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The Choroid after Half-Dose Photodynamic 
Therapy in Chronic Central Serous 
Chorioretinopathy

Evita Evangelia Christou1,*, Andreas Katsanos1, Ilias Georgalas2, Vassilios Kozobolis3,  
Christos Kalogeropoulos1, Maria Stefaniotou1

ABSTRACT
Purpose: To characterize choroidal structure and vasculature after half-dose verteporfin photodynamic therapy (hd-vPDT) in eyes with 
chronic central serous chorioretinopathy using Enhanced Depth Imaging Optical Coherence Tomography (EDI OCT) and Optical Coherence 
Tomography Angiography (OCT-A).
Methods: This prospective case-control study included 10 eyes. Choroid was examined before and at 1 month following hd-vPDT. We 
measured choroidal thickness (CT) at subfoveal area and at 750 μm nasal and temporal of fovea and thickness of Haller and choriocapillaris/
Sattler layers. Whole (WA), luminal (LA) and interstitial area (IA) at EDI-OCT, and perfusion density at OCT-A were analyzed. The unaffected 
fellow eyes were used for comparisons.
Results: Mean CT at subfoveal area and at 750 μm nasal and temporal of fovea, values of Haller and choriocapillaris/Sattler layers and those 
of WA, LA and IA were reduced, while PD increased at 1 month after hd-vPDT (all p < 0.001). There was a significant (p < 0.05) negative 
correlation (ρ = −0.658) between PD and post-treatment logMARVA. None of analyzed parameters reached values of unaffected fellow eye.
Conclusion: Following hd-vPDT, choroidal thickness with both luminal and interstitial components markedly decreased, while perfusion of 
choriocapillaris improved.
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INTRODUCTION

Central serous chorioretinopathy (CSC) is a chorioretinal 
disorder characterized by accumulation of fluid under 
the neurosensory retina due to dysfunction of the reti-
nal pigment epithelium (RPE) (1–4). A multimodal imag-
ing  approach has proposed that CSC in fact belongs to the 
pachychoroid spectrum of disorders, and the choroidal 
vascular hyperpermeability is the main pathophysiolog-
ical feature (5–8). Novel techniques have provided new 
insights in the visualization of the choroidal structure 
and circulation. Optical Coherence Tomography using the 
Enhanced Depth Imaging (EDI-OCT) mode allows us to 
highlight increased choroidal thickness and dilated large 
vessels in CSC (9–13). Optical Coherence Tomography An-
giography (OCT-A) provides detailed information regard-
ing the retinal and choroidal vascular layers and is useful 
for the analysis of perfusion changes (6, 7, 14, 15). The use 
of depth-resolved imaging methods provides evidence of 
the pathogenic mechanism of CSC during the course of the 
disease and after treatment (8–15). Verteporfin photody-
namic therapy (vPDT) for the treatment of chronic cases 
has been proven to be an efficacious option. It has been 
successfully used to reduce choroidal vascular congestion 
and hyperpermeability (16–19). Recent studies have re-
ported safety-enhanced protocols, in an attempt to min-
imize potential complications of standard vPDT such as 
choroidal ischemia, retinal pigment epithelium atrophy, 
choroidal neovascularization (CNV). Indeed, half-dose or 
low-fluence modified protocols have been found to be ef-
fective and safe in anatomical and functional outcomes re-
garding resolution of subretinal fluid (SRF), visual acuity 
(VA) and choroidal perfusion (20, 21).

The aim of this prospective study was to perform 
a  quantitative analysis of  choroidal structure includ-
ing luminal and interstitial components and to analyze 
vascular changes of the choriocapillaris (CC) before and 
 after  applying half-dose vPDT (hd-vPDT) in patients with 
chronic CSC.

MATERIAL AND METHODS

STUDY DESIGN
The study was conducted at the Department of Ophthal-
mology of the University of Ioannina, Greece, between 
September 2020 and March 2021 after receiving approval 
from the institutional ethics committee (gm 3/24N2020). 
The investigation adhered to the tenets of the Declaration 
of Helsinki. Informed consent was obtained from each pa-
tient before any study-related activity.

This was a prospective comparative study. Patients who 
underwent hd-vPDT for chronic CSC were recruited and 
their data were analyzed. Inclusion criteria were: a) di-
agnosis of chronic CSC, b) a single successful treatment 
with hd-vPDT, c) complete EDI-OCT and OCT-A data be-
fore vPDT (at baseline within 1 week from treatment) and 
at 1 month post-treatment. Eyes with a history of previous 
ocular surgery other than uncomplicated phacoemulsifi-
cation, trauma, high refractive errors, co-existent macular 
and vitreoretinal pathology were excluded to avoid poten-

tial confounding effects. In addition, we excluded eyes that 
had previously received any form of therapy (vPDT, laser 
photocoagulation, intravitreal injections of anti-vascular 
endothelial growth factor/VEGF) or those with evidence of 
CNV secondary to CSC. Patients with low quality images 
were also excluded. The patients’ unaffected fellow eyes 
were used for comparisons. 

All participants underwent a  comprehensive eye 
 examination that included measurement of best corrected 
visual acuity, determination of intraocular pressure, slit-
lamp biomicroscopy and fundus examination after pupil 
dilation. The indication for applying vPDT was chronic 
CSC with persistent SRF of at least 3 months duration and 
foveal involvement that was confirmed by active angio-
graphic leakage in fluorescein angiography and choroidal 
vascular hyperpermeability in indocyanine green angi-
ography. EDI-OCT and OCT-A imaging were performed at 
baseline and at 1 month after treatment.

EDI-OCT AND OCT-A IMAGING PROTOCOLS
SD-OCT (Cirrus HD-OCT, Zeiss, Jena, Germany) using the 
eye-tracking system was performed to investigate the cho-
roidal area. The scans were acquired with the EDI mode 
at baseline and at 1 month after applying vPDT. Choroidal 
thickness (CT) was measured at the subfoveal area and at 
750 μm to the nasal and temporal sides of the fovea. The 
Haller’s layer and the Sattler’s/CC layer were assessed in-
dependently. Choroidal layer analysis of the OCT images 
were manually performed based on previously described 
methods (22). Choroidal thickness measurements were 
performed using as landmarks the distance from the  outer 
portion of the hyper-reflective line which corresponds to 
the Bruch’s membrane, and the inner hyper-reflective line 
of the choroid-sclera interface. The cut-off size of the large 
choroidal vessels in the horizontal images through the fo-
vea was selected at 100 μm. Choroidal vessels located clos-
est to the center of the fovea having a diameter larger than 
100 μm were used for the measurements. The latter de-
fined the horizontal line from the innermost point of the 
large choroidal vessels that intersected the subfoveal CT 
measurement line perpendicularly. The subfoveal choroi-
dal large vessel layer thickness was defined as the distance 
from the point of intersection on the subfoveal CT line to 
the inner surface of the sclera. The thickness of the Sat-
tler’s/CC layer was derived by subtracting the thickness of 
the Haller’s layer from the subfoveal CT. All EDI-OCT im-
ages were imported in Image J. A 1500 μm wide area under 
the fovea (750 μm nasally and temporally to the center) ex-
tending vertically from the RPE to the chorioscleral border 
was selected for analysis. The scans were thresholded by 
an Otsu method and analyzed by binarization technique 
(7, 14). The white zones corresponded to the interstitial 
spaces and the black zones to the luminal area. The whole 
area (WA), luminal area (LA) and interstitial area (IA) of 
the choroid were calculated. A ratio between luminal part 
and total choroid corresponding to the choroidal vascular-
ity index (CVI) in former studies was measured (23). The 
measurements for the images were obtained by the same 
examiner. All images were obtained at approximately 
10 am to avoid the influence of diurnal choroidal changes.
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OCT-A  generates high-resolution three-dimensio-
nal maps of the retinal and choroidal microvasculature. 
 Imaging was performed with the AngioPlex® OCT Angi-
ography (ZEISS, Jena, Germany), and OCT angiograms 
were acquired in a 6 × 6 mm scan pattern automatically 
centered at the fovea. En face images of the CC plexus 
were generated and automated layer segmentation was 
performed by the software using a slab between 29 and 
49 μm below the RPE reference. The automated slab seg-
mentation was checked and manually corrected in case 
of inaccuracy. Each OCT angiogram at the CC layer was 
imported in Image J for analysis. Binarization of the im-
ages was made by the Otsu method, which is an automatic 
threshold selection from gray-level histograms. Contrary 
to the EDI-OCT scans, the white zones corresponded to the 
lumen of vessels of the CC network and the black zones to 
the interstitial area. We assumed that the percentage of 
white zones was an indirect measure of the choroidal vas-
cular flow area of the CC, therefore the percentage area 
occupied by the microvasculature in the CC layer defined 
the perfusion density. Indeed, a  ratio between luminal 
part and total area in the CC layer was equivalent to the 
vascular density in previous studies (14). All scans were 
reviewed to ensure their quality was sufficient.

HALF-DOSE VPDT PROTOCOL
The participants were subjected to the modified protocol 
of hd-vPDT. Verteporfin was administrated intravenously 
at a dose of 3 mg/m2 over 10 minutes. Fifteen minutes af-
ter the initial verteporfin infusion, the treatment area was 
exposed to a delivery of diode laser of 689 nm with a flu-
ence of 600 mw/cm2 for 83 seconds and total laser energy 
of 50 J/cm2 using a contact lens (Volk Area Centralis). The 
spot size had a diameter of 1000 μm larger than the great-
est linear dimension of the choroidal exudation in indocy-
anine green angiography (ICGA). Patients were advised to 
avoid exposure to sunlight for 48 h post-treatment due to 
a potential risk of skin photosensitivity.

STATISTICAL METHODOLOGY
We performed the statistical analysis using SPSS version 
25.0 (SPSS Inc., Chicago, IL, USA). Continuous variables 
were expressed as mean ± standard deviation (SD). We 
used the paired t-test for normally distributed data, or the 
Mann-Whitney U test for non-normally distributed data. 
To examine the correlation of two continuous variables, 
we used the Pearson coefficient for normally distribut-
ed data, or the Spearman coefficient for non-normally 
distributed data. Normality was tested using the Shap-
iro-Wilks test. For all tests, statistical differences were de-
termined to be significant at p < 0.05.

RESULTS

We examined 17 patients (19 eyes) with chronic CSC. 
 After exclusion criteria a total of ten eyes of 10 patients 
(8  men, 2 women) who underwent hd-PDT were in-
cluded in the study. We excluded 2 eyes with residual 
SRF at first month after treatment, 2 eyes with evidence 
of CNV, 3  eyes which had received previous treatment 
(1 with vPDT, 2 with anti-VEGF injections) and a patient 
with systemic contraindications to verteporfin. The mean 
age of the patients was 44.70 ± 5.72 years (range: 37–56). 
The mean period between diagnosis of CSC and applying 
treatment was 22.40  ±  3.20  months (range: 18–29). All 
eyes included in the analysis had complete resolution of 
SRF at 1 month post-treatment. We analyzed the  EDI-OCT 
and OCT-A  characteristics at baseline and at 1 month 
 after hd-vPDT. The patients’ descriptive characteristics 
 expressed in mean ± SD are shown in table 1.

EDI-OCT CHOROIDAL VALUES
The measurements of the CT at the subfoveal area and at 
750 μm nasal and temporal of the center after treatment 
were significantly lower compared to those before (all 
p < 0.001). Moreover, treated eyes at baseline had signifi-

Tab. 1 Descriptive characteristics of affected and unaffected fellow eyes. Data presented as mean ± standard deviation.

affected before PDT affected after PDT unaffected fellow

SFCT (μm) 411.50 ± 34.74 307.30 ± 17.96 297.30 ± 19.60

750N CT (μm) 375.60 ± 33.53 290.40 ± 18.33 280.60 ± 16.81

750TCT (μm) 391.00 ± 33.21 299.10 ± 18.68 288.50 ± 17.60

Haller (μm) 329.20 ± 38.80 215.30 ± 15.84 202.20 ± 17.65

CC+Sattler (μm) 82.30 ± 16.89 92.00 ± 18.01 95.70 ± 18.06

EDI-OCT whole area (mm2) 944197.00 ± 37291.06 684814.50 ± 25568.83 666526.50 ± 17657.02

EDI-OCT luminal area(mm2) 649590.10 ± 36586.50 288724.90 ± 25281.89 464548.50 ± 20683.03

EDI-OCT interstitial area(mm2) 294606.90 ± 19163.4 196089.60 ± 31901.30 201978.00 ± 22301.40

CVI (%) 0.69 ± 0.02 0.71 ± 0.04 0.70 ± 0.03

perfusion (%) 48.29 ± 1.89 50.56 ± 1.75 51.27 ± 1.57

visual acuity (logMAR) 0.56 ± 0.23 0.49 ± 0.25 0.14 ± 0.05

Abbreviations: PDT – photodynamic therapy; SFCT – subfoveal choroidal thickness; CT – choroidal thickness; EDI-OCT – enhanced depth 
imaging optical coherence tomography; CVI – choroidal vascularity index
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Fig.	1	Fig. 1 Choroidal thickness values in affected eyes before and after photodynamic therapy (PDT) and in fellow eyes.
Legend 1: Mean subfoveal choroidal thickness (SFCT) and mean choroidal thickness at 750μm temporal (750T CT) and nasal (750N CT) of 
the fovea. Mean values before PDT: SFCT = 411.50, 750N CT = 375.60, 750T CT = 391.00; after PDT: SFCT = 307.30, 750N CT = 290.40, 750T 
CT = 299.10; unaffected fellow: SFCT = 297.30, 750N CT = 280.60, 750T CT = 288.50; p ≤ 0.001 in all cases.

cantly higher measurements of the CT at each region com-
pared to the fellow eyes (all p < 0.001), while after treat-
ment the measurements remained higher than those of the 
contralateral eye (all p < 0.001) (Figure 1). After vPDT, the 
thickness of Haller’s and CC/Sattler’s layers was significant-
ly lower compared to those before treatment (all p < 0.001). 
Moreover, treated eyes at baseline had significantly higher 
measurements of the choroidal layers compared to the fel-
low eyes (all p < 0.001), while after treatment the thickness 
measurements of Haller’s and CC/Sattler’s remained higher 
than those of the contralateral eye (p = 0.005 and p < 0.001, 
respectively) (Figure 2). The binarized EDI-OCT images 
indicated markedly lower values of the total area of the 
choroid, as well as the luminal and interstitial components 
after treatment compared to baseline (all p < 0.001). In addi-
tion, treated eyes at baseline had markedly higher values of 
WA, LA, and IA compared to the fellow eyes (all p < 0.001). 
Following vPDT, the values remained higher than those of 
the contralateral eyes (all p < 0.001) (Figure 3). Regarding 
the CVI, the mean values before vPDT did not differ signif-
icantly compared to those following treatment (p = 0.148). 
CVI of treated eyes before vPDT did not differ statistically 
from that of the fellow eyes (p = 0.491). The mean values 
of CVI post-treatment were significantly higher than those 
of the fellow eyes (p = 0.043).

OCT-A CC VALUES
The values of the perfusion at the CC layer following vPDT 
were significantly higher compared to those before treat-
ment (p < 0.001). Moreover, treated eyes before vPDT 
had statistically significant lower values of the CC per-
fusion compared to the fellow eyes (p < 0.001), while the 
post-treatment values did not reach the level of the con-
tralateral eye (p < 0.001) (Figure 4).

VISUAL OUTCOMES
Visual outcomes after vPDT significantly improved com-
pared to pre-treatment measurements (p = 0.039).  However, 

the post-treatment VA did not reach the level of the con-
tralateral eye (p = 0.005). Correlation analyses revealed that 
both pre-treatment and post-treatment VA correlated in 
a significantly negative way to the perfusion values of the 
CC (p = 0.028 and p = 0.038, respectively) (Figure 5).

DISCUSSION

Herein, we report microstructural and microcirculation 
changes in eyes with chronic CSC after applying hd-vP-
DT. Using a morphometric analysis of binarized EDI-OCT 
B-scans and en face OCT angiograms, we evaluated vascu-
lar and stromal alterations of the total choroidal area and 
flow changes of the CC network at 1 month post-treatment. 
It has been largely demonstrated that modified safety-en-
hanced treatment protocols are efficient in the ameliora-
tion of functional outcomes and the restoration of retinal 
architecture. Indeed, vPDT with a reduced dose of verte-
porfin or a shortened time of laser emission still achieve 
satisfactory treatment efficacy with a diminished hypox-
ic effect on choroidal circulation (20, 21). In the study by 
Chan et al. (8), the potential of a temporary short-term CC 
hypoperfusion followed by vascular remodeling and im-
provement of blood circulation over time has been spec-
ulated. Histopathologically, occlusion of the CC has been 
observed in human eyes 1 week post-vPDT followed by vas-
cular recanalization (24), while reperfusion in the normal 
choroid may occur within 7 weeks (25). The introduction 
of novel depth-resolved imaging modalities, including the 
techniques of EDI-OCT and OCT-A, has provided new in-
sights in the visualization of the chorioretinal morpholo-
gy and microcirculation. A number of series have revealed 
variability in qualitative and quantitative analyses of flow 
pattern, luminal and interstitial components and perfu-
sion evaluated during the post-treatment follow-up peri-
od (9–15). Changes in the choroid, and specifically the CC 
plexus, may indicate the treatment impact on choroidal 
tissue remodeling and imply the potential of anatomical 
and functional recovery (6–15).
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Fig.	2c	
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Fig. 2c Choriocapillaris (CC) + Sattler layer thickness values in affected and fellow eyes.
Legend 2c: Means plot Choriocapillaris (CC) + Sattler layer thickness (μm) from affected eyes (before-affected, after-affected) and fellow 
eyes (unaffected fellow). Mean values CC+Sattler: before PDT = 82.30, after PDT = 92.00, unaffected fellow = 95.70, **p < 0.001

Fig. 2a Subfoveal choroidal thickness values in affected and fellow eyes.
Legend 2a: Means plot Subfoveal choroidal thickness (μm) from affected eyes (before-affected, after-affected) and fellow eyes (unaffected 
fellow). Mean values SFCT: before PDT = 411.50, after PDT = 307.30, unaffected fellow = 297.30, **p<0.001.

Fig. 2b Haller layer thickness values in affected and fellow eyes.
Legend 2b: Means plot Haller layer thickness (μm) from affected eyes (before-affected, after-affected) and fellow eyes (unaffected fellow). 
Mean values Haller: before PDT = 329.20, after PDT = 215.30, unaffected fellow = 202.20, **p < 0.001.
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Fig.	3b	Fig. 3b EDI-OCT images of affected and fellow eye.

Legend 3b: a) EDI-OCT image (left) and binarized image (right) of 
affected eye before PDT, b) EDI-OCT image (left) and binarized 
image (right) of affected eye after PDT, c) EDI-OCT image (left) and 
binarized image (right) of unaffected fellow eye.

	
Fig.	3a	

	 	

Fig. 3a Choroidal area at enhanced depth imaging Optical Coherence Tomography (EDI-OCT) in affected eyes before and after photodynamic 
therapy (PDT).
Legend 3a: Change of mean choroidal area (whole, luminal and interstitial) in affected eyes before and after PDT. Mean values whole: 
before PDT = 994197.00, after PDT = 684814.50, unaffected fellow = 666526.50; luminal: before PDT = 649590.10, after PDT = 288724.90, 
unaffected fellow = 464548.50; interstitial: before PDT = 294606.90, after PDT = 196089.60, unaffected fellow = 201978.00; p ≤ 0.001 in all 
cases.

components after treatment. The values of  CT at each 
measured area (subfoveal, 750μm nasally as well as tem-
porally off the center) using EDI-OCT were significantly 
decreased at 1 month after vPDT compared to those before 
treatment, as previously described. However, the CT of 
the affected eye even after vPDT was higher than that 
of the contralateral eye. Indeed, the comparison of the CT 
measurements on both eyes of patients with unilateral 
disease at a 12-month follow-up period has indicated that 
the CT in vPDT-treated eyes remained thicker than that of 
the contralateral eye (26, 27), with the amount of choroi-
dal thinning being significantly greater after full-fluence 
vPDT as compared to modified protocols (28).  Authors of 
previous studies have commented that choroidal thin-
ning following vPDT should be considered in the context 
of normalization of the pathologically increased choroid, 
and that the treatment effect does not go beyond the re-
modeling process, and therefore does not lead to choroi-
dal atrophy (29). Of note, concerning measurements of 
Haller and CC/Sattler layer thickness, our results support 
a significant decline in both layers post-treatment. Re-
garding the thickness of individual choroidal layers, the 
existing evidence does not unequivocally specify which 
layers are most affected: some papers have only docu-
mented the decrease of  total choroidal thickness (20, 
27, 28), while others have found a decrease of individual 
layers (9, 13, 21). 

We further examined the whole choroidal area and its 
components using the binarization process. The reduction 
of WA we found in our study may reflect the decrease in 
CT. Previous publications have reported shrinkage of the 
total choroidal volume with controversial outcomes con-
cerning the luminal and stromal components (9–13). A re-
duction of the luminal part may confirm the hypothesis 

In the present study, we investigated the functional 
and anatomic outcomes occurring after hd-vPDT, focus-
ing especially on the choroidal vasculature. Our results 
indicated changes regarding the choroidal structure 
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Fig.	4b	

	
Fig.	4a	

	 	

Fig. 4a Perfusion values in affected and fellow eyes.
Legend 4a: Means plot perfusion (%) from affected eyes (before-affected, after-affected) and fellow eyes (unaffected fellow). Mean values 
perfusion: before PDT = 48.29, after PDT = 50.56, unaffected fellow = 51.27, **p < 0.001.

Fig. 4b OCT-A images of affected and fellow eye.
Legend 4b: a) OCT-A image (left) and binarized image (right) of 
affected eye before PDT, b) OCT-A image (left) and binarized image 
(right) of affected eye after PDT, c) OCT-A image (left) and binarized 
image (right) of unaffected fellow eye.

that vPDT has a direct effect on large choroidal vessels as 
the main treatment target, which results in decongestion 
of CC vessels and eventual vascular flow re-establishment 
with a  secondary modification on CC compression and 
vascular flow amelioration. Apart from the significant 
reduction of the vascular luminal area, our study demon-
strated a simultaneous reduction of the interstitial part. 
The decrease of both choroidal vascular and extravascular 
components implies that the effect of vPDT on choroidal 
tissue may involve vascular decongestion as well as in-
terstitial fluid absorption. The CVI is a novel parameter to 
quantitatively describe the choroidal vasculature demon-
strating the ratio of LA over WA (23). In our study, both LA 
and WA were reduced after vPDT treatment, thus offering 
a potential explanation why CVI did not markedly differ 
compared to that at baseline.

Our analysis of OCT angiograms by the binarization 
method has mainly focused on the perfusion changes of 
the CC layer following vPDT. The flow pattern and vas-
cular perfusion changes have been initially analyzed in 
a qualitative way followed by further precise quantifica-
tion (30–34). Previous studies have mentioned an aberrant 
flow pattern at the CC layer in eyes before receiving vPDT 
with a tendency to recovery and a relatively uniform flow 
after the absorption of SRF at 1 month post-treatment, just 
as in our study (30–32, 34). Contrary to these results, Teus-
sink et al (6) mentioned an aberrant CC vasculature that 
persisted even after the absorption of SRF, and appeared 
to be independent of the therapy used. This discrepan-
cy among the results of these studies may be due to the 
difference in the period between the provided treatment 
and the OCT-A examination. Teussink and co-authors (6) 
may have missed any primary therapeutic effect seen on 
OCT-A. On the other hand, studies lacking long-term fol-
low-up would have not confirmed a potential recurrent 
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the compression on the CC layer. In fact, the overexpres-
sion of VEGF at the treatment site due to potential tissue 
hypoxia may consequently contribute to an increase in 
vascular density in deep capillary plexus and CC related 
to the process of recovery. The restoration of the latter 
vascular networks that constitute the main nutrient and 
oxygen supply of photoreceptors, leads to resultant pho-
toreceptor recovery and visual acuity improvement (36). 
Analyzing the OCT angiograms by the binarization meth-
od in our study, the percentage area occupied by the mi-
crovasculature in specific regions defined the perfusion 
density. Consequently, our results support the hypothesis 
that the recovery of CC perfusion leads to photoreceptor 
restoration, which is in turn associated with functional 
improvement.

To date, there is limited evidence for the association 
between CC perfusion changes and VA after vPDT in pa-
tients with CSC. We consider this information highly 
relevant for clinical practice, as perfusion changes could 
possibly serve as a predicting factor for visual outcomes. 
Our study contributes to a little-studied issue which un-
doubtedly warrants further investigation. Certain limita-
tions of the current study need to be considered. Firstly, 
our patients were examined at only one time-point after 
vPDT. Obviously, any short-term changes may have been 
missed. In addition, our results may not accurately por-
tray the choroidal vascular and structural characteristics 
over the long-term. We intend to follow our patients in 
order to detect further morphometrical and functional 
changes over time. Secondly, the sample size was rela-
tively small. Nonetheless, even this small sample enabled 
the detection of significant differences in several of the 
investigated parameters. Conceivably, more subtle effects 
could have been detected using a larger sample. Thirdly, 
the patients’ fellow unaffected eyes were used as controls. 
One could suggest that contralateral eyes of patients with 
CSC should not be considered normal, as differences have 

been found when compared to healthy controls (37). How-
ever, using different participants as controls could also be 
problematic, as the eyes of different people me have im-
portant physiological differences. In addition, we should 
not ignore the intrinsic limitations of the  imaging tech-
nology used. It can be argued for instance, that a swept-
source system would be more appropriate than a spec-
tral-domain device for the visualization of the CC and the 
choroidal area. On the other hand, it was recently shown 
that both swept-source and spectral-domain systems are 
comparable for choroidal measurements (38). Lastly, it 
should be noted that our results were produced using 
a  well-known image-processing software and a  proce-
dure (binarization) that has been used for similar studies 
(7, 13, 14, 31, 34, 39). Theoretically, employing different 
imaging platforms and processes could have produced 
different results. 

CONCLUSION

EDI-OCT and OCT-A  improves our knowledge on the 
pathophysiology of choroidal circulation and morphologic 
changes induced by hd-vPDT in chronic CSC. Quantifica-
tion of choroidal components may highlight the anatom-
ic response of the tissue to treatment with hd-vPTD. The 
 increase of perfusion density in OCT angiographic findings 
following treatment may signify functional improvement. 
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Fig.	5	
Fig. 5 Correlation analysis between perfusion and visual acuity (VA) before and after photodynamic therapy (PDT) in affected eyes.
Legend 5: Significantly negative correlation between perfusion and VA before and after PDT in affected eyes (before PDT: ρ = −0.688, 
p = 0.028; after PDT: ρ = −0.658, p = 0.038).
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