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Abstract

Purpose To concurrently evaluate the effect of half-fluence photodynamic therapy (hf PDT) on choriocapillaris (CC) perfusion
and choroidal structure in chronic central serous chorioretinopathy (CSC).

Methods This prospective study included 48 eyes of 41 patients with chronic CSC. Enhanced depth imaging optical coherence
tomography and optical coherence tomography angiography (OCTA) images were analyzed. Choroidal area (CA), luminal area
(LA), and stromal area (SA) were computed using Image J software.

Results One month after hf~PDT, total CA decreased to 1.312 mm? from 1.490 mm?> (p<0.001), LA decreased to 0.981 mm?
from 1.097 mm? (p <0.001), and SA decreased to 0.331 mm? from 0.393 mm? (p <0.001). In OCTA, the CC flow in the eyes
with CSC (17.75 mm?) was statistically significantly lower than the fellow eyes (18.93 mm?) at the baseline visit (p < 0.001).
After hf-PDT, the flow in the choriocapillaris statistically significantly increased to 18.81 mm? at the first month (p = 0.02).
Conclusions OCTA proves that after hf-PDT a significant increase in CC perfusion occurred at first month. The decrease of the
luminal areas in enhanced depth imaging optical coherence tomography is mainly due to a decrease in large-caliber vessels,
which indicates that hf-PDT has an effect on larger choroidal vessels and spares CC flow.

Keywords Half-fluence photodynamic therapy - Optical coherence tomography angiography - Chronic central serous
chorioretinopathy - Choriocapillaris perfusion

Introduction

Central serous chorioretinopathy (CSC) is a pathology with un-
known mechanism characterized by detachment of the neurosen-
sory retina due to the accumulation of serous fluid between the
retinal pigment epithelium (RPE) and photoreceptor layers.
Acute and chronic forms of the disease have been defined.
Acute CSC is generally self-limited with spontaneous regression,
and it results in minimal sequelae. In chronic CSC, the long-term
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persistence (longer than 6 months) of subretinal fluid (SRF) may
cause atrophy of the RPE, choroidal neovascularization, cystoid
retinal degeneration, and permanent vision loss [1, 2].
Treatment of chronic CSC includes various options, such as
modification of the risk factors (discontinuation of steroids) [3],
medical treatment (carbonic anhydrase inhibitors, oral
eplerenone) [4, 5], conventional focal laser [6], micropulse la-
ser, photodynamic therapy (PDT) [7, 8], and intravitreal injec-
tion of vascular endothelial growth factor inhibitors [7, 9]. Until
now, the standard therapy for chronic CSC, which would pre-
vent progressive pigment epithelium and photoreceptor damage
resulting in persistent visual impairment, has not been discov-
ered [10]. It has been reported that PDT with verteporfin in-
duces the resorption of SRF by reducing choroidal vascular
hyperpermeability [11, 12]. However, it has the potential for
serious side effects, such as choroidal ischemia, RPE atrophy,
and iatrogenic choroidal neovascularization [13, 14]. To avoid
these complications, newer PDT protocols, including half-dose
[15] and low-fluence [16] applications, have been developed.
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The exact mechanism of the action of PDT on the choroid
layer in chronic CSC remains unclear. There is a speculation
that transient choriocapillaris (CC) occlusion leads to choroi-
dal vascular remodeling and the reduction of choroidal exu-
dation [7, 17, 18]. It has been reported that low-fluence PDT
reduces the risk of PDT induced choroidal hypoperfusion
without causing significant differences in treatment efficacy
compared to standard fluence PDT [19].

Histopathological findings have demonstrated the vascular
occlusion at the level of choriocapillaris 1 week after both
50 J/em? and 100 J/em? PDT [20]. Optical coherence tomog-
raphy angiography (OCTA) is a novel imaging modality that
enables choroidal vascular abnormalities to be detected and
CSC to be diagnosed without the need for intravenous contrast
injection [21-23]. It has been reported that OCTA is
able to visualize enlarged CC vessels [22] and choroidal neo-
vascularization (CNV), which is undetectable with other im-
aging modalities [24]. The correlation of the changes in the
choriocapillaris and thickness of the choroidal area and vas-
cular luminal area may enlighten us to understand what part of
the choroid is affected the most after half-fluence PDT (hf-
PDT) treatment. The aim of the present study is to define the
choroidal alterations after hf-PDT in chronic CSC using
OCTA and enhanced depth imaging optic coherence tomog-
raphy (EDI-OCT), and to detect the changes in the luminal
and stromal areas using Image J software.

Materials and methods
Patient selection

This prospective interventional study included 48 eyes of 41
patients with chronic CSC. The study was conducted at the
Ophthalmology Department of the Ankara University School
of Medicine from April 2016 to April 2018. Forty-one patients
were enrolled in the study after the following criteria were
excluded: symptom duration less than 3 months, previous
PDT, evidence of choroidal neovascularization and polypoidal
choroidal vasculopathy, high myopia defined as a refractive
error (spherical equivalent) <—6.0 diopters or an axial length
> 26.5 mm, patients under corticosteroid therapy, patients with
other ocular diseases that may affect visual acuity or clinical
findings, and patients who had undergone intraocular surger-
ies, including laser photocoagulation. The diagnosis was
based on a fundoscopic examination, fluorescein angiography
(FA), indocyanine green angiography (ICGA), EDI-OCT, and
OCTA. Approval from the ethics committee of the Ankara
University Faculty of Medicine was obtained (14-948-18).
The protocol of this study conformed to the tenets of the
Declaration of Helsinki. Written informed consent was obtain-
ed from all of the participants to perform PDT, take the mea-
surements, and review their medical records.
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The primary outcome measure of the study was a change in
the choroidal microcirculation after hf-PDT, which was eval-
uvated with OCTA by analyzing the flow area in the
choriocapillaris layer. The secondary outcome measures were
changes in the total choroidal area, stromal area, luminal area,
and lumen to stroma ratio after hf-PDT, which were evaluated
with Image J software integrated with SD-OCT.

Study protocol

Patients were examined during a baseline visit and 1, 3, and
6 months after undergoing PDT therapy. At each visit, each
participant underwent a complete ophthalmic examination that
included best corrected visual acuity (BCVA) with Early
Treatment Diabetic Retinopathy Study (ETDRS) charts, slit-
lamp biomicroscopy, and a dilated fundus examination.
Spectral-domain optical coherence tomography (SD-OCT) with
the enhanced depth imaging module (Spectralis®, Heidelberg
Engineering Inc., Heidelberg, Germany) and OCTA (Avanti RT
Vue XR® with AngioVue® software; Optovue Inc., Fremont,
USA) were performed for all patients. All examinations were
performed within the same time interval (between 11:00 am and
3:00 pm) to avoid diurnal variations of the choroidal structures.
Six patients did not participate in the final visit.

The caliber tool of the Heidelberg Eye Examination soft-
ware was used on EDI-OCT scans to calculate the inner foveal
thickness (IFT; the distance between the internal limiting
membrane [ILM] and the external limiting membrane
[ELM]), which shows PDT influence on photoreceptors; cho-
roidal thicknesses (distance between the outer border of the
RPE and the chorioscleral interface); and the maximum height
of the SRF (distance from the outer part of the external limit-
ing membrane to the outer part of the RPE layer).

The binarization of the choroidal area was done with Image
J software (version 1.50a; National Institutes of Health,
Bethesda, MD, USA). A 3000-um wide area with margins
of 1500 um nasal and 1500 um temporal to the fovea was
selected. The choroidal area defined from the RPE to the
chorioscleral border, and the borders were set manually with
the Image J ROI Manager. Three choroidal vessels with lu-
mens > 100 um were selected by the oval selection tool, and
the average reflectivity of the luminal areas was determined.
Niblack method was used for the binarization of the choroidal
image. Then the image was converted to eight bits and adjust-
ed by the Niblack auto local threshold. The luminal area was
determined by using the threshold tool. After adding the dis-
tance between the pixels, the choroidal area, luminal area, and
stromal area were calculated automatically. The light pixels
were accepted as the stromal area, and the dark pixels were
accepted as the luminal area.

All of the OCTA scans were performed with AngioVue soft-
ware of the RTVue XR Avanti (Opto-Vue, Inc., Fremont, CA).
This 70,000 Hz (840-nm wavelength) system obtained two
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repeated B-scans of the same 6 mm x6 mm area centered on the
fovea. The split spectrum amplitude-decorrelation angiography
algorithm compares the amplitude fluctuation of the reflected light
between the consecutive B-scans. The static background tissue
has a low decorrelation value, whereas blood flow has a high
decorrelation value, thus blood flow can be distinguished from
background tissue. Several OCTA parameters, including the fo-
veal avascular zone (FAZ) area and vessel density in both the
superior capillary plexus (SCP) and deep capillary plexus
(DCP), were also measured. The choriocapillary layer (from 30
to 60 um beneath the upper boundary of the RPE) was evaluated
by the enface OCT angiogram.

Photodynamic therapy

A half-fluence PDT protocol with Zeiss Visulas 690S PDT Laser
System (Zeiss/Humphrey 2003, Jena, Germany) was applied.
Verteporfin (Visudyne®; Novartis Europharm Ltd., Horsham,
West Sussex, UK) was administrated intravenously at a dose of
6 mg/m? over 10 min. Fifteen minutes after the start of the infu-
sion, a contact lens (Volk® area centralis) was positioned on the
affected eye, and a 689-nm laser was delivered for 83 s at a
reduced light dose of 25 J/em? and an intensity of 300 mW/
cm?. The area where the treatment was applied was chosen based
on the hyperfluorescent areas in the midphase of the ICGA, cor-
responding to the SRF in the OCT and the hyperfluorescent “hot
spots” of leakage in the midphase of FA. Greatest linear dimen-
sion was determined with reference to the area described above.

Statistical analysis

Descriptive statistics are expressed as mean =+ standard devia-
tion and median (min-max) for continuous variables. A
Shapiro-Wilk test was performed for all variables to detect
departures from a normal distribution. A paired-sample # test
and Wilcoxon test were applied to compare the baseline

values with each follow-up depending on the normality anal-
yses. The level of significance was established at p < 0.05. The
statistical analyses were performed using SPSS (Statistical
Package for Social Sciences; version 15.0).

Results

Forty-eight eyes of 41 patients (20% female, 80% male) with a
mean age of 46+10.6 (34-74) were analyzed. The current
systemic diseases of the patients were systemic hypertension
in 7 cases, type A personality in 2 cases, hyperthyroidism in 1
case. The systemic blood pressure of the all hypertensive pa-
tients was under control with medical treatment.

The mean duration of symptoms before hf-PDT was 13 +
6.8 months. Before hf-PDT, 13 patients had undergone anti-
vascular endothelial growth factor injections (a mean of 4.3 +
3.2 injections) and five eyes had received subthreshold
micropulse yellow wavelength laser treatment. The last injec-
tion had been performed at least 3 months before hf-PDT. The
mean hf-PDT spot size in the treated eyes was 3.8 £ 0.7 mm
(range, 2.3-5.1). The mean logMAR BCVA before hf-PDT
was 0.34 +0.30 and improved to 0.25+0.29 at 1 month (p =
0.027),0.26 £0.36 at 3 months (p =0.081), and 0.27 £ 0.27 at
6 months after treatment (p =0.017).

The statistical analysis including the data about the com-
parison of CSC eyes and fellow eyes was performed in 34
patients with unilateral involvement. In the structural OCT,
when compared with the fellow eye, central choroidal
thickness (CCT) (p=0.001), total choroidal area (CA)
(»p=0.006), luminal area (LA) (p=0.009), and stromal
area (SA) (p=0.013) were greater, and inner foveal
thickness (IFT) (p<0.001) was lower in the CSC eyes
(Table 1). The lumen to stroma ratio did not show any
differences between the CSC eye (2.87+0.4) and fellow
eye (2.94+0.5) (p=0.63).

Table 1 Baseline structural and
optical coherence tomography
angiography characteristics of
eyes with chronic central serous

chorioretinopathy and fellow eyes
(mean + standard deviation) (n =
34 eyes)

CSC eye Fellow eye p value

Mean + SD Mean + SD
Central choroidal thickness (pum) 489.06 + 101.5 420.31 = 116.9 0.001
Choroidal area (mm?) 1.54 + 0.39 1.35 +0.39 0.006
Luminal area (mm?) 1.14 £ 0.27 1.00 + 0.29 0.009
Stromal area (mmz) 040 £0.12 0.35£0.11 0.013
Inner foveal thickness (um) 84.55 £ 26.9 124.46 = 39.0 < 0.001
Lumen to stroma ratio 2.87 £0.44 294 +£05 0.68
Flow in choriocapillaris (mm?) 17.75 £ 2.35 1893 £ 1.8 <0.001
Vessel density in superior capillary plexus (%) 5275 £3.24 53.05+25 0.37
Vessel density in deep capillary plexus (%) 50.14 + 8.4 4925 +3.5 0.42
Foveal avascular zone arca (mmz) 0.362 £ 0.18 045 +0.24 0.09

Statistically significant p values (< 0.05) are italicized
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Table 2 Structural optical coherence tomography and Image J characteristics at baseline and follow-up visits (mean + standard deviation)

Baseline 1st month pvalue”  3rd month pvalue”  6th month p value*
Central choroidal thickness (pm) 476.87 £ 1129 42829+ 1184 <0.001  406.38 + 110.8 0.005  386.56 + 70.4 0.01
Nasal choroidal thickness (pm) 400.16 £ 127.9  377.70 £ 128.6 < 0.001  380.04 + 108.3 0.11 333.43 + 839 0.01
Temporal choroidal thickness (um)  421.89 + 111.8  360.06 + 111.4 < 0.00]  328.71 + 95.0 0.012  323.56 +73.4 0.01
Choroidal area (mm?) 1.490 + 0.42 1312+ 04 <0.001 1.245+03 0.001 1.144 £ 0.2 <0.001
Luminal area (mm?) 1.097 £ 0.3 0.981 £0.3 <0.001 0.886 £ 0.9 0.001 0.840 £ 0.2 <0.001
Lumen to stroma ratio 285+04 297+04 0.2 29404 0.3 283+04 0.7
Stromal area (mm?) 0.393 £0.13 0.331 + 0.1 <0.001 0.316 + 0.08 0.004 0.302 + 0.08 0.001
Subretinal fluid (pm) 156.45 + 85.5 145+ 352 <0.001 8.61 +31.7 <0.001 35+142  <0.001
Inner foveal thickness (pm) 82.45 +24.7 85.52+£29.3 0.55 74.0 + 25.4 0.71 75.6 +24.9 0.75

Statistically significant p values (< 0.05) are italicized

* p value was estimated from the comparison of the baseline and 1st month visit

T p value was estimated from the comparison of the baseline and 3rd month visit

¥ p value was estimated from the comparison of the baseline and 6th month visit

The changes in the structural OCT characteristics after hf-
PDT throughout the follow-up period are summarized in
Table 2. One month after hf-PDT, central choroidal thickness
decreased to 428.29 = 118.4 um from those taken at baseline
of 476.87+112.9 um (p <0.001), total CA decreased to
1312+ 0.4 mm” from 1.490 £0.42 (p < 0.001), LA decreased
to 0.981 +£0.3 mm? from 1.097 0.3 (p<0.001), and SA de-
creased to 0.331+0.1 mm? from 0.393+0.13 (» <0.001)
(Fig. 1). The lumen to stroma ratio (min, 2.83; max, 2.97)
was almost the same throughout the entire follow-up period
(p>0.05).

In the OCTA images, when the mean values were com-
pared with the mean values of the fellow eyes (18.93 +

Fig. 1 The change in total
choroidal area (CA), stromal area
(SA), and luminal area (LA) after
half-fluence photodynamic thera-
py calculated with Image J soft-
ware throughout follow-up peri-
od. a Baseline visit (CA =1.52,
SA=043,LA=1.09 mm?). b Ist
month (CA=141,SA=0.37,
LA =1.04 mm?). ¢ 3rd month
(CA=1.33,SA=0.36,LA=
0.97 mm?). d 6th month (CA =
1.28, SA=0.35, LA =0.93 mm?)
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1.8 mmz), the flow in the choriocapillaris was lower in the
eyes with CSC (17.75+2.35 mm?) (»p<0.001) (Table 1). At
the baseline visit, the mean values of superficial capillary
plexus vessel density, deep capillary plexus vessel density,
and foveal avascular zone area did not differ from the fellow
eye (p>0.05). The changes in the OCTA characteristics after
hf-PDT throughout the follow-up period are summarized in
Table 3. After hf-PDT, the flow in the choriocapillaris statis-
tically significantly increased to 18.81 + 1.9 mm? after the first
month (p = 0.02) and to 19.85 + 1.6 mm? after the sixth month
of the therapy (p =0.04) (Fig. 2). After hf-PDT, the statistical
difference in CC flow between the fellow and CSC eye mea-
surements disappeared throughout the follow-up visits (p =
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Table 3 Optical coherence tomography angiography characteristics at baseline and follow-up visits (mean + standard deviation)

Baseline 1st month pvalue®  3rd month pvalue"  6th month p valuet
Flow in choriocapillaris (mm?) 1792 £2.2 18.81 £ 1.9 0.02 18.66 £ 1.9 0.84 19.85 £ 1.6 0.04
Vessel density in superior capillary plexus (%)  52.07 + 3.5 49.65 +4.3 0.28 49.62 £47 023 52.10 £3.5 0.98
Vessel density in deep capillary plexus (%) 50.75 £ 7.7 51.25+49 0.93 5144 £42 0388 48.30 + 5.1 0.08
Foveal avascular zone area (mmz) 0408 £0.26 0393 +£0.26 0.68 038+02 0.52 041 +£0.19 096

Statistically significant p values (< 0.05) are italicized

* p value was estimated from the comparison of the baseline and 1st month visit

T p value was estimated from the comparison of the baseline and 3rd month visit

¥p value was estimated from the comparison of the baseline and 6th month visit

0.47, p=0.81, and p=0.18, respectively). Throughout the
entire follow-up, the OCTA parameters (except for CC flow)
did not show any significant changes (p > 0.05). The boxplot
graphics of the changes in total choroidal area, stromal area,
luminal area, and CC flow throughout the follow-up period
are shown in Fig. 3.

Discussion

To the best of our knowledge, this is the first study that eval-
uated the effect of hf-PDT on the vascular and structural pa-
rameters of the choroid using Image J and OCTA concurrently
throughout a six-month period. Changes in the CC flow and
the lumen-stroma ratio after hf-PDT treatment were evaluated
using OCTA and Image J software, which was integrated on a
cross-sectional B-scan of EDI-OCT. According to the results
of'this study, OCTA proves that hf-PDT does not decrease CC

Fig. 2 The change in
choriocapillaris flow area (mm?)
after half-fluence photodynamic
therapy in a fovea-centered circle
with 6-mm diameter calculated by
optical coherence tomography
angiography scans throughout
follow-up period: a Fellow eye
(21.326 mm>). b Baseline visit of

perfusion. The decrease of the luminal areas in EDI-OCT is
mainly due to a decrease in large-caliber vessels, which indi-
cates that PDT has an effect on larger choroidal vessels and
spares CC flow.

Another controversy about PDT is presently debatable: that
of whether or not it can cause severe complications such as
RPE atrophy, choroidal neovascularization occurrence, and
choroidal ischemia while maintaining positive effects for vi-
sual acuity, retinal sensitivity, the absorption of subretinal flu-
id, and the restoration of retinal architecture. In fact, it has
been largely demonstrated that modified PDT protocols may
be more effective in avoiding those severe complications [19,
25, 26]. Half-fluence PDT appears to be safe from many stud-
ies, but its real mechanism remains inconclusive [27, 28].
OCTA is a novel imaging technique that obtains high-
quality images of the retinal and outer choroidal circulation
of the choriocapillaris without the need for intravenous con-
trast injection [21]. This technique might provide additional

CSC eye (21.180 mm?). ¢ 1st
month (21.204 mm?). d 6th
month (21.920 mm?)

@ Springer
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Fig. 3 Boxplot graphics of the change in total choroidal area, stromal area, luminal area, and choriocapillaris flow area (mm?) throughout follow-up

period after half-fluence photodynamic therapy

insight regarding how choroidal vasculature is affected after
hf-PDT. In addition, evaluation of the structural changes of the
choroid such as the lumen and stroma ratio might bring addi-
tional knowledge to our understanding of the pathology of
CSC and its treatment.

According to the results of the studies that investigated CC
density as evaluated by OCTA in chronic CSC patients, the
CC vessel density was reported to be lower in the treated eyes
than the fellow eyes. Costanzo et al. reported dark areas cor-
responding rarefaction of choriocapillary vessel density prob-
ably caused by focal compression of choroid from enlarged
vessels in the CSC eyes [29]. Rabiolo et al. found that struc-
tural and vascular parameters are correlated in CSC and they
improve after different treatments [5]. Both hf-PDT and oral
eplerenone do not permanently damage the choriocapillaris or
other choroidal layers as evaluated by OCTA. Demircan et al.
showed that in a limited number of CSC patients,
choriocapillaris perfusion seemed to decrease during 3 days
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following hf-PDT and then returned to normal after 30 days of
therapy [30]. Schldtzer-Schrehardt et al. demonstrated selec-
tive occlusion of the choriocapillary layer while the deeper
and larger choroidal vessels appeared intact with open lumina
in the 50 J/em? PDT areas after 1 week [20]. Nassisi et al.
clearly showed that CC vessel density was significantly de-
creased after 1 week as compared with baseline, due to a
possible short-term impact of PDT on CC perfusion [31].
After 1 month, they found that the CC vessel density was
higher than the baseline value, probably because of CC recov-
ery. They believed that even though the subretinal fluid level
after 1 week and 1 month of PDT was not different, the CC
vessel density was significantly different at that time point.
Similar to this study, the CC flow area was not reduced after
one, three, and 6 months of therapy compared to the pretreat-
ment level in the present study. Since we did not have data
regarding immediate post-treatment results, we could not
claim that hf-PDT can decrease CC vessels after
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treatment and they become normal again. However, we
can conclude that it might not cause a deleterious effect on the
choriocapillaris even after 6 months of therapy.

Cheng et al. found that the choroidal perfusion (as reflected
by the decrease of the ratio of fluorescence) seen in [ICGA was
significantly decreased at all post-PDT follow-up time points
in both groups (P <0.01) [26]. Similar to this result, even if
OCTA proves that hf-PDT does not affect CC perfusion in the
long term, the decrease of the luminal areas in EDI-OCT that
is mainly due to a decrease in large-caliber vessels was con-
sistent after 6 months of treatment. CCT may not be represen-
tative of the entire choroidal vascular network involved in the
exudative processes of CSC. These findings could be ex-
plained by the decrease in total choroidal area, stromal area,
and luminal area evaluated by the Image J software. Our find-
ings indicate that PDT has an effect on larger choroidal vessels
and spares CC flow. Bearing in mind that, in CSC, a decrease
in the diameters of large dilated vessels need not always be
associated with a reduction in choroidal thickness, we believe
that further research is required to provide additional details
on the correspondence between the variations in vascular cho-
roidal permeability and changes in choroidal thickness.

In conclusion, the present study strengthens the diagnostic
value of OCTA in evaluating the choriocapillaris flow of eyes
with central serous chorioretinopathy. OCTA proved that after
hf-PDT a significant increase in CC perfusion occurred at first
month. This data may eliminate the most important concern
about the hf-PDT that is the risk of the distortion in the
choriocapillaris flow.
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