Laser assisted tattoo removal: a literature
review

Remocdo de tatuagens com laser: revisdao de literatura

ABSTRACT

Tattooing has existed in humankind’s culture since the onset of civilization. Tattoo removal attempts
are also very ancient. The following current methods are reported for the removal of tattoos: derma-
brasion, surgical excision, and laser procedures. The most commonly used lasers for tattoo removal are:
QS-Nd:YAG (1,064 and 532nm), QS-Ruby (694nm) and QS-Alexandrite (755nm). The pre-
sent review is aimed at studying the action mechanism of lasers for tattoo removal and the correct
indication for each type of pigment, in addition to describing complications and the best manner of
preventing them.
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RESUMO

A tatuagem esta presente na cultura do homem desde o comeco da civilizagio. Tentativas
de remogio de tatuagens também sio muito antigas. Sio relatados para remogio de tatua-
gens os seguintes procedimentos: dermoabrasio, retirada cirrgica e procedimentos com
lasers. Os lasers mais utilizados para remogdo de tatuagens sio: QS- Nd:YAG (1064 ¢
532nm), QS Rubi (694nm) e QS Alexandrite (755nm). Nossa revisdo visa ao estudo do
mecanismo de a¢io dos lasers na remocido de tatuagens e sua indicagdo correta para cada
tipo de pigmento, além da descri¢io das complica¢des e a melhor forma de as prevenir.
Palavras-chave: lasers; terapia a laser; tatuagem.

INTRODUCTION

Tattoos have been present in the culture of mankind
since the beginning of civilization. They are permanent signs on
the body that have different meanings: amulets, symbols of sta-
tus, declarations of love, statements of religious beliefs, adorn-
ments, and even sometimes a form of punishment. The first des-
cribed reports of tattoos date from 2,000 BC, and were found in
Egyptian mummies. In 1991 a mummy from the ice age (around
5,200 years old) was found, which had several tattoos on its
body. One development during the history of tattoo artistry was
the introduction of different colored pigments, allowing more
complex tattoos. Attempts to remove tattoos are also very old.
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Types of tattoos

Tattoos can be divided into five categories: professional,
amateur, cosmetic, medical, and traumatic. The professional type
is performed using professional devices that contain vibratory
needles, and pigments of various colors. The granules of pigment
are deposited superficially in the dermis. Amateur tattoos are
performed with needles or improvised devices and pen ink,
charcoal, and soot are usually used as pigments. The use of cos-
metic tattoos has increased in recent times, especially in eye-
brows, eyelids (eyeliner), lip (contour), reconstruction of breast
areola tissue and of other scars. Mostly brown, black, pink, and
red pigments are used in those cases.

Traumatic tattoos occur when pigment is deposited in
the skin through abrasion or resulting from the force of an
explosion. The materials (asphalt, gunpowder, etc.) remain hou-
sed in the dermis after the trauma, lending a black or bluish hue
to the skin, depending on the depth at which they settle.

Medical tattoos are used, for example, in radiotherapy
protocols. °

Tattoo removal techniques

The oldest tattoo removal techniques date back to 543
BC, having been developed by the Greeks, who performed
abrasion followed by the application of salts and chemicals.’
Dermabrasion has also been widely used. The principle of this
technique is based on the local destruction of the skin and the
consequent removal of the tattoo’s pigment. The use of trichlo-
roacetic acid in high concentrations has also been described.
These two techniques do not always lead to complete removal
of the tattoo and have a high risk of skin depigmentation and
unaesthetic scars. *

Surgical removal of tattoos can also be performed.
Nevertheless, linear scars may result from the procedure, and
often tattoos are too large or in difficult to access sites.” Surgical
removals can be indicated for patients who have allergic reac-
tions to the pigments of tattoos. In such cases, removal attempts
using laser can cause hypersensitivity reactions and even anap-
hylactic shock. Another therapeutic option described in this
situation is the CO, laser.

The first report of laser based tattoo removal using QS
Nd:YAG laser was published in 1965 by Goldman et al.>*
However, the lack of a thorough understanding of the physics of
this laser type, combined with unpredictable clinical results,led
it to fall into disuse at that time.

At the end of the 1970% and in the beginning of the
1980, the most widely used lasers for tattoo removal were the
carbon dioxide (CO,) and argon types.® Given that these lasers
have water as the chromophore and that they are not selective,
the problem of inconsistent clinical outcomes, with the possibi-
lity of the formation of unaesthetic scars and hypopigmentation
arose again. ™ The argon laser emits blue or green light and has
a wavelength of 488 or 514nm.

Early in the 1980’ there was great progress following the
publication of the theory of selective photothermolysis by
Anderson and Parrish.” In this manner, selective Q-switched
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lasers (QS) would only destroy specific targets, with minimal
damage to the underlying tissue. The theory previously propo-
sed by Goldman was put into practice, inaugurating the use of
QS Ruby laser for removing tattoos."

Devices with pulses in the magnitude of milliseconds,
such as those employing intense pulsed light, should not be used
for tattoo removal, for they heat the granules of the pigment,
allowing that heat to spread to adjacent tissue, causing damage.
Attempts at removing tattoos with these devices usually results
in scarring and does not completely remove the pigment. For
best results Q-switched lasers must be used.

Q-Switched Laser

The way that Q-switched lasers operate in tattoo remo-
val is not completely understood. In a study of tattoos treated
with the use of QS lasers (with evaluation through electron
microscopy) the destruction of pigment contained in the cells,
with the fragmentation of target-pigments, can be observed.
That pigment is then phagocytised, and an inflammatory res-
ponse is responsible for transporting those cells into the lymp-
hatic tissue. QS Ruby laser was the first QS laser to become
commercially available, followed next by the QS Nd:YAG and
QS Alexandrite lasers. These three lasers are still currently
used—and it is important to note that each has a different wave-
length. In order to select the correct laser to be used, the follo-
wing criteria must be considered: the patient’s skin phototype,
laser pulse duration, spot size, and fluence.?

QS Ruby lasers have a wavelength of 694nm, emit red
light, and are better absorbed by the black and dark blue colors.
Very dark and amateur tattoos usually respond considerably well
to this laser type. Medical tattoos can also have a good response.”
After treatment with this laser type, transient hypopigmentation
that resolves spontaneously in variable periods can occur
(Figure 1).

Zelickson et al. carried out a study of 47 black or blue
tattoos treated simultaneously with QS Ruby, QS Nd:YAG and
QS Alexandrite lasers, with QS Ruby showing superior results.
Kilmer and Anderson also demonstrated that QS Ruby laser is
effective in treating green ink, although other studies have
shown that QS Alexandrite treats this color more efficiently. "'

QS Nd:YAG laser has a wavelength of 1,064 nm, emits
green light and, through the KTP crystal (potassium titanyl
phosphate), also doubles the 1,064 frequency, emitting a 532nm
wavelength. This versatility allows for the treatment of dark pig-
ments (such as black and dark blue) using 1,064nm; red, yellow,
and orange pigments can also be treated with 532nm.

The longer wavelength lends greater penetrating power
to this type of laser, thus better protecting the melanocytes of
the epidermis, and as a result it is a laser type suitable for higher
skin phototypes. Some studies comparing QS Ruby with QS
Nd:YAG have demonstrated that the latter has less tendency to
cause blisters and less chance of residual hypopigmentation'
(Figure 2).
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Kilmer et al. conducted a study of 39 tattoos treated with
QS Nd:YAG laser, with fluences of 6 to 12j/cm2.A response of
75%was obtained for the black pigment in 77% of treated tat-
toos, in addition to a 90% clearance in 28% of the patients after
four sessions, without secondary hypopigmentation."

As already mentioned, QS Nd:YAG’s wavelength can be
doubled to 532nm with the use of KTP. This wavelength is well
absorbed by red, orange, and yellow pigments. This finding was
published by Anthony and Harland, who conducted a study in

FIGURE 2: A AND B: Dark-colored-
tattoo treated with QS Nd:YAG
laser.

which seven patients with an allergy to red tattoo pigment were
treated. 532nm QS Nd:YAG was used in conjunction with
topical corticosteroids with good response.” It is worth noting
that this wavelength is absorbed by epidermal melanocytes, the-
refore, a chance of hypochromia exists with this laser type.

QS Alexandrite laser was launched in 1993 by Anderson
et al. It has a 755nm wavelength. Fitzpatrick and Goldman
published a series of 25 patients with professional and amateur
tattoos with a 95% response when used for black and blue tat-
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toos, with an average of 8.9 sessions.' This laser was proven supe-

rior to QS Ruby and QS Nd:YAG for the removal of green pig-
ment. Nevertheless, as it is well absorbed by epidermal melano-
cytes, it also brings with it the risk of residual hypochromia.

Generally, darker and amateur tattoos respond well to all
three types of lasers mentioned above, for, by definition, the
black color absorbs the wavelengths of all visible light. Red and
green pigments are well absorbed by 532nm QS Nd:YAG and
755nm QS Alexandrite, respectively. However, modern tattoos
are often composed of a mixture of colors that can be complex
and highly variable, with very similar colors even having com-
pletely different compositions, and thus very diftferent absorp-
tion spectra. The variation in chemical composition and absorp-
tion spectrum can result in tattoos that are resistant and even
untesponsive to laser treatment.

Colors such as yellow and orange are known to be very
resistant, and colors such as red and green have a highly variable
response. There is no theory that explains this incomplete res-
ponse. It is believed that the wavelength used is not adequate for
those colors.™

The paradoxical darkening after tattoo removal laser ses-
sions is also described. Peach et al. completed a study involving
184 non-black tattoos and observed a change of color in 33 of
them. That alteration ranged from light gray to a complete dar-
kening of the tattoo.The tattoos treated contained white, yellow,
and shades of red pigments, becoming gray or completely dark
after the sessions.” The exact mechanism that explains this chan-
ge in color is not known. Cosmetic tattoos in shades of red and
brown usually contain iron oxide in their composition and the
oxidation of this component following QS Ruby laser sessions
has already been demonstrated in vitro."

The titanium dioxide found in white and shades of red
tattoos 1is also responsible for the poor response to lasers.
Titanium dioxide corresponds to 95% of the pigment in white
tattoos, which in turn are used in conjunction with other tattoos
to highlight color and brightness.” Some cases of resistance to
green and blue are also attributed to the presence of titanium
dioxide."”

In certain cases, treatment with ablative lasers can be
indicated to remove pigments that have a risk of darkening or
those resistant to treatment.”

Complications after laser treatment for tattoos, such as
dermatitis, granulomatous reactions, lichenoid reactions, and
pseudolymphomatous reactions, including lymphadenomega-
lias, have been reported.”* Moreover, there is a concern about
the pigments’ degradation following laser. Vasold et al. recently
showed the formation of products containing the “Azo” radical,
which is known to be carcinogenic and cytotoxic.*

Considerations regarding the treatment

The patient must be informed about the number of ses-
sions required to remove the tattoo (six to ten, or possibly more
sessions) and about the possibility of their incomplete removal.
The number of sessions depends on the tattoo’s color, and the
age and depth of the pigment.”
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It is important to instruct patients about protection
against the sun—since melanin absorbs the laser and therefore
there is a greater chance of damage to adjacent skin, with blis-
tering, hypopigmentation, and scarring. If the patient is tanned
or has a higher phototype, 1,064nm QS Nd:YAG is recommen-
ded, for it has a greater protective effect of epidermal melano-
cytes, due to the longer wavelength.” It is also important to pay
close attention to the spot size of the device used in the treat-
ment—the larger the spot size, the less energy will be deposited
superficially in the skin and the lower the chance of causing
damage to epidermal melanocytes. In patients with higher pho-
totypes or who are tanned, skin-whitening treatment is recom-
mended before the sessions. These treatments can be carried out
with creams containing tretinoin, hydroquinone, and corticoste-
roids (triple combination).

Regarding any medication that may interfere with the
effect of the laser, patients with rheumatoid arthritis who use a
gold salts treatment may develop chrysiasis due to the exposure
to laser. Patients taking isotretinoin should discontinue its use six
months before the start of treatment in order to reduce the
chance of formation of hypertrophic scars. Recent studies,
nonetheless, have not suggested that isotretinoin may increase
the chance of alteration in the healing process.

Anesthesia before the sessions is indicated, with the pos-
sible use of topical anesthetics in the form of creams with 5%
lidocaine, with occlusion before the session or use of infiltrative
and even regional block anesthesia. Cooled air can be used
during the session to provide comfort. When the tattoo is con-
siderably large, it is recommended that it be divided into parts,
treating one part per session.

The color of the tatoo and the patient’s phototype will
be the main criteria in selecting the laser type to be used. As
already indicated, QS Ruby, (1,064nm) QS Nd:YAG and QS
Alexandrite are the most effective lasers in the treatment of dark
blue and black tattoos. The carbon contained in the pigment of
amateur tattoos also responds well, typically requiring fewer
treatments than colored professional tattoos. However, in
patients with higher phototypes,1,064nm QS Nd:YAG laser is
indicated, as the longer wavelength interacts less with the epi-
dermal melanin, resulting in a lower probability of hypopigmen-
tation.

Colorful tattoos have unpredictable responses to treat-
ment. In general, QS lasers will treat most of the colors, even
though certain colors may be highly resistant to treatment (par-
ticularly yellow and orange).

Some lasers can treat certain colors more effectively—as
532nm QS Nd:YAG and QS Alexandrite lasers for red and
green pigments, respectively—but as tattoo pigments are com-
plex compounds with varying compositions, the successtul
treatment of colorful tattoos is often difficult. As the response of
a tattoo to laser cannot be predicted, a test point can be indica-
ted at the physician’s discretion before the full treatment.

During the session, the laser will cause the "whitening
out" of the color in the treated area. This phenomenon seems to
be attributed to the vapor and gas bubbles (frost) resulting from
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the fast heating of the tissue, which usually resolves 20 minutes

after the session.”?

It indicates the end point of the session, and,
if not observed, it is likely that the treatment has not been
enough. It 1s also common to observe petechiae and even pur-
pura following laser sessions.

The formation of crusting that lingers seven to ten days
is common in the period immediately following the treatment.
The patient should be instructed about the appropriate dressing
of the wound in order to minimize the risk of infection, and
about protection against exposure to the sun. In the case of for-
mation of blisters, the patient must be instructed not to rupture
them outside of a sterile environment. A new session can be car-
ried out at an average interval of four weeks.

A very common mistake when performing tattoo remo-
val with lasers is the reduction of the spot size and increase of
the fluence when the tattoo becomes more resistant to the treat-
ment. It is important to bear in mind that in those cases, decrea-
sing the spot size will entail a more superficial, and consequently
more aggressive laser, therefore increasing the risk of scarring. In
such cases it is often even preferable to change the laser type,
given that many Q-Switched lasers absorb black or any other
type of pigment.

In most cases, the treatment of tattoos will occur in mul-
tiple sessions. More recently, studies were carried out that sug-
gest multiple treatments in the same session, spaced long enough
to resolve the frosting effect (usually 20 minutes). Kossida et al.
conducted a study in which a black tattoo underwent four pas-
ses of QS Alexandrite laser, separated by 20-minute intervals.
After three months, the tattoos that underwent that protocol
showed better response than those that underwent a single
application. This technique became known as R20.7

Other techniques described could serve as adjuvants to
therapy with laser. Weiss et al., for instance, described good
results using QS Ruby in conjunction with CO, laser for remo-
ving tattoos. They believe that the CO, laser would provide a
type of abrasion of the tissue containing the tattoo, thus stimu-
lating the inflammatory response of macrophages for removing
the pigment.” Also, the use of imiquimod combined to QS laser
has been reported in two studies with humans with better res-
ponse than that of the isolated use of laser. **

Scheibner et al. carried out a study using QS Ruby for
the treatment of 163 tattoos (101 amateur and 62 professional
tattoos). A 5-8mm spot size and 2 to 4J/cm2 fluence was used.
On average three sessions were carried out for each lesion. In
this study it was possible to observe that amateur tattoos respon-
ded better than the professional tattoos. There was complete
resolution of 4 amateur tattoos, while 84 responded almost
completely, with significantly decreased pigment in 11, and only
2 with unsatisfactory response. In the group of professional tat-
toos, 2 achieved complete response, 5 responded almost comple-
tely, 18 had a significant decrease of pigment, 25 presented mini-
mal response, and 12 had almost no response. Professional tat-
toos contained colored pigments (yellow, red, green) that res-
ponded less than black pigment. Those authors did not report
any cases of scarring after the treatment. *'
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How to avoid complications

Tissue damage: The main parameters related to the
damage of tissue are the use of appropriate wavelength and the
fluence of the laser. The fluence is a measure of the energy den-
sity, measured in J/cm2. Ideally, the minimum fluence necessary
to cause the whitening of the lesion should be used. With the
use of very high fluences, the skin absorbs great amounts of
energy and the formation of blisters and scars are possible.

Greater caution must be taken when using high fluences
in skin with darker phototypes, for the laser is more intensely
absorbed in such cases, increasing the risk of undesired side
effects. In darker phototypes, the most suitable laser is the
1,064nm QS Nd:YAG, which has greater penetration and pro-
tects the epidermis.

Paradoxical darkening: Cosmetic tattoos are made from a
mixture of red, white, brown, and black pigments. Many of these
tattoos, when treated with Q-switched lasers, exhibit a parado-
xical darkening immediately after the treatment. White tattoos
also exhibit this behavior due to the presence of zinc and tita-
nium dioxide. When the paradoxical darkening of a tattoo that
is being treated occurs, a number of measures can be taken. The
sessions can be carried on using QS laser, or ablative lasers can
be used and even the surgical removal of the lesion can be used
in more resistant cases. There are reports with good outcomes
for cases with the use of QS Nd:YAG in red or brown tattoos,
although with an unfavorable response for yellow and white tat-
toos. It is worth noting that white tattoos almost always darken
when exposed to laser, and in such cases it is possible to consider
the association with ablative lasers, such as 10,600nm CO?2 or
2,940nm Erbium:YAG.

Traumatic tattoos: Tattoos resulting from trauma usually
contain carbon and graphite, and usually respond very well to all
types of QS lasers. If the particles are too large, a nanosecond
laser may not be enough, with ablative lasers like Erbium:YAG
being recommended in those cases.”

A great deal of caution must be taken with tattoos resul-
ting from explosives, for the laser’s energy can be enough to
trigger the explosion of these particles, which are flammable and
will result in scarring (pock-like).?

Allergic Reactions: The color to which patients have the
most allergic reaction is red. However, as a point of caution, red
can often be concealed in a mixture with other colors, for ins-
tance, with white to form a pink pigment. An allergy in such a
case can manifest as eczema, which can become an intensely
pruriginous nodule. Yellow tattoos can also cause photoallergies
for they contain cadmium, which is a highly photoallergenic
compound. Q-switched laser treatment of tattoos producing an
allergic response is not recommended, as there is the possibility
of triggering a systemic allergy, including anaphylactic shock. In
such cases intralesional infiltration of corticosteroid is recom-
mended, with some cases described with the use of ablative laser
(COZ) 32-37

Surg Cosmet Dermatol 2013;5(4):289-96.
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ADVANCES

Picosecond lasers: This laser type has a shorter pulse
duration than that of Q-switched lasers. This shorter duration
allows the laser to reach the pigment more effectively, and with
less interaction with surrounding tissues. An article by Ross et
al. demonstrated that 12 of 16 black tattoos treated using
1,046nm Nd:YAG obtained a better response with one pulse
with duration of 35 picoseconds than one pulse with duration
of 10 nanosseconds. In that study, 16 tattoos underwent four
treatments with four-week intervals. In 12 of the 16 tattoos, the
picosecond laser showed better results.”

Also, substances that enhance the skin’s optical properties
are being developed, allowing lasers to more easily reach tattoos
in the dermis. These topical or injectable substances are being
developed with the aim of reducing the dispersion of light due
to dermal collagen, allowing better removal of tattoos with
tewer side eftects.”

New Pigments: Since 1999 a new type of tattoo pigment
has been marketed in the United States—the Infinitink®
(Freedom Ink, USA), created specifically for obtaining better
response to laser treatment. It is composed of bioabsorbable dyes
encapsulated in polymethylmethacrylate (PMMA) spheres.
These granules also contain additional pigments specially desig-
ned for absorption by certain wavelengths.? Tattoos created with
Infinitink® can be removed in a much shorter time than tradi-
tional tattoos.

Surg Cosmet Dermatol 2013;5(4):289-96.

CONCLUSION

The removal of tattoos was revolutionized with the
invention of lasers, and the improvement of that technology has
led to better and more predictable results. Nevertheless, more
research regarding the safety of tattoo pigments is still needed.
Currently, studies are more focused on developing faster lasers
(picosecond) and on the more efficient targeting of tattoo pig-
ment by lasers. In the future, these new technologies will gene-
rate safer and more effective procedures.

It is important to note that there is no legal requirement
for manufacturers to disclose the ingredients of pigments or to
use a pure formulation in the dyes used in tattoos. In addition
to being a health risk, this makes the removal of a tattoo an even
more challenging procedure. Knowledge of the formulation of
these pigments could help guide treatments and predict the like-
lihood of a response or change in the color of tattoos. ®
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