46 3.95 4.94 10.72 13.12
P 0.007 0.026 0.027 0.011 0.0001 <0.001

1. DM 200 DM JEAR R IG A5 4H ; NDKD £ 4 NPDR A4 3 DKD 41 ; DKD 415 NPDR 43 DKD 41 .* P<0.0167 vs DM 41 ;"P<0.0167 vs

NDKD 41,
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%7 DM 22 .NDKD 42 .DKD AAR[E 5 E# R X i3 /5 48 8]

AL

e DM 4 DKD #1
t P t P

NDKD 41 SRT it -0.98 0.33 247 0.017
DKD #H -3.01  0.004
NDKD 4l  DRTH'#  -1.01 0.32 1.96  0.06
DKD #1 -2.61 0.0121
NDKD £ CT Hro 2.54  0.013 -2.5  0.0159
DKD £ 4.58  <0.0001

¥ :NDKD 41 2% NPDR A Jf DKD 41; DKD 41y NPDR & Jf:
DKD 4 .

% 8 DM Z2 .NDKD 4 .DKD AR [E 5 B E ik X i3 /F FE 4 i8]

A Lb &

a1l DM 4 DKD £H
t P t P

NDKD £ SRT &L -2.17  0.03 0.74  0.33
DKD £H -2.78  0.007
NDKD 4l  DRTJ&i#1  -2.09 0.043 129  0.20
DKD #H -3.14  0.0029
NDKD £/ CT fli 272 0.009 -2.86 0.006
DKD #H 5.05 <0.0001

£ .NDKD 2 & NPDR A4 3 DKD #4H; DKD 4H & NPDR & Jf
DKD 4,

3itit

B DM FR % R 0 R W b F, H R 4 9F &
i ——DR Al DKD B 1§k 4 BR A 36 T A i B Pk R
FFA S22 DR W44, (05 D B8 32 45 1 8 5 N se 1
R, FFA EF R A M HAER K 9 H L e iRt 4k K]
B M Z R, OCTA (4 S AR R APERY, UWF -
SS—-OCTAZTE OCTA HyJEah b ELAy , HoAa 5 i #iE
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ETT T 5 FFA SCRAR Y B w4 R A UWF-
SS—OCTA & B NPDR 21 i 3 1L X I K2 Jok 465 J i) 4
X} NPDR 85 A 15 1k Ji S e A T PEA B EE 2R
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PEAf DR ™5 A2 B 0 28 A, W I DKD KUE: F1 ¥
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PRESHDG RS AN Z W, ARBFIE S RS 1R & B
W4, BLAh , REF IR B R T — A EEIG RIS, 7 A
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S IRATHEAIF 53 o ULEE 3] 1) 10 o9 5% Jik 245 JE 1, 9 28 88 A A1
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