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Background: Age-related macular degeneration (AMD), a degenerative disorder, is a major
cause of irreversible severe visual deterioration in the older Western population. Thus,
treatments that resolve drusen may prove helpful in limiting the progression of AMD. The
study aimed to evaluate the clinical outcome of sub-threshold nanosecond laser therapy
(SNL) using a double-frequency nanosecond-pulsed laser with discontinuous energy beam
distribution in the early stages of age-related macular degeneration (AMD).

Methods: In a single-center cohort study, 64 eyes with early or intermediate AMD were treated
using SNL and then compared to 77 untreated, control eyes. The primary outcome measures
included the area and amount of drusen, and the secondary outcome measures included change in
visual acuity and rate of drusen progression within 6 months of follow-up.

Results: A total of 64 patients’ eyes following SNL treatment showed a significant reduction
in the area and amount of drusen after 6 months in comparison to the corresponding values in
the control group (»p<0.001, respectively). There was no significant difference in visual acuity
change after 6 months in both groups (p > 0.59, respectively). Within the 6-month follow-
up, the rate of progression in drusen size and number was significantly lower in the SNL
group (26%) than in the control group (69%; p<0.001).

Discussion: SNL therapy is a novel, promising approach for improving the macular morphol-
ogy in patients with early and intermediate AMD. Further studies are necessary to reveal the
potential to reduce the risk of transformation into advanced or wet AMD and to retain vision.
Keywords: subthreshold nanosecond laser therapy, age-related macular degeneration,
ophthalmology, drusen, ocular surgery

Introduction
Age-related macular degeneration (AMD), a degenerative disorder, is a major cause of
irreversible severe visual deterioration in the older Western population' The epidemio-
logical data reflects AMD progression more in the geriatric population, which makes it
a serious global health issue because the elderly population is expected to double in the
upcoming century. Global pervasiveness for late AMD is 0.37% and for early AMD is
8.01%, with worldwide cumulative disease prevalence of 8.69% and 12.3%, respectively,
among the European population. Late AMD has two forms that can progress with time:
atrophic AMD and neovascular AMD.** Tt has already been shown that the type, size,
and extent of drusen are considered to be predictors of AMD progression.* ¢ Thus,
treatments that resolve drusen may prove helpful in limiting the progression of AMD.
Early AMD does not cause any subjective vision complaints, and the progres-
sion to the later vision-threatening forms of the disease is almost always gradual,
providing a good opportunity to use prophylactic treatment. Thermal laser
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photocoagulations with continuous wave (CW) lasers
have achieved only limited success due to the resulting
thermal damage.”® The reported evidence of drusen
reduction by using lasers and its correlation with AMD
progression is still questionable, ranging from a positive
impact’ to no effect'® or even increasing the risk of
developing late AMD and the incidence of CNV, micro-
scotomas, and subretinal fibrosis."' The current reported
evidence regarding thermal lasers suggests that the tran-
sition rate to more advanced stages of AMD was not
decreased compared to untreated patients.'” Failure to
stop AMD progression after using these thermal lasers
could be due to retinal injury.®

A 3-nanosecond pulsed laser has the same properties as
a continuous wave laser, but with a much shorter pulse
duration. This tool decreases the destruction of retinal
neurons caused by the heat generated through conven-
tional 532-nm lasers.'>'* The advantage of using
a nanosecond pulsed laser is the selective targeting of the
retinal pigment epithelium (RPE).'® The reason for macu-
lar improvement after an injury to RPE is still vague; an
improvement of the Bruch membrane conductive response
could be due to excretion of MPPs (metalloproteinases)
and RPE relocation.'® However, new blood vessels growth
of the macula named as “choroidal neovascularisation —
CNV” is commonly observed as an AMD complication
and patients already having one eye with CNV
complaint are usually at higher risk of CNV.'2

As a result, macular morphological improvement
occurs without retinal thermal damage, providing prophy-
lactic use for early age-related macular degeneration
(AMD).'” A major limitation in the current literature is
the lack of data regarding the clinical development of
symptoms and complications of early and intermediate
AMD patients treated with subthreshold nanosecond laser
(SNL). A better understanding of the safety and specific
effects of nanosecond laser treatment on retinal, RPE, and
choroidal tissues is needed in advising patients regarding
prognosis, assessing new treatment options, and providing
evidence-based interventions.

Objective

The objective of our study is to evaluate the clinical
change in the area and number of drusen in participants
with early and intermediate AMD treated with SNL and to
assess the correlated change in visual acuity in the early
stages of AMD within 6 months of follow-up.

Methodology
Study Design

This study was conducted in a single center in Cologne,
Germany and was designed as a cohort study and performed
in accordance with good clinical practice (International
Conference on Harmonization of Technical Requirements of
Pharmaceuticals for Human Use (ICH) E6) and the Declaration
of Helsinki II. All patients were fully informed in detail about
the therapy and the possible complications, and written
informed consent was obtained from all patients before initia-
tion of the treatment. According to national medical regulations
for observational single-center studies, the Ethics Committee of
the University of Cologne ruled that approval was not required
for this study. All tenets of the Declaration of Helsinki and
applicable national regulations and laws were observed.

Participation and Eligibility

The study cohorts were patients who were treated during
the 2017-2018 period and were diagnosed with AMD. The
data was extracted from the electronic written records of
AMD patients and patients were examined and registered
at the participating institution. To ensure that those cases
were newly-diagnosed and to avoid the potential con-
founding factors of other conditions, we excluded subjects
who were diagnosed with AMD in addition to other ocular
conditions that could affect the outcomes of interest in the
last 6-month period (n=197). From the remaining 212
patients, we divided data into two groups, arm 1 received
SNL treatment while arm 2 is the control group (Figure 1).

Subjects were not enrolled into the study if they exhibited
retinal thickening or had undergone any ocular surgery. All
participants underwent a standardized ophthalmic examina-
tion, slit-lamp examination of the anterior and posterior seg-
ments, color fundus photography, auto-fluorescence images,
infrared images, and optical coherence tomography (OCT)
scans of the macula (Topcon, Optical 3D-Coherence
Topography Dri OCT Triton Plus) were performed pre-
treatment and after 6 months of follow-up and anamnesis of
the past medical and ocular history. A fluorescein angiogra-
phy was performed when a wet AMD was suspected.

The primary outcome measures included the area and
number of drusen, and the secondary outcome measures
included change in visual acuity and rate of drusen progression
within 6 months of follow-up. Worse visual acuity was used to
assess elementary lesions and cases were categorized into two
types; geographic atrophy (GA) and choroidal new ves-
sels (CNV).
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Figure | Patient inclusion and exclusion in two arms (SNL and control groups).

Geographic atrophy “GA” presented as decreased
coloration sharp demarcated zones with underlying
large choroidal vessels exposure as appeared on
ophthalmoscopy. These areas owned to window
defect and were hyperfluorescent on fluorescein
angiography “FA”, and defined as “AMD natural
end result in clinical evidence absence of choroidal
neovascularization”. Hence adjacent to disciform
scar areas of retinal pigment epithelium “RPE”
were not categorized as GA but instead RPE
depigmentation.

CNV was categorized as vascularized RPE detachment,
occult, and well CNV, respectively. Well-defined CNV
was categorized by well-defined boundaries and bright,
early hyper-fluorescence of choroidal. These boundaries

>

Y
Patients diagnosed with early and intermediate

AND

with available 6 months of follow-up
SNL group (o= 63)
Control group (a=77)

become concealed with progressive dye transit through
widespread and speedy dye leakage in sub-sensory
retina. On early angiography phase occult CNV did not
display discernible hyper-fluorescence. However, late
and mid phase frames showed mild and diffused leakage
into sub-sensory retina and outer retina displayed
stippled hyper-fluorescence. Vascularized RPE detach-
ments were presented by red free and color photographs
and uneven and delayed filling during FA course.

The SNL laser (Ellex, Adelaide, Australia) has
a 3-nanosecond pulse duration at the 532 nm wavelength.
The laser spot size is set at a 400 um diameter, with an energy
distribution beam profile applied coaxially by using a slit-lamp
microscope, a digital interface to record the number of pulses,
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energy/pulse, and a contact lens (Area Centralis Volk
Ophthalmic, Inc.). Each patient received, in a single session,
24-26 spots that were targeted between the superior and
inferior vessels of the macula. The energy was modified
according to the individual findings depending on corneal,
lens, or vitreous opacities and retinal pigmentation variations.
Participants received 24-26 spots, titrated to suit each partici-
pant, around the macula with an average 0.24 mJ laser energy
at every treatment spot. The spots should be titrated (generally
2-3 trials) to be under the visual threshold for retinal change
(range=0.15-0.45 mJ) with a 0.19 J/cm® mean radiant expo-
sure (0.12—0.36 range).

Quantification Parameters and Distance

Calibration

Drusen size and number was determined by examining
fundus photographs (color fundus photography, monochro-
matic red-free fundus photography) at baseline and 6
months for analysis using ImageJ (freeware Java version;
National Institutes of Health, Bethesda, MD). The baseline
fundus image and the follow-up image were allied using
the TurboReg plug-in (Biomedical Imaging Group; Swiss
Federal Institute of Technology, Lausanne, Switzerland)
for ImageJ. The spatial calibration was performed to
gather measurements from the images using a real spatial
unit (um). By wusing a stage micrometer image,
a conversion from pixels to micrometers was performed
while using the same magnification and resolution. Then,
an automatic counting was performed if the image did not
have too many individual drusen touching each other.
Otherwise, manual particle counting was performed using
the multi-point and area selection tools.

The automatic particle analysis required “binary” black
and white image. These images were converted to a binary
image 8-bit. The overlapping objects in a binary image
were separated using watershed separation. A threshold
range was set to tell the objects of interest apart from the
background. All image pixel values under the threshold
were converted to black, and all pixels with values above
the threshold were converted to white. The accuracy of
image registration was individually confirmed and com-
pared at baseline and 6 months within ImagelJ, and then all
images were examined for artefacts before registration.
The proportions of laser-treated eyes with a reduced dru-
sen area were compared with those observed in the natural

history control group (Figure 2).

Figure 2 Fundus photograph showing the macular morphological features 6
months after using SNL therapy.

Pseudodrusen were identified and excluded from the
study.>'® All eyes were examined to check for the follow-
ing signs of progression: conversion from small (<63 pm)
to intermediate (63—125 m) or large drusen (<125 pm),
geographic atrophy and choroidal neovascularization.*'”
Any sharp hypopigmentation of the RPE was considered
geographic atrophy when it was larger than 175 pm.*
Retinal pigment changes were not discarded since the
laser treatment itself could lead to pigment abnormalities

in the area treated.

Statistical Analysis and Data Collection
Data was collected on Microsoft Office Excel 2010,
whereas statistical analysis was performed with SPSS
19.0 software. VAs were recorded and converted from
Snellen to Log MAR for statistical analysis.?' The results
were checked for normal distribution using a histogram
and Shapiro—Wilk test.

Results

Two hundred and twelve patients were screened. We
divided data into two groups, arm | received SNL treat-
ment while arm 2 was the control group. Median age for
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AMD enrolment was 65 (45-80) years. Ninety-six of the
participants were male and 116 participants were female.
The range for BCVA was between 60 (6/18) early treat-
ment diabetic retinopathy study letters to 93 (6/4.8) .
Baseline images were collected for all enrolled partici-
pants and follow-up results were evaluated over the period
of 6 months. Environmental and general risk factors eva-
luation presented 37% (n=79) of patients on medication
treatment with anti-hypertensive, 31% (n=65) has a history
of angina or other heart diseases and 32% (n=68) of
participants had a history of smoking (Table 1).

In the control group the average drusen number at base-
line was 37.3+21.1 (range=6—88) which was significantly
(»<0.001, 95% CI=36.9-50.3) increased after 6 months fol-
low-up with a mean value of 43.6+24.5 (range=9-90).
Drusen number at baseline was 29.4+19.2 (range=3-74),
and after 6 months, the drusen number was reduced to
24.7+14.8 (range=1-29) in the SNL arm. Significant reduc-
tion (p<0.001, 95% CI=20.6-28.7) in the SNL group was
observed after a period of 6 months (Figure 3).

The average drusen size (um) in the control group at
baseline was 40.6+£20.3 (range=12.4-93.1) and after 6
months the average size was increased to 49.3+28.4
(range=11-116.5), which was statistically significant
(»<0.001, 95% CI=39.4-59.2). In the SNL arm, the drusen
size (um) at baseline was 59.9+44.8 (range=7.1-171), and
after 6 months, 48.9+34.4 (range=4.8-125.8), revealing
a significant reduction (p<0.001, 95% CI=36.9-61,
Figure 4). The best corrected visual acuity (logMAR) in
the control group was 0.2+0.21 (range=0.0-0.7) at base-
line and 0.2+0.19 (range=0.0-0.7) after 6 months with no
statistical difference (p=0.59, 95% CI=0.1-0.3). The best

Table | Representation of Baseline Characteristics for Patients
Enrolled (SNL and Control Group)

Characteristics

Median Age (Years) 65

Gender N (%)
Male 96 (45%)
Female 116 (55%)

Environmental and Systemic Factors

Anti-Hypertensive Medications 79 (37%)

Cardiovascular Event History 65 (31%)
Smoking History

Smokers 68 (32%)

Non Smokers 144 (68%)

corrected visual acuity (logMAR) in the SNL group was
0.18+0.12 (range=0.0-4.0) at baseline and 0.15+0.12
(range=0.0-0.4) after 6 months with no statistical signifi-
cance (p=0.63, 95% CI=0.1-0.2), shown in Figure 4.
Within the 6-month follow-up, the rate of drusen progres-
sion was 26% in the SNL group and 69% in the control
group with a significant difference (p<0.001). None of the
patients showed any severe complications, such as uveitis,
retinal detachment, retinal bleeding, or vision loss.

A total of 198 patients were classified as GA and 111
(56%) of these were female. Drusen association with GA
was observed in 167 (84%) of the cases, and 31 (16%)
patients showed an association with RPE, however hypo-
pigmentation was a rare observation in six (3%) of the
cases. Average patient age for GA was 65 years. Similarly,
for exudative AMD, 202 (95%) eyes were reported with
a median age 65 years. Occult CNV was harbored in most
participants eyes, 149 (73%), well defined CNV in 40
(20%), and vascularised detachment in 13 (6%) of the
cases (Table 2).

Discussion

The current study was conducted to evaluate the functional
and morphological effects of SNL with respect to its safety
and efficacy. Moreover, it also followed the patients retro-
spectively to observe the clinical development, related
complications, and the outcome of early and intermediate
AMD patients treated with SNL and compared the results
with an untreated group. Other significant markers of
AMD have been identified in serum and urine, neverthe-
less drusen is considered as a classical marker. It is
observed that SNL therapy appeared to be effective in
improving macular morphology by reducing markers of
AMD progression.?**?

In previous thermal laser studies, serious ocular
adverse events have been reported. These include retinal
hemorrhage, deterioration of vision from baseline (two or
more logMAR lines), RPE detachments, RPE atrophy, or
cataracts.'>**%> Contrary to these findings, we performed
BCVA, fundoscopy, and OCT examinations to identify
potential complications. None of the patients showed
severe complications. OCT examination significance
was also established in study by Alamouti and Funk?®
evaluating total retinal thickness scanning through OCT,
resulting in a high reproducibility “3.5% coefficient of
variance”. A clinical trial’’ reported no significant delay
with SNL treatment in late AMD progress in the non-study
eye (p=0.611) and the decline in BCVA rate was higher in
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Figure 3 The drusen number in the control group at baseline was 37.3+21.1 (range=82.6—88), and after 6 months follow-up, the number was 43.6+24.5 (range=81.9-90,
p <0.001, 95% CI=36.9-50.3). In the SNL group, the drusen number at baseline was 29.4+19.2 (range=71.3-74), and after 6 months it was 24.7+14.8 (range=58.1-59,

p<0.001, 95% CI=20.6-28.7).

the SNL group participants in comparison to the sham
treatment group in the study eye (»p<0.001) but found
a non-significant correlation in the non-study eye
(»=0.628), concluding that one eye SNL did not delay
late AMD progression in the fellow eye.

The 3-ns pulsed laser has similar features to those of
conventional 532-nm continuous wave (CW) photocoagu-
lation lasers; however, the pulse duration selectively mod-
ulates pigmented tissues while minimizing thermal damage
to the delicate apposing retinal neurons.”® Thermal laser
photocoagulation with CW lasers was used, and it was
reported to reduce the drusen load. However, it failed to
show promising results because of the thermal damage
resulting from the CW laser causing injury to the photo-
receptors and inner retinal neurons, since the energy of that
laser is transformed to heat energy through absorption by
the melanin in the RPE monolayer and choroid.? Using very
short laser pulses (3 ns), an insult caused by steam produc-
tion around melanosomes can be confined to the retinal
pigment epithelium (RPE), inducing a highly selective and
discrete non-thermal injury.” While the mechanism by

which the insult to RPE cells brings about a beneficial
change in the macula is not well understood, it has been
hypothesized that a 3 ns laser could induce the migration of
RPE cells and release of matrix metalloproteinases, improv-
ing the hydraulic conductivity of Bruch’s membrane.'®
Irrespective of the functional mechanism, it is observable
that several beneficial effects on the macula occurred with
traditional thermal lasers without major complications.
Few complications were observed in our study that were
associated with SNL therapy and this might be due to the complex-
ity of cases. The extent of the initial retinal changes and the
deposition of extra-cellular deposits between the RPE and
Bruch’s membrane and the damage to the photoreceptors could
be significantly associated with the effectiveness of the treatment.
Our findings were compatible with previous studies in which
drusen regress without a focal vision loss or new vessel growth
in the retina following prophylactic laser treatment.'”*
Nonetheless, a study by Rosenfeld and Feuer” explained that
SNL treatment during intermediate AMD is not that beneficial
with a risk of vision loss and accelerated disease progression with
RPD. However, another LEAD study has shown that SNL
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Figure 4 The drusen size (um) in the control group at baseline was 40.6+20.3 (range=80.7, 12.4-93.1), after 6 months it was 49.3+28.4 (range=105.5, 11-116.5, p<0.001,

95% Cl=39.4-59.2). In the SNL group, the drusen size (um) at baseline was 59.9+44.8 (range=163.9, 7.1-171), and after 6 months it was 48.9+34.4 (range=121, 4.8-125.8,

p <0.001, 95% CI=36.9-61).

treatment might be associated with slow progression without
coexistent RPD.'® The coexistence of RPD has been a newly-
recognized form of late AMD.*'® One can postulate that the
macular morphology could be improved if prompt treatment is

Table 2 Measurement of Secondary Outcome Variables
Geographic Atrophy and Choroidal New Vessels

Secondary Outcome Measures

Geographic Atrophy (GA)

Total GA patients 198
Female GA patients 111 (56%)
Male GA patients 87 (44%)
Drusen Association with GA 167 (84%)
RPE Association with GA 31 (16%)
Hypo-pigmentation 6 (3%)

Choroidal New Vessels (CNV)

Total CNV Patients 202 (95%)

Median age 65
Occult CNV 149 (73%)
Well-Defined CNV 40 (20%)
Vascularized Detachment 13 (6%)

induced after diagnosis of the earlier signs of AMD. Therefore,
a practical option would be early intervention. This may help to
maintain a good macular morphological appearance as well as
reduce the challenges and costs of progression to late-stage AMD.
This could be achieved through a simple routine eye check before
the occurrence of devastating complications. The current use of
nutritional supplements for early AMD has achieved only limited
success. "’ This raises the need for a novel and innovative
approach that could reverse the early clinical indicators of AMD.
A detailed evaluation of the clinical impact and the possible long-
term adverse events of SNL therapy in large, prospective, con-
trolled clinical studies is needed. Although previous investigations
have shown no evidence of any serious adverse effects related to
the therapy in the energy used under the visual threshold for retinal
change, further studies are required to reveal the significance of
SNL therapy to reduce the risk of transformation into advanced or
wet AMD.

There were few limitations that should be considered,;
first the small sample size was studied. A limited numbers
of patients were eligible as per the study inclusion criteria.
Confounders such as lens opacities and retinal changes have
been identified to have an impact on the outcome. As it was
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a retrospective cohort study, selection bias and non-matching
of controls may be considered as a limitation of the study.

Conclusion

SNL therapy is a novel, promising approach for improving
the macular morphology in patients with early and inter-
mediate AMD. Further studies are necessary to reveal the
potential to reduce the risk of transformation into
advanced or wet AMD and to retain vision.
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