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Abstract

Purpose We aimed to investigate the association
between subfoveal choroidal thickness (SCT) and the
level of aqueous humor (AH) inflammatory cytokines
in patients with macular edema (ME) associated with
branch retinal vein occlusion (BRVO).

Methods Twenty-eight eyes of 28 BRVO ME
patients who underwent intravitreal injection treat-
ment (ranibizumab, bevacizumab, or dexamethasone
implant) were prospectively recruited. The concentra-
tions of vascular endothelial growth factor (VEGF)-A
and inflammatory cytokines were measured from AH
samples. We analyzed clinical factors associated with
visual gain or the degree of central macular thickness
(CMT) decrease and the association between SCT and
inflammatory cytokine levels.

Results  On multiple linear regression analysis, the
AH interleukin (IL)-8 level was significantly associ-
ated with visual gain and CMT reduction at 6 months.
Age, systemic hypertension, and AH monocyte
chemo-attractant protein 1 level showed a significant
association with baseline SCT, and VEGF-A showed a
significant association with baseline SCT ratio (BRVO
eye SCT/fellow eye SCT). Those with thick SCT
showed a higher level of AH soluble VEGF receptors
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2 and IL-8 and showed better visual gain and greater
CMT reduction at 2 and 6 months compared to the thin
SCT group.

Conclusions The level of AH inflammatory cytoki-
nes was significantly associated with the ischemic
status of the retina, treatment outcomes, and SCT in
BRVO ME patients. Thick baseline SCT might be a
predictive sign for better treatment outcomes in
BRVO ME patients which are thought to be related
to a higher level of intraocular inflammatory cytokines
in these patients.
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Introduction

Branch retinal vein occlusion (BRVO) is an important
cause of visual impairment. Previously reported
prevalence rates were ranging from 0.3 to 0.9%
[1-3], and the incidence rate of the disease is not
infrequent, especially in an elderly group. The 15-year
cumulative incidence of BRVO was 1.8% [4]. Most
vision-threatening complications of BRVO are caused
by macular edema (ME). Previously, grid laser
photocoagulation was the standard of care for ME
associated with BRVO; however, nowadays, anti-
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vascular endothelial growth factor (VEGF) or sus-
tained-release, biodegradable dexamethasone implant
treatment is widely used for the treatment of ME
associated with BRVO.

The pathogenesis of ME in BRVO is thought to be
complex. It is thought that the release of VEGF and
various inflammatory cytokines following the vascular
occlusion results in the breakdown of the blood-retinal
barrier and an increase in vascular permeability. The
intraocular levels of VEGF and inflammatory cytoki-
nes, mostly measured on aqueous humor (AH) sam-
ples, were higher than those of control [5-14].
Notably, there was a significant correlation between
the aqueous and the vitreous level of VEGF in BRVO
ME patients [5]. The levels of the inflammatory
cytokines showed a significant correlation with the
severity of BRVO, such as the degree of macular
edema, aqueous flare, or perfusion status [8, 9, 15].
The VEGF and inflammatory cytokine levels in
BRVO ME patients decreased following the treatment
and re-elevated when the disease was reactivated
[6, 13, 14]. The VEGF and inflammatory cytokine
levels were also highly correlated with the recurrence
of the disease and the number of intravitreal injection
treatment [11]. Taken together, these suggest that the
AH level of VEGF and inflammatory cytokines could
be a good indicator of the disease activity in ME
associated with BRVO. However, it is not practical to
measure these values in every patient in the clinic.

Since the enhanced depth imaging mode of optical
coherence tomography was introduced to visualize the
choroid [16], an increasing number of studies have
evaluated choroidal thickness in various chorioretinal
disorders and its association with the disease activity.
Several studies were performed on evaluating chor-
oidal thickness in retinal vein occlusion (RVO)
patients. In general, the RVO eye showed thicker
choroidal thickness compared to the non-affected
fellow eye or control group [17-20]. The choroidal
thickness or volume decreased following the resolu-
tion of ME after treatment [17-20]. The choroidal
thickening in RVO patients showed regional differ-
ence, and there was a difference in choroidal thicken-
ing according to the type of ME [21, 22]. In central
RVO patients, those with thicker baseline choroid tend
to show better treatment response [23]. Taken
together, these suggest that choroidal thickness could
reflect disease activity or treatment outcome in RVO
patients with ME. However, studies on the relationship
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between the AH level of VEGF and inflammatory
cytokines and choroidal thickness that are both
thought to be related to the disease activity of RVO
are lacking. Thus, in this study, we aimed to inves-
tigate the association between subfoveal choroidal
thickness (SCT) and the level of AH VEGF and
inflammatory cytokines in BRVO ME patients to find
out whether SCT could be used as a clinical indicator
predicting inflammatory status and treatment outcome
in BRVO ME patients.

Methods

The study was conducted prospectively in the Depart-
ment of Ophthalmology at Kangdong Sacred Heart
Hospital. The study protocol was approved by the
Institutional Review Board (IRB) of Kangdong Sacred
Heart Hospital (IRB no. 2017-09-014) and adhered to
the tenets of the Declaration of Helsinki. Informed
consent was obtained from all patients before study
inclusion.

Inclusion and exclusion criteria

BRVO ME patients who underwent intravitreal anti-
VEGEF (ranibizumab [Lucentis, Genentech Inc., CA,
USA and Novartis AG, Basel, Switzerland] or beva-
cizumab [Avastin, Genentech and Hoffmann La
Roche, Basel, Switzerland]) or dexamethasone
implant (Ozurdex, Allergan Inc., Madison, NJ, USA)
injections were enrolled according to the following
criteria: (1) age > 20 years old, (2) central macular
thickness (CMT) > 300 um. Exclusion criteria were:
(1) previous intravitreal injections within 6 months,
(2) retinal disorders or inflammation other than BRVO
(e.g., central retinal vein occlusion, age-related mac-
ular degeneration, diabetic retinopathy, uveitis, etc.),
(3) previous intraocular surgery other than uncompli-
cated cataract surgery.

Aqueous humor sample acquisition and analysis

All aqueous humor specimens were collected using an
aseptic technique in an operating room. After applying
topical anesthesia eye drops (proparacaine, Alcaine®,
Alcon, Fort Worth, TX, USA), the ocular surface,
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eyelid, and eyebrow were disinfected with 5% povi-
done iodine, and a sterilized eyelid speculum was
inserted. Anterior chamber punctures were performed
using a 1-mL syringe with a 30-gauge needle, and
0.1 mL of aqueous humor was collected before
intravitreal injection. All undiluted aqueous humor
samples were rapidly frozen under liquid nitrogen and
stored at — 80 °C deep freezer until they were
assayed. The concentrations of VEGF-A, soluble
vascular endothelial growth factor receptors 2
(sVEGFR-2), monocyte chemo-attractant protein 1
(MCP-1), interleukin (IL)-6, IL-8, and platelet-
derived growth factor AA (PDGF-AA) were measured
with a multiplexed sandwich enzyme-linked
immunosorbent assay (Human Magnetic Luminex®
assay, R&D Systems, USA) according to the manu-
facturer’s instructions.

Ophthalmologic examinations and central macular
thickness and subfoveal choroidal thickness
measurements

Patients underwent basic ophthalmologic examina-
tions including measurement of visual acuity and
intraocular pressure, slit-lamp examination, and fun-
dus examination using indirect ophthalmoscope on
every follow-up visit. Best-corrected visual acuity
(BCVA) was assessed using a decimal visual acuity
chart and converted into the logarithm of the minimum
angle resolution (LogMAR) scale for statistical anal-
ysis. Spectral-domain OCT (Spectralis, Heidelberg
Engineering, Heidelberg, Germany) was performed on
every visit to evaluate the status of the macula. Central
macular thickness (CMT) was defined as the mean
retinal thickness within the 1-mm-diameter central
region of the Early Treatment Diabetic Retinopathy
Study grid. Subfoveal choroidal thickness was mea-
sured using a horizontal OCT scan centered on the
foveal center, which was taken by enhanced depth
imaging mode with 100-line scan images averaged.
Subfoveal choroidal thickness was measured perpen-
dicularly from the outer border of the hyperreflective
retinal pigment epithelium to the inner sclera under the
foveal center using the 1:1 micron image with a built-
in ruler tool. One experienced observer (Y-KK)
measured choroidal thickness masked to the patient
information. Fluorescein angiography (FA) was per-
formed (Optos 200TX, Optos PLC, Dunfermline,

Scotland) when significant non-perfusion is suspected
and patients were able to undergo contrast enhance-
ment. We measured peripheral non-perfusion area by
disc area (DA) [24] and categorized it as the following
criteria: < 1 DA, > 1 and < 10 DA, > 10 and < 30
DA, and > 30 DA.

Statistical analyses

We explored clinical factors associated with treatment
outcomes following intravitreal injection. We ana-
lyzed clinical factors associated with visual gain or the
degree of CMT reduction 6 months after intravitreal
injection using multiple linear regression analysis.
Age, sex, the level of AH VEGF-A and inflammatory
cytokines, baseline BCVA, baseline CMT, baseline
SCT, previous treatment history (treatment naive case
or not), type of the treatment (anti-VEGF vs. dexam-
ethasone implant), number of injections during
6 months were entered into the equation, and stepwise
approach was applied. We also investigated the
correlation between baseline SCT or baseline SCT
ratio (RVO eye SCT/fellow eye SCT) and the level of
AH inflammatory cytokines. Pearson’s correlation
coefficient was calculated between the SCT or SCT
ratio and the level of AH inflammatory cytokines. We
compared the level of AH VEGF-A and inflammatory
cytokines according to the degree of the non-perfusion
area identified by FA using a one-way analysis of
variance (ANOVA) and Scheffe test for post hoc
analysis. We also performed multiple linear regression
analysis for factors associated with baseline SCT and
SCT ratio using various clinical factors. Age, sex,
underlying diseases (diabetes, hypertension), previous
treatment history (treatment naive case or not), the
level of AH VEGF-A and inflammatory cytokines,
baseline BCV A, refractive errors, baseline CMT were
entered into the equation, and a stepwise approach was
applied. We divided patients into two groups accord-
ing to their baseline SCT. Baseline characteristics, AH
VEGF-A and inflammatory cytokines levels, and
treatment outcomes were compared between two
groups using the Man—Whitney U test for continuous
variables and Chi-square or Fisher’s exact test for
categorical variables. All statistical analyses were
performed using PASW version 18.0 (SPSS, Inc.,
Chicago, IL). A p value < 0.05 was considered
statistically significant.
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Results

Twenty-eight eyes of twenty-eight BRVO ME patients
(8 men and 20 women) who underwent intravitreal
anti-VEGF or dexamethasone implant injection were
included in the study. The mean age of patients was
63.2 £ 9.1 years. The proportion of the treatment
naive case was 82%. Sixteen patients were treated
with anti-VEGF injection (3 ranibizumab and 13
bevacizumab), and 12 patients underwent dexametha-
sone implant injection. The average number of
injections during 6 months was 1.9 £ 1.1 (range,
1-5). Patients demographics and baseline characteris-
tics are summarized in Table 1.

On multiple linear regression analysis, AH IL-8
level was significantly associated with visual gain at
6 months after intravitreal injections (standardized
coefficient ff = 0.544; p = 0.003, Table 2) and base-
line CMT (standardized coefficient f = 0.572;
p < 0.001) and AH IL-8 level (standardized coeffi-
cient f =0.404; p =0.004) showed a significant

association with the degree of CMT reduction at
6 months after intravitreal injections (Table 2).

In 15 patients, FA was performed to evaluate retinal
perfusion status. We compared the level of AH VEGF-
A and inflammatory cytokines according to the degree
of the peripheral non-perfusion area identified by FA.
There was a general trend of increasing cytokine levels
as the non-perfusion area increase, and there was a
significant difference in PDGF-AA level between
those with a small area of non-perfusion (< 1 DA
or < 10 DA) and those with a large area of non-
perfusion (=30 DA; <1 DA vs.>30 DA,
p = 0.003, < 10 DA versus > 30 DA, p = 0.049, post
hoc analysis with Scheffe test, Fig. 1).

We explored the correlation between SCT or SCT
ratio and AH VEGF-A and inflammatory cytokine
levels. The level of MCP-1 (» = 0.439, p = 0.019) and
IL-8 (r=10.423, p =0.025) showed a significant
positive correlation with baseline SCT (Fig. 2). The
level of VEGF-A showed a significant positive
correlation with the baseline SCT ratio (r = 0.537,

Table 1 Patients
demographics and clinical

N =28

characteristics Age (years)

Sex (male), n(%)

Treatment naive cases, n(%)
Lens status (phakia:pseudophakia), n(%)

Underlying diseases, n(%)
Diabetes mellitus

Hypertension

RVO site (superior:inferior), n(%)

Baseline BCVA (logMAR)

Refractive error (SE, diopters)
Baseline central macular thickness (pm)

63.2 £ 9.1 (range, 47-83)
8 (29)

23 (82)

22:6 (79:21)

3(11)

13 (46)

18:10 (64:36)

0.58 &£ 0.32 (range, 0.05-1.40)
0.68 £ 2.60 (range, — 4.75-5.875)
488.4 £ 135.2 (range, 242-889)

Area of non-perfusion in FA, n(%) (n = 15)

1 DA

1, <10 DA
10, < 30 DA
30 DA

A

IV IV IV

BCVA best-corrected visual
acuity, DA disc area, FA
fluorescein angiography,
logMAR logarithm of the
minimum angle of
resolution, RVO retinal vein
occlusion, SE spherical
equivalent, VEGF vascular

RVO eye

Fellow eye

Choroidal thickness ratio (RVO eye/fellow eye)
Treatment (anti-VEGF:dexamethasone implant), n(%)
Type of anti-VEGF (ranibizumab:bevacizumab), n(%)

Injection numbers during 6 months

4 (27)
6 (40)
3 (20)
2 (13)

Baseline subfoveal choroidal thickness (pum)

259.5 + 85.2 (range, 144-474)
240.5 £ 90.9 (range, 102-416)
1.13 £ 0.23 (range, 0.67-1.52)
16:12 (57:43)

3:13 (19:81)

1.9 + 1.1 (range, 1-5)

endothelial growth factor
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Table 2 Multiple linear regression analysis for factors associated with visual gain and the degree of central macular thickness

reduction at 6 months after intravitreal treatment

Standardize f Standard error p-value
Visual gain at 6 months
IL-8 0.544 0.001 0.003
Central macular thickness reduction at 6 months
Baseline central macular thickness 0.572 0.123 < 0.001
IL-8 0.404 0.515 0.004

Age, sex, the level of aqueous humor inflammatory cytokines, baseline best-corrected visual acuity, baseline central macular
thickness, baseline subfoveal choroidal thickness, previous treatment history (treatment naive case or not), type of the treatment (anti-
VEGF vs. dexamethasone implant), number of injections during 6 months were entered into the equation and stepwise approach was

applied
IL interleukin
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Fig. 1 Aqueous humor VEGF and inflammatory cytokine
levels and the degree of non-perfusion area on fluorescein
angiography. The data are driven from the part of the patients
(n=15) in whom fluorescein angiography was taken. *
represents p < 0.05. Abbreviation: DA, disc area; IL,

p =0.003, Fig. 3). On multiple linear regression
analysis, age (standardized coefficient § = — 0.348;
p = 0.032), underlying hypertension (standardized
coefficient f = — 0.368; p = 0.024), and AH MCP-1
level (standardized coefficient f§ = 0.380; p = 0.020)

Nonperfusion area

Nonperfusion area

interleukin; MCP-1, monocyte chemo-attractant protein 1;
PDGF-AA, platelet-derived growth factor AA; sVEGFR2,
soluble vascular endothelial growth factor receptors 2; VEGF-
A, vascular endothelial growth factor-A

showed a significant association with baseline SCT
and VEGF-A showed a significant association with
baseline SCT ratio (standardized coefficient
f =0.537; p = 0.003, Table 3).
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Fig. 2 Correlation between subfoveal choroidal thickness and
the level of aqueous humor inflammatory cytokines. Pearson
correlation coefficient (r) and p-value are represented in each
box. Abbreviation: IL, interleukin; MCP-1, monocyte chemo-

attractant protein 1; PDGF-AA, platelet-derived growth factor
AA; SCT, subfoveal choroidal thickness; sVEGFR2, soluble
vascular endothelial growth factor receptors 2; VEGF-A,
vascular endothelial growth factor-A
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Fig. 3 Correlation between subfoveal choroidal thickness ratio
and the level of aqueous humor inflammatory cytokines.
Pearson correlation coefficient (r) and p-value are represented
in each box. Abbreviation: IL, interleukin; MCP-1, monocyte
chemo-attractant protein 1; PDGF-AA, platelet-derived growth

@ Springer

factor AA; RVO, retinal vein occlusion; SCT_ratio, subfoveal
choroidal thickness ratio; sSVEGFR2, soluble vascular endothe-
lial growth factor receptors 2; VEGF-A, vascular endothelial
growth factor-A



Int Ophthalmol (2021) 41:2433-2444

2439

Table 3 Multiple linear regression analysis for factors associated with the baseline subfoveal choroidal thickness and subfoveal

choroidal thickness ratio

Standardize 8 Standard error p-value
Baseline subfoveal choroidal thickness
Age (years) — 0.348 1.434 0.032
Hypertension — 0.368 25.499 0.024
MCP-1 (pg/ml) 0.380 0.045 0.020
Baseline subfoveal choroidal thickness ratio (RVO eye/fellow eye)
VEGF-A (pg/ml) 0.537 0.001 0.003

Age, sex, underlying diseases (diabetes, hypertension), previous treatment history (treatment naive case or not), the level of aqueous
humor inflammatory cytokines, baseline best-corrected visual acuity, refractive errors, baseline central macular thickness were

entered into the equation and a stepwise approach was applied

MCP-1 monocyte chemo-attractant protein 1, VEGF-A vascular endothelial growth factor-A

As we found a significant correlation between
baseline SCT and AH inflammatory cytokine levels,
we investigated whether baseline SCT is related to
treatment outcomes in BRVO ME patients. We
divided patients into 2 groups according to the median
value of the baseline SCT (239 um). There were no
significant differences in terms of age, sex, underlying
diseases, the proportion of the treatment naive cases,
type of the treatment (anti-VEGF vs. dexamethasone
implant), injection numbers during 6 months, and
baseline BCVA. However, the thick choroid group
showed thicker baseline CMT (thin group,
473.3 £ 203.4 um Vs. thick group,
540.2 + 168.2 um, p = 0.012) and higher level of
AH sVEGFR2 (thin group, 606.0 £ 266.2 pg/ml vs.
thick group, 892.0 £+ 435.4 pg/ml, p = 0.035) and IL-
8 (thin group, 22.9 £ 17.3 pg/ml vs. thick group,
49.5 £+ 38.4 pg/ml, p = 0.035). The thick choroid
group showed better visual gain (2 months: thin
group, 0.20 & 0.24 vs. thick group, 0.44 %+ 0.30,
p = 0.044; 6 months: thin group, 0.15 £ 0.26 vs.
thick group, 0.39 £ 0.28, p = 0.035) and greater
CMT  reduction (2 months: thin  group,
144.0 £ 101.4 pum Versus thick group,
2424 + 115.3 pm, p = 0.027; 6 months: thin group,
137.0 &£ 105.0 um Vs. thick group,
231.0 &£ 136.7 um, p = 0.035) at 2 and 6 months
after intravitreal injection (Table 4).

Discussion

In this study, we investigated the relationship between
the level of AH inflammatory cytokines and SCT in
BRVO ME patients, and whether it is possible to
predict inflammatory status and treatment outcomes of
the patients through SCT measurement. A higher level
of AH IL-8 was associated with greater visual gain and
CMT reduction at 6 months. The levels of MCP-1 and
IL-8 showed a positive correlation with baseline SCT
and that of VEGF-A showed a positive correlation
with baseline SCT ratio. On multiple linear regression
analysis, age, systemic hypertension, and MCP-1 level
were associated with SCT. The AH level of VEGF-A
was associated with the SCT ratio between the RVO
eye and the unaffected fellow eye. When we divided
the patients into two groups according to the baseline
SCT, those with thicker SCT showed a higher level of
AH sVEGFR2 and IL-8 and better visual gain and
greater CMT reduction at 2 and 6 months.

The AH inflammatory cytokine levels showed a
good correlation with clinical findings reflecting the
disease activity. There were significant differences in
the level of PDGF-AA between those with small and
large areas of non-perfusion identified by FA. PDGF-
A is normally produced by retinal ganglion cells, and it
increases retinal astrocytes, which promote the sur-
vival of endothelial cells and their expression of
barrier characteristics [25, 26]. It is also known to be
vital for the maintenance of normal developmental
angiogenesis in the retina and prevention of patholog-
ical angiogenesis in hypoxic conditions [27]. Our
findings are in line with these previous findings that
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Table 4 Comparison of clinical characteristics and treatment outcome between patients with thin and thick baseline subfoveal

choroidal thickness

Thin choroid (N = 14) Thick choroid (N = 14) p-value*
Age 64.4 + 10.3 62.0 + 79 0.603
Male, n(%) 4 (29) 4 (29) > 0.999
Underlying diseases
Diabetes mellitus 2 (14) 1(7) > 0.999
Hypertension 9 (64) 4 (29) 0.058
Treatment naive cases, n(%) 11 (79) 12 (86) > 0.999
RVO site, n(%) 0.115
Superior 11 (79) 7 (50)
Inferior 32D 7 (50)
Baseline BCVA (logMAR) 0.50 + 0.35 0.68 £+ 0.54 0.511
Baseline CMT (pum) 473.3 + 2034 540.2 £ 168.2 0.012
Baseline SCT (pm) 186.3 £ 44.0 323.3 £ 66.2 < 0.001
Baseline SCT in fellow eye (um) 183.1 £+ 56.7 297.8 £ 82.9 < 0.001
Baseline SCT ratio 1.12 £ 0.25 1.13 + 0.22 0.927
Area of non-perfusion in FA, n(%) (n = 15) (n=06) (n=9) 0.692
<1DA 1(17) 3 (33)
> 1, < 10 DA 2 (33) 4(44)
> 10, < 30 DA 2 (33) 1(11)
> 30 DA 1.(17) 1(11)
Treatment, n(%) 0.445
Anti-VEGF 9 (64) 7 (50)
Dexamethasone implant 5 (36) 7 (50)
Injection number during 6 months 1.8 £ 1.1 19+ 1.1 0.701
AH cytokine levels (pg/ml)
VEGF-A 81.8 + 80.7 50.0 + 47.1 0.427
sVEGFR2 606.0 £+ 266.2 892.0 + 4354 0.035
PDGF-AA 12.1 £ 3.1 115 £ 4.1 0.667
MCP-1 602.9 £+ 211.9 826.9 + 323.1 0.085
IL-6 9.6 + 14.0 10.1 + 8.6 0.150
1L-8 229 + 173 49.5 + 38.4 0.035
Postoperative outcome
Visual gain_1 month (logMAR) 0.19 + 0.21 0.29 £+ 0.24 0.178
Visual gain_2 months (logMAR) 0.20 + 0.24 0.44 £ 0.30 0.044
Visual gain_3 months (logMAR) 0.20 + 0.22 0.31 £ 0.34 0.571
Visual gain_6 months (logMAR) 0.15 £ 0.26 0.39 £+ 0.28 0.035
CMT decrease_1 month (pum) 1504 £ 91.0 2289 + 1104 0.056
CMT decrease_2 months (pm) 144.0 £ 1014 2424 + 1153 0.027
CMT decrease_3 months (um) 135.9 + 94.6 151.3 4+ 180.2 0.874
CMT decrease_6 months (um) 137.0 £ 105.0 231.0 + 136.7 0.035

*p-values by Mann—Whitney U test for continuous variables and chi-square or Fisher’s exact test for categorical variables

BCVA best-corrected visual acuity, CMT central macular thickness, DA disc area, FA fluorescein angiography, /L interleukin,
logMAR logarithm of the minimum angle of resolution, MCP-I monocyte chemo-attractant protein 1, PDGF-AA platelet-derived
growth factor AA, RVO retinal vein occlusion, SCT subfoveal choroidal thickness, sVEGFR2 soluble vascular endothelial growth
factor receptors 2, VEGF vascular endothelial growth factor, AH aqueous humor
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PDGF-AA is highly expressed in patients with a wide
area of non-perfusion.

In this study, a high level of AH IL-8 was associated
with better visual gain and greater CMT reduction at
6 months. IL-8 is a pro-inflammatory chemokine and
induces an accumulation of neutrophils along the
vessel wall [28]. Noma et al. reported that IL-8 showed
the strongest correlation with the baseline aqueous
flare value, suggesting that IL-8 may be the most
important inflammatory factor involved in inflamma-
tion associated with BRVO ME [15]. In that study, a
significant correlation was found between the change
of the aqueous flare value and improvement of CMT
and visual acuity 6 months after intravitreal ranibizu-
mab injection [15]. Although we did not measure the
level of AH inflammatory cytokines following treat-
ment, we assume that those with a higher level of IL-8,
thus having a higher degree of inflammation at
baseline had a better chance to improve much
following treatment.

We also evaluated the correlation between the SCT
and the level of the AH inflammatory cytokines.
Interestingly, we found a positive correlation between
the levels of MCP-1 and IL-8 and the baseline SCT,
while VEGF-A level showed a positive correlation
with the SCT ratio between RVO and fellow eyes. In
the previous studies, researchers hypothesized that
RVO associated ischemia will increase the expression
of VEGF and VEGF will result in the choroidal
thickening through choroidal vascular hyperperme-
ability [18-20]. Assuming that the SCT of both eyes
are similar [29, 30], the SCT ratio could be an index
reflecting the degree of abnormal choroidal thickening
caused by RVO. Our results are in line with the
previous hypothesis that an increase in VEGF due to
ischemia caused by RVO results in abnormal chor-
oidal thickening. However, VEGF was not correlated
with the SCT itself. The baseline SCT showed a
positive correlation with inflammatory cytokines such
as IL-8 and MCP-1. IL-8 and MCP-1 are known to
play major roles in pro-inflammatory human retinal
pigment epithelium-derived leukocyte chemotactic
activity [28, 31]. Human uveal melanocytes are known
to constitutively express a low level of IL-8 and MCP-
1 and increase these expressions after pro-inflamma-
tory stimulation [32]. It is reported that even in normal
subjects, SCT was correlated with the level of AH
CXCL13, suggesting that subclinical level of inflam-
mation existing in the apparently normal subject is

associated with SCT [33-35]. We hypothesize that
some of the intraocular inflammatory cytokine levels
are associated with SCT even in disease-free state and
the increases in these cytokine levels due to disease
activity are associated with a choroidal thickening.

In this study, we simply divided the patients into
two groups according to the baseline SCT to compare
the clinical outcomes. Those with thicker SCT showed
a higher level of sSVEGFR?2 and IL-8 and better visual
gain and greater CMT reduction at 2 and 6 months.
These results suggest that those with thicker SCT
might show a higher level of inflammatory cytokines
and a greater therapeutic effect following BRVO ME
treatment. These findings are in line with the previous
report that baseline SCT may help predict treatment
outcomes following anti-VEGF therapy in central
RVO patients [23]. However, considering that the
baseline CMT was also thicker in the thick choroid
group, which might have affected treatment outcome,
further study with a large number of patients is needed.

In this study, the choice of the treatment, either anti-
VEGF or dexamethasone implant injection, was at the
clinician’s discretion. Both anti-VEGF and dexam-
ethasone implant injections are proven to be effective
in the treatment of BRVO ME; however, there are no
specific guidelines on which drug should be used on
specific cases. In general, in refractory or recurrent
cases, a switch of the drug is recommended [36], or
even simultaneous treatment of both drugs is consid-
ered [37]. The reason for the different responses to
anti- VEGF and dexamethasone treatment is thought to
be due to different intraocular inflammatory cytokine
status. Kaneda et al. reported that IL-8 was the most
significant parameter of the disease activity, while IL-
12 was the most likely factor associated with unre-
sponsiveness to bevacizumab treatment in BRVO
patients [38]. According to our findings, those with
thicker SCT but not significantly thicker than that of
the non-affected fellow eye, the intraocular profile of
inflammatory cytokines will be likely to show a high
level of inflammatory cytokines while relatively low
level of VEGF. There is a possibility that this kind of
patient will benefit from dexamethasone treatment.
Unfortunately, due to small sample numbers, we were
not able to find differences in treatment outcomes by
different treatment methods according to the SCT.
Further study with a large number of patients is needed
to clarify this issue.
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This study was limited by several points. First, we
recruited a small number of patients, while the
spectrum of the patients was wide. We included both
treatment naive cases and those with previously
treated cases. We also included both anti-VEGF and
dexamethasone implant injection cases. However, in
this study, we did not find any significant effect of
previous treatment history or treatment methods on
treatment outcomes and SCT measurement. Second,
there were no normal controls. Third, we only
measured AH inflammatory cytokines once, and we
were not able to show the changes in its level
following treatment. Future studies with a large
number of more uniform patients who were treated
with the same treatment will be needed.

In conclusion, the level of AH inflammatory
cytokines reflected the ischemic status of the retina
and showed a significant association with treatment
outcomes in BRVO ME patients. The level of AH
inflammatory cytokines such as MCP-1 was also
significantly associated with SCT. Thick baseline SCT
might be a predictive sign for better treatment
outcomes in BRVO ME patients which are thought
to be related to a higher level of intraocular inflam-
matory cytokines in these patients.
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