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Introduction

Macular edema (ME) is caused by retinal vascular 
diseases such as diabetic retinopathy (DR), central reti-
nal vein occlusion (CRVO), and branch retinal vein occlu-
sion (BRVO) and is one of the most important causes of 
visual loss. Specifically, diabetic macular edema (DME) 
affects approximately 29% of diabetic patients with a 
disease duration of 20 years or more [1]; therefore, the 
frequency and severity of disease should be considered.

The Early Treatment of Diabetic Retinopathy Study 
(ETDRS) reported the effectiveness of macular laser 
photocoagulation for the treatment of diffuse DME and 
concluded that it reduced visual loss by approximately 
50% after 3 years of follow-up [2]. However, subsequent 
reports showed complications such as scotoma and 
central vision loss [3], subretinal fibrosis [4], and a sub-
retinal neovascular membrane [5] due to the expansion 
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Abstract
Purpose: Subthreshold laser photocoagulation has emerged 
and is changing minimally invasive treatment for macular 
edema (ME) affected by retinal vascular diseases. How-
ever, this laser method requires specific photocoagulator, 
and it cannot be introduced at each facility. We investigated 
the efficacy of subthreshold laser photocoagulation using a 
conventional pattern scan laser (PS-STLT) in treating ME in 
clinical practice.

Methods: We assessed the effects of PS-STLT treatment 
in 24 eyes of 24 patients with ME. Seventeen patients had 
diabetic retinopathy, five had branch retinal vein occlusion, 
and two had central retinal vein occlusion. All patients un-
derwent PS-STLT treatment between December 2015 and 
May 2017. The average postoperative observation period 
was 5.5 ± 3.4 months. We evaluated the following param-
eters before the PS-STLT procedure and at one, two, and 
three months postoperative: best-corrected visual acuity us-
ing logMAR scores, center macular thickness (CMT), and 
total macular volume (TMV) as determined by optical coher-
ence tomography (OCT). We fixed the 577-nm laser beam 
of a scanning laser photocoagulator at an area 100 μm in 
diameter, 20 ms, and selected a 2 × 2 grid scan pattern 
using an Area Centralis® lens. The initial laser power of the 
PS-STLT was 100 mW, and the laser was focused on a spe-
cific area of the ME identified by OCT. If spot lesions were 
visible on ophthalmoscopic examination, the laser power 
was decreased by 10 mW to avoid scarring.

Results: The laser power was 76.7 ± 18.1 (50-100) mW 
and the total laser shots were 374.4 ± 243.9. The preoper-
ative logMAR scores and TMV were 0.26 ± 0.32 and 9.7 ± 
1.6 mm3, respectively. They were 0.28 ± 0.29 and 9.6 ± 3.1 
mm3, at one month postoperative, 0.25 ± 0.32 and 9.6 ± 2.6 
mm3, at two months, and 0.25 ± 0.31 and 9.3 ± 1.7 mm3 at

three months. A significant reduction in TMV was observed 
at three months postoperative (P < 0.01), and the CMT had 
decreased by ≥ 20% in 10 of 24 eyes (41.7%) three months 
after PS-STLT treatment.

Conclusion: These findings suggest that PS-STLT using 
a general pattern scan laser for the treatment of ME is ef-
fective.
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Study population

Twenty-four patients (24 eyes) observed for 3 
months or more after PS-STLT were enrolled in this 
study, and the average postoperative observation dura-
tion was 5.5 ± 3.4 months; 17 patients were had DR, five 
patients had BRVO, and two patients had CRVO. There 
were 15 men (15 eyes) and 9 women (9 eyes). The pa-
tients ranged from 45 to 81 in age, with a mean age of 
67.5 ± 9.6 years (mean ± standard deviation [SD]). DR in 
diabetic patients (n = 17) was classified as moderate or 
severe non-proliferative DR in 14 patients, and prolif-
erative retinopathy in three patients. All patients were 
treated at Tsutsumi Eye Clinic (Tokyo, Japan) between 
December 2015 and May 2017 by a single surgeon 
(K.S.). Informed consent was obtained from all individ-
ual participants included in the study, and all proce-
dures conducted in accordance with the declaration of 
Helsinki (1964). The exclusion criteria were as follows: 
patients who underwent (1) Previous vitreous surgery; 
(2) Previous cataract surgery within 6 months; (3) Pre-
vious retinal photocoagulation within 6 months; (4) Had 
an indication of direct photocoagulation for the closure 
of microaneurysms; (5) Had a previous intravitreal in-
jection of bevacizumab, ranibizumab, or triamcinolone 
acetonide (including subtenon triamcinolone acetonide 
within 6 months), and (6) Had vitreoretinal interface 
disorders according to OCT findings.

Outcome measures

Before the PS-STLT procedure and in the first, sec-
ond, and third postoperative months, we evaluated 
the following: best-corrected visual acuity (BCVA) using 
logarithm of the minimum angle of resolution (logMAR) 
values for statistical analysis; central macular thickness 
(CMT); and total macular volume (TMV) as determined 
by OCT (3D OCT-2000, Topcon, Tokyo, Japan). For cas-
es in which CMT improvement was not obtained after 
treatment, we also used the thickness map mode in-
stalled in the OCT system with an ETDRS grid to assess 
the average thickness (μm) before and after treatment 
specifically in the area with the greatest ME in which 
the laser photocoagulation was mainly performed. The 
ETDRS grid was used to demarcate nine zones delimited 
by solid circles 1, 3, and 6 mm in diameter centred on 
the fovea; radial lines were projected onto the fundus 
of the eye to divide the OCT image grid into nine areas.

Treatment procedures and treatment criteria

All patients underwent a comprehensive ophthalmic 
examination, which included BCVA, a slit-lamp exam-
ination, indirect fundus examination, and intraocular 
pressure measurements. Moreover, colour fundus pho-
tography and OCT were performed before enrolment in 
the study. The evaluation of DR stage was carried out 
using the international severity classification from indi-
rect fundus examination findings. BCVA was calculated 
in logMAR units for the statistical analysis.

and fusion of coagulation spots during secular changes.

Later, the Diabetic Retinopathy Clinical Research 
Network (DRCR.net) re-examined this coagulation tech-
nique and reported it as a modified (m) ETDRS focal/grid 
photocoagulation protocol [6], but the risk of macular 
tissue damage remained. Therefore, a new treatment 
was sought.

In recent years, a new concept in photocoagulation 
methods called subthreshold laser photocoagulation 
has emerged and is changing non-invasive treatment 
for diffuse DME. This method includes micropulse laser 
therapy, a system that continuously transmits extreme-
ly short-duration laser irradiation using a micropulse de-
signed to target the retinal pigment epithelium (RPE); it 
has the characteristic of causing little effect to the outer 
retina or choroid and no apparent visible colour chang-
es in treated areas [7,8].

The therapeutic effect of subthreshold micropulse 
laser photocoagulation for DME was first reported in 
1997 [9], after which several clinical studies were per-
formed to support the effectiveness of this method 
[10-13]. Recent research reported that it had the same 
or better efficacy than the conventional photocoagula-
tion method [14]. In addition, PASCAL® (Topcon, Tokyo, 
Japan), a photocoagulator capable of using a pattern 
scanning laser with a high-power, short-duration meth-
od has been widely used, and Endpoint Management 
(EM), which is software equipped with PASCAL®, was 
launched recently and can perform subthreshold la-
ser photocoagulation. However, this is a computation-
al model based on a specific algorithm for the adjust-
ment of laser power with a short coagulation duration 
of 0.015 seconds without using a micropulse that can 
perform suitable treatment less invasively. Subthresh-
old laser photocoagulators are believed to be definitely 
useful for treating diffuse ME, such as DME, because of 
the minimally invasive and effective treatment method. 
However, disseminating this micropulse laser or EM will 
require a period of time; furthermore, it cannot be in-
troduced at each facility. Previously, we performed EM 
and conventional pattern scan laser on the rabbit retina 
to compare the extent of tissue damage at each coag-
ulation spot based on optical coherence tomography 
(OCT) and histopathological finding, and the results in-
dicated the potential of obtaining effects similar to EM 
even in conventional models [15].

The present study was carried out to investigate the ef-
fect of subthreshold laser photocoagulation for ME associ-
ated with retinal vascular disease using a conventional pat-
tern scan laser (subthreshold laser therapy using a pattern 
scan laser photocoagulator: PS-STLT) in clinical practice.

Methods

Study design

Retrospective, non-randomised, interventional case 
series.

https://doi.org/10.23937/2378-346X/1410090
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Results

The mean laser power and the mean total number 
of laser shots

No patient demonstrated an ophthalmoscopically 
detectable laser lesion at any observation point postop-
eratively. No treatment complication was observed. The 
mean laser power was 76.7 ± 18.1 mW and the mean 
total number of laser shots was 374.4 ± 243.9. No ad-
ditional treatment with PS-STLT, conventional photoco-
agulation, drug treatment, or other surgical treatment 
was necessary.

Alterations in macular parameters according to op-
tical coherence tomography findings at 1, 2, and 3 
months postoperatively

The baseline CMT value was 382.1 ± 146.3 (range, 
184-689) μm, the values 1, 2, and 3 months after PS-
STLT were 385.8 ± 173.1 μm, 355.0 ± 193.9 μm, and 
351.8 ± 166.6 μm, respectively. At 3 months after the 
operation, CMT was reduced by 7.9%; however, CMT 
was not significantly different within the observation 
period (P-values at 1, 2, and 3 months after PS-STLT 
were 1.0, 1.0, and 1.0, respectively, [one-way repeated 
measures ANOVA]). Figure 1 shows a scatter diagram of 
changes in CMT between base line and 3 months after 
the operation. Ten of 24 eyes (41.7%) showed a CMT 

Photocoagulation technique

Using a scanning laser photocoagulator (MC-500 Vix-
iTM; Nidek, Gamagori, Japan), we fixed the laser beam 
at a 100-μm spot diameter and 577-nm wavelength for 
20 ms and selected a 2 × 2 grid with a 0.5 scan pattern 
spacing using an Area Centralis® contact lens (Volk Op-
tical Inc., Menter, OH, USA). The initial laser power for 
PS STLT was 100 mW, and the laser was focused on a 
specific area of the ME as identified by OCT. PS-STLT is 
applied for lesions located 200 μm or more from fovea. 
If spot lesions were visible ophthalmoscopically, the la-
ser power was lowered by 10 mW each time down to an 
invisible laser spot.

Statistical analysis

One-way repeated measures ANOVA and Bonferroni 
correction was performed to compare baseline values 
with values from 1, 2, and 3 months postoperatively re-
garding the following outcomes: BCVA (logMAR value), 
TMV, and CMT. Probability values of less than 0.05 were 
considered significant. All statistical analyses were per-
formed with EZR (Saitama Medical Centre, Jichi Medical 
University, Saitama, Japan), a graphical user interface 
for R (The R Foundation for Statistical Computing, Vien-
na, Austria). More precisely, it is a modified version of R 
Commander designed to add statistical functions used 
frequently in biostatistics [16].

         

Figure 1: Changes in central macular thickness at 3 months after subthreshold laser therapy using a pattern scan 
laser photocoagulator (n = 24).
Changes in central macular thickness after subthreshold laser therapy using a pattern scan laser photocoagulator between 
base line and 3 months after the operation. Three severe cases with a CMT exceeding 600 μm, and six cases with a CMT 
less than 300 μm were included.

https://doi.org/10.23937/2378-346X/1410090
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The baseline CMT values and CMT changes 3 months 
postoperatively classified into three categories (Table 1). 

decrease of 20% or more at 3 months postoperatively; 
Figure 2 shows representative examples.

         

 
Figure 2: Optical coherence tomography findings and colour fundus photography after subthreshold laser therapy 
using a pattern scan laser photocoagulator.
A) A patient with central retinal vein occlusion. Macular edema was decreased at 1 month after treatment and improved to 
197 μm of the normal foveal thickness at 3 months. Although intraretinal haemorrhage is observed below the fovea, it was 
soon absorbed without requiring treatment; B) A patient with moderate non-proliferative diabetic retinopathy followed for up to 
6 months after PT-STLT. Although the responsible macular edema lesion was directly adjacent to the fovea and considered 
difficult to manage with a conventional laser method, this case was managed effectively using PS-STLT. The treatment of 
coagulation spots on the temporal side of the macula was performed prior to closure of the microaneurysms.

https://doi.org/10.23937/2378-346X/1410090
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Alterations in visual acuity at 1, 2, and 3 months

Figure 4 shows scatter diagram of changes in 
best-corrected visual acuity (logMAR) between base 
line and 3 months postoperatively. The baseline logMAR 
value was 0.26 ± 0.32; the values at 1, 2, and 3 months 
postoperatively were 0.28 ± 0.29, 0.25 ± 0.32 and 0.25 
± 0.31, respectively. There was no significant change in 
BCVA (logMAR) over time after PS-STLT (P = 1.0, 1.0, and 
1.0, respectively; one-way repeated measures ANOVA).

Treatment outcomes for central retinal vein occlu-
sion and branch retinal vein occlusion

Among the 24 enrolled subjects, five patients with 
BRVO and two patients with CRVO were included among 
the 17 eyes with DR. The mean CMT reductions in the 
patients with BRVO were 15.9% (351.6 ± 204.2 to 295.6 
± 124.8 μm); the patient with CRVO showed a CMT re-
duction of 31.5% (403 ± 28.3 to 276 ± 111.7 μm). BCVA 
(logMAR) was not improved or worsened by 0.2 or more 
and visual acuity was maintained.

As a result, among the cases in which the baseline CMT 
was between 300 μm and 400 μm, three eyes showed a 
CMT increase of 20% or more. However, in the zone (ac-
cording to ETDRS grid) where the laser irradiation was 
mainly performed for the most severe region of ME, one 
of these patients showed a reduction in highest zone from 
453 to 387 μm, which was an improvement of 14.6%. The 
other patient’s highest zone changed from 463 to 456 μm, 
and from 559 to 607 μm. In other words, these two cases 
were unchanged (not worse) 3 months after baseline.

In one eye with a baseline CMT > 600 μm and a CMT 
of 20% or more, the area with the most severe ME 
showed a similar reduction from 756 to 522 μm (31.0%).

The baseline TMV was 9.7 ± 1.6 (range from 7.65-13.71) 
mm3 and the values at 1, 2, and 3 months postoperatively 
were 9.6 ± 3.1 mm3, 9.6 ± 2.6 mm3, and 9.3 ± 1.7 mm3, 
respectively. The change in TMV was not significant at 1 
month (P = 1.0, one-way repeated measures ANOVA) but 
tended to be reduced at 2 months (P = 1.0); a significant 
reduction was observed 3 months after the operation (P < 
0.01; Figure 3).

Table 1: Baseline central macular thickness (CMT) and changes 3 months postoperatively classified into three categories accord-
ing to optical coherence tomography findings (n = 24).

Base line/*Change in CMT Improved Unchanged Worsened
CMT ≤ 300 μm (n = 6) 1 4 1
300 μm < CMT ≤ 400 μm (n = 10) 5 2 3
400 μm < CMT ≤ 600 μm (n = 5) 3 2 0
CMT > 600 μm (n = 3) 1 1 1
*A change in CMT was defined as a change of 20% or more. Improved = a 20% or greater decrease in CMT, unchanged = a CMT 
change from 0%-20%, worsened = a CMT decrease of 20% or greater. CMT: Central Macular Thickness.

         

Figure 3: Changes in total macular volume over time after subthreshold laser therapy using a pattern scan laser photoco-
agulator.
Although the total macular volume shows no statistically significant change at 1 month or 2 months after treatment, a significant 
decrease is observed at 3 months (P < 0.01, one-way repeated measures ANOVA).

https://doi.org/10.23937/2378-346X/1410090
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in which there was no significant reduction in CMT, six 
cases (25.0%) with a CMT less than 300 μm were includ-
ed to treat para-foveal ME, which may be reflected in 
the results. Although this study included a relatively 
small number of cases, among the cases in which CMT 
decreased by 20% or more 3 months postoperatively, 
PS-STLT showed a 41.7% reduction compared with the 
previously reported value of 39.5%; that is, similar re-
sults were obtained.

Regarding the duration in which the ME reduction ef-
fect was obtained, TMV showed a significant reduction 
3 months postoperatively in the present study. Even in 
the study by Luttrull and Spink using a micropulse diode 
laser, a reduction in ME was reported at 3 months after 
the operation, but no significant change was observed 
at 1 or 2 months postoperatively [12]; that is, micro-
pulse laser treatment required the same duration as 
that shown in our research before a therapeutic effect 
was obtained. However, in a previous report by Ohkoshi 
and Yamaguchi, CMT was decreased 1 month postoper-
atively and TMV was reduced 2 months postoperatively 
[17], suggesting the possibility that the micropulse la-
ser showed effects earlier than PS-STLT. Regarding this 
consideration, the restoration response of the RPE to 
thermal injury from subthreshold laser photocoagula-
tion activates a cellular cascade through the RPE, which 
is typically damaged considerably by the conventional 

Discussion

Using OCT findings, this study investigated the PS-
STLT treatment outcomes of 24 patients (24 eyes) after 
3 months of postoperative follow-up. Ten eyes (41.7%) 
showed a decrease in CMT of 20% or more; conversely, 
in cases in which CMT increased, it mainly decreased in 
the ETDRS grid where PS-STLT was performed. A signifi-
cant reduction in TMV was noted at 3 months (P < 0.01). 
In addition, PS-STLT was confirmed to be effective not 
only for DME but also for ME in BRVO and CRVO.

In a previous study in which Japanese patients with 
DME were treated with subthreshold laser photocoagu-
lation using a micropulse laser, Ohkoshi and Yamaguchi 
reported that the mean CMT was 300.7 μm at 3 months 
postoperatively versus 341.8 μm preoperatively [17]; 
namely, a reduction of 12.0% was obtained. Takatsuna, 
et al. reported that the mean CMT was 409.8 μm at 3 
months postoperatively versus 504.3 μm preoperatively 
[18]; that is, a reduction of 18.7% was obtained. Accord-
ing to these reports, the effectiveness of micropulse la-
sers was better than that of PS-STLT because our results 
showed a reduction of 7.9%. However, the report by 
Ohkoshi and Yamaguchi excluded severe cases with a 
CMT exceeding 600 μm (our study included three cas-
es), and the possibility cannot be denied that this criteri-
on may have affected the differences in treatment out-
comes. In addition, from the results of the present study 

         

Figure 4: Changes in best-corrected visual acuity (logMAR) after subthreshold laser therapy using a pattern scan 
laser photocoagulator (n = 24).
Changes in best-corrected visual acuity after subthreshold laser therapy using a pattern scan laser photocoagulator between 
base line and 3 months after the operation.

https://doi.org/10.23937/2378-346X/1410090
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More recently, the concept of subthreshold laser 
photocoagulation has become more widespread as a 
treatment for diffuse DME. Regarding the response 
mechanism to subthreshold laser photocoagulation has 
become, according to a study in which a micropulse la-
ser was used to irradiate an RPE cell culture, sublethal 
photothermal stimulation with a micropulse laser may 
have facilitated heat shock protein (Hsp)70 expression 
in the RPE without inducing cellular damage [24]. Sever-
al studies have been published showing that Hsp70 can 
protect against numerous stresses including heat shock 
[25], oxidative stress [26], apoptotic stimuli [27,28], and 
ischemia [29,30]. That is, upregulation of Hsp70 expres-
sion induced by laser stimuli is thought to play an im-
portant role in the improvement of ME.

Moreover, as described above, since subthreshold 
laser photocoagulation does not cause retinal photo-
receptor damage and cell death, which have created 
serious problems in the past, there is no postoperative 
scotoma and it does not cause complications. There-
fore, even in cases that could not obtain effective treat-
ment from the initial irradiation, repeating the treat-
ment is possible at the same location as required since 
this method is extremely minimally invasive and could 
be applied close to the parafoveal area where there is 
a risk of creating severe scotoma; this forms the basis 
for irradiation being possible. In the PS-STLT performed 
in this study, since the laser power threshold was low-
ered by 10 mW in each adjustment down from 100 mW 
to obtain an invisible spot, RPE atrophy may occur in 
this titration area in the long term. However, the short 
duration method has great advantages compared with 
the conventional method in terms of tissue restoration 
[31]. There is the possibility of photoreceptor migration 
into the coagulated area, resulting in a restoration of 
visual sensitivity at the lesion site [32], and coagulation 
spots can even disappear [19]. These findings have also 
supported the safety of this method. Furthermore, as 
shown in this study, performing PT-STLT earlier for cas-
es in which the ME is close to the fovea and where mi-
croaneurysms were not responsible for ME is thought 
to be effective in preventing prolongation, even when 
CMT itself is reduced.

This study demonstrated the possibility of perform-
ing subthreshold laser coagulation using a general pat-
tern scan laser, although it was somewhat less effective 
than micropulse laser photocoagulation. PS-STLT can be 
expected to be one of the treatments for ME accompa-
nied by retinal vascular disease.
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