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Crossover to Photodynamic Therapy or
Micropulse Laser After Failure of Primary
Treatment of Chronic Central Serous
Chorioretinopathy: The REPLACE Trial
THOMAS J. VAN RIJSSEN, ELON H.C. VAN DIJK, PAULA SCHOLZ, MYRTE B. BREUKINK, GREET DIJKMAN,
PETRUS J.H. PETERS, ROULA TSONAKA, ROBERT E. MACLAREN, SUSAN M. DOWNES, SASCHA FAUSER,

CAMIEL J.F. BOON, AND CAREL B. HOYNG
� PURPOSE: To assess whether chronic central serous
chorioretinopathy (cCSC) patients without a complete
resolution of subretinal fluid (SRF) after either half-
dose photodynamic therapy (PDT) or high-density sub-
threshold micropulse laser (HSML) treatment may
benefit from crossover treatment.
� DESIGN: Multicenter prospective interventional case
series.
� METHODS: cCSC patients with persistent SRF at the
final visit of the PLACE trial were included. Patients
received crossover treatment with either half-dose PDT
or HSML.
� RESULTS: Thirty-two patients received PDT and 10
patients received HSML. At the first evaluation visit
(6-8 weeks after treatment), 81% of patients in the
PDT group had complete resolution of SRF, while none
of the HSML-treated patients had complete resolution
of SRF. At final visit (1 year after baseline), 78% (P [
.030) and 67% (P [ .109) of the patients, respectively,
had a complete resolution of SRF. The mean retinal sensi-
tivity in the PDT group increased from 21.7 dB (standard
error [SE]: 0.9) to 23.4 dB (SE: 0.8) at evaluation visit 1
(P [ .003), to 24.7dB (SE: 0.8) at final visit (P <
.001), while there were no significant changes in the
HSML group (23.7 dB [SE: 1.6] at baseline, 23.8 dB
[SE: 1.4] at evaluation 1, and 23.3 dB [SE: 1.4] at final
visit). The mean visual acuity and mean visual quality-
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of-life questionnaire score did not change significantly
in both groups.
� CONCLUSIONS: Crossover to half-dose PDT after pre-
vious unsuccessful HSML treatment for cCSC may lead
to improved anatomic and functional endpoints, while
crossover to HSML after half-dose PDT does not seem
to significantly affect these endpoints. (Am J
Ophthalmol 2020;216:80–89. � 2020 The Authors.
Published by Elsevier Inc. This is an open access article
under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).)

C
ENTRAL SEROUS CHORIORETINOPATHY (CSC) IS A

chorioretinal disease in which subretinal fluid
(SRF) accumulates secondary to choroidal abnor-

malities of unknown origin that induce damage to the outer
blood-retina barrier at the level of the retinal pigment
epithelium (RPE). CSC is associated with a decrease in vi-
sual acuity, scotoma, diminished contrast sensitivity, blur-
ring, and/or metamorphopsia.1,2 Several risk factors,
including male sex, use of corticosteroids, and shift work
have been described.2–5 Based on abnormalities on
multimodal imaging and the duration of the disease, CSC
can be roughly categorized in acute CSC and chronic
CSC (cCSC).6 While acute CSC usually resolves sponta-
neously without the need for treatment, cCSC can lead
to an irreversible deterioration in visual acuity, contrast
vision, and quality of life.7–9 Many treatment options
have been proposed for cCSC, some with very limited
and only retrospective evidence.10 Photodynamic therapy
(PDT) and high-density subthreshold micropulse laser
(HSML) treatment are 2 prominent treatment modalities
described for CSC, with a relatively large body of literature
that has been published with regard to their efficacy. PDT
mainly targets the choroid by inducing a certain degree of
hypoperfusion and consequent remodeling, for which the
formation of free radicals has been found to be of impor-
tance.11,12 The exact mechanism of action of HSML is un-
known but presumably lies in an effect on the RPE by
delivering energy in short pulses, which may lead to a
cascade of intracellular changes.13 The PLACE trial, which
0002-9394
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was the first large investigator-initiated multicenter ran-
domized controlled treatment trial on cCSC, has shown su-
periority of indocyanine green angiography (ICGA)-
guided half-dose PDT over ICGA-guided HSML regarding
both a complete resolution of SRF on optical coherence to-
mography (OCT), as well as functional endpoints.14 In the
PLACE trial, 67% of cCSC patients treated with half-dose
PDT and 29% of the cCSC patients treated with HSML
had a complete resolution of SRF on OCT at 7-8 months
after treatment, which was a statistically significant differ-
ence in favor of PDT. In addition, the increase of the
retinal sensitivity on microperimetry and, at the first eval-
uation visit, the increase of the best-corrected visual acuity
(BCVA) were significantly higher in the half-dose PDT
group as compared to the HSML group in the PLACE trial.
Although the efficacy of half-dose PDT has been described
to be superior to HSML for primary treatment of treatment-
naive patients with cCSC in the PLACE trial, it is un-
known to what extent patients without a complete resolu-
tion of SRF after initial half-dose PDT or HSML
monotherapy may benefit from a crossover treatment. In-
formation on the outcome of crossover treatment would
provide essential clinical information for ophthalmologists
and cCSC patients who have persistent SRF on OCT after
the previous administration of a single treatment modality,
and the usefulness of subsequently trying the other treat-
ment. The aim of this prospective, multicenter (Re-half-
dose Photodynamic therapy versus re-high-density sub-
threshold micropulse LAser treatment in patients with
chronic CEntral serous chorioretinopathy: REPLACE)
trial was to investigate the effect of crossover treatment
(either from HSML to half-dose PDT or vice versa)
regarding functional and anatomic outcome measures in
cCSC patients.
METHODS

THIS STUDY IS A PROSPECTIVE MULTICENTER TREATMENT

study that included patients from the PLACE trial. The
protocol and results of the PLACE trial have previously
been published.14,15 Patients from 4 academic medical cen-
ters located in Cologne (Germany), Leiden (the
Netherlands), Nijmegen (the Netherlands), and Oxford
(United Kingdom) were included in this study. This study
adhered to the tenets of the Declaration of Helsinki and
written informed consent was obtained from all partici-
pants. Institutional Review Board/Ethics Committee
approval was obtained from all participating centers before
the start of the study (NL-number: NL50642.091.14). The
PLACE trial was registered at clinicaltrials.gov
(NCT01797861).

In this study, patients in whom SRF on OCT had
persisted at final visit of the PLACE trial were enrolled.
Included patients previously received 1 or 2 treatments
VOL. 216 CROSSOVER TREATMENT IN CENTRA
with either half-dose PDT, or 1 or 2 HSML treatments.
The PLACE trial, and therefore also the current REPLACE
trial, included bothmale and female cCSC patients aged 18
years or older with a BCVA of >20/200 and presence of
foveal SRF for at least 6 weeks at baseline visit of the
PLACE trial. At this baseline visit, on fluorescein angiog-
raphy (FA) at least 1 hyperfluorescent area of leakage
with RPE window defects typical for cCSC and hyperfluor-
escent abnormalities on ICGA had to be present. Patients
in whom complete resolution of foveal SRF had occurred
and who presented with only extrafoveal SRF at the final
visit of the PLACE trial were also included in the
REPLACE trial, as this was considered to be persistence
of disease.16–18 Patients who had received previous CSC
treatments and patients who had posterior cystoid retinal
degeneration, myopia of more than 6 diopters, and
evidence of other causes of SRF or prolonged
(>18 months) accumulation of SRF were excluded.
Patients who were currently treated with corticosteroids,
patients who had received this type of medication within
the last 3 months prior to screening, and patients with
contraindications to receive either FA or ICGA, or PDT
were also excluded.
In the PLACE trial, cCSC patients were randomized to

receive either half-dose PDT or HSML treatment. When
there was persistence of SRF at evaluation visit 1, 6-8 weeks
later, patients received an additional treatment, which had
to be the same treatment as the first treatment they were
randomized to. Final follow-upwas 7-8months after the first
treatment visit. The final visit of the PLACE trial was
considered to be the baseline visit of the REPLACE trial.
At the baseline visit of the REPLACE trial, Early Treat-
ment of Diabetic Retinopathy Study (ETDRS) BCVA,
retinal sensitivity on microperimetry, and 25-Item Na-
tional Eye Institute Visual Functioning Questionnaire
(NEI-VFQ-25) were all obtained according to a standard
protocol, along with Spectralis OCT, fundus photography,
fundus autofluorescence (FAF), FA, and ICGA (Heidel-
berg Engineering, Heidelberg, Germany) in order to deter-
mine the area to be treated. In this REPLACE trial, patients
with persistent SRF at the final visit of the PLACE trial
received a crossover treatment. Patients who were previ-
ously treated with HSML in the PLACE trial received a
crossover treatment to half-dose PDT and vice versa in
this study. This crossover treatment had to be performed
within 4 weeks after the baseline evaluation of the
REPLACE trial. In the case of persistent (foveal or extrafo-
veal) SRF onOCT at evaluation visit 1 (6-8 weeks after first
crossover treatment) patients received an additional treat-
ment that had to be the same as the first crossover treat-
ment. The final evaluation visit was scheduled at 1 year
after the baseline visit of the REPLACE trial. The flow
chart of the REPLACE trial is depicted in Figure 1.

� HALF-DOSE PHOTODYNAMIC THERAPY: Eye drops with
1.0% tropicamide and 2.5% phenylephrine were
81L SEROUS CHORIORETINOPATHY

http://clinicaltrials.gov


FIGURE 1. Flow chart of the REPLACE trial, in which chronic central serous chorioretinopathy patients received a crossover treat-
ment with either high-density subthreshold micropulse laser (HSML) or half-dose photodynamic therapy (PDT). OCT [ optical
coherence tomography.
administered to the eye to be treated in order to achieve
mydriasis. Subsequently, an intravenous infusion of 3 mg/
m2 (half-dose) verteporfin (Visudyne; Novartis, Basel,
Switzerland) was administered within 10 minutes. An
eye drop was administered (oxybuprocaine 0.4% or equiv-
alent) to anesthetize the eye to be treated, after which a
contact lens (Volk PDT lens) was positioned on the anes-
thetized eye at 15 minutes after the start of verteporfin
infusion. For a duration of 83 seconds, laser therapy
with a standard fluency (50 J/cm2) and a wavelength of
689 nm was applied to the area that was chosen based
on the hyperfluorescent abnormalities on mid-phase
ICGA, as these areas have previously been shown to be
characteristic for cCSC.19
82 AMERICAN JOURNAL OF
� HIGH-DENSITY SUBTHRESHOLD MICROPULSE LASER
TREATMENT: First, eye drops with 1.0% tropicamide and
2.5% phenylephrine were used to dilate the pupil of the
eye to be treated. After mydriasis was achieved, oxybupro-
caine 0.4% (or equivalent) was used to anesthetize the eye,
and a contact glass (for instance, a Volk area centralis lens)
was positioned on the eye to be treated. Subsequently,
keeping a distance of at least 500 mm from the foveal cen-
ter, HSML treatment with an 810 nm diode laser was
performed. The area that received treatment was chosen
based on hyperfluorescent areas on mid-phase ICGA.
The settings of the HSML laser included power of 1800
mW, duty cycle of 5%, frequency of 500 Hz, exposure
time of 0.2 seconds per shot, and spot size of 125 mm.
AUGUST 2020OPHTHALMOLOGY



TABLE. Baseline Characteristics of Chronic Central Serous Chorioretinopathy Patients Who Received a Crossover Treatment With
Either Half-Dose Photodynamic Therapy or High-Density Subthreshold Micropulse Laser

Half-Dose PDT (n ¼ 32) HSML (n ¼ 10)

P ValueMean (SD) Mean (SD)

Age (years) 50.5 6 8.6 50.7 6 9.8 .771

Best-corrected visual acuity (ETDRS letters) 80.2 6 8.0 (n ¼ 30) 80.7 6 6.6 .646

NEI-VFQ-25 composite score (points) 86.0 6 12.7 (n ¼ 30) 83.8 6 18.4 .749

Retinal sensitivity (dB) 21.4 6 5.3 (n ¼ 29) 23.3 6 4.1 (n ¼ 9) .302

Sex

Male 26 7 .449

Female 6 3

ETDRS ¼ Early Treatment of Diabetic Retinopathy Study; HSML ¼ high-density subthreshold micropulse laser; NEI-VFQ-25 ¼ 25-Item Na-

tional Eye Institute Visual Functioning Questionnaire; PDT ¼ photodynamic therapy; SD ¼ standard deviation
The power was reduced with steps of 300 mWwhen retinal
discoloration was observed after a test shot outside themac-
ular region at a power of 1800 mW, until the power
with which no discoloration occurred after laser use was
found.

� OUTCOMES AND SAFETY: The primary endpoint of the
REPLACE trial was a complete resolution of SRF on
OCT. Additionally, secondary outcome measures reflect-
ing visual function included BCVA in ETDRS letters,
retinal sensitivity on microperimetry, and the NEI-VFQ-
25 score. The presence of SRF on OCT and BCVA were
obtained at baseline, at evaluation visit 1, evaluation visit
2, and final visit (if available). Retinal sensitivity on micro-
perimetry was obtained at baseline, evaluation visit 1, and
final visit. The NEI-VFQ-25 score was obtained at baseline
and final visit. The NEI-VFQ-25 responses were converted
to a score from 0 to 100, using a previously described
method.20 Severe adverse events, if applicable, were re-
ported to the principal investigator and the data safety
monitoring board within 24 hours in order to evaluate
the nature of the event, with an option to terminate the
study if deemed necessary.

� STATISTICS: Statistical analyses were performed using
SPSS statistics (version 23.0; IBM Corp, Armonk, New
York, USA) and R version 3.5.3. (R Foundation for Statis-
tical Computing, Vienna, Austria). For the binary longitu-
dinal outcome SRF, mixed-effects logistic regression has
been used to model the change in the percentage of pa-
tients with SRF resolution after crossover treatment in
both groups. This analysis was performed using the function
mixed_model(.) from the R package GLMMadaptive. In
particular, the log odds of resolution is modeled as a func-
tion of the main effect of treatment, visiting occasions
(taken as categorical), and their interaction. For the
continuous longitudinal endpoints BCVA, retinal sensi-
tivity on microperimetry, and NEI-VFQ-25 score, marginal
multivariate regressionmodels have been used to model the
VOL. 216 CROSSOVER TREATMENT IN CENTRA
mean progression per group. As in the mixed-effects logis-
tic regression, the mean outcome is modeled as a function
of the main effect of treatment, visiting occasions (taken as
categorical), and their interaction. Hypothesis testing was
done using Wald and F tests where appropriate.
RESULTS

OUT OF THE 179 PATIENTS THAT WERE INCLUDED IN THE

PLACE trial, 42 patients (33 male, 9 female) could be
included in the REPLACE trial owing to persistence of
SRF at final visit of the PLACE trial (4 patients in Cologne,
20 in Leiden, 14 in Nijmegen, and 4 in Oxford). Out of
these 42 patients, 32 patients were initially treated with
HSML in the PLACE trial and received a crossover treat-
ment with half-dose PDT in the current REPLACE trial.
There were 10 patients who were initially treated with
half-dose PDT and subsequently received a crossover treat-
ment to HSML in the REPLACE trial. Baseline character-
istics for the REPLACE trial were not available for 2
patients who received a crossover to half-dose PDT. This
was because these patients insisted on prompt crossover
treatment, directly after evaluation visit 1 in the PLACE
trial, which was scheduled before the end of the PLACE
trial. However, the follow-up visits of these patients were
included in the analyses. There were 16 patients (38%)
who received an additional treatment in the REPLACE
trial because of persistent SRF on OCT at 6-8 weeks after
the first crossover treatment, according to the study proto-
col (Figure 1). These 16 patients included 6 patients out of
the 32 patients (19%) who received crossover treatment to
PDT, while all 10 patients who received crossover treat-
ment to HSML required a second HSML treatment in
this study because of persistent SRF on OCT at the first
evaluation visit. A total of 40 patients could be evaluated
at final visit (2 patients were lost to follow-up). There
were no significant differences in baseline characteristics
83L SEROUS CHORIORETINOPATHY



FIGURE 2. Optical coherence tomography (OCT; A, F), fluorescein angiography (FA; early phase: B, G; late phase: D, I), and
indocyanine green angiography (ICGA; early phase: C, H; late phase: E, J) of a 46-year-old man affected with chronic central serous
chorioretinopathy. This patient received half-dose photodynamic therapy (PDT) in the PLACE trial, but had persistence of subre-
tinal fluid at final visit of this study (A). Multiple focal leakage points on FA are shown by the white arrows (B, D). Hyperfluorescent
areas can be observed on ICGA, which represents dysfunction of the choroid (C, E). Owing to the persistence of subretinal fluid at
baseline visit and evaluation visit 1 of the REPLACE trial (A-E), this patient received a total of 2 crossover treatments with high-
density subthreshold micropulse laser (HSML). The hyperfluorescent area on ICGA within the red line (E) was treated with
HMSL, with the exception of the fovea, which is represented by the blue circle. At final visit (F-J), the subretinal fluid had resolved
subfoveally, but had increased temporally of the fovea (F). Moreover, focal leakage points were still present after crossover to HSML
(G, I), and the degree and size of hyperfluorescence on ICGA had not considerably changed after HSML treatment (H, J).
between each group (Table). Multimodal imaging exam-
ples of cCSC patients who received crossover treatment
to half-dose PDT and crossover treatment to HSML are
depicted in Figures 2 and 3, respectively.

� CROSSOVER TO HALF-DOSE PHOTODYNAMIC THERAPY
GROUP: Out of the total of 32 patients who received a
crossover to half-dose PDT after previous HSML treat-
ment, 28 patients (88%) had already received HSML treat-
ment twice according to the PLACE trial protocol. The
remaining 4 patients initially had a complete resolution
of SRF at evaluation visit 1 after the first HSML of the
PLACE trial, but displayed recurrence of SRF at final visit
of the PLACE trial. At the first evaluation visit of this sub-
group of the REPLACE trial at 6-8 weeks after crossover
treatment with half-dose PDT, SRF had resolved in 26
out of 32 patients (81%; P ¼ .036). At final visit, there
was a complete resolution of SRF in 25 out of 30 patients
84 AMERICAN JOURNAL OF
(78%; P ¼ .030). The mean BCVA in ETDRS letters
was 80.0 (standard error [SE]: 1.4) at baseline (n ¼ 30),
which increased to 82.1 (SE: 1.6) at evaluation visit 1
(n ¼ 32; P ¼ .810) and to 82.4 6 (SE: 1.9) at final visit
(n ¼ 30; P ¼ .157). Mean retinal sensitivity on micro-
perimetry was 21.7 dB (SE: 0.9) at baseline (n ¼ 29),
23.4 dB (SE: 0.8) at evaluation visit 1 (n ¼ 18; P ¼
.003), and 24.7 dB (SE: 0.8) at final visit (n ¼ 27; P <
.001). At baseline, mean NEI-VFQ-25 was 86.1 (SE: 2.5)
points (n ¼ 30), which increased to 87.9 (SE: 2.2) points
at final visit (n ¼ 30; P ¼ .132).

� CROSSOVER TOHIGH-DENSITY SUBTHRESHOLDMICRO-
PULSE LASERGROUP: Out of the 10 patients who received
a crossover to HSML treatment after previous half-dose
PDT, there were 7 patients (70%) who had already
received a second half-dose PDT within the PLACE trial.
The remaining 3 patients initially had a complete
AUGUST 2020OPHTHALMOLOGY



FIGURE 3. Optical coherence tomography (OCT; A), fluorescein angiography (FA; B, D), and indocyanine green angiography
(ICGA; C, E) of a 43-year-old man with chronic central serous chorioretinopathy. After treatment with high-density subthreshold
micropulse laser within the PLACE trial at the final visit of this study (A-E) subretinal fluid was still present (A), together with focal
leakage points on early FA (B) and late FA (D), and hyperfluorescent changes on ICGA (C, E). A crossover treatment to half-dose
photodynamic therapy (PDT) was performed. The area within the red circle (E) was treated with the PDT laser (single laser spot of
7,200mm). After half-dose PDT, there was a complete resolution of subretinal fluid onOCT (F). As the subretinal fluid had resolved,
no additional FA and ICGA images were obtained, according to the study protocol.

VOL. 216 85CROSSOVER TREATMENT IN CENTRAL SEROUS CHORIORETINOPATHY



resolution of foveal SRF at evaluation visit 1 of the PLACE
trial, but displayed recurrence of foveal SRF at final visit of
the PLACE trial. Out of the 10 patients who received
HSML in the REPLACE trial, none of the patients had
complete resolution of SRF at evaluation visit 1, while 6
out of 9 patients had a complete resolution of SRF at final
visit (P ¼ .109). One patient was lost to follow-up at final
visit, as the patient was abroad and was not able to come for
the final visit. Because all patients had persistence of SRF
on OCT after the first HMSL crossover treatment, all these
patients were treated with HSML a second time according
to the protocol of the REPLACE trial. The mean BCVA
was 80.7 (SE: 2.5) ETDRS letters at baseline (n ¼ 10),
80.9 (SE: 2.8) at evaluation visit 1 (n ¼ 10; P ¼ .720),
and 80.0 (SE: 3.5) at final visit (n ¼ 9; P ¼ .822 compared
to baseline). The mean retinal sensitivity on microperime-
try was 23.7 dB (SE: 1.6) at baseline (n ¼ 9), 23.8 dB (SE:
1.4) at evaluation visit 1 (n ¼ 5; P ¼ .429), and 23.3 dB
(SE: 1.4) (P ¼ .491 compared to baseline) at final visit
(n ¼ 9). The mean NEI-VFQ-25 score was 83.8 (SE: 4.4)
points at baseline (n ¼ 10), which changed to 83.5 (SE:
4.0) points at final visit (n ¼ 9; P ¼ .877).

� SAFETY: A severe adverse event occurred in 1 patient in
the crossover to half-dose PDT group (minor stroke of the
right medial cerebral artery, 11 months after treatment).
This event has been communicated with the drug safety
monitoring board, and was reported to the manufacturer
of verteporfin (Novartis). Because this patient had an
extensive cardiovascular history and the stroke occurred
11 months after half-dose PDT, this event was not consid-
ered to be related to half-dose PDT. No treatment-related
(severe) adverse events were observed in both groups.
DISCUSSION

IN THE PLACE TRIAL, WHICH STUDIED TREATMENT-NAIVE

cCSC patients, a statistically significant difference in treat-
ment response was seen in favor of half-dose PDT, with
67% of PDT-treated patients achieving a complete resolu-
tion of SRF onOCT, as compared to 29% of HSML-treated
patients at 7-8 months after treatment. After second half-
dose PDT in the PLACE trial, when the first half-dose
PDT treatment did not result in a complete resolution of
SRF, 32.4% had a complete resolution of SRF, as compared
to 15.4% in the patients who needed a second HSML treat-
ment, which was not significantly different.14 In addition,
at the first evaluation visit of the PLACE trial a signifi-
cantly higher increase in retinal sensitivity on microperim-
etry was observed in PDT-treated patients as compared to
HSML-treated patients.14 The REPLACE trial describes
the outcome of crossover treatment to either ICGA-
guided half-dose PDT or HSML in cCSC patients with
persistence of SRF at 7-8 months after 1 or 2 ICGA-
86 AMERICAN JOURNAL OF
guided half-dose PDT or HSML treatments within the
PLACE trial.14

In the current study, a complete resolution of SRF on
OCT was achieved at final follow-up in 78% of patients af-
ter crossover to half-dose PDT, which indicates that half-
dose PDT may be an effective treatment in patients who
did not respond to previous HSML. As in the PLACE trial,
we found a significant improvement in retinal sensitivity
after half-dose PDT crossover treatment, without a signifi-
cant improvement in BCVA or NEI-VFQ-25 question-
naire outcome, in contrast to the patients in the HSML
group who did not show improvement in any of the func-
tional parameters, including microperimetry.14 It has
been previously suggested that retinal sensitivity may be
a more sensitive parameter than BCVA to detect retinal
treatment effects for instance in CSC, since BCVA is often
relatively preserved in cCSC patients.21,22 Therefore, po-
tential differences in functional endpoints between the
crossover groups may first be detected as a difference in
retinal sensitivity. The additional effect of half-dose PDT
after HSML in these cases may lie in the fact that PDT tar-
gets the choroid, which is presumed to be the primarily
affected tissue in CSC. PDT induces choroidal vascular
changes and remodeling, a decrease of choroidal thick-
ening to near-normal levels, and an associated decrease
in extravascular leakage.11,23,24 This significantly increases
the likelihood of restoration of the balance between the
(pumping function of) RPE and the choroid, with subse-
quent resorption of SRF. Consequently, a gradual restora-
tion of photoreceptor-RPE interaction may occur,
reflected in a gradually increased restoration and visibility
of the external limiting membrane and ellipsoid lines on
OCT (Figure 4). This restoration of the photoreceptor-
RPE interface generally leads to a slow decrease in visual
symptoms over the following months in cases without
foveal atrophic changes that are too advanced. Half-dose
PDT in cCSC patients with in particular hypofluorescent
changes on ICGA has recently been found to be less effec-
tive. An explanation may lie in the fact that this hypofluor-
escence on ICGA indicates inadequate perfusion of the
choriocapillaris, which may result in inadequate vertepor-
fin delivery at the area in need of treatment.25 Also, hypo-
fluorescent choroidal characteristics on ICGA in a
phenotype that is otherwise typical for cCSC may indicate
end-stage disease that has become relatively insensitive to
PDT treatment. Hypofluorescence on ICGAwas present in
only 1 out of 5 patients with persistent SRF after crossover
to half-dose PDT in the current study, indicating that other
unknown mechanisms may also be involved. For HSML,
the mechanism of treatment response is less clear, but the
melanin in the RPE mainly absorbs the laser light, which
has been assumed to subsequently trigger the formation of
heat shock proteins, which may stimulate the pumping
function of the RPE.26 The difference in efficacy between
PDT and HSML may be closely related to the fact that
HSML does not directly address the main underlying
AUGUST 2020OPHTHALMOLOGY



FIGURE 4. Optical coherence tomography (OCT) imaging of a 60-year-old man diagnosed with chronic central serous chorioretin-
opathy. Because of persistent subretinal fluid (SRF) after 2 high-density subthreshold micropulse laser treatments in the PLACE trial,
this patient received crossover treatment with half-dose photodynamic therapy (PDT) in the REPLACE trial. At baseline visit of the
REPLACE trial (before half-dose PDT), both the ellipsoid zone (EZ; A, white arrow) and external limiting membrane (ELM; A,
white arrow) were discontinuous and difficult to distinguish from the hyperreflectivity in the subretinal space (A). At 8 weeks after
half-dose PDT, SRF had disappeared and the EZ (white arrow) and ELM (black arrow) outlines became more evident (B). At final
visit of the REPLACE trial (1 year after treatment), the EZ (white arrow) and ELM (black arrow) layers had returned to normal (C).
A reduction of the choroidal thickness occurred simultaneously to the restoration of the EZ and ELM layers (A, B, C).
choroidal pathology, which is also reflected in the observa-
tion that focal leakage and choroidal congestion and hyper-
permeability may persist after HSML treatment, as seen on
FA and ICGA (Figure 2). Multiple HSML treatments are
often necessary before a resolution of SRF can be seen in
patients, with persistent and potentially damaging SRF be-
ing present in the meantime.

Since none of the cross-over to HSML patients in the
current study had a complete resolution of SRF at the first
evaluation visit, all these patients received a second HSML
treatment. Remarkably, 6 out of 9 crossover-to-HSML pa-
tients had a complete resolution of SRF at final visit. It
should be noted that, in contrast to the crossover to half-
dose PDT group, this subgroup of crossover HSML-
treated patients did not show an improvement in any func-
tional outcome parameters at final follow-up of this study.
VOL. 216 CROSSOVER TREATMENT IN CENTRA
A possible explanation may be that these patients already
had a prolonged presence of SRF throughout the course
of the PLACE and REPLACE trial, which may have caused
irreversible photoreceptor damage.16,27 Breukink and asso-
ciates previously reported a complete resolution of SRF in
only 1 out of 10 cCSC patients at 7 weeks after crossover
treatment from half-dose PDT to HSML, and in 2 out of
10 patients at a mean of 73 weeks after baseline.28 The
discrepancy between the observations of Breukink and as-
sociates and the findings of our study at final visit may be
explained by differences in inclusion criteria. For instance,
in the REPLACE trial, patients were not allowed to have
received treatment with steroids within 3 months before
inclusion in the PLACE trial or previous CSC treatment(s)
before inclusion, which is in contrast to the study of Breu-
kink and associates; more severe, recalcitrant cCSC
87L SEROUS CHORIORETINOPATHY



patients may have been included in their study. Scholz and
associates reported a significant decrease in the automati-
cally calculated central retinal thickness after a crossover
to HSML treatment in cCSC patients who had persistent
SRF after PDT.29 However, this automatic measurement
erroneously included the SRF height.18 Other studies
have reported that 9%-80% of cCSC patients treated
with HSML require more than 1 HSML treatment until
complete resolution of SRF.30,31 Chen and associates re-
ported that multiple HSML treatments may especially be
needed in cCSC patients with more diffuse, extensive
leakage, compared to those with focal leakage.32 However,
we have shown previously that the percentage of cCSC pa-
tients with a complete resolution of SRF after treatment is
still higher in those treated with half-dose PDT compared
to HSML treatment, regardless of the presence of focal or
diffuse leakage.33,34 Mohabati and associates have found
that half-dose PDT is also effective in more severe cCSC
phenotypes, and that these severe patients may still have
a relatively favorable visual prognosis.8,35 The resolution
of SRF in 6 out of 9 HSML patients at the final visit of
the REPLACE trial can be a direct, late effect of the 2
performed HSML crossover treatments, but may also be
(partly) due to the natural course of CSC, which has a ten-
dency to wax and wane even in chronic cases. However,
the sample size seems to be too small to draw firm conclu-
sions based on this small and very specific subgroup of pa-
tients who previously did not respond to half-dose PDT
and subsequently underwent HSML. This again underlines
the importance of prospective randomized controlled trials
studying the treatment of CSC.

This study has limitations. First, by design, only patients
included in the PLACE trial and with persistent SRF at
final visit were eligible for enrollment, which led to a
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limited number of patients that could be included in this
study, especially in the crossover to HSML group. Not all
patients that were enrolled to the PLACE trial and had
persistent SRF at final visit could be included in the
REPLACE trial. There were 44 patients in the PLACE trial
who already had their final study visit before the REPLACE
trial commenced. Moreover, some patients started to use
steroids during the PLACE trial, or were lost to follow-
up. Because of this limited number of patients, the
REPLACE trial was not powered for the assessed endpoints
(including resolution of SRF on OCT, BCVA, retinal
sensitivity, and NEI-VFQ-25 score). Even though this trial
was not considered to be powered to detect statistically sig-
nificant differences in these parameters, we found a statis-
tically significant increase in the percentage of patients
with a complete resolution of SRF on OCT, as well as a
significantly increased retinal sensitivity on microperime-
try, within the patient group that underwent a crossover
to half-dose PDT. There were 2 patients in the crossover
to half-dose PDT group for whom no REPLACE baseline
visit was available, because they insisted on early crossover
treatment before the final follow-up visit of the PLACE
trial. However, the follow-up visits of these patients were
included in the mixed-model analyses, since they may pro-
vide additional information to these models.
In conclusion, half-dose (or half-fluence) PDT is the treat-

ment of choice for cCSC, and cCSC patients with persis-
tence of SRF after primary HSML can benefit from half-
dose PDT, which can induce a complete resolution of SRF
in many patients, together with an improvement in retinal
sensitivity. In cCSC patients with persistence of SRF after
half-dose PDT, HSML can be considered, although it may
lead to resolution of SRF only in the long run, without a sig-
nificant improvement in functional outcomes.
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