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(# ZE] B SRR (HM) B35 AR HM 3 7 0 0 BE45 8 FnfO0a 38 L A8 4k, JF i B AR
KRR SR E (AL) MR, Bk HmEA0F R HM B CEREMEE ) (980 HIRVE Ak
20, 36 AR I 0 590 AR DT E 4 40 911 HM 25 1% 80 FUHR A g % B 2H . BT A BF 58 % S 39 17 B A 09F IE 1L
J1 (BCVA). AL, %%k (SE) MOt TWIZEHH# mE 8k (OCTA) K. RH OCTAK
W 2 20 BF 52 X G2 v B R ) BBEE A 45 AA (SCP) . IRZ MM BEE 40 M A (DCP) FIRR 4% J& B Ik &
M (RPC) IMLEHE . EEP.OMEBEE (CMT) PIEERP.OMIEMAE X (FAZ) 69w ik
L, O3 AT 2 ALAF 58 X G2 45 AR A i 25 5 o SR FHZE W00 o (G 5 2 AU BE SR 2 0 AL, IR HT AL 5 Bk
FIIEIRII TR o G5 2UIWFGE N GAF IS AP A i L L 22 R RG24 L (P>0.05) . 5%
AL HAE, o ) AR 3 HIR A0 I 8 R DX 3 ok o0 [T A A0 B A L 55 rp s TR HR s T8 L 1Y) SCP I35 % B K
DCP IfiL % % B # W B FR AL (P<<0.05) . SxF AL thde, % 1 41 5 3 0 3 X 38 RPC IfiL 4% 5% B 8 1A
JEVFEL L PR 2 S 0 JE FELR 2 W R (P<C0.001), N4k RPC I3 % B2 W8 7H i (P<<0.01).
5 B LA, 2 R SR FAZ R BRI o (P<<0.01), 25 vt MR Hogs 191 ] ] X4 CMT W
AL (P<C0.001) . MHHIAHRH AL S SCPMEHE (r=—0.642, P<<0.001). DCP Il % &
(r=—0.388, P<<0.001). RPC il & % (r=—0.639, P<<0.001) FlI CMT (r=—0.495, P<
0.001) ¥WEFAMIEKR; HSFAZEBREIEMIEKR (r=0.580, P<<0.001); 5 FAZ A ICH K E
(r=-—0.062, P=0.587), &#: HM B & £ BRI f8 1 3 SCP. DCP Al RPC Ifi & %5 Ji R I & h
SO JEE A AT FAZ AR B, BLRERF AL, SCP. DCP #IRPC M4 % 1 & CMT B, FAZ K
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Changes in retinal structure and microvascular density in
macular and optic disc regions and their correlations with axial
length in high myopia patients

YU Hao, JIAO Ziyun, WANG Ningyu, ZHU Ziyu, QIU Aowang, ZHANG Weiwel
(Department of Opthalmology, First Affiliated Hospital, Nanjing Medical University,
Nanjing 210029, China)

ABSTRACT Obijective: To investigate the changes in retinal structure and microcirculation in the patients
with high myopia (HM) and the non-HM individuals, and to elucidate the correlations between axial
length (AL) and the related parameters. Methods: A total of 80 eyes from 40 patients with simple HM
(non-pathological myopia) were enrolled as case group, while 80 eyes from 40 age- and sex-matched
non-HM subjects were selected as control group. The best-corrected visual acuity (BCVA ), AL, spherical
equivalent (SE), and optical coherence tomography angiography (OCTA ) examination were performed in
all the subjects. OCTA examination was used to measure the vascular density of the superficial retinal
capillary plexus (SCP), deep retinal capillary plexus (DCP), and radial peripapillary capillary (RPC), as
well as central macular thickness (CMT ), and the area and volume of the foveal avascular zone (FAZ) of
the subjects in two groups. The differences in these parameters of the subjects between two groups were
analyzed. The AL of the subjects in two groups was measured using a biometer, and its correlations with the
parameters mentioned above were evaluated. Results: No statistically significant differences were observed
in age or sex distribution between two groups (P>>0.05). Compared with control group, both SCP and
DCP vessel densities acrossing the whole (excluding the foveal) , parafoveal, and perifoveal regions of the
macular retina of the patients in case group were significantly decreased (P<C0.05). Compared with
control group, the RPC vessel densities in the optic disc region of the patients in case group were
significantly decreased in the whole, peripapillary, peripapillary superior, and peripapillary inferior sectors
(P<<0.001), while the RPC vessel density was increased inside the disc (P<C0.01). Compared with
control group, the whole FAZ volume of the patients in case group was increased (P<C0.01), while the
parafoveal and perifoveal CMT were decreased (P<C0.001). In case group, AL was negatively correlated
with SCP vessel density (r==—0. 642, P<C0.001), DCP vessel density (r=—0. 388, P<C0.001), RPC
vessel density (r=—0.639, P<C0.001), and CMT (r=—0.495, P<C0.001), but positively correlated
with FAZ volume (r=0.580, P<C0.001) ; no significant correlation was found between AL and FAZ
area (r=—0.062, P=0.587). Conclusion: The patients with HM may exhibit early reductions in SCP,
DCP, and RPC vessel densities, thinning of the central retina, and increased FAZ volume. Furthermore,
as AL increases, SCP, DCP, and RPC vessel densitiesas as well as CMT decreases, while FAZ volume
increases, suggesting significant associations between AL and the parameters mentioned above.
KEYWORDS High myopia; Retinal capillary; Foveal avascular zone; Axial length; Optical coherence
tomography angiography
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Mo AR T ST, AL B I S 2 ™ Y
PP 5% IOk 245 F s 72, A B SRR IS L 0 0 f B 2L
B AE DX PO R AL | ok 4 T A i AT R ik 45 g
EYE, AR IME " EWANAL N
22.0~24.0 mm, i fih 4 30 W A G AL SR
24.0mm, Wik 26.0 mmELHE K ", A E SR
WAl HM R A0 400 0 J8E 45 g 0 ol I iz

il R 3 8 5 ' 2 A T W2 4 i A A
(optical coherence tomography angiography, OCTA)
oI A I G SR, DL B PG MR I
X (foveal avascular zone, FAZ) M. B
TE 2546 055 2 BO0PA 00 0 B R Jk 246 JEE i, 3t 99 1 % IR
JEE R A ZE A B0 o A L SE PP A, BB IX
PR SO R IO . Al A IR i AR AR
e T e 2 M ) DI RE IR AL 1Y RIS 5 o A DR 2 iy 4
WEgE IR & TR RR, B FAZARRL, oAl o
M W FAZ = 2 25 0 IX 38k ) B S4B o, IR AE DR AR
RSB 22 Fob 4L ) o 2 R vl e B B ) AR
AR S

HOCTA i, 34k E A Z B3 HM &
R0 I Il e AR A 0 i OE o A BIE S o TR AR
HIM 85 B 50 DRI A 8 DX 400 Do) B8 45 g R O A8 i
A5 IR b A DR 43 S A I I B A I A A
(superficial retinal capillary plexus, SCP) . ®JZ T
9i i % M\ (deep retinal capillary plexus, DCP) #ll
L TR B i 99 R B 48 0l 45 (radial peripapillary
capillary, RPC), [N 5| A FAZ K545, 2 Hr
FRIERS S AL B OC R, #E—P H A HM & ik L
i, I il R 0192 T 5 5 s e T AR A i
1 #AMERE
1.1 AEME A AHANGREEEMERES.
AWFFE AT IR AE B A A 22 5L et ofe (R BRA L .
2022-SR-141), FF7EIE K58 FEMHE Clinical Trials.
gov SE L EM (GEMS . NCT04255524), #F58™
WG (B /RE S E ) TR AR IR W25 Ao
7 M (META-analysis  for Pathologic Myopia,
META-PM) $r i, H 5 BE 4l 1 3 73 i CO~C4
G, HARE L CORTEMPEMILIZ, C1 A
SUIR BRI AE A, C2 kWK 18 M ok 28 I 40 190 i 25 45
C3 R BEP K2 AL 2 4, CANEBEE . H
2l HM B IR A5 CO M C1 &%, i B 30T 40 4R
FIRIEWAZ R C2, C3IMCAZ., RIFTMATH
R R — R B B IR B2 19 40 5] (80 H

AR PRzl HM (R BRI ) B8 35 VR SR e o 4
A BAF e AP 3 AH DR BE A A HM 2 4044 (80 HUIR)
YERXTHRZ . A AFRHE: DIFEIE N 18~45% 5 Ok
Bl B SE> —6.00 D H AL=26 mm, X4
SR A — 3 D<<SE<X0 D H 23 mm<<AL<{24 mm;
@ 1 B IE M S (best corrected visual acuity,
BCVA) =>1.0; @HRE<<21 mmHg H XU 22 5 <
5 mmHg, JomRER S © b Je A B3R B =500
um; © & AR (cup-to-disc ratio, C/D) <<
0.5 HWHR 2K <C0. 2, TCALHFRAS |t i e A0 1o
WAL 482 (retinal nerve fiber layer, RNFL) #k
PAEHE IR R, O 4 MEs IR gs . HE
BrAr . QOCTA K I R A5 5 58 BE R T 7/10 8¢
AR H NG, OMBERIE . E AN, BRI
TR Job R MR P o 72 A5 3 U G IR BN T L S AR
QBAHF IR . MBS . LR bk 45 TP i R
P22 95 95 45 AT BB B2 ) MR RS I 3t 7 G A MR RS B (4
0 DA R PR X 5 7% e I A0 R IR A R A
WEARSCHE B BE PR S ) s DA IRARSMG . TR
I Jay 38 1 2 sl i A R Ak e (R PR RME) KO
il s s ©BOGEEGE I +1.50 DS ,; © kil
GOt AT A

Fr A TR AT 2 IR FHR A, 245 BCVA,
SE. Z4 BT AHR K & A&, L K R ] Optovue
Avanti AngioVue ¥ % ( 3 E Optovue 28 # ) 1T
OCTA KA. OCTA E &l & 2 L HFFE X R SCP
DCP Ml RPC L4 % )5, B BE 0 MR (central
macular thickness, CMT) M FAZHE, 4 kK
By KPR FAZ KA. i TOLMaster 700 44
WA (EEZR AT Wa AL, FFaHr 2458
XF G IR AR 1Y 26 5 B A& AR bR 5 AL 9 AH G o
1.2 OCTA#%#% ffi [l Optovue Avanti AngioVue
W, RHMMBERAA (6X6 mm) FA £ X
(4.5X4.5mm) B a2 A0 TR AT 7 kHz il
) I AR T . 2 R IR T H b i A TE R kT
3sbhb, WALVER 70 000 A 458 B JE 47T X il
Y AR, IR A 400400 A 4 Y R LB .
AT 53 <<6. 43 )2 A B DR A AE Bk AR A2 Bl
A5 B EIE T LAHERR o 8 FrF A 343 %0 A sl
5% B 40 1L 45 P\ SCP #1 DCP B i 4 2 65 18 T 00O
FIHIR IR EE (scanning laser ophthalmoscope, SLO)
MBS MG, IF B b T X R ] ] DX 35 1 8 A O
BEE, WK1, Hrp SCPIERI NN IE (internal
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ILM) &= N A REZE
plexiform layer, IPL) Ahii % 177 9 pm; DCP g
Bl & IPL #8312 F 5 9 pm &= 48 AR )2 (outer
plexiform layer, OPL) 4b i 5 LLF 9 pm. A
Sk Brach BB 11, i Hh GomAR T AL, X
MALEC B, AR PG Garway-Heath 8 3154 BE R T 40
AR 9 DI A B . TR RS FAZ T
L RBLL & SCP. DCP #1 RPC By I % % B (1K
B H)
1.3 FAZ#&RME ZS%XU%" MEAshk)y
20 & OCTA W 4 By FAZ t& B . fif
MATLAB R2016b # 4 (MathWorks, USA) 4k
HE A%, B4 ILM E OPL A1 A LR 9 pm
(OPL+9 pm) 2 [a] #y X g 00 o0 56 e X8, Bk
W X BB Y. LLOPL+9 pm B4 — g,
B 4% A-scan B ARTE TR, B EH IR m A FX &S
FLk, HALFTA A-scan 1Y JE FE b 55 219% X 1Y i K
. R, W Oy DL 3 pm R R R R
¥, MBEEE]—% C-scan, MZESE TR MR
B BFRBMEXIXWT: r=r+ [max(O0)—
O(c)]o Hirflch OCTA KGR £ ITH 5,
max () RRBEKEEBEHA, OFKnROPLIMNE +
9 pm MIAT AR AR o B O MR /IMEAE & S, R
Ja ILM B9AT AR bR L, 313 R 5 6 i X A0 5
B, Bl H. H=max(O) —minL(c), c=1,2, 3---
400, Hrhmin () NEE/MEZH .

AW 5T K B A8 T TLMJZ B B bR vE FAZ K2

250
[200

—150

limiting membrane, (inner

100

(I S R AR SR Y= 5 511 W i BU S U I 5 X (=
Wb T e S 2 R 4R OCTA BIG 25 Al o B . B4 GE
o B ARG R RS FAZ SR

AW S SCP 5 DCP Ay Ebrife, #HATUT
E X WIZFAZIKB N IPLANA R EJ7 9 pm &
ILM Z [ i bric R R B R W)= FAZ KRR IPL
Sh A EJ7 9 pm M OPL b R 07 9 pm Z [8] A b
IR B
1.4 % %454 KA SPSS 23. 040 4 4F k47
Gt Mo 2 ALBIE 58 X G 1 ) LAAA B L 2 AT G it
R, W ECR A AR g . 2 R QAR |
AL, SCP. DCP Fl RPC Il & % & J CMT UL K&
FAZ FIBAAR, A IESSM M, UatsEmR,
2 21 (AR A B R L AR I I ST FEAS (K 3 . AL S
SCP. DCP 1 RPC Ifi 4 % B . CMT Ml FAZ K1
(R HH A 43 B 2R ] Pearson A SEPE 0. LA P<<0. 05
R ERAGI R L

2 & B

2.1 28RN E—HBAA 2APFFRA ZAE R I
PEN A R L B 22 RS it 2 B L (P>0.05) .
W1, 54 (—0.27D+0.22D) W, WK
WilZH B % SE (—7.73D+1.81 D) BB (P<
0.05), SXFMEZH (23.45 mm=+0.51 mm) &,
W2 B AL (26,57 mm==0. 61 mm) B & 54 hn
(P<<0.05).

2.2 2R R EREB LM EETE SXf
MR b, 9 20 0 2 L D S A S5 e MR R

Map diameters

Fovea:  1.00 mm
Parafovea:3.00 mm
Perifovea: 5.00 mm

50
0 M
Thickness(ILM - NFL)
A B
A Optic disc (a: Optic disc; b—1i: Peripapillary region with 0.75 mm—wide annular retinal area) ; B: Macular zonation (a : Foveal
region, with diameter of 1.00 mm; b—e: Parafoveal region, annular area between 1.00 mm and 3.00 mm from center; f—i: Perifoveal

region, annular area between 3.00 mm and 5.00 mm from center).

B A (A) R BE(B) 2 K on A

Fig. 1 Schematic diagrams of optic disc and macular zonation
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Tab.1 Baseline clinical characteristics of subjects in two groups

AL 1] & ] X 38k 9 SCP K DCP ML 45 %5 B 4 W I8 [ 1%
(P<C0.05) o % Bl 20 F0 % B 2H Frogs M X 3 SCP K

A0 DOP L A SRR E X (P>0.05).
Group Age (year) Gender (Male/female) k2,
(jomrol ??.5](_)i9.2f 20/20 23 2 gﬂm%ﬁ%?‘ﬂ.ﬁ}gj B RPC _\ﬁl% %-:g Lﬁx‘f
o e o BT 95 0 0L 8 A £ K B RPC 1L
» 0,080 0.823 IR (P=0.001), Bk FRLLL R BT
RPC I # B W % (P<<0.001). W& 3.
K2 2BFFXT R TR 4 i
Tab.2 Vessel densities in macular region of subjects in two groups (n=40, z%s, /%)
Group SCP vessel density DCP vessel density
Whole Foveal Parafoveal Perifoveal Whole Foveal Parafoveal Perifoveal
Control 51.1348.07 20.3344.68 55.09+2.36 53.0942.45 54.634+5.31 36.10+6.18 58.20+3.82 55.92+5.71
Case 47.82+5.09 20.8647.51 48.24+6.20 48.514+5.21 46.78+5.52 35.74+7.56 52.92+5.34 47.06+6.17
t —3.103 0.536 —9.236 —7.115 —9.167 —0.330 —7.193 —9.427
P 0.002 0.593 <20.001 <20.001 <20.001 0.742 <20.001 <20.001
R3 2HBIFEXTRES B RPC 1L % B
Tab.3 RPC vessel densities around optic disc of subjects in two groups (n=40, z+s, /%)
Group Whole Inside disc Peripapillary Peripapillary superior Peripapillary inferior
Control 57.834+2.80 61.80+2.77 59.704+3.04 59.4042.77 59.55+3.36
Case 53.2844.04 63.60+4.14 53.76+5.68 54.434+6.11 52.90+£5.88
t —8.279 3.232 —8.247 —6.626 —8.783
P <20.001 0.001 <20.001 <20.001 <20.001
2.4 28BANRECMT o FAZEREAR g —0.495, P<<0.001) BRFMEKRKFR, H5FAZKK

5] 25 0 %) BEZH B 58 X7 b MTIX B CMT . FAZ I
MEWZEFAZKRILEZ R LSt E L (P>
0.05). 5XF M2 bude, e 1) 20 B8 35 55 v M1 IXCRH
o MR B X B CMT 39 B 18 (IR (P<<0.001) ,
SR FAZ R B3 (P<<0.01), W4,

2.5 HM&H ALF L iefiizlleipa kit HME
#H AL 5 SCP &% E (r=—0.642, P<0.001) .
DCP % E (r=—0.388, P<C0.001). RPC Ifi.
B (r=—0.639, P<<0.001) # CMT (r=

BIEMEFEZ (7=0.580, P<<0.001), S5 FAZIH
BTCAE XM (r=—0.062, P =0.587),

3 3 g

AW 5¢ 3 3 OCTA AR 35 BUH BE S 5 1 2%
FKAGhR, RGPEAG HM B W0 0 5 25+ 006 24 A8
b 5 AL MM, 2R ER: 5X Al
B, 0 ) 2H H L I SCP K DCP Il 5% %5 3 A6 4%
A L 5 b ML s T ) BBl DX I B B A, IR IX

#d4 2HBFEXR CMT M FAZ AR KR

Tab.4 CMT and areas and volumes of FAZ of subjects in two groups

(n=40, x=+s)

Group CMT (//pm) FAZ area FAZ volume(V/mm®)

Foveal Parafoveal Perifoveal (S/mm?) Whole Superficial Deep
Control 239.61+13.51 319.294+9.95 283.83+11.18 0.25140.062 0.162+0.016 0.0314+0.009 0.126+0.011
Case 245.91+27.18 304.04+22.16 267.61+19.30 0.27440.098 0.169+0.015 0.040+0.005 0.129+0.012
t 1.856 —5.615 —6.504 1.774 2.855 7.819 1.648
P 0.065 <<0.001 <<0.001 0.078 0.005 1.648 0.101
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B RPC M55 % B W 5 o 2% vt [T Hpos 41
Bl CMT ¥ S BEAR, SRR R FAZ (KRB g 1
fin. Pearson tH KA Hie5 /R HMEH AL S
SCP., DCP M RPC Ifil 45 % J& S CM'T ¥ 5 671 A 56 ¢
., SFAZEBEBIEMEKER . AP AH 5]
AT FAZERBX — S8 &, IFAE)Z 50 5 5L ah
b, Hr T FAZRFIRNE AL, 25 5% Kk B ) 41 &
HFAZBR T4, 8 FAZ 0 BUA BT,
HESTE I FE L., fEWRGArd, HE ALK
B, FAZKRFAWIE . HM 8% h FAZ 22k
HJEE AT A LAR 2450 5 —, 78K 00 R R
S RN 1 = e e R = VAT I R A e N 1
W, PRSP BE FAZ KR/NREAAL 5 8,
R IR T, A BEIX AR, FTRES S 3
FEAAWE A, DT 5| A W R I 3 98 > Fl FAZ B
. CHENG 48 ™ i AL 5 FAZ i A5 1E 4
X, SR YU ZE "R TAN S 5 1 AL 8 DG
JEHCS FAZ EBUF A . WREh 5 FAZ 1 FLUA AH
KHEHMARA E® . XA FAZ | AUE — 4
YRR, BB MR M FAZ X — S 4E 454
BN LA 5. I, ABF 586 H FAZ R BLX 415
B, AE TR B M S e HM R 2 FAZ 19284k
24k, AW Y R HM A B
JIEE I 3 2 . OCTA AT LA 43t 410 55 B 41 1fn % 0
FAZ 555 g 1 4 i 00 I J5E 1t 48015 8., nl It o BE
DX S0 o A% S22 ) I 8 R, B Tz T A
s PR T R ) FIR RS A T, {H A B HM B
] A4 07 AR 70 D4R B BE . ®F5E 0 s . HM R
AL, DT 7= 2 200 000 JI6S T ik 28 S ar fr 3 A bL
PP AR S BRI A AR A, 4k & L O B ofn 4 2 B R IG
X5 AR R - A, AR R
HM A8 35 S R0 0 R A5 %% 8 T I 1 28 56 o0 1M1 1
EHELHEZES, LI%G" wEm, FR0FR
S M 9 HEL Y R ) R AR A HML RS TR, R U1 Ak A
I8 %5 3 g TR IR, LA Sk K mT BB R B 5T X L 1
AR 2E S5 AR SCHE B MR i R AR Sk Y B T 2 A4
FTRE A JE PR s QDo TR0 8 I A i 30 400 I e
A 52 42 51 Fhi A, @ AR SRS 98BS 4K i 2 BT
— MY S|, P TE R . BB L
U1 25 0 g O TG Ol EEEE AR WIS b B4l HM
KB R O T DX IR R R DL R, X
AT RE R T A4l HM AR 2 EL A A X B ) R IR S
R F7 o A 2 HPE 3T A0 A0 B 5E T R -

T B T O A A JRe e, e TM1 5 R L X3
AT B o M DX, U BT s [ 5% R
DX 3 a9 A5 A6 AR BE L b B R HM W & . Ak,
WA ESE P R S AR A A A0 R ik 4% 5 I
LR/ ] BB SO S i RN R AR, i i L 45 A A
A DTN B 3 A0 5 0 A MR R A %) I 08 oW 5 e 3 375
PE S5 B AT AR 5L BE o0 M0 A5 % R AR Ak
A S

RPC 2 10 0 JI55 fah 28 2 24 )22 9 6 40 Il 38 K 11
LT I o N N R G R VI N R VN
(ganglion cell complex, GCC) JyIfil & ¥ % & 2 AE
o ARai R uoR. SxHBA e, woldss
RPC Il 48 % 5 W W BRI, 4K 10 s 91 20 J8 5 N 8 IXC
B RPC MG 25 BE RGN . X0 e a5 2 1o a8 g i
B N 240, Hl X B) RPC I % %5 B B Bk . Bk
(ENERE X/ FINPRN F  oNl ||=T I 2EA T N
L O A A S R I AE BE T 1A

AW FRMA — L JmBRYE . B, AHEIE AR R
Z vl B I PR FEAS 23 B 0] e 43 365 B — 2 I I fef o 30
— BB AT DO 5 KA &, PR IF SR OB
i, I HLEE N A0 S o AR e . R, AR
WFIE R B WT A5, 5 01RO HM A8 25 B 7 ok
I HM AL . B, OCTAHLESAR XE T BR
FiE A thse, Al RESs 5 ) I A5 9% B

Zr Bk, H5AEHMAE AL, Hal HM B E 5
X AL SCP A DCP i I 8 %5 FE B AR s RPCBR T
PO A R T Ak, AR R CMT 7E55
O TR Fpcs TN BB B FAZ T AR O W I A
fb, (HFAZ KB BB, R FAZIEFIL FAZ
f] R HE f% B I O M [ i FAZ A8 4k . HM & 1Y
SCP. DCP #IRPC I 4 % LA &L CMT # 5 AL &
AR, MFAZEHES AL RZIEMHXKER.

FlEE PSR

JI A A R WA AR 25 R

fEE AN

MMz HRREE, TS ETTFMRTIES SO
MRS BURBE LG E 0 r, MR EMKEES
SRS Mg SO A

(&% 30k ]
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