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Background
The aesthetic removal of tattoos and pigmented 
lesions has become very popular in cosmetic medicine 
today with innovative laser and light sources being 
readily used to achieve this goal. An ideal procedure 
would be one that can achieve an aesthetic clearance 
of a targeted lesion in as few treatment sessions as 
possible, with a high tolerability, and that is devoid 
of the potential adverse effects of treatment such as 
blistering, erosions and scarring. 

Q-switched lasers and the nanosecond technology 
powering these devices have been viewed as a major 
breakthrough in the treatment of multi-colored tattoos 
and pigmented lesions in terms of efficacy and safety, 
and have become the gold standard treatment 
approach for these indications.1 

The introduction of picosecond lasers and picosecond 
technology, however, has revolutionized tattoo and 
pigmented lesion treatments, by achieving improved 
clearance of targeted lesions in fewer treatment 
sessions, when compared to traditional Q-switched 
lasers 2-4, and without compromising treatment 
tolerability and safety. While traditional Q-switched 
lasers and the nanosecond technology that they 
employ use pulses that are measured in the billionths 
of a second, picosecond lasers employing picosecond 
technology use pulses that are in the trillionths of 
a second, which can help to more effectively and 
efficiently fracture the targeted tattoo ink particles and 
melanin in pigmented lesions, ultimately facilitating 
their expeditious removal from the body. 

The shorter pulse durations of picosecond lasers 
have also been shown to result in enhanced treatment 
safety.1,2,4 Nevertheless, although picosecond lasers 
are considered to be very safe for the aesthetic removal 
of multicolored tattoos and pigmented lesions in all 

Fitzpatrick skin types, adverse effects from treatment 
may still occur including blistering, postinflammatory 
hyperpigmentation (PIH), and scarring, underscoring 
the need for even safer treatments and individualized 
treatment protocols in this patient population, while 
achieving effective results.

In this paper, we present a paradigm for picosecond 
laser therapy using systematically a plurality of different 
spot sizes, in order to achieve a high safety profile. 

Methods
Patients presenting with Fitzpatrick skin types I-VI, 
all tattoo pigment colors, and pigmented lesions 
underwent a maximum of 8 laser treatments, at 4 to 8 
week intervals, using the PicoWay® device (Candela 
Corp., Wayland, MA, USA). Clinical photographs 
were taken at baseline and at each follow-up visit, 
and comparisons were made at the end of the study. 
The PicoWay device is a novel picosecond Nd:YAG 
laser system that employs two different wavelengths 
— the 532nm and 1064nm wavelengths. 
 
In order to maintain the highest safety profile, while 
achieving high efficacy, PicoWay treatments were 
performed with the minimum energy required to 
achieve the clinical endpoint formation of a milder, 
white opaque micro-bubble layer (“whitening”) at 
the treatment site. This clinical endpoint enhances 
reduced risk for the formation of blisters, erosions and 
scars. The various energy levels are given in Table 1.
The new treatment paradigm is as follows: at the 
first treatment session, a 10 mm diameter test spot, 
using maximal fluence, was performed on all lesions. 
If the novel tissue endpoint was achieved, treatment 
was initiated using the test spot parameters. If the 
novel tissue endpoint could not be achieved with the 
10 mm spot size, another test would be performed with 
the 9 mm spot size at maximal fluence. Subsequent 
testing was continued stepwise, by decreasing 
the diameter spot size beam by 1 mm increments, 
while using maximal fluence until the desired tissue 
endpoint was achieved. 
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A similar treatment protocol was followed for 
subsequent sessions, using a 1mm smaller test 
spot size from the previous session. By using the 
above methodology of decreasing spot size, while 
increasing fluence with subsequent treatments, the 
results were enhanced with less thermal damage. 
Thus, the whitening dissipated very rapidly, without 
causing unnecessary adverse events.

Table 1. Spot size treatment parameters for 1064nm & 

532nm

Results 

A total of 103 patients (80% females), ranging in 
age from 13 to 77 years (mean age 43.12 years), 
and with Fitzpatrick skin types I-VI presented with 
various decorative tattoo ink colors, cosmetic tattoos, 
recalcitrant tattoos, pigmented lesions, skin laxity, 
black circles under the eyes, acne scars and wrinkles. 
Study participants underwent a maximum of 8 
PicoWay treatments that were performed at baseline, 
and at 4 to 8 week intervals until a satisfactory 
clearance of the targeted lesions was achieved. The 
various energy levels, for the treatments performed, 
are shown in Table 2. 

The results demonstrated the following: 
a. An average of 4 to 5 treatments were required to 
achieve a greater than 75% clearance of decorative 
tattoos; 
b. An average of 3 to 6 treatments were required to 
achieve a greater than 75% clearance of cosmetic 
tattoos; 
c. With only 1 to 2 treatments needed for the 
improvement and aesthetic clearance of pigmented 
lesions.

Figure 1: Multicolored tattoo on the arm of a 39 year old 
woman with skin type III. A) At baseline B) 10 minutes 
after the 1st treatment with PicoWay, after 6 passes with 
the 1064nm wavelength and decreasing spot sizes by 1mm 
increments from 10 to 5mm (fluence range of 0.5-2J/cm2). 
The whitening effect can be clearly seen. C) 12-week follow-
up after 2nd treatment with PicoWay, using single pass with 
spot size 4 and maximum fluence of the 532nm hand piece.

A) Before

C) 12 weeks 
after 2 
treatments

B) Immediately 
after treatment

Figure 1

1064nm

Spot size Fluence range (J/cm2)

4 mm 1.40 - 3.20

5 mm 0.90 - 2.00

6 mm 0.60 - 1.40

7 mm 0.45 - 1.00

8 mm 0.35 - 0.80

9 mm 0.25 - 0.60

10 mm 0.20 - 0.50

532nm

Spot size Fluence range (J/cm2)

4 mm 0.80 - 1.60

5 mm 0.50 - 1.00

6 mm 0.36 - 0.72

7 mm 0.26 - 0.52

8 mm 0.20 - 0.40

9 mm 0.16 - 0.32

10 mm 0.13 - 0.25



Table 2. Treatment parameters for tattoos and pigmented lesions

Lesion type
(# patients)

Wavelength 
(nm)

Avg. Fluence 
(J/cm2)

Pigmented Lesions (n=25) 532 0.91

Pigmented Lesions (n=4) 1064 1.18

Decorative Tattoos (n=10) 532 0.94

Decorative Tattoos (n=48) 1064 1.25

Black circles under the eyes (n=5) 532 0.48

Black circles under the eyes (n=3) 1064 0.86

Cosmetic Tattoos (n=1) 532 0.77

Cosmetic Tattoos (n=7) 1064 1.24

Picosecond laser treatment also showed significant 
improvement in the clearance of green tattoos, as well 
as for those tattoos that were previously unresponsive 
to nanosecond laser treatments. In addition, striking 
results could be achieved even after a single treatment 
session for yellow and red tattoo ink colors, as well as 
for cosmetic tattoos. 

A mild, but transient, erythema and delayed (greater 
than 20 seconds) tissue edema was a typical side 
effect seen immediately following the treatment 
session. Blistering was rarely observed in any of the 
targeted lesions treated. Figures 1 and 2 illustrate 
treatment effect. 

Discussion
Our results show that picosecond laser therapy is both 
safe and effective for the improvement and clearance 
of multicolored tattoos and pigmented lesions. 
In particular, the utilization of different spot sizes, 
according to the novel tissue endpoint presented here, 
allowed for fewer and more customized treatments 
for each lesion, resulting in an enhanced clearance of 
treated lesions, without compromising clinical safety. 

Figure 2

Figure 2: Lentigo on the face of a 48 year old woman with 
skin type III. A) At baseline B) 6 weeks after 1 treatment 
with the PicoWay device, using 1 pass with spot size 5mm 
(fluence 0.54J/cm2) and 1 pass with 4mm (fluence 1.6J/cm2)

of the 532nm hand piece.

The effective and efficient removal of tattoos of 
different colors had been historically challenging to 
achieve until the advent of Q-switched lasers and 
the nanotechnology that they employ.1 In contrast to 
traditional Q-switched lasers that use nanosecond 
pulses measured in the billionths of a second 
(1 x 10-9 seconds), picosecond lasers employ 
picosecond pulses that are approximately 100 times 
shorter and measure in the trillionths of a second 
(1 x 10-12 seconds). As most tattoo ink particles in 
vivo fall in the range of 40 to 300nm in size 2,7, a 
stronger argument can be made that the shorter 
picosecond laser pulses are more effective and 
efficient in fragmenting and breaking up the targeted 
particles into even smaller particles, when compared 
to the longer nanosecond pulses; thereby, ultimately 
facilitating their quicker removal from the body. 

Photomechanical stress, the two major sources 
of which are thermal stress and acoustic stress, 
is the mechanism by which the chromophores of 
lesions are fragmented and broken up following the 
application of short laser pulses that can quickly 
heat up the targeted chromophores, in this case, the 
tattoo ink particles of tattoos and the melanin found 
in pigmented lesions. Thermal stress occurs when the 
expansion of the targeted chromophores is restricted 
by the medium in which it resides. As the targeted 
particles expand during the rapid heating process, 
the pushback from the surrounding water and 
tissues in the skin results in a rise in pressure called 
thermal stress, which can be high enough to cause a 
fracturing of the targeted particles so that they can be 
more easily removed from the body via phagocytosis. 
In contrast, acoustic stress occurs when the heating 
of the targeted particles is faster than the time needed 
for the particles to expand. The ensuing rapid buildup 
of pressure in the targeted area results in an acoustic 
stress, which is released via an induced pressure wave 
traveling back and forth within the targeted particles 

A) Before B) 6 weeks after 1 treatment



releasing pressure to the medium each time the wave 
reaches the surface of the particle. Both the diameter 
of and the speed of sound in the targeted particles are 
closely correlated to the time needed for the particles 
to expand and release pressure. According to the 
theory of selective photothermolysis 8, pulse durations 
that are at or slightly lower than a particle’s thermal 
relaxation time or at a wavelength absorbed by the 
particle can optimally target the particle and lead to 
its fragmentation. In selective photoacoustolysis, the 
optimal acoustic stress is achieved when the laser 
pulse duration is less than the acoustic diffusion time.9

One of the central benefits in using a shorter pulse 
and higher energy is that less energy is required to 
cause a stress fracture in the targeted particles and 
hence often collateral tissue is spared of thermal 
pressure and consequent damage. The use of less 
energy should also result in a more rapid healing 
time. PicoWay’s unique mode of picosecond action 
enables a full flexibility to adjust the wavelength, 
fluence, spot size and repetition rate, allowing for 
individualized treatments. Both the 532nm and 
1064nm wavelengths of the PicoWay together 
with the ultra-short, ~500 picosecond pulses that 
the device employs have been found to be ideal in 
optimally addressing the many different tattoo ink 
colors and pigmented lesions, achieving a superior 
clearance of targeted lesions without any adverse 
events. The shorter pulse durations of the PicoWay 
also enable the strong photoacoustic impact needed 
to fracture and break up the targeted chromophores 
using lower fluences. This not only results in a more 
effective and efficient clearance of targeted lesions, 
but also allowing for fewer and more comfortable 
treatments, when compared to the nanosecond 
pulses of Q-switched lasers. In addition, the 
photoacoustic fracturing process generates less heat 
during treatment, resulting in fewer side effects as 
well as more tolerable treatments. 

Conclusion
The utilization of the different spot sizes, according to 
the new treatment endpoint presented here, allows us 
to customize treatments for various tattoo pigments 
and types, as well as pigmented lesions, resulting 
in an optimal efficacy without compromising clinical 
safety.

References 

1. Saedi N, Metelitsa A, Petrell K, Arndt KA, Dover 
JS. Treatment of tattoos with a picosecond 
alexandrite laser: a prospective trial. Arch 
Dermatol. 2012 Dec;148(12):1360-3. doi: 10.1001/
archdermatol.2012.2894. 

2. Ross V, Naseef G, Lin G, Kelly M, Michaud N, 
Flotte TJ, Raythen J, Anderson RR. Comparison of 
responses of tattoos to picosecond and nanosecond 
Q-switched neodymium: YAG lasers. Arch Dermatol 
1998;134(2):167–171.

3. Izikson L, Farinelli W, Sakamoto F, Tannous Z, Anderson 
RR. Safety and effectiveness of black tattoo clearance 
in a pig model after a single treatment with a novel 758 
nm 500 picosecond laser: a pilot study. Lasers Surg 
Med. 2010 Sep;42(7):640-6. doi: 10.1002/lsm.20942. 

4. Herd RM, Alora MB, Smoller B, Arndt KA, Dover 
JS. A clinical and histologic prospective controlled 
comparative study of the picosecond titanium:sapphire 
(795 nm) laser versus the Q-switched alexandrite (752 
nm) laser for removing tattoo pigment. J Am Acad 
Dermatol. 1999 Apr;40(4):603-6. 

5. Weiss M, Weiss M, Lorden F, Trageser M, Beasley 
K (2015, April). Picosecond laser for reduction of 
wrinkles: long term results. Poster presented at the 
annual meeting of the American Society for Laser 
Medicine and Surgery: ASLMS, Kissimmee, FL.  

6. Tanghetti E (2015, April). Characterization of the 
histological changes in the skin from treatment with a 
755nm picosecond alexandrite laser with a fractional 
optic. Poster presented at the annual meeting of the 
American Society for Laser Medicine and Surgery: 
ASLMS, Kissimmee, FL.  

7. Bäumler W, Eibler ET, Hohenleutner U, Sens B, Sauer J, 
Landthaler M. Q-switch laser and tattoo pigments: First 
results of the chemical and photo-physical analysis of 
41 compounds. Lasers Surg Med 2000;26(1):13–21. 

8. Anderson RR, Parrish JA. Selective photothermolysis: 
Precise microsurgery by selective absorption of pulsed 
radiation. Science 1983;220(4596):524–527. 

9. Ho DD, London R, Zimmerman GB, Young DA. Laser-
tattoo removal - a study of the mechanism and the 
optimal treatment strategy via computer simulations. 
Lasers Surg Med. 2002;30(5):389-97.

©2015. All rights reserved. Syneron and the Syneron logo are registered trademarks of Syneron Medical Ltd. and may be registered in certain jurisdictions. PicoWay and Candela are registered trademarks of the Candela Corporation. PB88521EN


