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Purpose: A retrospective study was performed with data from the prospective randomized
controlled trials, PLACE and SPECTRA, assessing the risk of foveal atrophy and the
likelihood of structural and functional improvement on optical coherence tomography, after
foveal half-dose photodynamic therapy in chronic central serous chorioretinopathy.

Methods: A total of 57 chronic central serous chorioretinopathy patients received a
single half-dose photodynamic therapy with a treatment spot that included the fovea.
Optical coherence tomography scans and fundus autofluorescence images were analyzed
for structural improvement and possible atrophy development, at baseline and at several
visits after treatment. Main outcome measures were integrity of the external limiting
membrane and ellipsoid zone on optical coherence tomography and hypoautofluorescence
on fundus autofluorescence.

Results: The subfoveal external limiting membrane was graded as continuous in 21 of 57
of patients (36.8%) at baseline, and the subfoveal ellipsoid zone was graded as continuous
in 5 of 57 patients (8.8%) at first visit, which improved to 50 of 51 (98.0%) and 32 out of 51
(62.7%) at the final visit at 2 years, respectively (both P , 0.001). Hypoautofluorescent
changes on fundus autofluorescence were present in 25 of 55 patients (45.5%) at baseline
and in 23 of 51 patients (45.1%) at the final visit (P = 0.480).

Conclusion: In patients with chronic central serous chorioretinopathy who received a
single, foveal, half-dose photodynamic therapy, a significant improvement in structure and
function was seen at the final follow-up. None of the patients developed foveal atrophy.
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Central serous chorioretinopathy (CSC) is a chorior-
etinal disease primarily affecting middle-aged

men.1 It is characterized by the accumulation of sub-
retinal fluid (SRF), often in the macula. Although the
exact pathophysiologic assessment is still unknown,
CSC is believed to be caused by hyperpermeability of
the choroidal vessels, causing dysfunction of the retinal
pigment epithelial (RPE) outer blood–retinal barrier and
SRF accumulation.2,3 Central serous chorioretinopathy
can roughly be categorized into acute and chronic CSC
(cCSC), with acute CSC typically resolving spontane-
ously within several months. This is in contrast to

cCSC, in which persistence of SRF and more extensive
retinal and choroidal abnormalities are seen, which may
lead to subsequent central vision loss and decreased
quality of life.4 Therefore, early treatment and diagnosis
is important to prevent the loss of visual function.
Currently, the primary evidence-based treatment for

cCSC is half-dose photodynamic therapy (PDT).1,5–7

This treatment uses the photosensitive drug vertepor-
fin, that is administered intravenously, and induces a
release of free oxygen radicals when activated by an
infrared laser. The exact mechanism of PDT in the
treatment of cCSC is still unclear, but the release of
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these radicals are believed to cause choroidal vascular
remodeling and may therefore lead to decreased cho-
roidal hyperpermeability and may reduce fluid leakage
into the subretinal space.1

In general, half-dose PDT is regarded as a safe and
effective treatment for CSC.1,8 Since the introduction
of PDT, several PDT algorithms have been studied to
find the optimal settings that lead to minimal side
effects. Currently, half-dose PDT, which requires 3
mg/m2 of verteporfin rather than 6 mg/m2, is more

often used than full-dose PDT because this approach
minimizes the already low risk of systemic side effects
associated with verteporfin infusion.1 An extremely
rare but severe ocular complication that has been
described after PDT is atrophy of the RPE.9 Of impor-
tance, this has been mostly described in relatively old
studies in which patients had been treated with full-
dose PDT rather than half-dose PDT.9–12 Despite the
abundant number of studies on half-dose PDT in
cCSC patients, there is still a striking worldwide var-
iability in preferred treatment approaches for
cCSC.13,14 In the case of PDT for cCSC, some oph-
thalmologists are still hesitant to include the fovea in
the PDT treatment spot because of the presumed risk
of foveal RPE atrophy development, although this
potential risk has never been thoroughly assessed.1,14

Recently, two large randomized controlled trials
(RCTs) have demonstrated half-dose PDT to be an
effective treatment for anatomical (inducing a com-
plete SRF resolution on optical coherence tomography
[OCT]) and functional parameters. First, the PLACE
trial showed a superiority of half-dose PDT compared
with high-density subthreshold micropulse laser treat-
ment at 7 to 8 months after treatment for complete
SRF resolution and retinal sensitivity on microperim-
etry.6 In addition, the SPECTRA trial concluded that
half-dose PDT is markedly superior to oral eplerenone
treatment in cCSC treatment, both as primary and as
crossover treatment.5,15 In both the PLACE and
SPECTRA trial, the fovea was allowed to be included
in the half-dose PDT treatment spot, if necessary based
on the hyperfluorescent abnormalities on indocyanine
green angiography (ICGA). In this study, conducted
with prospectively collected data from these two
RCTs, we have evaluated the safety of half-dose
PDT in which the fovea was included in the treatment
spot, by reviewing multimodal imaging for signs of
development of foveal RPE atrophy after treatment.

Methods

This study included data and multimodal imaging of
cCSC patients enrolled in the multicenter randomized
PLACE and SPECTRA studies.5,6 The PLACE trial
was conducted at five academic medical centers in
Europe. Eligible patients of the SPECTRA trial were
enrolled at three academic medical centers in the Neth-
erlands. The studies were conducted in accordance
with the tenets of the Declaration of Helsinki, and all
participating centers received approval from their
respective institutional review board and ethics com-
mittee (clinicalTrials.gov identifier, NCT03079141
[PLACE trial]; NCT01797861 [SPECTRA trial]).
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Participants

Both the PLACE and SPECTRA trial enrolled adult
previously untreated cCSC patients with foveal SRF at
the baseline visit. Visual loss related to CSC was
interpreted as the onset of disease and was required to
be present for at least 6 weeks. Patients were excluded if
continuous or progressive vision loss lasting .18
months or SRF on OCT lasting .18 months was pre-
sent. In addition, one or more regions of active focal
leakage together with RPE window defects on fluores-
cein angiography, as well as compatible hyperfluorescent
changes typical of cCSC on ICGA, had to be present.
This study included cCSC patients who had been treated
in these two trials with half-dose PDT. Inclusion of the
fovea in the PDT treatment spot at least partially was
mandatory. For this study, the fovea was defined as an
area of 1,500 mm in diameter centered on the foveal
depression. Whether the PDT treatment spot included
the fovea was determined by first using the Heidelberg
built-in caliper tool to draw a circle with a diameter of
1,500 mm centered on central foveal depression on the
infrared image, which corresponded to the enhanced-
depth imaging spectral-domain OCT (Spectralis HRA
+ OCT Heidelberg Engineering GmbH, Heidelberg, Hei-
delberg Retina Angiograph, Germany) scan obtained at
the baseline visit. This image was subsequently overlap-
ped with the treatment plans for half-dose PDT that were
depicted in Adobe Photoshop 21.1.1 (Adobe Inc, San
Jose, CA) as part of both RCTs, to be able to establish
whether the half-dose PDT treatment spot covered the
central fovea either completely or partially, or not at all
(Figure 1).
The inclusion and exclusion criteria of the PLACE

and SPECTRA trials have previously been pub-
lished.5,6 Additional exclusion criteria for this study
included a second half-dose PDT or crossover treat-
ment within the trial period, a follow-up period less
than 8 months, and persistence of SRF on OCT at the
follow-up visits after half-dose PDT because persis-
tence of SRF may lead to atrophic retinal changes.

Procedures

At the baseline visit of both the PLACE and SPEC-
TRA trial, demographics and medical history were taken,
and an ophthalmologic examination and imaging were
performed. This extensive ophthalmologic examination
included best-corrected visual acuity in Early Treatment
of Diabetic Retinopathy Study letters, and retinal and
foveal sensitivity on microperimetry (Macular Integrity
Assessment microperimetry, Centervue, Padova, Italy).
Imaging included OCT scans, fundus autofluorescence,
fundus photographs, fluorescein angiography, ICGA, and
were made by certified medical photographers. Patients

were randomized to treatment with half-dose PDT or
either eplerenone (SPECTRA trial) or high-density sub-
threshold micropulse laser (PLACE trial). For half-dose
PDT, the area to be treated was determined by the central
reading center based on hyperfluorescent areas on ICGA
compatible with SRF on OCT and leakage on fluorescein
angiography.
Before the start of the half-dose PDT, the pupil of

the eye to be treated was dilated with topical 1.0%
tropicamide and 2.5% phenylephrine. Afterward, 3
mg/m2 body surface verteporfin (Visudyne; Novartis
Pharma AG, Basel, Switzerland) was administered
over 10 minutes through an intravenous drip. Fifteen
minutes after the starting the verteporfin infusion, an
anesthetic drop containing oxybuprocaine 0.4% was
administered before placing a PDT contact lens
(·1.5; Volk Optical, Mentor, OH) on the eye. Finally,
half-dose PDT was performed in the target treatment
area with a standard fluency of 50 J/cm2, wavelength
of 689 nm, and duration of 83 seconds.
At the first visit (6 weeks to 3 months after baseline

and treatment) and at the 1-year visit (at 8–12 months
after treatment), patients underwent ophthalmologic
examination and imaging again. Data of the follow-
up at 2 years after the baseline were also collected if
present, in most cases, as a final follow-up in the trial
setting, but also as a routine follow-up in the clinic.

Outcomes

The macular OCT scans that were taken at the
baseline visit, first visit, 1-year visit, and 2-year visit
were analyzed for this study. Different characteristics
on the central macular cross-sectional OCT scan were
assessed, both within the fovea and outside the fovea
and included the following: presence of hyperreflec-
tive intraretinal foci (defined as small, well-
circumscribed dot-shaped lesion, with equal or greater
reflectivity than the RPE), integrity of the external
limiting membrane (ELM), and ellipsoid zone (EZ).
The ELM and EZ were graded as either “continuous”,
“irregular”, or “indiscernible” (Figure 2). If the ELM
or EZ was graded as irregular both at baseline and the
last available follow-up, but still had improved or
worsened significantly, this was also documented. Fur-
thermore, the subfoveal choroidal thickness (distance
from the outer part of the hyperreflective RPE layer to
the hyperreflective line of the inner surface of the
sclera) and central retinal thickness (distance from
the internal limiting membrane [ILM] to the hyperre-
flective line of the EZ) were measured as described by
van Rijssen et al.16 Finally, the presence of an
increased penetrance of the OCT laser light into the
choroid through an area of atrophic RPE was
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documented (“comet tail”; see Supplemental Digital
Content 1, http://links.lww.com/IAE/B870).17

At all visits, fundus autofluorescence images were
scored for the presence of hyperautofluorescence and
hypoautofluorescence insidee and outside the fovea.
The diameter of 1,500 mm centered on the central
foveal depression was again measured using the
built-in Heidelberg caliper tool. At the baseline visit
and first visit after treatment, fluorescein angiography
and ICGA images were analyzed for the presence of a
window defect and for the fluorescence in the fovea,
respectively.
All scans were reviewed independently by two

researchers (H.M.A.F. and M.J.C.M.L.). A referee
(C.J.F.B.) was consulted in cases where their evalua-
tions did not correspond. The main outcome measures
of this study were decrease of the integrity of the ELM
and EZ in the fovea and increase of hypoautofluor-
escence on fundus autofluorescence, indicating an
increased risk of developing foveal atrophy.

Statistical Analysis

All statistical analyses were performed using IBM
SPSS Statistics 25.0 (SPSS 25, IBM, New York, NY).
A linear mixed model was used to compare all
parameters between baseline and the 2-year visit

because of missing data at the 2-year visit. To compare
the aspect of the ELM and EZ on OCT at baseline and
2-year visit, the outcome measures “irregular” and
“indiscernible” were analyzed as one combined group
and compared with the outcome “continuous” in a
mixed effects binary logistic regression. In all performed
tests, a P value of #0.05 was considered statistically
significant (P # 0.0033 after Bonferroni correction).

Results

Patients and Treatment

Of the 133 cCSC patients from SPECTRA and
PLACE trials who were randomized to half-dose PDT
between November 2013 and August 2019, 57 patients
could be included in this study after applying the
exclusion criteria (Figure 1). The mean age at enroll-
ment in the trial in this group was 46.9 6 9.6 years,
with 50 (87.7%) of the patients being male. Other
baseline characteristics are summarized in Table 1.
The mean total follow-up time at the last available
follow-up (either 1-year visit or 2-year visit) was
22.1 6 3.9 months (range 8.1–27.6 months, n = 57).
The mean PDT laser spot size was 4466.7 mm (range

1,100–9,100 mm). In 32 of 57 patients (56.1%), the PDT

Fig. 1. Assessment of the
location of the half-dose PDT
treatment spot and its relation to
the fovea in cCSC patients. All
images (A–C) comprise infra-
red images with the central
foveal area, defined as a circle
with a diameter of 1,500 mm
centered on the central foveal
depression, demarcated in yel-
low. The half-dose PDT treat-
ment spot was depicted on this
infrared image to determine the
exact location of the treatment
spot. On the first image (A), the half-dose PDT treatment spot did not overlap the fovea. On the second image (B), the PDT treatment spot completely
included the fovea, whereas this was partially the case on the third image (C).

Fig. 2. Grading of the integrity
of the ELM and EZ on the
central macular cross-sectional
OCT scan of cCSC patients.
The integrity of the ELM and
EZ were graded on the central
macular cross-sectional OCT
scan, both within the fovea
(diameter of 1,500 mm centered
on the central foveal depres-
sion) and outside the fovea. The
EZ could only reliably be as-
sessed after the complete reso-
lution of SRF, at the first visit
after half-dose PDT. The ELM and EZ were graded as “continuous” if it had a regular, normal aspect, and the term “irregular” was used when a part of
the retinal layer was interrupted or had an irregular or thinned aspect. For the ELM of EZ to be graded as “indiscernible”, a substantial amount of the
retinal layer should not be recognizable despite sufficient quality of the imaging.
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spot covered the fovea completely, whereas in 25 of 57
patients (43.9%), the fovea was covered partially.

Optical Coherence Tomography Characteristics

At the baseline visit, the aspect of the subfoveal
ELM was graded as “continuous” in 21 of 57 patients
(36.8%), improving to 50 of 51 (98.0%) at the 2-year
visit (,0.001) (Table 2 and Figure 3). This number
was 33 of 57 (57.9%) at baseline and 41 of 51 (80.4%)
at the 2-year visit for the extrafoveal ELM (,0.001).
At the last available follow-up (either 1-year visit or 2-
year visit), the subfoveal ELM had improved in 37 of
57 patients (64.9%) and had remained stable in 20 of
57 patients (35.1%). The aspect of the extrafoveal
ELM had improved in 20 of 57 patients (35.1%),
had remained stable in 36 of 57 (63.1%), and had
worsened in 1 of 57 (1.8%).
The subfoveal EZ was first graded at first visit after

half-dose PDT when complete SRF resolution had
occurred and was considered “continuous” in 5 of 57
patients (8.8%), increasing to 32 of 51 patients
(62.7%) at the 2-year visit (P , 0.001). The aspect
of the EZ outside the fovea followed the same pattern,
with 8 of 57 patients (14.0%) being graded as “con-
tinuous” at the first visit after PDT and with 29 of 51
patients (56.9%) at the 2-year visit (,0.001). At the
last available follow-up, the subfoveal EZ had
improved in 49 of 57 patients (86.0%) and had re-
mained stable in 8 of 57 patients (14.0%). The extra-
foveal EZ had improved in 42 of 57 (73.7%), had
remained stable in 14 of 57 (24.6%), but had worsened
slightly in one patient.
Variable degrees of hypoautofluorescence on fundus

autofluorescence was observed in 25 of 55 patients

(45.5%) at the baseline visit (of whom, it was solely
located in the fovea in eight patients) and in 23 of 51
patients (45.1%) at the 2-year visit (of whom, it was
located in the fovea in only five patients). A very mild
increase in preexistent foveal hypoautofluorescence
was seen in four patients, which did not correspond to
the PDT treatment spot (Figure 4).

Functional Outcomes

The mean best-corrected visual acuity of the study
eyes at baseline was 80.8 6 8.2 Early Treatment of
Diabetic Retinopathy Study letters, increasing to 88.6
6 5.4 at the 2-year visit (P , 0.001) (Table 2). At the
baseline visit, the mean retinal sensitivity was 22.6 6
4.2 decibel (dB), and this increased significantly to
27.3 6 2.9 dB at the 2-year visit (P , 0.001). The
foveal sensitivity also increased at the 2-year visit
compared with the baseline visit (25.9 6 3.6 dB and
19.7 6 5.0 dB, respectively), although this was not
significant after correction for multiple testing (P =
0.035).

Discussion

Half-dose or half-fluence PDT is considered the
treatment of choice for cCSC, when available.1,14 Nev-
ertheless, to date, some ophthalmologists still fear a
risk of development of PDT-associated RPE atrophy
in CSC. This study, conducted with data from two
large RCTs that evaluated the safety of half-dose
PDT with a treatment spot overlapping the fovea,
showed no signs of possible development of foveal
atrophy or vision loss after one application of half-
dose PDT in any of the 57 patients after a mean
follow-up of 22.1 months, even in patients who had
preexistent atrophic RPE changes. On the contrary,
apart from a high degree of SRF resolution after treat-
ment, there was a significant improvement in the integ-
rity of the ELM and EZ, as well as CRT, at the 2-year
visit compared with the baseline visit. This marked
structural improvement was associated with a signifi-
cant increase in functional outcome (visual acuity and
retinal sensitivity).
Foveal atrophy after treatment with PDT has been

believed to be caused by choroidal hypoperfusion and
choriocapillaris atrophy. Studies have shown that
short-term choriocapillaris hypoperfusion may occur
after treatment with PDT, before promoting chorioca-
pillaris recovery, and reduced leakage.18,19 In neovas-
cular age-related macular degeneration, some cases of
choroidal ischemia after PDT using standard treatment
settings (6 mg/m2 verteporfin) have been described in
the past.20,21 However, overall, in neovascular age-

Table 1. Baseline Characteristics of Patients Included in
this Study

Eyes (n) 57
Age (years) 46.9 6 9.6
Male gender 50/57 (87.7%)
BCVA in study eyes (ETDRS letters) 80.8 6 8.2 (n = 57)
BCVA in fellow eyes (ETDRS letters) 89.2 6 6.8 (n = 57)
Retinal sensitivity study eyes on
microperimetry (dB)

22.6 6 4.2 (n = 54)

Foveal sensitivity study eyes on
microperimetry (dB)

19.7 6 5.0 (n = 54)

Retinal sensitivity fellow eyes on
microperimetry (dB)

27.7 6 2.9 (n = 54)

Foveal sensitivity fellow eyes on
microperimetry (dB)

26.3 6 3.4 (n = 54)

Data are either n (%), or mean 6 SD.
BCVA, best-corrected visual acuity; dB, decibel; ETDRS, Early

Treatment of Diabetic Retinopathy Study; PED, pigment epithelial
detachment.

OUTCOME OF FOVEAL HALF-DOSE PDT IN cCSC � FEENSTRA ET AL 383



Table 2. Clinical and Multimodal Imaging Characteristics of cCSC Patients During Follow-up After Treatment With Half-
Dose PDT

Baseline Visit
(n = 57)

First Visit After
Half-Dose PDT

(n = 57)
1-Year Visit
(n = 57)

2-Year Visit
(n = 51) P*

Clinical characteristics
BCVA (ETDRS) 80.8 6 8.2 (n = 57) 86.4 6 6.3 (n = 57) 87.5 6 7.5 (n = 57) 88.6 6 5.4 (n = 51) ,0.001
Retinal sensitivity on
microperimetry (dB)

22.6 6 4.2 (n = 54) 25.5 6 3.2 (n = 56) 26.5 6 3.4 (n = 56) 27.3 6 2.9 (n = 47) ,0.001

Foveal sensitivity on
microperimetry (dB)

19.7 6 5.0 (n = 54) 24.4 6 4.2 (n = 55) 25.6 6 3.9 (n = 56) 25.9 6 3.6 (n = 36) 0.035

OCT characteristics
SFCT (mm) 380.7 6 73.2 (n = 41) 325.1 6 77.4 (n = 46) 325.6 6 86.1 (n = 49) 302.0 6 80.9 (n = 43) 0.001
CRT (mm) 109.5 6 20.1 (n = 57) 117.2 6 23.5 (n = 57) 122.6 6 23.1 (n = 57) 129.9 6 37.3 (n = 51) 0.001

Presence of
hyperreflective foci at
fovea

37/57 (64.9%) 29/57 (50.9%) 25/57 (43.9%) 20/51 (39.2%) 0.002

Presence of “comet tail” 5/57 (8.8%) 5/57 (8.8%) 3/57 (5.3%) 3/51 (5.9%) 0.251
ELM normal under central

foveal depression
43/57 (75.4%) 52/57 (91.2%) 56/57 (98.2%) 51/51(100%) ,0.001

Aspect of subfoveal ELM n = 57 n = 57 n = 57 n = 51
Continuous/regular 21 (36.8%) 49 (86.0%) 56 (98.2%) 50 (98.0%) ,0.001
Irregular 34 (59.6%) 8 (14.0%) 1 (1.8%) 1 (2.0%)
Indiscernible 2 (3.5%) 0 (0%) 0 (0%) 0 (0%)

Aspect ELM outside fovea n = 57 n = 57 n = 57 n = 51
Continuous/regular 33 (57.9%) 43 (75.4%) 46 (80.7%) 41 (80.3%) ,0.001
Irregular 24 (42.1%) 14 (24.6%) 10 (17.5%) 10 (19.6%)
Indiscernible 0 (0%) 0 (0%) 1 (1.8%) 0 (0%)

EZ normal under central
foveal depression

N/A 37/57 (64.9%) 53/57 (93.0%) 47/51 (92.2%) 0.028

Aspect subfoveal EZ n = 57 n = 57 n = 51
Continuous/regular N/A 5 (8.8%) 30 (52.6%) 32 (62.7%) ,0.001
Irregular N/A 52 (91.2%) 27 (47.4%) 19 (37.3%)
Indiscernible N/A 0 (0%) 0 (0%) 0 (%)

Aspect EZ outside fovea n = 57 n = 57 n = 51
Continuous/regular N/A 8 (14.0%) 25 (43.9%) 29 (56.9%) ,0.001
Irregular N/A 46 (80.7%) 30 (52.6%) 20 (39.2%)
Indiscernible N/A 3 (5.3%) 2 (3.5%) 2 (3.9%)

FAF characteristics
Hypofluorescence 25/55 (45.5%) 25/57 (43.9%) 25/56 (44.6%) 23/51 (45.1%) 0.480
Located in the fovea 8 8 4 5
Located only outside
the fovea

17 17 21 18

Hyperfluorescence 45/55 (81.8%) 48/57 (84.2%) 44/56 (78.6%) 40/51 (78.4%) 0.777
Located in the fovea 29 30 24 23
Located only outside
the fovea

16 18 20 17

FA characteristics
Window defect 1/57 (1.8%) 1/57 (1.8%) N/A N/A N/A
Located in the fovea 0/1 (0%) 0/1 (0%) N/A N/A

ICGA characteristics
Fluorescence in the
fovea

n = 57 n = 56 N/A N/A N/A

Normal 11 (19.3%) 15 (26.8%) N/A N/A
Hypofluorescence 5 (8.8%) 7 (12.5%) N/A N/A
Hyperfluorescence 13 (22.8%) 6 (10.7%) N/A N/A
Hyperfluorescence
and hypofluorescence

28 (49.1%) 28 (50.0%) N/A N/A

Quantitative outcome measures are expressed as mean 6 SD.
*A linear mixed model was used to compare the parameters between baseline and the 2-year visit, apart from the aspect of the EZ, in

which the first visit after PDT was compared with the 2-year visit. A P value of 0.05 was considered significant (P , 0.0033 after
Bonferroni correction; statistically significant P-values are presented in bold).
BCVA, best-corrected visual acuity; CRT, central retinal thickness; dB, decibel; ETDRS, Early Treatment of Diabetic Retinopathy Study; FA,

fluorescein angiography; FAF, fundus autofluorescence; POS, photoreceptor outer segments; SFCT, subfoveal choroidal thickness.
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related macular degeneration, the risk of PDT-
associated choroidal ischemia and RPE atrophy was
low, despite the use of one or more PDT treatments

with standard settings in this elderly population with
often a preexisting thin choroid and diseased RPE.22,23

The reason why choroidal ischemia and RPE atrophy

Fig. 3. Example of a cCSC
patient treated with half-dose
PDT, in which the PDT treatment
spot partially overlapped the
fovea. At the baseline visit (A–I),
SRF was present under the fovea,
which was visible on the OCT (A)
scan and on fundus photography
(C). The FAF (B) image showed
parafoveal hyperautofluorescence.
One focal leakage point was visi-
ble on fluoresceine angiography
(D–F, early, mid, and late phase,
respectively). Multifocal hyper-
fluorescent lesions with an indis-
tinct border that are characteristic
of cCSC were present on in-
docyanine green angiography (G
and I; early-, mid-, and late-phase,
respectively). After the baseline
visit, half-dose PDT was per-
formed based on the hyper-
fluorescent lesions on ICGA. The
red circle presents the half-dose
PDT treatment spot (J). At the
subsequent visit at 3 months after
the treatment, the SRF on OCT
had disappeared (K), and parafo-
veal hyperautofluorescent areas on
FAF had remained stable (L). At
the 1-year visit, the subfoveal
ELM and EZ on OCT had
improved compared with the
baseline visit and compared with
first visit after the treatment (M),
and hyperautofluorescent changes
on FAF had decreased (N).
Finally, at the 2-year visit after
half-dose PDT, the structure of the
subfoveal ELM and EZ on OCT
had improved compared with
baseline, with a significant thicker
aspect of both layers (O). The
parafoveal hyperautofluorescent
changes on FAF had decreased
but was still present (P). FAF,
fundus autofluorescence.
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Fig. 4. Multimodal imaging of four cCSC patients who had a very mild increase in foveal hypoautofluorescence on FAF after half-dose PDT.
Multimodal imaging of four patients included this study who had a very mild increase in preexisting foveal hypoautofluorescence on FAF after half-
dose PDT: Patient 1 (A–L), Patient 2 (M–X), Patient 3 (Y–AJ), and Patient 4 (AK–AV). Multimodal imaging at the baseline visit included (in order of
appearance): Fundus photography (A, M, Y, and AK), early phase (B, N, Z, and AL), mid phase (C, O, AA, and AM), and late-phase FA (D, P, AB,
and AN), and early phase (E, Q, AC, and AO), mid phase (F, R, AD, and AP), and late-phase indocyanine green angiography (G, S, AE, and AQ),
half-dose PDT treatment spot (red circle; H, T, AF, and AR), and fundus autofluorescence (I, U, AG, and AS). In addition, the FAF images were taken
at first visit after PDT (J, V, AH, and AT), at 1-year visit (K,W, AI, and AU), and at 2-year visit (L, X, AJ, and AV). An increase in preexisting foveal
hypoautofluorescence on FAF can be seen comparing I–L (Patient 1), U–X (Patient 2), AG–AJ (Patient 3), and AS–AV (Patient 4). FA, fluorescein
angiography; FAF, fundus autofluorescence.
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after half-dose PDT in cCSC is extremely rare proba-
bly lies in the fact that the choroid in CSC shows
significant thickening (“pachychoroid”) and leakage
on OCT and ICGA, which are the hallmark features
that lie at the basis of CSC.11,24 PDT seems to be able
to address these primary underlying choroidal abnor-
malities in CSC by unknown mechanisms, reducing
the choroidal thickness to a closer-to-normal level
and decreasing choroidal leakage.25 The risk of
adverse events such as RPE atrophy are also minimal-
ized through the use of reduced settings such as half-
dose verteporfin compared with standard setting (3
mg/m2 verteporfin vs. 6 mg/m2). Still, PDT with stan-
dard settings also seems to have an excellent safety
profile in cCSC, even in full-dose PDT.26,27 This
might explain why foveal atrophy following half-
dose did not occur in our study population of cCSC
patients because these patients had a relatively large
mean SFCT of 380.7 6 73.2 mm.
The results of this study therefore further support the

use and safety of half-dose PDT to treat cCSC.1,5 Fur-
thermore, in this study, the foveal integrity of the EZ
and ELM improved significantly after half-dose PDT
in many patients and, importantly, no patients experi-
enced a deterioration in the aspect of these retinal
layers. It should be noted that atrophic RPE changes
are part of the natural course of cCSC, which may be
induced by prolonged separation of the neuroretinal
layers and choroidal dysfunction, for instance, because
adequate treatment such as PDT are postponed.28

Moreover, a previous study by van Rijssen et al29

showed that half-dose PDT in cCSC patients with pre-
existing fovea-involving atrophy is less likely to lead
to functional improvements. Therefore, inducing com-
plete SRF resolution using half-dose PDT is likely to
prevent additional damage to photoreceptors and sub-
sequent persistent and severe visual complaints, while
also reducing the risk of recurrences.29,30

Our study has several strengths. First, this study used
prospectively collected data from two large RCTs,
which resulted in a relatively large study population
with extensive multimodal imaging. Second, most
patients had a relatively long follow-up (mean of 22.1
months). Finally, all multimodal imaging was evaluated
by two independent graders. The study also has
limitations. First, the integrity of the EZ and the ELM
was graded on a single horizontal OCT scan instead of
the complete fovea, to facilitate the comparison between
these measurements at different visits. Second, we did
not include patients who had received crossover
treatment with either oral eplerenone or high-density
subthreshold micropulse laser treatment, to enable us to
study solely the effect of half-dose PDT on the retina,
which may have caused some selection bias. In addition,

our study did not include an untreated control group to
compare the development of foveal atrophy in cCSC
patients without treatment with half-dose PDT, as a part
of the natural progression of this disease.28 This could
be a topic of future studies, especially in a period in
which verteporfin shortage is present, or in countries
where PDT is unavailable.14 Future studies could also
include detailed imaging of the choroidal vascularity
and perfusion changes on ICGA. Finally, it would be
informative to review the imaging of cCSC patients who
have received fovea-involving PDT more than once.
In conclusion, patients who received a single fovea-

involving half-dose PDT for cCSC in two RCTs not
only had a high probability of complete SRF resolu-
tion but also showed marked improvement in outer
retinal structures. This was accompanied by significant
improvement in best-corrected visual acuity and
retinal sensitivity. None of the patients showed signs
of developing atrophic RPE changes on OCT after a
follow-up of 22 months. A single session of foveal
half-dose PDT was safe and effective in this study of
cCSC patients, and therefore, it has to be considered
the treatment of choice.

Key words: adverse event, chronic central serous
chorioretinopathy, chorioretinal atrophy, foveal atro-
phy, fundus autofluorescence, optical coherence
tomography, photodynamic therapy.
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