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The role of positron emission tomography-computed
tomography/magnetic resonance imaging in the
management of sarcoidosis patients
Abstract
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Sarcoidosis is a multisystem granulomatous disease of unknown etiology. The diagnosis is based on clinical and radiographic findings as well as by histopathological findings. Molecular imaging in recent years
has made important progress regarding the study of various inflammatory diseases including sarcoidosis.
Positron emission tomography (PET) provides an insight in metabolism of this disease. Positron emission
tomography with fluorine-18-fluorodeoxyglucose (18F-FDG) has shown eﬀectiveness in detecting occult
disease and assessing disease activity during treatment. This review article provides an overview of the
applications of PET/computed tomography and PET/ magnetic resonance imaging for evaluation of patients with sarcoidosis.
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arcoidosis is a multisystemic disorder of unknown etiology with the pathological
characteristic of non-caseating epithelioid cell granuloma formation. It was first
described by Jonathan Hutchinson in 1877, but was termed “sarkoid” in 1899 by
Caesar Boeck who described a patient with cutaneous lesions which he felt were similar
to sarcoma, but were benign [1, 2]. The epithelioid cell granulomas is composed of
highly diﬀerentiated mononuclear lymphocytes and phagocytes, with fibrotic change
beginning from the periphery and progressively extending to the central part [1].
Sarcoidosis occurs worldwide aﬀecting both men and women of all ages and races
with variable incidence, manifestations, and prognosis. The highest annual incidence
is observed in northern European countries [3] and in African Americans [4]. The disease
tends to aﬀect adults less than 40 years old, peaking in the second decade of life. In
Japan and Scandinavian countries, a second peak incidence is found in females greater
than 50 years of age [1].
The diagnosis is based on clinical and imaging features, histological confirmation,
and exclusion of other diseases that can create similar histopathological and clinical
findings. The clinical presentation can vary from incidental detection in asymptomatic
patients to slowly progressive disease that involves any organ. The thorax is involved
in up to 90% of patients with sarcoidosis [5], typically with bilateral hilar lymphadenopathy seen on chest radiographic examination. The most common clinical presentations
are cough and dyspnea due to pulmonary involvement. Skin involvement can present
in various form such as erythema nodosum, maculopapular lesions, subcutaneous nodules, and lupus pernio [6]. Patients may present with hepatomegaly, cholestasis, portal
hypertension, lymphopenia, anemia, hypercalcemia, or diabetes insipidus. The majority
of patients with sarcoidosis have a favorable outcome as granulomas disappear overtime and respond to corticosteroid treatment. Remission occurs in more than 50% of
patients within 3 years of diagnosis, and within a decade for two-thirds of patients with
no or few clinical consequences. Up to 33% of patients have persistent disease, leading
to significant organ impairment [5, 7]. Besides obtaining a full patient history and performing a physical examination, recommended investigations for initial evaluation of
sarcoidosis include chest radiography, pulmonary function testing, peripheral blood
counts, serum chemistries, urinalysis, electrocardiography, eye examination, tuberculin
skin testing, and bronchoalveolar lavage. Endobronchial ultrasonography-guided transbronchial needle aspiration (EBUS-TBNA) has also been used as a minimally invasive diagnostic procedure [8, 9]. In recent years, positron emission tomography (PET) and
cardiac magnetic resonance imaging (MRI) have been suggested as eﬀective imaging
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tools in the evaluation of patients with sarcoidosis [10-13].
In this review, we will discuss the utilities of PET or PET/computed tomography (CT) and PET/MRI in sarcoidosis.

The role of 18F-FDG PET/CT and MRI in sarcoidosis
Immunopathology of sarcoidosis and glucose metabolism
T-helper 1 (Th1) cells play a major role in immune response
of sarcoidosis. Antigen is presented by major histocompatibility complex class II leading to activation of Th1 cells and
subsequent production of various types of cytokines and
chemokines including interferon-γ, transforming growth factor β, tumor necrosis factor-α,interleukin (IL)-2, IL-12, and
others [5, 14]. The immune response then leads to the granuloma formation, which consists of a central core of
mononuclear cells surrounded by CD4 cells and a small
number of CD8 and B cells [4]. There is evidence that cells
have increased glucose metabolism during the inflammatory process. Metabolic changes of inflammatory cells, such
as T-helper cells and activated macrophages, enhance the
glucose uptake, glycolysis, and increased pentose phosphate pathway activity [15].
Tissues with high glucose metabolism such as brain tissue
gray matter, cancer cells, and inflammatory changes show
increased fluorine-18 fluorodeoxyglucose (18F-FDG) accumulation on PET imaging. As a key component of the inflammatory process, inflammatory cells consume glucose at a
much higher level than peripheral non-inflammatory cells,
leading to higher glucose metabolism and increased uptake
of 18F-FDG within inflammatory foci. Studies have demonstrated that 18F-FDG is accumulated by leukocytes and
macrophages in vitro [16, 17], as well as in sites of inflammation [18, 19]. Recently, 18F-FDG PET/CT has been used in to
assess a wide variety of inflammatory diseases such as vasculitis [20], atherosclerosis [21, 22], arterial wall inflammation
in HIV infection [23], cardiac valvular inflammation [24],
arthritis [25], radiation pneumonitis [26], and febrile neutropenia [27].
Fluorine-18-FDG PET for detection and response
assessment of sarcoidosis
Lung is the most common site of organ involvement by sarcoidosis, and is present in 90% of patients [5, 28]. Extrathoracic manifestations are present in 25%-50% of the patients,
typically in combination with thoracic disease [28]. Chest radiography is the most common imaging technique used in
sarcoidosis and is abnormal in 80%-90% of cases. The sarcoidosis Scadding staging system (Table 1) depends on presence of hilar lymph node enlargement and pulmonary
opacities on chest radiography [29]. Classic stage I disease
consisting of bilateral hilar lymphadenopathy without
parenchymal disease is the most common initial presentation. Stage II consists of hilar or mediastinal lymphadenopathy with parenchymal opacity. Stage III entails parenchymal
involvement without lymphadenopathy. Stage IV shows evidence of pulmonary fibrosis. Normal chest radiography is
considered to be stage 0. The high-resolution CT (HRCT) is
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able to demonstrate abnormal lung parenchyma [30]. Findings of HRCT sarcoidosis may include hilar and/or mediastinal lymph node enlargement (sometimes with calcification),
pulmonary interstitial nodules in a perilymphatic distribution, thickening of the peribron chovascularinterstitium, pulmonary ground glass opacity, consolidation, or large
nodular opacities, and coarse linear opacities, interlobular
septal thickening, honeycombing, cysts, architectural distortion, superior hilar retraction, or traction bronchiectasis related to fibrosis. Pleural disease is rare and may be observed
when disease is extensive.
Table 1. Scadding staging system on chest radiograph
Scadding stage
0
I
II

III

IV

Radiographic finding
Normal
Bilateral hilar lymphadenopathy
without parenchymal disease
Bilateral hilar lymphadenopathy
with parenchymal disease
Parenchymal disease without
hilar lymphadenopathy
Pulmonary fibrosis

Gallium-67 citrate (67GaC) scintigraphy has historically
been widely used in sarcoidosis, which provides advantages
of functional assessment and whole body evaluation [28,
31]. There is a typical pattern of 67GaC uptake in sarcoidosis,
called the “lambda” sign, which is due to radiotracer uptake
in bilateral hilar and right paratracheal lymph nodes. There
is also a “panda” sign due to radiotracer uptake in the
lacrimal glands, parotid glands, and nasal mucosa, which is
nonspecific since it is also found in other conditions such as
acquired immunodeficiency syndrome (AIDS), Sjögren’s syndrome, following irradiation of the head or neck, particularly
for lymphoma treatment [31-33]. The “lambda” sign with an
associated “panda” sign is highly specific for sarcoidosis, even
in patients with normal chest radiography and CT or in pa-

Figure 1. A 49 years old man with sarcoidosis. (A) Whole-body 18F-FDG PET image
shows cardiac, mediastinal, and hilar lymph node involvement of sarcoidosis. (B)
Axial fusion PET/CT show increase 18F-FDG uptake at mediastinal lymph nodes
(arrow).
www.nuclmed.gr

Review Art-Alavi-ME SELIDARITHMISH_Layout 1 8/5/14 2:18 PM Page 3

Review Article

Figure 2. A) A 51 years old man with sarcoidosis. Increased uptake at subcarina
and left hilar lymphadenopathy. A hypermetabolic right lung nodule was also noted
(black arrow). B) A 65 years old man with sarcoidosis. Increased uptake at right
upper lobe associated with interstitial nodules with perilymphatic/peribronchovascular distribution. Increased uptake at mediastinal and bilateral hilar lymphadenopathy was noted.

tients with non-diagnostic hilar lymphadenopathy [34].
However, the use of 67GaC scintigraphy has decreased due
to its limitations. The overall sensitivity and specificity vary
with significant inter observer variability. The radiotracer distribution time requires at least 48-72h prior to image acquisition [28, 35, 36].
Functional imaging of sarcoidosis has more recently been
performed with 18F-FDG PET/CT due to its improved image
resolution, the relatively short delay time between radiotracer injection and image acquisition, and improved
anatomical localization of sites of abnormality. The sensitivity
of 18F-FDG PET/CT in detecting active sarcoidosis is 80%100% [34]. The findings of sarcoidosis on 18F-FDG PET/CT are
similar to those seen on 67GaC imaging. Figure 1 shows 18FFDG PET images of a sarcoidosis patient with cardiac, mediastinal lymph node, and hilar lymph node involvement.
Figure 2 shows PET, CT and fusion PET/CT images of patients
with pulmonary involvement. Lewis et al. presented in 1994
the initial study that described 18F-FDG uptake within intraand extra-thoracic sarcoidosis [37]. The investigators reported
two cases of sarcoidosis in which 18F-FDG PET can identify sarcoidosis lesions. The first patient underwent whole-body 18FFDG PET scan due to suspected lymphoma, which revealed
multiple areas of intense 18F-FDG uptake in sites including bilateral hilar and paratracheal regions, paraaortic region, bilateral cervical regions, bilateral inguinal regions, left axilla,
right hepatic lobe, and spleen, while histopathology findings
from mediastinal lymph node biopsy revealed granulomas
without malignant cells, caseation, or acid fast bacilli. The
other patient described in this report had erythema nodosum and bilateral hilar lymphadenopathy on chest radiogwww.nuclmed.gr

raphy. The 18F-FDG PET scan of the second patient demonstrated markedly increased 18F-FDG uptake in the hilar and
paratracheal regions with patchy superficial radiotracer uptake seen in both lower limbs, which subsequently resolved
at follow-up 18F-FDG PET imaging obtained 3 months after
oral corticosteroid therapy.
Nishiyama et al (2006) [36] compared 18F-FDG PET to 67GaC
scintigraphy and single photon emission tomography (SPET)
of the thorax in 18 patients with sarcoidosis. Pulmonary and
extrapulmonary lesions were evaluated and confirmed by
histopathology or radiological findings scintigraphy with 18FFDG PET and 67GaC single photon emission tomography
(SPET) of thorax detected 100% and 81%, respectively of intrapulmonary sites. For extrapulmonary sites, 18F-FDG PET
and 67GaC scintigraphy detected 90% and 48%, respectively.
Braun et al (2008) [38] retrospectively studied 18F-FDG
PET/CT in 20 patients with histological confirmation of intraand extra-thoracic sarcoidosis. Twelve patients underwent
both 18F-FDG PET/CT and 67GaC scintigraphy including whole
body planar and thoracic and abdominopelvic SPET. The investigators showed good 18F-FDG PET/CT sensitivity, greater
than 67GaC scan sensitivity, for detection of active foci of thoracic (100% vs. 71%), pharyngolaryngeal (80% vs. 67%), and
sinonasal (100% vs. 75%) disease. They suggested that small
cutaneous or subcutaneous sites of disease, including lupus
pernio, were very diﬃcult to appreciate on scintigraphic images, especially when anatomical structures with physiologic
or pathological radiotracer accumulation were superimposed.
Considering all extra-cutaneous biopsy-proven sites of sarcoidosis localization, the overall sensitivity of 18F-FDG PET/CT
and 67GaC scan was 87% and 67%, respectively.
Positron emission tomography can be used as a useful tool
for the diagnosis of sarcoidosis by identifying potential
biopsy sites in organs that might be accessible. Figure 3 (AB) shows 18F-FDG PET images of a patient with bone marrow
involvement. Figure 3 (C-D) shows 18F-FDG PET images of a
patient with splenic involvement. Figure 4 shows PET, CT and
fusion 18F-FDG PET/CT of sarcoidosis lesions at bilateral iliac
and right sacro-iliac joint. A study by Teirstein et al (2007) [39]
reviewed the use of 18F-FDG PET in 137 patients diagnosed
with sarcoidosis to evaluate its role in the identification of occult biopsy sites and reversible granulomatous disease. One
hundred thirty-nine of 188 scans showed positive findings,
where the most common sites were the mediastinal lymph
nodes (54 scans), extra-thoracic lymph nodes (30 scans), and
lung parenchyma (24 scans). In 20 patients, 18F-FDG PET indicated the presence of active extracardiac disease that was
not detected by physical examination, chest radiography, or
CT, leading to a diagnostic biopsy in five patients. Eleven follow-up 18F-FDG PET scans after corticosteroid therapy
showed a decreased standardized uptake value (SUV) of
lymph nodes, lungs, spleen, lacrimal glands, skin, and bones.
In most cases, symptoms, conventional imaging, and physiological data paralleled the improvement seen on PET scans.
Positron emission tomography also showed positive pulmonary finding in two thirds of patients, which was common
in patients with stage II and III disease. Patients with stage 0,
I, and IV disease commonly do not have significant pulmonary PET findings. However, there was no correlation between positive PET scan findings and lung diﬀusing capacity

Hellenic Journal of Nuclear Medicine

• May - August 2014

125

Review Art-Alavi-ME SELIDARITHMISH_Layout 1 8/5/14 2:18 PM Page 4

Review Article

80% with a specificity, positive predictive value, and negative
predictive value of 100%, 100% and 65%, respectively. These
findings suggest that PET/CT appears to be of additional
value in depicting disease in patients with persistent symptoms in the absence of increased serum markers as well as in
detecting extra thoracic lesions.
For restaging and follow-up, recent study by Rubini et al
(2014) [41] found sensitivity, specificity and accuracy of
PET/CT of 100%, 50% and 87.5%, respectively while MDCT
provided sensitivity, specificity and accuracy of PET/CT of
91.67%, 81.25% and 50%, respectively. The responsiveness of
PET/CT after treatment were in agreement with the change
of clinical status as perceived by the patients [42].

Figure 3. A) 18F-FDG PET showed two foci of bone marrow involvement by sarcoidosis at vertebral bodies (arrows), B) Coronal fusion PET/CT. C) Maximum intensity projection of 18F-FDG PET showed sarcoidosis involvement at spleen, D) PET
after segmentation of splenic lesion.

Figure 4. A 65 years old man with sarcoidosis. A) Axial CT image B) Axial fusion
18
F-FDG PET/CT showed increased uptake at bilateral iliac and right sacro-iliac joint.
Focal activity in left ureter was noted (white arrow).

for carbon monoxide (DLCO) or serum angiotensin-converting enzyme (ACE) levels.
Mostard et al (2011) [40] retrospectively studied 18F-FDG
PET/CT findings compared to levels of ACE, soluble IL-2 receptor (sIL-2R) and neopterin (a marker for immune system
activation) in 89 patients with disabling symptoms related to
sarcoidosis. Sixty-five (73%) patients had a positive PET/CT
scan, 52 with serological signs of inflammatory activity.
PET/CT was positive in 14/15 patients with stage IV sarcoidosis. In 80% of PET/CT positive patients, extrathoracic inflammatory activity was found. The sensitivity of combined
serological markers for the presence of disease activity was
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Disease activity assessment by 18F-FDG PET
Fluorine-18-FDG PET has been studied for the purpose of
evaluating disease activity. Patients’ symptoms and objective parameters may diﬀer in reflecting the level of disease
activity of sarcoidosis, and there is no reference standard to
define disease activity in patients with this disease. Followup for sarcoidosis includes history, chest radiography, pulmonary function testing, and serum biomarkers. Symptoms
may be diﬃcult to interpret. Chest radiography and HRCT
are suboptimal for revealing active inflammation [43]. Although HRCT is useful to provide information regarding the
presence and distribution of pulmonary abnormalities, the
findings do not correlate better than radiography findings
with measures of clinical and functional impairment [44].
An improvement of pulmonary functional test results reflects a positive treatment response, although persistent abnormal results might be found in both ineﬀective treatment
and irreversible fibrotic change. Angiotensin- converting
enzyme (ACE) produced within granulomas by epithelioid
cells and alveolar macrophages through the release of an
ACE-inducing factor may be used to monitor disease activity. However, the ACE level is above normal limits in only
60% of patients with chronic sarcoidosis and is unrelated to
disease severity, progression, clinical course, and response
to therapy [43], and is also present in other granulomatous
conditions. Another marker is sIL-2R, which is released by T
cells. It is an accurate biomarker for the assessment of pulmonary sarcoidosis and correlates with presence of active
disease, although it is still not recommended for use as an
activity biomarker [45]. Both ACE and sIL-2R may not be sensitive enough and may not correlate with patients’ symptoms and levels of functional impairment.
Keijsers et al (2009) [46] retrospectively reviewed 18F-FDG
PET and levels of ACE and sIL-2R in 36 newly diagnosed sarcoidosis patients. The serum markers were obtained within 4
weeks of 18F-FDG PET. The authors determined the sensitivity
of 18F-FDG PET in active sarcoidosis and its correlation with
other markers. Positron emission tomography was found to
be positive in 94% of patients. Thirteen patients (36%) showed
an increased ACE level and seventeen patients (47%) showed
an increased sIL-2R level. Increased ACE and sIL-2R levels correlated with positive 18F-FDG PET findings in 12 patients (92%)
and 16 patients (94%), respectively. However, there was no
correlation between SUV measurements and ACE or sIL-2R
levels. SIL-2R and ACE levels had a low diagnostic performance
for the detection of active sarcoidosis, although sIL-2R and
www.nuclmed.gr
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positive ACE levels correlated well with 18F-FDG PET. Therefore,
18
F-FDG PET could be excluded when these serum markers
are increased. The authors also suggested a potential future
role for 18F-FDG PET in sarcoidosis assessment.
The same group (2010) [47] compared bronchoalveolar
lavage (BAL) cell profile and 18F-FDG PET in 77 newly diagnosed pulmonary sarcoidosis to evaluate whether metabolic
activity on PET represented disease activity as assessed by
BAL. They categorized patients based on 18F-FDG PET as exclusively mediastinum/hilar activity (Group A) and activity
in lung parenchyma (Group B). Bronchoalveolar lavage lymphocyte (%), CD103+CD4+/CD4+ ratio, CD4/CD8 ratio and
neutrophils percentage were compared with measurements
of metabolic activity calculated by SUVmax. Overall SUVmax
in the lung parenchyma showed significant correlation with
the percentage of neutrophils. CD4/CD8 ratio significantly
correlated with the SUVmax of the mediastinum. They also
found a positive correlation between SUVmax of the lung
parenchyma and radiographic stage, and a negative correlation between SUVmax of mediastinum and radiographic
stage. In radiographic stages 0 and IV, 18F-FDG PET showed
active lesions in the mediastinum/hila of all patients and
parenchymal activity in 57%. Even in stage I disease, increased metabolic activity in the lung parenchyma was seen
in 52% of patients. They proposed that conventional chest
radiography staging does not appear to be as reliable as currently thought for determining disease activity.
Another study by Keijsers et al (2008) [48] compared 18FFDG-PET results with sarcoidosis parameters following treatment with infliximab, an anti-TNF-α therapy. Twelve patients
with refractory sarcoidosis were treated with 6 cycles of infliximab and underwent pre- and post- treatment 18F-FDG
PET. Eﬀect of treatment was also evaluated by change in
symptoms, ACE levels, sIL-2R levels, vital capacity (VC), DLCO
levels, and chest radiographic findings. Eleven patients noticed an improvement of symptoms with no improvement
on chest radiography. One patient, who did not observe an
improvement, had pulmonary function test results that remained at the same level and serum markers that showed a
dramatic decrease. The decrease in ACE and sIL-2R levels was
39% and 47%, respectively. Improvements of VC and DLCO
were by 5.4% and 3.3%, respectively. 18F-FDG PET showed either improvement or normalization of metabolic abnormalities in 11/12 (92%) of clinically responding patients. The
overall decrease in SUVmax was 55%. However, they did not
find a significant correlation between SUVmax and other parameters except VC. These findings support the hypothesis
that 18F-FDG uptake represented disease activity with a
higher sensitivity than other parameters.
Sobic-Saranovic et al (2012) [43] studied 90 sarcoidosis
patients who had persistent symptoms. Patients underwent 18F-FDG PET/CT and CT together with measurement
of ACE levels. During follow-up assessment (12±5 months
after 18F-FDG PET/CT), clinical status and changes in therapy were analyzed. 18F-FDG PET/CT detected inflammation
in 82% of patients while CT was positive in 6 additional patients (89%). However, the difference between two methods was not significant (P=0.238) and their agreement was
fair (k=0.198). Isolated extrathoracic sarcoidosis was found
in 5 patients only on 18F-FDG PET/CT. Retroperitoneal and
www.nuclmed.gr

cervical lymph nodes were the most frequent extrathoracic sites found on PET/CT, followed by skin, parotid
glands, and adrenal glands. Angiotensin-converting enzyme levels were significantly higher in patients with positive than negative 18F-FDG PET scan findings, but 51% of
patients with positive PET results had normal ACE levels.
In both univariate and multivariate logistic regression
analyses the positive 18F-FDG PET/CT studies were significantly associated with changes in therapy, with no impact
from age, sex, CT, ACE levels, or previous treatments. They
concluded that 18F-FDG PET/CT is a useful adjunct to other
diagnostic methods for detecting active inflammatory
sites in patients with chronic sarcoidosis with persistent
symptoms, especially in those with normal ACE levels. 18FFDG PET/CT also proved advantageous for determining
the spread of active disease throughout the body and influenced patient management.
Other study of Mostard et al (2013) [49] found the relationship between the severity of pulmonary sarcoidosis and increased PET activity in patients with persistent symptoms.
The severity of pulmonary involvement was assessed by
HRCT and pulmonary function tests. All patients with FVC
<50% or DLCO <45% showed PET-positive findings. Interestingly, 85% of patients with signs of fibrosis on HRCT had PET
positivity and of whom 82% showed extrathoracic PET activity and 73% had increased serological inflammatory markers.
Ambrosini et al (2013) [50] assessed sarcoidosis activity and
extension in comparison with thoracic HRCT in 28 patients
and 35 PET/CT scans. On a scan basis, PET/CT was concordant
with HRCT in 16 scans (45.7%), detecting active disease in 10
scans and no activity in 6 scans. In 19 (54.3%) discordant scans,
PET/CT was positive in 14 scans, active lung disease with
nodal involvement in 1 scan, indicating active nodal disease
in 3 scans, active lung and/or nodal disease with extrapulmonary disease in 9 scans, and disease relapse at extrapulmonary level without lung involvement in 1 scan. PET/CT
information influenced the clinical management in 22 (63%)
of 35 scans. This study supported the use of 18F-FDG PET/CT
to assess sarcoidosis activity and spatial extent to obtain valuable information for the clinical management. PET/CT detection of unsuspected activity in the lungs of patients with nodal
sarcoidosis or the identification of extrapulmonary activity
may help in clinical decision making, especially with regards
to whether treatment should be initiated.
Fluorine-18-FDG PET in cardiac sarcoidosis
Cardiac involvement is clinically detected in 5% of sarcoidosis
patients and in 40% of patients at autopsy [4]. Complications
of cardiac sarcoidosis include conductional abnormalities,
ventricular tachycardia, congestive heart failure, and sudden
cardiac death. Therefore, cardiac involvement is an important
prognostic factor in patients with sarcoidosis [45]. Besides a
history and physical examination, electrocardiography (ECG)
and transthoracic echocardiography are useful for cardiac
evaluation. Cardiac MRI and cardiac 18F-FDG PET have
emerged as well for this purpose in recent clinical practice.
Management of cardiac sarcoidosis includes immunosuppressive therapy, dysrhythmia management, and management of
underlying left ventricular dysfunction. Some patients may
also require pacemaker and defibrillator placement.
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Histological biopsy of the myocardium is the reference
standard for diagnosis of cardiac sarcoidosis, however its
sensitivity is only 20%-30% [51]. Cardiac MRI is a sensitive
technique to assess the locations and extent of disease. Myocardial sarcoidosis may present on cardiac MRI as segmental wall motion abnormality, focal wall thickening or
thinning, or nodules with a patchy distribution. Delayed
phase contrast enhancement may also be seen, related to
the presence of fibro granulomatous tissue [34]. However,
it is not easy to diﬀerentiate between active and inactive
sarcoidosis lesions, which is important for patient management. In addition, cardiac MRI is generally contraindicated
in patients with pacemakers or defibrillators. Recent clinical
diagnostic criteria for cardiac sarcoidosis have been established by the Japanese Ministry of Health and Welfare in
2006 [52], which include 67GaC scintigraphic findings under
the major criteria and thallium-201 (201Tl) or technetium99m (99mTc) SPET under the minor criteria without mention
of 18F-FDG PET imaging.

A number of studies have evaluated the utility of 18F-FDG
PET in diagnosing cardiac sarcoidosis [36, 53-57]. A summary of these studies is shown in Table 2. A recent systematic review by Youssef et al (2012) [12] found that 18F-FDG
PET has pooled sensitivity of 89% and specificity of 78%.
However, the specificities had significant heterogeneity, as
was apparent from a high inconsistency index (71.7%) and
a wide range (38%-100%). Irrespective to the causes of the
heterogeneity, the overall consistency of high sensitivity
did suggest that a negative result can exclude cardiac involvement with high confidence. Figure 5(A-D) shows PET
and PET/CT images of patients with cardiac sarcoidosis. Figure 5(E-H) shows PET and PET/CT images of cardiac sarcoidosis patient who also has mediastinal and hilar lesions.
Ohira et al (2008) [53] compared 18F-FDG PET and cardiac
MRI for detection of cardiac sarcoidosis in 21 patients with suspected cardiac sarcoidosis. The sensitivity and specificity of 18FFDG PET were 87.5% and 38.5%, respectively, whereas those
of cardiac MRI were 75% and 76.9%, respectively. One expla-

Table 2. Sensitivity and specificity of 18F-FDG PET for diagnosis of cardiac sarcoidosis

Study/ Year
Langah et al. 2009 [49]
Ohira et al 2008 [48]
Nishiyama et al. 2006 [35]
Ishimaru et al.2005 [51]
Okumura et al. 2004 [50]
Yamagishi et al. 2003 [52]

No. of patients
30
21
18
32
22
17

Sensitivity (95% CI)
0.85 (0.62-0.97)
0.88 (0.47-1.00)
1.00 (0.59-1.00)
1.00 (0.48-1.00)
1.00 (0.72-1.00)
0.82 (0.57-0.96)

Specificity (95%CI)
0.90 (0.55-1.00)
0.38 (0.14-0.68)
1.00 (0.72-1.00)
0.81 (0.62-0.94)
0.91 (0.59-1.00)
Could not determine

Figure 5. (A-D) A 50 years old man with cardiac sarcoidosis. Axial and sagittal fusion 18F-FDG PET/CT showed increased uptake at lateral wall of left ventricle. (E-H) A 47 years
old man with sarcoidosis. Axial and sagittal fusion 18F-FDG PET/CT showed increased uptake at myocardium, mediastinal and hilar lymphadenopathy.

nation for the low specificity of PET was that the study only enrolled patients with suspected cardiac sarcoidosis. Another explanation was that nonspecific 18F-FDG uptake in myocardium
was observed in this study, although this was felt to be unlikely
given the lack of nonspecific uptake in control subjects from a
previous study [56] which used the same imaging protocol. The
authors hypothesized that 18F-FDG PET detected early-stage
sarcoidosis lesions in the heart even in patients who did not
meet the diagnostic criteria. The presence of positive findings
on 18F-FDG PET was associated with elevated serum ACE levels;
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this association was not demonstrated on MRI. With cardiac
sarcoidosis, focal 18F-FDG uptake in heart is thought to reflect
the presence of accumulated inflammatory cells, whereas high
signal intensity on T2 weighted image of cardiac MRI represents edema and/or increased extracellular space.
Some studies have addressed the value of 18F-FDG PET or
PET/CT for assessment of myocardial sarcoidosis activity after
treatment [58-60]. Fluorine-18-FDG PET is useful to determine whether continued antiarrhythmic drug therapy or corticosteroid treatment is necessary. Fluorine-18-FDG PET/CT
www.nuclmed.gr
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showed more predictable information about disease reversibility compared to cardiac MRI [59]. Takeda et al (2002)
[61] reported resolution of 18F-FDG uptake on follow-up PET
imaging after corticosteroid therapy in patients with cardiac
sarcoidosis. Figure 6 shows baseline and follow-up 18F-FDG
PET images from patients with cardiac, pulmonary and mediastinal lymph node involvement by sarcoidosis. Figure 7
shows baseline and follow-up 18F-FDG PET images from a patient with splenic involvement bysarcoidosis.
Fluorine-18-FDG PET is a valuable tool for the diagnosis of
cardiac sarcoidosis. Focal hypermetabolic activity or a focal increase of activity with a diﬀusely increased background on 18F-

Figure 6. A) Maximum intensity projection 18F-FDG PET with segmentation of a
75 years old man diagnosed cardiac sarcoidosis. Baseline scan showed extensive
18
F-FDG uptake at left ventricle and pulmonary nodule at right upper lung. B) Seven
months after prednisolone treatment, there was no active cardiac inflammation.
However, there was progression of pulmonary and lymph node involvement. C)
Baseline 18F-FDG PET scan showed 18F-FDG uptake at left ventricle and lymph nodes.
D) Seventeen months after prednisolone and TNF inhibitor treatment, follow-up
scan showed no active sarcoidosis lesion.

Figure 7. A 49 years old woman with sarcoidosis. A-C) Baseline PET/CT images showed
increase 18F-FDG uptake at spleen. D-F). Nine months after prednisolone and methotrexate treatment, follow-up axial PET/CT images showed resolution of splenic lesion.
www.nuclmed.gr

FDG PET is characteristic for cardiac sarcoidosis. However, this
technique has some limitations. Normal myocardial cells use
glucose as one of main energy substrates, and so physiologic
18
F-FDG uptake in the myocardium may variably be found in
healthy subjects. Papillary muscles and the lateral wall of the
left ventricle may also show normal focal uptake of 18F-FDG.
For optimal 18F-FDG PET imaging in cardiac sarcoidosis, minimization of glucose uptake by normal myocardium is necessary to ensure high contrast between lesions and the normal
background. Special patient preparation is therefore needed
prior to 18F-FDG PET imaging to evaluate cardiac sarcoidosis.
There are three approaches available for this purpose: prolonged fasting, dietary modification with a low-carbohydrate
and high-fat diet, and intravenous administration of unfractionated heparin. These approaches are used to promote free
fatty acid metabolism and to suppress 18F-FDG uptake [62]. It
is possible that a combination of all of these techniques may
be superior to any one alone [63]. Morooka et al (2014) [64]
found higher eﬀect in inhibiting myocardial uptake of an 18h
fast than heparin loading plus a 12h fast before scan. They also
found the association between high level of free fatty acid and
reduction of physiologic myocardial uptake. The investigators
suggested the monitoring free fatty acid levels may improve
PET interpretation of active cardiac sarcoidosis.
Fluorine-18-FDG PET in neurosarcoidosis
Neurosarcoidosis aﬀects 5%-15% of patients with sarcoidosis. The cranial nerves are the most commonly aﬀected site,
although any part of nervous system can be involved. The
most common cranial nerve involved is the facial nerve presenting as facial palsy, followed by the optic nerve presenting as diplopia or impaired visual acuity. Symptoms and
signs of neurosarcoidosis may include cranial neuropathy,
meningeal irritation, increased intracranial pressure, peripheral neuropathy, pituitary and hypothalamic dysfunction,
cognitive dysfunction, and personality change. Neurosarcoidosis can occasionally be life-threatening as well [4].
Contrast-enhanced MRI for detection of intracranial and
spinal cord lesions is the imaging modality of choice for evaluating neurosarcoidosis. However, the findings on MRI are
often nonspecific. Electromyography (EMG) can be useful for
peripheral neuropathy evaluation, although the findings are
also nonspecific. Interpretation of 18F-FDG PET in neurosarcoidosis may be diﬃcult because of physiologic uptake of 18FFDG activity in normal gray matter. Moreover, granulomatous
inflammation shows hypermetabolism whereas neuronal
damage presents as hypometabolism. 18F-FDG PET may reveal
additional occult lesions amenable to biopsy in some patients
with inaccessible intracranial lesions. However, the literature
on 18F-FDG PET and neurosarcoidosis is extremely limited (Fig.
8). A few case reports relevant to the application of 18F-FDG
PET or PET/CT in patients with neurosarcoidosis have been reported in the literature [65-72]. For example, Huang et al [71]
demonstrated abnormal 18F-FDG uptake at spinal level T9-T12
but a normal MRI of thoracolumbar region in a patient with
sarcoidosis who had symptoms of band like abdominal pressure and urinary frequency.
Sakushima et al (2011) [73] compared the SUVs measured
on 18F-FDG PET of spinal cord sarcoidosis lesions and noninflammatory spinal cord lesions in 3 patients with spinal
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Figure 8. A patient with neurosarcoidosis. A) MRI of thoracic cord shows longitudinally extensive T2 signal hyperintensity (arrows). B) Increased 18F-FDG uptake in
corresponding location (red color) (arrow; SUVmax, 6.3g/mL) and additional 18FFDG PET hypermetabolism of perihilar lymph nodes (arrowheads). (Reprinted and
modified, with permission, from reference 72).

cord sarcoidosis, five patients with myelomalacia caused by
cervical spondylosis or ossification of the posterior longitudinal ligament, one patient with spinal cord edema from cervical degenerative disease, and one patient with spinal cord
edema due to a dural arteriovenous fistula. Significantly
higher SUVs were found in spinal cord sarcoidosis lesions
(mean 4.38, range 3.30-4.93) compared to those of the other
spinal cord lesions (mean 1.87, range 1.42-2.74). The authors
concluded that 18F-FDG PET is informative and may be enable clinicians to start treatment at an earlier stage, as 18FFDG PET can detect early spinal cord involvement compared
to MRI. Yet, more studies are needed to define the role of 18FFDG PET in patients with neurosarcoidosis.
Fluorine-18-FDG PET for prognostication of patient
outcome in sarcoidosis
As the lung is the most commonly aﬀected organ in sarcoidosis, pulmonary function test results, and in particular
DLCO, may be abnormal. Keijser et al (2011) [74] used 18FFDG PET to study whether diﬀuse metabolic lung parenchymal activity could serve as a predictor of future pulmonary
deterioration. They retrospectively studied 43 newly diagnosed sarcoidosis patients who underwent baseline and 1year follow-up PET scans. They found a significant decrease
in DLCO in untreated patients with diﬀuse parenchymal disease without change in vital capacity (VC) or forced expiratory volume in 1 second (FEV1). For the treated group with
lung parenchymal activity, there was a significant increase
in VC, FEV1, and DLCO whereas patients without parenchymal activity did not show any change in pulmonary function
test results. The authors concluded that diﬀuse parenchymal
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disease in the 18F-FDG PET scans predicts a future decline of
DLCO when medical treatment is withheld.
Umeda et al (2011) [75] used dual-time-point 18F-FDG PET
to assess the prognosis, in terms of changes over time on serial CT scans, of patients with pulmonary sarcoidosis compared with 67GaC scintigraphy and serum biomarkers. The
retention index (RI), defined as (delayed SUV-early
SUV)x100/ early SUV, was significantly greater in patients
with increased or unchanged lung lesions at 1-year followup CT (persistent group; 21.3±9.6%) compared to patients
with improved lung lesions (improved group; -9.2±28.6%,
P=0.0075). The RI showed greater diagnostic accuracy in the
persistent group than that of SUV based on early time point
PET images (85.7% vs. 61.9%, P=0.034, McNemar test) or
level of 67GaC uptake (85.7% vs. 52.4%, P=0.0047). Serum sIL2R levels showed a significant correlation with RI (r=0.698,
P=0.0048) while serum ACE levels were not correlated with
early time point SUV, delayed time point SUV, RI, or 67GaC uptake. The authors suggested that 18F-FDG PET may be a valuable biomarker of persistent inflammation in patients with
pulmonary sarcoidosis.
Vorselaars et al (2014) [76] found that a mediastinal SUVmax ≥6.0 on 18F-FDG PET at start of infliximab therapy was
a significant predictor of relapse after discontinue treatment
with hazard ratio of 4.33.
For cardiac sarcoidosis, abnormal myocardial uptake on
18
F-FDG PET can identify patients at higher risk of adverse
events; death or sustained ventricular tachycardia [77]. Osborne et al (2014) [78] studied the association of serial PET
imaging of cardiac sarcoidosis patients who had immunosuppressive treatments and their left ventricular ejection
fraction (LVEF). There was an inverse linear relationship between SUVmax and LVEF with 7.9% increased LVEF per
10g.m/L SUV reduction (P=0.008). A mean increased in LVEF
was 8.6%±5.2% in patients who responded to treatment
while patients who did not respond to treatment had a
mean decrease in LVEF of 5.5%±3.4%.
Other PET radiotracers for detection of sarcoidosis
Although 18F-FDG PET is sensitive for detection of sarcoidosis, this method is not specific for this disease condition, as
18
F-FDG can be taken up by malignant cells and by inflammatory cells in other inflammatory disease conditions that
may aﬀect the lungs. Concomitant malignancy is found in
1.2 to 2.5% of patients with sarcoidosis [79, 80]. The main
types of concomitant malignancy include lung cancer, lymphoma, testicular cancer, and uterine cancer [81]. Therefore,
it may be diﬃcult to use 18F-FDG PET to evaluate sarcoidosis
patients who have suspected malignancy or in cancer patients who have persistent bilateral hilar lymphadenopathy
with lesions elsewhere in the body in remission. Thus, some
studies have used non-18F-FDG radiotracers with PET imaging to evaluate patients with sarcoidosis. Yamada et al (1998)
[82] studied the role of 18F-FDG and [11C]-methionine (Met)
as PET radiotracers for assessment of patients with pulmonary sarcoidosis. The accumulation of Met in tissues reflects increased amino acid transport and metabolism. In 31
patients, Yamada et al found overall sensitivities of both 18FFDG PET and Met-PET to detect thoracic lymphadenopathy
of 97% (30/31 subjects). The mean level of 18F-FDG uptake
www.nuclmed.gr
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was significantly higher than that of Met uptake. Patients
were classified into an 18F-FDG-dominant group (18FFDG/Met uptake ratio ≥2) and a Met-dominant group (18FFDG/Met <2). Without treatment after PET imaging, the
18
F-FDG-dominant group showed a significantly greater incidence of spontaneous remission of thoracic nodes compared to the Met-dominant group (78% vs. 33%) at 1-year
follow up. 18F-FDG/Met uptake may reflect a diﬀerential
granulomatous status in sarcoidosis patients, and may be
useful for short-term prognostication of patient outcome.
Combination of 18F-FDG and [18F]-α-methyltyrosine (FMT),
another amino acid radiotracer with potential used in detecting neoplasm, has been used in a study by Kaira et al
(2007) [81]. Twenty-four patients with sarcoidosis who had
suspected malignancy underwent both 18F-FDG PET and
FMT-PET imaging. The study included 17 patients with extrapulmonary manifestations mimicking malignancy, 3 cancer patients with bilateral hilar lymphadenopathy, and 4
patients with multiple nodules mimicking pulmonary
metastases. Increased 18F-FDG uptake with no FMT accumulation was observed in the lymph nodes of all patients.

Figure 9. A) A 24 years old man with cervical and supraclavicular lymphadenopathy.
A: Increased 18F-FDG uptake was observed in bilateral hilar, mediastinal, supraclavicular, cervical and abdominal paraaortic lymph nodes (arrows). B) Corresponding
lesions does not show increased 18F-FMT uptake. C) CT reveals the 18F-FDG-avid lesions
correspond to the systemic lymph nodes (arrows). Noncaseating granuloma was revealed in histopathology examination of the lymph node. The patient remains clinically stable for 14 months after the initial diagnosis, and the lymphadenopathy has
disappeared. (Reprinted, with permission, from reference 81).
www.nuclmed.gr

All extranodal lesions such as spleen, liver and bone marrow
were positive on 18F-FDG PET and negative on FMT-PET. No
neoplasm was detectedin these sites of radiotracer uptake
in all patients. The authors suggested use of FMT-PET in combination with 18F-FDG PET may be useful to distinguish sarcoidosis from malignancy (Fig. 9).
Somatostatin receptors have been identified in vitro within
granuloma macrophages, epithelioid cells, and giant cells of
sarcoidosis tissue [83]. Kwekkeboom et al (1998) [84] performed [111In]-pentetreotide scintigraphy in 46 patients with
sarcoidosis, and demonstrated radiotracer uptake inmediastinal, hilar, and lung sites in 36 of 37 patients with disease involvement in these locations. Pathological uptake of
radiotracer in the parotid glands during somatostatin receptor
imaging was correlated with higher serum ACE levels. These
data suggest that there may be a potential role for other 68Galabeled somatostatin receptor radiotracers for use with PET/CT
imaging to detect and localize sites of sarcoidosis activity.
Quantitation of global metabolic activity
Image segmentation and global disease assessment enhance the accuracy of measurements made by 18F-FDG PET
imaging [85, 86]. Assessment of whole body metabolic burden of disease has been described in the literature for the
purpose of quantifying total disease activity in the body [8591]. The calculation of global metabolic activity is based
upon multiplying SUVmean or partial volume corrected SUVmean (PVC-SUVmean) of an organ or lesion of interest by
its volume as obtained from anatomical imaging modalities
(CT/MRI) or segmentation algorithms use PET images, and
then summing across all organs and/or lesions of interest.
This latter sum is termed total lesion glycolysis (TLG) or total
metabolic volumetric product (MVP).
The concept was first introduced by Alavi et al (1981) [92]
for the assessment of the brain in Alzheimer’s disease patients and age-matched controls. The authors found that by
multiplying segmented brain volumes measured from MRI
by mean cerebral glucose metabolic rates, significant diﬀerences between two groups could be demonstrated. By combining these measurements in the entire body for various
pathological states, one can calculate the global metabolic
activity of the underlying process. This approach can be effectively applied in studies involving cancer, atherosclerosis,
cardiac disease, and inflammation. The same investigators
have proposed a similar approach for assessing global organ
function and overall disease activity in other settings [9399]. Larson et al (1999) [85] was the first to report application
of this approach in cancer patients. They quantified changes
of pre and post-treatment 18F-FDG PET also called delta TLG
or Larson-Ginsberg Index (LGI), expressed as percent response in 41 oncologic patients. The author found that delta
TLG showed greater mean changes than SUV maximum or
average. Kim et al (2013) [87] demonstrated that TLG is a better predictor for survivals in diﬀuse large B cell lymphoma
patients who are treated with R-CHOP as compared with the
International Prognostic Index. However, there is a growing
body of evidence supporting the application of volumetric
PET/CT parameters in malignancies. Limited studies are
available about the application of these indices in non-malignant diseases [85, 87-91, 100]. Abdulla et al (2014) [26]

Hellenic Journal of Nuclear Medicine

• May - August 2014

131

Review Art-Alavi-ME SELIDARITHMISH_Layout 1 8/5/14 2:18 PM Page 10

Review Article

have applied this concept in patients with non-small cell
lung cancer who had radiation pneumonitis after treatment.
The authors found that global lung parenchymal glycolysis
was significantly increased following radiotherapy in the ipsilateral lung parenchyma whereas no significant change
was observed in the contralateral lung. Saboury et al (2014)
[98] showed robust correlation between quantitative 18FFDG PET parameters and clinical and endoscopic surrogate
markers of disease activity of Crohn’s Disease. As sarcoidosis
is also a systemic inflammatory disease and can present in
multiple lesions and organs, a global metabolic assessment
by employing TLG and MAV may provide potentially useful
biomarkers to quantify sarcoidosis activity and to tailor patient treatment. Figure 10 shows whole-body PET/CT images
with global quantitative assessment.

Summary
Imaging by 18F-FDG PET provides accurate quantitative assessment of inflammatory activity in patients with sarcoidosis. Furthermore, 18F-FDG PET shows a higher sensitivity than

Imaging by PET/MRI
Combination of PET and MRI has been developed to improve
the correlation between functional and anatomical imaging.
MR imaging has major strengths compared with CT, including
multiplanar image acquisition , superior soft-tissue contrast resolution, and functional imaging capability through specialized

Figure 11. A 51 years old man with history of cardiac sarcoidosis and dysrhythmias.
A) Short-axis 1.5-T delayed-phase postcontrast phase-sensitive inversion-recovery
gradient-echo MR image of heart reveals heterogeneous regions of delayed enhancement (arrows) in mid- and subepicardial portions of left ventricular myocardium, consistent with granulomatous and/or fibrotic tissue. B) Software-fused
18
F-FDG PET/MR image of heart demonstrates heterogeneously increased 18F-FDG
uptake (arrows) in left ventricular myocardium (Reprinted and modified, with permission, from reference 102).
67

Figure 10. A) Maximum intensity projection of whole-body 18F-FDG PET showed
increased 18F-FDG uptake at myocardial, mediastinal and bilateral hilar lymphadenopathy. B) Quantification of PET after segmentation of lesion by an adaptive
contrast oriented thresholding algorithem.
Location
Heart
Lymph nodes
Whole body

SUVmax
4.9
5.3
5.3

SUVmean
4.8
3.4
4.1

MAV (cm3)
66.1
75.3
141.4

TLG
319.8
256.9
576.7

approaches such as diﬀusion-weighted (DW) imaging, diﬀusion-tensor imaging, MR elastography, MR spectroscopy and
the availability of some targeted MR imaging contrast agents
[101, 102]. Many studies suggested new application of PET/MRI
in oncology [101, 103-106], neurology [107-110], musculoskeletal disease [111-113] and cardiovascular diseases [114-116].
PET/MRI may have a potential role in sarcoidosis especially for
cardiac sarcoidosis and neurosarcoidosis which MRI provides
better delineation of anatomical structure than CT (Fig. 11).
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GaC scintigraphy for assessment of the degree and extent
of disease activity in patients with sarcoidosis, with the additional advantages of a lower radiation exposure and a
shorter delay time between radiotracer administration and
image acquisition. Although MRI seems to be the modality
of choice for detection and localization of cardiac sarcoidosis
and neurosarcoidosis, it may be not able to distinguish inactive from active lesions due to sarcoidosis, potentially
leading to diﬃculties in therapeutic planning. In addition,
18
F-FDG PET can be utilized in patients who have contraindications to undergo MRI or to receive gadolinium-based contrast agents. Overall, 18F-FDG PET may play an important role
for lesion detection, identification of accessible biopsy sites,
quantification of levels of disease activity, prognostication
of patient outcome, and determination of response assessment in patients with sarcoidosis. For patients with concomitant malignancy, dual radiotracer PET imaging using 18F-FDG
and FMT may successfully discriminate lesions due to sarcoidosis from those due to malignancy. Future larger scale
research studies may be performed to further elucidate the
role of PET imaging in the management of patients with sarcoidosis.
The authors declare that they have no conflicts of interest.
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