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Abstract

Purpose of Review The purpose of this article is to present a more recent radiological review to pulmonologists, radiologists and
other clinicians of: typical and atypical manifestations of intrathoracic sarcoidosis, and highlighting its mimic-drug induced
sarcoid like reaction.

Recent Findings There is an association between immunotherapy and the development of sarcoid-like reactions. Clinicians and
radiologists should be aware of this entity.

Summary Sarcoidosis is a multisystem inflammatory disease, of unknown etiology that is characterized by non caseating
granulomas. It most commonly involves the lungs and lymph nodes. The common features of this entity have been extensively
described in literature; however, 25-30% of cases present with atypical features. This review addresses the different manifesta-
tions of pulmonary sarcoidosis, highlighting the atypical appearances, which maybe misdiagnosed in the absence of tissue
diagnosis. Radiologists should not hesitate to recommend tissue sampling in the setting of atypical findings and for definite

diagnosis.
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Introduction

Sarcoidosis is a multisystem inflammatory disease of un-
known etiology characterized by non caseating granulomas
[1, 2]. It typically involves the lymph nodes and lungs.
However, it can involve virtually any organ, including the
central nervous system, heart, bones, and skin. Sarcoidosis
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can affect all patients irrespective of age, sex, or race. In the
USA, it is seen predominantly in the African American pop-
ulation [3]. The annual incidence of sarcoidosis is 10.0 per
100,000 population [4]. Reported peak incidence in both
sexes is between the ages of 20 and 34, with a second peak
in older women [5]. The accumulated lifetime risk of sarcoid-
osis has been reported as 1.3% for women and almost 1% for
men [5].

In this review, we will discuss parenchymal and mediasti-
nal manifestations of sarcoidosis with special focus on atypi-
cal appearances of sarcoid, which can occasionally pose a
dilemma for the clinician and radiologist. There is no nonin-
vasive confirmatory laboratory exam for sarcoid. Tissue pa-
thology is necessary to demonstrate presence of non caseating
granulomas. However, other granulomatous disorders have to
be excluded prior to its diagnosis.

The Siltzbach/Scadding staging system introduced in 1961
classifies sarcoid into five stages and continues to be used
even today. These are the following:

Stage 0, normal appearance at chest radiography; approx-
imately 5—10% of patients have stage 0 disease at presen-
tation [6].
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Stage 1, lymphadenopathy only.

Stage 2, lymphadenopathy and parenchymal lung
disease.

Stage 3, parenchymal lung disease only; 10—-15% of pa-
tients at presentation.

Stage 4, pulmonary fibrosis 5% of patients at presentation [5].

However, there are many limitations to this system. Most
prominently, it has no bearing on the extra-parenchymal man-
ifestations of disease including ocular or skin involvement. It
also does not correlate with severity of pulmonary function
tests [7]. Newer classification types based on phenotypic clus-
ters are being proposed [8].

Stage 1: Hilar and Mediastinal
Lymphadenopathy Only

At the time of presentation, approximately 25-65% of patients
have stage 1 disease [6]. It is characterized by paratracheal and
bilateral hilar adenopathy. Two view, frontal posteroanterior
(PA) and lateral, radiographs are the initial study of choice. On
chest X-ray, mediastinal lymphadenopathy in sarcoidosis pro-
duces a characteristic 1-2-3 sign. “1” signifies the right
paratracheal lymph nodes. “2 and 3 “represent hilar
adenopathy (Fig. 1a). On the lateral radiograph, there is en-
casement of the lucent bronchi by surrounding radiopaque
lymph nodes. This is also known as the “doughnut” sign
(Fig. 1b).

While IV contrast is not typically required for mediastinal
adenopathy, it can help better delineate hilar lymph nodes
from surrounding vessels in the hila (Fig. 2a, b). Lymph nodes
in untreated sarcoidosis are typically homogenous in appear-
ance [9]. Internal necrosis characterized by central areas of
low attenuation within lymph nodes is not a typical feature
of sarcoidosis. If present, other entities such as tuberculosis or
neoplasms such as squamous cell carcinoma should be con-
sidered. Over time, these lymph nodes may calcify. Patterns of
calcification include egg shell, punctate and popcom calcifi-
cation appearance [10].

With the recent advent of immunotherapy drugs, there is an
increasing incidence of “sarcoid-like reaction” (SLR) [11ee].
This is often seen on PET-CT with presence of new FDG avid
mediastinal lymph nodes following treatment and represents a
benign entity (Fig. 3a, b). Some helpful pointers to distinguish
these lymph nodes from malignant nodal disease include the
following: These lymph nodes are typically seen after initia-
tion of treatment, may decrease in size on subsequent
studies, and are seen in multiple nodal stations as opposed
to being localized only in the site of lymphatic drainage of
tumor. It is important for oncologists and radiologists to
be aware of this entity on imaging, to avoid misdiagnosis
of disease progression. Cheshire et al. reported a series of

Fig. 1 a and b In PA frontal chest X-ray, mediastinal lymphadenopathy
in sarcoidosis produces a characteristic 1-2-3 sign. “1” signifies the right
paratracheal lymph nodes (arrow head). “2 and 3 represent hilar
adenopathy (arrows). Findings confirmed on lateral X-ray

patients who developed SLR, while taking
pembrolizumab, an immune-modulated checkpoint inhib-
itor for melanoma [11e°].
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Fig. 2 a and b Axial and coronal CT of the chest with intravenous
contrast demonstrates extensive homogenous lymphadenopathy in the
hila and subcarinal regions in stage 1 sarcoidosis (arrows and arrow head)

Stage 2: Lymphadenopathy and Active
Pulmonary Disease

At the time of presentation, approximately 25-30% of pa-
tients present with stage 2 disease [6]. Besides adenopathy
in the various mediastinal stations described previously,
stage 2 disease manifestations include pulmonary involve-
ment. Active pulmonary disease is characterized by
perifissural and peribronchovascular lung nodules with an
upper lobe predominance (Fig. 4a, b), due to spread of dis-
ease via lymphatics [12].

High-resolution CT of the chest is helpful to differentiate
active disease present in stages 2 and 3 from pulmonary
fibrosis in stage 4 sarcoidosis. Ground-glass opacification,
nodules, and alveolar opacities seen with active disease are
suggestive of reversible stage 2 or 3 disease [10]. These
nodules may coalesce together and result in radiographic
appearance described as “sarcoid galaxy” sign, first de-
scribed by Nakatsu et al. in 2002 [13] (Fig. 5a, b).
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Fig. 3 a PET coronal image demonstrates sarcoid-like reaction after
initiation of immunotherapy with radiotracer avid lymph nodes in
bilateral hila and right paratracheal regions (arrows). Additionally seen
is a hepatic metastasis in the right hepatic lobe and gastric lesion, both of
which had improved following initiation of immunotherapy in
comparison with prior imaging (not shown). b Fused PET CT
demonstrates previously described mediastinal lymph nodes and
extrathoracic disease of the liver and stomach

However this term “galaxy” sign can be seen in pulmonary
TB as well [14].
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Fig. 4 a and b Stage 2 sarcoidosis with clusters of peribronchovascular
and perifissural nodules and calcified adenopathy without pulmonary
fibrosis

Stage 3: Parenchymal Lung Disease Only

Stage 3 sarcoidosis represents involvement of the lung paren-
chyma, without nodal enlargement. The pulmonary nodules
seen in the lung parenchyma due to sarcoidosis are composed
of non caseating granulomas. These are small and vary from 1
to 10 mm, and are typically present in a perilymphatic upper
lobe distribution. These small sarcoid nodules are sine qua
non of sarcoidosis and are present in 80—100% of patients
[9]. As they are perilymphatic, the nodules are present in the
subpleural region, along the fissures and the interlobular septa.
Perifissural nodules are pathognomonic of sarcoidosis. There
is also thickening of the bronchovascular bundles in a perihilar
distribution. Nodular thickening of the interlobular septa can
be seen in up to 26-89% of patients [9]. They can take a
polypoidal configuration. Lymphangitic carcinomatosis has
a similar appearance but can be readily distinguished by its
asymmetric pattern and involvement of the interlobular and
subpleural space as compared with sarcoidosis.

The nodules can then coalesce to form larger nodules, pa-
renchymal opacities, and lastly cavitary nodules (Fig. 6a, b).
Sometimes the nodules can give rise to a pattern similar to
military TB or hypersensitivity pneumonitis. Lastly, sparse
pulmonary nodules can be better identified by using maxi-
mum intensity projection (MIP) images [15].

Fig. 5 a and b On axial CT of the chest, there are discrete
peribronchovascular and perifissural nodules of the right upper and
middle lobes, in a “galaxy-like” appearance

The frequency of ground-glass opacities is variable, and
they can be multifocal and upper lobe predominant.
Sarcoidosis with ground-glass nodules can be distinguished
from interstitial lung disease such as NSIP by the presence
of perifissural nodules and lymphadenopathy.

While stage 1 sarcoidosis can undergo spontaneous regres-
sion, only 1/3 of patients with stages 2 and 3 undergo regres-
sion on imaging [6].

Stage 4: Pulmonary Fibrosis

Pulmonary fibrosis is the “burnt out” and irreversible stage of
sarcoidosis (Fig. 7a, b). Stage IV disease is observed in 4.7-15%
of sarcoid patients [16]. One characteristic feature of this stage is
the posterior displacement of the upper lobe bronchus with vol-
ume loss in the superior segment of the upper lobes [17]. This
can be associated with bronchial distortion and stenosis. As the
disease progresses further, the pattern resembles interstitial lung
disease with traction bronchiectasis and honeycombing predom-
inantly involving the upper lobes (Fig. 8). The three distinct
patterns in this stage include - bronchial distortion,
honeycombing pattern, and a linear pattern; with the bronchial
distortion pattern being the commonest. Lung architectural
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Fig. 6 a and b Coalescent peribronchovascular and perifissural nodules
resulting in “starry sky” appearance in both lungs in a known case of
sarcoidosis

distortion in stage IV disease is reported in 20 to 50% of
patients [18]. Central conglomerate masses are seen in up to
60% of patients in stage IV disease [17]. Majority of patients
with stage IV sarcoidosis die as a result of respiratory compli-
cations, mainly pulmonary hypertension. Shorr et al. analyzed
patients in the US transplant registry, and reported prevalence
of pulmonary hypertension in stage IV disease was 73.8%
[19].

Atypical Presentations

Sarcoidosis can present in myriad ways apart from the typical
manifestations described above. Some of them are described
below [10].

Large Parenchymal Nodules

Large nodules in sarcoidosis represent coalescent granulomas
and are formed around the pulmonary vasculature. The lesion

appears as a cavitary lesion with thick walls. Differential con-
siderations include lung carcinoma, and an important
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Fig. 7 a and b Axial CT of the chest demonstrates pulmonary
manifestations of stage 4, advanced stage with bronchiectasis and
architectural distortion representing fibrotic sarcoidosis disease

differentiating feature is extensive bilateral hilar and medias-
tinal lymphadenopathy in sarcoidosis which is unusual in lung
carcinoma limited to a single cavitary nodule (Fig. 9a, b).
Since cavitary sarcoidosis is rare, polyangiitis and
superimposed infection should be excluded [9].

Mycetoma though atypical is a well-known complication
of stage 4 cystic sarcoidosis. The characteristic appearance of

Fig. 8 The upper lobe predominant traction bronchiectasis, volume loss,
and septal thickening reflecting changes of type 4 pulmonary sarcoidosis
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Fig. 9 aand b Ill-defined masses in the right lung reported as concerning
for malignancy. The lesions were unchanged over multiple years, hence
felt to represent sarcoidosis-related conglomerate nodules. The lymph
nodes demonstrate central calcification (place arrow)

pulmonary aspergillosis is demonstrated on the image-air
crescent [10]. Mycetomas can be distinguished readily when
they demonstrate the air crescent sign and contents which are
seen to gravitate to the dependent portions on prone CT of the
chest (Fig. 10a, b).

Ground-Glass Opacities

Ground-glass opacities in sarcoidosis are superimposed on a
background of interstitial nodules and accompanied by other
abnormalities [10] (Fig. 11a, b). The finding typically reflects
the presence of numerous tiny granulomas and is often asso-
ciated with micronodules.

- il

Fig. 10 a and b Axial supine and prone CT of the chest. A patient with
known sarcoidosis presented with bilateral upper lobe cavities, containing
dependent densities with surrounding air crescent. These findings are
consistent with mycetoma appearance

Pleural Effusions and Pleural Space Lesions

Pleural abnormalities in the form of pleural effusion or thick-
ening are relatively rare and may reflect pleural involvement
in sarcoidosis. Pulmonary opacities simulating pleural plaques
have also been described, termed “pleural plaque-like opaci-
ties” [20].

Tracheal Stenosis and Involvement of the Airway

Sarcoidosis can also involve the entire tracheobronchial air-
way—including both the large and small airways [10]. It can
result in tracheal stenosis. Sarcoidosis may result in nodular
bronchial wall thickening or small endobronchial lesions or
granulomas, resulting in airway obstruction disease. When
involved, the large airways lose their elasticity resulting in
bronchiectasis. Small airway disease is manifested as mosaic
attenuation and air trapping on HRCT of the chest.

Sarcoid may also result in endobronchial obstruction or
extrinsic compression by enlarged lymph nodes which can
result in atelectasis (Fig. 12a, b).
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Fig. 11 aand b Axial and sagittal CT of the chest: ground-glass opacities in
both lungs, left greater than right, and an unusual presentation of sarcoidosis

Atypical Enlarged Lymph Node Distribution

Atypical appearances include unilateral, solitary, and atypical
locations of lymphadenopathy.

Sarcoidosis most commonly causes lymphadenopathy in
the hilar, right paratracheal, and aorticopulmonary window
stations. Intrathoracic lymphadenopathy without bilateral hilar
lymphadenopathy or involvement of atypical locations, such
as internal mammary and cardiophrenic angle lymph nodes, is
highly unusual in sarcoidosis, and should prompt consider-
ation for other entities such as lymphoma or metastatic disease
[9]. Enlarged lymph nodes in sarcoidosis typically maintain
shape and uncommonly coalesce while maintaining well-
defined borders and preserved adjacent fat planes. Nodal dis-
ease associated with sarcoidosis is usually nonnecrotic. When
lymph nodes coalesce, or if their margins are blurred, other
diagnoses such as lymphoma or metastatic disease should be
considered. Mediastinal lymphadenopathy involving multiple
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Fig. 12 a and b Biopsy-proven sarcoid with airway webbing and now
lingular collapse suggestive of endobronchial sarcoid

nodal stations can also be present in collagen vascular dis-
eases, and other interstitial diseases and lymphoproliferative
disorders such as lymphoma. Hence, the interpreting radiolo-
gist may rely on lung manifestations on CT of the chest to
distinguish these entities from sarcoidosis.

Sarcoid-Like Reaction

The term “sarcoid-like reaction” describes localized reactions
rather than the systemic processes seen with sarcoidosis.
Sarcoid-like reactions are associated with checkpoint inhibi-
tors such as pembrolizumab, ipilimumab, and nivolumab.
Radiologists should be aware of the association between im-
munotherapy and the development of sarcoid-like reactions to
avoid inaccurately ascribing new imaging findings to disease
progression.

Pulmonary Hypertension

Patients with stage IV sarcoidosis manifest varying degrees of
restrictive and obstructive disease and a decreased diffusing
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lung capacity for carbon monoxide (DLCO)] on pulmonary
function tests [16]. Pulmonary hypertension is typically seen
in advanced stages of the disease. On CT, presence of pulmo-
nary hypertension maybe suggested when the main pulmo-
nary artery measures more than 3 cm. The right heart cham-
bers maybe enlarged on CT as well. Pulmonary hypertension
in sarcoidosis has a reported prevalence between 1-28% of all
patients at rest and up to 43% with exercise [21-23].

Conclusion

Diagnosis of sarcoidosis requires a multidisciplinary approach,
including clinical, laboratory, and histopathologic correlation
with imaging findings. Radiologists must be familiar with the
characteristic and atypical findings in sarcoidosis and be atten-
tive to situations that suggest alternative diagnoses.
Radiologists should not hesitate to recommend tissue sampling
in the setting of atypical findings and for definite diagnosis. The
radiologist plays a major role in prompt diagnosis and one that
may help reduce patient morbidity and mortality.
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