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HE
B Y WEEIT AL B RO A (MM) 35 BE [X I 25 45 44 1 0
IR AR AR, 3555 HAH St B 7 () 5 0,
ik RGN BAESY . HEH 2016-10/2018-12 T R BH6
A BE AL 165 1] 189 HIR | fift B 7k B3 (I X e
2H) 154 5] 154 HR 98 ABI5E ., A 408 o 3 3 W0 25 26 43 B
(META-PM) 7328 4 - 43 MO 41 (4325 0,41 TR ),
M1 4 (4325 1,53 HR) M2 2 (428 2 42k 3,52 HR ) , ikt
PR BB AR 1ML (mCNV) 21 (43 HR) . JIF A5 2K & ik
17 OCTA K, X B 2H (8] 40 0 JSEAS []) 4 2 0 25 24 2 B0OR
TRAGFRAE b 10 25 53, TR A5 24 S 505 00 B0 189 A S 1 SR
Pearson *Haéfiéﬁ?, EAE AL ED TR IR B R -2
FAAH
LR . MO 41 M1 241 M2 20 0 X4 JZ LSS B2 (FRT)
A1 2P B JEL BE (ORT ) ¥4I T 1E 5 X B 41 (3 P<0.01) ,
M2 2 .mCNV 41 Hfs X 32 2400 0 B 1M 3 %% B (SVD) IR 2
UL D) 11 98 %85 BE ( DVD) A1 T 1E % X HR2H (15 P<0.01) 5
MO 20 M1 £ M2 24 .mCNV 23590 X FRT ,ORT % T
TEHRREZH (2] P<0.01) , M2 44 .mCNV 455 .0 XN 2
PR REJREE (IRT) \SVD  DVD Ik T 1E 5 X B4 (1) P<
0.01) ;MO 20 M1 2H M2 40 .mCNV 4 B BF .0 MR k2%
JEJEERE (SFCT) k46 k6 41 1L 45 J2 1L 3 %% % (CVD) #4I%
TFIEH X IRLL (3 P<0.01) . ST B BEWE A S IE CNV
I e DR X I % Jk 2% I 9 285 55 -5 6T I 118 400 19 5% ik 4%
LB B IE ARG (¥ P<0.05) ., ZHE 45 R Bos, il
FCAL) R I8 P 38 BE R Ik 2% JE 400 IO J5 25 4 J2- o A 5 1
77 (BCVA) B2 H £ (¥ P<0.01)
G530 T L B B A A I IS T A5 2 AR L T RO A e
AR LA 00 PR T w72 L PN S 0 PR P el A, o
U DX AR R BT Jk 266 R I 7 285 6 55 % 7 49 AR o) I fk 26 s J
FERIEAIE, BCVA 520 R 2 20 AL FlIT I 8 B
AR A
SRR AA AT WA B B 7 A Rk 4 FRI A I 5 e A T
AT 2 40 00 A PR A AR 5 I 3 28 ik 4 AR oA B 55 4
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Abstract

¢ AIM: To observe the changes of macular morphology
and microcirculation in myopic maculopathy (MM), and
investigate theirs correlation and effects on vision.

e METHODS . Case-control study. A total of 165 patients
(189 eyes) with high myopia and 154 healthy volunteers
(154 eyes) from October 2016 to December 2018 were
selected. According to the classification of Meta-analysis
for pathologic myopia ( META - PM), participants were
divided into M0 group (category 0, 41 eyes), M1 group
(category 1, 53 eyes), M2 group (category 2 and 3, 52
eyes), and myopic choroidal neovascularization (mCNV)
group (43 eyes). All participants underwent optical
coherence tomography angiography ( OCTA )
examination. Morphological and microcirculation
parameters of retina at different layers were compared
between groups. Pearson correlation was used to assess
the correlation between morphological and
microcirculation parameters. Correlations between vision
and other parameters were analyzed using multiple linear
regression analysis.

¢ RESULTS ;Foveal full retinal thickness ( FRT) and outer
retinal thickness (ORT) were all lower in M0, M1 and M2
groups than those of control group (all P<0.01). Foveal
superficial capillary plexus vessel density (SVD) and deep
capillary plexus vessel density (DVD) were all lower in
M2 and mCNV groups than those of the control group (all
P<0.01). Parafoveal FRT and ORT were all lower in MO,
M1, M2 and mCNV groups than those of the control
group (all P<0.01). Parafoveal inner retinal thickness
(IRT), SVD and DVD were all lower in M2 and mCNV
groups than those of the control group (all P<0.01).
Subfoveal choroidal thickness ( SFCT ) and choroid
capillaries vessel density (CVD) were all lower in MO,
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M1, M2 and mCNV groups than those of the control
group (all P<0.01). Foveal vessel density of retina and
choroid were positively correlated with its thickness in
patients with MM without CNV (all P<0.05). Multivariate
analysis showed that axial length (AL), diffuse or patchy
chorioretinal atrophy were influencing foctors of best
corrected visual acuity (BCVA; all P<0.01).

e CONCLUSION ; Retinal morphological changes precede
microcirculation changes in MM. Most of all, ORT
changes precede IRT changes. Foveal vessel density of
retina and choroid were positively correlated with its
thickness. The main influencing factors of BCVA were AL
and types of MM.

o KEYWORDS: myopic maculopathy; myopic choroidal
neovascularization;  optical coherence tomography
angiography; vessel density; chorioretinal atrophy
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IR 25 BE AR ( myopic maculopathy, MM ) 25 2R
a4 A e A AR AT PR AR SR i A A 3K e B O
(pathologic myopia, PM ) f 35 AN AT 386 #7745 473 114 3= 2 i A
2 X DA AT AT 0 AR S XL Ay iR S
T BE A BB ARTE RN ARG — | [ BRIz T /)N
AT PM ZEA 50 M (META-PM) 48 H 19 o 5 3 40 B By
AR RN T BT S , Ruiz—Medrano £t (4]
TE META-PA 43 2 rfv 25 45 P 305 4L B 505 78 ( MAM)) L fil
b WAL B BT A AR A AT AR FE, B A L
MLBLHEHAE (MTM) AT A= 1L 24 30 40 3 B A48 (MNM)
ANZE45 ( atrophy) —ZZ I (traction ) = A= L4 ( neovascular )
OB ALY 2R R G (ATN 7328 ), S5 i DA A HI Al
S e o A Sk S A R A AR AT 7 A v e A O
VE AR HR A FF (axial length, AL) B AIIE A A& PM (1) 0t
—hRAR SRR R R rp S 1R 4 AR I T RE
EE AL DR B Jk 4% B L 4 AN A2, DT 25 7 MR G s 3H 14
A, Horbad BE R AL 354 RN/ BT IR 7 i 32 2 i
IR EHABEHEBR HA P R . AP Fam Ak 2 58 2k
1% ( myopic choroidal neovascularization, mCNV ) ¥ & & 75
KK N5 B 20 1078 4 7 3% S IO mONV TEN 1 FE
R J5 DU AR A A b i AR A TR DL Y D IR, 4RI, Tshida
AU g ] SS-OCT 1A mCNV R 124 BR ) & 30K
k5 CNV BLHEE 1 B A Bruch B4, HFTAY 28
ARG ARE 58 R S8 R BB R AR AR 28 Ak S
SR o PR, 7E A T A B R 7 ] s 2K ) Al
e, RS AT 9 B DX 2 L R R A A 1 AR Ak (I
PRI A RE A% T 0 b 2 3000 ¢ 3 o e ) 4 % T K A 19 284k
TN XGF B BRE DX 1 37 2 50 B B A LR A AR ST
W ASBIETE H 8 Ry 0 FH O'G 2 AR T U2 49 8 1 A R R
(ptical coherence tomography angiography, OCTA ) , | & I
Xof AN [R] 4324 30 A0 80 B0 3 722 0 T X6 R 2 B SR 7 B
IR R Ik 285 R P2 B 114 22 S, PR HOAH S A B2 X 4 7 1)
SO | LAF i 0 1 AL B B A8 R A R R IR

1 W &RMTTE
1AM Rl BT, APFFEEE 2016-10/2018~-12
{1470 BE S LER A 165 1] 189 R fg e Ak IR (IE % i R4
154 1] 154 WRAFEAT S0 o 1o JBE A0 1) A AR B - 45 800K B
( spherical equivalent,SE) <-6.00D /8§ AL=26.5mm;
BRARIE . (1) o B 0P B B AL AL | o BB 28 0 R i
PR BEA 5| L G AR5 (2) e DG BT i, 5%
IR BEAH L OCTA EUGHIEE 5 (3) A 7E IR & BE I AL AP oAt 52
e AR PG BT A 0 5 (4) BT B 22 Tk S ke, B
X HRZH A ABRE : (1) #RARAL 7 =0.85(2) -0.50D<SE<
+0.50D; (3) JE YGIH] BdE B BRI IE 5 (4) IOP <21mmHg;
(5) BTy RELT , IRAOZ TE R 5 (6) LT JGHR A 4 5T 40 1o
SR 28 5 78 | JOHR R TR 52 5 (7) JOME PR | e 1 55
2 Bpp S HEBR AR A - [ LTI BE 25 JC R L5 K A, OCTA
I PG 0T 2, AN 50 8 1) it A f 2 L sl S O, AR
WS¢ C i o B2 Be A8 P 2 51 s AR BAT 4L, O 238108 (O 2K - B
B ) TSR AR B A N A R AR O 28 5 N A [
2.
1.2 Fik
121 MR A ZEE AT BAEB IE ) (best
corrected visual acuity, BCVA) | & 2% 5655 | 24 BT B30 BE
R HRJRCR (LB AH  OCTA £ J2 AL i 5, BCVA fa 2
SR X B g 3R R AT, OF B 4 O B/l o BE A O B
(LogMAR) ¥ f1ic 5%, AR¥E META-PM 432805 ¥k K3 L
PEBCBENG AL 500 5 250 28 TEIm PR I IR el AR 5 1 26 . 4
BUIRIR IR ;2 28 . RiE M Ik 45 RS0 I S 2 4 5 3 28 B IR ik
ZRNERR I B2 45 5 4 28 . BEBEZE 4 5 B 22 . mCNV 3R 2
FESURN Fuchs BE (KL 1) o AR U A0 8 36 78 43 2 A8
R IR AR SRR E 73 MO 41 (4325 0,41 R ) , M1 41
(725 1 ARHE CNV,53 R ) M2 41 (4325 2 Figp 26 3, ¥R
£ CNV,52 HR) ,mCNV 4H (43 ) .
1.22 OCTA#ZE RJH OCTA RTVue XR Avanti 17 8 5
X OCTA #idy, HEIEXFMET N Angio Retina 3.0mm,
FAHEVE R 3mmx3mm , B BE X 4% R 43 4y DL B BE A ol 1Y
2ANELC R, 23 S HAA N Tmm B9 HG X, 1 ~3mm )55
O SO A 2 SO ER o o7 R
M G 4 ASIX SR P BeA B I e B B[] 53 XY
%% B, /B 45 2% )2 A0 I JEE 1l 37 %% £ (superficial capillary
plexus vessel density, SVD) ¥ )2 M W B I 7 25 & ( deep
capillary plexus vessel density, DVD) 25 HEH 0 YTE ML X
(foveal avascular zone, FAZ) T FH \FAZ J& K  FEBH .0 X
1L 7L 88 S (foveal vessel density, FVD) KL E BN E R
ML I7 %8 & ( choroid capillaries vessel density, CVD) , FRJZE1
[ REE . Y LR (internal limiting membrane , ILM ) Z2HMNRE
(inner plexiform layer, IPL) T 9m; WEM M . IPL R
9um EIMNIRIZ (outer plexiform layer, OPL) " 9um ; #% 5
HhC YT 25 5 (foveal vessel density, FVD) J& LA B EE by A
O, EAE N 300wm Ay BT HE XA B (ILM 2= OPL |
99pm ) ML L ; CVD J& LLE BE R Ho0, 242 1.5mm (1 [
TE DX 3l ik 45 65 6 &4 0t 7 )22 i 3 288 B

R A T 30 D 8 BN [ 0 DX 4 )23 400 IR
JERE (full retinal thickness, FRT) N 2 #8 W I & B (inner
retinal thickness, IRT) 1 4h 2 #0 % 5 J&£ B (outer retinal
thickness,ORT) , IPL X N#%)Z (inner nuclear layer, INL) 2
] (18 53 LA P SN2 BN B o F 2 BB b MR
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ik RIS BE (SFCT) il it 2 B B 0 MR RPE At %
TR P 2 1 9 T LR
Geit2F 5y B . RGeS 80F SPSS21.0 #4740 #r .

TR Shapiro—Wilk £ 56 #5145 & IE A 4040, 41
fr ORI LR 2 T 25 A, A R — 25 R g

K LSD—¢ A 56 THECROR LB N FH R A6, I3 2%
EIEAEAR AR A IS S EOH BCVA Z [ AH 5 7
Bk FH Pearson AH ¢ PE 43 M1, £ o4k Pk W13 43 By dE 47
BCVA (MR Z 00T, P<0.05 N2 G245 L,

2R
21 — AR AR I A ZILE 319 ] 343 1],
109 1] 117 HR , 2 210 1] 226 HR , B F 4R 14 25~ 61 (F-1
40.25+8.43) %, PR IR L #, 22 R e g it
B (P>0.05), £4IA4EH BCVA AL SE 55,2733
HGi#m L (P<0.01) 1L 1,
22EMRMMERKEREELE 0 X MO 4 M1
20 M2 4 FRT ORT ¥ T 1E % X e 4L, 22 R 386 Gi it 2%
B (P<0.01), H00 X MO ZH M1 41 M2 20 . mCNV

A

1 EMEEBRESRER A 533E 0 TR R
3) i D202 3 BERIRIKAS IR BSR4 s B 702K 4 BEBEZE AR ; F - M 2

®1 BHEBE—RIEKE R

2] FRT ORT ¥{I& T 1E % X R 41, 2 R WA G248 X
(P<0.01) ;M2 240 .mCNV 4H IRT ¥ T 1E % X R4, % 5
WS X (P<0.01), MO ZH M1 44 M2 #4H .mCNV
20 SFCT ¥ T IE# X R4, 2 R WA K% 2 L (P<
0.01), W32,
23 EHMXMBEBHRIEMRILE TOX FhOoX M2 4,
mCNV 41 SVD . DVD FHILF 1E 5 X IR AL, 22 356 Ge it 2%
BN (P<0.01), MO 4 M1 4 M2 4 mCNV 41 CVD ¥
TIEFE X RA, 25 HA501% 5 X (P<0.01), mCNV
2l FAZ AL FVD YT IR X R4, FAZ Ji K& T IE
XA 22 R A G2 L (P<0.01) , L3k 3,
2.4 BV A AREINEIRNE X ES T
2.4.1 Rl X A0 W R I 37 55 B S A0 0 B B R RO A SR i oy A
HULs X TE B 6 IR ZH 3T A B AR AN B CNV 4
t1 SVD .DVD 5 FRT.IRT ,ORT £ 1EAHX (3 P<0.05) , 5
FAZ T FAZ A2 HAHDE (1 P<0.01) . mCNV 41,
SVD .DVD 5 IRT £ IEAH2K (¥ P<0.01),DVD 5 FRT,
ORT £ M5 () P<0.05) , lLFE 4,

sB 328 1 HIBOIRARC ; C o 43208 2. VR T8 P ik 4% TS0 IO 65 25 4 (i 4
2 :mCNV, HHIJJ:/T“/ X, AL R 8-1X

AR 531 BCVA AL SE 10P
2053 _ _ _ _ _

(X£s %) (B4 1) (x£s,LogMAR) (X£S,mm) (X£s,D) (X+s , mmHg)
1EH X R 40.30+7.45 54/100 0.00+0.06 24.01+£0.16 0.38+0.21 13.84+2.53
MO 4 30.46+6.32 15/26 0.11+£0.04 26.71+1.02 8.95+1.42 14.05+3.96
M1 41 39.49+6.74 20/33 0.16+£0.08 28.32+1.19 12.72+3.62 13.11+2.91
M2 &1 39.06+6.59 18/34 0.31+0.11 30.34+1.22 16.96+4.13 13.73£3.22
mCNV 4 41.47+6.47 16/27 0.46+0.17 31.25+1.76 19.01+5.36 13.72+£2.47
F/X? 126.51 0.202 139.17 468.88 703.58 0.85
P <0.01 0.99 <0.01 <0.01 <0.01 0.49

MO 425 0; M1 41402 1 K NV M2 41 432K 2 Fiards 3 ¥R FE NV IEH X IR 4 . AR IR %
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x2 HBABEWRXMIERKEESE LS (XS, um)
S 1EH X HE 4 MO 4 M1 4 M2 4 mCNV 4 F P
FL X
FRT 255.96+20.55 243.17+21.04° 239.19+17.03" 231.13+49.79" 256.51+47.61 14.55 <0.01
IRT 48.39+8.98 47.49+9.00 49.53+8.32 50.62+11.48 49.42+12.05 0.811 0.52
ORT 212.43+12.98 200.66+14.55" 194.70+10.58" 185.58+53.67" 212.09+53.05 16.67 <0.01
UL X
FRT 328.31+15.16 316.68+15.11° 310.71+13.44° 277.17+30.81° 278.44+33.29" 86.60 <0.01
T 318.93+13.51 307.95+15.74" 302.00+13.10° 273.31+40.96" 275.70+44.50° 46.27 <0.01
S 331.71+15.21 321.27+16.43¢ 315.51£12.06" 276.48+44.27° 280.47+40.38" 48.75 <0.01
N 333.96+16.16 321.27+16.43" 315.51+12.06" 292.63+25.93" 291.72+27.81° 68.34 <0.01
1 328.58+16.83 315.59+14.15° 310.04+14.92° 268.38+39.86" 267.79+43.06" 83.36 <0.01
IRT 113.018.74 111.11£10.83 110.24+6.49 87.88+18.22° 88.12+£19.79° 65.58 <0.01
T 105.72+7.34 103.20+9.99 102.42£6.35 83.31+14.89" 84.37+15.85" 75.98 <0.01
S 115.12+8.53 115.73+13.78 114.34£8.58 94.19+22.14* 96.47+20.71° 38.56 <0.01
N 113.179.08 111.78+10.65 110.77£7.69 95.75+23.82° 94.70+25.36" 24.96 <0.01
I 117.32+10.24 113.73+11.83 111.42+7.21 77.96+31.85" 76.56+34.54" 71.81 <0.01
ORT 215.21+8.96 204.70+7.67° 199.74+9.99° 189.27+28.26" 190.30+30.38" 33.68 <0.01
T 212.52+8.49 204.05+7.19" 198.83+9.18" 188.92+33.55" 190.12+35.95" 21.17 <0.01
S 215.48+8.98 204.59+12.59" 200.19+12.70° 181.38+31.26" 183.05+30.41° 48.16 <0.01
N 220.43+9.52 209.10+7.55" 202.34+10.24" 190.44+26.54° 196.63£27.69°  43.08 <0.01
1 212.40+15.43 201.05+6.75" 197.58+10.86" 189.90+36.56" 190.88+39.41° 13.82 <0.01
SFCT 240.01%47.53 193.85+61.10° 166.49+62.81° 58.67+16.73" 42.49122 54" 24372 <0.01

MO 415025 05 M1 414325 1 NP CNV M2 4143028 2 A2 3, B FF CNV; IEF % AR AL . AR JE 4 " P<0.05 ws 1E X BRAL,

T30S EJ7 N &1 F oy,

*®3 BABEWMXUBEHRSEHLE xts
LD 1EH X B MO 4 M1 4 M2 4 mCNV 4 F P
SVD( %)

X 24.93+6.64 24.55+5.44 23.15+5.84 19.86+10.49" 18.47+10.46" 8.892 <0.01

L IX 51.17%3.40 51.19+3.41 50.09+4.15 39.59+8.57° 39.09+9.32° 76.68 <0.01

T 50.29+2.88 50.30+2.88 49.02+3.78 40.80+6.15" 40.64+6.58" 86.21 <0.01

S 52.04+4.05 52.06+4.06 51.76+4.32 40.92+6.84° 40.84+7.22° 86.94 <0.01

N 50.84+3.66 50.85+3.67 49.57+4.82 40.73+10.32° 40.06+11.10" 42.53 <0.01

I 51.50+4.77 51.56+4.80 50.01+4.97 35.84+14.86" 34.76+16.12° 54.16 <0.01
DVD (%)

FL X 33.22+6.71 33.22£6.72 31.69+6.55 29.06+9.14° 28.33£9.12" 5.51 <0.01

L IX 51.87+4.10 51.85+3.64 51.69+3.61 44.31+7.32° 44.38+7.72° 36.14 <0.01

T 52.32+3.54 52.68+3.15 52.43+3.29 45.93+5.08" 46.07+5.37" 44.20 <0.01

S 52.68+3.15 49.19+8.51 49.50+7.95 42.96+8.63" 43.13£9.01° 23.05 <0.01

N 51.75+4.19 52.56+4.07 52.53+3.59 45.79+9.69° 45.51+10.45" 17.94 <0.01

I 51.66+4.74 51.76+4.69 51.41+4.27 42.30+11.23* 42.47+11.51° 28.75 <0.01

FAZ T ( mm?) 0.28+0.12 0.28+0.10 0.31+0.10 0.30+0.09 0.24+0.04° 4.55 <0.01

FAZ Ji4 (mm) 2.08+0.43 2.08+0.35 2.16+0.35 2.14£0.34 2.29+0.26° 6.12 <0.01

FVD(%) 50.87+2.96 51.49+4.02 51.01+4.18 51.08+3.89 38.24+10.53" 62.75 <0.01

CVD(%) 71.39£5.40 69.56+4.63° 68.16+4.90° 66.57+7.13° 63.91+8.28° 16.51 <0.01

FE MO 4. 4325 0; M1 414325 1 A CNV M2 4. 4335 2 F14328 3, ¥R CNV; IE W X R4 . A# R IR " P<0.05 vs TE W X HEA]
T ;S BN 2,1 A,

2.4.2 /L X A W BRI iR &

¥

S X IR X IR

ESMERE
AT WA BB A N O
CNV 41, mCNV 41, SVD,DVD 5 FRT,IRT,ORT,FAZ ffi

L FAZ JEH ToAASe M (39 P>0.05) , L3R 5,

2.4.3 CVD 5 SFCT mfAXtE  IEH 0 M4,

HIHE K 1

AT B

2.5 M AHE

RARAA I CNV HR4L .mCNV 41 CVD 5 SFCT #52 IE 48
X (r=0.17.0.36.,0.43,P=0.04 .<0.01 .<0.01) .
A E|ESEa R

2.5.1 BCVA XS M Prai R R, il

PEEBERAS AN A I CNV 41H, BCVA (LogMAR) 5 SE  H
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R4 UL XAR R MR SRR B FAZ fe4RE9H K1

fobr 1E X B IEPE R BER A G IE CNV 4 mCNV 41
SVD DVD SVD DVD SVD DVD
FRT r 0.42 0.34 0.29 0.18 -0.03 -0.36
P <0.01 <0.01 <0.01 0.03 0.84 0.02
IRT r 0.47 0.32 0.69 0.66 0.70 0.70
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
ORT r 0.29 0.262 0.96 0.96 -0.29 -0.41
P <0.01 <0.01 <0.01 <0.01 0.21 <0.01
FAZ T r -0.887 -0.95 -0.53 -0.57 -0.19 -0.21
P <0.01 <0.01 <0.01 <0.01 0.23 0.18
FAZ JEK r -0.87 -0.951 -0.44 -0.55 0.20 0.09
P <0.01 <0.01 <0.01 <0.01 0.19 0.56
L IEH T IR AR R
x5 FHOXMMRNREESWMEEE FAZ I5RRIHEXESHT
tobr NS opiieEi| AL B ARG I CNV 41 mCNV 21
SVD DVD SVD DVD SVD DVD
FRT r 0.10 0.10 0.09 0.11 0.10 0.06
P 0.22 0.24 0.28 0.17 0.52 0.70
IRT r -0.05 0.06 0.15 0.09 0.17 0.13
P 0.52 0.44 0.07 0.31 0.27 0.42
ORT r 0.11 0.06 0.11 0.01 0.11 0.17
P 0.16 0.45 0.17 0.95 0.49 0.28
FAZ T r 0.04 -0.01 0.11 0.03 -0.26 0.06
P 0.66 0.99 0.17 0.74 0.10 0.72
FAZ JEAK r 0.03 -0.03 -0.13 -0.14 0.09 0.05
P 0.68 0.71 0.12 0.10 0.55 0.74
TE < IR X B g ek B

L>IX FRT, ORT, 3% 10> X FRT, IRT, ORT,SVD, DVD,
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