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Comparison of Choroidal Hyperpermeability Change after Photodynamic
Therapy and Ranibizumab for Chronic Central Serous Chorioretinopathy
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Purpose: To compare changes in choroidal hyperpermeability after half-energy photodynamic therapy (PDT) and intravitreal ra-
nibizumab in the treatment of chronic central serous chorioretinopathy (CSC).

Methods: Post-hoc analysis was performed in a randomized, controlled trial comparing half-energy PDT versus intravitreal rani-
bizumab for chronic CSC; during the experiments, the other treatment was available for salvage treatment if the original was un-
successful at 3 months. A commercially available image analysis program (Adobe® Photoshop® CS6 [Adobe Systems, Inc., San
Jose, CA]) was used for quantification of change in choriodal hyperpermeability on indocyanine green angiography after half-en-
ergy PDT or three consecutive intravitreal injections of ranibizumab. Post-treatment images were subtracted from pre-treatment
images after adjustments were made to create images depicting the change in choroidal hyperpermeability with treatment.
Integrated gray scale values per area in this image were used for analysis of change in choroidal hyperpermeability.

Results: The calculated change in choroidal hyperpermeability was significantly greater in the half-energy PDT group (17.36 =
8.74) than in the ranibizumab group (6.78 + 5.03) (p < 0.001). All eyes in the half-energy PDT group showed complete resolution
of subretinal fluid, and no significant difference in change of choroidal hyperpermeability was found in eyes that received half-en-
ergy PDT as primary or salvage treatment. In the ranibizumab-treated group, subretinal fluid resolution was accomplished in 5
eyes, and these eyes showed a significantly larger decrease in choroidal hyperpermeability when compared with eyes showing
poor response (10.31 = 4.00 vs. 2.74 + 2.16, p = 0.005). In the successfully treated eyes with ranibizumab, there was no sig-
nificant difference in choroidal hypopermeability change when compared to half-energy PDT (p = 0.124).

Conclusions: Using our novel method of analysis of change in choroidal hyperpermeability following treatment for chronic CSC,
greater change was found in eyes with good response, and the superior outcome of half-energy PDT over ranibizumab may be
attributed to greater influence on choroidal hyperpermeability.

J Korean Ophthalmol Soc 2015;56(2):205-212

Key Words: Choroidal hyperpermeability, Chronic central serous chorioretinopathy, Half-energy photodynamic therapy, Intravitreal
ranibizumab injection

® Received: 2014. 11. 1. ® Revised: 2014. 12. 15. S/ e rdulg Z(central serous chorioretinopathy)

u Accepted: 20.15. 1.27. Uo]'m'*uj\_/\}'l_l—]—%—?,] th‘] %ﬂg} O]OH EH]—Q X]—OH k] U]—l:l]—

® Address reprint requests to Jang Won Heo, MD, PhD
Department of Ophthalmology, Seoul National University

o by

g EH0R s YoR Rl 49 A &4
Hospital, #101 Daehak-ro, Jongno-gu, Seoul 110-744, Korea w1, 22 AY

ol&

T2 Hol 12 3Rk, oFA) ﬁ,;»_g
Tel: 82-2-2072-2438, Fax: 82-2-741-3187 = E} } ]
E-mail: hjw68@snu.ac.kr

* This study was presented as a narration at the 109th Annual = FH St HrAR A~ JebH A, alshak
Meeting of the Korean Ophthalmological Society 2013. = malu A ST o] S =o] Edly T Baks =

* This study was presented as a poster at the 2013 Annual Meeting = WA o) el RE AL, SFR Al
of Association for Research in Vision and Ophthalmology. T2 Ho|7] yio| 757} 2 _9,_6‘]—1:}-_3'5

(© 2015 The Korean Ophthalmological Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

205



- Cisteratets|x] 20158 X 56 B X 2 S -

Aol XK vascular endothelial growth factor, VEGF) F¢]
%] A=k TPA 974 Treatment of Age-related
Macular degeneration with Photodynamic Therapy Study)]]
A AAE T2 EZ0|| wE PDT= WA d o] A&7
of ai}A 9l verteporfin (Visudyne; Novartis AG, Basel,
Switzerland) € o §8fo], MetufmAlEe] QA Hel AT
79} 7149 wetukalge] eraeow wehtel 4

BERh BRERAT B Ee] GaE FEFOEA

93t ARENS WG ST Fupsaasizel

91z, WA R 51T, oAl WY 5
= 16-18 = =

of gygol HuWA " Sakgol 21, thEet AuE

Hol= Ao A] FAstA w7l A4 o= Tol AREE
I QIR w2 SRS Hadtelr] 9F AER
anti-VEGF agent®] Weuld o] MRS Aotz 7]
A o8 FAW 28] (Lucentis; Novartis
AG, Basel, Switzerland) F=¢]<o] ZA1 N ul gl = o)
22 A0

ojof| AREE TS A Eub Zof| A Axto
A& 0|83t PDTE} F-2|AZ W ghvv|sg9ds 19 A
& AE BASHL A5 & wehul 2R o) 1ot} A
7 3] IS g oE EAstaAt st

By

o o

_1
<

B ATE TS Bl AR F4
Aojuetyupy 5o 2 AR o 184] o419 B4 o
Aoz AT FAS) AFH AFolth BE BAEA
A AR A FEe Adel 24T AW o8 wekm, A
LI et aoslusl Hole wob A

they EHXtZ
AT A 71FS WAFA gAY B A

fis = [e) =
A EAAIMe = 0 2 okl b 184 o]Ate] 3t
2} Z=of) W7 vh32-9 7 AHoptical coherence tomography,
OCT, Cirrus; Carl Zeiss Meditec, Inc., Dublin, California,
USA)o| A 3711 o] A|<&5 HRe] Ao dnfupdte] 7}
Sheleal, FtAdEgwola FFTEo] BEET,

206

ol Abolotd1¥  §3BFF Y <(indocyanine green angiog-
raphy, ICGA, Heidelberg Retina Angiography; Heidelberg
Engineering, Heidelberg, Germany)ollA] W &9 wizt
o} sRaby 9 uetuialge] sho] BAHE How 4

oJsteick. TF AR Fe 4] 22 6744

o] A &= AL, QHA AR OCTof A SHRER-O] Aol A ia)
ue] 5o yepulaabuke) s BRI, HEeARAAL
FFTEe] wEEE BE AYsilar, AEd 4
welgubize FARnetuEZE w4 oY o,
FAgeehuhE Zo] At 492, 34 ol FA
Hojuletgtahyzo) A48 292 Witk Aol 71E
o7 1) B R, 4 oA FEils, FAW &
B|Zo]= E+= anti-VEGF agent F¢&2 & WHo] 3l
= 49, 2) MR EE APuetEhzl gl
749, 3) e, gorgena), Zuue 5ol A
HASHE oF7| sk qHalgho] FHbE B, 4) ARt wiA =
ctom Aol o] B A9, 5) Wl £EE Ao ¢
W e S A, 6) 12709 ofuof] HAlA 2H zol=
L} anti-VEGF agent A 2E& w2 79, 7) ok¢to] AL X
S S FUE A9R Holsidr. BE B X
2 AT AR F AU W AT AR e,
W Alvte A, AlSsEnEdAL EAEAL

OCTE AlFstglo
QI ZAET} ICGAS Alsieict. meke a4 o] 1
52 Wolol Wag Am A5 ICCAS Aslx) %3
A= B4 Alelsect,

1=}

R3Ic} Aule 7S o] PDTE AEHA ) 6 mg
9] verteporfing 1057t
689 mm2] tho| S Ejo]HE AHesled, 300 mWe] A7 &
8327 W H9jof AR I(25 Jem’, 300 mW/em’, for
83 seconds), H¢l= WA MEIEHO] F2S V|EoR
AT 2RI F04L 0.5 mgl0.05 mLe] ah]
MERS 19 710 R 33 AsoR ezl FYs
.

A5 30 Fofl Zhg A2 (logMAR) T OCTE |4
slo], A& AYS B7ISIROH, 1) OCTH A ulsieyo]
A5 31, 0.2 logMAR 0]4+e] A[gA|s17} HAYslALY, 2)
A& oM} w|wsto], Yttt o] 7Tt gl Be B

3 AR AN, 22 o A%H o ursiele] 7ha

N
N
oX

2o
kS
2
S
I
N
~
2
>
2
9
T
ot
=2



-dyot 2 : MY

7 gl Aol AN R
CEEREEE
e Aol el
srof 4] Bolehx =

Fee NSt

g2E A
=

4
=Y
=

Atk 74
FUEe A9 2
A, 17 X2

RN

A=

4

2=
=

wetul =31e] Wsle Wolels) 9le) Aw A3 349
39| 27] ICGAGAOIA] TEE Yol wiehar Eaiyel
2jols ARg olm|z] B AZEYo|(Adobe” Photoshop”
CS6 [Adobe Systems, Inc., San Jose, CA])E ©]83}o] EA4
3R ICGAE M4 5k, AN 7|3 9 21 7heof uat
2o ool el S 9] ulel, 3 W) SE A
A7t AAE HAME S FYsE AA]7](Heidelberg Retina
Angiography; Heidelberg Engineering, Heidelberg, Germany)
£ °]83to] ICGAE AL, 2 AAkIA 22 5
QIEAIOPA IR A4(40 mge] QUEAO 17l 42
SRR

[¢]
[e) — 9
A FQ T 1 EA HoE 27 AT A7 39 ICGA 9
Ao BAdo|| ARSI ARS o]u]x] BA] AZEYo]o]

A2k 7 (subtraction) & o] §3 GAHEA L AapAFe] A
mavte] ATAel H7h W AL Sla) AgEs o

277 qZ5L Carvalho et al”’ T} Angerame et al™*o] 2
et Aol oJolA

[e]

H A9 R(digital subtraction radiography)
o|gsto] A= M A= 37§Y 9 ICGA g4 1]
Aol olul A AR A4 oju]x] B4 LzESolo
‘U= 542 (grayscale) 0.2 AH T
of A= AT AR T ICGA G4e Ee)erkosgray
scale<255, O=black, 255=white). &7 }Fe+7 7]& YA
(AT F0 Gt AASFES 9AE 2 5
ofulA] 7ke] BT Ao WA Qe A Hto] s 3
ojo] B 1dlo] 2A\Ae] o] ke, <olu] A iz
A QUFETE AET T, BTN A 13 A
2o 7 ‘2|7 A ICGA G4 ‘A7 & ICGA JA S
Aeistal, s 2 AAgeh (Zg o)A w7 S
saa, = oulx] ko] WA gh] Holol ofgt efol
2 gt Aol BT $I8) 2zAe) B G| %
o] AL Apo(-255<0ffset<255)5 UHT £
3p ol ApRAE AlelahE Az Aol ofu] 7} 4
o} Zpo ofulxe] A4 e Az A Fof et
E3po] Holsh glonz, o] ojuAelH AL Moz
e, aglo] AA|YL 0 02 YeEPHTR0<gray scale<
255, 0=black, 255=white). A& o|u|R] B4 AZEJo|E
o]-gsto], zfo] ojujx|ofl A FQlE= HIbE Fo] T
HAG o] 2AY groer Wiy pREabg ol Heks
Shotieh(aletet Bty o] Maj=xto] ojujxjofjA ¥t

A BgRES

A&

) l>’ r_t tlo

CURSS

sk ruh‘:

Pre-treatment ICGA image

Post-treatment ICGA image

Subtracted image

Figure 1. The method of calculating choroidal hyperpermeability changes after treatment of chronic central serous chorioretinopathy.
A 47-year-old female treated with half energy photodynamic therapy (HE-PDT) for chronic central serous chorioretinopathy (CSC).
Hyperfluorescent dilated choroidal vessels seen before treatment (A) was disappeared after half-energy PDT (B). The dashed ovoid
lines (A, B, and C) indicate the area with choroidal hypermeabity at pretreatment. We quantified the change in choroidal hyper-
permeability after treatment for chronic central serous chorioretinopathy using commercially available image analysis software

(Adobe® Photoshop® CS6 [Adobe Systems, Inc.,

San Jose, CA]). By this software, we calculated the mean gray scale in the refer-

ence area (circled area in A, B, and C) for correction the contrast difference between pre-treatment indocyanine green angiography
(ICGA) image and post-treatment ICGA image. We subtracted post-treatment ICGA image from pre-treatment ICGA image to make
the subtracted image representing the change in choroidal hyperpermeability after treatment for chronic CSC (C). We calculate in-
tegrated gray scale value per area in subtracted image for analysis of change in choroidal hyperpermeability.
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Table 1. Demographic characteristics in each group

Baseline characteristics Half-energy PDT Ranibizumab p-value
(n=9) (n = 13)

Sex (M:F) 8:1 12:1

Age (years) 52.89 51.80 0.929°

BCVA 0.36 + 0.19 0.35 +0.15 0.846

CFT (um) 303.2 + 43.9 297.2 + 61.4 0.421"

Choroidal hyperpermeability with dilated choroidal vasculature 9 (100) 13 (100) 0.999

on ICGA (n, %)

Values are presented as mean + SD unless otherwise indicated.

PDT = photodynamic therapy; BCVA = best corrected visual acuity in logarithm of the minimum angle of resolution; CFT = central forveal

thickness; ICGA = indocyanine green angiography.
*Analyzed with Mann-Whitney U-test.

Chronic CSC
(22 eyes)
v
‘ HE-PDT (9 eyes) ‘ ‘ 3 consecutive ranibizumab (13 eyes) ‘

l Assess treatment outcome at 3 months ‘
! 4 v !

Success Failure Success Failure
(9 eyes) (0 eyes) (5 eyes) (8 eyes)

Rescue HE-PDT

3
Success Failure
(8 eyes) (0 eyes)
Figure 2. Flow chart of treatment progress. CSC = central se-

rous chorioretinopathy; HE-PDT = half energy photo-
dynamic therapy.
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Figure 3. The calculated changes in choroidal hyperpermeability
after treatment for chronic central serous chorioretinopathy ac-
cording to primary treatment methods (HE-PDT versus 3 con-
secutive intravitreal ranibizumab injections). HE-PDT = half
energy photodynamic therapy. Between-group comparison
was evaluated by Mann-Whitney U-test.
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Figure 4. The comparison of change of choroidal hyper-
permeability after treatment in the successfully treated eyes for
chronic central serous chorioretinopathy (HE-PDT versus 3
consecutive intravitreal ranibizumab injections). HE-PDT =
half energy photodynamic therapy. *Between—group compar-
ison was evaluated by Mann-Whitney U-test.
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Figure 5. The comparison of change of choroidal hyper-
permeability after treatment in the eyes treated with 3 consec-
utive intravitreal ranibizumab injections for chronic central se-
rous chorioretinopathy. *Between-group comparison was eval-
uated by Mann-Whitney U-test.
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