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1. Introduction
Age-related macular degeneration (AMD) is a retinal degenerative disease that causes
irreversible vision loss in people over the age of 60 years. The worldwide prevalence is
estimated to 30-50 million patients.
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(Ambati J. 2011). AMD occurs in two major forms:

exudative (wet) and atrophic (dry) AMD. The wet subtype of AMD can be in part
successfully treated by vascular epithel growth factor (VEGF)-inhibitors like Pegaptanib or
Bevacizumab, an angiogenesis inhibitor. For dry AMD there are presently no effective
treatment options (Davis et al. 2005) that mitigate progression of photoreceptor loss in the
more common atrophic form of AMD.
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Dry AMD is characterized by drusen, retinal

pigment epithelial (RPE) cell atrophy and in final stage photoreceptor degeneration. It is
emerging as one of the primary causes of vision impairment (Gordois et al. 2012).
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Factors involved in causing RPE cell injury and dysfunction have been shown to include
mitochondrial dysfunction, oxidative stress, inflammation and genetic disposition (Qin &
Rodrigues 2008).
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It has been shown that levels of oxidative biomarkers are elevated in

patients with AMD (Totan Y. et.al. 2009).
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Published studies demonstrate that mitochondrial cytochrome C oxidase (CCO) is a key
photoacceptor of light at near infrared wavelengths of 670- 830 nm and improves blood
flow and ATP formation, enhances O- binding and reduces oxidative stress and

inflammation (Karu et al 1995; Karu & Kolyakov 2005; Wong-Riley et al. 2005 ).
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The

detailed mechanism of the reduction of cellular oxidative stress by photobiological
excitation were investigated in in-vitro studies by Y.Y. Huang et.al.( Y.Y.Huang et.al.
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2013). Accordíng to their interpretation, the near infrared (NIR) irradiation changes the
mitochondrial membrane potential and increases the electron transfer within the
respiratory chain. When oxidative stressed cells are excited by near- infrared radiation, the
activity of antioxidative enzymes like catalase, glutathion-peroxidase and superoxiddismuthase increases, which reduces the oxidative stress and inflammations.
Ivandic and Ivandic have shown clinically that Phototherapy with a laser diode aimed at
the macular area significantly improves visual acuity in a case series of both dry and wet
AMD subjects. Visual acuity (VA) in the control group remains unchanged. No adverse
effects were observed in patients undergoing Phototherapy (Ivandic & Ivandic 2008).
a case-series clinical study G.F.Merry et.al. (2016)
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In

have reported significant

improvements of the visual acuity (VA) and contrast sensitivity (CS) following infrared
treatments. Furthermore, they have measured a significant decrease of drusen thickness
and drusen volume after 670 nm treatments using non- coherent light. Merry et al. (2012)
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have previously presented results of a pilot study in a small cohort of dry AMD patients,

the Toronto and Oak Ridge Photobiomodulation Study for Dry Age-Related Macular
Degeneration (TORPA) that demonstrated statistically significant improvements in early
treatment diabetic retinopathy study (ETDRS) best- corrected visual acuity (BCVA) and
contrast sensitivity (CS). Furthermore, Phototherapy has recently been shown to reduce
non-central diabetic macular oedema in a case series (Tang et al. 2014).
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Therefore, a

growing body of evidence suggests that Phototherapy treatments could have a beneficial
role in dry AMD, a condition characterized by mitochondrial dysfuntion, oxidative stress
and inflammation within the RPE cell layer.
We report the findings from 67 patients in a prospective, single arm, interventional case
series using non-coherent, near- infrared (NIR) 830 nm radiation. This study evaluated
functional and pathological end-points including retinal and drusen morphology using
Spectral Domain-Optical Coherence Tomography (SD- OCT). We demonstrate that NIR Phototherapy has the potential to improve significantly both functional clinical and
morphological outcomes in dry AMD. Our results- in particular regarding the improvement
2

of the visual acuity- are in complete agreement with the results reported from G.F.Merry
et.al. (2016) from the Toronto and Oak Ridge Photobiomodulation Study.

2. Material and Methods
Patient selection and setting
Subjects ≥ 60 years of age with dry AMD were eligible for study participation and were
enrolled at the eye clinic within a time period of 2015–2017. Subjects were treated off-label
with available LED instruments (laneg GmbH Wehrden, Germany) approved by the CEmark of the European Union.. The treatments were performed applying monochromatic,
non-coherent, near -infrared 830 nm radiation (NIR). This wavelenght corresponds to one
of the absorption maxima of mitochondrial Cytochrom C Oxidase
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( Karu et.al. 2005)

and was very close to the 880 nm diagnostic wavelenght used in the SD-OCT diagnosis.
Therefore the penetration depth of the diagnostic and therapeutic radiation are almost
equal. The irradiation was of about 75 mW/cm2. The treatments were performed using a
new photomedical method called „medlouxx“ ( „mitochondrial excitation due to lowering of
light absorption“), which was developed at Paderborn University in Germany. The main
difference of the medlouxx method compared to any laser irradiation is the uniform and
homogenous irradiation of the whole retinal area with a moderate but clinically relevant
dosage of < 100 mW/cm² ( as recommended by M.R.Hamblin and Y.Y.Huang " Handbook
of Photomedicine" , CRC Press, 2013).
Subjects who met the inclusion criteria and gave written informed consent underwent NIRPhototherapy with two treatment sessions per week for total 4 weeks. The baseline (BL)
optical coherence tomography (SD-OCT) retinal images were measured after 8 controltreatments (performed with 2 control- treatment sessions per week) and a following break
of one month. The subsequent SD-OCT images were taken 4 weeks, 12 weeks, 25 weeks
and 50 weeks after finishing the treatments. Formal data collection with independent OCT
was conducted to evaluate both clinical and anatomical benefits of Infrared-Phototherapy.
The case series instruction protocol was approved by the Medical Association of Kanton
Luzern (Switzerland) and performed in adherence to the guidelines of the Declaration of
Helsinki.
All patients were divided into three groups, in dependence on the initial clinical diagnosis.
The group 1 contained 34 patients with manifest formation of hard and weak drusen of
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early, and intermediate stage, of separated or confluent appearance, including pigment
epithelium abnormalities, similar to the US-AREDS grades 2 and 3. A wide range of dry
AMD categories were included as the study goal was to explore the potential benefit of
NIR-phototherapy in varying stages and severity of AMD.
Therefore, 16 patients were included in group 2, having in addition beginning partial
atrophies of the RPE. In group 3 were included 17 patients with an previous anti-VEGF
treatment and subsequent development of subretinal and epiretinal fibroblasia. Inclusion
criteria regarding the visual acuity was a letter score of about 50 ( logMAR 1.0, Snellen
20/200 or 6/60, respectively) or better.
Excluded from the case study were patients having progressed central geographic
athrophy similar to AREDS grade 4, epiretinal membranes (ERM) and acquired cataract.
Also excluded were patients having a visual acuity of a letter score smaller than 50 (
logMAR above 1.0, Snellen 20/250).
The patients of each group were treated with identical irradiation parameters, the affected
eyes were irradiated for 3 min, resulting in a dosage of 13,5 J/ cm2. The radiation head
was positioned 0,5 cm above the eye ball, the eyes were open during the treatment. The
therapy was performed according to the „watchful waiting“ principle over a total period of
12 and 18 month.
Study variables
The primary clinical efficacy end-points were changes in visual acuity. All subjects were
assessed with standardized visual acuity measurements according to the European Norm
EN ISO 8596. The visual acuity (VA) is here proportional to the minimum angular
resolution (MAR) determined as "arc-minute gap" of the smallest recognized Landoldt ring.
Visual acuity VA = 1/ MAR [ minutes of arc ]

-1

at testing distance

For all average calculations and statistical calculations we have used the linear scaled
logMAR values, which indicate better the vision loss. In agreement with the EN ISO 8596,
which basically uses the same international standard to express the visual acuity as the
ratio between the testing distance (m) and the distance at which the average eye can
distiguish the width of the critical detail subtending 1 min of arc (M), one can express the
VA in Snellen notation: visual acuity VA = m / M [ min of arc ]

-1

[ m in ft or m]
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In accordance to the WHO ICO report Sydney April 2002, which defines a letter score with
a linear scale of 100 correct letters for normal view, one can caculate the different
approaches: 100 correct letters are equal to logMAR= 0 and equal to the non-linear scaled
MAR=1,0 and non-linear scaled Snellen= 20/20 (ft) or 6/6 (m), respectively. Subjects were
tested by the same examiner at all visits under identical conditions.
The anatomical end-points were change in SD-OCT data, in particular mean central retinal
thickness (CRT), mean central drusen volume (CDV) and mean central drusen thickness
(CDT). Subjects were assessed with high-resolution SD-OCT volume scans. ( SD- OCT
RS 3000 NIDEK) Subsequent SD-OCT scans were performed to allow exact comparison
of retina and drusen volume. According to the parameter of the RS 3000 NIDEK
tomograph, the axial resolution z was calculated by the formula

with lc -coherence length and λ - wavelength
= 8,0 µm
the lateral resolution d was calculated by the formula

with λ - wavelength and AN - numerical aperture
= 8,8 µm.
Therefore, drusen of a thickness < 8,0 µm and of a diameter < 8,8 µm could not be
identified by the instrument NIEDEK SD-OCT. The decrease of the drusen thickness could
be clearly measured up to a value of 8,0 µm, beyond that axial and lateral resolution limit,
the NIDEK SD-OCT was unable to deliver informations about the actual drusen thickness.
Measurements included aligned mean central retinal thickness (CRT), mean central
drusen thickness (CDT) and mean central drusen volume (CDV). Drusen in SD-OCT
scans were defined as focal deposits of divergent reflectivity and of variable size between
the RPE and the Bruch membrane (Spaide & Curcio 2010).
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Reticular pseudodrusen

were defined as small hyper-reflective deposits located in the subretinal space (Spaide &
Curcio 2010). Geographic atrophy (GA) on SD-OCT was identified when there was
5

absence/loss of the RPE with enhanced choroidal signal and concomitant loss of the outer
plexiform layer (Sayegh et al. 2011).

16,18

The individual retinal layers were automatically
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segmented with an in-built software analougus to Ctori et.al. (Ctori & Huntjens 2015).

The segmentation line of the Bruch’s membrane and the internal limiting membrane was
inspected on each scan for correct alignment and manually corrected if needed to achieve
valid CRT values. The automated, adjusted segmentation line of the RPE was carefully
examined for exact drusen alignment in each scan and in cases of incorrect segmentation
adjusted.

Statistical analyses
Statistical analyses were performed using the r- Project for Statistical Computing;
(https://www.r-project.org) version 3.0. Graphs were generated using Kaleidagraph. Data
were analysed using random intercept models .The random effects model is analogous to
a paired t- test or repeated-measures analysis. Two-sided p-values <0.05 were considered
statistically significant.

3. Results
The study evaluated 67 eyes from 67 subjects, 66–95 years of age (mean 78.0 +/- 7.83).
There were 45 females and 34 males. Baseline (BL) dry AMD data are given in Table 1.
Table 1:
Baseline clinical and functional outcome measures / average BL data of 67 patients
Visual acuity parameter
VA(EN ISO average) = 0,266 equal to Snellen acuity (average)= 20/75 equal to 72 letter count
indicating a LOW VISION STATUS (ICD-9,-10) with moderate visual impairment
Drusen Parameter
Central Drusen volume (mm3)

0,0379 +/- 0,16

CDT: Central drusen thickness (µm)
CRT : Central retinal Thickness (µm)

37,09

+/- 0,7

342,12 +/- 45,19
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In the following, the study methodology and the study results are shown exemplary for a
selected patient, m, 87 y, dry AMD at rigth eye, patient code number FK 17407.

Figure 1a,1b and 1c show the OCT baseline data of this patient FK 17407, determined on
20.08.2015, just before starting the IR-Phototherapy.
The central retinal thickness CRT is of about 322,0 +/- 4,0 µm. The mean central drusen
thickness CDT is of about 40,25 +/- 4 ,0 µm.
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Figure 1a,b,c: Patient FK17407; m; 87y; right eye
OCT – control/baseline (BL) data [1a] : thickness graph (ILM-RPE/BM) [1b)]
CRT: 322 µm +/- 4,0 µm, CDT: 40,25 +/- 4,0 µm; CDV: 0,0379 +/- 0,0047 mm3

Figure 2a and 2b show the change on 21.10.2015, which was four weeks after finishing
the IR- phototherapy treatments: The CRT-value is decreased up to a value of about 247
µm. Within this short time period, the drusen thickness CDT is reduced up to a value
below 8,0 µm as depicted in the thickness graph of Figure 2. The actual CDT value after
finishing the phototherapy could not be determined, because the mean thickness of the
drusen was decreased below the axial resolution level. To estimate the real drusen size,
we have measured the change of the visual acuity of this patient by means of a Landoldtchart. The data in Table 3 show the baseline MAR = 4,0 [ equal to logMAR= 0,602; equal
to Snellen 20/80; equal to letter score =70 ] corresponding to a decimal EN ISO visus of
VA= 0,250. Immediately after finishing the Phototherapy treatments the MAR value is
changed to MAR= 1,3 [ equal to logMAR= 0,114; equal to Snellen 20/25 or 6/7,5
respectively; equal to a letter score =95 ] corresponding to a decimal EN ISO visus of VA =
0,800. The significant improvement of the visual acuity of this patient directly after finishing
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the treatment period of 4 weeks is obvious ! We have observed similar results for all
patientes of the group 1.
Therefore, we have concluded that the actual drusen thickness must be close or equal to
zero, obviously the drusen are fully resolved without formation of a geometric atrophy
(GA).

Figure 2 a,b: Patient FK17407; m; 87y; right eye

OCT – exams 21.10.2015 data : Patient FK17407; m; 87y; right eye [2a]
thickness graph (ILM-RPE/BM) [2b]
CRT: 247 +/- 4,0 µm: CDT: < 8 µm; CDV: <5,358 ×10-7 mm3

Figure 3a and 3b illustrate the data change 50 weeks after finishing the treatments. It is
obvious that the output data of the exam on 02.11.2016 are very close to the data
obtained one year ago in the exam on 21.10.2015. That means that the treatment results
of the IR- phototherapy are stable over a long period of almost one year. The CRT value is
now slightly increased from 247 µm to 264 µm, the CDT-value is still below the resolution
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level, the Snellen-Index is now 20/27 equal to EN ISO of 0,740, indicating the
maintenance of the improved visual acuity.

Figure 3a,b: Patient FK17407; m; 87y; right eye

OCT - exams 02.11.2016 data [3a]
thickness graph (ILM-RPE/BM) [3b]
CRT: 264 +/- 4 µm, CDT: < 8,0 µm; CDV: <5,358 ×10-7 mm3

In Figure 4 the determined clinical outcome data are plotted as functional dependence on
time. The baseline data of VA and letter score before the treatment are plotted at time =0.
The value of VA = 0.250 before the treatment indicates a low vision status, according to
ICD-10 WHO standard. It is obvious that directly after finishing the 4-weeks treatment
period the VA is changed to VA = 0.800 and maintains at a level about VA ~ 0.7500 for the
following 12 month. That means that the patient`s view was recovered to a normal vision
status.
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Figure 4 : Visual acuity (VA) and letter score before and after IR Phototherapy
treatment (VA is plotted as left y-axis)

The Table 4 contains the average clinical and functional outcome measures of all 67
patients of the study.
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The data of table 4 with respect to the axial and lateral resolution limit of the used Optical
Coherence Tomograph are denoted with the symbol *.

4. Discussion
Our results are in agreement with other studies, which show improvement in functional and
clinical parameters using non-coherent LED light sources for dry AMD patients. (G.F.Merry
et.al.2016 ) It was reportetd in literature that significant improvement in visual acuity was
observed immediately following phototherapy and was maintained at one year, again in full
agreement with our results (Photobiomodulation as a new treatment for dry AMD, ARVO,
2012).
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Actually, we have used the direct correlation between the central drusen size (CDT) and
the visual acuity (VA and MAR-value ) to estimate the drusen thickness for CDT -values
below the axial and lateral resolution limit of the applied SD-OCT tomograph of about 8
µm. This correlation allows to estimate the functional end-point of the IR-Phototherapy as
a method, which resolves the drusen completely and for a significant long time period.
Also, from the clear improvement of all visual acuity data, we could exclude the formation
of a geometric athrophy (GA), which would not lead to an improvement of the visual acuity.
The patients of our group 1 benefitted the most from the IR Phototherapy, as well
regarding the visual acuity as the drusen dissolution. The patients of the group 2 and
group 3, which had- besides the regular drusen of a dry AMD- additional formation of
reticular pseudodrusen and other eye diseases, benefitted partly from the treatments,
mostly regarding the reduction of the drusen size. The significant drusen reduction in
association with functional improvement is particularly compelling. Our data clearly show a
decrease in drusen volume and mean central drusen thickness. Although drusen formation
and regression are in a constant process of change, it is commonly accepted that the
drusen tends to increase during AMD progression and not to decrease, even during a
short period of time. We confirm the results of previous studies that drusen dissolution can
occur without contributing to new GA formation and without leading to further retinal
irregularities. (Gregori et al. 2014).
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Near Infrared (NIR )- Phototherapy utilizes very low

energy levels causing no tissue damage. The homogenous irradiation of the whole retinal
area used here in the case series was below 100 mW/ cm2. Photobiomodulation
stimulates cellular processes that provide an approach to target the underlying
degenerative

pathology

with

disease-modifying

potential.

It

was

reported

that

electromagnetic radiation of the near infrared range (NIR) of about 820-830 nm
wavelength is able to influence the redox potential of the target cells, in particular of the
their mitochondrias. Kokkinopoulos et.al.
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have reported that age related retinal

inflammations could be reduced by near infrared irradiation, probably due to the increase
of the mitochondrial membrane potential (Kokkinopoulos et.al. 2013). Fitzgerald et.al.
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have shown that NIR irradiation reduces the oxidative stress in the cells of the optical
nerve and leads to an improvement of the functions of the optical nerve after traumatic
injury. The detailed mechanism of the reduction of cellular oxidative stress by
photobiological excitation were investigated in in-vitro studies of human neuronal cells by
22

Y.Y. Huang et.al. (2013)

and A.Giulani et.al. (2009).
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Accordíng to their interpretation,

the NIR irradiation changes the mitochondrial membrane potential and increases the
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electron transfer within the respiratory chain. If oxidatively stressed cells are excited by
infrared radiation the activity of antioxidative enzymes like catalase, glutathion-peroxidase
and superoxid-dismuthase increases, which reduces the oxidative stress. This process
ends, when the homeostatic equilibrium between oxidative and antioxidative components
in the cells is restored, therefore it shows, in a certain sense, a local, self- regulating
behaviour. In summary, the NIR- radiation has a direct reducing effect to the celluar
oxidative status and the inflammations, which are frequently and unavoidable connected to
cellular oxidative stress. We explain the observed functional and clinical effects of the used
830 nm NIR-radiation mainly by the the reduction of the oxidative stress in the
photoreceptor cells and the reduction of subclinical and clinical inflammations in the retinal
area, in particular in the RPE and the choroid. Besides the reduction of oxidative stress in
the cells, the increase of the microcirculation ( M.C.H.Mak et.al. 2012 )
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in the choroidal

capillary and the RPE may another important parameter, which supports the functional
changes observed.

5. Summary
We have developed and applied a new, non-invasive photomedical method to treat the dry
age related macular degeneration AMD). Using non-coherent, near infrared (NIR) 830 nm
irradiation with light densities of about 75 mW/cm2, we obtained significant improvements
of clinical ( vision acuity ) and anatomical ( drusen size ) parameters.
The results are stable over a period of at least 12 month, indicating the long-lasting
healing effects of the applied treatment procedure. Due to its non-invasive and noncoherent character, the treatments are simple to perform and free of side effects and any
other undesirable events. The literature supports the conclusion that the low cost and noninvasive nature of Phototherapy combined with the increasing number of promising clinical
reports make Phototherapy well suited to become an important player in the treatment of
retinal disorders (Geneva 2016).
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Our presented case series demonstrates doubtless the

drusen reduction and dissolution utilizing 830 nm radiation of a non-thermal LED light
source, having anti-inflammatory and antioxidative effects. The combination of anatomical
changes coincident with functional improvements is most promising for IR -Phototherapy
as a novel treatment for dry AMD.
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