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Sarcoidosis from Head to Toe: What 
the Radiologist Needs to Know

Sarcoidosis is a multisystem granulomatous disorder characterized 
by development of noncaseating granulomas in various organs. 
Although the etiology of this condition is unclear, environmental 
and genetic factors may be substantial in its pathogenesis. Clinical 
features are often nonspecific, and imaging is essential to diagnosis. 
Abnormalities may be seen on chest radiographs in more than 90% 
of patients with thoracic sarcoidosis. Symmetric hilar and medias-
tinal adenopathy and pulmonary micronodules in a perilymphatic 
distribution are characteristic features of sarcoidosis. Irreversible 
pulmonary fibrosis may be seen in 25% of patients with the disease. 
Although sarcoidosis commonly involves the lungs, it can affect 
virtually any organ in the body. Computed tomography (CT), mag-
netic resonance imaging, and positron emission tomography/CT are 
useful in the diagnosis of extrapulmonary sarcoidosis, but imaging 
features may overlap with those of other conditions. Familiarity with 
the spectrum of multimodality imaging findings of sarcoidosis can 
help to suggest the diagnosis and guide appropriate management. 
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Introduction
Sarcoidosis is an idiopathic systemic granulomatous disorder char-
acterized by the development of noncaseating granulomas in various 
organs (Figs 1–3). It is a global disease with a worldwide incidence 
of 1–40 cases per 100 000 people per year and a prevalence of 0.2–64 
cases per 100 000 people (1–3). Although sarcoidosis is diagnosed in 
people of all races, there are substantial differences in the incidence 
depending on race, ethnicity, age, sex, and geography. For example, 
the incidence is low in Japan compared with that in northern Euro-
pean countries (2). In the United States, it is more common among 
African Americans (36 cases per 100 000 people) than in white peo-
ple (11 per 100 000 people) (1); and it is slightly more common in 
women. Sarcoidosis predominantly develops in patients 25–45 years 
old, although children and elderly patients may be affected (4–6).

The etiology of sarcoidosis remains unclear. Numerous stud-
ies have shown that both environmental and genetic factors may 
contribute to pathogenesis (4–6). Exposure to insecticides, mold, 
inorganic particles, and agricultural chemicals has been reported to 
increase the risk of sarcoidosis (6). Individuals involved in firefight-
ing, metal processing, and the U.S. Navy service have been shown 
to have a higher risk for developing this disease. The first respond-
ers in the World Trade Center terrorist attack of September 11, 
2001, were reported to have a high incidence of sarcoidosis (7).

Currently, there is no definite evidence to suggest that sarcoidosis 
is an infectious or communicable disease. However, the presence of 
mycobacterial and propionibacterial DNA was reported in tissue 
samples from patients with sarcoidosis. Indeed, a recent meta-anal-
ysis (8) that included 58 studies involving more than 6000 patients 
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Schaumann bodies, calcium oxalate crystals, and 
Hamazaki-Wesenberg bodies may develop in the 
granulomas. The presence of necrosis should lead 
to a search for an alternative diagnosis because this 
finding is rare in sarcoidosis, with the exception of 
a controversial rare sarcoid variant called necrotiz-
ing sarcoid granulomatosis (15,16).

In this review, we discuss the clinical and 
imaging features of pulmonary and extrapul-
monary sarcoidosis.

Clinical Features  
and Diagnostic Workup

The diagnosis of sarcoidosis requires histologic 
confirmation of noncaseating granulomas from 
tissue biopsy, presence of clinical-radiologic fea-
tures, and exclusion of other possible infectious 
and granulomatous conditions. Often there is a 
long delay in diagnosis because patients may be 
clinically asymptomatic despite the presence of 
abnormalities on chest radiographs (3). Nonspecific 
respiratory symptoms such as cough, dyspnea, and 
chest pain may be seen in 9%–19% of cases (3,17). 
Approximately 10%–30% of patients have ocular 
abnormalities, cutaneous lesions, or peripheral 
lymphadenopathy (3,4,6,13,18). Erythema nodo-
sum and acute ankle arthritis may be the present-
ing symptoms of acute sarcoidosis in 7%–27% of 
patients (3). Generalized fatigue is a common albeit 
nonspecific symptom seen in many patients (3).

Patients suspected of having sarcoidosis should 
undergo comprehensive evaluation that includes 
obtaining a thorough clinical history and perform-
ing a physical examination and chest radiography 
(3). Serum interleukin-2 receptor, neopterin, 
angiotensin-converting enzyme, chitotriosidase, 
lysozyme, plasma N-terminal probrain natriuretic 
peptide, and troponin T levels may be useful bio-
markers for disease activity (3). Chest radiography 
is the most common imaging modality used for 
pulmonary sarcoidosis, but CT is used frequently 
for a more comprehensive evaluation. Imaging for 
extrapulmonary sarcoidosis depends on the site of 
suspected involvement and often requires CT and 
magnetic resonance (MR) imaging.

Pulmonary Sarcoidosis
Radiographic abnormalities in the chest are seen in 
more than 90% of patients with thoracic sarcoid-
osis (6,17). Symmetric hilar lymphadenopathy is a 
characteristic imaging finding seen in most patients 
with thoracic sarcoidosis (Fig 1) (19–21). Mediasti-
nal adenopathy is common, especially that involving 
the right paratracheal and aortopulmonary window 
nodal stations. Although other conditions such as 
lymphoma, tuberculosis, and metastases also may 
cause hilar and mediastinal adenopathy, sarcoidosis 
typically results in symmetric involvement, which 

with sarcoidosis reported that propionibacterium 
and mycobacteria may be associated with the 
development of sarcoidosis.

Familial clustering in sarcoidosis has been 
reported in 4%–17% of cases (5,9). Sverrild et al 
(10) reported an 80-fold increased risk of devel-
oping sarcoidosis in monozygotic twins, which 
further lends support to genetic susceptibility for 
sarcoidosis. Human leukocyte antigen type may 
also be important in sarcoidosis, with certain hu-
man leukocyte antigen subtypes resulting in in-
creased risk of its progressive form, while others 
may be associated with spontaneous resolution 
(11). The Sarcoidosis Genetic Analysis (SAGA) 
study reported that molecular cytogenetics may 
be important to disease susceptibility and clinical 
presentation in patients with sarcoidosis (12).

In studies (3,13,14), authors hypothesized that 
sarcoidosis is a cell-mediated immune response to 
unidentified antigens in genetically susceptible pa-
tients. The sarcoid granuloma may develop as part 
of a multistep process, where the antigens result 
in activation of macrophages and dendritic cells, 
which activate CD4 T cells through class II major 
histocompatibility complex molecules (2,13,14). 
The characteristic histologic feature of sarcoidosis 
is the presence of noncaseating granulomas (Fig 
3) (14–16). The center of the sarcoid granuloma 
contains epithelioid cells, macrophages, multinu-
cleated giant cells, and CD4+ T cells, while CD8+ 
T lymphocytes, B lymphocytes, and fibroblasts 
are seen at the periphery (13–16). Asteroid bodies, 

TEACHINg POINTS
 ■ Approximately 10%–30% of patients with sarcoidosis have 

ocular abnormalities, cutaneous lesions, or peripheral lymph-
adenopathy.

 ■ Well-defined micronodules measuring 2–5 mm with a peri-
lymphatic distribution along the bronchovascular bundles, 
interlobular septa, interlobar fissures, and subpleural regions 
are characteristic CT findings seen in pulmonary sarcoidosis.

 ■ Although sarcoidosis typically manifests with symmetric hi-
lar and mediastinal adenopathy, perilymphatic micronod-
ules, and fibrotic changes, it can be associated with a wide 
range of atypical imaging features. Sarcoidosis may manifest 
as asymmetric or unilateral hilar or mediastinal adenopathy, 
which can mimic lymphoma, metastatic adenopathy, tuber-
culosis, or other granulomatous disorders. Similarly, a spec-
trum of atypical pulmonary parenchymal abnormalities have 
been described in sarcoidosis, including mass-like opacities, 
confluent alveolar opacities (alveolar sarcoid), bulky confluent 
pulmonary masses, ground-glass opacities, interlobular septal 
thickening, fibrocystic changes, and miliary opacities.

 ■ Cardiac sarcoidosis can result in various cardiac abnormalities 
including atrioventricular block, bundle branch block, ven-
tricular tachycardia, heart failure, and sudden death.

 ■ Leptomeningeal sarcoidosis may manifest as diffuse or nodu-
lar thickening and enhancement of the leptomeninges on 
contrast-enhanced T1-weighted MR images.
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(22). In stage III sarcoidosis, chest radiographs 
show only pulmonary infiltrates (in 10%–15% of 
patients). Stage IV sarcoidosis manifests as pulmo-
nary fibrosis on chest radiographs and accounts 
for 5% of all cases of sarcoidosis (22). More than 
90% of patients with stage I disease identified on 
chest radiographs may recover completely without 
treatment (22). In comparison, the recovery rate in 
untreated patients with stage IV disease essentially 
decreases to 0% (22).

The presence of characteristic chest radio-
graphic abnormalities in the correct clinical con-
text may be sufficient for diagnosis of sarcoidosis. 
However, further evaluation frequently is per-
formed with CT, which is more sensitive for detec-
tion of parenchymal abnormalities and thoracic 
lymphadenopathy (Figs 1, 2, 4) (20). CT also may 
be useful in patients for whom there is a high clini-
cal suspicion for complications such as aspergil-
loma, concurrent infection, or malignancy. CT can 

can help to distinguish it from other entities. Fur-
thermore, lymphadenopathy in sarcoidosis typically 
does not compress the adjacent vasculature, unlike 
malignancies that tend to cause a mass effect on 
surrounding structures.

Chest radiographs may show a range of pul-
monary parenchymal abnormalities including 
micronodules (often with a perilymphatic distribu-
tion), macronodules (often with a peribroncho-
vascular distribution), reticulonodular opacities, 
ground-glass changes, and pulmonary fibrosis 
(Fig 4). In 1961, Scadding (22) reported on a 
radiographic staging system for sarcoidosis. Stage 
0 (seen in 5%–15% of patients with sarcoidosis) 
refers to sarcoidosis that is occult on chest radio-
graphs. In stage I sarcoidosis, chest radiographs 
show only thoracic adenopathy (in 25%–65% 
of patients with sarcoidosis) (22). In stage II, 
chest radiographs show thoracic adenopathy and 
pulmonary infiltrates (in 25%–65% of patients) 

Figure 1. Pulmonary sarcoidosis in a 32-year-old woman. Posteroanterior chest radiograph (a) and axial chest computed to-
mographic (CT) image (mediastinal window) (b) show bilateral hilar (white arrows) and mediastinal (black arrow) adenopathy.

Figure 2. Pulmonary sarcoidosis in a 24-year-old man. Axial thin-section chest CT images show pulmonary micronodules in a 
perilymphatic distribution, including perifissural nodules (black arrow) and peribronchovascular nodules (white arrow).
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be helpful for guiding transbronchial biopsy and 
endobronchial ultrasonographically (US)-guided 
fine-needle aspiration. Thin-section CT is optimal 
for assessment of pulmonary parenchymal abnor-
malities. Well-defined micronodules measuring 
2–5 mm with a perilymphatic distribution along 
the bronchovascular bundles, interlobular septa, 
interlobar fissures, and subpleural regions are 
characteristic CT findings seen in pulmonary sar-
coidosis (Fig 2) (23). Nodules tend to occur more 
commonly in the middle to upper lung zones. Air 
trapping at expiratory CT also is seen frequently 
in sarcoidosis.

Numerous CT-based scoring systems have 
been developed for evaluation of the correlation 
between CT findings and pulmonary function test 
results in pulmonary sarcoidosis (24,25). A recent 
CT scoring system based on nodularity, ground-
glass opacification, interlobular septal thickening, 
and consolidation was reported to allow quantifi-
cation of disease activity and prediction of forced 
vital capacity response to therapy at 1 year (24). 
Walsh et al (25) reported that both the visual 
assessment of the extent of lung fibrosis and the 
ratio of the diameter of the main pulmonary artery 
to the diameter of the ascending aorta at nonen-
hanced CT may provide additional prognostic in-

formation. The authors used an integrated clinical-
radiologic staging system combining a composite 
physiologic index (derived from diffusion capacity 
of carbon monoxide, forced vital capacity, and 
forced expiratory volume in 1 second) and thin-
section CT imaging features (eg, the presence 
and extent of fibrosis, ground-glass opacification, 
emphysema, and traction bronchiectasis) and 
reported that this combined staging algorithm was 
more predictive of mortality than was any single 
feature on its own (25).

Although sarcoidosis typically manifests 
with symmetric hilar and mediastinal adenopa-
thy, perilymphatic micronodules, and fibrotic 
changes, it can be associated with a wide range of 
atypical imaging features (21,26–28). Sarcoidosis 
may manifest as asymmetric or unilateral hilar or 
mediastinal adenopathy, which can mimic lym-
phoma, metastatic adenopathy, tuberculosis, or 
other granulomatous disorders. Similarly, atypi-
cal pulmonary parenchymal abnormalities have 
been described in sarcoidosis, including mass-like 
opacities, confluent alveolar opacities (alveolar 
sarcoid), bulky confluent pulmonary masses, 
ground-glass opacities, interlobular septal thick-
ening, fibrocystic changes, and miliary opaci-
ties. Tracheobronchial and pleural involvement 

Figure  3.  Node biopsy–confirmed sarcoidosis in a 
51-year-old woman with thoracic nodes and hepatic 
involvement. Photomicrograph (hematoxylin-eosin 
stain; original magnification, 334) shows a central 
giant cell (black arrow) within a central collection of 
epithelioid cells, surrounded by a rim of lymphocytes 
(white arrows) in the periphery. Collagen bands (ar-
rowheads) also are seen.

Figure 4.  Pulmonary sarcoidosis in a 48-year-old man. Posteroanterior chest radiograph (a) and axial chest CT image (b) show 
central bronchial distortion (arrows), reticulonodular opacities, and volume loss consistent with pulmonary fibrosis.
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(eg, effusion, chylothorax, hemothorax, pleural 
thickening, and pleural plaques) also may occur 
infrequently. Such atypical imaging features can 
pose a substantial diagnostic challenge. 

Differential diagnoses may include a wide 
spectrum of disorders such as bronchiolitis, 
lymphangitic carcinomatosis, hypersensitivity 
pneumonitis, Langerhans cell histiocytosis, usual 
interstitial pneumonia, cryptogenic organizing 
pneumonia, and nonspecific interstitial pneumo-
nia. Clinical correlation and histologic evaluation 
may be required for definitive diagnosis.

Pulmonary fibrosis may develop in 20%–25% 
of patients with sarcoidosis (Fig 4). Typically, 
these fibrotic changes are seen along the upper 
and middle zones of the lungs. Abehsera et al 
(29) reviewed CT examinations of 80 sarcoidosis 
patients with pulmonary fibrosis and identified 
three main CT patterns, each associated with a 
different functional profile. Forty-seven percent 
of the patients had predominant central bronchial 
distortion, which was associated with obstruction 
and air trapping; 29% had peripheral honey-
combing, which was associated with restriction 
and lower diffusion capacity of the lung for car-
bon monoxide; and 24% had a diffuse linear pat-
tern, which had minimal functional impairment.

In addition to pulmonary fibrosis, other 
complications such as pulmonary hypertension 
and mycetoma may be associated with thoracic 
sarcoidosis (30). CT is more sensitive for diagnosis 
of pulmonary arterial hypertension than is radiog-
raphy and may demonstrate a dilated pulmonary 
trunk of greater than 29 mm in diameter and 
enlarged right and left pulmonary arteries (26). 
The ratio of the main pulmonary artery to the 
ascending aorta tends to be greater than 1. Recent 
studies report that this ratio may be predictive of 
mortality, independent of all other CT patterns 
(25). Pulmonary aspergillosis and mycetoma may 
develop in up to 2% of sarcoidosis patients, but 
the incidence may be higher in those with pul-
monary fibrosis, cystic lung disease, preexisting 
pulmonary cavities, and bronchiectasis (31).

While radiography and CT are the most 
commonly used imaging modalities for thoracic 
sarcoidosis, fluorine 18 (18F) fluorodeoxyglucose 
(FDG) positron emission tomography (PET) and 
PET/CT have been shown to be increasingly use-
ful in the management of sarcoidosis, including 
the diagnosis, staging, evaluation of disease activ-
ity, and assessment of treatment response (32,33). 
Studies (34,35) have reported high sensitivity of 
PET and PET/CT (94%–100%) for thoracic sar-
coidosis. PET/CT may be helpful in detecting sites 
of extrathoracic involvement, especially those that 
are occult on anatomic images (36–39). Further-
more, 18F FDG PET findings have been reported 

to correlate with lung function parameters and 
can help identify disease activity and severity in 
sarcoidosis (40). PET/CT also has been reported 
to be useful for evaluating treatment response 
in patients with pulmonary and extrapulmonary 
sarcoidosis (32,33,41–43).

Cardiac Sarcoidosis
Autopsy studies report cardiac involvement in 
25% of sarcoidosis cases, but clinically evident 
disease is seen in only 5% of cases (2,44). Car-
diac involvement in sarcoidosis may be associated 
with high mortality and accounts for 13%–25% 
of sarcoidosis-related deaths in the United States. 
The mortality rates are higher in Japan, where 
cardiac involvement accounts for up to 85% of 
sarcoidosis-related deaths (44). Patients may be 
clinically asymptomatic; studies (45–47) report 
that 13%–39% of patients with sarcoidosis may 
have clinically silent cardiac sarcoidosis, despite 
imaging studies showing cardiac involvement. 
When symptomatic, patients may present with 
chest pain, palpitations, dyspnea, and syncope. 
Cardiac sarcoidosis can result in various cardiac 
abnormalities including atrioventricular block, 
bundle branch block, ventricular tachycardia, 
heart failure, and sudden death (48,49).

Approximately 16%–35% of patients younger 
than 60 years who present with an unexplained 
complete atrioventricular block or ventricular 
tachycardia may have cardiac sarcoidosis as the 
underlying cause (50). In patients with symp-
tomatic cardiac sarcoidosis, the cardiac symp-
toms dominate the clinical presentation, with 
only mild extracardiac clinical features. Further-
more, up to one-third of patients with clinically 
symptomatic sarcoidosis may have isolated 
cardiac involvement (45,50). Therefore, cardiac 
sarcoidosis should be considered in the differen-
tial diagnosis of any patient, especially younger 
individuals, who presents with cardiac conduc-
tion abnormalities, ventricular arrhythmia, or 
heart failure of unknown etiology (45,48). 

The electrocardiogram may reveal nonspecific 
abnormalities including an atrioventricular block 
or a bundle branch block (46,47). Echocardiogra-
phy may show left ventricular regional wall motion 
abnormalities, thinning of the basal interventricular 
septum, thinning of the left ventricular free wall, 
dilatation of the left ventricle, reduced ejection frac-
tion, and ventricular aneurysms, but none of these 
findings are specific for cardiac sarcoidosis (47). 

The criterion standard for diagnosis of cardiac 
sarcoidosis is histologic confirmation of nonca-
seating granulomas by means of endomyocardial 
biopsy; however, this is an invasive procedure and 
may be associated with a low diagnostic yield of 
20%–50% owing to sampling errors (44,45).
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Imaging, especially cardiac MR imaging and 
cardiac FDG PET, has an important role in the 
noninvasive diagnosis of cardiac sarcoidosis and 
is included in the diagnostic criteria by both 
the International Heart Rhythm Society Expert 
Consensus Recommendations on Criteria for Di-
agnosis of Cardiac Sarcoidosis and the Japanese 
Ministry of Health and Welfare Guidelines (Fig 
5) (51,52). There is no specific pattern of late 
gadolinium enhancement at cardiac MR imaging 
that is diagnostic for cardiac sarcoidosis. How-
ever, cardiac sarcoidosis usually is associated with 
patchy and multifocal late gadolinium enhance-
ment in the basal segments, particularly of the 
septum and the lateral wall, and tends to affect 
the midmyocardium and epicardium, sparing the 
subendocardium (53,54). 

Cardiac MR imaging can allow identification 
of clinically silent cardiac sarcoidosis, which may 
be vitally important and provide an opportu-
nity to better manage the disease and improve 
prognosis (46,47). There are many conditions to 
consider in the differential diagnosis of delayed 
myocardial enhancement on cardiac MR images, 
including myocardial infarction, myocarditis, 
and cardiac amyloidosis (54,55). In myocardial 
infarction, the late gadolinium enhancement typi-
cally is limited to the subendocardial or transmu-
ral region and characteristically is restricted to 
the affected vascular territory (54,55). 

In myocarditis, cardiac MR imaging may 
show delayed enhancement in a nonvascular 
distribution and often is associated with wall 
abnormalities. Subepicardial enhancement is the 
dominant pattern in most cases of myocarditis, 
although transmural enhancement may develop 

in cases of severe myocardial damage (54,55). 
The degree of enhancement is reported to 
become less intense over weeks, especially with 
scar development. In cardiac amyloidosis, MR 
imaging often shows biventricular hypertrophy 
and diffuse or heterogeneous left ventricular 
wall enhancement (54,55). Correlating the clini-
cal findings with imaging features may be useful 
in narrowing the differential diagnosis.

18F FDG PET also has an increasingly impor-
tant role in the diagnosis, management, and prog-
nostication of cardiac sarcoidosis (56). Active sar-
coidosis is associated with patchy focal 18F FDG 
uptake (Fig 5). Comprehensive assessment for 
cardiac sarcoidosis can be achieved by perform-
ing a resting myocardial perfusion sequence with 
18F FDG PET (57). A normal result is defined as 
normal perfusion and normal 18F FDG uptake. 
On the other hand, the presence of focal 18F 
FDG uptake with or without a perfusion defect 
suggests active inflammatory sarcoidosis. 

The presence of a perfusion defect without 
FDG uptake is in keeping with cardiac sarcoidosis 
associated with myocardial fibrosis and scarring 
(58). Blankstein et al (57) reported a four-fold in-
crease in the annual rate of ventricular tachycardia 
or death in the group with both abnormal perfu-
sion defects and abnormal FDG uptake compared 
with those with normal study results.

Youssef et al (59) reported 89% sensitivity 
(95% confidence interval: 79%, 96%) and 78% 
specificity (95% confidence interval: 68%, 86%) 
for 18F FDG PET in the diagnosis of cardiac 
sarcoidosis. A more recent meta-analysis (60) 
that included 16 studies with a total of 559 
patients confirmed the high diagnostic accuracy 

Figure 5.  Cardiac sarcoidosis in a 45-year-old man with progressively worsening dyspnea on exertion, a new 
right bundle branch block on an electrocardiogram (not shown), and a 2:1 atrioventricular block during exer-
cise. (a) Sagittal cardiac MR image shows patchy areas of delayed gadolinium enhancement (arrows). Localized 
asymmetric basal septal thinning and right ventricular hypertrophy were also seen. (b) Sagittal fused PET/MR 
image shows heterogeneous FDG uptake (arrows) in the corresponding areas of abnormality.
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of 18F FDG PET for cardiac sarcoidosis and also 
reported that this diagnostic accuracy may be 
substantially affected by the patient’s duration 
of fasting, use of a low-carbohydrate diet, and 
administration of heparin (for cardiomyocyte 
glucose uptake suppression) before imaging.

 Given the complimentary roles of PET and 
MR imaging, a combination of the two modali-
ties may add value in diagnosis of cardiac sar-
coidosis, especially because cardiac MR imaging 
is more sensitive for myocardial scarring, whereas 
PET may be helpful for identification of the early 
inflammatory stage without any scarring (61).

18F FDG PET also may be useful for moni-
toring disease activity and evaluating treatment 
response in patients with cardiac sarcoidosis 
(62–67). In a study involving 23 patients with 
cardiac sarcoidosis, a reduction in the intensity 

and extent of myocardial inflammation at FDG 
PET after therapy was shown to be significantly 
associated with improvement in left ventricular 
ejection fraction (63). The vital role of 18F FDG 
PET in cardiac sarcoidosis has been acknowl-
edged by the Society of Nuclear Medicine and 
Molecular Imaging (SNMMI) and the American 
Society of Nuclear Cardiology (ASNC), which 
recently released guidelines supporting the use of 
18F FDG PET in detection of cardiac sarcoidosis 
and assessment of treatment response (62).

Neurosarcoidosis
Autopsy studies report a high incidence of subclini-
cal asymptomatic neurosarcoidosis of 25%–50% 
(68). Clinically recognized symptomatic central 
nervous system sarcoidosis is present in 5%–15% 
of all patients with sarcoidosis (Figs 6–8), and most 

Figure 6. Neurosarcoidosis in a 53-year-old woman. 
(a) Coronal contrast material–enhanced T1-weighted 
MR image shows thick nodular pachymeningeal en-
hancement (arrows) along the basilar dura, includ-
ing near the cerebellopontine angles and tentorial 
reflections bilaterally. (b) Axial contrast-enhanced 
T1-weighted MR image shows nodular enhancement 
along the seventh and eighth cranial nerve complex (ar-
row). (c) Axial T2-weighted fluid-attenuated inversion-
recovery MR image shows a hyperintense lesion in the 
left medulla (arrow), a finding consistent with intrapa-
renchymal involvement.
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of these patients have extraneural manifestations 
(6). Isolated central nervous system sarcoidosis is 
rare, affecting 1% of all patients with sarcoidosis 
(68). The clinical features of neurosarcoidosis de-
pend on the site of involvement and include facial 
nerve palsy, vision loss, diplopia, headache, seizure, 
meningism, weakness, and paresthesia (69). 

Cranial nerve involvement, and in particular, 
facial nerve involvement, is a common manifes-
tation in patients with clinically symptomatic cen-
tral nervous system sarcoidosis (Fig 6). Bilateral 
facial nerve palsy may develop in up to one-third 
of patients with neurosarcoidosis. Patients also 
may present with Heerfordt syndrome, which in-
cludes symptoms such as facial nerve palsy, fever, 
parotid gland enlargement, and uveitis (3,6,13). 
Sarcoidosis also may affect other cranial nerves 
including the olfactory, auditory, and optic nerves 
(Fig 7). Cranial neuropathy may manifest at MR 
imaging as abnormal enlargement and enhance-
ment of the involved cranial nerves.

Leptomeningeal involvement in sarcoidosis 
(sarcoid meningitis) is reported to develop in 
up to one-third of patients with central nervous 
system sarcoidosis and may result in hydrocepha-
lus, seizures, or cognitive decline (69). Lepto-
meningeal sarcoidosis may manifest as diffuse or 
nodular thickening and enhancement of the lep-
tomeninges on contrast-enhanced T1-weighted 
MR images (Fig 6) (70). 

There may be disruption of the blood-brain 
barrier, which may result in spread of disease along 
the cortical sulci, perivascular spaces, and the cis-
terns around the base of the brain. Multiple small 

granulomas may coalesce, resulting in intra-axial 
masses with surrounding edema (71). However, 
these findings are not specific and may be seen in 
other conditions such as tuberculosis, lymphoma, 
and metastases. Correlation with abnormalities of 
the cerebrospinal fluid may be helpful. In par-
ticular, patients who show diffuse leptomeningeal 
gadolinium enhancement at MR imaging are more 
likely to harbor cerebrospinal fluid abnormalities 
(70,71). Dural involvement also is known to occur 
in sarcoidosis, and focal dural masses tend to be T2 
hypointense at MR imaging of the brain (70,71).

Sarcoid granulomas may involve any portion of 
the brain parenchyma but are found more often 
in the hypothalamus and pituitary gland, which 
can result in diabetes insipidus. Imaging find-
ings include plaque-like or nodular thickening in 
the infundibular stalk and optic chiasm. Lesions 
may be T1 isointense or T2 hypointense and may 
show marked enhancement on MR images (Fig 
8) (72). Hydrocephalus may be seen in 5%–12% 
of patients (69). Sarcoidosis that involves the 
cerebral white matter, cerebellum, and brainstem 
manifests as multiple tiny T2-hyperintense and 
T1-hypointense periventricular white matter le-
sions (69). Active sarcoidosis lesions commonly 
show enhancement with intravenous gadolinium 
administration. After therapy, these lesions may 
show diminished T2 hyperintensity and decreased 
enhancement (69,73). 

Dumas et al (73) classified central nervous 
system sarcoidosis into three types. Parenchymal 
lesions that show enhancement on gadolinium-
enhanced T1-weighted images are classified as type 

Figures 7, 8.  (7) Neurosarcoidosis in a 67-year-old woman. Axial contrast-enhanced T1-weighted MR image 
shows nodular enhancement in the left optic nerve (arrow), sella turcica, and leptomeningeal region. (8) Pitu-
itary sarcoidosis in a 32-year-old woman. Sagittal contrast-enhanced T1-weighted MR image shows an avidly 
and heterogeneously enhancing nodular mass in the sella turcica, extending to the optic chiasm (arrow). 
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1, while nonenhancing lesions are classified as type 
2 (nodular or confluent abnormalities with T2 high 
signal intensity in the periventricular regions and in 
the deep white matter, which mimic demyelinating 
lesions seen in multiple sclerosis) or type 3 (2–8-
mm multifocal patchy T2-hyperintense lesions in 
the subcortical white matter, which mimic those 
seen in small-vessel atherosclerotic disease). Dumas 
et al (73) reported that gadolinium enhancement 
may be a marker for biologically active lesions and 
that enhancing lesions potentially are reversible and 
may regress after corticosteroid therapy. In com-
parison, type 2 and type 3 lesions are irreversible.

Spinal cord involvement tends to manifest in 
elderly patients, with lesions more commonly seen 
in the cervicothoracic spine. The clinical features 
may mimic those seen in cervical spondylitis. Spi-
nal neurosarcoidosis may show a wide spectrum of 
findings at MR imaging, including leptomeningeal 
enhancement, fusiform spinal cord enlargement, 
focal or diffuse intramedullary disease, intradural 
extramedullary lesions, extradural lesions, and 
spinal cord atrophy. Typically, the lesions are T1 
hypointense and T2 hyperintense and show patchy 
enhancement (72). Cerebrovascular involvement 
also has been reported in sarcoidosis and may 
result in transient ischemic attacks, strokes, and, 
rarely, even intracranial hemorrhage.

The role of PET/CT in neurosarcoidosis is not 
yet clear. Authors of case reports and small case 
series (74–76) suggest that PET/CT may be use-

ful, but larger studies are required before this use 
becomes the standard of care.

The definitive diagnosis of neurosarcoidosis 
requires biopsy confirmation (69). However, in 
most instances, this is not feasible, and a diag-
nosis of probable neurosarcoidosis can be made 
on the basis of the clinical evidence such as 
cerebrospinal fluid abnormalities (eg, elevated 
cerebrospinal fluid cell counts, elevated protein 
levels, and the presence of oligoclonal bands), 
MR imaging features of neurosarcoidosis, con-
firmation of systemic sarcoidosis (from biopsy of 
a nonneurologic site, positive results on a Kveim 
test, or elevated serum angiotensin-converting 
enzyme plus imaging findings of sarcoidosis at 
chest imaging or gallium imaging) (69).

Head and Neck Sarcoidosis
Ten percent to 15% of patients with sarcoidosis 
have head and neck manifestations (77). Any site 
in the head and neck may be involved, including 
the orbits, sinonasal regions, pharynx, hypo-
pharynx, salivary glands, thyroid gland, cervical 
nodes, and larynx (Figs 9–11) (78).

Orbital involvement may be seen in 11%–83% 
of patients with head and neck sarcoidosis 
(17,78,79). The uvea, optic nerve, lacrimal gland, 
extraocular muscles, orbital fat, and soft tissue 
may be affected (Fig 9). Ocular involvement is 
fairly common in the orbits and has been re-
ported in 19%–21% of patients with sarcoidosis 

Figures 9, 10.  (9) Head and neck sarcoidosis in a 32-year-old woman. Coronal contrast-enhanced T1-weighted 
MR image shows nodular thickening and enhancement of the left lacrimal gland (white arrow) and superior, 
medial, and inferior recti muscles (black arrows). Nodular thickening and enhancement also are seen in the right 
lateral rectus muscle and the right maxillary sinus. The differential diagnosis includes consideration of pseudotu-
mor, sarcoidosis, and granulomatosis with polyangiitis. A diagnosis of noncaseating granuloma was confirmed 
on the basis of biopsy results. (10) Head and neck sarcoidosis in a 37-year-old man. Axial contrast-enhanced 
T1-weighted MR image shows a focal enhancing mass in the left parotid gland. The presence of a noncaseat-
ing granuloma was confirmed on the basis of biopsy results and was consistent with a diagnosis of sarcoidosis.
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(80). Anterior uveitis is the most common ocular 
manifestation (65%–71%), followed by posterior 
and intermediate uveitis (2). Patients may present 
with pain, redness, photophobia, blurred vision, 
and floaters. The diagnosis usually is made on the 
basis of clinical examination. Optic nerve involve-
ment may result in pain and affect central visual 
acuity and color vision. Abnormal high signal 
intensity may be seen in the optic nerve on T2-
weighted images, while contrast-enhanced T1-
weighted images may reveal nodular thickening 
and enhancement. However, these appearances 
are not specific and may be seen in other inflam-
matory and neoplastic conditions including optic 
neuritis, lymphoma, and carcinomatosis (81). 

The lacrimal gland may be involved in up to 
10% of patients with head and neck sarcoidosis, 
resulting in swollen eyelids or xeropthalmia (81). 
Both CT and MR imaging may show abnormally 
enlarged and enhancing lacrimal glands (81). In-
volvement of the extraocular muscle and orbital 
fat are rare manifestations of sarcoidosis. CT and 
MR imaging may show abnormal thickening and 
enhancement in extraocular muscles and ten-
dons. Heterogeneous, infiltrative, enhancing soft-
tissue masses may be seen in the retrobulbar fat.

Parotid gland involvement may occur in 5% 
of patients with sarcoidosis (Fig 10). The clini-
cal manifestations include enlargement of the 
parotid gland, xerostomia, and facial nerve palsy. 
Parotid gland involvement also may occur as part 
of Heerfordt syndrome. Gallium 67(67Ga)-citrate 
scintigraphy may show abnormal bilateral uptake 
in the parotid and lacrimal glands in patients 
with sarcoidosis, along with normal uptake in the 
nasopharyngeal mucosa, commonly referred to as 
“the panda sign” (81). However, this sign is not 
pathognomonic for sarcoidosis, because lym-

phoma and Sjögren syndrome also may cause a 
similar appearance (81).

Sinonasal sarcoidosis may manifest with 
nonspecific symptoms such as nasal obstruction 
and rhinosinusitis, which may result in delayed 
diagnosis (77,78). CT and MR imaging may 
show nodular thickening and enhancement in 
the nasal septum and turbinates. Paranasal sinus 
involvement may result in soft-tissue opacifica-
tion. More aggressive lesions may be associated 
with destruction of the adjacent bones and may 
extend to intracranial structures. Sarcoidosis 
also can involve the external ear, middle ear, and 
temporal bone (77). 

Rarely, laryngeal structures including the 
epiglottis, arytenoids, aryepiglottic folds, and 
false vocal folds may be affected. Mild laryngeal 
involvement may be clinically silent but can result 
in hoarseness and dyspnea. In severe cases, pa-
tients may present with stridor, mandating urgent 
tracheostomy. The imaging findings are nonspe-
cific, but the affected regions may show edema 
and nodular thickening (81).

Sarcoidosis of the thyroid gland has been 
reported in up to 4% of patients with sarcoidosis 
in autopsy studies (77,78). US may show diffuse 
enlargement and nonspecific thyroid nodules 
(Fig 11). Biopsy may be required to differentiate 
it from other conditions such as multinodular 
goiter and malignancies. Cervical adenopathy 
can occur in up to 40% of patients with head 
and neck sarcoidosis (6,77,78). CT or MR 
imaging may reveal homogenously enhancing 
nodes. Sarcoidosis also may involve the vessels 
in the head and neck, as in vasculitis involv-
ing the carotid arteries. MR imaging may show 
abnormal soft-tissue thickening encasing the 
carotid vessels (81).

Figure 11. Sarcoidosis involving the thyroid gland in a 34-year-old woman. (a) US image of the thyroid shows a 
large heterogeneous nodule in the left thyroid lobe (arrow). (b) Color Doppler US image shows mild Doppler flow 
in the left thyroid nodule. A diagnosis of sarcoidosis was confirmed on the basis of biopsy results. The patient also 
had a pulmonary sarcoid (not shown).
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Abdominal and Pelvic Sarcoidosis
Sarcoidosis can affect any abdominal organ, but 
the liver, spleen, peritoneum, kidneys, and stom-
ach are more commonly affected (Figs 12–20) 
(49). Autopsy studies show that the liver may be 
involved in 24%–80% of patients with systemic 
sarcoidosis (23,68). In most cases, hepatic mani-
festations of sarcoidosis coexist with pulmonary 
sarcoidosis, but isolated hepatic disease without 
thoracic involvement may develop in up to 13% 
of patients (82). Hepatic sarcoidosis is often 
asymptomatic (23,68). However, symptomatic 
hepatic involvement that manifests as fatigue, 
fever, arthralgia, nonspecific abdominal pain, 
jaundice, and pruritus may occur in 5%–15% of 
patients. Portal hypertension and cirrhosis can 
develop in patients with long-standing hepatic 
sarcoidosis.

US, CT, and MR imaging are commonly used 
in the evaluation of hepatic sarcoidosis (83). US 
may show hepatomegaly, heterogeneous liver 
parenchyma, and increased liver echogenicity 
(84). US also may reveal innumerable small hy-
poechoic lesions in 5%–19% of patients (Fig 12a) 
(85–87). CT is reported to be more sensitive than 
US for identifying these heterogeneous hypoin-
tense nodules, which typically measure only a few 
millimeters, but larger lesions may develop, espe-
cially when the smaller lesions coalesce (Fig 13) 
(85–87). These sarcoidosis nodules are usually 
hypointense on both T1- and T2-weighted MR 
images (88). The differential diagnosis includes 
evaluation for metastases, lymphoma, fungal mi-
croabscesses, and mycobacterial infections. When 
there is doubt regarding the definitive diagnosis, 
biopsy may be warranted. 

Figures  12,  13.  (12) Hepatic sarcoidosis in a 50-year-old man. US image shows numerous small poorly defined 
hypoechoic lesions (arrows). A diagnosis of hepatic sarcoidosis was confirmed on the basis of biopsy results. Small 
hepatic sarcoid lesions may be difficult to evaluate with US but are often better visualized with CT and MR imaging. 
(13) Hepatosplenic sarcoidosis in a 33-year-old man. Axial CT image of the abdomen shows many tiny hypointense 
nodules in the liver (white arrows), slightly larger hypointense nodules in the spleen (arrowhead), and multiple upper 
abdominal nodes (black arrow).

Figure 14.  Hepatic sarcoidosis in a 51-year-old woman. (a) Axial T2-weighted MR image shows the T2 “halo sign,” 
with hypointense periportal zones (arrows). (b) Axial contrast-enhanced portal venous phase MR image shows poor 
enhancement in the periportal regions (arrows). The presence of hepatic sarcoidosis with prominent tracts of fibrosis 
along the periportal region was confirmed on the basis of the biopsy results.
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Sarcoidosis granulomas may grow along 
the portal tracts, which can be seen as areas of 
increased signal intensity on T2-weighted MR 
images (84). The T2 “halo sign” often reported 
with biliary cirrhosis or autoimmune hepatitis also 
can be seen in patients with hepatic sarcoidosis, 
manifesting as periportal T2-hypointense zones 
surrounding the portal triads that also may show 
decreased enhancement after administration of 
contrast material (Fig 14). Patients with advanced 
cases of hepatic sarcoidosis may develop bridging 
fibrosis and, ultimately, cirrhosis and can pres-
ent with imaging features of cirrhosis and portal 
hypertension. Sarcoidosis also can involve the 
intrahepatic and extrahepatic bile ducts, resulting 
in biliary dilatation and bile duct strictures (88).

Splenic involvement has been reported in 
38%–77% of cases in autopsy studies (19). 
Splenomegaly is relatively common, occur-
ring in 25%–60% of patients (83,85–87); 
and granulomas may be seen in the spleen in 
6%–33% of patients (83,85–87). The imag-
ing appearance of splenic sarcoidosis nodules 
mimics that of hepatic sarcoidosis in that the 
nodules are usually hypoechoic on US images, 
appear hypointense on CT images, and tend to 
be hypointense on T1- and T2-weighted MR 
images (Figs 15–17). In general, focal splenic 
lesions tend to be larger than hepatic foci. 

Although sarcoid nodules may show enhance-
ment on delayed phase images, the lack of pe-
ripheral discontinuous nodular enhancement in 
the early phases may help to differentiate them 
from other entities such as hemangiomas.

Pancreatic involvement is rare and usually is 
secondary to invasion from adjacent peripan-
creatic adenopathy, rather than isolated primary 
pancreatic involvement (49). The imaging fea-
tures are nonspecific and often indistinguishable 
from pancreatitis or pancreatic carcinoma, neces-
sitating biopsy for definitive diagnosis.

Although any part of the gastrointestinal luminal 
tract may be affected in patients with sarcoidosis, 
the stomach is the most common site of involve-
ment (Fig 17) (83). Barium studies may show 
nodular gastric mucosa with irregularly thickened 
folds, aphthous ulcers, and polypoid filling defects. 
Occasionally, a linitis plastica appearance may be 
seen with diffuse rigidity of the gastric wall and a 
narrowed lumen. Involvement of sarcoidosis in the 
small bowel and colon may result in coarse granu-
lar filing defects, mass-like lesions, or circumferen-
tial narrowing of the bowel lumen.

Autopsy studies report renal involvement 
in 7%–22% of patients with sarcoidosis (79). 
Renal sarcoidosis typically causes interstitial 
nephritis with an infiltrative pattern that tends 
to preserve the overall reniform shape of the 

Figure  15.  Splenic sarcoidosis in a 38-year-old woman. 
(a) US image shows many small hypointense lesions in the 
spleen (arrows). (b) Axial contrast-enhanced T1-weighted 
MR image shows small hypovascular lesions in the spleen 
(white arrows) and liver (black arrows). (c) Axial diffusion-
weighted image with a high b value (800 sec/mm2) shows 
many tiny lesions in the spleen (white arrows) and liver 
(black arrows) with restricted diffusion.
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kidney (2,89,90). Sarcoidosis causes abnormal 
calcium metabolism, which may result in hyper-
calcemia (in 10% of patients), hypercalciuria (in 
30%–40% of patients), and renal calculi (in 10% 
of patients) (2,89,90). Sarcoid macrophages 
possess 25-hydroxyvitamin D–1α-hydroxylase, 
which converts 25-hydroxyvitamin D to the 
more active vitamin D metabolite calcitriol (1,25 
dihydroxyvitamin D) (2,89,90). Normally, the 
production of calcitriol from 25-hydroxyvitamin 
D is regulated by parathyroid hormone, but in 
patients with sarcoidosis, the activated macro-
phages produce calcitriol independently, without 
the regulation of parathyroid hormone. This 
leads to excessive calcitriol-induced intestinal 
calcium absorption, with resultant hypercalcemia 

Figures 16, 17.  (16) Splenic sarcoidosis in a 59-year-old woman. Axial postcontrast CT image shows numerous small hy-
pointense lesions in the spleen (white arrows). Mild biliary dilatation also is seen (black arrows). (17) Sarcoidosis involving 
the esophagus, stomach, liver, and spleen in a 41-year-old man. Axial contrast-enhanced T1-weighted MR image shows tiny 
hypovascular lesions in the liver (white arrows) and spleen (black arrows). Abnormal heterogeneous thickening and enhance-
ment is also seen in the stomach. A diagnosis of sarcoidosis was confirmed on the basis of biopsy results.

Figures 18, 19.  (18) Renal sarcoidosis in a 42-year-old man. Axial CT image of the abdomen shows many hypoattenuating 
lesions in the kidneys (arrowheads) bilaterally. Upper abdominal adenopathy (arrows) is also present. Conditions considered 
in the differential diagnosis included metastases, lymphoma, pyelonephritis, interstitial nephritis, and immunoglobulin G4–
related renal disease. A diagnosis of sarcoidosis was confirmed on the basis of biopsy results. (19) Testicular sarcoidosis in a 
33-year-old man. Longitudinal US image of the right testicle shows scattered hypoechoic lesions (arrows). Lesions with a simi-
lar appearance were also seen in the left testicle (not shown). The patient had a known diagnosis of sarcoidosis, and concurrent 
CT of the chest showed bilateral hilar adenopathy, consistent with multisystem sarcoid involvement.

and hypercalciuria. Underlying renal function 
usually is maintained, but severe granuloma-
tous nephritis or substantial intrarenal calcium 
deposition rarely may result in renal failure. The 
lesions are hypovascular on CT images, causing 
a range of enhancement patterns from mottled 
or striated to the less frequently seen mass-like 
areas. CT may show nephromegaly, atrophy, or 
multifocal bilateral hypointense hypovascular 
masses (Fig 18). However, other conditions such 
as lymphoma, metastases, hypovascular renal 
cell carcinoma, and infection also may produce a 
similar appearance and should be considered in 
the differential diagnosis.

Sarcoidosis also can affect the testes and 
epididymis. US may show multiple unilateral 
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ing, or discrete focal peritoneal nodules (Fig 21) 
(23). However, tissue diagnosis is often required 
to differentiate it from peritoneal carcinomatosis 
or atypical infections such as tuberculosis.

Musculoskeletal Sarcoidosis
Sarcoidosis can involve the bones, joints, and 
muscles. Osseous involvement in sarcoidosis 
occurs in 1%–13% of patients, with an es-
timated average occurrence of 5% (91). Al-
though sarcoidosis can involve any bones in the 
axial and appendicular skeleton, small bones of 
the hand (in particular, the distal and middle 
phalanges of the second and third digits) are 
involved more commonly (23). Soft-tissue 
thickening may be seen surrounding the fingers 
and is referred to as “sausage dactylitis.” At 
radiography, a lace-like pattern of osteolysis 
with thickened trabeculae and a thin cortex are 
characteristically seen in the small bones of the 
hands and feet (Fig 22). A periosteal reaction is 
typically absent. Pathologic fractures with bone 
collapse and misalignment may occur because 
of sarcoid osteolysis.

Sarcoid involvement of the long bones of the 
extremities and axial skeleton is relatively uncom-
mon. Radiography and bone scintigraphy may 
not be sensitive for identifying sarcoid involve-
ment at these sites (23,92). CT may reveal lytic 
lesions with or without peripheral sclerosis. MR 
imaging is more sensitive for identification of 
osseous abnormalities and the extent of marrow, 
soft-tissue, and tendon involvement (92). How-
ever, MR imaging is not specific and may show a 

Figure 21. Peritoneal sarcoidosis in a 47-year-old man. Axial con-
trast-enhanced T1-weighted MR image shows nodular thickening 
and enhancement in the peritoneum (arrows). This appearance is 
nonspecific because peritoneal carcinomatosis, peritoneal lympho-
matosis, and infectious conditions such as tuberculosis also may 
cause a similar appearance. A diagnosis of peritoneal sarcoidosis 
was confirmed on the basis of biopsy results.

Figure 20. Sarcoidosis in a 62-year-old woman. Axial fused PET/CT images of the pelvis show a markedly FDG-avid 
mass in the pelvis, which is confluent with bulky left external iliac adenopathy (arrow in a), and an FDG-avid inguinal 
node (arrow in b). A diagnosis of sarcoidosis was confirmed on the basis of biopsy results.

or bilateral hypoechoic lesions in the testes and 
epididymis (Fig 19). Again, lymphoma, leu-
kemia, metastases, and other granulomatous 
diseases are the main considerations in the dif-
ferential diagnosis.

Abdominal and pelvic adenopathy may be 
seen in 30% of patients (83,85–87). Any nodal 
station may be involved, but upper abdominal 
nodes more commonly are involved compared 
with pelvic nodes. Usually, sarcoidosis-related 
adenopathy tends to be smaller than that in 
patients with lymphoma. Also, confluent nodal 
masses and involvement of retrocrural nodes are 
seen less frequently than they are in lymphoma. 
However, these findings are not specific, be-
cause massively enlarged nodes and retrocrural 
adenopathy have been known to develop in 
sarcoidosis (86). Sarcoidosis-related adenopa-
thy also may be FDG avid, making it difficult 
to exclude other causes such as lymphoma or 
metastases (Fig 20).

The peritoneum is a rare site of involvement 
in sarcoidosis and may show nonspecific imaging 
findings such as ascites, diffuse peritoneal strand-
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variable appearance including well-defined, focal 
T1-hypointense, T2-hyperintense, and enhancing 
intramedullary lesions or poorly defined infiltra-
tive processes in the bone marrow (Figs 23, 24). 
The corroborative clinical history of sarcoidosis 
may be helpful, but often biopsy is required to 
differentiate these from metastases or marrow 
neoplastic disorders such as lymphoma.

Sarcoid involvement of the joints is relatively 
common and is classified as acute arthritis or 
chronic or recurrent arthritis (93,94). Sarcoid 
arthritis tends to be more common in young 

women (<40 years old). The acute phase may 
manifest in 10%–40% of cases. Usually, it is 
seen early in the course of the disease (within 6 
months of diagnosis) and is typically self limit-
ing (93,94). Löfgren syndrome refers to acute 
sarcoidosis characterized by the combination 
of erythema nodosum, bilateral hilar adenopa-
thy, polyarthritis, and constitutional symptoms 
(3,6,13,18). Polyarthritis or oligoarthritis is much 
more common than is monoarthritis. The ankles, 
knees, wrists, proximal interphalangeal joints, 
metacarpophalangeal joints, and elbows are the 

Figure 23.  Osseous sarcoidosis in a 57-year-old man. (a) Sagittal T1-weighted MR image shows a large hypointense 
intramedullary lesion in the left tibia (arrow). A smaller lesion is seen superior to this. (b) Sagittal short inversion-time 
inversion-recovery (STIR) MR image shows heterogeneous high signal intensity in the lesion (arrow). (c) Sagittal fat-
suppressed contrast-enhanced T1-weighted MR image shows avid enhancement in the intramedullary lesions (arrow). 
A diagnosis of sarcoidosis was confirmed on the basis of biopsy results.

Figure 22. Osseous sarcoidosis in a 43-year-old man. Radiograph 
of the left hand shows lace-like osteolysis in the phalanges, with 
multiple well-defined lytic lesions (arrows). Note the preservation 
of joint space and the absence of periosteal reaction.
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commonly affected sites. Presenting symptoms 
include swelling, pain, erythema, tenderness, and 
reduced mobility and range of motion.

When the symptoms of sarcoid arthritis have 
persisted more than 6 months after the diagnosis 
of sarcoidosis, it is considered chronic sarcoid 
arthritis. In comparison with acute arthritis, the 
chronic form is seen infrequently, manifesting in 
1%–4% of patients. Patients may develop oligo-
arthritis involving the ankles or knees. Symptoms 
may recede, but recurrence is not uncommon. MR 
imaging may show the full extent of arthritis and 
reveal concurrent abnormalities such as tenosyno-
vitis, tendonitis, bursitis, and synovitis (23,92).

Asymptomatic muscular involvement may 
develop in 25%–80% of patients with sarcoid-
osis. However, symptomatic involvement is rare, 
manifesting in less than 0.5% of patients (6,93). 
When it is symptomatic, patients may present 
with features of acute myositis (fever, myalgia, 
muscle weakness), nodular sarcoidosis (pal-
pable nodules that may be painful or tender), or 
chronic myopathy (proximal muscle weakness, 
muscle atrophy, muscle contractures). Involve-
ment of the respiratory skeletal muscles may 
result in dyspnea. Nodular sarcoid myopathy 
can manifest as single or multifocal soft-tissue 
masses, often involving the lower extremities. 
In nodular sarcoid myopathy, lesions may have 
a star-shaped area of low signal intensity in the 

center and high signal intensity in the periphery 
on T2-weighted images (ie, the “dark star” ap-
pearance) (95). 

MR imaging can show the degree of granulo-
matous infiltration and the extent of fatty atro-
phy and also may help to guide biopsy, because 
the differential diagnosis includes polymyositis 
and steroid-induced myopathy (92). Subcutane-
ous involvement in sarcoidosis may manifest as 
focal or diffuse infiltrative lesions. These may be 
hypoechoic at US, while CT may show soft-
tissue-attenuation nodules. On MR images, le-
sions tend to be T1 hypointense compared with 
muscle and T2 hyperintense, with mild enhance-
ment on postcontrast images (92).

Cutaneous Sarcoidosis
There is a spectrum of cutaneous manifestations 
in sarcoidosis that may develop in 20%–35% of 
patients (2,3,13,96). The lesions specific for sar-
coidosis include maculopapule, nodule, plaque, 
subcutaneous nodule, infiltrative scar, and lupus 
pernio (2,3,13,96). Erythema nodosum; calci-
fications; prurigo; erythema multiforme; and 
nail changes such as clubbing, onycholysis, and 
subungual hyperkeratosis are the nonspecific 
findings seen in sarcoidosis (2,3,13,96). Papules 
are the most common manifestations and are 
typically tiny flesh-colored, red, or yellow lesions 
seen around the eyes and nasolabial folds and in 

Figure 24.  Sarcoidosis in a 62-year-old woman. (a) Sagittal T1-weighted MR im-
age of the lumbar spine shows numerous T1-hypointense lesions (arrows) in the 
lumbar vertebrae. (b) Sagittal short inversion time inversion-recovery (STIR) MR im-
age of the lumbar spine demonstrates T2-hyperintense lesions (arrow) in the lumbar 
spine. Biopsy of the bone lesion confirmed sarcoidosis.
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the head and neck regions (96). Lupus per-
nio, the most characteristic specific cutaneous 
manifestation of sarcoidosis, appears as reddish-
purple plaques associated with prominent telan-
giectasia and typically are seen in the nose, ear, 
cheek, and hand (96). 

Erythema nodosum, the other well-known 
but nonspecific cutaneous lesion in sarcoid-
osis, is thought to represent a hypersensitivity 
reaction to a hitherto unknown antigen (96). 
The lesions manifest as tender erythematous 
subcutaneous nodules on the shin and are usu-
ally associated with acute sarcoidosis. Löfgren 
syndrome refers to the constellation of erythema 
nodosum, bilateral hilar adenopathy, arthralgia, 
and fever and is thought to be virtually diag-
nostic for sarcoidosis, obviating the need for 
histopathologic confirmation (2,52,79).

Sarcoid-like Reactions
Sarcoid reactions or sarcoid-like reactions refer 
to the manifestation of noncaseating granulomas 
in patients with known malignancies, which can 
develop in the regional lymph nodes that drain a 
tumor site, in the tumor itself, or at other sites, 
without the systemic manifestations of sarcoidosis 
(Figs 25, 26) (97). Sarcoid reactions can develop 
during chemotherapy or immunotherapy and 
may cause substantial confusion, because they 
could be misconstrued to be progressive or recur-
rent disease. Similar to malignancies, sarcoid-like 
reactions also can demonstrate uptake of FDG at 
PET/CT, which can make it extremely difficult 
to differentiate between these two entities (98). 
Chowdhury et al (98) reviewed FDG PET/CT 
studies in 23 patients with sarcoid-like reactions 
and reported that 100% of them had mediasti-
nal nodal FDG uptake, 85% had symmetrical 
hilar uptake, and 65% had extrathoracic uptake, 
including that in the abdominal nodes, liver, and 
spleen (Figs 25, 26) . We suggest that awareness 
of the pattern of FDG uptake in sarcoid reactions 
may help to avoid misinterpretation of these as 
progressive disease, but tissue diagnosis may be 
necessary in most cases for definitive confirma-
tion (98).

Management
Currently available treatment options are not 
curative, but rather are aimed at controlling the 
granulomatous process. Given the high prob-
ability of spontaneous resolution in patients with 
newly diagnosed early-stage pulmonary sarcoid-
osis, it may be preferable to monitor patients, 
without specific treatment in the early stages 
(2,3). Patients showing progression of symptoms, 
a worsening radiographic appearance, or decreas-
ing pulmonary function should be considered for 

treatment (3). Indications for systemic treatment 
also include extrapulmonary diseases such as 
cardiac, central nervous system, renal, ocular, 
and cutaneous sarcoidosis (those that do not 
respond to topical therapy) and symptomatic 
hypercalcemia (2,3,13). Systemic corticosteroids 
are the mainstay of treatment in sarcoidosis (2,3). 
Patients who experience disease progression 
while taking steroids or those in whom steroids 
are contraindicated may be considered for other 
medications such as antimalarial drugs, tetracy-
cline, methotrexate, azathioprine, leflunomide, 
cyclophosphamide, mycophenolate mofetil, pent-
oxifylline, infliximab, rituximab, and adalimumab 
(3,20). Patients should be monitored closely for 
adverse effects, given the high toxicity of these 
treatment regimens. Patients with advanced-stage 
disease involving the lungs, liver, heart, or kidneys 
may be considered for organ transplantation.

Although no strict guidelines currently are 
available for follow-up, the suggestion is that 
patients undergo clinical examination and chest 
radiography every 3–6 months. It also is reason-
able to monitor patients with pulmonary func-
tion tests, electrocardiography, and checking 
of serum creatinine and calcium levels every 6 
months (3). Patients who demonstrate response 
to steroid therapy should be monitored and 

Figure  25.  Sarcoid-like reaction in a 68-year-
old man with lymphoma. Coronal fused PET/
CT image shows avid FDG uptake in the spleen 
(white arrow) and upper abdominal nodes (black 
arrow). CT-guided biopsy of the abdominal node 
was performed. Results of pathologic analysis 
showed the presence of noncaseating granu-
loma and were negative for tumor cells.
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followed up for at least 3 years because ap-
proximately 37%–74% of treated patients show 
relapse within that time period (3).

Approximately 25%–30% of patients may 
develop chronic sarcoidosis (disease duration ≥3 
years). Substantial morbidity can ensue in these 
patients and includes pulmonary fibrosis, pulmo-
nary hypertension, aspergilloma, and cardiac failure 
(3,99). Pulmonary failure is the most important 
cause of death in patients with sarcoidosis in the 
United States, while cardiac sarcoidosis is the most 
common cause for sarcoidosis-related death in 
Japan (3,99). Indeed, advanced-stage sarcoidosis 
confers a significantly higher mortality rate (0.5%–
5%) than that in the general population (20,99).

Conclusion
Sarcoidosis can affect multiple organ systems 
in the body. Clinical manifestations usually are 
nonspecific, which can lead to delayed diagnosis. 

Although early-stage sarcoidosis may be associ-
ated with an excellent prognosis, advanced-stage 
disease can cause substantial morbidity and mor-
tality. Radiologists should be aware of the imaging 
features of both pulmonary and extrapulmonary 
sarcoidosis. Radiologists play an important role 
in the management of sarcoidosis. Frequently, a 
radiologist may be the first person to suggest this 
diagnosis on the basis of imaging features, even 
when the diagnosis is not clinically suspected. Fur-
thermore, in patients with characteristic clinical 
features suggestive of sarcoidosis such as Löfgren’s 
syndrome, the presence of classic imaging find-
ings may help to confirm the diagnosis. Finally, 
imaging is increasingly being used for monitoring 
therapeutic response and identifying complica-
tions related to sarcoidosis. Therefore, familiarity 
with the imaging features of sarcoidosis may help 
in diagnosing, evaluating the extent of disease, and 
guiding optimal patient care.

Figure 26. Sarcoid-like reaction in a 38-year-old woman with melanoma who was undergoing immunotherapy. Axial fused PET/
CT images show FDG-avid bilateral hilar adenopathy (arrows in a), numerous focal splenic lesions (arrow in b), and upper abdominal 
nodes (arrows in c). Although this pattern of symmetrical hilar adenopathy with splenic and upper abdominal nodal involvement is 
suggestive of a sarcoid-like reaction, the differential diagnosis would include evaluation for recurrent disease. The results of pathologic 
analysis showed the presence of noncaseating granuloma and were negative for tumor cells.
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