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Background: Melasma is a difficult-to-treat hyperpigmentary disorder. Ablative fractional
laser (AFL)-assisted delivery of topically applied drugs to varied targets in the skin has been
an area of ongoing study and research.

Objective: The objective of this study was to evaluate the efficacy and safety of fractional
erbium-doped yttrium aluminum garnet (Er:YAG) laser as an assisted drug delivery for enhanc-
ing topical hydroquinone (HQ) permeation into the skin of melasma patients.

Patients and methods: Thirty female patients with bilateral melasma were randomly treated
in a split-face controlled manner with a fractional Er: YAG laser followed by 4% HQ cream on
one side and 4% HQ cream alone on the other side. All patients received six laser sessions with
a2-week interval. The efficacy of treatments was determined through photographs, dermoscopic
photomicrographs and Melasma Area Severity Index (MASI) score, all performed at baseline
and at 12 weeks of starting therapy. The patient’s level of satisfaction was also recorded.
Results: Er: YAG laser + HQ showed significantly better results (p<0.005) with regard to decrease
in the degree of pigmentation as assessed on the 4-point scale than HQ alone. There was a
significant decrease in MASI scores on Er: YAG laser + HQ side vs HQ side. Minor reversible
side effects were observed on both sides.

Conclusion: AFL-assisted delivery of HQ is a safe and effective method for the treatment of
melasma.
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Introduction

Melasma, a name derived from the Greek melas, or black, is one of the most com-
mon causes of acquired hypermelanosis of the face. It is characterized by more or
less symmetrically distributed, medium- to dark-brown macules with polycyclic or
arciform borders, affecting sun-exposed areas, particularly forehead, cheeks, temples,
and upper lip.!

Although the precise cause of melasma is unknown, multiple factors have been
implicated in the etiopathogenesis of this condition, including genetic influences,
exposure to ultraviolet radiation and visible light, pregnancy, oral contraceptives,
estrogen—progesterone therapies, thyroid dysfunction, cosmetics, and phototoxic and
antiseizure drugs.” The chronic and relapsing nature of melasma is an important issue,
as any therapeutic results achieved might be difficult to maintain for a long time.?
Conventional treatments for melasma include elimination of any possible causative
problem and the use of an adequate sunscreen and depigmenting agents, with and
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without the combination of other therapies, such as tretinoin,
topical corticosteroids, or superficial peeling agents.>*

The most commonly used depigmenting agent for the
treatment of melasma is hydroquinone (HQ), which is an
aromatic organic compound. It reduces the conversion of
L-dopa to melanin by inhibiting the enzyme tyrosinase.’

The therapeutic efficacy of topical drugs is related to their
ability to penetrate and distribute into skin layers, reaching
target cells. The major rate-limiting step for percutaneous
absorption is passage through stratum corneum (SC).® Many
delivery strategies have been developed to aid drug uptake.
Commonly used techniques have included tape stripping to
remove the SC, electroporation, iontophoresis, micronee-
dling, and ablative lasers. However, these approaches are
limited due to the associated potential pain and irritation.”

Ablative fractional laser (AFL) is a relatively new device
that relies on the concept of fractional photothermolysis. It
delivers controlled thermal injury in an array of microscopic
treatment zones (MTZs) composed of vertical columns of
ablated tissue surrounded by untreated intact tissue that allow
for more rapid reepithelialization and lower risk of scarring.
Ablation of the SC allows a molecule to bypass penetration
pathways, allowing for enhanced drug delivery.®'° The aim
of the current study was to evaluate the efficacy and safety of
fractional erbium-doped yttrium aluminum garnet (Er: YAG)
laser as a drug delivery of HQ in melasma patients.

Patients and methods

This study was designed as a single-blinded, controlled,
randomized, split-face study. In all, 32 female patients with
Fitzpatrick skin phototypes III-V having mild, moderate-
to-severe bilaterally symmetrical melasma were included in
this study. The exclusion criteria included pregnant women,
women on contraceptive pills or isotretinoin at the time of
the study or in the past 6 months, patients on any concurrent
therapy, and patients with hypersensitivity to HQ, concurrent
illnesses, or active or recurrent herpes labialis or keloidal
tendencies. None of the patients received any treatment for
melasma 1 month before study entry. All the patients were
selected among those attending the Outpatient Clinic of
Dermatology, National Institute of Laser Enhanced Sciences
(NILES), Cairo University. The procedure, risks, benefits,
potential complications, and side effects of the procedure
were explained to all patients, and written informed consent
were obtained before commencement of the study, including
approval for publishing their photos of before and after treat-
ment. The study protocol conformed to the ethical guidelines
of'the 1975 Declaration of Helsinki. A documented approval

from the Institutional Review Board of NILES, Cairo Uni-
versity, was obtained.

A detailed history was taken before treatment from each
patient regarding the etiological factors (sun exposure, cos-
metic use, oral contraceptive use or phototoxic drug, past
pregnancies, menstrual history, thyroid dysfunction), and
family history of melasma was also noted. Wood’s lamp
examination was performed at the study entry to determine
the type of melasma (epidermal, mixed, or dermal).

Treatment protocol

After gentle cleansing, topical anesthetic cream (EMLA;
AstraZeneca plc, Sodertdlje, Sweden) was applied 60 minutes
before intervention over the area to be treated with fractional
Er:YAG laser to relieve patient discomfort. Facial halves were
randomly assigned to receive treatment with fractional abla-
tive 2,940 nm Er: YAG laser (Fotona Xs Dynamis, Ljubljana,
Slovenia) on one side, followed by application of topical 4%
HQ cream. The other side was treated with 4% HQ cream
only as a control. The laser settings were as follows: fluence
250-300 mJ, 3040 pm ablation depth, handpiece PSO1,
spot size 7 mm in diameter, short pulse (SP) duration mode,
MTZ density level of 2-3, and frequency of 4-5 Hz. Two
consecutive passes of non-overlapping pulses were done over
melasma areas. For the first pass, the laser spots were placed
pulse by pulse in a vertical direction, and for the second
pass, the spots were placed in a horizontal direction. Param-
eters for each setting were kept constant in all patients. The
handpiece of the laser was held perpendicular to the target
tissue. No concurrent use of an epidermal cooling device was
performed. Treatments were given in an operating room, and
all patients wore protective glasses.

Following treatment, patients were instructed to apply
4% HQ cream twice daily without rubbing on both sides
as a maintenance therapy and a moisturizer (Atoderm PP;
Bioderma, Lyon, France) twice daily only if signs of irritation
developed. Patients were strictly instructed to avoid exces-
sive sun exposure, apply a broad spectrum sunscreen with a
sun protection factor of 50+ in the morning, and reapply the
sunscreen every 2 hours. All patients received six treatment
sessions at 2-week intervals (0, 2, 4, 6, 8, and 10 weeks).

Treatment evaluation

Photography

Standardized high-resolution digital photographs using iden-
tical camera settings (Cyber-shot DSC-HX5V; Sony Corp.,
Tokyo, Japan) were obtained prior to treatments and 2 weeks
after the last session (12 weeks after starting therapy).
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Dermoscopy

Dermoscopic photomicrographs of the patients were taken
at baseline and 2 weeks after the last session using a dermo-
scope (DermLite IT Pro HR; 3 Gen, San Juan Capistrano,
CA, USA, magnification x15) It is a palm-sized device that
offers high light output with an integrated rechargeable
lithium-ion battery and is connected to a camera (Cyber-shot
DSC-W710, 16.1 megapixels; Sony Corp.) equipped with an
optical zoom (X5).

Melasma Area and Severity Index (MASI)

score

Evaluation of MASI scores was performed at baseline and
2 weeks after the end of treatment. The MASI is an index
designed to quantify the severity of melasma during therapy,
determined by Kimbrough-Green et al.!! Briefly, according to
the MASI score, the whole face is divided into four areas: the
forehead, right malar, left malar, and chin, corresponding to
30%, 30%, 30%, and 10% of the total face area, respectively.
The grade of melasma severity was determined by three vari-
ables: the percentages of total area involved, on a scale of 0
(no involvement) to 6 (90—-100% involvement); darkness, on
a scale of 0 (absent) to 4 (maximum); and the homogeneity of
hyperpigmentation, on a scale of 0 (minimal) to 4 (maximum).
The MASI was then calculated by the following equation:

MASI=0.3(D, + H,) A, +0.3(D,  + H, ) A, +03
D, +H, ) A, +0.1(D.+H)A.

where D is darkness, H is homogeneity, A is area, F is fore-
head, MR is right malar, ML is left malar, and C is chin. The
values 0.3, 0.3, 0.3, and 0.1 are the respective percentages
of the total facial area. A high MASI score correlates with
severe hyperpigmentation, and this score can be a maximum
of up to 48. In this study, MASI score was calculated only
for malar area.

Physician Global Assessment (PGA)

Assessment of clinical improvement was performed by a
blinded independent physician who compared pretreatment
with posttreatment photographs, photomicrographs, and
MASI scores using a quartile grading scale: >75% lightening
(excellent), 51-75% (good), 26-50% (fair), and 0-25% (poor).

Patient self assessment

The patient’s level of satisfaction was similarly recorded at
the end of the study as follows: >75% lightening (excellent),
51-75% (good), 26-50% (fair), and 0-25% (poor). Patients

were also instructed to report any cutaneous side effects at
each postoperative visit and at the end of treatment.

Follow-up

All the patients were followed up for 12 weeks further after
the evaluation visit (24 weeks after starting therapy) to detect
any recurrence of melasma on both facial sides.

Statistical analyses

Continuous metric variables were summarized by the mean
and SD and were represented graphically using comparative
box plots. Categorical variables were summarized by counts
(frequencies) and represented graphically by comparative bar
charts. For metric variables (MASI score), paired z-test was
used. For categorical variables, Wilcoxon signed-rank test
was used for assessing ordinal variables (PGA and patients’
satisfaction), while McNemar’s test was used for dichotomous
ones (complications). p-values <0.05 were considered as
significant. All analyses were done using IBM SPSS v.24
(IBM Corporation, Armonk, NY, USA).

Results
In all, 32 patients with melasma fulfilling the selection criteria
were included in the study. A total of 30 patients completed
the six treatment sessions. Two patients failed to complete the
study and dropped out (one became pregnant and the other
one traveled abroad), and they were excluded from the results.
Patients’ ages ranged from 24 to 52 years (mean 37.87 +7.97
years), and the duration of melasma varied from 6 months to
13 years (mean 4.68 + 3.19 years). Baseline demographics
and clinical data of the patients are listed in Table 1.
According to the physicians’ assessment, which was done
by comparing the clinical photographs, dermoscopic photo-
micrographs, and MASI scores of patients at baseline and
12 weeks after starting treatment, both modalities yielded a
significant greater improvement in melasma. The side treated
with Er:YAG laser + HQ showed significantly better results
(p<0.005) with regard to decrease in the degree of pigmenta-
tion as assessed on the 4-point scale than the side treated with
HQ alone. At the end of treatment sessions, 73.4% and 40% of
Er:YAG + HQ and HQ sides, respectively, were rated to have
> 50% improvement. The patients’ viewpoints on efficacy at
the end of the study were similar to physician’s evaluation
(Tables 2 and 3 and Figures 1 and 2). Dermoscopy of melasma
lesions in all studied patients at baseline demonstrated a fine
brown reticular pattern superimposed on a background of
faint light brown or bluish areas. In addition, telangiectasia
was observed in 21 patients (70%; Figures 3 and 4).
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Table | Baseline demographics and clinical data of the patients

Characteristic Value
Age (years), mean = SD 37.87+£7.97
Duration of melasma (years), mean + SD 4.68%3.19
Fitzpatrick skin type, n (%)
1] 11 (36.7)
v 12 (40)
\ 7 (23.3)
Type of melasma, n (%)
Epidermal 15 (50)
Dermal 6 (20)
Mixed 9 (30)
Aggravating factors, n (%)
Sun exposure 20 (66.7)
Oral contraceptive pills 10 (33.3)
Pregnancy 15 (50)
Cosmetic use 4(13.3)
Family history 13 (43.3)
Table 2 PGA
PGA Er:YAG laser + HQ, n (%) HQ, n (%)
Excellent 8 (26.7) 4(13.3)
Good 14 (46.7) 8 (26.7)
Fair 6 (20) 13 (43.3)
Poor 2 (6.7) 5(16.7)

Abbreviations: PGA, Physician Global Assessment; Er:YAG, erbium-doped
yttrium aluminum garnet; HQ, hydroquinone.

Table 3 Patient evaluation of treatment outcome

Patient satisfaction ~ Er:YAG laser + HQ, n (%) HQ, n (%)
Excellent 10 (33.3) 5 (16.7)
Good 12 (40) 7(23.3)
Fair 7 (233) 14 (46.7)
Poor I 3.3) 4(133)

Abbreviations: Er:YAG,

hydroquinone.

erbium-doped yttrium aluminum garnet; HQ,

A significant decrease in MASI scores was obtained
in both sides at the end of the study. At baseline, the mean
MASI scores in the laser + HQ-treated sides and HQ-treated
sides were 9.31 + 2.84 and 9.1 £ 2.70, respectively, and the
difference was not statistically significant (p =0.171). At the
end of treatment sessions, the mean MASI scores reached
3.74 + 2.86 in the laser-treated sides and 6.82 + 2.97 in the
HQ-treated sides. This difference was statistically significant
(p<0.005; Figure 5).

Side effects experienced were acceptable by most of the
patients and did not necessitate the cessation of treatment.
Transient and mild erythema, burning sensation, and itching
were reported on both facial sides. All the patients (100%)
experienced erythema on the laser + HQ-treated side, which

Figure 1 A 35-year-old female patient with a 4-year history of melasma: (A)
before treatment with fractional Er:YAG laser + HQ cream, (B) clinical appearance
12 weeks after starting therapy, (C) before treatment with HQ cream alone, and
(D) clinical appearance 12 weeks after starting therapy.
Abbreviations: Er:YAG, erbium-doped yttrium
hydroquinone.

aluminum  garnet; HQ,

lasted for 3—4 days, while five (16.7%) patients showed
erythema on the HQ-treated side, which lasted for 1-2 days
(p<0.005). Superficial crusting subsequently occurred and
completely sloughed off in an average of 5 days on the Er:YAG
laser side, while no crusting was observed on the HQ-treated
side. None of the patients suffered from worsening of melasma
on treatment. There was burning sensation in seven (23.3%)
patients with laser + HQ vs five (16.7%) patients with HQ.
There was itching in three patients (10%) in each side. These
side effects subsided on the application of emollients, and
no further intervention was required. Apart from erythema,
there was no statistical significant difference between both
sides regarding burning sensation and itching (p = 0.5 and
p =0.9, respectively; Table 4). Follow-up period, at 24 weeks
from commencing treatment, showed recurrence of melasma
lesions in two (6.6%) patients on both facial sides.
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Figure 2 A 43-year-old female patient with a 7-year history of melasma: (A)
before treatment with fractional Er:YAG laser + HQ cream, (B) clinical appearance
12 weeks after starting therapy, (C) before treatment with HQ cream alone, and
(D) clinical appearance |12 weeks after starting therapy.
Abbreviations: Er:YAG, erbium-doped yttrium
hydroquinone.

aluminum  garnet; HQ,

Discussion

Despite the wide therapeutic arsenal available for the treat-
ment of melasma, including new to old active topical medica-
tions and technologies with lights and peelings, little is said
about the potential role of laser as an assisted drug delivery
in the treatment of melasma. To our knowledge, our study
is the first of its kind to evaluate the feasibility of fractional
Er:YAG laser-assisted drug delivery for enhancing the pen-
etration of topical HQ into melasma lesions. This study was
designed as a split-face comparison to eliminate individual
variability that may confound treatment evaluations.

At the end of treatment sessions, all patients in the current
study showed significant improvement on both facial sides.
However, significantly better clinical results were observed
with fractional Er:YAG laser + HQ than with HQ alone as
shown by PGA, patient self-assessment, and MASI score.

Topical drug delivery is essential in dermatology, and the
efficacy of topically applied drugs is crucially dependent on
their ability to penetrate the outermost skin barrier of SC
and epidermis.

Laser therapy is a unique ablative modality that has the
ability to destroy the SC, epidermal, and dermal layers of the
skin in a predictable and controlled manner, resulting in the
potential increased penetration of topically applied drugs. The
Er:YAG laser has a wavelength of 2,940 nm and is strongly
absorbed by water in the epidermis. It exerts its ablation effect
with minimal penetration depth and minimal heat generation
and therefore minimal thermal damage. The CO, laser has a
wavelength of 10,600 nm and exerts a greater thermal effect

Figure 3 Dermoscopic photomicrographs of melasma lesions shows a fine brown reticular pattern superimposed on a background of faint light brown areas (original
magnification x15): (A) at baseline, (B) 12 weeks after starting treatment with fractional Er:-YAG laser + HQ cream, (C) at baseline, and (D) 12 weeks after starting treatment

with HQ cream alone.

Abbreviations: Er:-YAG, erbium-doped yttrium aluminum garnet; HQ, hydroquinone.
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Figure 4 Dermoscopic photomicrographs of melasma lesions (original magnification X |5): (A) at baseline, (B) 12 weeks after starting treatment with fractional Er:YAG laser
+ HQ cream, (C) at baseline showing telangiectasias (arrows in inset), and (D) 12 weeks after starting treatment with HQ cream alone.
Abbreviations: Er:-YAG, erbium-doped yttrium aluminum garnet; HQ, hydroquinone.

MASI baseline
MASI after treatment

14

12

10

Mean of MASI

Laser + HQ HQ
Type of treatment

Figure 5 A comparative graph depicting a significant decline in mean MASI score on both sides at the end of the study with a greater reduction on the side receiving fractional
Er:YAG laser + HQ than the side receiving HQ alone.

Abbreviations: MASI, Melasma Area Severity Index; Er:YAG, erbium-doped yttrium aluminum garnet; HQ, hydroquinone.

Table 4 Side effects reported than the Er: YAG laser.'>'* In 2010, AFL was introduced as a

Side effects Er:YAG laser + HQ, n (%) HQ, n (%) new drug delivery-enhancement technique.' The technique
Erythema 30 (100) 5(l6.7) is based on fractional photothermolysis, which can create
Ieching 3(10) 3(10) MTZs of uniform size and depth. These MTZs cross the
Burning sensation 7 (23.3) 5(16.7) . . . . .

— - - - skin barrier and provide direct access pathways for topically
Abbreviations: Er:YAG, erbium-doped yttrium aluminum garnet; HQ, . K . . : .
hydroquinone. applied drugs to viable epidermis and dermis, thus acting
I 8 submit your manuscript
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as channels for drug uptake until they close by local wound
repair without scarring.”® This could explain the superiority
of fractional Er:YAG laser as an assisted drug delivery of
HQ over the conventional HQ in the treatment of melasma.

In line with our results, several studies have demonstrated
that AFL pretreatment can assist topical drug delivery in a
number of skin conditions. Cavalie et al'® studied ablative
fractional Er: YAG laser-assisted delivery of topical cortico-
steroid for treating resistant keloids. A total of 23 patients
with 70 keloids were treated with fractional Er:YAG laser,
followed by topical application of betamethasone cream twice
daily under occlusion. Sessions were performed every other
week until complete flattening of the scars was achieved.
The median percentage of improvement was 50%, and the
median satisfaction of the patients was 7/10. Their study
supported the use of laser-assisted delivery of steroids for
treating keloid scars.

Another study conducted by Ma et al,'® evaluated the fea-
sibility of ablative fractional CO, laser for enhancing topical
timolol permeation into deep infantile hemangiomas. After an
average treatment duration of 14.2 weeks, they documented sig-
nificant regression of hemangiomas according to a global score
and the Hemangioma Activity Score. No systemic complications
or cutaneous side effects were observed in any of the patients.

A randomized split-face trial was done to assess whether
laser-assisted delivery of vitamin C, E, and ferulic topical for-
mula could improve wound healing and decrease postoperative
recovery in fractional ablative laser resurfacing for photodam-
age. The study has shown that vitamin C, E, and ferulic acid
correlate with more rapid wound healing post fractional abla-
tive laser and promote the induction of collagen with the ability
of patients to return to work and social life more quickly.!”

Lee et al'® performed a study on porcine and nude mouse
skin investigating the ability of a low-fluence fractional
Er:YAG laser to increase the transdermal delivery of imiqui-
mod. They demonstrated that a greatly decreased dose of
0.4% imiquimod with laser pretreatment approximated the
delivery of non-pretreated application of 5% imiquimod.

In another porcine skin model, Hsiao et al'® demonstrated
that four or fewer passes with the fractional CO, laser
achieved similar permeation of topical ascorbic acid with
less epidermal destruction compared to an equivalent fluence
using the conventional CO, laser.

Similar to fractional lasers, Budamakuntla et al? stated
that microneedling offers an effective and minimally invasive
route of drug delivery through the creation of microchannels
in the skin. They presented a prospective, randomized study
on 60 patients with melasma divided into two groups. Thirty

patients were administered with localized microinjections
of tranexamic acid (TA) in one group, and other 30 patients
were treated with TA + microneedling at monthly intervals
and followed up for 3 consecutive months. In the microin-
jection group, there was 35.72% improvement in the MASI
score compared to 44.41% in the microneedling group at
the end of third follow-up visit. Six (26.09%) patients in the
microinjections group, compared to 12 (41.38%) patients
in the microneedling group, showed >50% improvement.

In the present study, side effects on both sides were com-
parable. No serious side effects were detected. This could be
attributed to the fact that the Er:YAG laser is an excellent
ablative tool since its energy is strongly absorbed by water-
containing tissue. This property enables the Er:YAG laser to
ablate skin with minimal heat dissipation, thereby potentially
minimizing the risk of post-inflammatory hyperpigmenta-
tion.??2 Moreover, fractional laser treatment lessens the skin
damage caused by traditional ablative lasers and shortens the
subsequent recovery period as the undamaged surrounding
tissue allows for a reservoir of viable tissue and permits rapid
epidermal repair.'>!32* Worthy to be noted, the SP duration
used in the present study induces vaporization of the epider-
mis and the superficial dermis with less collateral thermal
damage. A key factor that determines the indirect heating
depth is the laser pulse width. If the energy is delivered to the
target in a very short time, ablation occurs before significant
heat diffusion can take place. This results in less heat being
distributed to the surrounding tissue. On the other hand, a
long pulse width will allow more heat transfer before abla-
tion takes place, resulting in a greater thermal effect on the
surrounding tissue.*

A limitation of the present study is the lack of histologi-
cal assessments of decreased pigmentation and vascular and
mast cell changes.

Conclusion

Based on our findings, fractional Er:YAG laser-assisted
transcutaneous delivery of topical HQ is an effective and
safe treatment modality for melasma. AFL-assisted drug
delivery may become a new important part of both medical
and surgical dermatology. Nevertheless, cost will likely be a
significant barrier to the widespread adoption of laser-assisted
drug delivery techniques, and a cost—benefit analysis should
be undertaken by physicians and their patients. As a final note,
additional studies are needed to determine the optimal laser
parameters in regard to achieve the ideal balance of fluence,
treatment density, and drug concentration, ensuring the best
efficacy and least incidence of adverse reactions.
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