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Case Presentation

A 61-year-old man was brought to the emergency department
(ED) for shortness of breath, fatigue, frequent falls, and bluish
discoloration of his skin. The primary care physician trans-
ferred the patient due to concern for cyanosis. On presentation
to the ED, the patient was oriented but appeared fatigued. The
patient was afebrile and had the following vital signs: blood
pressure 161/88 mmHg, pulse 71/min, respiratory rate 16/min,
and oxygen saturation 100 % on room air by fingertip pulse
oximetry. On physical exam, pupils were 4 mm and reactive
bilaterally, extraocular movements were intact, and there was
no nystagmus. Anicteric sclerae were notable for blue pigmen-
tation (Fig. 1). Heart sounds were regular, without murmurs,
rubs, or gallops. Lung sounds were clear to auscultation bilat-
erally. Other than ataxia, the neurological exam was unremark-
able. The skin had a generalized bluish tinge, especially on the
arms, with darker pigmentation on the cheeks (Figs. 2, 3 and 4).
There was acne on the back and facial rosacea. Bluish discol-
oration was also noted under the proximal nail beds (Fig. 5).
When questioned about the skin discoloration, the patient and
his family members described an insidious onset. Photographs
of the patient from years ago confirmed that this was not
congenital. Medical history included acne, orthostatic

hypotension, and Parkinson's disease, for which a deep brain
stimulator had been surgically implanted. A comprehensive
medication list was not immediately available; however, the
patient denied any recent medication additions or adjustments.
The patient was unemployed, denied any recent travel, and no
other members of his household were complaining of fatigue
or similar blue skin discoloration.

What is the Differential Diagnosis of these Skin
Changes?

When developing a differential diagnosis (see Table 1) for
bluish skin discoloration, one must determine if the patient
has cyanosis. A significant toxicologic cause of blue skin
appearance from cyanosis is methemoglobinemia. A careful
history may help differentiate between acquired versus con-
genital methemoglobinemia. Recent exposure to dapsone,
benzocaine, lidocaine, nitrates, or aniline dye raises suspi-
cion for acquired methemoglobinemia. Sulfhemoglobinemia
should be considered in patients with a positive methemo-
globin reading on co-oximetry, but who do not respond to
methylene blue treatment. Oxidizing agents that may cause
methemoglobinemia can also produce sulfhemoglobinemia
in the presence of sulfur compounds, such as sulfonamide
derivatives, hydrogen sulfide, or gastrointestinal sources [1].

Causes of noncyanotic skin discoloration are extensive.
Metal deposition (e.g., silver, gold, bismuth) causes blue
skin pigmentation. Chronic or improper exposure to silver
can result in a silvery blue or gray skin discoloration known
as argyria. Argyria is caused by silver deposition in the skin,
specifically within fibroblasts, macrophages, and in the ex-
tracellular matrix. These skin changes are often most signif-
icant in sun-exposed areas [2]. Similarly, chrysiasis refers to
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gray-blue skin resulting from parenteral exposure to gold
salts, classically used to treat rheumatoid arthritis. Like
argyria, chrysiasis is most prominent in sun-exposed areas.
Gold particles are deposited in a perivascular distribution
throughout the dermis. Bismuth salts also cause a dark
discoloration of the gingiva and tongue that can be mistaken
for cyanosis. Although the pigmentation associated with
metals is very different than the bluish discoloration associ-
ated with some antibiotics, a recent visual diagnosis feature
in the New England Journal of Medicine indicated that
almost one fifth of the respondents could not differentiate
between the two [3]. Medications like amiodarone, doxoru-
bicin, bleomycin, and phenothiazines have also been impli-
cated in bluish skin discoloration [4].

Inborn errors of metabolism (e.g., alkaptonuria) may also
discolor the skin. Alkaptonuria is a rare autosomal recessive
disorder defined by increased levels of homogentisic acid
(HGA) in the urine and connective tissues. Patients with alka-
ptonuria suffer from pigmentation changes called ochronosis.
In the connective tissues, oxidation of HGA forms a blue-black
pigment that is most visible in the sclerae and ears. Multiple
case reports describe patients with toxicologic causes of skin
discoloration misdiagnosed with alkaptonuria [5].

What is the Appropriate Workup for these Skin
Changes?

As with any toxicologic exposure, a thorough exposure
history is important. This should include medications, as
well as herbal supplements, vitamins, over-the-counter

medications, possible surgical implants, and environmental
and occupational exposures.

Evaluation of renal and hepatic function should be
obtained in order to identify deficiencies in metabolism
resulting in increased concentrations of toxic agents. Eval-
uation for hemolysis, vitamin B12 deficiency, and compen-
satory polycythemia should be considered, especially with
chronic cyanosis. Differentiating between hematologic and
soft tissue causes of discoloration may be obvious based on
gross visualization; however, blood sampling and biopsy of
tissue sections may be helpful.

Direct testing for abnormal forms of hemoglobin (i.e.,
methemoglobin, sulfhemoglobin) may be performed on ve-
nous or arterial blood. More recently, noninvasive co-
oximeters have gained popularity, although the reliability
of such co-oximeters can vary [6]. If this testing is not
available, then rapid delineation of hematologic versus soft
tissue sources of discoloration may be suggested by gross
appearance of blood samples and by blood gas analysis (see
Fig. 6). Methemoglobinemia causes blood darkening by
altering the absorption of light, while bluish skin discolor-
ation associated with argyria and tetracycline toxicity has no
effect on blood coloration. Blood gas analysis is useful for
determining if there is dissociation between the measured
partial pressure of oxygen and the predicted oxygen satura-
tion, commonly found in congenital and acquired hemoglo-
binopathies. If the blood appears cyanotic to the naked eye
with a low pulse oximetry reading and correspondingly low
partial pressure of oxygen, then the discoloration is likely
due to the presence of elevated levels of deoxyhemoglobin.
In these cases, a cause of the hypoxemia must be investi-
gated (e.g., pulmonary fibrosis associated with amiodarone
toxicity, cardiac shunt, etc.). Bright-red arterial blood color-
ation with normal oxygen saturation and appropriate partial

Fig. 2 Pigmentation of the face

Fig. 3 Pigmentation of the hands

Fig. 1 Bluish pigmentation in the patient's eyes

Fig. 4 Pigmentation of the arms
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pressure of oxygen (often elevated due to the supplemental
oxygen these patients are usually administered) indicates a
discoloration independent of blood spectral absorption and
oxygen content, likely a result of soft tissue or bone discol-
oration, which is discussed further below. Dark arterial
blood (grossly similar to a venous blood sample) with low
oxygen saturation via oximetry and normal or elevated
partial pressure of oxygen indicates a possible hemoglobin-
opathy. Additionally, the hyperoxia test may be helpful:
administration of 100 % oxygen via face mask will typically
increase oxygen saturation in patients with cardiopulmonary

disease (in absence of shunt) but will not have any effect on
hemoglobinopathies or tissue pigmentation.

Skin biopsy of affected areas may be evaluated with light
microscopy and Perls' stain (indicating iron) as well as
Fontana–Masson stain (indicating the presence of melanin).
Electron microscopy can also demonstrate pigment deposi-
tion extracellularly or intracellularly and free pigment vs.
membrane-bound pigment, although this is not usually re-
quired. Direct examination of underlying bony structures
and organs has been helpful in understanding the source of
some discoloration but is not routinely required. For exam-
ple, palate mucosal discoloration may actually be due to
underlying “black bone disease” of the deeper bony
structure.

Radiographs of the chest, or of areas of discoloration,
may be helpful in diagnosing advanced lung fibrosis, car-
diomegaly associated with cardiomyopathy, or in some
cases deposition of radio-opaque metals or drug metabolites.

Checking levels of causative agents may be helpful (e.g.,
heavy metals), but these tests are generally not available in a
timely manner. Additionally, the cumulative exposure often
has better correlation with skin discoloration side effects
than would a given random blood level. Thus, a history of
prolonged exposure might give more understanding of what
blood levels had been before presentation.

Case Continuation

The patient's normal serum chemistry and liver function tests
ruled out renal or hepatic failure impairing medication elimi-
nation. The patient's bluish discoloration was not diffuse nor
was the shade of blue consistent throughout. Along with
normal oxygen saturation by pulse oximetry, this skin discol-
oration pattern made concerns for cyanosis and hemoglobin-
opathies less likely. The patient's ECG and chest X-ray did not

Fig. 6 Differentiating types of blue skin discoloration via PaO2 and
oxygen saturation by pulse oximetry

Fig. 5 Bluish pigmentation of the patient's nail beds

Table 1 Causes of blue discoloration

Genetic

Alkaptonuria

Congenital methemoglobinemia

Acquired

Toxins

Arsine gas

Metals

Silver (argyria)

Copper

Gold (chrysiasis)

Bismuth (bismuthia)

Dyes

Methylene blue

Aniline

Drugs

Amiodarone

Chlorpromazine

Phenacetin

Minocycline

Oxidative stress resulting in methemoglobinemia, such as from

Nitrites

Dapsone

Local anesthetics (e.g. benzocaine)

Phenazopyridine
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demonstrate any acute cardiopulmonary disease. Hemoglobin
concentration of 10.7 g/dL (MCV 90 fL) was consistent with
a normocytic anemia.

A medical history revealed that the patient had a long
history of acne treated with minocycline 100 mg orally
twice daily for several years, and his Parkinson's disease
was treated for several years with carbidopa/levodopa.
Based on clinical presentation and medical history, it was
felt that the patient's skin changes were caused by long-term
minocycline use.

What is the Clinical Spectrum of Tetracycline-induced
Skin Changes?

Minocycline is a synthetic tetracycline derivative with rapid
absorption and prolonged half-life (t½ 0 15.5 h). It is more
lipophilic than older tetratcyclines, resulting in rapid tissue
distribution [7, 8]. Because of its rapid absorption and long
half-life, minocycline is commonly used as an adjunctive
treatment for acne and rosacea [9]. Since its initial use in the
1960s, there have been reports of discoloration of various
body tissues in both animals and humans. Unfortunately, the
insidious onset of pigmentation delays patient self-
recognition of the problem, and the variability in patterns
of pigmentation encumbers physician recognition [10]. The-
ories explaining patterns of pigmentation include drug
complexes with iron, enhancement of melanocytes, and
direct oxidation of drug resulting in pigmented metabo-
lites [11]. Although opinions vary regarding the precise
cause of minocycline-related skin pigmentation, there is
general agreement about the categories of identified
tissue discoloration.

Cutaneous blue pigmentation often limited to areas of
inflammation, acne, or scarring is known as type I
pigmentation [11]. This is often found on the face and
acne of the back, although any area of inflammation is
at risk, including areas of recent skin trauma related to
intravenous catheters and procedures, psoriasis, eczema,
etc. [12, 13]. This pattern may occur sooner than other
types and is independent of cumulative dose. Light and
electron microscopy-analyzed tissue sections demon-
strate pigment-laden granules within perivascular macro-
phages [12]. These pigments stain positively with Perls'
stain, indicating the presence of iron and supporting the
hypothesis that the granules contain minocycline metab-
olites complexed with iron [11, 14].

Type II pigmentation typically involves blue-black or
gray pigmentation of otherwise normal skin on the shins,
ankles and arms. Increasing cumulative dose is a risk factor
for this type of discoloration, often involving collective
doses of more than 100 g [15]. Tissue sections of skin stain
positive for Perls' stain (indicating iron) as well as Fontana–

Masson stain (indicating the presence of melanin) [10, 15].
Electron microscopy of these same samples demonstrates
membrane-bound pigment collections.

Type III pigmentation is similar to hyperpigmentation
and presents as generalized brown coloration, especially
in sun-exposed areas. Complexes of melanin and mino-
cycline–melanin complex are theorized to cause the
pigment and melanization of the basal layer [16]. Biop-
sy of a patient's sun-exposed neck demonstrated
membrane-bound pigment in dermal macrophages as
well as pigment deposition in extracellular collagen
bundles [17].

Thus, it appears that type I staining occurs after a short
exposure period with low cumulative dose (often less than
10 g). Types II and III staining occur after months of
treatment with a larger cumulative dose (100 g or more).
Additionally, patients receiving minocycline for rosacea
appear to be more susceptible to pigmentation than those
receiving it for acne (15 vs. 3 % of those on long-term
therapy) [11, 18].

Other types of pigmentation (each separate entity at var-
ious points referred to as type IV) have been described as
either blue-gray discoloration of scarring on the back (his-
tologically unique from type I) or bluish pigmentation of the
lips [10, 19].

The bluish discoloration of acne on our patient's back and
face was consistent with type I staining. The dark blue
staining of his arms and hands is more consistent with type
II staining. Pigmentation was not limited to skin and also
involved fingernail beds and sclera.

Are there other Manifestations of Minocycline
Discoloration?

The oral cavity is a common place for discoloration
involving both the teeth and the mucosa [20]. This
may be due to salivary excretion of the lipophilic min-
ocycline; however, this does not explain why dental
staining is characteristically found on the middle third
of teeth while saliva collects near the gum line [21]. A
variety of theories for minocycline staining of teeth,
include (1) extrinsic etching of enamel by high concen-
trations of drug, (2) intrinsic absorption from plasma
with darkening due to oxidation, and (3) metabolism
of minocycline to hemosiderin with resultant iron bind-
ing and formation of insoluble complexes [22]. Discol-
oration of oral mucus membranes may be related to
melanization of basal cell layers (similar to type III skin
reactions); however, not all oral pigmentation is due to
change in the mucosal layer. In some patients, the
membrane biopsy is normal, and pigmentation arises
from deeper bones found to have a blue/black
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discoloration referred to as black bone disease [23].
Minocycline pigmentation limited to the tongue has
been reported [24].

Minocycline also causes discoloration of other body
tissues. Canine studies demonstrate discolored thyroid
tissue [25, 26]. Discoloration was less if animals simul-
taneously received thyroid supplementation, leading to
the theory that thyroid activity and oxidation of
absorbed minocycline by the thyroid peroxidases lead
to pigment deposition [27]. These findings have been
reproduced in human case reports. Glandular deposition
of iron-bound pigment may be responsible for several
cases of black galactorrhea in women [28, 29]. It is
unclear if similar deposits cause discoloration of con-
nective and cardiac valvular tissues [30].

Discoloration of the nail bed, sclera, and face has also been
described, as well as bluish “conjunctival cysts” that appear
like blue subconjunctival hemorrhages [13, 17, 31–33]. Some
of this discoloration may occur after weeks or longer.

Black bone disease manifests in the skull, pelvis, shoulder,
vertebrae, and costal cartilage [34, 35]. Biopsies of discolored
bone may fluoresce under UV light, similar to other kinds of
tetracycline bone deposition; however, other studies do not
find fluorescence. These conflicting findings may result from
variations in tissue fixatives and preparation.

What is the Treatment and Prognosis
for Minocycline-induced Skin Discoloration?

The treatment for minocycline-induced skin pigmentation
primarily involves cessation of minocycline therapy. While
case reports describe spontaneous resolution of discolor-
ation ranging from weeks to months, some people experi-
ence irreversible effects. Interventions, such as Q-laser
therapy, may be of benefit in certain cases [36–38].

Case Continuation

The emergency department physician initially evaluating the
patient consulted the toxicology service for assistance in de-
termining the cause of the patient's apparent cyanosis and
whether this was related to his other complaints. The consul-
tants felt the patient's bluish discoloration most likely related
to his long-term minocycline use, and that it appeared unre-
lated to his presenting complaints. The patient was hospital-
ized for further evaluation of his weakness and dyspnea. It was
ultimately felt that the patient was dehydrated, which had
exacerbated the orthostatic hypotension associated with his
Parkinson's disease. Fluid hydration lead to clinical improve-
ment in the patient's symptoms, although the skin and eye
discoloration did not change during hospitalization. As the

patient's morbidity from minocycline was limited to cosmetic
effects, no intervention was undertaken while he was hospi-
talized. His minocycline was discontinued, and he was
instructed to follow up with a dermatologist regarding possi-
ble laser therapy on an outpatient basis.
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