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A PR A 0 B A8 ( PDR) 2H . 2R #8538 SS—OCTA %
£ DL B A g MR HRuCy 3mmx3mm B X A RS
N B BRI CC BE T AR, TR PFD, SR £ e 44k [nl
IHPEAY CC 1% PFD 55 DR 25 A9 AH &1
ZR.DREES CC ML J#E A G, 85 45 FhiR 2 H &
Ji , 5% BRAIAH L, NPDR 417011 CC #9 PFD 387> 9.358
BT (95%CT —18.484 ~ —0.232,P=0.045) , 5% 1.0 [V
1>9.284 PR (95% CI —18.487 ~—0.090, P =0.048) ;
NPDR 4 DME 40 /1.0 M CC PFD ¥ /> 18.173 /> B fis
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Abstract

e AIM. To evaluate the characteristics of choriocapillary
blood flow in different patients with diabetic retinopathy
(DR) based on the measurement of choriocapillaris (CC)
perfusion density (PFD) using ultra-high-speed swept-
source optical coherence tomography angiography (SS-
OCTA)

e METHODS: The cross - sectional observational study
was conducted on 139 cases (139 eyes) who admitted to
the Second People’ s Hospital of Hefei, including 115 DR
cases (115 eyes) and 24 control cases (24 eyes). The
color retinal images were graded according to the Early
Treatment Diabetic Retinopathy Study ( ETDRS) scale,
and the DR eyes were classified into non - DR group,
nonproliferative diabetic retinopathy ( NPDR ) group,
NPDR combined with diabetic macular edema ( DME)
group and proliferative diabetic retinopathy (PDR) group.
The ultra - high - speed SS - OCTA was used to scan a
3mmx3mm region centered on the macular central fovea,
the CC perfusion area was measured by the built - in
software, and PFD was calculated. Multivariable linear
regressions were used to evaluate the correlation between
PFD of CC and DR degree.

e RESULTS: The degree of DR had a correlation with
blood perfusion of CC after adjusting for various
confounding factors. When compared to the control
group, the PFD of CC in the central fovea of the NPDR
group decreased by 9.358 units (95% C/ -18.484 ~ -0.232,
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P=0.045) and 9.284 units in the paracentral fovea (95% CI/
-18.487~-0.090, P=0.048); In the NPDR combined with
DME group, the central fovea CC PFD decreased by 18.173
units (95% CI - 28.583 ~ -7.762, P=0.001), while the
paracentral fovea decreased by 17. 032 units ( 95% CI/
-27.521~-6.544, P=0.002); In the PDR group, the central
fovea CC PFD decreased by 28.309 units (95% Cl -39.978 ~
-16.640, P<0.001), while the paracentral fovea decreased
by 25.841 units (95%CI -37.597~-14.085, P<0.001).

e CONCLUSION: The macular perfusion can be
objectively quantified by the measurement of CC PFD with
ultra-high-speed SS-OCTA. The CC PFD in the macular
region was significantly reduced in more advanced stages
of DR. Furthermore, future research should focus on
longitudinal studies in the causal relationship between CC
perfusion and DR progression.
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optical coherence tomography angiography (SS-OCTA) ;
choriocapillaris; perfusion density
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DR A Dk 268 158 =6 4 1 A8 748 7 5™ ok | i A8 il e T
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coherence tomography angiography , OCTA ) & i , Jo A &2 1 Jik
LRI IR SCA AT RE . (H CC AN , 14 Go M Ik ( spectral -
domain, SD) OCTA ¥ < #3240 0 JIEE €0 3% 1 B B 2
m MELAERR s CC L. 345 YR OCTA ( swept —source
OCTA, SS-OCTA) HOLI K45 SD-0CTA K, 52 10 1o fIE
Z [ % (retinal pigment epithelium, RPE) e AN , Wk 4%
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HERY  BEAER T ARRFLE DR 5 CC ML 2 7 6 &
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it CC E Bk 32 ) CC IR, 7T RE- 5 30 4h SR A HE
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(1) PRI AR Bk R o g H At it AN BEC S K 5 (2) A LA TR
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A8 g s XG5 2) IR TR sz, 4n 4 I RO 6 sl IR
HU VEGF T4 | 1 P I8 B3 3 38 1R L I 8 5 R 5 3) Ji DG &2
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RIS PR DRI RR . — AL T A I 52 i
H 5 RBTE THRA BT 45 20 ( body mass index, BMI) ,
BMI AR (kg) B A& (m) 0705, hBGE R 8
1ML 2 AR Ak I 2T 25 ( glycated hemoglobin Alc, HbAlc) |
1ML 37 & AH & B ( CHOL) | H il =BE ( serum triglyceride, TG) |
E®EIREA ( high density lipoprotein cholesterol ,
HDL-c) . ik % B g #8 H (low — density lipoprotein
cholesterol, LDL—c) | IfiL 7% WL ( serum creatinine , SCr) DA}
JR % % ( blood urea nitrogen, BUN) ,

122 RBEE rAf AAEHEZL IR A, 6
FEEALEHT IEA 7 (best corrected visual acuity, BCVA) JE#%
fil=C AR & 11 ( Topcon CT — 80A ) M &= IR /% ( intraocular
pressure, 10P) 2550 BR 4% ( spherical equivalent, SE) 24 B
KT DL K Am o - B0 BT R IS % €8 B AH ( Canon CX -1,
Tokyo, Japan) , & F 5 HH 36 57 B PR 5 A0 0] J65 95 2% BF 5%
( Early Treatment Diabetic Retinopathy Study, ETDRS) , #R #&
Ik A A 45 58 LA SR 800 9 I8 26 4T DR 2 WA 3 3
FE NI PRAG 5238 43 JC DR 4, 3E 1 58 M b PR
A W X9 25 ( nonproliferative DR, NPDR) 21, NPDR & F ##
JR % B BEK I ( diabetic macular edema, DME) 2 138 5 14
3 PR ) JIELA5 A ( proliferative DR, PDR) 41, DME R
ETDRS 45 1 0L 9 B (6 (4 At 12 18, I3 3 OCT 431 41 Al
P00 58 JEE FE N E 52 P AT R E B ]SS - OCTA
(VG200D, LML 1R ) BEATHG £, SS-OCTA R F— 1
P 2970 1 050nm f4 $9 40RO A%, 4340 3 R O 45 7
200 000U A 34, ZRGEAC A T HE T LA 0L
MR 558 1 MR B8 BRI, ITHBRR Sh Db s il e 23 P
[6] 73 B A AT 1 23 591 O Spem 13 wm AT 3mm, 38 3
512 ¢ B A AR L B BE 0 M4 LGy 3mmx 3mm X
4 Ik 225 15226 20 1457 00 38 AR, 0 P PN SR PRI A T
PR RBR BE S KT 8 MEMGH T &0 i fi
ML EIFE 17 9:00 2] F 4 5:00 Z H 47, LA/ CC i
AR EE . CC JZE XA Bruch I FJ5 20pum
B IR, 4R ETDRS 3mmx3mm WK 8 BE X 43 h B A%
Imm ( central fovea, C1) Fl 3mm ( parafovea, C3) i [& , 5% H
UMW XHE— 243~ 5 (superior, S) . F 7 (inferior, 1) 3
i (temporal , T) E M (nasal ,N) X3k, il FHASCAR P4 B PF
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A3 A B 4543 X CCE VA T AR ( perfusion area, PA) .,
WE % 2 (perfusion density, PFD) & XA & [X 3, 2R A3 Ta]
FRUIIL 38 3 T AR B 43 L

Geit# ot R I Ge it 22 8 SPSS 22.0 #4748 1t 4
Bro R Kolmogorov—Smirnov 5 5 8 & B8 19 1E A0, 45F
GIE A B OB DL S B R fE 22 (x£5) KR, 24>
AR FOR B A S BRI R R 20, H 5 £
T L BER H Tukey — Kramer #6536 ; 14 51 43 46 H 88k K8
G556 5 R FH 87 B 2 [l DA 5 356 T A 5% ] CC PFD (1 R 3 %
DA & B P<0.05 138 bR S &l Bk oy 5 ik 4% J5 i A ¢
RV IR S EUE ] B A8 &, 90 A £ o4t 103 43 B
X i a1 R TR IR B, P<0.05 Sh 22 S H A Gt
2R
21 ZE—MBER AHAZIAETFIIER 58.68+9.55
(33~80) % , A Z IR H A G244 1E W36 1., R4l
550 R 9 2% 8 7E AR S M 51 CHOL  HDL-c¢ ,LDL-c,
10P SE 5, 2 5 G2 (3 P>0.05) s BEIR G4
BMI(¢=-2.048,P=0.045) TG (t=-3.218,P=0.002) .SCr
(t=-3.878,P<0.001) Fil BUN(¢=-3.619,P<0.001) 5 &,
BRI 41 BCVA X%t BB 4 B & F % (1= -7.481, P<
0.001) .
C2RMTHMAABEEANEEITELR K42
R HR e U1 K 2% 710 U1 CC F PFD f778 3 25 5% (3 P<
0.001) ; 5XFHEZHAH L , #0011 PDR 21 % NPDR 4 Jf DME

41 CC 1y PFD W] L FEAIK (P =0.003,<0.001) ; Hr.0 M
PDR 41 CC 19 PFD B2/ FJC DR 4 (P=0.014) , WK 1,
NPDR #41 \NPDR 4 Jf DME 4 & PDR 43 & .0> M CC 4
PFD ¥ T %t BE2H (P=0.041,0.001 .<0.001) , PDR 4H I
J5 B3 L0 M CC Y PFD #5825 F € DR 41 K %
M8 (¥ P<0.05) ;NPDR &3 DME 4 4 GR35 M
CC 1Yy PFD 3415 K T XA L (¥ P<0.05) ; A &L, A b X
HEZH  NPDR 2 I J7 & 55 ot M CC /%) PFD o, i 25 [
(¥ P<0.05) , WK 2,

2IMEEREEMMEMFTETS DREEEREXZR Wil
TRT B A IR H A3 A PRl T W FETR 242 IR 2R % CC T 5%
Wi, 25 5 % SCr BUN Y%t CC ML= A , i1k
R R T BR LA B 5k 4% I I A 9 B L RURE DG AR 4F
1% SE A4 AN Z e gtk M AR b 25 5 R e M e
ML ES DR ™ H BB W35 A0 ¢, 5% 408 Lk, NPDR
4 PFD J /> 9.358 4~ A7 (95%CI —18.484 ~ —0.232 P =
0.045) ,NPDR &7 DME 2H PFD /) 18.173 N EA07 (95%
CI -28.583~-7.762,P=0.001) ,PDR #1 PFD Ji /) 28.309
BN (95%CT —39.978 ~—16.640,P<0.001) . [alkE, 3%
LY CC Y PFD 85 ™ B 1Y DR 2 A5G, 5 X 1R 414
It.,NPDR #4H PFD Ji /> 9.284 4> 84437 (95% CI —18.487 ~
-0.090,P=0.048) ,NPDR 4 Jf: DME 40 PFD J/)> 17.032
AL (95%CT -27.521 ~-6.544 ,P=0.002) ,PDR 4 PFD
/D 25.841 ANEANE (95%CT —37.597 ~ —14.085 , P<0.001) ,
W34,

F1 FAZRERAOZGITEHR
i H popiieE| BRI A e P
R (X£S %) 60.67+9.29 58.27+9.59 1.119 0.265
PN (2, ) 8/16 52/63 1.143 0.285
BMI(X£S) 23.76%1.85 24.74%3.16 -2.048 0.045
IR (X £S ,a) 10.70+7.49
HbAlc(X%£S,%) 8.63+2.10
CHOL(X %S, mmol/L) 4.16+1.26 4.49+1.17 -1.234 0.219
TG(X+S, mmol/L) 1.36+0.56 2.02£1.79 -3.218 0.002
HDL—c(X %S ,mmol/L) 1.21£0.35 1.1920.31 0.258 0.797
LDL-c (XS, mmol/L) 3.01+0.95 2.72+£0.92 1.423 0.157
SCr(X%£S , umol/L) 55.92+10.87 70.26+15.21 -3.878 <0.001
BUN (XS, mmol/L) 5.11+£0.69 5.96+1.49 -3.619 <0.001
SE(X+S, mmol/L) 0.51x1.12 0.55+0.70 -0.019 0.985
0P (X%s , mmHg) 15.58+2.28 15.48+2.85 0.167 0.868
BCVA (XS, LogMAR) 0.07£0.05 0.28+0.19 -7.481 <0.001

X B2 < TC A ] P AR 92 995 1 R e M e 1) W PR 32 103

*2 FHAZWRPOMEZSFOMERE CC K PFD i (X%S,%)
205 AR %k Cl S T 1 N
Xf IR ZH 24 78.01+12.97 76.12+15.38 73.01£16.03 73.42+18.59 72.26+15.95
JC DR 4 34 72.85+10.59 71.09+11.05 67.6613.01 71.02+12.04 65.53+13.42
NPDR 41 42 66.41+18.62 63.23+18.57 63.91£19.55 62.7420.25 57.32+20.19
NPDR &3t DME 2H 21 57.99220.80 59.09+19.19 59.68+18.51 52.97+21.74 50.43+19.29
PDR %1 18 49.84+25.42 48.92+27.02 47.09+26.24 50.11£27.26 42.94+24.70
F 8.943 7.525 6.995 6.401 8.661
P <0.001 <0.001 <0.001 <0.001 <0.001

T Xk B TEAE AT PN R P 7 TR Be A AG B AR Wl PR 21K
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E1 AEAHS CCHPFD X A LM, "P<0.01 vs IR ;°P<0.05 vs JC DR 4 ;B 3590V, P<0.05,"P<0.01 vs XF B4 ;

°P<0.05 vs JC DR 4H ,,

®3 ERLMEIFSFIESMN CC K PFD AR

rhut T CC B PFD

Ut M CC 19 PFD

% B FrRifELR t P 95%CI B PR t P 95%CI
AEHE -0.013 0.174 -0.073 0.942  -0.358~0.332  -0.042 0.176 -0.239 0.812  -0.390~0.306
BMI -0.416 0.557 -0.748 0.456 -1.517~0.684  -0.040 0.563 -0.072 0.943 -1.153~1.072
ST -0.243  0.248 -0.979 0.330  -0.734~0.249  -0.233 0.245 0.949  0.345 -0.719~0.253
HbAlc 0.508 0.887 0.572  0.568  —1.250~2.265 0.904 0.874 1.034 0303 —0.828~2.636
CHOL 2422 138 -1.750 0.082 -5.158~0.314  -2.719 1393 -1.952 0.053 -5.473~0.035
TG 0.065 1.004 0.065 0.948  -1.920~2.051 0.376  1.013 0372 0711 -1.627~2.379
HDL-c 1971 5231 0377 0707 -8.373~12.314 -0.340 5282 -0.064 0.949 -10.784~10.104
LDL-c -1.171 1.785 0.656  0.513  -4.699~2.358  -1.454 1.800 0.808 0.420 -5.013~2.104
SCr -0.185 0.054 3.444  0.001  -0.292~0.079  -0.222 0.053 -4.156 <0.001 -0.327~0.116
BUN -2.979 0.845 -3.527 0.001 -4.649~1.309 -3.226 0.846 -3.811 <0.001 -4.899~-1.552
0P -0.472  0.604 -0.783 0.435 -1.666~0.721  -0.266 0.610 -0.436 0.664 —1.472~0.941
SE -1.105 2.128 -0.519 0.604 -5313~3.103  -2.148 2.142 -1.003 0.318 -6.383~2.088
DR &% (S5X R4 b4 )
JC DR -5.164 4.689 -1.101 0.273 -14.438~4.110 -4.874 4782 -1.019 0.310 -14.331~4.584
NPDR -11.597 4.500 -2.577 0.011 -20.498~-2.697 -11.901 4.589 -2.593 0.011 -20.978~-2.824
NPDR &3f: DME  -20.014 5.255 -3.808 <0.001 -30.408~-9.620 -19.661 5.359 -3.669 <0.001 -30.260~-9.061
PDR -28.173 5.484 -5.137 <0.001 -39.020~-17.327 -26.989 5592 -4.826 <0.001 -38.050~-15.928

R4 ZREMEDORERLLBARE S EER B MERE S RA P OM T REH0M CC # PFD

FLl M CC B PFD

U CC 14 PFD

ZH B FRifiR ' P 95%CI B FrifiR t P 95%CI
GBI -0227 0173 -1312 0192  -0570~0.115 -0217 0175 -1242 0216  -0.562~0.128
SCr -0032 0070 -0460 0646  -0.170~0.106  -0.091 0070 -1297 0.197  -0.230~0.048
BUN -1611 1118 -1441 0152  -3.822~0.601 -1211 1126 -1.076 0284  -3.440~1.017
SE 0136 1917 0071 0944  -3.657~3.929  -1.124 1931 -0582 0562  -4.945~2.698
DR 2B (5% JRL L)
JC DR -4649 4596 -1012 0314  -13.741~4443  -4176 4630 -0902 0369  -13.336~4.984
NPDR -9358 4613 2029 0.045 -18484~-0232 -9284 4647 -1998  0.048 —18.478~-0.090
NPDR & DME  -18.173 5262 -3.453 0.001 -28.583~-7.762 -17.032 5.301 -3.213 0.002 -27.521~-6.544
PDR -28.309 5.898 -4.800 <0.001 —39.978~-16.640 -25.841 5.942 -4.349 <0.001 -37.597~-14.085
3 itip 200 000U/ b, Bl ] 73 HE3 A 1] 3 BE38 53 500 0 Spom 13 um,

SS—OCTA BLAR A o 21 40 g1z 50 7= Az (0 e I 5 &
NIMAFEEH , CC AR5 @ BN K, 220 g mT
i CC™, BRI R B BEX F )7 CC BRTE
16~20pm"™ | A F 57 5% FH A 785 2 SS—OCTA 4 i J&
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SRR CC AR, MK (9201 050nm) Ik /b T
RPE/BM & A& RAIHLS, o] LT IR 2 ROt 505, A i
A 5H OCTA I R CC A, HERf R e i AR 25
HFEEAEATIT CC R OCTA {245 1) 70 BER AL, A
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BE ELAEVEAN CC i iR 2, BB SR FH I T2 Bk 2% Sf [|] 422 0F
A5 TTE T B AT BEAS /2 LAMERM Sz e CC ML DR, AR
HF 5 R R 78 8 SS—OCTA Bk CC HEH % | 245 1
WRTEVEEE T A FR 22 25 R0 M 55 e U e
WY S DR R B YA O, 25 s IMUR TR X CC
M HE A7 AR 22 5, S 5% P U v T eI, X e %
PLEL/S DR #HB 58 BEIX CC M HEERR KA G, X5
Wang % fOF 52 45 S — 2, i 1IA R B BE CC i 3 v 1
5 DR M, Fealm Lo A% 25 5 — IR 5% v 2 BRHR JEE A T
A3 IIEY 2 BRUBE PRI R FE BE X CC 2 I % /b
FRATA BA R B0 IF 5 ot 4 B 8 PDR A7 B E A1 1 K
JEFEBEIX CC HE T3 O Rt B SR R i S if o 4 41
REEEX CC LR 5 DR AHC, SR —I0 R H SD-OCTA
TEAS 5 BG4S N DR ™ R R R R, AT
225 {5l DM #3459 & B CC 9 PFD 5 DR ™ & 42 & Jf:
WATADEHE | i A b 2 S5 0 i PR T il R AF 5 i 4
B OCTA &4,

CC ML S DR R 2 18] (4 PR OC &R H A R W
Wi, Dai 252 SR ] SS—OCTA BHF5T TC 10 1] FIEE 5 25 11 0 B o
B B BT A 0 SR IR 285 B AR it A5 AR Ak, 5 SR B R S R 4
FHEL, TCAL I BEE955 725 1) W PR s KB 3 B BE CC TR D, &
HHEBEIX CC /D v RE & A4 DR Z 015 1M Choi 451
I 3 T SS—OCTA 7 TC A I 5 A5 1 1 b s 18 35 vp 2
PLY B D ARG R S CC HETE B9 S0, A AT TN A
BEIX CC MEVEW /L AT fE 5 DR (RIS % AR W0 190 JEE AR it 485 7Y
JEEAR Y CC AR A BH WA M ; BT Loria sl g
FEINATE DR BRI G R CC ML I T8 T 5 i B o) R 24 1
FIRAK, CC ML W JE T DR I RIRAEJF 5 DR 4
WIAIE, ABFFE & BTC DR ARG 5 4 5 % IR 2 A1 H
WREX CC ML PRHE T I A B & FRAK, 7E0E A NPDR #74
R A G AR SO T SR B BE X CC i Ji ik /b v]
fie5 DR I RIARAE R B & A=

CC ML F /D J& 57 DR b AR, H AT G &
W B — TR 58 A AR [ A 4 09— 1k B ok i 4k
NPDR f & 0 YGRSz g 1407, &5 R R W IRZ S i 5
CC I F > A ARt 23 B 1 B IR
%5 JC DR Fil NPDR SR BE CC LI T Bl 2k 5 4046 4 i
PR E A R G 2R B TR CC LR R
SRz A R R R AR B R R Ok
JETF CC, L CC i i vk /D AT 5 | e 6 8437 % J RPE Sk Ifil
A, M N A K BB F (vascular endothelial growth
factor, VEGF ) 1k 19, 1M A0 W9 J 5 i i 3R, 5| /2 e k32
PRINBE NI 2, [RIEE CCi i vk 20 mT BE o sk 4 25
P20 ARG B 7 S A JE 4 M SR A1, 51 AR R S A0 2
SN, I DR B

S R TR X3, CC WE 2 A 22 5 AR 5T
7~ NPDR 41 I 7 K B i 5% vt M1 CC R i %5 3 5 o) R
2 B S B ATG, TR0 B O A B T SO
ik, ZWIBEZ DR 55 H0 MU R X 8k CC O v % 5 1%
IR IR, b 07 Ko S 55 vhocs AT GEZE DR FAH
Y CCHEVETRRE, Viggiano 25" % F SS—OCTA Wi%< T

IEH IR 1 BURE R R 5% o0 M1 CC L it #E v, 4 35 %
HEZHAH LL , NPDR 41T J5 Bt 55 v 1M it 35 988 1 ik 2K B
B, X G FATH 5T EE R AE A AT A58 S5 BR
FETF AT AT CC I TR 22 I 2R AT IE,
BIan4E Ry (SCr BUN 45, 2 CC I 3t Bl 5 4F e 184 1< T
AR ABIFGE 7853 P4 1 45 AR 2% B 3R 5 53 ST i
FERZ 18 DM B AR SERA R 2 BB bR i
AN AU B S5 e 1M1 55 1 It I e T RE A AE
ZE5t o AWFTEBA L FTH R SS-OCTA #7041 2 7
PR IR R R B 0 X CC OV T, ) B 8 o) T AR 4%
BUN SCr SE %5485, Ak, 75 CC & B Z Fiid HEER 17k
R P B35 722 i 7= 2B A PR 2, DA £ C.C ol V0 3 0 )
R, FATARLE , 5 LART A B 58AH L, A 0F5E 0 DR th
CC I TE AR A SR T 8 B YIS

ARUFFBAFAEZ PR L Z AL . (1) FEA A X,
Ty AME BT I 5T T B CC M i HEE 5 DR #E R 22 6] i)
PURICR T Eilk— L YN T 5K B BT CC 118 DR i
JEr A, (2) AW Ry 2 1 DM 3,1 B DM 5
CC ZIAA KR MAE , TR I 78 CC JR Ty
B ARBTEOCR A T EBEH G M 3mmx3mm OCTA 14
T 58, ARk Al R HTBE R B39 $695 FBIR 3 DR v Ji] 3
CC MLt Bl RAEAFTEAN R AT LA, 6K
FHERHT B 5 3 SS—OCTA A AR L S AEGe T #E v
PR T AR R, 53 A% 55 G MR R 4R CC i i
TS DR SRR R R WIET TIRE,

B2, R SS—OCTA I CC i i # BE nl L%
LB PR, BB IX CC ML #E TR % B2 5 DR ™ B AR
FAOG, BE% DR BEJREBEX CC HEH: 2 2 AR, AR YA ) 0
AT CCHETT S DR i JEZ B PR G R .
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