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Abstract

e AIM. To investigate the changes in the macular
microvasculature in eyes with central retinal artery
occlusion ( CRAO ) and paracentral acute middle
maculopathy (PAMM).

* METHODS. Retrospective study. A total of 27 cases (27
eyes) who diagnosed with CRAO-PAMM and 29 patients
(29 eyes) diagnosed as CRAO but with no PAMM were
hospitalized in our hospital from January 2020 to
December 2021. There were 33 normal people (33 eyes)
who underwent physical examination in our hospital
selected as control group. Optical coherence tomography
angiography (OCTA) was used to measure retinal blood
flow and thickness parameters in the 3 mmx3 mm area of
the macula. The correlation among macular retinal blood
flow density, retinal thickness, foveal avascular zone
(FAZ) area, FAZ perimeter, acircularity index (Al), flow
density in a 300-um-wide region around the FAZ (FD-
300) and lesion area, best corrected visual acuity (BCVA)
in the CRAO-PAMM group was analyzed.

e RESULTS: Among the three groups, there were
significant differences in the overall and parafoveal blood
flow density of superficial capillary layer (SCP) and deep
capillary layer ( DCP), foveal thickness, FAZ area, FAZ
perimeter, Al and FD-300 (all P<0.05). In the CRAO -
PAMM group, the lesion area was negatively correlated
with DCP overall and parafoveal blood flow density (r=
-0.569, P=0.002; r=-0.543, P=0.004), and positively
correlated with the parafoveal thickness (r=0.606, P=
0.001); BCVA (LogMAR) was negatively correlated with
DCP foveal and parafoveal blood flow density (r=-0.433,
P=0.024; r=-0.515, P=0.006), and positively correlated
with FAZ area, perimeter and lesion area (r=0.484, P=
0.011; r=0.531, P=0.004; r=0.417, P=0.030).

e CONCLUSION : Patients with CRAO and PAMM have
lower macular blood flow density, heavier macular edema
and poorer visual acuity, and BCVA may be influenced by
both lesion area and FAZ area.
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Sarraf 55" 2013 4E AR R 4 T A BE ST
ot h 2 MO B A4S ( paracentral acute  middle
maculopathy , PAMM) , Hiilfi PR R 8L 0 1) 288K °F [, il &
FErput B O A5, AR SR YT, AT e 5 B0
BB E 4 AN 0 W 5 K AER T R IR
R ZHIIE N PAMM 50 W I o 2 T 40 1 2
(intermediate capillary plexus, ICP) 140 ® B R )2 B 41 14
J2 (deep capillary plexus, DCP) AR FE s Bl AH 2P, 6
27 A0 W7 2 1 4 14 B AR (optical coherence tomography
angiography , OCTA ) AJ LA 375 B b f5 7% 490 1 62 P =6 &4 1L 45 1)
FAYfigf ) 2 A S e T 40 P 1 2K, 3 ] DLtk — 250
HH B UL B4 L % R R e AL Bl R BE L HRSE 4> PAMM
(A SE BT FT 80 3R A T BB 3 B I AR AE S [ Py H ik =
X PAMM fEHR OCTA Hodl 9 0T 58, BREA W5k W]
2 209 F 4 1)L ) 5 v g Bl Jik BH ZE ( central retinal artery
occlusion, CRAO) £ & & J1 & PAMM, ¥ R 16 IR I CRAO
J& PAMM (1) 8 2R R PR IRk B CRAO f
PAMM SEEAEAWIFEXTR W OCTA 52 & 73 #r CRAO £
PAMM fEHR () ¥ B0 DX fC Il A5 (%) el A8 A7 00, A B2 3d 1o 5 fb
OCTA X AP 47 4 T WF 58 AT aE — 20 T i AH DG Y &
SR AL R 2 5 0 kT A A d A4 87 1E A HT (best corrected
visual acuity, BCVA) AHSCHIINZR , BUE S5 Rs R,
1 MRMTiE
1A XE& R MBS % BRATF 5, W8k 2020 - 01/
2021-12 7Erd 5% BE R R 2 Bt g IR BB B afi 12248 CRAO &
56 1] 56 HR F4 R SR A0 . I ABRUE: (1) BF ERN
PRAIASRS  RSE Y  (2) R (MR RS HEORE AT L A0 o JREK i
FHEXPEBRZIBE ; (3) FFA {2 7% 0 ) 5 v sl )y Jik 2 ' 78 21
HEIR ; (4) 5 CRAO 2 WibRifE, BRI FE 2wk LA ; (5)
PAMM 2 Wibr i : FAF A] ULYg &t XA %€ )t ; En—face OCT
WRUTERIKGE AT B BRAR 53 A R B 5 B—scan AT WLINA% 2 )
HMINIRJZA S 8 R o HEBRBRUE . (1) 8 G BR ik
FEIRIEEMEA T ; (2) OCTA BG4 o 2 45 £ (SQI)
<6, WCAE R s 38 1 8 B AR G s J31) A % 4 DG ) fi
K 33 Bl 33 HR (34 A HR ) 1B S X B, 9h A b
(1) JEGIR] BT wGE W 5 (2) BRI BAH L OCTA 45 MRS A &
FRILIRJEEHAE 5 (3) OCTA KU HH Biitfe 4 =6, AWK
25 p 5t R R K A B IR R IS B A0 B 22 D1 2 b ofE I A
(BREREE T . A AR S 395 Aot B W
JFEE B R,
1.2 A&
1.2.1 BCVA®KE fii I [E Prdr L 11 R KA BCVA, 4¢
T TR 25 R 45 R LogMAR ML JJ
122 RERFEREBKE A1 TRC 50DX AHHLATIRIE
KA,
1.2.3 SD-OCT #1 FAF & FFA #a& i LR HOER 4
M4 R R G (HRA+OCT) #EAT R A, 3 5% A A HiT Al A
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A R JC e W S 7 A 2 A b AR I L ivE R D) BE
RooUs v I RG: A5 235 T OO0 S 8, e 9 6 2 B i 45 SR o B
J& R 20% 9 C KN TE IR 3m, 76 H 3 T8 H < 7 ko
T HHR AR A R 5O TE 55 PUBF A WO A X R
G AT Bh S

1.2.4 OCTA&Z i} OCTA ¥ i 44% F] Angio retina
L (3mmx3mm) FRGEHE X RFF SQI=6 HIEIG , #lE
TR ke e Bk s E T RN RS A5 R M R Y
2, B A 359 i 6] — 24 B E 456 3 5 1 IR B2 0l 58
B, RBE PR I 5 5 O Y EAE e A S5 R T Ia
SEHER, A s DLEEE e M e Ry [RG, AR Tmm
TR R4 A O MK, AR 1 ~3mm 3 R4 R 5%t
MK (B 1), A RS0 A 553 B 0 ) 583 )2 6 40 1.
% JZ (superficial capillary plexus, SCP) fil DCP Y &k
GO T 58 H e [UT I 3 28 8 0 B DX 400 D B R | Hp s [ 5
HUC MR B w9 TG I 48 X (FAZ) T BURD R G | 3R [
FRE( acircularity index, Al) I HEER JE B 300 wm 8 N 4
JZ I % BE (FD-300) . fii H A % L5 2 Y Eds IPL-
10~ IPL+30X 3 5E X A ICP, ffi i Tmage J %44 3E BT
. CRAO-PAMM 4 7F En—face OCT B B9 2 BE X ICP
o kk XA, I E 8 (%) = (1 2)

Bt 2R 50 W1 R SPSS 23.0 4T Bo T2 40 W1
THECEER B8R (%) o, RITXCKE R TH i PER x+s
FR CRAPRE R J7 25001, 3 — L P EL R A LSD -
K56 ; R A Pearson #EATAIEM: 34T, DA P<0.05 NMERAH
Git#E X,
2R
21 ZHZFHRE—MRERLE ARFEILY A CRAO &
# 56 1 56 B, 35 R PR HR A5, o CRAO-PAMM 41 [ 7%
27 1] 27 HR , AN fE PAMM 1 CRAO 2H 5 % 29 i 29 B ; %f
WRZH 33 91 33 R, — 21 [) 2 Ar & M o Ay B A i TR R b
BESMITG ¥ 5E X (P=0.356.0.487 .0.272) ,BCVA
(LogMAR) I8 22 A7 e it 5 L (P<0.001) , i — 2P
WA EE LR 1,

22 ZHTKEEHX MMEETLILE

221 ZHZFREEMRMAFELLE KA SCP
F1DCP Hes M 3t % B A 25 e gt 2= B L (P>
0.05) , FEBEIX SCP \DCP B4 I 378 2 B | 5% Hp s [ 1ML 38 2%
B A 22 A et L (P<0.001) |, #E— 25 P g
RN 2,

222 -HAZKREENXMUMEEELLR —41ZKE0
DR R A L B R 5 v T JEE B L 4 25 SR 3 TR 12 7 L
(P>0.05) , B BE DX A0 R 5 e (U1 5L B Lh 45 22 S 4E 112
B (P =0.025) , U — PR HLEe 25 L L3R 3,

223 =ZHZHHE FAZ @RS FKF Al & FD300 bk
= 2K FAZ AL KA AL & FD300 i 34965
Giit2A i X (P<0.05) , #E—2E P FL R A5 SR WL 4,

23 HEMSHT  CRAO-PAMM 41 £ # %k kb IX 1 fH &
DCP B I 370 28 BE | 5% v 0 100 38 2% 3 2t F A 0% (r =
-0.569, P=0.002; r=-0.534, P=0.004) , 500 sz h
O MR R E A (r=0.606, P=0.001) ; 5 # BF X 4
BSBITCH Kt ($4 P>0.05) ., CRAO-PAMM 4 i 3%
BCVA(LogMAR ) 5 DCP 0y [ 55w 111 i 3t 25 3 1 &2
A X (r=-0.433,P=0.024;r=-0.515,P=0.006) , 5
FAZ T AL JEH Rk X AR 2 I E A OE (r=0.484,P=0.011;
r=0.531,P=0.004;r=0.417,P=0.030) , .35 5 .6, 3.
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E 2 Image J MERMXERRERE  A.En—face OCT fﬁfﬁ? ICP F4 ;B £L {6343 4 Tmage J AR BUAYHGALIX

K1 ZHZFRE-RABER

2053 %L (IR%N) PN (5 /2, ) AR (XS | 2 AR (£%S ,mmHg)  BCVA(X=£S,LogMAR)
Xof FE 2 33(33) 20/13 57.60+13.28 17.06+3.12 0.0620.04
CRAO 41 29(29) 19/10 58.76+12.43 15.97+2.88 2.1420.41°
CRAO-PAMM 41 27(27) 21/6 54.26+17.27 16.37+3.32 2.66+0.22"
X2/F 2.064 0.725 1.322 845.002

P 0.356 0.487 0.272 <0.001

0 BRZH AR RS 2 P<0.05 vs XTREZH ;°P<0.05 vs CRAO 41,

*2 ZHTHEEHMRORZELRE (X£S,%)
SCP DCP
5 R %5 - : - - N
JERLN ML B ENNL JSYLN ML B ENNL
Xif HRZH 33 45.66+2.32 15.15+4.53 48.80+2.39 48.16+£2.63 28.38+5.15 50.69+3.13
CRAO 4 29 41.34+5.33" 16.51+6.11 44.11+5.95* 45.14+2.70" 29.67+5.66 47.71+4.43"
CRAO-PAMM 4H 27 38.60+4.36"¢ 14.53+5.52 40.83+4.76"° 42.10+7.47%°¢ 28.84+9.02 43.44+6.16"°
F 23.188 1.010 24.159 10.060 0.293 4.848
P <0.001 0.369 <0.001 <0.001 0.747 <0.001

TE BB AR RS 2 P<0.05 vs XTHRZL ;°P<0.05 vs CRAO 4H .

RI ZHZFREENXUMEEELE (X£S, um)
2053 AR %K RN RN SEH M
X} BB 33 317.68+13.23 247.82+17.71 327.32+13.85
CRAO #4 29 319.93+34.42 258.07+25.98 332.69+27.06
CRAO-PAMM 41 27 320.96:+24.86 263.85+25.43 333.81+25.90
F 0.138 3.834 0.743
P 0.871 0.025 0.479

N TR AR " P<0.05 vs XHIELH .
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F4 =ZHZHNE FAZEREFKF Al & FD300 b3 XEs
21 5 R % FAZ T (mm?) FAZ i (mm) Al FD300( %)
Xif R4 33 0.345+0.075 2.347+0.278 1.1340.029 49.668+2.364
CRAO 4 39 0.391+0.116 2.473+0.404 1.125+0.047 43.950+6.733"
CRAO-PAMM £ 27 0.400+0.089" 2.606+0.320° 1.172+0.076"° 42.152+7.476"
F 3.134 4.503 6.330 14.403
P 0.049 0.014 0.003 <0.001

0 BRZH AR R AARAS 32 P<0.05 vs XTHEZH ;°P<0.05 vs CRAO 4 ,

%5 CRAO-PAMM AZEFMXERSERRX ESHMEX M

. Scp mwﬁ%fi DCP ml‘?ﬁ%‘iﬁ ?RIWH%EI% FAZ FD-300
P87 N TN L 23 S DI LU = NS S PN L) B 2 ST AN LE1 B ¥ NSRS £ N L1 23 S DIV LU R 7P 2 S 5 Al

r -0.131 -0.015 -0.126 -0.569 -0.006 -0.534  0.299 0.060  0.606 0.053 0.084 0.054 0.187

P 0.514  0.941  0.530 0.002 0.997  0.004 0.130  0.767  0.001 0.794 0.676 0.790  0.350

#* 6 CRAO-PAMM A& #% BVCA 5 EWMEX ZSEEX M

. SCP IfiL i %% & DCP il i 2 R I 5 FAZ
gt — ST XTI T NoErT 7 FD-300 fiAL b AR
B LM SELM B M S AR oM M mE AR Al
r 0.040 -0.368 0.113 -0.351 -0.433 -0.515 -0.123 -0.274 -0.047 0.484 0.531 0.155 0.245 0.417
P 0.843 0.059 0.575 0.073 0.024 0.006 0.542 0.166 0.816 0.011 0.004 0.440 0.218 0.030
A so- B so- C so- D 32y
= 604 o = 601 % S eqd -
< 60 .0 .y ‘..‘ . 60 S o ‘., 80 .. o [y e ;
£ 407 . .. N 40 L] o . L A = 40 ’ 3
< 204 LI = 20 & ° 2] ® = i
0 T T T 1 0 T T 1 0 T T |
20 30 40 50 60 30 40 50 60 280 320 360 400
P L %) DCPFH LM ML % ) PRI 57 L ] um
E 324 F 327 G 32 H 32-
250 e IO =304 o oo 2 30 2 30 ¢ om
3,2 8- ;Jz 8 ;2 8- % 2.8
] e o oo 3 e o ® 00 o S S ) ® eoe .
~ 26 =26+ ~ 264 ~ 2.6+
S * ®e e : e o0 o S : L L] o ®e
= 24 L) 2244 L] 2 244 2 244 °
L] L] L] LR J L] L] L1l
22 T T T T 1 22 T T T 1 22 T T 1 22 T T 1
10 20 30 40 50 60 0.2 03 0.4 05 06 20 25 3.0 35 20 40 60 80

B3 HXMASWEAE  A.DCP BARIM G- SHALX FA B A S ;B DCP 550 U L3 25 B -5 9k X T AR A A 56 5 C . FL K
5 58 v U R 55955 ke DX AR AH DG s D - DCP 2% v 0y [9T I 3 2% 8 5 BCVA (LogMAR ) IAH G s E. DCP o0y [V 3 %5 )% 5 BCVA
(LogMAR) M ; F . FAZ THIFL 5 BCVA (LogMAR) IFHCHE ; G FAZ JH4< 5 BCVA ( LogMAR) [ AH G ; H. i kX TH AL 5 BCVA
(LogMAR) FAH M,

(mm)

31 ML P BN A AR AR, AZERF R 20 o TT
PAMM 12— F IR JEEAE 42, H UL T 4R 0 15 2y i fik BEL 2 A A R R MR R ) U SR D CRAO-
FE W PR3 L 00 i 72 | AL T B I 7 % A O P S I A R PAMM ZH W R X RRAA iR R B CRAO 25 53

07 AT TR SN 0 A A IR AUt TN CRAO-PAMM 41 Lo I 5 5 58
5 TLIESE ™ > PAMM %/ BUR) ELRTH R 0, 280 T REAT TR - (1) 35500 L D SR T e 5 B Dk
BESEIA} PAMM (9% 2k 55 ICP 1 DCP MBI PEBRACA  BUISIBEALE B B, 48 A Aot o [ BCBR T4
%7, CRAO E4— B iH T CRAO FEUMML A AT IS0 S IEA SRR, D28 JL B o 5% (2)
SRR PRI BRI ' R PAMM OTERE o MR B AL I RERE B SRR U

BN, 25 B PR B AT, AL 290 My (R AR R 7 A R A
ARRWFTEL R R =212 A0 SCP 1 DCP A ARl WIRUR, SEOKMEE 2 XEEE M 8, 82, WO
T RE 25 L MLV 25 B A AE 3 28 S S O X IR MR B R R R AR B T A B KK M PAMM B

%15 ,CRAO-PAMM A, i =41 /8] SCP #1 DCP FJ .0 F4) I 375 43 3 T T A X S B FFE A R . AR

Y1 i 2 TE A B 22 5. LA B SRR R LI R M AFSE IR AT Ad T Tmage J B2F SR 5 PAMM 5 A (X Jaf

MBS CRAO 1 PAMM F4 5% i | HA] B 7E 52 vhoes U] FRULFE B PEAE PAMM ™5 F2 5 . A G 28 & B PAMM
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kDX T ARG DCP SR Il 3 % B R 55 v 1M 1 3 2 8 44
SEAAHDE, SRR e MBS R IEAE G, $78 PAMM
1 & A= AT g S BT DCP 2% v [MTIfiL 378 25 B R B S 30y,
It HFRAEIX AR S DCP 5% HCs M1 i 37t %25 B2 25 DI AR OC , I
R 2 AFFEHED PAMM 5 1CP Il DCP () it 45 56"
ARG R — 20 3R T X — 3,

FAZ iy B 5E X B A 4 60 IR I, X e 3R Al g =
ST IR R e i e G R 2 BB BE X 3 FAZ
TEASM AR AT JE: FAZ B JR K 5 25 1 B8 A vfE 8 9B
SR L AR, R e 1 s [91 Ak = A48 1 A5 2 i 1 A R R
AL FHE 275 PAMM A8 AR rfecs M1 40 6 240 1 487 7T f 8 31 i
IR ARBIFSE T, CRAO UARKEE T X R AL FAZ 1A K
AT A W25, FD-300 % N[, #/~% CRAO B4
T M55 L 30 2% B B ) 22 B AR SE MR, Yang S WP 5015
T AU S 5 T CRAO-PAMM 41 £8 5 AH 3 F X iR 441
FAZ 1AL JEH AL ¥ 83 TH 5, FD-300 3% TR, %8
CRAO-PAMM B R 0o M 55 ML % BE AP B BEIX. FAZ JE
B Z BRI, 5 CRAO 4140 b, CRAO-PAMM
YL AL BB ETHE  $E8 CRAO-PAMM fB 2 BT 0 [T
RS R B 8, LL B 45 R Y Kulikov 557 X 10 43
PAMM ¥ 2 P & BE #h 22 W M B % A8 (acute macular
neuroretinopathy , AMN ) B R (R AfF 55 45 R — 2 F2 % A
—2,
BCVA ZPFr LD BE 1Y B BEA8 AR, ASIF 58 1Y AH G 1
5T 45 5 B 77 CRAO-PAMM 41 # BCVA ( LogMAR) 5
DCP 55 HCy M1 i 378 %5 B A ey [ 0 3 2% B 2 AR G, 5
FAZ 1A JA A kb DO AR 22 TEAH G, $2 78 BCVA 1] fig
2B FAZ THFS PAMM 5 A DT AR XCER 9447, (H g e
UWFFEAR KB PAMM TS FAZ T A EAT A, i W]
P AT RE AR ST FE R 52 BCVA, [A] I A58 45 2R 12
R=4 18] BCVA (LogMAR) ¥J 77 7F & % 22 5, CRAO -
PAMM 41 BCVA % CRAO 25, A5 45 K5 Liang
SR AE RN T A ATI A0 A 33 9] CRAO SR A 19 i
AR JE 43 37 3 bk BH 2E ( branch retinal artery occlusion,
BRAO) B H BEATATSY, 4521 Won fF PAMM ) RAO £ 75 4H
BT APE PAMM ) RAO [875 BCVA B4, MEWFFELs R
S AT BEAE BT RU7 A BYBIFFE XS SN [ T 85, A 90 22
WLZE 2 P/ A f PAMM 1) CRAO B3 JEAR 44 A BRAO
B, AWFFE KB CRAO-PAMM 4% CRAO 41 Al 77
WO E, O MR R IR T Sy W X T RE S
CRAO-PAMM 41 BCVA #2445,

(EARFEARLAFAE— & 1R BRYE: (1) T OCTA fiiA
AL REAI PR, R BEXT ICP A9 1ML I 25 B AT E 2 40T
(2) % CRAO £ PAMM 1 SR BEATHIF 5T, e/ of HoAth £
A7 PAMM 17 IR 9555 1) 28 B DX 008l E A TF T 5 (3) [l sk
OIHT FEA RO, A R T AR T AR AR DLy A BB S 1S
SRS
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