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Abstract Sarcoidosis is a systemic granulomatous disorder
of unknown aetiology with a wide spectrum of radiological
appearances and almost invariably pulmonary involvement.
Lung involvement accounts for most of the morbidity and
much of the mortality associated with sarcoidosis. Imaging
contributes significantly to the diagnosis and management of
patients with sarcoidosis. In typical cases, chest radiography
may be sufficient to establish the diagnosis with little margin
of error and CT is not necessary. However, CT can play a
critical role in several clinical settings: atypical clinical and/or
radiographic findings; normal or near-normal chest radio-
graph but clinical suspicion of sarcoidosis; and detection of
complications. Moreover, in many patients, CT findings are
atypical and unfamiliar to most radiologists (e.g. sarcoidosis
mimicking other lung diseases and vice versa), and in these
cases histological confirmation of the diagnosis is recom-
mended. CT is also useful in assessing disease extent and
may help to discriminate between reversible and irreversible
lung disease, thus providing critical prognostic information.
This review concentrates on the more difficult imaging as-
pects of sarcoidosis, in particular differential diagnosis and
disease complications.
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Key points

* Sarcoidosis is characterized by a wide spectrum of radio-
logical appearances.

» In typical cases, imaging substantially contributes to the
diagnosis of sarcoidosis.

* CT plays a critical role in atypical and complicated cases.

* CT may discriminate between reversible and irreversible
lung disease.
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Introduction

Sarcoidosis is a systemic disorder of unknown aetiology
characterised histologically by the presence of non-caseating
granulomatous inflammation. The diagnosis also requires sup-
portive clinical and radiological features, and the exclusion of
known causes of granulomatous inflammation [1]. Clinical
presentation and disease behaviour are highly variable but
lung involvement is almost universal [2, 3]. Between 30 %
and 60 % of patients present with incidental, yet typical,
features of sarcoidosis on chest radiography [4]. Sarcoidosis
has a wide spectrum of radiological manifestations and may
mimic other lung diseases; conversely, several diseases can
resemble classical sarcoidosis. This article focuses on the
more challenging radiological aspects of sarcoidosis, with
emphasis on differential diagnosis, atypical features and dis-
ease complications.

Role of chest radiography versus HRCT
The precise role of imaging in sarcoidosis has not been clearly
defined. Pulmonary sarcoidosis is frequently classified ac-

cording to appearances on chest radiography. A radiographic
system, developed more than five decades ago, defines the
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following stages: stage 0 (normal appearances); stage I (bilat-
eral hilar lymphadenopathy); stage 11 (bilateral hilar lymph-
adenopathy with pulmonary infiltrates); stage Il (parenchy-
mal infiltrates); stage IV (irreversible fibrosis with parenchy-
mal distortion or bullae). This classification scheme is purely
descriptive and does not indicate disease activity [5]. Most
patients with suspected sarcoidosis have a chest radiograph for
diagnostic purposes and in the correct clinical context (i.e. a
patient presenting acutely with erythema nodosum or ankle
swelling, fever and uveitis), it can be sufficient to establish a
diagnosis of sarcoidosis rapidly and with little margin of error
[6, 7]. In such cases, CT is not required. However, CT plays a
key diagnostic role in patients presenting with atypical clinical
or radiographic findings, or in patients with a normal or near-
normal chest radiograph but clinical suspicion of sarcoidosis.
In addition, for patients requiring tissue confirmation of the
diagnosis, CT can identify potential high-yield sites for
transbronchial or surgical lung biopsy.

Once the diagnosis has been made, CT offers little obvious
advantage over chest radiography in monitoring uncomplicat-
ed cases [8]. Moreover, the cost and radiation hazard of
repeated CT, particularly in young patients, should be kept
in mind. The role of CT in identifying disease activity and
reversible abnormalities is controversial [9, 10]. However,
some patients have unarguably irreversible disease (e.g. archi-
tectural distortion, traction bronchiectasis, honeycombing and
bullae), and knowledge of this may help to define treatment
goals and strategies—for instance, initiating or continuing
potentially toxic treatments. CT may also be useful in evalu-
ating disease extent in patients with near-normal lung func-
tion, especially when respiratory symptoms are disproportion-
ately severe. Finally, unexplained worsening of symptoms or
haemoptysis should prompt referral for CT to detect possible
complications of sarcoidosis, including mycetoma, vascular
involvement or bronchial stenosis (Fig. 1).

T

Typical features of pulmonary sarcoidosis on HRCT

In the appropriate clinical setting, a combination of mediastinal
and parenchymal abnormalities on HRCT is virtually diagnos-
tic of sarcoidosis. This is particularly the case when lymph
nodes show subcarinal and symmetrical hilar enlargement with
the typical perilymphatic distribution of nodules. The nodules,
typically well defined, may have smooth or irregular margins,
and most commonly measure 2—5 mm [11, 12]. Nodules are
identified in 80-100 % of cases on HRCT [13, 14]. Because of
their typical lymphatic predilection, the nodules are mainly
clustered along the bronchovascular bundles, interlobular sep-
ta, interlobar fissures and subpleural regions [15]. The nodules
predominate in the mid to upper lung zones and may coalesce
or clump into larger opacities [11, 16] (Fig. 2). The distribution
of granulomas (peribronchiolar or intraluminal) may account
for regional air trapping (i.e. areas of low attenuation inter-
spersed with larger areas of normal lung parenchyma) that
reflects small airways involvement more easily identifiable on
expiratory CT [16]. Air trapping on expiratory CT is present in
nearly all cases of sarcoidosis irrespective of radiographic
staging [17—19]. Consolidation and ground-glass opacity are
other features that may occur with or without the more typical
pattern of perilymphatic nodules [12, 20], and have been re-
ported on CT in 15-27 % [21, 22] and 16-83 % [4, 14, 17] of
cases, respectively. Innumerable small interstitial granulomas
beyond the resolution of HRCT may account for a faint texture
within what is otherwise amorphous ground-glass opacification
[23]. Symmetrical hilar lymphadenopathy with subcarinal in-
volvement, even as an isolated finding, is also highly sugges-
tive of sarcoidosis [24]. Lymph node enlargement is commonly
seen in the right paratracheal, aortopulmonary, tracheobronchi-
al, distal bronchopulmonary and, characteristically, subcarinal
regions [25, 26]. A cloud-like or an “icing sugar” pattern of
nodal calcification is also typical of sarcoidosis, as it is not

Fig.1 Advanced fibrotic sarcoidosis with cystic lung lesion complicated
by a mycetoma (appearing as a ball bordered on one side by the air
crescent sign, arrow) in the right upper lobe
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Fig. 2 Classical manifestations of pulmonary sarcoidosis: hilar and
mediastinal lymphadenopathy and perilymphatic nodules (with
bronchovascular and interlobular septal beading, centrilobular and
subpleural nodules)
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Fig. 3 CT scan showing hilar and subcarinal enlarged lymph nodes con-
taining amorphous calcification (arrows). This pattern of amorphous (“icing
sugar”) calcification is highly suggestive of sarcoidosis. Lymph nodes
enlargement also caused partial right middle lobe collapse (dashed arrow)

usually associated with other forms of granulomatous disease,
notably tuberculosis [25] (Fig. 3). Pulmonary fibrosis occurs in
approximately 2025 % of cases [1, 27]. Classic fibrotic chang-
es include linear opacities (radiating laterally from the hilum),
fissural displacement, bronchovascular distortion
(bronchiectasis) and honeycombing concentrated in the upper
zones of the lungs (Fig. 4).

Conditions that sarcoidosis can mimic

The gross appearance of pulmonary sarcoidosis on HRCT de-
pends on the distribution of granulomas, which may be respon-
sible for several less common radiological presentations [28].

s

dirasraas ot
Fig. 4 Classic appearance of advanced fibrotic sarcoidosis: dense con-
glomerate perihilar fibrosis with severe traction bronchiectasis that radiate
from the hilum toward the dorsal regions of the upper lobes
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Lymphangitic carcinomatosis In sarcoidosis, nodules are
more profuse in the subpleural regions and along the
fissures than those associated with lymphangitic carcino-
matosis (LC) [29]. Conversely, when septal thickening is
present in sarcoidosis (in up to 50 % of cases), it is
usually less extensive and does not outline the secondary
pulmonary nodules forming polygonal structures, which
instead would be more typical of LC (Fig. 5). Other
findings that favour sarcoidosis are the upper lobe pre-
dominance and the lack of pleural effusion and nodular
thickening (“cuffing”) of segmental and subsegmental
bronchi.

Silicosis and other pneumoconiosis In sarcoidosis, nodules
may be scant, large and mainly distributed in the subpleural
regions mimicking the pseudoplaques sometimes seen in sil-
icosis (Fig. 6) [30]. Similarly, eggshell lymph node calcifica-
tion may be seen in both sarcoidosis and silicosis [31].
Furthermore, in as many as 25 % of cases of sarcoidosis,
late-stage fibrosis can be so marked that conglomerate
parahilar opacities, resembling progressive massive fibrosis
(PMF) observed in silicosis, coal workers’ pneumoconiosis or
talcosis, develop. An important distinguishing feature is the
way “massive fibrosis” in sarcoidosis streams directly off the
hila (often trending posteriorly); by contrast, PMF is usually
seen as large mass-like upper lobe predominant conglomer-
ates of dense fibrosis often associated with radiating strands.

Lymphoproliferative disorders In sarcoidosis, lymph node en-
largement may occasionally be asymmetrical, unilateral and
limited only to the mediastinum or unusually located [32].
This makes it difficult, if at all possible, to differentiate sar-
coidosis from lymphoproliferative disorders solely on the
basis of nodal morphology and distribution.
Lymphoproliferative disease may also display
peribronchovascular nodules, similar to those associated with
sarcoidosis (Fig. 7) [29]. Patchy airspace consolidation
with or without air bronchograms (which is more typical
of cryptogenic organizing pneumonia) and, more rarely,
solitary mass-like opacities (resulting from the coalescence
of individual granulomas and mimicking a neoplastic pro-
cess) may also be observed in sarcoidosis [12]. The pres-
ence of accompanying imaging findings typical of sarcoid-
osis (e.g. symmetrical hilar lymph node enlargement and
profuse nodules distributed along the bronchovascular bun-
dles, interlobular septa and interlobar fissures with a mid to
upper lung zones predominance) usually allows the correct
diagnosis to be made in these cases [33]. However, histo-
logical confirmation of the diagnosis is strongly recom-
mended if uncertainty persists.

Chronic hypersensitivity pneumonitis and other fibrosing lung
diseases Chronic fibrotic sarcoidosis may resemble chronic
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Fig. 5 Lymphangitic
carcinomatosis. Aggregates of
neoplastic cells filling the
lymphatics and causing
secondary oedema with smooth
thickening of lymphatic vessels
(haematoxylin—eosin, x20.
Courtesy Dr Alberto Cavazza,
Reggio Emilia, Italy)

hypersensitivity pneumonitis on HRCT as both are character-
ized by a combination of interstitial fibrosis and lobules of
decreased attenuation (the latter reflecting small airways oblit-
eration) [34]. Other fibrosing lung diseases that predominantly
affect the upper lobes and may occasionally be confused with
fibrotic sarcoidosis include idiopathic pleuroparenchymal
fibroelastosis (Fig. 8) [35]. However, in sarcoidosis, reticular
abnormalities and traction bronchiectasis both tend to radiate
dorsolaterally from the hilum and are associated with
perilymphatic nodules [27]. Exceptionally, sarcoidosis may
also display an usual interstitial pneumonia pattern

Fig. 6 Silicosis. “Dirty”
macrophages in a subpleural
perilymphatic and
peribronchovascular distribution
associated with bronchiolocentric
fibrotic nodules (haematoxylin—
eosin, x20. Courtesy Dr Alberto
Cavazza Reggio Emilia, Italy) fes i el
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(subpleural, basal-predominant honeycombing and reticular
abnormality, with or without traction bronchiectasis) that is
indistinguishable from the pattern typical of idiopathic pul-
monary fibrosis (IPF) (Fig. 9a and b) [36]. However, unlike in
IPF, the honeycomb change observed in sarcoidosis mostly
affects the upper and perihilar regions. In advanced fibrotic
disease, cystic destruction, bullae and paracicatricial emphy-
sema may be encountered with a mid-upper zone predilection
[34]. The presence of either multiple lymph node calcification
or conspicuous interlobular septal thickening may help to
suggest the diagnosis of sarcoidosis in such cases.
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Fig. 7 T cell lymphoma.
Neoplastic proliferation of T
lymphocytes with a perilymphatic
and peribronchovascular pattern
of infiltration (haematoxylin—
eosin, x20. Courtesy Dr Alberto
Cavazza, Reggio Emilia, Italy)

Situations in which the “diagnosis” of sarcoidosis should
be challenged

Common variable immunodeficiency Common variable im-
munodeficiency (CVID), the most common clinically relevant
of the primary immunodeficiency disorders, is a syndrome
that is characterized by low serum antibody levels, poor
antibody responses and recurrent bacterial infections [37].
Although CVID has long been known to be associated with
recurrent bacterial infections and bronchiectasis, granuloma-
tous disease has also been reported [38—40]. The spectrum of
granulomatous disease in CVID ranges from isolated granu-
lomas in a single organ to widespread granulomatous inflam-
mation at several sites (e.g. lungs, skin, spleen, liver, lymph
nodes and eyes), and may make it difficult to distinguish
CVID from sarcoidosis, particularly when granulomas pre-
cede the onset of the immune deficiency [39, 41-45]. On CT,

Fig. 8 Pleuroparenchymal fibroelastosis. Markedly thickened visceral
pleura and prominent subpleural fibrosis (haematoxylin—eosin, x40.
Courtesy Dr Alberto Cavazza, Reggio Emilia, Italy)

ill-defined nodules, either centrilobular or randomly distribut-
ed, and with a mid-lower lobe predominance are present in
over 50 % of CVID cases [44, 45] (Fig. 10). Such findings
overlap with those of sarcoidosis. Furthermore, well-defined
nodules with a perilymphatic distribution, irregular thickening
of the pleura and interlobular septa as well as hilar and
mediastinal lymphadenopathy that are indistinguishable from
those typically observed in sarcoidosis have also been de-
scribed [41, 46]. As is the case for sarcoidosis, the histology
of granulomas in CVID reveals non-necrotizing granulomas
composed of epithelioid cells, multinucleate giant cells and
lymphocytes; however, areas of organizing pneumonia and
follicular bronchiolitis, which are not encountered in “pure”
sarcoidosis, are also frequently seen. Several clinical and
laboratory features may help distinguish between the two
conditions [46].

Infection Apart from sarcoidosis, the most common granulo-
matous disease affecting the lungs is tuberculosis (TB) (in-
cluding non-tuberculous mycobacterial) infection; other less
common causes of granulomatous lung disease include acti-
nomycosis, aspergillosis and infections caused by Nocardia,
Histoplasma or Cryptococcus. In general, sarcoidosis does not
present acutely nor does it progress rapidly, and it is unlikely
to be confused with the clinical presentation of most infec-
tions. However, TB should always be in the differential diag-
nosis in patients born in high-risk countries (especially if
recent immigrants) and in those with impaired T cell immunity
secondary to either concomitant diseases (HIV, malignancies)
or therapy (corticosteroids, anti-TNF-«). There is little over-
lap between the radiological manifestations of typical sarcoid-
osis and reactivation or miliary TB: the key feature of
reactivated TB is exudate, in the form of consolidation, acinar
nodules or a tree-in-bud pattern—none of which are expected
findings in sarcoidosis. In miliary TB, the micronodules are
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Fig. 9 Sarcoidosis mimicking idiopathic pulmonary fibrosis. Although
present in the subpleural basal regions (a), the honeycombing is due to
large cysts that are evident also in the perihilar regions of the upper lobes

randomly distributed unlike in sarcoidosis where they are
typically (although not necessarily) localized along the lym-
phatics, i.e. bronchovascular bundles, interlobular septa, ma-
jor fissures and subpleural regions [12]. However, the rare
necrotizing form of sarcoidosis can be mistaken for infection,
and micronodular sarcoidosis may be completely random in
distribution and indistinguishable from miliary TB, pneumo-
coniosis, endemic fungal infections or metastatic lesions
(Fig. 11). In patients with isolated mediastinal lymph node
enlargement, radiology does not conclusively distinguish sar-
coidosis from TB. Calcification of lymph nodes is detectable
on CT in around 45 % of sarcoidosis cases, and the extent of
calcification seems to correlate with the duration of disease
[25]. Calcification is also common in TB. However, two
features help to discriminate between sarcoidosis and tuber-
culosis lymph nodes: first, sarcoidosis tends to produce a
delicate appearance that has been likened to sprinkled icing

Fig. 10 A 33-year-old female with combined variable immunodeficien-
cy. Contrast-enhanced HRCT showing subcarinal and bilateral symmet-
rical hilar lymphadenopathy. There are widespread nodules ranging in
size from a few millimetres to approximately 1 cm in diameter, slightly
more profuse in the lower lobes. Thickening of the interlobular septa is
also evident. Although non-specific, this concatenation of features resem-
bles sarcoidosis
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(b). Partially calcified hilar nodes suggesting the correct diagnosis are also
present (arrow)

sugar (at least in the earlier stages of calcification) as opposed
to TB which more commonly produces denser calcifications
[25]; second, the calcified nodes in sarcoidosis tend to be
bilateral, as expected for a systemic disease, whereas in TB
they are more often unilateral, following the path of lymphatic
drainage. Finally, eggshell calcification has been reported to
occur in sarcoidosis but is relatively uncommon [47].
However, sarcoidosis and tuberculosis may coexist; thus, a
diagnosis of TB should be vigorously reconsidered if the
clinical course is atypical for sarcoidosis even in the presence
of imaging features fairly suggestive of sarcoidosis [48].

Chronic beryllium disease and aluminosis Chronic beryllium
disease (CBD) is a rare systemic granulomatous disorder
resulting from an immunological response to long-term expo-
sure to beryllium. The appearance of CBD on imaging can be

Fig. 11 Sarcoidosis. CT scan showing small pulmonary nodules of
homogeneous size and without an obvious perilymphatic distribution,
thus mimicking miliary tuberculosis. However, a more careful inspection
allows one to identify a subtle fissural involvement, a pattern of nodules
distribution more in keeping with sarcoidosis
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indistinguishable from that of sarcoidosis, although CBD is
usually confined to the lungs and occurs in subjects who have
been occupationally exposed to beryllium (Fig. 12) [49, 50].
In addition, the large hilar nodes seen in sarcoidosis are
infrequent in CBD.

Aluminosis is a rare occupational lung disease induced by
aluminium dust [51]. In the early stages of the disease, small,
rounded and ill-defined centrilobular opacities (usually resem-
bling subacute hypersensitivity pneumonitis more than sar-
coidosis) with or without thickened interlobular septa and
mainly located in the upper lobes are the predominant findings
on CT, whereas subpleural bullae and parenchymal distortion
are usually seen in advanced stages of the disease [52].
Contrary to sarcoidosis, hilar lymphadenopathy is an uncom-
mon finding.

Specific complications

Mycetoma In a large sarcoidosis series, the incidence of
Aspergillus-related lung disease has been reported to be
around 2 % [53, 54], although this figure is much higher in
patients with chronic fibrotic disease. Radiographically, my-
cetomas appear as a mass of soft-tissue density within a lung
cavity, most commonly located in the upper lobes, separated
from the cavity itself by an air crescent [55-58] (Fig. 1).
Erosion of the fungal ball into the hypervascular cavity wall
causes hemoptysis, which in 5 % of patients may be life-
threatening [59]. Thickening of the lateral pleural surface
adjacent to the cavity wall is an early sign of mycetoma
formation and may be detected on a radiograph or CT [60].

Fig. 12 Chronic beryllium disease in a dental mechanic. Thin-section CT
scan reveals diffuse nodules predominantly distributed along the pleura
and septa. The diagnosis of CBD was confirmed by a blood beryllium
lymphocyte proliferation test

Pulmonary hypertension Pulmonary hypertension (PH) is
particularly common in patients with advanced pulmonary
disease, most of whom will also have fibrotic disease and a
significantly impaired pulmonary function test [61, 62].
Nevertheless, PH is not exclusively found in the context of
advanced pulmonary fibrosis, reflecting its considerable path-
ophysiological heterogeneity. Indeed, extrinsic compression
of the central pulmonary vessels by lymphadenopathy 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 PH pathophysiology in sar-
coidosis [61, 62]. Chest radiography is relatively insensitive
for the detection of PH [63]. Radiographic signs, when pres-
ent, include dilatation of the pulmonary trunk and main pul-
monary arteries with peripheral “pruning” [64]. CT signs of
PH are more sensitive and specific than those detected by
radiography. A ratio greater than 1 for the diameter of the main
pulmonary artery at the level of its bifurcation to the ascending
aorta and dilatation of segmental pulmonary arteries have
been reported to correlate with the presence of PH regardless
of the presence of fibrotic changes, although this observation
has been made from patients with a spectrum of diseases
associated with PH [65, 66]. CT may also provide additional
information such as compression or obstruction of the pulmo-
nary vessels by mediastinal lymphadenopathy or fibrosis (e.g.
fibrosing mediastinitis) as well as findings suggestive of pul-
monary veno-occlusive disease (PVOD) (dilated central

Fig. 13 Pulmonary veno-occlusive disease associated with sarcoidosis.
This 62-year-old female with long-standing sarcoidosis then deteriorated
over a few weeks. Contrast-enhanced CT showing a slightly enlarged
main pulmonary artery. Compared with a previous CT, the fibrotic
perihilar changes were stable but the thickening of the interlobular septa
(anterior segment of the right upper lobe) and ground-glass opacification
(left upper lobe) were new. These changes progressed over the following
12 months and echocardiography confirmed severe pulmonary hyperten-
sion. A presumptive diagnosis of sarcoidosis-related veno-occlusive dis-
ease was made

@ Springer



814

Eur Radiol (2014) 24:807-816

pulmonary arteries accompanied by widespread, smoothly
thickened interlobular septa, ground-glass opacification and
pleural effusion) [67]. In a study of 22 subjects with sarcoidosis
and associated PH, CT features of PVOD were observed in
86 % of patients with non-fibrotic sarcoidosis [61] (Fig. 13).
Furthermore, veno-occlusive disease was histologically con-
firmed in 4 out of 5 patients who underwent transplantation [61].

Sarcoidosis-associated PH is usually mild to moderate and
survival is primarily linked to the severity of lung disease.
Nevertheless, in patients with advanced disease, PH is an
independent malignant prognostic determinant, with a 5-year
survival of approximately 60 % [61, 68—70].

Disease monitoring and prediction of outcome

Once the diagnosis of sarcoidosis has been established, serial
CT is not necessary for disease monitoring in most patients.
Furthermore, although no study has systematically evaluated
the additional information provided by serial CT over lung
function tests and chest radiography, CT may be too sensitive
in some cases, revealing changes of limited, if any, clinical
relevance. Nevertheless, CT may help discriminate between
generally reversible (nodules, septal lines, consolidation) and
reliably irreversible abnormalities (irregular coarse lines,
cysts, honeycombing, traction bronchiectasis, parenchymal
distortion), thus providing crucial prognostic information.
CT is also more sensitive than pulmonary function tests in
capturing the development of fibrotic abnormality, and thus
has the potential to influence disease management [71]. In this
regard, functional improvement on treatment is more likely in
patients with predominant peribronchovascular thickening
than in those with predominant bronchial distortion [72].
Yet, even in the case of advanced fibrotic disease, a trial of
steroids might be warranted if a potentially reversible compo-
nent is still visible on CT [27].

At present, serial CT cannot be recommended for routine
use for monitoring disease or staging severity, both of which
are multidisciplinary evaluations, although CT is able to iden-
tify early fibrotic changes that would be undetected on chest
radiography. On the other hand, CT does have a major role in
reconciling lung morphology and function in the many in-
stances where there is clinically important discordance be-
tween symptomatic changes, pulmonary function trends and
serial chest radiography.

Conclusion
Imaging makes a significant contribution to the diagnosis and

management of patients with sarcoidosis. Conversely, its role
in disease monitoring and prediction of outcome has not been
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conclusively established. CT is not necessary in all cases but may
be decisive in atypical cases and for detecting pulmonary com-
plications. Patterns of involvement and disease extent on CT
appear to correlate with disease activity, but the clinical relevance
of such correlations is unclear and requires further study.
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