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INTRODUCTION

Aysu Arsan,! ® Aysegul Penbe|

ABSTRACT

Objective: The aim of the study was to assess the results of 577 nm subthreshold yellow
micropulse laser treatment (SYMLT) in patients with chronic central serous chorioretinopa-
thy (CSC) with a five-year follow-up. We also evaluated the effect of baseline characteristics
on relapse and the SYMLT treatment responses.

Methods: A total of 81 eyes of 72 patients with chronic CSC were followed for at least
5 years. Patients were treated with 577-nm SMYLT in multiple sessions at a 5% duty cycle.
Best-corrected visual acuity (BCVA), central macular thickness (CMT), central macular vol-
ume (CMV), total macular volume (TMV) and subfoveal choroidal thickness (SFCT) were
measured by spectral-domain optical coherence tomography (SD-OCT). Other basic SD-
OCT parameters were recorded.

Results: The mean BCVA improved from 0.46+0.25 Log MAR to 0.11+0.22 Log MAR and
the mean CMT decreased from 404.60+72.46 um to 243.50+24.97 um at last visit (p<0.001).
At the last visit, 70 eyes (86.4%) had complete subretinal fluid (SRF) resorption with SYM-
LT sessions, and | | eyes (13.6%) had residual SRF. While recurrence was not observed in
sixty-eight (83.9%) patients within five years, it was observed in I3 (16.1%). In multivariate
analyses, there was a statistically significant correlation between recurrence and SFCT2
416.00 pm (p<0.001) and baseline SFCT= 474.00 pm and baseline BCVA were significantly
correlated with non-response to SYMLT (p=0.025 and p=0.040, respectively).

Conclusion: SYMLT has been found to be a safe and effective in long-term follow-up. Clin-
ical characteristics and some SD-OCT parameters might be predictors of treatment re-
sponse to SYMLT and its recurrence.

In acute CSC, SRF resolves spontaneously in at least three
or four months, but persists in chronic CSC cases, leading

Central serous chorioretinopathy (CSC) is typically char-
acterized by serous neurosensory retinal detachment
with or without retina pigment epithelium (RPE) detach-
ment, which is one of the most common retinal diseas-
es in the middle-aged population. The blurred vision,
metamorphopsia, relative central scotoma, micropsia, or
reduced contrast sensitivity may occur due to subretinal
fluid (SRF) and RPE defects.? The CSC has two clinical
features, acute and chronic forms, including duration of
SRF persistence, photoreceptor damage, and RPE atrophy.

to vision loss.4

The common hypotheses regarding the etiology of CSC
are based on the presence of local and/or diffuse leakage
in fundus fluorescein angiography (FA) and /or indocyanine
green angiography (ICGA), which are the essential imaging
systems for CSC diagnosis.’! Although the exact etiology
of this disease is still unknown, treatment methods tar-
geting the possible hyperpermeability of choroidal vessels
and RPE pump dysfunction are currently being applied.
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Due to the unclear mechanism of CSC, various treatment
approaches: conventional laser photocoagulation (CLP),
photodynamic therapy (PDT), intravitreal anti-vascular
endothelial growth factor (anti-VEGF) agent injections,
and systemic anti mineralocorticoid drugs are applied.[]
However, all these procedures may lead to some unde-
sirable side effects, including central or paracentral sco-
tomas, contrast sensitivity loss, choroidal neovasculariza-
tion, choroidal ischemia, RPE atrophy, endophthalmitis,
and systemic side effects*8?]

Subthreshold micropulse laser treatment (SMLT), which
includes a more specific classification as subvisible ther-
apies and non-damaging therapies, has been used for var-
ious choroid-retinal diseases for the past few years with
the advantages of eliminating the side effects of previous
treatments.'”y The SMLT triggers a biological response
with heat shock protein expression that promotes re-
covery and restoration of the outer blood-retinal barrier
and, ultimately resorption of the SRE!'l There are some
types of SMLT categorized according to the laser system
wavelength and laser settings. The researches have mainly
shown short-term effects in follow-up visits with a limited
number of eyes, including mainly 810 nm SMLT, 532 nm
SMLT, and some 577 nm SMLT.['>-'4

In the present study, we aimed to evaluate the efficacy
and safety of 577 nm subthreshold yellow micropulse laser
treatment (SYMLT) in patients with chronic CSC at their
five-year follow-up visit. Also, we evaluated the effect of
baseline characteristics on the SYMLT treatment respons-
es and recurrences.

MATERIALS AND METHODS

In this study, 81 eyes of 72 patients who underwent SYMLT
for chronic or chronic recurrent CSC between October
2014 and December 2015 were retrospectively included
in this study. This study adhered to the ethical standards
of the Declaration of Helsinki. It was approved by the Lo-
cal Ethical Committee Review Board. Informed consent
was obtained from all individual participants included in
the study.

The inclusion criteria were as follows: (1) patients with
symptomatic chronic or recurrent CSC for three months
or more; (2) CSC with SRF involving the fovea document-
ed by SD-OCT; (3) patients without a history of CSC
treatment; (4) patients with at least five-years of follow-up
and relevant data. Exclusion criteria were: () patients
with a history of comorbid ocular conditions; (2) patients
who had received other prior therapy, including oral sys-
temic treatment, anti-VEGF treatment, CLP, PDT; (3) pa-
tients who did not receive a follow-up for five years after
initiation of SYMLT, respectively.

All patients underwent detailed ophthalmologic examina-
tions including best-corrected visual acuity (BCVA) using
the Snellen chart, intraocular pressure (IOP) measurement
with Goldman applanation tonometer; anterior segment
examination, and dilated biomicroscopic fundus examina-

tion. BCVA was converted to logarithm units of minimum
angle of resolution (logMAR) for statistical analyzes.

CSC was diagnosed in patients with a single or multiple
sites of active leakage, RPE changes on FA, and a serous
macular detachment of the neurosensory retina on SD-
OCT (Nikon RS-3000, Japan). The leakage pattern in FA
was recorded as focal or diffuse. All patients had under-
gone FA prior to SYMLT; and again at |12- months and
the last visit to identify any side effects such as choroidal
neovascularization and RPE changes. In SD-OCT measure-
ments, central macular thickness (CMT), central macular
volume (CMV), total macular volume (TMV), subret-
inal fluid (SRF) height and subfoveal choroidal thickness
(SFCT) were evaluated and recorded before the SYMLT
and in every follow-up visit. The baseline height of pigment
epithelial defects, such as pigment epithelial detachment
(PED) or RPE bumps, was manually measured by a single
observer (H.S.K.) using SD-OCT. Elevation was defined as
0 pm when no RPE lesion associated with the leakage site
was observed. The hyperreflective dot (HRD) was count-
ed manually within an area with a radius of 1500 pm cen-
tred on the fovea using a horizontal raster scan.

For the treatment, the 577-nm SMYLT system (Supra 577Y
Subliminal Laser System; Quantel Medical, Clermont- Fer-
rand, France) was performed using an Area-Centralis
lens (Volk Optical, Mentor, OH, USA). The SYMLT was
performed in the micropulse mode using a 160-um spot
diameter and 5% duty cycle (DC) energy for 20 ms. The
micropulse laser power used in SYMLT was derived from
one test burn for each eye. The power was initially in-
creased to the minimum threshold value to cause a barely
visible burn, then it was reduced 50% of this energy level
so that no visible or detectable retinal changes were made.
FA-guided images were used to determine the area to be
treated, and the laser shots were transmitted to the ac-
tive leakage area and the surrounding one-spot-size area.
If the SRF did not completely resolve in 3 months after
the treatment or if there was a recurrence, SYMLT was
repeated. If SRF did not completely resolve (either no re-
sponse or partial response), after three sessions of SYMLT,
patients were referred to other treatment options such as
PDT, CLP, and anti-VEGF. In the evaluation of treatment
responses, no response was defined as a decrease in SRF
of <50% or an increase compared to the result of previous
treatment after 3 SYMLT sessions; and partial response
was defined as the SRF reduction of more than 50% but
not completely resolved compared to the result of previ-
ous treatment after 3 SYMLT sessions

Statistical analyzes

Statistical analyses were performed using SPSS ver. 22,0
(SPSS Inc., Chicago, IL, USA). The distribution of the data
was tested for normality using the Kolmogorov—Smirnov
and Shapiro—Wilk test. Pre- and post-laser SRF height
was analyzed using the paired Student’s t-test. Descriptive
analyses were presented using medians and interquartile
range for non-normally distributed and ordinal variables.
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ber was 440.14£171.08 (range: 200-850), with a mean
laser power of 417.24+£90.25 mW (range: 260-600 mW).
The basic demographic and clinical data were shown in
Table I.

The mean BCVA was 0.4610.25 Log MAR at the initial vis-
it, and it improved to 0.11£0.22 Log MAR at the five-year
visit (p<0.001). The mean baseline CMT was 404.60+72.46
pm, and decreased to 243.50+£24.97 um at the final visit
(p<0.001). Table 2 shows the changes of BCVA and other
SD-OCT parameters during the study. At the end of the
5% year, complete SRF resorption was observed in 70 eyes
(86.4%) with SYMLT sessions and | | eyes (13.6%) had SRF
despite the reduction in SRF. Of the 70 eyes, || were re-
ferred for additional treatments (PDT, CLP and anti-VGEF
injections), and six eyes (7.5%) had complete SRF resorp-
tion with other additional treatment, and five eyes (6.1%)
still had residual SRF. The mean SRFH was 163.58+33.71

pm at the beginning and 16.62+4.20 um at the end of the
5th year. Of the 81 eyes, 68 (83.9%) had no recurrence
within the five years, while 13 of them (16.1%) had recur-
rences. The six eyes with recurrent CSC had complete
SRF resorption, and seven of these had no response to re-
peated SYMLT and were referred for additional treatment.

In the current study, we evaluated the correlation between
baseline findings and recurrence. In the univariate analysis,
there was a statistically significant correlation between
the recurrence, and each of the duration of symptoms,
baseline BCVA, initial SFCT2 416.00 pm, diffuse leakage
pattern of FA, presence of PED and RPE pumps. In mul-
tivariate analyses, there was a statistically significant cor-
relation between recurrence and SFCT2 416.00 pm. Table
3 shows the correlation analyses between the baseline
findings and recurrence. Receiver operating characteristics
(ROC) analysis revealed that a CMT2 416.00 um predict-

Table 3. The univariate and multivariate correlation between recurrence and clinical parameters

ob Cl 95% p-value oD Cl 95% p-value
Baseline BCVA (L) 69.83 3.98-202.63 0.005 11.50 0.90-147.67 0.32
SFCT 2416 pm 60.00 9.63-373.66 <0.001 30.46 4.23-218.97 0.001
Leakage type on FA (diffuse) 13.16 3.01-57.35 0.001 5.96 0.67-52.33 0.10
SRFH 0.961 0.93-0.98 0.006
Baseline TMV 0.118 0.18-0.786 0.027
Presence of PED 4.77 1.25-18.25 0.022
Presence of RPE pumps 4.70 1.03-21.34 0.045
Duration of symptoms 1.22 1.048—1.421 0.011
Age 1.066 0,99-1.13 0.054
Baseline CMT 0.98 0.98-1.00 0.21
Baseline CMV 0.026 0.99-30.56 0.60

Data are presented as meantstandard deviation. BCVA: Best corrected visual acuity; Cl: Confidence interval; CMT: Central macular thickness; CMV: Central
macular volume; FA: Fluorescein angiography; HRD: Hyperreflective dot; L: Log MAR; OD: Odds ratio; PED: Pigment epithelial detachment; RPE: Retina pigment

epithelium; SRFH: Subretinal fluid height; TMV: Total macular volume.

Table 4. The univariate and multivariate correlation between treatment response and clinical parameters
oD Cl 95% p—value oD Cl 95% p-value

Baseline BCVA 659 19.98-217.64 <0.001 5223.34 1.45-1.87 0.040
Baseline SFCT 2474 um 340 28.17—410.30 <0.001 2186.43 3.50-1362.89 0.025
Presence of PED 10.50 2.56-42.91 <0.001 10.33 0.42-25.17 0.40
Age 1.071 1.010-1.135 0.022

Duration of symptoms 1.262 1.102—1.463 0.001

Baseline CMT 0.973 0.95-0.99 0.009

Baseline CMV 0.016 00-7.41 0.082

Baseline TMV 0.111 0.018-0.68 0.018

SRFH 0.90 0.84-0.97 0.005

Leakage type on FA (diffuse) 0.48 0.89-1.45 0.087

Presence of RPE pumps 4.30 1.19-15.63 0.026

Presence of HRD 5.66 1.52-21.10 0.010

Data are presented as meantstandard deviation. BCVA: Best corrected visual acuity; Cl: Confidence interval; CMT: Central macular thickness; CMV: Central

macular volume; FA: Fluorescein angiography; HRD: Hyperreflective dot; L: Log MAR; OD: Odds ratio; PED: Pigment epithelial detachment; RPE: Retina pigment

epithelium; SRFH: Subretinal fluid height; TMV: Total macular volume.



308

South. Clin. Ist. Euras.

ed the recurrence with 83% sensitivity of 83%, and 92.6%
specifity (AUC: 0.824, p<0.001, CI 95%: 0.842-0.996).

The correlation analyses between treatment non-response
(incomplete SRF resorption with SYMLT) and baseline
findings are shown in Table 4. In univariate analyses, there
was a statistically significant correlation between non-re-
sponse to SYMLT and each of the age, duration of symp-
toms, baseline BCVA, baseline SFCT= 474.00 pm, base-
line CMT, SRFH, diffuse leakage pattern, presence of PED,
presence of RPE pumps and HRD presence. In multivariate
analyses, baseline SFCT2 474.00 pm and BCVA were sig-
nificantly correlated with SYMLT non-response (p=0.025
and p=0.040, respectively). The ROC analysis revealed
that CMT2 474.00 pm predicted the non-response to
SYMLT with 83% sensitivity, and 85.6% specificity (AUC:
0.815, p<0.001, CI 95%: 0.951-1.000).

DISCUSSION

The aim of this study was to evaluate the long-term (five
years) efficacy and safety of SYMLT in patients with chron-
ic CSC. The major findings of our study are as follow: (1)
86.4% of patients had complete resolution of SRF with
no detectable side effects; (2) %83.9 of patients had no
recurrence after the first SYMLT and 16.1% of patients
had at least one recurrence; (3) higher SFCT values were
found to be correlated with SYMLT non-response and re-
currence.

It is well known that the majority of acute CSC cases
progress to complete SRF resorption with good final visual
acuity, therefore, the first-line treatment is observed. But
5% of chronic CSC may cause severe vision loss.l'® The
chronicity of the SRF is significantly associated with the
final anatomical and functional outcome of CSC patients.
The long duration of SRF leads to separation of the outer
retinal layer from the RPE and choroid, followed by photo-
receptor death, resulting in permanent visual impairment.
['] Therefore, a treatment modality that resorbs the SRF
and does not damage the outer retinal layers would be a
very suitable option in the treatment of these patients.
Although many treatment methods have been used, there
is still no definitively safe and effective gold standard treat-
ment option.

Recently, subthreshold laser systems have been introduced
to eliminate the risks of conventional laser systems, with
the potential to reduce retinal thickness in diabetic macu-
lar edema, branch retinal vein occlusion and chronic CSC.
71 As is known, the subthreshold laser is clearly safe for
patients, but its exact mechanism of action remains un-
clear. Some of the evidence has shown that tissue response
involves the expression of heat shock proteins (HSP), in-
cluding HSP70.I'"! Heat shock proteins act as chaperones
for correcting misfolded proteins, thereby potentially re-
juvenating RPE cells, restoring their cellular function, and
reducing apoptosis and inflammation. So, subthreshold
lasers induce a biological response that promotes the re-
covery and restoration of the outer blood-retinal barrier,

and ultimately resorption of SRF. Although many studies
reveal the short-term safety and efficacy of these lasers
in chronic CSC treatment, long-term studies with large
patient populations are limited. To the best of our knowl-
edge, this study reports the longest follow-up results of
SYMLT for the treatment of chronic CSC with the largest
study population.The laser systems in clinical use could be
listed as 577 nm, 810 nm diode, and 532 nm subthreshold
laser systems. The 577-nm yellow light spectrum is well
absorbed by both oxyhemoglobin and melanin, but it is
also not absorbed by xanthophylls, which provides safer
treatment close to the central macular region.l'® This leads
to concentration of energy in a smaller volume, allowing
in turn a reduction in power and shortening of the pulse
duration.l'"”? Various studies are using 810-nm diode SMLT
in CSC, but the average laser power in these studies was
higher than the average laser power used in our study.
[1220] This may emphasize that the 577 nm yellow laser is
better absorbed by the RPE and hemoglobin, thus target
effects are achieved at lower power than 810-nm diode
SMLT modalities. However, no study has reported com-
plications attributed to treatment, except for two studies
that reported some SMLT-attributed pigmentary changes
in the RPE, but used 810-nm diode SMLT in only a few cas-
es?21 Two more recent studies evaluated the short-term
efficacy of 532 nm SMLT in patients with chronic CSC.
Although the results of these two studies are contradicto-
ry, we can state that the efficiency and visual gains of 532
nm SMLT in chronic CSC are very low compared to our
results.l'*?2 Kim et al.”®! reviewed three-year follow-up re-
sults of 27 patients with chronic CSC who had SYMLT, and
they revealed that 22 of 27 patients (81.5%) had complete
SRF resolution with SYMLT. Similarly, the rate of complete
resolution of SRF in our study was 86.4% at the end of the
five-year period.

The PDT with verteporfin has been found effective for
resorption of SRF in chronic CSC in several studies.['"23%4
The mechanism of PDT is the reduction of choroidal leak-
age by choroidal vascular remodeling due to transient
choroidal hypoperfusion. However, conventional PDT
has some undesirable side effects in patients with CSC,
including RPE changes and atrophy, permanent choroidal
ischemia, and secondary choroidal neovascularization.?*?*]
Therefore, modified PDT protocols have been defined to
reduce these effects. However, since PDT is an invasive
procedure and it is applied with medications that may
cause anaphylactic reactions, it may cause systemic side
effects. Lai et al.?®! evaluated the effect of half-dose PDT
with a mean follow-up time of 74.1 months, and found
that PDT treatment improved visual acuity and decreased
the recurrence compared to untreated eyes. At the end of
that study, CSC recurrence was observed in 20% of eyes
and persistent SRF was detected in 6.7% of eyes. Ozmert
et al.?”’l compared the efficacy and safety of SMYLT and
PDT in patients with CSC and revealed that SYMLT seems
to be as effective as PDT in the treatment of CSC with-
out any side effect and results in the resorption of SRF
without causing visible retinal scarring. In our study, we
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found 16.1% recurrence incidence and 91.3% of eyes with
complete SRF resolution with SYMLT. In long term, SYMLT
has comparable and not inferior results in the treatment
of chronic CSC.

The effect of clinical parameters on the duration of acute
central serous chorioretinopathy episodes has been evalu-
ated in many previous studies. Daruich et al.?®! found that
older age, 2500 pm SFCT, and 250 pm RPE change at
leakage sites are independent factors for longer-lasting ep-
isodes of acute central serous chorioretinopathy. Anoth-
er study revealed that the longer duration of symptoms,
female gender and basic SD-OCT factors like HRDs and
retinal RPE bumps were associated with longer SRF res-
olution time. Also, there are few studies evaluating the
correlation between response to treatment modalities
and clinical characteristics. Borrelli et al.?”! reported that
thicker SFCT, narrower SRF, less PED, and less HRD were
independently predictive for complete SRF resolution with
oral eplerenone treatment in patients with CSC. Rijssen
et al.?% revealed that the ellipsoid zone continuity on SD-
OCT was positively correlated with good visual acuity in
patients treated with PDT, but the authors did not evalu-
ate the correlation between treatment response and clin-
ical findings. In the current study, we found that higher
SFCT and worse baseline BCVA was correlated with the
non-response to SYMLT. Also, higher SFCT was found to
be correlated with recurrence. These findings might be
related to the mechanism of SYMLT and/or our treatment
titrations. In this study, we applied the SYMLT with 5% DC
for preventing laser damages due to over energy. In this
issue, there is currently no consensus reached on SYMLT
settings by the majority of retinal practitioners. Unlike our
study, Kim et al.®l emphasized that 15% DC is important
in treatment titration. However, it may also be reasonable
to increase the DC titration to 15% in patients who do
not respond to treatment and who are at risk of recur-
rence, and to give the patient a chance for re-treatment. In
addition, the lack of response in patients with possible high
choroidal hyperpermeability may be related to the lack of
sufficient regulation of RPE dysfunction by HSP upregula-
tion due to the SYMLT principle of action.

The limitations of the study can be listed as follows. Firstly,
the study design was retrospective. We only performed
SYMLT for the same duration (20-ms) and the same DC
rate (5%), so it may be more valuable in future studies to
compare treatment results with different titration settings.
Finally, we evaluated the retinal and choroidal structures
with SD-OCT but newer OCT modalities, such as swept-
source OCT or OCT angiography devices, may provide
more detailed information about patients’ response to
treatment or the causes of relapse.

In conclusion, we assessed the clinical outcomes of pa-
tients with chronic CSC treated with SYMLT with this
study. We would like to emphasize that this treatment mo-
dality is effective and safe in treating chronic CSC patients
throughout the five years follow-up. Particularly, this study
highlights the clinical characteristics and presence of SD-

OCT parameters as predictors of treatment response to
SYMLT. In further studies, these SD-OCT variables could
potentially be used as a tool to identify CSC patients who
would benefit mainly from SYMLT modalities or to refer
the patient to other treatment modalities.
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Kronik Santral Serbz Koryoretinopatinin Esik Alt1 San Mikropulse Lazer Tedavisi
Bes Yillk Sonuclan: Tedaviye Cevapta Belirtecler Olabilir mi?

Amag: Bu galismanin amaci, kronik santral ser6z koryoretinopatili (SSKR) hastalarin 577 nm esik alti sari mikropuls lazer tedavisi (ESMLT)
sonuglarini bes yillik takip ile degerlendirmektir. Ayrica, baslangig klinik 6zelliklerinin niiks ve ESMLT tedavi yanitlari iizerindeki etkisini de-
gerlendirildi.

Gereg ve Yontem: Kronik SSKR’li 72 hastanin 81 gozii en az bes yil takip edildi. Hastalar 577-nm ESMLT tedavi edildi. En iyi diizeltilmig
gérme keskinligi (EIDGK), santral makiila kalinhg (SMK), merkezi makiila hacmi (MMH), toplam makiila hacmi (TMH) ve subfoveal koroid
kalinhig (SFKK) spektral domain optik koherens tomografi (SD-OKT) ile olgiildi.

Bulgular: Ortalama EIDGK 0.4620.25 Log MAR'dan 0.11+0.22 Log MAR’a yiikseldi ve ortalama SMK 404.60+72.46 pm'den 243.50+24.97
pm’ye disti (p<0.001). Son vizitte 70 gézde (%86.4) ESMLT seanslari ile tam subretinal sivi (SRS) rezorpsiyonu ve |1 gézde (%13.6) re-
zidiiel SRS vardi. Bes yil takipte 68 gézde (%83.9) niiks goriilmezken, 13’inde (%16.1) niiks goriildi. Cok degiskenli analizlerde, niiks ile
SFCT= 416.00 pm (p<0.001) arasinda istatistiksel olarak anlamli bir korelasyon vardi ve baglangic SFCT= 474.00 pum ve baslangig EIDGK ile
ESMLT’ye yanit vermeme ile anlamli korelasyon saptandi (sirasiyla p=0.025 ve p=0.040).

Sonug: ESMLT’nin uzun siireli izZlemde giivenli ve etkili oldugu bulunmustur. Klinik 6zellikler ve bazi SD-OKT parametreleri, ESMLT’ye verilen
tedavi yanitinin ve niiksiin belirleyicileri olabilir.

Anahtar Sozciikler: Esik alti sari mikropulse lazer; kronik santral seréz koryoretinopati; spektral domain optik koherans tomografi; subfoveal
koroidal kalinlik.
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