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Abstract
To evaluate the efficacy of selective retina therapy (SRT) in patients with diabetic macular edema (DME) based on pretreatment
central foveal thickness (CFT). Seventy-two eyes of 63 patients with DME who had previously undergone SRTwere included.
Patients were divided into two groups based on the CFT at baseline. Group 1 was composed of 35 eyes with CFT < 400 μm and
group 2 was composed of 37 eyes with CFT ≥ 400 μm. Changes in best corrected visual acuity (BCVA) and CFTwere measured
at baseline, 3 and 6 months after SRT. A single-session retreatment was performed at 3-month posttreatment if there was no
reduction in CFT. Rescue treatment with intravitreal anti-VEGF injections was performed if persistent DME or vision loss of 1 ≥
logMARVA line was observed by 6 months after initial SRT. Six months after SRT, group 1 showed reduction of 45.9 μm in
mean CFT (P < 0.001) and gain of 0.13 logMAR inmean BCVA (P < 0.001), whereas group 2 experienced no significant change
in CFT or BCVA. In group 1, retreatments were performed in 6 eyes (17.1%), and rescue treatment was performed in 1 eye
(2.9%), whereas in group 2, retreatment was performed in 17 eyes (45.9%), and rescue treatments were administered in 27 eyes
(73%) during a 6-month follow-up. Although SRT had limited effects as a treatment for severe DME, SRTmonotherapy for mild
DME was effective in improving BCVA and reducing CFT during a 6-month follow-up period.
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Introduction

Diabetic macular edema (DME), an advanced complication of
diabetic retinopathy, is the leading cause of visual loss in dia-
betic patients [1, 2]. The causative mechanism of DME is
thought to be the abnormal permeability of retinal capillaries
and fluid accumulation between 2 plexiform layers [3, 4]. If
left untreated, 25–30% of affected patients will experience a
15-letter (three line) decrease in visual acuity on the Early
Treatment of Diabetic Retinopathy Study (ETDRS) eye chart
within 3 years [5]. The ETDRS trial showed that conventional

laser photocoagulation (CLP) reduced the risk of severe visual
loss at least 50% in patients with clinically significant DME
over a 3-year period when compared with untreated patients.
However, limited functional improvement was achieved after
modified grid laser photocoagulation for center-involving dif-
fuse DME [6]. In addition, CLP is associated with significant
destruction of retinal tissue, and heat conduction beyond ret-
inal pigment epithelium (RPE) induces various complications,
such as symptomatic scotoma, irreversible photoreceptor
damage, choroidal neovascularization, and scar enlargement
[7, 8].

In order to overcome these disadvantages of continuous-
wave (CW) CLP, new laser modalities, such as subthreshold
micropulse laser (SMPL), retinal rejuvenation therapy (2RT),
and selective retina therapy (SRT) have been developed to
target the RPE while sparing the photoreceptors and choroid
by “chopping” a CW beam into repetitive, short “micro”
pulses [9, 10]. These new reduced-power laser treatments,
so-called restorative retinal laser therapy (RRLT), confine
the peak temperature increase to the RPE. Since the new se-
lective RPE-targeting laser can spare photoreceptors, RRLT
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produces “no instantly visible” or “barely visible” changes in
the treated lesions, depending on the therapeutic endpoints of
the laser system. RRLT increases the RPE-selectivity by using
the specified titration algorithm or micropulsing technology.
To obtain RPE selectivity, SMPL uses a duty cycle (the ratio
of “on” and “off” pulses), and the laser energy is reduced by
lowering the duty cycle [10–12]. In contrast, 2RT uses ultra-
short-pulse nanosecond lasers, and SRT uses a Q-switched
frequency-doubled Nd:YLF laser [10, 13, 14]. The new lasers
have yielded favorable clinical outcomes in the treatment of
DME in several previous studies [11–15] and have demon-
strated therapeutic effects equal to those of CLP in previous
randomized trials [16, 17]. While the beneficial effect of CLP
is associated with increasing oxygen influx from the
choriocapillaris into the retina through the destruction of pho-
toreceptors that consume oxygen [18], the therapeutic effect of
the new RPE-targeting lasers is related to the release of RPE-
derived factors, such as matrix metalloproteinases (MMPs) or
heat shock protein-70 (HSP70), according to the specific laser
modality [19–22]. This was demonstrated in rabbit experi-
ments when HSP70 expression after 577 nm laser irradiations
did not significantly differ between the non-damaging 30%
endpoint management setting and other more damaging ener-
gy settings. Additionally, HSP70 expression did not increase
with a 40% setting of damaging irradiation, while the tissue
damage was increased. Since the purpose of the new non-
damaging laser is to maximize release of HSP70, an anti-
inflammatory mediator, while minimizing tissue damage, it
seems to be unnecessary to use damaging irradiation for no
benefit in HSP70 expression [20].

SMPL does not induce any retinal damage, and various
imaging and angiographic techniques have not detected
SMPL lesions after treatment [17]. Unlike SMPL, SRT and
2RT lesions can be detected by fundus fluorescein angiogra-
phy (FFA) because of selective RPE damage [14, 15]. While
2RT (532 nm Q-switched YAG laser) delivers ultra-short
pulses of 3 ns that damages the RPE, SRT (527 nm Q-
switched Nd-YLF laser) uses 15 ramping micropulses, with
a pulse duration of 1.7 μs. If the energy delivered by the
micropulse is adequate, RPE cells are selectively damaged
by micro-vaporization that occurs around intracellular mela-
nosomes of the RPE cells. Then, SRTstimulates the migration
and proliferation of adjacent RPE cells into irradiated areas
and improves metabolism at the SRT-treated area by restoring
the RPE monolayer [21–23]. Since no scotoma was observed
by microperimetry at the SRT-treated area in DME patients in
previous studies, the photoreceptor-sparing SRT could be ap-
propriate for treating DME while avoiding the complications
of CLP [15, 24].

However, to titrate the appropriate pulse energy of SRTand
2RT, it is typically mandatory to perform test spots outside the
macular area prior to the treatment spot at the macula.
Although each new laser has different thresholds for

damaging RPE cells due to different laser settings and param-
eters, microperimetry and optical coherence tomography
(OCT) findings from clinical studies of DME have demon-
strated that the new lasers preserve photoreceptors [14–17].
Several clinical studies have reported that 810 nm SMPL
showed an improvement in best corrected visual acuity
(BCVA) and a reduction in the macular thickness in patients
with DME [12, 16, 17, 25, 26]. Recently, 2 clinical studies of
the use of 810 nm or 577 nm SMPL have reported that the
initial central foveal thickness (CFT) could influence the clin-
ical outcomes. A good response to SMPL laser was achieved
in cases with mild DME with a thinner pretreatment CFT [27,
28].

Considering that the effect of SRT is associated with RPE-
derived factors similar to other reduced-power laser systems,
we suspected that retinal thickness may also affect the efficacy
of SRT, as it does in SMPL treatment. Thus, the aim of this
study was to evaluate the efficacy of SRT in patients with
DME, based on their baseline CFT.

Methods

We retrospectively reviewed the medical charts of 85 patients
who had undergone SRT for DME from October 2014 to
February 2016. This study adhered to the principles of the
Declaration of Helsinki, and data collection was approved
by the Institutional Review Board of Yeouido St. Mary’s
Hospital of the Catholic University of Korea. All patients
received an explanation of the potential risks and benefits of
SRT, intravitreal anti-VEGF, and the local steroid. Written
informed consent was obtained in all patients who chose SRT.

Patients with type 2 diabetes and clinically significant
DME, according to ETDRS criteria, were included in the
study [5]. An additional inclusion criterion was the availability
of medical records for 6 months or more after SRT. Patients
with a history of subtenon or intravitreal steroid treatment
within 6 months prior to SRT laser, intravitreal anti-VEGF
injection within 3months prior to SRT, focal/grid or panretinal
CLP within 1 year prior to SRT, or any intraocular surgery
were excluded. Other exclusion criteria were a diagnosis of
ocular disease affecting visual acuities, such as age-related
macular degeneration and macular edema due to other retinal
vascular diseases.

All patients were treated by a single surgeon (Y.J.R) and
were followed up for 6 months or more after SRT. All SRT
was performed by using the Q-switched Nd:YLF laser system
(with a wavelength of 527 nm, a spot size of 200 μm, single
micropulse duration of 1.7 μs, a pulse repetition rate of
100 Hz, and 15 micropulses per burst) (Medical Laser
Center, Lübeck, Germany). An Ocular Mainster contact lens
with a magnification of 1.05 was used for irradiation. Ten to
16 preliminary test spots with increasing pulse energy were

1782 Lasers Med Sci (2020) 35:1781–1790



applied to the temporal arcade (60–200 μJ) to titrate the indi-
vidual optimal pulse energy level. Color fundus photography
(CFP) and FFAwas performed 1 h after test spot irradiation to
determine the adequate pulse energy for treatment spots
(Fig. 1). The adequate pulse energy was determined based
on two endpoints, including ophthalmoscopically invisible
and FFA visible lesions at the test spots, as previously de-
scribed [13, 15]. The minimum pulse energy that produced
an FFAvisible lesion on test spots was chosen as the adequate
pulse energy. Once the appropriate pulse energy for treatment
spots was determined, SRT spots were applied with a one-
spot-space by 200 μm horizontally and vertically at the area
where the focal or diffuse leakage was shown by FFA. SRT
laser was applied to the whole leakage area of macular edema,
as confirmed by FFA, and spectral domain optical coherence
tomography (SD-OCT). Since SRT spots were invisible dur-
ing irradiation, the surgeon made an effort to maintain one-
spot-spaced density. Since FFAwas necessary for the titration

of pulse energy, laboratory exams including renal function test
and HbA1c were performed in all patients at baseline.

All patients also underwent a complete ophthalmologic
examination, including slit-lamp biomicroscopy, SD-OCT
(Cirrus HD-OCT with software version 6.0; Carl Zeiss
Meditec, Dublin, CA, USA), CFP (CF-60UVi; Canon Inc.,
Japan), and fundus autofluorescence (FAF) (Heidelberg
Retina Angiograph 2 [HRA2]; Heidelberg Engineering,
Heidelberg, Germany) at baseline and again at 3 and 6 months
after SRT. SD-OCTwas used to obtain the macular scan in an
area of 6 × 6 mm2 using the 512 × 128 macular cube scan
protocol after pupil dilation. The nine ETDRS subfields, in-
cluding central subfield thickness, were automatically ana-
lyzed with Cirrus software (version 6.0). CFP, FAF, and FFA
(HRA2) were performed at baseline and at 1 h after test spot
irradiation. BCVAwas measured with a standard Snellen chart
and was converted to the logarithm of the minimum angle of
resolution (logMAR) value for analysis.

Fig. 1 Serial changes in the selective retina therapy (SRT) spots on color
fundus photography (CFP) and fundus autofluorescence (FAF). A 76-
year-old woman with diabetic macular edema received panretinal con-
ventional laser photocoagulation (CLP) in the right eye 5 years previous-
ly. No visible SRT spots were seen in the treated area (green circle) and
tested area (yellow circle) on CFP at baseline: a 1 h, b 3 months, c
6 months, and d postirradiation. Retinal hard exudates at the SRT-
treated region were markedly decreased by 6 months after SRT (d). No

visible change was seen on FAF at baseline (e) and 1 h (f), 3 months (g),
6 months (h) postirradiation. Fundus fluorescein angiography (FFA)
showed hyperfluorescence in old CLP spots at baseline (i). While 4 pairs
of SRT test spots (100, 110, 120, 130 μJ) (yellow arrowheads) were
visible around the inferior arcade on FFA, 1 pair of SRT spots (90 μJ)
(green arrowhead) were invisible 1 h after SRT irradiation (j). Magnified
image of SRT test spots (k). Sixty-seven SRT spots of 100 μJ were
applied to cover the area of macular edema.
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A single-session retreatment was performed at 3 months
after initial SRT if there was no reduction in CFT.
Retreatment was performed to cover the whole edematous
area according to the same laser parameters used for the first
irradiation. Rescue treatment with 1.25 mg/0.05 mL intravit-
real bevacizumab injections (Avastin; Roche, Switzerland)
was performed if persistent DME or vision loss of 1 or more
logMAR line were observed at 6 months after the initial SRT.
All patients receiving rescue treatment were followed up at
least 1 month after injection. Any adverse effects, such as
retinal burns, retinal hemorrhage, and choroidal neovascular-
ization, were recorded.

Patients were divided into two groups based on CFT at
baseline. Group 1 was composed of eyes with a CFT <
400 μm, and group 2 was composed of eyes with a
CFT ≥ 400 μm.

Statistical analysis

The change in CFT and BCVA from baseline to months 3 and
6 was assessed in each of the two groups by using paired t-
tests. The Student’s t test was used to compare the baseline
characteristics between the two groups in age, duration of
diabetes, HbA1c, BCVA, and CFT. The chi-square test was
used to compare the baseline characteristics in sex, type of
macular edema, and the number of treatment naïve eyes.
Statistical analyses were performed using SPSS version 18.0
(SPSS Inc., Chicago, IL, USA). A P value of < 0.05 was
considered significant.

Results

Overall, we reviewed 98 eyes of 85 consecutive patients with
clinically significant DME, who were treated with SRT laser.
Of these, 72 eyes of 63 patients were finally included for the
analysis according to inclusion and exclusion criteria. Thirty-
five eyes of 31 patients were classified as group 1, and 37 eyes
of 32 patients were classified as group 2. Overall, 68 eyes of
59 patients with a history of local steroid > 6 months (3 eyes),
or intravitreal anti-VEGF injection > 3 months (38 eyes), or
CLP > 1 year (31 eyes) prior to SRT were included based on
inclusion/exclusion criteria; the number of treatment naïve
eyes was 3 eyes (8.6%) in group 1 and 1 eye (2.7%) in group
2. There was no statistically significant difference in baseline
characteristics between the two groups, except for mean
BCVA and CFT (Table 1).

At 3 months after SRT, group 1 showed a mean reduction
of 24.4 μm in CFT (from 368.8 ± 28.8 to 344.4 ± 32.5 μm;
P < 0.001), whereas group 2 experienced no significant
change in mean CFT (from 540.9 ± 87.6 to 533.4 ± 90.9 μm;
P = 0.33). At 6 months after SRT, group 1 showed a mean
reduction of 45.9 μm in CFT, to 322.9 ± 39.5 μm

(P < 0.001), whereas group 2 again experienced no significant
change in CFT, to 555.5 ± 93.4 μm (P = 0.10). At 6 months,
CFT was reduced by > 5% in 65.7% of eyes in group 1, as
compared to 8.1% of the eyes in group 2 (Fig. 2).

Group 1 experienced mean BCVA gains from 0.43
logMAR at baseline to 0.39 logMAR at month 3 (P = 0.06)
and 0.3 logMAR at month 6 (P < 0.001), whereas group 2
showed no significant changes in mean BCVA at month 3 or
6 (P = 0.26, P = 0.91) (Table 2). At month 6, 74.3% of group 1
had gained ≥ 1 line logMAR visual acuity (VA) from baseline,
and 2.9% of group 1 had lost ≥ 1 line logMARVA; in contrast,
24.3% of group 2 had gained ≥ 1 line logMARVA from base-
line, and 40.5% of group 2 had lost ≥ 1 line logMAR VA
(Fig. 3).

In group 1, additional SRT was performed in 6 of 35 eyes
(17.1%) at 3 months, and rescue bevacizumab injection was
performed in 1 eye (2.9%) at 6 months. In group 2, additional
SRTwas performed in 17 of 37 eyes (45.9%) at 3 months, and
rescue bevacizumab injections were performed in 27 of 37
eyes (73%) at 6 months (Fig. 4). One month after rescue
injections, the mean BCVA was improved from 0.54
logMAR (SD = 0.20) to 0.47 logMAR (SD = 0.20)
(P < 0.001), and the mean CFT was reduced from 573.1 ±
91.4 μm to 484.71 ± 82.2 μm (P < 0.001).

In group 1, the mean pulse energy of first and additional
SRTwere 113.19 μJ (SD = 38.90) and 90.83 μJ (SD = 17.42),
respectively, and the mean number of initial SRT spots and
retreatment spots were 37.36 (SD = 25.56) and 29.33 (SD =
10.81), respectively. In group 2, the mean pulse energy of the
first and additional SRT were 116.89 μJ (SD = 25.51) and
112.0 μJ (SD = 26.62 respectively, and the mean numbers of
initial and retreatment spots were 58.79 (SD = 36.37), and
68.65(SD =26.62) respectively.

No adverse effects from SRT laser were observed in either
group. All SRT spots were invisible during irradiation, and no
evidence of photoreceptor damage was detected by CFP or
OCT findings during the 6-month follow-up period.
Additionally, no change in the SRT-treated region was ob-
served on FAF during the follow-up period (Fig. 1).

Discussion

Although SRT monotherapy has demonstrated promising re-
sults for DME, previous studies did not investigate the effect
of the initial CFT. CFT may influence patient outcomes, as it
does in SMPL. Thus, we evaluated the efficacy of SRT for
DME according to pretreatment CFT. We found that SRT had
a limited effect on severe DME but was effective for improv-
ing BCVA and reducing CFT in mild DME cases during a 6-
month follow-up period.

RPE-targeting lasers, such as SMPL and 2RT, have shown
favorable results in clinical studies of DME [12, 14, 16, 17,
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25, 26, 29, 30]. Interestingly, the patients evaluated in those
clinical studies had DME with mean CFT values in the range
of 275–379 μm. Since the mean baseline CFT prior to SMPL
treatment was < 400 μm in these studies, the efficacy of
SMPL for thicker CFT (≥ 400 μm) was not investigated.
Recently, Mansouri et al. reported that 810-nm SMPL was
effective in DME patients with pretreatment CFT < 400 μm,
as compared to CFT ≥ 400 μm. Although all patients with ≥
400 μm CFT received a rescue bevacizumab injection, no
patients with CFT < 400 μm required rescue treatment from

6 to 12 months during follow-up [27]. In addition, Citirik M
reported that 577 nm SMPL yielded a significant improve-
ment in BCVA and a reduction in CFT in DME patients with
< 300 μm pretreatment CFT; however, patients with CFT ≥
300 μm experienced no significant change in CFT [28].
Although the measurements of central retinal thickness vary,
depending on the different OCT devices or protocol imple-
mented [31], many clinical studies showed that RPE-targeting
lasers, such as SMPL and 2RT, tended to be more effective for
mild DME patients with thinner initial CFT.

Fig. 2 The mean central foveal
thickness compared to baseline.
Changes in the mean central
foveal thickness at 6 months after
selective retina therapy in two
groups defined by baseline central
foveal thickness.

Table 1 Baseline demographics and clinical findings of patients classified according to initial central foveal thickness

Group 1 Group 2 P value

Number of eyes 35 37

Age, years, mean ± SD (range) 65.49 ± 9.22 (48–86) 65.86 ± 8.63 (53–82) 0.86

Sex (%) Male 38.7% / Female 61.3% Male 28.1% / Female 71.9% 0.37

Duration of diabetes, years, mean ± SD (range) 15.29 ± 8.23 (3–31) 16.95 ± 8.97 (2–36) 0.26

HbA1c %, mean ± SD (range) 7.12 ± 0.62 (5.8–7.8) 7.25 ± 0.71 (6.2–7.9) 0.53

Baseline BCVA (LogMAR), mean ± SD (range) 0.43 ± 0.28 (0–1.2) 0.55 ± 0.23 (0.1–1.4) 0.045

Baseline CFT, μm, mean ± SD (range) 368.83 ± 28.77 (283–398) 540.92 ± 87.63 (407–799) < 0.001

Type of macular edema 0.66

Focal, N (%) 5 (14.3%) 4 (10.8%)

Diffuse, N (%) 30 (85.7%) 33 (89.2%)

Number of treatment naïve eyes 3 (8.6%) 1 (2.7%) 0.28

SD, standard deviation; BCVA, best corrected visual acuity; LogMAR, logarithm of the minimum angle of resolution; CFT, central foveal thickness
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Unlike SMPL, the effect of SRT originates from retinal
rejuvenation, similar to 2RT, in terms of RPE restoration after
RPE damage. Although the mechanism of SRT remains un-
clear, the beneficial effect is known to be associated with the
restoration of the outer blood-retinal barrier and the expression
of MMPs, a particularly active form of MMP-2 and other cell
mediators during the RPE healing process [21–23]. The role
of active MMP-2 was known to improve hydraulic conduc-
tivity and transport capabilities through Bruch’s membrane
[19, 21]. After SRT irradiation on an ex vivo model of RPE,
a decrease of VEGF, a major angiogenic stimulator, and an
increase of the pigment epithelium-derived factor, a potent

angiogenic inhibitor, were shown 3 days after treatment.
Additionally, the active form of MMP-2 was upregulated in
the SRT lesion after treatment [21–23]. Theses cell mediators
seem to be associated with the therapeutic effect of SRT for
DME.

Roider et al. reported that SRT induced functional and an-
atomical improvement or stabilization in 84% of DME eyes
with a mean baseline CFT of 276 μm at 6 months after SRT
[13]. Considering that the efficacy of new RPE-targeting la-
sers tends to be greater in DME patients with overall baseline
CFT < 400 μm, we divided patients in this study into 2 groups
using a baseline CFT cut-off of 400 μm.

Fig. 3 Changes in the mean best
corrected visual acuity (logMAR)
compared to baseline. Measured
BCVA at 6 months after selective
retina therapy in two groups de-
fined by baseline central foveal
thickness.

Table 2 The mean best corrected
visual acuity (logMAR) and mean
central foveal thickness at base-
line, 3-months and 6-months
posttreatment in two groups

logMAR BCVA and CFT at baseline, 3 months, and 6 months Group 1(35 eyes) Group 2(37 eyes)

Baseline logMAR BCVA mean ± SD 0.43 ± 0.28 0.55 ± 0.23

3-month logMAR BCVA mean ± SD 0.39 ± 0.30 0.52 ± 0.25

6-month logMAR BCVA mean ± SD 0.30 ± 0.23 0.55 ± 0.24

Baseline CFT Mean ± SD (μm) 368.83 ± 28.77 540.92 ± 87.63

3-month CFT Mean ± SD (μm) 344.43 ± 32.46 533.43 ± 90.86

6-month CFT Mean ± SD (μm) 322.86 ± 39.45 555.51 ± 93.35

Paired t-test: baseline logMAR vs. 3 months 0.055 0.26

Paired t-test: baseline logMAR vs. 6 months < 0.001 0.91

Paired t-test: baseline CFT vs. 3 months < 0.001 0.33

Paired t-test: baseline CFT vs. 6 months < 0.001 0.1

LogMAR, logarithm of the minimum angle of resolution; BCVA, best corrected visual acuity; CFT, central foveal
thickness; SD, standard deviation
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In this study, a mean CFT reduction of 45.9 μm and mean
improvement of 0.13 logMARVAwas shown at 6 months in
group 1; however, there was no significant improvement in
the mean CFT and BCVA of group 2 at 6 months after SRT.
While our previous pilot study showed that BCVAwas main-
tained or improved in 88.2% of SRT-treated eyes with DME at
6 months, there was no significant improvement in reducing
CFT. Although the SRT-treated eyes in the prior study had a
mean baseline CFT of 351.1 μm (SD=110.2) [15], similar to
the mean baseline CFT of 368.8 μm (SD=28.8) in group 1 in
the current study, the baseline characteristics of patients were
different because the range of CFT (221–585 μm) in the pre-
vious study was wider than that (283–398 μm) in group 1 of
the present study.

In the current study, single-session retreatment was per-
formed at 3 months because additional SRT was shown to
influence the reduction of macular thickness positively in a
previous study [15]. In group 1, six eyes (17.1%) received
retreatment at 3 months and showed a reduction in CFT at
6 months (Fig. 5). Only one eye in group 1 received rescue
anti-VEGF injections because of persistent DME at 6 months.
Although 17 eyes (45.9%) in group 2 underwent retreatment
at 3 months, all retreated eyes were given rescue anti-VEGF
injections at 6 months after SRT. While the mean number of
9.9 additional retreatment spots were applied to cover the
enlarged macular edema in group 2, retreatment was not ef-
fective for treating DME, unlike in group 1. Since 88.43 μm
reduction in mean CFT and 0.07 logMAR improvement in
BCVA were measured 1 month after rescue treatment, anti-

VEGF injection was effective for non-responder to SRT in this
study.

Although the mean pulse energy was similar between the
two groups, an average number of 21.4 spots more were need-
ed in group 2 than in group 1 to cover the larger macular
edema, according to the one-spot-spaced irradiation protocol.
In our previous study, we demonstrated that increased auto-
fluorescence in SRT spots noted 1 week after SRT had disap-
peared gradually by the 3-month follow-up [15]. Similar to the
previous study, no change in FAF was observed at the 3- and
6-month follow-ups. No SRT-related adverse effects, such as
retinal burns, retinal hemorrhages, and choroidal neovascular-
ization, were noted in this study.

Even though the cause of a poor response to SRT in pa-
tients with thicker DME is not clear, several possible causes
may be postulated. First, the beneficial effect of SRT is asso-
ciated with the release of various cell mediators during RPE
regeneration after SRT [21, 22]. Thicker DME might dilute
the concentration of the cell mediators, as deduced from stud-
ies of SMPL [27, 28]. Second, since the minimum pulse en-
ergy of SRT is chosen according to the ophthalmoscopic and
angiographic findings for test spots, any discrepancy between
the healthy tested area and the edematous area could induce
undertreatment. In the previous study, this discrepancy be-
tween the healthy test area and the thicker macula with sub-
retinal fluid resulted in occasional undertreatment in patients
with central serous chorioretinopathy (CSC). When adequate
pulse energy was measured in CSC patients with large sub-
retinal fluid by real-time dosimetry, an increase of pulse

Fig. 4 The proportion of eyes that
received retreatment or rescue
treatment in two groups defined
by baseline central foveal
thickness during the 6-month fol-
low-up after selective retina
therapy
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energy was necessary for proper treatment [32]. We speculate
that medium pulse energy rather than minimum pulse energy
might be more effective for thicker DME. Whereas inappro-
priately increased pulse energy for thicker DME can produce
photoreceptor damage, an optimized dosimetry system might
facilitate in fine-tuning the adequate pulse energy by monitor-
ing the instant response of RPE to SRT in real-time [13, 15,
32, 33]. Under- or over-treatment might be avoided by using
real-time dosimetry with complete optimization of dosimetry
in the near future. Third, although adequate pulse energy was
determined from angiographic features of the test spots, intra-
individual differences in the distribution of pigment might
potentially affect the appropriate treatment.

Our study had several limitations, including its retrospec-
tive study design, short-term postoperative follow-up period,

the relatively small sample size, and the small number of
treatment-naïve patients. In addition, although patients’
HbA1c levels were documented at baseline, glycemic control
markers could not be assessed during the follow-up period.

In conclusion, the smaller CFT prior to treatment shows a
higher effectiveness of SRT for DME in improving BCVA and
reducing CFT, as well as decreasing the number of
retreatments and rescue treatments in this study. Therefore,
SRT could be a therapeutic option for mild DME, without
the need for frequent anti-VEGF injections. To our knowl-
edge, this is the first study to report the efficacy of SRT in
accordance with baseline anatomical severity of diabetic mac-
ular edema. However, further prospective randomized clinical
trials with larger sample sizes are necessary to evaluate the
efficacy of SRT based on the anatomical severity of DME.

Fig. 5 A 58-year-old man who
presented with clinically signifi-
cant diabetic macular edema
(DME) in the right eye. a DME
was observed on optical coher-
ence tomography (OCT) at initial
presentation. b At 3 months after
selective retina therapy (SRT),
retreatment was performed be-
cause of the persistent DME after
the first SRT. c DME was mark-
edly resolved 6 months after SRT.
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