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Abstract The diagnostic imaging contributes significantly to
the diagnosis and management of sarcoidosis. Imaging tech-
niques are widely employed in the assessment of thoracic and
extra-thoracic involvement from sarcoidosis. For the diagno-
sis of sarcoidosis, chest radiograph has been the cornerstone of
sarcoidosis since 1961, when Scadding proposed a standard-
ized staging system. Currently, computed tomography (CT)
represents the reference standard for the assessment of both
mediastinal lymph nodes and pulmonary findings. In particu-
lar, high-resolution computed tomography (HRCT) is more
accurate compared to chest radiography for the detection of
subtle parenchymal involvement, and provides comprehen-
sive overview of anatomical detail and abnormalities of lung
structures. Notably, HRCT allows for accurate differentiation
between reversible and irreversible lung disease, which is cor-
nerstone of prognostication. Radionuclide imaging (gallium-
67 and 18F-fluorodeoxyglucose) provides information about
activity of the disease and is also useful for diagnostic workup
of patients with unexplained persistent disabling symptoms.
Magnetic resonance is sensitive for the detection of sarcoido-
sis granulomata within myocardium, thus providing detailed
roadmap for biopsy. For the management of sarcoidosis, CT is
of paramount importance in the detection and differential of

most common complications, such as vascular disease and
suspicious nodular lesions. Conversely, the role of CT in the
follow-up of asymptomatic subjects is still under debate. This
review focuses on the role of diagnostic imaging in the diag-
nosis and follow-up of sarcoidosis.
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Introduction

The diagnosis of sarcoidosis requires compatible clinical and
imaging features, the identification of noncaseating granulo-
mas in at least one organ, and the exclusion of other causes of
granulomatous disorders [1]. Therefore, imaging contributes
significantly to the diagnosis and, also, the management of
patients with sarcoidosis. Chest radiograph may be often suf-
ficient to establish the diagnosis of sarcoidosis [2]. However,
the variable clinical-radiographic manifestations as well as the
disease complications have substantially lead clinicians to in-
creasingly use computed tomography (CT) [3]. Furthermore,
the role of radionuclide imaging has reemerged in the assess-
ment of the disease activity throughout the body [4]. More-
over, magnetic resonance imaging (MRI) is of great value in
the detection of noncaseating granuloma, notably within myo-
cardium [5]. This review focuses on the utility of these imag-
ing tools in the diagnosis and follow-up of sarcoidosis.

Imaging Characteristics of Sarcoidosis

Chest Radiograph

The chest radiograph (CXR) can be sufficient for the diagno-
sis of sarcoidosis in many patients with suspected disease on
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the basis of consistent clinical context [1, 2]. Indeed, the chest
radiograph of patients with sarcoidosis is abnormal in the vast
majority of cases [6].

On CXR, sarcoidosis is most often characterized by bilat-
eral, symmetrical hilar, and paratracheal lymphadenopathy
(Fig. 1). Hilar lymph node enlargement ranges from the barely
detectable to the massive and give the hila a lobulated and
usually well-demarcated outline. Symmetry is the hallmark
of hilar adenopathy associated with sarcoidosis, especially
because this pattern is unusual in the major diagnostic alter-
natives such as lymphoma, tuberculosis, and metastatic dis-
ease [7, 8]. Nodal calcification may be noted, though its de-
tection and characterization is better appreciated on CT [3].

The characteristic patterns of parenchymal involvement in-
clude reticulonodular change, ground-glass opacity, alveolar
opacities, large nodular opacities, and irreversible fibrotic
change [9]. The clinical impact of radiographic assessment

stands in the disclosure of signs of pulmonary fibrosis, such
as coarse linear opacities or consolidation radiating from the
hilum into the adjacent middle and upper zones, often associ-
ated with upward hilar retraction along with vascular and
fissural distortion (Fig. 2) [10]. However, as with other inter-
stitial diseases, a normal chest radiograph does not exclude
pulmonary sarcoidosis (Fig. 3). Furthermore, radiographic
findings are atypical in approximately 20 % of cases and are
more frequent in patients over the age of 50 years [11, 12].

Avariable combination of parenchymal and nodal involve-
ment may be seen in sarcoidosis. Several radiographic staging
systems for sarcoidosis have been reported. The most widely
adopted system was developed by Scadding more than five
decades ago [13] and modified by DeRemee in 1983 (Table 1)
[14]. This scoring system has prognostic value as for the in-
verse relationship between stage at presentation and probabil-
ity of recovery from sarcoidosis. Untreated patients in stage I
reach out complete resolution of both symptoms and radio-
graphic findings in up to 50–90 % of the cases, whereas this
percentage decreases to 30–70 % for stage II, 10–20 % for
stage III, and 0 % for stage IV [13, 15]. However, the major
limitation of such staging is the poor interobserver
concordance.

In the late 1990s, Muers et al. introduced a more articulated
classification based on detailed morphology (e.g.,
reticulonodular, mass, confluent, and fibrosis) and extent and
profusion of pulmonary findings. Muers’s classification is de-
rived from the radiographic scoring system for pneumoconi-
osis from the International Labor Organization (ILO) and has
higher agreement compared to Scadding score [16].

Computed Tomography

The role of chest CT in sarcoidosis is still somewhat contro-
versial. Once the diagnosis is established, CT has no particular
advantage over radiographs. However, there are a number of
specific circumstances that should prompt referral to CT [3,
17]. In one leading center, the use of CTwas reported in about
30 % of patients with sarcoidosis. Indications included atypi-
cal clinical and/or chest radiographic findings, discrepancy
between the clinical and radiographic findings, and suspected
complications of other lung diseases such as bronchiectasis,
aspergilloma, infection, or malignancy [18]. CT is more sen-
sitive than chest radiograph in detecting parenchymal abnor-
malities and identifying calcification pattern of lymph nodes
(e.g., egg shell or Bicing sugar^ calcification) (Fig. 4) [17].
Furthermore, CT may guide transbronchial biopsy, thus en-
hancing its diagnostic yield. In this regard, disease extent on
CT correlates with the positive predictive value of
transbronchial biopsy [19]. CT is also required before
endobronchial ultrasound-guided transbronchial needle aspi-
ration (EBUS-TBNA) [20].

Fig. 1 a–b Postero-anterior chest radiograph in a patient with
sarcoidosis. a Bilateral symmetric hilar enlargement and right
paratracheal lymphadenopathy (stage I). b Bilateral hilar enlargement is
seen along with upward retraction of hila. Reticular opacities and traction
bronchiectasis are disclose chronic involvement of lung parenchyma
(stage IV)
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Fig. 2 a–d Chest radiograph and
CT showing parenchymal
fibrosis. a Postero-anterior chest
radiograph shows symmetrical
bilateral hilar enlargement and
parenchymal reticulation with
predominant upper-mid lung
involvement. b–d Transverse CT
images of the chest show
reticulonodular findings in the
lung parenchyma, with
involvement of fissures and
bronchiovascular bundles.
Notably, irregular vascular edge is
observed in relation to small
nodules reflecting granulomata
along peribronchovascular
lymphatics

Fig. 3 a–d Negative chest
radiograph and positive HRCT in
patient with micronodular pattern.
a Postero-anterior chest
radiograph shows hilar enlarged
lymph nodes; no parenchymal
abnormalities can be noted. b–d
Transverse CT images of the chest
reveal perilymphatic miconodules
distributed along fissures
(arrows) and bronchovascular
bundles
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The use of contrast medium is usually not indicated where-
as the thin-section collimation (1- to 1.5-mm section thick-
ness) and high-spatial-frequency reconstruction algorithm—
that are used to generate high-resolution CT images—are
mandatory for optimal detection and characterization of the
parenchymal findings. In the appropriate clinical setting, a
combination of mediastinal and parenchymal abnormalities
on CT are virtually diagnostic of sarcoidosis. This is particu-
larly the case of and bilateral hilar symmetric lymphadenopa-
thy along with the typical perilymphatic distribution of nod-
ules. The solid nodules are typically well defined with smooth
or irregular margins and most commonly measure 2–5 mm. In
keeping with the histological predilection of sarcoid

granulomata for areas adjacent to the lymphatic vessels, the
nodules are mainly clustered on CTalong the bronchovascular
bundles, interlobular septa, interlobar fissures, and subpleural
regions. The nodules predominate in the mid to upper lung
zones. Nodules that are beyond the resolution limits of CT
may generate ground glass opacity or coalesce into larger
opacities [9, 21].

Of note, a wide range of atypical findings are well-
documented in sarcoidosis, thus leading radiologists to term
sarcoidosis as Bthe great pretender^ or Bthe great mimicker.^
The CT description of these atypical findings is beyond the
scope of this article and may be found elsewhere [22].

It was shown that neither the appearance nor the extent of
disease on CTcan be considered a good predictor of function-
al impairment or activity of disease (as assessed by serum
angiotensin-converting enzyme levels and bronchoalveolar
lavage findings) in any individual patient [23, 24].

CT has higher accuracy in discriminating between revers-
ible and irreversible lung disease (Table 2), as compared to
CXR. Knowledge of this may help define treatment goals and
strategies (e.g., initiating or continuing potentially toxic treat-
ments) [25]. The classic irreversible changes seen in fibrotic
sarcoidosis consist of linear opacities (radiating laterally from
the hilum), fissure displacement, bronchovascular distortion,
bronchiectasis and honeycombing restricted to the upper
zones of the lungs, especially in dorsal regions (Fig. 5). Such
fibrotic CT pattern is indeed distinctive from those associated
with other fibrosing lung diseases such as usual interstitial
pneumonia (UIP) and nonspecific interstitial pneumonia
(NSIP) [26].

Importantly, it was recently shown that both the visual as-
sessment of the extent of lung fibrosis and of the main pulmo-
nary artery diameter to ascending aorta diameter ratio
(MPAD/AAD) on noncontrast CT may provide additional
prognostic information. In particular, high clinical risk can
be determined by integrating the composite physiologic index

Table 1 Chest radiographical staging of sarcoidosis

Stage 0 Normal chest radiograph (5–15 %)

Stage I Nodal enlargement only (45–65 %)

Stage II Nodal enlargement and parenchymal opacity (30–40 %)

Stage III Parenchymal opacity without adenopathy or evidence of
fibrosis (10–15 %)

Stage IV Lung fibrosis (5 %)

The percentages of patients at each stage at the time of presentation are in
brackets

Fig. 4 a–b Typical mediastinal lymph nodes calcification in sarcoidosis.
a–b Transverse CT image of the chest with mediastinal window setting
shows bilateral hilar and subcarinal lymphadenopathy. Two different
patterns of lymph node calcification are seen: icing sugar (arrow in a)
and egg shell (arrow in b)

Table 2 CT signs related to sarcoidosis

• Symmetric hilar lymph node enlargement

• Lymph node calcification with specific patterns (egg shell, icing sugar)

• Solid paraseptal nodules with upper lobe predominance

• Fissural and pleural beading

• Consolidations and galaxy sign

• Micronodular pattern

• Irregularities of the external aspect of bronchial wall and vascular
structures

• Air trapping on expiratory scan

• Reticulation with parenchymal distortion

• Traction bronchiectasis

• Honeycombing

• Relative sparing of the lower lung
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(i.e., a weighted index of pulmonary function variables) with
CT measures of the pulmonary vasculature and interstitial
disease [27].

There is plenty of evidence that tertiary centers perform CT
at presentation in most patients with chest radiographic abnor-
malities to serve as a baseline in the often difficult assessment
of change in disease severity [3, 27]. These views will not be
reconciled until the use of serial CT in the detection of change
has been validated in large patient cohorts (as discussed
below).

Radionuclide Imaging

Gallium scanning has been used historically as a method for
assessing sarcoid activity. However, its utility has been limited
by low specificity, the absence of a clear definition of the
amount of abnormal signal required to constitute Bactive^ pul-
monary disease, and the lack of an easy and reproducible
method to quantify radioisotope uptake [18, 28]. 18F-
Fluorodeoxyglucose positron emission tomography (18FDG-
PET) is not recommended in the standard workup but may
provide complementary information to routine techniques in
very rare specific conditions. Notably, 18FDG-PET may help
resolving some difficult diagnosis problems or decipher some
signs of unclear significance with an impact on therapeutic
decision. In particular, 18FDG-PET is a sensitive technique
to assess inflammatory activity, also in sarcoidosis (Fig. 6).
18FDG-PET offers added value in sarcoidosis patients with

unexplained persistent disabling symptoms [29]. 18FDG-
PETactivity of disease is seen in the 75–81 % of patients with
persistent disabling symptoms. In these subjects, pulmonary
involvement is reported in the 73–97 %, whereas
extrapulmonary inflammation occurs in the 75–79 % of cases
[30, 31]. Notably, 18FDG-PET is of great value in persistently
symptomatic patients without serological signs of inflamma-
tory activity, in patients with radiologic signs of fibrosis, and
in the detection of active cardiac sarcoidosis. 18FDG-PET pro-
vides information about disease activity location and therefore
highlights optimal targets for biopsy to obtain histological
evidence for the diagnosis. Also, 18FDG-PET can reveal
extrathoracic involvement for the explanation of symptoms
and unexpected organ involvement may offer prognostic val-
ue [32]. 18FDG-PET identifies clinically silent uptakes in
15% of patients with sarcoidosis and provides sites for biopsy
and diagnosis in 3.8 % [33]. Several regimens have been de-
scribed to properly minimize the physiological myocardial
background uptake, including a long lasting period.

Magnetic Resonance Imaging

In sarcoidosis, MRI is probably the most sensitive tool for the
detection of myocardium sarcoidosis. Cardiac involvement is
mostly seen as focal hyperintense areas in T2-weighted im-
ages within the lateral wall of left ventricle and basal portion
of the septum, up to dilative cardiomyopathy and sudden car-
diac death [34, 35]. Late-enhancement pattern is also a very
important sign even though it cannot discriminate between
granulomatous inflammation and fibrosis. MRI assessment
is also required to target biopsy within heterogeneously in-
volved myocardium. The combination of 18FDG-PET and
MRI could be helpful to differentiate active and inactive car-
diac involvement in difficult cases [36]. The role of MRI has
been reported also in the differential of mediastinal hilar
masses between sarcoidosis and lymphoma, and the Bdark
lymph node sign^ specific sign of mediastinal lymph node
involvement has been proposed [8, 37].

Complications

Vascular Diseases

Pulmonary arterial hypertension (PAH) is a substantial issue
regardless of whether there is fibrosis or not [38]. Extrinsic
compression of the central pulmonary vessels by lymphade-
nopathy or mediastinal fibrosis, destruction of the pulmonary
vascular bed, intrinsic pulmonary vasoreactivity, pulmonary
veno-occlusive disease, and intrinsic sarcoid vasculopathy
have all been proposed to contribute to PAH pathophysiology
in sarcoidosis [39]. Chest radiograph is relatively insensitive
for the detection of PAH. Radiographic signs include

Fig. 5 Parenchymal fibrosis on CT. Sagittal CT image of the lung shows
reticular pattern with architectural distortion. In particular, traction
bronctiectasis and honeycombing are seen along with upper lobes
shrinkage, fissural displacement, and relative sparing of lower lobes
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dilatation of the pulmonary trunk and main pulmonary arteries
with peripheral Bpruning,^ but they are difficult to identify
particularly when enlarged lymph nodes are present [40].

CT signs of PAH have been investigated extensively in the
setting of various diffuse lung diseases including idiopathic
pulmonary fibrosis, but less is known about the accuracy of
these signs in pulmonary sarcoidosis. Walsh et al. showed that
theMPAD/AADwas predictive of mortality, independently of
all other CT patterns. Furthermore, they suggested that the
MPAD/AAD ratio might capture the prognostic effect of un-
derlying vasculopathy, in sarcoidosis. Furthermore, visual es-
timates of the MPAD/AAD ratio on noncontrast CT scans
correlated closely with electronic caliper measurements en-
hancing the clinical use of this finding [27].

Nevertheless, contrast CT may help specify the mecha-
nisms in pulmonary hypertension by improving the identifi-
cation of the compression or obstruction of the pulmonary
vessels by mediastinal lymphadenopathy or fibrosis (e.g.,
fibrosing mediastinitis). Besides, pulmonary veno-occlusive
disease (PVOD) should be investigated in patients presenting
at CTwith dilated central pulmonary arteries accompanied by
smoothly thickened interlobular septa, ground-glass opacity
and pleural effusion, and left heart chambers of normal size.

Furthermore, contrast CT should be performed when pul-
monary embolism (PE) is suspected. By analyzing 46 million
records of US decedents, it was found that the risk of PE
among the 23,679 people coded with sarcoidosis was more
than twofold greater than the risk of PE in the background
population, regardless of gender, race, and age [41]. What is
driving the risk of PE in sarcoidosis requires further explora-
tion; meanwhile, PE should be strongly considered as a

potential explanation for worsening of respiratory status in
patients with chronic or severe sarcoidosis.

BSuspicious^ Lung Parenchyma Lesions

There is an increased overall risk of lung cancer among sar-
coidosis patients (Fig. 7a, b). In a recent nationwide cohort
study in Denmark, a short-term increased risk of cancer in
patients with sarcoidosis was potentially explained by in-
creased surveillance or even initial misinterpretation of cancer
as sarcoidosis [42]. Therefore, radiologists should be aware of
this association and they should not overlook any larger mass
in the context of diffuse perilymphatic nodules on CT, espe-
cially in the absence of any precise knowledge of the imaging
features of lung cancer associated with sarcoidosis [43].

By contrast, the imaging features of mycetomas in sarcoid-
osis are better defined (Fig. 7c). Radiographically, mycetomas
appear as a mass of soft tissue density within a lung cavity,
most commonly located in the upper lobes, separated from the
cavity wall by an air crescent [44]. Erosion of the fungal ball
into the hypervascular wall causes hemoptysis, which in 5 %
of patients may be life-threatening [45]. Thickening of the
lateral pleural surface adjacent to the cavity wall is an early
sign of mycetoma formation and may be detected on chest
radiograph or CT [46].

Imaging in the Follow-up

The chest radiograph is traditionally considered the corner-
stone of follow-up in sarcoidosis patients, along with serial

Fig. 6 a–d 18FDG-PET scan and
CT showing active inflammation.
a–b Transverse 18FDG-PET
image of the chest shows FDG-
avid structures corresponding to
active inflammation in axillary
(8A) and mediastinal
lymphadenopathy. c–d
Transverse 18FDG-PET (8C) and
CT (8D) of the chest show
parenchymal consolidation in the
right lung with active
inflammation
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PFTs [1, 47]. Some studies reported good correlation between
serial changes of chest radiographic stages and PFTs [16, 48].
However, Zappala et al. showed that change in radiographic
extent is more applicable to routine monitoring in sarcoidosis

than change in radiographic stage [49]. The same authors then
showed a greater agreement between change in extent of dis-
ease on serial CTscan and significant PFT trends as compared
to change in extent of disease on chest radiograph and signif-
icant PFT trends. Change in Dlco/alveolar volume displayed
no overall linkage with change in disease extent on chest
radiograph and only poor agreement with change in disease
extent on CT scan [50].

It has been suggested that CT is more sensitive than pul-
monary function tests in capturing the development of fibrotic
abnormality and thus has the potential to influence disease
management [51]. However, no study has systematically eval-
uated the additional information provided by serial CT over
lung function tests and chest radiograph. CT may be too sen-
sitive in some cases, revealing changes of limited, if any, clin-
ical relevance. Therefore, follow-up CT cannot be recom-
mended for routine use for monitoring disease, largely be-
cause of its increased radiation hazard in young patients
[47]. Repeating chest radiograph along with clinical examina-
tion every 3–6 months is still regarded a good compromise for
monitoring pulmonary sarcoidosis [52]. CTmay be performed
or repeated in subjects with unexplained worsening of respi-
ratory symptoms, hemoptysis, disproportionately impaired
lung function or airflow obstruction, uncertain chest radio-
graphic abnormalities, aspergilloma, or pulmonary hyperten-
sion [3, 17].
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