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Sarcoidosis is a granulomatous disease of unknown aetiology that shows multi-
systemic involvement and that is predominantly seen in young and middle-aged patients,
with a slightly higher prevalence in females [1]. The histological hallmark of sarcoidosis is
noncaseating granulomas with proliferation of epitheloid cells [2]. Although the disorder
is multisystemic, pulmonary manifestations typically dominate. Chest radiographs are
abnormal in 90–95% of patients with bilateral hilar adenopathy as the most common
radiological finding [1, 3]. Although cough and dyspnoea may be present in patients
with thoracic involvement, 30–60% of the patients are asymptomatic making the find-
ings on the chest radiograph incidental. The initial manifestation of the disease can also
be related to the involvement of structures outside the chest [1, 3, 4]. Although skin and
ocular lesions are most common, the liver, spleen, parotid glands, central nervous system
(CNS), genitourinary system, and the bones and muscles may also be involved.

The diagnosis of sarcoidosis is commonly established on the basis of clinical and
radiological findings supported by histological findings. Thoracic involvement is often
easily recognised on a chest radiograph when hilar adenopathy is present (fig. 1).
However, although probably not necessary in every patient, computed tomography (CT)
and High-resolution CT (HRCT) can play an important role in the diagnosis and staging

a) b)

Fig. 1. – a) Posteroanterior and b) lateral chest radiograph show broadening of the paratracheal mediastinum,
nodular opacities in both hila (white arrows) and a convex border of the aortic pulmonary window caused by
enlarged lymph nodes. Notice also some reticular involvement of the lung parenchyma.
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of thoracic sarcoidosis (fig. 2) [5]. CT cannot only demonstrate subtle mediastinal
adenopathy, which is hardly or not visible on a chest radiograph, but can also better
show lung parenchymal involvement. Moreover, some (HR)CT features are moderately
characteristic for the disease. Although magnetic resonance imaging (MRI) may be
useful in the evaluation of mediastinal and pulmonary involvement, the main develop-
ment of this technique has taken place in the evaluation of neurosarcoidosis, and to a
lesser degree in bone, muscle and cardiac sarcoidosis [6].

In this review the radiological presentation of sarcoidosis will be discussed and
illustrated. The review will start with a description of the radiograph and CT features
of mediastinal and pulmonary involvement of sarcoidosis and the correlation of these
features with disease activity and pulmonary function. Also, a paragraph on cardiac
involvement is included. In the second part the imaging characteristics of selected
extrathoracic manifestations of sarcoidosis will be discussed briefly.

Intrathoracic manifestations of sarcoidosis

Common features

Lymphadenopathy. More than 80% of the patients with sarcoidosis have intrathoracic
adenopathy at the time of the presentation [7–9]. These enlarged lymph nodes are
classically located in both hila, in the pre- and right paratracheal mediastinum, in the
aortopulmonary window, in the subcarinal area and, less frequently, in the anterior and
posterior mediastinum. However, only the right paratracheal and hilar lymph nodes
and those located in the aortic pulmonary window can easily identified on a poster-
oanterior and lateral chest radiograph (fig. 1) [10–12]. A CT examination is usually
necessary to show the involvement of the other node groups (fig. 2) [12]. Although
contrast-enhanced (CE) CT will better differentiate between enlarged lymph nodes and
the vascular structures in the mediastinum, and especially in the hila, injection of con-
trast is not always necessary to make the diagnosis. Mediastinal adenopathy without
hilar involvement or with unilateral hilar involvement is rare but can be seen especially
in older patients [13]. Hamper et al. [14] found unilateral hilar adenopathy in six out of
29 patients who were aged w50 yrs when the initial diagnosis of sarcoidosis was made.
In this study, two patients had isolated mediastinal lymph node enlargement. Calcifica-
tion can occur in affected nodes, especially in patients with longstanding sarcoidosis, and

a) b)

Fig. 2. – a) Axial and b) coronal computed tomography images in a patient with sarcoidosis. Enlarged lymph
nodes can be seen in the mediastinum and in both hila.
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can be amorphous, punctuate, or eggshell (fig. 3) [7, 13]. One study, examining nodes with
CT in 49 patients with biopsy-proven sarcoidosis, showed nodal calcification in 53%
of patients [15]. Hilar adenopathy was often bilateral, while the eggshell pattern was seen
in 42% of patients with nodal calcification [16, 17].

Pulmonary parenchymal disease. Lung involvement in sarcoidosis is present in 25–50%
of patients and has a strong predilection for the upper lung [3, 4]. In addition, although
both diffuse and peripheral patterns are seen, the abnormalities are often centrally
distributed [18].

Chest radiograph. Reticular, reticulonodular or focal alveolar opacities are the most
characteristic features on a chest radiograph (fig. 4a–c) [14, 19]. Confluent areas of lung
consolidation and multiple well-circumscribed pulmonary nodules are less commonly
seen [14, 20–23]. A ground-glass pattern is only very rarely present [24]. End-stage disease
may manifest as conglomerated masses, and broad and coarse septal bands with archi-
tectural distortion, hilar retraction, upper lobe volume loss and, finally, honeycomb
change and large bullae (fig. 4d). Extensive calcification may be encountered within
fibrotic granulomas [13]. These processes are usually seen predominantly in the central
and upper lung; a distribution that is typical for sarcoidosis, but can also be seen in
tuberculosis and silicosis. In advanced fibrosis, enlarged pulmonary arteries indicating
pulmonary arterial hypertension and bronchiectasis may be observed.

Computed tomography. Pulmonary infiltrates and their distribution pattern are usually
better appreciated on a CT examination. The cross-sectional format of CT allows a better

Fig. 3. – Lateral chest radiograph (detail) showing multiple calcified lymph nodes in the hilum and in the
mediastinum (arrows). Most calcifications show an eggshell pattern (arrows).
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recognition of the axial distribution of the disease, whilst coronal reformations generated
from spiral CT can more accurately show the craniocaudal distribution [25, 26]. Due
to their higher density, resolution CT scans may detect parenchymal changes that
are below the resolution of conventional chest radiographs. Moreover, with CT and,
especially with HRCT, a detailed analysis of the lung parenchymal changes becomes
possible and this technique can often depict whether a disease shows a predominant
vascular, airway or lymphatic distribution or whether the disease is predominantly
located in the interstitial tissue. This is particularly helpful in the diagnosis of sarcoid-
osis. Indeed, sarcoid granulomas are typically distributed along the lymphatic vessels,
which run within the interstitial tissues of the bronchovascular bundles down to the
terminal bronchioles, in the interlobular septa and subpleural [27].

The (HR)CT features of lung parenchymal involvement in sarcoidosis depend upon
the stage and chronicity of the disease. Nodules which vary in size from 2 mm to 1 cm are
the most commonly seen pulmonary parenchymal abnormality (fig. 5) [28–32]. These
nodules represent aggregates of granulomas, with or without peribronchiolar fibrosis

a) b)

c) d)

Fig. 4. – a) Reticular, b) reticulonodular and c) focal alveolar opacities are the most characteristic features on a
chest radiograph. d) End-stage disease characterised by the presence of conglomerated masses and coarse septal
bands with architectural distortion, hilar retraction and upper lobe volume loss. Notice also the pulmonary
calcifications (arrows).
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a)

b)

c)

Fig. 5. – Nodules representing aggregates of granulomas are the most commonly seen pulmonary parenchymal
abnormality on computed tomography (CT) (a–c). They are typically located in the lymphatics along the large
and small bronchovascular bundles (causing thickened bronchovascular bundles; black arrow), and, to a lesser
extent, in the subpleural lymphatics (causing nodular delineation of the pleura and of the fissure; black
arrowheads), in the interlobular septal (giving rise to a beaded appearance of these septa; white arrows) and
centrilobular lymphatics (giving rise to peripheral centrilobular nodules; white arrowheads) (a and b). Confluent
nodular opacities can present on CT as areas of lung consolidation, possibly with an air bronchogram (c).
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[33]. On (HR)CT these nodules usually are sharply defined, have irregular margins [34]
and are typically located in the lymphatics along the large and small broncho-
vascular bundles (causing thickened bronchovascular bundles), and to a lesser extent in
the subpleural lymphatics (causing nodular delineation of the pleura and of the fissure),
in the interlobular septal (giving rise to a beaded appearance of these septa) and
centrilobular lymphatics (giving rise to peripheral centrilobular nodules) (fig. 5a, b) [32,
34, 35].

The thickening of the bronchovascular bundles and beaded appearance of the
interlobular septa and fissures may mimic lymphangitic carcinomatosis, especially
when this thickening is more uniform and less nodular. Differential diagnosis between
the two entities is usually possible by the upper lobe preponderance in sarcoidosis,
and the more extensive and linear thickening of the interlobular septa in lymphangitic
carcinomatosis [36]. In addition, lymphangitic carcinomatosis is frequently unilateral,
whereas sarcoidosis is typically bilateral in nature. The differential diagnosis with other
nodular diseases is based on the study of the distribution pattern and the delineation of
the nodules [37, 38]. Although sharply defined, haematogeneous metastases usually show
a random distribution. Also, miliary infection (tuberculosis, fungus) shows a random
distribution and can be well- or ill-defined. Hypersensitivity pneumonitis, bronchiolitis
and haemorrhage can also have a nodular appearance but these nodules are usually
ill-defined and located in the centre part of the secondary pulmonary lobule. Nodules
seen in organising pneumonia and Langerhans cell histiocytosis are usually well-defined
and also show a centrilobular distribution.

Confluent nodular opacities can present on CT as areas of lung consolidation with air
bronchograms (fig. 5c). This parenchymal consolidation is usually bilateral and symme-
trical and shows an upper and midlung distribution. Also, areas of ground-glass opacity
may be seen. When ground-glass opacity is seen on thick-slice CT scans, small nodules
may be identified on thinner slices [39]. The cause of ground-glass attenuation on HRCT
is uncertain. It has been suggested that this feature corresponds to active alveolitis and
reversible disease (fig. 6a) [40]. However, ground-glass opacity with a coarse texture and
with traction bronchiectasis may reflect irreversible fibrotic changes (fig. 6b). It should be
emphasised, however, that these areas of ground-glass opacity can be caused by increased
perfusion secondary to vascular redistribution. This vascular redistribution is secondary
to the decreased perfusion in the surrounding areas which results from hypoventilation
caused by bronchiolar narrowing (mosaic pattern) (fig. 6c and d). Sometimes a "crazy
paving" pattern can be observed. This pattern consists of ground-glass attenuation with
superimposed interlobular septal thickening [41].

Although lung nodules and consolidation, when evaluated over time, often disappear
or decrease in number and extent, fibrosis may develop in advanced disease and signs
that reflect irreversible disease can then be observed [42–44]. These signs include fibrous
bands, and architectural distortion of the fissures, (thickened) interlobular septa, bronchi
and blood vessels (fig. 7a). Also, retraction of the hila, bronchiectasis and cystic radio-
lucencies including cysts, bullae and paracicatricial emphysema, are seen (fig. 7b) [29, 31,
32]. These fibrotic and cystic changes are typically worse in the upper lobes and follow
large airways in a perihilar distribution (fig. 7) [30, 34, 45, 46]. This upper lobe and
perihilar distribution is usually specific enough to suggest the diagnosis of sarcoidosis,
although in a very small percentage of patients sarcoidosis may produce HRCT signs
almost identical to idiopathic pulmonary fibrosis, i.e. signs of fibrosis in a peripheral,
subpleural and lower lobe distribution [47]. Mycetomas may complicate upper lobe
bullae [34]. In some patients, dense mass-like lesions with air bronchograms may be
observed [31, 33, 42, 44]. These correspond to bronchial and bronchiolar dilatation with
surrounding fibrosis.

Air-trapping is another very common CT feature in patients with sarcoidosis and
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is seen in all stages of the disease [29, 48–50]. This sign can only be appreciated on
expiratory CT scans and is characterised by the presence of multiple patchy areas of
decreased attenuation, i.e. areas that do not increase in density and decrease in size on the
expiratory scans (fig. 8). Often the lung attenuation is normal on inspiratory scans,
although, as mentioned earlier, in some patients a mosaic pattern is already seen on the
inspiratory scans (fig. 6c and d). Air-trapping is very common and was noted in 89% of
patients in one study and in 95% of patients in another study [29, 49]. It may involve any

a) b)

c) d)

Fig. 6. – Ground-glass opacity on thin-slice computed tomography can indicate active a) alveolitis, but it can
also be caused by b) irreversible fibrosis and by c) increased perfusion secondary to vascular redistribution
(mosaic pattern). This mosaic pattern is accentuated on expiratory scans (d).

a) b)

Fig. 7. – Advanced disease with lung fibrosis characterised by the presence of fibrous bands, architectural
distortion of the fissures, septa, bronchi and blood vessels (a and b). Also retraction of the hila, bronchiectasis
and cystic radiolucencies can be seen (b).
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a)

b)

c)

AW

Fig. 8. – High-resolution computed tomography (HRCT) at a) end-inspiration and b) at end-expiration. c) Air-
trapping is very common, may involve any lung zone and reflects small airway narrowing caused by granulomas
(arrows) adjacent to the small airways (AW). Scale bar=1,000 mm. Figure 8c appears courtesy of B. Vrugt (Dept
of Pathology, Martini Hospital, Groningen, The Netherlands).
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lung zone and may be the only CT feature of pulmonary sarcoidosis [51]. It reflects small
airway narrowing, which is very probably caused by granulomas adjacent to the small
airways (fig. 8c) [52].

It should be emphasised that multiples of these CT patterns may co-exist in individual
patients (the combination of central homogeneous areas of lung consolidation and
surrounding small nodules is very suggestive for sarcoidosis) and may evolve over time,
and that signs of potentially reversible disease can be seen in combination with findings
that reflect irreversible fibrosis [53]. Table 1 shows the most frequent CT features of
sarcoidosis.

Uncommon features

Although more frequently seen on a CT scan than on a chest radiograph, primary
cavitation as a result of central necrosis due to confluent granulomas is rare. It was
evident inv1% of patients on a chest radiograph in one study and in 2% of patients on
CT in another study [54, 55]. If cavitation occurs, superimposed infection should be
considered.

Pleural effusion is seen in only 1–4% of patients with sarcoidosis on a chest radiograph
and a little more frequently on CT scans [21, 44, 56, 57]. Pleural thickening is often seen
and is usually not caused by pleural involvement with sarcoidosis, but is the result of
fibrotic retraction of extrathoracic soft tissue and fat.

As mentioned earlier fibrotic changes are often responsible for the development of small
bullous changes (fig. 7b). More rarely, large bullae develop [58]. The cause of these
lesions is unknown. Possible causes include air-trapping and alveolar distension due to
bronchiolar narrowing, destruction of lung tissue by active alveolitis and retraction and
collapse of the surrounding lung with air-filling of more compliant airspaces [59].

Rarely sarcoidosis presents as a solitary pulmonary nodule (fig. 9) [22, 60, 61].
Mycetomas may develop in any of the above mentioned cystic spaces and are seen in

about 1–3% of patients [62, 63]. Typically they develop in the upper lobes [62, 64]. The
observer should be alerted when new pleural thickening adjacent to a known cystic
space develops because this can be the first sign of a developing mycetoma.

Pneumothorax is another rare manifestation of sarcoidosis which usually occurs late
in the course of the disease [65].

Disease activity and correlation with pulmonary function

Although its value is relatively limited, the chest radiograph is still widely used to
predict the severity of pulmonary involvement and to have an idea about the prognosis of

Table 1. – CT features of sarcoidosis

Sharply defined nodular opacities located in the central lung and upper lobes in:
The peribronchovascular interstitium
Relation to the centrilobular structures
The interlobular septa
The pleural surfaces

Large nodules, lung consolidation and conglomerate masses
Ground-glass opacity
Mosaic attenuation and air-trapping
Findings of fibrosis:

Septal thickening
Traction bronchiectasis
Honeycombing

Mediastinal and hilar lymph node enlargement, usually symmetrical
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disease (table 2) [66, 67]. A score based on chest radiograph findings is used and defines
five radiographic stages of intrathoracic changes, including: stage 0: normal chest
radiograph; stage 1: lymphadenopathy only; stage 2: lymphadenopathy with paren-
chymal infiltration; stage 3: parenchymal disease only; stage 4: pulmonary fibrosis [1].
The limited value of this score is related to the complexity of the lung involvement with
both airway and interstitial changes often not visible on a conventional chest radiograph
and resulting in complex lung function abnormalities [68].

Given the better image quality and the higher density resolution of CT and HRCT,
allowing an earlier detection of disease and a better study of its extent, it can be expected
that this technique is more valuable in evaluating parameters of disease activity and
functional impairment. Several investigators have indeed evaluated the type and extent
of disease on CT and their correlations with pulmonary function. Various attempts
were also made to score sarcoidosis with HRCT based on different criteria [28, 69–72].

MÜller et al. [30] compared findings of sarcoidosis on thick-slice CT scans (10 mm)
and chest radiographs with dyspnoea scores and pulmonary function tests (PFTs) and
found significant correlations. The extent of disease on CT correlated slightly better with
the carbon monoxide diffusing capacity of the lung (DL,CO) than did the profusion of
opacities on chest radiographs, but correlations of CT with other PFT parameters, such
as vital capacity (VC) and total lung capacity (TLC) were similar to chest radiographs;
these authors suggested that neither CT nor the chest radiograph can be considered
a good predictor of functional impairment in any individual patient with sarcoidosis.
Similar observations were made by others [31, 71]. In contrast, Brauner et al. [31] found
weak correlations between CT scores of sarcoidosis and different functional para-
meters, such as TLC, VC, forced expiratory volume in one second and DL,CO but these
correlations were no better than conventional chest radiographs. Also Remy-Jardin et al.
[71] found a significant but weak correlation between the extent of abnormalities on CT
and impairment of lung function. However, these lung changes did not reflect disease

Table 2. – Chest radiograph scoring of sarcoidosis#

Stage 0: 5–15
Stage 1: 45–65
Stage 2: 30–40
Stage 3: 10–15
Stage 4: 5

#: Table shows the percentages of patients in each stage at the time of presentation.

Fig. 9. – Sarcoidosis presenting as a solitary pulmonary nodule (arrow).
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activity. Other studies looked at the patterns of CT abnormality and found that the
pattern of CT abnormality influenced PFT results [29, 45, 69]. In one study, bronchial
distortion was associated with lower expiratory flow rates, while the honeycomb pattern
was more associated with restriction and reduced DL,CO, TLC and forced vital capacity
(FVC) [69]. Davies et al. [49] found that the extent of air-trapping correlated with
percentage of predicted (% pred) residual volume/TLC and % pred maximal mid-
expiratory flow rate between 25–75% of the VC. Magkanas et al. [51] found a significant
correlation between the extent of air-trapping and the residual volume and the residual
volume-total lung capacity ratio. Although these studies showed, among selected patient
groups, modest to good correlations between some radiographic and CT features and
some PFT parameters, the practical value of these associations in the individual patient
is limited and it is doubtful whether it gives any benefit in the management of this patient
[73].

Also the attempts to produce CT scoring systems for sarcoidosis were not always
successful [28, 69–72]. Oberstein et al. [74] described a HRCT scoring system which
registers quality and quantity of lung parenchyma affected, pleural thickening and
enlargement of lymph nodes; they found a good correlation between their scoring system
and the number of polymorphous clear neutrophils in BAL fluid which was found to be
related to disease severity [74–76]. Drent et al. [68] used a HRCT scoring system adapted
from Oberstein et al. [74] containing six HRCT patterns: 1) thickening or irregularity
of the bronchovascular bundle; 2) parenchymal consolidation, including ground-glass
opacifications; 3) intraparenchymal nodules; 4) septal and nonseptal lines; 5) focal
pleural thickening; and 6) enlargement of the lymph nodes. They found that the scores
of thickening or irregularity of the bronchovascular bundle, intrapulmonary nodules,
septal and nonseptal lines, and focal pleural thickening were significantly correlated
with several pulmonary function parameters both at rest and at maximal exercise.
Parenchymal consolidations, including ground-glass opacifications, and enlargement
of lymph nodes turned out to be of minor importance.

Some CT features have prognostic significance, but because of the important
variability between patients it is doubtful whether CT can predict disease outcome or
response to therapy. Certain CT features, such as distortion, cysts, traction bron-
chiectasis and bronchiolectasis reflect fibrosis and indicate poor responsiveness to
therapy [42–45, 71, 77]. In contrast, nodular opacities, lung consolidation, ground-
glass opacity, and septal and nonseptal lines may represent either granulomatous
inflammation or fibrosis or a combination of both changes and are potentially rever-
sible with appropriate therapy [28, 41–43, 45, 71, 77]. Ground-glass opacity showed the
same characteristics as in other diffuse lung diseases [78]; it may be a sign of acute
inflammation and reversible disease but with a coarse texture and with traction
bronchiectasis or bronchiolectasis it more likely reflects irreversible fibrotic changes.
One study also showed that air-trapping was in part reversible under steroid treat-
ment [79], confirming the observation that airway obstruction, as measured with PFTs,
can be reversed by treatment [80].

Cardiac involvement

Although cardiac involvement is often present (it was observed in 25% of patients in
an autopsy series [81]), it is only depicted in y5% of patients [82]. Patients are very
often asymptomatic, but when the conduction pathway is involved symptoms, such as
ventricular arrhythmia and heart blockage, which may result in sudden cardiac arrest,
can occur [83]. In fact, cardiac sarcoidosis is responsible for 50% of deaths [83, 84]. Also,
congestive heart failure is sometimes seen.
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CT is of little value in the diagnosis of cardiac sarcoidosis. Some myocardial thinn-
ing at the site of involvement is occasionally seen. MRI is a better technique and can be
used for early detection of disease. The sites of involvement manifest as areas of increased
signal intensity on T2-weighted images or as areas of enhancement on T1-weighted
images (fig. 10) [85].

Extrathoracic involvement (selected sites)

Central nervous system involvement

Up to 25% of patients with sarcoidosis have asymptomatic involvement of the CNS at
autopsy [86–88]. However, clinically recognisable disease is seen inv10% of patients [86,
87]. Neurosarcoidosis has a predilection for the base of the brain and can cause cranial
nerve palsy as one of the first symptoms [89]. The optic nerve and chiasm are also
frequently involved [90, 91]. Gadolinium-enhanced MRI is the imaging modality of
choice because it is more sensitive than CT and can depict a wide spectrum of abnor-
malities (fig. 11) [92]. The lesions can be solitary or multiple and typically present as
hyperintense masses on T2-weighted images [93]. After administration of contrast these
lesions typically enhance when biologically active. Signal intensity decreases in response
to therapy (fig. 11b). Unfortunately, MRI may be normal in much localised disease while
infections, some malignancies, vasculitis and multiple sclerosis can produce MRI features
similar to those seen in sarcoidosis [94]. Sarcoidosis can also cause aseptic meningitis.
The meningeal lesions are usually not seen on unenhanced MRI but often show diffuse
enhancement on contrast-enhanced (CE) T1-weighted imaging. Also, the spinal cord can
be involved. On T2-weighted MRI, an intramedullary lesion with decreased signal
intensity can be observed. These lesions show enhancement on contrast-enhanced T1-
weighted images [93, 95].

Ocular involvement is seen in up to 80% of patients and typically presents as a bilateral
uveitis [1]. Involvement of the lacrimal glands can also occur and is commonly bilateral.
CE CT or MRI typically shows enlarged, enhancing lacrimal glands.

a) b) c)

Fig. 10. – Cardiac sarcoidosis in a female aged 41 yrs presenting with asymptomatic atrioventricular block. a) T1-
weighted fast spino-echo (SE) magnetic resonance imaging (MRI). b) Contrast-enhanced inversion recovery (CE-
IR) MRI with late imaging in the cardiac short-axis (same level as a), and c) horizontal long-axis. Moderate
thickening of the inferolateral LV wall is visible on SE-MRI (a; arrow). In this area, a focal strong enhancement
is found with a thin nonenhancing subendocardial and subepicardial rim (b; arrow). On the horizontal long-axis
view, several areas of strong enhancement are found throughout the LV wall, probably representing several
noncaseating granulomas (c; arrows). Scans appear courtesy of J. Bogaert (Dept of Radiology, University
Hospitals, Leuven, Belgium).
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Abdominal involvement

As in the CNS, many patients with sarcoidosis show liver and spleen involvement at
autopsy, but only few develop dysfunction of these organs [96]. Usually some enlarge-
ment of liver and spleen is seen and can be depicted with CT and MRI. Only 10–15% of
patients show hypointense and hypoattenuating liver and/or spleen nodules ranging in
size from 5–20 mm that correspond with coalescing granulomas [96–101]. Differential
diagnosis with more common diseases, such as metastases and lymphoma can be diffi-
cult. In lymphoma, however, lymph node enlargement is more pronounced and the
retrocrural lymph nodes are more frequently involved [96, 99]. Simultaneous involve-
ment of liver and spleen makes metastatic disease less likely and favours the diagnosis of
sarcoidosis and lymphoma.

Involvement of the gastrointestinal tract is rare and when present it is usually
associated with pulmonary disease [102]. The stomach is the most common site of
involvement and the radiological signs of the disease are very aspecific ranging from
mucosal thickening, mimicking Menetrier disease, to lesions, mimicking gastric ulcers
or linitis plastica.

Involvement of the genitourinary tract is seen in v5% of patients. Sarcoidosis most
frequently affects the kidneys, but in male patients the epididimys and the testis can also
be involved [103]. CE CT scan may show signs of interstitial nephritis or less frequently
multiple low-attenuation nodules that resemble lymphoma or metastases [104, 105].
When the epididimys is involved, MRI can show heterogeneous and nodular enlarge-
ment with a slight increase in signal intensity on the T2-weighted image [103].

Other sites of involvement

Extrathoracic lymphadenopathy can be seen in sarcoidosis patients. Indeed, about
one-third of patients indeed have enlarged cervical lymph nodes and their recogni-
tion is important in case a biopsy is considered. Massive abdominal lymphadeno-
pathy, especially in the paraaortic region does also occur but is relatively rare. Imaging

a) b)

Fig. 11. – Neurosarcoidosis a) before and b) after treatment. Sagittal gadolinium-enhanced T1-weighted spin-
echo image showing an infundibular mass in the pituitary stalk (a). After treatment (b), no residual mass is
seen. Scans appear courtesy of P. Demaerel (Dept of Radiology, University Hospitals, Leuven, Belgium).
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appearances of these nodes are, however, aspecific and differentiation from metastatic
disease or malignant lymphoma may be difficult.

Involvement of the parotic glands is seen iny6% of patients with sarcoidosis and is
commonly bilateral and associated with widespread disease in other organs [1, 106]. MRI
shows enlarged parotid glands, demonstrating increased signal intensity on T2-weighted
images and enhancement after administration of contrast. Also, involvement of the
epiglottis is possible (fig. 12).

The musculoskeletal system can also be involved, but usually this only occurs when
the disease is generalised. Inflammatory changes in the joints are usually not iden-
tified radiologically but can be identified with MRI. When the muscles in particular are
involved, characteristic nodules may appear [107]. These nodules typically show low
signal intensity in the central part, which is related to the fibrotic changes while, because
of the presence of granulomas, the periphery of the nodules exhibits bright signal
intensity on T2-weighted images and enhancement after administration of contrast [108].
Skeletal involvement is seen in y5–10% of patients with sarcoidosis and the disease
most frequently affects the phalanges of the hands and feet, although involvement of
the vertebral bodies can occur [109, 110]. Radiographic signs include intact articular
spaces, bone erosion, which can be extensive and result in pathological fractures, and
multiple cyst-like radiolucent areas. Often a subcutaneous soft tissue mass is also present
[111]. Long bone and axial skeletal involvement may, however, be occult at conven-
tional radiography, but depicted at MRI, with an appearance that resembles that of
osseous metastases [112].

a) b)

Fig. 12. – Sarcoidosis of the epiglottis. Axial contrast-enhanced computed tomography images. a) Thickening
and superficial enhancement of the free edge of the epiglottis (arrow), with marked infiltration of the pre-
epiglottic fat (arrowhead). b) Slightly thickened infrahyoid epiglottis (arrowhead); the aryepiglottic folds (arrows)
also appear thickened and show superficial enhancement. Scans appear courtesy of R. Hermans (Dept of
Radiology, University Hospitals, Leuven, Belgium).
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Summary

The diagnosis of sarcoidosis is usually established on the basis of clinical and
radiological findings supported by histological findings. More than 80% of patients
with sarcoidosis have intrathoracic adenopathy at the time of presentation. When hilar
adenopathy is present, this intrathoracic adenopathy is often easily recognised on a
chest radiograph. Computed tomography (CT) can depict additional mediastinal
lymph nodes that are hardly or not visible on a chest radiograph. However, CT, and
especially high-resolution CT, is especially helpful when pulmonary parenchymal
disease is present. While some CT signs are moderately characteristic for the disease,
CT can also play a role in the study of disease extent and can, to a certain degree,
predict the reversibility of lung changes. Although magnetic resonance imaging may
be useful in the evaluation of mediastinal and pulmonary involvement, the main
development of this technique has taken place in the evaluation of neurosarcoidosis,
and to a lesser degree in bone, muscle and cardiac sarcoidosis.

Keywords: Computed tomography, imaging, interstitial lung disease, sarcoidosis.
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