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Application of quantification analysis biological image of optical coherence tomography angiography in the ob-
servation of microvascular changes in early type 1 diabetic retinopathy SHI Yan, LIN Pengyao, HUA Shanshan,
et al.Department of Ophthalmology , The First Affiliated Hospital of Ningbo University , Ningbo 315010, China.

[Abstract] Objective To analyze the changes of macular microvessels in patients with early type 1 diabetic retinopa-
thy (DR) using optical coherence tomography angiography (OCTA). Methods A prospective case study was conducted
in 35 patients with type 1 diabetes with 60 eyes who underwent fundus fluorescence angiography (FFA),and they were
divided into 30 eyes without diabetic retinopathy (NoDR group) and 30 eyes without proliferative diabetic retinopathy
(NPDR group) according to the international classification standard of DR.In addition, 18 age—matched healthy subjects
with 30 eyes were selected as the control group.The changes of retinal microcirculation in macula were compared among
the three groups. Results The FAZ area of NPDR and NoDR groups were larger than those of control group, and the
FAZ CI,NoB and tBL indexes were lower than those of control group with statistical significance (1=-2.45,-10.10,2.31,
12.80,10.90, 11.31,2.69, 1594, P<<0.05).In addition, FAZ area of NPDR group was higher than that in NoDR group,
and FAZ CI, NoB and tBL indexes were lower than those in NoDR group with statistical significance (1=—0.83,12.29,
3.45,15.03,P<0.05).0CTA images of the macular region show that with the progression of disease,the FAZ area of OCTA
images of macular region gradually increased, and the FAZCI gradually decreased, that is mean the pattern changed from
regular pattern to irregular pattern, and the structure of branch blood vessel network in the region gradually sparse, with

varying degrees of change. Conclusion In patients with type 1 diabetes, the retinal microcirculation in the macula has

begun to change when the fundus has not changed,
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and changes as the disease progresses. OCTA en-
ables quantitative analysis of early retinal changes

in patients with type 1 diabetes.



SREFRERSHEE 2023411 H 21455 118 Clinical Education of General Practice  Nov.2023, Vol.21,No.11 - 969 -

[Key words] optical coherence tomography angiography; quantitative analysis; type 1 diabetic retinopathy

WL RN e 25 20 4R 5L, 3k [ 1 BUBE FRs i
AR A, 1 B PR 4 X S8 L
PO JE A 400 FAR 1 BOWE BRI BT b
DRI SSES LA A /N AHL 1 B g K8 35 40 D) s A2
(diabetic retinopathy, DR) & 4= #8378 5 T 2 BUBE ik
AP D 1 BB o R AR R O 3, [ &
TR, B LR SI2 B R 1TR)7 A5 e 2

T AF R R JRE 1R DG 2 A 1 B J2 1 o A8 A 4
A (optical coherence tomogeaphy angiography ,
OCTA) & — I Ak 4= AP 0 I i U HE AR, B ph
TR SRR, B A AR — M A
P H TSNS A o> ] OCTA HLgs F A
FEF AT DR AT AHS L 2 BB PR . BN HE
I T JC I OCTA K A= Py AR A% L 1 BB PR
o A6 B R DX I R A SO HEA T IR B A ) AR
YT SE N HT OCTA XJ 1 B PR i85 B D X I s
AEFEAT VPR, ) Ry Hp A R IR IS A Bt . B
AT
1 #ARERZE
L1 —fB0R AT BTEER IRF 5T , e
20204F 6 H 222021 4F 12 A T PR Mt o — B be
WG 35 1) 1 BOBR PRI 3210 (L 60 R ), Hrpr 5 1
17 4130 MR 4k 18 11 30 B ; 4 19 ~ 41 2, 71y
F (29.50+6.06) %/ o BT A SE ST IR IS S E I
1 5% (fundus fluorescein angiography, FFA) . HEFR
PR vfEALHG - DR JEE 4T M FRA K A 5 A5 1955 30 DR ;
Q)G -5 M B RS 1) LA R s G 75 Y IR 7 s ¢
55 BT A BE MR N T 25 S D A IR N T
AR JE A BRI @A IF 4 B vl g5 i i i
PO i ot A P o T 44 2R 6 R R RIS s el
BE UM HEAT FFA 32 5 0 A R A7 204, Horp e
i DR A0 19 B35 2% (no diabetic retinopathy, NoDR)
30 AR , AF 38 7 A PR 95 L I B 9% 22 (non—proliferative
diabetic retinopathy, NPDR)30HR . 73 7R [F] 5
SRS FHDC Y 18 (il e 52 1 (S 30 MR 1S xof iR
W, ARWHEFE R ITAT 28 KRR T
15 [6) 2 A5, AU i 1 P2 g s AR B 2 1 23 1Y)
fEE . AR RS AR 1. =41k
B 2RISR (P >0.05)

R HUEARIRRERE

45 A% AR J&/mmHg i)

NPDR 21 29.70+5.71 14.07+3.62 0.000.07
NoDR ZH 30.20+6.28 14.23+3.40 0.0120.07
Xt AL 28.60+6.26 14.27+3.32 0.0120.07

12 Jrik BT A2l R 32 e AR IR AU
3 R (B0 BB R T 90D Hij BT HR IS A
A FFA 5 OCTA KA o [F]—2ZiR# i FFA HOCTA
K A YT [F]— K i [) — 44 2RI HR I e oMl & Uil
e OCTA KA BT 521X & A A i A 07
FEMEA e MR A T e, SR8 OCTA PR 3 1K, itk
BURAERIE .
1.3 Y EG RN R Image J 73 #1iH,
1 B 2 B 4 1L 45 )2 (superficial capillary plexus,
SCP)F8tn , 1 A SCP &, T T 21 1t FAZ $ JF1 2k
B B A oA, R BB LG MTE LA X (fo-
veal avascular zone, FAZ) Y JE K ANEFH , & FAZ
JEFE % (circularity index,CI), FAZ CI=(4wx[H L)/
JAK, CLEJE MR AT KA, HAE 8 1,8
ARFEARL . K UL A 8-bit S —fH Ak, HRF B
H AT 0T, I IC SR X AN 3 328 (number
of branches in the area, NoB) Fl[X 35 Py B/~ 43 37 K
£ %) 5 F (total sum of the single branches’ length in
the area, tBL )P,
L4 Geil2#rik SRAISPSS 16.0 Gl 2F ikt 7
BAE Ao T TR A B b o 22 (as ) KR
MR ORGSR FH K50 s THECRORHEECR H
Kl ¥ P<0.05 254 G5 .
2 #R
21 ZHEREXSHARIR LA 2

F2 WX SHHENR L

FAZ Y
415 ., Fazc NoB tBL/x107

mm

NPDR £0.40+0.04*%0.74+0.02%"2940.80+438.39%3.19+0.17**
NoDR £ 0.33+0.03* 0.83+0.03* 3267.47+276.98* 3.860.19*
XHHEZH 0.31+0.02 0.85+0.04 3905.67+161.63 4.00+0.23

T S IR AR, P<<0.0557: 15 NoDR 4 e, P<<0.05.

H 22 7] L, NPDR 215 NoDR ZH A% FAZ Ta £




. 970 - SREFIRKRSHTF 2023411 H 2155 111 Clinical Education of General Practice Nov.2023, Vol.21, No.11

TXF M2, FAZ CI.NoB Al tBLIEFRIL Tt HBZH (¢
4 l=-2.45.-10.10.2.31.12.80.10.90 . 11.31 . 2.69 .
15.94, P ¥ <0.05) ; H NPDR 41 11 FAZ 1 2 Kk T

A IEH 4 ;B: NoDR4H ;C: NPDR 4,

NoDR 41, FAZ CI .NoB FltBL 8451 F NoDR 2 (¢ 43
=-0.83.12.29 .3.45 .15.03, P#]<0.05) .
2.2 ZIHAYEEREX OCTA M ILIK 1

|

A\ W
\
)

R

E1 =4HEBX OCTA Bl%

&1 ] 0, X BRZH \NoDR 21 % NPDR 4 , fifi
# DRIFFEAIIERE , BEBE X OCTA L) FAZ 1%
AR R, FAZ CLIZW T B, B MCER I (1% A2 46 A
FLI DL | XA 1 53 S 10048 T 285 44 328 5 A i A
BI B T AR R B A g
3 itig

REA1 0 FH FFA XF DR I T 25 2R 7 HR JiS FEAH
HETXF DR #4740 . FRA J2—Fh 2 ATER A,
U7 A 4 4SS B0R T B0 I A J2 A Al
TEAE—E R RRRTE . OCTA B AR E—T R R ATER
BROE Rtk T RREL DR B 2 Wi k. A
HIACH A IR B 2435 #8530 DR 19 OCTA 2 Wit 7% &
YR 2 RO PR A (EL 1 DB PRI AL 22 UK
HOR R AT ILE MR DA Rk R, K
V- e FLH A BRAE ], 4> 55 JF5E 5, DR A9 A& 2B
R JR LR T 2 BB PR AR BT LAXT T 1 A
PRI R B RR R A Lo T2, H 2 AUME PR
Z BT R, S RS T AN A AE
AR BE R, 70 UG A BT i A —
(52, BIFE OCTA 4 Ry AE UG PEAS L AEZEA
— 3, FTRE XA R AR 25 o 1T 1 B PR iR
B2 NFRN R BAEAEE I, 5T LA H
OCTA BFFY 1 BB i S 35 510 DR A9 i 7 A8 T
SBTUNE S

B BREER L& DR (9 5 BLRHE , 2 DL MR
24 001 A7 D il /> A AR, AN A 2 R X 24 i A )
FHZE | 2k o A 55 I R 807, A [ A — I F oY
HRIESE T 78 1 R BR G DR A PR AT, FAZ FE 2
— MMBIEIARIC . AR SR /R, NPDR 415
NoDR £ FAZ [ AR F X IR4H , H NPDR 4H () FAZ
ALK T NoDR 4L, Z R B A G it E XL (PH<

0.05) , #&7R T B AT RIS el 28 A F 10 1 FRUARE PR 1) B¢
BE DX T 40 0007 B P ZE AN JERE RS AN o B
AT LA OCTA 553 25 AT, X2 A IR 5%
W H T . (HBEE PR I UE R, FAZ A B
K, B DX G A P 72 2 B ™ o, s 1 A
W DR 995 1) 9 2 BRI/ S 2 M 10 0 DX A0 ) R R A B )
WEZ—. [FIEESMLA 2T SR AR RIS
TR A, TEHABE PR £ 5 X R AR L, FAZ X 5,
R, X SRR N AT . AR AR
SIAFAZ CIE R 5 — 4 TF 0 FAZ 8 A8 b &
B B 5E B %, NPDR £ 5 NoDR 4 (1) FAZ CIA%
TFX}HEZH , HLNPDR 20/ FAZ CI{I. T NoDR 4 , 22 5%
WG X (P <0.05) , BEEIX. OCTA El{& %k
M KT BB ZH 5 NoDR ZH F11 NPDR 2H FAZ CL#RA WA
F) BB X MG B 1 TR PR 5 | 7S 1) AR Y
FESHOM A 00005 B 1 J2  FAZ TR B I 25 L A
F A A AR FL EDE . DL BRI FAZEY
N AT A Ay 28 B DX AR A 453005 B ARiE

F 238 R FM OCTAHFFE M T 43 T 4E 50l
FE RS BB DX SR X A it A8 52 2 e,
fat e 57 10 A L, W5 PR BB 1 40 1 4R B 8 kg
A5 AT RS DR W™ B AR R INAH G . AR RIS
RS THH) NoB AtBL 4L, 25 i /8 NPDR 41 5
NoDR #4111 NoB F tBL 4545 {1k T X #R4H , H NPDR 41
i) NoB FBLIEFR{ET NoDR 4 , 2 R A G124 &
X (PF]<0.05) . 45427 NoB Fl tBL %3 /b 1] g
JE /NG SIS F5 R T SO0 I 155 4 < A ek
%o 5 Vujosevie ZE0F B EE X 3511155 5 AP PEAL A
FEAE R, PIIL, Xt SR T B B XA A )
I2 R B RE A 1 RO PR )™ AR B A o i 2 e
s .



SREZGRSHE 2023411 A 52155 11 Clinical Education of General Practice Nov.2023,Vol.21, No.11 . 971

ARRWFFEARLBA —E R BRYE , W5 o S
PR SCP JZ , X T L R IR IRZ A R B R
X5 TR Z BGOSR O W, W] RE S W 184 o3 B A
Ko PR BHE— DU HHIZ Y OCTA FIGR K IE
AR [RATTER FEAS R R/, 35873 1 B IR
o S AR RE A ) SR BR A

£r BRI, 1 BOE PR R R MRS AL B B
AR N, BB A A I [ Rl 1R A L 2 0T 4 o B AR A
HEEE R R BEEMIAR AL . Al LAdE i OCTA #E47 &
A3 Hr 1 BURE Ro S8 A SR B R AR AL . X
1 R0 b £ H BRI PR AT UL B4 MR PR 13028 =2 i 42
BT A0 IR0 0 2 B, DA 1 24 PR 6 35 )
L2 st HREG M I - R A T B B2

Weng J,Zhou Z,Guo L,et al.Incidence of type 1 diabe-
tes in China, 2010-13: Population based study[J]. The
BMJ,2018,8135(360):1-9.

2 Aroca PR, Gil RN, Mateu AV, et al.Differences in inci-
dence of diabetic retinopathy between type 1 and 2 dia-
betes mellitus: A nine—year follow—up study[J].Br J Oph-
thalmol ,2017,101(10) : 1346-1351.

3 Masteropasqua R, Toto L, Masteropasqua A, et al.Foveal
avascular zone area and parafoveal vessel density mea-
surements in different stages of diabetic retinopathy by
optical coherence tomography angiography[J]. Int J Oph-
thalmol ,2017,10(10) : 1545-1551.

4 Sadikan MZ,Lambuk L, Alimah N.The use of Fiji image
J as an image analysis tool for measuring retinal vessel
diameter in rodent model of diabetic retinopathy|J]. Asian
J Med Biomed,2021,5(1):61-66

5 Vujosevic S,Toma C,Gatti V,et al.Early detection of mi-
crovascular changes in patients with diabetes mellitus
without and with diabetic retinopathy: Comparison be-
tween different swept —source OCT-A instruments[]]. Eur
J Ophthalmol ,2019,29(3) :22-23.

6 Li Z,Mohammad A, Xiao J, et al.Optical coherence to-
mography angiography findings of neurovascular changes
in type 2 diabetes mellitus patients without clinical dia-

betic retinopathy[J]. Acta Diabetol, 2018, 55 (10) : 1075-

10

12

13

15

1082.
Spaide RF,Klancnik JM,Cooney MJ.Retinal vascular lay-
ers imaged by fluorescein angiography and optical coher-
ence tomography angiography[J].JAMA Ophthalmol, 2015,
133(1) :45-50.
Sousa DC, Leal I, Moreira S, et al.Optical coherence to-
mography angiography study of the retinal vascular plex-
uses in type 1 diabetes without retinopathy[J].Eye, 2019,
34(2):307-311.
Vujosevic S, Muraca A, Alkabes M, et al.Early microvas-
cular and neural changes in patients with type 1 and
type 2 diabetes mellitus without clinical signs of diabet-
ic retinopathy[J].Retina,2019,39(3):435-445.
Dimitrova G, Chihara E, Takahashi H, et al.Quantitative
retinal optical coherence tomography angiography in pa-
tients with diabetes without diabetic retinopathy|[J].Inves-
tig Ophthalmol Visual Sci,2017,58(1):190-196.
Gong D,Yu W,Zhang X,et al.A morphological study of
the foveal avascular zone in patients with diabetes melli-
tus using optical coherence tomography angiographylJ].
Graef Arch Clin Exp,2016,254(5):873-879.
Giray EM, Mumin H, Sayman MI, et al. Quantitative as-
sessment of the foveal avascular zone using optical co-
herence tomography angiography before and after sur-
gery for idiopathic epiretinal membrane[]]. Retina, 2021,
41(1):54-59.
Minhaj A, Yue Z, Jennifer 1L, et al.Quantitative optical
coherence tomography angiography features for objective
classification and staging of diabetic retinopathy|[J]. Reti-
na,2020,40(2):322-332.
Zhu T,Ma J,Li J,et al.Multifractal and lacunarity analy-
ses of microvascular morphology in eyes with diabetic
retinopathy: A projection artifact resolved optical coher-
ence tomography angiography study[J]. Microcirculation,
2019,26(3):e12519.
Gao W,Li B,Chen S,et al.Detection of diabetic retinop-
athy in its early stages using textural features of optical
coherence tomography angiography[J].J Innov Opt Heal
Sci,2022,15(1): 156-165.

(Wi HI 2023-07-17)

(AR Aa)



