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Abstract

Optical pulses from picosecond lasers can be delivered to the skin using microlens array (MLA) optics or a diffractive beam
splitter to generate multiple, focused, high-intensity, micro-injury zones in the epidermis and dermis. The aim of our study was to
histopathologically and immunohistochemically evaluate the patterns of 532- and 1064-nm MLA-type, picosecond laser-induced
tissue reactions in human skin immediately after treatment. Picosecond neodymium:yttrium—aluminum-garnet (Nd:YAG) laser
treatment using an MLA-type beam at the wavelengths of 532 nm and 1064 nm was delivered ex vivo to human skin. Irradiated
skin specimens were then microscopically analyzed after hematoxylin and eosin staining and CD31 and Melan-A immunostain-
ing. A single pulse of 532-nm MLA-type, picosecond laser treatment elicited cystic cavitation lesions at sizes of 83.4 +
16.5 pm x 70.2 £17.3 pum (31-mm distance step) and 91.0+44.7 um x 81.2 £36.3 um (48-mm distance step) in the epidermis
and papillary dermis. Meanwhile, a single pulse of 1064-nm laser treatment generated cystic cavitation lesions at sizes of 107.0 =
18.1 um x 83.3 +37.4 um (single-pulse mode) and 100.8 +40.4 pum x 83.1 +£29.4 um (dual-pulse mode) throughout the lower
epidermis and upper papillary dermis. Lining epithelial cells in cystic cavitation lesions in the epidermis showed Melan-A-
positive immunoreactivity, while cystic cavitation lesions in the dermis exhibited CD31-positive or CD31-negative/Melan-A-
negative immunoreactivity. The present data can be used to predict 532- and 1064-nm MLA-type, picosecond-domain laser-
induced tissue reactions in human skin.
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breakdown

Introduction multiple focused, high-intensity, micro-injury zones in the
epidermis and dermis [1]. These micro-injury zones present

Microlens array (MLA) optics or diffractive beam splitters  histologically as intraepidermal and upper dermal vacuoles:
have been adopted to picosecond-domain lasers to generate  the numbers and sizes of the vacuoles appear to depend on
the melanin index of the skin and the picosecond laser energy
settings [2, 3]. In addition to the initiation of wound repair
processes in irradiated dermal tissue, intraepidermal laser-
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chromophore-dependent tissue breakdown shows more and
larger microscopic vacuoles in skin with a higher melanin
index [1, 3]. Multiphoton microscopy images have revealed
that laser-induced tissue breakdown begins upon absorption
of picosecond laser energy primarily by pigmented chromo-
phores [1]. Nonetheless, the precise initiation mechanism of
producing seed electrons for tissue breakdown by picosecond
laser treatment in Asian skin of a high melanin index still
remains to be elucidated.

The initiation mechanism of picosecond-laser-induced tis-
sue breakdown begins from the production of free seed elec-
trons by a laser pulse via multiphoton absorption or thermion-
ic emission [8]. Thereafter, the density of electrons increases
to form a plasma at the focal area, which additionally absorbs
the remaining energy of the laser pulse quite efficiently [2].
The plasma then expands at a supersonic velocity and drives a
shock wave. Finally, the shock-wave expansion of vaporized
materials creates cavitation bubbles that further expand out-
ward to the co-located tissue to generate microscopic vacuolar
tissue reactions [2].

In this observational descriptive study, we evaluated the
patterns of tissue reactions induced by 532- and 1064-nm
MLA-type, picosecond, neodymium:yttrium—aluminum-—gar-
net (Nd:YAG) laser treatment in ex vivo human skin. To do so,
picosecond-domain laser treatments at the wavelengths of 532
and 1064 nm were performed on the ex vivo tissue samples of
an Asian patient using an MLA-type beam. We also compared
patterns of tissue reactions elicited with different distance step
settings between the microlens and the skin, as well as be-
tween single-pulse and dual-pulse modes. For further investi-
gation, the specimens were evaluated following CD31 and
Melan-A immunostaining.

Materials and methods
Laser devices

A 532- and 1064-nm picosecond-domain, Nd:YAG laser de-
vice (PICOPLUS; Lutronic Corp., Goyang, Korea) with a
pulse duration of 450 ps (psec) was used in this study. This
device employs a master oscillator power amplifier configu-
ration to maintain a constant pulse width, regardless of output
fluence [9]. With appropriate optics, the laser energy can be

delivered to target tissue as a single flat-top beam or an MLA-
type beam according to therapeutic purposes. With an MLA-
type optic array, a single pulse of picosecond laser energy
comprised 314 microbeams at a 10-mm spot size, 154 micro-
beams at a 7-mm spot size, 113 microbeams at a 6-mm spot
size, and 50 microbeams at a 4-mm spot size. The distances
between the microlens and the surface of the skin can be
regulated at 31 mm (microbeam size, 150 pum), 33 mm (mi-
crobeam size, 160 um), and 48 mm (microbeam size,
300 wm). Furthermore, a single-pulse or a dual-pulse mode
can be utilized to deliver the laser energy: the dual-pulse mode
comprises two consecutive, half-fluenced, 450-ps pulses at
1.5-ns intervals.

Preparation of ex vivo human skin and laser
treatment

This study was approved by the Institutional Review Board
of International St. Mary’s Hospital, Catholic Kwandong
University College of Medicine. After obtaining written
informed consent, human skin samples were obtained from
one abdominoplasty surgery procedure (54-year-old
Korean female with Fitzpatrick skin type III) in order to
histopathologically and immunohistochemically evaluate
the patterns of immediate tissue reactions of 532- and
1064-nm MLA-type, picosecond laser treatment in an
ex vivo human skin model. A total of two skin samples
of 10 cm x 10 cm in size was prepared; the skin samples
were subsequently marked with black ink to outline 1-cm?
grids for each experimental setting (a total of 72 grids).
Each grid was placed at least 0.5 cm from the others to
minimize picosecond-domain laser-induced photothermal
and photoacoustic effects on the other areas.

Immediately after obtaining the ex vivo human skin
samples, all experiments were performed in triplicate,
and the temperature of samples was maintained between
34 and 36 °C on a heat plate during the experiments.
Using an MLA-type handpiece, picosecond Nd:YAG laser
treatments at the wavelength of 532 nm were performed
separately on each grid with a spot size of 6 mm and a
laser fluence of 1.0 J/cm? over a single pass at the dis-
tance steps of 31 mm and 48 mm (Table 1). Meanwhile,
picosecond laser treatments using an MLA-type
handpiece at the wavelength of 1064 nm were delivered

Table 1 Settings for 532-nm

picosecond-domain Spotsize (mm)  Average fluence ~ Average power Power density of microbeam (W/cm?) Pass
neodymium:yttrium—aluminum-— (em?) density (W/em®)

gamet (Nd:YAG) laser treatment Distance of 31 mm*  Distance of 48 mm*

using an MLA-type beam on

ex vivo human skin 6 1.0 2.22x10° 4.49 x 10" 1.12x 10" 1

*The distance between the microlens and the surface of the skin
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with a spot size of 7 mm, a laser fluence of 1.9 J/cmz, and
a distance step of 31 mm over a single pass using single-
pulse and dual-pulse modes (Table 2). Additionally, 1064-
nm MLA-type, picosecond laser treatments were deliv-
ered with a 4-mm spot size and laser fluence of 2.8 J/
cm” over a single pass using single-pulse and dual-pulse
modes. Finally, MLA-type laser treatments at the wave-
length of 1064 nm were delivered with a spot size of
10 mm and laser fluence of 0.3 J/cm® over five passes
using single-pulse and dual-pulse modes.

Histopathological and immunohistochemical studies

Human tissue samples for each treatment setting were obtain-
ed 30 min after treatment, collecting the epidermis, dermis,
and subcutaneous fat. The tissue samples were fixed in 10%
buffered formalin and embedded in paraffin. Then, serial tis-
sue sections, which were cut along the longitudinal plane at a
thickness of 5 um for each condition, were prepared and
stained with hematoxylin and eosin.

Additionally, tissue sections from the ex vivo human skin
were subjected to immunohistochemical staining for CD31
and Melan-A. Briefly, slides were incubated with rabbit anti-
CD31 polyclonal antibody (ab28364; Abcam; Abcam,
Cambridge, UK) at a dilution of 1:50 and with rabbit anti-
Melan-A monoclonal antibody (ab210546) at a dilution of
1:500, respectively, as primary antibodies. They were further
incubated with a secondary antibody (REAL™ EnVision™
HRP Rabbit/Mouse Detection System; DAKO) for 30 min at
room temperature. Then, sections were developed with 3,3'-
diaminobenzidine chromogen and counterstained with hema-
toxylin. Negative controls were obtained by omitting the pri-
mary antibody.

Histometric measurement and statistical analysis

The sizes of laser-induced cystic cavitation zones were eval-
uated by measuring mean widths and heights thereof using
Image] software (version 1.48; National Institutes of Health,
Bethesda, MD, USA). Estimated values of the widths and
heights are presented as a mean + standard deviation. A nor-
mality test was performed using the Kolmogorov—Smirnov
test, and the results were analyzed via a two-independent-
sample ¢ test by parametric criteria using SAS software

(Version 9.2; SAS Institute, Inc., Cay, NC, USA).
Differences with P values of less than 0.05 were considered
statistically significant.

Results

Microlens array-type, 532-nm picosecond-domain
laser-induced tissue reactions

Immediately after a single pulse of 532-nm picosecond
laser treatment on ex vivo human skin at the distance step
of 31 mm, the fractionated appearance of cystic cavitation
lesions with a cavitation size of 83.4+£16.5 um x 70.2 +
17.3 wm was found in the basilar layer of the epidermis
(Fig. 1a, b). Meanwhile, at the 48-mm distance step, cys-
tic cavitation lesions with a size of 91.0 £44.7 um x 81.2
+36.3 um were found in the lower epidermis and upper
papillary dermis (Fig. lc, d). Additionally, microscopic
perinuclear vacuolar changes were also found in the lower
epidermis and upper papillary dermis around the areas of
cystic cavitation in both settings. The difference in the
sizes of cystic cavitation between the distance steps of
31 mm and 48 mm was statistically insignificant
(P>0.05). Nonetheless, the location of cystic cavitation
was deeper in the epidermis and dermis, and the area of
microscopic vacuolization was wider at the 48-mm dis-
tance step, compared to 31 mm.

Immunoreactivity for CD31 and Melan-A in 532-nm
MLA-type laser treatment

Immunohistochemical stain for the panvascular marker
CD31 at both the 31-nm and 48-nm distance settings ex-
hibited CD31-positive microvascular components with in-
tact structural integrity in the dermis (Fig. 2a). Most of the
cystic cavitation and microscopic perinuclear
vacuolization underneath the basement membrane zone
was negative for CD31 immunostaining; however, a few
areas of CD31-positive cystic cavitation were found in the
upper papillary dermis (Fig. 2b). Meanwhile, immunohis-
tochemical stain for Melan-A at both the 31-nm and 48-
nm distance settings revealed that epidermal cystic cavi-
tation contained one or two Melan-A-positive cells (Fig.

Table 2 Settings for 1064-nm

picosecond-domain Nd:YAG Spot size (mm) Average fluence Average power Power density of Pass
laser treatment using an MLA- (J/cmz) density (W/crnz) microbeam (W/cmz)
type beam on ex vivo human skin
at a distance step of 31 mm 4 2.8 6.22x10° 7.04 % 10" 1
7 1.9 422x10° 478 x 10" 1
10 0.3 6.67 x 10° 7.55% 10" 5
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Fig. 1 Tissue reactions after 532-
nm microlens array (MLA)-type,
picosecond laser treatment.
Single-pulse, 532-nm picosecond
laser treatment at a 6-mm spot
size and a fluence of 1.0 J/cm?
generated the fractionated
appearance of cystic cavitation
lesions (asterisks) in the lower
epidermis and papillary dermis.
Microscopic perinuclear vacuolar
changes (arrows) were found
around cystic cavitation. Distance
between the microlens and the
skin of a, b 31 mm and ¢, d

48 mm. H&E stain at a, ¢ original
magnification % 100 and b, d x
400

2c—f). However, cellular components in the dermal cystic Moreover, no remarkable Melan-A-positive cells were
cavitation were negative for Melan-A immunostaining.  found in the dermis of both experimental settings.

Fig. 2 Immunohistochemical p b
staining for CD31 and Melan-A /“ ﬁé“t

after 532-nm MLA-type, \ o, f X. S g X ,,'
picosecond laser treatment. 0 9.“" RONPRTLLE =k

Single-pulse, 532-nm picosecond
laser treatment at a 6-mm spot
size and a fluence of 1.0 J/cm?
generated cystic cavitation lesions
(asterisks) in the lower epidermis
and papillary dermis. a CD31-
positive dermal microvascular
components with intact structural
integrity (arrows). b CD31-
positive dermal microvascular
components in association with
cystic cavitation (arrows). e—f
Melan-A-positive lining cells of
epidermal cystic cavitation
lesions (arrows). Distance
between the microlens and the
skin ofa,¢,d 31 mmandb, e, f
48 mm. a, b CD31
immunohistochemical stain. ¢—f
Melan-A immunohistochemical
stain. a, b, ¢, e Original
magnification x 400
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Fig. 3 Tissue reactions after
1064-nm MLA-type, picosecond
laser treatment. Single-pulse,
1064-nm picosecond laser
treatment at a 7-mm spot size and
a fluence of 1.9 J/em?® generated
the fractionated appearance of
cystic cavitation lesions
(asterisks) throughout the lower
epidermis and upper papillary
dermis at regular intervals.
Microscopic perinuclear vacuolar
changes (arrows) were found
around the areas of cystic
cavitation. a, b Single-pulse mode
and ¢, d dual-pulse mode
treatment. H&E stain at original
magnification a, ¢ x 100 and b, d
x 400

Microlens array-type, 1064-nm picosecond-domain
laser-induced tissue reaction

Immediately after a single pulse on ex vivo human skin ata 7-
mm spot size and laser fluence of 1.9 J/em?, the fractionated
appearance of cystic cavitation zones with a size of 107.0 +
18.1 pm x 83.3 £37.4 um was found in the basilar epidermis

e B S
COBAN . i o 0 M0 ¥ s s0um

Fig.4 Immunohistochemical staining for CD31 and Melan-A after 1064-
nm MLA-type, picosecond laser treatment. a Single-pulse, 1064-nm
picosecond laser treatment at a 7-mm spot size, a fluence of 1.9 J/em?
generated cystic cavitation lesions (asterisks) in the lower epidermis and
papillary dermis. b CD31-positive dermal microvascular components
with intact structural integrity (arrows). ¢ CD31-positive dermal

or basement membrane zone and upper papillary dermis at
regular intervals (Fig. 3a, b). Meanwhile, picosecond laser
treatment in the dual-pulse mode generated cystic cavitation
zones with a size of 100.8 £40.4 um x 83.1+£29.4 um in the
deeper part of the epidermis or dermis (Fig. 3¢, d). However,
the difference in the sizes of cystic cavitation between the
pulse modes was statistically insignificant (P> 0.05). In both

A
X WFLRY .Y
i Melan-A. Y e

microvascular components with intact structural integrity (arrows) and
CD31-positive microvascular cells in association with cystic cavitation
(arrowheads). d Melan-A-positive cells in the lining cells of epidermal
cystic cavitation and basilar epidermis (arrows). a—¢ CD31
immunohistochemical stain. d Melan-A immunohistochemical stain.
Original magnification a x 100 and b—d x 400
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pulse modes, microscopic perinuclear vacuolization was
found in the lower epidermis and upper papillary dermis
around the areas of cystic cavitation, although somewhat less
remarkably than that with 532-nm laser treatment.

Immunoreactivity for CD31 and Melan-A in 1064-nm
MLA-type laser treatment

Immunohistochemical stain for CD31 after treatment in the
sing-pulse mode at a 7-mm spot size and laser fluence of
1.9 J/em? revealed a few cystic cavitation lesions in the der-
mis, but not in the epidermis and basement membrane zone,
with CD31-positive microvascular components (Fig. 4a—c).
Immunohistochemical stain for Melan-A showed that the lin-
ing cells of the cystic cavitation areas in the epidermis, but not
in the dermis, contained Melan-A-positive cells; a few Melan-
A-positive cells were also found in the dermis (Fig. 4d).
Meanwhile, dual-pulse irradiation at a 7-mm spot size and
laser fluence of 1.9 J/cm? elicited Melan-A-positive, CD31-
negative cystic cavitation in the epidermis without noticeable
CD31-positive, and Melan-A-negative cystic lesions in the
dermis (data not shown). Furthermore, none of the dermal

Fig. 5 Tissue reactions after
1064-nm picosecond laser
treatment at high-power density.
a—f Single-pulse, 1064-nm
picosecond laser treatment at a 4-
mm spot size and a fluence of
2.8 J/em?® generated cystic
cavitation lesions (asterisks) in the
lower epidermis and upper
papillary dermis. ¢, d CD31-
positive dermal microvascular
components with intact structural
integrity (arrows) and CD31-
positive microvascular cells in
association with cystic cavitation
(arrowheads). e Melan-A-positive
cells in the lining cells of
epidermal cystic cavitation and
basilar epidermis (arrows). f
Melan-A-positive cells in the
basilar epidermis with or without
perinuclear vacuolization
(arrows) and in the dermis
(arrowhead). a, ¢, e Single-pulse
mode and b, d, f dual-pulse mode
treatment. a, b H&E stain. ¢, d
CD31 immunohistochemical
stain. e, f Melan-A
immunohistochemical stain.
Original magnification x 400
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components exhibited remarkable immunoreactivity to
Melan-A staining (data not shown).

A single pulse at a high-power density versus multiple
pulses at a low-power density

In the single- and dual-pulse modes, 1064-nm MLA-type,
picosecond laser treatment at a 4-mm spot size and a laser
fluence of 2.8 J/cm® generated patterns of cavitation and
vacuolization formation similar to those generated at a 7-mm
spot size and laser fluence of 1.9 J/cm? (Fig. 5a, b). Both
single- and dual-pulse irradiation at a 4-mm spot size and a
laser fluence of 2.8 J/cm? elicited Melan-A-positive, CD31-
negative cystic cavitation in the epidermis and noticeable
CD31-positive, Melan-A-negative cystic lesions in the dermis
(Fig. 5c¢c—f). Furthermore, a few discrete Melan-A-positive
cells were also found in the dermis for both the single- and
dual-pulse modes.

The experimental settings of a 10-mm spot size, 0.3-J/cm?
fluence, and five passes appeared to generate microscopic
vacuolar changes widely distributed throughout the lower epi-
dermis and upper papillary dermis without remarkable cystic
cavitation formation for both the single- and dual-pulse modes
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(Fig. 6a, b). Melan-A-positive cells in the upper papillary der-
mis were more readily observed with the single-pulse mode,
compared to the dual-pulse mode (Fig. 6¢—f). Dermal cells
with microscopic perinuclear vacuolization were non-
reactive to CD31 immunostaining (data not shown).

Discussion

In this study, we microscopically analyzed ex vivo the
patterns of 532- and 1064-nm picosecond laser-induced
tissue reactions in Asian skin. Herein, an MLA-type optic
array was used to generate high-intensity micro-injury
zones in the epidermis and dermis. The histopathological
data in this study revealed distinguished zones of cystic
cavitation and perinuclear vacuolization throughout the
lower epidermis and upper papillary dermis. Most of the
cystic tissue reactions in the epidermis appeared to be
dependent on the absorption properties of chromophores
and presented CD31-negative/Melan-A-positive immuno-
reactivity in the lining cells of the cystic cavities.
Meanwhile, the laser-induced cystic cavitation lesions in
the dermis exhibited three different patterns of

Fig. 6 Tissue reactions after
multiple pulses of 1064-nm
picosecond laser treatment. a, b
Five passes of 1064-nm
picosecond laser treatment at a
10-mm spot size and a fluence of
0.3 J/em® generated microscopic
perinuclear vacuolization
(arrows) widely distributed
throughout the lower epidermis
and upper papillary dermis. ¢, d
Melan-A-positive cells in the
basilar epidermis and upper
papillary dermis (arrows). e, f
Melan-A-positive cells in the
basilar epidermis (arrow). a, ¢, d

CD31/Melan-A immunoreactivity: (1) CD31-positive/
Melan-A-negative lining cells of the cystic cavities, (2)
CD31-negative/Melan-A-negative cystic cavitation with-
out lining cells near uninjured CD31-positive/Melan-A-
negative microvascular components, and (3) CD31-nega-
tive/Melan-A-negative cystic cavitation without adjacent
microvascular components. Additionally, most of the
CD31-positive/Melan-A-negative or CD31-negative/
Melan-A-negative dermal cystic lesions were markedly
smaller in size, compared to CD31-negative/Melan-A-
positive epidermal cavitation lesions.

The microbeams utilized in our study had a power density
lower than the irradiation threshold for initiating multiphoton
absorption (~10'> W/ecm? in water) and for generating seed
electrons [8]. Thus, although the precise initiation mechanism
for producing seed electrons still remains to be elucidated, we
deemed that chromophore-dependent thermionic emission by
picosecond laser pulses likely contributed to generating laser-
induced tissue breakdown in our ex vivo human skin study.
The location, size, and density of the areas of cystic cavitation
and perinuclear vacuolization seemed to correlate with the
power density and the concentration of pigment chromo-
phores and also appeared to be inversely correlated with the

Single-pulse mode and b, e, f
dual-pulse mode treatment. a, b
H&E stain. ¢—f Melan-A
immunohistochemical stain. a, b,
¢, e Original magnification x 400
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depth of pigments and vascular components as a result of a
loss of laser energy due to tissue scattering. Nonetheless, our
data demonstrated that cystic cavitation lesions in the dermis
can be generated both in microvascular components, collagen
bundles, and perivascular loose connective tissue and that der-
mal cystic cavitation lesions could be generated somewhat
independent of the absorption properties of chromophores.
Accordingly, we also suggest that chromophore-dependent
tissue breakdown by thermionic emission could have affected
the irradiation threshold for developing chromophore-
independent tissue breakdown in the dermis.
Notwithstanding, although the distance between the grids for
each experimental setting was at least 0.5 cm, the possibilities
of picosecond-domain laser-induced photothermal and photo-
acoustic effects on the other areas could not be completely
excluded.

Dual-pulse delivery of Nd:YAG laser pulses have been used
for treating various pigmentary disorders by irradiating energy to
target tissues in split fluence at dual-pulse intervals in the nano-
second to microsecond range [10—12]. Dual-pulse treatments
using Q-switched Nd:YAG lasers have been described as reduc-
ing the risk of side effects and as increasing the clinical efficacy
thereof, compared to single-pulse treatments, particularly in
Asian patients [11, 12]. A previous simulation study using a
black tattoo-embedded, bovine serum albumin-polyacrylamide
hydrogel phantom demonstrated that split-fluence delivery of
laser pulses broke tattoo particles into more homogeneous gran-
ules, compared to single-pulse delivery [13]. Also, photothermal
vacuolar formation in the surrounding tissue was less remarkable
with a dual-pulse mode than with a single-pulse mode [13]. In the
present study, dual-pulse treatments consisted of two consecu-
tive, half-fluenced, 450-ps pulses at 1.5-ns intervals. The 1.5-ns
pulse interval between the two half-fluenced pulses in the dual-
pulse mode was determined by considering the half-life of the
plasma and when the density of the plasma decayed to 1/e [14].
Herein, compared to single-pulse irradiation, dual-pulse irradia-
tion more effectively generated cystic cavitation zones in the
ex vivo skin. Moreover, with the repetitive delivery of picosec-
ond laser pulses in the dual-pulse mode, fewer Melan-A-positive
cells were found, compared to laser delivery in the single-pulse
mode.

Research suggests that the plasma induced in the skin
upon laser emission expands in the direction opposite to
the irradiation axis during the laser pulse by absorbing
remaining energy and preventing the penetration of the
laser deeper into the tissue [13]. Picosecond-domain laser
treatment at a higher power density generates the plasma
and associated tissue reactions in the upper part of target
tissue [13]. In light of the results of this study, we deemed
that, in the dual-pulse mode, the first of the two half-
fluenced, 450-ps pulses may have decreased the shielding
effects of the laser-induced plasma by lowering the power
density. Meanwhile, the second half-fluenced pulse may
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have effectively increased the volume and density of the
plasma in the target tissue.

Conclusion

Our microscopic findings in ex vivo human skin demonstrated
that 532- and 1064-nm picosecond-domain Nd:YAG laser treat-
ments generate fractionated zones of cystic cavitation and
perinuclear vacuolization throughout the lower epidermis and
upper papillary dermis. Immunohistochemical staining for the
panvascular marker CD31 and Melan-A revealed that the zones
of cystic cavitation and microscopic perinuclear vacuolization in
the epidermis were negative for CD31 and positive for Melan-A.
Meanwhile, dermal laser-induced tissue breakdown areas exhib-
ited various features of immunoreactivity against CD31 and
Melan-A that included CD31-positive and Melan-A-negative,
CD31-negative and Melan-A-positive, and/or CD31-negative
and Melan-A-negative patterns according to the various treat-
ment settings. Although further in vivo human skin study is
needed to confirm our findings, we believe that our histopatho-
logic and immunohistopathologic investigations may help with
predicting MLA-type, picosecond-domain laser-induced tissue
reactions for treating skin lesions in Asian patients.
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