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Abstract
Photodynamic therapy (PDT) is a well-established, non-invasive treatment modality that has shown desirable effects such 
as improvement of fine lines, dyspigmentation, and other signs of photodamage. Many patients seek to decrease, or reverse, 
effects of sun damage on the skin. Hyaluronic acid (HA), a naturally occurring glycosaminoglycan found in the body, has 
enormous potential to bind water which allows the skin to retain moisture and maintain elasticity. Topical application of 
HA has been found to produce anti-wrinkle effects. We conducted a pilot case series evaluating the safety and efficacy of 
a commercially available 2% 5-aminolevulinic acid (ALA) gel with hyaluronic acid (ALA-HA) and light-emitting diode-
red light (LED-RL) for facial rejuvenation as determined by clinical assessments and digital skin analysis of rhytides, pore 
size, and erythema. All patients noted improvement of their skin and experienced minimal pain during PDT. Evaluation by 
dermatologists demonstrated significant improvement in overall skin appearance. Digital analysis of photographs revealed 
improvement of skin spots, wrinkles, pores, texture, UV spots, brown spots, red areas, and porphyrins. Our findings demon-
strated safety and efficacy of this novel preparation of photodynamic gel with HA and subsequent activation with LED-RL.
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Introduction

Photodynamic therapy (PDT) is a well-established, non-
invasive treatment modality for actinic keratosis [16]. 
Researchers evaluating the use of PDT for actinic keratosis 
noted improvement of fine lines, dyspigmentation, and other 
signs of photodamage, as unexpected but desirable results 
of the treated areas [9]. This led to clinical investigations of 
performing PDT for cosmetic skin rejuvenation; however, 
to date, there exists no standardized treatment guidelines 
for this indication [25]. PDT utilizes the reaction between 
a photosensitizer and light to generate reactive oxygen spe-
cies (ROS) [17]. Prodrugs, such as methyl aminolevulinate 
(MAL) and 5-aminolevulinic acid (ALA), are converted into 
protoporphyrin IX (PpIX), a photosensitizer [17]. PpIX is 
found endogenously but its formation is a rate-limiting step 

[17]. Topical application of MAL or ALA bypasses this step, 
increasing intracellular levels of PpIX [17]. Singlet oxygen, 
a type of ROS, formed by light activation of the photosen-
sitizer is highly reactive, destroying old collagen fibers and 
inducing the formation of new collagen fibers and subse-
quently results in skin rejuvenation [15].

Intrinsic aging of the skin is associated with decreased 
proliferative activity of skin cells including keratinocytes, 
melanocytes, and fibroblasts [29]. Exposure to light, spe-
cifically ultraviolet A (UVA), for extended periods of time, 
causes extrinsic atrophy of the skin, leading to photodam-
age and premature aging of the skin [6]. Features of pho-
todamaged skin include wrinkles, discoloration, erythema 
and sebaceous gland hypertrophy [8]. Previous studies 
using PDT for treatment of photodamaged skin have found 
significant histological and clinical improvements includ-
ing increased collagen, smoother skin texture, and fewer 
wrinkles [3, 18]. Moreover, hypertrophic scarring has been 
found to improve with less erythema, reduced volume, and 
increased flexibility [7].

Many patients seek to decrease, or reverse, effects of 
sun damage on the skin. According to the Annual Statistics 

 * Jared Jagdeo 
 jrjagdeo@gmail.com

1 Department of Dermatology, State University of New York, 
Downstate Health Sciences University, 450 Clarkson Ave, 
Box 46, Brooklyn, NY, USA

http://orcid.org/0000-0002-8965-9770
http://orcid.org/0000-0002-7619-7650
http://crossmark.crossref.org/dialog/?doi=10.1007/s00403-020-02038-5&domain=pdf


568 Archives of Dermatological Research (2020) 312:567–573

1 3

Report by the American Society of Plastic Surgeons, 15.9 
million minimally invasive cosmetic procedures were per-
formed in 2018, resulting in a total expenditure of 8.8 billion 
dollars [23]. According to the American Society for Der-
matologic Surgery (ASDS), 3.27 million procedures using 
laser, light, and energy-based devices were performed in 
2017, making those procedures the most popular cosmetic 
treatment [2]. In addition, a survey done by ASDS in 2018 
revealed that treatments to tighten the skin or smooth wrin-
kles using ultrasound, laser, light, or radiofrequency were 
the most common procedures that consumers opted to 
undergo [1].

Herein, we conducted a pilot case series evaluating the 
safety and efficacy of a commercially available 2% ALA gel 
with hyaluronic acid (ALA-HA) and light-emitting diode-
red light (LED-RL) for facial rejuvenation as determined 
by clinical assessments and digital skin analysis of rhyt-
ides, pore size, and erythema. HA, a naturally occurring 
glycosaminoglycan found in the body, has enormous poten-
tial to bind water which allows the skin to retain moisture 
and maintain elasticity. Topical application of HA has been 
found to produce anti-wrinkle effects [19].

Methods

Participants

Patients greater than 18 years old and of Fitzpatrick skin 
types I–VI were able to participate. Patients with Fitzpatrick 
skin types IV–VI prepped their skin for treatment using a 
gentle cleanser for 1 week leading up to the first treatment 
session. All patients provided written informed consent. 
Exclusion criteria included blood-thinning agents, preg-
nancy, lactation, open wounds on the face, photosensitive 
disorders, and photosensitizing medications. IRB approval 
was not indicated as this is categorized under pilot activity.

Baseline survey

Prior to treatment, patients rated their degree of facial hyper-
pigmentation, fine lines and wrinkles, texture and pores 
using a four-point scale, with 0 being best and 4 being worst.

Study medication

The photodynamic gel contained hydrogenated lecithin vehi-
cle for delivery of 2% ALA-HA.

Treatment protocol

Three treatments were administered over 12 weeks (spaced 
4 weeks apart). The final follow-up visit was conducted 4 

weeks after the last treatment session. All patients washed 
their face with a gentle cleanser (CeraVe Hydrating Facial 
Cleanser or LaRoche-Posay Toleriane Hydrating Gentle 
Cleanser) and then prepped their skin using a 70% alcohol 
pad and gauze for irritation. A cosmetic photodynamic gel 
with hyaluronic acid (GlycoALA, GlobalMed Technologies, 
Glen Ellen, CA) was then applied to the face and left on 
for 40 min in a dark room. The gel was massaged into the 
skin by the patient for the first 10 min. After the incubation 
period in a darkroom, the gel was thoroughly washed off. 
Patients were exposed to LED-RL (633 nm using the Omni-
lux Revive 2, GlobalMed Technologies, Glen Ellen, CA) for 
20 min. Patients were positioned such that the LED array 
was approximately two inches from the face (at a standard-
ized distance). Wavelength-specific safety glasses were worn 
by the patients for the entirety of LED-RL treatment ses-
sion. Patients were instructed to avoid sunlight and bright 
lights if possible and to use sunscreen with at least SPF 50 
for the next 3 days.

Clinical assessments and patient‑reported outcomes

After LED-RL therapy, patients rated their level of erythema 
from 0 (none) to 4 (severe), pain from 0 (no pain) to 10 
(most severe pain) and commented on any other symptoms 
during PDT and every day for 7 days after each session. 
Erythema was also assessed by an observer immediately 
post-treatment. Both patients and observers used the same 
scale for erythema. No erythema was scored a 0. Minor or 
very faint erythema was scored a 1. Mild or blotchy visible 
erythema that does not cover the whole face was scored a 
2. Moderate or a dull red color to the skin was scored a 3. 
Severe or a bright or dark red color to the skin was scored 
a 4. Patients were given a diary to track pain from 0 to 10, 
other discomfort from 0 to 10, and skin redness from 0 to 4 
for the next 7 days.

At follow-up visits, patients reassessed their hyperpig-
mentation, fine lines and wrinkles, texture and pores on a 
scale of 0–4, with 0 being no improvement and 4 being very 
noticeable improvement.

Photographs and digital analysis

Photographs of the frontal facial view were taken at baseline 
and at the final follow-up. Photographic analysis was com-
pleted with the VISIA Complexion Analysis System (Can-
field Scientific, Parsippany, NJ). The following skin quality 
parameters were digitally analyzed: spots, wrinkles, pores, 
texture, UV spots, brown spots, red areas, and porphyrins. 
The score for each parameter was generated by the program 
with higher numbers reflecting greater severity. Scores for 
each parameter were averaged across all six patients for a 
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baseline score and final follow-up score, which were then 
compared.

Photonumeric grading

A modified Global Aesthetic Improvement Scale (mGAIS) 
was used to grade the photos. Two photos of the same 
patient, a before and after photo in random order, were 
presented side by side and could receive a score of − 1, 0, 
or 1 by the dermatologist graders (AM and JJ). The grad-
ers were instructed to compare the second photo to the first 
photo. A score of − 1 indicated worsened appearance. A 
score of 0 indicated no change. Finally, a score of + 1 indi-
cated improvement in the appearance. Following grading, 
the results were decoded chronologically to determine the 
change in mGAIS from baseline.

Statistical analysis

The complexion analysis scores after PDT sessions were 
compared with those at baseline using paired t tests. A 
p value of < 0.05 was considered statistically significant.

Results

Patient demographics

Six patients (two women, four men, mean age 26.5) com-
pleted the full protocol. Two patients had Fitzpatrick skin 
type II, one patient had Fitzpatrick skin type III, and three 
patients had Fitzpatrick skin type IV.

Baseline survey

On the baseline survey, all patients reported visible pores 
as their most significant concern. The survey revealed an 
average score of 3.0 for pores, 1.167 for texture, 1.0 for 
hyperpigmentation and 0.5 for fine lines and wrinkles.

Clinical assessments and patient‑reported outcomes

Average pain on a four-point scale, with 0 being no pain 
and 4 being the most severe pain, during each of the three 
sessions, was 0.5 ± 0.5, 1.5 ± 1.3, and 0.83 ± 1.2, respec-
tively. Across all sessions, other reported sensations 
included tingling, stinging and warmth. Average patient-
rated erythema on a four-point scale, with 0 being none 
and 4 being extensive facial erythema, was 1.17 ± 0.4, 
1.5 ± 0.5, and 1.5 ± 0.5 for each of the sessions, respec-
tively. Average clinician-rate erythema on a 4-point scale 

was 1.17 ± 0.9, 2 ± 0.6, and 1.3 ± 0.5 for each of the ses-
sions, respectively. In the 7 days after LED-RL therapy, 
pain ranged from 0 to 4 overall.

Patients reported mild improvement  from baseline 
with skin texture (1.5 out of 4) followed by pigmenta-
tion (1.17 out of 4) and pores (1.17 out of 4). Overall, 
no improvement or worsening of fine lines was noted. 
Half of the patients would recommend this treatment to 
someone else. Pain, other discomfort and redness were 
low for the 7 days following treatment for each session. 
Across all three sessions, the pain level was rated at an 
average of 0.13, ranging from 0 to 2, other discomfort 
averaged 0.66, ranging from 0 to 6, and redness averaged 
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Fig. 1  Averaged digital skin analysis showing positive trends  (i.e., 
decreased severity) for wrinkles (a), pores (b), and red areas (c)
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0.56, ranging from 0 to 2. Three out of six patients (50%) 
reported dryness in the 7 days post-treatment, making it 
the most commonly reported side effect. Other comments 
included tingling, itching, soreness, and peeling.

Digital analysis

Photographic and digital skin analysis revealed positive 
trends (i.e., decrease in severity), that were not statistically 
significant changes, of all analyzed parameters after treat-
ment compared to baseline (Fig. 1). Improvements in wrin-
kles, pores, and redness appearance were the greatest and 
approached statistical significance (p = 0.068, p = 0.087, and 
p = 0.061, respectively; Figs. 1, 2, 3).  

Photonumeric grading

Standard photos at baseline and final follow-up were pre-
sented to two dermatologists; Fig. 2 shows an example in 
chronological order. Four out of six patients (67%) were 
rated to have improved appearance by dermatologist’s 
mGAIS. One patient was rated to have worsened appear-
ance, and one patient was rated improved by one physician 
and worsened by the second physician.

Discussion

Many individuals seek treatment of photodamage to their 
facial skin. Patients undergoing PDT for actinic keratosis 
were noted to have desirable cosmetic outcomes. Our find-
ings demonstrated safety and efficacy of this novel prepara-
tion of photodynamic gel with HA and subsequent activation 
with LED-RL.

Based upon patient-reported outcomes, all patients noted 
improvement of their skin and 50% of participants would 
recommend the procedure to someone else after three PDT 
sessions. Interestingly, the amount of pain reported by the 
patients was not as high as other studies with PDT, making 
glycoALA-PDT a comfortable procedure. The main limiting 
adverse event for patients undergoing PDT is pain, which 
often limits patient interest and compliance with additional 
future treatments [26]. The pain experienced during PDT is 
unpredictable but appears to be associated more with ALA 
than MAL [4]. PDT pain may be related to rapid activation 
of PpIX [5]. One study found that ROS activates TRPA1 
and TRPV1, cation channels associated with body tempera-
ture regulation. These channels are located in nociceptive 
nerve endings and may be responsible for pain experienced 
during PDT [5]. Pain may also be related to the amount of 
photodamage present. The level of pain may be decreased in 
our cases compared to other studies due to less photodam-
age in our relatively younger group. In addition, the diluted 
active ingredient, 2% ALA, as opposed to the 20% ALA 
typically used to treat actinic keratosis, may play a role in the 
decreased pain experienced by the participants. Post-PDT 

Fig. 2  Standard photography of 
a patient before photodynamic 
therapy (a) with improvement at 
4 weeks after last treatment (b)
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session diaries also revealed minimal to moderate erythema 
and minimal discomfort.

According to blinded reviewers, clinically visible 
improvement was apparent with most patients from baseline 
compared with 3-month photos. We believe that hyaluronic 
acid delivery via PDT allows for a non-invasive therapy 
that is more affordable and more accessible to the general 
population than currently available methods such as lasers 
or injectables.

The digital analysis of photographs by our imaging sys-
tem demonstrated improvement of skin spots, wrinkles, 
pores, texture, UV spots, brown spots, red areas, and porphy-
rins. Wrinkles, pores, and redness parameters approached 
significance, showing a positive trend. Although not statisti-
cally significant, our results were clinically significant and 
relevant as patients and dermatologists noticed an improve-
ment in overall skin appearance. Patients also reported 
improvement of skin texture, pigmentation, and pores after 
treatment.

Our findings are consistent with previous reports. Lowe 
et  al. used 5% ALA for 30  min and subsequent LED-
RL for one session [14]. There was minimal phototoxic 
response with a reduction of fine lines in 67% of patients 
and increased skin softness in all patients [14]. Another 
study using 5% ALA for 2 h and then LED-RL exposure 
found improvement of photoaged lesions, stratum corneum 
hydration, elasticity, transepidermal water loss, and mela-
nin index. These improvements were more obvious than an 
intense pulsed laser-only group [28].

Optimizing photodynamic gel and treatment protocol 
with LED-RL irradiation may result in a new method for 
desirable antiaging effects. One study using PDT and 0.5% 
5-ALA liposomal spray demonstrated an improvement of 
periorbital wrinkles in Asians [22]. A major drawback of 
PDT is pain reported by patients during the procedure. Based 
on our study, patients experienced minimal pain. Another 
study found ALA-PDT with red light to be better than red 
light alone for skin rejuvenation [12]. A review of photody-
namic photorejuvenation concluded that photorejuvenation 
PDT is safe, efficient and an integral part of the energy-based 
technologies and laser rejuvenation techniques; however, 
optimization of protocols is still needed [13].

MAL-PDT has been effective in decreasing the extent 
of keratinocyte atypia associated with new dermal colla-
gen deposition [24, 27]. It has also been found to decrease 
tumor protein p53 and elevate levels of procollagen-I, matrix 
metalloproteinase (MMP)-1 and tenascin-C [18, 24]. Park 
and colleagues collected skin biopsies before and after two 
sessions of ALA-PDT [18]. They found decreased epidermal 
thickness and decreased inflammatory infiltrate. TGF-β and 
its receptor, which are involved in collagen synthesis, were 
increased, while MMP-1, 3, and 12, elastin degraders, were 
decreased [18]. PDT is associated with improvement of fine 
wrinkles, texture, and pigmentation [10, 11, 20, 21, 25, 27].

This pilot case series was limited by the small sample size 
and emphasizes the need for larger studies due to the positive 
trends of data. Our participants were younger than the typi-
cal age included in photorejuvenation studies and the range 

Fig. 3  Photography with Red/
Brown/X processing to show 
red areas of a patient before 
photodynamic therapy (a) and 
at 4 weeks after last treatment 
with improvement (b)
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of skin types was limited. We made efforts to decrease bias 
by utilizing randomization of grading and digital analysis. 
A study with larger sample size, longer sessions, additional 
sessions, or longer follow-up period may be necessary to 
detect statistically significant differences in skin quality 
parameters. While PDT is often used in older adults for the 
treatment of actinic keratosis, it is unclear whether PDT at 
a younger age has benefits in preventing actinic keratosis 
formation. PDT treatment with ALA-HA in younger patients 
may provide a non-invasive alternative for “prejuvenation”. 
The ASDS has found that there is an increasing interest in 
the under-30 age group in preventative skincare treatments 
as the use of fillers and neuromodulators has surged in the 
past few years [2]. Future studies with larger patient popula-
tions and longer follow-up are necessary. Alternative light 
sources such as daylight or LED blue light may also be stud-
ied to determine protocols for maximal improvement.
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