EEES

R

H AR TENE R L R 2R ) M A 2407 T OCTA

ERiP

8 3y A =R AR B GE B PR s 1 A X R % A8 (Non-proliferative Diabetic
Retinopathy, NPDR)& % b % M + Wr JZ 939 $i 1l % B R (Optical Coherence
Tomography Angiography, OCTA)EI& IIRELL, WFFTEE NPDR AL M s I
B AR, R OCTA 7 HE PR P4 ¥ I )5 A2 (Diabetic Retinopathy,
DR) IS W 1l R AN A
Jiiks

AT T — TR B R 7T, USSR 2021 4F 9 H & 2022 4F 10 Amtiz T3]
£ NPDR B H MG TR, 35t 94 B, 0B R Ml BRI, AR,
B AEHF IEME /1(Best Corrected Visual Acuity, BCVA). KiEE#E M REEEAH, 2
BT % B o IR AR A S5 50, X OCTA 43t AOA0L WA I 1t 4 PR (% AT F-3h 0
JZIGRIH Imagel BAFHATIHEAFHIRIZ . )2 IR JZ HIAW I JEE 1L 45 2% 8 (Vessel
Density, VD). A0 MTCILE X (Foveal Avascular Zone, FAZ)H . FAZ &KX
— RIS H ARYERE R PR S A 1 [ Bl R 7 e (2002), K NZH R
H o N R IRIRIR 26 IR JoBE PRI 4 B 42 (No Diabetic Retinopathy, NDR)
#1 22 R, %% NPDRZH 18 IR, "1 NPDR 41 13 R, HJE NPDR 4 151R, #
H ¥ NPDR i AMEH, W@ RRIKIE. NDR 4. % NPDR 4. FfE
NPDR H & AXTHEAM A4, B4, C4. D4.
gh R

7E 3% 2 B 401 % M (Superficial Capillary Plexus, SCP)Z[f, ¥ NPDR IR
5 REHR & DR H e WAIRAMILL FAZ TR K H 2 e G 07 A7 75 = X
(P<0.01); HJ¥ NPDR R FAZ KK, S5IEHIE. NDR IRZERES 7
AR X (P<0.01), 5% % NPDR HR. 91 NPDR HRZEFIEGiT5 07 H G E L
(P>0.01); EJ¥ NPDR RIMAHER/D, SIEFR. NDR IR, #FF NPDR R %
SAEG 227 A & (P<0.01), 5B NPDR HR 2% S AE 4t v 2% 77 [ Jo = X
(P>0.01).
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76 2 B4 1 4 AA(Middle Capillary Plexus, MCP)Z1f, #JEF NPDR R
FAZ s K, SIEHHR. NDR HE. 22 NPDR HEA Git5 % 5(P<0.01). 5
H i NPDR R R AESG 245 X (P>0.01); HEJ¥ NPDR R FAZ B KK,
HIEHHR. NDR HE. #5% NPDR HR. #JF NPDR HRAFiit 4% % 7(P<0.01); H
J¥ NPDR MR E /N, SIEHAR. NDRHR. %% NPDR HRAES {245 H A
B X (P<0.01), 5 NPDR HRYESt 1124 5 HIo = L (P>0.01).

TEIR 2 BRI M (Deep Capillary Plexus, DCP)/ZTf, ¥ NPDR R FAZ
AR K, S FEIR & DR H e 4y HIHR 22 S AE SR i 07 A & X (P<0.01), 5
NDR HR. #J NPDR HR. "1JE NPDR IR % RS T 07 H = L (P>0.01); &
¥ NPDR BRI £/, SIEHAR. NDR R, %% NPDR iR % R {ESG 1T 207
[ 5 X (P<0.01), 51/ NPDR HR 2 R AEGL i 2 J5 TH L& L (P>0.01).

DR % Bt LogMAR A#/E Gt 15777 T ) 72 5 (P<0.01), #EAT PP ELEUREN,
HJ¥ NPDR R /8 & NPDR HREF, B ARIRZE, HIEWHE. NDRIRA S
FFEF(P<0.01), 5% NPDR R, HE NPDR IRAAFAESL 142 2 57(P>0.01).
ghik:

1. HJ¥ NPDR IR #BEX SCP 2. MCP JZ1H ) FAZ A& 1E 15 NPDR
s ECR: HEJE NPDR HRYE SCP Z1Hi. MCP ZE1f. DCP ZH ) FAZ [HATE
fiifi NPDR - #ArfK; #E NPDR RTE SCP Z[fi. MCP Z[i. DCP Zfiff
VD 7EFTA NPDR 7M /. X 0 15 AR gk fe 25 PDR B, 645 400 ) JE ™ o
FEEERSE M, BB O TG I DX AR TR SO, 3 JRE DX A0 o B8 £ 1, A 457 £ e 7
LB R RAG

2 HH IR X LA g B SO I R R ) B AR, ARt AR DR B I
TSR I AR AA I

R PR PERL IR S, OGS T R IR R, PRI
M TMRE S, FLMEE X



Abstract

Abstract

Vascular and neurological changes in severe non-proliferative diabetic
retinopathy: An OCTA-Based analysis
Objective:

Analyzing the characteristics of OCTA images in patients with severe NPDR in
order to study the changes of retinal blood vessels and nerves in patients with severe
NPDR And explore the clinical value of OCTA in the early diagnosis of DR.

Methods:

This study is a retrospective study. Clinical data of patients with NPDR admitted
to the outpatient department of our hospital from September 2021 to October 2022
were collected, including 94 eyes in all. Data such as age, gender, eye type,
intraocular pressure, BCVA, Opal ultra-wide Angle fundus photography, slit lamp and
fundus examination after dilation were recorded. The retinal vascular images obtained
by OCTA were manually stratified and a series of parameters such as retinal VD, FAZ
area and FAZ perimeter were calculated by Imagel] software. According to the
International Clinical Grading Standard for diabetic retinopathy (2002), patients that
are chose are divided into five groups, including 26 eyes of healthy group, 22 eyes of
NDR group, 18 eyes of mild NPDR group, 13 eyes of moderate NPDR group and 15
eyes of severe NPDR group. The severe NPDR group is set as the observation group.
Healthy group, NDR group, mild NPDR group and moderate NPDR group are set as
control A, B, C and D group separately.

Results:

At the SCP level, the FAZ area is the largest in eyes with severe NPDR
compared to healthy eyes and eyes with other stages of DR. The difference is
statistically significant (P<0.01). The FAZ perimeter is the largest in eyes with severe
NPDR. The difference is statistically significant (P<0.01) compared to normal and
NDR eyes, but the difference is not statistically significant (P>0.01) compared to eyes
with mild NPDR and eyes with moderate NPDR. Severe NPDR eyes has the lowest
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blood flow density, with statistically significant differences from normal, NDR and
mild NPDR eyes (P<0.01) but no statistically significant differences from moderate
NPDR eyes (P>0.01).

At the MCP level, the FAZ area is the largest in eyes with severe NPDR
compared to healthy eyes and eyes with other stages of DR. The difference is
statistically significant from normal, NDR, and mild NPDR eyes (P<0.01) but
statistically insignificant from moderate NPDR eyes (P>0.01). The FAZ perimeter is
the largest in eyes with severe NPDR, with statistically significant differences from
normal, NDR, mild NPDR, and moderate NPDR eyes (P <0.01). The blood flow
density is the smallest in eyes with severe NPDR, with statistically significant
differences from normal, NDR, and mild NPDR eyes(P<0.01) but not statistically
significant with moderate NPDR eyes (P>0.01).

At the DCP level, the FAZ area is the largest in eyes with severe NPDR, with
statistically significant differences from healthy eyes and eyes with other stages of DR
(P<0.01) but no statistically significant differences from NDR eyes, mild NPDR eyes
and moderate NPDR eyes (P>0.01). The blood flow density was the smallest in eyes
with severe NPDR, with statistically significant differences from normal eyes, NDR
eyes and mild NPDR eyes (P>0.01) but not statistically significant differences from
eyes with moderate NPDR(P<0.01).

Statistically significant differences exist in LogMAR at each stage of
DR(P<0.01), and a two-by-two comparison revealed that visual acuity is better in
eyes with severe NPDR than in eyes with moderate NPDR but worse than in the
remaining eyes. There is statistically different from normal and NDR eyes (P<0.01),
but there is not statistically different from eyes with mild NPDR and eyes with
moderate NPDR(P>0.01).

Conclusions.

1, Eyes with severe NPDR had the largest FAZ perimeter at the SCP level and
MCP level in the macula among all NPDR stages. Eyes with severe NPDR had the
largest FAZ area at the SCP level, MCP level, and DCP level among all NPDR stages.

And eyes with severe NPDR had the smallest VD at the SCP level, MCP level, and
\Y
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DCP level among all NPDR stages. This indicated that when the disease did not
evolve to PDR, with the increase of retinal severity, the area of the central non-
vascular area of macula was larger, the vascular damage of the retina in macular area
was more serious and the vascular density was lower.

2. Patients' visual acuity became significantly worse when there was a rational
change of retinal vascular disease, while patients' visual acuity was not significantly

changed when there was no pathological change of retinal vascular.

Keywords: Diabetic retinopathy, optical coherence tomography angiography, retinal

vascular density, ganglion cell complex, fovea vascular area
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th S AR IR R AR

FEHE FEL AR HHSC AR

DR Diabetic Retinopathy R PR AR oA 5 A

OCTA Optical Coherence Tomography Angiography F62F AR T W= 3 I %
NDR No Diabetic Retinopathy TCHE PRI FHL A g A%

NPDR Non-proliferative Diabetic Retinopathy Al 385 B R T AV Do g A
PDR Proliferative Diabetic Retinopathy L A PR 9 R D) B AR
FAZ Foveal Avascular Zone HLC TG I A (X

SCP superficial capillary plexus W B IME

MCP Middle capillary plexus W Z B4 I A

DCP deep capillary plexus RZ B0 IE

FD fractal dimension I TCHEEL

VD Vessel Density I 7 5

VLD vessel length density MK

VLF vessel length fraction MAEKE 5L

VDI vascular diameter index I &K P FR %L

FA fluorescein angiography WILE M &R

OCT optical coherence tomography e AT W E 4

AOSLO adaptive optics scanning laser ophthalmoscopy 38 N 2RO GG AR 4%
Log MAR Logarithm of Mininal Angle Resolution /NP EUE

ILM internal limiting membrane N JL

IPL inner plexiform layer WMIRZE

Vil
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F1E &R

11353

W PRI MR X I 45 (diabetic retinopathy, DR) & 5800 /1 R B 32 ZHR
Wiz—, BERMMTHEFAHEE, AE5REM, 755 BT H MR
AR E 9 175 A0 A g e 2R I, WP A A 10 A P 6 1) S 3 AR AT Ll - R 4%

R AP SR IA RSN E A N 5 2 T e == s Rl R A K e G g K=l

FEM B, RN S A JE N 2 B B R A7, B2 1A P 26 R AN mT T
— B R RRE RS, SR IR AVE T RE, B 5 IR AR
MR B RCEF M A B REE ., RELDUEL AT E S | AR K A
SR A7 2 DR, HTE R Ik 2 Ty A M X o A P AT VR A 43 4 LA
SREUIS 24 BYR T T HE 25 s 3 J 1 435 it

SR T A I 18 Coptical coherence tomography angiography
OCTA) & —MBi B ORI, AT ZEES Jukl, I8 I 6 R e A7 B R ) i
ATIELE B R SRATIE b I A5 AR SR I AE IR 10, i I R ECAR X e L 3 A R
B, WAL &R WA R, BHA KR TEMRELEZE, JFE
I PE BT E BT, OCTA 38 1T LA AL I 5 J5E B A0 o 28 2 i 52 A 4
JE RS, A LUK IR BB LR AT AR 2R 455 20 M, 75 B IR RS A0 18 257 IR B 2R 47
SEVEAH . HERIR AT

AT X DR B 3T OCTA W — FR A 28 M vt H R 5 i 2 2
FAZ fIf. FAZ K. METHMRE SR AL EEES, 787 OCTA 1EE
Fr KK DR B8 IR A M 0L, 2R3 DR &40, MR &5 2
M2 5 2 OCTA YN —Fgi Bk A HoR %S DR FAIRAR A . 12 M i B %
B, AHGEIREEAZE . JAI7 DR SRLH TR

1.2 Z5iR

Bl PR AE A BRIG R Y R R R K IE, B 2030 KL 25%, F| 2045 4F
WKL 51%1, DR &R R B E m R IR, XU 2045 FERAFH
51%MI A B DR FIRS . MR IIA S 220 M M4, & AR B R )

1
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2 —, DR W WAL 2 —, BT LA E R X 55 41 I 70 A0 25 1 Al
1118717 S 1 T P N i 1 VG 9 o %7 N s 9 X i P i1V
S ZERZ BIEE R T (2 FI40 M sk Py 5 40 M B ok 5 8505 57 4511
(3) WL IE M P9 AU (4D JKILIEHiThae i (5) I i K 4n i &
3% b B 200t 240 B e s 1 1 I 5 B B 0 R B (60 AGE SZARIMEIE (7D
52 R 200 MR T A PR A 278 R DR T A R U (8D AU RR B I 7 3 1 R 5 T A OB ) i 7 5
U1, MR 45 1% 2k e, DR 3k — 2 43 Dy AF 3 GE 1B JR % 1 R B A8 (non-
proliferative diabetic retinopathy, NPDR)FI 1 g 14 ¥ SR 5 P A0 W I 9% A%
(proliferative diabetic retinopathy, PDR).

H DR E R A DAk, BRRHES A2 mT LLId I 2 P A28l B 12 i
FPBms, ALERFEMIR T OCTA 1ENHIAYH R 12 DR M7, #
FHAR bR S ARG, AT IR T e B AR 2 T DR (%177 20 RF A5

1.2.1 OCTA

OCTA & —FAT4F OCT (i B C M BAR A, &I R — 7 B k47
B B A LA AN S A B 4H % B Bl ont b SR SR E = 4 1 A BB,
5T OCTA MstFiRetE, IGIREEATT DLE 8 OCTA & s GO &2 ML 1l
ML LA, AEX T3 S i 4 A8 4k, R & M0 5 28 A2, B8] ek
OCTA FREU) 3D i UG AT LA S0 B, bt M P A8 e A iR, "L
M AT AR P VR A DA k2 AR
1.2.1.1 FOLMFEME X (foveal avascular zone, FAZ)

R 4 0 oo [T DX 3 B A R, AE NIRRT g v o i SR 2L A . FAZ
TEGEUR 25 LA TR,  Hp Sl Bl a6 AR R 38 ok i i, s RGN K, B
J I3 A P A T [ ST, B A E 2 5 240 B ) B 2 L A e 1 ]
ST REIS), T A A 20 A AN AR DY S JE 2203 A B 0 ], PR BB AR AT 8,
FAZ {1l EFabn B 4E FAZ A FAZ JHHK. FAZ [BEEEFI FD-300 55, & FH I
Fahr A FAZ THFA.
1.2.1.1.1 FAZ TH

FAZ [HIR4E FAZ XIS FE B AR, @ FEIR FAZ THIAVE AR BOR, &I
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E5 0.073 mm 2, F & ]IE 0.656 mm 2%, ZI0 OCTA #F 7 M %2 DR AR 15 5B
B FAZ AR Z 57 . Koger % NV T 128 HHR (fu4% 29 H NDR iR, 18 H#%
J& NPDR fR, 15 A+ & NPDRHR, 14 H#EE NPDRHR, 27 H PDRHRE 25 H
R REIRD R IERR FAZ THIFA 0.21 £ 0.06 mm 2, NDR &R FAZ MHIFA
0.30 £ 0.11 mm 2, %% NPDR B ¥R FAZ [N 0.36 £ 0.15 mm 2, ¥ NPDR
BEIR FAZ A 0.33 + 0.08 mm %, HHEE NPDR EHEHHR FAZ A 0.33 +
0.09 mm 2, PDR &M FAZ AN 0.34 £ 0.13 mm 2, YONAIR RS H PRI
HRJR AR, PR IR FAZ THARIS R T-{g BT IR, A 0 s IR i i 3 iy i
HHR FAZ WA KT NDR 4, % E NPDR ##FR FAZ W& K. H
Wang 250N pE PRI 2 3L 105 HER (045 37 X NDRHE, 43 H NPDR R,
25 W PDR HR) (EBEH 0N 3x3mm X3 & PDR 3% 0E FAZ TAE A, KN
0.4016 = 0.1616 mm 2, FHMZERAEE (P>0.05). Choi %A%y PDR &
HHR FAZ AR, N 1.29 + 1.69 mm 2. Ryu ZPH\ ABE% DR JiiE#HE,
FAZ HAGZETI . 2 Gwen 25 AUIHFF 139 HHERINJy FAZ K/ 5 DR K
IR WA 93 W1 BUREROBHRAN 104 NIZUHE PR IRAIL, 7E 1
RUOBE R 20, R E B (deep capillary plexus , DCP) JZ 1 F K fR 5 5
LRI IR)<10 M EE IR FAZ AN TR RELRm (B)>10 F &5, HERE
# (P<0.001), TM7EKRZETBYIMNE (superficial capillary plexus , SCP) 2 #%
FAEE, fENRPERPA S, SCP Al DCP JZ I FIKE BRI FREE T <10 4F (1 H
H IR FAZ TARE /N THE R FR S A]>10 4E B . SR E IR B
B PRIFT R SCP JZ2 T F 0 PR3 BE SL I [ A FAZ AR 292 3% IEAI 5%, Simonett %5 A
U705 1 RO 955 B o NDR B4 % NPDR RS0 IR AT e, R 1 AR R
Wi FH IR FAZ BA iR LT DCP 2[RI /2 DCP JZ M AL (1 5 b5 &
OCTA W LA FAZ AR, ¢ BT DAdEmh . AR b e ek IR 45 5 2 g
(TR SO AR Ak . DL LI AR B, 28 U PR BRI B2 (R IS FAZ
T AR /N A BB PR IR R AR O RS, B FAZ WA K FIER IR, i
DR &BrEi) FAZ TORAE A 501 1k R IR (R 00 3 i il ANIRIBH 90 53 [ 46
WAR RS S HPNRIFIGE Fle . HENEBHER RPN ZRA K.
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1.2.1.1.2 FAZ A&

FAZ JAKAR ISR FAZ X — X3 A, ooae 2 0 s T SR i A2 £ 1
FrfEZ—. Qiu ZEAISHEE 76 IR (4E 28 HA#EHE, 21 2 NDR M, 33 A
NPDR R, 22 X PDR HR) KILTE SCP JZTH, NPDR &35 1] FAZ FIK R 2.86 +
0.54mm (P<0.01), PDR ¥ FAZ KN 3.152.67, 4.07)mm (P<0.05), fE
DCP JZTH, NPDR H¥H 1 FAZ i+ 3.31(2.81, 3.94)mm(P<0.05), PDR H# 1
FAZ JA&A 4.14 + 1.34mm (P<0.001), &IfE SCP #1 DCP Z[fi PDR £ ¥R
FAZ JiK3°KT NPDR 3, DCP =1 FAZ K KT SCP /Z. Wang S5 5L
NDR #3# . NPDR &£# 1 PDR &%, MEHHEHOM 3x3mm XA I NDR
B H FAZ JK N 22581 £ 0.4358mm, NPDR £ # FAZ KN 24742 +
0.4429mm, PDR f# FAZ £~ 2.6398 + 0.5897mm, PDR 3 [ FAZ K&
Ko i Koger 8 NMVRIIAIR R BA R IR KL, FAZ JAKI KT Fexs
ME4, H%2PF NPDR 3% FAZ K&K, N2.38+0.51mm.
1.2.1.1.3 FAZ R EME EHEE

FAZ 5% . FAZ TERZEE BN . Choi Z512RF 5T 119 HER AL FAZ [RE
It 5 1 0 SR I T O/ o Gwen 8 NDIBIEFE 139 HER (24 49 X NDR HE,
H#2RE NPDR R, 40 X A1/% NPDR R, 21 HEJE NPDR IR) &Il SCP Al DCP
JEIIARE NPDR B[] FAZ B K. FAZ [BIEEAREU L FAZ JRARAHN T
BRI SRR R, JEEA 0.0 CRELIITER) 2] 1.0 (FETE). Qiu LI
f£ SCP =1l NPDR £ 1) FAZ [AEE4840CH 0.71 + 0.13 (P<0.05), PDR H# 1)
FAZ [ E 4840 0.65 £ 0.21 (P<0.001), £ DCP Z[H NPDR &3 ] FAZ [5 /% 15
¥ 0.75 £ 0.10 (P<0.05), PDR HZE ) FAZ B E4EHCH 0.63 + 0.19 (P<0.05),
SCP Al DCP JZTH ) NPDR 2 HIIE Z 5 £ kT PDR %, XU W] b T i
(IR, PDR A o0 U] BE AR

M FAZ S5SNI EA L : (D BFHE GEFCAER . MERTHR Fr)
ZESE (2) WRFE SRR — L 271 HR 9B 780 5 St o FILAE 1A hE R s
MNEEH, PUEEF B A4 FAZ AW S KT A N B3 (p<0.05), fEHE
ZHfENPDR B#h, B FPEF AT EE 1 FAZ IR B2 R T A A
B (p<0.05)U1, X U5 BA G L [R]— S AR 21 (O BF 0% RS — B, AT RE S
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