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INTRODUCTION

Sarcoidosis is a systemic disorder characterized by the aberrant development of granulomas
within various organs in the body. The lungs are involved in 90% of patients, and the skin,
eyes, and heart are affected in a significant fraction of patients. The disease remits within 3
years in most patients, whereas 10% to 30% of patients develop chronic disease requiring
ongoing treatment.! Significant variation in disease incidence and manifestations is well
recognized. The incidence rate of sarcoidosis in Northern Europe is between 5 and 40 cases
per 100,000 people, compared with a rate of 1 to 2 cases per 100,000 in Japan.? Cardiac and
ocular disease are more common in Japanese patients, whereas joint symptoms and
erythema nodosum are more common in northern Europeans.3 In the United States, the age-
adjusted annual incidence of sarcoidosis in black patients is 35.5 per 100,000, 3 times higher
than that of white patients (10.9 per 100,000).% Black patients are more likely to develop
ocular and granulomatous skin involvement and more frequently suffer chronic, debilitating
disease.*®

Although there are no universal criteria for the diagnosis of sarcoidosis, a diagnosis is likely
when a patient presents with signs or symptoms consistent with sarcoidosis and has
granulomas shown on tissue biopsy. Most patients with sarcoidosis develop pulmonary
involvement, which may be asymptomatic or may cause dyspnea, dry cough, or chest
discomfort. Chest radiographs show abnormalities classified into 5 stages (Table 1).
Laboratory testing may reveal an increased angiotensin-converting enzyme (ACE) level,
however, this test lacks sufficient specificity to make a diagnosis of sarcoidosis.
Examination of bronchoalveolar lavage fluid may help in the diagnosis, because a markedly
increased ratio of CD4+ T cells to CD8+ T cells in the bronchoalveolar lavage fluid is
relatively specific for sarcoidosis; however, diagnosis is generally confirmed by showing
epithelioid granulomas on transbronchial biopsy.1:” Diagnosis of sarcoidosis also requires
the exclusion of other causes of granulomatous disease, including mycobacterial infections
such as tuberculosis and leprosy, fungal infections such as coccidiomycosis and
histoplasmosis, syphilis, exposures to particulates such as beryllium, and granulomatosis
with polyangiitis.
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Extrapulmonary disease may manifest before, concurrent with, or after development of
pulmonary disease, thus patients with sarcoidosis come to the attention of a range of
providers depending on the location of symptoms. Awareness of the common and protean
manifestations of sarcoidosis is required to recognize the disease and monitor for additional
disease complications. In this article, first, the immunopathology of sarcoidosis is reviewed.
The common extrapulmonary manifestations of sarcoidosis are then reviewed, and organ-
specific considerations in treatment are discussed.

IMMUNOPATHOLOGY

The hallmark of sarcoidosis is the development of epithelioid granulomas. Autopsy and
imaging studies suggest that granulomatous involvement can be more wide-spread in
patients with sarcoidosis than is apparent clinically.8-19 Granulomas in different organs tend
to conform to a similar histologic pattern, consisting of a dense collection of epithelioid
macrophages and CD4+ T cells, with fewer CD8+ T cells restricted to the periphery. Part of
the diagnostic challenge is that similar appearing granulomas may form in response to
several different stimuli, some of which must be excluded to diagnose sarcoidosis. Exposure
to beryllium causes a granulomatous disease similar in appearance to sarcoidosis; however,
chronic beryllium disease is generally considered a distinct entity.!

Hints as to the cause of sarcoidosis have been derived from observations about the
localization of lesions, spatial-temporal patterns of disease, immunophenotyping, and
genetics; however, a cohesive understanding of the disease remains elusive. The pattern of
tissue involvement, with a predominance of symptoms in the lungs, skin, and eyes, suggests
that exposure to an external trigger plays a key role in initiating the disease. One potential
set of triggers is environmental particulate matter. Just as particles of beryllium clearly cause
a granulomatous reaction, other types of particulate matter have also been suspected in
sarcoidosis. The most comprehensive evaluation for such a trigger was ACCESS (A Case
Control Etiologic Study of Sarcoidosis),}! which evaluated exposure histories of more than
700 patients with recently diagnosed sarcoidosis. The study found no association of
sarcoidosis with occupational exposure to wood dust, metal, silica, or talc but did report that
occupational exposure to insecticides was associated with a modestly increased risk of
sarcoidosis. The increased frequency of sarcoidosis in people exposed to dust and debris
from the World Trade Center collapse further supports the association between particulates
and sarcoidosis.12

An infectious cause of sarcoidosis has also been long suspected, in particular because certain
well-characterized infections, such as tuberculosis and leprosy, also induce granulomas.
Presentations of Lofgren syndrome were noted to cluster in the spring and early summer,
suggesting a possible infectious agent.13 Person-to-person transmission was suggested by
observations from the Isle of Man that patients diagnosed with sarcoidosis were more likely
than healthy control patients to have been previously in contact with another person with
sarcoidosis.141> The ACCESS study also noted a positive association between sarcoidosis
and occupational exposure to areas with musty odors, which perhaps carry higher loads of
bioaerosols containing molds and mycobacteria.1112

The case for a mycobacterial infection underlying at least some cases of sarcoidosis is
particularly strong.16 Several reports have described isolation of mycobacterial DNA from
patients with sarcoidosis, and a meta-analysis of 31 studies’ showed that detection of
mycobacterial DNA by polymerase chain reaction (PCR) has been reported in about one-
quarter of patients with sarcoidosis tested, although evidence of publication bias was noted.
Propionibacterium, Mycoplasma, viruses, and Borrelia have been implicated in some
patients. Given the variety of possible exposures associated with this disease, it seems
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unlikely that a single trigger explains all of sarcoidosis. Rather, it is more likely that several
triggers may be able to initiate a granulomatous response in a susceptible host, causing a
clinical presentation of sarcoidosis.

EXTRAPULMONARY MANIFESTATIONS

Cardiac

Cardiac sarcoidosis is a leading cause of death in sarcoidosis, responsible for 13% to 25% of
deaths caused by sarcoidosis in US patients with sarcoidosis, and strikingly, 58% to 85% of
deaths in Japanese patients with sarcoidosis.*9:18 Thus, evaluation for cardiac disease in all
patients with sarcoidosis is particularly important. Cardiac involvement does not correlate
with the severity of pulmonary involvement and can be difficult to diagnose in the context of
active pulmonary disease.1® In the United States, about 5% of patients with sarcoidosis have
clinical manifestations of cardiac sarcoidosis; however, autopsy analyses show that
myocardial granulomas can be found in 20% to 30% of patients.1:9 More severe cardiac
disease correlates with an increased risk of severe arrhythmias.® Symptoms suggestive of
conduction disease include significant palpitations, presyncope, and syncope. The presence
of such symptoms increases the likelihood of cardiac sarcoidosis by 8-fold, with significant
palpitations being the most informative symptom.1® Sarcoidosis has been found as a cause
of previously unexplained atrioventricular block or early pacemaker dependence.20
Sarcoidosis may also cause a dilated cardiomyopathy, associated with typical symptoms of
heart failure such as dyspnea, weight gain, and edema, and can rarely cause valvular
involvement.

All patients with sarcoidosis should have an electrocardiogram as part of the initial
evaluation, although electrocardiograms are an insensitive method of evaluating for cardiac
sarcoidosis.1® Electrocardiographic abnormalities may include PR prolongation,
atrioventricular nodal blockade, or atrial or ventricular premature beats. Patients suspected
of having conduction disease from symptoms or an abnormal electrocardiogram should also
undergo Holter monitoring. Rhythm abnormalities detected by Holter monitoring increase
the likelihood of finding imaging abnormalities consistent with sarcoidosis by almost 20-
fold.19 The presence of ventricular dysfunction can be evaluated by a transthoracic
echocardiogram.

Imaging by cardiac magnetic resonance imaging (MRI) and positron emission tomography
(PET) have facilitated detection of cardiac sarcoidosis, and the combination of clinical
assessment plus imaging has been reported to show cardiac involvement in almost 40% of
patients with sarcoidosis.1® Cardiac MRI may show a pattern of late gadolinium
enhancement in the basolateral area of the left ventricle, with lesions most frequently seen in
the midcardial to epicardial regions, distinct from the subendocardial regions commonly
affected by ischemia.21:22 The ability of cardiac MRI to differentiate active inflammation
from previous injury is not fully defined; however, serial cardiac MRI evaluation has been
suggested to have usefulness in following the response of cardiac sarcoidosis to
corticosteroid treatment.23

Nuclear imaging by PET shows focally increased uptake of the radioactive tracer 18F-
fluorodeoxyglucose (FDG), most often in the basal and midanteroseptal-lateral areas of the
left ventricle.24:25 This method seems more sensitive than cardiac MRI in detecting cardiac
sarcoidosis, with a reported sensitivity of 89% and specificity of 78%.2% Because FDG PET
theoretically depends on the presence of inflammatory cells to take up the radiolabeled
tracer, this modality may be particularly useful in monitoring disease activity.2” Recently,
high-sensitivity cardiac troponin T has also been suggested as a means of assessing the
presence and activity of cardiac sarcoidosis.?8
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The presence of granulomatous disease infiltrating the myocardium may be confirmed by
endocardial biopsy. However, cardiac sarcoidosis is patchy and favors areas of the left
ventricle, whereas endocardial biopsies are typically taken from the right side of the
interventricular septum; thus, false-negative results are common because of limitations of
sampling.2®

The skin is affected in 20% to 35% of patients with sarcoidosis, and skin lesions are often
present at the time of diagnosis.30-31 Cutaneous manifestations of sarcoidosis that are caused
by granulomas are referred to as specific for sarcoidosis, whereas other lesions are
considered nonspecific. The most common nonspecific cutaneous manifestation is erythema
nodosum, which typically manifests as painful nodules on the lower legs, usually in the
setting of an acute presentation of sarcoidosis. Erythema nodosum is more common in
women and northern Europeans, and is associated with a favorable overall prognosis.5-32
Histologically, the lesions show a septal panniculitis rather than granulomas.

Specific forms of cutaneous sarcoidosis occur in many patterns, with the most common
being papular, maculopapular, and plaque lesions. Papular lesions occur commonly on the
face, often around the eyes, whereas maculopapular lesions tend to favor the neck and trunk
(Fig. 1).30 Both are associated with milder pulmonary disease and a good prognosis,
whereas plaque lesions are more often associated with chronic disease requiring steroid
treatment.33 Variants of papular and plaque sarcoidosis can take on many forms, including
lesions that resemble psoriasis, lichen planus, verrucae, and lupus.3°

A unique lesion of sarcoidosis, termed lupus pernio (unrelated to systemic lupus
erythematosus) causes distinctive violaceous, indurated lesions on the face, often on the
nasal alae. These lesions are often disfiguring and may damage underlying soft tissue and
bony structures, causing nasal ulcerations, septal perforation, and deformity.34 Bony cysts
may develop under affected areas.3° Lupus pernio occurs more frequently in female patients
and is associated with more frequent pulmonary parenchymal involvement and more
aggressive systemic disease.34:36

Cutaneous lesions in sarcoidosis may also be precipitated by skin trauma. So-called scar
sarcoidosis can occur in response to abrasions, punctures, or tattoos. Reactions to tattoos
may form in response to 1 or multiple colors within a tattoo, and may develop even years
after placement of the tattoo.3” Such reactions can be the initial presentation of sarcoidosis
and should prompt the investigation of systemic manifestations of sarcoidosis. Granulomas
may also occur in the subcutaneous tissue below otherwise normal-appearing skin, causing
painless or only mildly tender nodules.38:39 Such nodules, which may be the presenting sign
of sarcoidosis, can be evaluated by ultrasonography or MRI, and biopsy reveals granulomas
within the panniculus.3840 Most patients with subcutaneous sarcoidosis have hilar
lymphadenopathy, and many are subsequently found to have granulomas in other
organs.3941 Recognition of skin lesions is important in sarcoidosis, because identification of
the disease by skin biopsy may obviate more invasive diagnostic procedures.

Ophthalmologic

The eye is the third most frequently involved organ, affected in between 10% and 60% of
patients. Granulomatous disease may cause inflammation either within the eye or in adnexal
structures. Ocular involvement occurs at higher rates in women and African Americans, and
seems more common in Japanese cohorts.542

Uveitis is the most common ocular manifestation and can be vision-threatening; thus, all
patients diagnosed with sarcoidosis should have an ophthalmologic evaluation (Fig. 2).
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Symptoms of uveitis may include tearing, photophobia, pain, and injection; however, about
one-third of patients with uveitis caused by sarcoidosis have no ocular symptoms.#3 There
are 2 peaks of incidence: the first in the third decade (more often associated with an acute
course) and the latter in the sixth to seventh decade (more often associated with a chronic
course).*3 Ocular inflammation is most often bilateral, and the anterior segment is involved
in 70% to 85% of cases.** Involvement of the posterior segment occurs less frequently but is
seen more often in whites, particularly elderly women, and is associated with a higher risk of
central nervous system (CNS) involvement.#344 Symptoms of blurry vision, hyperopia,
visual field deficits, or floaters may suggest the development of retinal vasculitis, which in
sarcoidosis is usually a retinal periphlebitis, sparing the retinal arteries.*® Uveitis occurring
concomitant with fever, parotitis, and facial nerve paralysis has been termed uveoparotid
fever or Heerfordt syndrome.

Ocular inflammation may be the presenting symptom of sarcoidosis; however, showing
granulomatous disease in the eye is often not feasible, because biopsy is generally not
pursued in patients presenting with uveitis. Biopsy of another involved site, if available, is
useful. Given the frequent lack of ocular histologic evidence, an international consensus
conference delineated criteria for the diagnosis of ocular sarcoidosis, which include a
description of 7 clinical signs on ophthalmologic examination suggestive of ocular
sarcoidosis.*2 The conference also outlined different levels of certainty regarding the
diagnosis of ocular sarcoidosis based on ophthalmologic evaluation, laboratory
investigation, and imaging (Table 2).42

Involvement of the orbit and adnexal structures is less common than uveitis, occurring in 8%
to 27% of cases, and occurs independently of uveitis.*6 Adnexal involvement occurs in the
form of lacrimal gland infiltration, formation of an orbital mass, or less commonly,
involvement of the lacrimal sac. The lacrimal gland is the most commonly affected site, with
an estimated incidence of 5% to 16% in sarcoidosis.*6 Patients may present with edema or
erythema of the eyelid or symptoms of dry eye, which may mimic Sjoégren syndrome.
Progressive lacrimal gland disease may cause insufficient tear production; however, sicca
symptoms do not necessarily correlate with lacrimal gland infiltration.4”-48 Occasionally,
patients may present with a palpable eyelid mass. A solid orbital mass may be caused by
sarcoidosis; however, it is debated whether an isolated, solitary orbital granulomas should be
considered sarcoidosis or a distinct entity.4’

Neurologic symptoms affect an estimated 5% of patients with sarcoidosis and may also be
the presenting manifestation of systemic sarcoidosis.3149:50 Granulomatous inflammation
can affect the cranial nerves, peripheral nerves, or brain parenchyma, and autopsy studies
suggest that granulomas are frequently present in these areas in the absence of symptoms.8
Cranial nerve dysfunction is the most common neurologic manifestation. The facial nerve is
the most frequently affected cranial nerve, followed by the optic and vestibulocochlear
nerves, although any cranial nerve can be involved.®1

Lesions occurring in the peripheral nervous system most often cause an axonal or sensory
peripheral neuropathy, although sensory-motor and myopathic patterns are also seen.>!
Suspected peripheral nerve lesions can be confirmed by evaluation with nerve conduction
studies and electromyography. Histologically, granulomas form within the epineurium or
perineurinum, frequently accompanied by some component of granulomatous angiitis.>2
Involvement of the endoneurium may also occur, perhaps via inflammatory cell invasion
along septae or via microvessels, which inflicts more severe injury to the nerve.>2 Peripheral
nervous system involvement tends to respond to corticosteroid treatment and carries a better
prognosis than does CNS involvement.®1
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Granulomatous involvement of the brain parenchyma is one of the most serious
complications of sarcoidosis. However, attributing neurologic dysfunction to sarcoidosis is
challenging, particularly in the absence of identifiable granulomatous disease in other
organs. Symptoms of headache, nausea, and ataxia raise suspicion for cerebellar or
brainstem involvement. Visual impairment, diplopia, and seizures may also occur. The base
of the brain is frequently affected, often with granulomatous infiltration of the hypothalamus
and pituitary, leading to dysfunction of the hypothalamic-pituitary axis.>3 Leptomeningeal
involvement may yield an appearance of aseptic meningitis, and involvement of the spinal
cord may result in myelopathy. Spinal cord involvement tends to occur in older patients with
sarcoidosis and can be difficult to distinguish from cervical spondylosis.>* Neuropsychiatric
symptoms are uncommon.>3

Evaluation for neurosarcoidosis typically includes a lumbar puncture and brain MRI (Fig.
3). Cerebral spinal fluid analysis may reveal an increased cell count with a lymphocytic
pleiocytosis, increased protein levels, and oligoclonal bands. A variety of lesions can be
seen on brain MRI, including enhancing parenchymal lesions, leptomeningeal thickening or
enhancement, and dural involvement.50 Periventricular white matter lesions may be easily
mistaken for lesions from multiple sclerosis.>® A set of diagnostic criteria has been proposed

to help classify patients as having definite, probable, or possible neurosarcoidosis (Table
3).49.56

Musculoskeletal

Sarcoidosis may involve joints, muscles, and bones, causing a variety of musculoskeletal
complaints through different mechanisms. Arthritic syndromes in sarcoidosis can be
categorized as acute or chronic. Acute sarcoid arthritis often occurs concomitant with
bilateral hilar lymphadenopathy and erythema nodosum, a constellation termed Lofgren
syndrome. In Léfgren syndrome, the ankles are most commonly affected, followed by the
knees, wrists, elbows, wrists, and metacarpophalangeal joints.?” Ultrasonographic
evaluations have shown that swelling usually occurs in the soft tissue around joints, causing
a periarthritis rather than a true arthritis.>8 Joint symptoms tend to precede or occur
concomitantly with development of erythema nodosum, and even in the absence of erythema
nodosum, the combination of hilar lymphadenopathy and ankle periarthritis can be
considered a variant of Léfgren syndrome.57:59

In a cohort of patients in the Netherlands, the presence of at least 3 of 4 criteria (Symmetric
ankle symptoms, age younger than 40 years, erythema nodosum, and symptoms of less than
2 months) had a 93% sensitivity and 99% specificity for the diagnosis of acute sarcoid
arthritis.89 Enthesitis also occurred in about one-third of patients with sarcoidosis in this
cohort, mainly at the Achilles tendon and heels.59 Soft tissue swelling at the ankles can be
prominent, and biopsy of this soft tissue reveals a panniculitis similar to erythema nodosum,
rather than granulomas.81-62 |sfgren syndrome carries an excellent prognosis. Symptoms
typically resolve without therapy, and joint destruction does not occur; however, a small
subset of patients continue to experience arthralgias after the acute inflammatory state has
resolved.>’

In contrast to acute arthritis, chronic arthritis in sarcoidosis usually occurs in the setting of
more diffuse organ involvement.53 Ankles, knees, wrists, elbows, and hands may all be
affected, often in a polyarticular pattern.53.64 Synovial fluid is usually noninflammatory or
only mildly inflammatory, with a predominantly mononuclear infiltrate.5> When obtained,
synovial biopsies may show synovial granulomas or nonspecific mononuclear infiltrates and
synovial hypertrophy.65.66 Dactylitis similar to that seen in psoriatic arthritis, associated
with pain, swelling, overlying skin erythema, and underlying bony changes may also
occur.57 Rarely, Jaccoud arthropathy, a nonerosive deformity, develops.58.69
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Bony lesions of osseous sarcoidosis occur in 3% to 13% of patients with sarcoidosis.31:70
The hands and feet are the most frequent sites of involvement, whereas the spine is less
commonly affected (Fig. 4).71:72 Only about half of patients with bony lesions have pain and
stiffness, whereas the other half remain asymptomatic.”* Radio-graphically, bone
manifestations follow 3 distinct patterns, namely, lytic, permeative, and destructive. A lytic
pattern results from focal areas of imbalanced bone destruction and bone formation,
resulting in net bone resorption and cyst formation. Bone cysts are often associated with
overlying skin disease, either on the hands and feet, for example associated with dactylitis,
or on the face underlying skin lesions of lupus pernio.3*67.73 The second pattern, termed
permeative, results in a tunneled, reticular appearance of the cortex. The third pattern,
termed destructive, is uncommon and causes severe bone damage and fractures. In some
cases, MRI may be more sensitive in detecting bony lesions; however, sarcoidosis lesions on
MRI can be difficult to distinguish from bony metastasis.”*

Sarcoid myopathy occurs clinically in less than 5% of patients; however, granulomatous
involvement of muscle can be found histologically in most patients with sarcoidosis.’®
Muscle involvement occurs in 3 general forms: acute myopathy, chronic myopathy, and
nodular myopathy. Chronic myopathy, the most common form of sarcoid myopathy,
typically causes symmetric proximal weakness. Creatine kinase levels are often normal but
can be markedly increased.’® Electromyography shows a myopathic pattern with abnormal
spontaneous activity with fibrillation potentials.”® MRI of affected muscles shows
nonspecific muscle edema or fatty atrophy and is unlikely to indicate a specific diagnosis;
however, such imaging may guide muscle biopsy site selection to avoid sampling atrophic
areas.’’

Additional imaging with radionucleotide scanning can be useful in sarcoidosis.6” Gallium
scanning has been reported to identify extensive areas of granulomatous muscle infiltration
in the absence of significant musculoskeletal symptoms.19 PET scanning has also been
suggested to have usefulness in identifying muscle inflammation and in monitoring response
to therapy.”8.79 Histologically, granulomas in sarcoid myopathies show a pattern similar to
that seen in other organs, with collections of macrophages and activated CD4+ T cells
throughout the granulomas.80 In contrast to patterns seen in polymyositis, CD4+ cells
outnumber CD8+ cells in sarcoid myopathy, and muscle fibers do not express increased
levels of major histocompatibility complex class 1.8°

Nodular myopathy is an uncommon form of sarcoid myopathy characterized by the
accumulation of large granulomas and dense connective tissue into nodules. These lesions,
which can resemble tumors, may be painful but rarely cause weakness. On MRI, nodules are
long and display a distinctive pattern on T2-weighted axial images of a dark, star-shaped
lesion surrounded by a bright rim.81

Acute myopathy is the least common form of sarcoid myopathy. It presents with a rapid
onset of proximal weakness and myalgias over several weeks, often associated with fever.
The presentation may appear similar to polymyaositis, with serum creatine kinase levels
usually, although variably, increased.82 Biopsy of acute sarcoid myopathy shows
pronounced lymphocytic infiltration associated with granulomas.82

Gastrointestinal

Sarcoidosis frequently involves the liver; however, a variety of insults may induce liver
granulomas; thus, it is important to distinguish granulomas caused by sarcoidosis from those
with other causes. Generally, granulomatous disease in a second organ, plus exclusion of
alternate causes, is needed to consider a patient with liver granulomas to have sarcoidosis.83
Based on observations from autopsies and liver biopsies, granulomas within the liver can be
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found in 50% to 80% of patients with sarcoidosis, although the fraction of patients with
clinically evident liver disease is smaller.83 As with the eye, skin, and bone marrow, liver
involvement is more common in African American patients than whites.6 Symptoms from
liver involvement include abdominal pain, pruritus, and less commonly, jaundice and
ascites.83 Increase in liver enzyme tests occur in about one-third of patients with
sarcoidosis.84

Sarcoidosis may cause biliary disease and cholestasis via several mechanisms. Pathologic
patterns resembling either sclerosing cholangitis or biliary cirrhosis have been described.
Chronic damage may result in ductopenia, or loss of small biliary ducts, and once this stage
is reached, treatment is unlikely to improve function. Granulomatous disease rarely
progresses to cirrhosis; however, portal hypertension may still occur caused by
granulomatous obstruction of blood flow through the portal circulation, or through
development of portal vein thrombosis or Budd-Chiari syndrome.83.85

It is uncommon for sarcoidosis to affect the luminal gastrointestinal tract. When it occurs,
the gastric antrum is the area most frequently affected.83 Symptoms may include abdominal
pain, nausea, early satiety, and progressive weight loss. Even without involvement of the gut
wall, symptoms of obstruction may be caused by external compression of the gut lumen by
enlarged lymph nodes or adjacent large granulomas.83 Granulomas of sarcoidosis can be
found within the pancreas in approximately 5% of patients with sarcoidosis.88 Nodular
lesions may infiltrate the pancreas diffusely or cause a mass in the head of the pancreas. The
lesions are rarely symptomatic, but when significant, may cause pain, jaundice, anorexia,
and increase in serum lipase levels.

Granulomatous involvement of the kidney can be found in 7% to 23% of patients with
sarcoidosis; however, significant renal impairment is less common.86:87 The most common
lesion is a granulomatous interstitial nephritis, which usually occurs in the setting of more
diffuse disease and is associated with hypercalcemia and hypergammaglobulinemia.88.89
Sterile pyuria, proteinuria, and microscopic hematuria may occur.8 Rarely, a granulomatous
pseudotumor may develop, mimicking malignancy in 1 or both kidneys.

Hypercalcemia is common in sarcoidosis, occurring in 10% to 20% of patients, as a result of
excess conversion of 25(0OH) vitamin D to 1,25(0OH) vitamin D by macrophage 1-a-
hydroxylase within granulomas.®! Hypercalciuria occurs in half of patients with sarcoidosis
and predisposes to nephrolithiasis, which develops in about 10% to 15% of patients.87:89
Symptomatic nephrolithiasis may be the initial indication of systemic sarcoidosis in
approximately 1% of sarcoidosis cases.%?

TREATMENT

General Principles

It is important to recognize that not all patients with sarcoidosis require immunosuppressive
treatment. Patients with acute presentations of Léfgren syndrome usually remit
spontaneously and require only symptomatic therapy with nonsteroidal antiinflammatory
drugs (NSAIDs). Patients with stable pulmonary function without symptoms and limited
disease elsewhere, including an absence of cardiac, neurologic, and vision-threatening
ocular involvement, may be monitored closely without therapy and often maintain a stable
course.?3 On the other hand, patients with progressive pulmonary disease or cardiac,
neurologic, or ocular involvement require prompt treatment. The mainstay of treatment of
sarcoidosis is glucocorticoid therapy. Steroids can be used to treat virtually all
manifestations of sarcoidosis; however, it is not clear that corticosteroid treatment has any
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beneficial effect on long-term disease outcomes.®* Higher doses are used for neurologic and
cardiac involvement, whereas lower doses usually suffice for other affected organs. Efforts
should be made to minimize the potential complications of glucocorticoids by using the
lowest effective dose, using local therapy when possible, and promptly initiating adjunctive
therapies to prevent glucocorticoid-induced bone loss and opportunistic infections.

In cases in which the steroid dose cannot be tapered without disease recurrence, or when
steroid therapy is not tolerated, steroid-sparing agents should be considered. Methotrexate
has been frequently used in these situations and can be effective in both pulmonary and
extrapulmonary disease.9%> Antimalarial agents such as chloroquine and hydroxychloroquine
are also effective, particularly for cutaneous disease and hypercalcemia.% Use of
immunosuppressive agents such as azathioprine, mycophenolate mofetil, and
cyclophosphamide has also been described, although controlled trials are lacking. Given the
importance of tumor necrosis factor (TNF) in granuloma formation, anti-TNF agents are
increasingly being used to treat sarcoidosis.?”:%8 The anti-TNF antibodies infliximab and
adalimumab seem to be more effective than the soluble receptor etanercept.?® However,
reports of sarcoidosislike granulomatous reactions in patients treated with anti-TNF
therapies for other indications have prompted heightened caution with this approach.97:100
Recently, attention has also focused on the role of rituximab in treating sarcoidosis, with
reports of efficacy in both ocular sarcoidosis and neurosarcoidosis.191:192 |n the following
sections, some of the organ-specific considerations of sarcoidosis treatment are discussed.

Patients with little or no change in respiratory symptoms and pulmonary function tests over
the preceding 3 months can be monitored closely without corticosteroid treatment.®3 Patients
with progressive disease based on symptoms, lung function tests, or radiography should be
treated with systemic cortico steroids, usually in the range of 0.5 to 1 mg/kg of prednisone,
tapered slowly over the course of a year. Inhaled corticosteroids have not been shown to
reduce pulmonary disease but may help reduce cough and symptoms of airway
hyperresponsiveness.4:103

Higher doses of corticosteroids, often in the range of 1 to 1.5 mg/kg of prednisone, are used
to suppress cardiac inflammation and fibrosis, with the goal of limiting damage to the
conduction system, reducing arrhythmias, and preventing the development of systolic
dysfunction. Steroids are tapered slowly, and relapse once off steroids is not uncommon.104
Optimal strategies for monitoring disease activity while tapering steroids have not been
established, although serial evaluation by PET and monitoring of circulating cardiac
troponin T have been proposed.2”-28 High-grade conduction system disease or complete
heart block necessitates permanent pacemaker implantation. Placement of an implantable
cardioverter-defibrillator (ICD) should be pursued in patients with sustained ventricular
tachycardia or ventricular fibrillation and those who meet other standard criteria.19% ICD
implantation can also be considered in patients with cardiac sarcoidosis and evidence of
active disease on cardiac imaging, although there is no consensus on this issue.104
Symptoms of heart failure are managed with ACE inhibitors, B-blockers, and diuretics as
with other causes of dilated cardiomyopathies. Cardiac transplantation is rarely necessary;
however, when performed, transplants performed for cardiac sarcoidosis fare as well if not
better than those performed for most other indications.106

Parenchymal brain disease also requires higher-dose corticosteroids, usually in the range of
1to 1.5 mg/kg. Severe or rapidly progressive symptoms are treated initially with pulse-dose
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intravenous solumedrol in the range of 1 g per day for 3 days, followed by oral prednisone.
Some have recommended continued weekly pulse-dose solumedrol for several weeks until
symptoms are controlled.® Close monitoring of symptoms and serial evaluation of MRI
abnormalities are monitored during steroid tapering. Multiple steroid-sparing agents have
been used, with methotrexate and hydroxychloroquine being the most common.4?
Experiences with azathioprine, cyclophosphamide, cyclosporine, and mycophenolate mofetil
have also been described, although controlled data are lacking. Anti-TNF therapy with
infliximab has been reported to have efficacy in multiple case reports and small case
series.9 Patients with neurosarcoidosis should be monitored frequently for signs of
hypothalamicpituitary dysfunction and treated with hormone replacement as needed.
Development of hydrocephalus may require placement of a ventriculoperitoneal shunt,
although this carries an increased risk of CNS infection, in particular in immunosuppressed
patients.53 Cranial nerve disease and aseptic meningitis can be treated with less aggressive
corticosteroid doses, often in the range of 0.5 to 1 mg/kg.5!

Treatment of cutaneous lesions is aimed at limiting disfigurement. Initial management is
usually attempted with topical corticosteroids. Lesions on the trunk and extremities can be
treated with high-potency topical corticosteroids with occlusion, whereas medium-potency
corticosteroids are preferred on the face to reduce the risk of atrophy. However, facial lupus
pernio lesions are particularly resistant to treatment and often require high-potency
treatments. Lesions that do not respond to topical therapy can be treated with intralesional
corticosteroids. For diffuse disease or lesions not responding to local therapies, systemic
therapies are initiated. Recently, an algorithm has been described that suggests trying the
steroid-sparing agents hydroxychloroquine, methotrexate, or tetracycline antibiotics first for
mild to moderate disease, then moving to systemic corticosteroids, followed by combination
therapy.30 On the other hand, for severe disease, corticosteroids plus a steroid-sparing agent,
such as methotrexate, hydroxychloroguine, or mycophenolate mofetil, are tried first,
followed by an anti-TNF for treatment failures. For lupus pernio, retrospective analyses
suggest that anti-TNF antibodies are more effective than corticosteroids; therefore,
accelerated use of anti-TNF antibodies has been suggested if lupus pernio does not respond
to corticosteroids.39-107 Other agents that have been described include thalidomide,
isotretinoin, allopurinol, and photodynamic therapy.

Ophthalmologic

Anterior uveitis is often treated first with topical corticosteroid eye drops. Cycloplegic
agents are used in parallel to prevent formation of synechiae. Patients who do not respond to
topical steroids may be treated with systemic steroids, usually at doses of 1 to 1.5 mg/kg of
prednisone. Uveitis in the posterior compartment generally requires systemic therapy, given
the increased risk of CNS involvement.198 Optic neuritis also merits treatment with systemic
corticosteroids. For chronic or refractory uveitis, several steroid-sparing agents can be
considered, although there are few published data to support their efficacy.9® Methotrexate
has been reported to be an effective steroid-sparing agent in panuveitis.109 Mycophenolate
mofetil, azathioprine, cyclosporine, and anti-TNF therapies are also used.%9:110 Recently,
rituximab was reported to improve granulomatous eye disease in 3 of 4 patients with ocular
sarcoidosis.1%2 Granulomatous disease in the lacrimal gland or orbit usually responds to
systemic corticosteroids.

Musculoskeletal

Acute sarcoid arthritis can be treated symptomatically with high-dose NSAIDs alone and
does not require corticosteroids. If control is inadequate, low-dose corticosteroids in the
range of 10 to 20 mg per day of prednisone are often effective.% In a randomized clinical
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trial, methotrexate was shown to be effective in reducing musculoskeletal symptoms in acute
sarcoidosis.111 Although controlled data are lacking, methotrexate seems helpful in chronic
arthritis as well.112 Additional options include hydroxychloroquine, azathioprine,
sulfasalazine, and biological therapies. Recently, an algorithmic approach to management of
sarcoid arthritis incorporating these agents has been proposed.112

Gastrointestinal

Renal

Treatment of granulomatous liver disease in sarcoidosis is of uncertain usefulness, because
corticosteroid treatment has not been clearly shown to improve abnormal liver enzyme
tests.8° Corticosteroids may be tried for symptomatic liver disease with intermediate doses
in the range of 0.5 to 1 mg/kg, tapered slowly over the course of a year. Treatment with
ursodeoxycholic acid, a naturally occurring bile acid, has been suggested to reduce
symptoms and biochemical abnormalities of cholestasis in patients with hepatic
sarcoidosis.113-115

All patients with sarcoidosis with hypercalcemia should be cautioned to limit dietary
calcium, avoid vitamin D supplementation and sun exposure, and limit oxalate intake to
reduce the risk of kidney stone formation.8” Hypercalcemia usually requires corticosteroids,
which can lower serum calcium within a few days.?9116 Hydroxychloroquine can also be
particularly effective in treating hypercalcemia.117-119 patients treated with
hydroxychloroquine should undergo routine ophthalmologic evaluation monitoring for the
accumulation of retinal deposits, although the risk is low with less than 5 years of
therapy.120.121 persistent hypercalcemia can be treated with ketoconazole, which inhibits
macrophage 1 a-hydroxylase, the enzyme that converts 25(OH) vitamin D to calcitriol in
sarcoidosis granulomas.8”:122 Granulomatous interstitial nephritis tends to respond to
corticosteroid therapy in the range of 1 mg/kg.87:123

SUMMARY

Granulomatous infiltration in systemic sarcoidosis may cause dysfunction in almost any
organ; however, decades of observations have helped define the more common
manifestations of sarcoidosis in various organs. An understanding of the typical patterns of
involvement is critical for early detection and treatment of disease. Sarcoidosis is
characteristically responsive to corticosteroids, which remain the mainstay of therapy.
Disease-modifying antiinflammatory drugs, including anti-TNF agents, play an increasing
role in managing refractory disease; however, further studies are required to clarify the roles
of these agents in the treatment of systemic sarcoidosis.
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Fig. 1.

Examples of cutaneous sarcoidosis. (A) Waxy papules over the eyelid of a patient with
systemic sarcoidosis. (8) Granulomatous inflammation within the area of 1 color of a tattoo
in a patient with systemic sarcoidosis. (Courtesy of Dr J. Merola, Brigham and Women’s
Hospital, Boston, MA.)
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Fig. 2.

Examples of ocular sarcoidosis. (A) Scleritis in a patient with sarcoidosis. (8) Optic nerve
swelling on fundoscopic exam. (Courtesy of Dr G. Papaliodis, Massachusetts Eye and Ear
Infirmary, Boston, MA.)
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Fig. 3.

Examples of neurosarcoidosis. (A) Orbital and dural involvement (arrow) on gadolinium-
enhanced T1-weighted fat-saturated MRI. (B) Diffuse nodular meningeal lesions on
gadolinium-enhanced T1-weighted fat-saturated MRI. (C) Involvement of the pituitary
infundibulum (arrow) on gadolinium-enhanced T1-weighted fat-saturated MRI. (D)
Involvement of the foramen of Magendie (arrow) causing hydrocephalus. (Courtesy of Dr
K. Talekar, Thomas Jefferson University Hospital, Philadelphia, PA.)
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Fig. 4.

Examples of musculoskeletal involvement in sarcoidosis. (A) Punched-out cortical lesions
and coarsened trabeculae yield a characteristic lacelike pattern in the proximal, middle, and
distal phalanges. (B) Focal targetlike lesions in the vertebral bodies seen on sagittal short-tau
inversion recovery sequence MRI. (C) Multiple large, lytic lesions within the skull of a
patient with sarcoidosis. (D) Lobular lesions (arrow) within the vastus medialis muscle on
gadolinium-enhanced MRI. (Courtesy of [A, C, O] Dr S. Smith, Brigham and Women’s
Hospital, Boston, MA; and [B] Dr K. Talekar, Thomas Jefferson University Hospital,
Philadelphia, PA.)
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Table 1

Chest radiographic staging

Stage Radiographic Findings

Stage 0 Normal radiograph

Stage | Bilateral hilar lymphadenopathy

Stage Il Bilateral hilar adenopathy and parenchymal infiltrates
Stage Il Parenchymal infiltrates alone

Stage IV Pulmonary fibrosis
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Diagnosis of ocular sarcoidosis

Table 2

Certainty of Ocular Sar coidosis Diagnosis®

Findings

Definite

Uveitis compatible with sarcoidosis
Biopsy of another organ supporting sarcoidosis

Presumed

Uveitis compatible with sarcoidosis
Biopsy not performed
Bilateral hilar adenopathy on chest imaging

Probable

3 signs of uveitis compatible with sarcoidosis

Biopsy not performed

2 other investigations supporting sarcoidosis:
Chest computed tomography abnormalities
Increased ACE or lysozyme level
Abnormal liver enzyme tests
Negative PPD in a BCG-vaccinated or

previously PPD-positive patient

Possible

4 signs of uveitis compatible with sarcoidosis

Lung biopsy negative

2 other investigations supporting sarcoidosis:
Chest computed tomography abnormalities
Increased ACE or lysozyme level
Abnormal liver enzyme tests
Negative PPD in a BCG-vaccinated or

previously PPD-positive patient
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In all cases, alternative causes of uveitis, in particular tuberculosis, must be excluded.

Abbreviations: BCG, bacille Calmette-Guérin; PPD, purified protein derivative.
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Diagnosis of neurosarcoidosis

Table 3

Certainty of Neur osar coidosis Diagnosis®

Findings

Definite Presentation suggestive of neurosarcoidosis
Nervous system histology with granulomatous
disease
Probable Presentation suggestive of neurosarcoidosis
One abnormality indicating CNS inflammation:
Increased CSF protein or cells
CSF oligoclonal bands
MRI findings consistent with sarcoidosis
Either biopsy of another organ supporting
sarcoidosis or 2 of the following#:
Increased ACE level
Abnormal chest imaging
Abnormal gallium scan
Possible Presentation suggestive of neurosarcoidosis

Criteria for probable neurosarcoidosis not met

In all cases, alternative diagnoses must be excluded.

Abbreviation.: CSF, cerebrospinal fluid.
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aModifications have more recently been proposed to exclude the ACE level criterion and to include an increased CD4/CD8 T-cell ratio >3.5 in

bronchoalveolar fluid or >5 in CSF.26
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