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A B S T R A C T

Objectives: This study aims to assess the incidence of incidental activity in the gallbladder and the factors that
may contribute to it in a large cohort of patients undergoing 18F-fluorodeoxyglucose-PET/CT for cancer eva-
luation.
Methods: 8096 PET/CTs were retrospectively reviewed. Data pertaining to patient demographics and PET/CT
parameters were collected. Patients' records were reviewed for gallbladder disorders for up to 3 years after the
exam. The presence/absence of gallbladder uptake was visually assessed. Findings were classified as focal,
diffuse increased and diffuse increased wall uptake, or no uptake. Volumetric measurements of the gallbladder
and SUVmax of the gallbladder, liver and blood pool were measured. Chi-square and Student's t-test were used
for statistical analysis.
Results: 54 cases (0.67%) of incidental gallbladder uptake were detected (uptake group). 162 exams without
uptake were selected as control (no uptake group). The injection-to-scan interval, SUVmax of the liver and blood
pool, and the gallbladder volume did not differ significantly between both groups. Higher blood glucose levels
were observed in the uptake (109.9 ± 32.5) vs. no uptake group (97.4 ± 18) (p = 0.01), with levels >
150 mg/dL more common in the uptake group (p = 0.004). The incidence of gallbladder disease within 3 years
after imaging was higher for the uptake group (12/36) compared to the no uptake group (15/115) (p = 0.02).
Diffuse increased wall uptake was more likely in the group who later developed a pathology (4/12) (p = 0.03).
Conclusion: Incidental gallbladder uptake in patients is independent of the injected FDG dose, injection-to-scan
interval or gallbladder volume, but may be related to blood glucose level. There's a higher incidence of gall-
bladder pathology three years after the exam particularly in cases of diffuse increased wall uptake.

1. Introduction

The use of PET/CT for cancer staging has become the standard of
care in several malignancies, mainly cancers of the head and neck,
esophagus, stomach, lung, thyroid, bone and lymphoid tissue [1]. Over
2 million exams in total were performed in the US in 2018 [2].

18F-fluorodeoxyglucose (FDG) is the most commonly used radio-
pharmaceutical. It localizes to metabolically active cells such as cells
with high rates of mitoses [3]. However, false positives commonly
occur in areas of infection and inflammation, decreasing the specificity
of the exam for tumor detection and delineation [4,5]. This task is

further challenged by variable physiological uptake in the bowels and
myocardium or by incidental uptake in certain parts of the body, such
as the pituitary gland, the thyroid gland and the gallbladder [4,6].

The decision to investigate FDG uptake in these locations should
always be considered in the presence of clinical symptoms or laboratory
abnormalities [7]. But in the absence of these, should we engage in
costly investigations, follow-up examinations or invasive procedures to
clarify these “abnormalities”? In fact, studies examining thyroid in-
cidentalomas on FDG PET/CT in 16,000 [8] and 46,000 exams [9]
found an incidence of 1–2% with 50% of these FDG-avid lesions re-
presenting malignant thyroid neoplasms. However, both studies could
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not confidently suggest investigating thyroid incidentalomas in light of
the short life expectancy due to the primary malignancy [8,9]. Another
study investigating pituitary incidentaloma found a 0.2% incidence in a
sample of 8400 PET/CTs and 50% of these cases were also found to be
malignant [10].

Similarly, the gallbladder is not usually FDG-avid unless a patho-
logical process is occurring such as adenomyomatosis, cholecystitis or
malignancy [11,12]. Nevertheless, incidental uptake has been reported
in the literature, albeit scarcely, and very few studies have investigated
the significance or the circumstances that might lead to such an uptake
[13,14].

Therefore, we conducted a study to assess the incidence of in-
cidental gallbladder uptake and the factors which may contribute to it
in a large cohort of patients undergoing FDG PET/CT for cancer eva-
luation.

2. Materials and methods

2.1. Study design

This study has been approved by the Institutional Review Board and
the need for written informed consent was waived.

10,020 consecutive PET/CT cases performed between January 2014
and August 2018 at a single institution for the purpose of diagnosis,
staging or follow-up of malignancy were retrospectively reviewed.
Cases that did not cover the gallbladder region or use FDG as radio-
tracer were excluded. All CT scans of the PET/CT exams were reviewed
for the presence of the gallbladder and a total of 8096 PET/CTs were
finally selected for analysis.

A review of all the images was conducted to detect any gallbladder
uptake in the PET/CT exams, and the medical charts of each of these
patients were reviewed for data pertaining to age, sex, body mass index
(BMI), injected activity of FDG, blood glucose level at the time of scan,
indication for PET/CT and injection-to-scan time interval. Every med-
ical condition related to the gallbladder was followed up for up to
3 years after the PET/CT exam that showed gallbladder uptake.

Any pathology of the gallbladder within that time period was re-
corded including cholecystectomy, wall calcification, polyps or non-
specific findings that were seen on follow-up examinations.

Finally, 3 PET/CT exams without FDG uptake in the gallbladder
were selected chronologically, starting with the oldest available cases to
serve as “no uptake” control group for every case with gallbladder
uptake. These exams were matched for age, sex, BMI and injected ac-
tivity of FDG. The same data were collected from the medical records of
these subjects.

2.2. Image acquisition

Patients were imaged on a Philips Gemini Time of Flight PET/CT

(Philips Healthcare, Amsterdam, Netherlands) combining a 16-slice
multidetector CT scanner with a dedicated, full-ring PET scanner with
bismuth germanate crystals. The CT scan protocol was acquired using a
weight-based low-dose protocol (120 kVp < 60 kg or 140 kVp ≥ 60 kg
and 35 mA < 60 kg or 50 mA if 60–80 kg or 65 mA if 80–100 kg or
100 mA if > 100 kg). Total imaging time was approximately 20 min.
Attenuation-corrected PET images were reconstructed with an iterative
reconstruction (ordered-subset expectation maximization algorithm).
Orthogonal CT, PET and fused PET/CT images were displayed si-
multaneously on a Philips IntelliSpace Portal Workstation (Amsterdam,
Netherlands). The PET data were also displayed in a rotating maximum-
intensity projection.

2.3. Image analysis

Visual assessment was performed by consensus agreement by 3
experienced radiologists for the presence or absence of gallbladder
uptake. The findings were classified as 1) diffuse increased uptake in
cases of increased uptake in the gallbladder wall and lumen, 2) focal
uptake in cases of increased focal uptake in the gallbladder wall only, 3)
diffuse increased wall uptake in cases of increased uptake in the gall-
bladder wall only, or 4) no increased uptake (controls). In cases of
diffuse increased uptake, SUVmax of the gallbladder was measured
using a circular ROI that fits the largest gallbladder lumen; in cases of
increased focal uptake, SUVmax was measured using a seed ROI based
on adaptive threshold (Fig. 1). In negative cases, gallbladder SUVmax
was measured by a circular ROI that fits the largest gallbladder lumen.
For hepatic and blood pool uptake, the same methods were used for
both positive and negative cases: in the liver, SUVmax was measured
using a circular ROI of 3 cm diameter in the most homogeneous part of
the parenchyma (mostly in the right hepatic lobe); the blood pool ac-
tivity was measured in the ascending aorta and aortic arch using a
circular ROI that fits the lumen. Three dimensional volumetric mea-
surements of the gallbladder were performed using the tumor tracking
function of Philips IntelliSpace on low-dose body CT for both uptake
and no uptake groups.

2.4. Statistical analysis

The Statistical Package for Social Sciences (SPSS), version 24.0 was
used for data cleaning, management and analyses. Data were described
as number and percent for categorical variables, whereas the mean and
standard deviation ( ± SD) was calculated for continuous variables. The
comparison between the uptake group, no uptake group and other ca-
tegorical variables was assessed using the Chi-square test, whereas
Student's t-test was used for the association with continuous variables.
p < 0.05 was considered statistically significant.

Fig. 1. Axial fused PET and CT images with 18F-FDG at the level of the upper abdomen showing incidental gallbladder uptake and adaptive threshold SUV mea-
surements with the three patterns encountered: diffuse increased uptake in the entire gallbladder (pattern 1, A), focal uptake in the gallbladder wall (pattern 2, B) and
diffuse increased uptake in the gallbladder wall only (pattern 3, C).
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3. Results

After screening all 10,020 PET/CT exams performed between
January 2014 and August 2018, 8096 cases met the eligibility criteria
for analysis. 54 exams (0.67%) were found to have incidental gall-
bladder uptake (Fig. 2). No gallbladder pathology was seen in any of
these cases at the time of exam. A total of 162 “no uptake” controls
matched for age, gender, BMI and injected activity of FDG were se-
lected. Our sample of 216 exams consisted of more men (51.9%) than
women (48.1%) with an average age of 50.5 ± 17.9 years and a BMI
mostly between normal (20–24.9 kg/m2), overweight (25–29.9 kg/m2)
and obese (30–34.9 kg/m2). The mean injected FDG activity was
252.7 ± 43.3 MBq.

Table 1 summarizes the differences between our uptake and no
uptake groups. There was no significant difference for the matched
variables. The indication for PET/CT, i.e. the primary malignancy, was
similar for both groups (p-value = 0.07) with most of our patients
presenting with lymphoma, breast cancer, lung cancer, genitourinary
and gastrointestinal (excluding gallbladder) malignancies. Ad-
ditionally, the injection-to-scan time did not differ significantly (p-
value = 0.17) with 70.1 ± 18 min for the uptake group and
66.6 ± 15.9 min for the no uptake group.

The gallbladder showed SUVmax 4.4 ± 1.7 in the uptake group
compared to 1.5 ± 0.5 in the no uptake group (p-value < 0.0001).
The pattern of gallbladder uptake in our uptake group was pre-
dominantly diffuse (pattern 1: 44.4%), then focal (pattern 2: 42.6%)
then wall uptake (pattern 3: 13.0%).

SUVmax of the liver and SUVmax of the blood pool were not sig-
nificantly different between the 2 groups. Both SUVmaxGallbladder/
SUVmaxLiver and SUVmaxGallbladder/SUVmaxBlood Pool ratios were sig-
nificantly higher for the uptake group (p-value < 0.001). While the
gallbladder volume (mL) did not vary between the uptake group and
the no uptake group (30.9 ± 26.1 vs. 34.8 ± 21.5, p-value = 0.28),
the SUVmaxGallbladder/VolGallbladder ratio was significantly higher for the
uptake group (p-value < 0.0001).

Our results show a significantly higher blood glucose level (mg/dL)
in the uptake group (109.9 ± 32.5) vs. the no uptake group
(97.4 ± 18) with a p-value of 0.01. When pooled in ranges (< 100,

100–150 and > 150 mg/dL), 55.6% of the uptake group had a
BGL < 100 mg/dL vs. 71% of the no uptake group (p-value = 0.004).
The most significant difference was observed in patients with a
BGL > 150 mg/dL (13% of the uptake group vs. 1.9% of the no uptake
group, p-value = 0.004). However, the pattern of gallbladder uptake in
the uptake group was not affected by the blood glucose level (Table 2).

Within 3 years after the PET/CT exam, both groups had an equal
percentage of patients who had no information on follow-up (18/54 in
the uptake group—33.3% and 47/162 in the no uptake group—29.0%)
(Table 1). From those who had follow-up, the incidence of gallbladder
disease was significantly higher for the uptake group (12/36, 33.3%)
compared to the no uptake group (15/115, 13.0%) with a p-value of
0.02. The average number of days between the date of scan and the date
of presentation with a gallbladder pathology for the no uptake group
was 351 ± 171 days with a median of 334 days and a range of
115–639 days, while for the uptake group it was 337 ± 215 days with
a median of 257 days and a range of 90–721 days. Cholelithiasis was
the most common pathology encountered in the uptake group on
follow-up (5/12 cases, 42%), followed by diffuse wall calcifications (2/
12 cases, 17%) and diffuse wall thickening (2 case, 17%), gallbladder
polyps (1 case, 8%), focal wall calcifications (1 case, 8%) and cho-
langiocarcinoma (1 case, 8%). The no uptake group however only ex-
hibited cholelithiasis (9/15 cases, 60%), gallbladder polyps (4/15
cases, 27%) and metastatic deposit (2/15 cases, 13%) (Fig. 3). Within
the uptake group cases that had a follow-up within 3 years, a pattern of
diffuse increased wall uptake (pattern 3) was significantly more likely
in those who developed a pathology (4/12, 33.3%) compared to those
who did not (2/24, 8.3%) (p = 0.03). On the other hand, a pattern of
diffuse increased uptake (pattern 1) was significantly less likely in those
who developed a pathology (1/12, 8.3%) compared to those who did
not (11/24, 45.8%) (p = 0.03) (Table 3). Of the 4 cases in the uptake
group with diffuse increased wall uptake (pattern 3) who developed
pathology within 3 years, 2/4 (50%) had diffuse wall calcifications, 1/4
(25%) had diffuse wall thickening and 1/4 (25%) had cholelithiasis.

4. Discussion

The incidence of incidental gallbladder uptake in our sample of

Fig. 2. Consort flow diagram representing the identification and selection of the study population.

K. Asmar, et al. Clinical Imaging 61 (2020) 43–48

45



8096 PET/CTs was 0.67% or 1 case for every 150 PET/CT performed.
Incidental findings on 18F-FDG PET/CT should not be overlooked.
Agress et al. [15] investigated 1750 PET/CTs and found 42 incidental
foci of uptake at various locations in the body (incidence: 2.4%). A total
of 30 (71%) foci were identified as malignant or pre-malignant on
biopsy. One of these 30 foci was in the gallbladder and was revealed to
be a gallbladder carcinoma on histology. Taking into consideration the
massive burden of gallbladder disease which was reported to be 6.5
billion USD for the year 2000 in the USA [16], the need to investigate
even a rarely occurring incidental finding in the gallbladder should be
assessed.

SUVmax is a semi-quantitative tool for assessing metabolic uptake
in a region of interest. This is highly dependent on BMI, age, sex and
injected FDG activity [17]. However, in an effort to eliminate this
variability, all the patients were scanned on the same camera. In ad-
dition, we were able to match our uptake group cases with no uptake
controls for the aforementioned variables. Our uptake and no uptake
groups were comparable since SUVmax measurements in the blood pool
(2.1 ± 0.5 vs. 2.2 ± 0.5, p = 0.62) and liver (3.1 ± 0.7 vs.
3.3 ± 0.8, p = 0.09) were not significantly different. As a result, the
detected incidental uptake in the gallbladder is not a relative finding. In
fact, SUVmaxGallbladder/SUVmaxBlood Pool as well as SUVmaxGallbladder/

SUVmaxLiver ratios were both significantly higher for the uptake group
indicating a real and isolated gallbladder uptake independent of blood
pool and liver activity.

One of the methodological factors that might affect gallbladder
uptake is injection-to-scan time interval. Our results did not show a
correlation between incidental uptake and the injection-to-scan in-
terval. This is in contradiction with the literature. In fact, Murata et al.
reported a higher SUV uptake in the gallbladder when the injection-to-
scan interval increased [13]. However, the population of that study
consisted of patients without visible gallbladder uptake. They also
compared the SUV activity of the gallbladder in a group of patients
undergoing delayed abdominal PET/CT. In their study, they found a
higher SUV activity in the delayed phase (143 min) compared to the
early phase (73 min) [13]. Although uptake did increase with a longer
injection-to-scan time interval, this increase was not sufficient to be
visually detectable since neither of their scan resulted in incidental
uptake. In fact, their findings are more suggestive of FDG excretion in
bile because of simultaneous significant decrease in Liver SUV and in-
crease in gallbladder SUV, particularly within the gallbladder lumen
rather than the gallbladder wall. Incidental gallbladder uptake in our
study was not limited to diffuse uptake and is less likely to be explained
by a simple accumulation within the lumen.

Table 1
Comparison of collected data between uptake and no uptake groups.

Uptake group (%)
N = 54

No uptake group (%)
N = 162

p-Value

Gender Male 28 (51.9) 84 (51.9) 1.00
Female 26 (48.1) 78 (48.1)

Age (years) Mean ( ± SD) 50.4 ± 18 50.5 ± 18 0.97
BMI (kg/m2) Mean ( ± SD) 25.6 ± 4.6 25.6 ± 4.4 0.91

Under weight 4 (7.4) 8 (4.9) 0.66
Normal 22 (40.7) 69 (42.6)
Overweight 17 (31.5) 50 (30.9)
Obese 9 (16.7) 33 (20.4)
Extremely obese 2 (3.7) 2 (1.2)

Injected FDG dose (MBq) Mean ( ± SD) 252.3 ± 44 253.1 ± 42.9 0.94
Follow-up at three years No pathology 24 (44.4) 100 (61.7) 0.02

Pathology 12 (22.2) 15 (9.3)
No follow up 18 (33.3) 47 (29.0)

SUVmaxGallbladder Mean ( ± SD) 4.4 ± 1.7 1.5 ± 0.5 <0.0001
SUVmaxLiver Mean ( ± SD) 3.1 ± 0.7 3.3 ± 0.8 0.09
SUVmaxBlood Pool Mean ( ± SD) 2.1 ± 0.5 2.2 ± 0.5 0.62
Ratio SUVmaxGallbladder/SUVmaxLiver Mean ( ± SD) 1.5 ± 0.6 0.5 ± 0.2 <0.0001
Ratio SUVmaxGallbladder/SUVmaxBlood Pool Mean ( ± SD) 2.2 ± 0.9 0.7 ± 0.2 <0.0001
Ratio SUVmaxGallbladder/VolGallbladder Mean ( ± SD) 0.2 ± 0.2 0.06 ± 0.05 <0.0001
Blood glucose level (mg/dL) Mean ( ± SD) 109.9 ± 32.5 97.4 ± 18.0 0.01

< 100 30 (55.6) 115 (71.0) 0.004
100–150 17 (31.5) 44 (27.2)
> 150 7 (13.0) 3 (1.9)

Injection-to-scan interval (min) Mean ( ± SD) 70.1 ± 18 66.6 ± 15.9 0.17
VolGallbladder (mL) Mean ( ± SD) 30.9 ± 26.1 34.8 ± 21.5 0.28
Primary malignancy Breast cancer 9 (16.7) 38 (23.5) 0.07

GI 10 (18.5) 21 (13.0)
GU 6 (11.1) 14 (8.6)
Head and neck cancer 1 (1.9) 8 (4.9)
Lung cancer 5 (9.3) 23 (14.2)
Lymphoma/blood 23 (42.6) 43 (26.5)
MSK and Skin 0 (0.0) 15 (9.2)

Gallbladder uptake in positive cases Pattern 1 — diffuse increased uptake 24 (44.4)
Pattern 2 — focal increased uptake 23 (42.6)
Pattern 3 — diffuse increased wall uptake 7 (13.0)

Bold data indicates significant at p < 0.05

Table 2
Comparison of gallbladder uptake pattern and blood glucose levels within the uptake group.

Blood glucose (mg/dL) Pattern 1 — diffuse increased uptake Pattern 2 — focal increased uptake Pattern 3 — diffuse increased wall uptake p-Value

< 100 12 (50.0) 14 (60.9) 4 (57.1) 0.81
≥100 12 (50.0) 9 (39.1) 3 (42.9)
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The effect of gallbladder volume on incidental gallbladder uptake
was evaluated. A larger gallbladder could in theory result in a higher
accumulation of FDG which would be perceived as uptake.
Alternatively, a smaller gallbladder could result in a more concentrated
FDG accumulation and also be perceived as avid. We found similar
gallbladder volumes between our uptake and no uptake groups,
therefore negating the correlation between volume and uptake. Our
findings are not concordant with those of Murata et al. who reported a
higher SUV value with smaller gallbladder volumes. Their study how-
ever, included gallbladder without visual FDG uptake rather than clear
visual activity with the patterns we encountered in our series [13].

The relationship between FDG uptake and blood glucose levels was
addressed. In our study, blood glucose level at the time of scanning,
specifically BGL > 150 mg/dL, was the only factor to correlate with
incidental gallbladder uptake regardless of the pattern of uptake. The
uptake of FDG at the cellular level is mediated by the glucose trans-
porters (GLUT) family and the expression of GLUT subtypes varies be-
tween tissues [18]. Because these transporters carry both FDG and
unlabeled glucose, there is a possibility that competitive binding be-
tween FDG and endogenous glucose would result in lower FDG binding
and subsequent accumulation in the blood which eventually end up in
the gallbladder [19]. In tissues such as the brain and skeletal muscles,
competitive binding will result in decrease FDG uptake in cases of
chronic hyperglycemia or diabetes. In a non-diabetic patient however,
skeletal muscles react differently in episodes of acute hyperglycemia.
The insulin peak activates GLUT4 (an insulin-dependent transporter)
resulting in increased FDG uptake [20,21]. This competitive binding

results in more FDG in the circulation and a higher likelihood of FDG
uptake by normal organs. In a similar fashion, during acute hypergly-
cemia, FDG activity is increased in the blood pool via upregulation of
GLUT1 in red blood cells. In patients with dysfunctional glucose
homeostasis such as pre-diabetic or diabetic patients, FDG uptake may
be accentuated in more receptive organs such as the gallbladder [19].
Unfortunately, in addition to our small sample size, our data lack en-
ough information on the pathophysiology of our patients' hypergly-
cemia to allow us to confidently study the correlation between blood
glucose levels and incidental gallbladder uptake.

It is more likely that an early inflammatory response or an insidious
pathological process is underway resulting in incidental uptake in the
gallbladder. In fact, the incidence of pathology within 3 years is sig-
nificantly higher when the patient was found to have incidental gall-
bladder uptake (Table 1, Fig. 3), particularly when the uptake pattern
was diffuse and increased in the gallbladder wall (Table 3). Our results
show that a small number of our no uptake cases presented with a
gallbladder pathology and the vast majority only had cholelithiasis.
Although the most occurring pathology in our uptake group was cho-
lelithiasis, three of twelve cases developed a more serious pathology
including cholangiocarcinoma and diffuse calcifications — porcelain
gallbladder, an entity known to have a high association with gall-
bladder adenocarcinoma [22]. Our results also showed that the more
serious pathologies such as porcelain gallbladder were more likely
when pattern 3 was encountered. Therefore, further investigation of the
incidental gallbladder uptake may be warranted when it follows pattern
3 and the primary malignancy for which the PET/CT is being done has a
favorable prognosis. This is in line with a similar study assessing in-
cidental thyroid uptake [9].

The major strength of this study is the use of all PET/CTs performed
at our institution, which significantly reduced sampling issues and se-
lection bias, particularly in the uptake group. The detected incidence of
incidental gallbladder uptake, although low, reflects the true incidence
in our population. Its significance however is unclear, given that a large
portion of these patients were lost to follow up, which is the major
weakness of our study. The decision to investigate and provide early
intervention is better assessed with a multicentric prospective study,
which could collect a large enough sample to draw more significant and
validated conclusions.

5. Conclusion

In summary, we found that incidental gallbladder uptake in a pa-
tient with no specific symptoms is independent of the injected FDG
dose, injection-to-scan interval or gallbladder volume, but may be re-
lated to the blood glucose level at the time of scanning. More dedicated
studies should be performed to better understand this correlation. We
also found a higher incidence of subsequent clinically relevant gall-
bladder pathology within three years of an exam showing incidental
uptake, particularly when this uptake showed a pattern of diffuse in-
creased wall uptake. A larger sample size study with a prospective

Fig. 3. Bar graph representing the types of gallbladder disease within 3 years of
follow-up.

Table 3
Comparison of incidental uptake pattern in the gallbladder between groups with pathology and no pathology within 3 years of follow-up.

No pathology within 3 years of follow-up
N = 24

Pathology within 3 years of follow-up
N = 12

p-Value

Uptake pattern 1) Diffuse increased uptake 11 (45.8%) 1 (8.3%) Cholelithiasis 0.03
2) Focal fundal uptake 11 (45.8%) 7 (58.3%) 3 cholelithiasis

1 gallbladder polyp
1 adenomyomatosis
1 cholangiocarcinoma
1 focal wall calcification

3) Diffuse increased wall uptake 2 (8.3%) 4 (33.3%) 2 diffuse wall calcification
1 diffuse wall thickening
1 cholelithiasis
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design should be considered to validate the benefit of further in-
vestigation or follow-up imaging.
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