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Fik RJABEWOE OS5, A 2017 4 11 % 2019 48 3 7 A5 T PSR OR A MR 45 — 25 e IR B 4G 25 1 12
1 HLIR CRVO 4k % ME G802 15 il 30 HR, [7] A 245 A AF i Rt 531 DC Pic 7 gk e 5210 15 A 15 R D TE 3 0 HR 4
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[ Abstract] Objective To explore the microvasculature changes in macular area of central retinal vein
occlusion (CRVO) patients with macular edema (ME). Methods A cross-sectional study was conducted. Fifteen
patients with monocular ME secondary to CRVO (30 eyes) and 15 age- and gender-matched normal subjects (15
eyes) were enrolled in The Second Affiliated Hospital of Chongqing Medical University from November 2017 to March
2019. Best corrected visual acuity (BCVA) ,intraocular pressure,slit lamp microscope with pre-set lens, color fundus

photography and optical coherence tomography (OCT) were performed in all subjects. The central macular thickness
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(CMT) ,foveal avascular zone ( FAZ) area, FAZ perimeter, acircularity index ( Al), vessel density of superficial
retinal capillary plexus (SCP) and deep retinal capillary plexus (DCP) in 3 mmX3 mm macular area were measured
by optical coherence tomography angiography instrument and compared between different groups. The correlation
between BCVA ,CMT and microvascular structural parrameters in ME eyes of CRVO patients was analyzed by Pearson
linear correlation test. This study protocol adhered to the Declaration of Helsinki and was approved by the Ethics
Committee of The Second Affiliated Hospital of Chongqing Medical University ( No. 2018-211). Written informed
consent was obtained from each subject before any medical examination. Results Compared with contralateral
eyes,the FAZ area and FAZ perimeter of ME eyes were significantly increased,and Al,the vessel density of SCP and
DCP were significantly decreased (all at P<0.01). Compared with normal control eyes, the FAZ area and FAZ
perimeter of contralateral eyes of CRVO patients were significantly increased,and Al,the vessel density of DCP were
significantly decreased (all at P<0.05).In ME eyes,the BCVA LogMAR was positively correlated with FAZ area and
FAZ perimeter (r=0.614,0. 609;both at P<0.05) ,and was negatively correlated with AT and vessel density of SCP
(r=-=0.517,-0.593; both at P<0.058). In ME eyes, CMT was positively correlated with FAZ area and FAZ
perimeter (r=0.523,0.610;both at P<0.05) ,and was negatively correlated with Al and the vessel density of SCP
(r=-0.537,-0.608;both at P<0.05). Conclusions The characteristic microvascular change in ME secondary
to CRVO eyes is the decrease of blood flow caused by the decrease of capillaries in fovea, and the same change in

blood flow also exists in their contralateral eyes. The degree of ME and visual function damage are correlated with the
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degree of foveal damage and the blood flow in fovea.

[Key words] Central retinal vein occlusion; Macular edema; Tomography, optical coherence, angiography;

Fluorescein fundus angiography
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0 X i e ik FH 2E ( retinal vein occlusion, RVO) &
— PR TERBUE B, KRN 0.5% , AL T 1
PR 5 0 150 5 725 ) 55— K LWL R0 I A R
R 45 BH ZE FRALAS[E], 16 R 1T K RVO 43 g 1 9 it o e
ik FH 2E ( central retinal vein occlusion, CRVO) | 1 [
543 57 ik BH.2E ( branch retinal vein occlusion, BRVO)
AL Do > A0 e Jk BEL 2 o % ok BEL 26 5 | 2 ) i BRE K b
(macular edema , ME ) F1 H} 1fil 5 95 BH 24 AR 7] 3 15 25 B 1
ML FIINRE 2 101, S BUR IR AW F . DR
I B, 0 %2 5t R RIS 1ML 4 3 5 (fluorescein fundus
angiography , FFA) X} B¢ 5 X & 240 I % ol 22 19 oF Al 52
RVO Zbk 301 Ao R0 T A0 T )2 048 i A 0 1%
(optical coherence tomography angiography, OCTA ) & it
R e R 1 — i lE AR AR B A R R, HE LA
1240 1 3 Bl ok AR M B 2, 7EAS W] 2 4S9
SIS Y I U R AR A, T LA R b UL 4% R DE Ak B
WG L5 R Bk 2, CRVO 4k % 19 ME A IR 8 T
BRVO, H &MWL A7 £ 22 5% . LATE FFA L OCTA
£< BRVO £ HR 8 B G 45 T8 28 w22 i o8 vh R,
BRVO f& iR %% B o .0 M G I % X (foveal avascular
zone , FAZ ) TH] B2 B 8 K F X0l it FR , L 55 A6 65 1E A0 )
(best corrected visual acuity, BCVA) 5 FAZ [X i & 3

T H A, % F CRVO MIBFsE# />, H X CRVO
AEHIR B A IR 8 B0 I 445 4 0 BT 78 R DL AT o AT 5
i CRVO 4k % ME FRHR X Il fi AR B2 1F 4 xf it AR 2
DERLIM A 454 E AT OCTA 5@ 1 % & 204, I e i He 5
3. BEBE G M RS ( central macular
thickness, CMT) B #H & ¥, LA & CRVO 4k % ME 11
I A8 K B IR T ROR S AR KR

1 ANET®

1.1 — ek

SR R T DB 55 3%, A0 A 2017 4F 11 7 & 2019
A 3 ] 7R PR RL K 2= B a5 Bk Be IR B A IF 6 12
By PAHR CRVO & 15 41 30 HR , Hod 58 8 fi] 16 IR , &£ 7
il 14 BE ;4R 40~90 % F-345(62. 40£14.95) % ;95 &
0.1~8.0 ™ H, FHHFE(2.76£2.81) A~ H., CRVO
2 W bR o« A8 HR RS AL 48 7 oM R P ik, 0 SRR, R I
IS J L S R Y € I 5% A AR S RO B R
MRS JFG AT 1 DR /INAS 55 1 A0 O S 1 I 6 9 AP 7 - (1) Il
Ri2 W 4] & H A 1697 9 CRVO 4k & ME; (2) %5 &
CRVO 2Writrfe  JEHI kKA1 CRVO R 3L 41 4% 78 1l
T T i B RE DX D A e AL ) 8 2 8 R 2 O
(1 [ N 11 | QR 21 B s 0 7 O W ]
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CRVO 2 30 10 1o it 55 ok PAD 2 A0 5 252 i A0 88 1AL 35 1)
AU HERRBRAE (1) ™ T A SRR ik 5 i RS
AR ¥ 5 (2) OCTA & BT 8K (fF 538 B <5) &
(3) " EFEHE ME T4 OCTA G HEw 7047 &5 (4) BE
TEA IR A 25 9 1 5 s SR T R s 5 (5) & I HE IR
o AL ) IS 8 8 R S P R A e R S B R
A8 LI I Sl Ik B 2 45 MR IS 0 5 o 4 A AR IR R )
VCTC 1) f R AZ 3l 15 9] 15 BRAE S E 3 X B4l o
F 8B 8 HR, 2 7 5] 7 WR;4F W% 41~78 %7, P2 (58. 40+
11.53) %, A fERE 2 & 1 ERIR . 1E & X5 B4
AN I < AL e RO 0 R 4, T8 )™ TR LR AR
T ST B LW R ST o HEBR AR (1) A7 TE
7T e O A BT TR ok 5 e RS AR A (2) A IR AR Sk
P s K TR S 5 (3) 5 JF e BE T A0 A 190 I, A 1 9%
o R A Al HR RS B o AN T 5 A O 2R S Ak
EA=DIIETWE AN 0N S DN S gy U (o
o AL UE [t SC 5 LR BiHT 28 (2018) 211
5 1L A A BRI [R) O 4 2 G TR S S
1.2 F¥:
1.2.1 —fiad P 2l & Bk 17 o8 % m IR LR
A, 45 BCVA BT BB A A | 1] $E A IR 35 % 1
AR JEE B8 AH ( VISUCAM 200, fi& Zeiss 7y A ), FFA
(Spectralis HRA , 8 [ g (542 0 W] ) o BT A3 #6224y [+)
— LA IR A 5 o R AT T B s v A ) o ik
1 BCVA £ 4, 45 45 R L e il LogMAR # Jyid 5% .
1.2.2 OCTA ¥&#& KiFfs454r %A Cirrus HD-OCT
(T [E Carl Zeiss 23 H]) 17 OCT Jz OCTA 4. Fr Ay
Ao A 1 ol [) — I 0 B A 58 R G A 0 DB TR I I A
840 mm, 4 i L IZ 68 000 Myi/s, fll 1] 73 HEAE 5 pm, B
6] 43 Bk 2R 15 wm, JF 5 s BRG8 BR A2, B R B =
2 mm, HD-OCT £ # D& 5t Jy v o0 it 47 K7 b 2 B
Hi, H##H X Macular cube 512 = 128, 3 578 Bl N
6 mmx6 mm,CMT Jy & B .0 1 mm {5 Fl ARG R P 5t

5 PRy 2 T ) A0 0 5, 3R R )2 A R T Y T 48 T R
#5;OCTA ;4% LI Angiography S 31 4 58 2, 491 il i [l
N3 mmx3 mm, KGAETIERE =6, PR 48R R H
A0 M A (FORUM) #4720 8, 9F A s G S kA
[f)JZ i OCTA {5, RIPL MR 2 B4 48 2 VIR )= B
20 1M 58 )= UL R0 BTG 1M A DK 2% A i A )= L K 4%
BRI 48 )2 o 2 I B A0 I )2 A N VIR E TR
1S um §5 [, W2 B EJZ NN ARZET
15~70 wm,FORUM # 4 B 3l 7 51 I 0 &7 5% JZ K
B2 N FAZ WA FAZ JA 3R B B2 48 % (acircularity
index, AT) M ¥ JZ 1 B I & 40 1fl % P\ ( superficial
retinal capillary plexus, SCP) Ifil Jii & & . % J Image]
ﬁﬁ:ﬁi}’ﬁ{%}%ﬁ‘m}ﬁ%?ﬂ}m%ﬂ(deep retinal
capillary plexus, DCP) Ifil it %8 & , B. /& 75 ¥ % % Rha
AT A SR LB TG I A X S A R B,
T BE B A E N ML A5 5 o Al=FAZ J8 /55 B AR
e Ko
1.3 Geit#orik

KM SPSS 17.0 Geit w8t A g it ot . it &
GORPEE 2 Shapiro-Wilk 45 %6 UE 5245 & 1E &5 70 A, LA
wks R RAECXT ¢ #2504 CRVO 244 ME B 5 %t
M HR %ok 07 2 B R AT BB, R M Sr R AR o 4G 38 X
CRVO 41 ME [RFXH 0 IR 53531 5 Xt A8 41 0IR 2 20t 47 B
B3k F Pearson £ 1 M 22 /3 #7 X} CRVO # ME [R
BCVA CMT 5 B B X 54 Il 48 45 1 25 2 Bt 47 70 #r o
P<0.05 B2 FA G

2 X

2.1 541 BE X Gl A 45 4 S L AR

2.1.1 CRVO JRHR 5%l AR 5 5 X 3 1 55 45 44 2 80
Fe 5% fd AR 2 AR B, SRR 2 FAZ T FR J FAZ
K, A1.SCP K DCP Il i % B B AIG L 25 5 ¥4 4o it
FREX (¥ P<0.01) (£ 1),

&1 CRVO BIR53IMER OCTA MU 8 FHHE X M % &S M LR (xxs)

Table 1 Comparison of microvascular structural parameters in macular area by OCTA between both eyes of
CRVO patients (xzxs)
451 R % FAZ E L (mm*) FAZ {4 (mm) Al SCP [fil I %% £ (%) DCP il 3 % B (%)
Xof ] ik IR 2 15 0.29+0. 08 2.47+0. 30 0.63+0. 08 34.65+6.52 28.72+2.76
R 15 0.48+0. 15 3.10x0. 45 0.54+0.10 28.96+8.76 19.96+2.93
Ll 4.39 4.78 -4.03 -4.13 -11.40
P1H 0. 001 <0. 001 0.001 0.001 <0. 001

s (EEXT ¢ fr )
BN 14 A DCP : 78 )22 1 0 15 6 4 1f 7 PA
Note ; ( Paired ¢ test)

index ; SCP ; superficial retinal capillary plexus; DCP :deep retinal capillary plexus

CRVO - W19 5% v i i fik BHL 2 5 OCTA : S A Wy J2 4 1l ML A A5 5 FAZ : 8 B o0 [0 TG LA IXC 5 AL 3R 59 52 46 %5 SCP 2 3 )2 9L 19 i

CRVO : central retinal vein occlusion; OCTA ; optical coherence tomography angiography; FAZ : foveal avascular zone; Al: acircularity
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2.1.2 CRVO HHR 5 1F % % I8 iR 55 B
XA & 45 S i 5 IE & X
AL, BR 4 FAZ 0 FH J FAZ Ji K
H4fm, AL SCP J¢ DCP I Jii %% FE FEAIG,
ZRMA G E X (H P<0.05)
(£2),
2.1.3 CRVO & & X fg iR 5 1 % *t
IR P X M E S SR 5
IEH 6 B2 A H, CRVO B X6 ] feke R
41 AL & DCP Jfil 7 %5 B R AL, 2 5396
Geit#E (¥ P<0.05) (%K 3),
2.2 CRVO @R BCVA fl CMT 5 & B
DX TR0 ML 6 5 ) 2 5 ) A DG P

Pearson #H &2 #r 75, CRVO
IR BCVA 5 FAZ [ f1 J¢ FAZ JE K ¥ 5
& IF A 3% (r=0.614,0.609, % P<
0.05) ;55 AL SCP Ifil i %5 i 44 52 W & 71
% (r=-0.517.-0.593,# P<0.05)
(F1,%£4),

Pearson #H &2 #r 75, CRVO £
IR CMT 5 FAZ 1 R (FAZ Ji K 3 2 B
HIE A % (r=0.523,0.610, ¥ P <
0.05),5 AT SCP [fiL i 25 i #4 5 W] @ 171
¥ (r=-0.537.-0.608, ) P<0.05)
(F1,%£4),

%2 CRVO 2R5E®RIR OCTA I EEH XM EEHS LR (x=s5)

Table 2 Comparison of microvascular structural parameters in macular area

by OCTA between CRVO-affected eyes and normal control eyes ( xzs)

a5 L FAZ mzj i FAZ Ji K SCPIﬂl{Jﬁ DCP[[II(JZIE
(mm~) (mm) (%) RE(%)
TE % B2 15 0.33+0.07 2.46+0.28 0.69+0.06 35.25+3.83 32.28+2.10
BIRA 15 0.48+0. 15 3.10£0.45  0.54£0.10 28.96+8.76 19.96+2.93
t {8 3.39 4.70 -5.31 -2.55 -13.22
P i 0. 003 <0.001 <0.001 0. 020 <0.001

VE (ML REA ¢ K55 ) CRVO A R e e JiK BEL 2 5 OCTTA « ST AH 1 W97 J2 471 40 I 48 1% 5
FAZ 3 BE P0G M 45 DX 5 AT Al B 38 435 %45 SCP - J= A0 0 JIEE 6 440 1f. 7 A 5 DCP 2 3% JZ AL IR JiE
ESEINIREDN

Note: ( Independent samples ¢ test)  CRVO: central retinal vein occlusion; OCTA ; optical
coherence tomography angiography; FAZ: foveal avascular zone; Al acircularity index; SCP .

superficial retinal capillary plexus; DCP :deep retinal capillary plexus

%3 CRVO ZEMMEMRSEENRRAMX MM EFLEMSH OCTA
ME LR LB (x£s)
Table 3 Comparison of microvascular structural parameters in macular area

by OCTA between contralateral eyes of CRVO and normal control eyes (xzs)

1] I 2 FAZ fﬂj oA FAZ K AL EE]P 1L AL ECP 1L 3
(mm™) (mm) W (%) WHE (%)
TE 56 R 2 13} 0.33+£0.07  2.46+0.28 0.69+0.06 35.25+3.83 32.28+2.10
Xof A e AR 4 15 0.29+0.08  2.47+0.30 0.63+0.08 34.65+6.52 28.72+2.76
i -1.42 0.06 -2.31 -0.31 -3.98
P1{a 0.167 0.955 0.030 0.763 <0.001

TE: (JSZAEAS ¢ 4655 )  CRVO AR 0 I g i Jik BEL 2 5 OCTA - S AH T W7 )2 451 1 1L 5 B AR 5
FAZ B BE b0 [T I 48 DX 5 AT Sl [B 32 45 % SCP - 1 JZ 4 0 JIEE 6 400 1. 8 A s DCP : %2 AL IR JiE
EEEINIREPN

Note: ( Independent samples ¢ test)  CRVO: central retinal vein occlusion; OCTA ; optical
coherence tomography angiography; FAZ. foveal avascular zone; Al. acircularity index; SCP .

superficial retinal capillary plexus;DCP :deep retinal capillary plexus
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CMT @ CMT

E 1 CRVO &R BCVA CMT 5EREXBNELEMESHEEAXESTHAE

0. 614 0. 609, P<0.05)
JG B W AH & (P>0.05)
JiE P9 LR (r=-0. 537 .—0. 608,34 P<0. 05)

C~D: IR BCVA 55 AL SCP [ 7 %5 B ¥ 5 M 36 (r=—0. 517 .- 0. 593, % P<0. 05)
F~G. 2R CMT 5 FAZ [ F1.FAZ JE K ¥ 5 E A% (r=0.523.0. 610, P<0.05)
J: B HR CMT 5 DCP ifi 37 % & JC B W 4H 2% (P>0. 05)

CMT ‘I’ CMT o CMT o
A~B:{HHR BCVA 5 FAZ [ B FAZ F KRG IEM K (r=
E: R BCVA 5 DCP [ 7 % )i
H~1: ) CMT 5 AL SCP I i %
FAZ: 85 0 ML L4 X s BOVA  Je £

W IE AR ) 5 AL AR (81 3 45 5 SCP < 1 J2 WL 190 JI5E =6 M 1 A 2\ s DCP < TR J2 400 0 15 =6 400 5 DA 5 CMT 2 v o 0 R I 32

Figure 1

(r=-0.517,-0. 593 ;both at P<0.05)

-0.537,-0. 608;all at P<0.05)

Scatter plot of BCVA,CMT and macular area microvascular structural parameters in CRVO-affected eyes
correlated with FAZ area and FAZ perimeter (r=0.614,0. 609 ;both at P<0. 05)
E:No correlation was found between vessel density of DCP and BCVA ( P>0.05)
correlated with FAZ area and FAZ perimeter (r=0.523,0.610;both at P<0.05)
J:No correlation was found between CMT and vessel density of DCP (P>0.05)

A-B:BCVA was positively
C-D:BCVA was negatively correlated with AT and vessel density of SCP
F-G:CMT was positively
H-1.CMT was negatively correlated with Al and vessel density of SCP (r=
FAZ :foveal avascular zone; BCVA :best

corrected visual acuity; Al acircularity index;SCP :superficial retinal capillary plexus;DCP :deep retinal capillary plexus; CMT:central macular thickness
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%4 CRVO £ BCVA CMT 5 EHXMNELEHESHEXE
Table 4 Correlation between BCVA ,CMT and microvascular structural

parameters in macular area

S PRI O 3 5 B R B e
AT 5T 45 Al 5B 7R DCP L 37 %5 B e A%
W, AN, ARWFFE R CRVO 3% Xl

SCP [fiL i

FAZ T f o
T -

FAZ JEl K Al

&8 P PHH fE PHE rE PHE

BCVA

CMT 0.523 0.045

0.614 0.015 0.609 0.016 -0.517 0.020 -0.593 0.048
0.610 0.016 -0.537 0.016 -0.608 0.039 0.410 0.129

PR BRAR DCP IR A T IE A A IR, 3
e BT IR A O U B L R A
0370 0175 JU(AI FF§), X5 Wang 25" #f 55 13

i BRVO IR & {4 B B 1M 5 %5 B 5L IR

7 . (Pearson S YEHI =00, n=15)

A s DCP « TR J2 4 100 JI 6 A i 5 A

Note: ( Pearson linear correlation analysis, n = 15)

BCVA ;best corrected visual acuity ; CMT : central macular thickness; FAZ: foveal avascular zone; Al;

acircularity index; SCP :superficial retinal capillary plexus; DCP :deep retinal capillary plexus

3 Wit

AT R OCTA & H il CRVO 535 WUIR i
BB DN G 45 1, A 9 B BE G I A X 48 AR (40 FAZ
T AR FAZ JEI K AT) 1L 37 3 45 A% (10 SCP 1 7t %%
FE DCP iy % B2 ) , - 2 5 1E 23 IR 1Y &
WS PRMEAT Tl B FAZ & B vp o (%9 TG B 40 1 5
X, HAE U PR — & T IS 28 A0 10 5 R X
o BEEEWFFCUE W, FAZ 35K 5000 #5135 B U1 AR 54, 78
— 26 RVO M FAZ OB IR T Hp ot 14 [ 9 507G
W, 55T ME R &R L 3 BF T B i
VMETE S RVO S5 00 85 A G , o4 9 0 7 98 1 A6
FE LRy, T AR HE DX T AR R TR R 2 1
BT BT OCTA w5 40 A 1 4 3, HE AT LI w5
I T PRAE H I L R 0 DA B S BT 40 45 b 1
A, AT A A 2 M DO 4 CRVO B 3% 3 26 45 4
Y ks

A58 485 e R -5 % O A B R 1 %k BB K L
CRVO 4k % ME HR & B JC i 3 X i 38 8 4 ™ 8, FAZ
AR YK FAZ RS8R LA S AT /)N, [8] B SCP
i DCP ifi 3 %5 i 39 A, Hovl DCP i 37 25 5 /N o
W, X5 EEAE X T BRVO BIR 8 B X % i 45
OCTA HEAE VLA 52 245 R 20" . R CRVO,BRVO
J I WL K X R g 48 1 R B R — A R B X
T A 35 4 e A 0L, T CRV O AR R 3 B IX o i 45
¥y OCTA H5#iF 1 4 78 7T RE & 9 2 CRVO % 4k I, 1MLk
By 25 WO R AR T O 0 B I A T B 0 1RO
PR, 5 8B TG I X R /N AT 25 s, R R s 41
S LB, R R IR JE B A0 A 2 AR 0 I
A S 50T O 5 AR AT, P A2 B A LA R O K
7 i T R 3 15 7K ST 240 A0 XU 40 i T B 1 A bR
fish , 5 B 4L S 1L, X8 3R R T

CRVO - W% 5 r g i ik BHL 2 s BCVA - e W7 IE LT 5
CMT . v e 3 BE DX JE 5 FAZ : B BE 0 M1 TG ML A8 X5 AT 3l (B J3E 415 %5 ; SCP 2 3 )2 HL ) JIE 6 46 1M

CRVO: central retinal vein occlusion;

Xf BEHRAIG AY &25 R — B, X R HIR
RVO [ % A F0 & & Al BE X Xof ] e R s
T AR I I R B A DN RT R i RUHR
AOOL I B LA R LR Z B T R A
H G — R

ARWFFE LR R, CRVO 4k % ME HR 1 J R CMT
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