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KEY POINTS
 Staging pulmonary sarcoidosis has been performed using the chest radiograph Scadding criteria
for more than 50 years.
 High-resolution computed tomography (HRCT) is an essential diagnostic modality in diagnosing
sarcoidosis.
 Pulmonary sarcoidosis is notorious for mimicking many other interstitial lung diseases.
 Fluorodeoxyglucose F 18 (FDG) PET/computed tomography (CT) is able to image active sarcoidosis in mediastinal and hilar lymph nodes, lung parenchyma, and myocardium.
 FDG PET/CT can be used to evaluate sarcoidosis activity in patients with persistent symptoms,
stage IV disease, and cardiac sarcoidosis and for treatment monitoring.
 Diffuse lung parenchymal activity in FDG PET/CT is associated with loss of pulmonary function after
1 year when untreated. In addition, a decrease in lung parenchymal FDG uptake correlates with
lung functional improvement on immunosuppressive treatment.

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.1 For pulmonary
sarcoidosis, therefore, chest imaging by chest
radiograph or HRCT, is important for diagnosing
and management of this disease. In sarcoidosis
patients with extrapulmonary manifestations,
such as cardiac sarcoidosis or neurosarcoidosis,
other imaging modalities are warranted. In these
patients MRI and FDG-PET scanning are increasingly recognized as essential imaging techniques
required for adequate diagnosing sarcoidosis
localization and disease management.2 The
first publications on radiological findings on

sarcoidosis date from the early twentieth century.3
More than 50 years ago, Professor John Guyett
Scadding proposed 5 stages of disease based
on chest radiographs.4 In the past decades, multiple scoring systems for sarcoidosis have been
developed, but the Scadding stages still are the
most used in clinical practice.5,6

RADIOGRAPHIC SCORING SYSTEMS:
SCADDING STAGING
Sarcoidosis is commonly staged according to its
appearance on the chest radiograph following
the Scadding criteria (Table 1).4 Stage 0 indicates
no visible intrathoracic findings. Stage I represents
bilateral hilar lymphadenopathy, which may be
accompanied by paratracheal lymphadenopathy.
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Table 1
Radiographic staging of sarcoidosis patients at presentation according to the Scadding criteria
Radiographic Stage

Chest Radiograph

Frequency (%)

Resolution (%)

0
I
II
III
IV

Normal
BHL
BHL and pulmonary infiltrates
Pulmonary infiltrates without BHL
Advanced pulmonary fibrosis

5–15
25–65
20–40
10–15
5

60–90
40–70
10–20
0

The estimated frequency at presentation is given as well as the probability of spontaneous resolution during disease
course.
Abbreviation: BHL, bilateral hilar 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 to IV and these
stages have no sequential order. For example, a
patient may present with stage III that normalizes
during follow-up. Also, it can be seen that a patient
who initially presents with stage I disease that normalizes can present later with parenchymal disease only (stage III).7 Hillerdal and colleagues8
found that in a cohort of patients presenting with
stage I disease, 9% progressed to stage II
compared with 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.
An interesting feature of the Scadding criteria is
that they give prognostic information.9–11 In stage I
disease, spontaneous resolution occurs in 60% to
90% of patients. Spontaneous resolution occurs in
40% to 70% of patients with stage II disease and
in 10% to 20% of patients with stage III disease.
A 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 between stages III and IV.7 Furthermore, stage
IV fibrotic sarcoidosis does not always indicate
end-stage disease. It has been demonstrated
that in 50% of patients with stage IV pulmonary
sarcoidosis, metabolic activity is present on FDG
PET/CT.

trachea, and bronchi.12,13 The incidence of
sarcoidosis of the upper respiratory tract is
approximately 5%.14 During bronchoscopy, common lesions in the trachea as well as in the bronchi
are erythema, thickening of the mucosa, and a
cobblestone appearance (Fig. 1), which yields a
high number of granulomas on biopsy. A small
study by Shorr and colleagues15 showed that
71% of sarcoidosis patients undergoing bronchoscopy had bronchial abnormalities. Severe endoluminal stenosis of the trachea or main bronchi
is rare in sarcoidosis, estimated as less than
1%.16 When diagnosing sarcoidosis, even in
patients with a normal-appearing airway, granulomas can be identified in approximately 30% of
patients.15

MEDIASTINAL AND HILAR
LYMPHADENOPATHY
Lymphadenopathy is the most common intrathoracic manifestation of sarcoidosis, occurring in
approximately 80% of patients during their illness,

LARGE AIRWAY INVOLVEMENT
Sarcoidosis of the upper respiratory tract may
involve the nose, sinuses, larynx, oral cavity, ear,

Fig. 1. Endobronchial cobblestone appearance in a
57-year-old sarcoidosis patient. Biopsy-proved multiple non-necrotizing granulomas.
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irrespective of radiographic staging.17–23 An overview of common and uncommon sites of thoracic
lymphadenopathy in sarcoidosis is given in
Box 1. In most cases, bilateral hilar lymphadenopathy is present (Fig. 2), with unilateral hilar adenopathy occurring in only 3% to 5% of patients.17,24,25
When present, unilateral hilar lymphadenopathy is
more common on the right side than on the left

Box 1
Classical versus more uncommon features of
pulmonary sarcoidosis seen on HRCT
Classic 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

Fig. 2. Characteristic distribution of bilateral hilar
lymphadenopathy in stage I sarcoidosis on a chest
radiograph.

Reticular pattern
Isolated cavitations
Isolated ground
micronodules

glass

opacities

without

Mosaic attenuation pattern
Pleural disease (effusion, pleural thickening,
chylothorax, pneumothorax)
Mycetoma
Macronodules (>5 mm, coalescing); galaxy sign
and cluster sign
Classic 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
fibrosis or chronic disease

irreversible

Honeycomb-like changes
Reticular opacities in predominantly lower
lobes

side. Furthermore, besides the hilar region, lymphadenopathy in sarcoidosis is also seen in the right
paratracheal, aortopulmonary window, and
A typical
tracheobronchial
regions.20–23,26
example of bilateral lymphadenopathy and right
paratracheal lymphnode enlargement in sarcoidosis is known as Garland triad or 1-2-3 sign.
The groups of Niimi and colleagues22 and Patil
and colleagues21 demonstrated that the most
commonly involved nodal stations are Naruke 4R
(right lower paratracheal), Naruke 10R (right hilar),
Naruke 7 (subcarinal), Naruke 5 (aortapulmonary
window), Naruke 11R (right interlobular), and Naruke 11L (left interlobular), as shown in Box 1.21,22
Massive hilar and/or mediastinal lymphadenopathy is often asymptomatic but can cause fatigue,
retrosternal pain, dysphagia, and even pulmonary
hypertension in some patients.
The differential diagnosis of hilar and mediastinal lymphadenopathy is broad, with the major
diagnostic alternatives lymphoma, metastatic disease, and infections, especially tuberculosis. An
important feature of lymphadenopathy in sarcoidosis is the symmetric distribution, which is unusual
in these diagnostic alternatives. Lymphadenopathy can also be seen in other interstitial lung
diseases, such as (idiopathic) interstitial pneumonitis and hypersensitivity pneumonitis. In diseases
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other than sarcoidosis, however, usually only 1 or
2 nodes are enlarged and their maximal short
axis diameter is mostly less than 15 mm.22 Mediastinal lymphadenopathy without hilar involvement
is uncommon in sarcoidosis and a biopsy-proved
diagnosis is warranted.
Lymph node calcification is visible at presentation in approximately 20% of patients, increasing
to 44% during disease course.27 The morphology
of calcified lymph nodes is variable and nonspecific. Sometimes, the calcification can have an
eggshell appearance.28 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, in sarcoidosis their diameter was significantly
larger, calcium deposition more focal, and hilar distribution more bilaterally (65% vs 8%).23

Fig. 3. HRCT with the classic 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 pathognomic
for sarcoidosis.

PARENCHYMAL INVOLVEMENT
The HRCT appearance of pulmonary sarcoidosis
has a great variability and is notorious for
mimicking many other interstitial lung diseases.
The most important 2 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 3 different patterns: random distribution, centrilobular distribution, and perilymphatic distribution.

Nodular and Reticulonodular Pattern
The nodular pattern is seen in approximately 90%
of sarcoidosis patients with parenchymal involvement.29,30 Sarcoid granulomas are microscopic
in size but can aggregate to form small nodules
that can be seen on HRCT. These small nodules
are 1 to 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 after a perilymphatic distribution. Aggregated subpleural nodules account for the fissural 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 them as pathognomic for sarcoidosis
(Fig. 3). This pattern is also seen in histologic
specimens, where granulomas are found in association with lymphatics along vessels and airways
and in the subpleural area.31 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 means network) with
several morphologic variations ranging from
generalized thickening of interlobular septa to honeycomb lung destruction. A pure reticular pattern
is rarely seen in sarcoidosis.32

Large Nodules and Alveolar Sarcoidosis
Sarcoid nodules can aggregate into pulmonary
nodules (not >3 cm in diameter) or large masses.
Such a presentation is uncommon in sarcoidosis
and estimated as 2.4% to 4%.17,25,33–35 In a retrospective analysis of African American patients,
82% had multiple masses/nodules and only 18%
had a solitary lesion.36 An air bronchogram was
seen in 58% of the cases and the nodules tended
to be more peripheral. The margins of the nodules
are often irregular and hazy.34 The nodules can
remain stable for years; however, partial or complete regression has been described.33 Cavitation
is rarely seen in large pulmonary masses and is usually benign; however, hemoptysis can occur.37,38 In
approximately 10% to 20% of patients, massive
consolidation with air bronchograms develops
(Fig. 4).39–42 The pathologic mechanism is loss of
alveolar air due to compression of the alveoli by
coalescent granulomas in the interstitium.24 The
alveolar opacities are usually present in the peripheral middle zones of the lung.24,34

Galaxy Sign, Cluster Sign, and (Reversed) Halo
Sign
Recently, 3 CT signs have been reviewed in
sarcoidosis involving a more atypical distribution

Chest Imaging

Fig. 4. 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.

galaxy sign, the nodules do not tend to coalesce
in the center (Fig. 6). The most important differential diagnosis for sarcoid galaxy sign or sarcoid
cluster sign is tuberculosis. Clusters of small nodules can also be seen, however, in cryptococcus
infection and silicosis.43 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. 7). It
was first described as a specific finding in patients
with cryptogenic organizing pneumonia.44 Later,
several investigators described the reversed halo
sign in various diseases, such as tuberculosis,
aspergillosis, Wegener granulomatosis, and
adenocarcinoma in situ (formerly known as bronchoalveolar carcinoma).45 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.46 A true halo sign,
describing a pulmonary mass with a surrounding
area of ground glass, has been rarely described
in sarcoidosis.47

Ground Glass Opacities
43

of large and small nodules. The sarcoid galaxy
sign represents a large pulmonary nodule or
mass surrounded by many small satellite nodules
(Fig. 5). It is named after a galaxy where the stars
are 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

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 at 40%, ranging from 16%
to 83%.27,39,42,48,49 Historically, it was believed to
represent active alveolitis but now it is thought
caused by small interstitial granulomas or fibrotic

Fig. 5. Pulmonary mass with sarcoid galaxy sign in
both left and right upper lobes in a 28-year-old
sarcoidosis patient. In both upper lobes the mass is
surrounded by multiple small satellite nodules.

Fig. 6. Sarcoid cluster sign in sarcoidosis. Note the
subtle clustering of micronodules without confluence
in the right parahilar region.
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Fig. 7. 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 histopathologic diagnosis of
lymphocytic interstitial pneumonia.

lesions beyond the resolution of CT.31 Ground
glass is multifocal and often accompanied by subtle micronodularity.50 Furthermore, it is most
frequently seen at disease presentation.40 The
response to steroids depends on the presence of
underlying fibrosis, with clearance more likely if it
is of short duration.42

Fibrotic Sarcoidosis
At presentation, approximately 5% of sarcoidosis
patients have fibrotic changes on their chest radiograph.10,11 In an estimated 10% to 20% of patients, however, fibrosis develops or becomes
more prominent during disease course.51 On the
chest radiograph, linear opacities radiating laterally from the hilum into the middle and upper zones
is a characteristic finding.24 The hila are shifted upward, and vessels and fissures are distorted
(Fig. 8).17 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

Fig. 8. Pulmonary fibrosis on a chest radiograph in a
46-year-old sarcoidosis patient. Note that the hila
are shifted upward.

sarcoidosis and is associated with bronchial
distortion.41
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. 9). Cystic abnormalities
are particularly common in the upper lobes in
advanced fibrotic sarcoidosis.52 Honeycombing
(subpleural clustering of cystic airspaces) is
thought less common in sarcoidosis compared
with other end-stage lung diseases.53 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.32

Mosaic Attenuation Pattern and Air Trapping
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.54,55 To
verify that mosaic attenuation is caused by small
airway disease, inspiratory images on CT must
be compared with the parenchymal appearance
on expiratory images to identify air trapping. Air
trapping is a common but nonspecific feature of
pulmonary sarcoidosis.54,56
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aspergillomas is hemoptysis and, when massive,
can be life threatening.

PLEURAL INVOLVEMENT
Pleural Effusion

Fig. 9. Fibrotic pulmonary sarcoidosis on HRCT. The CT
demonstrates parenchymal distortion and destruction. Multiple honeycomb cysts are noted throughout
the upper lobes bilaterally.

MYCETOMAS
The formation of mycetomas occurs in approximately 2% of sarcoidosis patients, especially in
stage IV cystic disease.57 Fungal balls can develop
in preexisting bullae or cysts that 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. 10).58 A common symptom in patients with

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.
Pleural effusion, however, is an uncommon manifestation of sarcoidosis with an estimated incidence of 0.7% to 10% on chest radiograph.59–64
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 university hospital.65 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-proved
sarcoid pleural involvement. Sarcoidosis-related
pleural effusion occurs more often in the right
side of the lung compared with the left (45% vs
33%, respectively).64 It mostly resolves spontaneously within 6 months, sometimes leaving residual
pleural thickening.24,62,66

Chylothorax
The development of chylothorax is an exceptionally rare complication of sarcoidosis, with only a
few case reports in the literature.67–70 In 1 case
report, chylothorax was the presenting feature of
sarcoidosis.68

Pneumothorax
It has been estimated that pneumothorax has 2%
to 3% prevalence in sarcoidosis patients.71,72
Cases of spontaneous pneumothorax may
develop due to rupture of a subpleural bleb, particularly in patients with advanced fibrocystic disease.64 Bilateral pneumothorax in sarcoidosis
has also been reported.73

NECROTIZING SARCOID GRANULOMATOSIS

Fig. 10. 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.

Necrotizing Sarcoid Granulomatosis (NSG) is a
rare entity and seen as a variant of sarcoidosis
with, however, some uncertainty.74 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.75 NSG is defined by a granulomatous
vasculitis, confluent non-necrotizing granulomas,
and foci of infarct-like necrosis with variable
degrees of fibrosis.74,76 Since the first article
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describing NSG in 1973, approximately 135 cases
have been described.77,78 Recently, however, an
excellent review was published providing reasonable evidence that NSG is a manifestation of
sarcoidosis and essentially the same as nodular
sarcoidosis.79

PULMONARY HYPERTENSION
It is estimated that 1% to 6% of patients with
sarcoidosis have pulmonary hypertension, most
patients having advanced stages on chest radiography (Scadding stages III and IV).80,81 Fibrosis or
extensive parenchymal abnormalities are not always present, however, and the absence should
not exclude further evaluation for pulmonary hypertension.82 Clinical characteristics are often
atypical but some symptoms can suggest underlying pulmonary hypertension: dyspnea more severe compared with functional impairment, chest
pain, and near-syncope on exertion. Also,
approximately 25% of sarcoidosis patients with
pulmonary hypertension present with signs of
right-sided heart failure.81,82 Diagnosing pulmonary hypertension in sarcoidosis solely with the
use of CT is difficult and merely impossible. Severe pulmonary hypertension, however, is likely
to be present when the diameter of the main pulmonary artery at the level of its bifurcation is
greater than that of the adjacent ascending aorta
or more than 29 mm.83 In a study by Nunes and
colleagues,82 a higher frequency of ground glass
attenuation and septal lines was found in sarcoidosis patients with pulmonary hypertension
compared with sarcoidosis patients without pulmonary hypertension.

FLUORODEOXYGLUCOSE F 18 PET/
COMPUTED TOMOGRAPHY
Fluorodeoxyglucose F 18 Uptake in
Sarcoidosis
FDG PET/CT is widely used in oncology. FDG is a
glucose analogue that is transported through the
cell membrane. Once in the cytosol, FDG is phosphorylated by hexokinase and metabolically trapped as FDG-6-phosphate. After annihilation, 2
gamma photons of 511 keV each are detected
by the PET camera. The current resolution of
PET cameras is up to 5 mm. FDG is a wellstudied and practical tracer with various applications in medicine, without the need for an onsite
cyclotron.
In sarcoidosis, the granuloma contains activated macrophages and CD41 T lymphocytes.
Like malignant cells, macrophages and lymphocytes express glucose transporters (GLUTs),

specifically GLUT-1 and GLUT-3.84 Analogous to
glucose, FDG is transported into macrophages
and activated leucocytes through GLUT-1 and
GLUT-3. Therefore, FDG PET can be used in
leukocyte-mediated processes, like sarcoidosis
and other granulomatous diseases.85 Lewis and
Salama86 were the first to report the use of FDG
PET in sarcoidosis, and since then several important clinical studies have been performed.
The maximum standardized uptake value
(SUVmax) represents the maximum amount of
glucose, that is, activity, in 1 pixel. SUVmax has
proved a powerful tool in oncology because it
correlates with survival and can be used for treatment monitoring. In sarcoidosis, the SUVmax
could be helpful for response assessment and
correlates with recurrence. In contrast with
tumors, however, sarcoidosis cannot be well
demarcated and might diffusely affect organs.
Therefore, the maximum activity in 1 pixel might
be less appropriate.

Patient Preparation and Fluorodeoxyglucose
F 18 PET/Computed Tomography Acquisition
in Sarcoidosis
Prior to FDG injection, patients need to fast for
6 hours. In sarcoidosis, this fasting period is preceded by a carbohydrate-restricted diet for at
least 24 hours. To reduce the radiation dose and
accelerate FDG excretion by the kidneys, 20 mg
of furosemide is injected intravenously. Subsequently, FDG is administered when the blood
glucose level is less than 7 mmol/L. The dosage
of FDG is based on a patient’s body weight with
a minimum of 37 MBq (Mega Becquerel) and a
maximum of 400 MBq; 60 minutes after FDG
administration, low-dose CT is performed from
the subinguinal region to the head. Low-dose CT
is used for attenuation correction and optimizing
image interpretation. The emission scan is performed from the subinguinal region to the head
and starts 55 to 65 minutes after FDG injection.
The acquisition time is 2.5 minutes per bed position. Reconstruction of the PET images is performed in accordance with the 3D–row action
maximum likelihood algorithm protocol (RAMLA),
applying 4 iterations with a 144  144 matrix.
Mammalian metabolism depends on glucose
and fatty acids.87 Therefore, FDG uptake in the
myocardium is simply a physiologic process. The
physiologic FDG uptake can be reduced by the
use of unfractioned heparin, prolonged fasting
period, or a carbohydrate-restricted diet for at
least 24 hours prior to acquisition.88–93 The latter
has proved the most effective method. Fat and
proteins are allowed, whereas all carbohydrates,
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including fruit and vegetables, should be avoided.
When carbohydrates are restricted, fatty acids are
used and physiologic FDG uptake is absent. If so,
only metabolic active processes, like granulomas,
become evident. This is the basis of imaging active
cardiac sarcoidosis with FDG PET/CT.

Radiation Dose of Fluorodeoxyglucose F 18
PET/Computed Tomography
The radiation dose of FDG is approximately
5.8 mSv for the first-generation PET cameras,
without CT scan. Over time, the cameras have
become more sensitive and, in the current PET/
CT systems, the FDG dosage can be reduced.
The dosage is based on a patient’s body weight,
in accordance with European guidelines.94 A patient with a bodyweight of 80 kg receives a radiation dose of 3.8 mSv. Disease location is more
accurate because of the concurrently obtained
CT, also performed for attenuation correction.
The low-dose CT adds approximately 2.9 mSv to
the radiation dose. Therefore, the radiation dose
of FDG PET/CT from the head to the subinguinal
regions is approximately 6.7 mSv.
Although FDG PET/CT is a noninvasive technique, it should be performed with care. FDG
PET/CT is more expensive than other tests or
techniques and radiation exposure should be
taken into account. Frequent, repetitive FDG
PET/CT is, therefore, not recommended.

CHEST RADIOGRAPH AND
FLUORODEOXYGLUCOSE F 18 PET/
COMPUTED TOMOGRAPHY
Chest radiography is commonly performed at the
initial presentation of sarcoidosis. It is cheap and
widely available and in 85% to 95% of patients
abnormal findings are present.95
Staging of pulmonary disease is based on the
Scadding criteria for chest radiography. It describes the presence of bilateral hilar adenopathy, parenchymal involvement, and signs of
fibrosis.4,96,97 Although the staging system provides prognostic information, differentiating
between active inflammation, fibrosis, and inactive disease is difficult. The Scadding stages do
not correlate with disease activity imaged by
FDG PET/CT.98,99 Patients with stage 0 and
stage IV disease frequently demonstrate disease
activity in hila and/or lung parenchyma. Additionally, a majority of patients with stage I
show active parenchymal disease. These data
suggest that FDG PET/CT is more accurate
than chest radiography in the evaluation of
active parenchymal and/or lymph node involvement of sarcoidosis.

HIGH-RESOLUTION COMPUTED
TOMOGRAPHY AND
FLUORODEOXYGLUCOSE F 18 PET/
COMPUTED TOMOGRAPHY
HRCT is able to assess the lung parenchyma
meticulously due to its high spatial resolution. It
is, therefore, superior to conventional radiography
in detecting parenchymal distortion, nodules, and
early fibrosis. Volumetric scanning with multidetector CT scans has become routine in most institutions and enables imaging of the whole lung in 1
single breath-hold.98 It has become a powerful
technique in the diagnosis of diffuse parenchymal
lung disease. Compared with conventional chest
radiography, HRCT is more accurate in diagnosing
sarcoidosis and has a better interobserver
agreement.48
The prognostic value of HRCT has been studied
by evaluating serial HRCT scans. Architectural
distortion, traction bronchiectasis, cysts, and honeycombing are irreversible but nodular disease is
reversible in most patients. Ground glass, interlobular septal thickening, and irregular linear opacities, however, may or may not be reversible and
can progress to fibrosis.11,42,100–104
In stage I sarcoidosis, no predictive value of
parenchymal opacities in HRCT could be found
during 2-year follow-up.105
Only a few studies have compared FDG PET/CT
and HRCT. Ambrosini and colleagues106 evaluated 35 scans in a heterogeneous group of 28 patients. FDG PET/CT was indicated for staging,
assessment of disease activity, evaluation of disease activity during or after therapy, suspicion of
cardiac sarcoidosis, or follow-up. Active disease
at FDG PET/CT was defined by any pathologic
FDG uptake. Their HRCT criteria for active disease
were enlarged lymph nodes with or without calcifications, large or small nodules with perilymphatic
distribution, diffuse or random distribution of nodules, consolidation or ground glass density, cluster
sign, galaxy sign, halo sign, atoll sign, or airways
abnormalities with or without air trapping on
expiration. Active disease was present in 24 FDG
PET/CT scans (69%) and 25 HRCT scans (71%).
Only 10 scans, however, demonstrated corresponding active disease in the overall concordant
group of 16.
Using a semiquantitative HRCT scoring system,
Mostard and colleagues107 compared HRCT and
FDG PET in 95 sarcoidosis patients. HRCT features associated with increased FDG uptake are
parenchymal consolidations in 48%, lymph nodes
in 25%, intraparenchymal nodules in 21%, septal
and nonseptal lines in 4%, and pleural thickening
in 2%.
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Signs of fibrosis on HRCT regularly show metabolic active lung parenchyma on FDG PET/CT.
Although the amount of uptake is variable in fibrotic
sarcoidosis, it is much higher than in idiopathic pulmonary fibrosis.108 The significantly higher metabolism in sarcoidosis is suggested to reflect
granulomatous inflammation, whereas the slightly
increased FDG activity in idiopathic pulmonary
fibrosis might be the result of increased glucose
metabolism in fibroblasts. Because fibrotic changes
on HRCT may vary in FDG activity, it seems that
HRCT is not able to distinguish active, ongoing fibrogenesis and inactive, end-stage fibrosis.2,83

Pulmonary Function and Fluorodeoxyglucose
F 18 PET/Computed Tomography
FDG PET/CT is able to demonstrate ongoing granulomatous inflammation in the lungs of patients
with pulmonary sarcoidosis, representing active
disease. Keijsers and colleagues109 correlated
baseline FDG PET with changes in vital capacity
(VC), forced expiratory volume in the first second
of expiration (FEV1), and diffusion capacity of
lung for carbon monoxide (DLCO) after 1 year in
43 newly diagnosed sarcoidosis patient. There
was significant improvement of VC, FEV1, and
DLCO in patients with diffuse lung parenchymal
activity receiving immunosuppressive therapy
(n 5 16). Patients with diffuse lung parenchymal
activity without therapy (n 5 11) showed a significant decrease in DLCO. On the other hand, there
was no change in VC, FEV1, and DLCO in patients
without lung parenchymal activity and without
treatment. In addition, the change in metabolic activity imaged by FDG PET was evaluated in 11 patients treated with infliximab and compared with
pulmonary function tests.110 Clinical improvement
was associated with an overall reduced metabolic
activity. In particular, the decrease in metabolic
activity of the lung parenchyma, expressed as
SUVmax, showed a significant correlation with the
increase in VC (Fig. 11). These results suggest
that the extent of active disease reflects the potential functional improvement that can be achieved
and that lung parenchymal metabolic activity
may have prognostic value.
From the authors’ experience, the absence of
FDG uptake in the lungs of patients with prolonged
parenchymal sarcoidosis does indicate little or no
lung functional improvement after initiation or intensification of immunosuppressive treatment (Fig. 12).

Fluorodeoxyglucose F 18 PET/Computed
Tomography in Cardiac Sarcoidosis
Cardiac involvement in sarcoidosis may occur at
any time and even without pulmonary or other

systemic disease. Cardiac sarcoidosis may have
major clinical consequences given the potential
conduction defects and lethal arrhythmias. Accurate diagnosis of cardiac sarcoidosis is, therefore,
of great importance.
Sarcoidosis can affect the pericardium, myocardium, and endocardium. Myocardial involvement
is predominantly in the left ventricular wall followed
by the papillary muscles, the interventricular
septum, the right ventricular wall, and the atria.111,112 The guidelines of the Japanese Ministry
of Health and Welfare for the diagnosis of cardiac
sarcoidosis are updated but FDG PET/CT is not
included in the work-up.113 FDG PET/CT has,
however, been shown a promising tool to evaluate
cardiac involvement114 (Fig. 13).
Focal FDG uptake strongly suggests cardiac
involvement, although a diffuse pattern may be
seen as well.89,90 Sensitivity of FDG PET in the
diagnosis of cardiac sarcoidosis has been reported as high. A meta-analysis showed a pooled
sensitivity of 89% and specificity of 78%.115 A
study comparing cardiac magnetic resonance
(CMR) and FDG PET demonstrated a favorable
sensitivity over MRI of 87.5% versus 75%, respectively.114 On the other hand, Mehta and colleagues116 found a higher sensitivity for FDG PET
compared with MRI (86% vs 36%, respectively).
Both MRI and PET scanning may be indicated in
patients in whom the diagnosis of cardiac sarcoidosis is uncertain.117
Blankstein and colleagues118 performed cardiac
PET/CT in 118 patients with cardiac sarcoidosis.
FDG PET/CT was performed to evaluate the presence of active inflammation. Rubidium Rb 82 PET/
CT was carried out to assess perfusion defects
and caused scarring. Patients were categorized
by perfusion and/or metabolism abnormalities
and outcome was measured; 47 patients had a
normal and 71 had an abnormal cardiac PET.
The presence of perfusion defects combined
with increased metabolism was predictive of death
or sustained ventricular tachycardia with a hazard
ratio of 3.9.
In addition, an abnormal FDG PET scan is associated with an increased risk of major cardiac
events.118 Japanese criteria demonstrated poor
sensitivity and had no significant association with
adverse events, suggesting an important added
value of FDG PET beyond the Japanese guidelines. In cardiac sarcoidosis patients with implantable cardioverter-defibrillators (ICDs), positive
FDG PET scans for cardiac sarcoidosis in combination with positive MRI predicted a higher ventricular tachycardia and ventricular fibrillation risk
than positive MRI alone.119 Remarkably, 90% of
FDG PET scans were positive versus 67% positive
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Fig. 11. A 51-year-old male patient was diagnosed with sarcoidosis 6 years prior to presentation at St. Antonius
Hospital (The Netherlands). Initially, he was treated with prednisone, followed by methotrexate because of progressive dyspnea with pulmonary deterioration. With methotrexate, PFT remained decreased, but stable (VC 62%
predicted, FEV1 30% predicted, and DLCO 40% predicted). Chest radiography after 6 months demonstrated unchanged pulmonary infiltrates with signs of fibrosis (A). ACE was 85 U/L (normal 14–62 U/L) and sIL-2R was 10.500
pg/mL (normal <3000 pg/mL). FDG PET/CT was performed to evaluate the inflammation in the lung parenchyma.
Widespread active disease was demonstrated in the lung parenchyma with active lymph nodes in the hila, mediastinum, abdomen, and inguinal regions (B–E). In addition, an active spleen was present. Infliximab was started
and after 6 months, the fatigue and dyspnea were decreased. PFT was improved (VC 76% predicted, FEV1 38%
predicted, and DLCO 50% predicted), ACE remained unchanged, but sIL-2R dropped to 3814 pg/mL. FDG PET/
CT showed a slight remaining metabolic activity in the perihilar regions (F–I). ACE, angiotensin converting
enzyme; PFT, pulmonary function test; sIL-2R, soluble Interleukin-2 Receptor.
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Fig. 12. A 39-year-old male patient
was referred to St. Antonius Hospital (The Netherlands) because of
pulmonary hypertension. He was
diagnosed with sarcoidosis 2 years
earlier and initially he was treated
with prednisone followed by methotrexate. (A) Chest radiography
showed mediastinal and hilar adenopathy with interstitial involvement. CMR showed a large right
ventricle with signs of pulmonary
hypertension
but
no
cardiac
sarcoidosis. Silfadenil was started
but without improvement. PFT was
invariably decreased (VC 61% predicted, FEV1 50% predicted, and
DLCO 29% predicted). ACE was 50
U/L (24–82 U/L) and sIL-2R was
3538 pg/mL (normal <3000 pg/mL).
(B) FDG PET/CT was performed to
evaluate the inflammation in the
lung parenchyma, but no active disease was present. The metabolic
active right atrial and ventricle
wall are due to the increased right
ventricular pressure overload. (C)
HRCT demonstrated mediastinal
and hilar lymphnodes, traction
bronchiectasis, and expanding areas
of ground glass. Infliximab was
started and after 6 cycles; ACE was 61 U/L and sIL-2R 4328 pg/mL. HRCT was unchanged and PFT was not improved
(VC 60% predicted, FEV1 44% predicted, and DLCO 24% predicted). (D) FDG PET/CT was again normal. The results
in this patient might indicate that the effect of immunosuppressive drugs is limited when active disease imaged
by FDG PET/CT is absent. ACE, angiotensin converting enzyme; PFT, pulmonary function test; sIL-2R, soluble Interleukin-2 Receptor.

Fig. 13. A 47-year-old male patient presented with palpitations, an atrioventricular conduction block, and a right
bundle branch block. He received a DDD pacemaker, compatible for MRI. Chest radiography after implantation
showed hilar adenopathy and patchy consolidations, suspicious for sarcoidosis. During cardiac analysis at St. Antonius Hospital (The Netherlands), ventricular tachycardia occurred. FDG PET/CT ([A and B] long axis, [D and E] short
axis) and CMR ([C] long axis, [F] short axis) demonstrates metabolic activity and corresponding enhancement in
the right ventricle and right side of the interventricular septum and spread through the left ventricle. The left ventricular ejection fraction was 53%. The pacemaker was replaced by an ICD and prednisone was started.
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MRI scans in the ICD treated group. Therefore,
FDG PET seems particularly useful in patients
with pacemakers or ICD or patients who cannot
be evaluated with an MRI.120
Finally, follow-up studies demonstrated that FDG
PET can detect changes in cardiac activity on treatment with corticosteroids 70.121 This makes FDG
PET useful for monitoring the effects of treatment
in cardiac sarcoidosis patients.119,122–124
A recent consensus statement by the Heart
Rhythm Society was published on the work-up in
cardiac sarcoidosis.125 In patients without symptoms and normal electrocardiogram and echocardiogram, the likelihood of cardiac involvement is
low and additional testing is not recommended.
In patients with 1 or more abnormalities, advanced
cardiac imaging (ie, CMR and/or FDG PET/CT) can
be useful.

When Should Fluorodeoxyglucose F 18 PET/
Computed Tomography Be Used in Thoracic
Sarcoidosis?
Besides conventional markers and imaging modalities used in the treatment of thoracic sarcoidosis, there is an emerging role of FDG PET/CT.
From the current literature and the authors’ experience, it can be suggested to use FDG PET/CT in
the following situations:
 FDG PET/CT can guide in finding occult organ
localizations when histologic proof is needed.
Biopsy from metabolic active lesions is more
likely to yield the diagnosis than biopsy from
inactive lesions.
 In patients with persistent symptoms but
without signs of disease activity based on
conventional markers, FDG PET/CT is able
to demonstrate ongoing disease activity.
Mostard and colleagues98 evaluated FDG
PET/CT in 89 patients with unexplained
persistent and disabling symptoms. They
found metabolic active disease in 73% with
normal serum markers in 20% of these
patients.
 In patients suspected of having cardiac
sarcoidosis, CMR is able to detect cardiac
involvement and might give rise to the implantation of a cardiac defibrillator. FDG PET/CT,
on the other hand, reveals the presence of
active lesions in the myocardium, which helps
indicating whether immunosuppressive treatment should be started or adjusted.
 In patients with prolonged and symptomatic
pulmonary sarcoidosis with fibrosis, it can be
difficult to determine the presence of ongoing
parenchymal disease activity. When active
pulmonary sarcoidosis is still present,

immunosuppressive treatment might be
started or adjusted. In 14 of 15 patients with
stage IV disease, FDG PET/CT revealed
persistent parenchymal disease activity.98 In
addition, patients with active metabolic
parenchymal disease show a significant increase of their pulmonary function after treatment. Therefore, FDG PET/CT can be used to
predict the potential functional improvement
that can be achieved, even in patients with
stage IV disease.

SUMMARY
Pulmonary sarcoidosis has a great variability and
is notorious for mimicking many other interstitial
lung diseases. Knowledge of pulmonary manifestations is important in diagnosing sarcoidosis
because more than 90% of patients present with
thoracic involvement. Both HRCT and FDG
PET/CT are essential modalities in diagnosing
and evaluation of pulmonary sarcoidosis. In addition, FDG PET/CT demonstrates extra pulmonary
disease most accurate and has an important role
in cardiac sarcoidosis.
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