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Abstract

Purpose The aim of this study was to determine if warming
patients prior to and during '*F-FDG uptake by controlling
the room temperature could decrease uptake by brown
adipose tissue (BAT).

Methods A group of 40 children underwent '*F-FDG PET
after being kept in the injection room at a constant
temperature of 24°C for half an hour before and 1 hour
after intravenous tracer administration. The rate of uptake
by BAT in this group was compared to the uptake in a
control group of 45 patients who underwent PET when the
injection room temperature was 21°C.

Results Uptake by BAT occurred in 5% of studies in the
temperature-controlled room compared to 31% of studies
performed when the injection room temperature was 21°C
(»<0.002).

Conclusion Maintaining room temperature at a constant
24°C, half an hour prior to and during the period of FDG
uptake significantly decreases accumulation of FDG in
BAT in children.
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Introduction

With the development of hybrid PET/CT scanners, locali-
zation of metabolic activity to regional anatomy has led to
an evolving appreciation of normal variants. In particular,
'"F-FDG uptake may be seen in metabolically active brown
adipose tissue (BAT). This physiologic tracer accumulation
may be a source of false-positive interpretations or
alternatively may obscure adjacent metabolically active
disease [1-4]. FDG-avid BAT is most commonly seen in
thin patients, women and children [3—6]. Often symmetric,
sites of FDG-avid BAT include among others, the neck,
mediastinum, paravertebral region and retroperitoneum
especially in perinephric or perihepatic locations.

Previous reports have suggested that FDG accumulation
in BAT is related to low environmental temperature [6, 7].
This is consistent with a thermoregulatory role for BAT
which becomes metabolically activated following sym-
pathetic stimulation upon exposure to a cold environ-
ment, such as during the winter months in New England
[7, 8]. Several interventions have been employed to reduce
FDG accumulation in BAT. Mainly pharmacologic, these
include patient premedication with propranolol, fentanyl,
or a benzodiazepine [9-12]. An attractive alternative to
drug administration is controlling environmental temper-
ature prior to imaging. Prior reports have suggested this
may be helpful in reducing FDG uptake by BAT [13-15].
This is an easily tolerated intervention particularly when
a pharmacologic approach is undesirable. The aim of
this study was to determine if keeping a child in a
controlled, warm room prior to, during and following
tracer administration could decrease the rate of uptake
by BAT.
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Methods

Based on prior reports of the effect of temperature on FDG
uptake by BAT, the temperature in the PET injection room was
increased to a constant 24°C (75°F) [13, 14]. All patients
referred to the Division of Nuclear Medicine for whole-body
'"F-FDG PET between December 2007 and March 2008
were kept in this warmed room for half an hour before until
1 h following tracer administration. A total of 40 patients
underwent '®F-FDG PET according to this protocol (warmed
conditions). To ascertain the effect of this, a retrospective
review was conducted. The rate of uptake by BAT in the
group that underwent PET under warmed conditions was
retrospectively compared to the rate of uptake by BAT in a
control group of 45 patients who underwent PET when the
injection room temperature was 21-22°C (70-72°F).

Patient population

Between December 2007 and March 2008, 54 patients were
referred to the Division of Nuclear Medicine for a whole-
body '®F-FDG PET scan. Only patients aged 21 years or
younger were included in the study, and 11 patients who
received sedation were excluded from the study. None of
the 40 remaining patients received premedication known to
reduce FDG uptake by BAT, and all were warmed prior to
and during tracer uptake. The age range of those included
in the study was 5-21 years (mean about 13 years) and their
average body mass index (BMI) was 21 kg/m?. All were
referred for evaluation of oncological conditions. There
were 15 (38%) girls and 25 (62%) boys.

The control group included 52 patients (aged 21 years or
younger with an average BMI of 23 kg/m?) who were referred
between December 2006 and March 2007 for whole-body
"E_FDG PET scan for oncological evaluation. Seven of these
patients (aged 17 months to 5 years) received sedation and
were excluded. None of the remaining 45 patients aged 2—
21 years (mean about 14 years) received premedication. There
were 19 (42%) girls and 26 (58%) boys. Patients in both
groups were similar with respect to age, gender, and BMI.

Image acquisition

Patients were asked to fast for at least 4 h, to avoid
strenuous exercise for 24 h, and to abstain from caffeine,
nicotine or alcohol intake for 12 h prior to the study. Warm,
comfortable clothing was recommended. These instructions
were identical for the two groups. An individualized
thermostatic controller was installed to provide accurate
and specific temperature control for the PET injection
room. A thermometer was used to ensure that the temperature
in this room was maintained at a constant 24°C (75°F).
Patients scheduled for an '®F-FDG PET scan were kept in the

warmed, quiet, dimly lit injection room for half an hour
before tracer administration and remained in this room for
approximately 1 hour after intravenous administration of the
radiopharmaceutical. The radiopharmaceutical dose was
calculated based on patient weight, using 5.55 MBg/kg
(150 pCi/kg) with minimum and maximum administered
doses of 18.5 MBq (500 uCi) and 370 MBq (10 mCi),
respectively. For all whole-body scans a GE Advance NXi
PET scanner (GE Healthcare Technologies, Waukesha, WI)
was used in 2-D mode with a 5-min emission and 3-min
transmission scan per bed position. In general, patients were
scanned from the base of the skull to mid-thigh (four to six
bed positions depending on size). The axial field of view was
extended if there were areas of known tumour involvement
outside this region.

Data analysis

Historical outdoor temperatures for Boston, Massachusetts,
were obtained from the National Weather Service Forecast
Office (http://www.weather.gov/climate/).

A total of 40 patients had '®F-FDG PET scans under
warmed conditions. The minimum outside temperatures on
the days of these studies ranged from —14° to 8°C (7°—46°F)
with an average of —2°C (28°F) (Fig. 1). The rate of uptake by
BAT on these studies was calculated. These results were
compared with those in the control group of 45 patients
who underwent '®F-FDG PET scan without warmed
conditions. The minimum outside temperatures on the
days of these studies was similar to those for the “warmed
group”, ranging from —14° to 9°C (6°—48°F) with an
average of —2°C (28°F) (Fig. 2). Two nuclear medicine
physicians and one radiologist independently evaluated
each PET scan for FDG uptake by BAT. For each PET
study, FDG uptake by BAT was determined by consensus
to be either present or absent. BAT was considered to be
present when the uptake in characteristic areas of brown fat
localization was greater than background soft-tissue activity.
BAT was considered to be absent if the uptake in the same
areas was the same as in soft tissue. In each case the pattern of
tracer uptake was consistent with the typical appearance of
FDG uptake by BAT as described in the literature. A two-
tailed Fisher exact probability test was used to compare the
rate of uptake by BAT under the two temperature conditions.

Results

FDG uptake by BAT was identified in 2 of 40 studies (5%)
performed after using the warmed injection room. One of
these patients was a 16-year-old girl who underwent the
"E_.FDG PET scan on a day when the minimum outside
temperature was —11°C (12°F), and the other patient was an
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Fig. 1 Outdoor temperatures in Boston on days when the 'F-FDG
PET studies in the warmed group were performed

11-year-old boy who underwent the '"®F-FDG PET scan on
a day when the minimum outside temperature was —2°C
(28°F). By comparison, FDG uptake by BAT was seen in
14 of 45 studies (31%) performed in patients without warm
room preparation (p<0.002; Fig. 3).

Of the patients scanned following preparation in the
warmed room, 26 had images from prior whole-body PET
scans available for review. In 12 of the 26 patients, there
was FDG uptake by BAT on the prior study, but in only 1 of
these patients was there FDG uptake by BAT when scanned
under “warmed conditions” (Fig. 4).

Discussion

BAT was first described in certain mammals more than
450 years ago [16]. In work dating back to 1551, Gessner
commented, with reference to BAT, “nec pinguitudo, nec
caro” indicating that he felt it was neither fat nor flesh, but
something between the two [16, 17]. Thought to play a
thermoregulatory role under sympathetic stimulation, BAT
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Fig. 2 Outdoor temperatures in Boston on days when the '*F-FDG
PET studies in the control group were performed
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is more commonly found in women and children [3—6]. The
extent of BAT tends to decrease with age and therefore is
particularly prominent in children [5].

Results in the literature suggest that FDG accumulation
in BAT is related to environmental factors such as ambient
temperature [6, 7]. In a retrospective review of 1,017
consecutive whole-body PET/CT scans done in Baltimore,
USA, between July 2001 and June 2002, Cohade et al.
reported an increased incidence of FDG-avid supraclavic-
ular BAT from January through March, while outside
temperatures were low, compared with the rest of the year
[6]. In another retrospective review of 1,495 consecutive
whole-body PET/CT scans done between March 2000 and
November 2003, Kim et al. reported increased '*F-FDG
uptake by BAT as an acute response to cold weather [7].

It has been postulated that cold stimuli modulate
sympathetic stimulation of BAT through adrenergic recep-
tors which increases glucose uptake. Similarly, FDG, a
glucose analogue, accumulates in BAT that has been
stimulated by the cold [7, 8]. Two approaches have been
adopted to decrease FDG uptake by BAT. Pharmacologic
disruption of BAT sympathetic innervation with patient
premedication has been shown to decrease FDG uptake [9—
12]. Alternatively the patient’s ambient environmental
temperature prior to imaging may be controlled [13—15].
In a small study, Christensen et al. studied ten patients (age
15-45 years) with a history of hypermetabolic BAT on PET
[14]. The patients were randomized to one of three groups
at the time of a repeat FDG-PET scan. Three patients were
covered with warm blankets between tracer injection and
imaging. Four patients were kept in a warm environment
for 48 hours prior to the PET scan and during the uptake
interval. Three patients were kept in a warm environment
for 48 hours before the PET scan and during the uptake

FDG Uptake in Brown Adipose Tissue

opatentamng
Patient warming

0 10 20 30 40
% of Patients with FDG Uptake in Brown Adipose Tissue

Fig. 3 Effect of patient warming on FDG uptake by BAT. Patients
who underwent warming prior to the FDG PET scan had a
significantly lower FDG uptake by BAT. FDG uptake by BAT was
seen in 2 of 40 warmed patients (5%) compared with 14 of 45 patients
(31%) who did not undergo warming prior to the scan
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Fig. 4 Maximum intensity

images of a patient who under- A
went '*F-FDG PET scans

without warming showing BAT

uptake (a), and with warming

showing no BAT uptake (b)

interval and were also given 5 mg of diazepam orally at the
time of FDG administration. Nine patients (90%) showed
complete or near-complete resolution of hypermetabolic
BAT on PET. Another study conducted by Garcia et al.,
included ten patients, mostly adults, with a history of
hypermetabolic BAT on PET [13]. They found a decrease
of FDG uptake by BAT if patients were kept in a
temperature-controlled room for between 15 minutes and
2 hours before FDG injection as well as during the uptake
phase after tracer administration.

Our study provides new data on the benefits of ambient
warming for a paediatric population who, by their age, were
at increased risk of tracer uptake in BAT [5]. We included a
larger number of patients than in previously reported
studies [13, 14]. We also outline a simple and standardized
protocol that provides an efficient method to suppress
uptake by BAT (Fig. 3).

Our study demonstrates a significantly decreased inci-
dence of uptake by BAT in patients who were scanned
following preparation in a temperature-controlled room
prior to and during FDG uptake. These results emphasize
the utility of ambient temperature control, an easily
tolerated intervention to reduce tracer uptake by BAT
particularly in patients where a pharmacologic approach is
undesirable.

There are limitations to this study. First, this study was
not a randomized clinical controlled trial. The potential for
selection bias was minimized by including all patients

imaged in the two time frames except for those that
received sedation. We included two groups of patients
imaged when outdoor ambient temperatures were compa-
rable. All of the patients included in the study were given
the same instructions and the only parameter that was altered
between the two groups was exposure to the warmed
injection room prior to and following tracer administration.
It was assumed that the patients were exposed to similar
outdoor temperatures prior to arrival in the department.
Second, we did not evaluate the benefit of warming blankets
compared to the effect of ambient temperature control.
Further research into the most effective method of patient
warming could be beneficial. Finally, we chose to maintain
the temperature of the injection room at 24°C based on
results suggested in the literature [13, 14], as well as
practical considerations for the patients and the department.
There were two patients prepared in the warmed injection
room who showed FDG uptake by BAT. Both of these
patients were scanned when the outdoor temperature was
below freezing (0°C, 32°F). It is possible that increasing the
temperature of the injection room or the time spent in the
warmed room prior to scanning may have reduced tracer
accumulation in BAT. For example, when outdoor temper-
atures are below freezing perhaps patients should be
warmed for a longer period of time prior to tracer
administration. Further research into the development of a
patient warming protocol optimized for the environmental
temperature may prove beneficial.
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When available, PET-CT is often effective in distin-
guishing pathologic FDG uptake from that by BAT.
However, extensive uptake by BAT can compromise the
interpretation of the PET scan even if CT is available.
Therefore, it is always prudent to minimize uptake by BAT,
and, therefore, we consider our approach useful even when
PET-CT is available.

Conclusion

Controlling the room temperature at a constant 24°C (75°F)
half an hour prior to and during the uptake period
significantly decreases FDG uptake by BAT in children.
One method to ensure that a constant temperature is
maintained prior to imaging includes installing an individ-
ualized thermostatic control in the injection room and
monitoring room temperature with a thermometer. Since
physiologic tracer accumulation may be a source of false-
positive scans or may obscure adjacent metabolically active
disease, altering the patient preparation protocol to include
warming prior to imaging could prove beneficial. This is
likely to be particularly important during the winter season
when the likelihood of metabolically active BAT is higher.
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