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A B S T R A C T

Purpose: To evaluate the treatment outcomes of subthreshold micropulse laser (SMPL) with a wavelength of 670 
nm (red) for treatment-naïve diabetic macular edema (DME).
Methods: A retrospective observational study which included 42 eyes in 34 patients diagnosed with treatment- 
naïve DME was conducted. Twenty-one eyes underwent red SMPL and the other 21 eyes underwent intravitreal 
injection of aflibercept (IVA) as initial treatment and were followed up for 12 months. Best-corrected visual 
acuity (BCVA), central retinal thickness (CRT) on optical coherence tomography (OCT), vessel density (VD), and 
foveal avascular zone area on OCT angiography (OCTA) were measured and compared between the two groups.
Results: In the red SMPL group, the mean BCVA slightly improved from 0.29 ± 0.28 at baseline to 0.22 ± 0.29 at 
12 months (p = 0.18), while the mean CRT significantly decreased from 472 ± 200 µm at baseline to 320 ± 136 
µm at 12 months (p = 0.003). At 12 months from baseline, the mean change in BCVA and CRT were similar 
between the red SMPL and IVA groups (p = 0.79 and p = 0.31, respectively). No significant change was detected 
in OCTA parameters except for VD at the nasal section in the red SMPL group.
Conclusion: Red SMPL for treatment-naïve DME maintained BCVA and significantly reduced CRT at 12 months. 
These treatment outcomes were equivalent to IVA in real-world settings, which tend to be inferior to clinical 
trials.

1. Introduction

Diabetic retinopathy (DR) is one of the possible severe complications 
of diabetes mellitus (DM)[1,2]. If left untreated, it can progress to pro-
liferative DR (PDR) which may lead to severe and irreversible vision loss 
secondary to tractional retinal detachment or neovascular glaucoma. In 
addition, diabetic macular edema (DME) is also a major 
vision-threatening pathology which can occur in any severity of DR 
among patients with DM[3].

Diabetic retinopathy and DME are characterized by the following 
mechanisms: High blood sugar levels affect blood vessels in the eye, 
which start to leak, and new leaky blood vessels may grow, leading to 
DR and finally DME. Diabetic macular edema implies retinal thickening 
caused by the accumulation of intraretinal fluid, mainly in the inner and 
outer plexiform layers of the retina due to the hyperpermeability of the 
retinal vasculature. Complaints of blurry vision or dark spots can lead to 

the discovery of DME at any stage of DR (mild, moderate, or severe non- 
proliferative DR or proliferative DR) [4]. About 1 in 15 diabetic patients 
develop DME [2]. The disease is often established via investigations 
including the Amsler grid, optical coherence tomography (OCT), or 
fluorescein angiography.

At present, intravitreal injection of an anti-vascular endothelial 
growth factor (VEGF) agent is the first-line therapy for DME[5–8]. 
However, repeated injections are sometimes required for recurrent dis-
ease leading to consequent financial and physical burden on patients[9,
10]. In randomized controlled trials of DME, the mean best-corrected 
visual acuity (BCVA) gains of 6–13 Early Treatment Diabetic Retinop-
athy Study (ETDRS) letters were achieved with approximately 7–12 
intravitreal anti-VEGF injections during the first year of the treatment 
[7,8,11,12]. The number of injections was reported to be smaller in the 
following years, however, most patients were required to continue in-
jections to maintain their vision.
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Several therapies for DME are available as an alternative for anti- 
VEGF intravitreal injections such as focal/grid laser, sub-tenon triam-
cinolone acetonide injection, intravitreal dexamethasone, and pars 
plana vitrectomy[13–16]. Among these treatment options, the sub-
threshold micropulse laser treatment (SMPL), characterized by its 
‘spotless’ and low-risk laser procedure, has been widely utilized in the 
recent decade[17–23]. Compared to the conventional photocoagulation 
which burns the leaky sites with a continuous wave laser, SMPL affects 
the tissue by giving the energy as a low-intensity and short-duration 
pulse, allowing the tissue to rest (cooling) between pulses. SMPL is re-
ported to target the retinal pigment epithelium (RPE) and activate its 
pump function without damaging photoreceptors. It has been also re-
ported that SMPL induces heat shock protein activation, leading to 
repair and recovery processes of RPE function. In addition, SMPL is re-
ported to be effective in DME regression by modifying Muller cells, 
which are involved in retinal fluid control and inflammatory response 
[24]. Favorable efficiency of SMPL using 810 nm (infrared) or 577 nm 
(yellow) wavelengths for DME has been reported in previous studies 
[25–27]. In contrast, there is not as many studies which support the use 
of the 670 nm (red) wavelength for DME. We previously compared the 
efficacy and safety of red and yellow SMPLs for DME and reported 
equivalent visual and morphological outcomes[28]. However, the study 
included eyes with previously treated DMEs in 70 % of participants. In 
the present study, we aimed to evaluate the efficacy and safety of red 
SMPL for the treatment naïve DME and compare those with anti-VEGF 
agents.

2. Methods

A retrospective review of patient medical charts with treatment- 
naïve DME treated at the ophthalmology department of the University of 
Yamanashi Hospital between April 2017 and March 2023 was con-
ducted. This study was approved by the University of Yamanashi Hos-
pital Institutional Review Board (approval number 2089) and abided by 
the Tenets of the Declaration of Helsinki.

During the first visit, informed consent for the treatment was ob-
tained from all participants. The inclusion criteria were as follows: (1) 
patients with treatment-naïve DME with a foveal thickness > 300 µm, 
(2) patients treated with red SMPL or intravitreal aflibercept injection 
(IVA) as an initial therapy and were followed up every two months, and 
(3) patients who completed 12 months of follow-up. The exclusion 
criteria were as follows: (1) patients with untreated proliferative DR or 
severe non-proliferative DR (since these patients were prioritized to 
undergo vitrectomy or pan-retinal photocoagulation), (2) patients with 
macular edema (ME) caused by other ocular pathologies such as retinal 
vein occlusion, age-related macular degeneration, macular telangiecta-
sia, or high myopia, (3) patients with other ocular pathology that might 
affect the central visual field including cataract, severe glaucoma, optic 
neuritis, macular hole, or epiretinal membrane, (4) vitrectomized eyes, 
and (5) patients with systemic disorders that might affect the central 
retinal thickness (CRT) such as renal failure, heart failure, or 
hemodialysis.

At the initial visit, all patients underwent comprehensive ophthalmic 
examination which included visual acuity, intraocular pressure mea-
surement using a Goldmann applanation tonometer, slit-lamp bio-
microscopy, dilated pupil fundoscopy using a 90D non-contact lens, and 
dilated pupil indirect ophthalmoscopy. The patients also underwent 
multimodal imaging which included color fundus photography (CFP), 
spectral-domain OCT (SD-OCT)/OCT angiography (OCTA) examination, 
fundus autofluorescence (FAF). Fluorescein angiography was also per-
formed at baseline to determine the severity of DR. All of these mea-
surements were performed under pupil dilation. The baseline 
parameters including the latest serum hemoglobin A1c (HbA1c) level 
and the duration of DM were extracted from the medical questionnaire. 
Patients were divided into two groups according to the initial treatment 
regimen: the red SMPL group, and the IVA group.

2.1. Optical coherence tomography angiography

All OCTA images were recorded using HS-100 OCT (Canon Lifecare 
Solutions, Kanagawa, Japan). Each patient underwent OCTA scans of 
the central 3 × 3 mm area at each follow-up period. Each OCTA scan was 
automatically segmented into the superficial capillary plexus (SCP), 
deep capillary plexus (DCP), and choriocapillary plexus (CCP) slabs 
using the built-in imaging software. OCTA images at each visit were 
recorded three times and averaged for the analyses. To evaluate the 
OCTA parameters precisely, we referred to the previous studies and 
excluded OCTA images with a quality index lower than 4/10 from the 
study [29,30].

As OCTA parameters, vessel density (VD) and the foveal avascular 
zone (FAZ) size were analyzed. Each OCTA image was binarized using a 
modified version of the previously reported method by the built-in 
software to measure OCTA parameters [31]. Briefly, after processing 
with a top-hat filter, the OCTA image was duplicated and different 
binarization methods were performed on each image. One image was 
processed by a Hessian filter and was binarized using average thresh-
olding. The other image was processed by a Sobel filter and unsharp 
mask filter. Then the processed image was binarized using median local 
thresholding. Finally, the 2 different binarized images were combined to 
generate the final binarized image in which only pixels that existed on 
both binarized images were included. VD was recorded as the proportion 
of vessel area with blood flow over the 3 mm diameter range from the 
central fovea, described as the inner circle of the Early Treatment Dia-
betic Retinopathy Study (ETDRS) grid. The inner circle of ETDRS was 
divided into 5 subfield areas including the fovea, superior, inferior, 
temporal, and nasal subfields. The border of each FAZ was manually 
detected from the SCP slabs of OCTA images and then FAZ size was 
measured using the built-in software.

2.2. Subthreshold micropulse laser treatment

In the red SMPL group, patients underwent SMPL with a wavelength 
of 670 nm as an initial treatment. All SMPLs were performed using a 
TruScan Laser (LIGHTMED, San Clemente, CA, USA). The settings of the 
red SMPL were as follows: wavelength of 670 nm, spot size of 200 µm, 5 
% duty cycle of 200 msec, and fixed laser power of 400 mW. The number 
of spots depended on the extension of DME. A test shot was performed 
on the retina outside of the arcade vessels. Most of the eyes showed no 
visible fleck at the time of the test burn outside of the macula. If a visible 
fleck by the test burn was detected, we carefully and gradually reduced 
laser power until the spot became invisible, put the first SMPL at the 
corner of the treated area, and again confirmed that no visible fleck 
appeared. After determining the appropriate laser power, SMPL was 
applied repeatedly and continuously to cover the entire area of DME 
except for the foveola with zero-spot spacing.

After the initial SMPL at baseline, the patients were followed up 
every two months. If the CRT was >300 µm or there was no improve-
ment in BCVA on follow-up, retreatment of SMPL using the same settings 
as the initial treatment was performed. If the CRT was >500 µm or the 
BCVA deterioration was >0.2 logMAR (equivalent to 10 letters in ETDRS 
charts), rescue treatment with IVA was allowed based on the judgement 
of the retinal specialists.

Though the procedure of SMPL has been proven to be free from 
adverse events because of its noninvasive laser power, the possible 
adverse effect includes an overtreatment by a medical error and subse-
quent damage to RPE or outer retina [21]. To evaluate the safety of the 
procedure, the patients underwent FAF examination at 6 and 12 months 
from baseline. Each FAF image was assessed to confirm that no laser 
scarring by SMPL was detected.

2.3. Anti-VEGF treatment

In the IVA group, patients underwent IVA (aflibercept 2mg/0.05 ml) 
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as an initial treatment and were followed up every two months. If re-
sidual or recurrent exudation was detected on SD-OCT, the patients 
received additional IVAs (as-needed IVA) during the follow-up period.

2.4. Statistical analysis

All statistical analyses were conducted using the StatFlex ver. 7 
software (Arctec Co., Ltd., Osaka, Japan). BCVA was measured on a 
decimal scale and was converted into a logMAR for statistical analyses. 
The differences in the categorical and the continuous variables between 
the two groups were tested by the chi-square test and the Mann-Whitney

U test. The significance of differences between the variables before 
and after the treatment was tested using the paired-t-test.

The primary outcome measures were BCVA improvement and CRT 
reduction at 12 months from baseline. The mean change of the OCTA 
parameters was also compared between the two groups.

3. Results

Twenty-one eyes in 18 patients in the red SMPL group and 21 eyes in 
16 patients in the IVA group were included in the present study. The 
mean age was 65.5 ± 9.3 years and 23 patients (67.6 %) were male. The 
mean baseline BCVA was 0.34 ± 0.28 and the mean CRT on SD-OCT was 
478 ± 167 µm. Table 1 shows the baseline demographic characteristics 
of the two groups. There was no significant difference in age, sex, serum 
HbA1c level, duration of DM, DR severity, baseline BCVA, and baseline 
CRT between the two groups. A representative case treated with the red 
SMPL is shown in Fig. 1.

3.1. Mean change in BCVA

Fig. 2 illustrates the mean change in BCVA during the follow-up 
period in the red SMPL and the IVA groups. In the red SMPL group, 
mean BCVA slightly improved from 0.29 ± 0.28 at baseline to 0.22 ±
0.29 at 12 months, however, the difference was insignificant (p = 0.18). 
In the IVA group, mean BCVA significantly improved initially at 2 to 4 
months from baseline, however, the significance disappeared thereafter. 
The final BCVA was similar to that at baseline (0.38 ± 0.29 vs. 0.34 ±
0.28, p = 0.41). There was no significant difference in the BCVA 
improvement between the two groups at 12 months (p = 0.79).

3.2. Mean change in CRT on SD‑OCT

Fig. 3 shows the mean change in CRT during the follow-up period in 
the two groups. In the red SMPL group, the mean CRT significantly 
decreased from 472 ± 200 µm at baseline to 320 ± 136 µm at 12 months 

(p = 0.003, Fig. 3A). Similarly, the mean CRT in the IVA group signifi-
cantly decreased from 485 ± 131 µm at baseline to 394 ± 178 µm at 12 
months (p = 0.02, Fig. 3A). There was no significant difference in the 
CRT reduction between the two groups at 12 months (p = 0.31, Fig. 3B).

3.3. Mean change in OCTA parameters

Table 2 demonstrates the mean change in OCTA parameters in the 
red SMPL and the IVA groups. In the red SMPL group, VD in the SCP and 
DCP slab at the nasal section significantly increased at 12 months from 
baseline (p = 0.021 and p = 0.044, respectively). In the IVA group, VD in 
the CCP slab at the central and the nasal sections significantly increased 
at 12 months from baseline (p = 0.033 and p = 0.048, respectively). FAZ 
area showed no significant change in both groups.

Table 1 
Baseline demographic characteristics of patients in the red SMPL and the IVA 
groups.

Red SMPL (n = 21) IVA (n = 21) P Value

Age 67.6 ± 9.1 63.4 ± 9.1 0.09
Sex (F/M) 6/15 8/13 0.51
HbA1c (%) 7.0 ± 0.9 8.1 ± 2.5 0.29
DM duration (months) 93±99 135±116 0.39
DR severity   0.26
Mild NPDR 6 (28.6 %) 3 (14.3 %) 
Moderate NPDR 15 (71.4 %) 18 (85.7 %) 
Severe NPDR 0 0 
PDR 0 0 
Mean logMAR BCVA 0.29±0.28 0.38±0.29 0.26
Mean CRT on SD-OCT (µm) 472±200 485±131 0.35

BCVA: best-corrected visual acuity, CRT: central retinal thickness, DM: diabetes 
mellitus, DR: diabetic retinopathy, HbA1c: hemoglobin A1c, IVA: intravitreal 
aflibercept injection, logMAR: logarithm of the minimal angle of resolution, 
NPDR: non-proliferative diabetic retinopathy, PDR: proliferative diabetic reti-
nopathy, SD-OCT: spectral-domain optical coherence tomography.

Fig. 1. A 57-year-old male with diabetic macular edema (DME) in the left eye 
treated by red subthreshold micropulse laser (SMPL). (A) Color fundus 
photography of the left eye at baseline shows center-involving DME surrounded 
by hard exudates and dot hemorrhages. Best-corrected visual acuity (BCVA) in 
the left eye was 0.22 logMAR. He received red SMPLs four times in 12 months 
of follow-up. (B) Fundus autofluorescence of the left eye at 12 months reveals 
no visible laser spot on the macula. Hyperfluorescent lesions in the fovea 
indicate intraretinal cysts. (C) A horizontal spectral-domain optical coherence 
tomography (SD-OCT) scan at baseline shows cystoid DME. The central retinal 
thickness (CRT) was 673 µm. (D) A horizontal SD-OCT scan at 12 months from 
baseline reveals significant absorption of edema. The CRT drastically reduced to 
262 µm. His BCVA in the left eye improved to − 0.08 logMAR.

Fig. 2. The mean change in best-corrected visual acuity (BCVA) during the 
follow-up period in the red SMPL and the IVA groups. In the red SMPL group, 
mean BCVA slightly improved from 0.29 ± 0.28 at baseline to 0.22 ± 0.29 at 
12 months, however the difference was insignificant (p = 0.18). In the IVA 
group, mean BCVA significantly improved at 2 to 4 months from baseline but 
the significance disappeared thereafter. The final BCVA was equivalent to that 
at baseline (0.38 ± 0.29 vs. 0.34 ± 0.28, p = 0.41).
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3.4. Number of additional treatments and safety assessments

In the red SMPL group, the mean number of additional SMPLs was 
4.8 ± 1.4 during the follow-up period. Two eyes (9.5 %) received IVAs 
twice as rescue treatments. Among these eyes, one eye showed BCVA 
deterioration > 0.2 logMAR (from 0.15 at baseline to 0.4 at months 4 
and 10) and the rescue IVAs were performed. The BCVA improved to 
0.15 logMAR at month 12 and the rescue IVA was discontinued. Another 
eye showed CRT thicker than 500 µm at months 2 and 10. After the 
rescue IVAs were performed, the CRT was reduced and the rescue IVA 
was discontinued. In the IVA group, the mean number of additional IVAs 
was 3.6 ± 1.4 during the follow-up period. There was no significant 
difference in the number of additional treatments between the two 
groups (p = 0.08).

During the follow-up period, no adverse events were recorded in 
both groups. Patients in the red SMPL group were examined using FAF at 
6 and 12 months and no hypofluorescent lesion was detected in the 
treated area (Fig. 1).

4. Discussion

The present study investigated the treatment efficacy and safety of 
red SMPL for DME and compared those with IVA, the currently standard 
treatment for DME. Patients in the red SMPL group maintained their 
BCVA and showed a significant reduction in CRT during the 12 months 
of follow-up. The visual and anatomical outcomes of the red SMPL group 
were similar to those of the as-needed IVA group. To the best of our 
knowledge, this is the first study which reported the therapeutic po-
tential of red SMPL for treatment-naïve DME. As mentioned, we previ-
ously compared the treatment outcomes between red and yellow SMPLs, 
but the study included 70 % of eyes with already previously treated 
DME.

In the literature, the favorable treatment outcomes of SMPL with the 
wavelength of 810 nm (infrared) and 577 nm (yellow) have been re-
ported. Vujosevic et al. compared the treatment outcomes of the infrared 
and yellow SMPLs for mild DME (CRT < 400 µm)[32]. They reported 

that the mean BCVA was stable, and the mean CRT significantly reduced 
during 6 months of follow-up in both treatment modalities. Recently, 
Lois and colleagues (DIAMONDS Study Group) compared the treatment 
efficacy and safety of yellow SMPL with standard laser treatment (SL) for 
DME in a large randomized clinical trial[33]. The mean BCVA change 
from baseline to month 24 was − 2.43 ± 8.20 letters in the SMPL group 
and − 0.45 ± 6.72 letters in the SL group (p = 0.046). They concluded 
that SMPL showed equivalent treatment efficacy and safety to SL, 
requiring slightly higher number of laser treatments. Similar to previous 
studies, the mean BCVA change was − 0.07 ± 0.25 logMAR and the 
mean CRA reduction was -152 ± 206 µm in the red SMPL group. 
However, despite the significant reduction in CRT, the BCVA improve-
ment did not achieve statistical significance in the red SMPL group. We 
considered that the amount of CRT reduction might have been insuffi-
cient to yield a significant BCVA improvement. In the study by Sadda 
et al., the duration and amount of residual DME after anti-VEGF therapy 
were reported to be negatively correlated with long-term visual out-
comes[34]. In our current study, the mean CRT at 12 months was still 
320 ± 136 µm in the red SMPL group hence DME did not completely 
disappear and persisted in most patients. Thus, we attribute this insig-
nificant visual improvement in the red SMPL group to the residual DME. 
Furthermore, our study included eyes with DME which were 400 µm or 
thicker, whereas many previous studies included DMEs of 400 µm or 
thinner. Considering that CRT thinner than 250 μm has been reported to 
be associated with the BCVA improvement[34], the red SMPL would be 
more suitable for mild DME with CRT thinner than 400 μm.

Several studies reported changes seen in OCTA after treatment for 
DR or DME[30]. Vujosevic et al. reported that the FAZ area in the DCP 
and the area of cysts in the SCP and DCP significantly decreased at 6 
months after yellow SMPL[35]. They also reported a significant decrease 
in the number of microaneurysms (MA) in the SCP and DCP at 6 months 
in the treated eyes only. However, no significant change in VD was 
detected in their study. Recently, Li et al. compared the efficacy of 
conventional laser and SMPL for DME and assessed changes in OCTA 
parameters and reported statistically significant changes in all OCTA 
metrics, including VD, vessel length density, and fractal dimension in 

Fig. 3. The mean change in central retinal thickness (CRT) during the follow-up period in the red SMPL and the IVA groups. (A) In the red SMPL group, the mean 
CRT significantly decreased from 472 ± 200 µm at baseline to 320 ± 136 µm at 12 months (p = 0.003). Similarly, the mean CRT in the IVA group significantly 
decreased from 485 ± 131 µm at baseline to 394 ± 178 µm at 12 months (p = 0.02). (B) The mean CRT reduction between the two groups. At 2 months, the mean 
CRT reduction in the IVA group was greater than the red SMPL groups (p = 0.03). However, the significance disappeared at 4 months, and the CRT reduction at 12 
months between the two groups was equivalent (p = 0.31).
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the DCP and CCP for both groups[36]. In contrast, our current findings 
did not detect a significant change in OCTA parameters except for VD at 
the nasal section in the red SMPL group. We consider that the small 
number of patients might have influenced the results. Further research 
with a large cohort is necessary to elucidate the effect of SMPL on retinal 
perfusion and vascular construction in patients with DME.

Nakao et al. previously reported that the visual outcomes of anti- 
VEGF treatment for DME in real-world settings tended to be inferior to 
those reported in clinical trials[37]. In a prospective multicenter study, 
Sugimoto et al. reported that the total number of IVAs for DME over 24 
months was 3.6 ± 3.0 injections and BCVA was maintained in real-world 
settings[38]. They concluded that the patients in the real-world setting 
received fewer injections than those in the clinical trials, suggesting that 
a margin for improvement exists in clinical practice. Similarly in this 
study, patients in the IVA group received 3.6 ± 1.4 additional injections 
and did not achieve a significant improvement in BCVA at 12 months. 
We consider that the undertreatment of IVA in this real-world setting 
might have led to fewer improvements in BCVA than those observed in 
clinical trials.

Recently, different groups have been trying to evaluate the treatment 
outcomes of the combination of SMPL and anti-VEGF injections for 
DME. In the meta-analysis, Hosoya et al. reported that adding SMPL to 
anti-VEGF therapy could significantly reduce the number of injections 
compared to anti-VEGF monotherapy while achieving similar BCVA and 
CRT. Ma et al. also reported in the other meta-analysis that combining 

SMPL with anti-VEGF injections might reduce the total number of in-
jections required, improve BCVA, and reduce CRT at 12 months. In 
addition, Peroni et al. investigated the new procedure of combined laser, 
short pulse grid and SMPL, plus intravitreal ranibizumab for DME. They 
reported that the combination therapy achieved significant improve-
ment in BCVA and CRT at 12 months with a mean number of 8.29 in-
jections and 3.67 SMPLs. These findings encourage the utilization of 
SMPL with the conventional treatment for DME.

There are several limitations in this study. Firstly, the study is 
retrospective in nature with a relatively small number of participants. 
Secondly, the optimal laser settings for the red SMPL have not yet been 
established. Though we chose a fixed laser power of 400 mW, the 
titration of laser power might be more appropriate for determining 
threshold power. In addition, the mean number of additional red SMPLs 
in this study was 4.8 ± 1.4 during the follow-up period, which means 
most of the patients needed repeated lasers every 2 months. To improve 
visual outcomes and reduce the number of treatments, the most effective 
settings of SMPL including laser power, duty cycle, and wavelength 
remain to be determined. Thirdly, the evaluation of OCT/OCTA pa-
rameters did not include some parameters which were previously re-
ported to correlate with visual outcomes, including disorganization of 
retinal inner layers, disruption of the external limiting membrane, 
location and amount of fluid, fluctuation in CRT, and change in MA. The 
fourth limitation was that we did not include smoking history and body 
mass index, which might affect the OCTA parameters. The fifth limita-
tion was that we could not follow up on the change in HbA1c values, 
which might affect the treatment outcomes.

In conclusion, this is the first study to evaluate the efficacy of the red 
SMPL in the treatment naïve DME. As a result, the red SMPL maintained 
BCVA and significantly reduced CRT at 12 months. These treatment 
outcomes were equivalent to IVA in real-world settings, which tend to be 
inferior to clinical trials.
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