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Sarcoidosis is a granulomatous inflammatory disease of uncertain cause. It occurs most commonly in young and middle-aged
adults and less frequently in children; therefore, few data on pediatric sarcoidosis exist in the literature. The diagnosis and man-
agement of sarcoidosis remain challenging because of diverse and often nonspecific clinical and imaging findings. In addition, the
clinical picture varies widely by age. Prepubertal and adolescent patients often present with adult-like pulmonary disease; howev-
er, early-onset sarcoidosis is typically characterized by the triad of arthritis, uveitis, and skin rash. Sarcoidosis is mostly a diagnosis
of exclusion made by demonstrating noncaseating granulomas at histopathologic examination in patients with compatible clinical
and radiologic findings. Although sarcoidosis often affects the lungs and thoracic lymph nodes, it can involve almost any organ

in the body. The most common radiologic manifestation is pulmonary involvement, characterized by mediastinal and bilateral
symmetric hilar lymphadenopathies with perilymphatic micronodules. Abdominal involvement is also common in children and
often manifests as hepatomegaly, splenomegaly, and abdominal lymph node enlargement. Although neurosarcoidosis and cardiac
sarcoidosis are rare, imaging is essential to the diagnosis of central nervous system and cardiac involvement because of the risky
biopsy procedure and its low diagnostic yield due to focal involvement. Being familiar with the spectrum of imaging findings of
sarcoidosis may aid in appropriate diagnosis and management.
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Introduction
Sarcoidosis is a multisystem granulomatous disease of un-
certain cause characterized by the development of noncase-
ating granulomas. It occurs most commonly in young and
middle-aged adults, and so its clinical and radiologic fea-
tures have been extensively investigated in adult patients.
However, it occurs 10 times less frequently in children (1,2),
and although research dates back 7 decades since its first re-

view (3), there are still few data on pediatric sarcoidosis in
the literature, to our knowledge.

Although it is difficult to determine the true incidence of
childhood sarcoidosis because of the rarity of the disease and
the paucity of published data, it has been reported as 0.6-1.02
cases per 100000 children (1). The incidence does not sub-
stantially differ according to sex but it is more common in
Black children (4-6). Retrospective case series (4-7) show that
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TEACHING POINTS

B Hilar and mediastinal lymphadenopathies with interstitial pulmonary
involvement are the most common radiologic manifestations of sar-
coidosis in both children and adults. However, multiorgan involvement
is more common in children, and three or more organs are involved in
more than 70% of cases.

B The characteristic parenchymal pattern in pulmonary involvement is
well-defined perilymphatic micronodules formed by aggregation of the
noncaseating granulomas, which is the histologic hallmark of sarcoid-
osis. In both children and adults, perifissural, peribronchovascular, and
subpleural micronodules with a predominance in the middle and upper
zones are the most common parenchymal abnormalities.

B Hepatic and splenic sarcoidosis usually manifest as hepatosplenomeg-
aly but may also manifest as multiple granulomatous nodules in the
parenchyma.

B The most common imaging findings in pediatric patients with neurosar-
coidosis are leptomeningeal and cranial nerve enhancement, hypotha-
lamic-pituitary involvement, and parenchymal disease manifesting as
multiple subcortical and periventricular white matter lesions.

B Although arthritis is the most common form of musculoskeletal sarcoid-
osis in children, radiologically evident involvement is relatively rare.
Chronic nonerosive polyarthritis affecting the appendicular skeleton,
particularly the knees, ankles, wrists, and proximal interphalangeal
joints, is a common feature of sarcoid joint disease.

reported patients are predominantly of African-Caribbean,
sub-Saharan African, and European origin. Sarcoidosis can af-
fect children of all ages; however, approximately two-thirds of
patients are older than 10 years at diagnosis (4-6). The clinical
spectrum and prognosis vary widely by age and ethnicity (7,8).
Most diagnoses in the pediatric age group occur during pread-
olescence or adolescence, and these cases resemble adult-like
disease characterized by interstitial pulmonary involvement
and hilar lymphadenopathies. Early-onset sarcoidosis and its
counterpart, Blau syndrome, can be diagnosed by the pres-
ence of the triad of arthritis, uveitis, and skin rash in children
younger than 5 years of age (9). Blau syndrome refers to the he-
reditary form of early-onset sarcoidosis and results from one of
many possible single variants in the NOD2 gene (10).

Despite extensive research, the pathogenesis of sarcoidosis
remains elusive. It is generally accepted that the dysregulated
immune system, characterized by an exaggerated cellular im-
mune response to environmental antigens, leads to a chronic
inflammatory process in genetically susceptible individuals.
Familial clustering and racial differences in the incidence of
sarcoidosis support the argument that the disease may be ge-
netic. Human leukocyte antigen types have been shown to be
associated with the development, clinical course, and prognosis
of the disease. Genetic predisposition is an important risk fac-
tor; having a family member with sarcoidosis is associated with
a two- to fourfold increase in risk (11). In addition to genetic sus-
ceptibility, exposure to inorganic particles has been reported to
increase the risk of sarcoidosis in pediatric patients (12).
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Sarcoid granulomas can affect any organ of the body, and
the wide variation in the rates of organ involvement in the lit-
erature is probably due to the lack of a precise definition of
involvement. Hilar and mediastinal lymphadenopathies with
interstitial pulmonary involvement are the most common
radiologic manifestations of sarcoidosis in both children and
adults. However, multiorgan involvement is more common in
children, and three or more organs are involved in more than
70% of cases (4,5,7). The imaging manifestations vary widely
depending on which systems are involved (Table). Because of
the diverse and often nonspecific clinical and imaging find-
ings, sarcoidosis is sometimes referred to as “the great mas-
querader.” The diagnosis and management of pediatric sar-
coidosis remain challenging because of the lack of consensus
on the diagnostic criteria and the standardized diagnostic ap-
proach and the unpredictability of the clinical course. Imaging
can contribute to the management of the disease by allowing
assessment of the extent and activity of sarcoidosis. However,
there are few data on imaging manifestations of the disease
in the literature, most of which are limited to anecdotal case
reports. In this article, we review the imaging features of pul-
monary and extrapulmonary pediatric sarcoidosis.

Histopathology and Pathogenesis

The presence of noncaseating granulomas, which are thought
to result from a dysregulated immune response to environ-
mental antigens, is the histologic hallmark of sarcoidosis (Fig
1). A sarcoid granuloma is a circumscribed area of granulo-
matous inflammation containing epithelioid cells, giant cells,
and CD4+ T cells in its center and CD8+ T cells, fibroblasts,
and B cells at the periphery (13). Some cytoplasmic inclusions,
such as asteroid bodies, Schaumann bodies, and Hamaza-
ki-Wesenberg bodies, can be identified within granulomas
and can suggest the diagnosis of sarcoidosis; however, they
are not pathognomonic (13).

Nonnecrotizing granuloma formation is possibly an im-
mune mechanism to isolate the nondegradable antigen (14).
After exposure, interaction between antigen-presenting cells
and CD4+ T cells triggers an immune response by means of
molecules of the major histocompatibility complex class II.
Activated CD4+ cells transform into T helper cells and se-
crete predominantly interleukin-2 and interferon-y, which
increases macrophage tumor necrosis factor-a production,
causing an exaggerated local cellular immune response (14).
Cytokines promote granuloma formation, which is a core of
epithelioid cells surrounded by lymphocytes, primarily CD4+
T cells, some CD8+ T cells, and B cells. Sarcoid granulomas
often spontaneously regress because of various immunologic
interactions; however, chronic cytokine stimulation can also
result in fibrosis in granulomas (14).

Clinical Features
Children with sarcoidosis present with a broad spectrum of clin-
ical manifestations, ranging from the subclinical form to severe
multiorgan disease. Symptoms depend on the intensity of in-
flammation and which organs are affected, and many symptoms,
such as hypercalcemia and fatigue, are caused not by granulo-
mas in a particular location but by the release of mediators (14).
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Common Radiologic Features of Pediatric Sarcoidosis in Different Organ Systems

Common Involvement Sites

Imaging Findings

Chest
Hilar and mediastinal lymph nodes
Lungs

Abdomen: spleen and liver

Central nervous system
Leptomeninges and cranial nerves

Hypothalamus and pituitary gland
Head and neck

Orbital

Parotid gland

Musculoskeletal system
Joints

Bones

Bilateral hilar and mediastinal enlarged lymph nodes at chest radiography and CT
Perifissural, peribronchovascular, and subpleural micronodules at CT

Hepatosplenomegaly and nodular involvement; sarcoid nodules are hypoechoic at US, hypoat-
tenuating at CT, and hypointense at T1- and T2-weighted MRI

Diffuse or nodular thickening and contrast enhancement of the leptomeninges, with a basilar

predilection and enlargement and enhancement of the affected cranial nerve at postcontrast
T1-weighted MRI

Thickening and enhancement of the pituitary stalk at postcontrast T1-weighted MRI

Diffuse enlargement and enhancement of the lacrimal gland at CT and MRI

Enlargement and hypoechogenicity at US, increased signal intensity at T2-weighted MRI, and
homogeneous enhancement at postcontrast T1-weighted MRI

Chronic nonerosive arthritis, with nonspecific imaging findings, including synovitis and/or
tenosynovitis

Lacelike lytic lesions in small bones of the hands and feet at radiography
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Simplified illustration of the granuloma formation cascade and common involvement patterns of pe-

diatric sarcoidosis by organ system. IFN = interferon, /L = interleukin, TNF = tumor necrosis factor. (Created with

BioRender.com.)

There are notable differences in presentation between
adults and children, and constitutional symptoms and mul-
tiorgan involvement are much more common in the pediat-
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ric age group (15,16). In addition, the presentation and clini-
cal findings of the disease in children vary according to age.
Whereas younger patients usually present with systemic
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symptoms, skin involvement, and hepatosplenomegaly, tho-
racic disease-related symptoms are more common in older
patients (7). The most common symptoms in children are
fatigue, fever, and weight loss (4-6). In addition to nonspe-
cific symptoms, respiratory symptoms such as chest pain,
dyspnea, and dry cough are common; however, children with
lung and mediastinal involvement may still be asymptomatic
(4). Other common manifestations in children include pe-
ripheral lymphadenopathy, uveitis, erythematous skin rash,
hepatosplenomegaly, and arthritis (7,17).

Currently, the main treatment of childhood sarcoidosis is
corticosteroid medication. Immunosuppressive agents, par-
ticularly methotrexate, are another option for patients with
steroid-resistant disease and those experiencing the adverse
effects of long-term steroid use (7). The clinical course of
pediatric sarcoidosis ranges from spontaneous regression
to irreversible organ failure. Many unfavorable prognos-
tic factors have been described in adults with sarcoidosis,
such as advanced age at onset, Black race, and radiologic
findings that include pulmonary fibrosis and isolated lung
involvement (18). However, some of these factors may not
be suitable for predicting the prognosis of patients with pe-
diatric sarcoidosis, although multiorgan involvement has
been associated with relapse in children, as is seen in adults
(4,16). Although early-onset sarcoidosis was believed to be
associated with an adverse prognosis (19), Nathan et al (4)
reported that younger age at diagnosis was not related to an
adverse prognosis. The prognosis of childhood sarcoidosis
in White persons has been reported to be favorable, and
most patients recover (20). On the other hand, Chauveau
et al (16) noted persistent disease into adulthood in almost
one-half of patients, most of whom were of African and Ca-
ribbean origin.

Diagnosis

Pediatric sarcoidosis is often a diagnosis of exclusion, because
there is no definitive and reliable diagnostic test. Rigorous in-
vestigations are required in patients with suspected sarcoid-
osis, including clinical history, physical examination, labo-
ratory tests, and imaging. Laboratory test results may reveal
increased acute phase reactants, anemia, and hypercalcemia
(17,21). Although liver involvement is relatively common in
children, more than one-half of patients with hepatomeg-
aly had normal serum aminotransferase levels (5). Serum
angiotensin-converting enzyme is also a well-known serum
biomarker in sarcoidosis. However, it has limited diagnostic
value because of its low sensitivity and specificity (22). Lev-
els of lysozyme, neopterin, serum interleukin-2 receptor,
chitotriosidase, and B-cell activating factor may be useful for
predicting treatment response and disease activity (22). The
definitive diagnosis of sarcoidosis is generally based on three
criteria: compatible clinical and radiologic findings; observa-
tion of a noncaseating granuloma at histopathologic exam-
ination of the affected tissue; and exclusion of other causes of
granuloma, such as mycobacterial or fungal infections (23).

Chest radiography is a routine part of the diagnostic
workup for sarcoidosis and is often used to investigate the
spread of thoracic disease and to monitor treatment response.
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Although CT is known to be superior in monitoring thoracic
disease, chest radiography is still the preferred first step, es-
pecially during follow-up, because of the high radiation expo-
sure at CT. Owing to existing and emerging techniques, MRI
is increasingly used for chest imaging in children. MRI can
depict not only mediastinal and hilar abnormalities but also
parenchymal disease without using ionizing radiation, so it
should be considered as an alternative to CT and radiography
in the diagnosis and follow-up of sarcoidosis (24). Because
multiorgan involvement is more prevalent in children, US,
CT, and MRI are helpful in investigating systemic involve-
ment. Gallium 67 (¥Ga)-citrate scintigraphy and fluorine 18
(*F) fluorodeoxyglucose (FDG) PET/CT may also be useful in
detecting clinically silent disease and assessing the response
to treatment (25).

Pulmonary Sarcoidosis

The lungs and hilar lymph nodes are commonly affected or-
gans in children with sarcoidosis, even in patients without
respiratory symptoms (26). Bilateral hilar lymphadenopathy
can be discovered as an incidental finding during a routine
medical examination (27). At the time of diagnosis, 45%—-89%
of children with sarcoidosis have positive findings on chest
radiographs (1,6,26). Although chest radiography is often
the first step, CT can depict parenchymal abnormalities and
mediastinal lymphadenopathies with higher sensitivity (28).
Therefore, CT is routinely used in children with suspected
sarcoidosis. It also is commonly used to evaluate clinical
or radiologic findings that are not consistent with sarcoid-
osis, to visualize subtle parenchymal findings, or to identify
complications.

In 1961, Scadding (29) developed a staging system for sar-
coidosis based on chest radiographic findings. The Scad-
ding staging system is still widely used in adults because of
its prognostic value, although no such association has been
found in children. Possible explanations are the small num-
ber of patients studied and the lack of stage 4 disease at the
time of diagnosis (4). Despite its questionable value for pre-
diction of the clinical course, the staging system is routinely
used in children. The Scadding system defines five stages of
sarcoidosis: stage 0, normal chest radiography; stage 1, only
thoracic lymphadenopathy; stage 2, thoracic lymphadenopa-
thy with parenchymal lung disease; stage 3, only parenchy-
mal lung disease; stage 4, pulmonary fibrosis. At presenta-
tion, 10%-50% of children with sarcoidosis have normal chest
radiographs (5,26). Stage 1 disease is the most common imag-
ing finding in children with thoracic disease (Fig 2); stage 2
disease and stage 3 disease have been reported with varying
frequency in different case series (30). Pulmonary fibrosis
consistent with stage 4 disease was not noted in any pediat-
ric patients at diagnosis (5,6,16,26). Radiologic findings were
reported to regress in most patients during long-term fol-
low-up, and pulmonary findings progressed to stage 4 in only
a small number of patients (16,31).

Stage 1 disease with bilateral symmetric hilar and right
paratracheal lymphadenopathies are common in patients
presenting with thoracic disease. However, because sarcoid-
osis is rare in children and is usually a diagnosis of exclusion,
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Figure 2. Thoracic sarcoidosis in a 12-year-old boy. (A, B) Posteroanterior (A) and lateral (B) radiographs show bilateral hilar and mediastinal
lymphadenopathies (arrows) without parenchymal disease (stage 1). (C) Axial CT image (mediastinal window) confirms mediastinal and hilar

lymphadenopathies (arrows), without vascular compression (arrowhead).

other causes of lymphadenopathy for the differential diag-
nosis should be ruled out first. Intrathoracic lymph node en-
largement can occur in a variety of pediatric diseases, includ-
ing infections (eg, tuberculosis, bacterial or viral pneumonia,
and fungal infection), lymphoma, metastasis, and Castleman
disease (32). Lymphadenopathies in sarcoidosis are usually
nonnecrotic and noncompressive, unlike those seen in tuber-
culosis, in which the lymph nodes typically have central ne-
crosis and peripheral rim enhancement (33,34). In addition,
calcifications within lymph nodes indicate latent tuberculo-
sis. Nodal calcifications may occur in adult pulmonary sar-
coidosis and are related to the duration of the disease but have
never been reported in children (35). Another principal con-
sideration in the differential diagnosis is ymphoma, which is
the most common cause of a mediastinal mass in children.
Lymphoma usually manifests as a mass in the prevascular
mediastinum; however, it may also manifest with hilar and
mediastinal lymphadenopathies, as seen in sarcoidosis (32).
Because peripheral lymphadenopathies, hepatosplenomeg-
aly, and constitutional symptoms are common in both lym-
phoma and sarcoidosis, histopathologic examination is es-
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Figure3. Pulmonary sarcoidosisin a
15-year-old adolescent boy. (A) Chest
radiograph shows bilateral upper lobe-
predominant micronodular opacities
and left hilar lymphadenopathy con-
sistent with stage 2 disease. (B) Axial
chest CT image (lung window) shows
micronodules with perilymphatic dis-
tribution through fissures (white arrow-
heads), interlobular septa, bronchovas-
cular bundles (arrow), and subpleural
nodules (black arrowheads).

sential for diagnosis. In addition, atypical patterns such as
mediastinal lymphadenopathies without enlargement of the
hilar lymph nodes and unilateral hilar lymphadenopathies
are rare in sarcoidosis and should prompt investigation for
alternative diagnoses (35).

The characteristic parenchymal pattern in pulmonary in-
volvement is well-defined perilymphatic micronodules formed
by aggregation of the noncaseating granulomas, which is the
histologic hallmark of sarcoidosis (Fig 3) (36). In both children
and adults, perifissural, peribronchovascular, and subpleural
micronodules with a predominance in the middle and up-
per zones are the most common parenchymal abnormalities
(37,38). Although these parenchymal findings on CT images
are highly characteristic of sarcoidosis, they are not pathog-
nomonic and can be observed in various pulmonary paren-
chymal diseases. However, pulmonary Langerhans cell histio-
cytosis and miliary tuberculosis should be considered in the
differential diagnosis. Pulmonary Langerhans cell histiocyto-
sis, also characterized by multiple bilateral symmetric nodules
with a predilection for the upper and middle zones, can be dis-
tinguished from sarcoidosis by the centrilobular distribution
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Figure4. Langerhans cell histiocytosisin a
2-year-old boy. Axial CT image (lung window)
shows multiple ill-defined centrilobular nodules
and thin-walled small cysts (arrowheads) in bilat-
eral upper lung lobes.

of ill-defined nodules and the presence of cystic lesions (Fig
4) (39). Typically, miliary tuberculosis is characterized by nu-
merous millimetric nodules in both lungs, with uniform dis-
tribution or lower zone predominance (Fig 5) (40). In addition,
although the distinction is mostly based on the clinical pic-
ture, granulomatous and lymphocytic interstitial lung disease
may also be included in the differential diagnosis. Because of
similar systemic manifestations, such as lymphadenopathies,
hepatosplenomegaly, and lung involvement, differentiation of
sarcoidosis from common variable immunodeficiency-related
granulomatous disease may be difficult at initial presentation
(41). However, CT findings in granulomatous and lymphocytic
interstitial lung disease such as bronchiectasis due to recur-
rent infections, nodules with lower zone dominance, and the
halo sign are helpful in the differential diagnosis (42).

Another common finding in children is ground-glass opac-
ity (Fig 6), but it occurs in less than one-half of adult patients
(37,38). Ground-glass opacities are presumably due to airway
compression caused by the coalescence of multiple intersti-
tial granulomatous and fibrotic lesions, or mosaic attenuation
due to involvement of small airways by granulomas (36). In-
terlobular septal thickening and consolidations are defined as
atypical parenchymal findings in sarcoidosis and are reported
less frequently in children as well as adults (37,38). Parenchy-
mal abnormalities may progress to fibrosis in up to 20% of
adult patients, and typical imaging findings are linear opac-
ities, bronchial distortion, and honeycombing (Fig 7) (43,44).
However, in children, pulmonary fibrosis and end-stage com-
plications consisting of pulmonary hypertension and myce-
toma are rare (7,16,38). In addition, rare atypical findings such
as masslike opacities, cavitation, and pleural effusion have
never been reported in children, to our knowledge.

Although CT and radiography are the most commonly
used imaging techniques for mediastinal and pulmonary
sarcoidosis, lung MRI is emerging as a radiation-free alterna-
tive (Fig 8). As a result of newly developed techniques, MRI
has been shown to be increasingly useful in evaluating solid
lung lesions, infections and their complications, and congen-
ital malformations in children (24,45). MRI is known to have
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Figure 5. Miliary tuberculosis in a 3-year-old boy. Axial
CT image (lung window) shows numerous small uniform
nodules in both lungs without zonal predominance.
Note the mediastinal and hilar lymphadenopathies
(arrowheads).

high sensitivity and specificity in patients with mediastinal
and hilar lymphadenopathies of tuberculosis and parenchy-
mal findings (40). Gorkem et al (46) showed similar results
in childhood sarcoidosis and no difference between thoracic
MRI and CT in detecting mediastinal lymphadenopathies and
most of the parenchymal abnormalities including nodules,
ground-glass opacities, and interlobular septal thickening.
However, nodules smaller than 3 mm, mild ground-glass
opacities, and cysts may not be detected with MRI. In addi-
tion, MRI can support the diagnosis on the basis of the signal
intensity characteristics of the mediastinal lymph nodes. The
“dark lymph node sign” defined in sarcoid lymphadenop-
athies refers to the central low signal intensity that may be
associated with nodal fibrosis (47). However, this sign has not
been demonstrated in children (46).

Cardiac Sarcoidosis
Cardiac involvement in sarcoidosis is rare in adults and even
rarer in children. Clinical manifestations of cardiac disease
include cardiomyopathy, heart block, arrhythmias, and sud-
den death (48). A definitive diagnosis of cardiac sarcoidosis
is made by the detection of noncaseating granulomas at his-
topathologic examination; however, endomyocardial biopsy
is an invasive procedure with a low diagnostic yield due to
the focal involvement pattern of the disease (49). Cardiac
involvement may be associated with high mortality; there-
fore, electrocardiography and echocardiography should be
considered mandatory in the routine diagnostic workup. In
addition, noninvasive imaging modalities are important in
adult cardiac sarcoidosis, providing both diagnostic and prog-
nostic information. Cardiac MRI or FDG PET/CT is recom-
mended in adult patients with extracardiac sarcoidosis when
cardiac symptoms and/or findings at electrocardiography
or echocardiography are present (50). Because of the lack of
pediatric recommendations, there are no data on the use of
cardiac imaging in pediatric sarcoidosis. However, these im-
aging modalities may be useful for the diagnosis of clinically
silent cardiac involvement and isolated cardiac sarcoidosis in
children as well as in adults. Cardiac MRI has high sensitivity
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Figure 6. Pulmonary sarcoidosis in a 2-year-old boy with cough and dyspnea. At physical examination, oxygen satura-
tion was low. (A) Axial CT image shows ground-glass opacities and nodular or granular opacities representing perilym-
phatic micronodules in both lungs. Note the symmetric hilar lymphadenopathies. (B) Photomicrograph of a transbron-
chial biopsy specimen shows small nonnecrotizing well-formed granulomas (arrow) beneath the respiratory epithelium.
Granulomas were noncaseating and contained multinucleated giant cells (arrowhead) and epithelioid histiocytes sur-
rounded by lymphocytes. Special histochemical stains on biopsy specimens with periodic acid-Schiff and Gomori meth-
enamine silver stain (not shown) were negative for fungi, and Ziehl-Neelsen staining was negative for mycobacteria (not
shown). The pathologic findings of granulomatous inflammation were considered to be consistent with a diagnosis of
sarcoidosis. (Hematoxylin-eosin stain; original magnification, x40.) (C, D) Axial CT images obtained 3 years after diagnosis
show reticular opacities and ground-glass opacities. There is a “crazy-paving” pattern in both lower zones (arrows in D)
and fibrosis with lower lung predominance, both of which are unusual in pulmonary sarcoidosis.

in diagnosis and high negative predictive value in ruling out
cardiac involvement (51). At cardiac MRI, there is no pathog-
nomonic imaging pattern for sarcoidosis, but midmyocardial
and epicardial multifocal late gadolinium enhancement is of-
ten detected in the basal segments of the septum and lateral
wall (52).

Abdominal Sarcoidosis

The abdomen is the most common extrapulmonary involve-
ment site of sarcoidosis in children (53). The liver, spleen,
and intra-abdominal lymph nodes are commonly involved;
however, patients with abdominal disease are usually asymp-
tomatic. Autopsy studies have demonstrated histologically
evident hepatic and splenic involvement in more than one-
half of patients (54). The most frequent abdominal findings
in children at presentation are hepatomegaly, splenomegaly,
and abdominal lymph node enlargement (53).
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Hepatic and splenic sarcoidosis usually manifest as hep-
atosplenomegaly but may also manifest as multiple gran-
ulomatous nodules in the parenchyma (Fig 9) (53). Coales-
cence of noncaseous granulomas may appear as numerous
small nodules at imaging (Fig 10). Children with suspected
abdominal sarcoidosis are usually evaluated with US, which
may show small multiple hypoechoic nodules in the liver and
spleen. The differential diagnosis of these nodules includes
metastases, lymphoma, and tuberculosis. In fact, CT is more
sensitive than US in depicting small sarcoid nodules; however,
ionizing radiation limits its use. MRI is presumably as sensi-
tive as CT in showing hepatic and splenic nodular involve-
ment. In addition, the signal intensity characteristics of sar-
coid nodules at MRI, typically hypointense on images from all
sequences, may help them to be distinguished from metasta-
ses and infections (55). However, sarcoid nodules may appear
hyperintense on T2-weighted MR images in the presence of
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Stage 4 pulmonary sarcoidosis in a 13-year-old adolescent girl. (A, B) Axial CT images show bronchiec-

tasis (arrow in A), reticular and ground-glass opacities, and volume loss in the right upper lobe consistent with pul-
monary fibrosis. Fibrotic changes can also be seen in the lower lobes (arrows in B). The patient underwent wedge
biopsy of the lung and excisional biopsy of the hilar lymph nodes. Histopathologic examination of the biopsy spec-
imens revealed nonnecrotizing granulomatous inflammation without any microorganisms. (C) Photomicrograph
of lung biopsy specimen shows granulomas (arrow), which are composed of epithelioid and foamy macrophages
bounded by lymphocytes and plasma cells. (Hematoxylin-eosin stain; original magnification, x200.) (D) Photomi-
crograph of lymph node biopsy specimen shows granulomatous lymphadenitis and multinucleated giant cells,
some of which have Schaumann bodies (arrow). (Hematoxylin-eosin stain; original magnification, x400.)

active inflammation and may show restricted diffusion at
diffusion-weighted imaging (56). Biliary system involvement
including subacute or chronic cholecystitis, cholestasis due
to involvement of the hepatic ducts, and extrinsic compres-
sion of the biliary ducts by enlarged lymph nodes has been
reported in adults (55) but not, to our knowledge, in children.

Gastrointestinal (GI) involvement infrequently occurs in
children, with only a few cases being reported (53). The stom-
ach is the most commonly involved organ in GI sarcoidosis,
followed by the duodenum and esophagus (57). Diagnosis is
usually made with histopathologic examination by means of
endoscopic biopsy, and fluoroscopic studies can be comple-

Volume 44 Number1

Figure 8. Pulmonary sarcoidosisin

a 14-year-old adolescent boy. (A) Axial
chest CT image (lung window) shows
parenchymal micronodules and hilar
lymphadenopathies (arrowheads).
The patient’s respiratory symptoms
regressed with corticosteroid treatment,
and follow-up MRI was performed.

(B) Axial T2-weighted MR image shows
bilateral symmetric hilar and mediasti-
nal lymphadenopathies (arrows).

mentary to examine luminal narrowing or obstruction due to
intestinal wall involvement (58). The principal differential di-
agnosis in GI sarcoidosis is Crohn disease; unlike in sarcoid-
osis, GI involvement in Crohn disease is predominant.

Renal sarcoidosis commonly manifests as acute kidney fail-
ure in children (59). Renal disease is often related to hypercal-
cemia and hypercalciuria and can manifest as nephrocalcino-
sis and nephrolithiasis (59,60). Light microscopy may reveal
granulomatous involvement in the kidneys and tubulointer-
stitial nephritis; however, disease that manifests radiologically
occurs infrequently (59,60). Nephromegaly and heterogeneous
enhancement can be seen at CT and MRI, whereas masslike
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Figure9. Abdominal
sarcoidosis in an 11-year-
old girl with fever, weight
loss, and fatigue. Hep-
atosplenomegaly was
detected at physical
examination, and blood
tests revealed elevated
liver enzyme levels.

(A, B) Axial (A) and coro-
nal (B) reformatted con-
trast-enhanced abdominal
CT images show spleno-
megaly and ill-defined
hypoattenuating lesions

in the spleen (arrows). No
focal lesion is seen in the
liver parenchyma. (C) Pho-
tomicrograph of the liver
biopsy specimen revealed
micro- and macrovesicular
steatosis (curved arrows)
with portal mononuclear
inflammation (arrow-
heads) and multiple gran-
ulomas (straight arrows)
adjacent to portal areas.
(Hematoxylin-eosin stain;
original magnification, x40.) (D) Photomicrograph of stained biopsy specimen shows granulomas that did not have necrosis but rather con-
sisted of epithelioid histiocytes, giant cells (arrow), and lymphocytes (arrowheads). (Hematoxylin-eosin stain; original magnification, x200.)

Figure 10. Abdominal sarcoid-
osis in a 16-year-old adolescent
boy with fever and weight loss.
Hepatosplenomegaly and cervi-
cal and inguinal lymphadenop-
athies were detected at physical
examination. (A) Axial con-
trast-enhanced CT image shows
splenomegaly and numerous
small poorly defined hypoatten-
uating splenic lesions (arrows)
and upper abdominal lymphade-
nopathies (arrowheads). (B) Ax-
ial CT image of the pelvis shows
bilateral parailiac lymphadenop-
athies (arrows). (€C) Photomicro-
graph of bone marrow biopsy
specimen shows uniform multi-
ple nonnecrotizing granulomas
(arrows). (Hematoxylin-eosin
stain; original magnification,
x200.) (D) Photomicrograph of
the left jugulodigastric lymph
node biopsy specimen shows
granulomatous lymphadenitis,
with granulomas obscuring the
normal lymph node structure.
(Hematoxylin-eosin stain; origi-
nal magnification, x400.)
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Figure 11. Testicularinvolvementina
13-year-old adolescent boy. (A) Coronal
fat-saturated T2-weighted MR image
shows bilateral testicular enlargement
and focal ill-defined hypointense lesions
(arrowheads) in the parenchyma. Multiple
small skin and subcutaneous lesions can
be seen (arrows). (B) Postcontrast T1-
weighted MR image shows heterogeneous
enhancement of the testes with focal hy-
pointense areas (arrowheads).

Figure 12. Neurosarcoidosis in an 18-year-old man. (A, B) Axial T2-weighted MR images show hyperintense lesions in the dorsal medulla ob-
longata (arrow in A) and pontin tegmentum (arrowheads in B). (C) Axial postcontrast T1-weighted MR image shows contrast enhancement of
right cranial nerves VIl and VIII (arrow).

hypovascular lesions mimicking tumors, lymphoma, or focal likely to present with cranial nerve palsies as adults, prepuber-
pyelonephritis are rarely seen in the renal parenchyma (61,62). tal patients most commonly present with seizures (67).
Testicular involvement in sarcoidosis is also reported in The diagnosis is usually made according to cerebrospinal
children, and the best imaging modality is US (63). Testicular fluid (CSF) abnormalities, MRI findings consistent with neu-
disease often manifests with painless scrotal swelling, as in rosarcoidosis, and histopathologic examination of extraneural
testicular tumors. The most common findings are unilateral involvement (68). Imaging is essential to making the diagnosis,
or bilateral testicular enlargement and multifocal lesions (Fig especially in patients with isolated CNS involvement for whom
11). In rare cases, solitary lesions have also been reported (63). biopsy is not feasible. Sarcoid granulomas can affect any part
Hypointensity on T2-weighted MR images of solitary sarcoid of the nervous system, and imaging findings are mostly non-
lesions may help to differentiate them from tumors (55). How- specific. Therefore, the differential diagnosis encompasses a
ever, histopathologic assessment is usually required because of broad spectrum of CNS diseases. Examination of the CSF may
the rarity of testicular sarcoidosis and its possible association reveal mononuclear pleocytosis, low glucose levels, elevated
with testicular cancer (64). protein levels, and oligoclonal bands, which, although not
specific for sarcoidosis, may provide evidence of active inflam-
Neurosarcoidosis mation (68). The most common imaging findings in pediatric
Neurosarcoidosis is a rare manifestation of sarcoidosis in the patients with neurosarcoidosis are leptomeningeal and cranial
pediatric age group, and most patients with central nervous nerve enhancement, hypothalamic-pituitary involvement, and
system (CNS) involvement have systemic disease. Although iso- parenchymal disease manifesting as multiple subcortical and
lated neurosarcoidosis is less common than systemic disease, a periventricular white matter lesions (65).
2022 study (65) showed that isolated disease is more common Cranial nerve involvement is a common manifestation
in children than in adults. Patients with neurosarcoidosis can of neurosarcoidosis in both children and adults (Fig 12). Al-
present with a variety of clinical findings, including seizures, though facial nerve palsy is the most common clinical find-
cranial nerve palsies, hypothalamic dysfunctions, and spinal ing in adults, the optic nerve is the most frequently affected
cord disorders (66). Although postpubertal patients are more cranial nerve in children, both radiologically and clinically
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Figure 13. Neurosarcoidosis in a 16-year-
old adolescent girl. Axial postcontrast T1-
weighted MR images show multiple punctate
areas of contrast enhancement suggesting
perivascular involvement in the pons and the
bilateral periventricular regions (arrows).

Neurosarcoidosis in a 17-year-old adolescent girl. (A) Sagittal T2-weighted MR image shows multiple subtle hyperintense cord le-

Figure 14.
sions (arrows). (B, C) Sagittal postcontrast T1-weighted MR images show intramedullary holocord micronodular contrast enhancement. (D) Sag-
ittal postcontrast T1-weighted MR image acquired after corticosteroid therapy shows no contrast-enhancing lesion in the cervical spinal cord.

(65,69). Cranial nerve involvement can be identified with
contrast enhancement and enlargement of the affected cra-
nial nerve. A cranial nerve deficit can be isolated or mostly
concomitant with leptomeningeal involvement. Leptomenin-
geal involvement usually appears at MRI as diffuse or nodular
thickening and contrast enhancement of the leptomeninges
with a basilar predilection. The differential diagnosis for this
basilar involvement pattern includes tuberculosis and lym-
phoma, and the imaging features of those are mostly indistin-
guishable. Hydrocephalus is another reported finding in chil-
dren, possibly due to impaired CSF resorption or adhesions
resulting from leptomeningeal involvement. Dural involve-
ment is an unusual finding in children and may appear as a
hypointense masslike lesion on T2-weighted MR images (70).

The involvement of the pituitary gland and hypothala-
mus, manifesting as diabetes insipidus and hypopituitarism,
is also a well-known clinical picture of neurosarcoidosis in
both children and adults (65,71). At MRI, thickening and en-
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hancement of the infundibulum are common imaging fea-
tures and mimic Langerhans cell histiocytosis. Parenchymal
disease manifests as multiple small T2-hyperintense lesions,
often with contrast enhancement, in periventricular white
matter, the cerebellum, and brainstem (Fig 13). Enhancing
mass lesions are rare but also can be seen in children. Small
periventricular or parenchymal mass lesions may be indistin-
guishable from those seen in patients with multiple sclerosis,
metastasis, or primary brain tumors. Although hypointensity
on T2-weighted MR images has been described in masslike
sarcoid brain lesions, this finding is not specific, because it
can also be seen in cellular tumors, such as lymphoma (70).
Spinal neurosarcoidosis can manifest with intramed-
ullary, intradural extramedullary, and extradural lesions
at MRI. Spinal involvement has various imaging patterns,
including fusiform spinal cord involvement, diffuse or fo-
cal leptomeningeal disease, or multiple punctate spinal
cord lesions (Fig 14) (70). Spinal cord lesions usually occur
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Figure 15. Systemic sarcoidosisina
13-year-old adolescent boy. (A) Axial T2-
weighted MR image shows scleral reverse
cupping (black arrowheads) and left globe
distortion. Note the enlargement of the
perioptic CSF space (white arrowheads).
(B) Axial postcontrast T1-weighted MR im-
age shows contrast enhancement in the
wall of the globe and postscleral fat tissue
(arrows).

Figure 16. Bilateral parotid in-
volvement in a 12-year-old boy with
sarcoidosis. (A) US image shows right
parotid gland enlargement and diffuse
parenchymal heterogeneous hypoe-
chogenicity. (B) Coronal postcontrast
T1-weighted MR image shows bilateral
parotid gland enlargement (arrows)
without a focal lesion.

volved, including the orbital structures, cervical lymph nodes,
salivary and thyroid glands, pharynx, and larynx.

Orbital disease may occur in 29%-74% of pediatric patients
with sarcoidosis (Fig 15) (1). Although any orbital structure
can be involved, ocular involvement most commonly mani-
fests as uveitis in children. Eye pain, redness, and blurry vi-
sion are common symptoms, and diagnosis is mostly made by
clinical examination. The lacrimal gland is a common extra-
ocular involvement site in the orbit, and patients may present
with upper eyelid swelling and dry eyes. CT and MRI reveal
diffuse enlargement and enhancement of the lacrimal gland,
with or without adjacent fat stranding. Extraocular muscles
and retrobulbar fat tissue may be involved in adults, but, to
our knowledge, this has not been reported in children.

W s e T Parotid involvement can be seen in 30% of pediatric pa-

Figure 17. Lacrimal gland and parotid involve- tients with sarcoidosis, with mostly parotid gland swelling
i i 67 inti . . . . .

ment in a 13-year-old adolescent girl. 'Ga scinti- (Fig 16) (7). Facial nerve palsy may be seen with parotid in-

gram shows the “panda sign,” increased uptake
of radiotracer in the lacrimal (arrowheads) and
parotid glands (arrows), with physiologic accumu-
lation in the nasopharynx.

volvement. US may show enlargement and heterogeneous
hypoechogenicity in the parotid parenchyma. The affected
gland often shows increased signal intensity on T2-weighted
MR images, with homogeneous enhancement at MRI. “Ga
imaging may demonstrate abnormal uptake in bilateral pa-

in the cervicothoracic part, are typically hyperintense on rotid and lacrimal glands, with physiologic uptake in the na-
T2-weighted MR images, and often show contrast enhance- sopharyngeal mucosa (74). These findings are often cited as
ment (72). Longitudinal extensive myelitis with or without the “panda sign” (Fig 17). However, this classic radiologic sign
leptomeningeal enhancement is considered the classic im- is mostly of historical interest in the current era because “Ga
aging pattern of spinal sarcoidosis (72). Crescent-shaped imaging is often replaced with FDG PET/CT.
dorsal subpial enhancement accompanied by central ca- The larynx is rarely involved in children and adults with
nal enhancement (ie, the “trident sign”) (73) should also be sarcoidosis. Laryngeal sarcoidosis has a predilection for su-
considered as a clue to spinal sarcoidosis. However, to our praglottic structures, including the epiglottis, aryepiglottic
knowledge, this sign has not been demonstrated in children. folds, and arytenoids. Patients with epiglottic involvement
may present with a sore throat, hoarseness, and dysphagia
Head and Neck Sarcoidosis (75). CT and MRI may show nonspecific findings including
A broad spectrum of head and neck manifestations of sarcoid- edema, contrast enhancement, and nodular thickening in af-
osis may exist. Any structure in the head and neck may be in- fected structures.
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Small bone sarcoidosis in a 17-year-old adolescent girl who presented with swelling of the

left fourth finger. (A) Radiograph of the left hand shows soft-tissue swelling (arrows) and a lacelike lytic
pattern (black arrowhead) in the middle phalanx of the fourth finger, with multiple well-defined lytic
lesions in the phalanges and metacarpal bones (arrowheads). (B-D) MR images obtained after cortico-
steroid therapy show that the soft-tissue swelling and bone lesions have regressed. Coronal fat-saturated
T2-weighted MR image (B) shows residual intramedullary lesions in the phalanges and metacarpal bones
(arrows). Coronal precontrast (C) and postcontrast (D) T1-weighted MR images show contrast enhance-

ment in the lesions (arrows).

Musculoskeletal Sarcoidosis

Sarcoidosis granulomas can involve bones, joints, and muscles.
Although arthritis is the most common form of musculoskele-
tal sarcoidosis in children, radiologically evident involvement
is relatively rare. Chronic nonerosive polyarthritis affecting the
appendicular skeleton, particularly the knees, ankles, wrists,
and proximal interphalangeal joints, is a common feature of
sarcoid joint disease (76). Juvenile idiopathic arthritis is the
main consideration in the differential diagnosis of sarcoid joint
disease. Monoarthritis is unusual in patients with sarcoidosis.

Bone lesions in patients with sarcoidosis most frequently
occur in the phalanges of the hands and feet. The characteris-
tic radiographic features of small bone sarcoidosis are lacelike
lytic lesions with thickened trabeculae (77). MRI can demon-
strate radiographically occult bone marrow lesions and ex-
tension of lesions beyond the cortex (Fig 18). Long bones
and the axial skeleton are relatively uncommon involvement
sites; however, these are probably underestimated due to as-
ymptomatic involvement (78). Cortical destruction is not a
common feature of long bone lesions; thus, they are usually
occult on radiographs. Diagnosis of these lesions, even if they
are visible on radiographes, is still challenging because of var-
ious imaging patterns ranging from well-defined lesions to
permeative patterns. Sarcoid bone lesions lack specific signal
intensity characteristics, appear hypointense at Tl-weighted
MRI and hyperintense at T2-weighted MRI, and show variable
enhancement on postcontrast MR images. Hematologic ma-
lignancies, metastasis, and chronic disseminated infections
(eg, tuberculosis) should be considered in the differential
diagnosis.
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Sarcoid myopathy may manifest as acute or chronic diffuse
myositis or as a nodular form usually associated with palpable
lesions (78). Although isolated muscle involvement is rare, it
may be an initial manifestation of sarcoidosis in children (79).
Granulomatous myositis in sarcoidosis may resemble other
generalized myopathies clinically and radiologically (eg, poly-
myositis). The differentiation between them is usually made by
tissue biopsy of the affected muscle. On the other hand, nod-
ular sarcoid myopathy manifests as focal soft-tissue masses,
often in the lower extremities, causing a more substantial diag-
nostic challenge. Rhabdomyosarcoma, the most common ma-
lignant soft-tissue tumor in children, is the principal consid-
eration in the differential diagnosis. However, on T2-weighted
MR images, a hypointense starlike shape in the center and a
hyperintense rim in the periphery, which often is referred to
as the “dark star” appearance, may be useful in differentiating
sarcoid nodules from soft-tissue tumors (78).

Subcutaneous granulomatous infiltration can be present as
discrete or indistinct nonspecific soft-tissue lesions. These le-
sions may be hypoechoic at US and may show nonspecific signal
intensity at MRI, with a variable contrast enhancement pattern
(Fig 19) (77). Differentiation between subcutaneous sarcoid
nodules and benign or malignant mesenchymal masses can be
difficult, and histopathologic examination is usually required.

Conclusion
Pediatric sarcoidosis is a rare but important disease that can
result in substantial morbidity and is usually distinctly dif-
ferent from adult sarcoidosis. The diagnosis of childhood
sarcoidosis is often delayed considerably because of the wide
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Figure 19. Pulmonary sarcoidosis in an 11-year-old boy who presented with a palpable nodule on the left forearm.

(A, B) US images show a well-defined hypoechoic solid mass (arrows in A) with minimal vascularization (arrowhead

in B) in the subcutaneous fat tissue at Doppler US. (C) Photomicrograph of an excisional biopsy specimen from the
subcutaneous nodule shows uniform-sized granulomas (arrows) in subcutaneous mature fat tissue. (Hematoxylin-eo-
sin stain; original magnification, x40.) (D) Photomicrograph of the biopsy specimen shows granulomas composed of
epithelioid histiocytes (arrowhead) and multinuclear giant cells (straight arrow) surrounded by lymphocytes (curved

arrow). (Hematoxylin-eosin stain; original magnification, x400.)

spectrum of clinical manifestations, depending on patient
age. Imaging is essential in the diagnosis of pediatric sarcoid-
osis, in assessing the extent of the disease, and in monitor-
ing response to treatment. Therefore, radiologists’ familiarity
with the patterns of systemic involvement and imaging find-
ings is critical for timely diagnosis and management of the
disease.
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