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ABSTRACT
While placement of ink into the skin is a long-standing tradition, patients are now seeking tattoo removal on a more

frequent basis. Once considered acceptable removal options, tattoo ink removal via physical destruction included
dermabrasion, chemical destruction, salabrasion, thermal destruction, and cryotherapy. Now these options are used
extremely infrequently. These modalities provided unpredictable results and often required prolonged healing times and
left patients with skin discoloration, pain, scarring, and ink retention. Even the widely adopted use of lasers, now
considered the gold standard method, offers some level of unpredictability surrounding the natural progression of ink
resolution. Multiple factors need to be taken into consideration when successfully removing tattoo pigment including the
modalities used, number and frequency of treatments, proper device technique, and physiological barriers to tattoo
removal. This paper serves to elucidate the common causes of ink retention following tattoo removal treatment with
recommendations on how best to address this relatively common occurrence.
(J Clin Aesthet Dermatol. 2013;6(7):27–31.)
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Clinicians with ample experience performing tattoo
removal procedures are aware that there is some
level of unpredictability surrounding the natural

progression of ink resolution. While some patients may
only want to fade a tattoo, the vast majority desire
complete resolution of their tattoo ink. Yet, patients will
occasionally experience unanticipated ink retention
following the tattoo removal treatment. The authors define
unanticipated ink retention as visible tattoo pigment that
has remained after tattoo removal treatments have been
performed. Several factors to consider include the
modalities used, number and frequency of treatments,
proper device technique, and physiological barriers to ink
removal. This paper serves to elucidate the common
causes of ink retention following tattoo removal treatment
with recommendations on how best to alleviate this
complication. 

MODALITIES USED
Physical modalities for tattoo removal. Older

methods of removing unwanted tattoo ink that were once
considered acceptable options included dermabrasion,1–3

chemical destruction,4–7 salabrasion,8,9 thermal destruction,10

and cryotherapy (Table 1).11,12 These physically destructive
modalities provided unpredictable results, required
prolonged healing times, and frequently left patients with
skin discoloration, pain, scarring, and ink retention. It is
recommended that these physical modalities no longer be
used given the availability of better technologies (i.e.,
quality-switched lasers) for tattoo removal.
Light-based (non-quality-switched laser) techniques

for tattoo removal. In the late 1970s and 1980s, continuous
wave lasers, in particular the argon13 and carbon dioxide
laser14–18 were used to treat unwanted tattoo ink. Although
these devices did target tattoo ink, due to their nonselective
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ablative properties, they were also frequently associated with
unfavorable tissue texture changes, hypertrophic scarring,
and ink retention. Although very rarely used for tattoo
removal today, occasionally a physician will still attempt to
remove tattoo ink with a continuous wave device. 
Intense pulsed light (IPL) devices have been

unsuccessful as a tattoo ink removal option. These devices
are commonly used for hair reduction treatment and photo
rejuvenation. Because of their nonselective destruction
(i.e., range of wavelengths) and longer pulse duration, the
light intensities associated with this device is not sufficient
or specific to destroy tattoo ink.19 The pulse duration of an
IPL device is in the milliseconds, which is in contrast to the
quality-switched lasers whose duration is in the
nanosecond range. In addition, when tattoo ink particles
are exposed to IPL, they conduct heat to adjacent skin,
further leading to scarring and discoloration.
Unfortunately, all too often, novice healthcare practitioners
erroneously attempt to remove tattoo ink with an IPL
device causing scarring and ink retention. It is
recommended that neither continuous wave nor IPL light
devices be used for tattoo removal.

NUMBER AND FREQUENCY OF TREATMENTS
Number of treatments needed. It is well established

that multiple laser treatments are required to remove a
tattoo. Unfortunately, not all practitioners provide patients
with accurate information at the time of the initial
consultation including the estimated number of total
treatments to achieve complete ink resolution and all too
often “guess work” takes place. Moreover, patients without a

thorough understanding of the process may not be
compliant with their return appointments, leading to patient
dissatisfaction and improper stigmatization of the removal
process. In 2009, the Kirby-Desai Scale was proposed as a
tool to estimate the number of treatments needed for laser
tattoo removal assuming the medical practitioner is using a
quality-switched laser device (Figure 1).20 The scale
calculates the estimated number of treatments based on a
standardized set of parameters, such as the patient’s skin
type, location of the tattoo, and number and density of tattoo
inks used.20 This scale is now used by clinicians during the
initial patient presentation to provide a more accurate
estimation as to the number of treatments required for
complete tattoo removal than was previously available. By
educating patients about the likely necessary number of
treatments required, patients are much more inclined to
complete the entire recommended course of treatment and
minimize the incidence of ink retention. 
Frequency of treatments. In addition to the number

of treatments needed for tattoo removal, incorrect
intervals between treatments may be another factor that
contributes to unanticipated ink retention. Patients
seeking tattoo removal desire that the ink be removed as
quickly as possible as it is a common misconception that
decreasing treatment intervals will increase ink resolution.
Adequate time between treatments, however, is necessary
to allow for ink resolution. It has been reported that
treatment intervals of one month could interfere with the
activity of macrophages.21,22 Moreover, it is commonly noted
that treating too frequently may increase the rate of side
effects including scarring and ink retention. Many
dermatologists are now recommending a minimum of eight
weeks between laser treatments.23 Even longer intervals
should be considered for patients who are experiencing
tissue texture changes, who are likely to experience skin
discoloration, or who have little ink remaining.
Thus patients with complaints of ink retention may have

simply not been properly informed of the estimated
number of treatments or frequency of intervals, which
warrants re-education and additional treatments if ink
retention occurs. It is recommended that patients be
informed of the estimated number of treatments and
frequency of intervals needed prior to removal to avoid the
complication of ink retention.

DEVICE TECHNIQUE
Q-switched laser treatment has become widely adopted

and is considered the gold standard treatment option for
the removal of unwanted tattoo ink (Figure 2). Q-switched
lasers are based upon the theory of selective
photothermolysis, whereby a single wavelength at a
particular fluence and pulsed duration can selectively
target exogenous pigment in tattoos with minimal damage
to the surrounding skin.24 “Q” refers to a quality factor for
light traveling across the laser cavity, which can be
changed suddenly to produce a short, intense burst of
light. Q-switched lasers produce short pulses at very high

TABLE 1. Description of physical modalities

Chemical destruction: puncture or incision of the skin with
subsequent application of tannic acid and/or silver nitrate to tattoo;
phenol solution or trichloracetic acid application to the tattoo

Cryosurgery: liquid nitrogen application to the tattoo 

Dermabrasion: use of a rapidly spinning wheel or wire brush to
abrade the skin

Salabrasion: abrading superficial dermis with common table salt
and abrasive pad

Thermal destruction: use of thermal cautery, electrocautery, or
infrared coagulation to destroy tattoo pigment
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peak power and are designed to produce pulses in
the nanosecond range.25

Some clinicians are also using lasers with pulsed
durations in the picoseconds range with variable
results.26–28 Currently, the only picosecond device
available is in a 755nm wavelength of light, and
while some practitioners theorize that the
picosecond speed may reduce the overall number of
treatments needed to remove a tattoo, to date no
large-scale studies or head-to-head unit
comparisons have been performed with these
devices proving improved efficacy when compared
to Q-switched devices.
In addition to selecting the proper laser, routine

maintenance and calibration is an imperative part of
successful tattoo removal. A series of mirrors
amplify photons in lasers, and the medium that the
laser passes through determines the wavelength of
the emitted light.29

Minor displacement of these mirrors through
purposeful movement, accidental jarring, and even
routine use may alter the efficacy of the treatment.
If significant movement of the device has occurred,
the laser device should be recalibrated. Additionally,
routine maintenance should be performed at the
intervals recommended by the manufacturer to
ensure that the laser is operating with proper
specifications. Lenses and hand pieces should also
be cleansed with appropriate solvents and replaced
when necessary. Regrettably, patients experiencing
iatrogenic ink retention after treatment may have
been treated with a poorly calibrated or poorly
maintained device.

PHYSIOLOGICAL BARRIERS TO TATTOO INK
REMOVAL
Undesired pigmentary alteration

misdiagnosed as ink retention. Transient
hyperpigmentation following Q-switched treatment
is a well-established phenomenon upon complete
resolution of tattoo ink following laser treatment.30,31

Patients and novice practitioners may occasionally
confuse this hyperpigmentation with ink retention.
Continued exposure to laser light may only prolong
this transient hyperpigmentation, and thus
treatments should cease once tattoo ink has
resolved completely or at least improved
significantly. Prolonging the intervals between
treatments, topical hydroquinone, and sun
avoidance measures should be considered for any
patient that confuses undesired pigment alterations
with ink retention.32

Paradoxical ink darkening as a cause of ink
retention. Paradoxical darkening of tattoo ink can
occur after Q-switched treatment and has been
reported in multiple ink colors.33,34 Certain colors
including yellow, white, peach, or pink35 may be
susceptible to paradoxical ink darkening secondary

Figure 1. The Kirby Desai Scale

Figure 2. Status post-tattoo removal on showing excellent ink resolution
and minimal, transient hyperpigmentation
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to reduction of ferric oxide to ferrous oxide, which leads to
a darkening of the ink. Another possibility to explain
paradoxical ink darkening may be the Tyndall effect, since
tattoo pigments are found in the dermis.33,34

Tattoos that experience paradoxical darkening often
require additional treatments to obtain complete ink
resolution,35 but the newly darkened ink may also be an
unfortunate permanent consequence.36 Paradoxical ink
darkening can be a contributing factor to ink retention and
patients who will likely experience this phenomenon
should be forewarned of the possibility that ink retention is
a possibility following paradoxical color changes with
particular tattoo colors.
Tattoo ink used does not respond to wavelength of

light as anticipated. Numerous tattoo ink formulations
are now available.30 Although many inks respond to laser
treatment as anticipated, some tattoo ink formulations are
recalcitrant to treatment.37 The most common tattoo ink
color is black and the wavelength of light used most
frequently to treat this color is 1064nm. Other tattoo colors
appear frequently and wavelengths including 532nm,
694nm, and 755nm as well as attachable hand pieces with
585nm and 650nm wavelengths are available (Table 2).
Tattoo artists will mix colors and ingredients38 and
acknowledge that the formulations themselves are not
uniform, frequently change, and are poorly regulated.39,40

Given the variability of these pigments, tattoo ink will
occasionally present that does not respond to the
treatment as predicted. In these cases, patients may
experience ink retention and require more treatment
sessions than originally anticipated. Clinicians may need to
use more than one wavelength of light in these cases. 

Proper patient selection. While a patient might
believe that the laser treatment is the sole reason for tattoo
ink reduction, the theory behind this phenomenon also
involves the patient’s own immune system. It is
hypothesized that these laser-altered residual particles are
phagocytosed by the body’s lymphatic system.41

Patients suffering from short- and long-term
immunosuppression (i.e., via chemotherapy, drug-induced,
or a medical condition) may experience poor healing,
which can further lead to ink retention following laser
treatments. Individuals presenting with underlying
immunosuppression should be referred to the appropriate
specialist for comprehensive care. Once the condition has
stabilized or resolved, they should be considered
appropriate candidates for laser tattoo removal treatment. 

CONCLUSION
As with any medical treatment, there is some level of

unpredictability with laser tattoo removal. The causes of
ink retention following laser tattoo treatment can be
placed into categories including the incorrect modalities
used, number and frequency of laser treatments, improper
device technique, and physiological barriers to ink
removal. By understanding the probable reasons behind
this phenomenon, the clinician’s ability to provide a patient
with more realistic expectations will be enhanced and
options to treat this retained ink can be appropriately
considered.
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TABLE 2. Selected tattoo colors and commonly used lasers for removal

COLOR LASER

Red QS Nd:YAG (532nm)

Yellow QS Nd:YAG (532nm)

Green QS Ruby (694nm), QS and Picosecond Alexandrite (755 nm), QS Nd:YAG (650nm)

Blue QS Ruby (694nm), QS Nd:YAG (1064nm), QS Nd:YAG (585nm)

Purple QS Nd:YAG (532nm)

Black QS Nd:YAG (1064nm) is the standard but QS Ruby (694nm) and QS and Picosecond Alexandrite (755 nm) may be attempted

White QS Nd:YAG (1064nm)

Light Brown QS Nd:YAG (532nm)

Dark Brown QS Nd:YAG (1064nm and 532nm)

QS=Quality-switched; Nd:YAG=neodymium-doped yttrium aluminum garnet; nm=nanometers
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