Chapter 2

The Pulmonary Manifestations of Sarcoidosis
Marcel Veltkamp and Jan C. Grutters

Abstract The pulmonary manifestation of sarcoidosis has a great variability and is
notorious for mimicking many other interstitial lung diseases. Knowledge of pulmonary manifestations is important in diagnosing saroidosis because thoracic involvement is present in over 90 % of patients. In this chapter, classical findings on chest
X-ray and HRCT are described as well as multiple uncommon findings in radiology.
The most common findings are bilateral hilar lymphadenopathy, reticulonodular
pattern, perilymphatic distribution of nodules, and predominant upper- and middle
lobe parenchymal abnormalities. Uncommon findings are unilateral lymphadenopathy, reticular pattern, excessive ground glass opacities, pleural disease, solitary
mass, and predominant lower lobe parenchymal abnormalities. Furthermore, the
appearance of pulmonary hypertension and necrotizing sarcoid granulomatosis will
be described. Finally, imaging of pulmonary sarcoidosis with positron emission
tomography with 18F-Fluordeoxyglucose (18F-FDG PET) will be discussed.
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Abbreviations
BHL
COP
HRCT
LIP
NSG
PET
SPL
SURT

Bilateral hilar lymphadenopathy
Cryptogenic organizing pneumonia
High resolution computed tomography
Lymphocytic interstitial pneumonia
Necrotizing sarcoid angiitis and granulomatosis
Positron emission tomography
Secondary pulmonary lobule
Sarcoidosis of the upper respiratory tract

Introduction
Clinical Manifestations
The clinical manifestations of sarcoidosis are highly variable and often nonspecific.
Every organ can be affected, but thoracic involvement occurs in more than 90 % of
patients. It is important to state that an estimated 40 % of sarcoidosis patients are
asymptomatic, with incidental findings on chest radiographs [1–3]. Dyspnea, dry
cough, or chest pain occurs in approximately 50 % of all patients. Massive hilar and/
or mediastinal lymphadenopathy is often asymptomatic, but may cause fatigue,
retrosternal pain, or dysphagia in some patients [4, 5]. In pulmonary sarcoidosis,
chest physical findings are usually minimal. Even in patients where radiographic
abnormalities are extensive, crackles are present in less than 20 % of sarcoidosis
patients. Finger clubbing is also uncommon in sarcoidosis [2].

Radiographic Scoring Systems: Scadding Staging
Sarcoidosis is commonly staged according to its appearance on the chest radiograph
following the Scadding criteria (Table 2.1) [6]. Stage 0 indicates no visible intrathoracic findings. Stage I represents bilateral hilar lymphadenopathy, which may be
accompanied by paratracheal lymphadenopathy. Stage II represents bilateral hilar
lymphadenopathy accompanied by parenchymal infiltration. Stage III represents
parenchymal infiltration without hilar lymphadenopathy. Stage IV consists of
advanced fibrosis with evidence of honeycombing, hilar retraction, bullae, cysts,
and emphysema. Despite the nomenclature, patients do not all progress through
stages I–IV and these stages have no sequential order. For example, a patient may
present with stage III which normalizes during follow-up. Also, it can be seen that
a patient who initially presents with stage I disease that normalizes can present later
on with parenchymal disease only (stage III) [7]. Hillerdal and colleagues found
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Table 2.1 Radiographic staging of sarcoidosis patients at presentation according to the Scadding
criteria. The estimated frequency at presentation is given as well as the probability of spontaneous
resolution during disease course [8–10]
Radiographic stage
Chest X-ray
0
Normal
I
BHL
II
BHL and pulmonary infiltrates
III
Pulmonary infiltrates without BHL
IV
Advanced pulmonary fibrosis
BHL bilateral hilar lymphadenopathy

Frequency (%)
5–15
25–65
20–40
10–15
5

Resolution (%)
60–90
40–70
10–20
0

that in a cohort of patients presenting with stage I disease 9 % progressed to stage II
compared to 1.6 % who progressed to stage III or IV. Of patients presenting with
stage II disease only 5.5 % progressed to stage III or IV disease [1].
An interesting feature of the above mentioned Scadding criteria is the fact that is
gives prognostic information [8–10]. In stage I disease, spontaneous resolution
occurs in 60–90 % of patients. Spontaneous resolution occurs in 40–70 % of patients
with stage II disease and in 10–20 % of patients with stage III disease. The majority
of spontaneous remissions occur within the first 2 years of disease presentation.
There is no spontaneous resolution in patients with stage IV pulmonary sarcoidosis.
An important limitation of the Scadding criteria is the great interobserver variability, especially between stages II and III, and III and IV [7].

Pulmonary Function Test
All varieties of abnormalities in pulmonary function tests can be seen in sarcoidosis:
obstructive, restrictive, diffusion impairment, or combinations of these. However, in
sarcoidosis patients with abnormal lung function testing, a decreased diffusion
capacity and a restrictive ventilatory defect are most often seen. Almost 50 % of
patients also have obstructive airway disease [9]. Furthermore, bronchial hyper
responsiveness is seen in up to 20 % of patients and is associated with the presence
of microscopic non-necrotizing granulomas in the endobronchial mucosa [11–13].

Large Airway Involvement
Sarcoidosis of the upper respiratory tract (SURT) may involve the nose, sinuses,
larynx, oral cavity, ear, trachea, and bronchi [14, 15]. The incidence of SURT is
approximately 5 % [16]. During bronchoscopy common lesions in the trachea as
well as in the bronchi are erythema, thickening of the mucosa, and a “cobblestone
appearance” (Fig. 2.1), which yields a high number of granulomas on biopsy. In a
small study by Shorr and colleagues it was shown that 71 % of sarcoidosis patients
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Fig. 2.1 Endobronchial “cobblestone” appearance in a 57-year-old sarcoidosis patient. Biopsy
proved multiple non-necrotizing granulomas. Courtesy of Dr. A.C. Verschoof, Hospital Gelderse
Vallei, Ede, The Netherlands

undergoing bronchoscopy had bronchial abnormalities [17]. Severe endoluminal
stenosis of the trachea or main bronchi is rare in sarcoidosis, estimated to be less
than 1 % [18]. It is important to state when diagnosing sarcoidosis that even in
patients with a normal appearing airway, granulomas can be identified in almost
30 % of patients [17].

Mediastinal and Hilar Lymphadenopathy
Lymphadenopathy is the most common intrathoracic manifestation of sarcoidosis
occurring in approximately 80 % of patients during their illness, irrespectively of
radiographic staging [19–25]. An overview of common and uncommon sites of thoracic lymphadenopathy in sarcoidosis is given in Table 2.2. In most cases bilateral
hilar lymphadenopathy is present (Fig. 2.2), with unilateral hilar adenopathy occurring in only 3–5 % of patients [19, 26, 27]. When present, unilateral hilar lymphadenopathy is more common on the right side as on the left side. Furthermore, besides
the hilar region, lymphadenopathy in sarcoidosis is also seen in the right paratracheal, aortopulmonary window, and tracheobronchial regions [22–25, 28]. A typical
example of bilateral lymphadenopathy and right paratracheal lymphnode enlargement in sarcoidosis is known as Garland’s triad or 1-2-3 sign.
The groups of Niimi and Patil demonstrated that the most commonly involved
nodal stations are Naruke 4R (right lower paratracheal), Naruke 10R (right hilar),
Naruke 7 (sub-carinal), Naruke 5 (aortopulmonary window), Naruke 11R (right
interlobular), and Naruke 11L (left interlobular) [23, 24] (Table 2.2).
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Table 2.2 Classical versus
more uncommon features
of pulmonary sarcoidosis at
HRCT. The features are
also divided in potentially
reversible versus irreversible
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Classical findings, potentially reversible
Lymphadenopathy: bilateral hilar, mediastinal, right paratracheal,
subcarinal, aortopulmonary
Reticulonodular pattern: micronodules
(2–4 mm, well defined, bilateral distribution)
Perilymphatic distribution of nodules
(peribronchovascular, subpleural, interlobular septal)
Predominant upper- and middle zones parenchymal abnormalities
Uncommon findings, potentially reversible
Lymphadenopathy: unilateral, isolated, anterior
and posterior mediastinal, paracardiac
Reticular pattern
Isolated cavitations
Isolated ground glass opacities without micronodules
Mosaic attenuation pattern
Pleural disease (effusion, pleural thickening, chylothorax,
pneumothorax)
Mycetoma
Macronodules (>5 mm, coalescing). Galaxy sign and cluster sign
Classical findings reflecting irreversible fibrosis or chronic disease
Reticular opacities, predominantly middle and upper zones
Architectural distortion
Traction bronchiectasis
Volume loss, predominantly upper lobes
Calcified lymphnodes
Fibrocystic changes
Uncommon findings reflecting irreversible fibrosis or chronic disease
Honeycomb-like changes
Reticular opacities in predominantly lower lobes

The differential diagnosis of hilar and mediastinal lymphadenopathy is broad,
with the major diagnostic alternatives being lymphoma, metastatic disease, and
infections (especially tuberculosis). An important feature of lymphadenopathy in
sarcoidosis is the symmetrical distribution, being rather unusual in the abovementioned diagnostic alternatives. Lymphadenopathy can also be seen in other interstitial lung diseases such as (idiopathic) interstitial pneumonitis and hypersensitivity
pneumonitis. However, in diseases other than sarcoidosis, usually only one or two
nodes are enlarged and their maximal short axis diameter is mostly <15 mm [24].
Mediastinal lymphadenopathy without hilar involvement is uncommon and a
biopsy-proven diagnosis is warranted.
Lymph node calcification is visible at presentation in approximately 20 % of
patients, increasing to 44 % during disease course [29]. The morphology of calcified
lymph nodes is variable and nonspecific. Sometimes, the calcification can have an
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Fig. 2.2 Characteristic
distribution of bilateral hilar
lymphadenopathy in stage I
sarcoidosis on a chest X-ray

eggshell appearance [30]. Calcification of lymph nodes is linked to the duration of
disease and can be seen in other granulomatous disorders like tuberculosis or histoplasmosis as well. When comparing calcified lymph nodes in sarcoidosis and tuberculosis it was found that in sarcoidosis their diameter was significantly larger, calcium
deposition more focal, and hilar distribution more bilaterally (65 % vs. 8 %) [25].

Parenchymal Involvement
Basic Anatomic Patterns in Interstitial Lung Disease
When interpreting a chest X-ray or HRCT in interstitial lung disease, knowledge of
microscopic lung anatomy is essential. In microscopic lung anatomy there are primary as well as secondary pulmonary lobules. A primary pulmonary lobule is
defined as the area of the lung distal to the respiratory bronchioles. It is smaller than
an acinus and is composed of alveolar ducts, alveolar sacs, and alveoli. The primary
pulmonary lobule is rarely used in HRCT imaging, but is the reason the secondary
pulmonary lobule (SPL) has its name. The SPL is the smallest part of the lung that
is surrounded by connective tissue septa. (Fig. 2.3a). It measures 1–2.5 cm in diameter and is made up of approximately 12 pulmonary acini [31]. Interpretation of
HRCT in interstitial lung diseases depends, among other things, on the type of
involvement of the SPL. The center of each SPL is named the centrilobular area and
contains a small terminal bronchiole, a pulmonary artery branch, and pulmonary
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Fig. 2.3 Overview of the pulmonary secondary lobule. (a) The terminal bronchiole in the center
divides into respiratory bronchioles with acini that contain alveoli. Branches of the pulmonary
artery are in blue, branches of pulmonary veins are colored red. Lymphatic vessels are depicted in
yellow. (b) The blue circle indicates the centrilobular area (left). The perilymphatic area is shown
in yellow (right). Publication with permission from http://www.radiologyassistant.nl

lymphatics. The margins of the SPL are made up of the interlobular septa containing
connective tissue, a pulmonary vein, and pulmonary lymphatics (Fig. 2.3b). The
term perilymphatic defines the distribution of lymphatics along the peribronchovascular bundles, the centrilobular area, the interlobular septa, and the subpleural interstitium including the fissures. Within the SPL there are also intralobular septa,
which are delicate strands of connective tissue separating adjacent pulmonary acini
and primary pulmonary lobules. They are continuous with the interlobular septa.

Radiological Patterns in Parenchymal Sarcoidosis
The HRCT appearance of pulmonary sarcoidosis has a great variability and is notorious for mimicking many other interstitial lung diseases. The most important two
radiological patterns in sarcoidosis with involvement of the lung parenchyma are
the nodular pattern and the reticulonodular pattern. The distribution of nodules on
HRCT can follow three different patterns; random distribution, centrilobular distribution, and perilymphatic distribution (Fig. 2.4).

Nodular and Reticulonodular Pattern
The nodular pattern is seen in almost 90 % of sarcoidosis patients with parenchymal
involvement [32, 33]. Sarcoid granulomas are microscopic in size but can aggregate
to form small nodules which can be seen on HRCT. These small nodules are
1–10 mm in diameter, usually have irregular margins, and are predominantly present in the mid and upper zones of the lungs. The nodules are frequently found along
the bronchovascular bundles and in the subpleural region (Fig. 2.5) following a
perilymphatic distribution. Aggregated subpleural nodules account for the fissural
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Fig. 2.4 Different nodal distribution patterns in interstitial lung diseases. In most cases, small
nodules can be placed into one of three categories: random, centrilobular, or perilymphatic distribution. In sarcoidosis, small nodules typically follow a perilymphatic distribution. Random distribution: Randomly distributed nodules do not follow a particular pattern of involvement with
respect to the pulmonary architecture and the secondary pulmonary lobule. These nodules affect
the fissures, peribronchovascular structures, and the center of the secondary pulmonary nodules.
However they lack a predominance in any of these areas since they are randomly distributed.
Centrilobular: Centrilobular nodules exist predominantly in the center of the secondary lobule
around the small airways. Centrilobular nodules spare the subpleural surface. They are typically at
least 5–10 mm away from the pleural surfaces. Perilymphatic: Nodules that are distributed with a
perilymphatic predominance are seen near the fissures, subpleural location, and the peribronchovascular structures. Publication with permission from http://www.radiologyassistant.nl

thickening that can be seen on HRCT. The nodules adjacent to interfaces of vessels,
airways, and septa give these structures an irregular or beaded appearance, implicating to be pathognomonic for sarcoidosis. This pattern is also seen in histological
specimens, where granulomas are found in association with lymphatics along vessels, airways, and in the subpleural area [34]. This distribution of granulomas can
also explain the high rate of success in diagnosing sarcoidosis by bronchial and
transbronchial biopsy. Frequently, sarcoidosis causes nodular septal thickening
defining the reticulonodular pattern. A reticular pattern is a descriptive term (reticulum meaning network) with several morphological variations ranging from generalized thickening of interlobular septa to honeycomb lung destruction. A pure reticular
pattern is rarely seen in sarcoidosis [35].
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Fig. 2.5 HRCT with the classical perilymphatic distribution of nodules in a patient with sarcoidosis. Note the occurrence of small nodules along subpleural surface and fissures, along interlobular
septa and the peribronchovascular bundles giving these structures a “beaded” appearance. This is
thought to be pathognomonic for sarcoidosis

Large Nodules and Alveolar Sarcoidosis
Sarcoid nodules can aggregate into pulmonary nodules (no greater than 3 cm in diameter) or large masses (Fig. 2.6). Such a presentation is uncommon in sarcoidosis and
estimated to be 2.4–4 % [19, 27, 36–38]. In a retrospective analysis in AfricanAmerican patients, it was found that 82 % had multiple masses/nodules and only
18 % had a solitary lesion [39]. An air bronchogram was seen in 58 % of the cases and
the nodules tend to be more peripheral. The margins of the nodules are often irregular
and hazy [37]. The nodules can remain stable for years; however, partial or complete
regression has been described [36]. Cavitation is rarely seen in large pulmonary
masses and is usually benign, however, hemoptysis can occur [40, 41]. In approximately 10–20 % of patients, massive consolidation with air bronchograms develops
[42–45] (Fig. 2.7). The pathologic mechanism is loss of alveolar air due to compression of the alveoli by coalescent granulomas in the interstitium [26]. The alveolar
opacities are usually present in the peripheral middle zones of the lung [26, 37].

Galaxy Sign, Cluster Sign, and (Reversed) Halo Sign
Recently, three CT signs have been reviewed in sarcoidosis involving a more atypical
distribution of large and small nodules [46]. The “sarcoid galaxy sign” represents a
large pulmonary nodule or mass surrounded by many small satellite nodules
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Fig. 2.6 Pulmonary mass with sarcoid galaxy sign in both left and right upper lobe in a 28-yearold sarcoidosis patient. In both upper lobes the mass is surrounded by multiple small satellite
nodules. Courtesy of Dr. K. Cuppens, University Hospital Leuven, Belgium

Fig. 2.7 Alveolar consolidation in the middle and right lower lobe of a sarcoidosis patient. Note
the presence of air bronchograms in the major consolidation in the right lower lobe. Furthermore,
multiple nodules with a mildly irregular outline are seen bilaterally
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Fig. 2.8 Sarcoid cluster sign
in sarcoidosis. Note the subtle
clustering of micronodules
without confluence in the
right parahilar region.
Courtesy of Prof. dr. J.
Verschakelen and Prof. dr. W.
Wuyts, University Hospital
Leuven, Belgium

(Fig. 2.6). It is named after a galaxy, where the stars are known to be more concentrated to the galactic center than in the periphery. The “sarcoid cluster sign” is also
characterized by clusters of multiple small nodules forming a pulmonary mass but, in
contrast to the galaxy sign, the nodules do not tend to coalesce in the center (Fig. 2.8).
The most important differential diagnosis for “sarcoid galaxy sign” or “sarcoid cluster sign” is tuberculosis. However, clusters of small nodules can also be seen in cryptococcus infection and silicosis [46]. The “reversed halo sign” is a far more nonspecific
sign and describes a focal area of ground glass opacity surrounded by an almost
complete ring of consolidation (Fig. 2.9). It was first described as a specific finding
in patients with cryptogenic organizing pneumonia (COP) [47]. Later on, multiple
authors described the “reversed halo sign” in various diseases such as tuberculosis,
aspergillosis, Wegener’s granulomatosis, and adenocarcinoma in situ (formerly
known as bronchoalveolar carcinoma) [48]. The “reversed halo sign” is also known
as the “atoll sign” due to its resemblance of a ring shaped coral reef that encloses a
lagoon with shallow water [49]. A true “halo sign,” describing a pulmonary mass
with a surrounding area of ground glass has been rarely described in sarcoidosis [50].

Ground Glass Opacities
Ground glass attenuation in HRCT is defined as areas of hazy increased attenuation
with preservation of bronchial and vascular margins. In sarcoidosis patients, the
prevalence of ground glass opacities is estimated to be 40 % ranging from 16 to
83 % [29, 42, 45, 51, 52]. Historically, it was believed to represent active alveolitis,
but now it is thought to be caused by small interstitial granulomas or fibrotic lesions
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Fig. 2.9 Reversed halo sign
in both lower lobes in a
32-year-old patient clinically
and radiologically suspected
of sarcoidosis. There is a
focal area of ground glass
opacity surrounded by an
almost complete ring of
consolidation. Lung biopsy of
the mass in the right lower
lobe revealed a
histopathological diagnosis of
lymphocytic interstitial
pneumonia (LIP)

beyond the resolution of CT [34]. Ground glass is multifocal and often accompanied by subtle micronodularity [53]. Furthermore, it is most frequently seen at disease presentation [43]. The response to steroids depends on the presence of
underlying fibrosis, with clearance being more likely if it is of short duration [45].

Fibrotic Sarcoidosis
At presentation, approximately 5 % of sarcoidosis patients have fibrotic changes on
their chest X-ray [9, 10]. However, in an estimated 10–20 % of patients fibrosis
develops or becomes more prominent during disease course [54]. On the chest
X-ray, linear opacities radiating laterally from the hilum into the middle and upper
zones is a characteristic finding [26]. The hila are shifted upward and vessels and
fissures are distorted (Fig. 2.10) [19]. Due to compensatory hyperinflation, the
lower lobes are sometimes transradiant. On HRCT, fibrotic changes are represented
by fibrous bands, hilar retraction, displacement of fissures, traction bronchiectasis,
honeycomb cysts, bullae, and irregular reticular opacities including intralobular
lines and irregular septal thickening. Fibrosis is seen predominantly in the upper
and middle lobes in a patchy distribution. A common feature of fibrotic sarcoidosis
is the presence of conglomerated masses surrounding and encompassing vessels
and bronchi. It occurs in 60 % of fibrotic sarcoidosis and is associated with bronchial distortion [44].
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Fig. 2.10 Pulmonary fibrosis on a chest X-ray in a 46-year-old sarcoidosis patient. Note that the
hila are shifted upward

Fibrotic cysts, bullae, traction bronchiectasis, and paracicatricial emphysema
(air space enlargement and lung destruction developing adjacent to areas of pulmonary scarring) represent advanced fibrotic sarcoidosis (Fig. 2.11). Cystic abnormalities are particularly common in the upper lobes in advanced fibrotic sarcoidosis
[55]. Honeycombing (subpleural clustering of cystic airspaces) is thought to be less
common in sarcoidosis compared to other end-stage lung diseases [56]. If present,
honeycomb-like cysts are most commonly found in the upper lobes but can also be
seen in the lower lobes mimicking idiopathic pulmonary fibrosis [35].

Mosaic Attenuation Pattern and Airtrapping
Mosaic attenuation is defined as a patchwork of regions with varied attenuation on
HRCT. This pattern can represent patchy interstitial disease, vascular disease, or
small airway disease. In patients with sarcoidosis, the presence of mosaic attenuation frequently results from small airway involvement by granulomas or fibrosis
[57, 58]. To verify that mosaic attenuation is caused by small airway disease,
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Fig. 2.11 Fibrotic pulmonary
sarcoidosis on HRCT. The
CT demonstrates
parenchymal distortion and
destruction. Multiple
honeycomb cysts are noted
throughout the upper lobes
bilaterally

inspiratory images on CT must be compared with the parenchymal appearance on
expiratory images in order to identify airtrapping. Airtrapping is a common but
nonspecific feature of pulmonary sarcoidosis occurring in 95 % of patients [57, 59].

Mycetomas
The formation of mycetomas occurs in approximately 2 % of sarcoidosis patients,
especially in stage IV cystic disease [60]. Fungal balls can develop in pre-existing
bullae or cysts which are colonized by fungi, usually Aspergillus species. The characteristic appearance of a pulmonary aspergilloma consists of a mobile opacity occupying part or most of the cavity. It is surrounded by a peripheral rim of air known as
the air crescent sign or Monod sign (Fig. 2.12) [61]. A common symptom in patients
with aspergillomas is hemoptysis and, when massive, can be life threatening.

Pleural Involvement
Pleural Effusion
In sarcoidosis, granulomas can be found on both visceral and parietal pleura. This
pleural localization as well as blockage of lymphatic channels by granulomas can
result in pleural effusion. However, pleural effusion is an uncommon manifestation
of sarcoidosis with an estimated incidence of 0.7–10 % on chest X-ray [62–67].
In a more recent study, the occurrence of pleural effusion was studied with ultrasonography in 181 patients with sarcoidosis presenting at the outpatient clinic of a
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Fig. 2.12 Aspergilloma in the right upper lobe of a 57-year-old patient with advanced pulmonary
sarcoidosis. The aspergilloma is surrounded by a peripheral rim of air known as the air crescent
sign or Monod sign

University Hospital [68]. In 2.8 % of patients pleural fluid was detected, with some
patients having a parapneumonic effusion and congestive heart failure. Therefore,
in this study only 1.1 % of patients had sarcoidosis-related pleural effusion demonstrated by biopsy-proven sarcoid pleural involvement. Sarcoidosis-related pleural
effusion occurs more often in the right side of the lung compared to the left (45 %
vs. 33 %, respectively) [67]. It mostly resolves spontaneously within 6 months [69],
sometimes leaving residual pleural thickening [26, 65].

Chylothorax
The development of chylothorax is an exceptionally rare complication of sarcoidosis, with only a few case reports in the literature [70–73]. In one case report, chylothorax was the presenting feature of sarcoidosis [71].

Pneumothorax
It has been estimated that pneumothorax has a 2–3 % prevalence in sarcoidosis
patients [74, 75]. Cases of spontaneous pneumothorax may develop due to rupture
of a subpleural bleb, particularly in patients with advanced fibrocystic disease [67].
Bilateral pneumothorax in sarcoidosis has also been reported [76].
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Necrotizing Sarcoid Granulomatosis
Necrotizing sarcoid angiitis and granulomatosis (NSG) is a rare entity and seen as
a variant of sarcoidosis [77], however, with some uncertainty. It is debated whether
NSG is a manifestation of systemic sarcoidosis with necrotizing granulomata or a
form of necrotizing angiitis with a sarcoid-like reaction [78]. NSG is defined by a
granulomatous vasculitis, confluent non-necrotizing granulomas, and foci of
infarct-like necrosis with variable degrees of fibrosis [77, 79]. Since the first paper
in 1973 [80], approximately 135 cases have been described [81]. The clinical features of NSG are nonspecific. The lungs are primarily affected; however, other
organs can also be affected. Radiographic features are similar to the nodular presentation with large pulmonary nodules or masses as described in section
“Parenchymal Involvement.”

Pulmonary Hypertension
It is estimated that 1–6 % of patients with sarcoidosis have pulmonary hypertension,
most patients having advanced stages on chest radiography (Scadding stages III and
IV) [82, 83]. However, fibrosis or extensive parenchymal abnormalities are not
always present and the absence should not exclude further evaluation for pulmonary
hypertension [84]. Clinical characteristics are often atypical but some symptoms
can suggest underlying pulmonary hypertension; dyspnea more severe compared to
functional impairment, chest pain, and near syncope on exertion. Also, almost 25 %
of sarcoidosis patients with pulmonary hypertension present with signs of rightsided heart failure [83, 84]. Diagnosing pulmonary hypertension in sarcoidosis
solely with the use of CT is difficult and merely impossible. However, severe pulmonary hypertension is likely to be present when the diameter of the main pulmonary artery at the level of its bifurcation is clearly greater than that of the adjacent
ascending aorta or more than 29 mm [85]. In a study by Nunes and colleagues, a
higher frequency of ground glass attenuation and septal lines was found in sarcoidosis patients with pulmonary hypertension compared to sarcoidosis patients without
pulmonary hypertension [84].

Positron Emission Tomography
In the last 10–15 years, positron emission tomography (PET) with
18
F-Fluordeoxyglucose (18F-FDG PET) has emerged as a powerful tool to visualize
the intensity and extent of sarcoidosis activity throughout the body [86–88]. This
seems important for clinicians dealing with sarcoidosis patients with unexplained,
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Fig. 2.13 18F-FDG PET
in a 50-year-old patient with
active pulmonary and
extrapulmonary sarcoidosis.
Note the high uptake in the
right upper lobe representing
a massive consolidation. Due
to a high uptake in both
skeleton and bone marrow
a biopsy of the right crista
iliaca was performed
revealing multiple
non-necrotizing granulomas
and fibrosis

persistent, and disabling symptoms not coinciding with pulmonary function tests
and radiographic features. It has been demonstrated that 18F-FDG PET is a more
sensitive technique in detecting disease activity in sarcoidosis compared to
genotype-corrected ACE en sIL-2R [87, 89]. Pulmonary disease activity can be
demonstrated with 18F-FDG PET in patients with either a normal chest X-ray or
signs of extensive fibrosis (Scadding stage IV). This observation has two important
implications. First, when screening for pulmonary involvement in patients presenting with extrapulmonary sarcoidosis, a normal chest X-ray does not exclude pulmonary involvement. Second, in a majority of patients with Scadding stage IV persistent
parenchymal disease activity can be detected using 18F-FDG PET [89]. 18F-FDG
PET has been demonstrated to asses to possible functional improvement that can be
achieved by immunosuppressive therapy [90] Therefore in some patients with stage
IV disease anti-inflammatory therapy might be appropriate. An example of 18F-FDG
PET in active pulmonary sarcoidosis is given in Fig. 2.13.

36

M. Veltkamp and J.C. Grutters

References
1. Hillerdal G, Nou E, Osterman K, Schmekel B. Sarcoidosis: epidemiology and prognosis.
A 15-year European study. Am Rev Respir Dis. 1984;130(1):29–32.
2. Lynch 3rd JP, Kazerooni EA, Gay SE. Pulmonary sarcoidosis. Clin Chest Med. 1997;18(4):
755–8.
3. Reich JM. Mortality of intrathoracic sarcoidosis in referral vs population-based settings: influence of stage, ethnicity, and corticosteroid therapy. Chest. 2002;121(1):32–9.
4. Hendrick DJ, Blackwood RA, Black JM. Chest pain in the presentation of sarcoidosis. Br J Dis
Chest. 1976;70(3):206–10.
5. Cappell MS. Endoscopic, radiographic, and manometric findings in dysphagia associated with
sarcoid due to extrinsic esophageal compression from subcarinal lymphadenopathy. Am J
Gastroenterol. 1995;90(3):489–92.
6. Scadding JG. Prognosis of intrathoracic sarcoidosis in England. A review of 136 cases after
five years’ observation. Br Med J. 1961;2(5261):1165–72.
7. Grutters JC, Drent M, Van den Bosch JMM. European Respiratory Society Monograph 2009;
46(Interstitial Lung Diseases):126-54. doi:10.1183/1025448x.00046008.
8. Statement on sarcoidosis. Joint Statement of the American Thoracic Society (ATS), the
European Respiratory Society (ERS) and the World Association of Sarcoidosis and Other
Granulomatous Disorders (WASOG) adopted by the ATS Board of Directors and by the ERS
Executive Committee, February 1999. Am J Respir Crit Care Med. 1999;160(2):736–55.
9. Baughman RP, Teirstein AS, Judson MA, Rossman MD, Yeager Jr H, Bresnitz EA, et al.
Clinical characteristics of patients in a case control study of sarcoidosis. Am J Respir Crit Care
Med. 2001;164(10 Pt 1):1885–9.
10. Nunes H, Brillet PY, Valeyre D, Brauner MW, Wells AU. Imaging in sarcoidosis. Semin Respir
Crit Care Med. 2007;28(1):102–20.
11. Bechtel JJ, Starr 3rd T, Dantzker DR, Bower JS. Airway hyperreactivity in patients with sarcoidosis. Am Rev Respir Dis. 1981;124(6):759–61.
12. Marcias S, Ledda MA, Perra R, Severino C, Rosetti L. Aspecific bronchial hyperreactivity in
pulmonary sarcoidosis. Sarcoidosis. 1994;11(2):118–22.
13. Shorr AF, Torrington KG, Hnatiuk OW. Endobronchial involvement and airway hyperreactivity in patients with sarcoidosis. Chest. 2001;120(3):881–6.
14. Baughman RP, Lower EE, Tami T. Upper airway. 4: Sarcoidosis of the upper respiratory tract
(SURT). Thorax. 2010;65(2):181–6.
15. James DG, Barter S, Jash D, MacKinnon DM, Carstairs LS. Sarcoidosis of the upper respiratory tract (SURT). J Laryngol Otol. 1982;96(8):711–8.
16. Panselinas E, Halstead L, Schlosser RJ, Judson MA. Clinical manifestations, radiographic
findings, treatment options, and outcome in sarcoidosis patients with upper respiratory tract
involvement. South Med J. 2010;103(9):870–5.
17. Shorr AF, Torrington KG, Hnatiuk OW. Endobronchial biopsy for sarcoidosis: a prospective
study. Chest. 2001;120(1):109–14.
18. Chambellan A, Turbie P, Nunes H, Brauner M, Battesti JP, Valeyre D. Endoluminal stenosis of
proximal bronchi in sarcoidosis: bronchoscopy, function, and evolution. Chest. 2005;127(2):
472–81.
19. Kirks DR, McCormick VD, Greenspan RH. Pulmonary sarcoidosis. Roentgenologic analysis
of 150 patients. Am J Roentgenol Radium Ther Nucl Med. 1973;117(4):777–86.
20. James DG, Neville E, Siltzbach LE. A worldwide review of sarcoidosis. Ann N Y Acad Sci.
1976;278:321–34.
21. Siltzbach LE, James DG, Neville E, Turiaf J, Battesti JP, Sharma OP, et al. Course and prognosis of sarcoidosis around the world. Am J Med. 1974;57(6):847–52.
22. Sider L, Horton Jr ES. Hilar and mediastinal adenopathy in sarcoidosis as detected by computed tomography. J Thorac Imaging. 1990;5(2):77–80.

2

The Pulmonary Manifestations of Sarcoidosis

37

23. Patil SN, Levin DL. Distribution of thoracic lymphadenopathy in sarcoidosis using computed
tomography. J Thorac Imaging. 1999;14(2):114–7.
24. Niimi H, Kang EY, Kwong JS, Carignan S, Muller NL. CT of chronic infiltrative lung disease:
prevalence of mediastinal lymphadenopathy. J Comput Assist Tomogr. 1996;20(2):305–8.
25. Gawne-Cain ML, Hansell DM. The pattern and distribution of calcified mediastinal lymph
nodes in sarcoidosis and tuberculosis: a CT study. Clin Radiol. 1996;51(4):263–7.
26. Rabinowitz JG, Ulreich S, Soriano C. The usual unusual manifestations of sarcoidosis and the “hilar
haze” – a new diagnostic aid. Am J Roentgenol Radium Ther Nucl Med. 1974;120(4):821–3.
27. Romer FK. Presentation of sarcoidosis and outcome of pulmonary changes. Dan Med Bull.
1982;29(1):27–32.
28. Spann RW, Rosenow 3rd EC, DeRemee RA, Miller WE. Unilateral hilar or paratracheal adenopathy in sarcoidosis: a study of 38 cases. Thorax. 1971;26(3):296–9.
29. Murdoch J, Muller NL. Pulmonary sarcoidosis: changes on follow-up CT examination. AJR
Am J Roentgenol. 1992;159(3):473–7.
30. McLoud TC, Putman CE, Pascual R. Eggshell calcification with systemic sarcoidosis. Chest.
1974;66(5):515–7.
31. Webb WR. Thin-section CT, of the secondary pulmonary lobule: anatomy and the image – the
2004 Fleischner lecture. Radiology. 2006;239(2):322–38.
32. McLoud TC, Epler GR, Gaensler EA, Burke GW, Carrington CB. A radiographic classification
for sarcoidosis: physiologic correlation. Invest Radiol. 1982;17(2):129–38.
33. Israel HL, Karlin P, Menduke H, DeLisser OG. Factors affecting outcome of sarcoidosis.
Influence of race, extrathoracic involvement, and initial radiologic lung lesions. Ann N Y Acad
Sci. 1986;465:609–18.
34. Nishimura K, Itoh H, Kitaichi M, Nagai S, Izumi T. Pulmonary sarcoidosis: correlation of CT
and histopathologic findings. Radiology. 1993;189(1):105–9.
35. Padley SP, Padhani AR, Nicholson A, Hansell DM. Pulmonary sarcoidosis mimicking cryptogenic fibrosing alveolitis on CT. Clin Radiol. 1996;51(11):807–10.
36. Sharma OP, Hewlett R, Gordonson J. Nodular sarcoidosis: an unusual radiographic appearance. Chest. 1973;64(2):189–92.
37. Battesti JP, Saumon G, Valeyre D, Amouroux J, Pechnick B, Sandron D, et al. Pulmonary
sarcoidosis with an alveolar radiographic pattern. Thorax. 1982;37(6):448–52.
38. McNicol MW, Luce PJ. Sarcoidosis in a racially mixed community. J R Coll Physicians Lond.
1985;19(3):179–83.
39. Malaisamy S, Dalal B, Bimenyuy C, Soubani AO. The clinical and radiologic features of
nodular pulmonary sarcoidosis. Lung. 2009;187(1):9–15.
40. Edelman RR, Johnson TS, Jhaveri HS, Kim D, Kasdon E, Frank HA, et al. Fatal hemoptysis
resulting from erosion of a pulmonary artery in cavitary sarcoidosis. AJR Am J Roentgenol.
1985;145(1):37–8.
41. Loh GA, Lettieri CJ, Shah AA. Bronchial arterial embolisation for massive haemoptysis in
cavitary sarcoidosis. BMJ Case Rep. 2013. doi:10.1136/bcr-2012-008268.
42. Leung AN, Brauner MW, Caillat-Vigneron N, Valeyre D, Grenier P. Sarcoidosis activity: correlation of HRCT findings with those of 67Ga scanning, bronchoalveolar lavage, and serum
angiotensin-converting enzyme assay. J Comput Assist Tomogr. 1998;22(2):229–34.
43. Brauner MW, Grenier P, Mompoint D, Lenoir S, de Cremoux H. Pulmonary sarcoidosis: evaluation with high-resolution CT. Radiology. 1989;172(2):467–71.
44. Abehsera M, Valeyre D, Grenier P, Jaillet H, Battesti JP, Brauner MW. Sarcoidosis with pulmonary fibrosis: CT patterns and correlation with pulmonary function. AJR Am J Roentgenol.
2000;174(6):1751–7.
45. Remy-Jardin M, Giraud F, Remy J, Wattinne L, Wallaert B, Duhamel A. Pulmonary sarcoidosis: role of CT in the evaluation of disease activity and functional impairment and in prognosis assessment. Radiology. 1994;191(3):675–80.
46. Marchiori E, Zanetti G, Barreto MM, de Andrade FT, Rodrigues RS. Atypical distribution of small
nodules on high resolution CT studies: patterns and differentials. Respir Med. 2011;105(9):1263–7.

38

M. Veltkamp and J.C. Grutters

47. Voloudaki AE, Bouros DE, Froudarakis ME, Datseris GE, Apostolaki EG, Gourtsoyiannis
NC. Crescentic and ring-shaped opacities. CT features in two cases of bronchiolitis obliterans
organizing pneumonia (BOOP). Acta Radiol. 1996;37(6):889–92.
48. Marchiori E, Zanetti G, Mano CM, Hochhegger B, Irion KL. The reversed halo sign: another
atypical manifestation of sarcoidosis. Korean J Radiol. 2010;11(2):251–2.
49. Zompatori M, Poletti V, Battista G, Diegoli M. Bronchiolitis obliterans with organizing pneumonia (BOOP), presenting as a ring-shaped opacity at HRCT (the atoll sign). A case report.
Radiol Med. 1999;97(4):308–10.
50. Marten K, Rummeny EJ, Engelke C. The CT halo: a new sign in active pulmonary sarcoidosis.
Br J Radiol. 2004;77(924):1042–5.
51. Grenier P, Chevret S, Beigelman C, Brauner MW, Chastang C, Valeyre D. Chronic diffuse
infiltrative lung disease: determination of the diagnostic value of clinical data, chest radiography, and CT and Bayesian analysis. Radiology. 1994;191(2):383–90.
52. Grenier P, Valeyre D, Cluzel P, Brauner MW, Lenoir S, Chastang C. Chronic diffuse interstitial
lung disease: diagnostic value of chest radiography and high-resolution CT. Radiology.
1991;179(1):123–32.
53. Martin SG, Kronek LP, Valeyre D, Brauner N, Brillet PY, Nunes H, et al. High-resolution computed tomography to differentiate chronic diffuse interstitial lung diseases with predominant
ground-glass pattern using logical analysis of data. Eur Radiol. 2010;20(6):1297–310.
54. Moller DR. Pulmonary fibrosis of sarcoidosis. New approaches, old ideas. Am J Respir Cell
Mol Biol. 2003;29(3 Suppl):S37–41.
55. Freundlich IM, Libshitz HI, Glassman LM, Israel HL. Sarcoidosis. Typical and atypical thoracic manifestations and complications. Clin Radiol. 1970;21(4):376–83.
56. Primack SL, Hartman TE, Hansell DM, Muller NL. End-stage lung disease: CT findings in 61
patients. Radiology. 1993;189(3):681–6.
57. Davies CW, Tasker AD, Padley SP, Davies RJ, Gleeson FV. Air trapping in sarcoidosis on
computed tomography: correlation with lung function. Clin Radiol. 2000;55(3):217–21.
58. Hansell DM, Milne DG, Wilsher ML, Wells AU. Pulmonary sarcoidosis: morphologic associations of airflow obstruction at thin-section CT. Radiology. 1998;209(3):697–704.
59. Bartz RR, Stern EJ. Airways obstruction in patients with sarcoidosis: expiratory CT scan findings. J Thorac Imaging. 2000;15(4):285–9.
60. Pena TA, Soubani AO, Samavati L. Aspergillus lung disease in patients with sarcoidosis: a
case series and review of the literature. Lung. 2011;189(2):167–72.
61. Pesle GD, Monod O. Bronchiectasis due to asperigilloma. Dis Chest. 1954;25(2):172–83.
62. Chusid EL, Siltzbach LE. Sarcoidosis of the pleura. Ann Intern Med. 1974;81(2):190–4.
63. Sharma OP, Gordonson J. Pleural effusion in sarcoidosis: a report of six cases. Thorax.
1975;30(1):95–101.
64. Beekman JF, Zimmet SM, Chun BK, Miranda AA, Katz S. Spectrum of pleural involvement
in sarcoidosis. Arch Intern Med. 1976;136(3):323–30.
65. Wilen SB, Rabinowitz JG, Ulreich S, Lyons HA. Pleural involvement in sarcoidosis. Am J
Med. 1974;57(2):200–9.
66. Tommasini A, Di Vittorio G, Facchinetti F, Festi G, Schito V, Cipriani A. Pleural effusion in
sarcoidosis: a case report. Sarcoidosis. 1994;11(2):138–40.
67. Soskel NT, Sharma OP. Pleural involvement in sarcoidosis. Curr Opin Pulm Med.
2000;6(5):455–68.
68. Huggins JT, Doelken P, Sahn SA, King L, Judson MA. Pleural effusions in a series of 181
outpatients with sarcoidosis. Chest. 2006;129(6):1599–604.
69. Littner MR, Schachter EN, Putman CE, Odero DO, Gee JB. The clinical assessment of roentgenographically atypical pulmonary sarcoidosis. Am J Med. 1977;62(3):361–8.
70. Aberg H, Bah M, Waters AW. Sarcoidosis: complicated by chylothorax. Minn Med.
1966;49(7):1065–70.
71. Jarman PR, Whyte MK, Sabroe I, Hughes JM. Sarcoidosis presenting with chylothorax.
Thorax. 1995;50(12):1324–5.

2

The Pulmonary Manifestations of Sarcoidosis

39

72. Lengyel RJ, Shanley DJ. Recurrent chylothorax associated with sarcoidosis. Hawaii Med J.
1995;54(12):817–8.
73. Parker JM, Torrington KG, Phillips YY. Sarcoidosis complicated by chylothorax. South Med
J. 1994;87(8):860–2.
74. Hours S, Nunes H, Kambouchner M, Uzunhan Y, Brauner MW, Valeyre D, et al. Pulmonary
cavitary sarcoidosis: clinico-radiologic characteristics and natural history of a rare form of
sarcoidosis. Medicine (Baltimore). 2008;87(3):142–51.
75. Froudarakis ME, Bouros D, Voloudaki A, Papiris S, Kottakis Y, Constantopoulos SH, et al.
Pneumothorax as a first manifestation of sarcoidosis. Chest. 1997;112(1):278–80.
76. Akelsson IG, Eklund A, Skold CM, Tornling G. Bilateral spontaneous pneumothorax and sarcoidosis. Sarcoidosis. 1990;7(2):136–8.
77. Popper HH, Klemen H, Colby TV, Churg A. Necrotizing sarcoid granulomatosis – is it different from nodular sarcoidosis? Pneumologie. 2003;57(5):268–71.
78. Koss MN, Hochholzer L, Feigin DS, Garancis JC, Ward PA. Necrotizing sarcoid-like granulomatosis: clinical, pathologic, and immunopathologic findings. Hum Pathol. 1980;11(5
Suppl):510–9.
79. Rosen Y. Pathology of sarcoidosis. Semin Respir Crit Care Med. 2007;28(1):36–52.
80. Liebow AA. The J. Burns Amberson lecture – pulmonary angiitis and granulomatosis. Am
Rev Respir Dis. 1973;108(1):1–18.
81. Yeboah J, Afkhami M, Lee C, Sharma OP. Necrotizing sarcoid granulomatosis. Curr Opin
Pulm Med. 2012;18(5):493–8.
82. Handa T, Nagai S, Miki S, Fushimi Y, Ohta K, Mishima M, et al. Incidence of pulmonary
hypertension and its clinical relevance in patients with sarcoidosis. Chest.
2006;129(5):1246–52.
83. Sulica R, Teirstein AS, Kakarla S, Nemani N, Behnegar A, Padilla ML. Distinctive clinical,
radiographic, and functional characteristics of patients with sarcoidosis-related pulmonary
hypertension. Chest. 2005;128(3):1483–9.
84. Nunes H, Humbert M, Capron F, Brauner M, Sitbon O, Battesti JP, et al. Pulmonary hypertension associated with sarcoidosis: mechanisms, haemodynamics and prognosis. Thorax.
2006;61(1):68–74.
85. Nunes H, Uzunhan Y, Freynet O, Humbert M, Brillet PY, Kambouchner M, et al. Pulmonary
hypertension complicating sarcoidosis. Presse Med. 2012;41(6 Pt 2):e303–16.
86. Braun JJ, Kessler R, Constantinesco A, Imperiale A. 18F-FDG PET/CT in sarcoidosis management: review and report of 20 cases. Eur J Nucl Med Mol Imaging. 2008;35(8):1537–43.
87. Keijsers RG, Verzijlbergen FJ, Oyen WJ, van den Bosch JM, Ruven HJ, van Velzen-Blad H,
et al. 18F-FDG PET, genotype-corrected ACE and sIL-2R in newly diagnosed sarcoidosis. Eur
J Nucl Med Mol Imaging. 2009;36(7):1131–7.
88. Teirstein AS, Machac J, Almeida O, Lu P, Padilla ML, Iannuzzi MC. Results of 188 wholebody fluorodeoxyglucose positron emission tomography scans in 137 patients with sarcoidosis. Chest. 2007;132(6):1949–53.
89. Mostard RL, Voo S, van Kroonenburgh MJ, Verschakelen JA, Wijnen PA, Nelemans PJ, et al.
Inflammatory activity assessment by F18 FDG-PET/CT in persistent symptomatic sarcoidosis.
Respir Med. 2011;105(12):1917–24.
90. Keijsers RG, Verzijlbergen EJ, van den Bosch JM, Zanen P, van de Garde EM, Oyen WJ, et al.
18F-FDG PET as a predictor of pulmonary function in sarcoidosis. Sarcoidosis Vasc Diffuse
Lung Dis. 2011;28(2):123–9.

http://www.springer.com/978-1-4614-8926-9

