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Abstract

Objective: To evaluate the efficacy and safety of picosecond (ps) 755-nm alexandrite laser with a diffractive
lens array (DLA) generating laser-induced optical breakdown, which may be beneficial for melasma treatment.
Background: Melasma is notorious for difficult to treat with any modality setting. Recently, picosecond
alexandrite laser with DLA seems promising for dealing with it without intolerable complications.

Methods: Twenty (N=20) Asian female melasma patients with Fitzpatrick skin type IV were recruited for 3
treatment sessions of picosecond 755-nm alexandrite laser with DLA at a 4- to 6-week interval. The pulse
duration was 750 ps. An 8-mm spot size and the fluence of 0.4 J/cm? was used over the target area with 2 passes
per treatment area and around 2000-2500 passes in total. The repetition rate was 10 Hz. Melasma Area and
Severity Index (MASI) score and VISIA® imaging system analysis were utilized for evaluation before treat-
ment and 4 weeks after the completion of the third treatment session. The clinical improvement and adverse
events were assessed by the physicians and patients, respectively.

Results: The median age of the patients was 45 years (from 27 to 55 years). In the physicians’ evaluation, 40%
(n=38) of patients showed good improvement and 40% (n=38) of patients showed moderate improvement. The
mean MASI score before and after laser therapy showed significant improvement from 9.0+4.8 to 6.5+3.7
(p<0.001). VISIA analysis of the forehead presented significant improvement in spots (p=0.007) and por-
phyrins (p=0.032). Some patients experienced erythema (25%), pruritus (20%), and scaling (20%) but sub-
sided within few days of using emollients and sunscreen. Only 5% (n=1) of patients developed mild
postinflammatory hyperpigmentation, which also subsided in 3 weeks.

Conclusions: Three sessions of picosecond 755-nm alexandrite laser with a DLA were effective for melasma
treatment in Asian patients with minimal side effects.
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Introduction discoloration often leads to considerable psychological ef-
fects and impairment of patients’ quality of life.?
ELASMA IS COMMONLY found in Asian individuals with It has been shown that Q-switched Nd:YAG laser, when

Fitzpatrick skin phototypes III through VI." It has been  operated in a sub-photothermolytic capacity, causes mela-
reported at a higher prevalence in Southeast Asian popula- nin granule dispersion and fragmentation without cellular de-
tion, in which 40% of females have melasma.? The facial struction.*”’ However, the outcomes were inconsistent due
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to the refractory and recurrent nature of melasma with dif-
ferent treatment modalities, including via oral, injection, or
phototherapy, and adverse events such as postinflammatory
hyperpigmentation (PIH), rebound hyperpigmentation, and
postlaser hypopigmentation were often reported.®'' In a
randomized control split-face study, 18.2% (4/22) and
13.6% (3/22) of melasma patients developed rebound hy-
perpigmentation and hypopigmentation, respectively, on the
Q-switched Nd:YAG laser-treated sites.'®

A novel 755-nm picosecond (ps) alexandrite laser has
shown promising results in tattoo and pigmented lesions
removal.'*'* The evolutional shortened pulse duration
produces a photomechanical effect that results in fragmen-
tation of tattoo ink and pigmentation."* An innovative dif-
fractive lens array (DLA) attached to the handpiece was
developed to redistribute energy into high-fluence micro-
beams at fixed spot size, affecting up to only 10% of the
treated area.'® Thus, the picosecond laser with a DLA seems
to demonstrate more favorable safety profile.'® Within the
focused high-fluence zone, laser-induced optical breakdown
(LIOB) is created, characterized by intraepidermal vacuoles
from the absorption of laser energy by melanin.'’

The objective of this study was to evaluate the efficacy
and safety of picosecond 755-nm alexandrite laser with a
DLA on melasma in Asian patients.

Materials and Methods

From January 1, 2017, to December 31, 2017, patients
who had sought treatment for unwanted facial pigmentation
and consented to the treatment by picosecond 755-nm al-
exandrite laser device at a single dermatology center were
enrolled in this study. Twenty healthy women (N=20) with
Fitzpatrick skin type IV presenting with melasma (Fig. 1)
and median age of 45 years (from 27 to 55 years) were
recruited. The skin type was based on the dermatologist’s
determination.

Patients with skin wound without complete epithelial-
ization, inflammation, or infection on the face from trauma,
acne, or iatrogenic, or had systemic diseases that may pos-
sibly affect the face conditions, such as systemic lupus er-
ythematosus, chronic kidney diseases, or liver diseases,
were excluded. Patients who had received other cosmetic
treatments, such as hydroquinone, kojic acid, arbutin, or
tranexamic acid via topical or injection, and phototherapy,
such as intense pulsed light and laser treatments, within a
year before the enrollment were also excluded. We also

FIG. 1. Classic melasma. This 50-year-old female pre-
sented with symmetrically distributed brown to dark mac-
ules in both malar regions with irregular margin. (A) Left
malar region. (B) Right malar region.
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confirmed that none of the patients had a history of photo-
sensitivity, abnormal scarring, or poor wound healing. The
intake of oral contraceptive pills and the hormone replace-
ment therapy were forbidden in a year before the enrollment
and for the duration of the study period.

This prospective study was approved by the Institutional
Review Board Ethical Committee of China Medical Uni-
versity Hospital (No. 105-REC1-135).

All pigmented lesions and the rest of the face were treated
with picosecond alexandrite laser (PicoSure®; Cynosure,
MA) with a DLA consisting of packed hexagonal lenses,
which could deliver 70% of the total energy in <10% of the
treated area per pass, and the remaining 30% of the energy
would provide the low fluence in the background.'® Each
patient received three treatment sessions at 4- to 6-week
intervals. A 755-nm wavelength, 750-ps pulse duration al-
exandrite laser employing an 8-mm spot size, delivered at
the average fluence of 0.4 J/cm?, was utilized in this study.
The target area would receive 2 passes per treatment area
and around 2000-2500 passes in total. The repetition rate
was 10Hz (Table 1). This DLA is used to magnify and con-
centrate energy into microbeams to create LIOB in epidermis.'®

The endpoint of each treatment session was mild erythema.
Patients were asked to apply the same broad-spectrum sun-
screens with sun protection factor 50+ (Cetaphil Daylong,
SPF 50+, PA++++) every 2-3 h during indoor and outdoor
activities.

Objective and subjective assessments were conducted at
the baseline and 4 weeks after the third session of the
treatment. Standardized photographs were taken from the
front and side of both cheeks using VISIA® (Canfield Sci-
entific, Inc.) Complexion Analysis imaging system with
standardized fluorescent light and background, and all
camera parameters were fixed with fixed angle, flash, and
distance.

Clinical improvement was categorized as mild (<25%
improvement), moderate (25—-50% improvement), good
(50-75% improvement), and excellent (>75% improve-
ment) compared with the baseline by both physicians and
patients. The changes in the severity of melasma before and
after laser therapy were compared using the Melasma Area
and Severity Index (MASI) score, which was developed and
validated for quantification of severity of melasma and
change during therapy.'®

The total MASI score was calculated by multiplying the
percentage of involved area (A) with the sum of darkness
(D) and homogeneity (H) as given in the formula: MASI
score =0.3Afx (Df + Hf) +0.3Arm X (Drm + Hrm) +0.3Alm X

TABLE 1. THE PARAMETERS AND SETTINGS
IN THIS STUDY

Pulse duration 750 ps
Wavelength 755 nm

Spot size 8§ mm

Fluence 0.4 J/cm?

Number of passes per treatment area 2 passes
Repetition rate 10Hz

Total passes per treatment 2000-2500 passes
Interval 4-6 weeks
Diffractive lens array Equipped

ps, picosecond.
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(Dlm + Hlm) +0.1Acx(Dc + Hc), where “f”’ indicated
“forehead,” ‘“‘rm” indicated ‘“‘right malar region,” “Im”
indicated ‘“‘left malar region,” and ‘‘c’ indicated ‘‘chin’’;
the coefficient in front of the percentage of involved area
indicated the proportion of the anatomical area of the whole
face (f: 30%, rm: 30%, Im: 30%, and c: 10%). The area
involved (0=no involvement, 1=<10%, 2=10-29%,
3=30-49%, 4=50-69%, 5=70-89%, 6 =90-100%) as well
as the darkness and homogeneity (0=absent, 1 =slight, 2=
mild, 3=marked, 4 =severe) of pigmentation was scored from
0 to 4. The lower MASI score indicated less severe melasma.

Two blinded independent physicians (one dermatologist
and one plastic surgeon, respectively) performed the eval-
uation of the clinical photographs before and after laser
therapy to determine the degree of clinical improvement, the
MASI score, and the presence of any complications from the
photographs taken from VISIA imaging system. The con-
sensus was made by two physicians if there are different
degrees of area, darkness, or homogeneity of melasma.

Patients were also asked to self-evaluate the degree of
improvement with the same scale rated as mild, moderate,
good, and excellent. Before and after laser therapy, an ob-
jective assessment was evaluated by using VISIA (Canfield
Scientific, Inc.) Complexion Analysis imaging system using
its own database under the same light setting, which in-
cluded eight parameters including spots, wrinkles, texture,
pores, ultraviolet (UV) spots, brown spots, red areas, and
porphyrins on the forehead and both cheeks. A higher
VISIA score indicated better skin condition.

Statistical analysis

Data analysis was performed by using the SPSS Statistics
(version 21; IBM, Armonk, NY) software. The Wilcoxon
signed-rank test was used to examine the improvement of
MASTI and VISIA scores after treatment. Linear regression
was used to analyze the relation between the MASI score at
baseline and its improvement. p-Value of <0.05 was con-
sidered statistical significant.

Results

The median age of the patients was 45 years (from 27 to
55 years). Forty-five percent (n=9) of patients self-scored
good improvement, whereas 25% (n=>5) and 30% (n=6) of
patients self-scored moderate and mild improvement, re-
spectively. In the physicians’ evaluation, 40% (n=28) of
patients showed good improvement, whereas 40% (n=3g8)
and 20% (n=4) of patients showed moderate and mild im-
provement, respectively (Table 2). The representative pho-
tographs of good improvement are shown in Figs. 2 and 3.

The distribution of the MASI scores of 20 patients before
and after treatments showed clear tendency of reduction
(Fig. 4). The mean MASI score of 20 patients was 9.4+4.7
at baseline, which improved significantly to 6.9 £3.7 after 3
sessions of picosecond laser therapy (p<0.001). More de-
tailed data showed that there were significant improvements
on the darkness and homogeneity across right malar region,
left malar region, and chin (Table 3). However, significant
reduction of the targeted area was only noted in chin
(p=0.042). In the linear regression model (Fig. 5), the
MASI improvement after the treatment is moderately to

TABLE 2. PATIENTS’ CHARACTERISTICS
AND CLINICAL IMPROVEMENT

Number 20

Age, years, mean* SD 43.75+8.15
Female, N (%) 20 (100)
Clinical improvement vs. Baseline
Patient’s self-evaluation, n (%)
Mild 6 (30)
Moderate 5 (25)
Good 9 (45)
Excellent 0
Physician’s evaluation, n (%)
Mild 4 (20)
Moderate 8 (40)
Good 8 (40)
Excellent 0

Mild: <25% improvement; moderate: 25-50% improvement;
good: 50-75% improvement; excellent: >75% improvement.
Baseline, before treatment; SD, standard deviation.

strongly correlated with the MASI score at baseline
(r=0.66, p=0.002).

The VISIA analysis showed improvement on the forehead
after picosecond laser therapy, although only spots
(p=0.007) and porphyrins (p=0.032) were markedly im-
proved. In both malar regions, VISIA analysis showed sig-
nificant improvement in UV spots (p=0.044), brown spots
(p=0.017), and porphyrins (p=0.02) (Table 4).

Only minor anticipated adverse events were observed
during the treatment (Table 5). Some patients experienced

FIG. 2. Patient with melasma before and after treatment
with 755-nm picosecond alexandrite laser. A 43-year-old
female with melasma and solar lentigo showed good im-
provement (grading by both patient and physicians) after
treated with picosecond 755-nm alexandrite laser with dif-
fractive lens array 4 weeks after the third treatment session.
(A) Left cheek at baseline (upper left) and after the treat-
ment (upper right). (B) Right cheek at baseline (lower left)
and after the treatment (lower right).


https://www.liebertpub.com/action/showImage?doi=10.1089/photob.2019.4644&iName=master.img-001.jpg&w=238&h=230

Downloaded by Copyright Clearance Center (CCC) - Get It Now from www.liebertpub.com at 09/25/20. For personal use only.

CHEN ET AL.

HEl {35%) e {10%) £LF (04%)

ERE (8% i (19%) A 92%)

AL 162%)

BT (T2%)

FIG. 3. Evaluation using VISIA image sys-
tem. The 43-year-old female with melasma was
evaluated by VISIA imaging system. Spots,
pores, and porphyrins were markedly improved
after the picosecond alexandrite laser therapy
(A). At baseline (B) after three laser treatment
sessions (1) spots, (2) wrinkles, (3) textures, (4)
pores, (5) UV spots, (6) brown spots, (7) red
areas, and (8) porphyrins. UV, ultraviolet.
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FIG. 4. Distribution of the MASI score before and after
intervention. The mean MASI score of 20 patients was
9.4+4.7 at baseline, which improved significantly to
6.91£3.7 (p<0.001) after 3 sessions of picosecond laser
therapy. MASI, Melasma Area and Severity Index.

erythema (25%), pruritus (20%), and scaling (20%), which
subsided within few days of usage of emollients and sun-
screen. Only one patient (5%) developed mild PIH, which
was relieved within 3 weeks.

Discussion

Picosecond lasers can produce high energy to enhance the
photomechanical effect and reduce thermal injury to the
surrounding tissues.'* Such a therapeutic mode results in
more selective to fragmented melanin granules and thus may
reduce adverse events (e.g., PIH) and shorten treatment
duration as well as the number of treatment sessions in the
management of melasma. The formation of LIOB with the
DLA can enhance subsequent laser irradiation, mean-
while preventing dermoepidermal junction from excessive
radiation and minimizing collateral thermal damages to
the surrounded area."’

Therefore, a picosecond laser with a DLA demonstrates a
more favorable safety profile than a picosecond laser with a
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TABLE 3. MELASMA AREA AND SEVERITY INDEX SCORES
BEFORE AND AFTER LASER THERAPY

TABLE 4. VISIA ANALYSIS BEFORE
AND AFTER LASER THERAPY

Before After p* Before After p*
Forehead (f) Forehead
Area 0.70£0.80 0.70+£0.73 1.000 Spots 42.3+£26.0 57.8+£29.7 0.007
Darkness 0.80£0.95 0.70£0.86 0.163 Wrinkles 38.6+£24.0 41.0+£32.7 0.675
Homogeneity 0.90£1.12 0.70£0.73 0.214 Texture 70.7£26.5 77.1+£21.0 0.250
Right malar region (rm) Pores 57.6+36.1 72.61£26.4 0.092
Area 2.40+0.88 2.10+0.79 0.055 UV spots 40.2+£21.9 43.9+23.7 0.097
Darkness 290091  230+£0.92  <0.001  Brown spots 22.9+26.7 26.3+27.9 0.091
Homogeneity ~ 2.65+0.99  2.05+0.83 <0001  Red areas 4544209 3374212 0.060
: Porphyrins 61.6+£37.2 81.1+14.6 0.032
Left malar region (Im)
Area 2354075  2.25%+0.79 0.494 Mean of both cheeks
Darkness 2754097  220+1.01  <0.001 %I;Qtskl Z;Z:—[%g gggf 542‘25; 8-(1)23
H it 2.45+0.94 2.15+0.88 0.030 TInKICS AL L. L Ll :
Chinor(z()’genel Y Texture 81.9+17.6  83.6+187 0412
Pores 69.0+25.6 75.61£21.0 0.341
Area 0454051 0.25+0.44 0.042° vy spots 3454238 4434232  0.044
Darkness 0.55+0.69  0.30£0.57 0021 Brownspots ~ 413+189 493223  0.017
MASI score 94147 6.9+3.7 <0.001  poiohyrins 6474287 8261107  0.020
Data are expressed as mean =+ SD.
*p <0.05 indicated significant difference. I*)pa foa(r)es ?ﬁgfﬁ;::g ;Sggfgzggta(%?éigé e
MASI, Melasma Area and Severity Index. uv uilt raviolet. ’
holographic optic and Q-switched nanosecond laser. 1020 In activity of melanogenesis, including enlarged melanocytes

our study, patients (all with Fitzpatrick skin type IV) treated
with 755-nm picosecond laser with a DLA only experienced
transient adverse events, which were subsided within a few
days. The mild PIH developed in one patient also subsided
within 3 weeks. No exfoliation, vesiculation, crusting,
scarring, hypopigmentation, or hyperpigmentation was ob-
served during the study period.

Melasma is considered a female hormone-related disease
with a genetic predisposition.?'~** Histological examination
of skin with melasma demonstrates evidence of increased

B w
L L

MASI improvement (pre - post)
w
i

r=0.66, P=0.002

MASI score at baseline

FIG. 5. Relationship between the MASI score at baseline
and the improvement of the MASI score. The MASI score at
baseline was moderately to strongly related to its improve-
ment after treatment (r=0.66, p=0.002), which suggested
that patients with severe melasma could highly profit from
this treatment modality.

with prominent dendritic processes, increased epidermal
melanin content, and slightly increased number of dermal
melanophages.”> %’

However, in the past decade, histological studies showed
that melasma was more than hyperactivity of melanocytes,
but a photoaging skin disorder with increased solar elastosis,
dermal mast cells, and vascularization.?*?%2%30 The ex-
pression of vascular endothelial growth factor, which in-
creases melanogenesis via the arachidonic acid pathway, is
upregulated in melasma.”® Endothelial cells were also found
to stimulate pigmentation through the production of en-
dothelin 1.°° The formation of LIOB by picosecond laser
with a DLA not only stimulates an epidermal repair mech-
anism but also leads to more stable melasma based on the
analysis of digital images in this study.'” We believe that
the improvement of the MASI score is associated with the
above mechanisms rather than merely the direct results of
melanin destruction.

In our study, pigmentation disorder in forehead generally
showed no improvement in area, darkness, and homogene-
ity. This may result from several factors. The condition
before the therapy was not severe enough that the im-
provement was hard to measure in clinical practice. Also,

TABLE 5. EXPERT-REPORTED POSTLASER SIDE EFFECTS

N (%)
Erythema 5 (25)
Dryness 1(5
Pruritus 4 (20)
Scaling 4 (20)
PIH 1(5)

N, number of reported patients; PIH, postinflammatory hyper-
pigmentation.
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forehead could get more sun exposure than the rest of the
face. More passes per treatment in this area may be needed
for better outcomes.

Previous studies have confirmed that picosecond 532- and
1064-nm Nd:YAG laser with a holographic optic caused
more vascular damage and subsequent cutaneous hemor-
rhaging than the 755-nm picosecond laser with a DLA.%°
The vascular damage could further result in inflammatory
changes and melanogenesis and thus increase the incidence
of PIH.*! The only Food and Drug Administration-approved
laser treatment for melasma is fractional photothermolysis,
which creates microscopic treatment zones of thermal in-
jury to the dermis and epidermis.** Unlike the conventional
nanosecond or fractional photothermolysis laser, the LIOB
generated by the 755-nm picosecond laser with a DLA is
limited within epidermis, leaving only subtle thermal dam-
age to the dermis below.

By using the VISIA image system, we also observed the
improvement in skin condition in pigmentation sites or
uninvolved areas, the spots, UV spots, brown spots, and
porphyrins in particular. The reduction of spots and brown
spots indicates the decrease in hyperpigmentation and dis-
coloration, whereas the lightening of UV spots suggests less
melanin deposition as a result of sun damage.

A split-face study demonstrated a superior clearance
rate of 755nm alexandrite picosecond laser for melasma
compared with the 1064 nm QS-Nd:YAG laser.*® Propio-
nibacterium acnes produces porphyrin, which can exhibit
fluorescence properties under long-wavelength UVA radia-
tion.** Porphyrin has phototoxicity that induces oxidative
stress to the lipids and proteins, leading to skin inflammation
and damages.>>>’ Thus, the reduction of porphyrin pro-
duction theoretically reduces skin damages. The reduction
in porphyrin may be due to the altered epidermal environ-
ment, which usually accelerates the transport of melano-
some and epidermal metabolism, but the exact reason was
not clearly understood and thus need more evidence to
clarify the phenomena.

Previous studies reported that picosecond lasers sig-
nificantly reduced wrinkles and improved photodamage,
which is one of the predisposing factors of melasma recur-
rence.*®**° The mechanism is unclear yet, and it is proposed
to be associated with the production of new collagen and
the changes in cell signaling.'>*'~** The area where LIOB
react would form vacuoles and cavitation, then collapse, and
generate local mechanical forces that could further disrupt
surrounding tissues and propagate to the dermis, leading to
barotrauma and results in dermal remodeling, and finally
reduces vascularization and inflammation.** It has been
postulated that pressure waves temporarily enhance cellular
membrane permeability, altering cell signaling and initiating
a cytokine cascade for dermal improvement.*>**

Keratinocytes release growth factors, cytokines, and
chemokines after in response to injury, which further stim-
ulate and regulate the response to LIOB.* Although histo-
logical examination was not performed in this study, our
observation by VISIA indirectly indicated that picosecond
755-nm alexandrite laser with a DLA not only improved
the pigmentation and reduced inflammatory vasculature
but also repaired the epidermis and dermis through the
above mechanisms. In brief, based on our VISIA data, the
underlying photodamaged aging skin caused by melasma

CHEN ET AL.

was improved when treated with a picosecond laser with
a DLA.

This study had a short follow-up period and lacked a
gender-matched control group, and no subgroup analysis
was made. Most patients had mild-to-moderate melasma,
which may bias the outcome assessment. However, the
objective assessment using VISIA image analysis showed
significant improvement in skin conditions. PIH may appear
4 weeks after laser treatment, and a 4 week follow-up may
not be sufficient to confirm the outcome of treatment. Fur-
thermore, lack of control and sunscreen itself may account
for clinical improvement in melasma. Further randomized
controlled trial with longer follow-up period is needed. Skin
biopsies for histological analysis would be also required, but
with difficult compliance.

Conclusions

This pilot study demonstrated the efficacy and safety
profile of the picosecond 755-nm alexandrite laser with a
DLA in melasma patients with Fitzpatrick skin type IV. In
addition to the improvement of melasma, such laser therapy
also improved skin conditions. However, the MASI im-
provement in forehead was not observed, and it may be due
to several reasons in this study. No serious adverse events
were observed. Picosecond 755-nm alexandrite laser with a
DLA could be a suitable treatment modality for melasma in
addition to the Q-switched laser.
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