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Abstract

¢ AIM.To investigate peripapillary vessel density and its
relationship with other ocular parameters in highly
myopic eyes with peripapillary intrachoroidal cavitation
(PICC), and to analyze risk factors for PICC.

¢ METHODS : Cross-sectional study. A total of 35 highly
myopic eyes with PICC, 40 highly myopic eyes without
PICC and 35 normal eyes were included in this study. All
participants underwent fundus photography and spectral-
domain optical coherence tomography (SD-OCT). OCT
angiography was also performed to image the retinal
vasculature in the peripapillary areas of different sectors,
including the radial peripapillary capillaries (RPC) and
optic nerve head ( ONH) layer. The difference of
morphology changes in optic disc and peripapillary
vessel density between these three groups were
compared. Correlations between peripapillary vessel
density and PICC and risk factors for the presence of PICC

were analyzed.

¢ RESULTS: Significant differences were found among
the three groups in spherical equivalent refraction
(SER), best - corrected visual acuity ( BCVA), axial
length, peripapillary atrophy P - zone (P - PPA) area,
retinal nerve fiber layer ( RNFL) thickness and the
presence of tilted optic disc, posterior staphyloma and
myopic maculopathy (MMD) (P<0.05). There were
significant differences among the three groups in the
peripapillary vessel density both in RPC (54. 34 £5. 58,
57.54+7.44  64.42+3.50) and ONH (51.24+7.43, 52.75+
9.96, 61.25+4.15) layers ( P<0.001). In highly myopic
eyes, vessel density was significantly lower in eyes with
PICC than in those without in inferotemporal area both in
the RPC (56.76+6.62,63.84+6.02,67.52+4.78) and ONH
(56.47+5.79,60.38+4.72,64.18+4.37) layers. The vessel
density was significantly correlated with the presence of
MMD, B-PPA area and RNFL thickness in the RPC layer,
whereas correlated with the presence of MMD, PICC and
RNFL thickness in the ONH layer ( P<0.05). Tilted optic
disc and posterior staphyloma were independent risk
factors for the presence of PICC ( OR= 8. 007, 95% CI.
2.045-31.348; OR=7.558, 95% CI. 1.398-50.026) .

e CONCLUSION: Highly myopic eyes with PICC had
relatively lower peripapillary vessel densities, especially
in the temporal area, than those without. Tilted optic
disc and posterior staphyloma were independent risk
factors for the presence of PICC.

e KEYWORDS: high myopia; intrachoroidal cavitation;
peripapillary  vessel density; optical  coherence
tomography angiography
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HE
BH: W 5w T AL 4k & O & A OBk g S R
(‘peripapillary intrachoroidal cavitation, PICC ) & HE #L £ 1fi.
()lL&Fﬁ1t& LR | 40 PICC BRER R 2,
Frik MEWTEIEST . 35 B 35 HR i S AR PICC SRR 40
151 40 HR = BE ST MAAS A PIC JEAR K 35 451 35 MR IE 6 X6) RUAR
PABITEIE R, TR 521 52 IR IS IR St 01 27
MTF W2 3 ( spectral — domain optical coherence
tomography ,SD-OCT) , [RIBF#E4T OCT il 48 Bifg ke £, 73
FNFRAF A% T8 I FL 3k (optic nerve head , ONH) /2 FIA 4
SER0 I IR T 40 1145 ( radial peripapillary capillaries, RPC)
2 B L P e BE ST AL S AN TR PICC R &
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TR F AR 5 2 285 5072 R I 9 %8 B 1Y) 25 5%, 40 B PICC S5 4
LI U7 285 8 B RH G AN PICC R 95 14 0 <7 A By PR 2%
SR MRS BrEd ) IR LA S B IX
('peripapillary atrophy B-zone, B —PPA) Tii L #h £ 4 4 2
(retinal nerve fiber layer, RNFL) J& & A #5004 5 LK
M AT R B BESR ZE (myopic maculopathy , MMD) £
SR EFEFAEG 242 L (P<0.05) , =418 RPC 2
(54.34+5.58,57.54+£7. 44 64.42 +£3.50) 5 ONH 2
(51.24+7.43,52.75+9.96,61.25+4. 15) ¥ #% J& B F- 34
M 22 A B ST 2EE L (P<0.001) . 5
AN PICC 4 M fdt IR 40 AH L, ££ 43 PICC 41 RPC Al
ONH JZ 3 T % B Il 7 % J& (56. 76 £6. 62,63. 84 +6. 02,
67.52+4.78;56.47+5.79,60.38+4.72,64. 18 +4.37) ¥
W1 T R, RPC )2 Il 3 %5 B2 5 MMD ., B - PPA i LI
RNFL JEEEAF 76 i 3 A0 G M T ONH. 2 Il Ik %5 B2 ) 5
MMD .PICC %) % 4= &% RNFL J& B 7775 i & A & v (P<
0.05) . Logistic [H1T43H7 s , A0 45 A0 R4 A i IR 4 2 i
& PICC R Al ST fE RS IR (OR=8.007,95% CI:2. 045 ~
31.348;0R=7.558,95% CI:1.398 ~50.026) ,
2538 = E AT AL PICC 5B AR P 4% M0 770 28 B B I8 R %,
MR B 2, MR 5 S DU A 4 ik 2 PICC &
BT SR R

REBRAA - o AR 5 K 28 B I 5 4048 ) LI 3 %% ; OC'T
[IK=F7REETHN
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SR BBk BT R, AR AR AT, S, TR R T AR 4k R A 4 L
45 JIE S PSR A5 000 9 2% B AR Ak, R BRIR B 4% 2017517 (7) »
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25 5 ik 4% AR 25 B8 ( peripapillary intrachoroidal
cavitation , PICC ) J2: [ S U 48 fol b B 1) 5 3 (2 g &k, 2 DL
TR, W R A TN 7, 6o A T W 2 4 A
(optical coherence tomography, OCT) 3% ¥ 4 ¥ RPE F1IH
RS 53 FF 1) 0L A% Jo L ok 28 P s st R A O R R
PICC FR 5 & A A I I 47 S o, 3¢ R AL 48030 4L 4
i ke L it 2 w2t A B R BN HEA PICC 25 Ji
P, BT R A 43T A AR 3 B S R X
SRR oA IS I A7 14 S A e 7 S W A ) ot 3 T
RIAHG, B —TH B OCT $ R——OCT 1M % B 1%
A (OCT angiography , OCTA ) AJ 38 1 DX 431 o9 J5& v g 1 37
{55, M R P A L 6 0, L RS 2= e s U 48 J) TR
.3k (optic nerve head , ONH ) JZ 1408 25 55 100 I i =6 40 111 45
(radial peripapillary capillaries, RPC) JZ /) ML A5 5, Wik
g AT PICC £ A4 o 0 2% FE 4R AL T PT RE S e
A O ZTHFFEIESE T OCTA A0 45 F Bl it 72 2% B 1)
AIEEMET ) ARBESE M E I TE T2 ] OCTA L
ITHLAE PICC 5O HE PICC AR AL 25 1L 37 % 12 1) 22 5, 20
BT PICC 5 #0480 AT AR B ML 485 1L 37 365 B8 194 4 DG4, JF R0
PICC RARIfER N ER
LBSE itbapr3
T3 YR B AR — AR B R 2015 - 12/
201607512 7 B T AR PICC HRHR 35 41 35 HR, v 3
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ATHAEE PICC JRAR 40 1] 40 HR, SR e #5055 78 45 T IR
PAAMFSE A BRI 155 AR ARL, DU e A IR AW AT, A ik
FRAE: (1) JE Y FE < —-6. 00D B R 4l = 26mm; (2) IR &
<21mmHg; (3) Jo 52 M P 85 46 A BR 5 & 19 4 B R
HEBRBRIEE A < (1) BEAE AR BT AR L 5 (2) AT Al BE S Wil 1M
DLV MR AR B AR G B, AN G IR R O a7 %
L BEPRIAT ; (3) 2wk PIRZGEL . PICC B2 Witw ifE
R OCT KB AL SRR £ 1IE F RPE J2 T J7 (1 bk 4%
PRI S A 2 i, eI 7R R Be st i2 19 35 4] 35 HRIE
WHRAE X AL, T AEX S0 =4 .41 hE
PTHLE PICC 41, 41 2 i BEIE AN PICC 41,21 3 M IE
HXTHRAL . AW S A B AR H 2 5L S b v A b OR
REF A AR5 R % 5 g R 4.

1.2 ik

1.2.1 —REE  FrA s 1 42 m IR RS
A LS G EE R PR v L ) R A e AR IE A )
(best—corrected visual acuity, BCVA) IR % R &  Z4BRAT
A B R PR TS EORE A A JE O R DL AE A Bk B
(spherical equivalent refraction, SER) 37~ , SER = ER 5% +
1/2FE5E . BCVA FeHoh fie/ ML AL (LogMAR ) #7734
PGt o3 i J3 0 R A B B AR A DR ISR B A% 1k
DL BT IR S 506 72, i S0t 00 28 R 2 4 S
DURAS 25 I A 2440 Fuch’s BE k4% IR0 AR M4 | I APk
R AR A2 Tmage J BRI 2 40 285 405 )48 BRI AR
#JE E 2545 B X (peripapillary atrophy B-zone, 3—PPA) [fii
P PR AR B AR B0k 5 S, B 3 e il B AR
HERKERZ I <0.8 B AMA", B-PPA X2
TR IFL L, HZ12% 0] UL RPE ORI AZ 25 JL-T- 43R 1
2, T Bruch JEATS 42 56 38 (14 X 3k MR A5 508 e PR ]
PRI A B B AR A3 b T 9 B I AR AT 4o S
AL 4G TR (0 90) FIBCIRIRIE (1 9%) (Ikig ik
H4 (2 Go) FERIRZE (3 90 MRS (4 90, UK
3 AR RS (BB K2 T AR 1A T Fuch’s BE) o
ABFTE T 73 =2 P NN AFAE T AL BLBER 22 ( myopic
maculopathy, MMD)

1.2.2 OCTA #& & f#Ji] RTVue OCT Il i 1% & 4t
(RTVue — XR Avanti; Optovue, Fremont, CA, USA) 5% A,
angio—disc BT, PRV 4. Smmx4. Smm , FEHUT
Beos A sh A LB 2 BE IR (1 1) . Bl B 2 A
ST, ONH F1 RPC 2, & J2 % N AH R A9 i 3 28 5 &,
ONH JZ7E SR W 5 BB A Z 8] 150 pm JREJZ , RPC JZ
FE SR N PR S 2 2T 4 2 5 S 8], B A B X
HE—203 6 AL S BT GBUR LB b R
Mo A A 3 D R AS 3 ) (P2 ) K% AR A ol U
B KRGS S8 F (signal strength index, SSI) <40 5243
J2RE N IR BR RIE BN R 1) OCTA R T LAHERR . fiff
FHE]—& OCTA {4 #5523 radial cross—sectional #2239
(BRI 12 540 , DAL A oG- H . R4 oCT
L RS W PICC JF AT & L, i 28 2 4 )2 ( retinal
nerve fiber layer, RNFL) JE M AL s, 5
H3.45mm BB, A LS RNFL SR (39408, Ira K
A 187 H [) — Al R = A= 5 1, TR B 43 A H T 60 A 28 5
(RN PR 15 A= 2 B, % T e iSCIA o 81 D) i g — o7 /o 4F 9%
MR 0 52 123 #T
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1 PICC EREMAZEE

BB A,E:.PICC IR ONH Fl RPC JZ 048 Bl L7 28 FE IR ; B, F . AH M. enface

CT @1%;,6;1‘?!@ OCT

REFI PG D, 1 ARR 725 R, I 2 B XA % &N B B & A, i BRI (D, H) F, B A
AR ERIEF ML, S R RN 2 RRAR , W AR M i TR ok |

gt vt 2 oy M. B A EHE 2R O IBM SPSS20. 0 for
windows FETH T AL AT ST 2250 BT, TR BORER
BB ARl 22 30K THECROBER IR B L A s . =41
(B P LB A AT, T d WL R R SR IR 2R T 22 0 T, T BT R
FKH RxC FIBR R R T, =41 A E b EER
B LT P LR TR BERER ) LSD - K g, 114k
BEORLR R KBS, X F DU Ag 2 b BB AU T S
oK Fisher SR UIMEARME . UL I %5 BE 5 45 H8 45 1Y A
FeMER A Spearman FHIEIMMT M Z2on et Bl A 43 ¥, %
PR R R Z K Logistic [FIH4T PICC BIRAIfGI N2
P P<0.05 HESBAEZRIFFE X, 2R LEHN B EE
JKUE o M % Bonferroni £ 151547 2 AR F 1 o =
0.017,
2R
21 ZHBEAEH MM MR ZERELEE =4
LogMAR Jii )t BE IR %l B —PPA i X RNFL JE R # # f
B DU A2 B A MMD 005 5% 22 5 1 BoA 883t 78 X
(P<0.05) , & PEMAIRE 25 LG8 X (P>
0.05,% 1), —4l[E] RPC JZ(54.34+5.58,57.54+7. 44,
64.42+3.50) Fl ONH J2 (51.24+7.43,52.75+9. 96,
61.25+4. 15) PLELJE [ 241l 9 2% B 22 S 3 B oA B & 45
P2 X (P<0.001,%2) .
22ZHBEAANNMUSNRZENSELLE %K
WA B 22 5 — 2D T P L8, 45 2R woR
5402 3 ME, 4 1 TR R B-PPA TE U K
BATUR B IS DR A b o R T e, 22 S HA G L
(P,=0.043,P,<0.001;P, =0.001,P,<0.001;P,<0.001,
P,<0.001;P1=0.023,P,<0.001,5% 1), £ RPC JZ, 542,
H3 M, 2H 1 255 (54.34£5.58,57.54+7. 44, 64. 42 +
3.50) FEH T (56.76+6. 62 ,63. 84+6. 02 ,67. 52+4.78) Fil
M (55.03+11.73,60.44+7. 37 ,65. 07+4. 29 ) X I I 77 2% 15
W LFEAR (P, =0. 020, P, <0. 001 ; P, <0. 001, P, <0. 001 ; P, =
0.006,P,<0.001 ) , HADX IR 1 5520 2 [] it i 2% 3 22 5% T

GiiteFag X (P>0.05) , 16 ONH JZ, 540 2 443 #LL, 4 1
AL | (55.38+7.03,58. 97 6. 71, 64.12+3.82) FI3Hi
(56. 47%5.79 ,60. 38 +4. 72 ,64. 18 +4. 37 ) X IfiL 1775 2% B W) I g
fiX(P,=0.012,P,<0.001;P, =0.001,P,<0.001) , A X I
201 540 2 [ B 25 S Rt B L (P>0.05,%2)
23 EERNEENENRZEENEXBEZNM
Spearman FHFEAMHT 7R, RPC A1 ONH JZ 41 235 i - 24 1
WA RS PICC Wy &R JE OB IR Bl B - PPA T AR
RNFL JEEE MAAR 5 DR 2 b AT MMD /9 & A= 5 2%
A (P<0.05) , #4 Spearman #5C o3 H7 Hh A GLit 22 & X
(P<0.10) B0A I R LB R R0 A 204k M [m] H AR 43
Mr iR, 7€ RPC 2, AL I 3 % 5 MMD(B8=-0.311,P=
0.004) F1 B—PPA HiF1(B=-0.284,P=0.010) 2 fi ki,
M5 RNFL JE & [FEAH5E(8=0.364,P<0.001) ., £ ONH
2, 8 MR % 5 MMD(B8=-0.416, P<0.001) 1 PICC
B &4 (B=-0.219,P=0.012) A, i 5 RNFL J2 &
EIEAX(B=0.366, P<0.001,33),
24 EEEMPICC EFHNERBEEZSHN HHE
Logistic [8] 5973 #7  7 , PICC 19 & A= 5 TG B IR %h B -
PPA THIFR AL} | J5 DL 445 i MMD K #R 4% & 1 1
T EA WE A K L Logistic MIH T H A
Gt E L (P<0.10) AR E X HMHRMAZHE
Logistic [ A A i {8 T AR S P 555 RS, B8
AR5 IR 7 i 2 PICC BB A Jh ST fE I8 R 2R (OR =
8.007,95% CI ;2. 045 ~31.348 ; OR=7. 558 ,95% CI ;1. 398 ~
50.026;%4)
3 Tt

OCT 1 38 WAR B2 A 2 —Fh I A o 378 A6 00 B2 A | #4=
Dy AR T EE A 0 SR I PRI 5 PR 48 0t O 8 R ) EE
Rl 5 . OCTA R 43 45 i 25 A0 OC 1L 48 iR He R 5
enface $Z RSG5 G | 8 i AR OCENL AR 22 57 1Y U7 ¥ X4 AL I
5 r B I IR A S, DT A 400 DO A 008 A I 5 ), 81 75 SO
SEANAE I 378 2% B O Ak i 3 AR AL R T RE R 2 TE
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F1 SEEBEELREMILE
Bzt 41 42 43 F/y? P
MR %k 35 40 35
PN (B %) 8/27 11/29 9/26 0.214 0.899
AR (XS %) 50.86x12.53 48.00=14.31 49.89+12.55 0.457 0.634
BCVA(X%s,LogMAR) 0.50=0.35 0.46+0.43 0.23+0.26 5.568 0.005
SER(X*s,D) ~11.45+3.60 -9.90+3.77 0.28+1.68 126.176 <0.001
iR (XS, mmHg) 15.57+3.52 15.49+3. 14 15.55+3.13 0.004 0.996
R4 (XS, mm) 28.51+1. 64 28.23+1.87 23.5120.90 109.921 <0.001
B—PPA T A (mm*) 1.1620. 60 0.74+0. 66 0.02+0.06 42.299 <0.001
RNFL &R (X £, pum) 95.27+14.54 94.64+11.78 106.97+9.52 11.304 <0.001
ELATR (IR, % ) 30(85.7) 17(42.5) 1(2.9) 55.686 <0.001
JeE DU 25 ek (IR, % ) 30(85.7) 25(62.5) 0 66.117 <0.001
MMD (HR ,% ) 19(54.3) 19(47.5) 0 48.903 <0.001

WA 1S AR PICC 4540 2. = A PICC 440 3. 1E % X B4,

%2 #&4 RPC #1 ONH B2 E B Mm% E b5 (X£s,%)
I 375 2% 41 H2 3 F P
RPC 2

£ 54.34+5.58 57.54+7. 44 64.42+3.50 27.378 <0.001
Rl 51.2427.43 52.75+9.96 61.25+4.15 17. 455 <0.001
B 55.53+6.56 57.33+11.73 65.77+6.01 14.051 <0.001
N 56.76x6. 62 63.8426. 02 67.52+4.78 30. 506 <0.001
- 56.10£9.08 60.57+9.46 68.49+3. 60 21.934 <0.001
Bl 55.51%9.50 54..65+9.74 62.83+4. 64 10.381 <0.001
) 55.03+11.73 60.44+7.37 65.07+4.29 12.757 <0.001
ONH 2
#H 54.77+4.75 56.805. 60 61.98+2. 64 23.364 <0.001
S 50.31£6. 69 52.50+8.36 60.62+3.35 24.072 <0.001
BT 54.42+5.98 56.77+9.75 63.01%5.27 12.654 <0.001
O 56.47+5.79 60.38+4.72 64.18+4.37 20.949 <0.001
i 55.38+7.03 58.97+6.71 64.12+3.82 18.393 <0.001
b 54.27+8.31 53.76%9. 04 61.12+3.49 10.943 <0.001
] 59.80£6. 96 60.82£6. 49 61.52+3.60 0.753 0.474

T 1= A PICC 4540 2. i SR AN AE: PICC 4541 3. 1E % X R4,

£33 SnLKUEMEASTEELAAENTZEENEXEER
rk # RPC JZ 4045 %] FRl I 3 2% & _ ONH JZ 4025 J&] Bl i 32 2%

FrifEfl B t W R P FrifEfk B t W R P
B-PPA i -0.284 -2.639 0.440 0.010 - - - -
RNFL J&JE 0.364 4.362 0.558 <0.001 0.366 4.295 0.519 <0.001
MMD -0.311 -2.984 0. 602 0.004 -0.416 -4.543 0.411 <0.001
PICC vs non—PICC - - - - -0.219 -2.568 0.554 0.012

*4 %MEAZE Logistic EJA5 47 PICC BRI EREE
e B Frifi X P OR 95% CI
AR 2.080 0.696 8.925 0.003 8.007 2.045,31.348
J& DU %5 b 2.023 0. 861 5.516 0.019 7.558 1.398,40. 870

FEEESE OCTA FH K6 IR 45 it SR i el S5
AW FE 2R F e OCTA $ AR W% b 458 =7 B 3 LA

PICC 5 RFF PICC £ HR K fHt AR A0 45 1M 37 2% 1, 98 R R,

5%t AL L, PICC RHRFLEE ONH 5 RPC JZ I i % & 5.

FETWE, &R RPC 2 A9 I3 %5 5 B-PPA [

U MMD &2 A5G, 5 RNFL JE 5 F A7 ¢, T ONH J2

By L3 %% B 5 PICC & MMD A&, 5 RNFL JE B 5 1E
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ARG, AL ABASE R 5 T RSS2 26 o2 s B S ARLER PICC &R
FR ST fER R A, AHIFSY & B0 e 3 S0 400 A HR A e HR
AL I O % B W REAR, X — 45 R 5 BE 0 gE M
_‘ﬁus-zm N

WS U OCTA %F PICC £ R 285 1L 37 285 JiF 3k
ARG | 2 30 v B S ALK PICC #EAEE PICC SRR AL A% RPC
T ONH JZ2 114 1L 370 %85 B 347 4 35 R AT, X — 17 B0 W A3 R A o
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SEHRIE LWL 4 A B . Spaide 25 BF5E & B, PICC &
AR Jok 28 Ji 28 s ik e = i 2L, 355 43 PICC BB IR LR 7
] AR IR RPE JZ2 1 Bruch BEAY B, 350 26300 B4 i 2H 21
B3 1] g S BRI = | T ks R P %) 2 T ) T i S 3
Jik 4 FEE 2 240 100765 ) B340, e 2% 5 R I S T8 T /b L ot
Ah BRI SR IE , PICC S TR T 5 % AT 30 AL
IR P e Ll 3k S 00 ) I k19 S A D R A
JEY i (03T AT R e 2 S 5000 285 3 1R R0 I 16, 9 78
Zi.

30 3 X R 45 ] L3 DX 00 5 45 DX sl L 3 % A AR
i, FRATTA K B v B S AN £ PICC BRHR AH B, PICC £
IRALAL RPC 28R b 0T R ) DX 3, 378 2% 3 2%
YA, ONH JZ 3 b 0 X 38 A9 I 370 49 5 ot 2 B A1 v
PHJZ A S0 bR E R DL 4% 22 R e g T2
X, E—IEHLE AT RE S PICC K AZBBOIA . ABFF
W, PICC i WL F 3 KT O, X 5 DL AR B IF o8 &5 2R —
FP AN, 5 Ohno—Mstsui 257" BF 5T 25 250, Tl
KB PICC IR UL T PR, FLAL T AL S8 (%) PICC Y5
FIHEK, —AEE 0 R ZE 0T fE 2 B-PPA (WA,
AWFZE R, PICC B B-PPA T i K T A £k PICC #,
HZH R B3 87 BRI I0L 0 2 5 B—PPA T X
EHAE, i PICC & B-PPA & &A= T 048000 [X 35,
X VF AT LASE RS PICC AE 25 A0 4 1L 38 2265 3 A B0 DX 35 T
FONE, BT ULERR AT 2L R AR ST L
PICC A& WL 23 ML 37 2% 5 R s DI IR

WEA: A 30 20 T 5% % TR, A 1E 5 HR v A0 455 L 37 V8 7 5
RNFL JEJE B E A 2 Wang 4572 F1 Yu %52 58 1
OCTA WRELHIFGE IR 2 BlaxX — B4, A 5338 5 22 P &K [
Mt A T — A9 2538, Spaide &1 BFSTHRGE , 5
JE ST AL 6 DL 9 A8 T AT RES8 N T PICC 29 3B AV A9
I BB HLFEPICC 1 & Az T ) J5 i 28 21 4k J2 118 4
i, Okuma %45 ) PICC A] fEJ& 51 RNFL J2 45 Fil
BOCIR M S a2 . PICC AR RNFL JZ 14
Pinl e R B FE SR L I B = | B 25 R i I v
ROV /L, R, AS 5T R & B0 R B S AR PICC 5K 1F
PICC R Z [] RNFL J& A7 #F 22 5, I It PICC AR
RNFL £F 4 J2 19 453 00 1l 97 285 B 199 1 e AT g 2 — b 2L A7
MG MAFAERRCEER,

[RRE (), AR 9% 2 B0 o8 B S0 A0 A8 3 MIMD 5 00 23 1, 3
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