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Abstract: Brown fat activation with increased radiotracer localization on
FDG PET/CT studies is a well-known phenomenon. Activated brown adi-
pose tissue (BAT) is usually seen in the supraclavicular region, but also in
paraspinal and rarely in upper abdominal fat. Ours is a unique case of atyp-
ically intense, multilobular FDG uptake in activated BAT. Chart review re-
vealed that the patient was receiving mirabegron, a known activator of
brown fat. Methods of reducing brown fat uptake are known, but little infor-
mation is reported on pharmacologic causes of increased uptake. Factors in-
creasing FDG uptake in BAT should also be considered when interpreting
PET/CT studies.

Key Words: brown fat activation, mirabegron, FDG, lymphoma, PET/CT

(Clin Nucl Med 2023;48: 233–236)
Received for publication October 3, 2022; revision accepted November 1, 2022.
From the Division of Nuclear Medicine, Department of Radiology, Mayo Clinic

Florida, Jacksonville, FL.
Conflicts of interest and sources of funding: none declared.
Correspondence to: Akash Sharma, MD, MBA, Division of Nuclear Medicine,

Department of Radiology, Mayo Clinic Florida, Jacksonville, FL. E-mail:
sharma.akash@mayo.edu.

Copyright © 2023 The Author(s). Published byWolters Kluwer Health, Inc. This
is an open-access article distributed under the terms of the Creative Commons
Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND),
where it is permissible to download and share the work provided it is properly
cited. The work cannot be changed in any way or used commercially without
permission from the journal.

ISSN: 0363-9762/23/4803–0233
DOI: 10.1097/RLU.0000000000004520

Clinical Nuclear Medicine • Volume 48, Number 3, March 2023
REFERENCES
1. Steinberg JD, Vogel W, Vegt E. Factors influencing brown fat activation in

FDG PET/CT: a retrospective analysis of 15,000+ cases. Br J Radiol. 2017;
90:20170093.

2. Heaton JM. The distribution of brown adipose tissue in the human. J Anat.
1972;112:35–39.

3. Chakraborty D, Bhattacharya A, Mittal BR. Patterns of brown fat uptake of
18F-fluorodeoxyglucose in positron emission tomography/computed tomogra-
phy scan. Indian J Nucl Med. 2015;30:320–322.

4. Chen X, Hu D, Fang L, et al. Primary renal lymphoma: a case report and lit-
erature review. Oncol Lett. 2016;12:4001–4008.

5. Young JR, Johnson GB, Murphy RC, et al. 18F-FDG PET/CT in
Erdheim-Chester disease: imaging findings and potential BRAFmutation bio-
marker. J Nucl Med. 2018;59:774–779.

6. Sui W, Li H, Yang Y, et al. Bladder drug mirabegron exacerbates atheroscle-
rosis through activation of brown fat-mediated lipolysis. Proc Natl Acad Sci U
S A. 2019;116:10937–10942.

7. Au-Yong IT, Thorn N, Ganatra R, et al. Brown adipose tissue and seasonal
variation in humans. Diabetes. 2009;58:2583–2587.

8. Sampath SC, Sampath SC, Bredella MA, et al. Imaging of brown adipose
tissue: state of the art. Radiology. 2016;280:4–19.

9. Okuyama C, Kikuchi R, Ikeuchi T. FDG uptake in brown adipose tissue ac-
tivated by a β3-adrenergic receptor agonist prescribed for overactive bladder.
Clin Nucl Med. 2020;45:628–631.
www.nuclearmed.com 233

mailto:sharma.akash@mayo.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.nuclearmed.com


FIGURE 1. A 47-year-old quadriplegic man underwent a PET/CT study with 18F-FDG for evaluation of a lumbar spine soft tissue
anomaly seen on MRI. The FDG PET/CT showed intense, multilobular uptake in the supraclavicular region, with additional
intense uptake in paraspinal and perinephric fat. Accumulation of FDG in activated brown adipose tissue (BAT) is a well-known
phenomenon due to underlying high glucose metabolism for thermogenesis.1 BAT is predominantly located in the cervical,
supraclavicular, and paraspinal regions, with some abdominal involvement also reported.2 Although FDG uptake in BAT is
sporadic and typically only mildly hypermetabolic as exemplified in theMIP image from another patient (A), our patient’s FDG
PET MIP image showed more extensive distribution, including markedly intense FDG uptake in the retroperitoneal and
perirenal fat (B).
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FIGURE 2. On cross-sectional imaging, the extensive FDG uptake localized to subcutaneous fat in the expected locations,
including supraclavicular (A and B) and paraspinal regions (C and D).3 In addition, evident on both transverse and coronal
orientations (E–H) was substantially increased uptake in the retroperitoneum including perirenal fat, which is rarely reported.
Markedly intense perinephric FDG uptake can be seen in other entities such as lymphoma or Erdheim-Chester disease.4,5
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However, in the corresponding CT images, the increased FDG uptake was centered on the fatty tissue not renal parenchyma,
effectively excluding those possibilities. A chart review prompted by the atypically intense uptake revealed that the patient was
receiving mirabegron (Myrbetriq) for bladder dysfunction in the setting of quadriplegia. Mirabegron is a B3-adrenergic
antagonist that activates BAT, most likely resulting in this substantial increase in FDG uptake.6 Based on known seasonal
variations in FDG uptake in BAT, the expected range for SUVmax in the supraclavicular and paraspinal region is 2 to 10.7

Semiquantitative analysis confirmed the comparatively atypically high SUVmax for our patient, 29.3 for supraclavicular and 21
for paraspinal region, respectively. The perinephric SUVmax was 26.8. For further correlation, we measured the brown fat FDG
uptake in 6 patients undergoing PET at our institution, contemporaneous to the index case (June–August). The average SUVmax
for this group was 7.5 for the supraclavicular and 8.4 for the paraspinal region, respectively, matching the published values.
Being a young female, having lower bodymass index, and colder temperatures are known factors that increase FDG uptake in
BAT.1,7,8 More attention has been focused on the reduction of FDG uptake in brown fat. This is achieved primarily through
temperature control, for example, keeping the patient warm during FDG uptake. Pharmaceutical intervention such as
beta-blockers and diazepam has been used, although the efficacy of diazepam is disputed.1 Increased FDG uptake in brown fat
likely due to mirabegron has been described before9; we further explored and solidified this phenomenon with
semiquantitative analysis in this case. Because increased uptake can lead to false-positive diagnoses as described, this case
highlights the importance of being cognizant of the impact of medications that may actually increase the FDG uptake when
interpreting FDG PET/CT studies.
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