Incidence of gallium-67 citrate uptake In
brown adipose tissue in neonates

Aims: Increased '®F-flurodeoxyglucose uptake within active brown adipose tissue (BAT) on an
8F-flurodeoxyglucose PET/CT study is a known pitfall that has been well described in the literature. We have
noted a similar phenomenon occurring in gallium-67 studies performed on neonates, which introduces an
undesirable element of complexity when evaluating for the presence of infection or malignancy. Since the
incidence of gallium-67 uptake in BAT in neonates has not been previously described in the literature, the
goal of this study was to evaluate the pattern of uptake and its incidence in our neonatal patient population.
Materials & methods: A complete review was performed of the Hospital Ste-Justine's (QC, Canada) database of
nuclear medicine studies carried out from June 2001 to May 2011, revealing 64 total body gallium-67 scans
of neonates (carried out within the first 28 days after birth). These studies were reviewed for BAT gallium-67
uptake. Results: Ten of out 64 patients had gallium-67 uptake in a pattern typical for BAT distribution
(incidence of 16%). Conclusion: We observed a significant percentage of neonates that demonstrated
gallium-67 uptake in BAT. As total body gallium scans are not routinely performed in the neonatal age group
at most institutions, we feel that nuclear medicine specialists should be aware of gallium-67 uptake in BAT

tissue, as a potential pitfall that may be confused with pathologic uptake.
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Gallium-67 citrate has been used since the early
1970s and was the radiotracer of choice for infec-
tion imaging at most nuclear medicine centers
[1]. A total body gallium scan can be a useful
diagnostic imaging modality used in the evalu-
ation of a broad range of pediatric infections,
in searching for occult inflammatory disease,
and in detecting and staging malignant disease.

Bone and gallium scans have been shown to
have high sensitivity for distinguishing cellulitis
from osteomyelitis, for precise localization of a
focus of infection and for separating active from
chronic osteomyelitis [2,3]. A gallium-67 scan is
extremely reliable in confirming or excluding the
site of purulent material as a cause of sepsis [4].
Given its high sensitivity, gallium-67 scintigra-
phy can be used in the evaluation of children
with fever of unknown origin (FUO) when there
is a high suspicion for localized infection, as it
may be helpful even if other diagnostic imaging
studies are negative [s]. Gallium-67 can also be
used for the diagnosis, staging and monitoring
of response to therapy of lymphoma and rhab-
domyosarcoma [6].

While gallium-67 scintigraphy is very

gallium-67

neonate

frequently observed in brown adipose tissue
(BAT) with varying degrees of metabolic activ-
ity; Cohade ez al. reported an incidence of 4%
with the 'USA-Fat' pattern in 347 patients [s].
However, gallium uptake in BAT has not been
previously described in the literature. Our expe-
rience suggests that a significant percentage of
neonatal gallium studies demonstrate gallium
uptake within BAT tissue. We aimed to clarify
the incidence of this physiologic phenomenon,
and to describe the pattern of this uptake as a
potential pitfall in the evaluation of neonatal
gallium studies.

Materials & methods
A retrospective review was performed of the
Hospital Ste-Justine's (QC, Canada) database
of pediatric nuclear medicine database rang-
ing from June 2001 to May 2011 (over 30,000
cases), yielding 64 total body gallium scans in
the neonatal age group (first 28 days of life).
These studies were reviewed for gallium uptake
in BAT.

All of the neonatal gallium studies were
ordered for localization of known infection or
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many normal variants have been described could not localize a source of fever. The dose of utu

[4,7]. ®F-fluorodeoxyglucose (FDG) uptake is  gallium-67 was determined by Webster's rule MEdiC"‘IE tar
10.2217/1IM.13.59 © 2013 Future Medicine Ltd Imaging Med. (2013) 5(6), 0-00 ISSN 1755-5191




Rajan Rakheja*1

(adult dose x [age + 1]/[age + 7]) with a mini-
mum dose of 1 mCi and was administered intra-
venously. Images were acquired with a wide field
of view gamma camera with a medium energy
collimator approximately 48—72 h after injec-
tion. Images were acquired for 5 min or 500,000
counts. Additional delayed views and/or SPECT
were obtained when warranted. Bowel prepara-
tion was not utilized. Sedation was very rarely
used at our institution.

Results

The mean age of our cohort was 20.5 days. Ten
out of 64 patients demonstrated gallium uptake
in a pattern typical for BAT (incidence of 16%).
Out of the ten cases that showed gallium uptake
in BAT, four of the cases had been referred for
FUOQO, and six had been referred to exclude osteo-
myelitis, while none were known (or suspected)
to have lymphoma or any other type of malig-
nancy. Seven patients demonstrated gallium
uptake in BAT located in bilateral supraclav-
icular and intercostals regions (lateral thoracic
wall), and three showed uptake only in supracla-
vicular regions (Ficures 1A, 1B, 2A & 2B).

Discussion & conclusion

Gallium-67 citrate is produced by a cyclotron
via charged particle bombardment of enriched
Zn-68. Gallium-67 is then complexed with citric
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acid to form gallium-67 citrate. The half-life of
gallium-67 is 78 h. Within 24 h after injection,
approximately 10-25% of the administered dose
is excreted via the kidneys. Beyond 24 h, the
principal excretory pathway is the large bowel
and thus, large bowel uptake is very variable
[9]. At 4872 h after injection, approximately
75% of the administered dose remains within
the body and is equally distributed among soft
tissues, liver and bone/bone marrow [10].

There are numerous mechanisms of gal-
lium uptake in infectious and inflammatory
foci [11,12]. The normal biodistribution of gal-
lium is extremely variable. Activity in the nasal
regions, oropharynx and lacrimal glands can
be quite prominent, even in the absence of any
pathology [13]. Breast uptake is commonly mild
and bilateral, but can be intense in pregnancy,
during lactation, caused by numerous drugs,
renal failure and hypothalamic lesions [14,15].
In addition, Handmaker ez /. describe a number
of normal variations including increased gallium
uptake in growth plates, thymus and spleen (in
the presence of sepsis). These children were aged
from 3 months to 20 years and their analysis did
not include any neonates, nor did they describe
gallium uptake in BAT [4].

Physiologic uptake of gallium in BAT has
not been described previously in the literature,
despite the fact that BAT plays a significant role

Figure 1. A 22-day-old-infant was referred for a gallium-67 scan to exclude osteomyelitis.
(A,i) Anterior, (A,ii) posterior and (A,iii) a dedicated palmer view (for hands) demonstrate intense
gallium-67 images in bilateral supraclavicular and intercostal regions. (B) The uptake is localized on
the coronal and transaxial SPECT images and confirmed on an ultrasound of the soft tissues of the

chest wall to be adipose tissue later that day.
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Figure 2. An 8-day-old infant was referred for fever of unknown origin for a total body
gallium-67 scan.(A,i) Anterior and (A, ii) posterior planar images demonstrate intense increased
uptake in bilateral supraclavicular ‘fat pads' and bilateral intercostals regions. (B) The uptake is
confirmed to be extrathoracic on the coronal and transaxial SPECT images.

in thermogenesis, principally in this age group.
Brown and white adipose tissues differ in their
composition. BAT contains multilocular intra-
cellular lipid droplets, whereas white fat con-
tains a single-lipid droplet in each adipocyte.
Consequently, their functions are unique. White
adipose tissue primarily stores energy in the form
of fat. BAT is a thermogenic organ oriented
toward heat production that helps maintain nor-
mal body temperature in newborn infants and
regresses with increasing age [16]. BAT is more
active in young subjects; Yeung ez a/. reported a
15% incidence in pediatric patients versus 1.9%
in adult patients [17]. Interestingly, this figure
closely resembles our finding of a 16% incidence
of gallium uptake in BAT in neonatal patients.

Farty acids are the main metabolic substrate
of BAT [18]. Cold exposure will activate BAT via
adrenergic stimulation [18]. In fact, Cohade ez
al. showed that BAT was more frequent during
the colder period of the year (13.7%; January to
March) than during the warmer period (4.1%;
April to December) [19]. The cellular density of
BAT and rich neurovascular supply accounts for
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the preferential uptake of F-FDG in BAT over
white adipose tissue. Moreover, BAT is richer in
mitochondria than white fat, as demonstrated by
the greater abundance of cytochrome c, a mito-
chondrial marker [20]. Virtanen et /. assessed
tissue-biopsy specimens of BAT and showed that
BAT overexpresses uncoupling protein UCP1 by
a factor of 1000 in comparison with white fat
[20]. The function of UPC1 is adaptive thermo-
genesis, which generates heat instead of ATP. We
can only postulate whether these same charac-
teristics that result in increased ¥F-FDG uptake
in BAT, may also be responsible for increased
gallium uptake.

BAT uptake is often bilateral and symmetric
and located in distinct locations. In compari-
son, F-FDG uptake has been observed most
frequently in the neck (2.3%), paravertebral
area (1.4%), perinephric space (0.8%) and
mediastinum (0.9%) [17]. In the ten patients in
our cohort who demonstrated gallium uptake in
BAT, all ten were in the supraclavicular/infra-
clavicular regions and/or intercostal spaces and
were bilateral and symmetric. Given the lower
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resolution of gallium compared to ®F-FDG
PET/CT and the small size of these infants, it
was difficult to demonstrate gallium uptake in
other areas known for the presence of BAT, such
as the paravertebral area or perinephric space
(even with SPECT).

BAT is intermediate in attenuation between
fatand muscle on CT and demonstrates enhance-
ment with some washout on delayed imaging.
BAT has been described as minimally hyper-
intense to muscle on MRI T1-weighted images
and heterogeneously hyperintense to muscle
on T2-weighted images, with maintenance
of hyperintensity on chemical fat-suppressed
T2-weighted images and some loss of signal on
fat-suppressed T1-weighted images [21].

Besides ®*F-FDG and gallium-67, several
other radiopharmaceuticals have been described
to accumulate in BAT: F18-6-fluorodopamine
[22], I-123 metaiodobenzylguanidine [23],
Tc-99m tetrofosmin [24] and Tc-99m methoxy-
isobutylisonitrile [25,26]. F18-6-fluorodopamine
and metaiodobenzylguanidine are thought to be
concentrated in the sympathetic nerve terminals
in BAT. It is postulated that uptake of tetrofos-
min and methoxyisobutylisonitrile is dependent
on the rich mitochondria supply in BAT.

The mechanisms of gallium uptake in BAT
have not been previously described. We believe
it is likely multifactorial, with one etiology being
hypervascularization of BAT due to thermogen-
esis in neonates. We also hypothesize that this
cohort of neonates likely had adrenergic system
activation (they were often very ill infants), and
thus may have been more likely to demonstrate
BAT gallium uptake compared to healthy neo-
nates (BAT activation is thought to be stimu-
lated by its adrenergic innervations) [27].

It is important to note that gallium-67 imag-
ing in neonates has been largely replaced by '*F-
FDG imaging. One of the major problems with
gallium-67 scanning is the associated radiation
dose; for a 1 mCi dose, a neonate would receive
an effective dose of 4.2 rem [28]. For FUO, FDG
PET/CT is playing an increasing role, although
it is still not widely used. FDG PET has been
shown to be more sensitive and specific than gal-
lium-67 in the workup of FUO [29] and can be
performed within a few hours at a significantly
lower radiation dose. Nonetheless, *F-FDG
imaging is still not widely available and, at times,
PET radiopharmaceuticals may not be available
on site for various reasons.

In a literature review, we could only find one
other reference of BAT gallium uptake, which
was a case report of a 10-year-old boy with hip
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pain who was referred for gallium scintigraphy
for possible osteomyelitis [30]. The literature
review did not show any reported cases of gal-
lium uptake in neonates or adults. Given the
high incidence of gallium BAT uptake in our
cohort (16%) and the relative rarity of total body
gallium scanning in neonates at most institu-
tions, we felt nuclear medicine specialists should
be aware of this physiologic uptake as a poten-
tial pitfall, to avoid unnecessary treatment and/
or biopsy. Given the bilateral and symmetrical
intensity of gallium uptake in the supraclavicu-
lar/infraclavicular regions and/or intercostal
spaces in our cohort, there is a very limited dif-
ferential diagnosis that could account for this
pattern of uptake. It is possible that bilateral
supraclavicular lymph nodes could show intense
gallium uptake in lymphoma and less likely,
in sarcoidosis. However, there would be other
diagnostic findings to exclude physiologic BAT
gallium uptake.

A noted limitation of our analysis is the lack
of objectivity in confirming BAT gallium avid-
ity, as it was not practical to confirm every case
with SPECT/CT. Similarly, this study was only
intended to assess brown tissue avidity in neo-
nates, while a broader analysis would be of clini-
cal interest.

It is also important to note that out of the ten
patients who demonstrated BAT gallium uptake,
eight had studies performed during the winter
months of Montreal (QC, Canada; October to
March). This is consistent with the reported
increased incidence of ¥F-FDG uptake in BAT
during winter months, as previously reported by
Cohade et 4/. [19]. If infection or inflammation
in the thorax region is suspected clinically and
a gallium scan is requested in a neonate during
winter, it may be warranted to use some of the
simple and noninvasive methods of reducing
BAT activity that have been described for *F-
FDG, such as wearing warm clothes, maintain-
inga warm ambient environment and providing
blankets (we use many of these measures at our
institution to keep infants warm) [31].

Disclosure

Work was performed at Hopital Ste-Justine,
Universite de Montreal and McGill University
(Montreal, QC, Canada).

Financial & competing interests disclosure

The authors have no relevant affiliations or
financial involvement with any organization or
entity with a financial interest in or financial
conflict with the subject matter or materials dis-
cussed in the manuscript. This includes employ-
ment, consultancies, honoraria, stock ownership

future science group



RESEARCH ARTICLE

or options, expert testimony, grants or patents
received or pending, or royalties.

No writing assistance was utilized in the pro-
duction of this manuscript.

Executive Summary

Aims

= Increased '8F-flurodeoxyglucose uptake within active brown adipose tissue (BAT) on an
'8F-flurodeoxyglucose PET/CT study is a known pitfall. We have noted a similar phenomenon
occurring in gallium-67 studies performed on neonates. Our goal was to evaluate the pattern of
uptake and its incidence in our neonatal patient population.

Materials & methods

= A complete review was performed of the Hospital Ste-Justine's (QC, Canada) database of nuclear
medicine studies carried out from June 2001 to May 2011, revealing 64 total body gallium-67 scans
of neonates.

Results

= Ten of out 64 patients had gallium-67 uptake in a pattern typical for BAT distribution (incidence of
16%).

Conclusion

= We observed a significant percentage of neonates that demonstrated gallium-67 uptake in BAT.
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