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ARTICLE INFO ABSTRACT

Keywords: Background: Diabetic patients suffers from reduction of vision that one of its main causes is clinically significant
Diabetic macular edema macular edema (CSME).

Hybridthreshold The purpose of this study to determine if hybrid threshold can reduce macular thickness in Diabetic Macular
Laser Edema.

Micropulse i

Materials and methods: This study is a retrospective analysis single center cohort study. 12 eyes in 10 patients
diagnosed with diabetic macular edema using SD-OCT treated with Hybridthreshold laser as the leaking
microaneurysms were treated with threshold laser on the 5% duty cycle settings.

A complete fundus exam, including best-corrected visual acuity changes, and monthly measuring retinal
thickness using SD-OCT for 24 weeks follow up.

Results: Reduction of retinal thickness from 336.58 + 86.26 pm to 264.33 + 61.41 pm (p = 0.02) at 24 weeks
follow up without significant changes of best-corrected visual acuity from 0.16 LogMAR to 0.08 LogMAR (p =
0.2) with minimal scar formation in 24 weeks follow up.

Conclusion: 532 nm Hybridthreshold laser reduces macular thickness up to 20% and stabilizes diabetic macular
edema for 24 weeks follow up.

1. Introduction

Clinically significant macular edema (CSME) cause early-onset
reduction of vision in patients with diabetes [1]; however, CSME pre-
sented a central including the fovea or noncentral foveal sparing where
the former induces reduction of visual acuity (VA). However, noncentral
CSME patients presented with good VA, but a VA reduction may occur as
Noncentral CSME can progress to central.

The first line therapy treatment of central CSME is an intravitreal
injection of AntiVEGF when it is associated with a reduction of vision
[2], which has proven its safety and efficacy; however, focal laser
photocoagulation may reduce the risk of visual loss, especially in cases
of noncentral CSME [3].

Conventional laser treatment induces retinal burns that can damage
both retinal pigment epithelium and photoreceptors, which will induce
retinal scars that may extend to the fovea and cause visual loss, sub-
retinal fibrosis, or choroidal neovascularization.

Inducing retinal tissue reaction by threshold laser burn may limit the
destruction of photoreceptors and retinal pigment epithelium, which
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interim cause minimal scar that won’t expand [4].

Although the subthreshold diode micropulse photocoagulation is
safe, it may not resolve the edema completely [5].

In this clinical trial, we will evaluate new laser parameters to treat
diabetic macular edema, which we will use both threshold and sub-
threshold diode microsecond laser using subthreshold diode 532 nm ps
laser.

2. Materials and methods

This study is a retrospective analysis single center cohort study,
which follows Helsinki’s declaration. The study is registered at clinicalt
rials.gov (NCT03226951). The study received approval from the insti-

tutional review board. Patients obtained written consent after explain-
ing the possible complications.

2.1. Study participant

Inclusion criteria.
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1-Patients with central and noncentral diabetic macular edema and
Best-corrected visual acuity is 20/32 or more.

2 Macular thickness of more than 300 pm.
3-Patients who can come for all follow-ups.

2.1.1. Exclusion criteria

1-A significant renal disease is defined as a history of chronic renal
failure requiring dialysis or a kidney transplant.

2-Myocardial infarction, other acute cardiac event requiring hospi-
talization, stroke, transient ischemic attack, or treatment for severe
congestive heart failure within four months before randomization.
3-For women of childbearing potential: pregnant, lactating, or
intending to become pregnant within three years.

4-Macular edema is present that is considered to be related to ocular
surgery such as cataract extraction.

5-A substantial cataract that, in the opinion of the investigator, is
likely to be decreasing visual acuity by three lines or more
6-History of major ocular surgery (including vitrectomy, scleral
buckle, intraocular surgery, etc.) in the previous four months or may
require ocular intervention within the next six months after
randomization.

7-Exam evidence of severe external ocular infection, including
conjunctivitis, chalazion, or substantial blepharitis.

2.1.2. Treatment protocol

One or both eyes were included in this study, where eyes were
treated with a subthreshold microsecond laser done at the baseline after
confirming the diagnosis of DME with OCT, which is defined as retinal
thickening above 299 pm.

Treating leaking microaneurysms identified by fluorescein angiog-
raphy using Subthreshold microsecond diode 532 nm laser (LIGHTLas
532 nm LIGHMED ltd.) applied using single spot laser spot size is 125 m
with area centralis contact lens, 200 ms duration, and 200 ms interval,
where the used power determined by noticing threshold tissue reaction
on the settings of 5%.

Then switch back to the subthreshold mode by decreasing half of the
threshold power to treat the edema area using low-intensity high-den-
sity in a painting fashion protocol covering all the areas of the edema.

AntiVEGF intravitreal injection is considered when edema is
increased in thickness or/and vision reduction or vitreous hemorrhage
due to complicated proliferative diabetic retinopathy precluding retinal
view.

2.2. Follow-up and outcome measures

All patients underwent dilated fundus exam and BCVA (best-cor-
rected visual acuity) at baseline. Then, every four weeks, the Snellen
chart was converted to LogMAR to monitor the best-corrected visual
acuity changes for 24 weeks.

SD-OCT was obtained at baseline and monthly to evaluate the status
of DME, and HbA1C was collected every three months to evaluate gly-
cemic control.

2.3. Statistical methods

Clinical data were obtained and analyzed using MS Excel. The means
are used to investigate the variance between the mean six months
outcome and mean baseline values for macular thickening and visual
acuity.

The processes were established in accordance with STROCSS 2021
guidelines [6].
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3. Results

12 eyes out of 10 patients included in this study 4 women and six
men mean age 58.78 + 8.4 Table 1 shows summarized baseline char-
acteristics, all patients received Hybrid subthreshold microsecond laser
treatment in the edematous area and followed up for 24 weeks Ac-
cording to Table 2.

The best-corrected visual acuity converted from Snellen to LogMAR
for statistical analysis and changes from baseline from 0.16 logMAR
(20/28) to 0.08 LogMAR (20/24) at 24 weeks follow up (p = 0.2).

Where retinal thickness was decreased from baseline from 336.58 +
86.26 pm to 264.33 + 61.41 pm to 24 weeks follow up (P = 0.02)
(Fig. 1),72.6 + 21.83 pm (21.5%) is the mean decrease in retinal
thickness reduction from baseline to 24 weeks follow up (Fig. 2).

Three eyes were lost to follow up, and five eyes were treatment
success the other four eyes achieved, reduction of retinal thickness in the
area of edema, without complete resolution.

However, five eyes did not require additional treatment, and their
glycemic control was maintained throughout 24 weeks.

The other four eyes with residual macular edema after 24 weeks
follow-up were managed with intravitreal injection of AntiVEGF.

There were no complications from the Hybrid threshold laser. In
addition, there was no evidence of extending laser burn scar in the
threshold treated area of leaking microaneurysms in clinical examina-
tion and fundus images within 24 weeks follow up.

After threshold laser application on leaking microaneurysms, there
was minimal scar formation to induce heat closure that didn’t extend
beyond the original threshold laser burn. In addition, OCT shows that
threshold laser burn destruction didn’t extend beyond outer retinal
layers reduced in scar size within 24 weeks.

4. Discussion

This study evaluated 532 nm hybrid threshold laser efficacy for
macular thickness in diabetic macular edema within 24 weeks.

The subthreshold microsecond laser stimulates retinal pigment
epithelium to repair the inner blood barrier without causing damage to
photoreceptors via sublethal injury by inducing heat shock protein
without destroying retinal pigment epithelium and thus upregulating
pigment epithelium-derived factor and downregulation of VEGF.

Protection of neural tissue is achieved using subthreshold micro-
second laser because energy is delivered in a microsecond envelope with
“ON” time 100 ps of micropulse power and “OFF’ 1900 ps without power
that allow time for the heated tissue to cool down and thus will activate
retinal pigment epithelium without causing neural tissue damage.
However, because retinal and retinal pigment epithelium is in close
proximity, a millisecond laser induces damage to photoreceptors and

Table 1

Characteristics of patients at presentation. According to
(Table 1) 10 patients were analyzed with the mean age of pa-
tients is 58.78 + 8.4, of whom five are Men, and five are

Women.
Age, Year (Mean =+ SD) 59.8 + 9.86
Sex, N (%)
Men 5 (50%)
Women 5 (50%)
Eyes: N (%)
Right 5 (41.66%)
Left 7 (58.33%)
Race: N (%)
Arab 4 (40%)
Caucasian 6 (60%)
lens: N (%)
Phakic 9 (75%)
pseudophakic 3 (25%)

HbA1C: (%) (Mean +SD) 7.4 + 0.5
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Table 2

Mean changes in BCVA using LogMAR units and Retinal thickness after
Hybridthreshold microsecond 532 nm diode laser treatment from baseline and
24 weeks.

Baseline after 6 months P MIN MAX
value
BCVA, LogMAR 0.16 + 0.2 0.08 +0.13 0.2 0 0.69
Units
Retinal Thickness 336.58 + 264.33 + 0.02 158 477
86.26 61.41

retinal pigment epithelium to accomplish a therapeutic effect, as the
heat shock may disseminate into the inner retinal tissues [7-8-9].

In a randomized, prospective, single center study, comparing 810 nm
laser vs 577 nm subthreshold laser using 5% duty cycle for six-months in
53 eyes with mild DME with central macular thickness less than 400 pm.
The 577 nm subthreshold laser for diabetic macular edema, reduced
central macular thickness from 357.8 + 46.1 to 339.9 + 55.7 pm and
from 340.1 £+ 35.7 pm to 335.3 £ 54.5 pm in the 810 nm subthreshold
laser group. In contrast, in this study, hybrid threshold with 532 nm
laser achieved thickness reduction from 336.58 + 86.26 pm to 264.33
+ 61.41 pm in a 24 weeks follow up [10].

The subretinal scars induced by threshold laser to close the leaking
microaneurysm were limited to outer retinal layers without expanding
in size nor into inner retinal tissues. In 24 weeks follow-up, the scar size
was reduced based on SD-OCT scans and funds images.

This study showed that a Hybrid threshold laser could stabilize the
edema with the possibility of thickness reduction up to 20%. This can be
beneficial in residual diabetic macular edema cases after injection to
reduce injection frequency or in patients who refuse or are contra-
indicated for injection (Fig. 2). Which may reduce the cost burden for
intravitreal injections and office visits especially for cases of DME with
thickness less than 400 pm.

The limitation of this study includes the short time of follow-up
which is only 24 weeks, that hinders the long-term results and dura-
bility of diabetic macular edemas with 532 nm Hybrid threshold laser.

Another limitation of this study is that it is a single-center study with
a small number of eyes tested with 532 nm hybrid threshold laser. Which
it is still not known the results of utilizing the hybrid threshold laser on
larger sample of patients in a multicenter setting.

This study lacks both of a control arm and other comparison arms,
such as with an intravitreal injection.
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So it is imperative to have a long time follow up with a larger sample
of patients with multicenter randomized clinical trial comparing hybrid
threshold laser with control and other treatment modalities such as
intravitreal injections.

5. Conclusion

This study showed that a 532 nm hybrid threshold laser effectively
stabilizes diabetic macular edema with minimal subretinal scars limited
to outer retinal layers.

However, long-term and larger studies are required to evaluate the
actual efficacy and durability of the 532 nm Hybridreshold laser.
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Fig. 1. Shows mean changes in central macular thickness within 24 weeks follow up after HT laser treatment.
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HT laser within 24 weeks
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Fig. 2. A) OCT scan at baseline showing diabetic macular edema with hyper-
reflective foci resembling hard exudates B) OCT cross-section after one month
of hybrid threshold laser showing diabetic macular edema with RPE scar
limited to RPE and outer retinal tissue with decreasing of hard exudates C) OCT
cross-section after 24 weeks follow up showing reduction of diabetic macular
edema thickness and resolved majority of hard exudates and with reduction of
scar size D) Fundus image shows a cluster of hard exudates with micro-
aneurysms and diabetic macular edema with non-proliferative diabetic reti-
nopathy E) One day after the hybrid threshold laser showing laser burns
application to leaking microaneurysms F) Fundus image 24 weeks follow up
shows resolved hard exudates, and scar formation didn’t expand in size.
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