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Abstract

e AIM. By analyzing optical coherence tomography
angiography ( OCTA) characteristics of central serous
chorioretinopathy ( CSC) and comparing the differences
of CSC between OCTA and indocyanine green
angiography (ICGA ), to explore if OCTA can substitute
ICGA for diagnosis of CSC patients, and guide the
treatment of photodynamic therapy (PDT).

¢ METHODS: We reviewed 30 eyes of 30 patients with
CSC, who were diagnosed by fluorescein angiography
(FFA) and ICGA at Beijing Tongren Eye Center from
November 2015 to March 2016. All patients underwent
best - corrected visual acuity ( BCVA) measurement,
intraocular pressure, slit - lamp examination, indirect
ophthalmoscope, color fundus photography, FFA, ICGA
and OCTA. FFA and ICGA were captured by Spectralis
HRA + OCT ( Spectralis HRA + OCT ® ; Heidelberg
Engineering, Heidelberg, Germany ). OCTA was
performed by RTVue XR Avanti device ( Optovuelnc,
Fremont, CA) with 6mmx6mm Angio Retina mode. The
software ( version 2017. 100. 0. 1; Optovuelnc )
automatically segmented the tissue into four layers, the
characteristics of choriocapillaris layer were analyzed. At
the same time, the differences between OCTA and ICGA

images were compared among CSC patients. The
maximum diameters and areas of both choroidal
hyperperfusion in ICGA and high flow signal in OCTA
were measured. Then, the paired t test was used to
analyze the differences between the maximum diameter
and area of OCTA and ICGA measurement.

¢ RESULTS: Among 30 cases, high blood flow signals of
OCTA were clearly visible in 27 cases, namely the coarse
grain region; the inner low flow signals surrounded by
high blood flow signals were seen in 21 cases; the outer
low flow signals surrounding high blood flow signals were
seen in 7 cases. High blood flow signals of OCTA were
corresponded with the choroidal hyperperfusion of ICGA
images; among these 30 cases, there were low reflection
shadows in choroidal hyperperfusion with ICGA for 22
cases, for 21 cases out of these 22 cases, low flow signals
inside of high flow signals of OCTA could be seen; 9 out
of 30 cases, there were low reflection halo outside of
choroidal hyperperfusion of ICGA, and 7 out of these 9
cases, low flow signals outside of high flow signals of
OCTA could be seen; still for those 30 cases, leakage
point in late ICGA could be seen with 14 cases, however,
special flow signals in OCTA could not be seen for them.
For ICGA, the maximum diameter of choroidal
hyperperfusion was 1. 589 + 0. 295mm, whose area was
0.705 =+ 0. 131mm?; while for OCTA, the maximum
diameter of high flow signal was 1.576+0.293mm, whose
area was 0.745+0. 138mm?. By using paired t test, there
was no statistical difference between the maximum
diameter of choroidal hyperperfusion in ICGA and the
maximum diameter of high flow signal in OCTA, nor
difference between the area of ICGA and OCTA.

e CONCLUSION: The high flow signals can be clearly
visible in OCTA, which are corresponded with choroidal
hyperperfusion in ICGA. OCTA can substitute ICGA for
diagnosis of CSC patients, and guide the treatment
of PDT.
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4% (optical coherence tomography angiography, OCTA)
FIFER IF L 5 ICGA M 2 5, R #R 1T OCTA 7] &
FAUTICCA XF csc /& & #1712 W, IF M L4 & PDT
.

F3i%:2015-11/2016-03 w12 T B #R R K27 Bt J AL AT 7]
{ZEBE, 248 WRJE %€ ' 1Ml 45 1 5% (fluorescein angiography,
FFA) 2 W5| W 2% I 45 3 5 (indocyanine green angiography,
ICGA) #1124 CSC ) 3% 30 #i] 30 MR, FirA A9 il 14
FTHAESHT IE R F1 (best—corrected visual acuity, BCVA) (R
JEREBAT | TA] 4 A IR B R RIS BRAH L FFA [ ICGA J%
OCTA, X H Heidelberg Spectralis OCT D& X Spectralis
HRA + OCT ® ; Heidelberg Engineering, Heidelberg) 3515
FFA K ICCGA K #; % F RTVue XR Avanti ¥ #%
( Optovuelne, Fremont) , %E#f 6mmx6mm L & 5 Il JiF OCT
Wi AR =2, 45 OCTA F 14, %8 B 7 B A4 ( software
ReVue, version 2017. 100. 0. 1 ; Optovuelnc ) ERSIRLE T
FKEE LA T 53 2, I X8 Dk 46 IS 40 L 48 J2 kA T 40 . [
IR CSC % OCTA 5 1CGA PG 5, Ml ICGA
T X I K EA AL OCTA B ML 15 5 K K E A% .
TEAR, SR HTBE X ¢ K258k 20 Hr OCTA 5 ICGA Fe K B AR &
AT AR 18] 7 5 [

LER A2 30 MR CSC B, A 27 IRTE OCTA Hr] UL AH #f
B LR 55 , RIVRLASURE X s 4 21 IR &7 1l 3t 55 5% Al
AR MFAE 55 A 7 IR w45 55 A0 a] AR I A5
%, OCTA L R/R RIS 5 28 1 5 1CGA El{&
P HEFEAXT N s ICGA A 22 AR 5 8 78 AR MR R 52
Horp 21 IR5 OCTA 7 1Y LGS 5 52 WAR LR A5 5
SRR ICGA WA 9 MRS M AMETEAR R 2 o
7 MR OCTA AHXHR 647 14 HR B & ICGA Wil n] W73 U
T B e S AE OCTA Y5 2R UWLAH B B9 I 3L 45 5 48
fb. 1CGA 5 ¥E 7 X 1) e K 42 1. 589 +0. 295mm, Tij FL
0.705+0. 131mm* ; OCTA & ML Fi 15 5 I K EHAE 1. 576+
0.293mm, 1 1 0. 745 +0. 138mm’, ZHC X ¢ #56, ICGA
X R KEAYS OCTA &l 5 Rk K ER &
P AR R Y g T2 25 5

2518 fE CSC H &, OCTA 1] LU I /R 5 ICCA By TE
JRT IREAR 1) e LA 55 , RE AR A3 AR ICGA X CSC 4
AT W, IF4E S PDT IRYT
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AR M U M Tk 2% 1R AR ) IR G ZE ( central serous
chorioretinopathy, CSC ) J2&— F L 35 3T 3518 3 305 14 A0 o) Jit it
B SRR 0 2 TR A IR EC B | 3 BTT IR M R A
TN EE R AR O Y AETE . R AE 1866 4F von Grafe
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3 Ik A B AL R R 3R R 2 e SR I T VAR A ) AR
X — WL B8 L 5 L0 H AT AR R R R ¢
Y1198 & 52 (fluorescein angiography, FFA) NGV diKE
152 (indocyanine green angiography, 1CGA ) M OGH T Wi 2
I (optical coherence tomography, OCT) 52 A% <K J5 i
KW, IR EE ICGA K45 356 3l J1 97 & ( photodynamic
therapy, PDT) "7 2014 4F | J& A0+ 7 2 41 1l i A%
(optical coherence tomography angiography, OCTA) ¥ #%—
)T, IO ek PR | 2 B i il R s B an )y
Py 2 LI B = AE A R R 5] R IR B A R G
FEST BRI 2 1 BB I T B UK OCTA 5 RIS i 45
AR RS, IR OCTA RER AR I I 45 15 52, (H
i TE A i 1523 B AT WD ) B 1, AS R 5T B H B2 0 B
CSC B OCTA HERL, IF LB S ICGA I 25 RIS
OCTA IR ICGA XF CSC BB HEA T2 W, 7 I LLIE
PDT AJT
1 X &HFT %
1.1 3% 3#HC2015-11/2016-03 k2 T #F R K 2
B Jb st R B, 46 FFA+ICGA #ii2 2 CSC i, n
g BUHR FE 9 A B AL e e — HIRAEH . e 28 A 30 1]
30 MR, 5529 R, L 1 MR V4L 44.13£7.62 %7 HiFBRAR
e (1) FETERR CSC LAAI A ] BR800 , 6 4 B 1 4 44
HREE g S | B BRE /N S K BHL 28 | o BRE 6 | s BE ST AL L T
JEHRAS 5 (2) OCTA s A7 AW B0 5 ok 46 T 1M 46 1,
Ik 2 PRI A LA . PR AR Ik 46 B A o A8 45 (3) R R
FIRFEIRTT , PO E B I s SO 1iGYr . Fra A
eI 5 Y947 d5c £ 57 IE ML JT (best - corrected visual acuity,
BCVA) HRJE RBT ) A IR BE R (5 IR IS B AR | FFA |
ICGA J% OCTA ¥ #& ., FFA J ICGA R F Heidelberg
Spectralis ¥ #% ( Spectralis HRA + OCT ® ; Heidelberg
Engineering, Heidelberg) ,OCTA & RTVue XR Avanti 1%
#% ( Optovuelnc, Fremont,CA) ,
1.2 A%
1.2.1 OCTA#Z& A% OCTA K RTVue XR Avanti 1%
i, N A ' 1 R R 25 R O I I R B8R (split -
spectrum amplitude —decorrelation angiography, SSADA ), T
PR 840nm , B FP AT 5E 1 70 000 YAl 44 . 1o
6mmx6mm AL 0 [ I 45 AR 3T il A5 20 (OCT HOHleHE A9 4 5%
B 3t 304 4> A FHALN, B B AL R — 7 B AR
522 WLAH#FAT OCT M WLAR) , 35645 2 I« Rl y g
G ARG AT S A E RO RO I BR AR A YR 3
B Ot | I B 88 s AR S5 19 = 4E OCT Ifil i
Pl 45 A 3 A e 226 0 L DA PR A N I A 9 50 i A e FLIG
B B4z Bl D 5% B L AR A B (software ReVue,
version2017. 100. 0. 1 ; Optovuelnc) 1 S840 X T ik 2% i
I3 4 JE AR Z AR T2 SN 2R Rk 285 i
BN =, OCTA Bk 46 1% & 4 1f. % J= 73 )2 4 RPE -
Bruch JEE ST 30 ~60wm 5~ 30wm B X I & 1%, FE
TAWIGE N CSC AR RF 1L, SO Dk 2% 158 6 40 1ffL 4
AT 3R
1.2.2 MERIEHR  J3 0l 2 24 S50 1 B2 il 7 DA
ICGA B OCTA BYRARZF L, I ICGA R T IX i f
KEF THR I OCTA & AR5 R K B T,
Gt M SR F SPSS17. 0 B St kA7 40 #r , 3
HHOR xts FOR RAIECXT ¢ #5053 47 ICGA & 1 IX.
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1 CSC %E#& ICGA.OCTA R4&#] OCT B4 S A B.C.CSC HEM ICGA A, ¥ MOk M B X B, D E F: XA CSC 4
6mmx6mm OCTA FIf i 7R Al ik 45 B A1 1M 2 PE, s (B 3k i LI 5 5 3 IX 08, 3 (0 87 3k P48 N IR R 5 5 82, F B LR W
PR TS MLAAE 55 G H 1. 5 _ R @ BT 3K 6 R A AU 45H) OCT & AR AR MR 55 6 Wi Ak 43 1) A (0,25 R 2 0 B8 S 21 4k 35k

B,

#1 CSC #E# OCTA 5 ICGA B LS HTIER AR
AR TR X/ W LA 5 5 HPMIR R 15 /AR LTS 5 5% HAMIE R S 2/ AR ML A5 5 2= B
ICGA 30 22 9 14
OCTA 27 21 7 0

%2 ICGA R OCTA Bt R/HFH KR KXEZ HARLLESF xX*s
S ICGA HHEvEX OCTA Il 5 TR X t P
T 1Y e K EA2 (mm) 1.589+0.295 1.576+0.293 0.425 0.674
B A4 TET AR ( mm®) 0.705+0. 131 0.745+0.138 -1.392 0.175

MK EARS OCTA & AR 5 % &K HAR M AZRLIF A,
[] R 23 M7 P A AR [) B2 AR 2 v 00 o T AR I AR fB B 0, P<
0.05 MESFAGZIFEXL,

2R

2.1 CSC £& OCTA &= A4L30 #30 R CSC i
F,27 BRAE OCTA vhn] WLEA R AY =5 L7 15 55, BIVHL
0D Ho 21 BRI A5 55 9 T AL A5 5 5 57 TR
1 ML RAR 5 52 A0 T WAR I A5 5 425 73 4h 3 BRAE 6mmx
6mm F1 4 70 ] PR A DL 38 B 1 o 1l 1 5, LR 1
2.2 CSC #%# OCTA 5 ICGA Bttt & HHr  H430 IR
16 ICGA 4 my UL B aff 0 Jok 24 JsE v 8 0, b 22 R v 8
TR AT WA S 5% ,9 MR 5 38 10 0 AT ARG B 5 42, 14 TR 7E
ICGA M tImT UL BB 1) e kb8 e, 27 IR OCTA L &R
LIRS S A AL S ICGA &4 A s 38 1 A X R
A 8 HR OCTA =5 I i {5 5 5% W93 BBl 22K F ICGA 1 e

XA 4 HR OCTA & I 5 52 B9 [ 2/ T ICGA 1Y
PR ICGA 22 HR S N AR S 5 , A 21 IR
OCTA H 5 7R 1) 1 ML 3 4 5 52 PR IAL 378 15 5 5% A 6 D
ICGA v 9 MR & ¥ 1 A AR R 58 2=, A 7 HR AT LLAE OCTA
WO TR, RN & IS S R A IR I A S =
ICGA T B 7R (138 U S 7E OCTA S5 54 DL AR X6 1o 37 11
M fE 528k, Wk 1,
2.3 ICCABEIXRRXKER . HRES OCTA EMREES
ERABERZ ERILESH  ICCA Sl KR A HZ
Je OCTA = L5 5 52 i K AR ICGA oy #E v X ) 1 FH
K OCTA B I 5 S Ay 1w ALUIL 3% 2, &l X ¢ K56,
ICGA FEEX M K EA S OCTA B (s SR K H
18 S 2 i T AR (A 4 e S 124 25 5 (P>0.05)
3 iTig

FEAH T W2 436 0 3 AR A A — e Il TG
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MR LA A 57 $0 i, H R B 2 FH 25 40 1 ( decorrelation )
BB AR TF 2 1 B, A B 5 kS AR B 0 I 1R R e, R R
A S B LUR S, TR T 76 48 1 A A5 20 A i
1% 2 5 AL A BUTE = 2 25 0] H G MR, 5 I 28R [ 43 )2
B I 30 T 25 485 ), 0 2 ik 4% 65 6 400 I 755 T/ 28 7T L 33 i
B AL g R R LA 1 Y (AL HE FFA J2 ICGA)
JEAEER KN T 5 s S A S, LU E] Sk i UL 3 B R
LR RIS By 4t B2, FIWn i RIS R IheE, dkn]
A, W TE S R ORI (8 A5 VLSRN & S A 22 5
X T Bk R R A A DR Tk 4 B 3 0 1k i R T
PRI JEE B0 B 1Y CSC AR, OCTA 275 HAT B4 5 H 5
ICGA FIHL A fa] 22 5, B 75 0] LU F ok 48 5 PDT 3R 7 (515
it

AWFFEEE T s, A4H 30 ] CSC i, A 27 Bl
1E 6mmx6mm F3E I8 Bl 9 OCTA vhR] UL BH B 04 =5 1 s
S5, BIDHIBURL X ; 55 406 3 )R B 7 6mmx6mm HF 75
FEL PN A UL 3 B %) 5 LA 55 5% . X BB BRI ICGA
Rty , KBz 3 B B, H kb4 T 6mm I [l 2 4b, )
OCTA R AR EHIMAESTE, Shinojima %[8] Xt 6mm x
6mm FARVEREIAY OCTA HEATWIFT , 45 1 W8 CSC OCTA
IR =FERL. (1) Hn ML A S N 2 AT AR I O
5 H AN LU A5 5 5 (2) ORI A5 5, AN R LA
BTG S5 (3) A H0 A A &5 1 7% A 15 5 5 1R 42
525 T I CSC AR OCTA 2] DUAS I 21 55 19 i L3
55, Costanzo 25" %f 33 H CSC MR OCTA #1T7HF5%,
K 3mmx3mm $71 45 75 BB, 45 2 AT 19 IR S BRI Al I
T DX, S R AL TR I 5 S AR T N 5 A 7 R S AR o
WifET s, 56K FREBR BN, AF5ess R 5
7N, 27 A B = I AR S i R L A 21 41 i
G S WA AR IR G558 7 Bl LR {E S 5 4 rT
AR A5 5 2 X5 SOk i 38 AL, BP CSC BB
OCTA 1Y HL R 2 3 R B 09 0 1L 015 5 52 L T A sl F
HH N BRI AF 5 5 B HE AR IR 5w, BEE
OCTA 4 Y1 BBl B 384 K, A1 35 8mm x 8mm [ 47 1 455 20 J%
Smmx L4mm 7 H A B, R4 A e Bl i
B TS 5 5 AN B n) B0 45 DA ke

OCTA H & ML (5 5 5 2B T LS ICGA Y =
AR, He N AR LS 5 5 I AN AR L3 A 5 2 2 15
5 ICGA #HXF B, XA A1 4 li R & X W7 A4 58 Ok
OCTA 5 ICGA WG AT T IEAIAY i, 4553 oK, 30
AR AR AE TCGA v 2 a0l B A %) Jok 4% J v B 0, o 22
R v 78 v PN T DLARG R S5, 9 R s 98 0 A0 T DA g S %
14 HR7E ICGA Bt mT WL IR & i Yo k5 s, 27 B OCTA I
WOR B MLFAE S EAR Eal LS ICGA G b #E T
AAXS N 5 Horr 8 HR OCTA 119 & Il i 15 5 52 3 16 22 g KT
ICGA M TEE X, 4 B OCTA i I 37 15 5 5% i 71 [l 22
W% /NF ICGA MY T X, e M o LA 58 4 — 30y i
A, JCiE ICGA By v EIR /& OCTA WY& L 555 , 4 i
Tk 45 BE R 40 M4 2 R kA I 48 5 ol 0 DX (e, 28 | 7
JEE 55 UL KA LR R R S, TR R A
AR JFEFARN A v ER R EWEAE 25 5 . Chan 257 B
WK, 5 FFA K ICGA XF I, OCTA FURAE k2% £
21 1045 2 T A AL £ S T AL R R 4 i i A R B K, T Ik
{555 FFA J ICGA 3w @ 0 X — 2, ICGA
22 B E T N AR T LA 21 BR S5 OCTA A 7R 1)
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o ILALAR 55 IR L WA o 52 FE X6 B ICGA v 9 R v
MRS 2, F 7 BR AT LAAE OCTA A Jir it , 3R 3
N MR- R AN AR LR A5 5 % 5 ICGA I P /s 1
B RAE OCTA 320K WAR XS B & 07 1 ML AR 22 e, 5
2t OCT AR LA, R BUITA 1CGA Fh Rl TS A S 3t 2
Je OCTA i ML AR 5 52 AN AR ML 345 55 24 DR S 1
P b e 2B R 5 T ICGA v iy VP AR AR R 6 5 K
OCTA i ML A5 5 53 N R ML IRAR 5 52 i R b
BJZIEES 7853 J G AR AT I A TR Y R A B
W AT KB FES54 OCT bR R IAs ey, K
fIHfEN ICGA Fhms i P MR S TS S OCTA AR e 7
SR NRRIMR S SR T ER R S, 8 v GE A X B
P DK 48 HE P ORI A 5 3 T S Jm S 1 ik 2% 1 = 41 1
B AT R TE L SR A BHE IR 5 B AT RE O R IR R
Yang %' Teussink 257Xt CSC A5 Hhtho 4 0 77 7E Jik
ZR TP R LA K T OGS 7 ALk R Sk 245 1 A4 1t
EWARIG , X450 E il OCTA XK M i 1=
TR AL Ik 2 15T A 1A A AR AR DN e R AT S G L O A T Ok
HE—E W R, Teussink %57 HF 57 45 S L WILE ICGA T B
ARG AR E AT OCTA HRASHILIN] X Py A X ke i fr)
W7 o X — SAERATEBETR ] b ORI B, i 7
— LIk,

GBI INRITAE R —FIRYT CSC AR 2, 8z
B, HOEBER/NRE — B LA ICGA Sy HEHE , Ik d
REAE IR B, 76 HIE AL b P80 in, OCTA AT 5 5 AR
ICGA 153 PDT IRT7WE? ABFFOUT ICCA T4 12 3 1 X 1)
RO EAR RS OCTA & & L A5 5 5 ok AR T
BUEAT T HH, ICGA I X Y Je K ELAR 5 OCTA
I g L A 5 i A M A 5 i AR ] 24 TR e
SEFESE, PRAEE OCTA BoR AR 5515 ICCA mliE:
ARR BEIX — R 5, AR WF ST HED , 250548 £ OCTA 148 Vi [l
PIRE, AT UG ICGA SR8 5 PDT 3RYT , IX — 4518 1 R 7E
AN SCRR R A BLAGE , (H A0 R 5 2 EAOE R B ]
CSC B, B OCTA JE ik W7 & 1 5 A0 S i i 5
T HORNBESR S B N A E A

ARWFFEH A — LR AA BT TE g BE O 5T FEAR
BN A CSC ARt CSC BB HE CSC ALIEATHAL
ARG NE CSC 5 I 57 W WK 2% 58 AL 0015 5 52 (A bk 465 5
HTLE VA 5 AR IR 5 RS 0 7 ) S I A7 s fk 245 5 1
WM A A LR AR 52 46 ) BEATHIESE . DRt , RS Al 119 45
IR T KFEAREIE, B2, OCTA 15y — TR B2 1
R AE CSC BT, BANBE B AR R LI % —FF s i
EB IR TR AL, (I RE MR M o BRI TR I )2 K
THMTHE 75 15 ICGA =5 HE AR I /Y &5 LR A 5 52, JF Bk
U A ] 3457 9 I AL % &2, OCTA W7 LA X ICGA X €SC
BF BT IR LIS PDT IGYT
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XTHRAMIERRE TS

HLFUDE BN RESRFK (G REF)FAR(EFAN T T T XA R X R ) # R LogMAR

Bt BB AT S AT

7N

A BATH FRA G St 5 54, 47T ETDRS 124538 £ #4740 47, m st T3 5 H B AL TN
3813

BHATERAXIXNRXE

Snellen P¥GESR | /MIES | BIIAGS KiE) | BU/MIPHARIXTEGRK (LogMAR) | ETDRS id4)

20/10 2.0 5.3 -0.3 96 ~ 100
20/12.5 1.6 5.2 -0.2 91 ~95
20/16 1.25 5.1 -0.1 86 ~90
20/20 1.0 5.0 0.0 81 ~85
20/25 0.8 4.9 0.1 76 ~ 80
20/32 0.63 4.8 0.2 71 ~75
20/40 0.5 4.7 0.3 66 ~70
20/50 0.4 4.6 0.4 61 ~65
20/63 0.32 4.5 0.5 56 ~ 60
20/80 0.25 4.4 0.6 51 ~55
20/100 0.2 4.3 0.7 46 ~50
20/125 0.16 4.2 0.8 41 ~45
20/160 0.125 4.1 0.9 36 ~40
20,200 0.1 4.0 1.0 31 ~35
20/250 0.08 3.9 1.1 26 ~30
20/333 0. 06 3.8 1.2 21 ~25
20/400 0.05 3.7 1.3 16 ~20
20/500 0.04 3.6 1.4 11 ~15
20/667 0.03 3.5 1.5 6 ~10
20/800 0.025 3.4 1.6 1~5

B (RAF)H 8 IR
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