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Sarcoidosis is a systemic disorder of unknown
origin characterized histologically by noncaseating
granulomas that can occur in any organ of the body.
It most commonly involves the lungs, lymph nodes,
skin, liver, spleen, eyes, bone, and glandular tissue.
There is no consistent diagnostic laboratory test for
sarcoidosis, although several laboratory abnormalities
may be found. These include hypercalcemia, hypercalcuria, hypergammaglobulinemia, an elevated
angiotensin-converting enzyme level, and in vitro
evidence of depressed cellular immunity. When the
diagnosis is suspected, characteristic histopathologic
findings, although nonspecific, must be demonstrated
and other granuloma-forming processes such as tuberculosis, fungal infection, and various foreign bodies
must be excluded. Sarcoidosis has a highly variable
course ranging from an acute self-limiting process to a
chronic, debilitating systemic disease [1,2].

Clinical manifestations
Cutaneous manifestations
Cutaneous involvement occurs in  25% of sarcoidosis and most often appears simultaneously with
systemic disease [3 – 5]. Screening for systemic sarcoidosis is indicated in any granulomatous skin lesion
without an apparent diagnosis [3,6]. Skin lesions may
be classified as specific, which reveal granulomas on
histology, or nonspecific, which are typically a reactive process [5]. The lesions generally have no prognostic significance or correlation with disease severity
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or systemic involvement [2,3,6,7]. Exceptions to this
include erythema nodosum and lupus pernio. Erythema nodosum, although nonspecific, is the hallmark of
acute sarcoidosis and tends to have a good prognosis
because of its association with spontaneously resolving disease [8 – 10]. Lupus pernio, which is sarcoid
specific, has been associated with bone cysts, sarcoidosis of the upper respiratory tract, and pulmonary
fibrosis [1,2,11].
Many morphologic skin lesion types have been
described for sarcoidosis and, like syphilis, it is a great
mimic of other diseases. Common specific or granulomatous skin lesions in sarcoidosis include macules,
papules, nodules, plaques, subcutaneous nodules,
lupus pernio, and infiltrative scars [5,6,12]. Papules
are the most common of the specific cutaneous lesions
(Fig. 1) [6,12]. These may be localized or generalized
and are typically firm, red-brown to violaceous in
color, and less than 1 cm in size. Diascopy (examination under a glass slide) of the lesions may give a
characteristic ‘‘apple-jelly’’ color [13]. They are commonly found on the head, neck, and extremities but
rarely in the oral cavity. The periorbital area and lips
are frequently involved [5,6,12].
Plaques of sarcoidosis indicate deeper granulomatous involvement and can be found on any area of the
body [1]. They are typically indurated, with prominent
borders and a red-brown color [6,12]. When the lesions have large telangectasias they are called angiolupoid [1,3]. Plaque lesions have been associated with
chronic sarcoidosis. The lesions tend to resolve with
scarring, and alopecia has been reported [6,14].
Lupus pernio (Fig. 2) is a chronic plaque-type
lesion of sarcoidosis that progresses slowly, often
causing significant disfigurement resulting from fibrosis and scarring [11]. Lesions are indurated, brown
to purple, and appear on the nose, lips, cheeks, and
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Fig. 1. Papular sarcoidosis on the arm.

Fig. 3. Hypopigmented lesions in a patient with sarcoidosis.

ears [5,12,15]. The nose lesion can involve the nasal
mucosa and underlying bone, leading to perforation
[16]. It is the most characteristic skin lesion of
sarcoidosis and is most common in African-American
women [3,5,6,15]. The association of lupus pernio
with upper respiratory tract involvement is well
recognized, and includes the nasal and oral mucosa
[17], larynx and pharynx [18], salivary glands [19],
tonsil, and tongue [20]. It is often accompanied with
pulmonary infiltration and fibrosis, chronic uveitis,
and bone cysts [2,11]. Spontaneous remission of skin
and systemic lesions is extremely rare [2].

Subcutaneous nodules, or Darier-Roussy sarcoidosis, are typically painless, firm, oval lesions that
exhibit no signs of inflammation on the skin surface.
They are typically found on the trunk and extremities
[3,6,12,21]. This is a form of panniculitis that exclusively involves the subcutaneous tissue and does not
extend into the dermis [22].
Scars or areas of skin chronically damaged by
infection, radiation, or mechanical trauma may
become infiltrated with sarcoidosis [2]. These lesions

Fig. 2. Lupus pernio with a violaceous lesion on the nose.

Fig. 4. Naked granuloma with macrophages stained for
lysozyme from a patient with a positive Kviem test.
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develop a red or purple discoloration with induration
and can appear early in the disease, parallel chronic
disease, or indicate possible reactivation of the disease [3,6,12,23].
Other less common specific presentations of sarcoidosis that have been reported include erythroderma
[2,24], ulcerative [25,26], verrucous [25], ichthyosiform [24,27], psoriaform [25], hypopigmented (Fig. 3)
[28], faint erythema [29], folliculitis [2], lichenoid [3],
eruptive [3], red plaques of palm and soles [2], lower
extremity edema [30], nodules of finger tips [31],
penile and vulvar papules and plaques [32 – 34],
chelitis [35], erythema annulare centrifugum [36],
annular elastolytic [37], palmar erythema [38], rosacea-like [39], morpheaform [40], perforating [3],
lupus erythematous – like [11], umbilicated [41], and
scarring and nonscarring alopecia [42]. Specific and
nonspecific nail changes may also occur [12,43 – 46].
Erythema nodosum is a hypersensitivity reaction
that can be caused by many different infections,
inflammatory bowel disease, and medications. It is
the most common nonspecific cutaneous lesion of
sarcoidosis and has been reported to occur in up to
25% of cases [11,47]. Lesions are typically erythematous, firm, subcutaneous nodules most commonly
found on the anterior shins. Young women are most
frequently affected and lesions occur commonly in
Caucasians and uncommonly in American blacks.
Erythema nodosum is the hallmark of acute sarcoidosis and is accompanied by a good prognosis because
of the associated high rate of spontaneous resolution
[8 – 10]. In a review by Neville, Walker, and James of
251 cases of sarcoidosis presenting with erythema
nodosum, 83% of patients had remission of their
disease within 2 years [10]. Other reviews have also
found that the absence of erythema nodosum is a risk
for persistent disease [9]. Skin lesions of sarcoidosis
other than erythema nodosum were more commonly
associated with lymphadenopathy and hepatospleenomegaly [47]. Lofgren’s syndrome is the combination
of erythema nodosum with fever, polyarthralgias or
polyarthritis, uveitis, and bilateral hilar lymphadenopathy [2]. It is an acute form of sarcoidosis and
typically resolves without treatment. Other nonspecific cutaneous lesions of sarcoidosis reported include
erythema multiforme, erythroderma, pruritus, and
calcifications [12]. Sarcoidosis presenting with leonine facies has also been reported [48].
Pulmonary manifestations
Pulmonary disease is the most common clinical
manifestation of sarcoidosis [1]. Lung manifestations
are found in 90% of cases of sarcoidosis and patients
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may be asymptomatic or present with dyspnea, cough,
chest pain, and in rare cases hemoptysis [3,15]. Sarcoidosis of the lung can be staged radiographically
with prognostic implications [49]. Stage 0 shows no
changes on radiograph; stage I consists of bilateral
hilar and/or paratracheal adenopathy without parenchymal disease; stage II is bilateral hilar adenopathy
with pulmonary infiltrates; stage III is pulmonary
infiltrates without adenopathy; stage IV is irreversible
fibrosis and bullae formation. Bilateral hilar adenopathy is the earliest and most common intrathoracic
manifestation of sarcoidosis [11]. The majority of
patients with stage I disease have spontaneous resolution and patients may not need histologic confirmation
by biopsy if asymptomatic or displaying signs of
Lofgren’s syndrome [11]. Chronic pulmonary disease
is much more common with stages II and III [11]. Up
to 15% of patients with sarcoidosis have irreversible
fibrosis and severe disability [21]. Less common
intrathoracic findings include bronchial stenosis with
obstruction, pleural thickening, pleural effusion, and
calcification [2].
Ocular manifestations
Ocular disease occurs in 25% to 50% of patients
with sarcoidosis and is the second most common
manifestation of sarcoidosis [11]. Sarcoidosis can
affect any structure of the eye but most commonly
presents as acute anterior uveitis [50]. Other forms of
ocular disease include iris nodules, conjunctival granulomas, corneal and lacrimal gland involvement,
scleral plaques, and posterior uveitis [2,11,50]. Conjunctival granulomas are present in up to one third of
patients, and positive biopsy results are often
obtained in this area even if they are not clinically
suspected [2]. Involvement of the posterior chamber
of the eye most commonly presents as chorioretinitis
[2,11].
Lymphadenopathy, splenomegaly, and bone marrow
involvement
When hilar nodes are included, lymphadenopathy
has an incidence of 90% in patients with sarcoidosis
[2,11] and is associated with both acute and chronic
disease. Enlarged nodes are usually asymptomatic
and nontender when palpated. Splenic involvement
is present in up to 25% of patients [2] and is associated with diffuse fibrotic changes in other organs [51].
Bone marrow and hematologic changes of sarcoidosis such as leukopenia, lymphocytopenia, and an ele-
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vated erythrocyte sedimentation rate can be seen in up
to 40% of patients [3].
Endocrine manifestations
The incidence of endocrine gland disease is typically low in sarcoidosis. When involved, the hypothalamic and pituitary areas are the most frequently
affected, and can manifest as diabetes insipidus and
panhypopituitarism [2]. Sarcoidosis has also been
reported to involve the thyroid, parathyroid, adrenal
glands, and pancreas. Mikulicz’s syndrome is bilateral sarcoidal involvement of the parotid, submandibular, sublingual, and lacrimal glands [3]. Lacrimal
and salivary gland involvement may clinically produce a Sjogrens’s-like syndrome [11].
Hypercalcemia can be seen in sarcoidosis and is
caused by alveolar macrophage secretion of 1,25
dihydroxyvitamin D3 that is independent of feedback mechanisms [52]. Granuloma production of vitamin D3 is not suppressed with supplemental oral
calcium [53].

Musculoskeletal manifestations
Up to 39% of patients with sarcoidosis have
musculoskeletal involvement [57]. Muscle disease is
typically asymptomatic [2], but random tissue biopsy
often gives a positive result [2]. Muscle disease,
though rare, can present as acute and chronic myositis, secondary atrophy, hypertrophy, contracture [11],
myopathy [58], muscle nodules [59], and tumor-like
lesions [60]. Clinical presentations include weakness,
pain, tenderness, and erythema and warmth of the
overlying skin [49].
Bone lesions occur in up to 20% of sarcoidosis
patients and are usually asymptomatic [11]. Lesions
tend to be cystic and favor the terminal phalanges of
the hands and feet [11]. Bone involvement often
indicates chronic, progressive disease and is seen
with pulmonary changes and lupus pernio [11].
Acute and chronic arthralgias and arthritis have
been reported in sarcoidosis [61,62]. Acute lesions
are often seen in Lofgren’s syndrome, while chronic
lesions are rare [11]. The wrists, knees, and ankles are
the most commonly affected joints.

Hepatic manifestations

Neurologic manifestations

Sarcoidal involvement of the liver is not uncommon and blind liver biopsy can give a positive result
in up to 60% of patients [2,11]. Obstructive jaundice
can be a manifestation of hepatic granulomas [54],
and liver function tests, such as alkaline phosphatase,
may be abnormally elevated [21].

Neurosarcoidosis affects 5% to 10% of sarcoid
patients [4,63,64]. Half of these patients have central
nervous system involvement [11]. All cranial nerves
may be involved, with the most common presentation being cranial nerve VII as a self-limited palsy
[63,64]. Other manifestations of neurologic sarcoidosis include peripheral nerve involvement [65], psychiatric changes [63,64], aseptic meningitis [66],
space-occupying masses [65], sudden hearing loss
[67], seizures [63,64], stroke [68], and arachnoiditis/
perivasculitis [69]. Heerfordt’s syndrome or uveoparotid fever consists of uveitis, facial nerve palsy,
fever, and parotid gland enlargement, and is frequently associated with central nervous system involvement [11].

Cardiac manifestations
Autopsy studies have shown 10% to 20% of
sarcoidosis cases in the United States and 67% in
Japan to have cardiac muscle granulomas [55]. Clinically, however, only 5% of cases have cardiac manifestations [56]. Roberts et al found conduction
defects and ventricular arrhythmias to be the most
common manifestations in symptomatic patients [2].
Cardiac findings include electrocardiographic abnormalities such as complete heart block and arrhythmias, papillary muscle dysfunction, infiltrative
cardiomyopathy with congestive heart failure, and
pericarditis. In 5% to 10% of cases of cardiac sarcoidosis, sudden cardiac death can be the initial manifestation. Roberts et al found that symptomatic disease
was associated with sudden death in 60 of 89 patients
[2]. Cardiac disease should be evaluated using myocardial scintigraphy with thallium 201, echocardiography, 24-hour Holter monitor, and gallium 67 scan
[3,15].

Other clinical manifestations
Sarcoidal granulomas can affect almost any body
organ. Renal involvement may present as nephritis,
with or without identifiable renal granulomas [49],
and nephrolithiasis and nephrocalcinosis [70]. Urethral obstruction [71] and hydronephrosis [72] have
also been reported.
In uncommon cases, sarcoidosis affects the gastrointestinal system. Presentations include a stomach
ulcer or mass [73], dysphagia [74], pancreatitis [75],
appendicitis [76], and small bowel obstruction [77].
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Other sites of sarcoidosis involvement reported include the breasts, uterus, fallopian tubes, ovaries, testicles, epididymis, and prostate gland [3,33,78 – 81].

Childhood sarcoidosis
There are two types of sarcoidosis in children:
late onset (ages 8 to 15) and early onset (age 4 or
less). Late onset disease has similar clinical manifestations to adult sarcoidosis. Arthritis, uveitis, and
skin lesions without bilateral hilar lymphadenopathy
are the classic triad of early onset childhood sarcoidosis and this can mimic juvenile rheumatoid arthritis
[82]. Skin lesions are usually macular and papular,
with erythema nodosum being unusual [83]. The
typical lung disease of sarcoidosis is not usually
present initially [84]. Almost all children have complaints of fever, weight loss, and fatigue [85]. Peripheral adenopathy is present in approximately two
thirds of patients [83], and when skin lesions are not
present, lymph nodes are the best site for biopsy
[84]. There is a significant morbidity in childhood
sarcoidosis even though most patients have spontaneous resolution [84]. Glucocorticoids are the treatment of choice [85].
Blau syndrome, a rare autosomal dominant granulomatous disease, is similar to childhood sarcoidosis
in that it presents with arthritis, uveitis, and skin
lesions [86]. It has been linked to chromosome
16p12-q21 and, unlike sarcoidosis, lacks pulmonary
involvement [87]. Skin lesions have similar histology
to sarcoidosis and can appear as red macules [86].

Incidence and epidemiology
Sarcoidosis primarily affects young adults between
25 and 35 years of age. It also affects women between
the ages of 45 and 65 years [3,88]. In the United
States, sarcoidosis affects women approximately 10
times more frequently than men [11]. African Americans are also more frequently affected than whites,
have more severe and prolonged disease, and have
more atypical cutaneous expressions [11,49,89].
The incidence of sarcoidosis is recorded as follows
[3]: Sweden, 64/100,000; United Kingdom, 20/
100,000; France 10/100,000; Germany, 9/100,000;
Greece 7/100,000; Spain, 1.4/100,000; and Japan
1.4/100,000 [21,90,91]. In the United States, the
incidence in the white population is 10/ to 14/
100,000 and 35.5/ to 64/100,000 for African Americans [92].
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Etiology
The cause of sarcoidosis is unknown. Immunologic mechanisms, genetic susceptibility, and infectious
and environmental agents have all been implicated as
possible factors. There is much speculation as to
whether the cause is multifactorial or caused by an
antigen(s) that has not yet been identified [3].
Immunology
Immunologic abnormalities found in sarcoidosis
include polyclonal hyperglobulinemia [11,21], circulating immune complexes, a depressed cell-mediated
immunity often manifested by skin anergy, and decreased peripheral lymphocytic blastogenesis [11].
Noncaseating granulomas are thought to form
through antigenic stimulation of CD4 T lymphoctyes/
TH1 phenotype through macrophage presentation
[93,94]. The T cells in sarcoidosis predominantly
express a/bT-cell receptors, are major histocompatibility complex (HLA) class II restricted [4,95], and
depend on the B7:CD28/CTLA-4 costimulatory pathway for activation [96].
There is a highly focused, antigen-driven immune
response within tissue affected by sarcoidosis [97].
The CD4 T cells redistribute from the peripheral
blood, manifesting as anergy [98], and localize in
tissues involved in the inflammatory process [3,99].
Once localized, lymphocytes proliferate and induce
granuloma formation through production of cytokines
(interleukin 2, interferon-g, IL-8, and tumor necrosis
factor-a). Other immunomodulatory cells including
macrophages, natual killer cells, and mast cells are
believed to be involved [100]; subsequently, there is
shift in the cytokine profile to that of TH2 CD4 T
cells which has been demonstrated during the fibroproliferative phase of the granuloma and is believed
to result in tissue scarring [100].
T-helper lymphoctyes of sarcoid alveolitis have
been shown to stimulate B-lymphocytes in vitro to
produce immunoglobulin [11]. This may account for
the presence of a polyclonal hyperglobulinemia and
immune complex formation.
Genetics
No consistent inheritance pattern has been established for sarcoidosis, but support for a certain
genetic makeup is evident by the presence of positive familial clusters [101,102]. Certain HLA typing
has been associated with sarcoidosis. A positive
association with sarcoidosis has been reported with
HLA-A1, -B8, and -DR3, and a negative association
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has been reported with HLA-B12 and DR-4. Other
HLA associations include disease limited to the
lungs and HLA-B21; early disease onset and HLAB13 and -B35; and good outcome of disease and
HLA-DR3 [103]. The HLA-DRB1 locus has also
been used to determine susceptibility to sarcoidosis
[104]. Possible evidence for genetics playing a role
in sarcoidosis has been found involving angiotensinconverting enzyme (ACE) polymorphism [105], the
presence of GLU residue at position 69 of HLADPB1 [106], and the increased expression of the
acute-phase reactant genes ORM1 (orosomucoid)
and HP1 (haptoglobin) [107]. Erythema nodosum
associated with sarcoidosis may be pathogenically
linked to altered tumor necrosis factor-a (TNF-a)
production caused by a genetic promoter polymorphism [108].

Associated disorders
Autoimmune disease, neoplasia, and medications
have all been associated in sarcoidosis, and this may
be related to the overall immune system disturbance
of this condition. Many autoimmune diseases have
been reported to occur with sarcoidosis, which may
result from the immunologic dysfunction and polyclonal gammopathy [3]. Lymphoproliferative disease,
most commonly Hodgkin’s lymphoma, has been
reported with sarcoidosis [118]. Medications reported
to induce sarcoidosis include interferon-a, particularly in the treatment of hepatitis C [119,120] and
chronic myelogenous leudemia [3], and interferon-b
treatment for multiple myeloma [121]. Ulcerative
sarcoidosis has been induced in previous cutaneous
lesions with therapy using the flashlamp-pumped
pulsed dye laser [122].

Infectious and environmental agents
Fungal, viral, and bacterial agents have all been
implicated as possible causative factors in sarcoidosis
despite lack of definitive identification or proof. The
association of tuberculosis and sarcoidosis is controversial. Despite being inconclusive, polymerase chain
reaction (PCR) studies have caused mycobacterium
tuberculosis to re-emerge as a possible causative
agent in sarcoidosis [3]. Many studies support this
association [109], while numerous others give evidence against any relationship [110]. Unfortunately,
PCR does not discriminate between living or dead
mycobacteria and is fragile and easily contaminated,
therefore rendering it a poor method of evaluation for
the etiology of sarcoidosis [111,112]. Further evidence against a mycobacterial cause includes studies
in which these organisms have not been demonstrated
in the lesions or successfully grown in appropriate
culture media, a lack of fulminant mycobacterial
disease with the use of immunosuppressives in
patients with sarcoidosis, the fact that Bacille Calmette Guerin vaccination does not reduce the incidence
of sarcoidosis, and the fact that antituberculosis
medications are ineffective in treating sarcoidosis
[111,113,114]. Occasional elevation of fungal and
viral antibody titers in patients with sarcoidosis is
likely caused by a nonspecific polyclonal elevation of
immunoglobulins [11].
Environmental antigens implicated but not proven
in the etiology of sarcoidosis include clay, talc, pine
pollen, oxalosis, beryllium, and zirconium [115,116].
Nonsmokers have been found to have sarcoidosis
more often than smokers [3]. Seasonal clustering of
sarcoidosis lesions also suggests an environmental
factor [117].

Histopathology
The classic histologic finding in sarcoidosis is
that of a noncaseating granuloma composed of epithelioid cells and occasional Langhans giant cells.
Inclusion bodies (asteroid bodies/entrapped collagen
or Schaumann bodies/altered lysosomes [13]) are
frequently observed in giant cells but are nonspecific.
Lymphocytes, macrophages, and fibroblasts may
surround the granulomas, but there are typically
few inflammatory cells, the so-called ‘‘naked’’ tubercles [11]. Similar histologic findings are present in
other conditions. It is therefore important to perform
special stains and cultures to rule out an infectious
granuloma, polarize the specimen to examine for
foreign bodies, and to rule out an underlying neoplasm exhibiting an associated sarcoidal reaction
[11]. Marcoval et al [123] concluded that foreign
body material is not uncommon in cutaneous lesions
of sarcoidosis patients after finding polarizable foreign particles in 14 of 65 cutaneous biopsy specimens from patients with sarcoidosis.

Diagnosis and evaluation
Evaluation of a patient with suspected sarcoidosis involves a combination of clinical, radiologic,
and laboratory findings along with histologic examination of affected tissue. A diagnostic test for
sarcoidosis does not exist, and physical examination
should focus on the skin, lungs, eyes, nerves, and
the heart [3]. Tissue biopsy of any abnormalities
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should show evidence of noncaseating granulomas,
while polarization for foreign bodies and cultures
and stains for infectious causes should be negative.
Several satisfactory biopsy sites exist to confirm a
diagnosis of sarcoidosis. The skin is very accessible
and any suspicious skin lesions should be biopsied
[2,124]. Other valuable biopsy sites include the
conjunctiva, which is positive in one third of
patients even when ocular lesions are not present
[2]; peripheral nodes, which may be positive in up
to 75% of patients [11]; minor salivary glands of
the lower lip, which are positive in greater than half
of the patients [2]; and muscle biopsy, which shows
positive results in  50% of patients [2]. Lung
biopsy with a fiberoptic bronchoscope is sometimes
indicated [21]. Bronchoscopy with transbronchial
lymph node biopsy can be performed, at which
time bronchoalveolar lavage may also be evaluated
for leukocyte differential counts. A diagnosis is
suggested when the CD4/CD8 ratio is greater than
3.5 [125]. Mediastinoscopy and biopsies of the
liver, spleen, and bone marrow are less commonly
performed because of low yield or high incidence
of morbidity.
Chest radiography is helpful in the diagnosis
and evaluation of sarcoidosis; however, this cannot
be used as the sole diagnostic procedure. Gallium
scans can be helpful when used as a complement to
other diagnostic tools [126], while computed tomography of the chest is often overused and does not
affect therapeutic treatment [49]. Ga gallium scans
may demonstrate panda and/or lambda appearance,
which are gallium uptake by parotid and lacrimal
gland sarcoidosis (panda) and by the bilateral hilar
lymph node (lambda) [126,127]. Gallium scanning
may identify lesions of nodular cutaneous sarcoidosis [128]. Technetium-74m-tetrofosmin scintigraphy and somatostatin analogue scintigraphy may
also be useful in suspected sarcoidosis evaluation
[129,130].
Laboratory evaluation for sarcoidosis includes
complete blood count, liver and renal function tests,
protein electrophoresis, serum and urine Ca, ACE
level, and erythrocyte sedimentation rate [3,11].
Additional evaluation should include ophthalmologic
evaluation including slit lamp examination and electrocardiography, tuberculin/anergy testing, and pulmonary function tests [4,6,21,131]. The Kviem test
involves intradermal injection of spleen or lymph
node homogenate from a patient with sarcoidosis into
another patient with suspected sarcoidosis, whose
skin is later biopsied for evidence of sarcoid granuloma (Fig. 4) [114,132]. This test may be an
interesting immunologic phenomenon but is of very
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limited practical use and is not approved by the Food
and Drug Administration [1,3].
Measurement of disease progression
Pulmonary function tests are useful for monitoring
the respiratory status of a patient but may not correlate
with disease progression or activity [11,21]. Gallium
scans and bronchoalveolar lavage are also not typically used to monitor disease progression [21].
The angiotensin-converting enzyme (ACE) level
is elevated in about 60% of patients with sarcoidosis
[5]. This enzyme is derived from the epithelioid cells
of the granuloma and reflects the granuloma load in
the body, but is not specific for sarcoidosis and can be
elevated in other conditions [49,133]. ACE levels
may be used as an adjunct for diagnosis of sarcoidosis but not for the specific diagnosis because of the
high false-negative (10%) and false-positive (40%)
rates when used for diagnosis [3,88]. It is generally
not a useful method for determining disease progression or response to therapy [2,3,88,114].
Numerous experimental methods have been reported to evaluate disease progression in sarcoidosis. These include TNF-a and serum IL-2 [134];
serum IL-2 receptors [135]; serum TNF-receptor II
levels [136]; serum IL-8 [137]; locally derived IL-6
and IL-8 [138]; serum procollagen I and III [139];
serum vitamin D3, IL-10, and CD23 [98]; CD26
[140]; T-cell receptor g/d expression in the peripheral circulation [141]; circulation E-selectin [99];
serum intercellular adhesion molecule-1 [142]; and
serum copper [143].

Treatment
Cutaneous involvement of sarcoidosis is typically
asymptomatic and is not life threatening. The major
indication for treating these lesions is disfigurement
[49]. Glucocorticoids are the mainstay of treatment
and lesions can be treated with oral, intralesional, or
topical therapy. Limited cutaneous disease may
respond to superpotent topical corticosteroids [144],
topical steroid with occlusive dressing [145], hydrocortisone 5% powder in hydrophilic ointment with
phonophoresis [146], and intralesional triamcinolone
repeated monthly [147]. Other effective nonoral therapies reported include intralesional choroquine [148],
carbon dioxide or pulsed dye laser for lupus pernio
[149,150], dermabrasion, surgical excision with grafting, and plastic surgery [3].
Lesions resistant to topical therapy and large or
diffuse lesions may require systemic therapy. Many
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therapies have been reported to have some success,
including prednisone [21,25,147,153], hydroxychloroquine [147,154,155], chloroquine [151], methotrexate [152,153,156], allopurinol [158,159], thalidomide
[160 – 162], isotretinoin [3,163], PUVA [3,153],
UVA 1 [164], tranilast [165], melatonin [166], prospidine [167], and minocin [168]. Prednisone therapy
has been used successfully both as a tapered daily
dose [3] and alternate-day dose [147]. Hydroxychloroquine is administered with a daily or alternate-day
dose of 200 to 400 mg [147,154,155]. Chloroquine is
typically given at 250 mg/d for long-term suppression; Zic et al [151] recommend an initial 14-day
course of 500 mg. Methotrexate has been effective in
both chronic cutaneous disease and lung disease [152,
153,156]. Typical dosage is 15 to 25 mg/wk in three
divided doses at 11-hour intervals [147]. Baughman
and Lower noted 94% of 17 patients noted improvement in cutaneous lesions treated with methotrexate
[169]. Allopurinol has been effective for cutaneous
sarcoidosis at doses of 100 to 300 mg/d for several
months [157 – 159]. Thalidomide works by inhibiting
cytokines, especially TNF-a, and has been reported
to be effective in doses up to 200 mg/d [160 –
162,170]. PUVA has been reported to be successful
in erythrodermic and hypopigmented lesions [3,153].
Isotretinoin, usually in doses of 0.5 to 1.0 mg/kg/d,
has shown resolution of lesions after six or more
weeks [3,163]. Eight of eleven patients showed
complete remission of their skin lesions after treatment with minocin (200 mg/d) for a median of 11
months [168].
Determining when to treat systemic sarcoidosis
depends on the extent and activity of the inflammatory lesions and the organs at greatest risk. Evaluation
of the lungs, eyes, heart, and central nervous system
are essential. Glucocorticoids are the therapy of
choice [4], and the suggested dosage of prednisone
for systemic sarcoidosis is 1 mg/kg for 4 to 6 weeks
and then a slow taper over 2 to 3 months [21]. The
action mechanism of steroids in sarcoidosis is
unknown, but it has been reported that a normal
TH1/TH2 balance is re-established between the locally produced cytokines and immunoglobulin isotypes in the sarcoid lung [171]. To avoid long-term
steroid – induced morbidity in chronic disease, nonsteroidal immunosuppressive medications are used
despite only anecdotal data for efficacy [4,121,154].
Some of the more common agents used are antimalarials, methotrexate, azathioprine, chlorambucil,
cyclophosphamide, and cyclosporine [15,154,169].
Infliximab, an anti – human TNF-a monoclonal antibody, recently has been reported to have promising
results in complicated sarcoidosis [172,173].

Prognosis/mortality
Sarcoidosis has spontaneous remission in up to
60% of cases. Corticosteroids increase this rate by 10
to 20% [89]. Acute sarcoidosis consisting of bilateral
hilar adenopathy alone or in combination with erythema nodosum and other inflammatory manifestations
is typically self-limited and may resolve spontaneously in more than 80% of the cases [9,10]. Ten
percent to twenty percent of patients have chronic,
progressive disease and mortality is  1% to 5% [15].
Causes of death are most commonly caused by cardiac
and pulmonary complications and include pneumonia,
pulmonary fibrosis, chronic obstructive pulmonary
disease, cardiac arrhythmias, and sudden cardiac
death [133,174,175]. Mortality rates have been found
to be higher in age-adjusted African American
patients compared to white patients and in females
compared to males within racial strata [176].
Morbidity of sarcoidosis includes ocular disease
causing scarring and blindness, pulmonary disease
causing shortness of breath and fatigue, and cutaneous disfigurement. Granulomatous involvement of
the kidneys, calcium deposits, and kidney stones can
cause renal failure.
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