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Clinical data such as history, physical examination, and laboratory tests are useful in
identifying patients with biliary obstruction and biliary sources of infection. However, if
intervention is planned, noninvasive imaging is needed to confirm the presence,
location, and extent of the disease process. Currently, the most commonly available
and used noninvasive modalities are ultrasound (US), computed tomography (CT),
magnetic resonance (MR), and nuclear medicine hepatobiliary scintigraphy (HIDA). US is
quick, portable, readily available, and is commonly the first imaging modality used when
biliary pathology is suspected. It is excellent in the detection of cholelithiasis and acute
cholecystitis but is limited in detecting choledocholithiasis. CT is excellent at detecting
infected postoperative fluid collections, bilomas, biliary obstruction, and biliary infec-
tion but is limited in the detection of cholelithiasis. Therefore, US may be more useful
than CT for the initial screening of acute biliary disease. MR has inherent advantages
over CT, as it does not use ionizing radiation, can be done without intravenous contrast,
and its detection of cholelithiasis is not affected by the internal composition of the
stone. Magnetic resonance cholangiopancreatography can be used to determine the
cause and location of biliary obstruction but is limited in the detection of small stones
and the evaluation of the biliary tract near the ampulla. HIDA is used to evaluate for
cholecystitis, biliary obstruction, and bile leaks. The main limitation is its lack of
anatomical detail, and it is therefore frequently performed in conjunction with other
described modalities.

Objectives: Upon completion of this article, the reader will be
able to describe the various modalities available for noninva-
sive biliary imaging and the benefits and use of each in the
diagnosis of various biliary pathologies.
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Biliary imaging in an infected patient aims to find the
source of infection such as acute cholecystitis, bilomas in the
postoperative setting, or cholangitis in the patient with
suspected biliary obstruction. In the setting of biliary obstruc-
tion, imaging is focused on detecting the level of obstruction,
its severity, and cause. Frequently, biliary imaging requires a
multimodality approach starting with ultrasound (US) and
continuing with cross-sectional imaging such as computed
tomography (CT) or magnetic resonance (MR).
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Ultrasonography

US is a readily available, portable, noninvasive, and inexpen-
sive technology. A common indication for US is workup of
right upper quadrant pain and suspected gallbladder or
biliary pathology.

US is very accurate in detecting calcified and noncalcified
gallstones and gallbladder sludge with a reported sensitivity
of 97% and specificity of 95%.! On sonography, gallstones
appear as echogenic luminal filling defects with posterior
acoustic shadowing.? Gallbladder sludge is imaged as layering
low-level echoes that form a fluid-debris level along the
dependent portion of the gallbladder.

USis excellent at detecting acute gallbladder inflammation
with a sensitivity and specificity of 94 and 78%, respectively.'
The sonographic features of acute cholecystitis include gall-
bladder distention, wall thickening, pericholecystic inflam-
mation, gallbladder wall hyperemia, and right upper
quadrant pain on exam (~Fig. 1).> Acute cholecystitis may
progress to gangrenous cholecystitis, which will be seen as
membranes within the gallbladder as a result of fibrinous
strands of exudate from the mucosa. Gangrenous cholecysti-
tis may perforate, and if it does, a collection may be seen
surrounding the gallbladder.

US is also commonly used in the workup of biliary obstruc-
tion. In cases of suspected biliary obstruction, the presence of
dilated intrahepatic ducts and a dilated common bile duct
(CBD) is considered indirect evidence of biliary obstruction.
However, the presence of normal ducts does not exclude
obstruction, as not every case of biliary obstruction is accom-
panied by ductal dilation. Conversely, CBD dilation does not
imply biliary obstruction, as it can be seen in healthy patients
after cholecystectomy and as part of the normal process of
aging. Despite these pitfalls, US is good in detecting extrahe-
patic obstruction with an accuracy of 79 to 98% and when
used in combination with clinical evaluation, it can accurately
differentiate between liver parenchymal disease and extra-
hepatic obstruction.> US may not always image the distal CBD
due to bowel gas and overlying structures and therefore it
may not always detect the level of obstruction or the cause.
Because of these limitations, variable sensitivity has been
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Fig. 1 Ultrasound of the gallbladder in a 78-year-old man with right
upper quadrant pain. Ultrasound image shows gallbladder wall thick-
ening (solid white arrow) and echogenic stones near the neck with
some gallbladder sludge (open white arrow).
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Fig. 2 Ultrasound of the common bile duct in a 30-year-old woman
with biliary obstruction. Ultrasound image shows an echogenic stone
(arrow) located in the common bile duct.

reported in evaluating the level of obstruction (27-95%) and
cause (23-88%) of extrahepatic biliary obstruction.? US is not
accurate in differentiating benign from malignant causes of
obstruction (47-90%) nor is it sensitive in detecting chole-
docholithiasis (25-58%) (~Fig. 2).3

US is often used after cholecystectomy to detect bile leaks
and collections and has a sensitivity of 70% in the detection of
intra-abdominal bile collections.* On US, a biloma is a well-
circumscribed anechoic collection in the gallbladder fossa or
in the perihepatic area. Internal complexity with septations
suggests infection of the biloma, but can also be seen in
evolving hematomas and abscesses. Percutaneous sampling
and drainage may be needed to distinguish these entities.

Computed Tomography

CT is a commonly employed modality in patients with
abdominal pain and is frequently used to evaluate biliary-
related infection and obstruction. It is useful in evaluating
large patients or patients with multisystem disease, which
may not be easily evaluated by US.

While CT is not as accurate as US in detecting gallstones, its
sensitivity can be improved by modifying the technique.
When imaging is performed at 140 kVp as opposed to a lower
kVp, the sensitivity for gallstone detection improves from 67
to 86%. The ability to detect gallstones also increases with
increasing calcium content of the stone.”

CT has a reported sensitivity of 92.5% in detecting acute
cholecystitis.® The most specific imaging features of acute
cholecystitis on CT are pericholecystic fat stranding, mural
stratification, pericholecystic enhancement, gallbladder dis-
tention, and wall thickening6 (=Fig. 3). Emphysematous
cholecystitis is a more severe variant of acute cholecystitis
with secondary infection of the gallbladder wall by gas-
forming organisms (=~Fig. 4). It is more frequently seen in
patients with diabetes and is associated with a higher rate of
gallbladder perforation. CT is a more sensitive and specific
modality for the identification of gas in the gallbladder lumen
or wall than US, as gallstones or gallbladder wall calcification
can impede evaluation by US.’
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Fig. 3 Axial contrast-enhanced CTscan of the gallbladder in a 59-year-
old man with abdominal pain. CT image shows gallbladder wall
thickening (arrow), hyperenhancement, and pericholecystic fluid in
the setting of gallstones.

In evaluating biliary obstruction, CT is able to accurately
detect dilated intra- and extrahepatic bile ducts when the
study is performed with intravenous contrast. Choledocholi-
thiasis is the most common cause of benign biliary obstruc-
tion and sensitivities for the detection of CBD stones on
conventional CT have ranged from 25 to 90% with most
studies reporting sensitivities in the ninth decile.? The direct
imaging findings of choledocholithiasis include the target

Fig. 4 Axial contrast-enhanced CT scan of the gallbladder in an 89-
year-old diabetic man with sepsis. CT image shows foci of gas (arrow)
within the gallbladder lumen, indicative of emphysematous
cholecystitis.

Fig.5 Axial contrast-enhanced CTscan of the distal common bile duct
in a 30-year-old woman with biliary obstruction. CT image shows a
stone (asterisk) in the distal common bile duct with a crescent of bile
surrounding the stone.

sign with the stone seen as a central density surrounded by
hypoattenuating bile or ampullary soft tissue and the cres-
cent sign (~Fig. 5), where the dense calculus is surrounded by
a crescent of hypoattenuating bile. Indirect signs include
abrupt termination of the duct or ductal dilatation.?

In cases of malignant strictures, the enhancing soft-tissue
mass can be seen either within or encircling the duct. With
malignant strictures, the involved segment tends to be longer,
has a thicker enhancing wall, and more extensive upstream
biliary dilation.’ In cases where biliary stents have been
placed, CT is useful in evaluating stent patency. Findings in
cases of stent obstruction include new upstream biliary
ductal dilation and loss of pneumobilia, which is a result of
gas reflux from the bowel (~Fig. 6).'° In cases of biliary
obstruction due to malignant ingrowth, curved planar refor-
matted images of the stent show enhancing tissue within the
stent lumen, a finding that is specific for tumor ingrowth.!!

Biliary obstruction can lead to infection and life-threat-
ening acute cholangitis. CT can be used to assess patients
with biliary obstruction for acute cholangitis with a reported
sensitivity and specificity of 89.7 and 84.6%, respectively.?
CT features of acute cholangitis are nodular, patchy,
wedge-shaped, or geographic inhomogeneous enhance-
ment throughout the liver in the arterial phase on dynamic
CT (=Fig. 7). Infection or inflammation of the ducts can also
cause ductal hyperenhancement.'?

CT is an excellent modality for evaluating the infected
postoperative patient with a reported sensitivity of 95% for
detection of intra-abdominal bile collections.* Infected fluid
collections have an enhancing wall, local mass effect, and may
contain locules of gas (~Fig. 8). The benefit of CT in imaging-
infected collections is that it can be used as a modality to
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Fig. 6 Coronal contrast-enhanced CT of the liver in a 74-year-old
woman with jaundice and indwelling plastic common bile duct stent.
CT image shows dilated bile ducts (arrow) and gallbladder distention
indicating stent dysfunction.

guide catheter drainage and can image deeper abdominal
collections.

Magnetic Resonance

Magnetic resonance cholangiopancreatography (MRCP) is per-
formed with heavily T2-weighted sequences that produce bright
signal in stationary fluids. The benefit of MR is that biliary

Fig. 7 Coronal contrast-enhanced CT of the liver in an 89-year-old man
with sepsis and indwelling metal common bile duct stent. CT image
shows perfusional changes near the dome of the liver with a small
developing liver abscess (white arrow). Note the hyperenhancing
obstructed ducts (black arrow) indicating inflammation or infection.
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Fig. 8 Axial contrast-enhanced CT scan of the gallbladder fossa in an
85-year-old woman with infection after cholecystectomy. CT image
shows fluid collection (asterisk) in the gallbladder fossa consistent with
a postoperative abscess.

imaging can be performed without intravenous contrast or
ionizing radiation. Functional MRCP can be performed by using
intravenous contrast agents that have biliary excretion.

MR, unlike CT, is able to reliably image stones in the biliary
tree and is not limited by stone composition. Gallstones are
imaged as filling defects in the gallbladder or biliary tree
(=Fig. 9). Pigmented gallstones are hyperintense on three-
dimensional, fast spoiled gradient echo and are hypointense

Fig.9 Magneticresonance cholangiopancreatography (MRCP) in a 38-
year-old woman with biliary obstruction. MRCP image shows multiple
luminal filling defects (arrow) in a dilated common bile duct consistent
with choledocholithiasis.
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Fig. 10 Magnetic resonance cholangiopancreatography (MRCP) in a
63-year-old woman with jaundice. MRCP image shows intrahepatic and
proximal biliary ductal dilation. There is a long segment stricture in the
mid common bile duct (arrow) due to an underlying
cholangiocarcinoma.

on T2-weighted imaging.'* In a meta-analysis of 67 published
controlled trials, MRCP had an overall sensitivity of 95% and
specificity of 97% in determining the level and presence of
biliary obstruction.'” Sensitivity of MRCP to detect stones is
91% and decreases with stone size as follows: 67 to 100% for
stones greater than 10 mm, 89 to 94% for stones 6 to 10 mm,
and 33 to 71% for stones smaller than 6 mm.>

MRCP has an accuracy of 88% in differentiating benign
from malignant strictures.'® It is useful in the diagnosis of
malignant biliary obstruction due to cholangiocarcinoma and
is able to identify the location, extent, and severity of ob-
struction (~Fig. 10).3 Given its good performance, MRCP can
evaluate surgical candidates and help guide biliary drainage
via a percutaneous or endoscopic retrograde cholangiopan-
creatography (ERCP) route depending on the location of the
blockage.

MRCP is 84% as sensitive as ERCP in detecting pancreatic
cancer with ductal dilation; however, the detection of pan-
creatic cancer by MRCP in cases without significant ductal
dilation is difficult, as focal ductal interruption is an impor-
tant indirect sign of an underlying mass. Imaging of ampullary
lesions is particularly difficult due to gas artifact from the
duodenum.'®

Functional MR cholangiography is performed using lipo-
philic paramagnetic contrast agents that have hepatobiliary
excretion. Contrast-enhanced cholangiography is superior in
(1) demonstrating communications between cystic liver le-
sions and draining bile ducts in the diagnosis of congenital
biliary disorders; (2) demonstrating biliary excretion in cases
with dilated ducts to differentiate between true and pseu-
doobstruction; (3) demonstrating extravasation of biliary
contrast in suspected bile leaks.'”
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In suspected infected fluid collections, diffusion-weighted
imaging has been shown to differentiate between infected
and noninfected fluid collections, as abscesses tend to restrict
movement of water molecules compared with bland fluid
collections. This feature can be exploited to guide appropriate
drainage when multiple collections are present.18

Nuclear Medicine Hepatobiliary Imaging

HIDA scanning has excellent accuracy in detecting acute
cholecystitis. It has been shown to be superior to US in
accuracy with an overall sensitivity and specificity of 97
and 94%, respectively.'® On HIDA, the absence of gallbladder
visualization after radiotracer injection is indicative of cystic
duct obstruction. Nonvisualization of the gallbladder 1 hour
after radiotracer injection is abnormal but not specific for
acute cholecystitis. The diagnosis is made with higher speci-
ficity if delayed imaging at 3 to 4 hours shows no gallbladder
visualization.?® HIDA is more accurate for diagnosing acalcu-
lous cholecystitis than US or CT. An assessment of cystic duct
patency with cholescintigraphy is probably the best strategy
for imaging suspected acalculous cholecystitis.?’

HIDA scanning is used in the postoperative detection of
bile leaks and collections (biloma). Bile leaks and bilomas are
detected as an extravasation of radiotracer into the gallblad-
der fossa or abdomen. HIDA is more specific than US or CT for
bile leaks, as radiotracer should not be present outside the
biliary system or bowel.>? Frequently, HIDA scanning is used
in conjunction with a modality such as CT or US for better
delineation of anatomy.

Conclusion

Noninvasive biliary imaging is accurate in the infected pa-
tient, in patients with gallbladder disease and with benign or
malignant biliary obstruction. US, CT, and MRI play comple-
mentary roles in the imaging of biliary tract disease. US is
frequently the initial test in the assessment of patients with
suspected biliary obstruction, as it is widely available and
relatively inexpensive. CT and MR have added value in
determining the cause of obstruction, particularly if it is
located distally in the biliary tree, and can also provide added
information on the extent of disease.
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