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Purpose: The aim of this study was to evaluate 1-year quantitative changes in specific
inflammatory parameters on optical coherence tomography (OCT) / optical coher-
ence tomography angiography (OCTA) in diabetic macular edema (DME) treated with
subthreshold micropulse laser (SMPL).

Methods: Thirty-seven patients / eyes with previously treatment-naïve DME treated
with SMPL were prospectively evaluated at 3, 6, and 12months. Fifteen fellow eyes with
only microaneurysms (MAS) not eligible for treatment were controls. Evaluated OCT
/ OCTA parameters included: central macular thickness (CMT); hyper-reflective retinal
spots (HRS); disorganization of inner retinal layers (DRILs); MA in the superficial / deep
capillary plexuses (SCP/DCP); cysts in the area at the SCP / DCP; and macular perfusion
parameters (MATLAB, version 2017b).

Results: In the treated group, mean best corrected visual acuity (BCVA) progressively
increased from 69.4 ± 12.0 to 76.0 ± 9.1 Early Treatment Diabetic Retinopathy Study
(ETDRS) letters (P < 0.001) at 12 months; HRS decreased from baseline (80.75 ± 20.41)
at 3 (73.81±17.1,P=0.002), 6 (69.16±16.48,P<0.0001), and12months (66.29±18.53,
P < 0.0001). MA decreased at 3 months in the DCP (P = 0.015), at 6 and 12 months in
both plexuses (P≤ 0.0007). BCVA, HRS, andMA remained stable in the controls during all
follow-ups. DRILwaspresent in 18of 37patients at baseline andprogressively decreased
from557.0± 238.7 to 387.1± 282.1μm(P= 0.01). The area of cyst decreasedboth in the
SCP (P = 0.03) and the DCP (P = 0.02). CMT and perfusion parameters did not change.

Conclusions: SMPL reduced the number of HRS (sign of activated microglia cells in
the retina), MA, DRIL extension, and the area of cysts. Further studies are needed to
confirm these preliminary data on the anti-inflammatory effect of SMPL, and to explore
the mechanism of action.

Translational Relevance: The follow-up of OCT/OCTA noninvasive biomarkers offers a
unique insight in themechanism of laser action, suggesting an anti-inflammatory effect
of SMPL.

Introduction

The subthreshold micropulse laser (SMPL)
is a relatively novel retinal laser technique with

documented higher safety for retinal tissue compared
to the conventional continuous wavelength laser.1–6
SMPL does not induce protein coagulation, and,
therefore, prevents formation of retinal scars and
tissue damage.1,7 Even if SMPL has proven to be an
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effective treatment for diabetic macular edema (DME),
in terms of visual function improvement/stabilization
and macular thickness decrease,3,4,8–15 the exact
mechanism of action is still under investigation.
Retinal pigment epithelium (RPE) has been considered
the main target with the consequent release of “heat
shock proteins” (Hsps), in particular Hsp 70.16,17 This
stress-induced response results in the immunomodula-
tion of retinal cellsmetabolism and function, activation
of repair processes, and decrease in the production of
inflammatory cytokines, vascular endothelium growth
factor (VEGF), and matrix metalloproteinases.1,2,17,18
Recently, it has been reported that SMPL reduces the
aqueous humour (AH) concentration of inflammatory
cytokines secreted by retinal glial cells (GLCs), both
Müller cells (MCs) and microglial cells (MGCs) in
eyes with DME.19,20 A decrease in the inner nuclear
layer thickness (INL), where the bodies of MCs are
located, was reported after SMPL.21 Whether this
effect on GLCs is direct or mediated by the RPE
has still to be evaluated and confirmed; however,
these findings suggest that SMPL might be able to
downregulate the inflammatory retinal processes
activated by hyperglycemia in diabetes mellitus
(DM).19,20

The clinical effects of SMPL on the retina in
eyes with DME have been evaluated using standard
imaging techniques, such as color fundus photography,
optical coherence tomography (OCT), fundus autoflu-
orescence (FAF), fluorescein angiography (FFA), and
microperimetry.3,4,9–11,15 However, only one study
reported on the use of OCT angiography (OCTA)
in evaluating microvascular changes occurring after
SMPL treatment in DME.18 In that study, our
group documented early significant changes in some
microvascular parameters (decrease in the area of FAZ,
number of microaneurysms (MAs), and intraretinal
area of cysts), in particular in the deep capillary plexus
(DCP), during 6 months of follow-up after SMPL.18
No data are available on the long-term effect of SMPL
on the retina using OCTA, by quantitative evalua-
tion of specific perfusion parameters using different
software programs.

The aim of the present new study was to evalu-
ate, during a period of 12 months, and in a differ-
ent cohort of patients, specific quantitative changes
in inflammatory and microvascular macular param-
eters in patients with DME treated with SMPL,
by swept source (SS)-OCT and OCTA. Moreover,
novel quantitative methods of OCTA image analy-
ses were adopted for evaluation of perfusion param-
eters, using both MATLAB and ImageJ software
programs.

Methods

Population and Study Design

This study is a prospective, 12-month, longitudi-
nal and consecutive case evaluation of 37 eyes (37
patients) with previously treatment-naïveDME treated
with SMPL. All enrolled patients were evaluated at the
Medical Retina Service, University Hospital Maggiore
della Carità, Novara, Italy, between February 2017 and
March 2019. Fifteen fellow eyes of the same patients
with MAs in the central 3 mm of the macula (not
requiring any treatment for the entire duration of the
study) were recruited as the control group.

Inclusion criteria for the study were: men or women
with age ≥ 18 years; no previous treatment for DME;
central macular thickness (CMT) ≤ 400 μm; patients
with best corrected visual acuity (BCVA) ≥ 78 letters
Early TreatmentDiabetic Retinopathy Study (ETDRS)
score, or patients with BCVA < 78 letters ETDRS
score who refused treatment with anti-VEGF intrav-
itreal injections or could not have anti-VEGF treat-
ment due to contraindications; and patients who
accepted to participate in the study. Exclusion crite-
ria were any other retinal condition different from
diabetic retinopathy (DR); proliferative DR; any previ-
ous retinal surgery/laser treatment; cataract surgery in
the previous 6 months and presence of any degree
of cataract other than initial opacity of the lens
(not significantly affecting visual acuity); glaucoma or
history of ocular hypertension (intraocular pressure
> 21 mm Hg); any systemic neurodegenerative disease
(e.g.multiple sclerosis, Alzheimer’s disease, and Parkin-
son’s disease); uncontrolled systemic blood pressure
(values ≥ 120/80); and significant media opacity
precluding good quality fundus imaging.

All patients underwent a complete eye examination,
including BCVA assessed at 4 meters using standard
ETDRS protocol, dilated slit-lamp fundus examina-
tion with 90D lens, color fundus photography, FAF,
swept source OCT/OCTA, and FFA. All examinations,
except FFA, were performed at baseline, 3, 6, and
12 months after SMPL. FFA was performed only at
baseline.

The standard treatment parameters and re-
treatment criteria had already been described in
detail (100 μm spot size, 5% duty cycle, and 250-mW
power, confluent spots, using a subthreshold 577-nm
yellow light micropulse laser, Iridex IQ 577; Laser
System Iridex Corp, Mountain View, CA).18 This
“high-density” treatment was used to cover the area of
increased macular thickness. Criteria for retreatment
were CMT ≥ 300 μm; decrease in retinal thickness in
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the treated quadrant <20% of the baseline value; and
BCVA decrease ≥ 5 ETDRS letters.

The study adhered to the tenets of the Declaration
of Helsinki andwas approved by the institutional ethics
committee (CE 123-2017); signed informed consent
was obtained from all patients.

Imaging

Color fundus photography, FAF, SS-OCT, and SS-
OCTAwere performed usingDRIOCT/OCT-ATriton
plus (Topcon Medical Systems Europe, Milano, Italy).
The characteristics of this device have been previously
described in detail.18

The following scans were acquired: single 6-mm
high-definition B-scan at 0 degrees and 90 degrees, 6-
mm radial OCT scan (consisting of 12 scans 15 degrees
apart) centered on the fovea, and 3-dimensional 3 × 3
mm OCTA map of the macula.

FFA at baseline was performed with Spectralis
HRA-OCT (Heidelberg Engineering, Heidelberg,
Germany).

OCT Parameters
Following pre-treatment and post-treatment

OCT quantitative parameters were evaluated: CMT
measured within 1 central mm using the instru-
ment automatic segmentation (software version
10.07.003.03); total number of hyper-reflective
retinal spots (HRS), determined within 3 central
millimeters on the horizontal scan using the multi-
point tool on ImageJ software (version 1.51,
http://imagej.nih.gov/ij/; provided in the public domain
by the National Institutes of Health, Bethesda, MD),
after adjusting image brightness and contrast to
enhance HRS visibility; presence and extension of
disorganization of retinal inner layers (DRILs) within
1 central millimiter.22

OCTA Parameters
The following quantitative parameters were evalu-

ated on 3 × 3 mm automatic OCTA slabs before and
after treatment: number of MAs in the superficial capil-
lary plexus (SCP) and in the DCP; area of cysts in both
the SCP and DCP; perfusion density (PD) in both the
SCP and DCP; flow voids in the choriocapillaris (CC
FVs); and perfused capillary density (PCD) in the full
macula slab. All OCTA images were carefully reviewed
to check automatic segmentation of different slabs,
with particular attention to DCP and CC segmenta-
tion, as previously reported.18

MAs were manually counted on OCTA slabs using
the reverse mode (black vessels on white background)
allowing a better visualization.11 The area of the cysts

was measured after manually delimiting the contours
of single retinal cysts in the SCP and DCP using
the caliper tool implemented in the machine software
IMAGENET 6 (version 1.17.9720). All manual evalua-
tions weremade in amasked fashion to the clinical data
of eyes by two retina specialists. In case of disagree-
ment, the final adjudication was given by S.V.

PDs at the SCP and DCP were computed after
excluding the regions occupied by cysts in the corre-
sponding retinal layer. CC FVs were evaluated after
removing projection artifacts caused by the presence
of cysts in the overlying retinal layers (in particular at
the DCP level). These analyses were performed using
MATLAB (version 2017b; MathWorks, Natick, MA)
adopting a previously published method (Fig. 1A).23

An additional analysis of PCD was performed
applying a recently published method using the full
macula slab.24 This further analysis aimed at strength-
ening data on retinal perfusion as less influenced by
the presence of artifacts. First, each OCTA image full
macula slab was opened in ImageJ analysis software
and the FAZ profile was manually outlined using the
free-hand selection tool in order to create an FAZ
mask. Then, global thresholding was applied using
MATLAB to obtain a binary image aimed at isolat-
ing noncapillary blood vessels (that had to be excluded
from the final computation of PCD). After the removal
of the area corresponding to the FAZ and noncapil-
lary blood vessels, local thresholding was applied for
the automatic segmentation of macular perfused capil-
laries and PCD (%) was quantified as the ratio between
perfused capillary area and total remaining area ×
100% (Fig. 1B).

Statistical Analyses

The study parameters have been summarized as
mean and SD. Changes over time of quantitative
variables were evaluated by means of analysis of
variance for repeated measures (ANOVA). Patient
group (treated and controls) and time elapsed from
the first visit were assumed as independent factors.
The interaction between patient’s grouping and time
was assessed to establish the presence of difference in
temporal trends of the variable under consideration
between treated and control patients.

Differences in the average baseline values between
treated patients and controls were assessed by two-
tailed unpaired t-test.

Differences in treated patients between average
baseline values and values at 3, 6, and 12 months
of follow-ups were assessed with two-tailed t-test for
dependent variable with Bonferroni’s correction for
multiple comparisons.

http://imagej.nih.gov/ij/
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Figure 1. MATLAB (version 2017b, Mathworks, Natick, MA) analyses performed on OCTA images of the same patient (left eye) to evaluate
macular perfusion parameters. (A) First method of analysis: automatic detection and demarcation of cyst area in the en-face DCP image;
the area of the cyst was then excluded from final computation of perfusion parameters. (B) Second method of analysis: OCTA image of the
full macula slab in which the area corresponding to FAZ (identified by red boundaries) and noncapillary blood vessels (identified by green
boundaries) was excluded from final computation of PCD. OCTA, optical coherence tomography angiography; DCP, deep capillary plexus;
FAZ, foveal avascular zone; PCD, perfused capillary density.

All statistical analyses have been made using Statis-
tica version 6.0 (StatSoft Inc., Tulsa, OK) using a two-
sided type I error rate of P = 0.05.

Results

All 37 eyes treated with SMPL and 15 control eyes
(with DM type 2) were included in the final analy-
sis. All patients were of Caucasian ethnicity and had
type 2 DM and moderate nonproliferative DR accord-
ing to the International Clinical Diabetic Retinopathy
Disease Severity Scale.25 All the patients were evalu-
ated by an experienced retina specialist (S.V.). FFA
performed at baseline excluded the presence of signif-
icant ischemic retinal areas in the posterior pole and
periphery. In the treated group, 18 patients were men
and 19 were women; in the control group, 12 were men
and 3 were women. Mean age of patients was 69.1
± 11.0 years, mean duration of DM was 15.9 ± 9.4
years, and HbA1c was 7.5 ± 1.18%. Mean BCVA in
the treated group at baseline was 69.4 ± 12.0 ETDRS
letters score with significant increase over time (72.8
± 10.8 at 3 months, mean gain +3.4 ± 7.3 ETDRS
letters, P = 0.009; 74.4 ± 9.4 at 6 months, mean gain
+5.0 ± 8.3 ETDRS letters, P = 0.0007; and 76.0
± 9.1 at 12 months, mean gain +6.6 ± 8.4 ETDRS

letters, P < 0.0001). Mean BCVA in the control group
remained stable over time (75.9 ± 8.6 ETDRS letters
score at baseline, 76.7 ± 7.1 at 3 months, 76.5 ± 6.1
at 6 months, and 76.6 ± 6.0 at 12 months; P > 0.05).
Mean BCVA at baseline did not significantly differ
between the two groups (P = 0.06). BCVA change over
time was significantly different between the two groups
(P = 0.01; Fig. 2A).

Tables 1 and 2 show mean values of all quantitative
parameters evaluated onOCTandOCTA in the treated
group during the period of 12 months. The number of
HRS significantly decreased during the follow-up in the
treated group (P= 0.002 at 3months, andP< 0.0001 at
6 and 12 months), whereas it remained stable in the
control group. HRS number change over time was
significantly different between the two groups (P <

0.001; Fig. 2B). The number of MAs decreased signif-
icantly both in the SCP and in the DCP in the treated
group. This decrease was detected at 6 months (P =
0.0007) and at 12 months (P < 0.0001) in the SCP;
in the DCP, the significant decrease was detected as
early as 3 months after treatment (P = 0.015) and was
maintained during all follow-up visits (P < 0.0001 at 6
and 12 months). In the control group, MAs remained
stable in the SCP (2.0 ± 2.5 at baseline, 2.1 ± 2.3 at
3 months, 2.1 ± 2.3 at 6 months, and 2.1 ± 2.3 at
12 months) and DCP (6.1 ± 3.2 at baseline, 6.7 ± 3.8
at 3 months, 6.9 ± 3.3 at 6 months, and 7.1 ± 3.5 at
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Figure 2. Box-plots showing BCVA (A), number of HRS (B), MA in the SCP (C), and MA in the DCP (D) at baseline, 3, 6, and 12 months
after SMPL treatment and in the control group. BCVA, best corrected visual acuity; HRS, hyper-reflective retinal spots; MA, microaneurysm;
SCP/DCP, superficial/deep capillary plexus; SMPL, subthreshold micropulse laser.

Table 1. OCT Parameters Before and After Subthreshold Micropulse Laser

Parameter Baseline 3 Months 6 Months 12 Months

CMT 304.95 ± 50.69 302.29 ± 44.53 304.13 ± 51.1 294.49 ± 39.8
HRS 80.75 ± 20.41 73.81 ± 17.1a 69.16 ± 16.48b 66.29 ± 18.53c

DRIL 557.0 ± 238.7 465.5 ± 268.2 462.1 ± 312.1 387.1 ± 282.1c

aP = 0.002.
bP < 0.0001.
cP = 0.01.
P values are referred to baseline.
Values are represented in mean ± standard deviation. CMT and DRIL are expressed in micrometers.
OCT, optical coherence tomography; CMT, centralmacular thickness; SCP/DCP, superficial/deep capillary plexus; DRIL, disor-

ganization of retinal inner layers.

12 months). The MA number change over time was
significantly different between the two groups (P <

0.001; Figs. 2C, 2D). The inter-grader agreement was
almost perfect (k > 0.9) for all manual evaluations.

At baseline, DRIL was present in 18 patients
(48.6%) treated with SMPL. Mean DRIL extension
at baseline was 557.0 ± 238.7 μm; it progressively
decreased during the follow-up reaching statistical
significance at 12 months (P= 0.01; Fig. 3). A decrease
in DRIL extension was found in 15 of 18 patients
(83.3%) and a complete resolution in 3 of 18 patients
(16.6%).

The area of the cysts significantly decreased starting
from month 6 both in the SCP (P = 0.004 at 6 months
and P = 0.03 at 12 months) and in the DCP (P = 0.003
at 6 months and P = 0.02 at 12 months).

No significant changes were found as for the CMT,
PD in SCP and DCP, PCD, and CC FV.

Thirty-one patients (83.8%) needed re-treatment.
Mean number of SMPL treatments was 2.19 ± 0.7
during 12 months. No FAF signs of treatment were
detected at any examination.

No eye, neither in the treated group nor in the
control group, needed any additional treatment (i.e.
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Table 2. OCT-Angiography Parameters Before and After Subthreshold Micropulse Laser

Parameter Baseline 3 Months 6 Months 12 Months

MA SCP 2.7 ± 1.6 2.3 ± 1.5 1.7 ± 1.3a 1.3 ± 1.3b

MA DCP 9.2 ± 4.9 7.9 ± 3.7c 6.2 ± 3.7b 4.8 ± 3.2b

Cysts area SCP 96.65 ± 110.18 76.09 ± 109.49 62.96 ± 84.74d 62.20 ± 100.77e

Cysts area DCP 433.09 ± 397.10 377.27 ± 371.85 316.83 ± 272.92f 308.98 ± 290.6g

PD SCP 25.57 ± 3.07 25.47 ± 3.15 25.29 ± 2.8 25.88 ± 2.78
PD DCP 31.92 ± 8.65 29.94 ± 4.97 30.05 ± 4.67 31.97 ± 7.14
PCD 44.41 ± 4.81 43.81 ± 6.0 44.89 ± 4.21 44.2 ± 4.75
FV CC 34.9 ± 4.05 34.93 ± 4.83 35.37 ± 3.94 33.48 ± 5.87

aP = 0.0007.
bP < 0.0001.
cP = 0.015.
dP = 0.004.
eP = 0.03.
fP = 0.003.
gP = 0.02. P values are referred to baseline.
Values are represented in mean ± standard deviation. Cysts area is expressed in square micrometers, PD, PCD, and FV in

percentage.
OCT, optical coherence tomography; SCP/DCP, superficial/deep capillary plexus;MA,microaneurysm; PD, perfusion density;

PCD, perfused capillary density; FV, flow void; CC, choriocapillaris.

Figure3. Box-plots showingDRIL extensionatbaseline, 3, 6, and12
months after SMPL treatment in 18 patients with presence of DRIL in
the one centralmmat baseline. DRIL, disorganization of inner retinal
layers; SMPL, subthreshold micropulse laser.

anti-VEGF, steroids, and/or conventional laser) for
DME and/or DR during the entire duration of the
study.

Discussion

In the present study, we report on changes in
macular inflammatory and microvascular parameters

in eyes with DME, up to 1 year after SMPL treat-
ment (Fig. 4 and Fig. 5). In particular, a significant
decrease in the number of HRS, extension of DRIL,
number of MAs (especially in the DCP), and the area
of the cysts, was documented. To the best of our knowl-
edge, only one previous study (from our group), using a
different cohort of patients withDMEandwith shorter
follow-up, evaluated the use of OCTA to investigate
the clinical effects of SMPL, documenting earlier and
more pronounced changes in somemacular parameters
(FAZ area, number of MAs, and area of the cysts) in
the DCP than in the SCP up to 6 months after treat-
ment.18

DR is a complex multifactorial disease, in which
inflammation plays an important role.26,27 Several
noninvasive imaging biomarkers of inflammation in
the retina have been studied in patients with DR and
DME.28 These include HRS, visible on OCT, and
considered the signs of activated microglial cells in
the retina.29 These HRS have peculiar features, such
as dimension <3 0 μm, reflectivity similar to that of
the nerve fiber layer, absence of back-shadowing, and
location in both the inner and outer retina.29 Previous
studies have demonstrated a decrease in the number
of HRS after treatment with both intravitreal dexam-
ethasone and anti-VEGF drugs23,30,31; however, no
evidence has been reported so far regarding the effect
of SMPL on HRS during long-term follow-up. In this
study, a progressive decrease in the number of HRSwas
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Figure4. Images of the left eyeof apatientwithDMEat baseline (top row) and3 (second row), 6 (third row), and12months (bottomrow) after
SMPL treatment showing a progressive reduction of intraretinal cysts andMAs in the DCP and resolution of serous neuroretinal detachment.
In this patient, DRIL was not present at baseline. (A) Horizontal structural OCT scan; (B) OCTA SCP slab; (C) en face SCP slab; (D) OCTA DCP
slab; and (E) en faceDCP slab. DME, diabeticmacular edema; SMPL, subthresholdmicropulse laser;MAs,microaneurysms;DCP, deep capillary
plexus; HRS, hyper-reflective retinal spots; DRIL, disorganization of inner retinal layers; OCTA, optical coherence tomography angiography;
SCP, superficial capillary plexus.

documented up to 1 year after treatment with SMPL.
This may support the hypothesis of a possible anti-
inflammatory effect of SMPL on the retina, as postu-
lated in recent studies reporting a reduction in pro-
inflammatory molecules released by GLC in the AH
of eyes with DME (glial fibrillary acidic protein, Kir
4.1, regulated and normal T cell expressed and secreted,
macrophage inflammatory protein-1α, Fas ligand, and
VEGF), suggesting that the metabolic activity of both
the macroglia and the microglia may be improved by
SMPL.19,20 However, the RPE has been considered the
main target of SMPL with consequent modifications
of retinal cells’ metabolic activity and changes of gene
expression and protein secretion.1,2,17,18 As the present
study was not designed to evaluate the anatomic target
of SMPL, we could only speculate on a possible effect
on GLC through reduction of HRS and MA in the
DCP.18 Further studies are needed to confirm this
hypothesis and determine whether this action is direct
on GLC or indirect through the stimulation of RPE.

The number of MAs decreased significantly both in
the SCP and DCP, despite not being directly treated
by SMPL, as previously reported.18 MA decrease was

more precocious in the DCP (starting from the third
month after treatment) and continued during the entire
follow-up (12 months). Recent studies by Parravano
et al. demonstrated that MAs visible on OCTA in the
DCPmay correspond to hyper-reflectiveMAs on struc-
tural OCT and were interpreted as leaking MAs with
a high blood flow rate.32 It has been speculated that
hyper-reflective MAs could have a higher inflamma-
tory component resulting in early and acute blood-
retinal barrier impairment.33 MCs have a key role in
the regulation of retinal homeostasis and their activa-
tion in response to neuroinflammatory local changes
can influence the blood-retinal barrier function at the
level of intermediate capillary plexus and DCP (all
located and interconnected with the bodies of MCs
at the level of the INL).34 Thus, improvement of MC
function can have a beneficial effect also at the DCP
level,26,35 with consequent reduction in the number of
MAs.18 Moreover, a previous study evaluating single
retinal layer changes after SMPL, had documented the
greatest reduction in thickness at the level of the INL at
12 months.21 In the present study, no significant
reduction in CMT was documented after treatment.
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Figure 5. Images of the left eye of a patientwithDME at baseline (A) and 12months after SMPL treatment (B) showing the reduction of HRS
(just a few of the HRS highlighted by yellow arrows at baseline), complete resolution of serous retinal detachment and disappearance of a
perifoveal microaneurysm (highlighted by a red arrow at baseline). At the 12-month visit, all retinal layers are clearly discernible and no DRIL
is present. DME, diabetic macular edema; SMPL, subthreshold micropulse laser; HRS, hyper-reflective retinal spots; DRIL, disorganization of
inner retinal layers.

However, the thickness of single retinal layers has not
been evaluated due to the intrinsic limit of the used
OCT instrument. Even if no reduction in CMT (evalu-
ated only in the onecentral millimeter of the macula)
was found, the area of the cysts (evaluated in the entire
3 × 3 mm en face image) significantly decreased both
in the SCP and in the DCP starting from month 6 and
with greater decrease in the DCP.

The re-treatment was needed in 83.8% of patients
during the 12 months of follow-up, according to the
re-treatment criteria described in the Methods section.
However, this fact does not increase the risk of retinal
damage when standard laser settings are used (as in the
present study).11

Almost half of the patients (48.6%) had DRIL in
the 1 central millimeter at baseline. DRIL isent consid-
ered to be a sign of neurodegeneration in DR and it
was proposed to present disorganization/destruction
of cells located within inner retinal layers, leading
to dysfunction of visual pathways between photore-
ceptors and ganglion cells.22,36 A decrease in DRIL
extension is considered an important prognostic and
predictive factor of visual acuity recovery after treat-
ment in DME.22,36 In this study, the extension of
DRIL progressively decreased after treatment, reach-
ing statistical significance at 12 months. In particu-

lar, a decrease in DRIL extension was found in 15 of
18 patients (83.3%) and a complete resolution in 3 of
18 patients (16.6%). In recent studies, a positive effect
on DRIL extension was documented after intravitreal
Dexamethasone implant, which was probably due to
the reduction in retinal inflammation.23,37 This anti-
inflammatory effect was hypothesized through both
suppression of microglial reactivity, with a consequent
protective effect on retinal neurons, and improvement
in Müller cells’ architecture.23,37

In the present study, no changes were detected
in retinal and choroidal perfusion parameters after
compensating for possible artifacts and using differ-
ent methods of analysis. This may further strengthen
the hypothesis of a predominant action of SMPL on
the inflammatory component of DME. However, data
on macular perfusion obtained through the analyses
of OCTA images should be interpreted with caution,
as a lack of finding significant changes after treatment
could be due to insufficient sensitivity of the instru-
ment itself and not to the effective lack of modifica-
tion of a specific parameter.38 There are limited data
in the literature on the use of OCTA in the evalua-
tion of DME treatment.23,39 Lee et al. were the first
to evaluate separately the SCP and DCP in DME
after treatment with anti-VEGF reporting a greater
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extent of microvascular damage in the DCP (reduced
perfusion and a higher number of MAs) in eyes with
poor response to treatment.40 In addition, later studies
confirmed the usefulness of OCTA in the assessment
of DME, despite the risk of misinterpretation of data
due to artifacts determined by the presence of intrareti-
nal fluid.41 However, to the best of our knowledge,
this is the first study to apply different quantitative
and mainly automatic methods of analyses on differ-
ent retinal layers and choroid to evaluate treatment
response to SMPL.

Major limits of the present study include the
relatively low number of examined eyes and the
presence of the control group for BCVA, HRS, and
MAs (the fellow eyes with MA in the macula not
needing any treatment during the study). We would
like to acknowledge that this study did not aim at
evaluating the efficacy of SMPL treatment, thus it
was not designed as a randomized controlled trial.
However, the use of a prospective longitudinal design,
methods aimed at compensating for possible artifacts,
and different methods of analysis in the evaluation of
OCTA images strengthen the obtained results.

In conclusion, the present study aimed to evalu-
ate long-term quantitative changes in OCT and OCTA
parameters in DME treated with SMPL. A significant
decrease in the number of HRS and MAs, in partic-
ular in the DCP, the area of the cysts, and extension
of DRIL was found. These findings may be due to a
possible anti-inflammatory effect of SMPL through the
improvement of GLC metabolism/activity. Thus, this
study documented the presence of quantifiable retinal
biomarkers of response to SMPL treatment. Further
studies are needed to confirm these preliminary
data.
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