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B IXJE K (PERIM) (FAZ fife FAZ "&4% FAZ 1AL 3% BE
FPUC Y00 R0 5 JEE B ( MFRT) A IR B 6 50 ( AT) \FAZ J& Fil
300 wm 5 B P 42 2 400 I IS IfiL 3 %% 5 ( FD—-300) \FAZ IfiL %%
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Abstract
e AIM:. To analyze the diagnostic value of optical
coherence tomography angiography ( OCTA ) in

evaluating the parameters of foveal avascular zone (FAZ)
in early diabetic retinopathy (DR).

e METHODS: Retrospective study. A total of 209 cases
(209 eyes) of type 2 diabetes mellitus ( T2DM) with DR
admitted to our hospital from June 2019 to December 2022
were selected as DR group. The DR group was divided
into three groups, with 115 cases (115 eyes) in mild
group, 54 cases (54 eyes) in moderate group, and 40
cases (40 eyes) in severe group according to stage.
Another 100 cases (100 eyes) of T2DM patients without
DR were selected as No - DR group, and 70 cases (70
eyes) of healthy people were selected as control group for
physical examination at the same time, all of whom
underwent OCTA examination. The DR group was
enrolled according to the disease degree, one eye was
randomly taken for the study if the degree in both eyes
was the same, while the control group and the No-DR
group were randomly selected for one eye to be included
in the study. The perimeter of the foveal avascular area
( PERIM ), FAZ transverse diameter, FAZ vertical
diameter, FAZ area, macular fovea retinal thickness
(MFRT), acircularity index (Al), full layer retinal blood
flow density within a range of 300 um around the FAZ
(FD-300), and changes in FAZ vascular density (VD)
levels among different groups of subjects were compared.
Furthermore, Pearson correlation analysis was used to
determine the correlation between general data and FAZ
related indicators, and receiver operating characteristic
(ROC) curve was used to evaluate the diagnostic value of
macular FAZ indicators for DR.

¢ RESULTS: The levels of FBG, MFRT, FAZ area, and
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PERIM in patients with mild, moderate, and severe DR
were significantly higher than those in the No-DR group
and the control group, while the levels of Al and VD were
significantly lower than those in the No-DR group (all P<
0.05); patients in the No-DR group, mild DR group,
moderate DR group, and severe DR group had
significantly higher cystatin C, FAZ transverse diameter,
and FAZ vertical diameter than the control group, while
FD-300 vascular density was significantly lower than the
control group (all P<0.05); the MFRT was positively
correlated with age (r=0.295, P=0.001); The Al and VD
was negatively correlated with age (r=-0.296, -0.235, all
P<0.05) ; the area under the curve (AUC) of MFRT, FAZ
area, PERIM, Al, and VD for the diagnosis of DR were
0.745, 0.738, 0.696, 0.792, and 0.847, respectively.

e CONCLUSION: The structure and microcirculation of
FAZ can be changed in DM patients, and the related
parameters of FAZ have certain value in the diagnosis of
early DR.

e« KEYWORDS: optical coherence tomography
angiography ( OCTA); foveal avascular zone; diabetic
retinopathy; diagnostic value
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F R % ( diabetes mellitus, DM ) & —#H 4 Bk 0 F 9 &
UL A1 A e | Bt AR IR B 2 AR 2 S N F i
EREEE AN, DM Y & B AR T L B PR IR
BX (international diabetes federation, IDF)flii1,2021 4F4>
BRI N2 5.366 12 20-79 % AR DM, £ 2045 454 |-
THZ 7.832 42, DM K1 3R I & U0 L &85 A A
SN Bz D RE A  AN™ B 5 e fR S TR AR R H W A
T 3k W] I A 0E RO A2 B R e A R 28 ( diabetic
retinopathy , DR ) %91 & , it — - fE M B F A e &7,
DR /2 DM & VLA S0 A8 T A RE , 2 2 4 AN 07 #2 2R 1 3=
BIFRAD ) BEAG BoR, K i A DM R 5 023
filrh DR B 1 648 il , DR K 4N 32.8% , ™ H A 14 5H
R DR B 126 ], i DR A% 7.6% , DR AALFE M 83 1)
AT R, T ELIE N T AR O U L AR AE SR TR
Ye2EAH T I87 2 1 H 14 A% (optical coherence tomography
angiography , OCTA ) J& — Bl X I AR HOAR , HA T
SRS A3 B3R R S A1 T S U AR A R ik 4% i
IO A8 25 48 SO 2, o Ak 18 3 v o0 M JE I 451X ( foveal
avascular zone , FAZ) [ 4545 F i i & A8 4k, w35 B R 12
Wr DR, 2 DR S TUS ", BEAEABFSE R 76 DR
SRR B TR A X R O A 1 A ) i B KT B AR A
DR R 597 ik 2R 98—k 4% R 240 0078 P R i), B B s
1T DX P I I 97 25 B R FAZ 2 8300 B e PE R AIG, ELRE 4R
BRI R AR AR U BRI, T 7 ko 22 5 DL TR
BF PR ARA 78 FAZ 50200 DR 5 1 B9 52 45
AT —B BT AT £ $£2019-06/2022-12 &
BE IR A 2 BB R IR (type 2 diabetes mellitus, T2DM ) F 3
209 i 209 HR A BFFER R, B £E53 T OCTA Al 2 5E FAZ
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SHOF I DR B2 (8.,
1 & FFTE
11 34& FEPERT, % 2019-06/2022-12 512 T
FEER) T2DM 4 JF DR & 209 i 209 HR & DR 41, R 4%
Sy DR B2 AL 115 B 115 B (A #e3h kR ) (DR
HEEZH 54 191 54 WR (CAXUAFTE B KR | I A7 AR 52 T
1457 DR H95RIL) DR HFEA 40 4] 40 MR [ 3 30T %)
R4 1 ANRBE L (H M JCHEFE RS DR (1) 78 4 N IRP T
ZRRIA 2T 20 KRR REE N 0l 5 (2) 76 2 DL R BR
AR B AR ; (3) 76 1 AL R BR A B 25 i )
RPN A8 S ], D e B4l T2DM A4 9F DR SR 3 100
{511 100 HR A No—DR 4., e 4[] 4 7 3 [ ekt e 4 4 v s ik
FrVRAG o fa e A BE 70 491 70 HR O XTHRAL . 99 AbRHE: (1)
BE AR E 2 BURE R B 6 46 B (2020 4F R )
HOGT T2DM 2 W b i, SRR bR 5 iE R, B Bl AL il
=11.1 mmol/L,5{ =5 IE I H¥ = 7.0 mmol/L, 5%, T IR 1 45 b
i 12 32 38 (oral glucose tolerance test, OCTT) 2 h Ifl ##
=11.1 mmol/L, 5 HbA1¢=6.5%;(2) DR SBH 5 & (HIR
AR SRR I 22 R b [ L AL L2021 4R JR) ) ok
KT DR W2 Wi ks e (3) I R 55K 2, R BR A 1
(1) B IEEICHR A g v g/ 73 S Ik BHL2E | 7 26 8 ¢ 46
HABIRBRN 5 (2) BRAEIRBLFAR L (3) S NEAF DI 6ES
BEARE ; (4) G IFEEME  XIR RE RS TR G E
SR ML N 1 # P 5 (5) AT DG BRI ; (6) BEfE:
BOCIRIT B . AUFRERAEY 24 B B 40 #1 22 51 2 it v (R
B TR SR R A I R
1.2 75 ORSHZ R E AR P R IR )
B A2 R MR K T 5 RAE 45 21 32 K 5005 = 25 IE e ik
FEDET 1012 h B IRIEE 1, >R FH A8 2 W S04 s DN 7 A o
73 5 B ( fasting blood glucose, FBG ) 7K - >R FH it FL ik
B S E RS VAR U BE AT 2R - C (eystatin C, Cys—C) 7K F;
FIIHT OCTA Xt P A SZ A IR A TAG A, R AR AL, T B
B & o N X TN VA (1T U T S ot AP WY IV W (= s
SR TE A N S DGR, DL BTEE b M1 s
ZAG IR EBE X AT 3.0 mmx3.0 mm 3D £94%, i 7 OCTA
A1y 6] — 24 IRBHBE I 58 i, A I 0 Sk 2 G FAZ B
£ FAZ 42 FAZ TEFR L BEBE R0 MG I AR XA K
(perimeter of the foveal avascular area, PERIM) \FAZ J& [l
300 m 0 P 4 J2E A0 190 B 10 2 B2 ( FD-300) | BB .0
(T4 %) L JES B ( macular fovea retinal thickness, MFRT) . FAZ
M/ 2% % (vascular density, VD) /K, 4 3 WG B
SEME , A AR EE 5 %0 (acircularity index, Al) , Al =175
JE /SRR E R ) . DR 2 2 38 AR i i 20 R A4
(A WUHR i A8 7 B — 5, DI Bt AL 36 B — HR 9 A B 5T ) |, X6 iR
ZHFl No-DR 4 ¥Rl HLLE L —HR 40 A5
it 3 . SR H SPSS 20.0 #k A HEAT BCE 0 Fr 3t
BORBILAL ) (%) 1 , RAXCK S, 5 ESHHI
THEFORIL x+s R, Z2 41 8] LRk 7 22 40 B, PR EL
BT LSD~1 K56, FH L34 R JH Pearson 2347 3 R JH 3%
I E TAERE (receiver operating characteristic, ROC ) ] £&
WAL FAZ $84R1207 DR B E. L P<0.05 A ZERA ST
E5-9'8
2HR
21 BEZKWE—MBARILE L4 ZRHE M AEE
IR 8 22 5 Je e it 2 L (38 P>0.05) s & 2k
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Cys—C .FBG MFRT /K-F-2H ] 3 25 S B HAA Ge it 27 i X
(31 P<0.001) , i — 2 2H R G  FLARAS R WL 1,

22 BRAFZKE FAZEMSEMMESHILE KAHAZ
K # FAZ B2 FAZ " 4% FAZ 1H B, PERIM, AI, VD,
FD-3001fL i 25 & /K- 41 0] e 22 ¥ A it 242 X
(¥1P<0.001) , #2020 [R] W9 LA A5 R W36 2, DR #23
41 DR W EEL DR H A B H 4R FAZ fifE FAZ &
1% FAZ TR PERIM Al VD .FD-300 Ifil Jfi 2% & /K 3 2%
TGt L (3 P>0.05) .

23 FAZ B E—MEMNBXELST HAZKEES
B Pearson AHICHE /745 5 W7, MFRT 5 4F % &2 1E A1 ¢
(r=0.295,P=0.001),Al VD # 542 A (r=
-0.296 .P=0.001;r=-0.235,P=0.008) , .3 3,

2.4 FAZ 287l DR £ £ /) ROC M&LMMES T 4
}r No-DR 41 DR A% ,ROC i<k L/~ , MFRT .FAZ T
1 PERIM , AT, VD £ i DR (1 i1 £& '~ i X ( area under
curve , AUC) 73525 0.745 .0.738 .0.696 ,0.792 ,0.847 , ¥} H.
A —EImIRINE, W2 4, K 1,

x1 SAZHWE-RERILE
i % PESA (B, % ) AEY (Y Cys—C FBG MFRT
- AR %% B ‘8 (x%s,%) (X£S,mmHg) (X£S,mg/L) (X*S, mmol/L) (X£S, um)
X REZH 70/70  33(47.1) 37(52.9) 51.52+6.31 15.02+2.67 0.95+0.16 5.02+0.12 161.85+26.38
No-DRZH  100/100 57(57.0) 43(43.0) 52.36+6.32 15.55+2.74 1.20+0.23" 7.08+1.16" 202.32+22.36"
DRZFEH  115/115 65(56.5) 50(43.5) 51.81%5.46 15.79+2.88 1.22+0.19" 7.97£1.17%°  221.23+18.25"°
DR WM 54/54  33(61.1) 21(38.9) 51.93+7.02 14.77+2.19 1.24+0.36" 8.16+0.59"°  226.74+19.30"°
DREFH  40/40 23(57.5) 17(42.5) 52.62+5.74 14.82+1.87 1.25+0.74" 8.05+£0.46™°  237.61+24.69"°
F° 2.870 2.300 0.330 10.190 141.80 118.290
P >0.05 >0.05 >0.05 <0.001 <0.001 <0.001
T 0 PR A f e AR P<0.05 vs X IRZH ;°P<0.05 vs No—DR 4,
R2 BEAZKHE FAZ EHSHIMESEHLE x*s
o {FIJ;!fﬁF/ FAZ % FAZ 4% FAZ TH R PERIM Al VD Fl?— 390
R % (mm) (mm) (mm?) (mm) ML 5% B
Xt HEZH 70/70 0.31x0.06 0.31£0.08  0.37+0.08 1.3420.12  0.73x0.15 44.69+3.15 37.15+5.23
No-DRZH  100/100  0.38+0.12°  0.35£0.09°  0.39£0.09  1.43+0.16° 0.69+0.10°  44.9822.05  30.32+4.21°
DREZFEH  115/115  0.40£0.10°  0.36+£0.08"  0.49+0.13"° 1.55£0.12"°  0.58+0.07"° 41.36£3.26"°  28.33+5.06"
DR HEH  54/54 0.39£0.09°  0.37£0.06"  0.48x0.10™° 1.53£0.20° 0.57+0.13"°  40.79+1.98"°  27.98+4.05"
DREEH  40/40  0.4320.06°  0.38+£0.05*  0.49+0.08"° 1.56+£0.30™° 0.55+0.11"° 41.42+1.75"°  28.36+4.08"
F 13.660 7.440 25.260 22.290 37.580 44.530 48.200
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
T 6T BRZH AR A3 AT 5 P<0.05 vs XF R4 ;°P<0.05 vs No—DR 4,
®3 FAZSHE—MERBEXEST
&R Cys—C A FBG IR &
MFRT r 0.058 0.295 -0.095 0.038
P 0.521 0.001 0.291 0.678
FAZ TR r 0.013 0.154 0.032 -0.123
P 0.884 0.087 0.724 0.171
PERIM r 0.038 0.147 -0.010 -0.078
P 0.671 0.103 0.912 0.385
Al r -0.051 -0.296 0.113 -0.013
P 0.574 0.001 0.211 0.887
VD r -0.014 -0.235 0.002 -0.087
P 0.873 0.008 0.978 0.335
F4 FAZ BN DR %4/ ROC Hi&MINMEN T
Ei AUC 95%CI U (%) R (%) THBT{E ZIEFEEL
MFRT 0.745 0.682-0.808 90.64 49.50 201.21 0.401
FAZ T 0.738 0.679-0.797 70.18 66.67 0.44 0.368
PERIM 0.696 0.632-0.761 63.74 67.68 1.51 0.314
Al 0.792 0.736-0.848 87.72 58.59 0.68 0.463
VD 0.847 0.801-0.893 73.68 83.84 42.76 0.575

1473



EfRIRRIZRTE 2024 F 98 F£24% £
815 :029- 82245172 85205906

http://ies.ijo.cn
BB {578:10.2000@ 163.com

1.0 -
0.8 -
s 06
0.4 -
p MFRT (AUC = 0.745)
02 4 ,7  — FAZIfi#! (AUC = 0.738)
: p — PERIM (AUC = 0.696)
,7 — AI (AUC = 0.792)
VD (AUC = 0.847)
00 T T T 1
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1 S
El1 FAZ S8 DR £ %k ROC M HMES T,

3itit

DR J& DM # WIF & E 2 — , B [H 2 B~ , DM B &
I & DR K HE K 10%-20%, DR EMF PR £ 5
MRz — L HARE R AN B 78 R0 % PR ) iR st 2 i 2 &
JRE S AGH ), TT RE T B0 P 2, L i A PR S S O T
PO ] S BURE R TR E W, F4R
—FAGI Jy =CH T 1AL DMAR I BCIR 2 4 0 A
DR X} FH1G Y7 DR G B il s BT B E L,

DM F8 3 1o I b AR s 4 vl 2 ] S 350 R Ak 1 38R
PR A A A 1A PN B 4540 T2 Ik TR 1T 8 R AL 1Y)
JEEP IS DR B IARAE ) DM R e A AL
RIS, JARE RN 28 40 LR BT SR A 47 5 SO D) i
AU S50 K Th e A i As | TR] Bt 75 LA 2 B AP AR o)
I I 975 28 AR BRE DX I 3 B O, AT 9 & DRI
Cys—C J&—Fp 27 A AR rb oo o e €8 28 1 iz i i 3R 8 1Y
VIR, FE R RS TR Al ek g R R 4505 Y R A | 3L o 4
W IhRE, TRES 5 DR B &4 Kok R i AR5
i, No-DR 41 . DR 5 4 DR #E 4] DR B JF 4 B &
Cys—C .FBG /K- B & /& T X+ B 41, DR #2241 . DR 1 &
21 DR 4 B #H FBG /KB = F No—DR 41, i B 5
MRS AT 3G DR &A= KU, i ASBFFE H DR R84 |
DR 4 DR EEHHBE Cys—C /KL EES hiE
S ENGEELUNCT NS VB

OCTA 5 & — ol o 375 2 451 4 400 o I 4 T 5 S
NS AR ) A3 2 5 A0 78 A 17 1Al R P9 5535 25 7 — b JC 1)
PEHR WK BE FAZ IE A (S5 497284k, AL A,
FE T P B BE DXL % R AR AL, 38 W] AERG U i MFRT, A
T FE = 2R 2540 L P4 R0 I BEEAR I 45 5 AR AR B A
5, DR #2840 DR 4] DR FE AL E VD KA
AL F No-DR 4, FAZ [ #1, PERIM /K ¥ B & & F
No—-DR4 . UiH] OCTA WJAE A &b B EE FAZ 2544 S i
BHEARASAL I E T B DR K KAy FAZ X 5, [5] i
FEIR FAZ 10378 7 T 2 AN, o LD BT R A0 v ot A A
T PP I R PN R 0 A 455 B T A i A 4 2 K T
PN EZ A A 43 P A B0 A S T e | ML R R e o B
ML W FAZ §7 KGN, AL FAZ AL PERIM FH& , 1
FAZ ¥R nl 80 i 3l 1 2= 2 6L, B0 FAZ J&] I 37 8
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5 FE AR, 76 A0 00 7 PX R 8 e i sl 4, 2R 2% i g ) 32
VT BE 7, M H PR HE M T A0 a4 A 2E, VD KR
[0 Takase ZVT BFSE & B, S HEREHR AH HE , B 7
A DR, BHRG R E Y FAZ A &K, HIR)Z FAZ i
R R, 5AF IR 45 B2, BEAh Samara %58
DR BH 0 =41 R B AR 5 R DR A B & R R 5
A DR FIH4EFE R DR, S5 EREIR AN L, =41 1 FAZ AL
N, It BB DR P E AR AN, FAZ 29 K, X
SRR 4E R —2 WESL T FAZ RS DR A0 R0 BE Bk 1 i
R EA G, FAZ Y K2 DR R IEIR 22—, AWF
FERIL, DR $2EE4L DR P EE 4L DR HE 4L B AL K
it —25 T B MFRT & iF— 2675, AT 685 o i b 3%
SAE SN, BN Bz 240 it D B A 400 o B g B A i A
YIS R  FAZ U B R AN AR L, AT KRR
P00 MFRT FH 8 0] fiE 5 DR A 0 1o o, 25 vl 2% 7™
o, LR BE K b L 2 Am AR A 5D Krawitz 25
X} ARE DR £ Y AL RNl FE R AT TR ST, AT TR AR DR s AR
FH4r-oMAE DR AERGFE R DR N34 8 A DR =41, W95 & B0,
BAE DR 4140, HoA 4L /9 AT Fndh F R[], DR ™ B L 5
AT Tl EEIE ARG, AR T i s B R AR 22 [i) 1) 5% 28 5%
FHfH DR R HME R B R E, Liu S5V W5 k0, b5
DR H1 NPDR i JE£] PDR , B BE X 4% X3 (1) VD 1 PD I
FAR, T FAZ B i1 K, Ghassemi 265 B & Bl TR )2
rvC [M1 0 A48 R R J2 B A BRE IX 1 I A5 % B, B 5 DR
B4 2 A RS2 T B 12 2 TR J2 00 D) 5 DX 3k e o A 2%
YIgHiAt, —SefF 5 g UE I P 5 IE W X B A He
DM AE7E H BLIG IR DR Z it © 247 78 FAZ L3
Ko R 2] BESE A A OCTA B K& Bk A4
BENIERBAAEER TR SEE A INZE, IR
WFFE 34T Pearson A0 B8, VD 5B R M AHR,
T 8 5 A I8 0 - SO0 DO 8 2 B 25 4 el A S, S 30
BEACHI Y R AL S TR R A OC . i HALFE IR 5 Cys—C 4
i FBG MR FEICHH AR | Ui B B BT FAZ HoAb 48R 32 H
flsZma R R B TR TSI DR W48 bR, t 0] fig &
AW FEREA /D Bl e XS N e, Ak — b
WHE FAZ 459 R & 284 5 DR X R, AR WF5E AL
ROC M4k, 45 5 W75, MFRT . FAZ TE 2 . PERIM (AL VD i
¥ DR #) AUC 435/ 0.745 .0.738 ,0.696 .0.792 .0.847 , Hi
AT WL MFRT (AL VD 7Ei2 W1 DR J5 i A — & 0l 7 1
Sy FE A HATEAY DM BB 500 i B AR Ak, A B TR
B2 DR Jf 45 7 B A R80T, A I T DR B
TE .

DM 35 7] B FAZ 4574 S i 0@ A 2o 42, DR B &
OCTA FH MFRT Al }z VD 54 ik, = HE LW H 1
DR 5 L HA — @ M (E, 8 B0 00 K A28 40 A B T 1
1ZWi DR, HH TAMAFREA D XM GRER L —,
WFFE L T BB AR AE — 8 R 255 WA AR B SR 9 A Cys—C

BHRAIAE DM B E B IR Z Bt Ih s, 7w EE S DR A
Ak R AR A F it — 2 WF T AW IR AT
fEFE bR . DM/ DR S FRAEBRAF 845 , AR KA
W A TR AR ST
S &3k
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