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Abstract
Background: This meta-analysis was conducted to compare the therapeutic effect and safety of subthreshold micropulse laser
(SML) vs photodynamic therapy (PDT) in treatment of chronic central serous chorioretinopathy (cCSC).

Methods: PubMed, EMBASE, and the Cochrane Library were searched for all relevant studies published up to August 17, 2020.
Data of interest were analyzed by STATA (version 14.0) software.

Results: Four randomized clinical trials (RCTs) and 5 retrospective studies with 790 eyes were included in this meta-analysis after
study selection. The results showed that SML significantly improved the best-corrected visual acuity (BCVA) compared with PDT at 6
to 8weeks, 6months, and 7 to 8months in patients with cCSC (weightedmean difference (WMD)=�0.15, 95% confidence intervals
(CI): �0.23 to �0.07, P< .01; WMD=�2.83, 95% CI: �4.79 to �0.87, P< .01; and WMD = �2.61, 95% CI: �4.23 to �1.24, P =
.026, respectively). There was also a statistically significant difference between SML and PDT groups in the differences in the
complete resolution of subretinal fluid (SRF) (risk radios = 0.388, 95% CI: 0.307 to 0.491, P< .01). There were no significant
differences between the SML and PDT in the overall effect with central macular thickness (CMT), adverse events, complete resolution
of SRF and treatment response.

Conclusions: Based on the available evidence, this meta-analysis demonstrated that SML may be considered as a competitive
alternative to PDT for treating cCSC, and as the first-line treatment of cCSC.

Abbreviations: BCVA= best-corrected visual acuity, CI= confidence intervals, cCSC= chronic central serous chorioretinopathy,
CMT = central macular thickness, CNV = choroidal neovascularisation, logMAR = logarithm of the minimum angle of resolution, PDT
= photodynamic therapy, RCT = randomized clinical trials, RPE = retinal pigment epithelium, SRF = subretinal fluid, SML =
subthreshold micropulse laser, SFCT = subfoveal central thickness, WMD = weighted mean difference.
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1. Introduction

Central serous chorioretinopathy (CSC) is a relatively common
early-onset eye disease, characterized by an accumulation of
leaked serous fluid under the retina, causing a detachment of the
neuroretina.[1] The disease affects mainly young males between
20 to 50years of age, with type A of personality, who are often
exposed to prolonged stress.[2] The effects on the retina are
usually self-limited since spontaneous resolution occurs in most
patients. However, about 20% of the disease becomes chronic
characterized by the long-term persistence of subretinal fluid
(SRF), which can result in atrophy of the retinal pigment
epithelium (RPE), cystoid retinal degeneration, choroidal neo-
vascularization (CNV), and permanent vision loss.[1–5]

The main treatment options currently in usage for chronic CSC
(cCSC) are photodynamic therapy (PDT), subthreshold micro-
pulse laser (SML) treatment, and treatment with mineralocorti-
coid antagonists such as eplerenone.[6–20] To date, there is no
international consensus on the optimal treatment protocol of
cCSC. PDT and SML can be used for near-concave and sub-
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concave lesions, which are widely used in the treatment of cCSC.
PDT has been used to treat cCSC effectively.[21] It presumably
causes a transient ischemia and long-term choroidal vascular
remodeling, with a reduction in choroidal congestion, leading to
a decrease in choroidal hyperpermeability and consequently
reduced extravascular leakage.[22] However, adverse events
associated with PDT include choroidal non-perfusion, retinal
pigment epithelium (RPE) atrophy and CNV.[23,24] Another
promising treatment option is subthreshold micropulse laser
(SML) treatment without any ophthalmoscopically visible laser
burns. The subthreshold laser energy affects almost exclusively
the RPE, with limited damage to the overlying neural retina.[25]

SML delivers laser energy as a train of repetitive short diode
pulses, with an “on” time and an interpulse “off” time with a
sublethal cellular thermal effect.[26] Although both treatments
have high reported anatomic success rates (i.e., the complete
resolution of SRF),[7–9,11–13] there is currently no consensus with
respect to which intervention may be more effective. To the best
of our knowledge, there has been nometa-analysis of randomized
controlled trials (RCTs) or retrospective studies comparing the
outcomes of SML vs PDT in patients with cCSC. Therefore, we
undertook a meta-analysis of all available RCTs or retrospective
studies to assess the efficacy of these 2 treatments for cCSC.

2. Materials and methods

2.1. Data sources and literature searches

We searched PubMed, EMBASE, and the Cochrane Library to
yield relevant studies from their inception to August 17, 2020,
using Medical Subject Headings and free words combined with
central serous retinopathy, photochemotherapy, subthreshold
diode-laser micropulse. Only studies published in English were
included.

2.2. Eligibility criteria

Comparative studies (i.e., randomized clinical trials (RCTs), and
retrospective study) were included if they met the following
criteria:
1.
 Population: participants with chronic CSC with visual
impairment history lasting at least 3 months,
2.
 Intervention: at least 2 comparators of interest (micropulse
laser treatment and PDT treatment),
3.
 available full-text,

4.
 the study reported at least 1 outcome of interest, including the

mean change in BCVA, any adverse effects, the mean change
of the subfoveal central thickness(SFCT) and the mean change
of the central macular thickness (CMT) from baseline to at
least 1month,
5.
 publication as an article in a peer-reviewed journal.

This literature screening was performed by 2 authors (ZZ.W.
and JS.A.) independently, and any discrepancies were resolved
via discussions.

2.3. Data collection and quality assessment

Two editors (ZZ.W. and JS.A.) screened titles and abstracts to
identify potentially eligible articles independently and in duplicate,
and then they checked the full text to determine thefinal inclusions.
When more than 1 report used data from the same study, we
included only the latest report to avoid duplicate counting of the
2

data. For the included studies, both reviewers independently
extracted data regarding study characteristics (author, study
design, country, sample size, intervention and control, mean
symptom duration and follow-up period), patient characteristics
(sex, age, mean change in the best-corrected visual acuity (BCVA)
and the subfoveal central thickness (SFCT) and CMT), and
outcomes of interest. We assessed the quality of RCTs for the
following 4 aspects according to Modified Jaded Scale: Randomi-
zation, allocation concealment, lost to follow-up and blinding. For
observational studies, we applied the Newcastle-Ottawa Scale,
which included 8 items within 3 domains to evaluate the bias in
patient selection, comparability, and outcome assessments.
2.4. Statistical analysis

Data analyses were performed using STATA (version 14.0; Stata
Corp) software. For continuous variables (e.g., BCVA), theWMD
wasmeasured, outcome was reported with a 95%CI. P< .05 was
considered statistically significant on the test for overall effect. In
terms of dichotomous data, we calculated risk radios and 95%CIs
to express the strength of association. The I2 statistic was
calculated to assess heterogeneity between studies (P< .05 was
considered representative of significant statistical heterogeneity). If
there was heterogeneity between studies, a random-effects model
was applied to the data. Alternatively, a fixed effects model was
used for pooling the data. A subanalysis was performed by
evaluating the heterogeneity between the different follow-up time
(1month–12months). The extent of heterogeneitywas statistically
quantifiedby I2 statistics across studies.Weperformed a sensitivity
analysis by excluding studies with significantly different character-
istics. In addition, Egger linear regression test were used to
quantitatively assess publication bias (P< .05 was considered
representative of significant statistical publication bias).
3. Results

3.1. Overall characteristics of selected trials and quality
assessment

A total of 52 studies were yielded from PubMed, Cochrane, and
EMBASE databases after 36 duplicate articles are removed.
Thirty eight articles were removed after the title and abstract
review because they were not observational studies or their topics
and results did not meet our requirements, leaving 14 studies
included for full-length article review. After that, 5 Conference
articles were excluded. Hence, 4 RCTs and 5 retrospective studies
were included in this meta-analysis. A flow diagram of the search
procedure and results is provided in Figure 1. One study had 3
treatment groups (SML, PDT, and control group).[14] In total,
there were 790 eyes included in this meta-analysis. Of note, 378
eyes were included in the SML group, and 412 eyes were included
in the PDT group. In all the included studies, no statistical
significant differences in the outcomes were reported between the
SMLgroups and PDT groups at baseline. The characteristics of the
studies included and quality scores are summarized in Table 1.

3.2. Effects on best-corrected visual acuity

BCVA is one of the most important methods to evaluate
treatment efficacy by functional measurement. Two studies
involving 192 eyes compared SML with PDT in terms of mean
change in BCVA (logarithm of the minimum angle of resolution



Figure 1. Flow diagram of the study selection process.
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[logMAR]) at 1months and 3 studies (237 eyes) at 3months and
6months from baseline. No significant difference was found in
BCVA (logMAR) between the SML and PDT groups at 1months
and 3months after the initial treatment (WMD=�0.06, 95%CI:
�0.20 to 0.07, P= .374, and WMD=�0.09, 95% CI: �0.22 to
0.04, P= .183, respectively) (Fig. 2). The pooled results revealed
that SML treatment seemed to be superior to PDT in terms of
mean change in logMAR BCVA at 6months after treatment
(WMD=�0.15, 95% CI: �0.23 to �0.07, P< .01) (Fig. 2).
Another 2 studies involving 223 eyes compared SMLwith PDT in
terms of mean change in BCVA (Early Treatment Diabetic
Retinopathy Study letters) at 6 to 8weeks and 188 eyes included
at 7 to 8months, and the pooled results revealed that SML
significantly increased BCVA (Early Treatment Diabetic Reti-
nopathy Study letters) compared with PDT at 6 to 8weeks and 7
to 8months (WMD=�2.83, 95% CI: �4.79 to �0.87, P< .01;
and WMD=�2.61, 95% CI: �4.23 to �1.24, P= .026,
respectively), with no heterogeneity identified (Fig. 3).

3.3. Effects on central macular thickness

Three studies involving 303 eyes compared SML with PDT in
terms of mean change in CMT at 1 to 2months after the initial
treatment, 4 studies (281 eyes) reported results at 3 to 4months, 3
3

studies (237 eyes) at 6months, and 2 studies (192 eyes) at 12
months. As with CMT, the pooled results showed that both
treatments were efficacious in reducing CMT at all follow-up
time points. There were no significant difference between the 2
treatments in the mean change of CMT at any time after
treatment (WMD=�25.14, 95% CI: �79.008 to 28.734,
P= .360; WMD=2.881, 95% CI: �35.069 to 40.832, P= .882;
WMD=�19.87, 95% CI: �62.169 to 22.431, P= .357; and
WMD=�9.834, 95% CI: �105.947 to 86.278, P= .841,
respectively), with no heterogeneity identified (Fig. 4). Egger
linear regression test indicated no publication bias for any of the
parameters.

3.4. Effects on SFCT

Two studies involving 217 eyes compared SML with PDT in
terms of mean decrease in SFCT during 1 to 2months after
treatment, 2 studies (204 eyes) at 3months and 6months, and 2
studies (217 eyes) after 6months treatment. Overall, the SFCT in
both treatment groups diminished significantly over time.
Nevertheless, PDT seemed to be superior to SML in terms of
mean change in SFCT at 1 to 2months and over 6months
treatment (WMD=88.17, 95% CI: 55.68 to 117.65, P< .01;
WMD=69.80, 95% CI: 43.80 to 95.79, P< .01 respectively),

http://www.md-journal.com
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Figure 2. Forest plot of mean change from baseline in best-corrected visual acuity (logMAR BCVA) in eyes with chronic central serous chorioretinopathy (cCSC)
treated with subthreshold micropulse laser (SML) and photodynamic therapy (PDT). Follow-up examinations occurred 1month, 3months, and 6months after
initiating therapy. Dots show the estimated mean difference and error bars indicated 95% confidence intervals (CI). Values to the left of the vertical line indicate a
BCVA advantage for the SML group and values to the right indicate a BCVA advantage for the PDT group.

Wu et al. Medicine (2021) 100:17 www.md-journal.com
and it showed the same trend at 3months and 6months with no
significant difference was found in BCVA between the SML and
PDT groups (WMD=35.75, 95% CI: �7.53 to 79.03, P= .105,
and WMD=14.79, 95% CI: �27.49 to 57.07, P= .493,
respectively) (Fig. 5). Egger linear regression test indicated no
publication bias for any of the parameters.
Figure 3. Forest plot of mean change from baseline in best-corrected visual acuit
(cCSC) treated with subthreshold micropulse laser (SML) and photodynamic therap
8months after treatment. Dots show the estimated mean difference and error ba
indicate a BCVA advantage for the SML group and values to the right indicate a

5

3.5. Effects on treatment response

Three studies involving 122 eyes compared SML with PDT in
terms of the treatment response after treatment. All pooled results
show high treatment response with both types of treatment. SML
seemed to be superior to PDT in terms of the treatment response
after treatment. There were no significant difference between
y (BCVA, ETDRS letters) in eyes with chronic central serous chorioretinopathy
y (PDT). Follow-up examinations occurred during the first 6 to 8weeks and 7 to
rs indicated 95% confidence intervals (CI). Values to the left of the vertical line
BCVA advantage for the PDT group.

http://www.md-journal.com


Figure 4. Forest plot of mean change from baseline in central macular thickness (CMT) in eyes with chronic central serous chorioretinopathy (cCSC) treated with
subthresholdmicropulse laser (SML) andphotodynamic therapy (PDT). Follow-upexaminationsoccurredduring the first 1 to2months, 3 to4months, 6months and12
months after initiating therapy. Dots show the estimated mean difference and error bars indicated 95% confidence intervals (CI). Values to the left of the vertical line
indicate a centralmacular thickness (CMT) advantage for theSMLgroupandvalues to the right indicate a centralmacular thickness (CMT) advantage for thePDTgroup.

Wu et al. Medicine (2021) 100:17 Medicine
SML and PDT in the treatment response after treatment (RR=
1.203, 95% CI: 1.996 to 1.452, P= .055) (Fig. 6).

3.6. Effects on complete resolution of SRF

Five studies involving 497 eyes compared SMLwith PDT in terms
of the complete resolution of SRF during the period less than or
equal to 6months, and 3 studies (304 eyes) at the time of over 6
months after treatment. There was no significant difference in
Figure 5. Forest plot of mean change from baseline in subfoveal choroidal thickne
with subthreshold micropulse laser (SML) and photodynamic therapy (PDT). Follow
and over 6months after initiating therapy. Dots show the estimated mean differenc
vertical line indicate a subfoveal choroidal thickness (SFCT) advantage for the SML
advantage for the PDT group.

6

terms of the complete resolution of SRF during the 2 periods after
treatment. (RR=0.719, 95% CI: 0.328 to 1.577, P= .411; RR=
0.661, 95% CI: 0.414 to 1.055, P= .107, respectively) (Fig. 7).

3.7. Adverse events

Three studies involving 122 eyes compared SML with PDT in
terms of the incidence of adverse events after treatment. Overall,
all results demonstrated low incidence of adverse events with
ss (SFCT) in eyes with chronic central serous chorioretinopathy (cCSC) treated
-up examinations occurred during the first 1 to 2months, 3months, 6months,
e and error bars indicated 95% confidence intervals (CI). Values to the left of the
group and values to the right indicate a subfoveal choroidal thickness (SFCT)



Figure 6. Forest plot of the incidence of complete resolution of SRF in eyeswith chronic central serous chorioretinopathy (cCSC) treatedwith subthresholdmicropulse
laser (SML) and photodynamic therapy (PDT). Follow-up examinations occurred during the 2 time periods less than or equal to 6months and over 6months after
treatment.Dots show theestimatedmeandifferenceanderror bars indicated95%confidence intervals (CI). Values to the left of the vertical line indicate a lower incidence
of complete resolution of SRF for the SML group and values to the right indicate a lower incidence of complete resolution of SRF for the PDT group.

Wu et al. Medicine (2021) 100:17 www.md-journal.com
both types of treatment. SML seemed to be superior to PDT with
fewer adverse events after treatment. However, there were no
significant difference between SML and PDT in the incidence of
adverse events after treatment (RR=0.62, 95% CI: 0.27 to 1.46,
P= .274) (Fig. 8).

4. Discussion

The cCSC in particular may be a serious therapeutic problem,
often leading to significant visual impairment. Recently, a
growing number of clinical trials have used SML and PDT to
treat cCSC; however, the results were inconsistent. In our present
study, we enrolled 9 studies on cCSC.
To our knowledge, this is the first separate meta-analysis that

assesses efficacy and safety of SML versus PDT. In terms of the
Figure 7. Forest plot of the treatment response in eyes with chronic central serous
photodynamic therapy (PDT). Dots show the estimated mean difference and error b
indicate a higher treatment response for the SML group and values to the right i

7

effect on BCVA, both treatments demonstrated good stabiliza-
tion effect after treatment. SML seemed to be more effective in
increasing BCVA than PDT at all-time points up to 7 to 8months
after treatment (Fig. 2, Fig. 3).With regard to CMT, it showed the
same trend but no statistical significance all follow-up time points
(Fig. 4). However, PDT showed more effective than SML in
reducing SFCT, and the superiority of PDT was statistically
significant (Fig. 5).
PDT has proven effective in causing choroidal vascular

remodeling and the reduction of choroidal exudation,[27] and
this study also found that PDT significantly reduced subfoveal
choroidal thickness compared with SML treatment. Considering
the theories of pathophysiology of CSC largely incriminating
choroidal disorder with increased thickness, choriocapillary
hyperpermeability, vascular congestion, and venous dilatation
chorioretinopathy (cCSC) treated with subthreshold micropulse laser (SML) and
ars indicated 95% confidence intervals (CI). Values to the left of the vertical line
ndicate a higher treatment response for the PDT group.

http://www.md-journal.com


Figure 8. Forest plot of the incidence of adverse events in eyes with chronic central serous chorioretinopathy (cCSC) treated with subthreshold micropulse laser
(SML) and photodynamic therapy (PDT). Dots show the estimated mean difference and error bars indicated 95% confidence intervals (CI). Values to the left of the
vertical line indicate a lower incidence of adverse events for the SML group and values to the right indicate a lower incidence of adverse events for the PDT group.

Wu et al. Medicine (2021) 100:17 Medicine
with exudationof serousfluid viaweakenedRPE to eventually cause
SRF and visual loss,[5,28] the goal of treatment should be to interrupt
these mechanism and cause the resorption of SRF. The PDT groups
got a high percentage of complete resolution of SRF,[29,30] indicating
that the choriocapillary hyperpermeability plays a more important
role in the occurrence and development of cCSC. At the same time,
both treatments showed high treatment response and percentage of
complete resolution of SRF, and there was no statistical difference
between the 2 treatments (Fig. 6, Fig. 7).
Subthreshold micropulse laser (SML) treatment has been

successfully used in cCSC with morphological and functional
success achieved in the majority of cases.[31–34] Energy of SML is
delivered to the tissue in a series of very short impulses, between
which there are intervals that enable the tissue to cool down,
preventing heat accumulation to a level that is lethal to the
RPE.[35,36] Although it is believed that in CSC pathological
abnormalities occur in choroid, rather than in the RPE, it is the
RPE that transfers SRF to choroidal vessels. The laser energy
might be the stimulation of the RPE, which leads to repair of the
inner blood retinal barrier,[37] the restoration of the RPE blood
retinal barrier, and increased retinal cell adhesion.[38] By
normalizing RPE function, SML treatment improves the trans-
retinal pump to eliminate the SRF. Direct effects at the points of
leakage identified in fluorescein angiography are obtained on the
RPE and only a minor thermal energy is released to the choroid
and neurosensory retina, and thus avoiding to damage to those
structures.[26] No detectable damage founded at choroid and
neurosensory retina in previous studies.[39–41] This phenomenon
was also indirectly confirmed in the current meta-analysis,
showing a superior advantage over PDT in improving BCVA and
reducing CMT. Meanwhile, SML is comfortable for the patients
and not especially expensive compared with PDT.
Although both treatments showed less adverse events than

conventional lasers treatment, in current study, the present study
showed a lower incidence of adverse treatment effects of the SML
for both morphology and visual function in comparison to PDT
(Fig. 8), and no serious complications occurred after SML
treatment, including RPE atrophy and CNV. Only 1 study had a
serious adverse reaction unrelated to the treatment itself after
SML treatment.[9]Multiple studies showed serious adverse events
8

associated with PDT, including choroidal non-perfusion, RPE
atrophy and CNV.[23,24,42] In current review, 2 patients
developed the CNV after treatment of half-dose PDT and a
moderate allergic reaction happened to 1 eye.[10,12]

On the other hand, there are still several limitations in our study.
First, more than half of the included studies were observational
studies, which are susceptible to have selection bias. Second, in
meta-analysis of included trials, outcomes were measured at
different follow-up times and thismay induceheterogeneity. Third,
fewer than 45%of studies includedmore than 100 patients, which
may lead to bias due to small study effects. Fourth, the mean
symptom duration before treatment varied widely between
included studies, which may lead to heterogeneity.
In conclusion, based on a limited number of studies available at

the present time, SML seems to be superior over PDT in
improving BCVA. SML is a cost-effective, less destructive with
less potential adverse effects like allergic reaction and neo-
vascularization. Therefore, it may be considered as a competitive
alternative to PDT, and as one of the first-line treatments for
cCSC. Further randomized prospective studies are needed with a
larger sample size and longer follow-up time to determine its role
and superiority in cCSC.
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