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EFFICACY OF HALF-DOSE
PHOTODYNAMIC THERAPY VERSUS
HIGH-DENSITY SUBTHRESHOLD
MICROPULSE LASER FOR TREATING
PIGMENT EPITHELIAL DETACHMENTS IN
CHRONIC CENTRAL SEROUS
CHORIORETINOPATHY
HELENA M. A. FEENSTRA, MD,* LEO C. HAHN, MD,*† THOMAS J. VAN RIJSSEN, MD,*
ROULA TSONAKA, PHD,‡ MYRTE B. BREUKINK, MD, PHD,§ JAN. E. E. KEUNEN, MD, PHD,§
PETRUS J. H. PETERS, MD,¶ GREET DIJKMAN, MD,* ERIC H. SOUIED, MD, PHD,**
ROBERT E. MACLAREN, MD, PHD,†† GIUSEPPE QUERQUES, MD, PHD,**‡‡
SUSAN M. DOWNES, MD,†† SASCHA FAUSER, MD, PHD,§§¶¶ CAREL B. HOYNG, MD, PHD,§
ELON H. C. VAN DIJK, MD, PHD,* CAMIEL J. F. BOON, MD, PHD*†

Purpose: Comparing the effect of half-dose photodynamic therapy and high-density
subthreshold micropulse laser treatment on retinal pigment epithelial detachments (PEDs)
in chronic central serous chorioretinopathy.

Methods: This study included data from the PLACE trial, a prospective randomized
controlled trial comparing half-dose photodynamic therapy and high-density subthreshold
micropulse laser treatment in chronic central serous chorioretinopathy. Main outcome
measurements were changes in both the foveal PED and the highest PED within the macula
at baseline compared with first and final evaluation visit.

Results: At baseline, a macular PED was detected in 76.9% of patients (123/160), and a
PED within 1,500 mm from the foveal center in 37.5% of patients (60/160). In the half-dose
photodynamic therapy arm (61 patients), there was a significantly larger decrease in the
highest macular PED compared with the high-density subthreshold micropulse laser treat-
ment arm (62 patients) at both first and final evaluation visits (P , 0.001 and P = 0.012,
respectively). The decrease of highest foveal PED was significant at first visit (P = 0.025).

Conclusion: Half-dose photodynamic therapy is superior to high-density subthreshold
micropulse laser treatment with regard to a statistically significant reduction in the height of
macular PEDs in active chronic central serous chorioretinopathy. These findings may also
have implications for other diseases within the pachychoroid disease spectrum that can
present with PEDs.

RETINA 42:721–729, 2022

Central serous chorioretinopathy (CSC) is consid-
ered the fourth most common maculopathy in

which subretinal fluid (SRF) occurs after neovascular
age-related macular degeneration, diabetic macular
edema, and retinal venous occlusion. In CSC, this fluid
is usually located in the macula, which may induce
visual complaints such as vision loss, diminished color

and contrast vision, and metamorphopsia.1 These
symptoms can severely affect the quality of life of
often relatively young patients.2 Although acute CSC
usually resolves spontaneously without the need of
treatment, chronic CSC (cCSC) may persist and lead
to irreversible vision loss.3–6 Several risk factors have
been described for CSC, including age, male sex,
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pregnancy, and corticosteroid use.1 The pathophysiol-
ogy of CSC is not fully understood. However, choroi-
dal abnormalities, such as delayed choroidal filling,
dilated veins, intervortex venous anastomoses, and
choroidal vascular hyperpermeability, have been
hypothesized to be an important underlying factor,
with subsequent damage to the retinal pigment epithe-
lium (RPE) and SRF accumulation.1,7,8

Several studies have shown that pigment epithe-
lial detachments (PEDs) on spectral domain optical
coherence tomography (OCT) are present in 53% to
96% of affected eyes of patients with CSC.2,9,10 In
most studies, these PEDs are defined as a distinct
separation of the RPE from the underlying Bruch
membrane.11 In CSC, PEDs can be observed either
inside or outside the area in which SRF has accu-
mulated. The PEDs are often seen in areas with
dilated choroidal vessels and increased choroidal

thickness, which suggests that PEDs—at least in
CSC—may also be a result of underlying choroidal
dysfunction.1,9,11

In cCSC, treatment is generally advocated
because significant visual symptoms, a decreased
quality of life, and progressive vision loss may occur
in case of persistent SRF.2,4,6 Half-dose photody-
namic therapy (PDT) and high-density subthreshold
micropulse laser (HSML) treatment are two of the
most frequently used treatments in CSC.12 Treat-
ment should be aimed at a complete resolution of
SRF to restore the normal anatomical and functional
photoreceptor–RPE interaction.12 Ample retrospec-
tive studies are available on the treatment of CSC,
but these are vulnerable to scientific flaws especially
in CSC, in which a spontaneous decrease of SRF is
common and even a complete resolution of SRF may
occur in up to 30% of placebo-treated patients.12–14

To date, two large prospective multicenter random-
ized controlled trials on the role of PDT for the
treatment of cCSC have been published, the PLACE
trial Half-Dose Photodynamic Therapy versus High-
Density Subthreshold Micropulse Laser Treatment
in Patients with Chronic Central Serous Chorior-
etinopathy and the SPECTRA trial (Half-Dose
Photodynamic Therapy Versus Eplerenone: Treat-
ment Trial for Chronic Central Serous Chorioretin-
opathy). The SPECTRA trial concluded that both
functional and anatomical outcomes improved sig-
nificantly more after half-dose PDT compared with
treatment with oral eplerenone.15 The PLACE trial
showed that half-dose PDT is superior to HSML
treatment with regard to achieving a complete res-
olution of SRF and functional improvement.16 The
superiority of half-dose PDT over HSML treatment
appears to originate in the fact that PDT treats the
choroid, which is presumed to be the primary
involved structure in cCSC.12 The hyperfluorescent
abnormalities present on indocyanine green angi-
ography (ICGA) are used to guide the PDT spot.12,16

PDT treats the thickened and leaky choroid in cCSC,
causing choroidal remodeling and a choroidal
thickness that is closer to the normal range.17,18 This
may lead to a decreased flow of fluid through the
damaged outer blood–retina barrier at the RPE, with
subsequent resolution of SRF.12 However, little is
known regarding the efficacy of half-dose PDT
versus HSML treatment regarding resolution of
PEDs. Resolution of PEDs in cCSC may be impor-
tant because PEDs have been associated with
reduced visual acuity at both short-term and long-
term follow-up visits.19 In this study, we have
evaluated the effect of half-dose PDT and HSML
treatment on PEDs in cCSC.
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Methods

For this study, we used data and multimodal
imaging of patients with cCSC who were included in
the PLACE trial. The PLACE trial was a randomized
controlled treatment trial conducted at five academic
medical centers located in the Netherlands, Germany,
the United Kingdom, and France.16,20 The study was
conducted in accordance with the tenets of the Decla-
ration of Helsinki, and all participating centers
received approval from their respective institutional
review board and ethics committee (ClinicalTrials.
gov identifier: NCT01797861).

Participants

The PLACE trial enrolled patients with cCSC with
SRF that affected the fovea at baseline. Furthermore,
these patients were required to have one or more
regions of active focal leakage (“hot spots”) combined
with RPE window defects on fluorescein angiography
and compatible hyperfluorescent changes typical of
cCSC on ICGA. This study only included patients with
a visible PED within the grid on the 30° macular OCT
scan at baseline visit. A PED was defined as any mea-
surable separation of the RPE from the underlying
Bruch membrane on OCT, with a homogeneously hy-
poreflective sub-RPE space.11 Further inclusion and
exclusion criteria for the PLACE trial are summarized
in Table 1. The primary endpoint of the PLACE trial
was the complete resolution of SRF on OCT at the first
evaluation visit at 6 weeks to 8 weeks after treatment.16

Procedures

At baseline visit of the PLACE trial, patients’ med-
ical history and demographics were taken and an
extensive ophthalmologic examination was performed.
The latter consisted of assessing Early Treatment of

Diabetic Retinopathy Study best-corrected visual acu-
ity (BCVA), retinal sensitivity on microperimetry, and
vision-related quality of life using the National Eye
Institute Visual Function Questionnaire. Fundus pho-
tographs, OCT scans, fundus autofluorescence, fluo-
rescein angiography, and ICGA imaging were made
by certified medical photographers in all participating
centers. Patients were randomly assigned to receive
either half-dose PDT or HSML treatment at a 1:1 ratio,
as described in the original PLACE trial study.16 For
both HSML treatment and 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 treatment with either half-dose

PDT or HSML treatment, the pupil of the eye to be
treated was dilated with topical 2.5% phenylephrine
(phenylephrine monofree; Théa Pharma, Haarlem, the
Netherlands) and 1.0% tropicamide (tropicamide mono-
free; Théa Pharma, Haarlem, the Netherlands). Patients
assigned to the half-dose PDT arm received an intrave-
nous infusion of 3 mg/m2 body surface verteporfin (Vi-
sudyne; Novartis Pharma AG, Basel, Switzerland) over
10 minutes. Then, an anesthetic drop containing oxy-
buprocaine 0.4% (oxybuprocaine monofree; Théa Phar-
ma, Haarlem, the Netherlands) was given before
placing a contact lens on the eye at exactly 15 minutes
after the start of verteporfin administration. Subse-
quently, half-dose PDT was performed in the area to
be treated with a fluency of 50 J/cm2, wavelength of
689 nm, and treatment duration of 83 seconds.
High-density subthreshold micropulse laser treat-

ment was performed by applying several adjacent
nonoverlapping spots using an 810-nm diode laser,
keeping a distance of 500 mm from the foveal center.
To minimize possible undertreatment, a relatively high
power of 1,800 mW was applied with a duty cycle of

Table 1. Inclusion and Exclusion Criteria of Patients With Chronic Central Serous Chorioretinopathy Who Were Enrolled in
This Study

Inclusion Criteria Exclusion Criteria

1. Male or female patients with cCSC $18 years old
2. Visual loss and/or presence of SRF on OCT .6 weeks
3. BCVA of .20/200 in Snellen equivalent
4. Foveal SRF
5. At least 1 hyperfluorescent area of leakage on FA with
RPE window defects typical of cCSC
6. Hyperfluorescent areas on ICGA typical of cCSC
7. Sufficient quality of imaging
8. Presence of PED within the grid on the 30 macular OCT
scan at baseline visit

1. Previous treatments for CSC
2. Intraretinal fluid
3. Myopia .6 diopters
4. Evidence of another diagnosis that could explain either
vision loss or SRF
5. Continuous or progressive visual loss or presence of
SRF .18 months
6. Currently treated or treated with corticosteroids within
the last 3 months before screening visit
7. Presence of soft drusen or signs of neovascularization
8. Contraindications to receive FA, ICGA, or PDT

cCSC, chronic central serous chorioretinopathy; FA, fluorescein angiography.
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5% and frequency of 500 Hz.21 The spot size was set
to 125 mm and exposure time to 0.2 seconds per spot.
If any retinal discoloration appeared after applying a
test treatment spot outside of the macular area, the
power of HSML treatment was reduced in steps of
300 mW to accomplish the desired subthreshold treat-
ment and in accordance with the most available liter-
ature on performing the optimal HSML treatment.12

At the first evaluation visit at 6 weeks to 8 weeks
after treatment and at final evaluation visit at 7 months
to 8 months after first treatment, patients again
underwent complete ophthalmologic examination and
imaging. If SRF was still present within the macula
area at first evaluation visit, the same treatment as the
first treatment performed was performed.16

For patients to be included in this study, OCT scans
were required to be available for baseline and at least one
visit after treatment. Scans of insufficient quality that did
not allow reliable measurement of the PED parameters
described before were excluded from this study.

Outcomes

Macular spectral domain OCT 30° images that were
taken at baseline visit, first evaluation visit, and final eval-
uation visit were analyzed during this study. The Heidel-
berg built-in caliper tool was used to assess the height of
the separation of the RPE from the underlying Bruch
membrane with a homogenously hyporeflective sub-
RPE space, drawing a line perpendicular to the Bruch
membrane (Figure 1). Any measurable separation with a
homogenously hyporeflective sub-RPE space was consid-
ered to be a PED, with no restrictions to dimension. Only
the highest macular PED (hPED) within the grid on the
30° macular OCT scan and, if present, the highest foveal
PED (fPED)—which was defined as the highest PED
within a 1,500 mm diameter from the foveal center—were
measured. The percentage of patients with cCSC with
complete resolution of the PED at final evaluation visit
was recorded and compared between both treatment arms.

Statistical Analysis

Statistical analysis was performed using IBM SPSS
Statistics 23 (SPSS 23, IBM, New York, NY). For
comparing baseline characteristics between the half-
dose PDT and HSML treatment arm, the independent
samples t-test was used apart from the PED presence
and sex for which the chi-square test was used. A linear
mixed model was used for testing the significance of
change in PED height and functional parameters. The
change in PED height was analyzed after logarithmic
transformation because of its skewed distribution. The
results were analyzed with an intention-to-treat analysis.

Results

Of the 160 patients who were eligible for enrollment
from the PLACE trial and had attended the first
evaluation visit, a PED was detected at baseline visit in
123 patients (76.9%). Sixty-one patients with a PED at
baseline had been randomized to the half-dose PDT arm
and 62 to the HSML treatment arm. Of these 123
patients, 21 did not attend the final evaluation visit
because they were lost to follow-up or did not receive a
second treatment despite being indicated because of their
personal preference. These patients were still analyzed in
this study with an intention-to-treat analysis (Figure 2).
Baseline characteristics of the two groups were

compared and are summarized in Table 2. There were
no significant differences between the two groups at
baseline. Of the 123 patients with a PED, 60 (48.8%)
had a PED that also included the fovea. In 43 of these
60 patients with a fPED (71.7%), this fPED was also
the hPED. Information about the received treatments is
outlined in Table 3.
A decrease in the hPED height at first evaluation

visit and final evaluation visit was seen in both the
half-dose PDT-treated patients (median 26.50 and
212.00 mm, respectively) and HSML-treated patients
(median 21.00 and 23.00 mm, respectively). The

Fig. 1. Example measurement of
a foveal PED in a 40-year-old
patient with central serous cho-
rioretinopathy. On the IR image
(A), the foveal area, defined as a
circle with a diameter of 1,500
mm around the foveal center, is
demarcated in white. The cross on
the IR photograph (A) correlates
with the location of the line on the
spectral domain OCT image (B).
The arrow indicates the location
of the highest PED. The height of
the hyporeflective lumen of the
PED (line and measurement in mm) (B) was measured perpendicularly to the Bruch membrane using the Heidelberg built-in caliper tool. IR, infrared
reflectance.
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median decrease in hPED height was significantly
larger in the half-dose PDT arm compared with the
HSML treatment arm at both first and final evaluation
visits (P , 0.001 and P = 0.012, respectively) (Table
4). A complete resolution of the hPED was seen in
13.0% of HSML-treated patients (7/54) and in
36.5% of half-dose PDT-treated patients (19/52) at
final evaluation visit (P = 0.005). Examples have been
depicted in Figure 3. The mean decrease in hPED
height at first evaluation visit and final evaluation visit
was significantly larger in patients who had had a
complete SRF resolution at first evaluation visit (P
, 0.001 and P = 0.001, respectively).
The median decrease in highest fPED at first

evaluation visit in the half-dose PDT arm was signif-
icantly larger compared with the HSML treatment arm
(median 26.00 mm vs. median 21.00 mm, respec-

tively) (P = 0.025). However, the decrease of fPED
was not significantly different between the groups at
final evaluation visit (P = 0.065) (Table 4). A complete
resolution of the highest fPED was seen in 8.3% of the
HSML-treated patients (2/24) and in 29.6% of the half-
dose PDT-treated patients (8/27) (P = 0.056).
At first evaluation visit, 54/62 (87.1%) of patients

treated with HSML had a persistence of SRF compared
with 34/61 (55.7%) of patients treated with half-dose
PDT. At first evaluation visit, the odds of presence of
SRF differed significantly between patients treated with
HSML and half-dose PDT (P , 0.001) and were
84.09% lower in the half-dose PDT treatment arm com-
pared with the HSML treatment arm (odds ratio = 0.159
[95% confidence interval 0.058–0.437]). At the final
evaluation visit, 35/52 (67.3%) of patients treated with
half-dose PDT had a complete SRF resolution com-
pared with 19/54 (35.2%) of patients in the HSML
treatment arm. At this visit, the odds of presence of
SRF did also differ significantly between the HSML
treatment arm and the half-dose PDT treatment arm
(P , 0.001). These odds were 73.37% lower in the
half-dose PDT treatment arm compared with the HSML
treatment arm (odds ratio = 0.266 [95% confidence
interval: 0.134–0.527]).
The functional outcome parameters after treatment

(BCVA, retinal sensitivity on microperimetry, and
the vision-related quality of life using the National
Eye Institute 25-item Visual Function Question-
naire) did not differ significantly between the
HSML-treated and half-dose PDT arm at both first
evaluation visit and final evaluation visit, except for
the BCVA at first evaluation visit, which improved
significantly more in the half-dose PDT arm than the
HSML treatment arm.

Fig. 2. Flow chart depicting the patients with chronic central serous
chorioretinopathy who have been included in this study.

Table 2. Baseline Characteristics of Patients Included in This Study

Half-Dose Photodynamic
Therapy (n = 61)

High-Density Subthreshold
Micropulse Laser Treatment (n = 62) P

Age (years) 48.6 ± 9.0 48.7 ± 8.5 0.940
Male sex 46 (75.4%) 52 (83.4%) 0.244
BCVA in study eyes (ETDRS letters) 76.4 ± 9.0 75.6 ± 9.1 0.625
Composite score on vision-related
quality of life measured with the
NEI-VFQ25

81.6 ± 13.2 82.6 ± 11.6 0.653

Retinal sensitivity on
microperimetry (dB)

19.3 ± 5.7 19.2 ± 5.5 0.913

Foveal sensitivity on
microperimetry (dB)

16.2 ± 6.5 16.4 ± 6.5 0.876

fPED present 31 (50.8%) 29 (46.8%) 0.654
Height of hPED (mm) 41.3 ± 57.4 (range, 5.0–407.0) 42.0 ± 51.3 (range, 7.0–299.0) 0.945
Height of fPED (mm) 22.5 ± 53.9 (range, 9.0–389.0) 21.1 ± 47.6 (range, 6.0–299.0) 0.554
Foveal choroidal thickness (mm) 415.7 ± 123.0 414.7 ± 119.0 0.967

Data are either no. (%) or median (range) or mean ± SD.
P-values ,0.05 were considered to be statistically significant.
NEI-VFQ25, National Eye Institute 25-item Visual Function Questionnaire.
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Discussion

To the best of our knowledge, this is the first study
to assess the effect of half-dose PDT and HSML
treatment on PEDs in cCSC based on a relatively large

prospective randomized controlled trial. Because pro-
longed detachment of the macula due to SRF accu-
mulation can lead to irreversible vision loss because of
photoreceptor and RPE atrophy, complete SRF reso-
lution was considered the most important goal of

Table 3. Characteristics of Received Treatments During This Study

Half-Dose Photodynamic
Therapy (n = 61)

High-Density Subthreshold
Micropulse Laser Treatment (n = 62)

Mean diameter PDT
spot in mm (first treatment)

4.05 ± 1.60 NA

Mean number of HSML
treatment spots (first treatment)

NA 208.34 ± 224.61

Second treatment indicated/presence
of SRF at first evaluation visit

34/61 54/62

Table 4. Effect of Half-Dose Photodynamic Therapy Versus High-Density Subthreshold Micropulse Laser Treatment on
the Highest Macular Pigment Epithelial Detachment and Foveal Pigment Epithelial Detachment

Outcome
Half-Dose

Photodynamic Therapy
High-Density Subthreshold
Micropulse Laser Treatment P*

Height of hPED (mm)†
At first evaluation visit 26.50 (221.00 to 21.00)

(n = 61)
21.00 (25.50 to 1.25)

(n = 62)
,0.001

At final evaluation visit 212.00 (226.00 to 24.00)
(n = 52)

23.00 (215.00 to 3.00)
(n = 54)

0.012

Height of fPED (mm)†
At first evaluation visit 26.00 (221.00 to 0.00)

(n = 31)
21.00 (24.50 to 1.00)

(n = 29)
0.025

At final evaluation visit 215.00 (226.00 to 23.00)
(n = 27)

23.00 (211.00 to 1.75)
(n = 24)

0.065

BCVA in study eyes (ETDRS
letters)‡
At first evaluation visit 4.23 ± 5.95 (n = 61) 1.05 ± 9.89 (n = 62) 0.034
At final evaluation visit 6.00 ± 8.70 (n = 54) 4.44 ± 7.58 (n = 54) 0.190

Composite score on vision-related
quality of life measured with the
NEI-VFQ25‡
At first evaluation visit 2.71 ± 8.81 (n = 61) 2.43 ± 7.57 (n = 61) 0.785
At final evaluation visit 7.07 ± 11.57 (n = 54) 5.32 ± 9.86 (n = 54) 0.707

Retinal sensitivity on microperimetry
(dB) in study eyes‡
At first evaluation visit 1.84 ± 3.16 (n = 58) 0.78 ± 3.44 (n = 59) 0.275
At final evaluation visit 3.31 ± 3.57 (n = 51) 1.57 ± 4.53 (n = 49) 0.117

Foveal sensitivity on microperimetry
(dB) in study eyes‡
At first evaluation visit 2.90 ± 5.34 (n = 51) 1.18 ± 6.22 (n = 51) 0.197
At final evaluation visit 4.48 ± 5.02 (n = 46) 2.05 ± 6.29 (n = 44) 0.137

Foveal choroidal thickness (mm) in
study eyes‡
At first evaluation visit 246.31 ± 83.74 (n = 45) 231.00 ± 97.73 (n = 45) 0.723
At final evaluation visit 262.03 ± 94.09 (n = 37) 226.11 ± 97.19 (n = 37) 0.145

P-values ,0.05 were considered to be statistically significant.
*P-value for difference in effect on outcome comparing half-dose PDT and HSML treatment.
†Calculated with linear mixed model after logarithmic transformation. Data are expressed in median (interquartile range, Q1 and Q3)

and n = number of patients analyzed.
‡Calculated with linear mixed model without logarithmic transformation. Mean (SD) and number of patients are analyzed. For these

variables, the interaction term was not significant.
NEI-VFQ25, National Eye Institute 25-item Visual Function Questionnaire.
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treatment.2,5,6 However, it is also important to assess
the effect of treatment on PEDs in cCSC because of
the effect of dysfunction of the outer blood–retina
barrier of the RPE on both anatomical and functional
parameters.12,16 After all, the RPE forms the “natural
housekeeper” of the overlying photoreceptors, and a
prolonged detachment of the RPE from the underlying
choroid may in itself induce degenerative changes in
the RPE, which is dependent on its physiologic rela-
tionship with the Bruch membrane/choroid complex.22

Therefore, a desired treatment effect in cCSC may not
only be the restoration of physiologic photoreceptor–
RPE interaction but also the repositioning of the RPE
in close association with the Bruch membrane and the
adjacent multifunctional choroid.23 Based on the
results of this study, we conclude that half-dose PDT is
more effective than HSML treatment in decreasing the
height and inducing complete resolution of macular
PEDs in cCSC on the short term and long term.
The available literature on the effect of PDT on PEDs

in patients with cCSC is limited, but a few studies with
relatively small numbers of included patients show that
PDT has a positive effect on fovea-involving PEDs.24–26

A retrospective study by Arf et al24 showed a PED
resolution in seven of 10 patients with cCSC after treat-
ment with reduced-fluence PDT. In addition, Hwang
et al25 found that 80% of eyes (n = 35) had a complete
resolution of sub-fPED at 1 month after half-dose PDT.
Finally, a study by Inoda et al26 described a complete
PED resolution in 8/12 (67%) of patients with a symp-
tomatic serous nonneovascular PED after half-dose PDT.
In the current cCSC cohort, we found a complete hPED
resolution in 36.5% of patients (19/52), and a complete
resolution of the highest fPED in 29.6% of patients

(8/27) after half-dose PDT, which are lower resolution
rates compared with the aforementioned retrospective
studies. This may be related to selection or publication
bias of these retrospective studies, while we are the first
to report this outcome with data from a randomized
controlled treatment trial.
Functional parameters (BCVA, retinal sensitivity on

microperimetry, and the vision-related quality of life
using the National Eye Institute 25-item Visual
Function Questionnaire) did not improve significantly
more in the half-dose PDT-treated arm compared with
the HSML-treated arm. These observations could have
been caused by the already existing damage to the
RPE and neurosensory retina because of the presence
of SRF and a PED over a longer period of time. In
addition, the PLACE trial was not powered to detect
differences in these functional parameters for this
specific study purpose, and BCVA, retinal sensitivity
on microperimetry, and vision-related quality of life
score measured by the National Eye Institute 25-item
Visual Function Questionnaire were relatively high at
baseline in patients with cCSC.
The mechanism of PDT is presumably based on the

formation of free radicals on the laser illumination of
the desired treatment site, which is mainly the chorio-
capillaris/choroid, after administering verteporfin intra-
venously. This may subsequently lead to remodeling of
the vessels in the capillary bed and larger choroidal
vessels that underlie the damaged RPE.12,17,27 The supe-
riority of half-dose PDT over HSML treatment could be
explained by the fact that PDT targets the primary path-
ophysiological choroidal abnormalities in CSC by caus-
ing choroidal vascular remodeling.27 By contrast,
treatment with HSML has been suggested to mainly have

Fig. 3. Examples of the change
in pigment epithelial detachment
height of patients with chronic
central serous chorioretinopathy
after treatment. The OCT scans
on the left part of the figure (A–
C) belong to a 48-year-old patient
with cCSC who had been treated
with HSML. The OCT scan taken
at baseline visit (A) shows a PED
within the vascular arcades. The
PED height remained relatively
stable after treatment with HSML
at first evaluation visit (B) and at
final evaluation visit (C). Sub-
retinal fluid was still present at the
final evaluation visit (C). The
OCT scans on the right side of the
figure (D–F) belong to a 50-year-
old patient with cCSC who had
been treated with half-dose PDT.

At baseline visit (D), a PED could be seen within a diameter of 1,500 mm around the foveal center. At first evaluation visit (E) and after treatment with
half-dose PDT, both the subretinal fluid and the PED had disappeared. At final evaluation visit, SRF and the PED remained absent (F).
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an effect on RPE function, and not the choroid, although
the therapeutic mechanism of action, if any, of HSML
treatment on the RPE is unclear, at least in cCSC.12,13,28

With HSML treatment, laser spots are targeted on the
hyperfluorescent abnormalities on ICGA. The laser
energy has been hypothesized to be absorbed by the
melanin in the RPE and results in the release of heat.
This is believed to increase the expression of heat shock
proteins, when applied in a sublethal dose, and restore
the cellular function in the RPE.12

This study has limitations. First of all, the PLACE
trial was originally powered to detect a potential
difference in complete SRF resolution between half-
dose PDT and HSML treatment and not to compare
the treatment effect on PED characteristics measured
in this study that used the PLACE trial data. All
patients had SRF at baseline because this was an
inclusion criterion for all patients with cCSC, which
could have led to a bias in studying the treatment
effect on PEDs in this specific subgroup.
Importantly, half-dose PDT may also be an effective

treatment in treating symptomatic isolated PEDs in the
context of a pachychoroid background (e.g., pachych-
oroid pigment epitheliopathy) because it may target
the common pathophysiological background of cho-
roidal dysfunction and vascular leakage to the space
between the RPE and Bruch membrane.29,30

In conclusion, based on the results of this study,
treatment with half-dose PDT, aimed at a complete
resolution of SRF in patients with cCSC, is superior to
HSML treatment with regard to reducing the height of
macular PEDs. The outcome of this study may also have
important implications for the treatment of PEDs in other
diseases that are part of the pachychoroid spectrum.

Key words: central serous chorioretinopathy, half-
dose photodynamic therapy, high-density subthreshold
micropulse laser, pigment epithelial detachment,
PLACE trial.

References

1. Daruich A, Matet A, Dirani A, et al. Central serous chorior-
etinopathy: recent findings and new physiopathology hypoth-
esis. Prog Retin Eye Res 2015;48:82–118.

2. Breukink MB, Dingemans AJM, den Hollander AI, et al. Chronic
central serous chorioretinopathy: long-term follow-up and vision-
related quality of life. Clin Ophthalmol 2017;11:39–46.

3. Mohabati D, Boon CJF, Yzer S. Risk of recurrence and tran-
sition to chronic disease in acute central serous chorioretinop-
athy. Clin Ophthalmol 2020;14:1165–1175.

4. Mohabati D, van Dijk EH, van Rijssen TJ, et al. Clinical spec-
trum of severe chronic central serous chorioretinopathy and
outcome of photodynamic therapy. Clin Ophthalmol 2018;
12:2167–2176.

5. Mohabati D, van Rijssen TJ, van Dijk EH, et al. Clinical char-
acteristics and long-term visual outcome of severe phenotypes

of chronic central serous chorioretinopathy. Clin Ophthalmol
2018;12:1061–1070.

6. Mrejen S, Balaratnasingam C, Kaden TR, et al. Long-term
visual outcomes and causes of vision loss in chronic central
serous chorioretinopathy. Ophthalmology 2019;126:576–588.

7. Prunte C, Flammer J. Choroidal capillary and venous conges-
tion in central serous chorioretinopathy. Am J Ophthalmol
1996;121:26–34.

8. Spaide RF, Ledesma-Gil G, Gemmy Cheung CM. Intervortex
venous anastomosis in pachychoroid-related disorders. Retina
2020;41:997–1004.

9. Yang L, Jonas JB, Wei W. Optical coherence tomography–
assisted enhanced depth imaging of central serous chorior-
etinopathy. Invest Ophthalmol Vis Sci 2013;54:4659–4665.

10. Mitarai K, Gomi F, Tano Y. Three-dimensional optical coher-
ence tomographic findings in central serous chorioretinopathy.
Graefes Arch Clin Exp Ophthalmol 2006;244:1415–1420.

11. Mrejen S, Sarraf D, Mukkamala SK, Freund KB. Multimodal
imaging of pigment epithelial detachment: a guide to evalua-
tion. Retina 2013;33:1735–1762.

12. van Rijssen TJ, van Dijk EHC, Yzer S, et al. Central serous
chorioretinopathy: towards an evidence-based treatment guide-
line. Prog Retin Eye Res 2019;73:100770.

13. van Rijssen TJ, van Dijk EHC, Scholz P, et al. Reply to com-
ment on: focal and diffuse chronic central serous chorioretin-
opathy treated with half-dose photodynamic therapy or
subthreshold micropulse laser: PLACE trial report no. 3. Am
J Ophthalmol 2020;212:187–188.

14. Lotery A, Sivaprasad S, O’Connell A, et al. Eplerenone for
chronic central serous chorioretinopathy in patients with active,
previously untreated disease for more than 4 months (VICI): a
randomised, double-blind, placebo-controlled trial. Lancet
2020;395:294–303.

15. van Rijssen TJ, van Dijk EHC, Tsonaka R, et al. Half-dose
photodynamic therapy versus eplerenone in chronic central
serous chorioretinopathy (SPECTRA): a randomized con-
trolled trial. Am J Ophthalmol 2021;233:101–110.

16. van Dijk EHC, Fauser S, Breukink MB, et al. Half-dose pho-
todynamic therapy versus high-density subthreshold micro-
pulse laser treatment in patients with chronic central serous
chorioretinopathy: the PLACE trial. Ophthalmology 2018;
125:1547–1555.

17. Maruko I, Iida T, Sugano Y, et al. Subfoveal choroidal thick-
ness after treatment of central serous chorioretinopathy. Oph-
thalmology 2010;117:1792–1799.

18. Manabe S, Shiragami C, Hirooka K, et al. Change of regional
choroid thickness after reduced-fluence photodynamic therapy
for chronic central serous chorioretinopathy. Am J Ophthalmol
2015;159:644–651.

19. Loo RH, Scott IU, Flynn HW Jr., et al. Factors associated with
reduced visual acuity during long-term follow-up of patients with
idiopathic central serous chorioretinopathy. Retina 2002;22:19–24.

20. Breukink MB, Downes SM, Querques G, et al. Comparing
half-dose photodynamic therapy with high-density subthresh-
old micropulse laser treatment in patients with chronic central
serous chorioretinopathy (the PLACE trial): study protocol for
a randomized controlled trial. Trials 2015;16:419.

21. Wood EH, Karth PA, Sanislo SR, et al. Nondamaging retinal
laser therapy for treatment of central serous chorioretinopathy:
what is the evidence? Retina 2017;37:1021–1033.

22. Strauss O. The retinal pigment epithelium in visual function.
Physiol Rev 2005;85:845–881.

23. Nickla DL, Wallman J. The multifunctional choroid. Prog Ret-
in Eye Res 2010;29:144–168.

728 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES � 2022 � VOLUME 42 � NUMBER 4

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0
hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 04/06/2023



24. Arf S, Hocaoglu M, Sayman Muslubas I, Karacorlu M. Effi-
cacy of reduced-fluence photodynamic therapy for central
serous chorioretinopathy associated with combined serous ret-
inal detachment and fovea-involving pigment epithelial detach-
ment. Int Ophthalmol 2017;37:483–489.

25. Hwang S, Kang SW, Kim SJ, et al. Photodynamic therapy for
symptomatic subfoveal retinal pigment epithelial detachment
in central serous chorioretinopathy: outcomes and prognostic
factors. Retina 2019;39:1117–1124.

26. Inoda S, Takahashi H, Inoue Y, et al. Half-dose photodynamic
therapy for serous non-neovascular retinal pigment epithelial
detachment. Clin Ophthalmol 2019;13:959–968.

27. Ho M, HiuLai PingF, Siu Chun Ng D, et al. Analysis of cho-
riocapillaris perfusion and choroidal layer changes in patients

with chronic central serous chorioretinopathy randomised to
micropulse laser or photodynamic therapy. Br J Ophthalmol
2021;105:555–560.

28. Yu AK, Merrill KD, Truong SN, et al. The comparative his-
tologic effects of subthreshold 532- and 810-nm diode micro-
pulse laser on the retina. Invest Ophthalmol Vis Sci 2013;54:
2216–2224.

29. Karacorlu M, Ersoz MG, Arf S, et al. Long-term follow-up of
pachychoroid pigment epitheliopathy and lesion characteris-
tics. Graefes Arch Clin Exp Ophthalmol 2018;256:2319–2326.

30. Arif F, Pryds A, Larsen M. Isolated pigment epithelium
detachment: evidence for relation to central serous chorioretin-
opathy and effect of photodynamic therapy. Acta Ophthalmol
2018;96:821–827.

PLACE TRIAL REPORT NO. 5 � FEENSTRA ET AL 729

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0
hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 04/06/2023


