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MR cholangiopancreatography (MRCP) is still a rapidly evol-
ving technique, but it has been already accepted as
clinically useful and is widely used to evaluate biliary or
pancreatic diseases. The advantages of this technique are
that it does not use contrast media or ionizing radiation, it
is noninvasive and complication free, and the examination
is relatively short. MRCP has high sensitivity and specificity
for diagnosing biliary dilatation and for determining the
site and cause of stenosis. With further improvements of
hardware and technique, MRCP is expected to replace
diagnostic endoscopic retrograde cholangiopancreatogra-
phy to examine the biliary and pancreatic ducts in the near
future. The other applications include evaluation of primary
sclerosing cholangitis, stenosis after liver transplantation,
and bilioenteric anastomoses. This article reviews the
current applications of MRCP in the evaluation of the
pancreas and the biliary system.

Evaluation of biliopancreatic diseases is a common
radiologic problem. It requires a multimodality imaging
approach.1,2 Over the past 5 years, significant advances
in MR technology have dramatically increased the role
that MR plays in evaluating the biliary tract.1

MRCP combines the many obvious advantages of
being a noninvasive imaging technique, not carrying

the risks and complications associated with endoscopic
retrograde cholangiopancreatography (ERCP) and per-
cutaneous transhepatic cholangiography (PTC), being
less operator dependent, not requiring anesthesia or
contrast material, and not using radiation.3-5

MRCP is the only modality that allows imaging of
the biliary and pancreatic ducts in their basal state as
extrinsic contrast agents are not used. This is done by
using heavily T2-weighted sequences, the signal of
static or slow-moving fluid-filled structures such as the
bile and pancreatic ducts is greatly increased, resulting
in increased duct-to-background contrast.4,6

MRCP Imaging Technique
Typical MR cholangiopancreatographic techniques
exploit the relatively high signal intensity of static
fluids in the biliary tract with heavily T2-weighted
sequences, which also results in decreased signal from
the background tissues such as solid organs and
moving blood. The imaging obstacles of long acquis-
ition times and respiratory motion artifact have largely
been overcome with technical innovations such as
short breath-hold T2-weighted acquisitions, parallel ima-
ging, and sophisticated respiratory triggering mecha-
nisms. The use of modern high–field strength magnets
(1.5 T or greater) and multichannel surface coil technol-
ogy are required for even shorter imaging times. Use of
appropriate centering and a larger field of view mini-
mizes wrap artifact.3,7

Patients should fast for 3-6 hours before examination
to reduce residual fluid in the stomach and bowel,
increase gall bladder filling, and decrease duodenal
peristalsis. T1-weighted images obtained with and with-
out gadolinium-based contrast material are also helpful
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in characterizing biliary stones and local inflammation
and in the staging of biliary malignancies. Current MR
cholangiopancreatographic protocols generally consist
of 2 techniques that provide complementary informa-
tion, including a thick-slab single-section sequence and
a thin-section multisection sequence.3,7

The thick-slab single-section sequence provides an
overview of the biliary tract anatomy and is partic-
ularly useful for identifying upstream obstruction and
strictures. This technique makes use of a heavily
T2-weighted RARE sequence (echo time Z 700 ms)
to acquire thick-section (40-90 mm) images in the
coronal planes to fully depict the 3D nature of the
pancreatobiliary tree. Each of these images is acquired
during a breath hold lasting 3-7 seconds with a long
effective echo time, a technique that minimizes back-
ground tissue signal, thereby providing water-only
images similar to those obtained by ERCP.3,7

The thin-section multisection sequence helps visual-
ize intraductal disease such as stones. Images are
obtained with a single-shot, moderately T2-weighted
RARE sequence (echo time r 180 ms) with contig-
uous sections of 2-5 mm in size. Approximately 15-20
sections are required to cover the biliary tract during a
breath hold lasting 20-28 seconds. Although single-
shot RARE images can be acquired during free
breathing, breath-hold imaging minimizes misregistra-
tion and motion artifacts, which may interfere with the
imaging of small bile ducts. The primary advantages
of this MR cholangiopancreatographic technique are
short acquisition time and the high in-plane resolution
of single-shot RARE images.
There are also disadvantages however, including the

operator-dependent nature of the thick-slab sequence,
which generally requires a skilled technologist or direct
oversight by a radiologist to identify the complex
relevant anatomy before placing the imaging slab. In
addition, thin-section images may require multiple
acquisition stacks to cover the entire biliary tract and
differences in suspended respiration may lead to gaps
or misregistration between stacks, which may be
problematic for interpretation and postprocessing.3,7

Disease Processes—Benign Disease
Cystic Diseases of the Bile Duct
Choledochal cysts are anomalies of the biliary system

characterized by dilatation of the extrahepatic or intra-
hepatic bile ducts. The Todani calcification was used to
categorize cystic dilatation of the biliary duct into Todani

type I choledochal cysts that are confined to the
extrahepatic bile ducts (EBD) and subdivided into type
IA (diffuse) cysts, which involve the entire EBD; type
IB (focal) cysts, which involve only a focal segment of
the EBD; and type IC (fusiform) cysts, which involve
only the common bile duct (CBD). Todani type II
choledochal cysts are true diverticula arising from the
CBD. Todani type III choledochal cysts, also known as
choledochoceles, are dilatations of the intraduodenal
portion of the CBD. Todani type IV choledochal cysts
are multiple intrahepatic and extrahepatic components or
multiple extrahepatic cysts. Todani type V cysts, also
known as Caroli disease, are multifocal cystic or saccular
dilated intrahepatic bile ducts that may diffusely involve
the liver or, less commonly, may involve only the left
segment of the liver.8,9

ERCP is frequently used to study the biliary tree in
patients with choledochal cysts. However, it is a
diagnostic procedure that demands technical expertise
and a number of safety measures, and it is not without
complications. These include development of sepsis in
an obstructed system, perforation of the viscera
pancreatitis, and overdose of contrast agent.8

On MRI, the dilated and cystic biliary system appears
hypointense on T1-weighted images and markedly
hyperintense on T2-weighted images. After intrave-
nous administration of gadolinium contrast material,
the intraluminal portal vein radicals strongly enhance,
which is a specific feature of Caroli disease.10 In
addition, the combination of MRCP and gadolinium-
enhanced T1-weighted images is useful to diagnose
associated findings such as gallstone disease and
cancer. MRCP has been demonstrated to be effective
in evaluating choledochal cyst, choledochocele, and
Caroli disease11 (Fig 1).

Anatomical Variants of the Biliopancreatic
System
Bile Ducts
Drainage of the right posterior duct (RPD) into the

left hepatic duct (LHD) before its confluence with the
right anterior duct (RAD) is the most common
anatomical variant of the biliary system. The direct
drainage of the right posterior duct into the common
hepatic duct (CHD), from either the right or left side,
is a variant also known as an “aberrant hepatic duct.”
The so-called triple confluence is another common
variant of the main hepatic biliary branches (seen in
11% of the population).9
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Cystic Duct
The anatomical variants of the cystic duct have

received much attention recently because of their
higher risk of complications during cholecystec-
tomy.11 MRCP could accurately demonstrate various

variants such as a low cystic duct insertion, a medial
cystic duct insertion, and a parallel course of the cystic
and CHD.12,13

Congenital Anomalies of the Pancreas
Pancreas Divisum
Pancreas divisum is the most common congenital

pancreatic ductal anatomical variant, seen in approx-
imately 3%-8% of cases using ERCP and 9% using
MRCP.14 As a result of this malformation, the pan-
creas has 2 separate ductal systems. On MRCP images,
pancreas divisum can be diagnosed by the finding of
dorsal dominant pancreatic duct running anteriorly to
the CBD and draining into the minor papilla.11

Annular Pancreas
Annular pancreas is a rare anomaly in which a band

of pancreatic tissue surrounds the descending duode-
num, either completely or incompletely.14,15 On MRI,
the pancreatic parenchyma completely or partially
encircles the descending duodenum at or below the
level of the ampulla of Vater.15

On MR cholangiopancreatography, the aberrant pan-
creatic duct that encircles the duodenum is visualized.
An annular pancreatic duct may drain into the intra-
pancreatic CBD, the duct of Wirsung, or the duct of
Santorini.9,15-17

Cholelithiasis
Gallstones are found in about 10% of the general

population.18 The risk of complications is 1% per
year. US is the most commonly used modality in the
evaluation of gallstone disease.19,20 On MRI, gall-
stones are best appreciated on T2-weighted MR
images and MR cholangiopancreatography and appear
as signal voids on T2-weighted images.21

MRI can also help distinguish between the different
types of gallstones. Like cholesterol stones, pigment
stones typically appear hypointense with T2-weighted
sequences; unlike cholesterol stones, they usually have
increased signal intensity on T1-weighted images18,22

(Fig 2).

Choledocholithiasis
Ultrasonography has a sensitivity of only 21%-63%

for intrabiliary stones. T2-weighted MR cholangiog-
raphy is known to be highly sensitive and specific for
the detection of biliary filling defects and for stones in

FIG 1. A 62-year-old woman with a choledocal cyst; Todani type II
(large diverticulum of the CBD). (A) Coronal MIP image from 3D SSFSE
T2-weighted image and (B) and (C) axial thin-section heavy T2 SSFSE
image show a well-defined cystic lesion at the porta hepatis containing
clear water signal that is freely communicating with the proximal CBD
on one side of its wall with no intrahepatic biliary dilatation and
normal configuration of gall bladder. (Color version of the figure is
available online.)
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particular. Because of its very high contrast resolution,
MR cholangiography can demonstrate calculi as small
as 2 mm (Fig 2).7

Mirizzi Syndrome
Mirizzi syndrome is a rare complication of gallstone

disease that is caused by an impacted stone in the gall
bladder neck or the cystic duct, thereby leading to
extrinsic compression and subsequent obstruction of
the CHD.23,24

US and CT studies can usually demonstrate only
the presence and level of biliary obstruction. Whereas
MR cholangiopancreatography typically reveals an
impacted gallstone in the cystic duct or gall bladder
neck, with the level of obstruction at the junction of
the cystic duct and CHD. Moreover, MR cholangio-
pancreatography can detect some anatomical variants
that predispose to the development of the syndrome,
such as a low insertion of the cystic duct or a long
parallel cystic duct18 (Fig 3).

Primary Sclerosing Cholangitis
Primary sclerosing cholangitis (PSC) is a chronic

idiopathic fibrosing inflammatory disease of the bile
ducts characterized by inflammation and fibrosis of
both the intrahepatic and the extrahepatic bile ducts,
leading to the formation of multifocal bile duct
strictures, obliteration, cholestasis, and biliary cirrho-
sis.25-28 The diagnostic criteria for PSC include
(1) typical cholangiographic abnormalities; (2) appro-
priate clinical, biochemical, and hepatic histologic
findings; and (3) the exclusion of secondary causes
of sclerosing cholangitis.26,29

Traditionally, ERCP was regarded as the gold
standard in diagnosing PSC. However, ERCP is
an invasive procedure associated with complications
that include pancreatitis, biliary sepsis, bleeding,
perforation, and aspiration.25 In contrast, MRI with
T1-weighted fat-suppressed spin echo pulse sequen-
ces, with or without IV gadolinium, facilitates visual-
ization of the bile duct wall. Peripheral wedge-shaped
areas of high T2-weighted signal intensity in the liver
parenchyma also may be observed in the disease.13

MRCP enables noninvasive imaging of the biliary
and pancreatic trees and is sensitive for the strictures
and obliterated ducts seen in PSC.13,30 MRCP features
of PSC are diffuse, multifocal short strictures in both
the intrahepatic and the extrahepatic bile ducts.
Strictured ductal segments alternate with normal or
mildly dilated segments, producing an appearance
similar to that of beads on a string. This pattern may
be associated with mural irregularities and fibrous
obliteration of intrahepatic duct branches, thus pro-
ducing a “pruned-tree” appearance23 (Fig 4).

FIG 2. A 27-year-old woman presented with jaundice and choledocal
cyst Todani type IA with CBD, cystic duct, and GB stones with mild
intrahepatic and extrahepatic biliary back pressure changes. (A) Coronal
MIP image from 3D SSFSE T2-weighted image and (B) axial thin-section
heavy T2 SSFSE image show fusiform dilatation of the middle third of the
CBD, it also harbors an aggregation of stones (red arrow), the cystic duct
is mildly dilated and joins the CBD at the lateral aspect of the dilated
segment. It also contains few small stones. The left hepatic duct joins CBD
just distal to dilated segment (low insertion) (anatomical variant). (C) Axial
thin-section heavy T2 SSFSE image shows a distended gall bladder,
which is also harboring innumerable small stones. (Color version of the
figure is available online.)
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FIG 3. A 47-year-old woman presented with fever, jaundice, abdominal pain, and Mirizzi syndrome. (A) Axial thin-slab heavy T2 SSFSE image
shows an impacted stone (low-signal filling defect) at the Hartmann pouch. (B) Thick-slab heavy T2 projectional image and (C) coronal MIP images
show dilated intrahepatic bile duct with filling defect at the Hartmann pouch and CHD (arrow) with normal distal CBD.

FIG 4. A 20-year-old man presented with jaundice and vomiting, sclerosing cholangitis. (A) Coronal MIP image from 3D T2-weighted MR
cholangiographic data, (B) volume-rendered (VR) and (C) axial thin-slab T2 SSFSE images show multiple intrahepatic discontinuous biliary radicles
with short strictures (irregular yellow arrow). (D) Axial Gd-enhanced T1-weighted image, delayed phase, shows delayed periportal enhancement
(red arrow). (Color version of the figure is available online.)
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Acute Pancreatitis
CECT is the mainstay of imaging in patients who

have severe acute pancreatitis. It is particularly useful
in assessing pancreatic necrosis and local retroperito-
neal complications.31 However, MRI that combines cross-
sectional T2-weighted sequences and contrast-enhanced
fat-suppressed T1-weighted sequences with MRCP
was recently suggested as an alternative to contrast-
enhanced CT for the initial staging of acute pancrea-
titis.32

It has the advantage of demonstrating possible
choledocholithiasis; the presence or absence of ductal
distention, disruption, or leakage of the pancreatic
duct; and the size, location, and possible communica-
tion of a pseudocyst with the pancreatic duct. In
addition, it better demonstrates local hemorrhage in or
around the pancreas and helps assess the internal
consistency and drainability of fluid collections, which
may influence the choice of treatment32 (Fig 5).

Chronic Pancreatitis
Side-branch ectasia is the most prominent and specific
feature of this disease process. Other changes of the
main duct and side branches include multifocal
dilatations and strictures, an irregular contour, pseu-
docysts, and filling defects from calculi, mucinous
plugs, or debris.33 The role of MRCP is to establish
the diagnosis, to monitor possible complications
(biliary involvement, pseudocysts, and fistulas), and
to plan therapy.32 MRI best depicts intraductal stones
and duct obstruction. MRCP can show the dilated duct
upstream from an obstructing stone. Still, CT is more
sensitive than MRI for the detection of calcifications
associated with chronic pancreatitis.34

Early findings of chronic pancreatitis include pan-
creas with low signal intensity on T1-weighted
fat-suppressed images, decreased and delayed enhance-
ment after IV contrast administration, and dilated side
branches. Late findings include parenchymal atrophy
or enlargement, pseudocysts, and dilatation and bead-
ing of the pancreatic duct often with intraductal
calcifications.34

Chronic inflammation and fibrosis diminish the
proteinaceous fluid content of the pancreas, result-
ing in the loss of the usual high signal intensity on
T1-weighted fat-suppressed images.34 The use of
secretin in MR cholangiopancreatography helps im-
prove the delineation of pancreatic duct architecture.
Secretin stimulates the exocrine pancreas to secrete fluid

and bicarbonate, which produces a transient increase in
the diameter of the main pancreatic duct, with resultant
improvement in the depiction of this structure.23,35,36

Dynamic MR cholangiopancreatography performed
with secretin also helps detect pancreatic duct stenoses
or irregularities that occur without ductal dilatation.23

Bile Duct Injury Following Operative
Procedures
Bile duct injuries are the most common and serious

complications associated with surgery, especially
laparoscopic cholecystectomy.37 Bile duct injury fol-
lowing cholecystectomy is an iatrogenic catastrophe
as it is associated with significant perioperative
morbidity and mortality and reduced long-term sur-
vival and quality of life.38

FIG 5. A 60-year-old man with acute pancreatitis (Balthazar E).
(A) Axial thin-slab heavy T2 SSFSE image shows diffuse bulky pancreas
with parenchymal and peripancreatic edema (arrow), multiple fluid
collections in the peripancreatic and retroperitoneal spaces, and mild to
moderate free ascites with edematous gall bladder wall. (B) T2 HASTE
image shows bilateral pleural effusion, more on the left (arrow).
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The most common postsurgical biliary complication
is benign biliary stricture. MRCP can visualize the
biliary tree distal and proximal to a high-grade
stricture or complete obstruction. Thin-section source
images must be used to evaluate the extent of high-
grade stenoses.11

MRCP can accurately diagnose postoperative exci-
sion injuries of the biliary tree and can characterize
and anatomically classify these injuries for planning
reparative surgery. It can also suggest the presence of
cystic duct leaks in patients who have undergone
cholecystectomy.39

Traditionally, by using the Bismuth classification,
bile duct injuries have been classified into the follow-
ing types.40-42

Type I represents an injury more than 2 cm distal to
the biliary confluence. Type II represents an injury less
than 2 cm from the biliary confluence. Type III repre-
sents an injury of the entire CHD without involvement
of the biliary confluence. Type IV represents complete or
partial destruction of the biliary confluence. Type V
represents an injury to a right variant segmentary branch,
with or without injury to the main duct.
Excision injury is depicted on MRCP as a persistent

discontinuity in a bile duct segment, a finding that
should be confirmed by comparing MIP images with
the source images.40 In cases of complete obstruction
of the bile duct, MRCP allows analysis of the biliary
tract above and below the level of the obstruction, a
capability essential for treatment planning and one
that is not provided by either endoscopic retrograde
cholangiopancreatography or percutaneous transhepatic

cholangiography. In addition to MRCP, T1- and
T2-weighted MRI may be performed to depict extra-
biliary soft tissue structures and abnormalities, such as
an abscess, tumor recurrence or metastasis, hematoma,
or hemobilia.40

Other postsurgical biliary complications include
retained bile duct stones, biliary leak, and biliary
fistula. These conditions can be evaluated effectively
by MRCP.11

In patients with biliary-enteric anastomoses, it may
be difficult or impossible to perform ERCP. On the
contrary, MRCP is very effective in evaluating the
anatomy of the anastomosis, strictures of the anasto-
mosis, strictures of the biliary ducts, and biliary stones
proximal to the anastomosis in up to 100% (of
patients11 Figs 6 and 7).

Biliary Complications After Liver
Transplantation
Biliary complications after liver transplantation are

one of the leading causes of liver failure and occur in
10%-30% of patients who undergo transplantation.43

These complications are the second most common
cause of graft dysfunction (rejection is the most
common). Biliary complications include stenosis,
fistula, obstruction, stone formation, dysfunction of
the Oddi sphincter, and recurrent biliary disease.44

MR cholangiography is the best noninvasive tech-
nique for evaluation of the biliary tree. Multiplanar
MRI enables accurate analysis of the surgically altered
biliary anatomy. A stricture is the most frequent

FIG 6. A 35-year-old woman with a history of cholecystectomy, now she presented with jaundice and postcholecystectomy CBD injury (Bismuth I)
with a distal CBD stone. (A) Coronal MIP image from 3D T2 MR cholangiopancreatographic data, (B) thick-slab projectional image, and (C) thin-
slab T2 SSFSE show moderate bilateral intrahepatic biliary dilatation with abrupt ending of the common hepatic duct about (2.3 cm) following the
confluence, reflecting ligation injury (Bismuth I), the rest of the common bile duct is mildly dilated, harboring a 1-cm signal defect along its distal-most
portion reflecting a stone. Biliary drainage is also seen with no actual biliary leakage. (Color version of the figure is available online.)
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complication during the late postoperative period after
liver transplantation, it may arise within several
months to several years 40 (Fig 8).

Blunt Trauma of the Biliopancreatic Tree
Biliary Injuries Following Blunt Trauma45

The most common location of biliary injury is the
gall bladder, followed by the CBD and the intra-
hepatic ducts (Tables 1 and 2; Fig 9).

Neoplastic Biliopancreatic Diseases
Cholangiocarcinoma
Cholangiocarcinoma is classified anatomically as

either intrahepatic or extrahepatic, and intrahepatic cho-
langiocarcinoma is further classified as either peripheral
or hilar.
In the literature, a tumor that arises peripheral to the

secondary bifurcation of the left or right hepatic duct
is considered to be a peripheral cholangiocarcinoma,
whereas a tumor that arises from 1 of the hepatic ducts

FIG 7. A 30-year-old woman with obstructive jaundice following cholecystectomy and Bismuth type IV CBD injury with biliary leakage. (A) Coronal
MIP image shows irregular short segmental stricture involving the biliary hilar level and biliary confluence with partial loss of communication of the
left and right hepatic ducts, this is associated with mild mainly central intrahepatic biliary radical dilatation while the distal CBD shows normal
course and caliber. (B) Axial thin-slab heavy T2 SSFSE shows free subhepatic collection representing biliary leakage (red dots). (Color version of the
figure is available online.)

FIG 8. A 52-year-old man with biliary anastomotic stricture, with intrahepatic back pressure changes following a living donor liver transplantation.
(A) Axial thin-slab heavy T2 SSFSE image and (B) coronal MIP image show mild diffuse intrahepatic biliary dilatation with short abrupt arrest at the
level of the biliary anastomosis (arrow) with the recipients CBD, where a 5-mm long, tight stricture is noted. The rest of the CBD shows normal course
and caliber, with no signal defects identified.
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or the bifurcation of the CHD is considered to be a
hilar cholangiocarcinoma (Klatskin tumor).46

According to the morphologic classification system
proposed by the Liver Cancer Study Group of Japan,
intrahepatic cholangiocarcinomas can be divided into
3 types based on morphologic appearance: mass-form-
ing, periductal infiltrating, and intraductal growth
types.47

MRCP can demonstrate the bile duct proximal to
the obstructing site. Special emphasis is made on
T1-weighted fat-suppressed spoiled gradient echo
images acquired 2-5 minutes following gadolinium
administration because it is the most consistent
technique to demonstrate a cholangiocarcinoma,
which appears as a moderately enhancing tissue.11

Mass-Forming Type of Intrahepatic
Cholangiocarcinoma
The MRI feature of a mass-forming cholangiocar-

cinoma is an irregular margin with high signal
intensity on T2-weighted images and with low signal
intensity on T1-weighted images.47 Both the periph-
eral and the centripetal enhancements prominent on
the equilibrium phase or delayed phase MR images
are similar to those taken by contrast-enhanced
CT.47-49

Periductal Infiltrating Type47

Periductal infiltrating cholangiocarcinoma is char-
acterized by growth along a dilated or narrowed bile
duct without mass formation and manifests as an
elongated, spiculated, or branchlike abnormality. On
CT and MR images, diffuse periductal thickening and
increased enhancement due to tumor infiltration can be
seen, with an abnormally dilated or irregularly
narrowed duct and peripheral ductal dilatation. This
type of tumor is rare in intrahepatic cholangiocarci-
nomas, but most hilar cholangiocarcinomas are of
this type.

Intraductal Type of Cholangiocarcinoma47,50

Imaging patterns include diffuse and marked duct
ectasia with a grossly visible papillary mass, diffuse
and marked duct ectasia without a visible mass,
intraductal polypoid mass within the localized ductal
dilatation, intraductal castlike lesions within a mildly
dilated duct, and focal stricturelike lesion with mild
proximal ductal dilatation.

TABLE 1. Imaging findings in gall bladder injuries due to blunt
trauma45

A collapsed gall bladder in a fasting patient
An ill-defined or thickened gall bladder wall
Active extravasation of intravenous contrast material due to transection
of the cystic artery

Pericholecystic fluid
Dense intraluminal fluid
Mass effect on the duodenum
Free intraperitoneal fluid
Complete avulsion
Associated injuries (eg, to the liver, spleen, duodenum, and ribs)

TABLE 2. Imaging findings in intrahepatic and extrahepatic bile duct
injuries due to blunt trauma45

Active extravasation of bile on hepatobiliary scintigraphy
Focal perihepatic or subhepatic fluid collections
Ascites
Intrahepatic fluid collections
Liver lacerations
Duodenal and splenic injuries

FIG 9. A 36-year-old woman with recent history of trauma, now she presented with jaundice, abdominal pain, and a lacerated gall bladder with
large biliary leak, leading to subcapsular and subhepatic biliary collections. (A and B) Axial thin-slab heavy T2 SSFSE images and (C) coronal MIP
image show multiple perihepatic fluid signal collections at the subcapsular space indenting the liver surface and perisplenic region with a pyriform
structure at the anatomical site of the gall bladder, connection with the cystic duct and its medial wall is defective, freely communicating with the
subhepatic collection (arrow).
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Hilar Cholangiocarcinoma
Although hilar cholangiocarcinomas have been

subsumed under the heading of intrahepatic cholan-
giocarcinoma, their clinical and radiologic features as
well as surgical management are more similar to those
of extrahepatic cholangiocarcinomas. Therefore, in
some textbooks, both entities are described as “large
duct cancer” or “carcinoma of the bile duct.”46

Infiltrating Hilar Cholangiocarcinoma
Infiltrating hilar cholangiocarcinoma is the most

common type of hilar cholangiocarcinoma (more than
70% of cases).46 Infiltrating perihilar lesions (Klatskin
tumors) have been further classified by Bismuth and
Corlette according to the extent of ductal involvement
into type I involving the CHD; type II involving the
CHD and the junction of the RHD and LHD;

type IIIA involving the CHD, biliary junction, and
RHD; type IIIB involving the CHD, biliary junction,
and LHD; and type IV involving the CHD and the
biliary junction, with extension to both the RHD and
LHD or a multifocal bile duct tumor.51

The imaging features of Klatskin tumors and
extrahepatic cholangiocarcinomas on MRCP are dila-
tation of the proximal biliary tree with stricture or
abrupt termination at the tumor, typically showing a
shoulder sign. Irregularity of the ductal wall is
indicative of infiltration and raises a high suspicion
of malignancy. Occasionally, tumors can show intra-
luminal papillary growth presenting as a filling defect
on MRCP images. An advantage of MRCP in
combination with conventional MRI is that it can
visualize the biliary tree proximal to an occlusion,
which often is not possible or advisable with ERCP, as
well as detect distant disease such as liver metastases

FIG 10. A 53-year-old man with central cholangiocarcinoma (Klatskin tumor). (A) coronal MIP image and (B) axial thin-slab heavy T2 SSFSE
images show marked diffuse dilatation of the intrahepatic biliary tree with abrupt arrest at the level of the porta hepatis disconnecting the main
biliary ducts, this arrest is caused by a large central perihilar mass lesion. (C) and (D) Axial Gd-enhanced T1-weighted images, arterial and delayed
phases, respectively, show gradual slow enhancement of this mass till the delayed phases (arrow). The mass infiltrates the right and left biliary ducts
till the secondary confluences.

Curr Probl Diagn Radiol, January/February 201410



or lymph node involvement. On T1-weighted MR
images with or without fat suppression, cholangiocar-
cinomas appear mildly to moderately hypointense but
may also be isointense relative to the liver paren-
chyma. On T2-weighted images, they are isointense or
mildly hyperintense52 (Fig 10).

Ampullary Adenoma and Carcinoma
Ampullary adenoma and adenocarcinoma are neo-

plasms that arise from the glandular epithelium of the
ampulla of Vater. Enlargement of the papilla with a
nodular appearance of the overlying mucosa that is
associated with erosion or an ulcer is a typical
endoscopic finding in ampullary carcinoma.20 Secon-
dary findings such as marked bile duct dilatation, in
association with mild to moderate dilatation of the
pancreatic duct, can usually be seen on CT images.53

Larger ampullary tumors usually manifest as infil-
trative or polypoid masses. A polypoid mass is seen as
an intraductal soft tissue mass that is hypoattenuating
relative to the hepatic parenchyma.53 With the devel-
opment of modern MRI techniques, including MRCP,
several imaging findings typical of ampullary carci-
noma have been reported, including ampullary mass,
papillary bulging, irregular and asymmetric narrowing
of the CBD, and proportional biliary dilatation.54

Intestinal-type ampullary carcinomas more com-
monly manifest with a nodular shape, an area of
isointense to high signal intensity compared with that
of the adjacent duodenum on T2-weighted MR
images, an oval filling defect at the distal end of the
CBD on MRCP images, and an extramural protruding
appearance with a papillary surface on endoscopic
examinations.54 Pancreatobiliary-type ampullary car-
cinomas more commonly exhibited an infiltrative area
of hypointensity on T2-weighted MR images with
irregular, tapered narrowing of the distal CBDs.54

Pancreatic Adenocarcinoma
Pancreatic adenocarcinoma accounts for 85%-95%

of all pancreatic malignancies.55,56 Of these tumors,
60%-70% are located in the pancreatic head,
10%-20% in the body, and 5%-10% in the tail.
Diffuse glandular involvement occurs in 5% of
cases.57 Nonresectable disease is seen at presentation
in 75% of patients, with metastases (mainly to the
liver and peritoneum) present in 85% of them. Surgery
is the only cure, with a postoperative 5-year survival
rate of 20%.55

Tumors in the pancreatic head may cause dilatation
of both the CBD and the main pancreatic duct (MPD),
known as the “double duct sign,” whereas tumors in
the pancreatic body may cause upstream main pan-
creatic duct dilatation. Atrophy of the pancreas
proximal to the tumor is noted in chronic obstruction.
A circumferential soft tissue cuff around the peri-
pancreatic vessels with loss of the perivascular fat
plane denotes vascular invasion.55

Metastases are most commonly found in the liver
and the peritoneum. Adenocarcinoma has low signal
intensity on T1- and T2-weighted MR images secon-
dary to its scirrhous fibrotic nature with a thin
peritumoral rim of greater enhancement.55
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