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[{BZE] BH - FIRE2H T Wi 24745 (optical coherence tomography, OCT) HIJ% 2441 T W7 )2 47 4 1 4% i 1% (optical coherence
tomography angiography, OCTA) AR WLEEAS [F] 43 19 4 DR 4 0 D0 535 8- (diabetic retinopathy, DR) LA Y Bill/AS 11 Bif i R 9o 14 5
BEZKM (diabetic macular edema, DME) ) DR BSR4 E, FHRAACIEIE IR 7 M e OCTA SR Wb i . 737k - F Rl
2 B 5 — RS e A 90 91 DR £, MR PR P40 I s A5 LAY P IS o GRObR i 4 e L o L B DI B A DR 1 R
R4 B 95 L TRV 384 7 A R 4 O ) s 4 #*Eb%ocﬁ-’%%ﬁvDMEQMH%DME% Xof B AT Z AR B9 OCT A% LU & OCTA S Htu i
TR IR 22 . R 22 I 3 R v [ T L A X TR BHE AT BO 43T 5 R FH Logistic BIHEBRIEZ4 I 5Em, 405 DR P E AR AL
5 DME &AM M AR F B, DL AL 551 | iﬁﬂ%\ SERBPEIIG ST . L pen LR 24 il P AN ML AR AR AE RO LA & L S5 R -
PRI RIS (P=0.042, 95%CI - 0.057~-0.001) LASAR I IR M 3 %5 B (P=0.040, 95%CI - 0.066~ - 0.002) +j DR %5 ™ H
B AR . JEE LG DR B HE R AR I 2 (P=0.027, 95% CI —3.001~-0.176), DME [ % 4 B2 DR 4/ 5 FL )3 i = i 7
5 (P=0.004), FLRBLPYZEEHZEELAYH LS DMEAISE (P=0.000); {HR % BL5 DME B {5 A1 56 A9 00 190 B58 I 37 25 1 48 . 4518 - DR
PR R T 00 R M T2 L6 110 ML 302 P IR G, 235 b T A T DR B 1 AR 2 A WA s
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Detection of vessel density changes in eyes of patients with diabetic retinopathy and diabetic macular
edema using optical coherence tomography angiography
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[Abstract] Objective:To observe the features of diabetic retinopathy (DR) at different stages, which is accompanied/not accompanied by diabetic
macular edema (DME), using optical coherence tomography (OCT) and optical coherence tomography angiography (OCTA), and to determine related
risk factors and potential OCTA imaging biomarkers of DR progression. Methods*Ninety DR patients from Shanghai General Hospital, Shanghai Jiao
Tong University were divided into four groups according to early treatment of diabetic retinopathy study (ETDRS) grading standard (mild, moderate,
severe non-proliferative diabetic retinopathy and proliferative diabetic retinopathy groups), or two groups according to the presence of DME or not.
OCTA metrics, including superficial vessel density, deep vessel density and foveal avascular zone area were compared. Logistic regression was used to
exclude confounding factors. Imaging changes related to DR severity and DME occurrence, as well as other factors including gender, age, history of
underlying diseases, use of antihypertensive drugs and blood indicators were searched. Results:Lower age of the onset of diabetes (P=0.042, 95%CI
-0.057—-0.001) and lower deep vessel density (P=0.040, 95%CI -0.066—-0.002) were significantly associated with DR progression. The absence of
hyperlipidemia was a protective factor for the progression of DR disease (P=0.027, 95%CI -3.001 —-0.176). The incidence of DME increased with the
severity of DR (P=0.004), and the occurrence of disorganization of retinal inner layers was significantly related to DME (P=0.000). No alteration in
vessel density was observed between patients with DME and those without DME. Conclusion*The progression of DR may be closely related to the
vessel density of deep retinal vessels, which may become an imaging biomarker to predict the development of DR.
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B R ML %5 78 (diabetic retinopathy, DR) &
WEPRI 5 S ) E MR AE Y, R TAE A S 8H
PRI 2 ARHE DRI PR RISy A3 58 Mot ot 1 1)
B %5 (non-proliferative diabetic retinopathy, NPDR) ., 1
B P R P AL I IR (proliferative diabetic retinopathy,
PDR) Dk K PR 1k ¥ BE /K i (diabetic macular edema,
DME); 1, PDR KX DME# A2 DR fie 2125 )i
S HHTE W Y DR GRS PR AR5 Bl PR 25 | 5
TR BRI DA RS A B

Y2240 T Wi J2 75 (optical coherence tomography,
OCT) J& Bl R iz i A IR BHG 2 F- B, T
DRIEAZFRHE, AN BEAR M A0 0 B P A 7K ik L B R
DR RS 5 A, OCT AT AR R I AR P )22 Ak J2 45
FA AR IR o A0 P R4/ 5 SR [ Al ) e b 1oL ik
Z AR B R EE T LR A A R A RS
0 5 P g S T L R A SR R ST RS S )
MR E . RN 285 Z 8L (disorganization of
retinal inner layers, DRIL) #%UF B ] {174l DR &% 0
NERRAR A YR G 1 e SRR b MR RS |
MBEACEEEM L, 5EER AR R T mED, IFH
FL19 DRIL 15 6 A 28 A6 TP 3 B A K R 0 1 45 )5 o

O 5 AR T W )2 1 41 LR (optical coherence
tomography angiography, OCTA) 7R 7] LI 6 40 M4
AORETETE O, BEALAL 0 I A8 R 245 = 4EI1R . 17 £ OCTA
LRSI A8 AR A 2R H F DR AFSY,  dn e MG I 48 X
(foveal avascular zone, FAZ) . [l %5 & A 5 43 T8 4 50
(fractal dimension, FD) ", A5 "2 & # FAZ M fHL .
FD . Ifil i %5 B FR 2 6 40 1 4 DA a] DL Fill DR (Y & 4=,
N0 I3 2 J3 RN 2 B 41 1 A8 A 5 DME i R A= AH G . 721
W, AU B EEEE X OCTA #7455 NPDR 2 DME Z [H]
KEMMIE, HXBEHRHEARGR DN, ZEEEREHR
B e

AWFSEIE AT DR 8 E AR BT o0, SRR
[ R AR Z [ AR 7 22 5w, JFifE— 2D LI DMEAF
TES 8 R ZRIATI4, RIS DME K ARG 4%
fa ks A, IR A LU T # DME M DR &4 | &
JEIARSCIRZR , JFx H T R ALHI AT IR -

1 HER5HE
1.1 WFFER %

S £E 2017 4F 8 H—20194F 11 A T FifEAC T KF M
i — N RE B REBEZ 1Y 90 4] F 3 19 IR 15 8 I e 15 24
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PERt, TR S 5B E YRS R, JFH S &
BOETENR ] 20 VMBI 259 . 5213 S e il RG4S,
£ J5 12 Wi DR Hi G PRE I A % 8 IR I BEOAH (Zeiss
Visucam 500 AR JIC BEAHAIL, Carl Zeiss Medite, 7E[E) 5%
ZIAF RIS (RELRREARIER A ); milR
P B Ui 3 A7 A PR e A 1) i A2 IR 9T AT Y (early
treatment of diabetic retinopathy study, ETDRS) HR Ji i
G315 SOBUHR g R e A e iy — IR S RS iR . n
XU 17—, W BEPLIESEAE—HR ] (Randbetween PRI%L
L REHLEL, Microsoft® Excel, MUA 16.16.8). HEBRARfE
F A AR DR P AL I B 8 Bl P S P L OGHR | TR
B MR R 4 LA K 5 i HRG IV A A A9 R RS9 R T A
WEFEIE L 196 28 38 K2 B e 5 — N R R B AR 25 Bt 23 i
fit, HHLS N 2017KY 194,

1.2 {5 Sl

ZIRE BN ENE, HSERGEL, Gk
. M AR SMuES . BRI FE.
A T B RN O R . AL I 2T & 1 (glycosylated
hemoglobin, HbAlc). C &R H . I & AH E g, =
e H . WUBF . PRIR . R R 1 (35 0k A 44 2 iR
FYHL PR DIk (R R HIHIE %) o &k, &
AR 2 ok s 0 100 A S A i Sl T A 2 ) TR I A (1)
K FR T i sk

1.3 FEgR4%E

Ji A MG 296 F 5 IR R R & . ] OCT
(Spectralis OCT, Heidelberg Engineering, Inc., fE[E) X
SARE AR BB X AT (97 &) . W TRER
WEGEHR , PFAL 2 BE PO W 1 mm B A% X 38 P A9 A R i =
JE, fF7E DME. 19 5 22 N S A i 40 IR0 8 T T M
DRIL M #EA7IC 5% . DME & X 8 BEH.C M1 mm B4R X
WAL R S, 5 E>305 pm, e PE=290 pm MO
BRI BB HE O M 1 mm B X P B A K
/B PR . DRIL SE SO 7E B HE G M1 mm X 5K
W, A 50% 9 TR I 1 DX 43 PR I 5S4 J2 P A T )23 22 TR
M SRR . BT A OCT 2R 15 S o 2= /iR 5, ia
Sithst . O EAME L BE Z KRB FI TR OCT H
WAKH., #iHOCTA (PTVue XR, Optovue, Inc., 3
E) FAFXRRIEIME (6 mmx6 mm P HHE
&, FRAF0 OCTA [EIMG G i B R L 3l v 1k 2 B4
M4 TR B A0 P 12 B 40 1 A X E 7E
SR N MR ZE 10 mm &b ;¥R 2 6 40 145 4514 AN A

EHSSR R EI), 2021, 4102) (@)
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RIZ 10 mm A TFIR EAPRZE T 10 mm &5 50, BUR T
R LT &4 QBRI AMET 655, @AZUZ 5l
. QEMREEW, MBS W Al X 5. @EG oL
B E . OBBIEZNNY . @F)ZE4 SN
B

1.4 EdRis A

TRAF T AT SR WS IR GORE, IR 4l 2 R bl s
ARG R AR . Sl = KAl . IRBHG A 4L
PEENE . KRB FEIRHIK RS (hitp: //www.linktree.
vip/) HEATRA

L5 Sil#abr

K I IBM SPSS statistics version 26 (IBM A #H], 3%
B B BEAT GE T o o s B RO SR R Rk
(A7) o AR BEATHER . AR L I A [
PRI . AR JREEE | FAZ K i o 2 BE A 5 (B 40 A, LA
xis WIERFR, [ R E AT 2 410 e, (7 255
Wrifetr Z 4B G ARIES %R (HbAle, CRVER
FL I =W H . PRE . WU RS B O MR EE ) DA
®1 ZHEBEARIERAR

Tab 1 Basic clinical data of subjects

2021, 41(2)

A (Ui kIR ) B ERIR, it Wilcoxon Fk
A 647 2 20 [A] Eb %, a4 Cruskal-Wallis Bk F1K: 56 11F
T2 A A BRI R AR IEAS A 8, (H DL xts
FIIERFRm . g (PR, MRA . F 2R o 4
Fb) SRR . A9 b E A LA R, 2 A 5 sk
Fisher ¥ ff #2155 5 7430 o SR FH Logistic £ [H & 4307
REAL HEAT G T DR ™ 5 B2 (9 1k N 5 e PRV R A TR . P<
0.05 KR ZERA G AR L.

2 /R

2.1 DRUEJEHI P& 0 br

HORAE T 90 i DR A8 B I RAE B o AR AL B IR
ETDRS W43 ", W r i & - iR . g, EE
NPDR K PDR #4240 . BRALEFAN, 42HZ[HAE N HSeit
ARG PRAFAE I E, 22 RSt 2# 3 . PDRA1E
HWUBHE S TRE . P HENPDRYA (P=
0.034, P=0.002, P=0.043), #5NPDR4HH Z A2 H
TGt E L (1),

Item Mild NPDR(N=25)  Moderate NPDR(N=20)  Severe NPDR(N=17) PDR (N=28) P value
Male/Female/n 11/14 10/10 11/6 18/10 0.396
Agelyear 58.249.9 61.0+11.6 58.4+10.5 56.5+11.3 0.574
Right eye/Left eye/n 13/12 10/10 9/8 15/13 0.987
Diabetes duration/year 11.5+6.7 13.2+4.9 10.8+4.4 14.8+8.2 0.138
Age of diabetes onset/year 46.7+9.9 48.4+11.0 47.6+9.6 41.8+9.0 0.090
HbAlc/% 8.92+3.80 9.07£1.53 9.33+£2.78 8.18+1.32 0.352
Hypertension/n (%) 14 (56.0) 12 (63.2) 9(52.9) 14 (50.0) 0.849
Antihypertensive medications using/n (%) 11 (44.0) 12 (60.0) 9(52.9) 12 (42.9) 0.768
Dyslipidemia/n (%) 2(8.0) 5(26.3) 4(23.5) 7(25.0) 0.363
Coronary artery disease/n(%) 6(24.0) 3(15.8) 2(11.8) 6(21.4) 0.759
C-reactive protein/(mg-L~") 1.05+1.05 1.60+1.85 1.05+1.88 1.80+4.13 0.860
Total cholesterol/(mmol-L~") 4.42+1.44 4.42£1.22 4.57£1.38 4.19+0.85 0.820
Triacylglycerol/(mmol-L~") 1.69+0.82 1.30+0.80 1.65+1.89 1.30+0.93 0.213
Creatinine/(pumol-L~") 64.5+18.8 49.4+16.1 57.5+£22.3 70.3+54.5 0.024
Urea/(mmol-L~1") 6.15+£2.00 5.60£1.63 6.05+2.21 6.50+4.75 0.291
Uric acid/(pmol-L~") 354.8+109.9 315.7499.1 339.3£109.6 363.1+111.8 0.458

) S5 DR E R A G HE E, 1 H OCTA
i o ETDRS 3R P44 Xk (& 1) A9 00 9 i % )2 B TR
J2 LA LI B R AT ST A AT, Wb R L 14 755 DR
PRI SE N, Wk 2 itk . Fifi DR A9 ™ 5 A 5 3
T, A TR I 9 % R A R D B A5 R)ZE M
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Note: ETDRS grid circle was used to measure the macular fovea in OCTA, and
the macular area was partitioned with ETDRS grid circle of the diameters of 1, 3
and 6 mm.

1 OCTA H#JETDRS Ik

Fig1 ETDRS macular grids in OCTA

DI EEIR SR S, HE ST AT )P Logistic MRS [K 46 i) &

LWEHEA B& 25, IV U ARRS, HEBR HR A

F2 HEFHISDREZHEXE

Tab 2 Correlation between imaging features and DR stages
Item Mild NPDR(N=25)

Superficial vessel density

Moderate NPDR (N=20)

A . Logistic [FIHFE#Ih B> (McFadden R?) {H}0.105,
FER AT D) AP DR ™ 8 FE B e AE 19 10.5%

OIMT AR IR WE DRI A AR IR PR O R 2 1L
L RGO DR ™ E R R AR B, TG LR
DRI#FRIRIFINER (£3).

2.2 DME &M & b

L DME fF7E 5 6%t 252 10 E AT 4341, 90 Bl 3
i, 5 DME# 574, JCDME % 33, & 4%, 2
ZH DRAFM A0 LB, 225 A5t L (P=0.004) ;
FEHABN O Geit2 FEA I IRAE B ik, 25 Tgit
R R H OCT #48%F A [R] DR 43 # 1 57 i3 iR
DME AHCHRAEHEAT LUHE, F 46 0 IO RS JE 2 . 4L I S T
KRR AT Jo . 2588 A4 DR 1 DME H B
Fe 1 22 S 4 i it 27 X (P=0.004) ; %% JE NPDR £
PDR, #BEH LM REEREHE N (P=0.033) (F£5).
0 5 J22 1) B 7K e 7 4 A R) F) 1 BRABUR P, 22t
GiiteEE L, BEM DR (FEE NPDR & PDR) fF7EHERE
K AT R PETE R

Whole image 45.28+3.94 43.74+4.60
Whole image inferior hemi 45.15+3.58 43.53+5.06
ETDRS 1—3 mm 46.96+4.74 44.39+5.17
ETDRS 1—3 mm inferior hemi 46.01+4.42 44.37+£5.51
ETDRS 1—3 mm nasal 45.19+6.51 43.04+6.91
ETDRS 1—3 mm inferior 45.90+5.46 44.82+6.09
Deep vessel density
Whole image 44.77+4.84 43.12+4.39
Whole image inferior hemi 44.18+4.64 42.73+4.27
ETDRS 46.42+4.94 44.43+4.42
ETDRS 1—3 mm inferior hemi 50.39+5.55 47.67+4.91
ETDRS 1—3 mm inferior 49.06+6.31 46.59+4.96
ETDRS 3—6 mm 45.90+5.16 43.98+4.72
ETDRS 3—6 mm superior hemi 46.85+5.14 44.74+5.07
ETDRS 3 —6 mm inferior hemi 44.93+5.44 43.20+4.68
ETDRS 3 —6 mm nasal 45.11+6.71 43.65+5.34
FAZ area 0.352+0.106 0.318+0.110

Severe NPDR(N=17) PDR (N=28) P value
42.23+£5.27 42.95+4.36 0.051
41.67+6.20 42.24+4.21 0.032
41.52+8.14 42.36+6.41 0.027
39.95+9.16 41.09+8.19 0.008
41.26+9.89 41.60+7.46 0.035
40.76+10.56 39.33+11.39 0.021
40.29+8.96 41.63+4.64 0.022
39.66+9.87 40.36+5.26 0.012
41.61+9.15 43.07+4.78 0.019
43.27+13.09 45.86+5.09 0.021
41.82+13.62 44.67+6.84 0.030
41.04+8.58 42.35+5.28 0.019
41.37+8.32 43.27+5.84 0.033
40.70+9.28 41.42+6.57 0.039
38.72+11.65 41.69+6.14 0.015
0.31140.140 0.325+0.162 0.797

X2 # OCT FRAE#E T /- M & 8L, DRIL KA
DME HLATHH G 5 400 100 58 23 (R A 7K . 400 P91 8 T 3 A
T A TR 8 JEE A AR SR A AL ) LA, 22 R SR
SC (¥ P=0.000) (£6). FIHI =T Logistic [8] =% HH [ fi&
M43 &R . TRIZ . URIZ LI I 7 % )3, [l % FAZ
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X3 300 wm T B N 0 oG M4 % B (FD-300) DL &
FAZ 5 DME ¥ TCAR G HE (R 6) o B b IR g A2
HbAlc, il . & A LG i 530 0 52 M A Logistic
M, o DR NIRI N R AT HEE, IFRE
MR 5 DME A,

MR AR (B , 2021, 41(2) @
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%3 A Logistic EASTER

Tab 3 Results of ordinal Logistic regression analysis

Partial
Item regression P value
coefficient
Mild NPDR -2.519 0.238
Moderate NPDR -1.034 0.626
Severe NPDR 0.628 0.767
Superficial vessel density -0.020 0.231
Deep vessel density -0.034 0.040
Diabetes duration 0.013 0.461
Age of diabetes onset -0.029 0.042
HbAlc -0.016 0.350
Creatinine -0.013 0.389
Urea 0.024 0.144
Uric acid 0.004 0.295
Non-hypertension 0.153 0.818
Non-dyslipidemia -1.589 0.027
Non-coronary artery disease 1.561 0.131

®4 HEDMEMZRXEMBELZHILE
Tab 4 Comparison of basic data of subjects with and without DME

Item

Male/Female/n
Age/year
Right eye/ Left eye/n
Diabetes duration/year
DR stage/n
Mild NPDR
Moderate NPDR
Severe NPDR
PDR
HbA1c/%
Hypertension/n(%)

Antihypertensive medications
using/n(%)

Dyslipidemia/n(%)

Coronary artery disease/n(%)
C-reactive protein/(mg-L™")
Total cholesterol/(mmol-L™")
Triacylglycerol/(mmol-L™")
Creatinine/(pmol-L")
Urea/(mmol-L™")

Uric acid/(pmol-L™")

Non-DME
(N=33)

15/18
58.7£10.3
17/16

12.4+6.9

15

9

2

7
8.99+2.04

16 (48.5)

14 (42.4)

6(18.2)

5(15.2)
0.85+1.43
4.18+0.97
1.38+0.92
56.0+28.4
6.20+1.72

346.3+103.8

95% CI
Lower Upper
-6.704 1.667
-5.191 3.123
-3.523 4.778
-0.053 0.013
-0.066 -0.002
-0.021 0.046
-0.057 -0.001
-0.049 0.017
-0.043 0.017
-0.008 0.056
-0.003 0.012
-1.152 1.458
-3.001 -0.176
-0.463 3.586

DME
(N=57)

35/22
58.2+11.2
30/27

13.0+6.5

10

11

15

21
8.77+1.98

33(57.9)

30 (52.6)

12 (21.1)

12 (21.1)

1.55+2.63
451+1.33
1.61£1.09
62.5+25.3
5.95+1.88

342.1+98.4

P
value

0.142

0.837

0.919

0.481

0.004

0.670

0.472

0.254

0.795

0.532

0.134

0.253

0.825

0.403

0.821

0.861
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Tab 5 Correlation between DME-related imaging features and DR stages

Mild Moderate Severe
PDR P
Item NPDR NPDR NPDR
(N=28)  value
(N=25) (N=20) (N=17)
DME/n (%) 10 (40.0)  11(55.0) 15(88.2) 21(75.0) 0.004
Cyst/n (%) 9 (36.0) 10 (50.0)  15(88.2) 19(67.9) 0.004
Subretinal
0 (0.0 4(20.0) 6(35.3) 6(21.4)  0.097
fluid/n (%) 00 ( ( (
Macular
fovea 273436 277466 285+188 337+151  0.033
thickness/pm
Retinal
thickness in 309.4+21.0 332.3+44.6 377.2+488.7 371.9+96.2 0.002
ETDRS/pm
DRIL/n (%) 6(24.0)  5(25.0) 11(64.7) 14(50.0) 0.059
F6 HIQLHIES DMERIELNY
Tab 6 Correlation between imaging features and DME
Non-DME DME
Item P value
(N=33) (N=57)
DRIL/7(%) 4 (12.1) 32 (56.1) 0.000
Cyst/n(%) 0(0) 53 (93.0) 0.000
Subretinal fluid/n(%) 0(0) 16 (28.1) 0.000
Macular fovea thickness/um 256.0+18.1 384.7+154.7 0.000
ETDRS retina thickness/um 300.0+19.5 358.0+78.4 0.000
Vessel density
Superficial vessel density 43.99+5.17 43.77+4.22 0.827
Deep vessel density 43.66+7.66 42.65+4.44 0.278
FD-300 48.91+8.00 48.52+6.00 0.728
FAZ area 0.370+0.114 0.301+0.124 0.938

Note: The correlation between DME and vessel density, DME and FAZ were
tested by Logistic regression.

3 itie

AT 2L X 90 1] DR A8 25 (1 BEAS I PRAF 2 M2 OCT
OCTA KA A3 A B, ARG A AE % . A0 P02 1
L% 5 DR R 4 E R R UG s 1T = I AR 5 DR
7™ R S IR A G R R B OCTA IfiLifi 28 fk 55 DME ()
KM ; DRIL A H#5 DME % V456, H DME
Ko AR B2 DR ™ B AR B KM

H i A K¢ T DRGSR+ 1 iG R gt , o,
W DRI B R R AR I 5 DR B VI C R . 16 1 RUBR IR
KT R XT DR BRI, H2MEie. AR
KA DR & AR A5 55 0 PR 04 SR AR 8 52 B A 6 17, 15
BV R EF S R DR Y Hietala 5
K 15~40 % A= 1 BRUBE IR B9 AT LL 5~14 2 K9 AHERY
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