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Abstract

Purpose

To analyze the short-term therapeutic efficacy of intravitreal injection of bevacizumab (I1VB)
for chronic central serous chorioretinopathy (CSC) according to the presence of choroidal
neovascularization (CNV) using optical coherence tomography angiography (OCTA).

Methods

A retrospective chart review was perfomed on cases of CSC with CNV (Group 1: n=31)
and an age-matched cases of CSC without CNV (Group 2: n = 30). The response to IVB
was evaluated by changes in best-corrected visual acuity (BCVA), central macular thickness
(CMT), choroidal thickness (CT), and pachyvessel diameter. Univariate and multivariate lin-
ear regression analyses were performed to identify factors associated with the visual out-
come of chronic CSC with CNV after IVB.

Results

At baseline, the CT values differed significantly between Groups 1 and 2 (371.55 + 67.09 vs.
417.33+£71.32 um, p=0.01). In Group 1, BCVA improved significantly (p <0.001), and
CMT (p <0.001), CT (p=0.001) and pachyvessel diameter (p = 0.045) decreased signifi-
cantly, after IVB. In Group 2, only pachyvessel diameter (p = 0.001) was significantly smaller
after IVB. Univariate analysis showed that the initial CT (B = 0.002, p = 0.026) and pachy-
vessel diameter (B = 0.002, p = 0.001) significantly affected visual outcome. In multivariate
analysis, the initial pachyvessel diameter exhibited significant results (B = 0.002, p = 0.001).

Conclusions

IVB showed less effective short-term outcomes in chronic CSC patients without CNV than in
patients with CNV. In chronic CSC with CNV, the short-term visual outcome after IVB was
better in patients with a thinner choroid and smaller pachyvessels.
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Introduction

Central serous chorioretinopathy (CSC) is characterized by serous retinal detachment with or
without retinal pigment epithelial (RPE) detachment, which usually involves the macula.[1]
The precise pathogenesis is not known, but may be associated with choroidal hyperpermeabil-
ity as a result of stasis, ischemia, and inflammation [2]. CSC usually has a good prognosis char-
acterized by spontaneous regression of subretinal fluid (SRF) and symptoms within 4 months;
only 5-10% of patients experience chronic or recurrent CSC which results in RPE atrophy and
severe vision loss [3]. Chronic CSC is characterized by persistent SRF and widespread RPE
alterations, including photoreceptor elongation, subretinal fibrosis and, occasionally choroidal
neovascularization (CNV) [4,5]. CNV develops in 4-8% of chronic CSC patients [6,7]. There
are various treatment options such as photodynamic therapy (PDT), focal laser photocoagula-
tion, and anti-vascular endothelial growth factor (VEGF) intravitreal injection. Several studies
reported that anti-VEGF treatment was effective for chronic CSC patients [8-10]. Anti-VEGF
agents also have an important role in treating chronic CSC with CNV [11].

Optical coherence tomography angiography (OCTA) is a non-invasive imaging modality
that has enabled direct visualization of the retinal circulation, in a multilayered, three-dimen-
sional way [12,13]. This technique, which does not involve injection of dye, is effective for
defining the shape of the neovascularization (NV) and clearly distinguishing it from the sur-
rounding tissue [14]. For chronic CSC, the presence of CNV has been reported as a major risk
factor for a poor visual outcome [15,16]. Several studies have used OCTA to determine the
presence of CNV in CSC, with variable results [17-19]. Bousquet et al. [20] found that, in
patients with chronic CSC, 35.6% of eyes with areas of flat irregular pigment epithelial detach-
ment showed CNV. Using OCTA, Savastano et al. [21] retported that the incidence of CNV in
CSC was 20%, which was higher than that of previous studies. In both studies, it was empha-
sized that OCTA can better reveal the presence of NV than other imaging modalities. How-
ever, few studies have reported the outcome of anti-VEGF treatment for chronic CSC
according to the presence or abscence of CNV using OCTA.

The purpose of this study was to evaluate the short-term therapeutic efficacy of intravitreal
injection of bevacizumab (IVB) for chronic CSC according to the presence of CNV using
OCTA. Additionally, we evaluated factors associated with the visual outcome of chronic CSC
with CNV treated by IVB.

Methods
Patients

This study adhered to the tenets of the Declaration of Helsinki and was approved by the Insti-
tutional Review Board of Konyang University Hospital, Republic of Korea (2020-09-003).
Informed consent was waived due to the retrospective nature of the study. This case-control
study of short-term effect of IVB (1.25 mg/0.05 mL dosage) on chronic CSC patients with and
without CNV was conducted at our clinic from May 2017 to August 2019. Chronic CSC is
defined as the presence of visual symptoms for at least 6 months with clinical features of CSC,
including SRF and RPE changes in the macular region on spectral-domain optical coherence
tomography (SD-OCT; Heidelberg Engineering, Heidelberg, Germany), active angiographic
leakage in fluorescein angiography (FA; Heidelberg Engineering, Heidelberg, Germany) and
abnormal dilated choroidal vasculature with hyperpermeability in indocyanine green angiog-
raphy (ICGA; Heidelberg Engineering, Heidelberg, Germany). All patients underwent a rou-
tine ophthalmic examination, including best-corrected visual acuity (BCVA), intraocular
pressure (IOP), spherical equivalent (SE), and axial length using the IOL Master (Carl Zeiss,
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Jena, Germany). We excluded patients with a history of previous treatment, such as PDT or
IVB which could have affected the result. The second exclusion criterion was any retinal dis-
eases other than CSC. Color and autofluorescence fundus photographs were analyzed to iden-
tify any sign of age-related macular degeneration (AMD), such as macular drusen.

OCT and OCTA measurements

The patients were divided into two groups according to the presence of CNV as determined by
OCTA measurement. After enrollment of CSC with CNV patients (group 1), CSC without
CNYV patients (group 2) were randomly matched by age to the group 1. OCTA and SD-OCT
were performed using the Spectralis OCT?2 instrument, which is capable of 70,000 A-scans/s
using a light source centered at 870 nm, and with axial and transverse resolutions of 3.9 and

6 um in tissue, respectively. En face OCT-A images were recorded with a 20° x 15° angle and
lateral resolution of 5.7 um/pixel, resulting in a retinal section of 2.9 mm X 2.9 mm. We
obtained the data of central macular thickness (CMT), choroidal thickness (CT), pachyvessel
diameter, choroidal caverns at the times of before and 1 month after IVB using SD-OCT with
enhanced depth imaging mode (Fig 1). CMT is defined as the average macular thickness in the
central 1 mm Early Treatment Diabetic Retinopathy Study grid, and was measured automati-
cally using bundled software. The CT was obtained as an average value, by measuring the per-
pendicular distance from the outer layer of the RPE to the inner surface of the sclera using
software calipers at the subfoveal area. The pachyvessel diameter is defined as the vertical
diameter of the largest outer choroidal vessel in the foveal area, and was also measured using
software calipers as previous studies [22-24]. Choroidal caverns are identified as focal hypore-
flective spaces on B-scan images and its numbers are counted. CT, pachyvessel diameter and
choroidal caverns were measured manually by two graders (YYS and HYY) who were blinded
to each other’s measurements.

Statistical analyses

Statistical analysis was performed using PASW Statistics (ver. 20; SPSS Inc., Chicago, IL,
USA); values are expressed as the mean * standard deviation. Categorical variables were com-
pared between the two groups using the chi-square test. Continuous variables were analyzed
using Student’s t-test, and paired data using a paired t-test. In the chronic CSC with CNV
group, univariate and multivariate generalized linear regression were used to identify factors
affecting visual acuity after treatment. A p-value < 0.05 was considered statistically significant.

PRI OIS 90 Sy o

PR

Fig 1. Choroidal thickness and pachyvessel diameter measurement on spectral domain (SD) optical coherence
tomography with enhanced depth imaging (EDI) mode. Choroidal thickness (yellow line) was obtained by
measuring the perpendicular distance from the outer layer of the RPE to the inner surface of the sclera at the subfoveal
area using software calipers. Pachyvessel diameter (green line) was obtained by measuring the vertical diameter of the
largest outer choroidal vessel in the foveal area using software calipers.

https://doi.org/10.1371/journal.pone.0245342.9001
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Table 1. Baseline characteristics of Group 1 (CSC with CNV), and Group 2 (CSC without CNV).

Variables

Age (years)

Sex (M: F)

Laterality (R: L)

IOP (mmHg)

Spherical equivalent
BCVA

CMT (um)

CT (um)

Pachyvessel diameter (um)

Choroidal cavern

Group 1 (w/CNV) (n=31) Group 2 (w/o CNV) (n = 30) p-value
51.42 + 10.76 50.93 £ 9.53 0.85
24:7 27:3 0.19
15: 16 10: 20 0.23
13.47 £2.92 12.8 £2.82 0.37
-0.41+1.76 -0.22 £ 1.15 0.31
0.31 £ 0.34 0.23 £3.0 0.37
350.65 + 74.01 322.73 £90.23 0.19
371.55 £ 67.09 417.33 £ 71.32 0.01
235.48 +76.12 249.80 £ 71.12 0.45
0.81 £1.64 0.7 £0.92 0.76

IOP, Intraocular pressure; BCVA, best-corrected visual acuity; CMT, central macular thickness; CT, choroidal thickness.

p-values <0.05 that are statistically significant are in bold font.

https://doi.org/10.1371/journal.pone.0245342.t001

Results
Demographics

We reviewed 31 eyes of CSC with CNV (group 1) and 30 eyes with CSC without CNV (group
2). The baseline characteristics of the patients before treatment are shown in Table 1.

The mean age was 51.42 + 10.76 and 50.93 + 9.53 years, the mean SE was —0.41 + 1.76 and
—0.22 + 1.15 diopters, and the BCVA was 0.31 + 0.34 and 0.23 + 3.0 for groups 1 and 2, respec-
tively. The respective CT values were 371.55 + 67.09 and 417.33 + 71.32 ym; the difference was
significant (p = 0.01). The respective CMT values were 350.65 + 74.01 and 322.73 + 90.23 ym;
those for pachy vessels was 235.48 + 76.12 and 249.80 + 71.12 ym; and the numbers of choroi-
dal cavern was 0.81 + 1.64 and 0.7 + 0.92, respectively. The values measured manually by the
two graders exhibited excellent interobserver reproducibility (ICC > 0.95, CV < 5%).

Visual outcome and OCT parameters after treatment in both groups

In Group 1, BCVA improved significantly at 1 month of IVB from 0.31 + 0.34 to 0.24 + 0.32
(p < 0.001) (Table 2).

CMT were significantly reduced after IVB treatment from 350.65 + 74.01 to 276.42 + 58.34
pym (p < 0.001) (Fig 2).

CT were also significantly reduced after IVB treatment from 371.55 + 67.09 to 347.1 £ 64.71
pym (p = 0.001). Pachyvessel diameter were significantly decreased after IVB treatment from

Table 2. Visual and anatomical outcomes of both groups before and 1 month after treatment.

Group 1 (Ww/CNV) Group 2 (w/o CNV)
Before After p-value Before After p-value
BCVA 0.31 +0.34 0.24 £ 0.32 <0.001 0.23 + 3.0 0.26 £0.39 0.432
CMT (um) 350.65 + 74.01 276.42 + 58.34 <0.001 322.73 £90.23 305.67 £ 113.9 0.301
CT (um) 371.55 £ 67.09 347.1 £ 64.71 0.001 417.33 £71.32 413.67 £ 66.12 0.227
Pachyvessel diameter (ym) 235.48 £ 76.12 224 £72.23 0.045 249.80 = 71.12 234.37 £77.08 0.001
Choroidal Cavern 0.81 £1.64 0.74 £ 1.53 0.625 0.7 £0.92 0.67 £ 0.98 0.861

BCVA, best-corrected visual acuity; CMT, central macular thickness; CT, choroidal thickness.

p-values < 0.05 that are statistically significant are in bold font.

https://doi.org/10.1371/journal.pone.0245342.t002
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Fig 2. Representative images of chronic central serous chorioretinopathy (CSC) with choroidal
neovascularization (CNV) (Group 1). The upper row: before treatment (A) Horizontal B-scan of optical corerence
tomography (OCT) centered to the fovea showing subretinal fluid (SRF) with pigment epithelial detachment (PED).
(B) Enface OCT angiography (2.9 x 2.9mm) through the choriocapillaris shows CNV below the PED. The lower row: 1
month after intravitreal injection of bevacizumab (IVB). (C) Shows complete resolution of SRF. (D) Shows a smaller
area of the CNV with reduction of the dense microvasculature.

https://doi.org/10.1371/journal.pone.0245342.9002

235.48 £76.12 to 224 + 72.23 ym (p = 0.045). In Group 2, only pachyvessel diameter showed
significant decrease after 1 month of IVB treatment from 249.80 + 71.12 to 234.37 + 77.08 ym
(p = 0.001), and no significant difference in choroidal cavern numbers was observed in either
groups. We also measured differential values of BCVA, CMT, CT, pachyvessel diameter, the
numbers of choroidal cavern between before and 1 month after IVB, between Groups 1 and 2
(Table 3).

There were significant difference in BCVA, CMT, CT between two groups (p = 0.012,
p = 0.005, p = 0.007, respectively).

Factors affecting visual outcome after treatment in the CSC with CNV
group
Univariate analysis showed that CT before treatment (B = 0.002; p = 0.026) and pachyvessel
diameters before treatment (B = 0.002; p = 0.001) were significant factors affecting the final
visual acuity in CSC with CNV group, which meant that thicker choroid and larger pachyves-
sel at baseline were significantly associated to poorer final visual acuity in CSC with CNV
group (Table 4).

In multivariate analysis, only baseline pachyvessel diameter (B = 0.002; p = 0.001) exhibited
significant results.

Table 3. Effects of intravitreal bevacizumab injection in both groups.

Variables Group 1 (W/CNV) (n =31) Group 2 (w/o CNV) (n = 30) P-value
BCVA change 0.07 = 0.09 —-0.03 £ 0.19 0.012
CMT change (ym) 74.23 £ 60.52 17.07 + 88.80 0.005
CT change (ym) 24.45 + 36.88 3.67 +16.26 0.007
Pachyvessel diameter change (um) 11.48 + 30.55 15.43 + 23.87 0.577
Choroidal cavern change 0.06 +0.73 0.03 +1.03 0.892

BCVA, best-corrected visual acuity; CMT, central macular thickness; CT, choroidal thickness.
p-values < 0.05 that are statistically significant are in bold font.

https://doi.org/10.1371/journal.pone.0245342.t003

PLOS ONE | https://doi.org/10.1371/journal.pone.0245342 January 11, 2021 5/10


https://doi.org/10.1371/journal.pone.0245342.g002
https://doi.org/10.1371/journal.pone.0245342.t003
https://doi.org/10.1371/journal.pone.0245342

PLOS ONE

Anti-VEGF treatment for chronic central serous chorioretinopathy according to the choroidal neovascularization

Table 4. Univariate and multivariate linear mixed models for associations between various clinical parameters and visual outcome after treatment in Group 1 (CSC

with CNV).

Univariate Multivariate

B (95% CI) p-value B (95% CI) p-value
Age 0.011 (0.000 to 0.021) 0.050 - -
Sex —0.024 (-0.310 to 0.262) 0.865 - -
10P 0.008 (—0.035 to 0.051) 0.711 - -
SE 0.046 (—0.020 t0 0.113) 0.165 - -
CMT 0.001 (0.000 to 0.003) 0.142 - -
CT 0.002 (0.000 to 0.004) 0.026 0.001 (-0.001 to 0.003) 0.247
Pachyvessel diameter 0.002 (0.001 to 0.004) 0.001 0.002 (0.001 to 0.004) 0.001
Choroidal caverns -0.007 (-0.081 to 0.067) 0.847 - -

CI, confidence interval; IOP, intraocular pressure; SE, spherical equivalent; CMT, central macular thickness; CT choroidal thickness

p-values < 0.05 that are statistically significant are in bold font.

https://doi.org/10.1371/journal.pone.0245342.t1004

Discussion

Chronic CSC can lead to progressive visual dysfunction due to persistent serous retinal detach-
ment, photoreceptor damage, and RPE atrophy [25]. It may be complicated with CNV known
to be associated with decreased visual acuity [15]. Due to its poor prognosis, exact and prompt
detection of CNV is imperative. Conventional imaging methods, such as FA and ICGA, can-
not show NV apparently. The dye leakage in FA may prevent the effective NV visualization.
Specifically in chronic CSC, sometimes even the clear leakage, pooling, and staining effect are
not so obvious [21]. The use of OCTA allows for easier identification of NV in CSC. Quar-
anta-El Maftoubhi et al. [18] reported that OCTA can be used to detect NV in CSC that could
not be identified by FA or ICGA. Thus, the use of OCTA is invaluable for detecting CNV and
developing a therapeutic plan to address chronic CSC.

In the CSC with CNV group (Group 1), CMT, CT, and pachyvessel diameter were signifi-
cantly reduced after IVB. Visual acuity also improved significantly one month after treatment
with IVB. Anti-VEGF treatment for chronic CSC with CNV is well-established [26]. Schworm
et al. [27] reported that extended (6-month) anti-VEGF therapy yielded CMT reduction and
improved visual outcome in chronic CSC with CNV. Similarily, Matsumoto et al. [28]
reported that anti-VEGF therapy improved BCVA and CMT in pachychoroid neovasculopa-
thy over a 2-year period. These results are consistent with those of our study. The SRF in CSC
may originate from CNV activity and anti-VEGF treatment may be the most appropriate in
cases showing exudation from the CNV [29]. After all, OCTA is an advanced diagnostic
modality for CSC and if CNV was discovered by OCTA in chronic CSC patients, IVB could be
proper treatment to achieve better visual and anatomical outcomes.

On OCT, CSC usually manifests as prominent and diffuse choroidal thickening with dif-
fusely spread pachyvessels [30]. Increased CT is presumed to result mainly from the dilatation
of pachyvessels (the choroidal vessels in Haller’s layer) [31]. Baek et al. [30] reported that the
presence of pachyvessels was closely correlated with a greater CT and higher choroidal vascular
density. Dansingani et al. [32] showed that, in the case of pachychoroid spectrum diseases, the
site of maximal CT in swept-source OCT choroidal thickness maps had dilated pachyvessels. In
the CSC with CNV group in our study, CT and pachyvessel diameter were reduced after IVB.
Anti-VEGF agents are known to affect choroidal circulation. It may reduce choroidal hyper-
permeability by suppressing nitric oxide production, thereby reducing CT [33]. VEGF inhibi-
tion may also induce pachyvessel constriction, which would promote CT reduction.
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Compared to Groupl, the Group 2 (CSC without CNV) patients showed significantly larger
CT diameters before treatment. Savastano et al. [21] reported a greater CT in cases of CSC
without versus with CNV, similar to the results of our study. Moreira-Neto et al. reported atro-
phy of choriocapillaris in some areas surrounding CNV lesions in cases showing AMD [34]. In
our study, sectoral choroidal atrophy caused by CNV would have resulted in thinner CT in
Group 1. Further studies are needed to better understand this phenomenon. Regarding thera-
peutic results, there was no significant change in CMT or CT after IVB in Group 2. Moreover,
visual acuity did not improve; only pachyvessel diameter was significantly reduced at 1 month
after IVB treatment. This suggests that although anti-VEGF treatment reduced choroidal
hyperpermeability, it did not significantly reduce CMT via SRF absorption, nor improve the
visual outcome in Group 2. The use of IVB for treating chronic CSC has long been controver-
sial, due to the large variation in therapeutic efficacy among previous studies [35,36]. In a
meta-analysis, visual acuity and CMT at 6 months after IVB had not improved significantly
[35]. Thus, they failed to demonstrate a positive effect of IVB on CSC. On the other hand,
Chung et al. [36] reported that IVB treatment reduced CMT and improved visual outcomes in
chronic and recurrent CSC over a 12-month period. Although the direct comparison of these
studies is not appropriate because of different follow-up durations and the number of treat-
ments (the number of IVB injections, 1.3 and 3.7, respectively), the effect of IVB in chronic
CSC was contentious. However, these previous studies did not analyze the patients according
to the presence or absence of CNV on OCTA. Thus, the results of these previous studies may
be attributable to their CSC patients not being classified according to the presence or absence
of CNV through OCTA. In our study, the CSC without CNV group showed a poorer response
to IVB compared than the CSC with CNV group. This implies that, if CNV is not detected by
OCTA in chronic CSC, other conventional treatments such as PDT and focal laser photocoag-
ulation should be considered rather than IVB.

It is known that CSC with CNV is associated with a poorer visual outcome compared to
CSC without CNV [15,16]. However, few studies have addressed the prognostic factors in
chronic CSC with CNV. Thus, we attempted to identify factors affecting the short-term visual
outcome after treatment for CSC with CNV group. In our study, a thinner choroid, and espe-
cially a smaller pachyvessel diameter at baseline, were correlated with better visual acuity. As
mentijoned above, because CT changes may be affected by pachyvessels, pachyvessel diameter
may be a more important parameter with respect to short-term visual outcome; the larger the
pachyvessels, the more likely that the choroid has been damaged. In the severely damaged cho-
roid, the response to anti-VEGF may be poor, which may in turn result in a poor visual out-
come. On the other hand, Kim et al. [37] demonstrated that a good short-term response to
IVB in CSC could be expected with thicker choroid. However, they did not consider the pres-
ence of CNV revealed by OCTA, because their study was performed before OCTA had become
widespread; thus it may have included patients with CNV showing a good response to IVB.

The limitations of our study included its retrospective nature and small sample size. Also, our
study did not compare efficacy among different anti-VEGF drugs. Thus, further studies including
large numbers of patients are needed to compare the long-term outcomes of various anti-VEGF
drugs. The evaluation of changes in choroidal vessels after anti-VEGF treatment using OCTA
such as quantitative analyses of choriocapillaris would be also meaningful in the future study.

In conclusion, IVB showed less effective short-term outcomes in chronic CSC patients
without CNV than in patients with CNV, which was classified by OCTA. Therefore, other con-
ventional treatments such as PDT or focal laser may be more appropriate for chronic CSC
patients without CNV. Additionally, a thinner CT and smaller pachyvessels at baseline in
patients with CNV were associated with better short-term visual outcomes after IVB, which
demonstrated the importance of pachyvessels.
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