
Combined Picosecond Laser Tattoo Removal with an Acoustic 
Shock Wave Device: A Case Series 

Abstract
Optimal laser tattoo removal in fewer sessions has been 
consistently investigated. As a result, dermatologists and laser 
surgeons have been leading the way to develop techniques and 
methods to remove tattoos in the fastest and safest possible way 
effectively.

Acoustic Shock Wave Therapy has been recently described as an 
adjuvant in enhancing tattoo clearance by increasing lymphatic 
drainage and increasing metabolic activity in the treated area, 
thereby accelerating the clearance of dermal pigment vacuoles 
produced by picosecond and Q-switched lasers. 

We present a case series of 4 patients who underwent 1 to 3 
combined sessions of picosecond laser and acoustic shock wave 
therapy on monthly intervals for tattoo removal, resulting in a 
faster clearing of the lesions without major side effects.

Introduction 
For decades, the removal of both professional and semi-
professional tattoos has been sought in many different ways: 
from the salabrasion method published by Gary Manchester in 
1973 [1] to the use of tannic acid in 1991 [2] and silver nitrate in 
1995 [3], with highly variable results.

With the introduction of Q-switched laser devices and, more 
recently, picosecond lasers, better outcomes are achieved, and 
side effects are less frequent [4,5]. In most cases, many sessions 
are required, and the time needed between sessions is the main 
factor that makes patients quit the treatment. Therefore, optimal 
laser tattoo removal in fewer sessions has been consistently 
investigated. Dermatologists and laser surgeons have been 
leading the way to developing techniques and methods to remove 
tattoos in the fastest and safest possible way effectively.

Acoustic Shock Wave Therapy has been recently described to be 
an adjuvant in enhancing tattoo clearance by increasing lymphatic 
drainage and increasing metabolic activity in the treated area, 
thereby accelerating the clearance of dermal pigment vacuoles 
produced by picosecond and Q-switched lasers [6,7]. 

We present a case series of 4 patients successfully treated with 
combined sessions of a 1064 nm Nd: YAG picosecond laser 
(Discovery Pico, Quanta System, Milan, Italy) and acoustic show 
wave therapy (X-Wave, BTL Aesthetics, Czech Republic) for 
accelerated tattoo removal, without major side effects.
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Case Presentations
Case 1: A 38-year-old woman came to our clinic with a professional 
monochromatic black tattoo of 15 years of evolution on the right 
side of her buttock. To this date, she has not received previous 
treatments for tattoo removal. A test was performed on a small 
area for evaluating the skin reaction. The lesion was treated 
with three combined sessions of 1064 nm Nd: YAG Picosecond 
laser and Acoustic Shock Wave one month apart. The following 
parameters were used: 1064 nm wavelength, 3 J/cm2, spot size 
3 mm, 450 picoseconds, 10 Hz, two passes, one focused and 
one defocused, followed immediately by two passes of acoustic 
shock wave 2.2 Bar, 14 Hz, 2400 shots in total. Any discomfort 
was reduced with contact cooling. The patient reported minor 
side effects and described a significant analgesic effect during the 
use of the acoustic shock wave. One month after the last session, 
we could observe a remarkable fading of the tattoo (Figure 1).

Figure 1: a: A professional monochromatic black tattoo on the right side of the buttock; b: The immediate end point after picosecond laser treatment; c: The same lesion 1 

month later, after 3 combined sessions of picosecond laser and acoustic shock wave.

Case 2: A 35-year-old woman had a large professional 
polychromatic black/grey and yellow tattoo of 5 years on her right 
shoulder. She had not received previous tattoo removal treatments. 
The lesion was treated with two monthly combined sessions of 
Picosecond laser and Acoustic Shock Wave with the following 
parameters: 1064 nm wavelength, 3 J/cm2, spot size 3 mm, 450 
picoseconds, 10 Hz, two passes, one focused and one defocused 
on the black and grey ink and 532 nm wavelength, 1.3 J/cm2, spot 
size 3 mm, 370 picoseconds, 10 Hz, one pass, focused on the 
yellow ink. Immediately after, we applied two acoustic shock wave 
therapy passes with the following parameters: 2 Bar, 14 Hz, 1000 
total shots. Any discomfort was reduced with contact cooling. 
The patient did not refer to any significant side effects. One month 
after two sessions, the lesion had almost completely disappeared. 
The patient was satisfied with these results and decided to stop 
the treatment (Figure 2).

Figure 2: a: A professional polychromatic black, grey and yellow tattoo on the right side of the shoulder; b: The immediate end point after picosecond laser treatment; c: The 

same lesion 1 month later, after 2 combined sessions of picosecond laser and acoustic shock wave.

(a) (b) (c)

(a) (b) (c)
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Case 3: A 33-year-old woman came to our clinic with a professional 
monochromatic black tattoo of 3 years of evolution on her 
anterior right forearm. She had not received previous treatments. 
The tattoo was treated with three combined Picosecond laser and 
Acoustic Shock Wave sessions one month apart. The following 
parameters were used: 1064 nm wavelength, 3.5 J/cm2, spot size 
3 mm, 450 picoseconds, 10 Hz, two passes, one focused and 
one defocused, followed immediately by two passes of acoustic 
shock wave 2 Bar, 14 Hz, 1200 shots in total. The patient reported 
minor side effects and referred to a significant analgesic effect 
during the use of the acoustic shock wave. However, after one 
month of the last session, the lesion presented significant tattoo 
fading (Figure 3).

Case 4: A 28-year-old female patient came to our clinic to remove 

a monochromatic red tattoo of 3 years of evolution on the left side 
of her anterior thigh. She had not received previous treatments. 
The lesion was treated with one single combined session with the 
following parameters: 694 nm wavelength, 3.6 J/cm2, Spot size 3 
mm, 30 nanoseconds, 3 Hz, one pass, focused, followed by 532 
nm wavelength, 1.3 J/cm2, Spot size 3 mm, 370 picoseconds, 
10 Hz, one pass, focused. Immediately after the laser treatment, 
we applied two acoustic shock wave therapy passes with the 
following parameters: 2.4 Bar, 14 Hz, 2200 total shots. The 
patient did not report side effects and noticed an analgesic effect 
during acoustic shock wave therapy. She came to her follow-up 
appointment one month after the session. The lesion had almost 
completely disappeared, and the patient was very satisfied with 
the results and decided to discontinue the treatment (Figure 4).

(a) (b) (c)

Figure 3: a: A professional monochromatic black tattoo on the right side of the anterior forearm; b: The immediate end point after picosecond laser treatment; c: The same 

lesion one month after 3 combined sessions of picosecond laser and acoustic shock wave.

Figure 4: a: A professional monochromatic red tattoo on the left side of the anterior thigh; b: The immediate end point after 694 nm nanosecond and 532 nm picosecond laser 

treatment; c: The same lesion one month after 1 single session of combined nanosecond/picosecond laser and acoustic shock wave.

(a) (b) (c)
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Discussion
Since the elucidation of the concept of selective photothermolysis 
[8], quality-switched lasers have been considered the gold standard 
for laser tattoo removal. The laser tattoo removal process results 
from selective photothermolysis and a photoacoustic effect to 
produce targeted destruction of tattoo pigment. Although these 
lasers effectively clear tattoos and have a good safety profile, 
certain limitations exist while targeting the exogenous pigment 
[9]. Incomplete clearance, long total treatment duration with the 
large interval between sessions, ink retention despite multiple 
sessions, treatment-associated side effects such as blistering 
and dyschromia are the main factors that limit the efficacy of laser 
tattoo removal [9]. The particles of black and colored tattoos in the 
skin may show various particle structures and sizes that influence 
any interaction with light. In particular, when heated up by laser 
radiation, such variations may lead to different fragmentation 
mechanisms and efficacies [10].

In order to reduce the number of sessions needed and shorten 
the total duration of treatment time, different techniques were 
developed. 

The R20 method of tattoo removal is based on the principle of 
repeated exposure of laser light in a single session. Kossida et al. 
used a novel technique in which they delivered four laser passes 
in a single session after waiting for 20 min between each pass 
[11]. The mechanism of action of this method is not well known. 
However, it was postulated that additional laser passes could 
penetrate deeper into the dermis after the subsidence of frosting, 
thus targeting more tattoo pigment. It could also fragment 
tattoo ink into smaller pieces, thus allowing faster clearance by 
macrophages [9].

Another method to increase the efficacy of laser tattoo 
removal was proposed by Reddy et al., who reported the use of 
perfluorodecalin to reduce the frosting immediately to apply laser 
in quick succession without waiting for 20 min (R0 Method) [12]. 

Picosecond lasers have been developed, potentially offering 
better targeting chromophores with less damage to surrounding 
tissue [13]. By narrowing down the pulse duration, the peak energy 
of the laser beam becomes very high. Theoretical considerations 
assumed that pulse durations shorter than nanoseconds allow 
even more effective fragmentation of tattoo particles [13]. In 
addition, the lymphatic elimination of these finer particles is 
assumed to be easier, resulting in faster clearing of tattoos [9]. 

Tattoo treatment using a combination of pulsed Er: YAG or ultra 
pulsed CO2 with QS Nd: YAG, also known as rapid tattoo removal 
technique (RTR), has been suggested to require fewer sessions 
compared to QS Nd: YAG laser monotherapy [14]. Besides that, 
a case series on a combination of QS with fractional lasers also 
showed improved tattoo clearance and reduced incidence of side 
effects compared to QS alone [15]. 

More recently, Acoustic Shock Wave Therapy (ASWT) has been 

described to be an adjuvant in enhancing tattoo clearance. ASWT 
is the application of mechanically generated external sound waves 
[7]. The biological effects of ASWT are mediated by an increase 
in mediators such as vascular endothelial growth factor, which 
increases local blood circulation [16–18]. In addition, repeated use 
stimulates angiogenesis and remodeling of collagen fibers [17].

In a prospective clinical trial, Kaminer et al. demonstrated that 
the combination of an ASWT applied for 1 minute after a single 
Q-switched laser tattoo removal treatment dissipates the laser 
whitening and allows for additional laser passes. Enabling multiple 
Q-switched laser passes resulted in a statistically significant 
increase in tattoo fading in a single office laser tattoo removal 
session compared to the clinical standard single-pass Q-switched 
laser tattoo removal session. The authors conclude that with 
ASWT vacuole clearing, the loss of laser efficacy due to optical 
scattering is minimized, which results in more effective multi‐
pass Q-switched laser tattoo removal in a single office treatment 
session [6].

Vangipuram et al. reported accelerated tattoo removal with ASWT 
in conjunction with a picosecond laser and perfluorodecalin 
patch. The authors presented a case of 80% tattoo clearance 
with acoustic shock wave therapy in a patient with a 6-year-old 
professional black tattoo compared with 60% clearance with the 
picosecond 1064 nm Nd: YAG laser and perfluorodecalin patch 
alone. They hypothesize that acoustic shock wave therapy may 
enhance tattoo clearance by increasing lymphatic drainage 
and increasing metabolic activity in the treated area, thereby 
accelerating the clearance of dermal pigment vacuoles produced 
by the picosecond laser [7].

The physical mechanisms for laser-tattoo interactions and the 
tattoo particle break-up process are still not well understood. 
To investigate these mechanisms, Ho et al. demonstrate via 
computer simulations that the laser breaks up tattoo particles 
mainly utilizing photoacoustic, and for the same amount of laser 
energy, a shorter pulse is more efficient [19]. However, these 
presumptions disregard the second major effect that plays a 
crucial role in tattoo removal: the transportation of fragmented 
pigment particles. The transportation of the particle fragments 
away from the skin into the human body is assumed to cause 
the fading of the tattoo color. However, this process is relatively 
unexplored so far [13].

The atomic theory of Physicist Ernest Rutherford envisioned the 
atom as a miniature solar system, with electrons orbiting around 
a nucleus, much like planets revolving around the sun. This model 
described the atom as a tiny, dense, positively charged core called 
the nucleus, in which nearly all the mass is concentrated, around 
which the light, negative constituents, called electrons, circulate at 
some distance [20].

The photoacoustic effect during laser tattoo removal can be heard 
when the laser beam aims at the nucleus of the ink particles. 
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As the time exposure to the radiated energy progresses, it is 
possible to listen to how this sound becomes weaker, meaning 
that the photoacoustic effect is reduced. ASWT breaks this 
electromagnetic field created around the ink particles and allows 

the photoacoustic effect to occur again. Therefore, this permits 
the laser to continue the micronization of the ink particles on site. 
This effect can be observed under dermoscopy (Figure 5).

Figure 5: a: Dermoscopic image of the tattoo immediately after being treated with laser only; b: Dermoscopic image of the tattoo immediately after being treated with laser 

and ASWT. Notice the lack of visible tattoo pigment.

(a) (b)

Conclusions
Acoustic Shock Wave Therapy is a safe and novel adjuvant 
therapy that may enhance and accelerate picosecond laser tattoo 
removal of both monochromatic and polychromatic tattoos. This 
combination approach may reduce the total number of sessions 
required and the waiting time in between sessions, leading to 
improved convenience and efficiency and increased satisfaction 
for both patients and clinicians. Following the reviewed literature, 
we believe that ASWT may improve tattoo clearance by increasing 
lymphatic drainage and increasing metabolic activity in the treated 
area, thereby accelerating the clearance of dermal pigment 
vacuoles. Also, we suggest that ASWT break the electromagnetic 
field created around the tattoo ink particles during laser treatment 
and allow the photoacoustic effect to occur again. In our four cases, 
an analgesic effect of the ASWT was observed. Further studies 
with a larger number of patients are necessary to demonstrate 
the efficacy and safety of this combination treatment approach 
for tattoo removal. 
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