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Purpose: Stargardt disease (STGD1) is the most common hereditary macular degeneration
and currently no treatments have been approved to interrupt the progression of the disease.
The aim of this study was to evaluate the efficacy of photo-biomodulation in patients with
Stargardt disease 1 year after treatment, considering as primary outcomes improvements in
best corrected visual acuity (BCVA), microperimetry, and pattern electroretinography
(PERG) amplitude.

Materials and Methods: Ninety eyes of 45 patients with a diagnosis of Stargardt disease
stage 1 were prospectively recruited at the University of Bologna. Selected patients were
treated with photo-biomodulation therapy for 1 year for 10 minutes a day, twice a day, and 5
days per week for 12 months. A light emitting diode (LED) of 10 Hz and wavelength 650 nm
was used. BCVA and microperimetry were assessed before treatment and 1 year after photo-
biomodulation, whereas PERG was assessed at baseline, 1, 3, 6, and 12 months after
treatment.

Results: BCVA improved from 0.7 [interquartile range (IQR)=0.6-0.9)] to 0.4 (IQR=0.2—
0.5)] after treatment (95% CI=—0.3, —0.35; p=<0.001) and PERG negative wave at 35 ms
(N35)-positive wave at 50 ms (P50) amplitude improved from 0.9 (IQR=0.74-1.21) to 2.12
(95% CI=1.11, 1.28; p<0.001). MP-1 Microperimetry improved from 26.5% (IQR=16.75—
40) of median preferred retinal loci (PRL) within an area of 2° of diameter to 38% (IQR=29—
50.25; 95% CI=10.50, 14.50; p=<0.001); on the other hand, PRL within 4° of diameter raised
from 72% (IQR=51.5-80) to 80% (IQR=76-87) after photo-biomodulation (95% CI=4.50,
7.50; p<0.001). Also, patients with an improvement of more than 1.205 PERG N35-P50 ratio
amplitude at 3 months and more than 1.29 at 6 months tended to present an improvement of
more than 0.2 logMar in BCVA at 12 months (p=0.28, AUC=0.630; p=0.30, AUC=0.636).

Conclusion: BCVA, PERG, and MP-1 significantly improved 1 year after treatment. Also,
improvement of PERG N35-P50 amplitude at 3 and 6 months was correlated to BCVA
improvement at 1 year, suggesting that PERG could be useful in predicting visual outcome
after photo-biomodulation.
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Introduction

Stargardt disease (STGD1) is a common hereditary macular degeneration and it
affects patients with a median age of 27 years old, with a prevalence of 1 in
10,000 persons.'? It is caused by a mutation in the adenosine triphosphate binding
cassette transporter 4 (ABCA4) gene in the chromosome 1° and it is inherited
recessively, even though an autosomal dominant pattern has been described.* It is
characterized by a progressive and irreversible bilateral loss of central vision, due to
an accumulation of fish-shaped lipofuscin deposits, so called “flecks”, in the retinal
pigment epithelium (RPE) in the paramacular region. Atrophy of the photorecep-
tors, RPE, and choriocapillaris (CC) are common features of the disease; though the
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posterior pole is commonly affected, the retinal periphery
can also be involved.® Fishman’ described four stages of
the diseases, based on ophthalmoscopic findings, electro-
physiological and psychophysiological tests. Currently, no
treatments for STGD1 have been approved in clinical
practice, even though different strategies have been
tested.® Photo-biomodulation is a low-level laser therapy
that penetrates into tissues and activates cytochrome
C oxidase inside the mitochondria, upregulating their
metabolism and inducing the production of ATP, thus
preventing cell apoptosis.” ' Using a pulsed red Light
Emitting Diode (LED) of 650 nm, photo-biomodulation
can upregulate mitochondrial cytochrome ¢ oxidase in the
retinal tissue, increase adenosine triphosphate (ATP) and
promote Melatonin secretion.'? Photo-biomodulation has
been tested in dry and wet age-related macular degenera-
tion, where it has been shown to improve visual acuity and

to decrease the volume of drusen;"> '

moreover, photo-
biomodulation showed clinical improvements in patients
with amblyopia and retinitis pigmentosa.'®'” A previous
study by Scalinci et al,'® in 2015 showed that photo-
biomodulation was effective in improving best corrected
visual acuity (BCVA), microperimetry, and pattern electro-
retinography (PERG) amplitude after 3months of treat-
ment in patients with Stargardt disease. PERG evaluates
macular function measuring two main components:
a positive wave at 50 ms (P50) that depends on macular
integrity; and a negative wave at 95 ms that evaluates
ganglion cells function.'” On the other hand, microperi-
metry provides a precise evaluation of macular sensitivity
and has already been validated as an important outcome
measure in Stargardt disease.*’

The aim of the current study was to evaluate the
with
Stargardt disease in Fishman stage 1 1 year after treatment

efficacy of photo-biomodulation in patients
considering BCVA, microperimetry, and PERG as primary
outcomes. To our knowledge, this is the first prospective
study that evaluates the effect of photo-biomodulation

after 1 year of treatment in Stargardt disease.

Materials and Methods

Patients Selection

The study was prospectively conducted at the University
of Bologna in the Policlinico Sant’Orsola Hospital and
approved by the institutional review board of the
University of Bologna. All procedures were performed in
accordance with the ethical standards of the institutional

review board and with the Declaration of Helsinki and its
later amendments or comparable ethical standards. The
participants provided informed consent and patient infor-
mation was anonymized and de-identified prior to analysis.

Forty-five patients with a diagnosis of Stargardt based
on genetic analysis disease were recruited. Inclusion cri-
teria were a Stargardt disease stage 1 according to Fishman
classification and BCVA better than 1.0 Logmar at the first
eye examination.

Excluding criteria were concomitant epilepsy, neurolo-
gical diseases, and psychiatric comorbidities. The primary
outcome of the study was to evaluate if photo-
biomodulation could improve BCVA, microperimetry,
and PERG N35-P50 amplitude 1 year after treatment. As
secondary outcomes, we investigated if improvements in
BCVA were correlated to increases in PERG amplitude
and microperimetry. Also, we investigated if improve-
ments in PERG amplitude at 1, 3, and 6 months could
estimate improvement of BCVA at 12 months.

Clinical Evaluation and Treatment

Procedure

All patients underwent a comprehensive eye examination
before treatment. Best corrected visual acuity (BCVA) was
tested using the Early Treatment Diabetic Retinopathy
Scale (ETDRS). Nidek MP-1 Microperimetry (Nidek
Technologies, Italy) color fundus photography was used
with an automated program and 4-2 threshold, in order to
test fixation location. Macular sensitivity was not taken
into account for statistical analysis. PERG transient analy-
sis was conducted to test if photo-biomodulation could
improve macular function. N35-P50 amplitude was taken
into account for statistical analysis.

Optical Coherence  Tomography (OCT) and
Fluorescein Angiography (FA) were performed only at
the baseline evaluation; for this reason, structural data of
the retina were not considered in the statistical analysis.

Selected patients were treated with photo-
biomodulation therapy for 1 year, using Mnemosline
glasses from Telea Electronic Engineering. Mnemosline
glasses were used for 10 minutes a day, twice a day, 5
days per week for 12 months. LED pulsed light of 10 Hz
and a wavelength of 650 nm was used in order to gain the
best penetrative capacity in the retina without activating
cells apoptosis. Patients were asked to fill in a daily ques-
tionnaire at home in order to control treatment compliance.

Patients underwent a PERG examination at 1 month, 3
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Table | Demographic Data and Median Values of BCVA, MP-1 2° and MP-| 4° Before and After Photo-Biomodulation
n (%) or Mean (SD) Baseline (Median, IQR) I Year (Median, IQR) p-value
Age 20 (+3)
Female 27 (60%)
BCVA 0.7 (0.6-0.9) 0.4 (0.2-0.5) <0.001
MP-1 2° 26.5% (16.75—40) 38% (29-50.25) <0.001
MP-1 4° 72% (51.5-80) 80% (76-87) <0.001

Abbreviations: SD, standard deviation; IQR, interquartile range; BCVA, Best Corrected Visual Acuity; MP-1, microperimetry.

months, and 6 months in order to assess changes in ampli-
tude. Twelve months after beginning treatment, the
patients were revaluated and BCVA, PERG, and micro-
perimetry were assessed.

Statistical Analysis

For statistical analysis, normality was tested with the
Shapiro—Wilk test and non-parametric test. Wilcoxon signed
rank test was used to compare BCVA, PERG, and MP-1
microperimetry before and after photo-biomodulation, in
order to evaluate if photo-biomodulation could improve
visual acuity, fixation location, and the function of retinal
ganglion cells after treatment. Spearman’s rank correlation
was used to test correlations between pre—post BCVA, PERG
and MP-1, in order to evaluate if visual acuity improvement
was correlated with improvements in PERG and MP-1; also,
it was used to evaluate pre—post BCVA and improvements in
PERG at 1, 3, and 6 months. Receiving operating character-
istic (ROC) curves were conducted to test if improvements of
PERG at 1, 3, and 6 months were correlated with an improve-
ment in BCVA, with the aim of evaluating if PERG improve-
ment could estimate improvement in visual acuity during the
course of the treatment. The cut-off of 0.2 LogMar was
determined after study enrollment in order to evaluate the
correlation between PERG improvement and BCVA
improvement. Cut-off values were identified with best
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1.0 4

T

0.8

0.6

BCVA BASELINE
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0.2

Youden’s Index (Sensitivity + Specificity — 1) and tested
with Chi-square. Median and interquartile range intervals
(IQR) were considered for reporting values. P-values <0.05
were considered as statistically significant. Statistical analy-
sis was performed using IBM Statistical Package for Social
Sciences version 26.

Results

Primary Outcomes

In this study, 90 eyes of 45 patients with Stargardt were
recruited, 27 females and 18 males, mean age 20 years old
(SD +3) (see Table 1). No side-effects were reported dur-
ing treatment. Before treatment, median BCVA was 0.7
(IQR=0.6-0.9); after treatment, BCVA improved signifi-
cantly, raising to 0.4 (IQR=0.2-0.5; 95% CI=—0.3, —0.35;
p=<0.001) (see Figure 1).

The PERG N35-P50 ratio amplitude improved signif-
icantly, increasing from 0.9 (IQR=0.74-1.21) before
treatment to 2.12 (IQR=1. 97-2.39) I12months after
photo-biomodulation (95% CI=1.11, 1.28; p<0.001).
The improvement was greater in the first 3 months,
increasing from 0.9 to 2.0, whereas it increased slowly
in the following months, moving from 2.01 at 3 months
to 2.12 at 12 months (see Figure 2).

P-1 microperimetry showed a statistically significant
improvement in fixation location: 26.5% (IQR=16.75-40)

BCVA 12M
1.0

0.8

BCVA 12M

Figure | The box-plot shows BCVA at baseline and BCVA after 12 months of photo-biomodulation.
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Figure 2 Median values of PERG amplitude at baseline, | month, 3 months, 6 months, and |2 months after photo-biomodulation.

of median preferred retinal loci (PRL) were within an
area of 2° of diameter, whereas after treatment, PRL
increased to 38% (IQR=29-50.25; 95% CI=10.50,
14.50; p=<0.001); on the other hand, PRL within 4° of
the diameter raised from 72% (IQR=51.5-80) to 80%
(IQR= 76-87) after photo-biomodulation (95% CI=4.50,
7.50; p<0.001) (see Figure 3).

Secondary Outcomes

No statistically significant correlations were encountered
comparing pre—post BCVA, PERG and MP-1 at 12 months
(respectively, p=1.91, p=0.071; p=0.05; p=0.060, p=0.574;
p=—0.003, p=0.978). On the other hand, BCVA improve-
ment at 12 months was correlated with improvements of
PERG N35-P50 ratio at 3 and 6 months (respectively,
p=0.214, 95% CI=-0.02, 0.413, p=0.042; p=0.236, 95%
CI=0.028, 0.423, p=0.025), whereas it did not correlate
with PERG improvement at 1 month (p=0.103, p=0.332).
ROC curve showed that patients with an improvement of
more than 1.205 PERG amplitude at 3 months and more
than 1.29 at 6 months tended to present an improvement of
more than 0.2 logMar in BCVA at 12 months (p=0.28,
95% CI=0.514, 0.747, AUC=0.630; p=0.30, 95%
CI=0.521, 0.751, AUC=0.636) (see Figure 4).

Discussion

Stargardt disease is the most common macular dystrophy
and no treatments are effectively used in the clinical prac-
tice to interrupt the progression of the disease.

The main result of our study was that photo-biomodulation
leads to significant improvements in BCVA, PERG amplitude,
and fixation location 1 year after treatment (p<0.001), indicat-
ing that this therapeutic approach could be beneficial in main-
taining visual acuity over time, thus reducing the progression
of central visual loss. To our knowledge, this is the first
prospective study that has evaluated the effects of photo-
biomodulation in Stargardt disease, considering a follow-up
of 1 year. Previously, in a prospective multicentric study
including 36 patients, Scalinci et al'® (ARVO, 2015) observed
that BCVA, MP-1, and PERG improved 3months after treat-
ment, suggesting that the role of photo-biomodulation could
be helpful in preventing visual loss in patients with Stargardt
disease. The role of photo-biomodulation in retinal disease is
already known and several studies have demonstrated that this
therapy can improve visual acuity in patients with dry age-
related maculopathy (AMD): a study from Merry et al,'* from
2017, showed that BCVA and contrast sensitivity significantly
improved after 3 months of therapy with a multiwavelength
diode, whereas Drusen volume and central Drusen thickness
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Figure 3 The graph shows improvements in fixation tested with MP-1 at the
baseline and after 12 months of photo-biomodulation. Fixation 2°= median pre-
ferred retinal loci (PRL) within an area of 2° of diameter; Fixation 4°= median
preferred retinal loci (PRL) within an area of 4° of diameter.

decreased; moreover, Ivandic et al,'® observed that a low level
laser therapy of 780 nm in patients with wet and dry AMD
significantly improved visual acuity, compared to a control
group.

Also, we observed that PERG N35-P50 amplitude
improved rapidly in the first 3 months, whereas after 3
months the curve flattened and the improvement was less
consistent (see Figure 1). These findings suggest that
photo-biomodulation is more effective in improving
PERG amplitude in the first 3 months of treatment,
whereas after 3 months its effect decreases.

Another finding in our study was that improvements of
BCVA at 12 months were correlated with improvements in

PERG N35-P50 amplitude at 3 and 6 months (respectively,
p=0.042 and p=0.025), whereas BCVA improvement was
not correlated with improvement of PERG amplitude at 1
month (p=0.103, p=0.332). Moreover, we observed that
patients with an improvement of more than 1.205 PERG
amplitude at 3 months and more than 1.29 at 6 months
compared to baseline tended to present an improvement of
more than 0.2 in BCVA at 12 months (respectively, p=0.28;
p=0.30). These findings suggest that improvements in PERG
analysis at 3 and 6 months can estimate the improvement of
BCVA and predict visual outcome 1 year after treatment.

Unexpectedly, BCVA improvements were not corre-
lated with improvements of PERG and fixation tested
with MP-1 at 12 months. This is a major limitation in
our results and we believe that further studies should
investigate this point. Moreover, further studies should
analyze which parameters might predict clinical improve-
ment in patients treated with photo-biomodulation, in
order to clarify in which group of patients this therapeutic
approach could be reasonably suggested in clinical
practice.

A limitation of the study was the relatively low number
of patients recruited. Secondly, patients were not stratified
for different ages and onset of the disease. Moreover,
photo-biomodulation was performed 5 days a week for
12 months, meaning that the compliance of patients in
following the treatment could be low when this therapeutic
approach is applied in clinical practice. Also, OCT mea-
sures were not recorded and retinal structure was not
assessed over time in order to estimate the possible effects
of photo-biomodulation. Further prospective studies
should investigate the effect of photo-biomodulation over
a longer follow-up, also including quantitative structural
data of the retina, in order to understand if the protective
role of low laser therapy could be maintained over years.

Conclusion

In our study, we observed that BCVA, PERG N35-P50 and
fixation tested with MP-1 significantly improved 1 year after
photo-biomodulation. Moreover, improvement of PERG
N35-P50 amplitude at 3 and 6 months was correlated to
BCVA improvement at | year, suggesting that PERG could
play an important role in predicting visual outcome 1 year
after photo-biomodulation. However, a larger sample of
patients, a longer follow-up, and quantitative data of the
retina are needed in order to confirm our findings.
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Figure 4 Receiving operating characteristic (ROC) curves were conducted to test if improvements of PERG at |, 3, and 6 months were correlated with an improvement in
BCVA. Cut-off 0.2 LogMar was determined after study enrollment in order to evaluate the correlation between PERG improvement and BCVA improvement. Cut-off values
were identified with best Youden’s Index (Sensitivity + Specificity — 1) and tested with Chi-square ROC curve for improvement of PERG at | months. This is not shown as it
was not correlated with improvement of BCVA. (A) Patients with an improvement of >1.205 at 3 months tend to present an improvement of BVCA >0.2 at | year. (B)
Patients with an improvement of >1.29 at 6 months tend to present an improvement of BVCA >0.2 at | year.

Abbreviation: AUC, Area Under the Curve.
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