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multimodality imaging ap-
proach is often required for
imaging of the biliary tract.

The evaluation of adults presenting
with biliary disease depends to a large
extent on clinical symptoms of pain,
presence and duration of jaundice,
prior history of gallstones and any as-
sociated symptoms such as fever or
weight loss.!-? Ultrasound, computed
tomography (CT), magnetic resonance
cholangiopancreatography (MRCP)
and ERCP all have a role in the diagno-
sis of biliary pathologies.

A wide spectrum of disorders affects
the biliary tract; it includes calculous,
infectious, inflammatory and neoplas-
tic entities. The most common clinical
presentations of biliary disease include
obstructive jaundice, pain and sepsis.’
Biliary tract imaging is crucial in de-
termining the location, etiology, and
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severity of the disorder and any com-
plications thereof.* Imaging also guides
management of biliary tract disease and
any resulting complications; for exam-
ple, determining the most appropriate
and suitable intervention required, eg,
ERCP (endoscopic retrograde cholan-
giopancreatography), EUS (endoscopic
ultrasound), radiological intervention,
or surgery.>4

The objective of this article is to re-
view the indications for use of ultra-
sound, CT, MRCP and ERCP in biliary
tract disease. The imaging features of
common and uncommon infectious,
inflammatory and neoplastic processes
affecting the biliary tree, as well as the
radiological management options, will
be discussed.

Infection of the biliary tree

The most commonly encountered
infection of the biliary tract is acute
pyogenic cholangitis. Less common in-
fections such as acute suppurative chol-
angitis, recurrent pyogenic cholangitis,
infestation with parasitic organisms and
biliary tract infections affecting immu-
nocompromised individuals may have
similar presenting features, but they
tend to occur in specific patient groups.

Acute cholangitis

Acute cholangitis is an acute bili-
ary bacterial infection, which typically
occurs in the setting of obstruction.
Charcot’s triad describes the classical
clinical presentation of fever, pain and
jaundice and if associated with shock
and lethargy, the constellation of find-
ings has been described as Reynold’s
pentad. The most common underlying
etiology, occurring in 80% of cases is
obstruction of the common bile duct
(CBD) by calculi. Other potential
causes include strictures due to scleros-
ing cholangitis or malignancy and fol-
lowing instrumentation of the biliary
tree. Factors known to increase the risk
for developing cholangitis in patients
with biliary calculi include: advanced
age, neurologic disease, and periam-
pullary diverticula. A number of life-
threatening complications can result
from acute cholangitis including: sepsis
leading to multiorgan failure, hepatic
abscesses, acute suppurative cholangi-
tis, portal vein thrombosis and biliary
peritonitis.’

In acute cholangitis, the imaging
findings include both biliary and pa-
renchymal changes. Biliary changes
include dilatation of the common bile
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FIGURE 1. Cholangitis. A 92-year-old man presented with RUQ pain, fever, and abnormal liver function tests. (A) US demonstrates a dilated
CBD with at least three echogenic calculi distally (white arrow and calipers). (B) Coronal IV contrast enhanced CT demonstrates periductal

enhancement (red arrow).

.

FIGURE 2. Cholangitis. An 89-year-old woman with E. coli bacteremia and clinically suspected cholangitis. MRCP MIP (A) and axial T2 FS
BLADE (B) demonstrate intra- and extrahepatic duct dilatation with a filling defect in the proximal right anterior duct (blue arrow). lll-defined peri-
ductal T2 hyperintensity (red arrows) in segments Il and IVa are in keeping with clinically confirmed cholangitis.

duct in the setting of obstruction with
dilatation of intrahepatic biliary ducts
which can involve the central or seg-
mental bile ducts only or diffusely in-
volve the whole biliary tree (Figure 1).
In 85% of cases, this is associated with
smooth and symmetric extrahepatic
bile duct wall thickening but less com-
monly, is associated with enhancement
of the intrahepatic biliary duct walls
(a finding best seen on delayed phase
gadolinium-enhanced fat-saturation T1-
weighted 3D gradient echo sequences).
The parenchymal changes include
increased T2 signal intensity (occurs

in approximately 70% of cases) in a
wedge-shaped or peri-biliary distribu-
tion (Figure 2). Hepatic parenchymal
enhancement may be detected in the
arterial phase only in approximately
60% of cases, in the delayed phase
in approximately 15% of cases, or in
both the arterial and delayed phases
in approximately 36% of cases.
The pattern of enhancement may be
wedge-shaped, peripheral patchy, or
peribiliary.*> Cross-sectional imaging
is also useful for identifying the un-
derlying cause for cholangitis (stone,
stricture or neoplasm).

Acute suppurative cholangitis

Acute suppurative cholangitis is a
life-threatening condition characterized
by the presence of pus in the biliary tree
occurring in up to 60% of cases of acute
cholangitis. Emergency endoscopic or
percutaneous biliary drainage is neces-
sary for decompression.

The imaging findings suggestive
of acute suppurative cholangitis are
heterogeneous arterial parenchymal
enhancement but more specifically en-
hancement, enlargement (>10mm), and
bulging of the papilla (a finding that has
a 60% sensitivity and 86% specificity

April 2016

APPLIED RADIOLOGY' m 21



IMAGING OF THE BILIARY TREE

FIGURE 3. Recurrent pyogenic cholangitis. A 62-year-old Asian male presented with fever and abnormal liver enzymes. Axial IV-contrast-
enhanced CT (A) and axial T1 FS post-gadolinium MR (B) images demonstrates marked dilatation of the right-sided intrahepatic biliary tree with
intraductal soft tissue filling defects in keeping with calculi (blue arrow). Periductal enhancement (red arrow) is present, in keeping with cholangitis.

for acute suppurative cholangitis). On
MR, the presence of intraductal puru-
lent material is indicative of acute sup-
purative cholangitis. This is detected
as intraluminal low signal intensity
on heavily T2-weighted images and/
or intermediate signal intensity on fat-
suppressed T1-weighted images.® Ul-
trasound, CT and MRI can determine
the underlying cause for cholangitis
(stone, stricture or neoplasm) and de-
tect complications such as portal vein
thrombosis or hepatic abscesses.®’

Recurrent pyogenic cholangitis
(RPC)

Recurrent pyogenic cholangitis is a
progressive disease characterized clini-
cally by recurrent episodes of bacterial
cholangitis. The etiology is uncertain
but a possible role of chronic infesta-
tion with liver flukes or parasites such
as Clonorchis sinesis, Opisthorchis
viverrini or Ascaris lumbricoides has
been postulated. Persistent inflamma-
tion results in bile duct fibrosis, which
leads to bile stasis, strictures, pigment
stone formation and subsequently,
progressive obstruction and recurrent
infections.’ Left untreated, complica-
tions such as liver abscesses, portal
vein thrombosis, biliary strictures and
intrahepatic stones can occur. Patients
with recurrent pyogenic cholangitis

have an increased risk of cholangiocar-
cinoma (5-18%) which tends to occur in
the atrophied or heavily stone-burdened
hepatic segments. The prevalence of
recurrent pyogenic cholangitis is high-
est in Hong Kong and Southeast Asia,
but the incidence in the Western world
is increasing due to immigration. RPC
is most common in rural populations
and lower socioeconomic groups. The
overall incidence in Asia is gradually
decreasing, presumably related to im-
proved living standards.®°

The imaging findings suggestive of
RPC are intra- and extrahepatic biliary
ductal dilatation, with relative sparing
of peripheral ducts. Intraductal stones
occur in up to 80% of patients. Large in-
traductal calculi are often detected in the
absence of gallstones in the gallbladder.
These intraductal calculi may appear
T1-hyper and T2-hypointense relative to
liver due to their high proteinaceous con-
tent.!” Pneumobilia is a common finding
and is due to either the reflux of enteric
gas from stone passage across the am-
pulla or due to infection with gas-form-
ing organisms. Stenosis and/or strictures
of peripheral biliary ducts occur with
decreased branching and abrupt tapering
resulting in an “arrowhead” appearance.
Non-filling of biliary ductal segments
due to strictures of intrahepatic ducts re-
sults in the “missing duct” sign described

on ERCP and MRCP.!" Stenoses rarely
affect the extrahepatic biliary tree. Paren-
chymal and biliary duct wall enhance-
ment can be seen in acute exacerbations
(Figure 3). Parenchymal atrophy occurs
in the chronic stages predominantly af-
fecting the lateral segments of the left
lobe of the liver and posterior segments
of the right lobe.>1?

Parasitic infections

A wide variety of parasites can result
in biliary tract infection; these include
fascioliasis, schistosomiasias, clonor-
chiasis, ascariasis and echinoccoccosis.
The clinical manifestations of parasitic
infections are variable and can mimic
bacterial acute cholangitis. Parasitic in-
fection should be suspected in patients
who have recently travelled to endemic
regions. Underlying infection may be
identified by stool exam, serology and
detection of eosinophilia. Imaging find-
ings often include biliary dilatation and
intra-biliary filling defects.’

Fasciola hepaticus is due to a trema-
tode found in fresh water plants, occur-
ring relatively commonly in developing
countries. Infection due to Fasciola he-
paticus is difficult to diagnose, until the
advanced stage when the parasite is in
biliary system. The known life cycle
includes burrowing through the wall
of duodenum, swimming to the right
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ry sclerosing cholangitis. A 39-year-old woman with history of ulcerative colitis. ERCP (A) demonstrates irregular beading with

truncation (blue arrow) of several dilated intrahepatic ducts, and numerous intraductal filling defects (red arrow) consistent with calculi/debris.
Coronal T2 HASTE (B) image demonstrate marked irregular dilatation and beading of the intrahepatic bile ducts (yellow arrows).

subphrenic space and burrowing through
the liver capsule. Complications of this
infection include hemorrhage and cap-
sular retraction. Parenchymal imaging
findings include subcapsular low attenu-
ation lesions (so called “tunnels and
caves”) and the only biliary finding may
be periductal edema.'?

Hepatic schistosomiasis infection is
caused by the trematodes Schistosoma
mansoni and japaonicum and has a high
prevalence in Africa and Asia. Imaging
findings include a coarse reticular pat-
tern due to liver fibrosis, macronodular
liver surface, septum-like fibrous bands
extending to the liver surface with peri-
portal fibrosis leading to cholestasis and
ductal irregularity.'+1

Immunocompromised patients
Multiple biliary infections can occur
in immunocompromised patients —
for example, HIV-related cholangitis.
The latter can have an imaging appear-
ance similar to sclerosing cholangitis. '
Multiple biliary infections can occur
in liver transplant recipients related to
cholestasis from variety of causes such
as chronic rejection, ischemia, drugs or
anastomotic stricture and can result in
the development of hepatic abscesses.’

Inflammation

Primary sclerosing cholangitis
Primary sclerosing cholangitis

(PSC) is an idiopathic chronic choles-

tatic disease, which is presumed to be

autoimmune in nature. It is character-
ized by diffuse cholangitis and progres-
sive fibrosis of the biliary tree. PSC
typically manifests in the 4th or 5th
decade, with a male preponderance.
There is a strong association with in-
flammatory bowel disease (60-80%),
especially ulcerative colitis.!” One of
the most concerning complications of
PSC is cholangiocarcinoma which de-
velops in up to 10% of patients, with an
annual incidence of 0.6 - 1.5% per year.
PSC patients develop cholangiocarci-
noma two to three decades earlier than
patients without risk factors. Despite
this increased incidence, there are cur-
rently no evidence-based guidelines
for screening for cholangiocarcinoma
in patients with PSC, however, MRCP
and measurement of CA 19-9 levels at
annual intervals should be considered.

The classical imaging findings of
PSC include multifocal strictures, seg-
mental ectasia and irregular beading
which typically involves both small
and large ducts (75% of patients) but
may be confined to small ducts (15%)
or large ducts only (10%) (Figure 4). A
feature that should raise the suspicion
for superimposed cholangiocarcinoma
is ductal wall thickening, greater than
4mm in depth.!”-18

Autoimmune pancreatitis-related
cholangitis

Autoimmune pancreatitis related
cholangitis is an autoimmune systemic

disorder characterized by infiltration of
IgG4-positive lymphocytes into pan-
creatic or extra-pancreatic tissue. The
classically described pancreatic imaging
findings are diffuse parenchymal enlarge-
ment with featureless borders, decreased
enhancement in the early pancreatic pa-
renchymal phase following contrast ad-
ministration and increased enhancement
in the delayed phase.!® A common CT
finding is a halo of soft tissue-attenuation
surrounding the pancreatic parenchyma
representing inflammatory cell infiltra-
tion.19 Biliary involvement is seen in
up to 80% of patients with autoimmune
pancreatitis. Both intra-and extrahepatic
bile ducts may be involved, with the
distal CBD most commonly affected.
Multifocal bile duct strictures or mural
thickening and enhancement are often
seen and the appearance may mimic pri-
mary sclerosing cholangitis.?’ (Figure
5). Gallbladder involvement with diffuse
thickening of the gallbladder wall is in-
creasingly recognized. The availability of
histological tissue from a previous cho-
lecystectomy can provide an important
supportive clue in the diagnosis of auto-
immune pancreatitis related cholangitis.?!

Infiltration

Cholangiocarcinoma
Cholangiocarcinoma (CC) is the sec-

ond most common primary malignancy

of the liver after hepatocellular carci-

noma (HCC). Cholangiocarcinoma is

an adenocarcinoma which arises from
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FIGURE 5. Autoimmune pancreatitis-associated cholangitis. 55-year-old male with weight loss. Axial contrast enhanced CT images (A) at initial
presentation demonstrates a diffusely enlarged pancreas with peri-pancreatic halo of low density soft tissue attenuation (blue arrows). Chole-
cystectomy clips are also seen on this image. Axial contrast enhanced CT images 2 years later (B, C) show that the patient has developed mural
thickening and enhancement of intra and extrahepatic bile ducts (red arrows). The pancreas is now normal in size with interval resolution of the
previously noted peri-pancreatic halo (green arrow).

FIGURE 6. Type 1 Choledochal cyst and cholangiocarcinoma. IV-contrast-enhanced axial CT in the arterial (A, B, C) and 10-min delayed phase
(D) in a 33-year-old woman demonstrate marked dilatation of the CBD (blue arrow) and intrahepatic bile ducts. Soft tissue hilar mass (red arrow)
encases the CHD. On the 10-min delayed phase image, the mass can be seen encasing 2nd and 3rd order intrahepatic bile ducts (yellow arrows).
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FIGURE 7. Peripheral cholangiocarcinoma. A 72-year-old man with anorexia and weight loss. Axial and coronal arterial phase CT (A, B) dem-

onstrate a mass lesion with irregular peripheral enhancement and adjacent capsular retraction (blue arrows). Axial and coronal delayed phase
images (C, D) demonstrate progressive centripetal fill-in and hyperenhancement (red arrows) relative to adjacent liver parenchyma. Incidental

dilatation of the CBD, unrelated to the peripheral cholangiocarcinoma, is noted.

biliary duct epithelium often in the set-
ting of pre-existing biliary tract disease
such as PSC. The clinical presentation
is typically with pain, a palpable mass,
jaundice, weight loss and anorexia. Risk
factors for the development of cholan-
giocarcinoma in addition to PSC in-
clude; recurrent pyogenic cholangitis,
viral infections (Hepatitis B, Hepatitis
C, EBV), biliary anomalies (eg. chole-
dochal cysts, Figure 6), environmental
or occupational toxins (eg, Thorotrast),
alcohol consumption and smoking.??
Cholangiocarcinoma is classified
based on the anatomic location into
intrahepatic and perihilar and distal
(extrahepatic) subtypes. From a treat-
ment perspective, these different types

are regarded as distinct entities. The
intrahepatic type accounts for 10%, the
perihilar subtype for 50-60% and distal
subtype for 20% of all cholangiocarci-
noma.?? 2 CC has also been classified
on the basis of growth pattern into three
types: (1) mass-forming exophytic type,
which typically appears as a hepatic
parenchymal mass; (2) periductal infil-
trative type, (tumor growth progresses
along the bile duct longitudinally) and
(3) intraductal polypoid type which pro-
liferates focally within the lumen of the
diseased bile duct (least common, but
most favorable prognosis).?>*
Intrahepatic cholangiocarcinoma
are most often of the mass-forming
exophytic type. The mass-forming sub-

type of intrahepatic cholangiocarcinoma
typically presents with homogeneous
attenuation mass with irregular but well-
defined margins, irregular peripheral
enhancement with gradual centripetal
enhancement (Figure 7), associated cap-
sular retraction and biliary duct dilata-
tion at the tumor periphery. Vascular
encasement is a common finding, usu-
ally without gross tumor thrombus.?
The differential diagnoses to consider in
all patients with underlying liver disease
is HCC with cirrhotic stroma, sclerosing
HCC and the rare combined HCC-chol-
angiocarcinoma. Extrahepatic variants
mostly infiltrate longitudinally along
the bile ducts. Extrahepatic cholangio-
carcinoma is most commonly perihilar
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(“Klatskin” tumor) in 50-60% of pa-
tients, or distal duct in location (20%)
and less commonly multifocal (5%).%

Ultrasound is often the initial imag-
ing modality used; it may detect features
suggestive of cholangiocarcinoma, such
as a heterogeneous, poorly defined mass,
biliary dilatation or lobar atrophy. In
PSC, US has a specificity and negative
predictive value of 90%, but sensitiv-
ity and positive predictive value of only
50%. If contrast enhanced ultrasound is
performed, washout of contrast from the
lesion is typically detected.?®

A multiphasic, contrast-enhanced CT
is however necessary for diagnosis and
staging. Non-contrast phase of imaging
can facilitate differentiation between in-
traductal stones and tumor. The arterial
and portal venous phases are useful for
delineating the relationship of the tumor
to arterial and venous anatomy and to
facilitate surgical planning. Delayed
enhancement of the tumor relative to
liver parenchyma on delayed phase
imaging is a characteristic finding of
cholangiocarcinoma (occurring in ap-
proximately 70%). Dynamic contrast-
enhanced MRI with MRCP is useful for
detecting and characterizing the tumor
as well as evaluating ductal extension or
intraductal growth.*?*23 Perihilar chol-
angiocarcinoma is classified using the
Bismuth-Corlette classification system
which taken together with information
regarding vascular invasion, hepatic
lobar atrophy and the presence/absence
of metastases determines the potential
for successful surgical resection.?

Biliary intraductal papillary
mucinous neoplasm (IPMN)

Biliary intraductal papillary muci-
nous neoplasm has a number of syn-
onyms including biliary intraductal
papillary mucinous tumor, mucin-pro-
ducing cholangiocarcinoma, mucinous
ductal ectasia of biliary tree and mucin-
hypersecreting carcinoma.

This tumor is characterized by intra-
luminal papillary masses which can re-
sult in biliary obstruction and dilatation.
Some of these tumors secrete excessive
mucin resulting in severe diffuse ductal

dilatation. The clinical presentation is
typically with intermittent abdominal
pain, fever, nausea and jaundice. This
tumor typically presents in the 5-7% de-
cade in patients of eastern Asian ethnic-
ity. The differential diagnosis includes
cholangiocarcinoma, recurrent pyogenic
cholangitis with stones and biliary cyst-
adenoma/cystadenocarcinoma.?’

MRI and MRCP are necessary in
evaluating these tumors. The tumor is
often small and flat or sometimes a fun-
gating mass within dilated bile ducts.
Very small or sessile tumors may be
imperceptible on all imaging modali-
ties. Mucin may be depicted on ERCP or
PTC as multiple elongated linear, ovoid,
or amorphous filling defects. The pat-
terns of ductal dilatation vary and may be
segmental or lobar due to tumor-induced
obstruction, or aneurysmal. Multiple
fungating tumors can cause generalized
dilatation without visible tumor or gener-
alized dilatation with greater dilatation of
segmental ducts containing tumor.?’

Conclusion

A wide range of pathologic entities
affects the biliary tract, with cholangi-
tis due to choledocholithiasis being the
most common. However, other etiolo-
gies, including less common infectious
processes, inflammatory conditions and
neoplasia, should also be considered. A
multimodality and multidisciplinary ap-
proach is often required for definitive
diagnosis of biliary disorders and ap-
propriate management.
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