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Abstract: Although tattooing is an ancient practice, its increasing
popularity and social acceptance, variability of tattoo ink composition, sporadic reports of novel tattoo reactions and advances in the
ﬁeld of tattoo removal techniques make it a topic of immense interest
among dermatologists and pathologists alike. Since effective legislation governing the tattoo industry is largely lacking in most regions
of the world, it is important to recognize the range of tattoo-related
complications from a dermatopathological perspective. Using
a pattern-based approach, this review details the broad spectrum of
inﬂammatory reactions, which may be encountered in adverse
reactions associated with tattooing. Awareness of the range of
inﬂammatory tattoo reactions is crucial as some of these patterns of
inﬂammation can be associated with systemic disorders and others
may serve as important clues for an underlying infective condition.
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INTRODUCTION
Tattoos have been in use since the early days of human
civilization. The modern use of the word tattoo to denote
“marking of the skin with pigments” originates from the Tahitian and Marquesan terms “tatau” and “tau.”1 Tattooing has
been practiced in different cultures serving a variety of purposes ranging from body decoration, identity, religious
expression, punishment, and a sign of distinction, group afﬁliation, or social rank, and its applications continue to evolve.
In much of the Western world, the practice of tattooing
has moved from the fringes of society into the mainstream.
Almost a quarter of Americans between 18 and 50 years of
age are now known to have at least 1 tattoo2 with studies in
mainland Europe citing a lower prevalence of 10%.3 Dermatologists usually come in contact with tattooed individuals,
either for removal of a tattoo or for treatment of one of the
complications associated with tattooing.
Like the practice of tattooing itself, demand for its
removal is also becoming an emerging social trend. It is
estimated that a ﬁfth of tattooed individuals end up
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dissatisﬁed with their body art and an increasing proportion
of them are considering medical intervention to remove the
tattoos.4 Such requests have steadily increased over the past
20 years, and tattoo removal procedures now account toward
a signiﬁcant workload in many dermatologic surgery and
cosmetic dermatology practices.
Despite improved safety conditions, a range of adverse
reactions to tattooing continue to be reported. Considering the
immense popularity of tattoos in recent decades, clinically
signiﬁcant complications remain relatively uncommon. The
precise extent of such complications is difﬁcult to ascertain
because clients with minor reactions often tend to return to the
tattoo parlor rather than visit their doctor.5 One dermatology
clinic–based experience has estimated the prevalence of tattoo
complications to be 2.1%.6 This encompasses a range of
inﬂammatory reactions including transmissible infections
along with neoplastic conditions.
In this article, we focus only on inﬂammatory type of
adverse tattoo reactions and discuss the spectrum of reaction
patterns, which can be encountered based on our own
experience and review of the literature. Before individual
reactions are discussed, attention is drawn to different types of
tattoos and clinically relevant aspects of tattoo ink chemistry
so as to aid understanding of this subject.

TYPES OF TATTOOS
Permanent Decorative Tattoos
This involves introduction of exogenous pigments and
dyes into the dermis to create a permanent decorative design.
Professionally placed tattoos involve injection of a mixture of
tattoo pigments into the dermis to a depth of 1–2 mm using
a tattoo machine oscillating at a rate of 50–3000 times per minute. Less commonly, self administered and amateur tattoos
involve injection of pigments into the skin using a sharp
object.7

Temporary Tattoos (Pseudotattoos)
Temporary tattoos have become very popular especially
with young Western tourists visiting holiday destinations in
Asia and North Africa. It usually involves the use of henna
(a green powdered extract from the leaves of the shrub Lawsonia inermis), and since it is a form of skin painting, the
practice is sometimes referred to as “pseudo-tattooing.” Ease
of application and removal, low costs, and the absence of
risks of transmissible infections are some of the reasons
behind the increasing popularity of temporary tattoos.8
Although not tattoos in the strict sense, “temporary adhesive
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tattoos” and “transferable picture tattoos” are very popular
among young children.9,10

Medical Tattoos
Tattooing has found its way in medicine with uses
ranging from therapeutic, diagnostic, and other less familiar
applications. Common uses of medical tattooing in dermatology includes dermatography (eg, to camouﬂage and improve
the esthetic appearance in vitiligo, post-surgical scars, partial
alopecias, and vascular malformations), ﬁnal stages in
reconstructive surgeries (eg, part of post-mastectomy nipple–
areolar complex reconstruction), and radiotherapy ﬁeld
marking (to ensure accurate and precise localization of the
intended target).11 An emerging and underreported application of medical tattooing is its use for identiﬁcation of conditions requiring special attention during emergency
situations (eg, patients with diabetic and patients suffering
from known allergies to speciﬁc medications).12

Cosmetic Tattoos (Permanent Makeup)
Permanent makeup using the technique of micropigmentation is becoming increasingly popular as an alternative
to conventional makeup. Commonly used to improve the
appearance of eyelids, eyebrows, and lip contour, permanent
makeup is becoming popular with people who are allergic to
conventional makeup or have visual impairment and other
disabilities.13

Traumatic Tattoos
Believed to be the commonest type of tattoos encountered in children, traumatic tattoos result from the percutaneous
implantation of extraneous substances like asphalt, graphite,
gravel, glass, ﬁreworks particles, and metallic substances.14,15

TATTOO INKS: CLINICAL CONSIDERATIONS
Tattoo inks are composed of pigments (metallic and/or
organic), which are suspended in a carrier solution. The
pigments provide the color of the tattoo, whereas the carrier
solution is used to disinfect the suspension, keep it evenly
mixed, and facilitate application. Determining the precise
composition of tattoo ink pigments can be challenging since
new formulas are created and artists often combine a variety
of products to create the desired color effect.
The traditional view linking a particular pigment color to
one metallic salt (eg, red = mercury, blue = cobalt, green =
chromium, yellow = cadmium, purple = magnesium) mentioned
in the older literature is far too restrictive and perhaps obsolete.16
Organic dyes and pigments have largely superseded metallic
salts as the chief ingredients of most modern tattoo inks. Salient
aspects of tattoo inks of different colors, their composition, and
clinical signiﬁcance are summarized in Table 1.17–34
Various analytical methods have been reported to be
useful in eliciting the chemical composition of tattoo pigments. Transmission electron microscopy, energy dispersive
spectrometry, and micro-Raman spectroscopy are helpful for
in situ assessment on tissue samples. X-ray ﬂuorescence,
energy dispersive spectrometry, high performance liquid
chromatography, and mass spectrometry are some of the
 2013 Lippincott Williams & Wilkins
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methodologies available for in vitro chemical analysis of
tattoo pigments.35
Accurate knowledge of the composition of tattoo inks is
crucial not only to establish a link between certain agents and
particular adverse reactions but also to predict the likelihood
of a favorable response to laser therapy for tattoo removal.35
The presence of titanium dioxide in tattoos, for example, have
been known to account for the darkening sometimes encountered after high-powered laser treatment.33
It should be noted that patch testing has only limited
use in tattoo reactions, and a negative patch test to a substance
does not rule it out as the cause for the adverse reaction. This
is because of the poor solubility of many tattoo pigments
leading to insufﬁcient penetration through the skin barrier and
therefore intracutaneous testing yields more useful information than epicutaneous patch testing.36,37

INFLAMMATORY TATTOO
REACTION PATTERNS
Tattooing results in a period of inﬂammation that
generally resolves spontaneously and is accompanied by
complete epidermal regeneration within 2 weeks.38 Some of
the pigment is lost during this initial healing process, and the
amount of pigment that is retained within the dermis is inﬂuenced by the size and concentration of the particles and the
procedure of tattooing involved.39 Microscopically, an otherwise banal tattoo generally exhibits a perivascular pattern of
inﬂammation with clumps of pigment phagocytosed by perivascular macrophages and also lying freely within the dermis
(Fig. 1).
Other than infection, the exact pathogenesis of adverse
inﬂammatory tattoo reactions remains elusive. Pathogenetic
mechanisms implicated include various types of immunologically mediated hypersensitivity reactions, lymphoid proliferation secondary to chronic antigen stimulation by exogenous
pigment, photoinduction, and Koebner (isomorphic) response.
In the vast majority of cases of adverse inﬂammatory
tattoo reactions, dermal changes predominate and a diverse
range of inﬂammatory reaction patterns can be encountered.
For the purpose of this review, these reactions have been
grouped along the lines of basic patterns of inﬂammatory skin
diseases as established by Ackerman et al40 (Table 2).

Spongiotic Reaction
A spongiotic pattern of inﬂammation can sometimes
accompany an acute contact dermatitic reaction to tattoo
pigments, carrier solution, disinfectants, or ointments applied
during the early healing phase. Such lesions typically present
with an itchy erythematous papulovesicular rash, which can
secondarily extend to the rest of the body.41 Well documented with temporary tattoos where it is causally linked
to p-phenylenediamine,42 it can also be seen as a reaction
to other forms of tattooing. Red pigments are usually implicated,23,43,44 although reactions to black pigments45,46 have
also been reported.
Reactions arising early in the course of tattooing are
diagnosed clinically and a biopsy is usually not required.
Histology reveals acanthosis with spongiosis and a variable
www.amjdermatopathology.com |
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TABLE 1. Overview of Different Tattoo Ink Colors, Common Ingredients, and Issues of Clinical Relevance
Tattoo Ink Color

Common Active Ingredients

Black

Carbon, Iron oxide, Logwood extract.

Brown

Ferric oxide, Ferric hydrate/ochre.

Red

Mercuric sulﬁde/cinnabar, Cadmium
selenide/cadmium red, Ferric
hydrate/sienna/red ochre, Naphthol-AS,
Brazilwood, Sandalwood.

Yellow

Cadmium sulﬁde/cadmium yellow, Ochres,
Curcumin yellow, Limonite,
Anthraquinone, Azo dyes.
Chromic oxide/Casalis green, Hydrated
chromium sesquioxide/Guignet green,
Lead chromate, Ferro and ferric cyanides,
Phthalocyanine dyes, Curcumin green.

Green

Blue

Cobalt aluminate/Azure blue, Chromium
salts, Ferric ferrocyanide, Copper
phthalocyanine, Indigoid.

Purple/Violet

Manganese ammonium
pyrophosphate/manganese violet, Indigoid,
Dioxazine/carbazole.

White

Titanium dioxide, Zinc oxide, Barium sulfate,
Aluminum oxide/corundum.

Henna

Extract of Lawsonia inermis, PPD.

Additional Information
Allergic reactions to black tattoo pigment are relatively rare with only a few
cases reported.17–19
This probably accounts for the low prevalence of allergic reactions associated with
amateur tattoos which tend to use black pigments.
Infections including secondary syphilis20 and verrucae21 have been reported to have
localized selectively within the black areas of a tattoo
Reduction of ferric oxide to jet black ferrous oxide accounts for the darkening seen in
rust-colored tattoos during treatment with Q-switched lasers.
Red tattoo pigments are the most frequent cause of delayed tattoo reaction22 of which
lichenoid reactions are the commonest.
Mercuric salts have been well recognized in the past as the causative agent in adverse
reactions to red tattoos.23
In 1976, the Food and Drug Administration limited the amount of mercury in tattoo
dyes to 3 parts per million.24
Despite mercury been largely replaced by less toxic alternatives that include other metals
(like cadmium selenide and ferric hydrate) and organic substances (brazilwood,
sandalwood), reactions to red tattoos continue to occur.
Besides lichenoid reactions, photosensitive and sarcoidal granulomatous reactions have
also been associated with red tattoos.25
Most frequently associated with photo-induced tattoo reactions.
These tend to involve cadmium containing yellow light sensitive pigments.26–28
Although relatively uncommon, adverse reactions tend to be similar to that seen with
blue dyes and often related to chromium or cobalt additives.29
Greens pigments are often produced by mixing blue with yellow or red colors.
Patch testing sometimes reveals positivity to 0.5% potassium dichromate, a feature also
seen in many cases of cement dermatitis. Chromium containing green tattoo pigments
should therefore be avoided in patients with known contact allergy to cement.28
Most frequently associated with granulomatous reactions.
Although the exact cause is uncertain, the majority of reported cases of sarcoidal tattoo
reaction occurring as a manifestation of systemic sarcoidosis had involved the blue
areas of a tattoo.30,31
Of all the blues pigments, the synthetic organic pigment pthalocyanine is least likely to
cause reactions because it is more stable than cobalt- and chromium-containing inks.
Known to be associated with a pseudolymphomatous tattoo reaction.28
Dioxazine and carbazole are relatively stable compounds.
Manganese compounds have been linked with granulomatous inﬂammation involving
purple areas of a multicolored tattoo.32
Titanium dioxide is becoming increasingly popular in white inks often used to enhance
the brilliance of a wide range of other tattoo colors. Although allergic reactions to
titanium dioxide have not been reported, the compound has been implicated in the
darkening of tattoos encountered after laser treatment (commonly white, green, and
skin-colored tattoo).33
Natural henna is grayish green and is often mixed with PPD to intensify the color
(“black henna”) and reduce dye ﬁxation time.
PPD is a powerful antigen that is responsible for most of the adverse reactions
associated with temporary henna tattoos.8
The latter includes localized or generalized contact dermatitis, hypertrophic or keloid
scars, and hyperpigmentation or hypopigmentation.34
Lichenoid interface dermatitis seems to be the commonest histological presentation.8

PPD, p-phenylenediamine.

degree of dermal inﬂammatory cell inﬁltrate containing
lymphocytes, macrophages, eosinophils, and plasma cells
(Fig. 2). In long standing cases, nodular prurigo-like changes
may develop.44 A localized eczematous reaction followed by
a generalized vesicular rash resembling erythema multiforme
has been described with henna tattoos, both of which can
have a spongiotic reaction pattern.47
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Many cases of spongiotic tattoo reaction bear the
hallmarks of a delayed type IV hypersensitivity reaction with
an initial sensitization phase followed by a generalized
dermatitic reaction.42 An Arthus/type III hypersensitivity
reaction because of immune complex formation from percutaneously absorbed antigens is speculated to cause erythema
multiforme–like reactions to henna tattoos.47 In others,
 2013 Lippincott Williams & Wilkins
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FIGURE 1. An otherwise banal tattoo removed during wider
excision of an adjacent malignant melanoma shows tattoo
pigments largely within perivascular macrophages. Hematoxylin and eosin, ·4.

delayed onset and periods of exacerbation have been linked to
photoaggravation.43

Psoriasiform Reaction
Koebner48 described a patient with mild psoriasis who
developed psoriatic lesions within a recently placed tattoo.
This peculiar ﬁnding has been subsequently linked with other
dermatological conditions and different traumatic events and
has come to be eponymously known as Koebner phenomenon
(“isomorphic response”).49
Despite this historical association and the familiarity of
Koebner phenomenon among dermatologists, there are relatively very few published accounts of tattoo-associated
psoriasis/psoriasiform tattoo reaction. The reported cases
have involved either ﬂares of guttate psoriasis50,51 or development of established psoriatic plaques.52–55 The time lapse
TABLE 2. Pattern Analysis of Inflammatory Changes Seen in
Cutaneous Tattoo Reactions
Spongiotic reaction
Psoriasiform reaction
Interface pattern
Lichenoid
Vacuolar
Nodular and diffuse patterns
Granulomatous
Tuberculoid
Sarcoidal
Suppurative granulomatous
Necrobiotic
Pseudolymphomatous
Vesiculobullous pattern
Vasculitis
Fibrosing pattern
Pseudopepitheliomatous pattern
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FIGURE 2. A, Spongiotic reaction seen after medical tattooing
as a part of postmastectomy nipple areolar complex reconstruction. Arrowhead points toward tattoo pigment amidst
dermal inflammation. B, Close-up view of the epidermis
showing eosinophilic spongiosis. Hematoxylin and eosin
(H&E), ·4 (A); H&E, ·20 (B).

between tattooing and the development of psoriatic lesions
ranged from 1 week50 to a few months.51,53 In one of these
cases, the tattooing process additionally involved development of psoriatic arthritis within a week of appearance of skin
lesions.52 Histological accounts of a psoriasis developing in
a tattoo are rare because cases are not usually biopsied and
only a few of the ones with biopsies have microscopic illustrations55 (Fig. 3). Although the exact cause behind development of psoriasis within a tattoo is unclear, local trauma
resulting from the tattoo needle or a locally mediated immunomodulatory ﬁeld effect related to tattoo ink are possible
pathogenetic factors.51

Interface (Lichenoid/Vacuolar) Reaction
Interface reaction encompasses lichenoid (prominent
band-like inﬂammatory cell inﬁltrate obscuring the dermoepidermal junction) and vacuolar (marked hydropic
www.amjdermatopathology.com |
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degeneration of the basal layer associated with only patchy
inﬂammation) patterns, both of which have been described in
tattoo reactions.
Lichenoid reaction is believed to be one of the
commonest inﬂammatory patterns encountered in tattoos.22,56
Historically linked with mercuric sulﬁde (cinnabar) used in red
inks, modern organic pigments,57 and Lawsonia inermis
extracts of temporary henna tattoos58 have also been implicated. Lichenoid tattoo reactions can be clinically and histologically indistinguishable from idiopathic lichen planus
(Fig. 4). Lesions resembling hypertrophic59 and atrophic56
forms of idiopathic lichen planus have also been described.
Fields et al60 described a case of discoid lupus erythematosus developing within the red areas of a 15-year-old
tattoo after a period of prolonged sun exposure. Discoid lupus
erythematosus–like lesions superimposed on a recently placed
tattoo has been reported in a patient with systemic lupus
erythematosus.61 The term “cutaneous lupus erythematosus–
like tattoo reaction” has been used for vacuolar interface dermatitis, perivascular, and periadnexal inﬂammation involving
an old tattoo in a patient lacking signs or symptoms of systemic lupus erythematosus.62 A case of tattoo-induced subacute cutaneous lupus erythematosus arising in a 3-week-old
black tattoo and subsequently progressing to lesions in other
areas has also been reported.63 An isomorphic response to the
trauma of tattooing and delayed hypersensitivity to tattoo ink
components are putative mechanisms behind both lichenoid
and vacuolar-type interface tattoo reactions.56,61

Nodular and Diffuse
(Granulomatous) Reaction
FIGURE 3. A, Discrete, small, scaly erythematous papules of
guttate psoriasis developing as an isomorphic response to
a dragonfly tattoo. B, Biopsy of a lesion from the non-tattooed
skin of this patient showing typical histological features of
guttate psoriasis. Hematoxylin and eosin, ·4.

Like other exogenous material inoculated into the skin,
tattoo pigments induce a foreign body–type granulomatous
reaction, which is instantly recognizable under the microscope. Additional patterns of granulomatous reaction associated with adverse reaction to tattoos are discussed below.

Tuberculoid Granuloma
Tuberculoid granulomas consist of collections of epithelioid histiocytes surrounded by a rim of lymphocytes at the

FIGURE 4. A, Exudative warty lesion
covering the entire red area of a tattoo. B, Lichenoid interface reaction
with appearances reminiscent of
a hypertrophic lichen planus. Interface obscuring inflammation with
apoptotic keratinocytes largely confined to tips of epidermal downgrowths indicated by arrowheads.
Hematoxylin and eosin, ·4.
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periphery. Coagulative necrosis sometimes accompanies
central regions of a tuberculoid granuloma.
Immunogenic reaction to ferric oxide64 and chromium
65
salts used in eyebrow permanent makeup have been reported
to be associated with tuberculoid granulomatous reaction. The
presence of tattoo pigments and the clinical history are often
helpful for correct diagnosis (Fig. 5).66 Even if tattoo pigments
are identiﬁed, it is prudent to exclude a mycobacterial infection
using histochemical stains for acid-fast bacilli and culture studies if clinically appropriate. Cases of inoculation cutaneous
tuberculosis are known to have developed after jailhouse tattooing67 and not uncommonly in communities with high disease prevalence.68–70 Tattoo inoculation leprosy is also well
documented in endemic regions with patients often showing
a single lesion conﬁned to the tattooed area. Tuberculoid granulomatous inﬂammation with tattoo pigments was the predominant pattern of inﬂammation in a large series of cases of
inoculation tattoo leprosy.71

FIGURE 5. Tuberculoid granulomatous tattoo reaction. A,
Erythematous papules arising within the gray wash areas of
a black tattoo. B, Biopsy of one of the tumid papules showing
granulomatous inflammation with central necrosis, lymphoid
infiltrate, and sparse tattoo pigment toward the right. Hematoxylin and eosin, ·4.
 2013 Lippincott Williams & Wilkins
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Sarcoidal Granuloma
Sarcoidal granulomas are discrete round to oval aggregates of epithelioid histiocytes with few or no other
inﬂammatory cells (the so-called “naked sarcoidal granulomas”). Giant cells, which involve a mixture of Langerhans
and foreign body–type may contain asteroid and/or Schaumann bodies.72
A sarcoidal tattoo reaction was ﬁrst reported by
Madden73 in a patient who had a positive patch test for mercury and lacked signs of systemic sarcoidosis. Since then,
several reports have been published documenting the concurrence of sarcoidal granulomas in tattoos of different colors
with and without systemic manifestations of sarcoidosis19,25,29,74–82 (Fig. 6).
Local hypersensitivity reaction to a tattoo pigment or
a Koebner response has been implicated in the pathogenesis of
this reaction.25 Although granulomatous inﬂammation
restricted to a single pigment tends to suggest a local hypersensitivity response, such a pattern of involvement can also be
seen in systemic sarcoidosis.76,78,83 Also the histological identiﬁcation of foreign material cannot be construed as an exclusionary criterion to rule out systemic sarcoidosis.31 In short,

FIGURE 6. Sarcoidal tattoo reaction. A, Indurated nodules
limited to the red areas of a multicolored tattoo. B, Sarcoidal
granulomatous inflammation with red tattoo pigment visible
throughout. Hematoxylin and eosin, ·4.
www.amjdermatopathology.com |
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there are no dermatological or histological clues at this
moment, which can conclusively distinguish a hypersensitivity
sarcoidal tattoo reaction from Koebnerization of a tattoo by
systemic disease. Exceptionally, a sarcoidal granulomatous tattoo reaction can predate the bilateral hilar lymphadenopathy,
iritis, and migratory arthritis of systemic sarcoidosis.79 A clinical workup aimed to detect signs of systemic sarcoidosis is
therefore warranted when confronted with a case of sarcoidal
granulomatous tattoo reaction particularly when the involvement is not limited to a particular pigment.

Suppurative Granuloma
Suppurative granulomas consist of poorly organized
collections of epithelioid histiocytes in the center of which are
collections of neutrophils often forming abscesses. Such
a reaction pattern strongly points toward an infective process,
nontuberculous mycobacterial and deep fungal infections
being most signiﬁcant.
Wolf and Wolf84 reported the ﬁrst case of cutaneous
inoculation of nontuberculous mycobacterial infection in
a 3-month blue–green tattoo. Over 90 further cases of tattoo
associated mostly Mycobacterium chelonae infection has
been reported in the literature ever since.85–94
Typically patients present with itchy papules, pustules,
and small nodules affecting the gray–black areas and developing within 1–3 weeks of tattooing. A time lapse of several
months can result when an allergic reaction or a pyogenic
bacterial infection is suspected initially and unsuccessfully
treated with corticosteroid or/and a topical antibacterial
agent.92,94 In a large number of these cases, contaminated
tap water used for diluting black ink to obtain a gray shade
has been implicated, although worryingly, in one outbreak,
premixed tattoo ink was found to be the source of the infection.93 The histological picture is highly variable with suppurative granulomatous reaction predominating (Fig. 7) and
other patterns including tuberculoid granulomas,84 pseudoepitheliomatous hyperplasia (PEH) with intracorneal pustules,85 diffuse dermal lymphohistiocytic inﬁltrates, and
subacute dermatitis with mixed dermal inﬂammation.86 An
accurate diagnosis needs careful correlation of the clinical
features, histological picture, results of mycobacterial culture
(of the tissue, ink, and other ingredients used in tattooing)
under optimal conditions. In some cases, only a strong
clinical–epidemiological link can lead to a presumptive diagnosis even in the absence of supportive microbiological
evidence,84 thus highlighting the importance of input from
public health authorities in all such cases. Granulomas and
dermal abscesses have also been described in tattoo associated Mycobacterium abscessus95 and Mycobacterium immunogenum infection.96 Suppurative granulomatous dermatitis
has been noted in a case of zygomycosis caused by Saksenaea
vasiformis presenting as an indurated, necrotic, and ulcerated
lesion affecting a 7-year-old tattoo.97

Necrobiotic/Palisading Granuloma
A necrobiotic granuloma refers to the focal alteration of
the dermal connective tissue marginated by an inﬁltrate of
histiocytes often having a palisading arrangement.98 Granuloma annulare and necrobiosis lipoidica are 2 common
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FIGURE 7. Suppurative granulomatous tattoo reaction. A,
Discrete erythematous papules and pustules involving gray
areas of a tattoo. B, Biopsy of one of the pustular lesions
showing a suppurative neutrophilic aggregate (arrowhead)
surrounded by poorly formed granulomas. Tattoo pigments
are not visible in this microscopic field. Hematoxylin and
eosin, ·4.

conditions associated with necrobiotic/palisading granulomatous pattern of inﬂammation.
Bagwan et al99 described a case of granuloma annulare–
like tattoo reaction affecting blue and black areas of
a 7-month-old tattoo. The patient presented with pruritus,
induration, and reddening of the involved areas. A skin
biopsy showed areas of necrobiosis, peripheral palisading
by macrophages, and mild increase in dermal mucin along
with intra- and extra-cellular deposits of tattoo pigments.99
A perforating granuloma annulare–like histological reaction
involving a 1-year-old multicolored tattoo have also been
reported.100 A delayed hypersensitivity reaction to tattoo pigments has been suggested as the underlying mechanism
behind this unusual histological pattern.99,100
A case of “necrobiosis lipoidica diabeticorum in a tattoo” presenting as an atrophic yellowish plaque localized to
 2013 Lippincott Williams & Wilkins
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the site of a 4-week-old tattoo was reported by Bethune
et al.101 Histology revealed zones of degenerated collagen,
interstitial granulomatous, and a lymphoplasmacytic inﬁltrate
along with scattered deposits of tattoo pigments (Fig. 8). The
patient was nondiabetic, had no necrobiosis lipoidica lesions
elsewhere, and a tattoo applied simultaneously in a different
site was free from any adverse reactions. The authors postulated Koebner phenomenon as the driving force behind development of necrobiosis lipoidica at the tattoo site and
speculated that this observation could be a harbinger of diabetes mellitus.101

Nodular and Diffuse
(Pseudolymphomatous) Reaction
Cutaneous pseudolymphoma refers to a heterogeneous
group of reactive T-cell or B-cell lymphoproliferative disorders of diverse causes, which simulate cutaneous lymphomas clinically and/or histologically.102
Most cases of tattoo-induced cutaneous pseudolymphomas are associated with red pigments, although reactions
involving purple,28 blue/green,103 and black104 ink have also been
described. The average time lapse between tattooing and the
onset of symptoms is highly variable with an unusual case developing after 41 years.105 The clinical presentation ranges from
itching to being asymptomatic.106 A single well-documented
case of malignant transformation in a tattoo-associated
pseudolymphoma has been reported,107 and therefore long-term
follow-up of these lesions is necessary.
Histologically, a B-cell pseudolymphomatous tattoo
reaction normally assumes a follicular center cell103,108 or
nodular109 growth pattern (Figs. 9A, B). A T-cell tattoo pseudolymphoma tends to have a band-like inﬁltrate sometimes
mimicking mycosis fungoides110 (Figs. 9C, D). As with other
pseudolymphomas, there is not a single reliable histological
criterion to differentiate a pseudolymphomatous tattoo reaction from a genuine cutaneous lymphoma. Ideally, the combination of clinicopathologic data, immunohistochemical
studies, and/or gene rearrangement studies looking at clonality of the inﬁltrate should be used to arrive at a correct
diagnosis.102
The pathogenesis of tattoo pseudolymphoma is uncertain, although chronic antigenic stimulation by exogenous
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pigment is thought to be responsible to induce a polyclonal
proliferation of lymphoid cells.

Vesiculobullous Reaction
Spongiotic vesiculation is a well-recognized cause of
bulla formation in a tattoo and as discussed in an earlier
section can arise in the clinical context of an allergic contact
dermatitis to tattoo pigments or topical agents. Although we
are not aware of any reports of autoimmune blistering
disorders developing in tattoo sites, it is well known that
pemphigus vulgaris,111 bullous pemphigoid,112 and dermatitis
herpetiformis113 can sometimes Koebnerize at sites of trauma.
This association, in contrast to psoriasis, is however weak and
grouped under category 4 (“poor or questionable traumainduced processes”) in the Boyd–Nelder classiﬁcation of the
Koebner phenomenon.114 Finally, extremely large blisters
may develop at tattoo sites during treatment with Q-switched
laser.115 Extensive cytolysis of epidermal cells secondary to
thermal injury from the laser treatment has been postulated as
the likely mechanism.116

Vasculitis
Cutaneous vasculitis developing as a complication of
tattooing is rare with only 4 cases reported to date. Clinically,
the lesions are typical of vasculitis consisting of purpuric
papules and vesicles on an erythematous base localized to
a freshly drawn tattoo but also extending to the uninvolved
skin.41 Most of these cases developed shortly after tattooing
(10 days to 1 month),117–119 although in one, vasculitic lesions
appeared within the tattoo after 28 years.120 Histopathologically, all these cases showed features of a small-vessel leukocytoclastic vasculitis on a skin biopsy.
Hypersensitivity reaction to tattoo pigments/inks has
been implicated in the pathogenesis of vasculitic tattoo
reaction, although this has been disputed.121,122 A local
infection acquired either at the time of tattooing or during
the healing stages or Koebnerization seems to be a more
likely cause for tattoo-induced vasculitis. Nevertheless,
a physical examination and laboratory workup should be
undertaken to rule out other causes of vasculitis before
attributing the cutaneous manifestations to an adverse
response to tattooing per se.41

FIGURE 8. A, Necrobiosis lipoidica
manifesting as a yellowish plaque
centered within a tattoo. B, Microscopy showing zones of necrobiosis
(arrow), ill-defined interstitial granulomatous inflammation, and tattoo
pigment (Reproduced from Bethune
GC et al101 with permission from
copyright owner Lippincott Williams
and Wilkins, 2011).
 2013 Lippincott Williams & Wilkins
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FIGURE 9. Pseudolymphomatous
tattoo reaction. A, Diffuse erythematous swelling producing embossing
of the red areas of a butterfly tattoo.
B, Predominantly nodular lymphoid
infiltrate with a hint of follicular
center differentiation. C, Multiple
papules and nodules developing
within the purple ink areas of a sun
tattoo. D, Predominantly diffuse
lymphoid infiltrate with flattening of
the epidermis. Hematoxylin and
eosin, ·2 (B and D).

Fibrosing Reaction
Given the wide range of inﬂammatory reactions linked
with tattooing, it is hardly surprising that some of these would
impart scarring (Figs. 10A, B) or even keloid formation.
Although clinical induration is not uncommon in inﬂammatory tattoo reactions,37 its correlation with histological evidence of ﬁbrosing dermal changes/sclerosis is poorly

understood. Extensive keloidal scarring has been observed
as a sequel for delayed hypersensitivity reaction to temporary
henna tattoo containing p-phenylenediamine.123 A keloidal
ﬁbrosing reaction can also result from intense pulsed light
devices used for tattoo removal. Unlike the modern
Q-switched lasers, which have a very short laser pulse in
the nanosecond range, the former uses millisecond duration

FIGURE 10. Fibrosing tattoo reaction. A, Nodular areas of dermal
fibrosis producing a surface protuberance characteristic of a tattoo
related hypertrophic scar. B, Highpower view showing free tattoo
pigment in the interstitium. C,
Morphea-like tattoo reaction with
sparse dermal inflammation and
homogenization toward the deep
aspect. D, The latter along with tattoo pigments are highlighted on
higher magnification. (C,D courtesy
of Dr M Mahalingam, Boston,
MA, USA).
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pulses causing excessive scarring and often leaving much of
the tattoo pigments behind.115
Mahalingam et al124 described a case of morphea-like
tattoo reaction developing in an indurated multicolored tattoo
presenting with pruritus. A similar picture with changes
restricted to red areas of an intensely pruritic multicolored
tattoo has also been reported.125 Neither of these patients
had any signs of morphea elsewhere or systemic scleroderma.
Both cases showed thickening and homogenization of the
dermal collagen, superﬁcial, and deep dermal mononuclear
inﬂammatory cell inﬁltrate and deposition of exogenous tattoo pigments125 (Figs. 10C, D).
Although a preceding mechanical trauma has been
implicated in morphea,126–128 a speciﬁc link between tattooing
and morphea/scleroderma is yet to be established. The dermal
changes of morphea-like tattoo reaction are speculated to be
the ﬁnal stage in a persistent inﬂammatory process triggered
by components of the tattoo ink.

Pseudoepitheliomatous Reaction
Although mild acanthosis is not uncommon, it is rare to
encounter ﬂorid epidermal changes in the form of PEH as an
adverse reaction to tattooing. First described by Goldstein,75
only few examples of this peculiar histological feature have
been reported in the literature, most of which were conﬁned to
red area.38,129–133 These lesions typically present as rapidly
growing verrucous overgrowths developing between 1 week
and a few months of the tattooing procedure.
As with other types of PEH, distinction of pseudoepitheliomatous tattoo reaction from a genuine squamous cell
carcinoma can sometimes be very difﬁcult. A symmetrical
and often adnexal-based epidermal proliferation, bland cytological features such as the lack of nuclear crowding,
prominent nuclear pleomorphism, and atypical mitoses generally favor a diagnosis of PEH (Fig. 11). In some problematic cases, the distinction between PEH and squamous cell
carcinoma may solely rest upon recognition of the underlying
condition and therefore noting the presence of tattoo pigments
in tissue section should point toward the correct diagnosis.134
Moreover, unlike a squamous cell carcinoma, pseudoepitheliomatous tattoo reaction develops early and tends to strictly
adhere to the contour of a tattoo design without inﬁltration
into the surrounding tissues.
The short interval between tattooing and development
of PEH suggests the possibility of early inﬂammation
triggered by the newly introduced exogenous tattoo pigment
as the underlying cause of the ﬂorid epidermal hyperplasia.38

CONCLUSIONS
With the rising popularity and social acceptance of tattoos,
dermatopathologists are more likely to encounter tattoo-induced
adverse reactions in their diagnostic practice. The majority of
such reactions are inﬂammatory in nature and can be conveniently grouped using the pattern method of analysis of
inﬂammatory skin disorders. As newer tattoo inks are developed, it is only a matter of time that additional inﬂammatory
tattoo reaction patterns would ﬁnd their way into the medical
literature. Although many of the histological appearances may
 2013 Lippincott Williams & Wilkins

FIGURE 11. Pseudoepitheliomatous tattoo reaction. A, Rapidly enlarging keratotic nodule with irregular margins developing within the red area of a recent tattoo. B, Scanning
magnification showing a symmetrical squamoproliferative
lesion with follicular plugging and adnexae centered growth
pattern. C, Higher magnification reveals bland cytological
features within the advancing edge along with tattoo pigments. Hematoxylin and eosin (H&E), ·2 (B); H&E, ·4 (C).
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appear as banal inﬂammatory “curiosities” at the outset, some
may point toward or mimic diseases with systemic implication,
whereas others may provide clues to an underlying infective
process. It is hoped that a greater awareness of the spectrum
of inﬂammatory tattoo reactions will improve our knowledge
and understanding of this intriguing and evolving subject.
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