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Abstract: Background: Although photodynamic therapy (PDT) has become the standard treatment
for central serous chorioretinopathy (CSC), its mechanism of action remains unclear. It is assumed that
PDT induces short-term choriocapillaris (CC) occlusion and long-term choroidal vascular remodeling.
In this paper, we describe the short-term CC changes induced by Half-Dose PDT (HD-PDT)
in chronic CSC using optical coherence tomography-angiography (OCTA). Methods: This is a
prospective interventional case series. Chronic CSC eyes underwent Spectral-Domain OCT,
Fundus Autofluorescence, FA, ICGA (Heidelberg Spectralis, Heidelberg, Germany) and OCTA
(RTVue XR Avanti with AngioVue; Optovue Inc., Fremont, CA, USA) before HD-PDT, with follow-up
after one hour, one week, and one month. Vascular changes after PDT were analyzed within the
CC layer. The CC vessel density was defined as the percentage of an area occupied by flow pixels,
using Image ] software to obtain measurements by applying a grey level threshold. All pixels with
a grey level above the threshold were considered as indicators of blood flow. Results: 20 eyes of
19 patients were included. At baseline the mean CC vessel density was 94.87 £ 2.32%. It significantly
differed from the density at 1 week and 1 month (92.79 £ 3.16% and 95.55 + 2.05%, p < 0.001,
respectively), but not with values at 1 h (94.8 & 2.28%, p = 0.516). Conclusions: CC vessel density was
significantly reduced at 1 week as compared with baseline, suggesting a possible short-term effect
of PDT on CC perfusion. After 1 month however, the CC vessel density was even higher than the
baseline, probably due to a CC recovery. OCTA seems to be useful in the visualization of CC vessels
and in confirming the mechanism of action of PDT treatment in eyes with chronic CSC.
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1. Introduction

Central serous chorioretinopathy (CSC) is a posterior segment disease that represents a common
cause of vision threat in the middle-aged population. It is characterized by the presence of a
localized and limited accumulation of fluid under the neurosensory retina through a defect of the
retinal pigment epithelium (RPE) [1,2]. CSC often resolves spontaneously but sometimes recurs or
becomes chronic [1,3].

The distinction between acute and chronic forms relies on the presence of persistent serous retinal
detachment, extended RPE and photoreceptor atrophic changes correlated with a progressive visual
loss over a period of 3-6 months [4-6]. This arbitrary demarcation has therapeutic implications as it
usually determines the timing for intervention.

Classically, treatment is justified in case of persistent macular neuroretinal detachment or posterior
cystoid retinal degeneration, history of multiple recurrences, history of CSC in the fellow eye with
poor visual outcome, reduced visual acuity and rapid recovery required [7].
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Up to now, there is no recognized standard therapy for chronic CSC which would allow for the
prevention of progressive pigment epithelium and photoreceptor damage leading to irreversible visual
impairment [8]. Although there are no phase 3 randomized clinical trials, photodynamic therapy (PDT)
is now considered the treatment of choice for chronic CSC.

The efficacy of PDT—in particular half-dose or half-fluence PDT in eyes affected by CSC—has been
widely studied and documented [9-11]. However, the mechanisms of the actions of PDT in chronic CSC
remain unclear. Chan et al., speculated that PDT induces short-term choriocapillaris (CC) occlusion
and long-term choroidal vascular remodeling [12]. These changes result in caliber normalization of
dilated, congested, choroidal vessels and subsequent reduction of vascular hyperpermeability and
leakage. Imaging techniques and histological findings have demonstrated the effects of vascular
occlusion at the CC level due to PDT, even a few days after the treatment [13].

Recently, new imaging technologies have been developed and allow for new insights in the
visualization of normal and pathologic vascularization. In particular, optical coherence tomography
angiography (OCTA) is now able to individually visualize the superficial and deep retinal plexi, analyze
the outer retina together and the CC layer without the need for dye injection [14]. OCTA findings in
chronic CSC have been previously reported and have demonstrated that OCTA can detect dilated CC
vessels and even choroidal neovascularization (CNV), not visible with other imaging techniques [15,16].

The aim of our study is to describe the short-term CC changes induced by Half-Dose PDT
(HD-PDT) in the treatment of chronic CSC using OCTA.

2. Results
Using the Shapiro-Wilk test, all data sets resulted normally distributed (p > 0.05) [17].

2.1. Baseline Characteristics

Twenty eyes of 19 patients received half-dose PDT. Demographic data are shown in Table 1.

Table 1. Baseline demographic characteristics.

Characteristic Value + SD
Mean Age + Standard Deviation (Years) 51.8 £ 8.01
Sex (Male/Female) 18/1
Mean duration of CSC =+ Standard Deviation (Years) 3.34 £1.40
Patients with bilateral CSC (1) 3

2.2. Visual Acuity

At baseline the mean best corrected visual acuity (BCVA) was 0.34 + 0.23 LogMAR
(Snellen equivalent: range 20/125-20/20; median 20/40). At one week and 1 month, BCVA was
0.31 + 0.20 LogMAR (Snellen equivalent: range 20/100-20/25; median 20/40) and 0.26 £ 0.19 LogMAR
(Snellen equivalent: range 20/100-20/25; median 20/40) respectively. There was no significant
difference between BCVA at baseline and 1 week (p = 0.29). BCVA at the 1 month follow up visit was
significantly different from the baseline (p = 0.02) (Table 2).
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Table 2. Mean Best Corrected Visual Acuity (BCVA), Central Foveal Thickness (CFT), Choroidal
Thickness (CHT) and Choriocapillary Vessel Density (CCVD) in 20 eyes with Chronic Central Serous
Chorioretinopathy treated with half-dose photodynamic therapy. SD: standard deviation; 1 h: 1 hour;
1 w: 1 week; 1 m: 1 month.

Characteristic Baseline 1h p (Baseline 1w p (Baseline 1m p (Baseline
vs.1h) vs. 1w) vs.1m)
BCVA =+ SD (LogMAR) 0.34 +0.23 N/A N/A 0.31 +£0.20 0.287 0.26 + 0.19 0.016
CFT £ SD (um) 348.3 + 14442 332.7 +112.87 0.107 284.4 + 67.08 0.01 249.75 + 42.66 0.005
CHT =+ SD (pum) 395.8 + 89.61 397.1 +93.98 0.878 381.9 +93.88 0.134 364.55 + 108.5 0.009
CCVD = SD (%) 94.87 + 2.32 94.8 +2.28 0.516 92.79 + 3.16 <0.001 95.55 + 2.05 <0.001
2.3. PDT

Complete resolution of subretinal fluid was observed in 12 eyes (60%) after 1 week and in 16 eyes
(80%) after 1 month. Two cases achieved clinical healing at 3 months after treatment, while the two
remaining eyes presented persistence of subretinal fluid and needed a second PDT treatment.

2.4. OCT

At baseline the mean central foveal thickness (CFT) was 348.3 & 144.42 um. At one hour, one week
and one month it was 332.7 = 112.87; 284.4 + 67.08 and 249.75 + 42.66 um respectively. The CFT at
baseline was significantly different from CFT at 1 week (p = 0.01) and 1 month (p = 0.005) but notat 1 h
(p = 0.107) (Table 2).

The mean choroidal thickness (CHT) was 395.8 + 89.61 um. At one hour, one week and one
month it was 397.1 &= 93.98; 381.9 £ 93.88 and 364.55 + 108.5 um respectively. The CHT at baseline
was significantly different from CHT at one month (p = 0.009) but not at 1 h (p = 0.878) and 1 week
(p = 0.134) (Table 2).

The mean CHT of fellow eyes was 284 + 157.8 um. It was statistically thinner than the affected
eyes at any visit (p < 0.001).

2.5. OCTA

2.5.1. Repeatability Assessment

Two different operators (M.N. and C.L.) performed all CCVD measurements. No significant
difference was found between the two datasets (p = 0.114) and the intraclass correlation coefficient
(ICC) was 0.982 (95% confidence interval [CI]: 0.972-0.988).

Mean values between the two measurements were used for further analysis.

2.5.2. Affected Eyes

At baseline the mean CC vessel density was 94.87 £ 2.32%. It significantly differed from the
density at 1 week (92.79 £ 3.16%, p < 0.001) and at 1 month (95.55 £ 2.05%, p < 0.001), but not with
values at 1 h (94.8 £ 2.28%, p = 0.516) (Table 2).

CC vessel density was significantly reduced at 1 week as compared with baseline, suggesting a
possible short-term effect of PDT on CC perfusion. At 1 month, however, CC vessel density was even
higher than baseline, probably due to a CC recovery (Figure 1).

No significant correlation was found between CFT and CCVD measurements (Spearman
coefficient: —0.183, p = 0.103).

2.5.3. Comparison with Fellow Eyes

For the analysis of fellow eyes, we excluded 3 patients because of bilateral CSC. We evaluated
16 healthy eyes from 16 patients. The mean CC vessel density for fellow eyes was 98.31 + 0.98%
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and it differed significantly from data of the corresponding pathologic eyes at all stages of
follow-up (p < 0.001).

This finding may be explained by a CC compression by bigger choroidal vessels occurring in
affected eyes as compared with their healthy fellow eyes.

Outer Retina

Figure 1. (A,B) Fluorescein Angiography (FA) and Indocyanine Green Angiography (ICGA) of an
eye affected by chronic central serous choriorethinopathy (CSC); (C-I) Choriocapillaris (CC) vessel
density evaluation before and after photodynamic (PDT) treatment in eyes affected by chronic CSC;
(C) “Outer retina” Optical Coherence Tomography Angiography (OCTA) slab between 70 um below
inner plexiform layer and 30 um below the RPE reference; (F-I) 30 um slab OCTA CC image with the
analyzed circle area (1 mm diameter) at baseline (F); 1 h (G); 1 week (H) and 1 month (I) after PDT;
(D) Histogram analysis with the exclusion of all pixels having grey values below the individual noise
level seen in (C); (E) OCTA B-scan of the baseline.

3. Discussion

Chronic CSC is a cause of progressive visual loss due to the persistence of the neuroepithelium
serous detachment [18]. Even though there is no approved therapy for such a disease, PDT treatment
with verteporfin showed good efficacy in resolving the subretinal fluid, even after long term
follow-up [9,19].

In this study we demonstrated the short term PDT effects at the level of the choroid and the CC
vessels in particular.

In the present series, significant CFT and CHT reduction together with BCVA improvement were
observed starting one month after PDT, as expected. In our study the resolution of subretinal fluid
at one month was observed in 16 eyes (80%). Clinical healing was achieved three months after the
treatment in two cases, while the two remaining eyes showed persistent subretinal fluid requiring
a second PDT treatment. Our results are similar to those of previous studies using half-dose PDT.
In particular, Chan et al., showed a complete resolution of subretinal fluid in 79.5% at one month and
94.9% at 12 months, with only one recurrence [20]. More recently, Nicolo et al., reported similar results,
with a success rate of 86.2% at one month and 100% at 12 months [11].

In this study we measured the CC vessel density in eyes with chronic CSC. We found a reduction
of the CC vessel density one week after PDT treatment, while one month later it improved compared
to the baseline. These observations support the hypothesis proposed to explain the mechanism of the
actions of PDT treatment in CSC. In fact, PDT treatment seems to be able to induce some narrowing
and remodeling of the choroidal vessels, thereby reducing choroidal exudation and, consequently,
subretinal fluid [21].
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OCTA is a new non-invasive imaging technique with interesting clinical applications and which
is easy to perform. Recently, Xu et al. [22] have provided a qualitative short-term evaluation of the
CC in patients with chronic CSC who underwent half-dose PDT. In their study CC changes after PDT
support the hypothesis of short-term CC hypoperfusion after PDT, in line with our findings. Other
authors described similar observations in a Japanese cohort [23].

In CSC-fellow eyes, the CC vessel density was similar to that found by Alten et al,
in an age-matched group of normal eyes [24]. The CC vessel density found in treated eyes was
somewhat inferior compared to fellow eyes: Even though the choroid is thicker, a CC compression
from bigger choroidal vessels may have occurred in the affected eyes. Costanzo et al., studying
the OCTA features in patients affected by CSC, reported a rarefaction of the CC plexus and the
presence of “dark areas”, probably due to focal atrophy secondary to compression by the enlarged
choroidal vessels [25,26].

The increase in “dark areas” observed one week after PDT may be related to the reabsorption
of subretinal fluid, allowing a better visualization of the CC with higher contrast and less signal
fragmentation. Nevertheless, the reduction of subretinal fluid (SRF) and CFT observed one week and
one month after the treatment were similar, while CC vessel densities were rather different. We can
therefore postulate that artifacts due to the possible SRF masking effect would have had similar effects
at these timelines, suggesting that CC vessel density changes may have occurred between seven and
30 days after PDT. Furthermore, no correlation was found between CFT and CCVD. The increase of
dark areas might even be related to the occlusion of the CC vessels, as an effect of PDT treatment.
This theory has been proven by Schlotzer-Schrehardt et al., who demonstrated a selective damage on
CC endothelial cells [12,27] with a preservation of bigger choroidal vessels. The damage induced by
PDT may be responsible for the significant decrease in CC vessel density observed one week after the
treatment. As the effect of PDT involves not only the targeted points of vascular focal loss, but even
the surrounding areas, large dark areas are clearly visible in many OCTA scans.

It is possible that both focal atrophy due to compression by enlarged choroidal vessels and
CC occlusion due to PDT may concur in producing these “dark areas” in CSC patients but further
investigations are needed in order to clarify this point.

One month after the treatment, a significant increase in CC vessel density was observed,
with values even higher than at baseline. This finding could be related to a process of recovery
at the CC level after PDT. The effects of PDT on the choroid resulted in an increased expression of
vascular endothelial growth factor (VEGF) and its receptors (VEGF-R) in the treated area, probably
due to hypoxia and endothelial cells death [28]. Husain et al., demonstrated CC reperfusion in the
normal choroid occurring within seven weeks from treatment, while Schlotzer-Schrehardt found CC
recanalization as early as one week [29]. Moreover, CC vessel density recovery could be related to a
decreased compression exerted by larger choroidal vessels.

The present study has several limitations and some considerations are dutiful.

Due to the present lack of standardization in CC analysis, vessel density results should be
interpreted with caution and are not comparable to those reported in other studies using different
thresholding and calculation methods [30,31].

3 x 3 mm scan dimension was preferred to the 6 x 6 mm because of its higher resolution,
especially for CC evaluation and processing. Moreover, the evaluated area was small and was the
same for every patient at all follow-up. Image artifacts were reported more often when using 3 x 3 mm
scan, and these artifacts were also more frequent in elderly people with poor fixation [24].

In this study the standard 30 um CC slab was used to evaluate CC vessel density with OCTA.
Even if a manual segmentation was performed in cases of unsatisfying automated procedure, a different
slab could have been chosen. The 30 um slab at the CC level includes even parts of the larger
choroidal vessels: A “tailored” slab could have brought to different and maybe more accurate
results. However, Alten et al., studying reticular pseudodrusen (RPD) features using the OCTA,
found no significant differences between 10 and 30 um slabs within the CC in affected patients [24].
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Due to different CC and choroid conditions in CSC and RPD, these considerations are only hypothesis
and further research is needed.

Patients with pigment epithelium detachment (PED) or posterior cystoid retinal degeneration
were excluded from the study. As the aim of the article was to evaluate the CC structural changes
after HD-PDT in patients with chronic CSC, patients with PED were excluded due to the segmentation
difficulties deriving from the CC displacement observed in PED, as previously reported [32].
Cystoid retinal degeneration in CSC is a recognized complication of chronic CSC and is associated
with a severe reduction of visual acuity as a result of long-term disease [33]. In this condition it could
have been impossible to obtain good quality images from those patients, hence the prior exclusion
from the study.

4. Materials and Methods

This prospective interventional case series included 20 eyes of 19 consecutive patients (18 males,
mean age 51.8 £ 8.01 years, range 33-62 years) affected by chronic CSC that underwent half-dose PDT
with verteporfin at our Eye Clinic in Turin, Italy.

The study was approved by the Institutional Review Board of the University of Turin (CS/723,
14 March 2016, Comitato Etico Interaziendale A.O.U. Citta della Salute e della Scienza di Torino—
A.O. Ordine Mauriziano di Torino—A.S.L. TO 1). Informed consent for PDT and for clinical research
was obtained from all patients and the study was conducted in accordance with the provisions stated
in the Declaration of Helsinki.

Chronic CSC was defined as persistence of subretinal fluid involving the fovea for six months
or more.

Inclusion criteria of the study were:

1. Snellen BCVA of 20/200 or better

Presence of active leakage on fluorescein angiography (FA) and choroidal vascular
hyperpermeability on indocyanine green angiography (ICGA)

Absence of CNV evidence on OCTA, FA and ICGA

Absence of PED or posterior cystoid retinal degeneration

N

Absence of any previous treatment
Absence of any other chorioretinal disease

N o U

Absence of media opacities

BCVA was measured at baseline and after one month visit using the Early Treatment Diabetic
Retinopathy Study (ETDRS) charts by certified examiners (M.N. and C.L.). Spectral Domain OCT
(SD-OCT), Fundus Autofluorescence (FAF), FA, ICGA (Heidelberg Spectralis, Heidelberg, Germany)
and OCTA (RTVue XR Avanti with AngioVue; Optovue Inc., Fremont, CA, USA) were performed by
certified examiners after pupillary dilatation (C.M.E., C.A.).

Cross-line SD-OCT scan confirmed the presence of macular serous detachment. CFT was
measured using the Retina Map pattern and the provided ETDRS grid in the central millimeter.
Each section was obtained using eye tracking ART (Automatic Real-Time) and 100 scans were averaged
to improve the signal-to-noise ratio. Enhanced depth imaging (EDI) technique was used to calculate
CHT using the attached measuring software. Central choroidal thickness was measured under the
center of the fovea as previously described [34]. The subfoveal CHT was measured from the outer
surface of the line formed by the RPE to the inner surface of the observed sclera and calculated as the
mean value between vertical and horizontal line scans.

The baseline visit was performed within one week before the PDT treatment. All patients
underwent a complete ophthalmic examination including: BCVA, anterior segment examination,
intraocular pressure measurement with Goldmann applanation tonometry and dilated fundus
biomicroscopy. FAF, FA and ICGA were also performed. SD-OCT and OCTA examination were
performed right before the PDT treatment, one hour after, and after one week and one month visit.
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Baseline examinations were performed even in fellow eyes. If no signs of CSC or any other ocular
pathology was detected in fellow eyes, they were used to make comparisons in terms of CHT and CC
vessel density.

Patients satisfying the inclusion criteria, underwent ICGA guided HD-PDT (3 mg/m?)
as previously described [35]. Briefly, verteporfin (Visudyne; Novartis AG, Basel, Switzerland)
was infused for 10 min followed by 83 s of laser treatment at 693 nm (total energy 50 J/cm?)
delivered 15 min after the beginning of the infusion. HD-PDT was targeted to the areas of choroidal
hyper-permeability visible on ICGA supposed to cause the serous detachment.

4.1. OCT-Angiography

Optovue RTVue XR Avanti Spectral-Domain (SD) OCT with AngioVue was used to obtain
amplitude-decorrelated angiography images. The instrument has an A-scan rate of 70,000 scans per
second, a light source centered at 840 nm and a bandwidth of 45 nm. Each OCTA volume contains
304 x 304 A-scans and is acquired over three s. Two consecutive orthogonal OCTA volumes are
acquired to perform a motion correction which automatically minimize the motion artifacts due to
microsaccades (i.e., motion correction technology [MCT]). Using the Split-spectrum method (SSADA),
measurement noise was reduced by splitting the signal into eleven wavelengths.

An algorithm of the software (Version 2015.100.0.35; Optovue Inc., Fremont, CA, USA) analyses
and calculates each pixel location and combines horizontal and vertical scans averaging the
decorrelation values to create a 3-dimensional angiographic data cube. The modifications in reflectivity
are directly linked to blood flow. The software automatically segments the tissue in four layers:
The superficial layer (from the inner limiting membrane to the inner nuclear layer), the deep layer
(from the inner nuclear layer to the outer plexiform layer), the outer retina layer (from the outer
plexiform layer to the retinal pigment epithelium) and the CC layer.

Vascular changes after PDT treatment were analyzed within the CC layer. The visualization of the
CC layer was obtained using the standard setting of the instrument which gives a 30 um-slab between
30 and 60 pm below the inner RPE reference. As slabs were automatically-generated, all segmentations
were checked and eventually manually adjusted for accuracy.

3 x 3 mm OCTA acquisitions were centered in the leakage area on FA or hyperpermeable spot on
ICGA images before PDT treatment; the follow-up mode was then used for the following examinations.
Images showing an inadequate signal (signal strength index < 60) or evidence of signal blockage on
the En-Face scans of the CC were excluded.

Using the software Image ] (National Institutes of Health; http://imagej.nih.gov/ij/)
a 1-mm-diameter circle was traced in the center of the 3 x 3 mm OCT angiograms. The appropriate
position of the circle was verified using the angiographic images and the vascular plexi of the inner
retina imaged with OCTA as references.

Mean gray levels of the four layers of each image were assessed using Image ] software.
As previously described [24], the CC vessel density was defined as the percentage area occupied
by flow pixels obtained by applying a grey level threshold. The grey level threshold was used to
reduce the noise and was defined as the average signal of the outer retinal layer, where normally no
vessels are found. All pixels with a grey level above the threshold were considered as indicators of
blood flow (Figure 2). In order to enhance reliability of our data we performed two consecutive OCTA
measurements in each eye by two different operators (MN and CL). Mean values were used for further
analysis. CC vessel density is expressed as percentage.

4.2. Data Analysis and Statistic

All data are presented as Mean =+ Standard Deviation.
The Shapiro-Wilk test was used to verify the normal distribution of data [17].
Differences between data sets were evaluated with paired ¢-test.
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Repeatability between the two measurements from different operators was assessed evaluating
the ICC.

The Spearman coefficient was calculated to assess the correlation between CCVD and CFT.

p value < 0.05 was considered significant.

)G

7.57

| 2] e
1] 28

Mean ~] [Baw ~

==}

Figure 2. (A) The Indocyanine Green Angiography (ICGA, left) of an eye affected by chronic central
serous choriorethinopathy (CSC) was used as reference to guide the photodynamic (PDT) treatment
(black ellipsoid line); (E) The appropriate position of the circle on the optical coherence tomography
angiography (OCTA) image was verified comparing the Fluorescein Angiography (FA; (A) right)
image and the vascular plexus of the inner retina imaged with (OCTA) (B); (D) “Outer retina” OCTA
slab between 70 um below inner plexiform layer and 30 pm below the retinal pigment epithelium
(RPE) reference was used to define the noise as the mean grey level of the picture (G). The mean
grey level was used as a threshold to apply to the 30 um slab OCTA choriocapillaris (CC) image
(C), obtaining a binarized image where all pixels above the threshold (in black) were considered as
indicators of blood flow (F). Using the previous superficial slab (E) as reference, the circle was placed on
the binarized image in the same position (H). The area of the black pixels was automatically measured
by Image] software.

5. Conclusions

In conclusion, the short-term analysis of the CC after PDT showed a decrease in vessel density
one week after the treatment, probably due to capillary occlusion subsequent to treatment. The vessel
density increase observed at one month may be due to CC recovery related to VEGF and VEGF-R
overexpression at the treatment site. OCTA seems to be useful in the visualization of the CC vessels
and in confirming the mechanism of action of PDT treatment in eyes with chronic CSC.



Int. ]. Mol. Sci. 2017, 18, 2468 9 of 10

Author Contributions: Chiara M. Eandi conceived and designed the experiments; Marco Nassisi, Carlo Lavia,
Camilla Alovisi and Luca Musso performed the experiments; Marco Nassisi and Carlo Lavia analyzed the data;
Camilla Alovisi and Luca Musso contributed analysis tools; Marco Nassisi, Carlo Lavia and Chiara M. Eandi
wrote the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Gass, ].D.M. Pathogenesis of disciform detachment of the neuro-epithelium. II. Idiopathic central serous
choroidopathy. Am. J. Ophthalmol. 1960, 63, 587-615.

Kitzmann, A.S.; Pulido, J.S.; Diehl, N.N.; Hodge, D.O.; Burke, J.P. The incidence of central serous
chorioretinopathy in Olmsted County, Minnesota, 1980-2002. Ophthalmology 2008, 115, 169-173. [CrossRef]
[PubMed]

Gilbert, C.M.; Owens, S.L.; Smith, P.D.; Fine, S.L. Long-term follow-up of central serous chorioretinopathy.
Br. J. Ophthalmol. 1984, 68, 815-820. [CrossRef] [PubMed]

Schachat, A.P.; Wilkinson, C.P. Ryan’s Retina, 6th ed.; Elsevier: New York, NY, USA, 2017; pp. 1464-1483,
ISBN 9780323401975.

Daruich, A.; Matet, A.; Dirani, A.; Bousquet, E.; Zhao, M.; Farman, N.; Jaisser, E; Behar-Cohen, F. Central
serous chorioretinopathy: Recent findings and new physiopathology hypothesis. Prog. Retin. Eye Res. 2015,
48, 82-118. [CrossRef] [PubMed]

Teussink, M.M.; Breukink, M.B.; van Grinsven, M.].; Hoyng, C.B.; Klevering, B.J.; Boon, C.J.; de Jong, EK.;
Theelen, T. OCT angiography compared to fluorescein and indocyanine green angiography in chronic central
serous chorioretinopathy. Investig. Ophthalmol. Vis. Sci. 2015, 56, 5229-5237. [CrossRef] [PubMed]
Nicholson, B.; Noble, J.; Forooghian, F; Meyerle, C. Central serous chorioretinopathy: Update on
pathophysiology and treatment. Surv. Ophthalmol. 2013, 58, 103-126. [CrossRef] [PubMed]

Salehi, M.; Wenick, A.S.; Law, H.A.; Evans, J.R.,, Gehlbach, P. Interventions for central serous
chorioretinopathy: A network meta-analysis. Cochrane Database Syst. Rev. 2015, CD011841. [CrossRef]
Yannuzzi, L.A.; Slakter, J.S.; Gross, N.E.; Spaide, R.F,; Costa, D.; Huang, S.J.; Klancnik, .M., Jr.; Aizman, A.
Indocyanine green angiography-guided photodynamic therapy for treatment of chronic central serous
chorioretinopathy: A pilot study. Retina 2003, 23, 288-298. [CrossRef] [PubMed]

Lim, ].I; Glassman, A.R.; Aiello, L.P,; Chakravarthy, U.; Flaxel, C.J.; Spaide, R.F. Collaborative retrospective
macula society study of photodynamic therapy forchronic central serous chorioretinopathy. Ophthalmology
2014, 121, 1073-1078. [CrossRef] [PubMed]

Nicol6, M.; Eandi, C.M.; Alovisi, C.; Grignolo, EM.; Traverso, C.E.; Musetti, D.; Cardillo Piccolino, F.
Half-fluence versus half-dose photodynamic therapy in chronic central serous chorioretinopathy. Am. J.
Ophthalmol. 2014, 157, 1033-1037. [CrossRef] [PubMed]

Chan, WM.; Lam, D.S; Lai, T.Y,; Tam, B.S.; Liu, D.T.; Chan, C.K. Choroidal vascular remodelling in central
serous chorioretinopathy after indocyanine green guided photodynamic therapy with verteporfin: A novel
treatment at the primary disease level. Br. J. Ophthalmol. 2003, 87, 1453-1458. [CrossRef] [PubMed]
Schlotzer-Schrehardt, U.; Viestenz, A.; Naumann, G.O.; Laqua, A.; Michels, S.; Schmidt-Erfurth, U.
Dose-related structural effects of photodynamic therapy on choroidal and retinal structures of human
eyes. Graefes Arch. Clin. Exp. Ophthalmol. 2002, 240, 748-757. [CrossRef] [PubMed]

Jia, Y;; Tan, O.; Tokayer, J.; Potsaid, B.; Wang, Y.; Liu, ].J.; Kraus, M.E,; Subhash, H.; Fujimoto, J.G.;
Hornegger, J.; et al. Split-spectrum amplitude-decorrelation angiography with optical coherence tomography.
Opt. Express 2012, 20, 4710-4725. [CrossRef] [PubMed]

Quaranta-El Maftouhi, M.; El Maftouhi, A.; Eandi, C.M. Chronic central serous Chorioretinopathy imaged
by optical coherence tomographic angiography. Am. J. Ophthalmol. 2015, 160, 581-587. [CrossRef] [PubMed]
Chan, S.Y,; Wang, Q.; Wei, W.B.; Jonas, ].B. Optical coherence tomographic angiography in central serous
chorioretinopathy. Retina 2016, 36, 2051-2058. [CrossRef] [PubMed]

Shapiro, S.S.; Wilk, M.B. An analysis of variance test for normality (complete samples). Biometrika 1965, 52,
591-611. [CrossRef]


http://dx.doi.org/10.1016/j.ophtha.2007.02.032
http://www.ncbi.nlm.nih.gov/pubmed/18166410
http://dx.doi.org/10.1136/bjo.68.11.815
http://www.ncbi.nlm.nih.gov/pubmed/6541945
http://dx.doi.org/10.1016/j.preteyeres.2015.05.003
http://www.ncbi.nlm.nih.gov/pubmed/26026923
http://dx.doi.org/10.1167/iovs.15-17140
http://www.ncbi.nlm.nih.gov/pubmed/26244299
http://dx.doi.org/10.1016/j.survophthal.2012.07.004
http://www.ncbi.nlm.nih.gov/pubmed/23410821
http://dx.doi.org/10.1002/14651858.CD011841.pub2
http://dx.doi.org/10.1097/00006982-200306000-00002
http://www.ncbi.nlm.nih.gov/pubmed/12824827
http://dx.doi.org/10.1016/j.ophtha.2013.11.040
http://www.ncbi.nlm.nih.gov/pubmed/24439758
http://dx.doi.org/10.1016/j.ajo.2014.01.022
http://www.ncbi.nlm.nih.gov/pubmed/24487046
http://dx.doi.org/10.1136/bjo.87.12.1453
http://www.ncbi.nlm.nih.gov/pubmed/14660450
http://dx.doi.org/10.1007/s00417-002-0517-4
http://www.ncbi.nlm.nih.gov/pubmed/12271373
http://dx.doi.org/10.1364/OE.20.004710
http://www.ncbi.nlm.nih.gov/pubmed/22418228
http://dx.doi.org/10.1016/j.ajo.2015.06.016
http://www.ncbi.nlm.nih.gov/pubmed/26133250
http://dx.doi.org/10.1097/IAE.0000000000001064
http://www.ncbi.nlm.nih.gov/pubmed/27164548
http://dx.doi.org/10.1093/biomet/52.3-4.591

Int. ]. Mol. Sci. 2017, 18, 2468 10 of 10

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Piccolino, F.C.; de la Longrais, R.R; Ravera, G.; Eandi, C.M.; Ventre, L.; Abdollah, A.; Manea, M. The foveal
photoreceptor layer and visual acuity loss in central serous chorioretinopathy. Am. J. Ophthalmol. 2005, 139,
87-99. [CrossRef] [PubMed]

Cardillo Piccolino, F.; Eandi, C.M.; Ventre, L.; Rigault de la Longrais, R.C.; Grignolo, EM. Photodynamic
therapy for chronic central serous chorioretinopathy. Retina 2003, 23, 752-763. [CrossRef] [PubMed]

Chan, WM,; Lai, T.Y,; Lai, R.Y,; Tang, E.W,; Liu, D.T.; Lam, D.S. Safety enhanced photodynamic therapy for
chronic central serous chorioretinopathy: One-year results of a prospective study. Retina 2008, 28, 85-93.
[CrossRef] [PubMed]

Chan, WM.; Lam, D.S.; Lai, T.Y.; Yuen, K.S.; Liu, D.T.; Chan, C.K.; Chen, W.Q. Treatment of choroidal
neovascularization in central serous chorioretinopathy by photodynamic therapy with verteporfin. Am. J.
Opthalmol. 2003, 136, 836-845. [CrossRef]

Xu, Y,; Su, Y,; Li, L.; Qi, H.; Zheng, H.; Chen, C. Effect of photodynamic therapy on optical coherence
tomography angiography in eyes with chronic central serous chorioretinopathy. Ophthalmologica 2017, 237,
167-172. [CrossRef] [PubMed]

Fujita, K.; Kawamura, A.; Yuzawa, M. Choriocapillaris changes imaged by OCT angiography after half-dose
photodynamic therapy for chronic central serous chorioretinopathy. Ophthalmic Surg. Lasers Imaging Retina
2017, 48, 302-310. [CrossRef] [PubMed]

Alten, F.; Heiduschka, P.; Clemens, C.R.; Eter, N. Exploring choriocapillaris under reticular pseudodrusen
using OCT-Angiography. Graefes Arch. Clin. Exp. Ophthalmol. 2016, 254, 2165-2173. [CrossRef] [PubMed]
Costanzo, E.; Cohen, S.Y,; Miere, A.; Querques, G.; Capuano, V.; Semoun, O.; El Ameen, A.; Oubraham, H.;
Souied, E.H. Optical coherence tomography angiography in central serous chorioretinopathy. J. Ophthalmol.
2015, 2015, 134783. [CrossRef] [PubMed]

Yang, L.; Jonas, J.B.; Wei, W. Optical coherence tomography-assisted enhanced depth imaging of central
serous chorioretinopathy. Investig. Ophthalmol. Vis. Sci. 2013, 54, 4659-4665. [CrossRef] [PubMed]
Schmidt-Erfurth, U.; Hasan, T. Mechanisms of action of photodynamic therapy with verteporfin for the
treatment of age-related macular degeneration. Surv. Ophthalmol. 2000, 45, 195-214. [CrossRef]
Schmidt-Erfurth, U.; Schlétzer-Schrehard, U.; Cursiefen, C.; Michels, S.; Beckendorf, A.; Naumann, G.O.
Influence of photodynamic therapy on expression of vascular endothelial growth factor (VEGF),
VEGEF receptor 3, and pigment epithelium-derived factor. Investig. Ophthalmol. Vis. Sci. 2003, 44, 4473-4480.
[CrossRef]

Husain, D.; Kramer, M.; Kenny, A.G.; Michaud, N.; Flotte, T.].; Gragoudas, E.S.; Miller, J.W. Effects of
photodynamic therapy using verteporfin on experimental choroidal neovascularization and normal retina
and choroid up to 7 weeks after treatment. Investig. Ophthalmol. Vis. Sci. 1999, 40, 2322-2331.

Al-Sheikh, M.; Phasukkijwatana, N.; Dolz-Marco, R.; Rahimi, M.; Iafe, N.A.; Freund, K.B.; Sadda, S.R.;
Sarraf, D. Quantitative OCT angiography of the retinal microvasculature and the choriocapillaris in myopic
eyes. Investig. Ophthalmol. Vis. Sci. 2017, 58, 2063-2069. [CrossRef] [PubMed]

Shinojima, A.; Kawamura, A.; Mori, R.; Fujita, K.; Yuzawa, M. Findings of optical coherence tomographic
angiography at the choriocapillaris level in central serous chorioretinopathy. Ophthalmologica 2016, 236,
108-113. [CrossRef] [PubMed]

Alten, F,; Clemens, C.R.; Eter, N. OCT-Angiography strengthens the theory of a purely serous pigment
epithelium detachment in age-related macular degeneration. Graefes Arch. Clin. Exp. Ophthalmol. 2016, 254,
1645-1647. [CrossRef] [PubMed]

lida, T.; Yannuzzi, L.A.; Spaide, R.F; Borodoker, N.; Carvalho, C.A.; Negrao, S. Cystoid macular degeneration
in chronic central serous chorioretinopathy. Retina 2003, 23, 137-138. [CrossRef]

Imamura, Y.; Fujiwara, T.; Margolis, R.; Spaide, R.F. Enhanced depth imaging optical coherence tomography
of the choroid in central serous chorioretinopathy. Retina 2009, 29, 1469-1473. [CrossRef] [PubMed]

Lai, T.Y.; Chan, WM,; Li, H,; Lai, R.Y.; Liu, D.T.; Lam, D.S. Safety enhanced photodynamic therapy with half
dose verteporfin for chronic central serous chorioretinopathy: A short term pilot study. Br. J. Ophthalmol.
2006, 90, 869-874. [CrossRef] [PubMed]

@ © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.ajo.2004.08.037
http://www.ncbi.nlm.nih.gov/pubmed/15652832
http://dx.doi.org/10.1097/00006982-200312000-00002
http://www.ncbi.nlm.nih.gov/pubmed/14707823
http://dx.doi.org/10.1097/IAE.0b013e318156777f
http://www.ncbi.nlm.nih.gov/pubmed/18185143
http://dx.doi.org/10.1016/S0002-9394(03)00462-8
http://dx.doi.org/10.1159/000456676
http://www.ncbi.nlm.nih.gov/pubmed/28171871
http://dx.doi.org/10.3928/23258160-20170329-04
http://www.ncbi.nlm.nih.gov/pubmed/28419395
http://dx.doi.org/10.1007/s00417-016-3375-1
http://www.ncbi.nlm.nih.gov/pubmed/27193430
http://dx.doi.org/10.1155/2015/134783
http://www.ncbi.nlm.nih.gov/pubmed/26634150
http://dx.doi.org/10.1167/iovs.12-10991
http://www.ncbi.nlm.nih.gov/pubmed/23737472
http://dx.doi.org/10.1016/S0039-6257(00)00158-2
http://dx.doi.org/10.1167/iovs.02-1115
http://dx.doi.org/10.1167/iovs.16-21289
http://www.ncbi.nlm.nih.gov/pubmed/28388703
http://dx.doi.org/10.1159/000448436
http://www.ncbi.nlm.nih.gov/pubmed/27606681
http://dx.doi.org/10.1007/s00417-016-3354-6
http://www.ncbi.nlm.nih.gov/pubmed/27106624
http://dx.doi.org/10.1097/00006982-200302000-00001
http://dx.doi.org/10.1097/IAE.0b013e3181be0a83
http://www.ncbi.nlm.nih.gov/pubmed/19898183
http://dx.doi.org/10.1136/bjo.2006.090282
http://www.ncbi.nlm.nih.gov/pubmed/16597666
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Baseline Characteristics 
	Visual Acuity 
	PDT 
	OCT 
	OCTA 
	Repeatability Assessment 
	Affected Eyes 
	Comparison with Fellow Eyes 


	Discussion 
	Materials and Methods 
	OCT-Angiography 
	Data Analysis and Statistic 

	Conclusions 

