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Abstract
Purpose To evaluate the safety and efficacy of selective
retina therapy (SRT) with real-time feedback-controlled do-
simetry (RFD) in the treatment of chronic central serous
chorioretinopathy (CSC).
Methods In this retrospective case series study, 50 eyes of 49
patients with chronic CSC demonstrating focal or diffuse foveal
leakages on fundus fluorescein angiography (FFA)were includ-
ed. Following evaluation of test spots at temporal arcades, SRT
(wavelength 527 nm, pulse repetition rate 100 Hz, pulse energy
ramp with maximal 15 pulses) with retinal spot diameter of
200 μm was applied to the areas of each leakage observed on
fluorescein angiography. Changes in mean best corrected visual
acuity (BCVA), maximum macular thickness (MMT),
subretinal fluid (SRF) height, and subfoveal choroidal thickness
(SCT) were evaluated at 1, 2 and 3months after treatment. RFD
was used for adjusting the pulse energy. Eyes received a mean
of 21.1 ± 18.1 treatment spots with a range of energies between
50uJ and 200uJ per pulse.
Results Subretinal fluid (SRF) was completely resolved in
74% (37/50 eyes) at month 3. Mean BCVA (LogMAR) was

improved from 0.44 ± 0.29 at baseline to 0.37 ± 0.32 at month
3 (p = 0.001). MMTwas decreased from 335.0 ± 99.8 μm at
baseline to 236.4 ± 66.4 μm after 3 months (p < 0.001). SRF
height was decreased from 168.0 ± 77.3 μm at baseline to
29.0 ± 57.3 μm after 3 months (p < 0.001). However, the
changes in SCTwere not statistically significant (p = 0.48).
Conclusions SRT treatment with RFD showed favorable vi-
sual and anatomical outcomes in patients with chronic CSC.
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chorioretinopathy . Reflectometry . Optoacoustic dosimetry .
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Introduction

Central serous chorioretinopathy (CSC) is a disease character-
ized by an idiopathic serous retinal detachment at the macula
with or without concomitant pigment epithelial detachment
(PED) [1, 2]. Diagnostic studies have shown increased choroi-
dal thickness and extensive hyperdynamic and hyperpermeable
choroidal circulation with localized areas of nonperfusion [3,
4]. Dysfunction of the RPE plays a significant role in the de-
velopment of subretinal fluid (SRF) and PED [5, 6].

The incidence of CSC is the highest in young and middle-
aged men, and often, acute cases are self-limiting and known to
resolve with good visual recovery within 1–4months following
a period of observation in the absence of any treatment [2, 7].
Up to 50% of eyes can experience recurrence, leading to de-
creased visual acuity and contrast sensitivity or even permanent
visual impairment in the areas of SRF [8–10]. Thus, treatment
intervention was often required to promote visual recovery or
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prevent further vision loss in CSC patients who showed SRF
more than 3 months [9, 10].

While there is no standard treatment for CSC, several treat-
ment methods with variable risks and outcomes were suggested
such as conventional focal laser at the site of presumed RPE
decompensation, photodynamic therapy (PDT) and intravitreal
injection of vascular endothelial growth factor (VEGF) inhibi-
tors. Each of these treatment options has the potential to cause
irreversible damage to the retina, choroid or RPE, or systemic
side effects [11–14]. Conventional laser treatment has been
shown to promote resolution of the serous detachment, but
places the patient at risk of central or paracentral scotoma and
choroidal neovascularization [15, 16].

Unlike conventional laser, treatment spots of SRT are not
visible as gray or white lesions during irradiation because only
RPE cells are selectively damaged by SRTwithout damage to the
neural retina, adjacent photoreceptors or the choroid [17].
Moreover, different from a subthreshold micropulse laser
(SMPL) which does not generate RPE damage, SRT spots can
be detected as a hyperfluorescence on fundus fluorescein angi-
ography (FFA) because of RPE damage. SRT induces RPE re-
juvenation by stimulating RPE cell migration and proliferation
into irradiated areas to improve metabolism at the SRT-treated
region [17]. The delivered microsecond pulses (1.7 μs) are pri-
marily absorbed by intracellular melanosomes of RPE cells and
can selectively damage the cells by microvaporization. As the
temperature increases, the formation of short-living
microbubbles at the melanosomes results in significant and mo-
mentary increase in the cell volume which selectively disrupts
the RPE cells [17]. As the microbubbles are indicative of the
RPE damage, two methods to detect the bubbles in real time
have been developed: the optoacoustics approach makes use of
the ultrasonic pressure waves generated by bubble formation,
which can be detected with a transducer embedded in the contact
lens, and are evaluated with a so-called optoacoustic feedback
value (OAV) [18]. The reflectometric dosimetry system detects
modulations in the laser light backscattered from the retina/RPE
during bubble lifetime, which is detected within the laser slit
lamp and evaluated as optical feedback value (RV) [19, 20].
The detection rates of RPE damage by the two dosimetry sys-
tems were clinically validated in previous studies [21–23]. In
addition, an SRT laser system equipped with the algorithm for
real-time feedback-controlled dosimetry (RFD) using both detec-
tion system was optimized by analyzing the feedback signals
from previous studies [22, 23]. Our purpose is to investigate
the safety and efficacy of SRT with RFD for the treatment of
chronic CSC.

Methods

We retrospectively analyzed and reviewed the medical records
of 67 patients who had undergone SRT with RFD for the

treatment of chronic CSC during the period from January
2015 to July 2016. This study adhered to the principles of
the Declaration of Helsinki and data collection was compliant
with and approved by the Institutional Review Board of
Yeouido St. Mary’s Hospital of the Catholic University of
Korea. Written informed consent was obtained from all pa-
tients in this study after having been told about possible risks
and benefits of SRT treatment.

Our inclusion criteria were as follows: (1) presence of an
SRF involving the fovea in the optical coherence tomography
(OCT) images for a period of 3 months or longer; (2) presence
of focal or diffuse leakages on FFA caused by CSC but not by a
choroidal neovascularization or other diseases; (3) availability
of 3 months of medical records after SRT treatment. Eyes with
other retinal diseases, including age-related macular degenera-
tion, polypoidal choroidal vasculopathy (PCV), pathologic my-
opia and tilted disc syndromewere excluded. Eyes that received
previous conventional laser photocoagulation or PDTwere also
excluded. However, eyes that had received prior treatment with
intravitreal bevacizumab injection for CSCwere included, if the
previous treatment was performed twelve or more weeks prior
to SRT. Fifty eyes of 49 patients were finally included accord-
ing to the inclusion and exclusion criteria.

For the evaluation of SRT treatment with RFD, all patients
received a complete ophthalmologic examination including
slit-lamp evaluation and best-corrected visual acuity (BCVA)
at baseline, 1, 2 and 3 months after SRT treatment. Visual
acuity was estimated with a standard Snellen chart and con-
verted to the logarithm of the minimum angle of resolution
(logMAR). Imaging studies were conducted in all patients
after appropriate dilatation and included color fundus photo-
graphs using a Canon fundus camera (CF-60UVi, Canon Inc.,
Japan), FFA, indocyanine green angiography (ICG), and fun-
dus autofluorescence (FAF; HRA2, Heidelberg Engineering,
Dosenheim, Germany). Fundus photos and FAF were taken at
eachmonthly visit. FFAwas performed at baseline and repeat-
ed for retreatment if SRF sustained or increased during follow-
up. Spectral domain OCT (Cirrus, Carl Zeiss Meditec, Dublin,
CA, USA) was used to measure maximum macular thickness
(MMT) and detect the presence of SRF by macular scan in a
6 × 6 mm2 area, using the macular cube 512 × 128 scan
protocol at each monthly visit. Subfoveal choroidal thickness
(SCT) was measured by enhanced depth imaging (EDI) mode
as previously described [22].

SRT procedure

A single surgeon (YJ Roh) performed all SRT using the SRT
laser system with RFD (R:GEN, Lutronic, Goyang-si, South
Korea), Nd:YLF-laser at a wavelength of 527 nm, 15
micropulses per spot and single micropulse duration of
1.7 μs with a pulse repetition rate of 100 Hz. R:GEN, which
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is devised with RFD, received CE marking from the EU
Notified Body, approved by the Ministry of Food and Drug
Safety in South Korea (MFDS) for CSC and diabetic macular
edema. The device is commercially available in South Korea.
A laser slit lamp and a specifically designed contact lens with
an inserted ultrasonic transducer (Lutronic, Goyang-si, South
Korea) was used to apply a retinal spot diameter of 200 μm.
SRT spots were applied to the sites of foveal leakages or
circumferentially around areas of PED, rather than confluent
treatment over the area of PED as previously described [22].
Given that the SRT spots are invisible during irradiation, an
effort in maintaining a one-spot space between the SRT spots
was made. If SRF was observed by OCT at month 2,
retreatment was performed with the same density of treatment
spots. However, if SRF height at month 2 was decreased over
90% compared to that of baseline, retreatment was not
performed.

SRTwith real-time feedback-controlled dosimetry

Prior to SRT treatment, an exposure evaluation test was per-
formed in the arcades in order to estimate the individually
optimal single micropulse energy and obtain a margin of safe-
ty. The desired adequate SRT was obtained when
hyperfluorescence on the test spot (angiographic threshold)
was observed in the absence of ophthalmoscopic visibility
(ophthalmoscopic threshold) as previously described [12,
13]. Although all patients received FFA exam for test spot
evaluation before SRT treatment spots irradiation, FFA was
not used for treatment spot evaluation because angiographic
findings of treatment spots was usually obscured by SRF and
diffuse leakages from RPE lesions in CSC patients. Five to 18
preliminary test spots were applied at the superior or inferior
temporal arcade vessels by using RFD (from 50 to 240 μJ).
The pulse energy of the test spots was set to low pulse energy
ini t ia l ly and was increased with each test spot .
(Supplementary S1) FFA was performed 1 h after test spot
irradiation to determine the adequate range of SRT spots by
evaluating the visibility of the laser spot, deciding the required
pulse energy for treatment. The minimum pulse energy,
resulting in visible leakage at the test spot, which was ob-
served as hyperfluorescence on FFA, was chosen for the treat-
ment value for the 15thmicropulse energy for the specific eye.

For SRT treatment, a burst of maximum of 15 micropulses
of laser with linearly increasing energy (increment of 3.57%
for the following micropulse) was emitted in a stepwise fash-
ion for every individual spot. The first of the 15 micropulses
was programmed to be 50% of the energy of the 15th (the last)
micropulse, which may or may not be reached depending on
the feedback signal from RFD. The pulse energy was escalat-
ed in equal steps with every micropulse. During irradiation,
when SRT irradiation reached the therapeutic threshold at

which microbubbles occur in the RPE, the laser irradiation
was terminated automatically by RFD and no further
micropulses were applied. Therefore, the applied pulse energy
varies at each spot because the ramping micropulse stops at
different place automatically by RFD (Fig. 1).

The dosimetry algorithms version 1.0 (v1.0) were opti-
mized based on the previous studies [19, 23]. The therapeutic
thresholds of optoacoustic and reflectometry dosimetry were
set to 2.0 and 6.0 arbitrary units (A.U.), respectively. The
algorithm v1.0-based RFD (RFD-v1.0) control system auto-
matically ceased irradiation immediately for each individual
spot when either an OAV > 2.0 or a RV > 6.0 was obtained.
The algorithm for RFD was designed to cause an automatic
stop in between the 1st and 15th micropulse; then, the soft-
ware program was refined to avoid under- or overtreatment.
Based on this algorithm of RFD-v1.0, if the automatic stop
occurred between the 4th and 12th micropulses due to detect-
ing microbubbles from RPE, it was defined as an adequate
SRTspot (sideways arrow). If the automatic stop did not occur
or occurred after the 12th micropulse, dosimetry showed a
signal demonstrating an alarm for undertreatment (upward
arrow). Moreover, the upward arrow may indicate either no
RPE damage due to no automatic stop or RPE damage due to
automatic stop after the 12th micropulse. Therefore, in case of
an upward arrow, RPE damage may or may not be visible on
FFA upon the placement of the automatic stop. As safety
measures, if an automatic stop occurred before the 4th
micropulse, dosimetry showed a signal representing an alarm
for overtreatment (downward arrow; Fig. 1). According to

Fig. 1 The laser pulse energy was emitted in a stepwise fashion
(increment of 3.57% for the following micropulse) for every individual
spot. Based on the placement of the automatic stop by the algorithm of
real-time feedback dosimetry (RFD-v1.0), adequate pulse energy (side-
ways arrow) was definedwhen the automatic stop occurs between 4th and
12th micropulse. The upward arrow indicates alarm for undertreatment if
the automatic stop occurs after the 12thmicropulse. The downward arrow
indicates alarm for overtreatment if the automatic stop occurs before 4th
micropulse

Graefes Arch Clin Exp Ophthalmol



these signals from dosimetry, each pulse energy of the 15th
micropulse, the maximal possible micropulse of each SRT
spots, was adjusted by the surgeon based on the response from
the previous irradiation. For instance, every time a downward
arrow appeared as a response, the amount of the 15th
micropulse was decreased by 10 μJ, and for an upward arrow,
the amount of energy was increased by 10 μJ.

While laser energywas automatically adjusted according to
the signal from dosimetry, the margin of safety was main-
tained regardless of the occurrence of an automatic stop be-
cause the therapeutic range of treatment spots was always
within the adequate range of laser energies referenced from
the test spots.

The correlation between real-time feedback signal value
from the test spots and FFA visibility was analyzed for mea-
suring the accuracy of RFD-v1.0. We defined adequate SRT
spots as invisible on ophthalmoscopy but visible on FFA.
They are related to the number of spots above the therapeutic
threshold (OAV: 2.0 A.U. or RV 6.0A.U.), and, thus, the de-
tection rate of RPE damage by RFD-v1.0 would be the ratio of
the number of adequate SRT spots above the therapeutic
threshold over the number of all FFA-visible spots.

Snellen visual acuity was converted to logMAR (the loga-
rithm of the minimum angle of resolution) for statistical anal-
ysis. Statistical analyses were calculated using SPSS version
18.0 (SPSS Inc., Chicago, IL, USA). To analyze the change in
BCVA, MMT, SRF height and SCT at baseline and at each
month up to 3-month follow-up, the paired t test was used. A
P value <0.05 was considered statistically significant.

Results

Overall, 50 eyes of 49 consecutive patients (39 men and 10
women) who had undergone SRT for the treatment of chronic
CSC were included in this study. Patients were between 39
and 67 years of age (mean: 51.4 ± 8.7 years). All patients were
followed for a period of at least 3 months. Mean duration of
SRFwas 9.6 ± 5.8 months (range 4 to 22months). All patients
showed focal or diffuse foveal leakages by FFA. Preoperative
clinical characteristics of 49 patients are shown in Table 1.
Nineteen eyes (38%) had received prior intravitreal injection
of anti-VEGF agents (Table 1).

SRT treatment was performed in a ramp mode with auto-
matic and immediate laser pulse cessation in case of
microbubble formation indicating RPE damage was detected
by optoacoustic or reflectometric feedback (Fig. 2). The mean
pretreatment BCVAwas improved from 0.44 ± 0.29 logMAR
to 0.37 ± 0.32 logMAR at month 3 after SRT (P = 0.001). The
mean MMTwas decreased from 335.0 ± 99.8 μm at baseline
to 236.4 ± 66.4 μm at month 3 (P < 0.001). The mean SRF
height was decreased from 168.0 ± 77.3 μm at baseline to
29.0 ± 57.3 μm at month 3 (P < 0.001). SRF was completely

resolved in 74.0% (37/50 eyes) after 3 months, as detected by
OCT (Table 2).

After 3 months, 13 eyes showed remaining SRF on OCT.
Six of 13 eyes showed a complete resolution of SRT at month
2; recurrence was observed at month 3. The other six eyes
showed a decrease of SRF at month 3 compared to SRF at
baseline. Only one eye showed no response with SRT.

The mean number of treatment spots applied was
21.1 ± 18.1 after test spots. The range of maximal pulse ener-
gy used for each patient was set from 50 μJ to 200 μJ (mean
maximal pulse energy: 116.3 ± 27.7 μJ). However, the algo-
rithmically determined mean pulse energy was 89.7 ± 21.3 μJ
because automatic stops lowered the amount of irradiated
pulse energy.

By evaluating the signals from both dosimetries, 973 of
1053 (92.4%) SRT treatment spots showed a sideways arrow
indicating adequate automatic stoppage by RFD. 73 of 1053
(7.1%) SRT spots resulted in an upward arrow by RFD. This
situation commonly occurs if the treatment area is changed
from the test spot area due to SRF. Although 5 of 1053
(0.4%) treatment spots showed a downward arrow (alarm for
overtreatment) by RFD, no visible SRT spots were observed.
This observation was found when SRT was irradiated at the
margin of SRF.

Eighteen eyes (36.0%) met the retreatment criteria, and
additional SRTwas performed at month 2. The mean number
of retreatment spots was 23.7 ± 17.8. Although the irradiation
was applied on the same leakage area for the retreatment, the
laser pulse energy was different from the first treatment since
the placement of an automatic stop by the signals from RFD
was varied at each spot. The algorithmically determined mean
pulse energy for retreatment was 98.8 ± 24.2 μJ.

After analyzing 157 of 218 test spots, RFD-v1.0 demon-
strated 95.7% of detection rate at the therapeutic threshold
(Fig. 3). Other 61 spots were excluded for analysis because
of several uninterpretable factors such as blurred images of
SRT spots on FFA, defocusing error, and incomplete press
on the foot pedal.

All the SRT spots applied in this study were undetectable
by color fundus photos during 3 months of follow-up. A tran-
sient increase in autofluorescence was noted after SRT; how-
ever, these increased patterns had faded or disappeared over
the 3 months of follow-up (Fig. 4).

No SRT treatment-related complications or adverse effects
were noted in this study.

Discussion

SRT has previously been studied as a treatment for acute and
chronic CSC with good visual and structural outcomes
resulting in absorption of SRF [21, 24–27]. Recently, we
and Yasui et al. reported two clinical studies separately which
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showed the safety of SRT by demonstrating no scotomatous
change on retinal sensitivity at SRT-treated regions [23, 28].
From our knowledge, our study includes the largest case series
of CSC patients who received SRT with RFD. There was a
significant improvement in BCVA 3 months after treatment
(P = 0.001), and both SRF and MMT were markedly de-
creased at month 3 (P < 0.001) in this study. In addition, both
SRF and MMT were decreased significantly and continually
at each month starting from the first month after the initial

SRT treatment, suggesting that the SRT treatment was effec-
tive (Table 2). Compared with the number of treatment spots
(from 3 to 10) in previous study [22], more SRT spots (mean
number of treatment spots: 21.1 ± 18.0) were needed to cover
the whole leakage areas because 27 eyes (54%) of our patients
showed diffuse leakage patterns on FFA.

Retreatment seems to be effective in consideration of the
complete resolution observed by month 3 in 11 of the 18 eyes
which had retreatment at month 2 (Figs. 5, 6). Including the 6

Fig. 2 Representation of real-time feedback-controlled dosimetry (RFD)
during selective retina therapy (SRT) procedure. (a) Initial presentation
with subretinal fluid (SRF) on OCT. (b) No visible SRT spot and SRF on
fundus photography 3 months after SRT. (c) Eighteen test spots (yellow
boxes) were shown on FFA 1 h after SRT irradiation. No visible test spot
on fundus autofluorescence 1 month (d) and 3 months (e) after SRT
treatment. (f) Screen image of signal from RFD. Three of four with 80-
μJ test spots (shot No.1–4) displayed upward arrows due to an automatic
stop at the 15th micropulse, indicating alarm for undertreatment. These
three spots resulted in almost invisible leakage compared to the evident

leakage from shot no. 2 (green arrowhead). Test shot no.16 showed a
downward arrow (orange arrowhead) due to an automatic stop at the
3rd micropulse indicating alarm for overtreatment. The same amount of
pulse energy, such as 80 μJ and 110 μJ, may yield different arrows due to
the automatic stop occurring at different placement of the micropulse by
RFD for each irradiated spot. The energy range of 25 treatment spots was
between 90 μJ and 110 μJ for this patient. (g) SRT device records the
placement of each automatic stop, and the column shows extracted data
from the record

Table 1 Baseline demographics
and clinical findings of 50 eyes of
49 patients with chronic central
serous chorioretinopathy (CSC)

Patients characteristics Values

Number of patients (eyes) 49 (50)

Age in years, mean ± SD 51.4 ± 8.7

Gender, N (%) Male 39 (79.6%) / female 10 (20.4%)

Bilaterality, N (%) Male 1 (2%)

Mean duration of SRF in months, mean ± SD (range) 9.6 ± 5.8 (4–22)

Previous treatments

Patients who received intravitreal bevacizumab injection, N (%) 19 (38%)

Type of leakages

Focal, N (%) 23 (46%)

Diffuse, N (%) 27 (54%)

Baseline BCVA (logMAR), mean ± SD 0.44 ± 0.29

Baseline maximum macular thickness (μm), mean ± SD 335.0 ± 99.8

Baseline maximum SRF height (μm), mean ± SD 168.0 ± 77.3

SD, standard deviation; OCT, optical coherence tomography; BCVA, best-corrected visual acuity; logMAR,
logarithm of minimal angle of resolution; SRF, subretinal fluid
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eyes which recurred 3 months after SRT treatment but showed
no SRF at month 2, 43 eyes (86%) of our patients experienced
complete resolution of SRF at least once within 3 months of
follow-up. Only one eye from retreatment did not show any
decrease of SRF 3 months after SRT treatment. Similar to our
former results, SRT showed no influence on the change of
SCT. Therefore, we speculate that SRT treatment might be
related with RPE rejuvenation rather than the choroidal
hyperpermeability [22].

Prior SRT studies used a range of treatment of pulse ener-
gies between 100 and 350 μJ for Caucasians compared to 65–
90 μJ for Asian patients [25–27]. Although the racial vari-
ances of melanin pigment density in RPE are not well known,
we suspect that large amounts of melanin pigment in the RPE
in Asian eyes is responsible for a lower microbubble forma-
tion threshold. Highly pigmented eyes may need careful con-
sideration for the susceptibility to retinal damage. Therefore,
FFA for test spots is mandatory before SRT to identify the
therapeutic range of an adequate SRT spot. RFD techniques
may assist the ophthalmologists to apply the appropriate en-
ergy level and maintain safety regardless of intra- and inter-
personal melanin differences without performing the FFA
procedure.

Recently, we reported that SRTshowed a safe and effective
modality for treating CSC patients by adjusting the laser pulse
energy strictly based on the fluorescein angiographic finding
of test spots [22].

In the previous study, when we chose the minimum pulse
energy among FFA-visible spots after evaluating SRT test
spots, undertreatment occurred occasionally because of SRF.
Therefore, RFD which provides signals for an instant adjust-
ment in the pulse energy seems beneficial for avoiding
undertreatment.

The current study is the first to analyze RFD in patients
with CSC as the primary method of dosimetry. As soon as
undertreatment is indicated, the maximum pulse energy is
increased instantly until the signal reached an adequate thera-
peutic threshold by the surgeon. RFD supports the clinician
with real-time feedback of treatment by reacting to the devel-
opment of transient microbubbles, which are produced by the
application of SRTwhen the desired mechanical disruption of
RPE cells occurs. Because SRT with RFD did not induce
visible changes of SRT spots ophthalmoscopically, we specu-
late that the automatic stop provided enough of a safety mar-
gin by lowering the irradiated pulse energy. Therefore, the
automatic stop by RFD was useful to not only prevent

Fig. 3 Scatter plot of
optoacoustic value (OAV) and
reflectometry value (RV) in se-
lective retina therapy (SRT) test
spots according to the visibility of
SRT spots on fundus fluorescein
angiography(FFA). The ratio of
the number of adequate SRTspots
above the therapeutic threshold
(OAV:2.0 A.U. or RV:6.0 A.U.)
and the number of all FFA-visible
spots (red circles) indicates the
detection rate of RPE damage by
real-time feedback-controlled do-
simetry (RFD-v1.0). The detec-
tion rate of RFD-v1.0 was 95.7%

Table 2 Best-corrected visual acuity (BCVA), maximummacular thickness (MMT) and subretinal fluid (SRF) height of patients at pre-treatment and
at 1-,2- and 3-months follow-up

BCVA (logMAR) Maximum macular thickness (μm) Subretinal fluid height (μm)

Pre 1 month 2 months 3 months Pre 1 month 2 months 3 months Pre 1 month 2 months 3 months

Mean 0.44 0.42 0.39 0.37 335.0 261.2 240.6 236.4 168.0 73.4 38.9 29.0

Standard deviation 0.29 0.31 0.32 0.32 99.8 70.3 60.5 66.4 77.3 67.3 57.9 57.3

P value 0.13 0.010* 0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*

logMAR, logarithm of minimal angle of resolution

*P < 0.05
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Fig. 4 Case 5. A 55-year-old man presented with a 1-year history of
blurred vision in the right eye. (a) Multiple diffuse leaking points at the
macula and hyperfluorescence at nine test spots (yellow arrow) on fundus
fluorecein angiography (FFA) were observed after irradiating test spots.
(b) Selective retina therapy (SRT) treatment (26 spots) was applied with a
grid pattern at the diffuse leaking area on FFA. (c) Hyperautofluorescence

at test spots on fundus autofluorescence disappeared after 3 months. (d)
Subretinal fluid (SRF) was observed on optical coherence tomography
(OCT) at initial presentation. (e) SRF was completely resolved 1 month
after SRT. (f) Complete resolution of SRF was shown on OCT 3 months
after treatment

Fig. 5 Case 15. A 55-year-old man presented with a 6-month history of
subretinal fluid (SRF) in the left eye. His left best-corrected visual acuity
(BCVA) was 20/32. Selective retina therapy (SRT) was irradiated at the
diffuse leaking area on FA and surrounding the pigment epithelial detach-
ment (PED). (a) Initial color fundus photography. (b) Sixteen SRT spots
(red circles) were applied at multiple leaking points on FA. (c) Subretinal

fluid (SRF) with PED (red arrow head) on optical coherence tomography
(OCT) was observed at initial presentation. (d) SRF was markedly de-
creased at 1 month after SRT. (e) A 2nd SRT treatment was performed
because SRF was observed 2 months after SRT. (f) Complete resolution
of SRF and PED was shown on OCT 3 months after SRT
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undertreatment but also to avoid inadvertent retinal damage in
Asians who have more pigmented eyes compared to
Caucasians. However, the signal from RFD could be variable
among the same pulse energy due to various factors such as
intrapersonal melanin variance at irradiated areas, focal RPE
hyperpigmentation, SRF, and defocusing error. FFA-invisible
spots above the therapeutic threshold were detected due to
blocked fluorescence of hyperpigmentation when test SRT
spots were applied at the hyperpigmented lesion in patients
with congenital retinal pigment epithelial hypertrophy
(CHRPE). Detection of RPE damage on the lesion was diffi-
cult due to hyperpigmentation; however, no overtreatment,
like whitening burn, was observed. All of the automatic stops
in hyperpigmented lesion were on the 1st micropulse due to
immediate feedback signal which was above the therapeutic
threshold. Even though the automatic stop in the RPE hyper-
pigmented area occurred at the 1st micropulse, invisibility of
SRT spots on fundus photo indicates no overtreatment. While
one FFA-visible SRTspot below the therapeutic threshold was
noted, the spot was also invisible on the fundus photo (Fig. 3).

Although RFD-v1.0 showed high accuracy in detecting
RPE cell damages in this study, for considering various factors
affecting feedback signal, the RFD signal from test spots
should be evaluated carefully to determine the adequate range
of pulse energy before applying a treatment spot.

Our study had several limitations, including it being a ret-
rospective case series, short-term follow-up period and
nonrandomized study design. Nevertheless, SRT treatment

with RFD for chronic CSC improved visual acuity and result-
ed in complete resolution of serous retinal fluid within
3 months in 74.0% of patients in this study. Although we
performed FFA in all patients before irradiating treatment
spots, absence of overtreatment in this study may indicate a
practical SRT treatment without FFA which could be per-
formed with an automatic adjustment by RFD after evaluating
test spots. These favorable clinical outcomes support that SRT
treatment with RFD could be beneficial treatment option in
chronic CSC patients. However, there may be limitation in
confirmation of RPE damage since FFA was not used for
evaluation of treatment spots. Further randomized prospective
studies are necessary to determine the safety and efficacy of
SRT with RFD and confirm the validity of the FFA-free
procedure.
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Fig. 6 Case 20. A 57-year-old woman presented with a 6-month history
of subretinal fluid (SRF) in the right eye. Her right best-corrected visual
acuity (BCVA) was 20/50. Selective retina therapy (SRT) was irradiated
at the diffuse leaking area on fundus fluorescein angiography (FFA). (a)
Initial color fundus photography. (b) Forty SRT spots (red circles) were

applied at multiple leaking points on FFA. (c) No SRT spots were ob-
served at 3 months after SRT. (d) SRF with flat pigment epithelial detach-
ment (PED; red arrow head) was observed at baseline OCT. (e) SRF was
markedly decreased at 1 month after SRT. (f) Complete resolution of SRF
was shown on OCT 3 months after SRT
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