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Intravitreal Bevacizumab Injection for Chronic Central Serous

Chorioretinopathy
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Purpose: This study aimed to investigate changes in cytokine levels after intravitreal bevacizumab injection in patients with
chronic central serous chorioretinopathy (CSC).

Methods: In a prospective interventional trial, 12 eyes from 12 patients with chronic CSC and six eyes from six patients who
underwent cataract surgery were included as controls. Patients diagnosed as with CSC received a single intravitreal injection
of bevacizumab (1.25 mg/0.05 mL). Aqueous humor samples were collected from the patients and controls. Best-corrected
visual acuity and foveal thickness were evaluated, and aqueous samples were obtained before and 4 weeks after injection.
The aqueous concentrations of interleukin (IL)-6, IL-8, interferon-induced protein (IP)-10, monocyte chemotactic protein
(MCP)-1, platelet-derived growth factor (PDGF)-AA, and vascular endothelial growth factor (VEGF) were measured using a
multiplex bead assay.

Results: After injection, the foveal thickness decreased significantly from 328.08 um (range, 210—-477 um) to 283.91 um (range,
168-356 um; p = 0.048), but the best-corrected visual acuity was not significantly different (p = 0.066). The aqueous levels of
IL-8 increased significantly from 3.3 pg/mL (range, 1.5-8.3 pg/mL) to 4.7 pg/mL (range, 2.2-11.6 pg/mL) at 4 weeks after the
injection (p = 0.046). The aqueous levels of VEGF decreased significantly from 31.4 pg/mL (range, 17.0-53.3 pg/mL) to 15.2
pg/mL (range, 7.7-21.5 pg/mL; p < 0.01). No significant changes in levels of IL-6 (p = 0.455), IP-10 (p = 0.055), MCP-1 (p = 0.076),
and PDGF-AA (p = 0.339) were noted 4 weeks after injection.

Conclusions: In this study we found intravitreal bevacizumab injection decreased VEGF and increased IL-8 in the eyes of pa-
tients with chronic CSC. This study suggests the possibility that the pathogenesis of CSC may be related to abnormal circula-
tion of the choroidal blood vessels through VEGF and IL-8 cytokine level changes.
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Central serous chorioretinopathy (CSC) is a chorioretinal
disease characterized by the development of serous retinal
detachment at the posterior pole, which can cause visual
impairment [1,2]. In most eyes of patients with CSC, serous
retinal detachment resolves without treatment; however,
some patients develop visual loss from persistent serous
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retinal detachment, cystoid macular degeneration, or reti-
nal pigment epithelium decompensation [2,3].

As chronic CSC has been reported to lead to visual dys-
function, further treatment for CSC is warranted. Tradi-
tionally, laser photocoagulation and photodynamic therapy
with verteporfin have been shown to be beneficial in the
treatment for chronic CSC [4—6]. Photodynamic therapy
with verteporfin has become a popular treatment option
for chronic and recurrent cases because it reduces choroi-
dal congestion and vascular hyperpermeability. Recently,
anti—vascular endothelial growth factor (anti-VEGF) thera-
py has been widely used to treat chronic CSC. Intravitreal
bevacizumab injection (IVBe) for the treatment of CSC
has been shown in several studies to be safe and effective
with functional and anatomical benefits [7-10]. However,
no studies have measured the levels of multiple intraocular
cytokines in the eyes of patients with chronic CSC.

To the best of our knowledge, there have been no evalua-
tions of the effects of intravitreal bevacizumab injections
on the aqueous humor cytokine levels in chronic CSC.
Therefore, this study examined the changes in aqueous in-
flammatory and angiogenic cytokine levels after intravit-
real bevacizumab injection to reduce subretinal fluid (SRF)
in chronic CSC.

Table 1. Ophthalmologic findings of the patients (n = 12)

Materials and Methods

Ethics statement

This study was approved by the Institutional Review
Board of Gachon University (No. GCIRB2015-15). The
study followed the tenets of the Declaration of Helsinki.
All study participants provided informed consent after un-
derstanding the nature and the possible consequences of
the study.

Study design and setting

This study was a prospective interventional case series.
All the investigations were conducted in accordance with
the principles of the Declaration of Helsinki. This prospec-
tive study was conducted with the informed consent of the
patients and with a small number of patients. We conduct-
ed this study as a pilot study.

CSC was defined as detachment of the neurosensory ret-
ina from the macula caused by idiopathic or diffuse leak-
age from the retinal pigment epithelium (RPE). Leakage
from the RPE was detected using fluorescein angiography
(FA), and choroidal vascular hyperpermeability was de-
tected using indocyanine green angiography. Inclusion cri-
teria of chronic CSC were as follows: (1) symptoms like
blurred vision or metamorphopsia more than 3 months; (2)

Patient 1. Pigment epithelial Outer rgtinal layF:r FApattern N_o._ of bevacizumab*
detachment or RPE irregularity injection (relapse)
1 + RPE hump Smokestack 4
2 - IS-OS disruption Ink blot 5
3 - IS-0OS disruption Diffuse 4
4 - RPE defect Diffuse 4
5 + RPE hump Ink blot 6
6 - IS-OS disruption Smokestack 11
7 RPE hump Smokestack 11
8 RPE hump Diffuse 5
9 - IS-0OS disruption Diffuse 6
10 + RPE hump, IS-OS disruption Diffuse 5
11 - IS-0OS disruption Ink blot 4
12 - IS-0OS disruption Diffuse 4

RPE = retinal pigment epithelium; FA = fluorescein angiography; IS-OS = inner segment-outer segment of photoreceptor.

“Intravitreal injections of 1.25 mg/0.05 mL (Avastin, Genentech Inc).
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persistent or recurrent SRF on optical coherence tomogra-
phy (OCT); (3) diffuse abnormality of the outer retinal lay-
er or RPE on OCT; and (4) various leakage patterns of
CSC on FA (Table 1).

Twelve patients with chronic CSC were recruited at the
Department of Ophthalmology, Gachon University Gil
Medical Center (Incheon, Korea) between October 2016
and April 2018. Patients with chronic CSC received intrav-
itreal injection of 1.25 mg of bevacizumab. The control
group comprised six patients who had undergone cataract
surgery without other ocular or systemic diseases. Prior to
and after treatment, all patients underwent a comprehen-
sive ophthalmic examination that included the best-cor-
rected visual acuity (BCVA) according to the Snellen
chart, intraocular pressure (IOP) measurement, slit-lamp
examination, fundus examination, and central foveal
thickness (CFT) measurement using Stratus OCT 3 (Carl
Zeiss Meditec Inc) using a fast macular scan protocol.

Intravitreal injections of 1.25 mg/0.05 mL bevacizumab
(Avastin, Genentech Inc) was done. All the injections were
performed by a retinal specialist (DYL) using topical anes-
thesia. Under sterile conditions in the operating room, bev-

Table 2. Baseline characteristics of the patients (n = 18)

Characteristic C(SnCZg{ gl)lp Con(t;(i %;oup
Sex
Male 10 4
Female 2 2
Age (yr) 48.7+£9.2 51.8+5.7
Hypertension 1 1
Duration of SRF (mon) 7.7+25 -

Values are presented as number only or mean + standard deviation.
CSC = central serous chorioretinopathy; SRF = subretinal fluid.

acizumab was injected via a 30-gauge needle through the
pars plana 3.5 mm posterior to the limbus. Two weeks after
the injection, levofloxacin (Cravit, Santen) ophthalmic
solution was administered four times a day.

Undiluted aqueous humor samples (50—100 pL) were ob-
tained immediately before an intravitreal injection of bev-
acizumab, 4 weeks after the injection in the CSC group,
and at the beginning of cataract surgery in the control
group. All sample collections were performed by a single
physician (DYL) under sterile conditions in the operating
room. The aqueous humor was withdrawn through a lim-
bal paracentesis site using a 30-gauge needle with a tuber-
culin syringe. Special care was taken to avoid touching the
intraocular tissues and prevent mixing of aqueous samples
with other fluids. The specimens were transferred immedi-
ately to sterile plastic tubes and stored at =70 °C until as-
sayed. Interleukin (IL)-6, IL-8, interferon-induced protein
(IP)-10, monocyte chemotactic protein (MCP)-1, plate-
let-derived growth factor (PDGF)-AA, and VEGF levels in
the aqueous samples were measured using the Luminex
100 Multiplex Array Assay (Luminex Corp). The median
data using a five-parameter logistic or spline curve-fitting
method were saved and evaluated to calculate the cyto-
kine/chemokine concentrations in the samples.

As this study has invasive procedure, sampling aqueous
by anterior chamber paracentesis, we had patients’ consent
before procedure and explained in detail about the proce-
dure, and possible complications. We checked patients’ vi-
sual acuity, intraocular pressure, anterior chamber change,
fundus examination the next day and 3 days after anterior
chamber paracentesis to check out the possible complica-
tions.

All statistical analyses were performed using the SPSS
ver. 12.0 (SPSS Inc). The aqueous levels of 1L-6, IL-8, IP-
10, MCP-1, PDGF-AA, and VEGF are expressed as mean +

Table 3. Changes in the BCVA, IOP, and CFT of the control and CSC groups (n = 18)

CSC group (n=12)

Variable Control group (n = 6) — ——

Preinjection Postinjection p-value
BCVA (logMAR) 0.52+0.15 0.43+0.32 0.27+0.24 0.066
IOP (mmHg) 120+ 1.4 11.0£1.2 106 +1.2 0.534
CFT (um) - 328.08 + 84.23 283.91 +112.55 0.048°

Values are presented as mean + standard deviation.

BCVA = best-corrected visual acuity; IOP = intraocular pressure; CFT = central foveal thickness; CSC = central serous
chorioretinopathy; logMAR = logarithm of the minimum angle of resolution.

"Wilcoxon signed rank test.
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standard deviation. To analyze the statistical differences,
the Wilcoxon signed rank test was used between the prein-
jection and postinjection clinical data, and a Mann-Whit-
ney U-test was used to compare the control with the CSC
groups. Statistical significance was set at p < 0.05.

Results

Twelve eyes from 12 patients with CSC and six eyes
from six patients who underwent cataract surgery (control)
were included in this study. The mean age was 48.7 + 9.2
years in the patients with CSC and 51.8 & 5.7 years in the
control group (p = 0.148). One of the 12 patients in the

A 10—

0.9 -
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0.7 -
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0.5 -

0.4

Postinjection BCVA (logMAR)

0.3 -
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Preinjection BCVA (logMAR)
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CSC group had a history of hypertension. In the control
group, one of six patients had a history of hypertension.
The mean SRF was 7.7 + 2.5 months (Table 2).

In the CSC group, BCVA (logarithm of the minimum
angle of resolution, logMAR) slightly improved from 0.43
logMAR (range, 0.15-1.0 logMAR) to 0.27 logMAR
(range, 0.15-0.30 logMAR) at 4 weeks after the injection
but there were no significant differences (p = 0.066). No
significant changes in IOP were observed (p = 0.534). The
CFT (um) in the CSC group decreased significantly from
328.08 um (range, 210—477 pm) to 28391 um (range, 168—
356 um) 4 weeks after the injection (p = 0.048) (Table 3
and Fig. 1A, 1B). The levels of cytokines in the aqueous
humor are listed in Table 4. In the measurements of 1L-6,

B 600 -

500 —

400 |

300

Postinjection CFT (um)

200 -

100

T T T T T T
100 200 300 400 500 600
Preinjection CFT (um)

Fig. 1. Scatter plot of (A) best-corrected visual acuity (BCVA) and (B) central foveal thickness (CFT) before and after injection. logMAR

= logarithm of the minimum angle of resolution.

Table 4. Aqueous concentrations of inflammatory and angiogenic cytokines before the intravitreal injection in the control and

CSC groups (n = 18)

Cytokine Control group (n = 6) CSC group (n=12) p-value’
IL-6 (pg/mL) 1.1+1.0(0.3-3.0) 0.9+ 1.1(0.3-2.6) 0.316
IL-8 (pg/mL) 29+1.2(1.54.5) 3.3+2.3(1.5-8.3) 0.517
IP-10 (pg/mL) 208.1 £ 103.6 (103.3-372.8) 165.7 £95.7 (100.2-353.3) 0.303
MCP-1 (pg/mL) 913.7 £ 345.8 (526.3-1,452.5) 840.0 + 338.2 (450.3-1,267.0) 0.558
PDGF-AA (pg/mL) 20.5+ 7.7 (12.7-32.5) 18.1 £6.8 (12.8-27.4) 0.153
VEGF (pg/mL) 30.4 +11.5 (14.2-46.8) 31.4+12.3 (17.0-53.3) 0.631

Values are presented as median (interquartile range).

CSC = central serous chorioretinopathy; IL = interleukin; IP = interferon-induced protein; MCP = monocyte chemotactic protein; PDGF
= platelet-derived growth factor; VEGF = vascular endothelial growth factor.

"Mann-Whitney U-test.
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Fig. 2. Scatter plot of the concentration change of cytokines preinjection and postinjection. (A) Interleukin (IL)-6. (B) IL-8. (C) Inter-
feron-induced protein (IP)-10. (D) Monocyte chemotactic protein (MCP)-1. (E) Platelet-derived growth factor (PDGF)-AA. (F) Vascular

endothelial growth factor (VEGF).
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IL-8, IP-10, MCP-1, PDGF-AA, and VEGF, no samples
were below the detection limit in patients and controls.
Cytokine levels were not significantly different between
the CSC and control groups (p = 0.316, p = 0.517, p = 0.303,
p=0.558, p=0.153, and p = 0.631, respectively).

In the CSC group, the aqueous levels of IL-8 increased
significantly from 3.3 pg/mL (range, 1.5-8.3 pg/mL) to 4.7
pg/mL (range, 2.2—-11.6 pg/mL) at 4 weeks after the injec-
tion (p = 0.046). The aqueous levels of VEGF decreased
significantly from 31.4 pg/mL (range, 17.0-53.3 pg/mL) to
15.2 pg/mL (range, 7.7-21.5 pg/mL) 4 weeks after the in-
jection (p < 0.010) (Fig. 2A—2F). No significant changes in
levels of IL-6 (p = 0.455), IP-10 (p = 0.055), MCP-1 (p =
0.076), and PDGF-AA (p = 0.339) were noted 4 weeks af-
ter injection (Table 5).

No severe adverse events (retinal detachment, endoph-
thalmitis, or vitreous hemorrhage) or systemic side effects
such as elevated blood pressure or thromboembolic events
were observed throughout the study.

Discussion

CSC is a common macular disease that often presents
with well-circumscribed serous retinal detachment in the
macular region on clinical examination, with one or sever-
al leakage points at the level of the RPE on FA [11]. Acute
CSC is typically a self-limiting process with few recog-
nized visual sequelae, while chronic CSC and recurrent
CSC may lead to RPE atrophy and neurosensory retinal
changes that result in permanent loss of visual function
[12]. Recently, Mrejen et al. [13] reported that 12.8% of 133

patients with chronic CSC progressed to bilateral legal
blindness.

Focal laser and photodynamic therapy have proven ef-
fective for the treatment of CSC; however, focal laser is as-
sociated with permanent scotoma, which enlarges over
time with RPE scar expansion, as well as possible develop-
ment of choroidal neovascularization [4]. Photodynamic
therapy is expensive, and cases of secondary RPE change
and choriovascular neovascularization after treatment for
CSC have been reported [14—16].

Recently, there have been several reports that IVBe re-
sults in vision improvement and reduced neurosensory de-
tachment in patients with acute and chronic CSC [7-9].
Based on the literature, one study [17] demonstrated that
the VEGF level in aqueous humor of patients with CSC is
higher than that of the normal population; however, anoth-
er study [18] showed that VEGF levels did not differ sig-
nificantly.

The reasons for the differences in the results between
the studies are as follows. First, unlike diabetic retinopathy
caused by extensive retinal ischemia, CSC is caused by lo-
cal ischemia of the choroid; therefore, the range of increase
in VEGF concentration is not large. Second, when the
VEGF concentration was measured from the anterior
chamber, a smaller amount than the choroid or vitreous
concentration was reflected. Finally, it may be difficult to
show statistical differences with a small sample size be-
cause the degree of change in the VEGF concentration for
each individual is large. To compensate for these points,
this study aimed to investigate cytokine changes before
and after anti-VEGF treatment in patients with chronic
CSC.

Table 5. Changes in the aqueous concentrations of inflammatory and angiogenic cytokines after injection in the CSC group

CSC group (n = 12)

Cytokine —— —— p-value’
Preinjection Postinjection
IL-6 (pg/mL) 0.9+1.1(0.3-2.6) 09+1.4(0.4-2.8) 0.455
IL-8 (pg/mL) 3.3+23(1.5-8.3) 4.7+£2.9(2.2-11.6) 0.046
IP-10 (pg/mL) 165.7 £ 95.7 (100.2-353.3) 2259+ 117.1 (74.2-465.3) 0.055
MCP-1 (pg/mL) 840.0 +338.2 (450.3-1,267.0) 1,015.0 + 342.5 (583.3-1,495.0) 0.076
PDGF-AA (pg/mL) 18.1 £6.8 (12.8-27.4) 18.4+6.7 (12.7-27.1) 0.339
VEGF (pg/mL) 31.4+12.3(17.0-53.3) 15.2+6.1(7.7-21.5) <0.010

Values are presented as median (interquartile range).

CSC = central serous chorioretinopathy; IL = interleukin; IP = interferon-induced protein; MCP = monocyte chemotactic protein; PDGF
= platelet-derived growth factor; VEGF = vascular endothelial growth factor.

"Mann-Whitney U-test.
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VEGEF is a potent angiogenic factor that plays a major
role in increasing vascular permeability in retinal vascular
disorders. Choroidal ischemia may induce an increase in
the concentration of VEGF, which may contribute to the
pathogenesis of CSC. Therefore, intravitreal anti-VEGF
therapy has been studied by various research groups
[10,19-23]. However, there have been no studies regarding
cytokines or growth factors after intravitreal anti-VEGF
injections in chronic CSC. This study aimed to evaluate
changes in aqueous inflammatory cytokine levels after
IVBe in chronic CSC to better understand its pathogenesis.

In this study, no significant difference in the aqueous
levels of IL-6, IP-10, MCP-1, PDGF-AA, and VEGF was
observed between the chronic CSC and control groups be-
fore the injection. This could be due to the small sample
size and aqueous VEGF levels, which did not completely
reflect intraocular VEGF levels. Further investigation is
needed to evaluate VEGF expression in vitreous and reti-
nal lesions.

IL-8 is a proinflammatory and angiogenic cytokine
known as a neutrophil chemotactic factor and T-cell acti-
vator in the innate immune system. IL-8 is produced by
endothelial and glial cells in ischemic retina [24]. Increased
aqueous humor levels of IL-8 have been reported in retinal
artery occlusion, uveitis, and proliferative diabetic retinop-
athy [25-27]. Chronic inflammatory conditions often result
from aberrant production of proinflammatory factors, such
as chemokines. A chemokine that is implicated in chronic
inflammation is IL-8 [28]. Lim et al. [18] showed that the
aqueous humor levels of VEGF and IL-8 were not signifi-
cantly increased in patients with CSC compared to those in
the healthy control group. Deng et al. [29] reported that
IL-8 levels were elevated and functioned as compensatory
angiogenesis signaling in suppressing VEGF-A expression,
which means that an increase in IL-8 may be associated
with changes in VEGF levels.

In the present study, there were no significant differenc-
es in the aqueous humor level of IL-8 between the CSC
and control groups. However, aqueous levels of IL-8 in-
creased significantly after injection in chronic CSC pa-
tients (p = 0.046) (Table 5). Regardless of the therapeutic
effects, IL-8 was the only cytokine showing an opposite
response to the anti-VEGF injection in this study. We hy-
pothesized that IVBe decreases VEGF levels, which could
influence the compensatory increase in IL-8 levels. This
result suggests that other upstream or parallel inflammato-

ry pathways along with the VEGF signaling pathway may
aggravate retinal ischemia, which is related to the patho-
genesis of chronic CSC. Nevertheless, further investigation
is required to elucidate the role of IL-8 in chronic CSC.

IL-6 is a multifunctional cytokine that is essential for
the regulation of immune processes and induction of
acute-phase reactions. It increases vascular permeability
and angiogenesis by inducing VEGF [30]. IL-6 is produced
by various cells, including fibroblasts, monocytes, T or B
lymphocytes, vascular endothelial cells, and glial cells.
Terao et al. [31] reported that aqueous IL-6 levels were sig-
nificantly upregulated in the chronic CSC group compared
to the acute CSC group. In this study, there were no differ-
ences in the changes in IL-6 levels after [VBe administra-
tion. This may be due to the relatively small sample size.
One possible hypothesis is that IL-6 has little influence on
chronic CSC, which is a chronic inflammatory state. IP-10
is induced in various cells in response to interferon-y and
lipopolysaccharide.

IP-10 promotes chemoattraction for monocytes and T
lymphocytes but lacks the neutrophil chemoattractant and
angiogenic properties of 1L-8 [32]. MCP-1 is produced by
retinal endothelial cells and has been implicated in leu-
kostasis in hypoxic retinas [33,34]. It facilitates angiogene-
sis. PDGF is one of the most ubiquitous growth factors that
stimulate cellular proliferation and direct cellular move-
ment. This study demonstrated that IL-6, IP-10, MCP-I,
and PDGF showed no significant changes in concentration
after IVBe in chronic CSC. This suggests a less significant
role for these factors in anti-VEGF therapy for chronic
CSC.

The exact mechanisms underlying CSC pathogenesis
and the beneficial effects of anti-VEGF treatment remain
unclear. However, in our study, we documented the aque-
ous humor of patients with chronic CSC and the difference
in cytokine levels after anti-VEGF treatment in chronic
CSC. Our results suggest that other inflammatory up-
stream or parallel pathways along with the VEGF signal-
ing pathway may play a role in the development of chronic
CSC.

Our study had some limitations. A small sample size
might limit the statistical power in detecting differences in
cytokines or factors that would influence the results. Al-
though the levels of cytokines in the aqueous humor may
reflect those in the vitreous fluid, analysis of vitreous fluid
would reflect intraocular cytokines more accurately. Addi-
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tionally, cytokine levels may vary depending on the time
of sample collection. However, to the best of our knowl-
edge, this is the first study to document cytokine changes
after anti-VEGF therapy in patients with chronic CSC. Our
research has limitations in quantitatively analyzing choroi-
dal ischemia. As this study did not perform ICG, so cho-
roidal ischemia could not be analyzed quantitatively. Based
on the pathology of chronic CSC disease, it is difficult to
reflect the condition of focal choroidal ischemia by analyz-
ing anterior chamber VEGF concentration. The strength of
our research lies in the analysis of cytokine differences be-
fore and after anti-VEGF injection in chronic CSC pa-
tients. Our study reached the same conclusion as the ex-
perimental study by Zhou et al. [35] through cytokine
analysis before and after anti-VEGF treatment, suggesting
that it is related to choroidal ischemia.

According to a previous study by Zhou et al. [35], block-
ade of VEGF signaling augments IL-8 secretion via MEK-
ERK1/2 axis and overactivation of VEGF pathway de-
creases IL-8 production in human RPE cells. Our study
confirmed the difference in cytokine before and after in-
jection and hypothesized that VEGF concentration was in-
creased and IL-8 was decreased in chronic CSC with focal
choroidal ischemia, but after anti-VEGF injection, VEGF
concentration decreased and 1L-8 was increased. This sug-
gests the possibility of focal choroidal ischemia.

In conclusion, intravitreal bevacizumab injection reduc-
es VEGF and increases I1L-8 levels in multiple cytokine
profiles in the eyes of patients with chronic CSC. This
study is the first report comparing changes in cytokine
levels in the anterior chamber before and after bevacizum-
ab injection in CSC patients. Although the exact etiology
of chronic CSC patients is unknown, this pilot study sug-
gests the possibility that the pathogenesis of CSC may be
related to abnormal circulation of the choroidal blood ves-
sels through IL-8 cytokine level changes. Based on this
study, a study based on a larger patient group will be con-
ducted.
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