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PURPOSE: To assess the choroidal vascularity index (CVI) after subthreshold laser treatment in patients with central serous

chorioretinopathy (CSC).

METHOD: A total of 32 eyes with CSC were included in this study. In group 1, 14 eyes with persistent CSC were treated with the
PASCAL (Endpoint Management Software) at 577-nm wavelength and in group 2, 18 eyes without treatment. The luminal area (LA),
stromal area (SA), total area of choroid (TA), and CVI were measured by binarization (ImageJ) of optical coherence tomography
images. Changes of choroidal structure parameters were evaluated over 3 months.

RESULT: A significant decrease was observed in LA, TA, and CVI at the third month after the laser treatment (p = 0.018, p = 0.024,
p = 0.046). The best-corrected visual acuity (BCVA) and choriocapillaris plexus (CCP) flow area values were increased after treatment
in group 1 (p <0.001, p = 0.002). The final subfoveal fluid height, and CVI were lower in group 1 (p =0.003, p =0.011). The visual
acuity and CCP flow area were higher in group 1 at the third month (p < 0.001, p = 0.003). A positive correlation between the final

BCVA and CVI was observed (r=0.539, p =0.01).

DISCUSSION: Decreased CVI was observed in CSC eyes after subthreshold yellow laser treatment. The CVI may be a useful index to

evaluate the response to treatment.

Eye (2022) 36:1826-1831; https://doi.org/10.1038/541433-022-02090-7

INTRODUCTION

Central serous chorioretinopathy (CSC) is a frequent cause of
vision loss, particularly affecting men aged 20-50 years and
idiopathic retinal disorder with therapeutic challenges. The
pathway mechanisms of the underlying pathogenesis of the
disease are still controversial. Increased permeability of the
choriocapillaris is associated with detachment of the neurosensory
retina due to a dysfunctional retinal pigment epithelium (RPE)
[1, 2]. In 5-10% of patients, subretinal fluid may persist and RPE
changes may occur, resulting in chronic disease that requires
treatment [3].

In recent years, various novel nondamaging laser treatments
that minimize tissue thermal damage have increased. These
treatments limit the transmission of thermal energy to
photoreceptors by raising the temperature of the RPE to just
below the protein denaturation threshold, and no visible burns
occur [4, 5]. The important advantages of subthreshold laser
therapy are that we can apply the treatment near the fovea and
treat the same area multiple times. Subthreshold laser treat-
ment applied to CSC patients has been described before and its
effects on visual improvement are evaluated [6]. A previous
clinical study has shown that subthreshold laser therapy
reduces subretinal fluid and provides a visual improvement in
patients with CSC [5-7].

Expansion of the choroidal vessels and leakage into the
interstitial space are well-recognized hallmarks of CSC, and
anatomical follow-up of the disease is often performed with
enhanced depth imaging-optical coherence tomography (EDI-
OCT). In recent years, more detailed information has been
obtained through digital image processing research and various
software programs. The choroidal vascularity index (CVI) is also a
useful method to assess the anatomical components of the
choroid, obtained by these digital image binarization methods [8].

In the current study, we evaluated the luminal area of choroid
(LA), stromal area (SA), and the CVI and the association of these
anatomical parametric with functional outcomes in CSC patients
after subthreshold laser photocoagulation in the patients
with CSC.

METHOD

Thirty-two CSC patients have been included in this prospective study. The
study was approved by the institutional review board/ethics committee of
Mugla Sitki Kocman University, Faculty of Medicine, and followed all the
ethical standards stated in the Declaration of Helsinki (approval number: 9/
IV). All participants were informed about the clinical study, the treatment
to be performed, and their written consent was obtained. All of the cases
had CSC (=4 months of duration), and all of them were treatment-naive
patients.
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Enhanced depth imaging mode of spectral domain optical coherence tomography scan and OCTA image for CCP flow area.

A Sampling of CVI calculation via ImageJ software on EDI-OCT image. The yellow outlines expressed the luminal area applying the color
threshold tool. B CCP flow area image with 3 mm circular area via OCTA.

The inclusion criterion was the diagnosis of CSC disease lasting 4 months
or longer. Cases with any history of other macular disease, choroidal
neovascular membrane (CNV), retinal vessel occlusion, diabetic retino-
pathy, a history of photodynamic therapy (PDT), antivascular endothelial
growth factor (anti-VEGF) treatment, laser photocoagulation or intraocular
surgery were excluded from the study.

Demographic information and treatment follow-up notes of all
participating individuals were recorded. All cases underwent a detailed
ophthalmic examination that included measurement of best-corrected
visual acuity (BCVA), slit-lamp examination, fundus examination, OCT,
fundus fluorescein angiography (FFA), EDI-OCT, and optical coherence
tomography angiography (OCTA). BCVA was measured using the Snellen
visual acuity chart, then converted to logarithms of minimum angle of
resolution (logMAR) units for statistical analysis. Written and verbal
informed consent, clearly explaining all potential risks and possible
benefits of subthreshold laser treatment or observation, was discussed
with and obtained from every patient, adhering to good clinical practice
regulations and the tenets of the Declaration of Helsinki. As a result of the
informed consent, laser treatment was applied to those who accepted to
have subthreshold yellow laser treatment. We elected in favor of a real-life
random distribution with each study participant deciding their treatment
of choice based on the received standardized information. The CSC
patients were split into two parts by whether they received subthreshold
yellow laser treatment or not. Group 1 consisted of 14 eyes of 14 patients
treated with the subthreshold laser. Group 2 consisted of 18 eyes of 18
patients without laser treatment.

PASCAL laser (Topcon Medical Laser Systems, CA) with a wavelength of
577 nm (yellow laser) was preferred as phototherapy. OCT thickness map,
FFA, and fundus autofluorescence images were evaluated together to
determine the extent of the subretinal fluid and the location of serous
detachment. When adjusting the laser power, we firstly titrated the laser
power with 15 ms pulses, defined as 100% pulse energy, creating a barely
visible burn in a region distant from the macula between the temporal
arcades. All energy level corresponds to an individual pair of laser power
and pulse duration, as was explained previously [9]. We used Endpoint
Management (EpM) Software. The EpM permits putting some of the edge
spots of the pattern at 100% energy to produce visible marks for
adjustment. Then phototherapy was done on the leaky site in the FFA and
over the area with subretinal fluid, using 30% pulse energy with 200-um
retinal spot sizes and the spot spacing of 0.25 beam diameter. To prevent
possible photo-injury of the fovea, laser beams were applied at a safe
distance of 500 um from the fovea.
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The central macular thickness (CMT) was automatically measured with
OCT (Spectralis OCT, Heidelberg, Germany). Subfoveal choroidal thickness
(SCT) and the subretinal fluid height (SFH) were manually measured using
EDI-OCT scans. The CVI was measured by binarization of EDI-OCT images.
The image binarization was performed using a public domain software
(ImageJ, National Institutes of Health, Bethesda, MD, USA) previously
described by Agrawal et al. [8]. The choroidal area was measured manually
at 3000-um wide with the margins of 1500-um nasal and 1500-pm
temporal from the foveal center horizontally and from the RPE to the
choroidoscleral border vertically. First, the unit of length (as pm) and pixel
distance (200 um) was designated in the set scale. The images were
converted to 8-bit type, and then binarized to view the choroid-scleral
junction using the Niblack autolocal threshold. Next, the polygon tool was
used to select the total choroidal area between the RPE and choroid-scleral
junction. This area was saved to the region of interest (ROI) manager. The
images were then converted to Red-Green-Blue color type, and the color
threshold tool was used to select the dark pixels expressing the LA and
was added to the ROl manager. Finally, in order to determine the area of
vascularity within the selected polygon, both areas in the ROl manager
were selected and merged using the “AND” command (Fig. 1A). CVI value
was determined as the ratio of LA to TA. The light color pixels represented
SA that was calculated by subtracting the LA from the TA. These values
were measured separately by two researchers who were blinded to the
clinical information of the patients. The means of measurements by the
two researchers were used in the statistical analysis. The interobserver
reliability of manual calculations was evaluated using intraclass correlation
coefficients. Interinvestigator reliability between two retina specialists was
assessed with a k value, which was 0.978 (p < 0.001).

The choriocapillaris plexus (CCP) flow area was automatically measured
as just the detected flow signals at a radius of 3000 um centered on the
FAZ via OCTA (RTVue; Optovue, CA) (Fig. 1B). The images that scan quality
of OCTA below 7/10 were excluded from the study. In cases where the
device was faulty or insufficient in automatic segmentation, we corrected it
manually. Changes in BCVA and choroidal structure parameters were
evaluated over 3 months of follow-up and were compared between the
groups at the third month.

The SPSS 21.0 software program was used. The quantitative variables
were controlled by the Kolmogorov-Smirnov test for the normality
hypothesis. The contingency tables and y* test or Fisher's test (when
required) were used to compare the categorical variables. The indepen-
dent t-test was used for comparisons of parameters between independent
groups at baseline and at the third month. The paired Student t-test was
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used to compare the clinical values over time after the treatment. To
determine the relationship between visual acuity and clinical choroidal
structure parameters, Pearson’s correlation tests were measured. The p
value <0.05 was considered statistically significant.

RESULTS

A total of 32 eyes from 32 patients with CSC were identified in this
prospective study comprising 23 men and 9 women with a mean
age of 48 years. No statistically significant differences were
present among the groups with respect to age, sex, duration of
symptoms, smoking status, prior steroid use. Furthermore, no
significance in initial visual acuity or anatomical parameters
among the groups was observed. A summary of the baseline
characteristics and outcomes of image binarization analysis used
in this study is presented in Table 1.

Compared to the initial assessments in group 1, a significant
decrease was obtained in CMT, SCT, SFH, LA, TA, and CVI after
subthreshold laser treatment at the third month (respectively, p <
0.001, p=0.03, p<0.001, p=0.018, p=0.024, p=0.046). The
mean CVI was decreased from 74.29 +8.27 to 67.67 +5.44 after
the laser treatment in group 1. The BCVA was increased from 0.41
+0.1 to 0.11£0.09 logMAR and CCP flow area values were
increased from 19,341 +572.6 to 20,269 + 469 mm? at 3 months
after laser treatment in group 1 (p <0.001, p=0.002). SFH was
regressed from 186.2+68.1 to 48.2+48.8 um in eyes receiving
laser treatment (p <0.001). However, there was no statistically
significant change concerning BCVA, SFH, and choroidal structure
parameters in group 2 at the final visit compared to the baseline
values (Table 2).

There were no adverse effects associated with the treatment.
After laser treatment, there were no visible traces detectable by

Table 1. The comparison of baseline characteristics between groups.

Mean + SD

Group 1 Group 2

(n=14) (n=18)
p value
Age, y 48.5+13.5 47175 0.711
Sex F/M 4/10 5/13 0.632
Duration of 3.5+0.85 37107 0.330
symptoms, m
Smoking, n (%) 5 (35.7) 8 (44.4) 0.725
Prior steroid use, 2 (14.2) 4 (22.2) 0.672
n (%)
Ocular characteristics
BCVA, logMAR 0.41+0.10 0.43+0.119 0.544
Spherical 0.75+ 041 0.65+0.35 0.475
equivalent, D
CMT, pm 437 +£249 444 +27.11 0.463
SCT, ym 469.2+51.5 442.8 +62.1 0.210
SFH, pm 186.2 £ 68.1 156.3+52.8 0.171
LA, mm? 1.100+0.187 1.135+0.288 0.700
SA, mm? 0.386+0.143 0.489+0.190 0.100
TA, mm? 1.486 £ 0.225 1.624 £ 0.351 0.187
CVl, % 74.29 £8.27 70.19£9.87 0.212
CCP flow area, mm? 19,341 +£572.6 19,354 +455.9 0.940

Group 1: central serous chorioretinopathy (CSC) eyes treated with subthreshold
laser, Group 2: CSC eyes without treatment.

SD standard deviation, F female, M male, BCVA best-corrected visual acuity, CMT
central macular thickness, SCT subfoveal choroidal thickness, SFH subretinal
fluid height, LA luminated choroidal area, SA stromal choroidal area, TA total
choroidal area, CVI choroidal vascularity index, CCP choriocapillaris plexus.
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OCT or fundus autofluorescence. The solely noticeable marks of
the approach were the landmarks, which seem like a point of
increased autofluorescence of the RPE in the titration region.

At the third month, the CVI was 67.67 £5.44% in group 1 and
72.7+5.13% in group 2. The final CMT, SFH, and CVI was
significantly lower in group 1 than group 2 (p =0.006, p = 0.003,
p =0.003, p=0.011). The final BCVA was 0.11£0.09 logMAR in
the group 1 and 0.36 + 0.18 logMAR in the group 2. The BCVA and
CCP flow area were higher in group 1 at the 3 months (p < 0.001,
p = 0.003) (Table 3). Subretinal fluid totally resolved in 10 eyes of
14 eyes (71.4%) of the patients after laser treatment at the third
month. In 4 (28.6%) laser-treated eyes, the subretinal fluid
persisted at the final visit and the mean SFH decreased from
210+ 83 to 168.5 £ 59 um. In eyes with complete response to laser
treatment, the mean CVI, TA, and LA were lower than in the eyes
with limited response (for eyes without subretinal fluid, the mean
CVI=66.5£56%, TA=125+028mm? LA=0.84%023mm?
for eyes with subretinal fluid persisted at the final visit, the mean
CVI=70.6 +3.8%, TA=15%0.16 mm?, LA = 1.06 = 0.13 mm?).

When we examined the follow-ups of the untreated group,
subretinal fluid in 2 eyes (11.1%) of 18 eyes completely resolved
spontaneously after three months. Subretinal fluid persisted in the
other 16 eyes at the end of the third month. In 5 of 16 eyes, CMT
was decreased (min-max: 10-47 pym). There was no statistically
significant change in terms of CMT and SFH in 16 eyes of
untreated patients at the final visit compared to the baseline
values (CMT was decreased from 439.3+24 to 429.9+31 um,
p =0.353. SFH was decreased from 156.2 +56 to 143.9 £ 75 um,
p = 0.580).

We obtained a positive correlation between the BCVA and CMT,
SFH, LA, and CVI by month 3. A negative correlation between
BCVA and CCP flow area was observed (Table 4).

DISCUSSION

In the current study, we reported the visual acuity and choroidal
anatomic results obtained with the image binarization method
after subthreshold yellow laser photocoagulation. The visual
acuity was improved at 3-month in the laser-treated group.
Concerning the choroidal structural outcomes, in CSC eyes with
subthreshold yellow laser treatment, a significant decrease was
remarked in SFH, LA, and CVI at the third month after treatment. A
positive correlation between the BCVA and SFH, LA, and CVI was
obtained in our study.

Several authors have demonstrated dilatation of choroidal
vessels and increased SCT in CSC patients using EDI-OCT [10, 11].
Previous studies with indocyanine green angiography have shown
that CSC shows choroidal vessel dilatation in the acute phase, as
well as diffuse leakage from the choriocapillaris to the stroma
[12, 13]. The pachychoroid spectrum disorders are affected by
increased choroidal vascularity due to functional and structural
changes of the choroid. Therefore, measuring choroidal thickness
alone may not be sufficient to investigate the disease profile and
response to therapy. For this reason, new quantitative values such
as CVI, which provides more detailed information about anatomy
by processing images obtained in pachychoroid spectrum
diseases, have been frequently used in clinical investigations in
recent years. The CVI may be a valuable index to provide
additional data to evaluate the choroidal anatomical structure.

Agrawal et al. showed that there is also an increase in LA, the
vascular component associated with an increase in CVI in CSC
compared to fellow eyes and healthy eyes [8]. Furthermore,
increased CVI in the CSC patients had been demonstrated by
other studies [8, 14], The CVI, the ratio of LA to TA, is a parameter
that quantitatively describes the choroidal vasculature and is
evaluated in various chorioretinal diseases in the literature.
Another study that included the chronic CSC patients demon-
strated a significant decrease in SCT and TA, LA, and CVI after half-
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A

Comparison of BCVA and structural outcomes at baseline and at 1- and 3-month follow-up between eyes receiving subthreshold laser

C

Table 2.
treatment versus eyes without treatment.
Mean £ SD
Baseline

Group 1 (n=14) BCVA, logMAR 0.41+0.10
CMT, um 437+249
SCT, um 469.2+51.5
SFH, um 186.2 £ 68.1
LA, mm? 1.100 £ 0.187
SA, mm? 0.386+0.143
TA, mm? 1.486 + 0.225
CVI, % 74.29 +8.27
CCP flow area, mm? 19,341+ 572.6

Group 2 (n=18) BCVA, logMAR 0.43+0.119
CMT, um 444 +27.11
SCT, um 4428+ 62.1
SFH, um 156.3+52.8
LA, mm? 1.135+0.288
SA, mm? 0.489 +0.190
TA, mm? 1.624 +0.351
CVI, % 70.19+9.87
CCP flow area, mm? 19,354 + 455.9

Month 1 Month 3 p p p
0.21+£0.12 0.11 £0.09 0.02 0.037 0.001
407.6 +£51.82 362.2+£51.2 0.012 0.005 <0.001
406.1 £ 142.1 426.6 + 65.2 0.108 0.598 0.03
137.8+37.6 48.2+48.8 0.052 0.001 <0.001
0.965 +0.148 0.908 +£0.229 0.012 0.297 0.018
0.389+0.124 0.419+0.64 0914 0.372 0.284
1.354 +0.241 1.328 £0.272 0.001 0.627 0.024
71.72+£6.39 67.67 £5.44 0.258 0.175 0.046
19,698 +719.5 20,269 + 469.4 0.019 0.040 0.002
0.41+0.13 0.36+0.18 0.594 0.271 0.186
436 +31.2 415.8 +50.7 0.028 0.118 0.030
423.4+65.6 428.2 +54.2 0.395 0.786 0.397
134.7 £45.5 128 £80.9 0.257 0.686 0.200
1.120 £ 0.275 1.108 £0.327 0.234 0.763 0.501
0.491 +0.168 0.410+0.111 0.989 0.109 0.146
1.611+0.337 1.518 +£0.403 0.822 0.118 0.151
69.4 + 8.64 72.7+5.13 0.799 0.171 0.306
19,471 +£537.7 19,577 £ 667 0.055 0.560 0.163

Group 1: central serous chorioretinopathy (CSC) eyes treated with subthreshold laser, Group 2: CSC eyes without treatment.

SD standard deviation, BCVA best-corrected visual acuity, CMT central macular thickness, SCT subfoveal choroidal thickness, SFH subretinal fluid height, LA
luminated choroidal area, SA stromal choroidal area, TA total choroidal area, CVI choroidal vascularity index, CCP choriocapillaris plexus.

p™: paired sample t-test for Baseline vs month 1, p% month 1 vs month 3, p<: baseline vs month 3. Bold values are statistically significant (p < 0.05).

Table 3. Comparison of BCVA and structural outcomes at the
third month.
Mean + SD
Group 1 Group 2 p value
(n=14) (n=18)
BCVA, logMAR 0.11+£0.09 0.36+0.18 <0.001
CMT, ym 362.2+51.2 415.8 +50.7 0.006
SCT, pm 426.6 +65.2 428.2+54.2 0.939
SFH, pm 48.2+£48.8 128 +80.9 0.003
LA, mm? 0.908 +0.229 1.108 £ 0.327 0.062
SA, mm? 0.419 + 0.64 0.410+0.111 0.788
TA, mm? 1.328 £0.272 1.518 +£0.403 0.140
QVl, % 67.67 +5.44 727 £5.13 0.011
CCP flow area, mm? 20,269 +469.4 19,577 £ 667 0.003

Group 1: central serous chorioretinopathy (CSC) eyes treated with
subthreshold laser, Group 2: CSC eyes without treatment.

SD standard deviation, BCVA best-corrected visual acuity, CMT central
macular thickness, SCT subfoveal choroidal thickness, SFH subretinal fluid
height, LA luminated choroidal area, SA stromal choroidal area, TA total
choroidal area, CVI choroidal vascularity index, CCP choriocapillaris plexus.
Bold values are statistically significant (p < 0.05).

dose full fluency PDT treatment [15]. lovino et al. demonstrated
that the CMT, SCT, TA, and LA were decreased after PDT for
chronic CSC. Furthermore, they supported that these choroidal
parameters may provide additional quantitative biomarkers to
evaluate the anatomic response to therapy. However, they did not
find any significant difference in terms of CVI [3]. In contrast to
their study, we observed a significant decrease in CVI values after
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Table 4. The correlation between final BCVA and OCT parameters.

Final BCVA, logMAR

r [
CMT, pm 0.494 0.004
SCT, um 0.093 0.614
SFH, um 0.763 0.001
LA, mm? 0.413 0.019
SA, mm? —0.156 0.395
TA, mm? 0.305 0.09
CVI, % 0.539 0.01
CCP flow area, mm? —0.553 0.01

BCVA best-corrected visual acuity, CMT central macular thickness, SCT
subfoveal choroidal thickness, SFH subretinal fluid height, LA luminated
choroidal area, SA stromal choroidal area, TA total choroidal area, CV/
choroidal vascularity index, CCP choriocapillaris plexus.

Bold values are statistically significant (p < 0.05).

subthreshold yellow laser treatment. This difference may be due
to the following reasons: we applied subthreshold laser treatment
instead of PDT and a submacular 3-mm choroidal area was used
for calculating CVI and image processing.

Acute CSC often does not require treatment, but in chronic CSC,
the prolonged presence of subretinal fluid can damage the
photoreceptor layer and cause permanent vision loss [16].
Therefore, treatment may be indicated in chronic CSC to achieve
earlier visual recovery and also to reduce the possible risk of
macular damage. In recent years, various treatment approaches
have been reported for chronic CSC. Conventional laser treat-
ments can induce thermal injuries in the retina, they have also
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side effects such as visual field defects, focal scar enlargement,
CNV, and the development of new leak sites [17]. PDT, another
alternative therapy, has achieved successful anatomical outcomes
in the treatment of chronic CSC, but has various side effects such
as choroidal ischemia, rupture or RPE atrophy, and CNV [6, 18-21].
Anti-VEGF agents have little place in the management of CSC in
daily practice unless secondary CNV develops [21].

Previous studies using subthreshold micropulse laser (SML)
treatment demonstrated a success rate of approximately 70% in
patients with chronic CSC [22, 23]. Kim et al. presented that in
chronic CSC patients subretinal fluid was resolved in 81.5% at 1
year after the SML treatment [6]. In the PLACE trial which was a
multicentric randomized controlled clinical trial, the investigators
compared the anatomic and functional efficacy and safety of half-
dose PDT versus high-density subthreshold micropulse diode laser
(HSML) treatment in patients with chronic CSC [24]. The outcomes
of the study demonstrated that 67.2% of PDT-treated patients and
28.8% of HSML-treated patients had complete resorption of
subretinal fluid at 8 months. They found that the efficacy of half-
dose PDT concerning for complete resolution of subretinal fluid
was superior compared with HSML. However, at the final
evaluation visit, there is no significant difference in terms of the
increase in BCVA relative to baseline between the groups and the
authors reported similar results to prevent visual loss [24]. Van
Rijssen et al. evaluated the CVI in 29 chronic CSC eyes after the
PDT and HSML treatment. In their study, the change in CVI, when
comparing CVI before and after treatment for both groups, was
not significant. Furthermore, they observed no significant correla-
tion between CVI and BCVA [25]. Although different devices and
lasers of different wavelengths were used in all these studies,
similar mechanisms (stimulation of the RPE pump, increase of
cellular functions) of nondamaging subthreshold laser beam
therapy in chronic CSR mediated the decrease in subretinal fluid
and the increase in visual acuity.

However, in our study, we applied subthreshold yellow laser
treatment with EpM software to eyes with CSC instead of
micropulse laser. EpM software has some advantages over
micropulse laser therapy, such as providing a suitable titration
protocol for each patient, providing the appropriate energy level
to stimulate the RPE in each patient, using shorter pulses and
patterns, allowing faster and more reproducible treatment, and
allowing the treatment site to be marked [26]. Lavinsky et al.
reported that 75% of laser-treated patients had demonstrated no
subretinal fluid in the sixth month in a study that used EpM
software at 577-nm wavelength. They concluded that the 577-nm
PASCAL laser treatment with EpM was safe, and it increased visual
acuity and resolved subretinal fluid in CSC [26]. Similar to previous
results, in our study, 71.4% of laser-treated patients had complete
regression of subretinal fluid and BCVA was significantly increased
after subthreshold yellow laser treatment at the third month. CVI
was found to be lower in cases with good response (subretinal
fluid totally resolved) to subthreshold laser compared to eyes with
limited response. Although the sample size was small for definitive
conclusions, it suggested that CVI may be valuable in evaluating
response to treatment.

The dynamic response of the retina to non-destructive
hyperthermia was observed by evaluating the amount of heat
shock protein (HSP70) expressed in previous animal experiments
[27, 28]. The mechanism of action is hypothesized to be as follows;
The upregulation of HSPs induced by thermal stress in the RPE and
choroid results in increased fluid pumping ability and cellular
functions of the retina [26]. Furthermore, the 577-nm yellow laser
has some advantages over the 810-nm diode laser. The subthres-
hold yellow laser treatment produces combined absorption by
both melanin and oxyhaemoglobin, resulting in maximum
absorption in the RPE and choriocapillaris. It also has little
xanthophyll absorption that allows the repeated therapy close to
the fovea. It causes lower intraocular light scattering and lower
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pain. The major advantages of the procedure are the tissue-sparing
effect and the reproducibility of the sessions after 3 months in case
of recurrence or unresponsiveness of subretinal fluid [6, 29].

The precise pathophysiological changes that lead to CSC-
related RPE leakage remain unclear. Studies with indocyanine
green angiography have also shown delayed filling of areas with
choroidal hyperpermeability, suspecting that this may be a
functional result of CCP ischemia in CSC [30, 31]. Demirel et. al
reported that the vascular density and flow area of CCP were
lower in eyes with CSC. They also suggest that the severity of the
CCP ischemia secondary to enlarged choroidal vessels may be
related to RPE abnormalities and subretinal fluid [31]. Shadowing
artifacts or a decrease in perfusion of choriocapillaris may cause a
decreased CCP flow area. In our study, the CCP flow area was
increased after treatment. It was due to decrease ischemia of CCP
or reducing shadowing artifact after laser treatment. Therefore, it
is difficult to make a definitive comment on this issue, and
detailed studies are needed in the future.

Limitations of the study are relatively short follow-up times,
non-randomized nature, and lack of a control group. Another
limitation is that settings such as treatment type, laser character-
istics such as duration, power, titration, and wavelength are
different in recently published studies. This limitation is important
when evaluating outcomes and response to treatment compared
to previous studies. There were also some methodological
restrictions with the binarization method, such as the absence
of a spatial resolution to detect the luminal and stromal
components of the choriocapillaris, shadowing of more extended
retinal vascular structures on the choroid that could result in CVI
variations [32]. However, the prospective design of our study and
the homogenization of the groups in the study increase the value
of the results obtained in the study. In addition, our study included
preliminary choroidal structure and CVI findings regarding CSC
patients treated with subthreshold yellow laser and will shed light
on future studies. As far as we know, there has been no
investigation linked to CVI in CSC patients who received
subthreshold yellow laser photocoagulation.

In conclusion, this study showed a significant decline of SCT, LA,
TA, and CVI in patients with chronic CSC undergoing nondamaging
subthreshold yellow laser at 3-month with visual acuity gain. Our
investigation may contribute further confirmation of the targeted
influence of subthreshold yellow laser on the healing of the
hyperpermeable choroidal vessels. The nondamaging laser was
effective in improving both visual acuity and resorption of the
subretinal fluid, providing good anatomical and physiological
results. However, no significant functional and anatomical improve-
ment was observed in patients who did not receive treatment. The
results of our study suggest that quantification of CVI in addition to
SCT from EDI-OCT can contribute to assessing the choroidal
anatomical response to therapy. Further comprehensive multi-
disciplinary studies are needed for more precise interpretations.

Summary
What was known before

® (VI was previously known to provide additional data to
evaluate the anatomical structure of the choroid. Subthres-
hold laser treatment applied to CSC patients has been
described before and its effects on visual improvement.

What this study adds

® The 577-nm subthreshold laser treatment with EpM increased
the visual acuity and resolved subretinal fluid in CSC.
Decreased CVI in CSC eyes after subthreshold yellow laser
treatment is useful in the anatomical evaluation of the choroid.

Eye (2022) 36:1826 - 1831
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