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Choroidal Vascularity Index and Treatment Outcomes in Branch Retinal Vein
Occlusion Patients with Macular Edema
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Department of Ophthalmology, Kangdong Sacred Heart Hospital, Hallym University College of Medicine, Seoul, Korea

Purpose: To explore the association between the visual and anatomical outcomes and the choroidal vascularity index (CVI)
post-intravitreal injection in patients with macular edema associated with branch retinal vein occlusion (BRVO).

Methods: We conducted a retrospective review of medical records of 50 patients (27 eyes treated with anti-vascular endothelial
growth factor and 23 eyes treated with a dexamethasone implant) with BRVO and macular edema who underwent intravitreal in-
jections from January 2017 to October 2020. We measured the central macular thickness (CMT), subfoveal choroidal thickness,
and CVI of the BRVO eyes and the fellow eyes using optical coherence tomography and then analyzed the correlation between
these measurements and visual and anatomical outcomes.

Results: After six months of treatment, the best corrected visual acuity improved, and CMT decreased. Multiple linear regression
analysis revealed that factors associated with best corrected visual acuity improvement at six months were fellow eye CVI
(standardized 3 = 0.346, p = 0.008), ellipsoid zone integrity (standardized 3 = 0.398, p = 0.001), and initial best corrected visual
acuity (standardized 3 = 0.590, p < 0.001). Initial CMT (standardized 8 = 0.563, p < 0.001) was the only factor associated with the
decrease in CMT at six months.

Conclusions: In cases of severe macular edema, accurate evaluation of choroidal vessels can be challenging due to shadowing.
We discovered that a larger CVI in the fellow eye was associated with greater visual improvement in patients with BRVO and
macular edema. CVI could be a prognostic factor for predicting treatment outcomes in BRVO patients, suggesting that the cho-
roidal vascular status may play a role in the pathophysiology of BRVO.

J Korean Ophthalmol Soc 2023;64(10):904-912

Keywords: Branch retinal vein occlusion, Choroidal vascularity index, Dexamethasone, VEGF

ook 2w g M= AlE] AFAlL- ol7|sl ulukE ) A
® Received: 2023. 2. 14. B Revised: 2023. 4. 19. o= 1o Al g o _] Sh= erEE =
® Accepted: 2023. 9. 25. 3 = girfud o) o]o] = HR R &3t Z3loz 9H
® Address reprint requests to Yong-Kyu Kim, MD, PhD =0 s o g7 o)k mhakE 2] 2wl ] A

Department of Ophthalmology, Kangdong Sacred Heart B 03404 0.9%=2 Halsal ”‘1?]—' g °© |44
Hospital, #150 Seongan-ro, Kangdong-gu, Seoul 05355, Korea 2 Q3 Al AMAY FQ 7|AHLS FhutE o), ShubEE
Tel: 82-2-2224-2274, Fax: 82-2-470-2088 o - o~ - =
- X > © AP A Z o] Wzl A o] AAFO 2 O] Hoiul
E-mall: ykklm3@gmall.c0m . E ‘ﬂ =1 'Ll_ ‘"i"] =271 « 1:]"] i O E e =2 :‘1 o
= o upabe o] ok, sl el Qe R316 S @
This study was supported by the Korean Association of Retinal o _ = L
Degeneration. FdE BT d5d AAEE Qs 3 Yol
3 oy} FASHCE T
* Conflicts of Interest: The authors have no conflicts to disclose. FH 2O A K oFo] fFEo] WA

(© 2023 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.

904


http://crossmark.crossref.org/dialog/?doi=10.3341/jkos.2023.64.10.904&domain=pdf&date_stamp=2023-10-15

Z(enhanced depth imaging)E ©]
zho] 7hs sl Ak ol=et 7lsS
Hef Aol R ofy 2t W
T AnpEo] RuEirk’ w3t
o2} W uld x| 4x(choroida

ohe A2e WhE Eqlslo] MR EolA de )
oot el W el 714 Qelom U A wet

| o 1= 1o
s Bl ee Fohgc o

=Y

vascularity index, CVI)

(o)
= =

12 12

aich
i)
et
=)
N
N
T
o
AT
32
|o
.-
)
a0

A7 24 1 A A
ket uore] wie

2 ook welo] Qgled, 4

20179 1458 2020 109704 2 Stafe]] st
ko] A W H = ZeREL G i AR X' &
671 o] 4 WESIAH A} 508 o2 +3F4
NS AGShT BE TS WA
Helsinki)& &8k 00 75 A A2
£]¢ 3](Institutional Review Board;
o] 591 % AR,

¥ Ao mg 12 YuRAgUdgE Gl
a7 IA; 22 GAb|ERE FARS Bhe- 18A] o)

o &l(Declaration of

AT geliY
QIS 2023-01-001)

rl
g

ox,
oo

ox, o
(R oo
o
=

oz sgou, A9 712 Tt gk 1) B
NP, BuurEE, S0 5 Ae] 93 E 4 9
L th2 ot Aste] B 49, 2) 674 o el Ul
A ARG WS J1YEe] Uk A9, 3) FA AR o]
6NUZE AHBY W IR E Y FAAAE A
UGLALE, wjAEEo] A3 oulx R4o] ofele B

RPN L

Y Rz -

o

AEE FYA W i a]/d7d ¢ AKranibizumab;
Lucentis®, Genentech Inc., South San Francisco, CA, USA/
bevacizumab; Avastin”, Genentech Inc.) Z-& GAj|ERE
(Ozurdex”, Allergan, Irvine, CA, USA) FAMS Wgtko

2A} 717 5ok 24} ARE W A} % 6714 ol 24}

=2 T

ARG WA e BASY RAL Shela, 24 71k 3
FA ARSI AEOR MRS ATE AW,

Z 508t 5 279k ARt
a1, 2392 GAbERE AL 2 RE W
W Al A", QEQE, QEAHAL ZLear
(Spectralis OCT, Heidelberg Engineerin,
Germany)E Al3¥sk3ich
A= 1
Aojsiglon Yt HEEY
floiE ol-gste] SAsich W
I 2 IW(MATLAB, MathWorks, Inc., Natick, MA, USA)
& Fa) At 217e) WaATERY olulxe
Aot A7bed fIAE 717lel W 29| S
L5 olgsto] pARle R Reto g A
oA Asoz omx] o] T F9E
ek Wegal oo 9% A
EH3HA 9] JIHA2 MATLAB 755
=39l on, WAt AA H¢)= Imagel (version 1.47,
National Institute of Health, Bethesda, MD, USA)®] A ~1
7] 572 olgdtel SRYoR EASMIt ABOR
ooy e)/E 2 BeRle] A 957t 9l
ol 4102 thA) 44 sheih ol et
JEH 1 yo]ef shitsl WehukE|(subfoveal
choroidal thickness)= A5 AAE] it ESF WEha o
= Niblack JAIG= ol-§sto] o] &3}HA|7]1L, 277} 20

aQ

[l
ftl
I
)

[e]

12 oo N
e
rit
£ g

_1>, 1=

N

=

A wjgkel Qabs AASk] ol 28 AASIATE” F4le}
2 240 u% 9 o]F 2,500 um# & 5,000 um o]
A BAE Assiglon wetiEpx|ss A7) et o
ool gt B U7 AR Qo] Hlem Aueia

thFig. 1).

SHEE 57 9ol = P TS
L4 LAY (ellipsoid zone) 2]
Fste] vlwsigleho: Fu
&4 glo] &3] Ao S, 14
AA|Fedo] AR dabElo] s AR
R R ER
). EQL QEA ARRlof A I2HEl= Eo| uf &gl olE)
7t Hole= AEE ol&sto] miAlEE A=E
B8k} 37kt AFl(Optos, Optos PLC, Dunfermline,

il
of
=2

905



- Ci&totnfets| x| 20234 Al 64 H

UK)IA AAASEE 71202 42, 4L T0] 47)
o oo R Ui ¥ Zi7}e] Fololx ujlEst JES 027

CVI,, without despeckling

CVI,, without despeckling
CVI, =0.586 CVI,=0.576

CVI,, with despeckling CVI,, with despeckling

CVl, =0.627 CVI,=0.616

Figure 1. Choroidal vascularity index measurements. (A, B)
The foveal center was marked with a yellow arrow using a
built-in tool. The outer boundary of the choroid was manually
drawn (lower red line). The lower border of the hyper-
reflective band of retinal pigment epithelium/Bruch’s mem-
brane complex (upper red line) and the choroidal area of a
predetermined range centered on the foveal center (green-bor-
dered area) was automatically extracted. (C, D) Binarized im-
ages are obtained using the Niblack thresholding. (E, F)
Images were despeckled with the removal of particles less
than 20 pixels in size. The choroidal vascularity index (CVI)
was calculated as the ratio of the luminal area (dark area) to
the total choroidal area in the 5,000 um range using both the
original and despeckled binarized images.
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Figure 2. Grading of the media opacity. Based on the optic disc, vertical and horizontal lines were drawn to divide the fundus photo
into four quadrants, and the media opacity scores of each quadrant were summed (0-2 for each quadrant as score 0 for clearly visible
vascular arcades; score 1 for partially obscured vascular arcades; score 2 for near completely obscured vascular arcades due to media
opacity. 0-8 for the whole image). Examples of images and scores are shown in (A-C) where the total media opacity scores were 2,
5, and 8 respectively.
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Table 1. Demographics and clinical characteristics of the study subjects

n = 50 p-value
Age (years) 62.1 + 10.1
Male 19 (38)
Diabetes mellitus 11 (22)
Hypertension 29 (58)
Dyslipidemia 8 (16)
Intravitreal injection
Anti-VEGF 27 (54)
Dexamethasone implant 23 (46)
Treatment naive 32 (64)
Additional number of injections during 6 months 0.8 + 0.8
Pseudophakia 21 (42)
Best corrected visual acuity (logMAR) <0.001
Baseline 0.50 + 0.28
1 month 0.26 + 0.23 <0.001"
3 months 0.25 + 0.27 <0.001"
6 months 0.31 + 0.30 0.001"
Visual gain (logMAR)
1 month 0.23 + 0.09
3 months 0.24 + 0.09
6 months 0.19 + 0.10
Central macular thickness (pum) <0.001"
Baseline 501.5 + 154.2
1 month 309.4 + 87.0 <0.001"
3 months 394.3 + 178.9° <0.001"
6 months 368.2 + 150.7° <0.001"
Choroidal vascularity index <0.001*
RVO eye 0.609 + 0.033
Fellow eye 0.634 + 0.032

Data are presented as mean + standard deviation or number (%), as appropriate.

*p—values were calculated using a repeated-measures analysis of variance (ANOVA); +post hoc analysis was performed using the Bonferroni
method to compare each value to the baseline value; “the values of the diseased and fellow eyes were compared using a paired #-test.
VEGF = vascular endothelial growth factor; logMAR = logarithm of minimal angle resolution; RVO = retinal vein occlusion.
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Table 2. Multiple linear regression analysis on visual gain and central macular thickness decrease 6 months after intravitreal injection

treatment
Standardized 3 95% CI p-value
Visual gain at 6 months
Baseline best corrected visual acuity (logMAR) 0.590 0.410-0.970 <0.001
Fellow eye baseline CVI 0.346 0.113-0.601 0.008
Ellipsoid zone integrity 0.398 0.077-0.276 0.001
Central macular thickness decrease at 6 months
Baseline central macular thickness (um) 0.563 0.367-0.805 <0.001
Significant factors were selected using stepwise regression.
CI = confidence interval; logMAR = logarithm of minimal angle resolution; CVI = choroidal vascularity index.
Table 3. Characteristics of two groups divided by fellow eye CVI
Fellow eye CVI low (n = 25)  Fellow eye CVI high (n = 25) p-value
Age (years) 64.2 + 11.9 60.0 +£7.7 0.144
Male 8 (31) 11 (44) 0.381
Diabetes mellitus 6 (24) 5 (20) 0.733
Hypertension 17 (68) 12 (48) 0.252
Dyslipidemia 5 (20) 3(12) 0.702
Intravitreal injection
Anti-VEGF 12 (48) 15 (60) 0.570
Dexamethasone 13 (52) 10 (40) 0.570
Pseudophakia 12 (48) 14 (56) 0.777
Treatment naive 14 (56) 18 (72) 0.378
Total number of injections at 6 months 0.8 +0.8 0.8 £ 0.9 >0.999
Baseline best corrected visual acuity (logMAR) 0.52 + 0.31 0.47 + 0.25 0.529
6 months best corrected visual acuity (logMAR) 0.41 + 0.35 0.20 + 0.20 0.011
Baseline central macular thickness 504.4 + 116.0 498.5 + 187.4 0.894
6 months central macular thickness 356.0 + 134.4 380.3 + 167.3 0.574
Retinal vein occlusion eye CVI 0.604 + 0.029 0.616 + 0.038 0.094
Ellipsoid zone integrity 0.941
Complete 12 (48) 11 (44)
Partially disrupted 8 (32) 11 (44)
Disrupted 5 (20) 3(12)
Fellow eye CVI 0.609 + 0.019 0.658 + 0.022 <0.001
Media opacity (0-8) 20+ 14 1.8 +1.3 0.541

Data are presented as mean + standard deviation or number (%), as appropriate.
CVI = choroidal vascularity index; VEGF = vascular endothelial growth factor; logMAR = logarithm of minimal angle resolution.
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Figure 3. Comparison of best corrected visual activity and central macular thickness changes according to the fellow eye choroidal

vascularity index. (A) Those with high fellow eye choroidal vascularity index showed better visual acuity at 6 months post-treatment.

(B) No significant differences were observed between the two groups. fCVI
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