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Photobiomodulation (PBM) therapy involves low 
intensity levels of light at specific wavelengths, 
predominantly in the visible to near-infrared 
(NIR) regions, that modulate biological processes 
at the cellular level. Photobiomodulation has 

evolved to treat many different health conditions, from cog-
nitive decline to wound healing to chronic skeletal muscle 
injury and pain. 

Photobiomodulation influences a wide variety of cellu-
lar functions, including gene expression, cellular growth and 
proliferation, survival, and differentiation.1 Mitochondria 
contain the majority of chromophores that absorb light in 
the red to NIR region. Cytochrome c oxidase (CcO) appears 
to be the primary photoacceptor and is a critical media-
tor of mitochondrial electron transport pathway activity 
(Figure 1).2 Activation of CcO triggers a series of biochemi-
cal cascades. Increased adenosine triphosphate (ATP) pro-
duction, reduction of reactive oxygen species (ROS), and 
increased antioxidant protection via PBM all support recov-
ery of cellular function. Evidence supports PBM regulation 
of gene expression and activation of transcription factors, 
which lead to the modulation of Ca2+ signaling and a num-
ber of pathways related to cell death, stress, and inflamma-
tion.3-5 The retina is highly energy dependent and vulnerable 
to mitochondrial dysfunction. The retinal neurons, photo-
receptors, and ganglion cells contain the highest density of 

mitochondria and therefore present as potential therapeutic 
targets for PBM.6 Preclinical studies have demonstrated that 
PBM can reduce cell death and mitigate oxidative stress and 
retinal immune response in cell culture.7 In animal models, 
PBM can reduce photooxidative stress,8 hyperoxic stress,9 
retinopathy of prematurity models,4 and aging10 by modulat-
ing anti-inflammatory gene and protein expressions leading 
to the reduction of complement pathway mediators such as 
C2a and C3a in the retina.10-12 

Lumithera developed the first multiwavelength PBM 
device to treat ocular indications, the Valeda Light Delivery 
System. Valeda is CE-marked and commercially available 
in Europe and select countries in South America. Valeda is 
designed to emit 590 nm, 660 nm, and 850 nm wavelengths 
using specific light-emitting diodes (LEDs). The use of 590 
nm was chosen based on the inhibition of vascular endo-
thelial growth factor (VEGF) expression in retinal cell cul-
tures following exposure to PBM of various wavelengths.13 

The 660 nm and 850 nm wavelengths were chosen based on 
their direct interaction with CcO. Cytochrome c oxidase is 
an inner mitochondrial membrane enzyme and complex IV 
of the electron transport chain, and a target chromophore 
for both of these wavelengths.14 Near infrared (850 nm) is 
known to be absorbed by copper CuA moieties inside CcO 
important to support electron flow from cytochrome C into 
the CcO complex. Red (660 nm) wavelengths are known to 
be absorbed by copper CuB moieties inside CcO and has 
been demonstrated to enhance O2 binding at the active site.15 
Both wavelengths have independent stimulatory effects upon 
CcO enzyme activity, thereby restoring mitochondrial mem-
brane potential and leading to enhanced ATP production. 

PHOTOBIOMODULATION IN AGE-RELATED 
MACULAR DEGENERATION
Multiple clinical studies have investigated the efficacy and 
safety of PBM in dry age-related macular degeneration 
(AMD) subjects. Using the multiwavelength approach with 
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Valeda, clinical studies have shown statistically significant 
benefits following PBM treatment on visual acuity and other 
functional parameters as well as on disease morphology in 
patients with dry AMD.16,17 

The LIGHTSITE I pilot study (2018) evaluated PBM 
effect in 30 subjects (46 eyes) randomized 1:1 (PBM:sham). 
Subjects had a duration of dry AMD for 7.8 years after dry 
AMD diagnosis. Treatment with PBM followed a set pro-
tocol of 9 treatment sessions over 3 weeks (ie, 3x/week over 
3 weeks) delivered at baseline and repeated at 6 months. 
Subjects showed a best-corrected visual acuity (BCVA) mean 
letter score gain of ~4 letters immediately after each PBM 
treatment series at month 1 and month 7. Approximately 
50% of PBM-treated subjects showed improvement of 
≥5 letters vs 13.6% in sham-treated subjects at month 1. 
Statistically significant improvements in contrast sensitivity, 
central drusen volume, central drusen thickness, and quality 
of life were observed (P<.05) (Figure 2). No device-related 
serious adverse events were reported. High-responding sub-
jects (≥5 letter improvement) in the PBM-treated group 
showed a gain of 8 letters after initial treatment (P<.01) and 
exhibited earlier stages of AMD disease.17

The LIGHTSITE II study (2021) was a prospective, dou-
ble-masked, randomized, multicenter clinical trial conducted 
in 8 leading retinal centers across Europe. Intermediate dry 
AMD subjects received 3 rounds of PBM delivered every 4 
months for a duration of 10 months. Forty-four subjects were 
enrolled in a 2:1 ratio of PBM:sham in the treatment groups. 
The mean age of the subjects was 74.1 years and mean dry 
AMD duration was 3.7 years after diagnosis. A statistically 
significant improvement in BCVA at 9 months from baseline 

(P=.01) in PBM-treated subjects was seen. The mean vision 
benefit for the PBM group vs the sham-treated group at 9 
months was approximately 4 letters vs a 0.5-letter gain in the 
sham-treatment group.18 

The ELECTROLIGHT study (2021) further explored 
PBM effect in dry AMD in addition to the impact on elec-
troretinography (ERG) outcomes as a quantitative measure of 
functional vision improvement. Multiluminance ERG mag-
nitude AUC improved by 14.4% from baseline after comple-
tion of the first 9 treatments and showed a 9% improvement 
at 6 months in the intention-to-treat population. A positive 
correlation between multiluminance ERG and BCVA was 
seen (P<.05) following initial PBM treatment. Positive cor-
relations between multiluminance ERG and fixed luminance 
(R=.870) and chromatic ERG outcomes (R=.676) were also 
reported. Subjects showed approximately 12.8±0.98 letter 
improvement in BCVA at month 6 compared to baseline 
scores. Mars contrast sensitivity (CS) also showed improve-
ment from baseline to month 6 at 40 cm (0.202 log±.02), 80 
cm (0.197 log±.02), and 120 cm (0.28 log±.03).19 

The LIGHTSITE III pivotal trial is currently ongo-
ing in the United States with 100 intermediate dry AMD 
patients. A 13-month interim analysis is expected in the 
first quarter of 2022.  

PHOTOBIOMODULATION IN RETINAL  
VASCULAR DISEASES
A pilot study using the Valeda device and its multiwave-
length PBM approach involved 18 subjects (30 eyes; 
unpublished data) with good vision but signs of diabetic 
macular edema (DME). After treatment with PBM, 28.6% 

Figure 1.  Photobiomodulation uses low-light to stimulate cellular function. At selected wavelengths (850 nm and 660 nm shown here), it 
directly stimulates mitochondrial function via the activation of cytochrome c oxidase (CcO). The activation of CcO lead to increased adenosine 
triphosphate production, reduction of reactive oxygen species, and increased antioxidant protection. 
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of eyes showed a resolution of intraretinal fluid and 40% 
of eyes showed resolution of hard exudates. Central reti-
nal thickness remained stable, from 302±58 µm at base-
line to 296±47 µm after finalizing the treatment circle of 
9 treatment sessions. No signs of phototoxicity, such as 
disruption of the photoreceptor layers or the retinal pig-
ment epithelium, was observed during the treatment and 
up to 16 months followup (unpublished data). Visual acuity 
remained stable at 0.1±0.1 logMAR. Most patients noted 
a considerable improvement in their subjective vision and 
reported improvement in their quality of life.20 

The DRCR Retina Network evaluated in a random-
ized study the efficacy of a single wavelength (690 nm) in 
patients with center-involved DME and good vision. The 
study found the single wavelength approach was well toler-
ated using a home wearable but was not superior to placebo 
in reduction of central retinal thickness.21 A clinical study 
evaluating PBM effect in both AMD and DME/diabetic 
retinopathy patients using a Joovv device emitting red/
infrared LED (660 nm and 810 nm) is ongoing.22 A study 
in central or branch retinal vein occlusion using NIR PBM 
is currently ongoing.23 

PHOTOBIOMODULATION POTENTIAL IN 
OTHER OPHTHALMIC INDICATIONS 
The anti-inflammatory and cell-protection mechanisms 
induced by PBM suggest a potential for this technology 
to be effective in additional ophthalmic indications, espe-
cially those with mitochondrial dysfunction contributing 
to disease pathology. In general, neuronal damage plays 

a key role in many ophthalmic pathologies, and often no 
effective treatment is available. Leber hereditary optic neu-
ropathy (LHON), a rare, maternally inherited optic neu-
ropathy caused by mitochondrial DNA point mutations, 
may benefit from PBM therapy and its effects on mito-
chondrial energy levels and function.24 In addition, many 
inherited retinal pathologies are associated with neurode-
generation and retinal atrophy — both processes that may 
be slowed using PBM.25 A recent report shows beneficial 
effects of PBM in Stargardt disease, a common hereditary 
macular degeneration disease characterized by mitochon-
drial dysfunction.26 Furthermore, a significant body of lit-
erature demonstrates compelling evidence of the efficacy of 
PBM to support wound healing, an approach that may be 
explored in ocular surgery and ocular injury.27

SUMMARY
Collective evidence suggests that PBM therapy has multiple 
effects on cellular metabolism, enhances the health of cells, 
and reduces degenerative and inflammatory processes at a 
cellular and subcellular level. Evidence from several clini-
cal studies support the use of PBM as a potential treatment 
strategy in ocular disease. Larger randomized and controlled 
studies are ongoing to further support the clinical efficacy 
and safety of PBM for patients with retinal diseases. RP
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