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B Y i 2 2R B2 44 005 R (OCTA) BR 1T
AR 995 0L D RS A5 ( DR) S8 5 B B X 70 A A2 A, I %
AT HERE W B DX GO R 1 @ B IR R 24T 70, v DR KL
s 2 W BIR YT T B R

Fik . B ERESY, WA 2022-05/10 T 75 24 17 o0 1 B
IREH 112 Ko B a2 i 2 RUBE IR 3 75 191 75 R, 50 h
JC DR(NDR) 41 28 R #4547 DR ( NPDR) 41 25 iR 4
57 DR(PDR) 2 22 HR, N OCTA X #5 BE X A0 W) JIE 4 7
3mmx3mm L SAZR I H, B sh R 15 15 2 10 55 ¥ BE b o
[T X B B o vy [ X (1~3mm) L K 3 BE X 3mm X 3mm
B IS 48 (VD) A8 B o0 M TG 48 X (FAZ) TR, 43
BT BE X 25 SHCEAN AR DR B A8 {k

ZER . 5 NDR 41 A kb, PDR 41 Fil NPDR 41 j& % % B X
3mmx3mm % JZ U B A 145 (SCP) /) VD F#AIK (34 P<
0.017), I H ¥ BE 257 0 U1 VD 784 G R ¥R (P <
0.017) , LA PDR ZH B H% A i % . PDR 41F1 NPDR 41 /&
# FAZ A8 %K F NDR 41(P<0.017), DR & AY4F
W5 TR e 2R | e A% 67 1IE A 77 (LogMAR) | AR b Hi AL
ME1E F (HbAle) 5 # B o0 WX VD 2 A G (P<
0.05) , [R) U e 0 PR | e AT IE L 7 (LogMAR) (HR b b
PRIFIRFE S HEPBEX 3mmx3mm VD 2 A5 (P<0.05) , H
=g e HERF IE L /1 (LogMAR ) \HbAlc 5 # BE 5% 0
M[X VD £ 745 (P<0.05) , S AHEEE CMT 5 VD JE I
BAHK(P>0.05) .
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Abstract

¢ AIM. To evaluate the macular microcirculation changes
in patients with diabetic retinopathy ( DR) by optical
coherence tomography angiography ( OCTA ), and
correlate the risk factors that may affect the macular
microcirculation, so as to provide a clinical basis for early
screening, diagnosis and therapeutic intervention for DR.
e METHODS: Retrospective study. A total of 75 patients
(75 eyes) with type 2 diabetes mellitus (DM) who came
to the ophthalmology outpatient clinic and ward of Xi’ an
Central Hospital from May to October 2022 were collected,
and the DM patients were further divided into non- DR
(NDR) group, non-proliferative DR ( NPDR) group and
proliferative DR (PDR) group, with 28 eyes, 25 eyes and
22 eyes in each group respectively. OCTA was applied to
perform a 3mm x 3mm blood flow imaging scan of the
macular retina to automatically obtain the vascular density
(VD) of the superficial retinal macular foveal, the
parafoveal (1~3mm), as well as the macular 3mmx3mm
and the area of macular foveal avascular zone (FAZ).
Furthermore, the alteration of these parameters in
patients with different degrees of DR was analyzed.

e RESULTS: Compared with the NDR group, the VD of
the 3mmx3mm superficial retinal capillary (SCP) in the
macular region was decreased in both PDR and NPDR
group (all P<0.017), and the VD of the parafoveal was
decreased in each quadrant ( P <0.017), with the most
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significant decrease in the PDR group. The FAZ area of
patients in the PDR and NPDR groups was significantly
larger than that in the NDR group ( P <0.017). Age,
homocysteine, best corrected visual acuity ( LogMAR),
axial length and glycosylated hemoglobin ( HbAlc) of
patients with DR were negatively correlated with VD in the
macular foveal ( P <0.05), while homocysteine, best
corrected visual acuity (LogMAR), axial length, and the
duration of diabetes were negatively correlated with VD in
the macular 3mm x 3mm ( P <0.05). Triglycerides, best
corrected visual acuity ( LogMAR), and HbAlc were
negatively correlated with VD in the parafoveal (P<0.05),
while total cholesterol and central macular thickness had
no significant correlation with VD ( P>0.05).

e CONCLUSION: The microcirculation changes in the
macular area of DR patients can be monitored by OCTA,
and the systemic condition of DR patients is closely
related to their macular microcirculation.

o KEYWORDS.: diabetic retinopathy; optical coherence
tomography angiography; vascular density; macular
microcirculation; foveal avascular zone
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13 PR 95 A R B 955 A8 ( diabetic retinopathy, DR) f& 4 /&
o Fo UL A TR EC AR I A7 28 | 2 AR AR A6 — i Y 3L
B . DR Y % AL AR v A IR R BT 5T R
WY, P 0 JEE AR I P A G O B B IX A U AT RE S
T DR W RAERERED ) RS H A 80AY7 X IELE DR
HERE DDk BOCEE BT, MK EHI T2 W DR
A4 B ME 2 IR K 97 %6 2 L4 15 52 (fundus fluorescein
angiography , FFA ) , {H K 2 A G PRk A A 2 i ] 45K |
X RAE R = PO R R AR RIEE 2, H FFA AREXT
PP BRI AT 43 2, 30 R I A AE — 2 S BRI 48
kG T W JE M 48 15 (optical  coherence
tomography angiography, OCTA ) 4 A {E by —Ff i 2% JC A1
BEHA B R MR KRR B L oeAE T 3RAT TR F—2E iR
BRI Y27 B RN B AR R ) A B B T, AT LAY
PRI 1ML A8 AT 43 )2 A 7, BE T 4 UL % DR AL 1) R 1f 4
FRIE, H AT, OCTA 2 H T W45 DR /& 1Y 1+ 30 ik 9
(microaneurysms, MAs) B BE X GG R A0 I JI52 87 A= 1 457
(retinal neovascularization, RNV) 2= 3% A 6 8 A 4T
b, 75X DR 2 BE DX GG BR 0048 28 i PP AG B AT RE
Dimitrova 25> % PS5 fil e AAH HC, 76 JC DR (4 PRI H &
rh VR RI R J2 0 I I R 5% v (M0 A R R AR B
Cao % B UESE 13X — &, JHIERA T OCTA W] LAFENE IR
B BLIG R W] DR Z AT TR I PR AT DR, X 136 ]
OCTA FJRUA B DR S WL B GAAE R AR AL, 1 BE A A9F 5T
ZHTMEFERF RS DR X R, AU B A H
OCTA AR, PFAh DR A8 BB RGPl | IF X Al e Y
M 26 6E DX P 1) e B R 3R 2R A7 A DG M 43, Sy BB AR
Bl B DR AT T B R AR
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1 A RIFTIE
138 FUBPERFSE, L 2022-05/10 FPE4 T e
= B AR 12 Ko B s 1) 2 UM R s 8 75 1) 75 HR |
DR 43 2% H3 4 2019 4F DR & BRI BR 43 92 12 Wi b 1fiz”
(£ 1), HP K DR(NDR) 28 i, JE34%5 % DR ( NPDR) 25
HR 485 %1 DR (PDR) 22 HR | 45 5] J 3 B4 5 0 b o
IR A, SR 30T A2 9 R R OCTA B R i %
MR ACEH 5 SR ] R ot s AR R E AT IR A, 9 A PR
(D) FFA 1999 4F WHO il 5 i 2 R bR 512 W7 A
(2) eI e & T ke Ay, HEBRARE. (1) BRI G
A (2) JHEh BRI S B R BT ANMER; (3) &
T At T AF S R S B BRE A 1 A0 I I 20 ok BEL 2 400 194
K BH ZE ks RSB Az i A 48 AR IG5 (4) BT B Kt
ARG 5 (5) FOLIR B s R >2 1 mmHg;; (6) BEA:A IR &5 T
AR W RO R | B B A 25 W S R T
AR FH IR TR (7) &I HoAth 4 B 18 P | i kg%
g SR E VR R IR A . ARSI ST (B R R E
DR BuN i T RN Y SR (g L A B | R T ER T S0
ZHEIFFES 5 IR,
12 F%E ICRAEEE— MRG0, AR5 AR E
PRI RE AL M 2T 26 (1 (HbAle) | B JE R B H Il =g
Al e 2R A TG I s, T S 2 A
M HR BE K Ay, 5 B A B IE 1 (LogMAR ) | IR &
(intraocular pressure, 10P) [HR%H  Z4BLT IR 57 9 46 7 & IR
Al H HURE A N O 5 AR S Ay | AR JFE IR AH L OCTA Kt , b
LT FFA KA, A 83 58 70 i )5 {8 ] HD - O0CT
5000 $HL OCTA F14% ., ¥EHF Angiography 3mmx3mm 5 2
AT A R =8 (0~ 10) I IEER . RS0k 14
M EME B3 2 32 O I R J2 6 48 1457 )2 (superficial
capillary plexuses, SCP), & #& ETDRS ( Early Treatment of
Diabetic Retinopathy Study) 43X, Jr 15 K% 8% X1l 43 4 P A~
L BE O MR B EHAR 1mm A1 EH A2 3mm B9 [R].0 &,
P EAR Tmm B DCI0E SR BEEE b0 M P A [0 ]
ZIA] ) DX R 1~ 3mm 250 B 5E R 3 BE 55 a0 11X
(B 1A B) o 3 A 2h 345 8B rfon M X | 35 55 e M
X (1~3mm) VA K 8 BE X 3mmx3mm 1Y 1ML45 %5 & (vascular
density, VD) I FE BE P o0 M JE I % X (foveal avascular
zone, FAZ)THA, Hrb VD J&44 5 — il 48 1E S 2 kit
Trihes T X BN B 2R 5K B 5 X BT AT 15 1Y L
", IR EBESS Fr0 MK 43 R ( temporal , T) | E 75
(‘superior,S) | B ( nasal, N) #1°F J7 (inferior, T) U5
PR i 5% Ty, Sy Ny o Iy, (I1C D VE) , £
Macular Cube 512x128 £, JRH OCT EI14 , ¥t B4 i
=8 mE%, ic K O M E E (central macular
thickness, CMT) , HRJKHEAH  OCTA K2 S 12 Wi 7 3135 h
PR 44 I DR 2696 = 5 04 IR IS = Ui ] 5 1
Geit2f 0T R SPSS 23.0 AT G0 H 0T, 7S TEA
SRR ORI L x+s Fon, ZA M LR R RN E S
AT ARG IER TR TR, M( P, , Py R,
2 4 18] He R FH Kruskal -Wallis H 5, HHBCZ0REH 51151
(%) 2 R RO KB4 7 Z2 4 R LU, P<0.05 2 22
FEAGI R L, S HBTESAT W LA, SR o
Ay ENE BFIERIKME @ =a/3, UL P<0.017 H2EFA G
2FE L, BE R E A A B A DG TTAL SR FH Pearson AHOC
AT, T R A Spearman #H5CPE43 T, LLP<0.05 3B 22
SAGIFE L,
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T S—— ) : 53 \ SN e~
1 OCTAE%& A:#EBEX 3mmx3mm i [ LLEBEHLO MR ELG R ER8 1

LS

mm Al 3mm A [ELO B HAE Tmm (9 X E& B

SO UTER K A [R]C J8 22 T] A X8R R 1 ~3mm 2500 B 8 85 BE52 H O MK B R Z LR ( IR ZE R AIR)Z ) ;€. VD; D FAZ THFH,
E . BEBRES 0 MIX A A3 (T) B (S) VA (N) AR 75 (1) AN %BR,

T ERFEMER T E BRI RS RiRE(2019)

S AR B R R HR RS A6 25 AT AL

JCHIE DR TR

JE3EFE A DR
B A T B kg
R AMUAF S KR IR A7 7R 5% T 8 B2 IR 7 DR (9 2R3
i HILLL R ARAT 1 A2, 0 % JCHE 4% DR

fE—% MR d A £ T 20 Zh90 R P9 H 1
1 2 AR BR A A Dk ER R R R AR
TE 1AL SRR A 25 A o S P A A S

AT DR

HBLLUR 1 A R AL 7 AR A A B0 R Bt s P JBE i

2R

21 ZHBEMERILER APy A 2 BRI R
F 75 9] 75 HR , H:vh NDR 41 28 HR \NPDR 41 25 HE .PDR 41
22 MR, —AHBRE VR AR EIHE R IOP  CMT L 2%
S TGEE L (P>0.05) HERFEFE . HbAle (H i =
fits | [0 > e 2 18 7K S | e A 997 IE A 7 (LogMAR ) | HR il |
e I R R LU 8 25 S R e 12 7 L (P<0.05) , #5 4
I L ah R L 2,

22 ZHEEARFXE SCP A VD & FAZEMBMLLE =
ZH B FH BEHE X 3mmXx3mm SCP A 3 BEH O YTIX VD | 5 B
UL UK VD DL B BE X 3mmx3mm VD Fl FAZ AR
B2 SME G E X (P<0.001) , AR X3, VD Ffi# DR
i 17 O R I AN, 5 2H P A LA 2 SR LR 3,
2I3=ZHEBEFEWFHOMENIRR VD LR —4HEH
RS DM AN 2R VD 2R HE ST #E X
(P<0.05) ,#E—2L W LA AS SR LR 4,

2.4 DR B2EIGEKRZER ¥ NPDR 4H#1 PDR 414 7/ DR

20 47 5 47 IR, Horp 55 26 i, %2 21 4], DR A5 16 IR 96 Rt
s,
25 EMS M K DR ABFH IR ER 5 &5 IX
3mmXx3mm SCP ANJE XA VD 47 A0 e 04, Horp4g
W% TR B R | B AT IE ST (LogMAR ) (HR % \HbAlc
HEBEFOMIX VD 2 7AE M (P<0.05) , [7 72 i 24
R IR IE A0 ST (LogMAR) AR % W PR e s 2 5 o B IXC
3mmx3mm VD £ FAHZEME(P<0.05) , Hih =8 R IE
A1 (LogMAR) \HbAle 55 ¥ BE 5% H.0 WX VD 2 6 A 56
P (P<0.05) , B H[E . CMT 5 VD JCH B AH M (P>
0.05),W3% 6.7,
3iTie

AR Bl A AT A 3 7K 7 B 3 v B A 3 =X e
AR A BRI B B N TR I, 32 DR B B9 A\ B
K DR A LR HLE AR A A B R,
DRI Ve AR S R 25 00 P S B i fpfe 40, 95 R IX 3 — 25 BB afn.
B R B b 580 DR AL H B E 0 RN A
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F2 ZHABE-MEMILE

o %% el AR B R A HbAlc S i Hh =g

B (IREO (B ) (xxs, ) [M(Py,Ps),al  [M(Py,Prs), %]  (x£s mmol/L) (X%S,mmol/L)
NDR 241 28(28) 15/13 56.4348.08  5.00(4.00,7.00) 7.20(6.30,7.66) 4.42 +1.07 1.42 +0.65
NPDR £  25(25) 13/12 58.72+6.66  8.00(7.00,10.00)*  7.20(6.80,7.55) 4.37 #0.90 1.81 +0.65
PDR4  22(22) 13/9 60.86 +6.40  9.50(8.00,12.00)" 8.40(7.73,10.12) " 5.01 +£0.98 2.26 +1.05°
X*/H/F 0.256 0.529 29.257 18.032 2.958 7.151
P 0.916 0.324 <0.001 <0.001 0.058 0.001
o ik R R e I AR IEM 10P AR %h CMT

) (RO (s, umol/L) (B, %) (X%, LogMAR) (X£s, mmHg) (X£Ss,mm) (X£S, um)
NDR #H  28(28)  11.51+2.14 11(39) 0.35 +0.19 15.54 42.19 22.46 +0.46 217.64 £9.63
NPDR #1 25(25)  12.94+2.74 15(60) 0.37 £0.13 15.32 £1.43 23.54 40.30°  219.88 £13.37
PDRZH  22(22)  14.10 £2.49° 17(77)" 0.50 +0.18" 15.77 £1.23 24.77 40.60°  220.50 £18.54
X*/H/F 6.962 7.278 5.807 3.882 153.470 0.299
P 0.002 0.026 0.005 0.174 <0.001 0.742

1 :P<0.017 vs NDR 4 ;°P<0.017 »s NPDR 4,

*3 =ZHEEFRRKIE SCP A VD K FAZ @R LL% xts
x| % HWEP.OMX VD(/mm) BBEX 3mmx3mm VD(/mm)  BEEZEHOMIX VD(/mm)  FAZ Fif(mm?)
NDR 41 28 11.29+1.08 19.18+1.31 20.44%1.30 0.30+0.03
NPDR 1 25 10.49+1.09* 18.45+0.92 19.06+1.01° 0.37£0.04*
PDR 41 22 9.48+0.91"° 17.72+£0.97"¢ 18.61+0.91° 0.36+0.04°
F 18.904 11.061 19.155 26.356
P <0.001 <0.001 <0.001 <0.001

7 :°P<0.017 vs NDR 2H;°P<0.017 vs NPDR 4,

x4 ZHBEHEBEZHOMUMENKR VD LB
gl 333 W[ M(P,s,Pys) ,/mm] B (X%S ,/mm) EJ(XES /mm) P IT[M(Py,Prg),/mm]
NDR 2 28 21.40(21.00,22.00) 21.08x1.11 21.19£1.51 20.65(20.10,21.40)
NPDR 41 25 20.20(19.95,20.90)" 20.66=1.40 20.40+1.27 20.30( 19.50,20.70)
PDR 4 2 20.30( 19.40,20.43) 20.13+1.40" 19.90+0.84° 20.05(19.65,20.33)"
F/H 25.797 3.336 6.597 10.360
P <0.001 0.041 0.002 0.006

7 .“P<0.017 vs NDR 4,

%5 DREZEIGKER
izt
SRS (xS %)
*fgﬁﬁﬁﬁ[M(st 9P75) ,3]
HbAlc[ M( Py, P,s) %]

A
59.72+6.51
9.00(8.00,12.00)
7.50(7.00,8.70)

SIHE B (X £ mmol/L) 4.67+0.98
H=HE(x£S, mmol/L) 2.02+0.88
[ B 2 e R (X %S, ol /L) 13.48+2.66
R (1], %) 32(74)

BAERRIEAL ST (X £S5, LogMAR) 0.47+0.17
I0P(X£s ,mmHg) 15.06+1.62
IR (X£S, mm) 24.12+0.77

CMT(X %S um) 220.17+15.82

JR PR B Bk 1fil ( diabetic macular ischemia, DMI) At 32 2
RRAE A0 I S B 40 5 2 \FAZ 10 B K . OCTA AR
ASURT LAY B 38 7 25 J2 400 DX B 1 &85 R O 28, 9 L AT DA X
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2 )2 RO R R A 1A R bR T R AR, A VD i
HEVE % ¥ ( perfusion density, PD)  FAZ AR AR HAa s
3mmX3mm . 6mmx6mm . 8mm X 8mm 25 £ T 45 4 71 R A = s
B PR AT 0 F S 20 B U G &R 3mmx3mm #25
X5 B BaE X A0 ) B8 4 I 7 O 25 B 4 A B LA L 3
PRt ASBF5E T OCTA AR, WS DR AR & 1 )2 PR 199 s
FBEX. 3mmx3mm i AR IIRAS I X T] BE 572 1w 35 BE X
TR A B A B PR 2R 2R A7 A0 5G4 43, 24 DR 1 i 2 0
W R B BEAR DK

FM1&BE NDR 4IAH L, DR B #1Y SCP Y VD &
ik, HLBEE DR W% I 1M 0 A1, FAZ TEDER 38, 17 NDR
BHE S DR EBER CMT A B35 22 57, 31X 4 B R 5 1
PR T I IS FA RS SRR R FR e 1 ek s Rl e 2
DR R EF Z—. DR B H 1 VD FEAL, FAZ i1
I, H2E A geit = 3 50, JUHARBEAE NDR 415 PDR 41,
REAAF 5T & BERT LATE DR & JRé 2w A ) S8 PR 95 £ 3 1Y)
FAZ MRVEAR > b % B WA 7 H 3 DR 2Z i, 901
JEE) N R PRS2 451, TS5 1R IR A e, DR 2% VD I &



Int Eye Sci, Vol.23, No.6 Jun. 2023 http .//ies.ijo.cn
Tel.029-82245172 85205906 Email :1JO.2000@ 163.com

&6 DRABEIRKAMSHIBXMIEIR Pearson X 5317

FHHL X VD

HEBFIX 3mmx3mm VD HBESE UL MK VD

e P g
Il R Bk ; » ; » ; »
A -0.364 0.012 -0.236 0.110 -0.063 0.675
SR [ s -0.063 0.676 -0.111 0.456 -0.110 0.463
Hil =g -0.160 0.281 -0.092 0.450 -0.048 0.049
[0 ok 2 -0.266 0.035 -0.178 0.032 -0.234 0.114
B AEFF IEML JT (LogMAR) -0.233 0.015 -0.196 0.017 -0.035 0.047
HR % -0.354 0.015 -0.245 0.048 -0.165 0.269
CMT -0.006 0.968 -0.027 0.855 0.069 0.646

X7 DRABZRKEARSEWMXMIEIR Spearman X547

BHEP.GMIX VD

FBEX 3x3mm VD HBEE LMK VD

it PR 758

It A B sk - » . » - »
B PR I A -0.086 0.567 -0.195 0.039 -0.106 0.478
HbAlc -0.338 0.020 -0.040 0.788 -0.121 0.041

LAY AT AR P 8K, 5 NDR 414 o, PDR 41 Al NPDR 41
SCP B BESZHLLMTIX VD 8K, I H PDR 41 # B0 1]
X VD {&F NPDR 4 ,PDR ZH# 5 X 3mmx3mm VD kT
NDR ZH 71 NPDR 41, 22 5 ¥4 i1t % & L (P<0.017) , 7t
HAKRPLAE NDR 415 PDR 4 2 [0], it — 4 Ui W PDR &
VD TR, 5 NDR B35 H, PDR 1 NPDR 35 19
FAZ THFRTE K VD /0N 3555 S e 70 RIS B rh A7 A
AN[E] A EFEEE Y DR, Al-Sheikh 28" (BT 97 & IRV 2 M
TRIZOLMIE VD BAG  H DL Z R o . e 3RATHY
roeh B R TR Z WM B FAZ T AL, VD, H 5
Al-SheikhZE AT 45 5 — 3, Tsai % WIESE 71X — 4,
FEIA Rz HUL MRS VD 5 DR % ™ 5 RE B 5L 1E A G, i
M vD 20 E, IR TAE S, DR F 10 0 E 4 1
B EALSE T N T R X, BRI
VD BEAR 018 e v OB IR 25 3 R P A 2 2 . sl
A EAR T — A5 R B 2 (oA A P B A A LA
T, I % N A4 K B F ( vascular endothelial growth factor,
VEGF) Bk , I =4 %) i 5 % ( blood —retinal barrier, BRB)
BB IR Fe 2P0 D) JEE A0 L 76 32 40, DT 13 B MAs | i P98
RGBT R PR ol LA S T R R AL A i
SR RS AR O ol R IR 2 A R T B P A R E—
5 R JRE SO I RS 4 i A T E 1 IXORN T AR A TR R, iX
AIfig5 DR % VD FRIGA DG, Bk, FATA LML VD
AL AT VR A RI2 B DR RS PR r
TE—T S T BE N FAZ i AL BB 58 op ) FAZ i AR
R Z B AT K 0.071 ~0.527mm”, 76 % )2 B 40 1
BN A 0.160~0.795 mm® IR )Z 1) FAZ T AL 8K F ik
JZ(P<0.0001) , Hwang % % 8, 5%t B 414 LE DR 41
FAZ T A B 8K ) H FAZ THABEZ DR ™ 8 2 B 1
e, X 5ROV R —B, W FAZ HRZZ )71
PSR, 0 AE WS PR ARG B oMt e R
[ 15 A N i v R B A7 A 25 5, S A 0 O =t 2 3 B
TR 22 5 I HL 55 45 Fh 00 90 158 1, 25 P 5 o 2 DD AR 562
B, X F FAZ TR HLE N 2545 45 7 T R AT 5 1,
HIEABEIEN DR WG A 8 bn . ASOF 58 & B, BBt 25
O MTTy Sy Ny BT FE A4S 20 Z M AAAE 25 5 (P<0.001)
Xie 2 TGS 20 M T AS TR 2 BR v 8 3 55 o0 111 VD 5

DR A SCH, & AT (] 72 B2 19 DR SR B BES5 oM T, |
Syp M 1y, Y% NDR S H FEK (P<0.001) . 5EATHAFIE
GERR—3, RATIAAXALRE UL DMI 7EAS [R5 R 19 %
AR B, 6 W DR Y & A & I TE L PRt B S
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