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Abstract

Objective: Qualitatively and quantitatively analyze the characteristics of microcirculation changes
in the macular area and the optic disc of primary open angle glaucoma (POAG) using optical cohe-
rence tomography angiography (OCTA). To investigate the relationship between the microcircula-
tion changes and the structural damage in the macular area and the optic and visual field damage
in patients with POAG at various stages. Methods: The subjects selected from 2018-04 to 2019-04
who were treated at Shenzhen Aier Eye Hospital. 41 patients (77 eyes; in which, 35 eyes with mild
glaucoma, 25 eyes with moderated glaucoma and 17 eyes with advanced glaucoma) with POAG
and stable intraocular pressure control were enrolled in the observation group. 23 subjects (43
eyes) with matched age and gender were selected as normal group. OCTA technique was used to
measure the macular area and the optic disc. The average capillary density of each quadrant was
qualitatively and quantitatively analyzed for the characteristics of the macular area and the micro-
circulation of the optic disc. Cirrus OCT was also used to measure the macular ganglion cell com-
plex (GCC) and the retinal nerve fiber layer (RNFL), Humphrey-HFA3 (24-1I) was used to test the
visual field of each patient, and the correlation between OCTA parameters and visual field were
also analyzed. Results: Abnormal fundus microcirculation was found in the patients with POAG.
Capillary density in the macular area and optic disc zone was lower than the normal eyes. With the
progression of glaucoma, the capillary density of macular area (total area, upper and lower qua-
drant) and the optic disc zone (full circumference, upper, lower) decreased. The capillary density
correlated with the RNFL thickness and MD value of visual field (p < 0.05). Conclusions: As glau-
coma progresses, the vascular microcirculation showed abnormalities. The microvessel density
reduced in the area of macular area and optic disc zone. The severity of glaucoma is related to the
decline of capillary density.
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1. 518§

G HR R FLEE — ROR AT ) T ECE BRI [1], A& — 2 UM R 5 A 2 5 41 B (retinal  ganglion cell,
RGC) 473 [ FL i 9 HEAT 1t 25 SR RN X e 4 21 4 22 (retinal nerve fiber layer, RNFL)AS AJ i o4 5 35 04 3 2
FHERIRAZRAZ[2] [3] [4]: HOGIRAIFISHOINEE ., G GRS W S hritk @ hriE B S ET A
7, (HEFWSW BRI R . AR T IR S T R AA TR UM i) 57 o 4 H B o 2 A
-7 2414 L4 B 4% (opttical coherence tomography angiography, OCTA)& 3T OCT &4t iyLhti F P &
1) — Fh TR B AT L X ML EAT % . AN FE 4008 F OCTA e AR 5045 AT L IR B 3 vh 3 B S L 28 5%
X3 i R AL .

2. MRS 7%
2.1. SKXRR4A

% HY 2018.04-2019.04 it 12 T3 52 /K IR ABLEE B ffi2 A POAG HLR 4 Hilf2 e i B % 41 NGE 7T R,
Horp L 35 R HEfE I 25 HR . BRI 17 BR) AWEELL, S8 Hodapp 702, MR ALET K 25 (1) MD {EK
JEIR 53 A RIRE OGR4 (MD > —6 dB) 35 I, @ JHF LR (-6 dB > MD > -12 dB) 25 I\ MJHF JLAR(MD
<-12dB)17 HR. IEFEAFES . PERIECXS IR ANHE 23 441(43 HR) 5 AL (L3 1),

Table 1. Comparison and grouping of basic characteristics of research objects

L ARMREEARFFEL R 54

FEAREAE IEF W2 (n = 43) FLH POAG #H(n = 35) HEFE I POAG 41(n = 25) %30 POAG #(n=17)
EWRZ 35.65 + 13.89 44.8 +13.99 41.24 +10.85 52.86 + 12.00
R4 12/11 10/9 716 5/4
AR IER 0.92 +0.15 0.80 £0.21 0.78 £0.21 0.46 £ 0.27
AR (mmHg) 15.90 + 2.56 14.37+2.88 14.00 £ 2.33 14.89 + 2.87
AL (C/D) 0.44+0.13 0.64+0.10 0.75+0.08 0.83+0.11

n, number of eyes.

22. RPNEHNRKRE, MEROCTRE

A 2 B T #5200 77 24BAT - Goldman J&F xR & LAAh, ic 452 T Humphery-HFA3 1L i (Carl
Zeiss Meditec. 72 [, H.0» 24-11 4 B{E L SITA-Standard) DL & Cirrus HD-OCT 4148 & 35 B [X K 25 (Cirrus
HD-OCT400, Carl Zeiss, 1&z\: Optic Disc Cube 200*200 LA X Macular Cube 512*128).

23. OCTAHMAR AR N EZEKRE

1 F] RTVue-XR Avanti 4ifs OCTA (Optovue Inc, software Version) s} Jt £ N4 F0 %0 4 095 W R AT
. K H AE ISR SR B 40 1ML (radial peripapillary capillaris, RPC) F-2%5 B k6 25 . B3 X B4H M4
PR A . TEBEIX ST FEN 6 x 6 mm?, SR JE L 1 ROIE SR IE AR ST IR S AT IE R RS
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SRR 2%

PEDCHUI A . el A BE b O MDA O B 1 mm BT 3 mm 55 HoL B A 3 REREAT AT, DAET 20 EE (%)
IR o LA ] A M PR ARG 2R P DAL Dy h o AT M IR 1455714 (4.5 x 4.5 mm, Angio Disc 1
), #AE A — 2L BR S5E R, RERIB S , SRECILE A B SR B4 1L (radial peripapillary capillaris,
RPC)IIMLE Al Wefe(5 S omEPFIr7E 6 LA b ERIEMT. W2 OCTA &, EAILAS Al Bl
BEATEREVHSE, A BB B S A R TR X R A 4 ) DL R 4% B PR B B AL A

2.4. GHEFE S

AEHEA M SPSS 24.0 AT 200 THEBWR IR P EMER R EZE (X +5), RAPIFEA
PLIR Y ¢ 4S50 (P 2H B B) B B0 PR 3R 07 22 0 (22 L U)X AN ) 7 AL (BRI DGR AL Bt eiR4H . M
I DGR 2N I 1 0f HEZE) I 0 SANAE B o B DX I 2 S FR AR idE AT X L o 3 H Pearson ZeAH < 73 #r
XL ML 2 55 WL~ B 5 2 S A2 RNFL R BE AR SR EAT 70 o BL P < 0.0 N ZE A it 24 5 e

3. &R
3.1 BETIRE OCTARELER

B AR E YA RNFL R, SIEIX GCC JFIE. LI, LAk M B IX 1 45 B A 6 o E A
2 fiike S s L AE R LB B ST 2425 R (P < 0.001). [ 10 4 S8 MTFCIREHE B — 4 0E
WAL OCTA. MR FHLALREAH . MLEPRES (22 B R EE 44 SR B JCIR (RIERE , WL K BB X BRI
VA B R P AR

32. ERXMAABEAREEZVREMX FHEAMNERESEKEX GCC FHEERILE
MD {ERYX &

2 Pearson Ze M AHSC IR0 AT, A 2 A HR (1 35 B X B 40 1 85~ 2 % 53R BEIX. GCC ~FI4 JE % & 1F
A% (r = 0.827, P < 0.05), S54L% MD 455 2 IEAI2%(r = 0.731, P < 0.05). 4 BT 1. b HA RN 75
MRS 20 2 S AT RS, SEBEIX BN % %, 53 BEIX ¥4 GCC E & 2 I1EME(r = 0.781,
0.677,0.582, P < 0.05); - HAT S HR 2H o B [X B 4 1f1 5 % 1 5 ML EF MD B &2 1EAH5(r = 0.353, P < 0.05); {H
R YRR SUR 5 ' AR 4 3 XL X T 4 ML /B 25 1 5 LT MID B S A e 1 e B R 42 7% (P > 0.05). L5 2.
3.3. OCTA EHMEEE S B X AR EXRISETH #E

KH ROC #h4: T FA(ROC-AUC) 73 HT BB X - 15 B4H M E 3% B . A0 AE A [~ 350 B 40 i 5 5 B 7
TR IS RRE . AP AL 4 5 P 2 B AN 5 % 2 1Y) ROC-AUC N 0.836, #4175 P14 B4 I 4 %5
ROC-AUC 4 0.788, M4 K J5 V-3 B4 1L 25 & ROC-AUC A 0.836, B B [X 1) B 4 If1L 3 %% £ ROC-AUC
9 0.852, OCTA LA J B B I 2% B 2400 BB IR R R m iz akae . LA 3.

Table 2. Comparison of the results of OCTA examination in each group
2. BNETHER OCTARELER

BRI (n=43) F U POAG 4 (n=35) #/EI POAG 4 (n=25) Wil POAG 4(n=17)

WAL 5545 RNFL J5 B (um) / 82.97 £9.21 67.76 + 11.14 60.12 + 16.38
TEPEIX P15 GCC & FE (um) / 78.69 +10.16 68.04 +10.57 55.82 + 12.50
FLEF MD (dB) / -3.07 157 -8.83+1.79 -19.71+5.05

PR A4 JE S35 B 40 1 55 2 (%) 52.90 + 1.13 46.75 + 3.63 40.37 £5.97 33.01+4.92
BB X T H8 R A0 I T (%) 4855+ 1.34 44,70 + 4.66 37.74+4.45 33.23+3.28
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A: 37 Z 5, FIIELIR, I MD =-4.70dB , #ALIME %)y 46.7%, BHBE M %% 50.9%. “F15 RNFL &% 83 um, ¥
) GCC &% 83 um. B: 27 % Bk, #HEWT LR, WEF MD = —8.20dB, 4k M3 E A 32.4%, MBI 2T N 34.2%. F1Y
RNFL JE /& 50 um, “F#5 GCC JEJ% 60 um. C: 46 & Lo, MEMIE BHR, % MD =-31.95dB, WAL %4 27.9%, BB M E
B 34.0%. 44 RNFL JELE 49 um, ¥ GCC JE £ 50 um. D: 26 % ik, IEH IR, ¥LEF MD = +0.75 dB, ¥45% 78 5 & Jy 48.8%,
HEBE M 25 % H 51.5%. “F¥J RNFL J£ /& 100 um.

Figure 1. Glaucoma-related examination results in patients with glaucoma and normal control
1. TRENEABRREEMESTRBAHSTLREXRETSER. EEXLRER, OCTARTIAZRERXMER
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A RUHIBEBEX S35 B4 1L % E 5 T X GCC P35 JE B (A B AH S ME B S B (r = 0.781, P < 0.05) (n = 35); B: HEEHITBEIX T E
9 1M1 25 B S5 BEIX. GCC -1 )5 BE A A A S B A B (r = 0.677, P < 0.05) (n = 25); C: I35 B (X 1 5 B 40 1L 35 55 7 S5 i B X GCC
P35 B B B AH S PR AU (r = 0.582, P < 0.05) (n = 17): D: SR B [X 135 B 20 1f1. 7 45 5 5 LT MID Af B AH G PE K R B (r = 0.353,
P <0.05) (n = 35)

Figure. 2. Sperm plot of the correlation between capillary density in macular area and GCC thickness and field MD value in
each stage of glaucoma group
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Figure 3. ROC curve of optic disc and macular capillary density
parameters in the diagnosis of primary open-angle glaucoma

3. MBREMXEAMEZESHTRLAMFARSNHR
Ll ROC ph%k

4. Wi
IR AR B LT, AN TR BRI AN O M 2013 4E 11 6430 J7 303 2040 4E 1 1.118 14[5]
[6][7] [8]. F YGHR K H- AL W U N BB . AR S5 YR A2 Wi 1K) vt SE b vl B s AT B 46 75 (standard automatic

perimetry, SAP), {HH FIHZ T A BUS A L, WELET A S50 o fEAL AP 2 T RSB T2 2 T 50% M) 742 Hi B
[9][10] [11]. H mUALEF-#RBEME F 1A R BLFEIL Wi e IR 1l R 77 K.
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tHT POAG iR A TE A T, mlReHEEA %, mIREIE N FERHRFE R B RILR, HihE K
P I R AR DG D5 /K IR G A ZR A MBI S D Rebetig . MLRia )5 B0, e R RS . i
B Z AN T A, DETIRZ BERSH O I S i, s sy ml,
BT LB W C N BB, OCTA BRI K JE N POAG K ML ML 424t T8 e & F B, "L
FERR T4 55 2 1 W BRI IR A8 4, ST i) R R I B A — e 2 W Re 7). H AT OCTA HERET
FEHR B H AR B BEIX . Bk ALFLSLE Rl . RNFL S5EBA07 1 N 35546 AH OGAIF 55

2 MR T I 24 4 LI 4% (optical coherence tomography angiography, OCTA)Z 3T OCT & 4%
fithh | R B — o JC A ARG A B3R AT RS, 5% G 58 L 1 52 (FFA)AHLE , OCTA BA LR A,
AR VESE 5, B OCT {5 5 MimIR G BAMIALG B, @i =48 A s G5, RE Xl
DR J 2 S A R 5 R A B Jk 2% B L 657 T 25 I LR R I L [12] o Fe MR R 52 (ke B 3R R R 1 LRI,
Bl B G VR A0 DR B fok 248 P i ' R AR A 28 HEURH 098 B L 5 5

AR, AHFFCFIH OCTA HiARRIIE T BEd IR B3 b, WAL % 5 R I%, FIFH OCTA B4
M, A7 LA IR, AT 5 IR £ 35 1 ROC-AUC 4 0.84~0.94 2 [f][13]. {EFAT]
FIREFE R, AR T RTVue-XR Avanti 47l OCTA #t4¢, HTF ¥4 KRBT B, o 85 g I
AREE B, HEEIREONML, T ORIR R AL B X M 2 AR N . X5 Lommatzsch
Z:[14] K Rao ZE[15] (M 70 45 AL

AN, FRATEXT R . R OCIRHEAT TR, TR S B R, BEE S OCIRAHEE,
MRS F . Liu 21618, SH#EAME, POAG HIRH cpVD WIS/, I NE EHR I
T BETE M K B SR IR, AT SCREART T 4518 . POAG AL RPC J2 45 1B 4H I 2% 5 35 A
5], BT Bk . RPC ALTMALAAZA, JE B Z 5MAGQRMWE, EF R
H RPC JZ M M e e . AWFFSE Rt —DUEsk T IR B E AR E S IR E R G %, 1
B 1L 1) 52 AR R 0 7T A L T T SR R S 2 SR T i — P A

AHFF R O F AT e IR 2 A2 20 108 35 25 (4 ) B 3% R PR LA, e e A AN 1A 75 e MR 2 ¥ R
BB M % B - S04 K & GRS B EK, ZRIAS R (8 P < 0.01). @A it
&, TOGIREE B IX B % B AL Bl e % B B Bi D, BB X B4 Mm% . B
A AR AT GIRBE U7 A2 T KR R . G ST G R 2H 1) 2 B [X 4 1f. A8 %85 155 15 1 0 HRAHL EL A
R A REGERE (NP <0.01), BIEEHEX B0 2 B 7R R GIR o B s i sus it . (HiE
i o} 2L (R A 4 ] % R PR ) L B S AT IR L 2 R E I R g 2 = . R Rt e B Ok
MR ZE A A B4 I % P S5 A8 MD ARG TE B R GE T2 22 . b 1 5 M 0 75 Ol IR 20 35 BT X B 4 of
2 S5EF MD EA T E S i EREP > 0.05), WHEMERE: OXRFFRMNFERED, sHE
AU AR, X PTREVR R — TR R I R IRZE . QRN AT LR HEIEE, HESE
KB 7E 7GR RIS W7 A /e — B RIR, SURERAIC. @B 1) OCT I Mg & Gont T A 535t
X B0 ML 5 ARG S B 2 i AR Al s, moRHERR R JEREER . B RS R A
FHTH . @ 1 A B A5 A O (8] BRI A B 22 iR P 2 s i 2 i VR 1)« @238 R 25U 1
K, FRES &R MR o7 PR A R

B AW FURI[17], POAG IR AL B4 M 1% E 5 RNFL B 2 IEAR, M KEERS
LEF MD 2 1EA S, MATUCHINE 55T REIAME G, it OCTA WLEAL AL Mt & vl 1E & L IR
WIZWi 22, (HIZ0T 50 R LU U I A2 45 4 T RE S WAL DI e AR Ak . TEULIRIA, BRATTA i S5 &k
B2 W B T VP4, 4535 Yarmohammadi %5 A [18]AHMBL, B BE X AW AL X 1 6 41 1 45 25 11
ROC-AUC 7 0.79~0.85 2 [f]. HA K EIIEHIREE. XHEnIRATAT LLERE 73 2 2 Hr B 40 I 2% 5 3 i %)
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POAG 2 Wi .

2, OCTA Jyl IR AL I B A S 40E 1 W B9 AETOLIREE o, ATLLE OCTA i

BN T FE. OCTA 1 E BT IR I 5L S i — R 77 %
E&UH

52 IR IRRHEE B S T RHIT R 00T H . OO 75 ' R LR AL 37 00 0 e i, 25 3 5 400 19X e 4224 4 i S AL

MAMERRR) (i's: AF1906D1).
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