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1  | INTRODUC TION

Dermatology is a rapidly advancing field with many technologies 
added to the expanding armamentarium of the physician, particu-
larly in the cosmetic sector of the specialty. Patients of all age groups 
and backgrounds seek treatment for skin conditions; these range 
from young adults with acne and acne scarring to the elderly requir-
ing skin rejuvenation. energy-based devices (EBDs) are increasingly 
frequently used for the treatment of different aesthetic dermato-
logical problems. Every technology offers a different mechanism of 
action, recovery timescale, and adverse effects. New technologies 

are becoming costlier, and this may have implications on the ratio of 
service to cost-effectiveness. A well-tolerated EBD procedure that 
can effectively treat different skin types and multiple skin conditions 
with minimal adverse effects and shortened downtime might be 
more economically attractive due to its versatility and favorability 
among patients and treating physicians alike.

Picosecond (PS) lasers were approved by the US FDA in 2012 
for the removal of tattoos.1 The iconic feature of the PS laser 
is that its pulse duration is less than a nanosecond, achieving a 
photoacoustic effect and limiting the amount of thermal damage 
delivered to surrounding tissue.2,3 Aside from tattoo removal, PS 
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shown to remove tattoos with more success and fewer treatments compared with 
traditional methods. PS lasers were shown to be versatile, indicated for the treatment 
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tients experienced noteworthy, transient adverse effects.
Conclusion: Picosecond lasers were efficacious and safe for a variety of indica-
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lasers have been shown to be versatile and valuable in the treat-
ment of various conditions such as lentigines, café-au-lait macules 
(CALMs), nevus of Ota, acne scarring, and skin rejuvenation.4-7 In 
this article, we report our experience treating a wide range of in-
dications using a PS laser.

2  | METHODS

We performed a retrospective chart and photographic review of 
all patients seen between 2016 and 2018 that were treated in two 
centers with a PS laser for different indications excluding tattoo 
removal. Information from the patient's medical record was ex-
tracted, which included the gender, the age of patient at time of 
treatment, condition being treated, anatomic location of the le-
sion, number of treatments, interval between each treatment, PS 
laser handpiece chosen to treat the lesion, and, where applicable, 
the posttreatment topical applications given for each indication. 
Lesions located on the chest, abdomen, and back were consoli-
dated to lesions located on the trunk; lesions on the shoulder, arm, 
and hand were consolidated to the upper extremity; lesions on the 
buttocks, thigh, and legs were consolidated to the lower extrem-
ity; and lesions on the forehead, cheeks, and chin were consoli-
dated to the face.

The PS laser used was the Picoway laser (Candela) with both the 
nonfractional “zoom” handpiece and the fractional “resolve” hand-
piece. The choice of the handpiece was based on the indicated le-
sion and/or physician experience or preference and consisted of the 

aforementioned handpieces in both 532 and 1064 nm wavelengths. 
Protective eyewear was utilized during treatments. Laser settings 
varied for each patient and lesion being treated and were based on 
the patients’ individual levels of comfort and tolerance, clinical end 
point, published evidence, and/or physician experience or prefer-
ence. Emla (lidocaine 2.5%, prilocaine 2.5%) cream was applied to 
the areas of treatment 1 hour before the procedure. Postprocedure 
care included topical Biafin (trolamine) self-applied 3-4 times per 
day for 1 week and the use for 3 months of broad-spectrum sun-
screen with an SPF of 50 for patients treated on only sun-exposed 
areas.

The patients were photographed using a standardized high-defi-
nition digital camera at baseline before treatment and at variable 
intervals ranging between 3 and 9 months postfinal treatment. 
Clinical outcomes were evaluated using side-by-side comparisons 
of the clinical photographs by two blinded, independent physicians 
using a visual analog scale consisting of six levels of treatment re-
sponse according to percentage of improvement or pigmentary 
lightening and correspondence to normal skin appearance. Grade 
0 corresponds to 0%-5% change; grade 1, 6%-24% improvement; 
grade 2, 25%-49% improvement; grade 3, 50%-74% improvement; 
grade 4, 75%-99% improvement; and grade 5, 100% improvement 
or complete clearance. Patients were also asked to rate the im-
provement following treatment on the same scale 1-3 months after 
the final treatment. This chosen scale enables seamless compari-
son of treatment results of different skin lesions.

As a standard of care in our clinics, a phone questionnaire was 
performed 7-10 days after each treatment to collect information 

TA B L E  2   Parameters of treatment

Lesion Wavelength Fluence estimate Passes Clinical end point No. of Tx. (SD)
Interval length 
in weeks (SD)

Nevus of Ota Zoom 1064 nm 4-5 mm, 1.8-2.8 J/cm2 2 Erythema (mild purpura) 2.5 (0.6) 6.3 (0.5)

Venous stasis HP Resolve 1064 nm 1.5- 2 J/cm2 4-5 Erythema 6.0 (0.8) 3.5 (0.6)

Acquired benign 
Nevi

Zoom 532 nm 4-5 mm, 0.8-1.6 J/cm2 2 Frosting 1.6 (0.5) 5.8 (0.4)

PIH Resolve 1064 nm 1.5-2.3 J/cm2 2 Erythema 2.3 (0.8) 7.6 (1.7)

Epidermal nevus Zoom 532 nm 3 mm, 1.8-2 J/cm2 3-4 Greying/frosting 4.3 (1.2) 6.7 (0.9)

Periorbital 
darkening

Zoom 1064 nm 8-9 mm, 0.5-0.9 J/cm2 1-2 Erythema 3.7 (0.6) 5.6 (0.9)

CALM's Zoom 532 nm 4-5 mm, 0.8-1.6 J/cm2 1-2 Frosting 2.5 (1.2) 5.3 (1.3)

Hyperpigmented 
scar

Resolve 1064 nm 1.5-2.3 J/cm2 2-3 Erythema and edema 4.2 (1.2) 4.5 (0.8)

Striae Resolve 1064 nm 1.9-2.5 J/cm2 4-5 Erythema (mild purpura) 6.4 (1.5) 4.3 (0.8)

Acne scars Resolve 1064 nm 1.9-2.5 J/cm2 3-4 Erythema and edema 5.4 (0.7) 4.0 (0.6)

Melasma Combination 
Treatmenta

Low settings 2-4 Erythema 3.3 (0.5) 5.7 (0.8)

Skin rejuvenation Resolve 1064 nm 1.5-2.1 J/cm2 2-3 Erythema and edema 4.8 (0.8) 3.3 (0.4)

Solar lentigo Zoom 532 nm 3-4 mm, 0.5-1.2 J/cm2 1-2 Darkening/greying/
frosting

3.6 (0.8) 4.0 (0.9)

Total 4.0 (1.4) 4.6 (1.4)

aCombination treatment: Resolve 1064 nm + (Zoom 1064 nm or Zoom 532 nm). 
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about adverse effects, downtime, tolerance of treatment, and 
patient satisfaction following the treatment. The patients’ pain 
tolerance was rated on a scale of 1-10; 1 = no pain, 10 = very 
painful.

3  | RESULTS

The clinical characteristics of the subjects are summarized in Table 1. 
A total of 233 patients, 195 females and 38 males, were studied. 
The mean age at the time of laser treatment was 44.3 years (range 
8-87 years); however, the mean ages of subjects varied with skin 
condition to be treated. The youngest patients were treated for 
CALMs (average age = 23.3) and the oldest for venous stasis hy-
perpigmentation (average age = 62.3). Lesions on the face were the 
most treated (71%) reflecting obvious cosmetic desires while lower 
extremity lesions were the least targeted (2%). All Fitzpatrick (FP) 
skin types were treated; however, the most common FP skin types 
were FP II (45%), FP III (29%), and FP IV (21%), reflecting the demo-
graphics of the treated population.

Most treatments performed were for solar lentigines (27%) and 
skin rejuvenation (14%). A summary of the treatment protocol for 
each lesion is demonstrated in Table 2. The most widely used PS 
laser handpiece used was the Resolve 1064 nm (7 of the 13 indica-
tions) and the Zoom 532 nm handpiece was most commonly used, 
treating 98 patients, the majority of whom required treatment for 
solar lentigines. The overall average number of treatments for all 
lesions was 3.9. Striae, venous stasis hyperpigmentation (HP), and 
acne scars required the most treatments with an average of 6.4, 
6.0, and 5.4, respectively, and acquired benign nevi, nevus of Ota, 
and CALMs required the least number of treatments with an av-
erage of 1.6, 2.5, and 2.5, respectively. While every type of skin 

lesion treated with a PS laser exhibited improvement, there was 
variability observed in the response to treatment. The greatest im-
provement was exhibited in the treatment of epidermal nevi, with 
the Zoom 532 nm handpiece, and acne scarring demonstrated the 
lowest degree of improvement, with the Resolve 1064 nm hand-
piece. Patient opinions differed slightly from those of the objec-
tive raters. Figure 1 summarizes these results. As shown in Table 3, 
treatment with the PS lasers was well tolerated, and the recovery 
time after each treatment was on average quite low except for 
the patients treated for epidermal nevi with the Zoom 532 nm. 
Adverse effects of the treatment of each skin condition are sum-
marized in Table 4; of 233 patients, only 56 (24%) experienced 

F I G U R E  1   The improvements of 
different indications following PS laser 
treatment as evaluated by the blinded 
evaluators and patients [Color figure can 
be viewed at wileyonlinelibrary.com]

TA B L E  3   Subjective evaluation

Lesion Pain (SD) [1-10] Downtime (SD) [d]

Melasma 2.4 (0.5) 4.03 (0.8)

Venous stasis HP 2.75 (0.5) 2.25 (0.5)

PIH 2.43 (0.5) 4.86 (0.7)

Hyperpigmented scar 2.25 (0.4) 2.88 (0.7)

Striae 2.56 (0.6) 2.56 (0.5)

Acne scars 3.76 (0.8) 3.14 (1.0)

Skin rejuvenation 3.13 (0.7) 4.69 (1.1)

POD 4.61 (0.8) 4.38 (1.0)

Nevus of Ota 4.5 (0.6) 5.75 (0.5)

Acquired nevus 4.4 (0.5) 4.4 (0.5)

Epidermal nevus 4.92 (0.7) 9.75 (2.4)

CALM's 4.67 (0.5) 7.47 (1.7)

Solar lentigo 3 (0.8) 3.84 (1.0)

Total 3.25 (1.0) 4.37 (2.0)

www.wileyonlinelibrary.com
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noteworthy, yet transient, adverse effects of the treatment with 
the PS laser.

4  | DISCUSSION

Picosecond lasers can generate and deliver a pulse of high energy 
in less than a nanosecond.8 They were approved for use in tattoo 
removal in 2012, and the scientific community has been actively 
discovering its broad applications beyond tattoos, which include 

pigment clearance and tissue remodeling. A high energy pulse deliv-
ered in a very short time frame creates photoacoustic effects without 
the delivery and dispersion of harsh, adverse, and thermal effects.9

As demonstrated in Table 5, prior studies have evaluated the 
efficacy and safety of PS lasers in nontattoo indications. The pur-
pose of this study was to report our two-center experience of 
treating the same nontattoo indications over a 3-year period, in 
order to shed light on the costs and benefits, efficacy and short-
comings, and utility and suitability of the PS laser for each of the 
aforementioned indications.

TA B L E  4   Adverse effects (AE) by handpiece

Zoom 532 nm Zoom 1064 nm Resolve 1064 nm Combination treatmenta Total

Hyperpigmentation 4 3 5 1 13

Hypopigmentation 4 1 0 2 7

Blistering 2 1 0 1 4

Pustular eruption 3 0 15 1 19

Purpura 2 0 7 0 9

Persistent erythema 0 1 2 1 4

Total AE 15 6 29 6 56

Total treated 98 15 94 26 233

AE index (%)b 15.3 40.0 30.9 23.1 24.0

aCombination Treatment: Resolve 1064 nm + (Zoom 1064 nm or Zoom 532 nm). 
bAE index: Total AE over Total Treated 

TA B L E  5   The use of PS lasers in prior studies

Reference (year) Indication Device (wavelength, nm) No. of Tx Interval (wk)

Brauer et al (2015)6 Acne scarring Cynosure (755 nm) 6 4-8

Huang et al (2019)41 Acne scarring PicoSure (755 nm) 2-12 2-6

Dierickx et al (2018)42 Acne scarring PicoSure (755 nm) 5 4

Artzi et al (2017)4 CALM Picoway (532 nm) 1-4 4-8

Levi et al (2018)11 Epidermal nevi Picoway (532 nm) 6 8-10

Koren et al (2019)15 Hyperpigmented scars Picoway (1064 nm) 3-5 3-6

Lee et al (2018)18 Melasma PicoSure (755 nm) 4 4

Chalermchai (2018)19 Melasma Picoway (1064 nm) 3 4

Choi et al (2017)20 Melasma PICO41 (1064 nm) 5 1

Peng et al (2018)31 Nevus of Ota Alexandrite laser (755 nm) 1-5

Yu et al (2018)29 Nevus of Ota PicoSure (755 nm) 3 24

Wong et al (2018)30 Nevus of Ota LIGHTen (1064/532 nm) 6-9 4-12

Lee et al (2017)34 PIH Cynosure (755 nm) 6-14 2

Khetarpal et al (2016)7 Skin rejuvenation PicoSure (755 nm) 4 3

Weiss et al (2017)21 Skin rejuvenation PicoSure (755 nm) 4 4

Wat et al (2019)43 Skin rejuvenation PicoSure (755 nm) 4 6

Diericks et al (2018)42 Skin rejuvenation PicoSure (755 nm) 5 4

Vachiramon et al (2018)14 Solar lentigines Picoway (532 nm) 1

Scarcella et al (2018)12 Solar lentigines Picoway (532 nm) 2 4

Negishi et al (2018)13 Solar lentigines Enlighten™ (532 and 1064 nm) 3 4-6

Zaleski-Larson et al (2018)32 Striae Fractional Nd:YAG 
(1064/532 nm)

3 3
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4.1 | Epidermal nevi

CO2 and Er:YAG lasers have been reported to be beneficial in the 
treatment of epidermal nevi. However, these lasers produced un-
desired side effects, such as postinflammatory hyperpigmentation 
(PIH), postoperative erythema, and atrophic scarring.10 PS lasers 
might produce subdermal blistering, elegantly separating the epi-
dermal lesion from the dermis with less thermal injury and a lower 
tendency to cause scarring.11 This might explain the strong objec-
tive improvement (Figure 2 = B&A pic) and subjective satisfaction 
with minimal adverse effects except for a long downtime and mod-
erate pain.

4.2 | CALM

PS lasers have been shown to be quite superior over other meth-
ods, including various Q-switched (QS), Er:YAG, copper vapor, and 
pulse dye lasers.4 QS lasers were shown to exhibit dyspigmentation 
and even scarring, with variable recurrence. The PS laser proved to 
be quite effective and safe at clearing CALMs (Figure 3 = B&A pic), 
demonstrating comparable or better efficacy compared with other 
laser modalities. Still, there is no advantage over QS lasers in terms 
of preventing recurrence and the average required number of treat-
ments to achieve clearance.

4.3 | Solar lentigines

Our study demonstrated high efficacy of PS laser treatment for the 
indication of solar lentigo. However, this specific indication with PS 
lasers should be compared directly against that of other nonlaser 
devices (eg, intense pulsed light) or other laser modalities especially 
the QS lasers. Solar lentigo treatment with a PS laser is not necessar-
ily superior to QS lasers, which are more readily available and cost-
effective.12-14 Speed of clearance, number of treatment sessions, 
and the associated low side-effects profile with the PS lasers might, 
however, be an added advantage, especially in dark or Asian skin 
types.

4.4 | Hyperpigmented scar

Our experience with the PS laser for treatment of hyperpig-
mented scarring is promising, exhibiting satisfactory results 
(Figure 4 = B&A pic) with a low side effect and pain profile and 
minimal downtime, similar to our past experience.15 Nevertheless, 
our experience does not seem to have differed much from prior 
treatments using a fractional nonablative laser.16 Considering the 
cost of a fractional nonablative laser compared to that of a novel 
PS laser, the practicality of treating hyperpigmented scars with a 
PS laser over other options may require more thorough and direct 
investigation.

4.5 | Melasma

Melasma is a difficult condition to treat, and PS lasers seem to be a 
good treatment option based on the literature and our own experi-
ence, but not with unqualified success. Q-switched laser toning, a 
technique used for the treatment of melasma, involves using low 
fluence, an enlarged spot size, and multiple passes. The nature of 
the disease—partial remission and high recurrence rate—still ren-
dered laser toning imperfect for the treatment of melasma in one 
study.17 In a recent prior study, PS lasers were shown to be supe-
rior to QS lasers in direct comparison for the treatment of melasma 
on the face.18 In our centers, melasma treatment with the PS laser 
showed moderate improvement (Figure 5 = B&A pic) and minimal 
side effects, consistent with prior studies having similar success 
while others had mixed success.18-20 With that being said, the main 
issue of melasma is its high recurrence rate, which is independent 
of the technology used. More studies of longer follow-up periods 
are mandatory in order to really compare between technologies and 
their long-term efficacy.

4.6 | Skin rejuvenation

Skin rejuvenation using the PS laser in our study was quite satisfac-
tory, and in prior studies, significant satisfactory improvement was 
discerned.7,21 Skin rejuvenation can be achieved by many energy-
based strategies 22-24 at much lower price points. However, direct 
comparison of the PS laser to these technologies for utility in skin 
rejuvenation is warranted to determine its true advantage.

4.7 | Acquired nevi

Average improvement of acquired nevi was modest for each pa-
tient but with little downtime, few side effects, and little pain. QS, 
Er:YAG, alexandrite, and Nd:YAG lasers have all exhibited mixed 
success with few side effects, with some being more successful 
than others.25-28 Without real direct comparison, it is difficult to 
draw any specific conclusions as to which might be superior. PS 
lasers would be recommended over the aforementioned modalities 
if the results we experienced were more than adequate; however, 
direct comparison between the modalities is warranted in order to 
truly discern the best energy-based solution, if there is one, for the 
treatment of acquired melanocytic nevi. The PS laser commonly 
exhibits a lower side effect profile than other modalities for many 
indications, but for this acquired nevi, no real advantage can be 
seen on this front.

4.8 | Nevus of Ota

PS lasers showed superiority over the Q-switched laser in 
treatment of nevus of Ota in past studies, and our experience 
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has shown similar efficacy and superiority over Q-switched 
lasers with fewer sessions and less side effects.29 Moderate  
to excellent results were seen in our study and in those  
prior.30,31

4.9 | Striae

Striae can only be improved by multiple treatments. Different stud-
ies advocate the use of different modalities for this indication and 

F I G U R E  2   Representative patient with epidermal nevus before and after PS laser treatment. To note that the bulkier lesions were 
removed with fully ablative Co2 laser [Color figure can be viewed at wileyonlinelibrary.com]

F I G U R E  3   Representative patient 
with CALM before and after PS laser 
treatment [Color figure can be viewed at 
wileyonlinelibrary.com]

F I G U R E  4   Representative patient with 
hyperpigmented scar before and after 
PS laser treatment [Color figure can be 
viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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some even compare the rate of improvement. One prior study com-
pared the efficacy of PS lasers to that of Er-glass in the treatment 
of striae and demonstrated that PS lasers were just as effective in 
treating striae as Er-glass but with less pain.32 In our centers, PS 
lasers will not be chosen as first line priority for striae but we do 
acknowledge that the resolve fractional handpiece provided the pa-
tients with moderate results and was well tolerated by patients with 
satisfactory results.

4.10 | Venous stasis hyperpigmentation

Our study demonstrated moderate improvement of venous stasis 
HP whereas one prior study demonstrated it was quite successful.33 
Hemosiderin depth and density may contribute to the variability. 
Furthermore, different wavelengths were used in treating our pa-
tients than those used in the published studies which could play a 
role here. We chose to use the resolve fractional handpiece in this 

condition given our positive experience with the treatment of me-
lasma and PIH with this handpiece compared to the nonfractional 
zoom handpiece.

4.11 | Postinflammatory hyperpigmentation

Fair to good improvement was seen in treatment of PIH with the PS 
laser in a prior case study, whereas we demonstrated some improve-
ment compared with the treatment of other lesions, albeit below 
what we had expected.34

4.12 | Periorbital darkening

Our experience with the PS laser for periorbital darkening was posi-
tive, yielding satisfactory results, but other options from prior stud-
ies have generated seemingly better results. Prior studies examining 

F I G U R E  5   Representative patient 
with Melasma before and after PS 
laser treatment. To note that a partial 
recurrence was demonstrated 6 mo 
posttreatment [Color figure can be viewed 
at wileyonlinelibrary.com]

F I G U R E  6   Representative patient 
with acne scars before and after PS laser 
treatment [Color figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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QS laser treatment reported either similar or superior results with 
negligible downtime.35,36 Long-pulsed Nd:YAG treatment was re-
ported to be quite optimal, exhibiting complete clearance, almost no 
adverse effects, and high patient satisfaction.37 Er-fiber is also a vi-
able option offering similar capabilities.38,39

4.13 | Acne scarring

In prior studies using different PS lasers, acne scarring responded 
well, especially with the use of a diffractive lens array handpiece in 
up to six treatments. 6,40,41 However, only modest improvement was 
observed in our centers (Figure 6 = B&A pic). This can be explained 
by the use of different settings, different patient expectations, a dif-
ference in wavelength, and different device manufacturer. However, 
this indication should be called into question when tailoring treat-
ment combinations for acne scars.

In this report, we attempt to demonstrate our experience with 
the PS laser for treatment of a multitude of benign skin lesions. The 
PS laser has been shown to be superior to current devices in terms of 
downtime, aggressiveness, and efficacy for many indications. From 
our experience, it is the among the optimal devices for treating epi-
dermal nevi and CALMs and tattoo removal; for some indications, it 
may exhibit only a marginal advantage in efficacy and lack of adverse 
effects compared with current devices on the market; and for oth-
ers, it may be similar or inferior to the current devices against which 
it is compared. Any adverse effects experienced by our patients 
were mild, transient, and highlighted in Table 4. Our low threshold 
for accounting for adverse events would explain the relatively high 
rates for the 1064 nm handpieces. The advantages of treatment 
with a PS laser must be weighed against the relatively lofty price and 
maintenance cost of the device.

Our report does have its limitations. Experience with the PS laser 
may differ between patient demographics, between physicians, be-
tween handpieces, and between indications; our report is purely 
based on our experience treating in two centers, and it may differ 
from the experience of PS laser application to other demographics in 
other centers in other parts of the world. The results of our study are 
compared with the results and experiences of using the PS laser or 
other energy-based devices that are reported in other studies. The 
bias that may exist in such studies as well as their own shortcom-
ings serves as another limitation to our analysis and comparisons of 
the PS lasers to other devices. Patients were recruited in Israel and 
England, resulting in a select patient population, and the small num-
ber of patients with nevus of Ota, venous stasis HP, and acquired 
benign nevi limits our analysis on the efficacy of the PS laser for 
these conditions.

5  | CONCLUSION

This is the first photographic review of the application of PS laser 
for different nontattoo indications. The PS laser was shown to be 

a versatile device. However, for certain indications there are better 
or equivalent devices that may be more cost-effective. The pursuit 
of a PS laser should be weighed based on the prospective return on 
investment of the investing physician.
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