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ABSTRACT.

Purpose: To describe the treatment outcomes and recurrence risk of chronic central serous

chorioretinopathy (cCSC) in patients who had complete resolution of subretinal fluid (SRF) after either

primary half-dose photodynamic therapy (PDT) or high-density subthresholdmicropulse laser (HSML)

in the PLACE trial.

Methods: This multicentre prospective follow-up study evaluated cCSC patients at 1 year after

completion of the PLACE trial. Outcomes included: complete resolution of SRF on OCT, best-

corrected visual acuity (BCVA) in Early Treatment of Diabetic Retinopathy Study (ETDRS) letters,

retinal sensitivity on microperimetry and a visual function questionnaire (NEI-VFQ25).

Results: Twenty-nine out of 37 patients who received half-dose PDT and 15 out of 17 patients who

received HSML could be evaluated at final visit. At final visit, 93% of the patients treated with half-dose

PDThad complete resolution of SRF, comparedwith 53%ofHSML-treated patients (p = 0.006).At final

visit, the mean estimate increase in the PDT group compared with the HSML group was + 2.1 ETDRS

letters, +0.15 dB for the retinal sensitivity and + 5.1 NEI-VFQ25 points (p = 0.103, p = 0.784 and

p = 0.071, respectively). The mean estimated central retinal thickness in the half-dose PDT group was

�7.0 µmcompared with theHSMLgroup (p = 0.566). Themean estimated subfoveal choroidal thickness

in the half-dose PDT group was �16.6 µm compared with the HSML group (p = 0.359).

Conclusion: At 20 months after treatment, cCSC patients successfully treated with half-dose PDT

are less likely to have recurrences of SRF compared with those successfully treated with HSML.

However, functional outcomes did not differ.
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Introduction

Central serous chorioretinopathy
(CSC) is a chorioretinal disease, in
which an accumulation of serous sub-
retinal fluid (SRF) causes a detachment
of the neurosensory retina. When the
macula is affected, this may result in
decrease of visual acuity, diminished
contrast vision and metamorphopsia.
Dysfunction of the choroid is presumed
to be the primary cause of damage to
the retinal pigment epithelium (RPE)
outer blood-retina barrier and subse-
quent SRF leakage, but the exact
pathophysiological mechanism remains
unclear (Prunte & Flammer 1996;
Daruich et al. 2015). The disease usu-
ally occurs in men between 20 to
60 years of age. The most important
exogenous risk factor for developing
CSC is the use of steroids (Haimovici
et al. 1997). There is no universally
accepted classification of CSC, but a
general distinction is often made
between acute CSC and chronic CSC
(cCSC) (van Rijssen et al. 2019c).
Patients with acute CSC are likely to
have a spontaneous SRF resolution
within a few months after the onset of
symptoms (Yannuzzi 2010). In con-
trast, those with cCSC tend to have

805

Acta Ophthalmologica 2021

https://orcid.org/0000-0001-9589-602X
https://orcid.org/0000-0001-9589-602X
https://orcid.org/0000-0001-9589-602X
https://orcid.org/0000-0002-6351-7942
https://orcid.org/0000-0002-6351-7942
https://orcid.org/0000-0002-6351-7942
https://orcid.org/0000-0003-3010-2369
https://orcid.org/0000-0003-3010-2369
https://orcid.org/0000-0003-3010-2369
https://orcid.org/0000-0002-6737-7932
https://orcid.org/0000-0002-6737-7932
https://orcid.org/0000-0002-6737-7932
http://creativecommons.org/licenses/by-nc-nd/4.0/


persistent SRF and accompanying
atrophic RPE, which may lead to
permanent damage to the photorecep-
tors and a decreased quality of life
(Breukink et al. 2017; Mrejen et al.
2019). Treatment should be recom-
mended to cCSC patients, because of
these possible permanent harmful
effects of a long-standing serous
detachment (Loo et al. 2002; Breukink
et al. 2017; Mrejen et al. 2019; van
Rijssen et al. 2019c). Half-dose photo-
dynamic therapy (PDT) and high-den-
sity subthreshold micropulse laser
(HSML) are commonly used treat-
ments for cCSC (Yannuzzi et al. 2003;
Chen et al. 2008; Wood et al. 2017;
Roca et al. 2018; van Rijssen et al.
2019c). The effect of PDT lies in
remodelling of the choroid, leading to
a cessation of SRF leakage by reducing
choroidal congestion, hyperpermeabil-
ity and leakage (Chan et al. 2003).
HSML has been postulated to work
through inducing a cascade of reac-
tions in the chromophores in the RPE,
including the possible production of
heat shock proteins, which may stimu-
late the process of SRF absorption
(Sramek et al. 2011).

The PLACE trial, the first large
multicentre investigator-initiated ran-
domized controlled trial for cCSC,
compared the outcome of indocyanine
green (ICGA)-guided treatment with
either half-dose PDT or HSML. In this
trial, 67% of half-dose PDT treated
patients had a complete resolution of
SRF at final visit (7–8 months after
first treatment), which was significantly
higher than the 29% of patients with
complete SRF resolution in the HSML
group. The best-corrected visual acuity
(BCVA) also showed a significantly
higher increase in the half-dose PDT
group at the first evaluation visit, while
retinal sensitivity on microperimetry
showed a significantly higher increase
in the PDT group as compared with the
HSML group both at the first and final
evaluation visit. In a subsequent study,
this superiority in outcome of PDT
over HSML has been found to be
regardless of the presence of focal or
diffuse leakage on FA (van Rijssen
et al. 2019a; van Rijssen et al. 2019b).
However, until now, the long-term
outcomes of half-dose PDT or HSML
as a treatment for cCSC have not been
reported in the context of a large
prospective trial. In this follow-up
study, we describe the outcome in

terms of recurrence rates and func-
tional parameters in cCSC patients
who had a complete resolution of
SRF at the final evaluation visit (7–
8 months after half-dose PDT or
HSML treatment) in the PLACE trial,
at 1 year after this final visit.

Materials and Methods

This prospective, multicentre study
included cCSC patients who had com-
plete resolution of SRF at the final visit
of the PLACE trial. The protocol and
primary results of the PLACE trial
have been published previously (Breu-
kink et al. 2015; van Dijk et al. 2018).
For the current study, a new research
protocol was developed. Patients from
four academic medical centres located
in Cologne (Germany), Leiden (the
Netherlands), Nijmegen (the Nether-
lands), and Oxford (the United King-
dom) were included in the present
study. This study adhered to the tenets
of the Declaration of Helsinki, and
written informed consent was obtained
from all participants. Approval was
received from all medical ethics com-
mittees and review boards in the par-
ticipating centres (NL-number:
NL50642.091.14).

Patients who had complete resolu-
tion of SRF on spectral-domain optical
coherence tomography (SD-OCT) at
the final visit of the PLACE trial
(7–8 months after first treatment), after
either 1 or 2 treatments with half-dose
PDT or HSML, were eligible for
inclusion into the current study. The
exact treatment procedure and exclu-
sion criteria have been described pre-
viously in the context of the PLACE
trial (van Dijk et al. 2018).

The final visit of the PLACE trial
was identical to the baseline visit of the
current follow-up study. Patients were
scheduled for a visit to the outpatient
clinic 1 year after baseline visit. The
following clinical data were obtained at
baseline and final visit of the current
study: BCVA in ETDRS letters, retinal
sensitivity on microperimetry, National
Eye Institute Visual Functioning Ques-
tionnaire 25-items (NEI-VFQ25)
questionnaire score, central retinal
thickness (CRT; measured as distance
from inner limiting membrane to ellip-
soid zone (EZ) in the foveal pit on
SD-OCT) (van Rijssen et al. 2018a),
subfoveal choroidal thickness (SFCT;
measured underneath the foveal pit on

SD-OCT), continuity of the external
limiting membrane (ELM) and EZ on
SD-OCT, and degree of hyperautoflu-
orescence on fundus autofluorescence
(FAF). The NEI-VFQ25 responses
were converted to a score from 0 to
100, according to a previously pub-
lished method (Mangione et al., 2001).
Discontinuity of either the ELM or the
EZ was defined as a decrease in signal
intensity or an absence of signal inten-
sity on SD-OCT within a 500 lm
distance of the foveal pit (van Rijssen
et al. 2018a). FAF imaging was cate-
gorized as either predominantly hyper-
autofluorescent or predominantly
hypoautofluorescent, based on the
degree of autofluorescence that was
most apparent within the vascular
arcades (van Rijssen et al. 2019b).

Statistics

Statistical analyses were performed
using SPSS statistics (IBM Corp. version
23.0. Armonk, New York, USA).
Binary outcomes were analysed with
mixed effects logistic regression using
the GLMMadaptive package in R
statistics (R Foundation for Statistical
Computing, Vienna, Austria). For the
continuous outcomes, marginal multi-
variate regression models were used to
model the mean progression for each
treatment group between baseline and
final visit. The mean outcome was
modelled as a function of the main
effect of treatment, time (taken as
categorical) and their interaction. Mar-
ginal multivariate regression models
were used to contrast mean progression
between the treatment groups. For
testing hypotheses of interest regarding
treatment effects or changes in time,
the F-test has been used.

Results

Data of 133 patients were available at
final visit of the PLACE trial, of whom,
54 patients could be included in this
long-term follow-up after PLACE
study. (van Dijk et al. 2018) The 79
patients who could not be included in
this study either did not have a com-
plete resolution of SRF at the final visit
of the PLACE trial (42 patients), did
not sign informed consent for the long-
term follow-up study (20 patients), or
because the patient already had a
PLACE trial final visit before the start
of this study (17 patients). This study
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of 54 patients included 43 men (80%)
and 11 women (20%), with a mean
baseline age of 48.0 � 8.1 years. At
baseline, the mean BCVA was
86.5 � 9.4 ETDRS letters (Snellen
equivalent of 6/6), the mean retinal
sensitivity on microperimetry was
25.0 � 4.6 dB (n = 53), and the mean
NEI-VFQ25 was 80.7 � 12.7 points.
There were 37 patients who had
received half-dose PDT in the PLACE
trial (including six patients who
received PDT twice), and 17 patients
who had received HSML in the
PLACE trial (including 12 patients
received who received HSML twice).
Ten of these 54 patients did not attend
their final visit (8 in PDT, 2 in HSML
group), because their health care pro-
vide did not reimburse the costs of the
final visit, and their symptoms had
disappeared (6), unspecified loss to
follow-up (3), and the occurrence of
leukaemia (1). Choroidal neovascular-
ization was not observed during fol-
low-up. The baseline characteristics are
reported in Table 1.

Half-dose photodynamic therapy (PDT)

group

A total of 37 patients who had received
half-dose PDT and showed complete
SRF resolution at the final visit of the

PLACE trial (corresponding to the
baseline visit of the current study) were
enrolled in the long-term follow-up
study. Multimodal imaging of a patient
included in the half-dose PDT group is
depicted in Figure 1. Nine out of these
37 patients (24%) had received 2 half-
dose PDT treatments in the PLACE
trial, because there was no complete
resolution of SRF on OCT at the first
evaluation visit of the PLACE trial,
necessitating another ICGA-guided
half-dose PDT treatment according to
the trial protocol. Twenty-nine out of
these 37 patients (78%) who received
half-dose PDT were available at final
follow-up visit and could be included in
the analyses. No treatment-related
adverse events occurred in the half-
dose PDT group.

High-density subthreshold micropulse

laser (HSML) group

Seventeen HSML-treated patients who
showed complete SRF resolution at the
final visit of the PLACE trial (corre-
sponding to the baseline visit of the
current study) could be included in the
HSML group of the long-term follow-
up study. Multimodal imaging of a
patient treated with HSML is depicted
in Fig. 2. Out of these 17 patients, 12
(71%) had received HSML treatment

twice in the PLACE trial, because there
was no complete resolution of SRF on
OCT at the first evaluation visit of the
PLACE trial, necessitating another
ICGA-guided HSML treatment
according to the trial protocol. Fifteen
out of 17 patients (88%) who previ-
ously received HSML treatment in the
PLACE trial were available at final
follow-up, since 2 patients were lost to
follow-up. No treatment-related
adverse events occurred in the HSML
group.

Half-dose photodynamic therapy versus

high-density subthreshold micropulse laser

At final visit, 27 out of 29 patients
(93%) treated with half-dose PDT
had complete resolution of SRF,
compared with seven out of 15
patients (53%) in the HSML group
(p = 0.006). The mean estimate
increase in the PDT group compared
with the HSML group was + 2.1
ETDRS letters (p = 0.103), +0.15 dB
for the retinal sensitivity on
microperimetry (p = 0.784), and + 5.1
NEI-VFQ25 points (p = 0.071). At
final visit, the mean estimated CRT
in the half-dose PDT group was
�7.0 µm compared with the HSML
group (p = 0.566). The mean esti-
mated SFCT in the half-dose PDT
group was �16.6 µm compared with
the HSML group (p = 0.359). There
was 1 patient in the half-dose PDT
group and 3 patients in the HSML
group who had to be excluded from
the EZ and ELM analyses because of
insufficient imaging quality. The ELM
at final visit was continuous in 27 out
of 28 patients (96%) treated with
half-dose PDT and in 8 out of 12
patients (67%) in the HSML group.
The EZ at final visit was continuous
in 26 out of 28 patients (93%) in the
half-dose PDT group, and in 7 out of
12 patients (58%) in the HSML
group. In the half-dose PDT group,
9 out of 27 patients (33%) had
predominant hypoautofluorescent
abnormalities within the vascular
arcades, as compared with 8 out of
14 patients in the HSML group
(p = 0.142). FAF imaging was
unavailable in 2 patients in the half-
dose PDT group and 1 patient in the
HSML group. The outcomes of the
PDT and HSML group are summa-
rized in Table 2.

Table 1. Baseline characteristics of chronic central serous chorioretinopathy patients in the

current study who received treatment with either half-dose photodynamic therapy or high-density

subthreshold micropulse laser treatment within the PLACE trial.

Half-dose PDT

(n = 37)

HSML

(n = 17) p-

valueMean � SD Mean � SD

Age (years) 46.9 � 8.3 48.4 � 7.7 0.543

Best-corrected visual acuity (ETDRS

letters)

87.9 � 4.3 83.4 � 15.4 0.099

NEI-VFQ25 composite score (points) 90.0 � 7.9 89.5 � 15.4 0.824

Retinal sensitivity (dB) 25.6 � 3.1 23.6 � 6.9 0.136

Central foveal thickness (µm) 128.5 � 26.8 110.3 � 30.5 0.031

Subfoveal choroidal thickness (µm) 354.2 � 115.5 379.6 � 98.3 0.471

Number (%) Number (%) p-value

Sex

Male 29 (78%) 14 (82%) 0.736

Female 8 (22%) 3 (18%)

Continuous external limiting membrane

Yes 36 (97%) 16 (94%) 0.566

Continuous ellipsoid zone

Yes 30 (81%) 12 (71%) 0.389

Degree of autofluorescence on FAF

Predominantly hyperautofluorescent 7 (41%) 25 (68%) 0.067

ETDRS = Early Treatment of Diabetic Retinopathy Study; HSML = high-density subthreshold

micropulse laser; NEI-VFQ25 = National Eye Institute Visual Functioning Questionnaire 25-

items; PDT = photodynamic therapy; SD = standard deviation.
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(A)

(B) (C)
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(I)

(J) (K)

(D) (E)

Fig. 1. Multimodal imaging of a 47-year-old man with chronic central serous chorioretinopathy who was treated twice with half-dose photodynamic

therapy (PDT) in the PLACE trial. At baseline visit of the PLACE trial (before PDT; A–E), subretinal fluid and discontinuity of the external limiting

membrane (ELM) and ellipsoid zone (EZ) were visible on optical coherence tomography (OCT; A). In addition, a focal leakage point was visible on

fluorescein angiography (FA; D) and hyperfluorescent abnormalities were present on indocyanine green angiography (ICGA; E). Both at baseline

visit of the current study (8 months after treatment within the PLACE trial; F–H) and at final visit of the current study (20 months after treatment; I–
K), subretinal fluid had resolved and the ELM and EZ were no longer discontinuous on OCT (F, I). Fundus autofluorescence and fundus

photography did not markedly change between baseline visit and final visit of this study (G, J and H, K, respectively). FA and ICGA were not

obtained at baseline visit and final visit of this study due to the absence of subretinal fluid.

(A)

(B) (C)

(D) (E)

(F)

(G) (H)

(I) (J)

(K)

(L) (M)

(N) (O)

Fig. 2. Multimodal imaging of a 45-year-old man diagnosed with chronic central serous chorioretinopathy who received 2 high-density subthreshold

micropulse laser (HSML) treatments in the PLACE trial. At the baseline visit of the PLACE trial (before HSML treatment; A–E), subretinal fluid was

present along with discontinuity of both the external limiting membrane (ELM) and ellipsoid zone (EZ) on optical coherence tomography (OCT; A).

Some degree of retinal pigment epithelium alterations is visible inferior to the fovea on fundus autofluorescence (B, G, L) and fundus photography (C,

H, M). A focal leakage point with retinal pigment epithelium alterations are present on fluorescein angiography (FA; D), and hyperfluorescent

abnormalities are visible on indocyanine green angiography (ICGA; E). At baseline visit of this study (8 months after treatment within the PLACE

trial; F–J), subretinal fluid had resolved, however, the ELM and EZ remain discontinuous (F), and the focal leakage point had disappeared (I). At

final visit of the current study (20 months after treatment; K–O), there was a recurrence of subretinal fluid directly underneath the fovea on OCT (K),

with a focal leakage point on FA (N).
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Discussion

In this study, the long-term outcomes
after successful treatment for cCSC
with either half-dose PDT or HSML
treatment were evaluated. In the half-
dose PDT group, there were signifi-
cantly less recurrences of SRF com-
pared with HSML-treated patients at
final visit (one year after the final
follow-up visit of the PLACE trial),
with almost half of the HSML-treated
patients having recurrence of SRF on
OCT at the final visit, in contrast to
only 7% of the half-dose PDT treated
cCSC patients. Moreover, the percent-
age of patients with continuity of the
ELM and EZ at final visit was signif-
icantly higher in the half-dose PDT
group compared with the HSML
group, with no significant differences
between the half-dose PDT and HSML
group at baseline (PLACE trial final
visit; Table 1). The Retinal sensitivity
on microperimetry and the CRT only
increased significantly at final visit in
the half-dose PDT group. There were
no significant differences in changes in
BCVA, retinal sensitivity on
microperimetry, and NEI-VFQ25 score
when comparing the half-dose PDT
and HSML group. Nevertheless, half-
dose PDT still showed statistically
significant superiority over HSML with
regard to important anatomical (SRF
resolution and continuity of the EZ)
outcomes.

A recurrence of SRF occurred in 7%
of the half-dose PDT treated patients

at 20 months after initial treatment in
this long-term follow-up study, which
is in line with the reported recurrence
rate of 6–25% within a mean follow-up
of 12–60 months in previous studies on
the outcome of PDT in cCSC (Fujita
et al. 2015; Lai et al. 2016; Park et al.
2019). Previous retrospective follow-up
studies have found that the rate of
recurrence of SRF after half-dose PDT
is significantly lower compared to
untreated cCSC patients, but no
prospective studies are available on
this topic (Lai et al. 2015; Lai et al.
2016). Additionally, it has been
reported that persistence of subretinal
fluid may lead to irreversible damage to
the neuroretina and to subsequent
vision loss (Laatikainen 1994; Loo
et al. 2002). In the VICI trial, 30% of
placebo-treated patients and 16% of
eplerenone-treated cCSC patients had
a complete resolution of SRF after
12 months (Lotery et al. 2020).
Although a direct comparison is
impossible, these data and our current
data suggests that half-dose PDT may
superior in terms of SRF resolution, as
67% of cCSC patients in the PLACE
trial had a complete resolution of fluid
at 7–8 months post-PDT, and 93% of
patients at 19–20 months post-PDT in
the current study (van Dijk et al. 2018).
The baseline visual acuity in cCSC is
relatively high, and it may thus be
difficult to reach a statistically signifi-
cant increase after treatment. In addi-
tion, visual acuity may change more
gradually compared with other

(anatomical) parameters after treat-
ment such as resolution of subretinal
fluid. Therefore, the short-term (and
long-term) aim of treatment in cCSC
should probably be a complete resolu-
tion of subretinal fluid and prevention
of recurrences, so that visual acuity and
other functional outcomes can be pre-
served (van Rijssen et al. 2019c). In the
literature, male sex, absence of hyper-
fluorescence on ICGA, posterior cys-
toid retinal degeneration or bilateral
cCSC have been found to be indicative
for a higher chance of recurrence of
SRF, and absence of intense hyperflu-
orescence on ICGA is correlated with
persistent SRF after PDT treatment
(Inoue et al. 2010; Nicolo et al. 2012;
Lai et al. 2016; van Rijssen et al. 2018b;
Park et al. 2019). Potential subtle, low-
grade type-1 subretinal neovasculariza-
tion should also be considered as a
possible cause of recurrence of SRF
(Cheung et al. 2018; van Rijssen et al.
2019c). In this study, the recurrence
rate was significantly higher in cCSC
patients treated with HSML (47%)
compared with those treated with
half-dose PDT (7%). Previous studies
have provided information on the
recurrence of SRF in cCSC patients
successfully treated with HSML, with a
reported recurrence rate of 0–23%
(Chen et al. 2008; Ricci et al., 2009;
Scholz et al. 2015; van Rijssen et al.
2019c). The lower recurrences rates
reported in these studies compared to
our study may be explained by differ-
ences in inclusion criteria, as well as
their short follow-up compared to the
relatively long follow-up (20 months)
in our study, which makes it more
likely to observe recurrences of SRF.
Variability in HSML treatment settings
may also lead to differences in study
outcomes (Wood et al. 2017; van
Rijssen et al. 2019c). However, in the
PLACE trial, HSML treatment set-
tings used were at the upper limit of
subthreshold, and the whole hyperflu-
orescent area on ICGA was treated
with adjacent HSML spots using a
fixed protocol by experienced micro-
pulse laser surgeons. This makes it very
unlikely that the cCSC patients in this
study were under-treated with HSML.

Since choroidal dysfunction is pre-
sumed to be the most important factor
in CSC pathophysiology, stimulation
of the RPE by HSML laser may induce
only temporary resolution of SRF by
solely targeting the RPE without

Table 2. Treatment outcome in chronic central serous chorioretinopathy patients who received

either half-dose photodynamic therapy or high-density subthreshold micropulse laser treatment

within the PLACE trial.

Half-dose

PDT (n = 37)

HSML

(n = 17)

p-valueMean (SE) Mean (SD)

Change in best-corrected visual acuity (ETDRS

letters)*
+1.01 (0.718) �1.05 (1.004) 0.103

Change in retinal sensitivity (dB)* +0.85 (0.307) +0.70 (0.462) 0.784

Change in NEI-VFQ25 composite score (points)* +0.66 (1.618) �4.47 (2.252) 0.071

Change in central retinal thickness (µm)* �14.8 (6.8) �7.8 (10.0) 0.566

Change in subfoveal choroidal thickness (µm)* �37.8 (30.4) �21.2 (55.7) 0.359

Number (%) Number (%) p-value

Continuity of the external limiting membrane on OCT 27 (96%) 8 (67%) 0.022

Continuity of the ellipsoid zone on OCT 26 (93%) 7 (58%) 0.017

* The mean change estimated by the mixed model between baseline and final visit. ETDRS, Early

Treatment of Diabetic Retinopathy Study; HSML, high-density subthreshold micropulse laser;

NEI-VFQ25, National Eye Institute Visual Functioning Questionnaire 25-items; OCT, optical

coherence tomography; PDT, photodynamic therapy; SE, standard error.
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addressing choroidal dysfunction (Dar-
uich et al. 2015; van Rijssen et al.
2019c). Therefore, multiple HSML
treatments may be required in order
to retain a complete and prolonged
resolution of SRF, in particular in
cCSC patients with extensive RPE
involvement (Chen et al. 2008; Lan-
zetta et al. 2008). It is still unclear if
there is indeed a treatment effect of
HSML in cCSC, or if the resolution
rate is largely due to the natural course
of the disease, which tends to wax and
wane even in long-standing cases with
signs of chronicity. Since half-dose
PDT has been shown to have its main
effect on the choroidal tissue, this
treatment may directly address the
primary disease mechanism of CSC
(Maruko et al. 2010). By directly tar-
geting the affected choroid, half-dose
PDT may lead to a more durable
remodelling of the choroid which is
returned to a state that is more com-
parable to the normal situation, result-
ing in a prolonged absence of SRF in
the great majority of patients, in con-
trast to HSML.

During the study, the retinal sensi-
tivity on microperimetry significantly
improved, and the CRT on OCT sig-
nificantly increased only within the
half-dose PDT group. It has been
shown previously that a slight CRT
increase should be expected and is
desired after SRF resolution in suc-
cessfully treated CSC patients (van
Rijssen et al. 2018a). The increased
CRT and improved retinal sensitivity
at final visit after successful cCSC
treatment may imply a gradual
improvement of normal foveal pho-
toreceptor structure and function, for
instance, because the complete resolu-
tion of SRF allows the gradual recon-
stitution of the normal close physical
and functional interaction of the pho-
toreceptors with the RPE, resulting in
further improvement even between 7 to
20 months after successful treatment.
This reconstitution of the normal pho-
toreceptor-RPE anatomy is also
reflected in our finding that half-dose
PDT was also superior to HSML
treatment with regard to restoring the
continuity of the ELM and EZ in the
long term. Our finding that almost half
of the cCSC patients treated with
HSML had presence of SRF at final
follow-up is of concern, because this
situation precludes normal photorecep-
tor-RPE interaction, while persistent

SRF in CSC has been previously asso-
ciated with reduced long-term BCVA
and decreased quality of life (Loo et al.
2002; Breukink et al. 2017; Mrejen
et al. 2019).

Limitations of this study include the
limited number of patients eligible for
inclusion, since only patients who
adhered to the PLACE trial protocol
and with no SRF at the final visit of
the PLACE trial could be included in
the current study. Moreover, some
patients did not attend the final visit,
because their health care provider did
not reimburse the costs of final visit
and their symptoms had disappeared
or because they were lost to follow-up.
Consequently, we are unable to
assume with certainty that patients
who did not attend final visit were
missing in a randomly fashion. Due to
the limited number of available
patients, a possible significant differ-
ence in SFCT between the half-dose
PDT and HSML groups may not have
been detected. Finally, this study did
not include a cost-effectiveness analy-
sis of both treatments.

In conclusion, only a small fraction
of cCSC patients who have received
successful treatment with half-dose
PDT experienced a recurrence of SRF
between 7 and 20 months after the first
treatment, while almost half of cCSC
patients treated with HSML developed
a recurrence. Although functional
parameters did not significantly differ
between both treatment groups at final
visit, previous studies have indicated
that persistence of subretinal fluid may
lead to visual loss in the long term. At
the final visit of the PLACE trial, the
increase in retinal sensitivity on
microperimetry was significantly
higher in the half-dose PDT group
compared with the HSML group (van
Dijk et al. 2018). Additionally, in the
REPLACE trial, there was a significant
increase in retinal sensitivity in the
half-dose PDT group, as opposed to
the HSML group (van Rijssen et al.
2020). This indicates that half-dose
PDT may be preferred over HSML
treatment for the treatment of cCSC.
When half-dose PDT is not available
or cost-prohibitive, HSML can be
considered. If patients are treated with
HSML, follow-up visits may be
planned more often compared to
patients treated with PDT, since per-
sistence and recurrence of SRF are
more likely to happen.
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