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Background and Objectives: Fractional treatment with
a dual wavelength 1,064 and 532 nm picosecond-domain
laser, delivering a 10 x 10 array of highly focused beamlets
via a holographic optic, was investigated for the treatment
of acne scars.

Study: Twenty-seven of 31 subjects completed the study, 19
were treated using 1,064 nm and 8 were treated at 532 nm,
all having four-monthly treatments. Blinded evaluation of
digital images by three physician evaluators comparing pre-
and 3-month post-treatment images measured efficacy
using a 10-point scale. Subject self-assessment of treatment
effects were also recorded. Safety was measured by
recording subject discomfort scores and adverse effects.
Results: Blinded reviewers correctly identified the baseline
image in 61 of the 81 image sets (75%), and baseline acne
scar scores were 1.8+ 0.7 and 1.8+ 0.5 for the 1,064 and
532nm cohorts, and decreased to 1.1+0.5 (P <0.001) and
1.1+ 0.0 (P < 0.005), respectively. Post-treatment erythema,
mild edema, and petechiae were the only side effects noted.
Conclusion: The 1,064 and 532nm picosecond-domain
laser incorporating a 10 x 10 holographic beam-splitting
handpiece was found to be safe and effective for the
treatment of facial acne scars. The treatments were
well tolerated and the subjects experienced little to no
downtime. Lasers Surg. Med. 49:796-802, 2017. © 2017
The Authors. Lasers in Surgery and Medicine Published by
Wiley Periodicals, Inc.
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INTRODUCTION

Laser-induced optical breakdown (LIOB) of tissue has
been used in ophthalmology since the early 1980s, where the
lack of light absorption by many structures of
the eye requires optical breakdown to elicit a laser
treatment effect, as opposed to thermal breakdown by
selective absorption of energy by chromophores within
tissue [1-4]. More recently, picosecond-domain lasers have
exploited LIOB in the skin for applications including skin

rejuvenation and the treatment of acne scars [5-9]. These
picosecond-domain lasers were first developed for cutane-
ous use to optimize removal of decorative tattoos [10-14].
Habbema et al. describe LIOB targeting the papillary
dermis with tightly focused picosecond-domain 1,064 nm
pulses [6-6]. Although these authors’ original intent was
to achieve color-insensitive hair reduction; the small,
well-confined treatment areas naturally led to applications
for tissue remodeling with minimal downtime. Since the
Habbema studies, new technology using a micro-lens
array with a 755 nm picosecond-domain laser was developed
to fractionate the laser beam into many focused areas of
higher-intensity laser energy allowing hand-held, painting-
mode treatments for improving the appearance of facial
acne scars and for skin rejuvenation [7-9]. The lens array
creates focused areas of higher-intensity laser energy, with
lower energy zones in-between. Other lasers delivering
focused beamlets of picosecond-domain pulses were subse-
quently developed using different wavelengths, including
both 1,064 and 532nm neodymium: yttrium aluminum
garnet (Nd:YAG) lasers incorporating a potassium titanyl
phosphate (KTP) frequency-doubling crystal, which is the
type of laser used in the current study. Recent reports
showed intraepithelial lesions that are consistent with
those seen with the 755 nm picosecond domain laser [15-17],
confirming that melanin absorption in melanosomes in the
epidermis is the target for optical breakdown of tissue with
1,064 and 532 nm wavelengths as well.
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TREATMENT OF ACNE SCARRING

Fractionated lasers have been used for improving
photodamage and acne scarring, due to their ability to
create microthermal treatment zones, which results in
skin inflammation and subsequent remodeling [18-27].
As compared to the non-fractionated ablative resurfacing
devices that preceded them, the time to complete healing
following treatment, as well as potential side effects, were
generally greatly reduced when using fractionated lasers
as compared to non-fractionated lasers. Both ablative
and non-ablative lasers, mainly those targeting water
absorption, have been used to induce skin remodeling in
photodamaged or acne-scarred skin [28]. However, these
lasers often resulted in significant hyperpigmentation when
treating more darkly pigmented skin [21]. In the current
study, we investigate the ability of a new picosecond-domain
laser, using 532 and 1,064 nm fractionated laser energy
administered with a holographic lens array, to deliver all
the laser energy in highly focused beamlets arranged in a
square grid. The purpose was to investigate both the safety
and efficacy of this device for improving the appearance of
acne scarring.

MATERIALS AND METHODS

This is a prospective study of the safety and efficacy of a
new picosecond-domain, 532 and 1,064 nm Nd:YAG laser
used in combination with a fractionating holographic optic
for the treatment of acne scars on the face.

Subjects

Healthy male and female subjects, 18-75 years of age,
with Fitzpatrick skin types I-VI, and desiring treatment
for acne scars on the face were eligible for this
IRB-approved study (Table 1). Subjects were required
to have bilateral, mild to severe facial acne scars.
Subjects who are pregnant or are breastfeeding, have a
sensitivity to light, have an active tan, have a significant
skin condition on the face, a history of squamous cell
carcinoma or melanoma, a history of keloid scarring or

TABLE 1. Age Range and Mean, as Well as Fitzpatrick
Skin Types of Subjects Treated With the 1,064 nm and
532nm Laser

31 subjects enrolled in study
21 subjects intent to treat at 1,064 nm
10 subjects intent to treat at 532 nm
27 subjects completed the study
19 subjects treated at 1,064 nm (3 males, 16 females)

Mean age (range) 45 (23-70)
Skin type II 5
II1 7
v 5
A% 2
8 subjects treated at 532nm (1 male, 7 females)
Mean age (range) 45 (23-65)
Skin type II 1
II1 4
v 3
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abnormal wound healing, or who are prone to bruising, or
have used isotretinoin within 12 months of the initial
treatment were excluded from the study. All subjects
provided written informed consent to serve as subjects in
this study.

Laser Treatment

A frequency-doubled Nd:YAG picosecond-domain
laser system (PicoWay®, Syneron-Candela Corporation,
Wayland, MA), fitted with a holographic beam-splitting
optic (PicoWay Resolve®, Syneron-Candela Corpora-
tion) was used for laser treatments. The system
delivers a 10 x 10 array of 150 pm-diameter microbeams
arranged in a 6mm x 6mm, square treatment area
(Fig. 1). The laser delivered from 1.3—2.9 mdJ/microbeam
at 1,064 nm with a pulse-duration of 450 ps, and from
0.16-1.5 mJ/microbeam at 532 nm with a pulse-duration
of 375 ps. The laser repetition rate was also adjustable
from 1 to 10Hz, and treatments were administered
using a repetition rate of 6 Hz.

No topical anesthesia was applied prior to laser
treatment for any subject. Subjects received 4 monthly
treatments with either the fractionated 1,064nm or
fractionated 532 nm wavelength, using a Nd:YAG picosec-
ond-domain laser incorporating a KTP, frequency doubling
crystal fitted with novel holographic beam-splitter optic.
Subjects were treated to the entire cosmetic unit in areas of
acne scarring, as evaluated by the treating physician,
which ranged from the cheeks alone, to the entire face. Two
laser passes were administered sequentially in rows at
right angles to one another, one vertical and one horizon-
tal, treating the affected areas by delivering pulses in a
painting mode. Treatment energies were determined by

Fig. 1. The microbeam pattern of the 1,064 nm, Nd:YAG laser
with a holographic beam splitter demonstrated on flash paper
showing the fine 10 x 10 pattern of 100 microbeams with no
intervening reaction between spots.
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the treating physician based on experience with the laser
and tissue reaction, where erythema and mild petechiae
were desired endpoints. Energies for the 1,064 nm wave-
length were 1.3, 2.1, 2.5+0.1, and 2.8 + 0.2 (mean =+ sd) for
the first, second, third, and fourth treatments, respectively.
For the 532 nm wavelengths, delivered energies were 1.1,
1.3, 1.5, and 1.5 for the first, second, third, and fourth
treatments, respectively (Table 2). Post-treatment care
consisted of resuming normal skincare routines.

Post-treatment Evaluation

Facial photography was performed just prior to treat-
ment and 12 weeks after the fourth, and final, treatment
using a commercial system (Visia CR, Canfield Scientific
Inc., Fairfield, NJ). Immediate post-treatment, cross-
polarized photographs were recorded in a representative
selection of subjects to record transient post-treatment
erythema, which is highlighted upon cross-polarization.
Parallel polarized images were evaluated to determine
treatment effect, at 0° (frontal view), and +45° (left and
right views), because parallel polarization highlights
surface structures such as acne scars and rhytides. At
the completion of the study, photographs were evaluated in
pairs of pre- and 12-week post-treatment randomized as
to left and right panels, by three physician reviewers
blinded as to the treatment conditions. For each subject,
the reviewers were first asked to identify which image was
the baseline photograph and then were asked to rate the
degree of improvement using a 10-point global aesthetic
improvement scale (1=10%, 2=20%, 3=30% improve-
ment to 10=100% or total clearance). In cases where
the reviewer incorrectly identifies a baseline photograph,
the assessor’s global evaluation would be given a negative
score (i.e., a score of 3 would be recorded as a —3).

Subjects assessed their satisfaction with the treatment
outcome at the 12-week follow-up visit using a 5-point

TABLE 2. Average Energies Administered for Each
Treatment Are Shown for Each Wavelength (1,064
and 532nm). Where no Standard Deviation (St.Dev.),
Minimum (min.) or Maximum (max.) Are Shown, Every
Subject Received the Same Energy for that Treatment.
Pain Scores are Also Reported as a Mean on a 0 (None)
to 10 (Maximum) Point Scale

1,064 nm 532 nm

Parameter Txl Tx2 Tx3 Tx4 Txl Tx2 Tx3 Tx4

Energy (md/microbeam)
Mean 13 21 25 28 11 13 15 15

St. Dev. 0.1 0.2

Min. 29 21

Max. 23 29
Pain score

Mean 21 37 42 52 47 47 44 43
St.Dev. 1.7 19 23 22 24 14 19 18
Min. 0 1 0 1 1 3 3 1
Max. 7 8 8 8 8 7 8 8
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Likert scale (—2=Very dissatisfied, —1 = Dissatisfied;
0= No opinion, 1=Satisfied, 2= Very satisfied). Patients
ranked their discomfort during treatment using a 0-10
scale (0 =no discomfort; 10 =intolerable pain).
Immediately following each treatment session, purpura,
pinpoint bleeding (petechiae), erythema, edema, crusting,
and blistering were evaluated by the treating physician
using a 4-point severity scale (0=absent, 1=mild, 2=
moderate, and 3 =severe). Hypopigmentation, hyperpig-
mentation, and scarring were evaluated by comparing
cross-polarized, pre-treatment images to those taken
12 weeks following the final treatment, by the blinded
physician observers. Pigmentary alterations or scarring
were rated on a 4-point scale with: 0 =none, 1=mild,
2 =moderate, and 3 = severe hyperpigmentation, hypopig-
mentation, or scarring. Comparison with pre-treatment
images was done to reduce the possibility of any pigmentary
alterations or scarring that were present prior to treatment
being mistaken for a treatment effect. Subjects kept a
diary of post-treatment effects after the first treatment only.

RESULTS

Clinical Results

At total of 31 subjects were enrolled into the study, of
which 27 completed the entire study. All had either rolling
or boxcar type acne scars. Nineteen of 21 subjects that were
treated with the 1,064 nm wavelength completed the study
and consisted of 3 males and 16 females with a mean age of
45 + 14 years (mean + sd) and an age range of 23—-70 years.
Their Fitzpatrick skin types ranged from type II to type V
(five had skin type II, seven had type III, five had type IV,
and two had type V). Eight of 10 subjects completed
treatments and follow-up visits with the 532nm wave-
length and consisted of one male and seven females with a
mean age of 45 + 18 years with a range of 23-65 years of
age. Fitzpatrick Skin Types in this group ranged from skin
type II to skin type IV (one subject had type II, four type
II1, and three had skin type IV).

Blinded reviewers correctly identified the baseline
image in 61 of the 81 (75%) image sets (27 subjects x three
reviewers). Of the 27 subjects, baseline images of 16
subjects were correctly identified by all three reviewers,
while all three reviewers incorrectly identified the baseline
image in four subjects, and the remaining seven subjects
were mixed among the reviewers (x2=57.2, two-tail
P-value <0.0001). Blinded reviewers revealed on a
10-point scale a mean improvement score of 1.4 (range
—4 to 6, 95%CI 0.85-1.9) for all subjects (Fig. 2). No
difference was noted in the mean improvement when
comparing subjects treated with 1,064nm to subjects
treated with 532nm (P =ns, 2 tailed unpaired Student’s
t-test). After averaging scores from the three blinded
reviewers, 22 of 27 (81%) subjects showed some level of
improvement, 13 of the 27 (48%) subjects had a mean
improvement score of at least 2 (>20%), and 7 of 27 (26%)
had a mean improvement score of 3 or better (>30%). The
mean improvement score for the 16 subjects whose
baseline image was correctly identified by all three blinded
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Fig. 2. Parallel-polarized, digital images taken before (a,c) laser treatment and 3 months following
the fourth and final treatment (b,d). The subject pictured in a,b was treated with the 532 nm laser,
while the subject shown in ¢,d was treated with the 1,064 nm wavelength. Parallel-polarized
photography enhances visibility of surface texture over conventional lighting or non-polarized flash

photography.

reviewers was 2.8, corresponding to a 28% improvement on
average in the appearance of acne scars, with the scores
ranging from 1 to 6 or 10-60% improvement.

Subjects reported high satisfaction rates with the
treatment results. For subjects treated with the 1,064 nm
laser, 15 of 19 subjects were satisfied or very satisfied (nine
very satisfied, six satisfied, two no opinion, two dissatisfied)
with their treatment results. Of the eight subjects treated
with the 532 nm, all were satisfied or very satisfied (four
very satisfied, four satisfied).

Side Effects

Discomfort scores ranged from none to mild with a
mean discomfort score of 3.8 +2.3 for the 1,064nm
laser, and 4.3 £1.8 for 532 nm laser (Table 2). Immedi-
ate post-treatment responses were limited to
mild-to-moderate erythema (100% for 1,064 nm, 100%
for 532 nm), mild to moderate edema (95% for 1,064 nm,

97% for 532 nm), mild to moderate petechiae (50% for 1,064
nm, 38% for 532 nm), mild purpura (17% for 1,064 nm, 0%
for 532nm), and mild pruritus (3% for 1,064 nm, 0% for
532nm). All post-treatment responses resolved on their
own with erythema and edema clearing a few hours
after treatment, and petechiae typically clearing a few
days following treatment by subject report. No severe or
unexpected adverse events were noted during the study.
According to subjects’ diaries, 17 of 19 subjects treated
with 1,064 nm reported that their erythema resolved 1 day
after treatment while three of eight subjects treated
with 532nm reported resolution of erythema 1 day after
treatment, with erythema persisting for 2 daysin one, 3 days
in five, and up to 4 days in one. All 19 subjects treated with
the 1,064 nm laser reported that their edema resolved on the
day of treatment; while three of eight subjects treated with
the 532 nm laser reported resolution of edema 1 day after
treatment. In the remaining five subjects, edema resolved
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by day 4. All 19 subjects treated with 1,064 nm reported no or
mild discomfort only on the day of treatment; while six of
eight subjects treated with 532nm reported no or mild
discomfort only on the day of treatment, with one subject
reporting mild discomfort persisting 1 day after treatment
and another for 2 days after treatment.

Blinded evaluation of photographs, comparing pre-
treatment images to the 12-week post-treatment follow-
up images revealed no pigmentary alterations such as
post-treatment hypopigmentation or hyperpigmentation.

DISCUSSION

This study demonstrates that this picosecond-domain,
1,064 and 532nm, Nd:YAG laser, when used with a
holographic beam-splitter, is safe and effective for the
treatment of facial acne scars. As evaluated by blinded
observers rating parallel-polarized pre- and post-
treatment photographs, improvement was noted in 81%
of subjects, with improvement ranging up to 60%. Subject
satisfaction was very high with 23 of 27 subjects
reporting they were satisfied or very satisfied with the
treatments. The study was open to all Fitzpatrick
skin types, with enrolled subjects having skin types
ranging from II-V. In the current study, 10 of the 27, or
37%, of the subjects had skin types IV-V. No pigmentary
alterations were noted in the current study, however
there were no subjects in this study with skin type VI and
only two with skin type V treated with the 1,064 nm
wavelength; thus, no conclusions regarding treatment of
skin types V-VI can be drawn from this current study.
However, further clinical experience with this laser
and studies with other picosecond-domain lasers and
nanosecond-domain fractionated devices used at
1,064 nm suggest that fractionated picosecond-domain
devices may represent a potential benefit over earlier
ablative and non-ablative fractionated lasers for treating
acne scarring in darker skin types [18-27,29-31]. The
first non-fractionated carbon dioxide (CO,) lasers proved
highly efficacious for improving rhytides and acne
scarring; however, the side-effect profiles were much
higher with non-fractionated CO; lasers [29-31] than with
fractionated CO lasers [18,32,33], or the even safer non-
ablative fractionated lasers [20—22,24,25]. Non-fraction-
ated COg lasers produced outstanding results for improv-
ing rhytides, and quite good results for improving acne
scarring, and now are the gold-standard to which every
subsequent laser used for these indications is com-
pared [29-31]. But the side effects from these lasers,
many of which, such as significant hyperpigmentation, and
delayed permanent hypopigmentation, were identified,
often months following treatment [30]. Fractionated CO4
lasers delivered slightly less efficacy when treating
photodamage, but with the benefit of greatly reduced
long- and short-term side effects [29,30].

Because the biology and physiology of acne scarring is
dramatically different than that of wrinkles and photo-
damage, one would expect that these conditions would
respond quite differently to laser treatment. Many
clinicians prefer non-alative fractional lasers delivered
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with a series of treatments for the treatment of acne
scarring, over a single fractionated COg laser treatment,
due to greater efficacy of the former when treating
acne scarring, as opposed to photodamage. Non-ablative
1,550, 1,440, and 1,320nm fractionated lasers were
among the first non-ablative devices used for treating
photodamage and acne scarring [20-22,24,25]. Experi-
enced clinicians use the 1,550 nm fractionated laser to
treat patients with skin types I-V without causing any
post-treatment hyperpigmentation [24,25], although
only 7 of the 53 subjects in one large study had skin
type IV or V [25]. Less experienced physicians, or those
operating in warm, sunny climates treating patients
with Fitzpatrick skin types IV-VI, or lighter skin types
who have a tan, will likely observe a great incidence of
post-treatment hyperpigmentation when using these
devices. Consensus guidelines for treatment with the
erbium-doped yttrium aluminum garnet (Er:YAG)
1,550 nm fiber laser suggested that only the most
experienced laser surgeons should treat skin type VI
patients with these lasers due to the high risk of
hyperpigmentation [22]. Others reported a significant
incidence of hyperpigmentation when treating skin
types IV-VI with the 1,550 nm, Er:YAG fiber laser [21].
In the current study, 11 of 27 subjects completing the
study, or 41%, had Fitzpatrick skin type IV or V, and no
subject experienced hyperpigmentation. Current results
and ongoing clinical experience from others in the field
suggest that the risk of post-treatment hyperpigmenta-
tion is quite low with fractionated, picosecond-domain
lasers. Future peer-reviewed studies including those
with skin type VI are necessary to further clarify the
safety of these devices when treating skin of color.

In our current study, no significant difference was
observed when comparing mean improvement scores
between subjects treated with the 1,064 and 532nm
fractionated lasers. One reason for the lack of any
difference in treatment effect may be the fact that the
treatment parameters for each wavelength were optimized
to give the same clinical endpoint of mild-to-moderate post-
treatment erythema and/or petechiae. The maximum
energies delivered were 2.9 and 1.5 mdJ/microbeam for
1,064 and 532 nm, respectively; while the mean energies
delivered over all treatments were 2.24+0.6 and
1.4 + 0.2 mJ/microbeam, respectively. This suggests that
lower energies are needed at 532nm as compared to
1,064 nm to reach the same clinical endpoints, most likely
due to the higher absorption by melanin at 532 nm versus
1,064nm. The extremely high peak powers and small
150 pm-diameter microbeams confine the laser energy to
small areas and superficial depths within the epidermis
and superficial dermis, so dramatic differences in the
depth of penetration that might normally occur when
treating with larger beam diameters using these two
different wavelengths are not noted with these picosecond-
domain fractionated lasers. Since both devices are quite
similar, further work to tease out potential advantages,
disadvantages, and synergies will add to our ability to
better utilize this versatile device.
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A 755-nm picosecond-domain laser with a fractionating
micro-lens array was used previously for the treatment of
facial acne scars [7]. This device focuses much of the energy
to small treatment zones, but also delivers background
energy to the entire treatment field. The treatment energy
for that study was fixed at 0.71 mdJ/microbeam, with 17
subjects receiving six treatments spaced 4-8 weeks apart.
Improvement was evaluated 3 months after six treat-
ments, with an improvement score of 1.4 using a 4-point
improvement scale (0=0-25%, 1=26-50%, 2=51-75%,
and 3 =76-100%) [7]. This roughly equates to a 35% mean
improvement in the appearance of acne scars at 3 months
following six treatments and delivering an average of 3,000
pulses per treatment. In the current study, we report a 14%
mean improvement at 3 months after four treatments and
an average of 1,000 pulses per treatment. In the current
study blinded investigators first identified the baseline
image, and then graded the percent improvement. If the
wrong baseline image was selected, then the improvement
score was penalized by setting to its negative value, in
effect lowering the mean improvement. It is unclear if the
above study used this methodology of choosing the baseline
image, and subtracting for a negative result. In addition, a
4-point scale makes the minimum increment of improve-
ment 25-50%, with the first choice indicating anywhere
from no improvement all the way to 25% improvement, and
thus not distinguishing between no change at all and a 25%
improvement. Thus, an image getting a score of 0 could
have had no change or even a 25% change, making this
scale too coarse to tease incremental improvements less
than 25%. The weighted average of all 0 scores would be a
12.5% improvement, and this is true even if all the images
being evaluated in a study were the exact same image.
Thus, direct comparisons between such a 4-point scale and
the 11-point scale used in the current study are not
possible. The disadvantages of such a rough scale would be
overestimating minimal or even no change, while the
disadvantages of a more granular scale used in the current
study would be going beyond the resolution capabilities of
the reviewers.

A 755 nm picosecond-domain laser with a fractionating
micro-lens array was also used previously for the
treatment of facial wrinkles [9]. Once again, the treatment
energy was fixed at 0.71 mdJ/microbeam. For this study,
17 subjects received four treatments spaced 3 weeks apart.
Improvement was assessed by reporting that baseline
photos were correctly identified in 69% of subjects
3-month following treatment, which, despite evaluating
a completely different condition [9], is similar to the 75%
correctly identified in this current study of acne scar
treatment.

Potential limitations of this current study include a
single 3-month follow-up evaluation and the use of parallel
polarized photography as the study endpoint. The longev-
ity of improvement cannot be assessed from the short
3-month follow-up period. It also possible because tissue
remodeling occurs over many months that further
improvement could occur over a longer follow-up period.
The use of parallel polarized photography was chosen as it
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better accentuates skin surface structures enabling better
contrast for the blinded reviewers when grading the
photographs, however, non-polarized flash photography
could have been used. In reality, one looks at a subject
in three dimensions with binocular vision and natural
lighting, so any photograpy of the subject is an alteration of
real-life viewing.

The results of this study and a previous one by Brauer
et al. [7] offer strong evidence that treatment with an array
of highly focused picosecond-domain laser beams, with
intensities sufficient to cause LIOB in tissue, improves acne
scaring. The use of picosecond-domain pulses delivers
clinical benefits at lower fluences and energies than would
be required at longer pulse-durations, and may offer
qualitatively different tissue effects than earlier-generation
lasers. Future studies investigating combinations of the
1,064 and 532nm picosecond-domain fractionated wave-
lengths, as well as larger trials with skin types V and VI
should increase the ways the device is used, and the
conditions it is used to treat.
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