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Although hepatobiliary iminodiacetic acid (HIDA) scan is often used when the diagnosis of
cholecystitis remains questionable after ultrasound, it carries a high false-positive rate and has other
limitations. Fluorodeoxyglucose positron emission tomography–computed tomography (18FDG
PET-CT) has recently gained enthusiasm for its ability to detect infection and inflammation. In this
study, we evaluate the accuracy of 18FDG PET-CT in diagnosing cholecystitis. Nineteen patients
with suspected cholecystitis (Group S) underwent PET-CTand 10 had positive PET-CT findings. Of
these 10, nine underwent cholecystectomies, and pathology confirmed cholecystitis in all nine. One
patient was managed nonoperatively as a result of multiple comorbidities. Of the nine patients with
negative PET-CT, six were managed nonoperatively, safely discharged, and had no readmissions at
3-month follow-up. The other three patients with negative PET-CT underwent cholecystectomies,
and two showed no cholecystitis on pathology. The third had mild to moderate cholecystitis with
focal mucosal erosion/ulceration without gallbladder wall thickening on pathology. 18FDG PET-CT
detected gallbladder inflammation in all but one patient with pathology-proven cholecystitis with
a sensitivity and specificity of 0.90 and 1.00, respectively. 18FDG-PET-CT appears to be a promising,
rapid, direct, and accurate test in diagnosing cholecystitis and could replace HIDA scan in cases that
remain equivocal after ultrasound.

A LTHOUGH ONLY AN estimated 3 to 9 per cent of pa-
tients presenting with acute abdominal pain will

prove to have cholecystitis,1 the diagnostic workup
consumes a substantial amount of time and resources.
The diagnosis of cholecystitis is made based on a com-
bination of a thorough history, physical findings, labo-
ratory studies, and radiological tools.

The first radiologic test used to diagnose cholecys-
titis is an abdominal ultrasound. Findings suggestive of
acute cholecystitis on ultrasound imaging include gall-
bladder wall thickening, pericholecystic fluid, gall-
bladder distention, and a sonographic Murphy’s sign.
Cholescintigraphy (hepatobiliary iminodiacetic acid
[HIDA] scan) is often used for cases in which the di-
agnosis remains questionable after ultrasound imaging.
Unfortunately, HIDA scan has many limitations, including

a high false-positive rate. Furthermore, it is a test that may
last up to several hours, significantly delaying diagnosis.

Fluorodeoxyglucose (18FDG) is a glucose analog la-
beled with a fluorine isotope, which emits radioactivity
that can be detected and recorded by positron emission
tomography (PET) and further localized by computed
tomography (CT). 18FDG accumulates in malignant
cells as well as in sites of infection and inflammation.
Thus, we hypothesized that 18FDG PET-CT could de-
tect gallbladder wall inflammation and provide valuable
information in the diagnosis of cholecystitis.

In this study, we sought to evaluate the ability of
18FDG PET-CT to accurately diagnose cholecystitis by
prospectively studying a cohort of patients presenting
with possible cholecystitis.

Methods

Patients presenting with acute abdominal pain and
suspected cholecystitis (Group S) were studied be-
tween September 1, 2008, and August 31, 2009, in a
large academic urban tertiary center. Workup proceeded
per the discretion of the treating physician. Most
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patients underwent abdominal ultrasound performed by
a radiology technician and read by a radiologist. Others
underwent abdominal CT scan with or without contrast,
HIDA scan, or a combination of these studies.

In addition to the normal workup, all study patients
were injected with 6 to 8 millicuries of 18FDG and 30 to
90 minutes later underwent a limited-field abdominal
acquisition PET-CT. Glucose and dextrose containing
intravenous fluids were withheld from patients 3 to
6 hours before the test. Total scan time was 10 to
15 minutes and was done within 48 hours of admission.
Patients in the study group were compared with control
subjects who underwent 18FDG PET-CT for malignancy
workup or follow-up and did not have any symptoms
suggestive of cholecystitis. For patients who underwent
cholecystectomy, 18FDG PET-CT results were com-
pared with pathology findings.

The sensitivity, specificity, positive predictive value,
and negative predictive values were calculated only in
patients with pathology tissue. The 95 per cent confi-
dence interval for each statistic was calculated from
the binomial distribution.

Results

The study enrolled 19 study patients and 40 control
patients over the 1-year study period. The demographics
and initial laboratory values of the Group S are presented
in Table 1, and the imaging workup is presented in Table
2. All 19 patients underwent PET-CT imaging, 17 patients
underwent ultrasound, 10 patients underwent CT scan-
ning, and 14 patients underwent HIDA. Twelve patients
underwent laparoscopic cholecystectomy, and 10 patients
had evidence of cholecystitis on pathology (Table 3).
Examples of patients with positive and negative PET-CT
findings are shown in Figures 1A and 1B, respectively.

Of the 19 patients in Group S, 10 were positive for
cholecystitis on PET-CT. Nine of these 10 patients
underwent cholecystectomy and pathology confirmed
cholecystitis in all nine. One of the 10 patients with
positive PET-CT was managed nonoperatively as a
result of multiple comorbidities including significant
cardiopulmonary disease.

Nine patients in the study group were negative for
cholecystitis on PET-CT. Six of these patients were
managed nonoperatively, and all six were discharged
home with no readmission for cholecystitis at 3-month
follow-up. Three of the patients with negative PET-CT
findings underwent cholecystectomies. Two of these
patients had negative pathology findings, and one was
found to have mild to moderate cholecystitis with focal
mucosal erosion/ulceration without gallbladder wall
thickening on pathology.

All 40 control subjects had negative PET-CT find-
ings in the gallbladder region.

Evaluating only patients with pathology confirmation
(Table 3), the sensitivity and specificity was 0.9000
(95% confidence interval [CI], 0.5958 to 0.9821) and
1.0000 (95% CI, 0.3424 to 1.0000), respectively. The
positive predictive value and negative predictive value
was 1.0000 (95% CI, 0.6288 to 1.0000) and 0.6667
(95% CI, 0.1253 to 0.9823), respectively.

Discussion

The diagnosis of acute cholecystitis can pose a chal-
lenge and often rests on radiologic studies. Rapid and

TABLE 1. Demographics and Laboratory Values

Sex
63% Female (n 4 12)

47% Male (n 4 7)

Mean age,
years (range)

59 (22–96)

Mean body mass
index (range)

29 (19–54)

Mean white blood cell
count, 1/mm3 (range)

10,273 (3,300–24,500)

Mean total bilirubin,
mg/dL (range)

1.33 (0.3–5.9)

Mean alkaline phosphatase,
units/L (range)

148 (44–518)

TABLE 2. Imaging Modalities and Pathology

Patient No. PET US CT HIDA Path

1 + + NA + +
2 + – – – +
3 + + – + +
4 + – – + +
5 + – + + +
6 + + + NA +
7 + + NA NA +
8 + + NA NA +
9 + – – + NA

10 + – NA NA +
11 – + NA + NA
12 – NA – + NA
13 – + NA – NA
14 – + NA + –
15 – – NA NA +*
16 – + – + NA
17 – + + + –
18 – NA – + NA
19 – + NA + NA

PET, positron emission tomography; US, ultrasound; CT,
computed tomography; HIDA, hepatobiliary iminodiacetic
acid; Path, pathology; NA, not applicable (study not obtained).

* Mild to moderate cholecystitis with focal mucosal erosion/
ulceration without gallbladder wall thickening on pathology.

TABLE 3. Imaging Modalities and Pathology

+ Pathology – Pathology

+ PET-CT 9 0
– PET-CT 1 2

PET, positron emission tomography; CT, computed tomography.
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accurate diagnosis is important given the complications
associated with delayed operative management such as
sepsis, gangrene, and perforation. The first imaging
modality commonly used to establish the diagnosis is
ultrasonography, which remains an excellent test

given its low cost, ease of use, widespread availabil-
ity, and quickness. The accuracy of ultrasonography
in the diagnosis of acute cholecystitis is well estab-
lished.2–5 Shea and colleagues3 summarized the re-
sults of 30 studies on ultrasonography for gallstones

FIG. 1. Sample PET-CT images. (A) An example of a positive PET-CT scan. This patient had an equivocal ultrasound followed by
a HIDA and CT scan, which were both negative. (a) Axial, (b) coronal, and (c) sagittal) CT images. (d) Axial, (e) coronal, and (f) sagittal
FDG-PET images. Note the intense FDG activity in the gallbladder wall (arrows). The patient underwent cholecystectomy and pathology
showed acute cholecystitis. (B) By contrast, a negative PET-CT scan. (a) Axial, (b) coronal, and (c) sagittal CT images. (d) Axial, (e)
coronal, and (f) sagittal FDG-PET images. Note the absence of FDG activity in the gallbladder wall (arrows). PET, positron emission
tomography; CT, computed tomography; HIDA, hepatobiliary iminodiacetic acid; FDG, fluorodeoxyglucose.
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and acute cholecystitis and found the combined ad-
justed sensitivity and specificity to be 88 per cent
(95% CI, 0.74 to 1.00) and 80 per cent (95% CI 0.62
to 0.98), respectively.

HIDA scan is often used when the diagnosis of
cholecystitis is equivocal after physical examination,
laboratory workup, and ultrasound. HIDA scan has
a reported sensitivity of 97 per cent (95% CI, 0.96 to
0.98) and specificity 90 per cent (95% CI, 0.86 to
0.95).3 However, HIDA scan has many limitations
that can result in false-positive findings, including
use in alcoholics, the presence of hepatic impair-
ment, total parenteral nutrition, chronic cholecysti-
tis, nonobstructing cholelithiasis, or when the patient
is in the fasting state.6–8 Furthermore, HIDA scanning
often requires repeat imaging that can often take
many hours, significantly delaying the diagnosis. In
one patient in our study, total imaging time lasted
almost 30 hours. HIDA scan is also an expensive
test to perform.

18FDG PET-CT is mainly used as the diagnostic
modality of choice in the detection of a number of
malignancies9–11 but is recently gaining enthusiasm for
its ability to detect infection12 and inflammation, in-
cluding Crohn’s disease13, 14 and various forms of vas-
culitis.15 The 18FDG analog accumulates in malignant
cells as well as sites of infection and inflammation,
because glucose metabolism is elevated in these cells.

There have only been only a few case reports
showing the use of PET-CT in the diagnosis of acute
cholecystitis.16–18 This is the first study to evaluate to
the use of PET-CT in the diagnosis of acute chole-
cystitis on a series of patients. 18FDG PET-CT suc-
cessfully detected gallbladder inflammation in all but
one patient with pathology-proven cholecystitis with
a high sensitivity and specificity.

Of the 10 positive pathology specimens, nine had
positive PET-CT findings. We found only one case in
which PET-CT findings did not correlate with findings
on pathology. This patient had a negative PET-CT scan
and a negative ultrasound but underwent cholecystec-
tomy anyway and was later found to have mild to mod-
erate cholecystitis with focal mucosal erosion/ulceration
without gallbladder wall thickening on pathology.

Although this study was not designed to directly
compare PET-CT with HIDA, we can gain some in-
sight from these results. Fourteen patients had both
HIDA and PET-CT. When comparing PET-CT find-
ings with HIDA, we encountered six incidences of
concordance. Five of these patients had a positive PET-
CT and HIDA, and four of these had cholecystitis on
pathology. One patient had negative a PET-CT and
HIDA and was managed nonoperatively.

There were eight incidences of PET-CT discordance
with HIDA (Fig. 2). In one case, PET-CT was positive,

whereas HIDA was negative for cholecystitis, and the
patient underwent cholecystectomy. That patient had
cholecystitis on pathology. In the other seven cases,
PET-CT was negative and HIDA was positive. Two of
these six patients were operated on and pathology
revealed no evidence of cholecystitis. The other five
patients were successfully managed nonoperatively
and discharged home. None were readmitted for
cholecystitis at 3-month follow-up. Thus, the three
patients with discordant imaging studies who had
pathology results all corresponded to the PET-CT
results suggesting that PET-CT may be more accurate
than HIDA.

The PET-CT used in this study was a ‘‘limited’’ study,
because it involved scanning of only the gallbladder
region. Because this is a novel and experimental use of
PET, there is no set cost for this modality. However, on
average, a limited PET-CT costs less to perform in
comparison to HIDA scan at our institution. Further-
more, PET is fast; total scan time is typically under 5
minutes.

Despite its many advantages, use of PET-CT for
diagnosing cholecystitis has some limitations. Patients
undergoing PET need between 3 to 6 hours of carbo-
hydrate restriction before the test. PET is not routinely
available after hours, at nights, and weekends. Fur-
thermore, the availability of PET is limited at many
hospitals.

This study has several limitations. We cannot
conclusively confirm negative PET-CT findings in
the six patients who were managed nonoperatively
and never underwent cholecystectomy without
pathology to evaluate the specimen. Nevertheless,
we did find that these patients were successfully
managed nonoperatively without readmission for
cholecystitis at 3-month follow-up. We also had a rel-
atively small group of patients, which resulted in
wide CIs, and we did not directly compare HIDA with
PET-CT.

PET-CT appears to be a promising rapid, direct, and
accurate test in diagnosing cholecystitis. PET-CT may

FIG. 2. When PET-CT and HIDA differ. PET, positron emission
tomography; CT, computed tomography; HIDA, hepatobiliary
iminodiacetic acid scan; Lap chole, laparoscopic cholecystectomy;
Path, pathology.
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replace HIDA scan as the diagnostic tool of choice
when the diagnosis of cholecystitis remains equivocal
after ultrasound imaging, but larger studies directly
comparing the two would be needed.
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