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Abstract

Purpose: The purpose of the study is to describe visual and anatomic outcomes of 5774nm
micropulse laser photocoagulation in eyes with either treatment-naive or refractory diabetic

macular edema (DME]) at 3months.

Methods: This was a prospective case series that recruited 23 consecutive patients (33 eyes)
with center-involved DME that was either treatment-naive or had not responded to prior
treatment. Micropulse therapy was performed with the Easy Ret 577 (Quantel Medical, Cournon
d'Auvergne, France] diode laser in a high-density manner in eyes with treatment-naive or
refractory DME. The primary outcome was the change of best-corrected visual acuity (BCVA;
logMAR) at 1 and 3months. Secondary outcomes were changes in the central macular thickness
(CMT), thickness area, macular volume, and macular capillary leakage at 1 and 3 months.
Results: There were no significant changes in BCVA at 3months, with mean = standard
deviation (SD) of -0.08 +0.01 (p =0.228) and + 0.01 =0.01 (p = 0.969] for treatment-naive and
refractory groups, respectively. The change in CMT at 3months was statistically but not clinically
significant in the treatment-naive group only (mean = SD; -30 = 130um; p=0.011). The macular
volume and area thickness change were not statistically significant ([p =0.173 and p = 0.148 for
macular volume and area thickness, respectively) in the treatment-naive group. There was no
difference concerning the leakage area in both groups. No adverse events were reported.
Conclusion: We concluded that micropulse 577nm laser therapy maintained the visual acuity
and macular thickness at 3months in both treatment-naive and refractory DME.
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Introduction

The main cause of visual loss in patients with dia-
betes mellitus (DM) is diabetic macular edema
(DME), with a 10-year cumulative incidence of
20.1% and 25.4% for patients with type 1 and 2
diabetes, respectively.!”> Argon laser treatment
was the treatment of choice for many years, as it
resulted in a 50% reduction in moderate visual

loss.#> Intravitreal anti-vascular endothelial
growth factor (VEGF) and steroids are the cur-
rent treatment of choice, and their efficacy is
demonstrated by several clinical trials; ¢! how-
ever, DME is sometimes resistant to these thera-
pies and may require other treatment modalities.
Recent trials showed higher visual improvement
rates (gain of =10 letters in up to 44% of patients
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at 3years) with conventional macular laser, sug-
gesting that this procedure is still useful and can
improve vision.12:13

The conventional laser uses continuous-wave
energy producing a visible burn on the retina,
which has several complications such as visual field
loss, expanding scars, choroidal neovascularization,
and subretinal fibrosis.> In an attempt to improve
the efficacy and reduce these adverse events, the
subthreshold diode micropulse laser has been intro-
duced.!* This strategy has two properties, which
are shorter exposure time and a subvisible clinical
endpoint, delivering the energy by dividing the
beam into a series of short pulses (100—300us).
Every single pulse has an “on and off” duration
(duty cycle (DC)), enabling tissues to cool down
before the next pulse.!1¢ This is a tissue-sparing
technique as it avoids protein coagulation and
induces a controlled thermal elevation of the retina
that theoretically stimulates the retinal pigment
epithelium (RPE) only,!”!8 reducing biomarkers
(expressed by Miller cells) in treated DME eyes.
In addition, a significantly smaller amount of
pro-inflammatory molecules produced by the
microglia-like macrophage inflammatory proteins
(MIP)-1a., Fas ligand (FasL), regulated on activa-
tion normal T cell expressed and secreted
(RANTES), and VEGF have also been found in
eyes with DME treated with this technology, sug-
gesting that this treatment strategy acts by reducing
Muller cells activation.!%20 Friberg and Karatzal®
first showed the clinical application of micropulse
(810 nm) laser for DME. Since then, many studies
have revealed the apparent efficacy of this method
in stabilizing visual acuity and reducing macular
edema.16:21-26 The 577 nm yellow wavelength is not
absorbed by the xanthophyll pigment in the macula
and is different from the 810 nm wavelength (used
very widely) because it is better absorbed by RPE
melanin.?3 Its safety was also demonstrated, allow-
ing retreatment sessions and application directly to
the center of the fovea.?2:27

The study aimed to evaluate short-term visual
and anatomic effects of subthreshold 577 nm
micropulse laser photocoagulation in eyes with
treatment-naive and refractory DME.

Patients and methods
Study design

This was a prospective case series conducted on
33 eyes of 23 consecutive patients diagnosed with

either treatment-naive or refractory DME at the
retina service of the Mexican Institute of
Ophthalmology, Queretaro, Mexico, from
October 1, 2018, to July 2019. The study com-
plied with the Declaration of Helsinki, and the
ethics committee of the Mexican Institute of
Ophthalmology approved the study (CE/028-
1/2019). We explained the purpose of our study
to the patients, and all participants gave a written
informed consent.

Eligibility and exclusion criteria

The eligibility criteria included patients with at
least 18years or more with type 1 or 2 DM,
best-corrected visual acuity (BCVA) of 20/400 or
better, and center-involved DME defined as a
central macular thickness (CMT) of >250 but
<700um measured by spectral-domain optical
coherence tomography (SD-OCT; Revo NX;
Optopol Technology SA, Zawiercie, Poland). Both
treatment-naive and refractory DME (two groups)
were included. The latter was defined as less than
five letters gain in visual acuity or reduction of
less than 50pum or 10% of retinal thickness on
SD-OCT with persistent intraretinal and subreti-
nal fluid measured 1 month after at least three
ranibizumab (0.3mg of Lucentis; Novartis,
Pharma AG, Basel, Switzerland) injections that
were given at monthly intervals.”-2® Patients with
any level of non-proliferative diabetic retinopathy
or proliferative diabetic retinopathy with adequate
panretinal photocoagulation (PRP) and no signs
of disease activity determined by fluorescein angi-
ography (FA) were also included. Exclusion crite-
ria included monocular eyes, chronic renal failure
or renal transplant because of diabetic nephropa-
thy, glycated hemoglobin (HbAlc) of more than
10%, vitreomacular traction syndrome, epiretinal
membrane, PRP within 4 months before the treat-
ment, and intraocular surgery within 6 months,
including cataract or vitreoretinal operation.
Patients with other retinal vascular diseases,
rubeosis iridis, severe glaucoma, high-risk prolif-
erative diabetic retinopathy, poor dilation,
increased foveal avascular zone, or any condition
that could interfere with OCT measurement or
visual acuity were also excluded.

Subjects, follow-up, and measure outcome

Thirty-three eyes of 23 patients with a diagnosis
of DME were included. Twenty-two (66.7%)
were female. Mean = standard deviation (SD)
age was 61 *8.9 (range=39-77) years and
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Table 1. Baseline characteristics among groups (N = 33).

Variable Mean =SD p?
Treatment-naive (n=18) Refractory (n=15)
Age (years) 59 +7.6 63+10.3 0.308
Sex, n (%)
Female 13(72.2) 9 (60) 0.458
Male 5(27.8) 6 (40) 0.425
HbA1c (%) 7.8+0.5 7.6=0.9 0.457
Lens status, n (%) 0.678
Phakic 12 (66.7) 11(73.3)
Pseudophakic 6 (33.3) 4 (26.6)
DME type, n (%) 0.665
Cystoid macular edema 14 (77.8) 13 (86.7)
Neuroepithelial detachment 4(22.2) 2(13.3)
DR, n (%) 0.85
No DR 0(0) 116.7)
Mild NPDR 1(5.6) 11(6.7)
Moderate NPDR 1(5.6) 0 (0)
PDR with previous laser 16 (88.9) 13 (86.7)
Laser parameters
Number of spots 525.9 = 197.5 489.4=277.3 0.662
Fluence, J/cm? 28.6+8 26510 0.508
Power, mW 626.5+135 670 £187.4 0.445

DME, diabetic macular edema; DR, diabetic retinopathy; HbA1lc, glycosylated hemoglobin; J/cm?, Joule/square
centimeters; LogMAR, logarithm of the minimum angle of resolution; ym, micrometer; mms3, cubic millimeter; mW, milli
watt; n, number; NPDR, non-proliferative diabetic retinopathy; %, percentage; PDR, proliferative diabetic retinopathy; SD,

standard deviation.

aStudent’s T test for quantitative variables and %2 and Fisher’s exact test for qualitative variables, as appropriate.

mean = SD of HbAlc was 8.7 £0.8 (range =7—
9.9%). Baseline demographic and clinical charac-
teristics among groups (15 and 18 eyes with
treatment-naive and refractory DME respec-
tively) are described in Table 1.

Baseline ophthalmic examination included meas-
urement of the BCVA by a Snellen chart (con-
verted to the logarithm of the minimum angle of
resolution (logMAR) for statistical analysis), com-
plete ophthalmologic examination, FA, and

SD-OCT. Angiograms were provided by the fun-
dus camera (Zeiss Fundus Camera FF 450 plus,
Jena, Germany). OCT evaluation was performed
with the SD-OCT (Revo NX; Optopol Technology
SA). CMT was described as the mean thickness of
the neurosensory retina in the central 1 mm diam-
eter area determined by the three-dimensional
(3D) macular protocol, and high-definition linear
scans were analyzed for the evaluation of struc-
tural macular changes. Area thickness and macu-
lar volume were defined as the overall average
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macular thickness and macular volume over the
entire grid area which were obtained from the
software output. Color fundus photography (45°)
and FA were used to evaluate reduction of exu-
dates and macular capillary leakage areas, respec-
tively. One author (A.A.-G.) performed the OCT
and FA analyses, whereas the two others (J.Q.-M.
and D.V.-C.) performed the laser treatments,
reducing the observer bias. All examinations were
performed at baseline, 1 and 3 months.

Objectives

The primary endpoint was the change of BCVA
(logMAR) at 1 and 3months in both groups,
whereas the secondary endpoints were changes of
CMT, area thickness, and macular volume (deter-
mined by the OCT 3D protocol) at 1 and 3 months.
Other secondary outcomes were changes in macu-
lar capillary leakage observed with FA. All adverse
events were reported.

Laser treatment technique

All laser procedures were performed in a darkened
room. At first, 0.8% tropicamide and 5% phenyle-
phrine (T-P Ofteno©, Sophia Laboratories,
Guadalajara, Mexico) were used to dilate the pupil
20 minutes before the procedure. All eyes were
anesthetized with topical 0.5% tetracaine hydro-
chloride (Ponti-Ofteno©; Sophia Laboratories)
drops. Volk Area Centralis contact lens (Volks
Optical Inc., Mentor, Ohio, USA) was used in all
the patients. The eyes were treated with the Easy
Ret 577 (Quantel Medical, Cournon d’Auvergne,
France) diode laser. The program was set in sub-
liminal mode (micropulse), and a first test laser
burn (continuous-wave mode of 200 ms) with 100—
150 um spot size was applied outside the vascular
arcade and then the power was increased until a
mild visible laser burn was seen. The power was
reduced to 50% (micropulse mode), and a 5% DC
was used. The laser was delivered together in an
8 X 8 pattern mode with high density (Opum of spac-
ing) over the entire area of macular edema, includ-
ing the foveal center and unthickened (200um)
retina with no attempt to target or avoid microa-
neurysms. The laser treatment was performed once
in both treatment-naive and refractory DME
group, without any retreatment sessions.

Rescue therapy
Rescue treatment (with intravitreal dexamethasone
implant or anti-VEGFs injection as appropriate)

was allowed in both groups if the CMT increased
more than 200 um from baseline at any point dur-
ing the study or if a loss of more than one Snellen
line occurred related to DME.

Statistics

Numerical data were expressed as measures of
central tendency and dispersion while categorical
variables as absolute and relative frequencies.
Data were tested for normality using a Shapiro—
Wilk test. Fisher’s exact and Student’s T test were
used for comparison between the groups. The p
value below 0.05 was considered statistically sig-
nificant. Statistical analysis was performed using
Stata® version 15.1 (StataCorp. 2015, Stata
Statistical Software: Release 15, College Station,
Texas, USA: StataCorp LP) and GraphPad
Prism software Version 8.4.2 (GraphPad Software
Inc., La Jolla, CA, USA).

Results

There were no statistically significant differences
in baseline values of BCVA (p=0.093), CMT
(p=0.208), macular volume (p=0.901), and
area thickness (p = 0.819). Similarly, HbAlc val-
ues (p=0.457) and DME type (p =0.423) were
not statistically different between the both groups.

For eyes with treatment-naive DME, baseline vis-
ual acuity improved from (mean *=SD) 0.84 £ 0.4
to 0.76 £ 0.4 at 3 months, and for eyes with refrac-
tory DME, visual acuity changed from 0.63 0.3
to 0.64 = 0.3. In both groups, there were no sig-
nificant changes in BCVA at 3 months (mean = SD:
-0.08 £0.01, p=10.228 and mean = SD: +0.01 =
0.01, p=0.969, for treatment-naive and refractory
groups, respectively) (Figure 1).

Baseline CMT improved from (mean =+ SD)
420+121 to 390x130um at 3months in the
treatment-naive group, and in the refractory
group, CMT reduction was less (from 364 + 125
to 352+ 130um) at 3months. The mean CMT
change (mean*SD) was =30+ 125 and —-12*
128um after 3months in naive and refractory
groups, respectively (p=0.011 and p=0.34,
respectively; Figure 1). The change in CMT at
3months was statistically significant only in the
treatment-naive group (p=0.011) (Figure 1).

The macular volume and area thickness showed
no variation at 3 months in the refractory group,
but a tendency to reduction was observed in the
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Figure 1. Main outcome measures among groups (visual acuity in LogMAR, central macular thickness, area
thickness, and macular volume) at baseline, 1, and 3months. P values show the difference between baseline

measure and the third month.

treatment-naive group; however, the variations
were not significant (p=0.173 and p=0.148,
respectively in the treatment-naive group). There
was no significant difference concerning the leak-
age area and exudation after the treatment in both
groups; however, a few eyes (two eyes) showed a
minimal decrease in exudation (Figure 2).

The difference among both groups was not sig-
nificant for BCVA (p=0.31) and CMT values
(p=0.41) at 3months, as well as other parame-
ters such as macular volume (p=0.82) and area
thickness (p=0.38) at 3months. Six eyes had
moderate visual loss (two and four in the treat-
ment-naive and refractory group, respectively) at
the third month and needed rescue therapy; no
other severe adverse events related to treatment
were reported. Fundus color photographs and FA
images were compared, and no laser damage was
detected (Figure 3). Other complications like
choroidal neovascularization, intraretinal hemor-
rhage, foveal burn, and subretinal fibrosis were
not observed. A slightly improved fluorescein
leakage was observed in few eyes with treatment-
naive DME.

Baseline

Figure 2. Optical coherence tomography (3D macular
scan): left eye of a patient with center-involved
treatment-naive diabetic macular edema at baseline
and good anatomical response at 3months (central
macular thickness reduction of -83 pm).

Discussion

Subthreshold micropulse laser is a tissue-sparing
modality to treat DME. Unlike conventional
focal laser therapy, no standard protocol for laser
settings in micropulse treatments has been
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12 weeks

Baseline

Figure 3. Fundus color photographs images: left
eye of a patient with center-involved treatment-
naive diabetic macular edema at baseline and mild
changes on fundus exam at 3 months (decrease on
focal hard exudates, blue arrow).

elucidated.?%2° Theoretically, yellow (577 nm)
wavelengths are ideal for macular tissue because
they are better absorbed by melanin and hemo-
globin and much less by macular xanthophylls.
Its wavelength is outside the absorption spectrum
of macular xanthophylls, which allows the treat-
ment to be applied near or even directly to the
fovea.21:24

Regarding our primary outcome (BCVA changes
at 3months; Figure 1), we found no significant
and nonclinical change after 3 months of follow-
up in both groups without any intergroup differ-
ence (mean=* SD: —0.08+0.01, p=0.228 and
mean = SD: +0.01 =0.01, p=0.969, for treat-
ment-naive and refractory patients, respectively),
which could be interpreted as a stabilization of
the visual function, with no changes during this
short period of time. Many authors reported vis-
ual function data after the procedure, showing
that it remained stable at 6 and 12 months of fol-
low-up;15:22:29-36 these results are very similar to
ours and to some reported clinical trials.?437 From
the morphological point of view, no visible lesions
were detected on fundus examination and other
imaging modalities (color fundus photos, FA, and
SD-OCT). Our study did not demonstrate any
clinically significant difference (despite the statis-
tical difference in the treatment-naive group at
12weeks) in CMT (mean = SD: =30 %+ 125 and
—12 *= 128 um in the treatment-naive and refrac-
tory groups, respectively; p=0.011 and p = 0.34),
thickness area, and macular volume at 3 months
and between the groups, which is very similar to
many studies.?22429-35,37-39 Although, by now, we
know that an anatomical reduction of macular
edema is not always followed by an improvement
in visual acuity, the relationship between these
two variables is weak.® On the contrary, few

reports showed a more important visual and ana-
tomic response,?>29 but some of them did not use
micropulse laser as a monotherapy.36-41

As this modality of treatment does not apparently
produce any tissue damage, it can be repeated,
which is very important. The time of retreatment
period in most studies was about 2-4months
(Tables 2 and 3), and some studies reported that
almost 77% of patients even needed two retreat-
ment sessions.?%3235 This observation could be
related to the maximum effect of the procedure,
during the first months. Regarding the safety of
the procedure, we did not find any visible lesion
in any patient, which could be related to the DC
(5%) and wavelength (577nm) used. Lavinsky
and colleagues?® performed an analysis of struc-
tural retinal changes under several fluence reduc-
tions and reported that 30% of threshold energy
does not create any defects on the tissue. Other
authors showed an increased burn risk using an
810-nm sub-threshold laser with >5% of DC.21:29
We did not perform a quantitative analysis of the
amount of leakage measured by FA because only
very few eyes (two eyes) showed a small reduction
of the leakage in the treatment-naive group
(Figure 4).

Regarding the wavelength used, some authors
believe that the 810 nm laser is ideal for micro-
pulse therapy because its absorption is maximum
by the RPE, has less scattering and better pene-
tration, and is not absorbed by hemoglobin
(intraretinal hemorrhage, retinal vessels) or foveal
pigment, nor absorbed or attenuated by the thick-
ened retina. On the contrary, shorter wavelengths
(yellow: 577nm and green: 532nm) could pre-
sent an increased risk of inadvertent damage to
the retinal tissue because of an increased scatter
and media absorption, which will require a
patient-specific adjustment for laser parameters
that are hard to titrate because of the absence of a
visible treatment endpoint. Besides, shorter wave-
lengths are more energetic, proportionally nar-
rowing the therapeutic window, thus increasing
the risk of retinal damage.16,18:21,22,35

Our study had several limitations, including its
design, the small size, short duration, and the
absence of controls. Another limitation is related
to the inclusion of thicker macular thickness
(>400um), which is not the ideal parameter to
receive micropulse therapy. However, our results
are consistent with the findings of other previous
reports (Tables 2 and 3). To date, there is no
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