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Background and Objectives: Although technology and
tattoo removal methods continue to evolve, yellow pigment
clearance continues to be challenging and usually unsuc-
cessful. We describe a case series of six tattoos containing
yellow ink, successfully treated with a frequency-doubled
Nd:YAG 532-nm picosecond laser.

Study Design/Materials and Methods: Case series
with six subjects participating for the treatment of
multicolored tattoos that contain yellow pigment. Treat-
ments performed with a frequency-doubled Nd:YAG 532-
nm picosecond laser at 6-8 week intervals.

Results: One subject achieved complete clearance of the
treated site after one session, and five subjects required 2—
4 treatments to achieve over 75% clearance. Minimal
downtime was experienced, and no scarring or textural
skin changes were observed in any of the treated sites.
Conclusions: This is the first case series that demon-
strates effective and consistent reduction of yellow tattoo
ink using a frequency doubled Nd:YAG 532-nm laser with
a picosecond pulse duration. Treatments were well
tolerated and subjects had positive outcomes. This is a
small observational case series from an ongoing clinical
trial, and studies with a larger sample size and compara-
tive group are needed in the future. Lasers Surg. Med.
47:285-288, 2015. © 2015 Wiley Periodicals, Inc.
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INTRODUCTION

Tattoo removal procedures continue to improve, with
the introduction of both newer technologies and innovative
treatment methods. For example, in just one treatment
session, the 755-nm alexandrite picosecond laser, with
its shorter pulse duration, has been shown to achieve
greater than 75% clearance of blue and green tattoo
pigment [1,2]. Treatment methods which achieve effective
tattoo removal in fewer sessions continue to be developed,
including the R20 method, and the RO method with
perfluorodecalin [3,4].

Despite these advances, tattoo removal still remains
challenging. Treatment efficacy is strongly influenced by
both ink characteristics (e.g., tattoo age and size, ink type
and density, body site) and patient characteristics (e.g.,
smoking status) [5]. Kirby and Desai described a scale
which estimates the number of sessions required to clear
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any given tattoo [6]. However, complete removal can never
be guaranteed and residual pigment often remains after
multiple sessions.

Tattoo color is one of the main predictors of clearance,
and with the introduction of the alexandrite picosecond
laser [1,2], blue and green pigments can now be effectively
cleared with few treatments. On the other hand, there isno
established and definitive treatment for yellow pigments,
as the dye is not well absorbed by the current available
wavelengths. Yellow dyes are typically made of cadmium
sulfide, ochre, Pigment Yellow 74, chrome yellow, or
curcuma yellow, and are currently treated with the Q-
switched frequency doubled Nd:YAG laser with a nanosec-
ond pulse duration, but clearance remains difficult and
inconsistent. A study by Ferguson on treating multicolored
tattoos with an Nd:YAG Q-switched device with a
nanosecond pulse width, demonstrated an improvement
of 2out 8 tattoos that contained yellow pigment, emphasiz-
ing the difficulty in clearing yellow ink. Respectively, 6 and
9 treatments were required to obtain pigment reduction,
though no clearance percentages were documented [7].

We present a small case series with a unique finding
from an ongoing clinical trial for the removal of tattoos
using a novel picosecond frequency doubled 532-nm Nd:
YAG laser (Cynosure, Westford, MA).
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MATERIALS AND METHODS

Subjects with multicolored, professional, previously
untreated tattoos were enrolled and treated with a
frequency doubled Nd:YAG 532-nm picosecond laser
(Cynosure). Subjects were recruited from patients pre-
senting to the Laser & Skin Surgery Center of New York
seeking tattoo removal. The study received approval from
the New England Institutional Review Board, and written
informed consent was obtained from all enrolled subjects.

Included were male and female subjects, ages 18-65
years, with an unwanted, previously untreated tattoos.
Excluded were subjects with a history of keloids, poor
wound healing, immunosuppression, and use of isotreti-
noin in the past 6 months. Pregnant or breastfeeding
women were also excluded from the study.

We used a frequency doubled Nd:YAG 532-nm laser with
a pulse duration ranging from 450 to 500 picoseconds,
repetition rate of 5 Hz, spot size range of 2.5-3.3 mm, and
fluence range of 1.1-1.4J/cm? All tattoos were treated
with a single pass, with subsequent sessions scheduled at
6-8 week intervals. Subjects would receive up to 10
treatments, with a final follow up to be done 2 months after
the final session.

Anesthesia was achieved with either injectable 1%
lidocaine with 1:100,000 epinephrine or topical lidocaine/
prilocaine (EMLA® AstraZeneca). Appropriate protective
eyewear was used by all subjects and medical staff during
treatment sessions. Subjects were provided with wound
care instructions, and tattoos were covered with Aqua-
phor®, non-adhesive dressing and tape after treatment
completion.

Photography was obtained under standardized condi-
tions using a Canon Rebel EOS T2i camera and image
overlay software, at baseline and prior to each treatment.
Photographs were taken in the same room with consistent
lighting and with similar distance and angle. Anticipated
and any adverse events were recorded with each visit, and
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pain assessments were obtained using a verbal numerical
grading scale (0 =no pain, 10 =extreme pain). Clearance
rates were recorded by the treating physician, using a
quartile point system (<25%, 25-49%, 50-74%, >75%). In
addition, three dermatologists involved in the study,
individually reviewed non-randomized baseline and sub-
sequent pre treatment pictures, and recorded their
clearance scores.

RESULTS

We describe the findings of six subjects with multicol-
ored tattoos that contain yellow pigment. The average age
was 36 years (range: 25—44 years), three males and three
females participated, three with Fitzpatrick skin type II
and three with skin type III. The average subject tattoo size
was 197 cm? (range 27-324 cm?), and the median tattoo age
was 13 years (range 7 weeks to 20 years).

One subject achieved complete clearance of the yellow
pigment after the first treatment, and five of the subjects
required between 2 and 4 treatments to achieve over 75%
clearance of the yellow ink (Table 1). Anticipated events
were mild to moderate in severity and included edema,
erythema, pain, and crust formation. Blister formation
was reported by three of the subjects, and transient
hypopigmentation was noted in one subject. Of signifi-
cance, no scarring or skin textural changes were seen on
follow up. All of the subjects required anesthesia with an
average pain score of 1.3/10 (range 0-6/10). One subject
elected to use topical anesthesia, reporting a maximum
pain score of 6/10 during treatment.

DISCUSSION

To our knowledge, this is the first case series to
demonstrate effective and consistent reduction of yellow
tattoo pigment. This is also the first report that demon-
strates the efficacy of the frequency doubled picosecond
laser in tattoo removal. Significant pigment reduction was

TABLE 1. Summary of Subject Demographics and Findings

Energy
Tattoo Spot density Yellow
size # Fitzpatrick  size range ink Tattoo
Subject (cm? Sex Age Treatments skin type (mm) (J/em?) clearance Observed events age
1 122 F 32 5 2 2.56-3.3 1.1-14 Near Edema, erythema, crust, 17 yrs
Clearance pain
2 120 M 34 5 3 2.56-3.3 1.1-14 Near Erythema, edema, crust, 17 yrs
Clearance  pain, blistering
3 200 F 42 2 3 2.8-3 1.1-14 >75%  Edema, erythema, crust, 20 yrs
pain, blistering
4 248 M 44 4 3 2.8-3 1.2-14 Near Edema, erythema, crust, 7
Clearance blistering, pain, weeks
hypopigmentation
5 324 M 25 3 2 2.8-3.3 1.1-14 >75%  Edema, erythema, crust, 10 yrs
blistering, pain,
itching
6 168 F 37 1 2 2.6 1.3 Cleared Erythema, edema 15 yrs
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Fig. 1. (A) Tattoo from subject four at baseline. (B) Significance reduction noted after the 3rd

treatment.

seen with few treatments, with complete clearance seen in
one subject after a single treatment. The device was shown
to have a good safety profile with minimal downtime, with
the treatments being well tolerated by all subjects.
Tattoo ink particles are disrupted and broken up by the
photomechanical and photothermal effects of laser energy,
and it has been theorized that the optimal pulse width is
within the picosecond range, allowing for a safer and more
efficient procedure [8]. The recent addition of the alexan-
drite picosecond laser has shown great promise in rapid
effective removal of blue and green inks [1,2]. The exact
mechanism of yellow pigment destruction remains unclear
as no laser wavelength is available that directly targets the
yellow chromophore, suggesting yellow pigment maybe
more susceptible to the photomechanical effect. In vitro
studies have demonstrated that the peak absorption
wavelengths of yellow tattoo inks are below those of the

currently available Q-switched devices, measuring at
440nm and 470-485nm [9,10].

Red pigments have successfully been treated with the
Q-switched frequency doubled Nd:YAG laser, and black
inks have been cleared with multiple wavelengths includ-
ing the Q-switched 1064-nm Nd:YAG, 755-nm Alexan-
drite, and 694-nm Ruby laser. However numerous
treatments are required and there is great variation in
clearance rates depending on various device, patient, and
tattoo characteristics, as previously described. Clearance
of yellow tattoo inks in particular has been extremely
difficult, and our case series has shown the frequency
doubled Nd:YAG 532-nm picosecond laser to be consis-
tently effective in the reduction of yellow pigment in all
subjects treated, regardless of the tattoo size or age, with
the tattoo age in our series ranging from 7 weeks to
20 years. The tattoo in subject four (Fig. 1) consisted of two

Fig. 2. (A) Tattoo from subject six at baseline. The top half of the yellow circle was treated with the
532-nm wavelength, while the lower half was treated with the 755-nm picosecond laser. (B)
Clearance of yellow pigment after one treatment. The upper left quadrant containing white pigment
developed paradoxical darkening.
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components. An older central part with black ink done over
20 years ago, and a second cover up multicolored tattoo
that contained yellow was done 7 weeks prior to initiating
treatment in this study. Significant improvement was
noted after three treatment sessions, with up to 75%
clearance of the yellow pigment achieved.

The tattoo in subject six (Fig. 2) was subdivided and
treated with both the frequency doubled Nd:YAG and
Alexandrite picosecond lasers. The segment treated with
the 532-nm wavelength achieved complete clearance after
one treatment. While no immediate whitening reaction or
pigment clearance was seen in the segment treated with
the 755-nm wavelength.

To conclude, we recognize this is a case series with a
small sample size, and with the ongoing advancement of
the current technology and introduction of different
treatment techniques, active controlled studies are war-
ranted. However, we have demonstrated favorable out-
comes with effective and consistent reduction of yellow
tattoo pigment using the frequency doubled picosecond
laser, with complete clearance seen after one treatment.
The treatments with the developing picosecond technology
at 532-nm appears to be safe and well tolerated, and
appears to extend the benefits of picosecond technology to
the removal of yellow ink color.
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