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Abstract 

Background Total-body positron emission tomography/computed tomography (PET/CT) scanners are characterized 
by higher signal collection efficiency and greater spatial resolution compared to conventional scanners, allowing for 
delayed imaging and improved image quality. These advantages may also lead to better detection of physiological 
processes that diagnostic imaging professionals should be aware of. The gallbladder (GB) is not usually visualized as 
an 18F-2-fluorodeoxyglucose (18F-FDG)-avid structure in routine clinical PET/CT studies; however, with the total-body 
PET/CT, we have been increasingly visualizing GB activity without it being involved in an inflammatory or neoplastic 
process. The aim of this study was to report visualization rates and characteristics of GB 18F-FDG uptake observed in 
both healthy and oncological subjects scanned on a total-body PET/CT system.

Materials and methods Scans from 73 participants (48 healthy and 25 with newly diagnosed lymphoma) who 
underwent 18F-FDG total-body PET/CT were retrospectively reviewed. Subjects were scanned at multiple timepoints 
up to 3 h post-injection. Gallbladder 18F-FDG activity was graded using liver uptake as a reference, and the pattern 
was qualified as present in the wall, lumen, or both. Participants’ characteristics, such as age, sex, body-mass index, 
blood glucose, and other clinical parameters, were collected to assess for any significant correlation with GB 18F-FDG 
uptake.

Results All 73 subjects showed GB uptake at one or more imaging timepoints. An increase in uptake intensity 
overtime was observed up until the 180-min scan, and the visualization rate of GB 18F-FDG uptake was 100% in 
the 120- and 180-min post-injection scans. GB wall uptake was detected in a significant number of patients (44/73, 
60%), especially at early timepoint scans, whereas luminal activity was detected in 71/73 (97%) subjects, especially 
at later timepoint scans. No significant correlation was found between GB uptake intensity/pattern and subjects’ 
characteristics.

Conclusion The consistent observation of GB 18F-FDG uptake recorded in this study in healthy participants and 
subjects with a new oncological diagnosis indicates that this is a normal physiologic finding rather than representing 
an exception.
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Introduction
The gallbladder (GB) is not usually visualized as an 
18F-fluorodeoxyglucose (18F-FDG)-avid structure in 
routine clinical positron emission tomography/com-
puted tomography (PET/CT) studies, unless affected by 
an inflammatory or neoplastic process [1, 2]. Inciden-
tal non-pathologic 18F-FDG activity within the GB has 
been described in the literature in a limited number of 
case reports [3, 4] and a few retrospective studies [5, 6], 
mainly in patients who were diagnosed with cancer, as 
a phenomenon in which 18F-FDG accumulation within 
the GB is thought to be due to 18F-FDG excretion into 
the bile. For example, Murata et  al. [6] retrospectively 
assessed a small cohort of cancer patients using a dual 
time point protocol on a conventional PET/CT scan-
ner. A pattern of increasing GB uptake over time was 
detected. The other study [5] retrospectively assessed a 
large cohort of oncologic subjects using a conventional 
PET/CT scanner and reported an incidence of radi-
otracer accumulation within the GB of less than 1% and 
a direct correlation between 18F-FDG activity in the GB 
lumen and blood glucose levels. None of these studies 
specifically analyzed GB uptake in healthy subjects.

Recent improvements in PET instrumentation have 
led to long-axial field-of-view (LAFOV) and total-body 
PET/CT scanners [7]. These scanners are character-
ized by higher signal collection efficiency compared to 
the conventional PET scanners, which typically have 
an axial field-of-view of 20–30  cm. In addition, the 
total-body PET/CT scanner installed at our institution 
has an increased spatial resolution of ~ 3.0  mm that, 
coupled with the increase signal collection efficiency, 
allows for delayed imaging with improved image qual-
ity [8].

Delayed imaging protocols have been shown by sev-
eral oncologic studies to better detect tumors based on 

different tracer kinetics between physiologic, benign, 
and malignant structures [9–11]. At our institution, 
we routinely scan at 2-h post-injection for oncological 
applications [12–14]. The gallbladder is frequently visu-
alized during our routine clinical readings of oncological 
18F-FDG total-body PET/CT studies. This observation, 
combined with lack of reported data on frequent GB 
visualization in healthy individuals, encouraged us to 
investigate GB 18F-FDG uptake in represented healthy 
volunteers and oncological patients.

Materials and methods
Study participants
After obtaining Institutional Review Board (IRB) 
approval (IRB #1341792, #1714742 and # 1470016) all 
participants gave written informed consent prior to being 
scanned.

This was a retrospective analysis of prospectively col-
lected data for other research purposes. Data from two 
adult cohorts (healthy cohort and newly diagnosed lym-
phoma cohort), who underwent 18F-FDG PET/CT imag-
ing on the uEXPLORER (United Imaging Healthcare, 
Shanghai, China) between June 2019 and January 2022, 
were analyzed. The first cohort included 48 healthy vol-
unteers, without history of cancer or myocardial infarc-
tion in the past 5 years. This cohort included 3 subgroups, 
according to the injected 18F-FDG activity and racial/
ethnic background (Table 1). The second cohort included 
25 patients with an established diagnosis of lymphoma 
who were referred for a staging 18F-FDG PET/CT, before 
receiving any treatment.

Exclusion criteria for all groups were as follows: history 
of cholecystectomy, any known concomitant acute infec-
tion on the day of the scan, chemotherapy and/or radia-
tion therapy in the past 3 years, major surgery within the 

Table 1 Details of Study Subgroups and Imaging Protocols

a Healthy participants from racial/ethnic minority population
b Images at the 40-min timepoint in healthy subgroups were extracted from a dynamic 60-min scan (i.e., the last 20 min were reconstructed)
c One out of the 25 patients was scanned at 90 and 120 min

Characteristic Healthy Lymphoma

Standard dose Low dose Standard  dosea

Participants 15 15 18 25

Injected dose (MBq)

Mean ± SD (min–Max) 372 ± 17 (337–394) 20 ± 2 (17–24) 353 ± 37 (228–395) 292 ± 37 (197–328)

Number of scanning timepoints 6 3 3 2

1-h Dynamic scanning Yes Yes Yes No

Scan timepoints after injection (min) b 40, 90, 180 40, 90, 180 40, 90, 120 60, 120 c

CT tube current for each scan (mAs) 5, 50, 5, 5, 5, 5 5, 50, 5 5, 50, 5 50, 5
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last 6 months, pregnancy or breast-feeding, uncontrolled 
diabetes, and reported history of claustrophobia.

Protocol and technical acquisition details
All subjects’ preparation included a minimum 6-h fasting 
period before 18F-FDG administration, with only water 
intake being allowed, and no exercise for at least 24  h 
prior to the scan.

All participants had their blood glucose levels meas-
ured before 18F-FDG injection. They were all manually 
injected through an i.v. peripheral access (antecubital 
vein in 67 and hand veins in 6 subjects).

Table 1 reports the methods, imaging protocol specifics 
and scan timepoints for each group. PET/CT acquisitions 
involved a low-dose or ultra-low-dose CT scan followed 
by PET acquisition. The tube current of all CT scans was 
automodulated by means of the manufacturer’s software. 
Details of employed CT tube current are summarized in 
Table 1. Tube voltage was 140 kV for all CT acquisitions. 
The estimated effective dose was 10  mSv for low-dose 
and 1 mSv for the ultra-low-dose CT acquisitions.

For the healthy cohort, PET acquisitions started imme-
diately with the tracer injection and continued for 60 min 
(dynamic acquisition). The last 20  min (i.e., 40–60  min 
post-injection) of this acquisition were reconstructed 
for reviewing. The 60-min dynamic scan was followed 
by two more 20-min static acquisitions, at 90, and 120 or 
180  min post-injection. For the lymphoma cohort, two 
static 20-min PET acquisitions were obtained at 60 min 
and 120 min post-injection.

Image reconstruction and analysis
PET imaging
PET data were reconstructed using the manufacturer-
provided software employing the 3D ordered subset 
expectation maximization (OSEM) algorithm with 4 
iterations and 20 subsets into a 256 × 256 matrix using an 
isotropic voxel size of 2.344 mm. All the standard correc-
tions were applied.

DICOM images were transferred to a viewing worksta-
tion running OsiriX MD (Pixmeo SARL, Bernex, Swit-
zerland). Image series were displayed as 2D orthogonal 
views, including CT only, PET only, and fused PET/CT 
images. A team of three physicians, included 2 nuclear 
medicine physicians and a  3rd year nuclear medicine 
resident, reviewed all images in consensus. Image assess-
ment included visual analysis of the gallbladder 18F-FDG 
uptake. For each timepoint, uptake was recorded as 
either present or not present. When activity was pre-
sent, further grading of the intensity level with respect to 
liver 18F-FDG uptake was defined as: gallbladder activity 
less than the liver, equal to the liver, or higher than the 

liver. The pattern of 18F-FDG uptake was also assessed as 
involving wall, lumen or both areas (Fig. 1).

A 3D volume of interest (VOI) was manually placed 
over the most intense area within the GB and the maxi-
mum standardized uptake value (SUVmax) was recorded 
for each timepoint. A large (~ 5–10 ml) VOI was placed 
on the right hepatic lobe at the level of portal vein and 
the mean value of SUV within this region was recorded 
and used as a reference. Scans with significant mis-reg-
istration between PET and CT data, e.g., as a result of 
respiratory motion, were excluded from quantitative 
analyses.

CT data
All CT images were reconstructed using the manu-
facturer-provided software with a slice thickness of 
2.344 mm to match those of PET and an in-plane voxel 
size of ~ 0.49 × 0.49 mm.

Low-dose CT images were also visually assessed for 
presence of gallstones and biliary sludge. Additionally, a 
quantitative assessment of hepatic steatosis was made. 
For each patient, volumes of interest (VOIs) were drawn 
on the low-dose CT portion of the scan in the following 
way: three 20-mm diameter spherical VOIs in the liver: 
one on segment II/III at the level of the portal vein, one 
on segment VIII and one on segment VII, avoiding inclu-
sion of prominent vascular structures; three 20-mm 
diameter spherical VOIs were drawn on the spleen, 
aiming to sample 3 different areas of the organ. Mean 
Hounsfield Unit (HU) values in each VOI were recorded. 
Hepatic steatosis was defined by the presence of relative 
hypoattenuation of the liver at least 10 HU less than that 
of the spleen [15, 16].

Data analysis
Data were summarized as frequency (percentages) or 
mean (standard deviation). Differences in qualitative fea-
tures were compared using the chi-squared test or Fish-
er’s exact test, as appropriate. Differences in continuous 
data (e.g., age, body-mass index [BMI]) were compared 
between groups using Mann–Whitney U test. A two 
tailed p value < 0.05 was considered significant.

Results
Gallbladder visualization
Clinical characteristics of the study participants are sum-
marized in Table 2.

18F-FDG accumulation within the gallbladder was 
visualized in all the study participants in at least one 
timepoint during serial imaging (Table  3). No dif-
ferences were seen in visualization rates between 
healthy and lymphoma cohorts. No association was 
detected between GB visualization at each of the study 
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timepoints and different clinical characteristics of the 
73 study participants, including age, sex, race, ethnicity, 
weight, height, BMI, or blood glucose level prior to 18F-
FDG injection.

Similarly, the actual fasting duration was compara-
ble between participants who demonstrated GB uptake 
at their first scanning timepoint (40- or 60-min) versus 
those with more delayed visualization (10.8 ± 3.2 vs. 
11.2 ± 3.1 h). Also, there was no significant difference in 
fasting duration between the healthy group (10.6 ± 2.8 h) 
and the lymphoma group (11.2 ± 3.8 h).

GB visualization was not linked to injected activity 
dose, though image interpretation was more challenging 
in the healthy cohort sub-group that received low-dose 
18F-FDG injection (N = 15) due to increased image noise, 
especially for the delayed timepoints. Also, no associa-
tion was seen with any given history of smoking, diabe-
tes, hyperlipidemia, or cardiovascular, autoimmune, or 
oncologic conditions. Moreover, the presence of hepatic 
steatosis showed no significant relationship with GB vis-
ualization, uptake intensity or pattern.

Gallbladder uptake intensity and pattern
GB uptake intensity and pattern were strongly associated 
with the imaging timepoint (Fig.  2). Higher GB uptake 

intensity with respect to liver background and predomi-
nantly luminal localization of tracer activity, rather than 
GB wall uptake, were seen significantly more frequently 
(P < 0.001) in the delayed timepoints (90–180 min) com-
pared to early timepoints (40–60 min) (Fig. 3).

Quantitatively, 11 subjects were not amenable for accu-
rate quantification due to significant respiratory motion 
(8 healthy participants and 3 lymphoma patients). In the 
remaining 62 study participants, the average GB SUVmax 
values for the 40-, 60-, 90-, 120-, and 180-min timepoints 
were, respectively, 2.7 ± 1.9, 2.4 ± 0.8, 2.7 ± 1.2, 2.8 ± 1.0, 
and 3.8 ± 2.3, while the average liver SUVmean for the 
same timepoints were 3.9 ± 0.7, 2.7 ± 0.5, 2.3 ± 0.5, 
2.4 ± 0.4, and 1.8 ± 0.4, respectively.

A characteristic GB luminal 18F-FDG distribution was 
observed in 3 patients, where it was visualized in one 
portion of the GB lumen, while the remaining portion 
showed no tracer accumulation. On the corresponding 
CT scans, these two luminal areas showed visually dis-
tinct attenuation levels, suggesting different bile compo-
sition (Fig.  4). We assume this finding could be related 
to the presence of biliary sludge: this buildup of biliary 
compounds sits in the body and neck of the GB, which 
are the lower parts when the patient is in the supine posi-
tion, while more water based, non-organized content will 

Fig. 1 18F-FDG uptake patterns in the gallbladder wall and lumen. PET and fused PET/CT images after i.v. injection of 379 MBq in a 30 y/o healthy 
participant. A–C 40 min post injection scan shows gallbladder wall activity, equal to the liver; D–F 180 min post injection scan shows gallbladder 
luminal activity, higher than the liver
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Table 2 Clinical characteristics of the study participants

a Missing data not available on the internal records or participant refused to provide this information

Characteristic Healthy (N = 48) Lymphoma (N = 25)

Age (years) 49.1 ± 12.9 (26–78) 55.8 ± 18.6 (24–83)

Weight (kg) 78.6 ± 16 (47.7–112.5) 80.8 ± 18.9 (55–126)

Height (cm) 169.7 ± 8.8 (152.4–195.6) 168.3 ± 9.5 (149.9–188)

BMI (kg/m2) 27.3 ± 5 (17.5–37) 28.5 ± 6.1 (18.4–44.4)

Blood glucose (mg/dl) 92.1 ± 13.4 (62–130) 97.4 ± 23.1 (66–156)

Fasting period (h) 10.6 ± 2.8 (6–16) 11.2 ± 3.8 (6–18)

Liver-Spleen (HU) 10.1 ± 7.7 (-5.1–21.1) 6.9 ± 10.9 (-31.1–17.7)

Sex

F 28 14

M 20 11

Racea

White 24 17

Black or African American 6 1

Asian 5 1

American Indian or Alaska Native 2 0

More than one race 0 1

Other 0 4

Ethnicitya

Hispanic 7 5

Not Hispanic or Latino 30 20

Hypercholesterolemiaa

Negative 20 22

Positive (not on statin) 6 1

Positive (on statin) 4 1

Table 3 Changes in frequency of gallbladder visualization, uptake intensity, and pattern in respect to serial acquisition timepoints

The bold row signifies the frequency of GB visualization that was further analyzed regarding other features in subsequent rows
a Association between timepoint and gallbladder uptake intensity was statistically highly significant (P < 0.0001). Data from scans with gallbladder uptake equal to or 
higher than the liver activity were summed together
b Association between timepoint and uptake pattern was statistically highly significant (P < 0.0001). Data labeled as ‘luminal & wall’ were added to their respective 
categories

Gallbladder PET feature Image acquisition timepoint (min)

40 60 90 120 180

Visualization

No 6 (12%) 5 (21%) 1 (2%) 0 (0%) 0 (0%)

Yes 42 (88%) 19 (79%) 48 (98%) 43 (100%) 30 (100%)
Uptake intensitya

Less than Liver 29 (69%) 15 (79%) 23 (48%) 9 (21%) 7 (23%)

Equal to Liver 13 (31%) 4 (21%) 24 (50%) 31 (72%) 15 (50%)

Higher than Liver 0 (0%) 0 (0%) 1 (2%) 3 (7%) 8 (27%)

Uptake patternb

Wall 29 (69%) 5 (26%) 8 (17%) 2 (4%) 0 (0%)

Luminal 9 (21%) 9 (48%) 36 (75%) 36 (84%) 28 (93%)

Luminal & wall 4 (10%) 5 (26%) 4 (8%) 5 (12%) 2 (7%)
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lie on top, in the fundus area. This lighter content is more 
likely to hold the excreted 18F-FDG in solution.

It is worth mentioning that no focal or diffuse 18F-FDG 
uptake suggestive of GB abnormalities, e.g., masses or 
gross wall thickening, was detected in any of the study 
participants. Incidental gallstones were seen in 2 healthy 
participants.

Discussion
In this work, tracer accumulation within the gallbladder 
was visualized in all the study participants, both healthy 
participants and lymphoma patients, in at least one time-
point during serial imaging. These findings contradict an 
earlier study that reported detection rate less than 1% [5] 
and could relate to the characteristics of new generation 
total-body PET/CT scanners, which provide images with 
greater spatial resolution and signal-to-noise ratio com-
pared to prior generations of PET/CT scanners [8, 12, 14, 
17]. Interestingly, GB was still systematically visualized, 
even in the subgroup that received 1/20th of the standard 
injection dose, suggesting that spatial resolution is a key 
factor for this application.

Imaging protocols employing total-body PET can be 
expected to demonstrate findings that may not have been 
previously visualized or described before (e.g., blanching 
defects [18]). Recent works carried out using total-body 
PET/CT demonstrated that SUVs in small structures, 
such as walls of major blood vessels, are higher than that 
usually seen from standard scanners [19]. Also, uptake 
in normal physiologic structures becomes apparent or 
more prominent than what is reported on conventional 

scanners, such as in the adrenal glands, the pituitary 
gland, and grey matter of the spinal cord [17, 20].

We hypothesize that the described 18F-FDG distribu-
tion in the gallbladder in this study to be physiologic. 
Two major observations that backup this assumption 
are: first, the GB visualization was systematic and seen 
invariably across healthy and lymphoma patients, at least 
in one scanning timepoint. Second, a significant positive 
association was observed between luminal tracer build-
up and scanning timepoint, supporting the idea that 18F-
FDG accumulates inside the gallbladder over time, until 
it gets excreted by physiological gallbladder emptying.

We described the presence of not only luminal activ-
ity but also wall uptake, the latter at a much higher fre-
quency in the early timepoints (40- & 60-min). While 
we do not hold a clear explanation of the anatomic/his-
tologic structure within the gallbladder that is respon-
sible for wall uptake, and why it tends to disappear at 
later timepoints, we hypothesize it might be related to 
smooth muscle uptake, which might be more prominent 
in the earlier phases after tracer injection. This could be, 
at least partially, attributed to early local blood flow and 
late physiologic washout. This assumption might be sup-
ported by the higher frequency of early tracer detection 
in the wall (69%, 26%, 17%, 5% and 0% at 40-, 60-, 90-, 
120-, and 180-min timepoints, respectively). However, 
this hypothesis needs further validation, for example 
through kinetic modeling and parametric imaging [21].

Our data are partially consistent with another retro-
spective study [6], in which a small, 12-patient cohort 
was scanned at two timepoints (mean: 73- and 142-min 

Fig. 2 Qualitative and quantitative changes in gallbladder uptake over time. Frequency of gallbladder visualization (wall & lumen) and changes in 
the uptake intensity in respect to the liver background activity (A), and gallbladder & liver standardized uptake values (B) in relation to the scanning 
timepoints in 73 study participants. Error bars represent the standard deviation. Please note that the same subject was not scanned across all the 
given timepoints. Details of the study subgroups and scanning protocols are summarized in Table 1. Also, please note that the small category where 
both wall and lumen were visualized was added to their respective category in this graph. Details about the exact numbers are given in Table 3
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post-injection) to assess changes in uptake intensity and 
pattern over time. The authors reported absence of 18F-
FDG in the gallbladder at the first time point in 11/12 
patients, while uptake was observed in 8/12 patients at 
the delayed time point. These authors were the first to 
report 18F-FDG accumulation within the lumen, rather 
than wall, of non-pathologic gallbladder and suggested 
that this phenomenon may occur as a result of physi-
ologic 18F-FDG excretion into the bile.

Similarly, in our work we noticed  increasing18F-FDG 
luminal accumulation at later timepoints. The under-
lying physiologic mechanism could be explained as 
follows. Normal bile includes glucose in negligible 
amounts due to active reabsorption at the peripheral 
(cholangiocytes) end of the hepatic lobule after being 
secreted at the bile canaliculi by hepatocytes [22]. 
While passing through the hepatocytes, both glucose 
and 18F-FDG initially enter canalicular bile through 
energy independent transport mechanism (glucose 
transporter 2, GLUT2); however, glucose, but not 18F-
FDG, is subsequently reabsorbed from bile by chol-
angiocytes. Glucose is transported from bile to blood 

via sodium glucose transporter 1 (SGLT-1), expressed 
on the cholangiocytes apical plasma membrane, then 
by GLUT-1 transporters expressed on the basolat-
eral plasma membrane [23]. Because fluoride replaces 
the hydroxyl group on Carbon 2 of the FDG molecule, 
18F-2-FDG is not transported by SGLTs in the cholan-
giocytes [24, 25]. Accordingly, 18F-FDG ends up in the 
gallbladder instead of being reabsorbed back into cir-
culation. These expectedly minute quantities of 18F-
FDG may not be amenable to detection by conventional 
scanners using standard imaging protocols. How-
ever, performing the scan on high-sensitivity scanner, 
together with delayed images acquired for full 20 min, 
allowed for consistent visualization of the activity. It is 
worth mentioning that we were not able to detect any 
increase in 18F-FDG activity within the small intestine 
related to GB luminal uptake and expected subsequent 
biliary-to-bowel transit. This is probably because dif-
fuse low-grade bowel uptake is part of normal 18F-FDG 
biodistribution, and numerous physiologic and patho-
logic conditions can significantly alter this distribution 
[26, 27]. Accordingly, we assume the contribution from 

Fig. 3 Changes in the gallbladder 18F-FDG uptake pattern and intensity on serial total-body PET/CT acquisitions. Axial PET, CT and fused images 
acquired after i.v. injection of 389 MBq in a 53 y/o healthy participant. Images at 40-min timepoint show wall activity, equal to the liver background; 
images at 90-min timepoint show luminal uptake, equal to the liver uptake; and images acquired at 180-min post-injection show increased luminal 
uptake, higher than that of the liver background. Arrows: gallbladder; Asterisks: gallbladder lumen; A PET, CT and fused PET/CT images at 40-min 
timepoint; B PET, CT and fused PET/CT images at 90-min timepoint; C PET, CT and fused PET/CT images at 180-min timepoint
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the 18F-FDG within the excreted bile might be too small 
to be noticed, especially when considering the physi-
ologic bowel peristalsis.

Our study has several strengths, including the use of 
an ultrasensitive high-resolution total-body PET/CT 
scanner, the employment of multiple sequential time-
points, inclusion of a healthy cohort, and the enrich-
ment of our dataset with a group with diverse ethnic/
racial backgrounds. On the other hand, we recognize 
several limitations that affected our study. First, our 
findings were not independently validated by correla-
tion with a GB-related questionnaire, other imaging 
modalities (e.g., abdominal ultrasound), or histopathol-
ogy. Additionally, several participants were scanned 
on outpatient-basis and their full medical record was 
not available at our institution. Second, we frequently 
encountered mismatch between the PET and CT due 
to respiratory motion which could affect the accuracy 
of quantification [28]; accordingly, we relied mainly 
on the qualitative description in respect to physi-
ologic liver uptake. The supplied quantitative analyses 
should be cautiously interpreted. Work towards the 

development of total-body motion correction is ongo-
ing [29, 30]. Third, we employed non-contrast low-dose 
or ultra-low-dose CT protocols, which were adequate 
for anatomical localization and attenuation correction 
but were harder to leverage further (e.g., for quanti-
tively evaluating the serial changes in GB volumes). 
Lastly, this is an exploratory work with limited number 
of participants, which might not have enough power to 
detect small differences between or within subgroups. 
However, the uniform visualization of gallbladder could 
be used to inform future studies intended to investigate 
further pathophysiologic aspects, for example, how the 
gallbladder uptake would change before and after spe-
cific systemic treatment in oncologic subjects.

Conclusions
Our study demonstrated visualization of the gallbladder 
in all healthy subjects and lymphoma patients in 18F-FDG 
scans performed at 120 and 180 –minutes post-injec-
tion, when imaged on a high-sensitivity high-resolution 
total-body PET/CT scanner. The tracer uptake was more 

Fig. 4 Uneven 18F-FDG uptake in the gallbladder. PET, CT and fused PET/CT images of a 61 y/o healthy female participant, scanned at 90-min 
post-injection of 334 MBq of 18F-FDG. Images show distribution of 18F-FDG uptake in the gallbladder: one portion shows uptake with lower 
attenuation on the corresponding CT, while the other portion shows no uptake and higher attenuation on the corresponding CT. These findings 
suggest the presence of different luminal content. Arrowhead: gallbladder portion showing tracer uptake with lower attenuation on the 
corresponding CT; arrows: gallbladder portion showing no uptake and higher attenuation on the corresponding CT. A axial, B coronal, planes of 
PET, CT and fused PET/CT images
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evident in the gallbladder wall at earlier timepoint scans, 
whereas luminal activity was more prevalent in delayed 
images with tracer accumulation increasing with time. 
We believe that the consistent visualization of GB can be 
described as a physiologic finding and should not be mis-
taken for pathology or uncommon finding.

Abbreviations
LAFOV  Long-axial field-of-view
18F-FDG  18F-2-fluorodeoxyglucose
PET/CT  Positron emission tomography/computed tomography
GB  Gallbladder
TB  Total-body
IRB  Institutional Review Board
EMR  Electronic Medical Record
OSEM  Ordered subset expectation maximization
TOF  Time-of-flight
PSF  Point-spread function
VOIs  Volumes of interest
HU  Hounsfield Unit
BMI  Body-mass index

Acknowledgements
The authors would like to thank all the EXPLORER Team at the University of 
California, Davis for their support.

Author contributions
AC, YGA, EKAT, BAS, FS, LN are the study designers; AC, YGA, BAS, MSC, RDB, LN 
collected and assembled the data; BAS, SRC, RDB, LN provided administrative 
support; AC, YGA, EKAT, BAS, CRC, SRC, RDB, FS, LN analyzed and interpreted 
the data; AC, YGA, EKAT, BAS, DA, CRC, FB, FD, SRC, RDB, LN conducted the 
manuscript writing; and AC, YGA, EKAT, BAS, MSC, DA, CRC, FB, FD, SRC, RDB, 
FS, LN revised and enhanced the manuscript. All authors read and approved 
the final manuscript.

Funding
The work is supported in part by NIH R01CA249422 and P30CA093373-18S4.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The University of California, Davis Institutional Review Board approved the 
study protocols (#1341792, #1714742 and #1470016) and written informed 
consent was obtained from all participants. The study was performed in 
accordance with the declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
UC Davis has a revenue-sharing agreement with United Imaging Healthcare. 
RDB, SRC, and LN and are investigators on a research grant funded by United 
Imaging Healthcare. No other potential conflicts of interest relevant to this 
article exist. LN is site Principal Investigator of clinical trials supported by 
Novartis Pharmaceuticals Corporation. LN is site Principal Investigator of a 
clinical trial supported by Telix Pharmaceuticals. LN is site Principal Investiga-
tor a clinical trial supported by Lantheus Medical Imaging. LN is site Principal 
Investigator of a clinical trials supported by General Electric Healthcare.

Author details
1 Department of Radiology, EXPLORER Molecular Imaging Center, University 
of California, Davis, 3195 Folsom Blvd, Davis, Sacramento, CA 95816, USA. 
2 Nuclear Medicine Unit, South Egypt Cancer Institute, Assiut University, Asyut, 

Egypt. 3 Nuclear Medicine Unit, TracerGLab, Fondazione Policlinico Univer-
sitario A. Gemelli IRCCS, Rome, Italy. 4 Department of Biomedical Engineer-
ing, University of California Davis, Davis, CA, USA. 5 Department of Internal 
Medicine, University of California Davis, Davis, CA, USA. 6 Nuclear Medicine 
Department, University of Brescia and ASST Spedali Civili di Brescia, Brescia, 
Italy. 7 Department of Radiology, Sangre Grande Hospital, Eastern Regional 
Health Authority, Sangre Grande, Trinidad and Tobago. 

Received: 26 June 2022   Accepted: 21 December 2022

References
 1. Kostakoglu L, Hardoff R, Mirtcheva R, Goldsmith SJ. PET-CT fusion 

imaging in differentiating physiologic from pathologic FDG uptake. 
Radiographics. 2004;24(5):1411–31.

 2. Oe A, Kawabe J, Torii K, Kawamura E, Higashiyama S, Kotani J, Hayashi 
T, Kurooka H, Tsumoto C, Kubo S, et al. Distinguishing benign from 
malignant gallbladder wall thickening using FDG-PET. Ann Nucl Med. 
2006;20(10):699–703.

 3. Bai X, Wang X, Zhuang H. FDG accumulation in the lumen of the gallblad-
der without related pathology. Clin Nucl Med. 2018;43(5):383–5.

 4. Hussain RP, Nausheen S, Ahmed N, Mahmood T. Benign uptake of (18)
F-fluorodeoxyglucose in the gallbladder on positron emission tomogra-
phy-computed tomography. World J Nucl Med. 2020;19(3):288–90.

 5. Asmar K, El Amine MA, Bejjani A, Makki M, Tamim H, Abi-Ghanem AS. Fac-
tors influencing incidental (18)F-FDG uptake in the gallbladder in a large 
cohort of patients: a retrospective study. Clin Imaging. 2020;61:43–8.

 6. Murata Y, Watanabe H, Kubota K, Toda K, Nakamura S, Okouchi K, Shibuya 
H. PET/CT evaluation of the physiologic accumulation of 18F-FDG within 
the gallbladder vesicle. Nucl Med Biol. 2007;34(8):961–6.

 7. Nadig V, Herrmann K, Mottaghy FM, Schulz V. Hybrid total-body pet 
scanners-current status and future perspectives. Eur J Nucl Med Mol 
Imaging. 2022;49(2):445–59.

 8. Spencer BA, Berg E, Schmall JP, Omidvari N, Leung EK, Abdelhafez 
YG, Tang S, Deng Z, Dong Y, Lv Y, et al. Performance evaluation of the 
uEXPLORER total-body PET/CT scanner based on NEMA NU 2–2018 with 
additional tests to characterize PET scanners with a long axial field of 
view. J Nucl Med. 2021;62(6):861–70.

 9. Cheng G, Torigian DA, Zhuang H, Alavi A. When should we recommend 
use of dual time-point and delayed time-point imaging techniques in 
FDG PET? Eur J Nucl Med Mol Imaging. 2013;40(5):779–87.

 10. Houshmand S, Salavati A, Segtnan EA, Grupe P, Hoilund-Carlsen PF, Alavi 
A. Dual-time-point imaging and delayed-time-point fluorodeoxyglucose-
PET/computed tomography imaging in various clinical settings. PET Clin. 
2016;11(1):65–84.

 11. Matthies A, Hickeson M, Cuchiara A, Alavi A. Dual time point 18F-FDG PET 
for the evaluation of pulmonary nodules. J Nucl Med. 2002;43(7):871–5.

 12. Nardo L, Abdelhafez YG, Spencer BA, Badawi RD. Clinical implementa-
tion of total-body PET/CT at University of California, Davis. PET Clin. 
2021;16(1):1–7.

 13. Nardo L, Pantel AR. Oncologic applications of long axial field-of-view PET/
computed tomography. PET Clin. 2021;16(1):65–73.

 14. Ng QK, Triumbari EKA, Omidvari N, Cherry SR, Badawi RD, Nardo L. Total-
body PET/CT—first clinical experiences and future perspectives. Semin 
Nucl Med. 2022;52(3):330–9.

 15. Hamer OW, Aguirre DA, Casola G, Lavine JE, Woenckhaus M, Sir-
lin CB. Fatty liver: imaging patterns and pitfalls. Radiographics. 
2006;26(6):1637–53.

 16. Wells MM, Li Z, Addeman B, McKenzie CA, Mujoomdar A, Beaton M, Bird J. 
Computed tomography measurement of hepatic steatosis: prevalence of 
hepatic steatosis in a Canadian population. Can J Gastroenterol Hepatol. 
2016;2016:4930987.

 17. Badawi RD, Shi H, Hu P, Chen S, Xu T, Price PM, Ding Y, Spencer BA, Nardo 
L, Liu W, et al. First human imaging studies with the EXPLORER total-body 
PET scanner. J Nucl Med. 2019;60(3):299–303.

 18. Abdelhafez YG, McBride KM, Leung EK, Hunt HH, Spencer BA, Lopez JE, 
Atsina K, Li EJ, Wang G, Cherry SR et al. Blanching defects at the pressure 
points: observations from dynamic total-body PET/CT studies. J Nucl Med 
Technol. 2022.



Page 10 of 10Calabro’ et al. BMC Medical Imaging            (2023) 23:9 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 19. Derlin T, Spencer BA, Mamach M, Abdelhafez Y, Nardo L, Badawi RD, 
Cherry SR, Bengel FM. Exploring vessel wall biology in vivo by ultra-sensi-
tive total-body positron emission tomography. J Nucl Med. 2022.

 20. Abdelhafez YG, Omidvari N, Spencer BA, Badawi RD, Cherry SR, Nardo 
L. Initial evaluation of 18F-FDG biodistribution in healthy and oncology 
subjects scanned using the uEXPLORER total-body PET/CT. Insights Imag-
ing. 2020;11(Suppl 1):34.

 21. Wang G, Nardo L, Parikh M, Abdelhafez YG, Li E, Spencer BA, Qi J, Jones T, 
Cherry SR, Badawi RD. Total-body PET multiparametric imaging of cancer 
using a voxelwise strategy of compartmental modeling. J Nucl Med. 
2022;63(8):1274–81.

 22. Jones MW, Small K, Kashyap S, Deppen JG. Physiology, gallbladder. Stat-
Pearls. 2021.

 23. Masyuk AI, Masyuk TV, Tietz PS, Splinter PL, LaRusso NF. Intrahepatic bile 
ducts transport water in response to absorbed glucose. Am J Physiol Cell 
Physiol. 2002;283(3):C785-791.

 24. Barrio JR, Huang SC, Satyamurthy N, Scafoglio CS, Yu AS, Alavi A, Krohn 
KA. Does 2-FDG PET accurately reflect quantitative in vivo glucose utiliza-
tion? J Nucl Med. 2020;61(6):931–7.

 25. Wright EM, Loo DD, Hirayama BA. Biology of human sodium glucose 
transporters. Physiol Rev. 2011;91(2):733–94.

 26. Toriihara A, Yoshida K, Umehara I, Shibuya H. Normal variants of bowel 
FDG uptake in dual-time-point PET/CT imaging. Ann Nucl Med. 
2011;25(3):173–8.

 27. Vangu MDT, Momodu JI. F-18 FDG PET/CT imaging in normal variants, 
pitfalls and artifacts in the abdomen and pelvis. Front Nuclear Med. 2022. 
1.

 28. Nehmeh SA, Erdi YE, Ling CC, Rosenzweig KE, Squire OD, Braban LE, Ford 
E, Sidhu K, Mageras GS, Larson SM, et al. Effect of respiratory gating on 
reducing lung motion artifacts in PET imaging of lung cancer. Med Phys. 
2002;29(3):366–71.

 29. Shiyam Sundar L, Iommi D, Spencer B, Wang Q, Cherry S, Beyer T, Badawi 
R. Data-driven motion compensation using cGAN for total-body [18F]
FDG-PET imaging. J Nucl Med. 2021;62(supplement 1):35.

 30. Shiyam Sundar LK, Iommi D, Muzik O, Chalampalakis Z, Klebermass 
EM, Hienert M, Rischka L, Lanzenberger R, Hahn A, Pataraia E, et al. 
Conditional generative adversarial networks aided motion correction of 
dynamic (18)F-FDG PET brain studies. J Nucl Med. 2021;62(6):871–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	18F-FDG gallbladder uptake: observation from a total-body PETCT scanner
	Abstract 
	Background 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study participants
	Protocol and technical acquisition details
	Image reconstruction and analysis
	PET imaging

	CT data
	Data analysis

	Results
	Gallbladder visualization
	Gallbladder uptake intensity and pattern

	Discussion
	Conclusions
	Acknowledgements
	References


