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Introduction
The cardiovascular system is the third most frequently 
disease targeted site in sarcoidosis,1 being involved in 
25–70% of patients according to autoptic data.2–5

In order to assess the extension of the disease, a compre-
hensive evaluation of integrated anatomical and metabolic 
information is needed. In this regard, an early diagnosis of 
cardiac involvement plays a pivotal role in the management 
of patients affected by sarcoidosis, as it is well established 
that high-dose steroid therapy should be started before left 
ventricular systolic dysfunction in patients with confirmed 
cardiac sarcoid and active inflammation.6–8

Cardiac magnetic resonance (CMR) has high spatial reso-
lution and allows for a very precise evaluation of both left 
and right ventricular function; furthermore, it allows us to 
identify areas of oedema, perfusion defects and scarring 
areas. However, while the association of the assessment 
of Late Gadolinium Enhancement (LGE) demonstrated 

high sensitivity and specificity in the diagnosis of cardiac 
sarcoidosis (CS) (76–100% and 78–92%, respectively), the 
use of CMR in clinical practice is hampered in the presence 
of implantable devices or, to a lesser extent, renal function 
impairment.9–11

It should also be considered that the findings highlighted 
by LGE assessment are not able to differentiate between 
active and chronic lesions in the course of CS. To that 
end, whole body scintigraphy with 67Ga was performed in 
the past, showing up to 80% sensitivity in detecting CS in 
symptomatic patients with either AV block or ventricular 
tachycardia.12 However, inconsistent diagnostic perfor-
mance and suboptimal radiation exposure for the patients 
are reported in the literature,13 and to date 18F-fluorodeoxy-
glucose (FDG) positron emission tomography (PET), even-
tually fused with CT, has emerged as a high sensitive tool to 
detect sites of inflammation before morphological changes 
are visible to conventional imaging techniques. Among 
other advantages, FDG PET/CT has the ability to perform 
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Abstract

The myocardium and the cardiovascular system are often involved in patients with sarcoidosis. As therapy should be 
started as early as possible to avoid complications such as left ventricular dysfunction, a prompt and reliable diagnosis 
by means of non-invasive tests would be highly warranted. Among other techniques, 18F-fluorodeoxyglucose (FDG) 
positron emission tomography (PET) has emerged as a high sensitive tool to detect sites of inflammation before 
morphological changes are visible to conventional imaging techniques. We therefore aim at summarizing the most rele-
vant findings in the literature on the use of 18F-f﻿﻿﻿luorodeoxyglucose PET in the diagnostic workup of cardiac sarcoidosis 
and to underline future perspectives.
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quantitative analyses and to combine functional and anatomical 
imaging.14

In this review, we aim to summarize the most relevant findings 
in the literature on the use of 18F-FDG PET in the diagnostic 
workup of CS and to underline future perspectives.

Patient preparation for 18F-FDG PET/CT in 
cardiac sarcoidosis
When performing cardiac PET with 18F-FDG, the patient’s 
preparation plays a pivotal role to yield an adequate diagnostic 
accuracy.

In fact, dietary carbohydrate intake normally triggers insulin 
secretion, which activates the predominantly expressed glucose 
transporter GLUT4 in normal myocardium and allows glucose 
to enter cells. On the other hand, in inflammatory cells (such 
as neutrophils, monocytes, and macrophages), glucose enters 
the cell via a glucose transporter GLUT1 and GLUT3 (which 
are overexpressed)15,16 and 18F-FDG is trapped by phosphoryla-
tion.17 As such, separately visualizing FDG uptake in CS lesions 
is possible if GLUT4 is adequately suppressed in normal myocar-
dial cells.15,18

In this regard, several strategies for patient preparation have been 
developed in order to suppress physiological 18F-FDG uptake in 
the heart and minimize false-positive results: prolonged fasting, 
dietary modification, and pharmacological approaches.

While a prolonged fasting state alone has been reported to 
adequately reduce physiologic myocardial 18F-FDG uptake, thus 
increasing specificity and sensitivity of PET19–31 a more efficient 
patient preparation should include dietary modifications with a 
high-fat, low-carbohydrate, high-protein diet (HFLC). The latter 
has the ability to shift myocardial metabolism to fatty acid and 
suppress glucose utilization by normal myocardium.32

The superiority of a HFLC diet compared to fasting only has 
been demonstrated in some studies33,34 wherein the physio-
logic 18F-FDG uptake was more often adequately suppressed in 
the diet group than in a fast–alone group. Some other studies 
expanded on this important topic,35–37 also showing that the 
efficacy of FDG uptake suppression is highest if a 72 h pre-test 
HFLC diet preparation protocol is followed.38 On the contrary, 
adding high-fat beverage to the HFLC diet just before the 18F-
FDG does not seem to have additive benefit.39

A randomized trial conducted by Demeure et al40 involved 
36 volunteers and compared the effectiveness of 4 different 
approaches: a HFLC diet followed by a 12 h fast, HFLC diet 
followed by a high-fat drink 1 h prior to imaging, and a HFLC 
diet followed by 12 h fast and oral verapamil. In their study, the 
rate of suppression of cardiac glucose metabolism was higher 
in the group receiving HFLC diet followed by 12 h fasting (89% 
vs 50%). The rationale for adding Verapamil is that intracel-
lular calcium is known to increase glucose uptake, and calcium 
channel antagonism has reduced myocardial 18F-FDG uptake 
in a mouse model.41 Unfortunately, the use of calcium-channels 

antagonist failed to prove beneficial to improve myocardial 
suppression, having no clear benefit over other preparations.40

Intravenous administration of unfractionated heparin (UFH) 
activates lipoprotein and hepatic lipases to increase plasma FFAs 
levels, causing a suppression of myocardial glucose utilization. In 
a Japanese CS study cohort after a fasting period of at least 6 h, 
50 IU/kg of UFH were injected 15 min before application of PET 
tracer,22 resulting in a robust suppression of cardiac FDG uptake.

A combination of approaches to reduce physiologic myocardial 
18F-FDG uptake has been also used in a few studies, showing that 
the injection of Heparin in addition to HFLC diet preparation 
outperforms a dietary preparation without injection.29,42

It should be noted that UFH injection alone seems to be less 
effective than an adequate dietary preparation.28,29

Although there is currently no consensus on the best protocol for 
suppressing cardiac FDG-uptake, current SNMMI/ASNC guide-
lines recommend preparation with a high-fat (>35g), low-carbo-
hydrate (<3g) diet the day before the study and then fast for at 
least 4–12 h. An alternative option (especially for patients who 
cannot follow the dietary recommendation) is for the patient to 
fast for more than 18 h before the study. The additional use of 
heparin to dietary preparation can be considered, but its role in 
the suppression of myocardial glucose uptake is unclear and its 
impact on suppression of physiologic myocardial glucose uptake 
may be lower than originally thought.43 We provide a proposal 
for a preparatory schema in Table 1.

18F-FDG PET in the diagnostic workup of 
cardiac sarcoidosis
A correct interpretation of 18F-FDG PET images requires 
normally a comparison with myocardial resting perfusion 
imaging (13N-ammonia or 82Rb PET, SPECT perfusion imaging 
with tracers like 201Thallium or 99mTc-tetrofosmin/sestamibi or 
CMR) to discriminate between active inflammation and scar 
tissue (Figure  1): the degree of match or mismatch between 
myocardial regional FDG uptake and regional perfusion allows 
for the identification of specific categories.43

Each stage of CS has different 18F-FDG-avidity and perfusion.44

(1)	 Early active inflammation has abnormal18F-FDG uptake and 
normal perfusion.

(2)	 The second stage of progression is the mismatch pattern.
(3)	 The third stage is a burned-out granuloma or “scar” with 

decreased perfusion and lack of 18F-FDG uptake.

Many works in literature demonstrate the usefulness of 18F-
FDG PET in the diagnostic assessment of CS. In a meta-analysis 
including 7 studies and 164 patients, Youssef et al reported 89% 
sensitivity and 78% specificity for CS detection with 18F-FDG 
PET.45 Furthermore, Manabe and colleagues showed that FDG 
uptake in the right ventricle in patients with high suspicion of 
CS was associated to a greater number of LV-involved segments, 
thus meeting more frequently the current clinical diagnostic 
criteria.46 The value in the prognostic assessment was also 
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demonstrated by Blankstein and colleagues, wherein focal perfu-
sion defects and FDG uptake on cardiac PET identified patients 
at higher risk of death or ventricular tachycardia.19

Besides a visual evaluation, also semi-quantitative parameters 
like standardized uptake value (SUV) may have a value in the 
diagnostic assessment. Although current guidelines suggest to 
use these parameters with caution,47 a recent work showed that 
SUV quantitation and localization of myocardial FDG uptake 
has significant associations with future cardiac events.48

These recent evidences led to the draft of an expert consensus 
document on the role of 18F-FDG PET in cardiac sarcoid detec-
tion and therapy monitoring. In this paper, specific scenarios 
were identified, in which cardiac PET can yield important infor-
mation in case of suspected or known CS: (1) when abnormal 
screening for CS is associated with histologic evidence of extra-
cardiac sarcoidosis; (2) in patients younger than 60 with unex-
plained, new onset conduction disease; (3) in patients with 
idiopathic sustained ventricular tachycardia and, finally, (4) in 
patients with proven CS in order to follow up the response to 
treatment.43

As of now, however, there is a lack of evidence in the literature 
as to whether 18F-FDG PET can be considered superior to CMR. 
The only published work comparing CMR and 18F-FDG PET 
in terms of diagnostic accuracy was published in 2008 by Ohira 

and colleagues. In this work, the authors showed that 18F-FDG 
PET has a higher sensitivity, likely due to its ability in detecting 
early inflammatory lesions, and a lower specificity linked to the 
greater confidence of the LGE assessment in the identification of 
areas of necrosis and fibrosis.49

It should be noted, however, that the acquisition of whole-body 
18F-FDG PET images has the advantage of evaluating the extent 
of systemic disease beyond the myocardium. Moreover,18F-FDG 
PET allows us to perform a quantification of glucometabolic 
activity, which has been shown useful in predicting prognosis or 
evaluating treatment response.50

Hybrid imaging in cardiac sarcoidosis: 
PET/MR
The relative reduced 18F-FDG PET specificity in the diagnostic 
workup of CS can be compensated, in selected patients, by the 
comparison with CMR which, in turn, benefits from a noticeable 
greater sensitivity guaranteed by the evaluation of the glucose 
metabolism.

In fact, LGE is the expression of damage of myocardial tissue or 
a scar, while an increase in the uptake of FDG is a positive indi-
cator for the presence of active inflammation.51,52

In this regard, the use of a hybrid PET/MR approach may help 
overcoming current reservations on the use of non-invasive 

Table 1. Proposal for a protocol for patient preparation before undergoing 18F-FDG PET/CT for suspected cardiac sarcoidosis

Dietary preparation High fat, low carbohydrates diet 72 h before the procedure

Fasting state min. 6 h before the procedure

Intravenous heparin 3 × 200 IU Heparin at 0, 7 and 15 min
18F-FDG administration 15 min after the last i.v. application of Heparin. Dose: 3.5 MBq/Kg (max 500 MBq)

Image acquisition 60 min after FDG administration, 90 s/bed position from skull to mid tigh. 
Supplemental bed position over the heart (10 min, matrix 256 × 256). Low-dose CT-
based AC

Image interpretation Comparison with 82Rb PET/CT at rest or cardiac MR Both AC and non-AC corrected 
images are separately evaluated. SUVmax and TLG are also determined.

AC, attenuation correction; 18F-FDG, 18F-fludeoxyglucose; IU, international unit; PET, positron emission tomography; SUVmax, maximum standardized 
uptake value; TLG, total lesion glycolysis.

Figure 1. PET/CT images in a patients with cardiac sarcoidosis. Perfusion imaging (above, arrow) show hypoperfusion in the basal 
inferior wall, corresponding with increased FDG uptake (under, arrow). Fused whole-body coronal imaging shows the systemic 
extent of sarcoidosis. Reprinted with permission from Springer, from Caobelli F and Bengel FM. J Nucl Cardiol 2015;22: 971–974. 
FDG, f﻿﻿luorodeoxyglucose; PET, positron emission tomography.
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imaging in the evaluation of treatment response. LGE usually 
persists after therapy, thus failing to differentiate between active 
inflammation and chronic scarring.21 Similarly, T2 weighted 
imaging of the oedema may be inaccurate. Conversely, the 
reduction of 18F-FDG uptake seems to be a more useful marker 
of treatment response,42 especially in the evaluation of immuno-
suppressive therapy, where the benefit must be carefully balanced 
with the potentially severe side-effects.

As such, the association of imaging modalities that can provide 
information on different pathways may be a definite break-
through. Although many challenges and obstacles still need to be 
overcome, including costings, training staff and resources avail-
able at the time, it can be maintained that 18F-FDG PET/MR has 
great potential as a diagnostic standard in the future.

The association with MR assures not only attenuation correction 
(AC) and anatomic reference for the PET scan, as it is provided 
by CT, but also tissue characterization.51 Furthermore, MR has 
the added benefit of radiation exposure reduction, partially due 
to the use of MR data for AC,53 but also thanks to a reduction in 
the administered dose of 18F-FDG to half of standard activity,54 
made possible by the increase of the acquisition time which 
can be doubled without affecting the overall scan time and the 
diagnostic accuracy.55 Moreover, further dose reduction can be 
pursued, taking advantage of the different PET detectors used 
in PET/MR, which allow higher count rate and improved image 
quality.56

As a consequence, by combining the two modalities no informa-
tion is lost,57 and a better detection rate and an improvement of 
image quality and detection rate in PET/MRI in comparison to 
PET/CT can be achieved58,59 (Figure 2).

It was postulated that the simultaneous evaluation of 18F-FDG 
uptake, hyperintensities on T2 weighted imaging and LGE may 
benefit from an integrated PET/MR system, as the same assess-
ments proved incongruous if standalone PET and MR studies 
were sequentially performed.52 This concept was investigated 
by Schneider et al,58 wherein a one-stop shop examination on 
51 consecutive patients with a hybrid 18F-FDG PET/MR scan 
yielded significant improvement in diagnostic accuracy over 
PET and MRI alone. Similar results were reported by Wicks et 
al,60 wherein sensitivity of PET and MR alone for the detection 
of CS were 85 and 82%, respectively, and improved to 94% with 
hybrid PET/MR. This discrepancy is somewhat expected, as high 
18F-FDG uptake and LGE represent different stages of disease.

In a recent study, the integrated role of PET/MR in CS has been 
investigated by classifying patients in four groups: (1) MR + PET 
+ (co-localization of LGE and FDG uptake) classified as active 
CS; (2) MR-PET- (neither LGE or FDG uptake); (3) MR-PET 
+ (no LGE but FDG uptake); and (4) MR + PET- (LGE with 
no FDG uptake). Simultaneous acquisition allowed accurate 
co-registration of PET and CMR images, thus permitting a full 
comparison between patterns of injury identified on LGE-CMR 
and regions of increased disease activity identified on FDG PET. 

Figure 2. Representative Images from a Patient with cardiac sarcoidosis, imaged with PET/MR (A–C) and PET/CT (D–F). There 
is evidence of enhanced signal seen on the delayed enhancement MR images in the lateral wall (A), and the increased 18F-FDG 
uptake in the septal, anterior, and lateral regions on both the PET/CT and PET/MR images (C, F). This patient had an ejection frac-
tion of 49% with mild global hypokinesis, without wall motion abnormalities. Reprinted under the terms of the Creative Commons 
Attribution 4.0 International License (http://creat ivecommons.org/licenses/by/4.0/) from Wisenberg G et al. J Nucl Cardiol. 2019. 
doi: 10.1007/s12350-018-01578-8 [56]. No changes were made. 18F-FDG, 18F-f﻿luorodeoxyglucose; PET, positron emission tomog-
raphy.
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Interestingly, the dynamic profiling of FDG uptake and its inten-
sity appeared to be a useful tool for differentiation of different 
stages of the disease. In fact, a specific focal-on-diffuse pattern 
of glucose hypermetabolism can be observed in patients with 
suspected CS. While its significance is debatable, as it may repre-
sent an alternative PET pattern of failed myocardial suppression, 
or rather a region of early myocardial inflammation detectable 
with PET but not CMR,61 the fact that time activity curves of 
glucose consumption showed a plateau at 60 min after injection, 
10 min earlier than MR + PET +, suggests a different uptake 
mechanism, which may be interpreted as failed suppression of 
physiological myocardial uptake.

18F-FDG PET and CMR provide different and complementary 
information on different stages of the disease. Future prospective 
studies should investigate the role of hybrid PET/MR as possible 
new clinical criteria for the diagnosis of cardiac sarcoidosis. 
Furthermore, studies are warranted on the role of PET/MR in 
the evaluation of immunosuppressive therapy, also highlighting 
technical issues due to the presence of device implantation arte-
facts, which may impair image interpretation, thus posing a chal-
lenge in following up patients with PET/MRI.

18F FDG PET/CT in the therapy response 
evaluation
The treatment of sarcoidosis is not specific for the disorder and 
has the goal of slowing the evolution of fibrosis. More aggres-
sive treatment is required in patients in whom myocardium is 
involved.62 However, there are currently no clinical guidelines 
on the management of CS and the timing, dose and duration of 
immunosuppressive therapy.8 As a consequence, patients with 
CS undergoing a treatment need to be constantly monitored over 
time, in order to guide in the choice of modulating doses and 
duration of therapy.63

To that end, 18F-FDG PET/CT has been proposed in view of its 
capability to reveal the down-regulation of macrophage glucose 
transport, thus reflecting the effectiveness of steroids therapy.64 
Unfortunately, the metabolic alterations related to prolonged 
corticosteroid therapy may hamper the interpretation of 18F-
FDG PET/CT. In fact, elevations in serum glucose and insulin 
levels due to the use of steroids may adversely affect 18F-FDG 
uptake by normal myocytes and reduce test specificity. Hence, 
a reduction in myocardial 18F-FDG uptake may either reflect 
resolution of inflammation (normal myocytes) or progression of 
disease process and fibrosis.65

The evaluation of the response to the therapy is very complex 
and requires necessarily the performance of a baseline 18F-FDG 
PET/CT scan. Furthermore, all the scans at follow-up should be 
ideally carried out with the same procedures, in order to guar-
antee the correct processing of the images.43

There is scarce evidence in literature on the role of 18F-FDG PET 
in the evaluation of the therapy response, and the majority of 
papers include small patient samples or single case reports, with 
large differences in timing for 18F-FDG PET/CT during and 
at the end of corticosteoid therapy. Nevertheless, preliminary 

data suggest that changes in the extent of inflammatory activity 
in CS can be effectively traced by means of follow-up 18F-FDG 
PET scans,66,67 and these metabolic modifications correlate to 
improvements and/or disappearance of conduction abnormali-
ties or ventricular tachycardias.21

A correlation between 18F-FDG uptake and clinical presenta-
tion was also investigated. Of note, higher FDG uptake can be 
seen in patients with CS presenting with ventricular tachycardia 
compared to those with advanced atrioventricular block or clin-
ically silent.68,69 Furthermore, a reduction in both the intensity 
and extent of inflammation on a follow-up 18F-FDG PET is 
associated with an increase in left ventricular ejection fraction.70 
The correlation between PET findings and clinical presentation 
has been confirmed by Shelke et al, wherein therapy responders 
showed a significant decrease in the extent of myocardial FDG 
uptake and in the number of involved LV segments. Conversely, 
18F-FDG PET/CT criteria predictive for steroid resistance were 
reported: (1) increased SUVmax over time, (2) increased area of 
myocardial inflammation (increase in number of LV segments 
involved) and (3) baseline heterogeneous uptake.71

Besides qualitative parameters, also semi-quantitative methods 
have been suggested to yield a more standardized evaluation of 
therapy response. Ahmadian et al described a method for quan-
tifying 18F-FDG uptake in CS, using a SUV threshold method 
similar to the measurement of total lesion glycolysis (TLG) in 
oncologic 18F-FDG PET/CT imaging, named ‘‘cardiac metabolic 
activity’’.50 The same authors also evaluated other semiquan-
titative values such as SUVmax, cardiac metabolic volume (i.e. 
volume of abnormal FDG) and cardiac metabolic activity (i.e. 
volume of abnormal FDG uptake multiplied by the mean SUV 
of that volume) and compared them to visual interpretation. 
The results of their study confirm that semiquantitative inter-
pretation may aid in defining the severity of the inflammation, 
outperforming visual interpretation only,64 although patients 
with extensive disease do not always present with intense FDG 
uptake8 (Figure 3).

The added value of semi-quantitative parameters is supported by 
the fact that corticosteroid therapy may have an impact on back-
ground activity, thus hampering visual interpretation. Furuya et 
al retrospectively analyzed 38 patients with CS in order to eval-
uate the effect of steroids on background 18F-FDG uptake such 
as that of the liver and blood pool. The SUVs obtained from the 
liver during steroid therapy were significantly higher than those 
of the pre-therapy scan, whereas the SUVs from blood pool were 
not altered by steroid therapy. Because 18F-FDG uptake increases 
in the presence of inflammation, the increase of liver uptake may 
also be due to an inflammatory process caused by steroid therapy. 
Thus, individual FDG uptake thresholds to assess the metabolic 
volume difference between time points before and during steroid 
therapy should be determined.72

The relationship between glucose metabolism and coro-
nary perfusion in patients with CS and their modifications 
on immunosuppressive therapy is another matter of debate. 
Kruse et al analyzed 32 CS patients with the aim to study how 
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immunosuppressive treatment would affect inflammation and 
myocardial blood flow performing both 18F-FDG PET/CT and 
13N-ammonia PET/CT. In their study, patients responding to 
immune-suppressive therapy presented with decreased 18F-FDG 
uptake and preserved coronary circulatory function compared to 
baseline, whereas an increase of 18F-FDG uptake was associated 
with a significant worsening of the coronary circulatory func-
tion, not limited to the inflamed regions.73

Novel PET tracers in the management of 
cardiac sarcoidosis
Although FDG imaging displays good sensitivity and specificity 
in the detection of CS,45,74 non-specific myocardial uptake may 
be observed in up to 20% of patients despite various dietary 
preparations,43 potentially hampering the interpretation of the 
pattern of FDG uptake. Hence, PET tracers other than FDG are 
expected to overcome these limitations.

Somatostatin receptors
Molecular imaging of somatostatin receptor (SSTR) currently 
represents the major candidate to compete with FDG in PET 
imaging of CS. SSTR are abundant on the surface of activated 
inflammatory cells like macrophages, epithelioid cells and 

multinucleated giant cells, which are highly represented within 
the sarcoid granuloma26 and are normally absent in healthy heart 
tissues. Therefore, targeted SSTR imaging ligands do not accu-
mulate in healthy heart tissue and any uptake pattern over blood 
pool activity can be considered diagnostic, providing greater 
reproducibility of images interpretation and increased specificity. 
General feasibility of SSTR targeted imaging of inflammatory 
cells in sarcoidosis was firstly tested by means of 111In-Pentet-
reotide in the late 90s.75,76 In the latest years, several studies 
demonstrated the great potential of 68Ga labelled DOTA-pep-
tides in this field (Figure  4). Reiter and colleagues firstly 
showed the co-localization of 68Ga-DOTATOC and the T2 and 
contrast-enhanced CMR images in a 54-year-old patient affected 
by CS.77 More recently, the same group compared 68Ga-DO-
TATOC PET/CT and CMR imaging findings in 15 patients with 
biopsy-proven CS or systemic sarcoidosis with clinical suspicion 
of cardiac involvement. 68Ga-DOTATOC PET/CT and CMR 
imaging were concordant in 79.3% of all CMR positive segments, 
while the overall concordance of all segments was documented 
in 96.1%.78 Intriguingly, in three cases, 68Ga-DOTATOC PET/
CT and CMR showed different results (negative PET/CT vs posi-
tive CMR). In one of these patients, increased FDG uptake was 
not evident owing to minor wall involvement in CMR (<25% of 

Figure 3. Representative pre-treatment and follow-up FDG PET/CT scan (a: 3D maximum intensity projection; b, c, d, e: fused 
PET/CT). There is evidence of multiple organ disease involving lymph nodes (thoracic and abdominal), the lung (c, arrows), bones 
(e arrowhead), heart (d, e arrows), liver, and spleen. Reconstructed short axis images of the left ventricle (h perfusion images on 
the top and FDG images on the bottom) show increased metabolic activity in the inferolateral wall with corresponding mildly 
reduced perfusion (arrowheads), suggestive of active inflammation. The max SUV, metabolic volume, and total lesion glycolysis 
of all involved organ system and the heart are 7.5 (liver), 1860.9 ml, and 6866.9 g, and 5.7, 84.1 ml, and 294.4 g, respectively. Fol-
low-up PET/CTs performed at 3 months (f) and 9 months (g) since the initial study show complete metabolic resolution. Reprinted 
under the terms of the Creative Commons Attribution 4.0 International License (http://creat ivecommons.org/licenses/by/4.0/) 
from EJNMMI Res (2017) 7:67 [8]. No changes were made. FDG, f﻿luorodeoxyglucose; PET, positron emission tomography; SUVmax, 
maximum standardized uptake value.
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wall thickness) and the consequent partial volume effect, while 
the two remaining subjects were under immunosuppressants at 
the time of imaging. Both these subjects displayed no adverse 
cardiac events during the subsequent follow-up and the repeated 
CMR imaging revealed stable morphologic myocardial changes 
consistent with chronic post-inflammatory processes. These 
findings indirectly configure the potential role of 68Ga-DO-
TATOC PET/CT imaging in the differential diagnosis between 
active (PET+/CMR+) and chronic (PET-/CMR+) sarcoidotic 
lesions within the myocardium. This is coherent with the notion 
that in the chronic phase of sarcoidosis, fibrotic tissue is formed. 
Fibrotic tissue lacks substantial SSTR2 expression, potentially 
resulting in a low signal in SSTR2 PET/CT.79 On the other hand, 
Lapa and colleagues78 highlighted that 68Ga-DOTATOC PET/
CT can detect acute inflammatory processes only in patients not 
receiving immunosuppressants and this finding was reproduced 
also by Pizzarro et al..80 Therefore, it is open to question, whether 
68Ga-DOTATOC PET/CT may potentially become a useful tool 
to monitor disease activity under immunosuppressive therapy, 
especially in patients with contraindications to CMR like those 
with device therapy or renal impairment. Finally, the expres-
sion of SSTR in sarcoid tissue might be used in the theranostic 
approach. High SSTR expression might suggest the application 
of somatostatin treatment as an option in patients that are resis-
tant to conventional treatment with corticosteroids. In these 

cases, molecular imaging of SSTR expression might be helpful to 
predict the effect of treatment with somatostatin.

To date, the real diagnostic potential of SSTR PET imaging in 
the field of CS, remains, however, a grey area. SSTR ligands on 
inflammatory cells are also abundant in post-infarction myocar-
ditis and in pericarditis81 and the exact relationship between 
FDG and SSTR signal in the different phases of the disease still 
needs to be elucidated.82

Markers of cellular proliferation
Few other PET tracers have been tested in CS in humans. 
Recently, Weinberg et al investigated 18F-NaF PET/CT for detec-
tion of CS in three patients.83 However, they reported that differ-
ently to FDG, 18F-NaF may not be able to effectively image active 
inflammation due to CS.

Conversely, 18F-fluorothymidine (FLT) has been shown to display 
the myocardial involvement by active sarcoid lesions in a case 
of a 57-year-old female with systemic sarcoidosis with cardiac 
involvement.84 This finding nicely agrees with the previous exper-
imental observation that FLT accumulates in chronic granulo-
matous lesions with proliferative inflammation.85 Of note, FLT 
PET images after immunosuppressive therapy showed reduced 
myocardial FLT uptake. The same group recently reported the 

Figure 4. Representative 18F-FDG PET/CT and 68Ga-DOTANOC PET/CT images in a patient with cardiac sarcoidosis. Left panel: 
MIPs showing dilated cardiomyopathy and multiple 18F-FDG and 68Ga-DOTANOC avid lymph nodes (red arrows). In addition, 
there is massive and diffusely increased activity in the lung parenchyma (black arrows) representing active pulmonary sarcoido-
sis. Right panel: while 18F-FDG PET/CT was inconclusive due to failed suppression of tracer uptake from the myocardium (top), 
68Ga-DOTANOC images showed a clearly pathological uptake in the septum (bottom). Reprinted under the terms of the Creative 
Commons Attribution 4.0 International License (http://creat ivecommons.org/licenses/by/4.0/) from EJNMMI Res. 2016;6(1):52 
[82]. No changes were made.18F-FDG, 18F-f﻿luorodeoxyglucose; PET, positron emission tomography.
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results of a retrospective study involving 20 patients with known 
or suspected CS who underwent both FDG and FLT PET/CT.86 
This study further confirmed the feasibility of this method, but 
the authors failed to demonstrate a superiority of FLT imaging 
over FDG in the detection of sarcoidotic lesions.

Another potentially useful tracer is the imaging marker of prolif-
eration 11C-thiothymidine (4DST). In a recent study, 4DST PET 
showed higher diagnostic accuracy than FDG PET compared to 
CMR.87

Markers of hypoxia
Molecular imaging of hypoxia represents another potential diag-
nostic approach. Manabe et al88 recently reported the cardiac 
involvement by means of 18F-FMISO PET/CT in a histologically 
proven systemic sarcoidosis patient. Of note, FMISO uptake was 
co-localized with FDG uptake pattern within the left ventricular 
myocardium. This finding is coherent with immune-chemistry 
data suggesting that the expression of hypoxia-inducible factor 
HIF-1a and vascular endothelial growth factor (VEGF) are 
expressed within granulomas in sarcoidosis89 and suggest the 
potential capability of this approach to distinguish hypoxic from 
normoxic sarcoid lesions.

Conclusion
18F-FDG PET/CT represents a powerful tool for the diagnosis 
and the evaluation of therapy response in patients with suspected 
or confirmed CS. The association with perfusion imaging allows 
for a precise localization of foci of inflammation within the 
myocardium. New tracers have been also recently developed to 
overcome inherent limitation of 18F-FDG, but to date no signif-
icant advantages over 18F-FDG could be demonstrated, and 
further pre-clinical studies are highly warranted to search for a 
radiopharmaceutical providing more robust evidence.

It can be foreseen that an evaluation with hybrid PET/MR, both 
with 18F-FDG and with other tracers will prove even more bene-
ficial in the future, capitalizing on the feasibility of a simulta-
neous tissue characterization.
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