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Original Article
Intravenous administration of diazepam significantly
reduces brown fat activity on 18F-FDG PET/CT
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Abstract: Brown adipose tissue (BAT) activity on 18F-fluorodeoxyglucose (FDG) PET/CT can introduce an undesirable
element of complexity when attempting to discern physiologic activity from more ominous entities. Recent studies
have demonstrated several methods to reduce BAT FDG uptake. Benzodiazepines, however, have yet to been proven
effective against BAT. Methods: Twenty-five patients with increased BAT FDG uptake were selected retrospectively
from our PET/CT database between November 2004 and January 2011. These patients had been asked to return on
a different day for repeat scanning with 5mg of intravenous diazepam, administered ten minutes prior to FDG. Two
patients underwent this procedure on a second occasion (for a follow-up scan at a later date), thus resulting in a total
of twenty-seven scans from twenty five patients. FDG uptake in BAT was recorded using the maximum standardized
uptake value (SUVmax). Results: The mean basal BAT SUVmax was 10.1 + 4.6 compared to a mean SUVmax of 2.8 +
3.3 post IV diazepam (p < 0.0001). Approximately 89% (24 of 27) of scans had no significant residual BAT activity.
The three remaining scans had a reduction in SUVmax ranging from 23-64% following diazepam administration. No
adverse effects were noted. Conclusion: We observed a significant reduction in brown fat activity in para-spinal, cervi-
cal, mediastinal, para-adrenal, and supra- and infra-clavicular regions on PET/CT following premedication with intra-
venous diazepam. We feel that IV benzodiazepines should be considered a pharmacologic option for reducing BAT
FDG uptake, which in turn, will aid in distinguishing physiologic metabolic activity from pathology.
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Introduction

18F-fluorodeoxyglucose (FDG) PET/CT scans are
an essential tool for diagnosing, assessing treat-
ment response and following-up of a broad
range of malignancies. While FDG PET/CT has
been shown to have a very high sensitivity in
malignancies such as lymphomas and sarco-
mas [1, 2], physiologic uptake in the digestive
tract, thyroid gland, skeletal muscle, myocar-
dium, bone marrow, and genitourinary tract can
limit specificity [3].

Physiologic FDG uptake is frequently observed
in brown adipose tissue (BAT) with varying de-
grees of metabolic activity. Hany et al. reported
FDG uptake in the adiposetissue of the neck
and supraclavicular regions in 2.5% of 638 pa-
tients, while Cohade et al., however, reported an
incidence of 4% with the “USA-Fat” pattern in
347 patients [4, 5]. Yeung et al reported uptake
in other areas such as the perinephric and

paravertebral regions, and in perivascular re-
gions of the mediastinum. While the pattern of
uptake is characteristically bilateral, particularly
in the neck, unilateral intense uptake could be
misinterpreted as pathological, such as in lymph
node and adrenal metastases.

To distinguish metabolically active brown fat
FDG uptake from pathology, various pharma-
cologic methods have been utilized. Recent lit-
erature has indicated that benzodiazepines are
not effective in suppressing BAT activity. In con-
trast, we have had great success in reducing
BAT uptake with intravenous (IV) diazepam.
Thus, the objective of this observational study is
to demonstrate the effectiveness of IV diaze-
pam in a cohort of patients with high BAT FDG
activity.

Material and methods

A retrospective review of the oncology PET/CT
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Table 1. Clinical features of cases included in this study

ID Age  Sex (Sbi\g’:l?;‘e) (SdL:;/Z”;z’; ) imonal Gass. Do Sito of SUVmax
(days) line (C)  pam (C)
Patient 1 40 F 7.3 1.1 2 10.8 12.9 Infraclavicular
Patient 2a 31 F 10.8 0.9 2 -1.6 -6.0 Supraclavicular
Patient 2b 34 F 5.4 1.4 2 13.4 18.9 Supraclavicular
Patient 3 26 M 8.1 1.1 1 9.3 13.0 Supraclavicular
Patient 4 21 F 7.7 2.4 2 2.5 8.2 Infraclavicular
Patient 5 61 F 8.6 1.3 3 -7.8 -10.9 Posterior neck
Patient 6 47 M 14.7 3.7 5 10.6 1.7 Paraspinal occipital-cervical junction
Patient 7 24 M 19.4 10.6 3 -6.8 -3.9 Infraclavicular
Patient 8 19 F 11.5 1.7 7 -2.0 -17.1 Supraclavicular
Patient 9 68 F 16.2 3.1 6 7.3 9.5 Supraclavicular
Patient 10 33 F 14.5 2.1 8 1.8 8.3 Neck
Patient11 64 F 5.3 1.1 5 6.7 9.0 Neck
Patient12 33 F 211 16.2 14 6.7 5.4 Infraclavicular
Patient 13 40 F 10.8 1.1 1 13.7 11.6 Supraclavicular
Patient 14 26 F 8.0 21 -3.9 -6.8 Mediastinum
Patient 15 21  F 5.8 1.4 14 13.6 16.0 Paraspinal thoracic
Patient 16a 21 M 7.1 1.3 11 11.1 2.2 Right axilla
Patient 16b 25 M 8.0 15 7 15.7 18.4 Neck
Patient 17 33 F 5.0 1.7 7 21.1 16.3 Left axilla
Patient 18 32 F 5.3 1.6 7 2.1 7.8 Right peri-adrenal
Patient 19 19 M 12.5 1.6 24 19.4 17.3 Supraclavicular
Patient 20 34 F 7.0 2.5 3 6.2 10.6 Posterior neck
Patient 21 37 F 16.8 6.1 5 11.6 3.1 Supraclavicular
Patient 22 70 F 4.0 1.1 1 17.5 16.2 Supraclavicular
Patient 23 42 F 8.8 2.3 1 21.5 22.1 Paraspinal thoracic
Patient 24 24 F 12.1 3.5 7 -17.1 -8.0 Paraspinal occipital-cervical junction
Patient 25 21 F 11.1 1.3 7 26.1 18.6 Left axilla
Mean 35 10.1 2.8 6.0

database from the Nuclear Medicine depart-
ment at the McGill University Health Center
(MUHC) dating November 2004 to January
2011 revealed 25 patients (two of whom had 2
PET/CT studies, for a total of 27 scans) in whom
elevated BAT activity complicated diagnostic
interpretation (Table 1) from a database of ap-
proximately 12000 PET/CTs. These patients
had consented to repeat their FDG PET/CT scan
on a different day following pre-medication with
intravenous diazepam. They are routinely ad-
vised not to drive due to the ensuing sedation
and are encouraged to be accompanied when
possible. Ten minutes prior to FDG administra-
tion of 10-15mCi (370-550MBq), the patients
were injected with 5 mg diazepam IV. They were

30

scanned 60 minutes after the radiopharmaceu-
tical injection. Results under basal conditions
were compared to those from the post-
diazepam study, each patient therefore acting
as his/her own control. The post-diazepam PET/
CT scans were conducted within one week
(mean = 6 days) of the baseline study in all but
3 patients, in whom repeat imaging was per-
formed 2-4 weeks later. Furthermore, every
exam was performed under identical conditions
with the same PET camera.

All patients were scanned with the Discovery ST
PET/CT scanner (GE Healthcare, Canada). Pa-
tients fasted for at least 6 hours prior to imag-
ing and were euglycemic upon receiving FDG.

Am J Nucl Med Mol Imaging 2011;1(1):29-35
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No urinary bladder catheterization was per-
formed. Oral contrast (barium) was adminis-
tered. The PET emission scan, extending from
the head to the mid-thigh, was acquired for 5
min per field of view, each covering 14.9 cm, at
an axial sampling thickness of 3.75 mm/slice. A
16-slice helical CT acquisition was operated
with an X-ray tube voltage peak of 140 keV, 80
mA (whole body), 70 mA (legs), a 1.75:1 pitch, a
slice thickness of 3.75 mm and a rotational
speed of 0.8 s/ rotation. The patient was al-
lowed to breathe normally during the PET and
CT acquisitions. PET images were reconstructed
with CT-derived attenuation correction using
ordered subset expectation maximization
(OSEM) software. Only the maximum standard-
ized uptake value (SUVmax) corrected for body
weight was reported.

Statistical analysis

The student T test was used to compare mean
SUVmax values from the pre- and post-
diazepam scans. P < 0.05 was considered sta-
tistically significant.

Results

The mean age of the cohort was 35 years with a
standard deviation of +15 years, five of whom
were men. The most intense site of BAT activity
for each patient is listed in Table 1 with the cor-
responding SUVmax. The neck and clavicular
regions were predominantly affected, often sym-
metrically, although many of these patients had
multicompartmental involvement including in
the thorax and occasionally in the abdomen.
The mean SUVmax under basal conditions was
10.1 £ 4.6 which improved to 2.8 + 3.3 follow-
ing diazepam IV (p < 0.0001). Furthermore, 24
of 27 scans (89%) had no residual BAT activity
upon visual inspection. The SUVmax was re-
duced by 64%, 45%, and 23% in the three
scans (patients 21, 7, and 12, respectively) with
visible residual BAT activity following diazepam.
No side effects were experienced aside from
somnolence. Consequently, the patients were
strongly advised not to drive.

The mean temperature (in degrees Celsius) on
the day of the baseline PET/CT and on the post
IV diazepam PET/CT in Montreal, Quebec, Can-
ada were obtained from the historical records of
Environment Canada, found in Table 1.

Selected images from the cohort were chosen
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to illustrate the effectiveness of IV diazepam.
Classic bilateral BAT uptake is demonstrated in
Figure 1 on the baseline scans with complete
resolution on the post-diazepam PET/CT. Occa-
sionally, patients have unilateral uptake in BAT
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Figure 1. Anterior maximum intensity projections
(MIPs) of the upper body from PET/CT studies of a
22 year old woman (patient 15) treated for Hodg-
kin’s lympoma (A: pre-diazepam; B: post-diazepam)
and a 33 year old woman (patient 10) under investi-
gation for malignancy (C: pre-diazepam; D: post-
diazepam). Both studies show extensive BAT hyper-
metabolism in the cervical, axillary, mediastinal and
paraspinal regions bilaterally which resolve on the
PET/CT scans repeated 1-2 weeks later following
diazepam administration.

(Figure 2). The patient in Figure 3 had locore-
gional malignancy in the right mediastinum with
additional activity in the ipsilateral supraclavicu-
lar region. The post-diazepam study cleared the
supraclavicular activity thus limiting radiother-
apy to a single field in the chest. Similarly, the
patient in Figure 4 had an intense focus of up-
take in the right axilla, later proven to be metas-
tatic adenocarcinoma, with nearby abundant
BAT activity. All except the malignant node re-
solved on the post-diazepam study. The last
patient was under investigation for lymphoma
and had elevated activity in the right peri-
adrenal region. Fortunately, this uptake disap-
peared following diazepam.

Discussion
Brown and white adipose tissues differ in their

composition. BAT contains multilocular intracel-
lular lipid droplets, whereas white fat contains a

Am J Nucl Med Mol Imaging 2011;1(1):29-35
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Figure 2. Posterior upper body view of the MIP from a PET/CT performed on a 61 year old woman (patient 5) to stage
a suspected primary lung cancer (A). A unilateral cluster of distinct foci are noted at the base of the neck extending
down to the supraclavicular region on the right side. The most intense supraclavicular focus is shown on the trans-
axial PET image (B). There is no corresponding lymph node on the corresponding transaxial CT image (C), presumably
hypermetabolic BAT. The right mediastinal activity on the MIP is consistent with the patient’s known disease. The BAT
activity resolves on the post-diazepam PET/CT study repeated three days later; the MIP (D) and transaxial PET (E) and

CT (F) images of the neck are provided.
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Figure 3. Anterior upper body views of the MIP from a
PET/CT performed on a 31 year old woman (patient
2) with poorly differentiated metastatic adenocarci-
noma (A). Extensive hypermetabolic activity is noted
in both supraclavicular and paraspinal regions with a
large intense focus located in the right axilla. The MIP
of the post-diazepam PET/CT repeated two days later
distinguishes hypermetabolic BAT from pathology as
the activity in the aforementioned sites completely
resolves with exception to the intense right axillary
focus, which was biopsy-proven metastatic adenocar-
cinoma (B).
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single lipid droplet in each adipocyte. Conse-
quently, their functions are unique. White adi-
pose tissue primarily stores energy in the form
of fat. BAT is a thermogenic organ oriented to-
ward heat production that helps maintain nor-
mal body temperature in newborn infants and
regresses with increasing age.[6]. BAT is more
active in young subjects; Yeung et al reported a
15% incidence in pediatric patients versus 1.9%
in adult patients [7]. Fatty acids are the main
metabolic substrate of BAT[8]. Cold exposure
will stimulate BAT via adrenergic stimulation[9].
In fact, Cohade et 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)[10].

The cellular density of BAT and rich neurovascu-
lar supply accounts for the preferential uptake

Am J Nucl Med Mol Imaging 2011;1(1):29-35
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of FDG over white adipose tissue. Moreover,
BAT is richer in mitochondria than white fat, as
demonstrated by the greater abundance of cyto-
chrome ¢, a mitochondrial marker [11]. Virtanen
et al assessed tissue-biopsy specimens of
brown fat and showed that BAT overexpresses
uncoupling protein UCP1 by a factor of 1000 in
comparison with white fat [11]. This gene’s
function is adaptive thermogenesis, which gen-
erates heat instead of ATP [11].

BAT uptake is often bilateral and symmetric and
located in distinct locations; FDG uptake has
been observed most frequently in the neck
(2.3%), paravertebral area (1.4%), perinephric
space (0.8%), and mediastinum (0.9%) [7]. How-
ever, FDG uptake in BAT is extremely variable
and the intensity of FDG uptake does not distin-
guish BAT from pathologic tissue [10]. For ex-
ample, one patient in our cohort exhibited a
SUVmax of 21 (see Table 1, patient 12) in the
lower neck region on the baseline scan.

The methods of BAT FDG uptake reduction have
been extensively described by the recent publi-
cation by Cohade [12]. These include environ-
mental factors such as avoiding cold exposure
and air conditioning the day of the study, wear-
ing warm cloths, maintaining a warm ambient
environment and providing blankets, avoiding
smoking/nicotine and adrenergic agents, and
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Figure 4. Transaxial images
of the PET (A) and correlative
CT (B) performed for diagnos-
tic evaluation of lymphoma in
a 32 year old woman (patient
18). Focal hypermetabolism
is demonstrated in the right
peri-adrenal region, which
completely resolves on the
post-diazepam PET/CT
(panels C, D) repeated seven
days later. Physioloic activity
is noted in the left kidney on
both pre- and post-diazepam
PET studies. In addition, the
patient had bilateral supra-
clavicular hypermetabolic
BAT (not shown) which im-
proved on the post-diazepam
study.

using pharmacologic agents such as pro-
pranolol. Soderlund et al demonstrated com-
plete or near complete resolution of BAT FDG
uptake in a series of 11 patients given 80 mg of
oral propranolol 2 hours before FDG administra-
tion [13].

However, a review of the recent literature sug-
gests the use of benzodiazepines have limited
use in reducing BAT FDG uptake; Cohade claims
benzodiazepines are not supported as a
method to reduce BAT FDG uptake[12]. Tatsumi
et al performed rodent studies and showed that
FDG uptake in BAT was significantly decreased
to less than 30% of the control level after pro-
pranolol or reserpine (P < 0.05), but diazepam
did not significantly decrease 18F-FDG uptake in
BAT [14]. Similarly, Gelfand et al illustrated that
low-dose oral diazepam had no effect in reduc-
ing BAT FDG uptake in a pediatric population
[15]. Sturkenboom at al conducted a random-
ized controlled trial evaluating the effect of oral
diazepam on the neck and upper chest regions
and showed there was no significant difference
of neck and upper chest uptake between the
group of patients receiving diazepam (5 mg
orally) versus the group receiving a placebo
[16]. All three of these studies utilized oral di-
azepam. While the onset of action is almost
immediate for intravenous diazepam, Toshniwal
et al reported a mean of 8.5 minutes for the

Am J Nucl Med Mol Imaging 2011;1(1):29-35
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onset of action of oral diazepam [17]. More im-
portantly, the peak plasma levels of diazepam
was observed at 1 min after IV administration in
rats and mice [18], whereas peak plasma levels
of oral diazepam are reached in 30 minutes to
2 hours [19]. Comparing our experience to the
studies using oral diazepam, it is plausible that
the superior pharmacokinetics of IV diazepam is
responsible for its relative effectiveness in re-
ducing FDG activity in BAT. It may also be possi-
ble that IV diazepam is simply more effective at
reducing BAT FDG uptake than the oral route.

As BAT FDG uptake is variable depending on the
temperature of the given day, we have provided
the mean temperature in degrees Celsius for
Montreal, Quebec, Canada in table 1. 14 pa-
tients returned for their post IV diazepam repeat
PET/CT on days when the temperature was
colder than the baseline scan. When only exam-
ining this cohort of patients, we found that 86
percent (12/14) of cases had no visual evi-
dence of elevated FDG uptake in BAT after IV
diazepam. From this we can infer that tempera-
ture did not bias the effectiveness of IV diaze-
pam in reducing BAT FDG uptake.

While the process by which benzodiazepines
alters FDG uptake in BAT has not yet been eluci-
dated, one theory is that benzodiazepines have
a central antianxiety effectwhich may relieve
the sympathetic nervous system activity thus
reducing FDG uptake in BAT.14 Tatsumi et al
even postulated that the central antianxiety ef-
fect may not have been present in rats in their
study, thereby speculating why diazepam did
not demonstrate a statistically significant de-
crease in BAT FDG uptake in rats.

Our study demonstrated similar results to that
of Parysow et al who studied the effect of oral
propranolol on BAT activity using PET/CT. In 26
cancer patients, 92 percent had no signs of
elevated FDG uptake in BAT after receiving
20mg of oral propranolol 1-2 hours prior to FDG
administration [20].Our cohort showed that 89
percent of cases had no visual evidence of ele-
vated FDG uptake in BAT after IV diazepam.
Even in the three cases that demonstrated re-
sidual FDG activity on the post IV diazepam
scan, the abatement in SUVmax favors BAT over
pathology (see Table 1). Taking into considera-
tion the longer patient preparation time and
known contra-indications for propranolol (e.g.
asthma, COPD, bradycardia or heart block) and
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that our results are similar to Parysow et al, we
feel IV diazepam should be studied further as
an effective method of BAT FDG uptake reduc-
tion. Physicians interpreting PET/CTs must also
be comfortable administering IV diazepam.

Conclusion

Contrary to previous experiences with oral di-
azepam, the data presented herein supports
the use of IV diazepam as an effective premedi-
cation to suppress BAT activity on FDG-PET/CT,
particularly involving the typical locations in the
neck and the mediastinal, para-spinal and para-
adrenal regions.

Address correspondence to: Dr. Rajan Rakheja Royal
Victoria Hospital 687 Pine Avenue, Montreal, Quebec,
Canada, H3A 1A1 Tel: 514-295-6104 E-mail: ra-
jan.rakheja@gmail.com
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