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Abstract
Objectives To review the 3-year follow-up results of subthreshold micropulse yellow laser (SMYL) delivered by a short-
duration multiple-session method for treatment of chronic central serous chorioretinopathy (CSC).
Methods A total of 27 eyes from 27 patients with chronic CSC available for 3 years of follow-up were enrolled in this
retrospective and interventional study. Patients were treated with 577-nm SMYL photocoagulation at a 15% duty cycle over
multiple sessions, with low power ranging from 200 to 400 mW that was increased in 100 mW increments according to
resolution of subretinal fluid at monthly follow-up. Laser titration was not performed. A treatment duration of 20 ms rather
than the conventional duration (100–300 ms) was applied over the area of retinal pigment epithelium leakage and all areas of
serous retinal detachment, including the fovea.
Results The mean follow-up period was 3.7 ± 0.8 years (range, 3–6 years). A total of 22 out of 27 eyes (81.5%) including six
cases of recurrence during the follow-up period exhibited complete resolution of subretinal detachment at final follow-up,
whereas only five eyes (15.5%) had either a partial or null response to SMYL treatment. The baseline best-corrected visual
acuity was 0.26 ± 0.24 logarithm of the minimum angle of resolution (logMAR), which was improved to 0.08 ± 0.15 logMAR
at 1-year (p= 0.005) and 3-year (p= 0.01) follow-up. The central macular thickness at baseline was 389.6 ± 103.4 μm, which
was changed to 197.2 ± 40.0 μm (p < 0.001) at 1-year follow-up, 196.4 ± 40.2 μm (p < 0.001) at 3-year follow-up.
Conclusion Short-duration multiple-session SMYL therapy may be effective for long-term treatment of chronic CSC.

Introduction

Central serous chorioretinopathy (CSC) was first described
in 1866 by Albrecht von Graefe, who named it “relapsing
central luetic retinitis” [1]. CSC was appropriately renamed
by Gass in 1967 [2]. CSC is characterized by neurosensory
detachment with or without concomitant pigment epithelial
detachment [3] and remains an idiopathic disorder with
systemic associations and a multifactorial etiology. Many
cases of CSC resolve spontaneously without treatment after
a period of observation [4]; however, some patients with
chronic neurosensory retinal detachment or frequent recur-
rence may develop atrophy of the retinal pigment

epithelium (RPE) and neurosensory retinal atrophic chan-
ges, resulting in permanent loss of visual function, includ-
ing visual acuity (VA), color vision, and contrast sensitivity
[5–8]. In these cases, treatment options include focal laser
treatment, photodynamic therapy, and intravitreal injection
of anti-vascular endothelial growth factor (VEGF) [9].

Conventional lasers can cause thermal burns in the retina
and can put patients at risk of developing scotoma, long-
term focal scar expansion, choroidal neovascularization
(CNV), and potential new sites of leakage [10]. On the other
hand, photodynamic therapy (PDT) has shown promising
results in the treatment of chronic CSC, but is associated
with several side effects including choroidal ischemia,
tearing or atrophy of the RPE, and iatrogenic CNV [11–15].
Likewise, the evidence supporting intravitreal anti-VEGF
agents for the management of CSC is poor [16–19], except
in cases where secondary CNV is present.

Non-damaging retinal laser therapy, also called sub-
threshold laser therapy, does not cause collateral tissue
damage. Instead, this promising new technology raises the
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temperature of the RPE to just below the threshold for
protein denaturation, thereby limiting transmission of ther-
mal energy to the neurosensory retina and preventing for-
mation of a visible burn. Mechanistically, subthreshold laser
treatment is thought to stimulate a metabolic effect whereby
the retinal tissue produces mediators with anti-angiogenic
and anti-edema effects, such as pigment epithelium-derived
factor, β-actin, and thrombospondin 1. Subthreshold laser
therapy is also hypothesized to improve RPE function by
stimulating the upregulation of heat-shock proteins [20, 21].
Advantages of subthreshold laser therapy include the ability
to apply treatment near the fovea as well as the ability to
treat the same area multiple times.

Application of subthreshold micropulse laser (SML)
in the setting of CSC has been previously described
[9, 21–26]. According to previous studies, the laser duty
cycle is typically set between 5 and 15%, representing an
“on” time of 0.15–0.30 ms during each 2-ms treatment
period. These 2-ms periods are repeated for the duration of
the burst exposure, which typically lasts between 100 and
300 ms. Titration is usually employed with this approach to
establish proper laser power [26].

In the present study, we evaluated the effects of 577 nm
subthreshold micropulse yellow laser (SMYL) for the
treatment of chronic CSC at a 3-year follow-up. The set-
tings for SMYL photocoagulation consisted of a 15% duty
cycle, multiple sessions, low power from 200 to 400 mW
increased by 100 mW depending on the resolution of the
subretinal fluid (SRF) at monthly follow-up, and a 20 ms
treatment duration, which differed from that of the con-
ventional duration of 100–300 ms. Our motivation for using
lower energy SMYL was to achieve truly sub-visible
treatment in order to avoid RPE damage without the use of a
test burn. To the best of our knowledge, this is the study to
report the longest follow-up results of SML for the treat-
ment of chronic CSC.

Materials and methods

We performed a retrospective and interventional study of 27
eyes from 27 patients who received SMYL photocoagula-
tion for chronic or chronic recurrent CSC at Nune Eye
Hospital (Daegu, Republic of Korea) between July 2011
and October 2017. This study adhered to the ethical stan-
dards in the Declaration of Helsinki. It was approved by
Nune Eye Hospital Institutional Review Board. Informed
consent was obtained from all individual participants
included in the study. The inclusion criteria for this study
were as follows: (1) patients with symptomatic CSC lasting
3 months or longer, (2) patients with recurrent CSC and a
history of chronic CSC, (3) patients who received SMYL
treatment for CSC, and (4) patients with at least 3 years of

follow-up data. The exclusion criteria consisted of (1) a
history of other macular disease such as age-related macular
degeneration, retinal vascular occlusion, diabetic retino-
pathy, or epiretinal membrane, (2) patients who had
received anti-VEGF treatment or conventional thermal laser
in the past 6 months before SMYL treatment, (3) patients
with a history of PDT or intraocular surgery, (4) and
patients who were not followed for at least 3 years after
undergoing SMYL therapy.

All patients underwent ophthalmic examinations,
including anterior segment examination and dilated biomi-
croscopic fundus examination. Best-corrected visual acuity
(BCVA) was measured using the Snellen visual acuity (VA)
chart. BCVA was converted to logarithm of the minimum
angle of resolution (logMAR) units for statistical analysis.
Color fundus photography and fluorescein angiography
(Spectralis HRA; Heidelberg Engineering, Heidelberg,
Germany) were performed prior to initiating SMYL treat-
ment. Central macular thickness (CMT) was measured
using spectral-domain optical coherence tomography (SD-
OCT) (Spectralis OCT; Heidelberg Engineering) before
SMYL treatment and at every follow-up visit.

SMYL treatment was performed by a single retina spe-
cialist (HS Park) with the 577-nm yellow laser system
(Supra Scan, Quantel Medical, Cedex, France). Laser
application was performed with a Mainster macular contact
lens (Ocular Instruments, Mentor, OH, USA, laser spot
magnification ×1.05). All patients were treated using a
multiple-session format with the following SMYL settings:
100-µm spot diameter, 20-ms duration, 15% duty cycle, and
low power ranging from 200 to 400 mW that was incre-
mentally increased by 100 mW depending on the resolution
of the SRF at monthly follow-up visits. SMYL photo-
coagulation was applied in 3 × 3 pattern mode (0.5 widths)
over the area of RPE leakage and all area of serous retinal
detachment, including the fovea.

BCVA, CMT measured by SD-OCT, and treatment
responses were evaluated at every follow-up. If the SRF
was not completely resolved within 1 month of SMYL
treatment, additional photocoagulation was delivered
monthly until the SRF was completely resolved. Patients
with recurrent CSC received SMYL photocoagulation after
complete resolution of SRF by initial SMYL treatment
during the follow-up period. If SRF was not completely
resolved (either no response or partial response) after mul-
tiple sessions of SMYL photocoagulation, other treatment
options such as PDT and anti-VEGF were utilized. Treat-
ment failure (no response) was defined as the SRF was
reduced by <50% or increased comparing the preceding
treatment result, even though the laser energy was increased
from 200 to 400 every month. Partial response was defined
as the SRF was reduced by more than 50%, but not com-
pletely resolved comparing the preceding treatment result.
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We analyzed the changes in mean BCVA and CMT from
baseline to final follow-up. The number of recurring CSC
cases after initial treatment and the incidence of adverse
events were counted. Sample size was calculated by using a
power 80% and a two-sided level of significance of 5%, and
adjusted by t-distribution. Data are presented as mean ±
standard deviation. The normal distribution of variables will
be verified by the Kolgomorov–Smirnov test for continuous
variables. Post-treatment values were compared with the
baseline values using repeated-measures ANOVA (analysis
of variance). To check for sphericity, the variances of the
differences between all combinations of groups of within-
subjects factors will be analyzed with the Mauchly test. Post
hoc analyses of significant group × time interaction effects
will be carried out using the Tukey's multiple comparison
procedure to examine pairwise comparisons of the groups’
means for all outcome measures and across the seven data
collection times. A p value of 0.05 will be used for statis-
tical significance. Statistical analysis was performed using
SPSS ver. 21.0 (SPSS Inc., Chicago, IL, USA).

Results

A total of 27 eyes from 27 patients met the inclusion criteria
for our study and were treated with 577-nm SMYL. The
mean patient age at the time of diagnosis was 45.1 ± 8.6
years (range, 30–62 years). A total of 24 patients were male
(88.9%) and 3 patients were female (11.2%). Five patients
had a history of anti-VEGF treatment at least 6 months
before SMYL photocoagulation. The mean follow-up per-
iod was 3.7 ± 0.8 years (range, 3–6 years). Baseline char-
acteristics of patients of this study were shown in Table 1.
The mean number of treatment sessions was 2.5 ± 1.5
(range, 1–7), which included both initial treatment and
repeat treatment due to recurrence.

A total of 22 out of 27 eyes (81.5%) showed complete
resolution of SRF at the final follow-up, which included six
cases of recurrence during the follow-up period. Con-
versely, there were five eyes (15.5%) that showed either no
response or partial response to SMYL treatment. Complete
resolution after initial SMYL treatment was achieved in 16
of 27 eyes (59.3%), with no evidence of recurrence at the
final follow-up (Fig. 1). The mean number of treatment
sessions in patients who achieved complete resolution after
initial treatment was 2.2 ± 1.2 (range, 1–4). Four cases in
this group received four times SMYL in initial treatment
period with laser power from 200 to 400 mW, and the third
and fourth treatments were performed with 400 mW. Six
(22.2%) eyes exhibited recurrence of SRF after evidence of
complete resolution during follow-up, and all six responded
to repeat SMYL photocoagulation therapy. In the recur-
rence group (n= 6), the number of SMYL sessions for re-
treatment was one in three eyes and two in the other three
eyes. And four of six eyes in recurrent cases during follow-
up were retreated with 400 mW power till the SRF resolved.
The mean period of SRF resolution after SMYL treatment
in complete resolution group (n= 22) was 2.7 ± 1.6 months.
Four eyes had no response to SMYL treatment, while one
eye had a partial response. Among patients who did not
respond to SMYL therapy, three eyes underwent PDT,
while two eyes received anti-VEGF injection.

In the complete resolution group (n= 22), BCVA was
0.26 ± 0.24 (range, 0–0.7 logMAR) at baseline, which was
improved to 0.13 ± 0.19 (range, 0–0.8 logMAR) at 6 months
(p= 0.055), 0.08 ± 0.15 (range, 0–0.5 logMAR) at 1 year
(p= 0.005), 0.08 ± 0.15 (range, 0–0.5 logMAR) at 3 years (p
= 0.01), and 0.08 ± 0.14 (range, 0–0.5 logMAR) at the final
follow-up (p= 0.008) (Table 2 and Fig. 2). CMT at baseline
was 389.6 ± 103.4 μm (range, 226–609 μm), which decreased
to 208.4 ± 49.4 μm (range, 127–324 μm) (p < 0.001) at
6 months, 197.2 ± 40.0 μm (range, 131–302 μm) (p < 0.001)
at 1 year, 196.4 ± 40.2 μm (range, 120–278 μm) (p < 0.001) at
3 years, and 193.5 ± 40.0 μm (range, 118–278 μm) (p < 0.001)
at the final follow-up (Table 2 and Fig. 3).

In all cases, no definite adverse effects or visible laser
burns were identified on comparison of fundus photographs
obtained before and after the procedure or on comparison of
SD-OCT and near-infrared images.

Discussion

Acute CSC is believed to be self-limiting, and treatment is
not always necessary. However, chronic CSC can result in
permanent visual loss. Specifically, SRF in CSC can lead to
loss of VA as a result of RPE damage. Thus, treatment may
be indicated to achieve a faster recovery as well as to
minimize the risk of further macular damage [3, 4].

Table 1 Baseline characteristics of patients in this study

Age (years) 45.1 ± 8.6

Sex

Male/female 24/3

CSC duration before starting SMYL (months) 12.6 ± 5.4

Recent symptom duration (months) 4.1 ± 2.8

Type of leakage

Focal/diffuse 23/4

Mean follow-up period after SMYL treatment (years) 3.7 ± 0.8

Previous treatment before SMYL

None 22

IVB 5

CSC central serous chorioretinopathy, SMYL subthreshold micropulse
yellow laser, IVB intravitreal bevacizumab
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A number of treatment modalities for CSC have been
reported [4, 26]. Retinal photocoagulation is a good treatment
option capable of resolving SRF in CSC; however,
continuous-wave laser photocoagulation can result in scotoma

formation, CNV, enlargement of the laser spot, and reduction
of contrast sensitivity. In addition, retinal photocoagulation
cannot be applied to subfoveal or juxtafoveal areas. Interest-
ingly, several studies have failed to identify a difference in

Fig. 1 Late-phase fluorescein angiography (a), near-infrared image (b),
and SD-OCT images (c) of a chronic CSC patient at baseline. The
superimposed circle (b) represents the approximate area of SMYL spot
application at the time of treatment. At 6 months after SMYL treat-
ment, late-phase fluorescein angiography (d) shows a decrease of

leakage compared with baseline (a). No definite RPE damage due to
laser was noted (e). Complete resolution of subretinal fluid was
achieved (f). Good anatomical results on SD-OCT imaging were noted
(h) during the 3-year follow-up after SMYL treatment, with the
absence of laser-induced retinal damage (g)

Table 2 The change of BCVA and CMT after SMYL treatment during
follow-up in 22 eyesa

BCVA (logMAR) p value* CMT (μm) p value*

Baseline 0.26 ± 0.24 389.6 ± 103.4

3 months 0.13 ± 0.20 0.055 204.8 ± 41.6 <0.001

6 months 0.13 ± 0.19 0.055 208.4 ± 49.4 <0.001

1 year 0.08 ± 0.15 0.005 197.2 ± 40.0 <0.001

2 years 0.08 ± 0.15 0.01 211.4 ± 65.1 <0.001

3 years 0.08 ± 0.15 0.01 196.4 ± 40.2 <0.001

Final follow-up 0.08 ± 0.14 0.008 193.5 ± 40.0 <0.001

BCVA best-corrected visual acuity, CMT central macular thickness,
SMYL subthreshold micropulse yellow laser

*p values were compared with the baseline values using the repeated-
measures ANOVA
aTwenty two eyes had showed complete resolution of SRF at final
follow-up

Fig. 2 Change in BCVA after SMYL treatment during follow-up in the
complete resolution group (n= 22)
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final VA or recurrence rates between treated and untreated
eyes in long-term follow-up [5, 27, 28].

Since Bandello et al. [29] reported the first pilot study
investigating SML for CSC in 2003, a number of studies
have reported the results of SML in CSC [28]. Despite the
differences in laser wavelength and parameters in these
studies, the overall treatment response at the last reported
follow-up was 79.6%, with a 63.6% rate of complete
resolution of SRF. In controlled studies, SML has been
shown to be either comparable or superior to PDT treatment
(half dose or half fluence) and superior to untreated controls
[28]. In addition, the majority of studies on SML have
shown no definite adverse events after treatment [28].

In the present study, we utilized 577-nm SMYL, which
provides a peak of absorption consistent with oxyhemoglobin,
excellent lesion visibility, low intraocular light scattering and
pain, and negligible xanthophyll absorption [30, 31]. The
SMYL settings in our study consisted of a 100-µm spot
diameter, 20-ms duration delivered over multiple sessions,
15% duty cycle, and low power ranging from 200 to 400mW
that was increased by 100mW increments based on the status
of SRF resolution at monthly follow-up. These settings dif-
fered from those of recently published studies, which were
also inconsistent. The major differences between our study
and previous work are treatment duration, power, and not
utilizing laser titration. Specifically, several recent studies
utilized a duty cycle between 5 and 15%, a duration between
100 and 300ms, and power often >500mW, even when
titration was performed to avoid retinal damage [28, 32].
When 27 patients in this study were treated by SMYL pho-
tocoagulation for the first time (between 2011 and 2014), 15%
duty cycle was the most popular parameter in the most studies
of SML for CSC [28]. To explain the reason for treatment in
20 ms duration, you need to refer our past research in 2013
ARVO annual meeting [33]. Although it is already known
that SMYL does not damage the retina, repetitive treatment of
low energy setting such as 20-ms duration, 100mW, 100-µm

spot diameter, and 15% duty cycle could result in irreversible
histologic change despite no changes on FA/ICGA and SD-
OCT in rabbit model [33]. Because the laser treatment is
performed on the macula, we had tried to minimize the
damage that might occur even by using lower energy. And,
we also reported the efficacy and safety of this parameter
setting for treating CSC in 2015 [34]. With respect to titration,
one case report described the consequences of overtreatment
with SML, which included certain retinal damage and a ret-
inal shock response in the form of SRF despite following a
careful titration procedure [35]. In our study, the purpose of
using a short duration and low power setting was to reduce
the possibility of retinal damage while also avoiding the need
for laser titration. To compensate for the inherent under-
treatment associated with this approach, we utilized multiple
sessions and increased laser power by 100mW increments,
never exceeding 400mW.

The re-treatment period in the study till the complete
resolution of SRF was also different from other studies.
Most prefer to wait for 3 months before repeating laser
treatment. However, we disagree to wait for the 3 months
before repeating. The persistent presence of the SRF asso-
ciated with a progressive deterioration of the RPE functions
may be a cause of vision loss secondary to progressive
retinal damage [36]. In the beginning, treatment should be
considered after 3 months without resolution of acute CSC
or in chronic CSC. And then one needs to try more active
treatment to resolve SRF depending on response of initial
treatment. All patients in the study included SRF with
recurrent CSC and a history of chronic CSC or symptomatic
CSC lasting 3 months or longer. Even if SRF is completely
resolved by re-treatment after 3 months waiting, RPE or
outer retina could be damaged during the period.

To the best of our knowledge, our study represents the
longest follow-up duration to date with respect to efficacy
and safety of 577-nm SMYL treatment for chronic CSC.
The results of previous reports have been based on a rela-
tively short follow-up period (approximately 1 year or less),
although it is important to note that patients with chronic
CSC require long-term observation. In our study, 16/27
eyes (53.3%) exhibited complete resolution of SRF with no
recurrence after initial treatment, while six recurrences
(22.2%) after initial SMYL treatment exhibited complete
resolution at the last follow-up after repeat SMYL treat-
ment. Overall, the rate of complete resolution of SRF at the
final (at least 3 years) follow-up in our study was 81.5%,
compared to 63.6% at the last mentioned follow-up
described in other studies [28]. In spite of the short dura-
tion and low laser power, we noted a relatively higher
success rate in resolution of SRF and found that SMYL had
a good effect on recurrent cases even after initial failure of
SMYL treatment. In addition, BCVA was significantly
improved in the complete resolution group (n= 22).

Fig. 3 Change in CMT after SMYL treatment during follow-up in the
complete resolution group (n= 22)
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A total of five eyes (15.5%) showed no or partial
response to SMYL treatment, indicating that SMYL may
not be successful in all cases of CSC reccurrence. It is
possible that SMYL only impacts RPE dysfunction
without influencing hyperdynamic choroidal circulation.
Consistent with this possibility, choroidal hyper-
permeability has been proposed as a primary cause of
CSC. Under-treatment with SMYL may be another plau-
sible explanation for the treatment failures observed in our
study. Specifically, the laser energy used in our study may
not have been sufficient to upregulate RPE heat-shock
proteins in some patients, and the duration or power of
SMYL may need to be adjusted in order to achieve proper
energy levels in select patients. There is currently no
consensus among physicians regarding the settings for
SML. Our study may be a good reference for establishing
laser parameter guidelines in chronic CSC patients,
especially Asian CSC patients.

This study had several limitations, including its design as
a small-sized retrospective study with an irregular follow-up
period and lack of a control group. Therefore, our data
should be interpreted with caution.

The majority of recent studies on SML therapy have
reported good outcomes in CSC; however, laser parameters
have differed significantly between studies, and the follow-
up times have been relatively short. With respect to treat-
ment power, several authors have utilized the titration
method to establish an appropriate laser power for each
patient. However, setting the proper area for initial titration
remains problematic, and physicians should choose either
the area of SRF or normal retina. The possibility of incur-
ring retinal damage is another problem associated with the
titration method. While the damage may be not serious, it
can occur. A final question with respect to titration is the
percent reduction of threshold laser power that can be
selected to achieve a proper effect. In conclusion, fixed
parameters for SML therapy, especially short-duration
treatment delivered over multiple sessions, with incre-
mental elevation of laser power starting from a low baseline
to achieve SRF resolution, may be a good option for
effective and safe treatment of chronic and recurrent CSC
over the long term. Prospective, randomized, large-scale,
controlled trials will be required to establish the optimum
settings of SML for the treatment of CSC.

Summary

What was known before

• SMYL is an effective and safe method in the treatment
of chronic CSC. However, proper laser setting for
treatment is not well defined.

What this study adds

• Short-duration multiple-session method without titra-
tion can be a good reference for treating chronic CSC,
and this study shows the longest follow-up results.
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