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Adult Bile Duct Strictures: Role of 
MR Imaging and MR Cholangiopan­
creatography in Characterization1

Bile duct strictures in adults are secondary to a wide spectrum 
of benign and malignant pathologic conditions. Benign causes 
of bile duct strictures include iatrogenic causes, acute or chronic 
pancreatitis, choledocholithiasis, primary sclerosing cholangitis, 
IgG4-related sclerosing cholangitis, liver transplantation, recurrent 
pyogenic cholangitis, Mirizzi syndrome, acquired immunodeficien-
cy syndrome cholangiopathy, and sphincter of Oddi dysfunction. 
Malignant causes include cholangiocarcinoma, pancreatic adeno-
carcinoma, and periampullary carcinomas. Rare causes include 
biliary inflammatory pseudotumor, gallbladder carcinoma, hepato-
cellular carcinoma, metastases to bile ducts, and extrinsic bile duct 
compression secondary to periportal or peripancreatic lymphade-
nopathy. Contrast material–enhanced magnetic resonance (MR) 
imaging with MR cholangiopancreatography is extremely helpful in 
the noninvasive evaluation of patients with obstructive jaundice, an 
obstructive pattern of liver function, or incidentally detected biliary 
duct dilatation. Some of these conditions may show characteristic 
findings at MR imaging–MR cholangiopancreatography that help 
in making a definitive diagnosis. Although endoscopic retrograde 
cholangiopancreatography with tissue biopsy or surgery is needed 
for the definitive diagnosis of many of these strictures, certain MR 
imaging characteristics of the narrowed segment (eg, thickened 
wall, long-segment involvement, asymmetry, indistinct outer mar-
gin, luminal irregularity, hyperenhancement relative to the liver 
parenchyma) may favor a malignant cause. Awareness of the vari-
ous causes of bile duct strictures in adults and familiarity with their 
appearances at MR imaging–MR cholangiopancreatography are 
important for accurate diagnosis and optimal patient management.
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Introduction
Biliary stricture is a fixed narrowing of a focal segment of the bile 
duct that results in proximal biliary dilatation and clinical features of 
obstructive jaundice. A wide spectrum of hepatobiliary and pancreatic 
diseases, both benign and malignant, can result in the development of 
biliary strictures (Table 1). It is important to differentiate malignant 
from benign strictures, since their treatment and prognosis vary. Non-
invasive imaging techniques such as ultrasonography (US), computed 
tomography (CT), and magnetic resonance (MR) imaging play an 
important role in the evaluation of patients with suspected biliary 
stricture. Among these techniques, contrast material–enhanced MR 
imaging with MR cholangiopancreatography offers the most compre-
hensive evaluation (1,2). Although endoscopic retrograde cholangio-
pancreatography (ERCP) with tissue biopsy or surgery is needed for 
the definitive diagnosis of many biliary strictures, certain MR imag-
ing–MR cholangiopancreatographic features of the narrowed segment 
may help differentiate malignant from benign causes.

After completing this journal-based SA-
CME activity, participants will be able to:
■■ Discuss the wide spectrum of benign 

and malignant causes of bile duct stric-
tures in adults.

■■ Describe salient MR imaging–MR chol-
angiopancreatographic findings of adult 
bile duct strictures.

■■ List the MR imaging–MR cholangio-
pancreatographic features of the narrowed 
segment that may help differentiate malig-
nant from benign bile duct strictures.

See www.rsna.org/education/search/RG.
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obtained using either of two different techniques: 
(a) standard two-dimensional (2D) MR chol-
angiopancreatography, or (b) three-dimensional 
(3D) isotropic MR cholangiopancreatography 
(7). Standard 2D MR cholangiopancreatographic 
protocols generally consist of the thick-slab sin-
gle-section sequence derived from a breath-hold 
single-shot RARE technique (8,9). A thick-slab 
(40–90-mm thickness) single-section heavily T2-
weighted RARE sequence (echo time >700 msec) 
yields ERCP-like projectional images of the en-
tire biliary tree, thereby providing an overview 
of the anatomy and helping identify the presence 
and site of the obstruction (Fig 1). Additional ra-
dially oriented coronal oblique 2D thick-slab im-
ages can be acquired with the patient holding the 
breath and are helpful when part of the anatomy 
is obscured by overlapping structures (eg, fluid 
in the duodenal bulb obscuring the distal CBD) 
on a single projection. State-of-the art 3D isotro-
pic MR cholangiopancreatography is performed 
using a fast-recovery 3D RARE sequence (eg, 
3D fast-recovery fast spin-echo), which has two 
added features compared with standard RARE, 
including fast recovery and parallel imaging (7). 
With this sequence, the repetition time is greatly 

In this article, we review the spectrum of bile 
duct strictures in adult patients and discuss the 
MR imaging and MR cholangiopancreatographic 
findings, with emphasis on differentiation be-
tween benign and malignant strictures.

Pathophysiologic  
Features of Bile Duct Strictures

Pathophysiologic mechanisms underlying the 
development of biliary strictures are different in 
benign and malignant conditions. Injury to the 
bile ducts is the inciting event in the development 
of benign bile duct strictures (3). Inflammatory 
response follows the injury, resulting in collagen 
deposition, fibrosis, and focal narrowing, lead-
ing to stricture formation (3). The injury may be 
a single event (eg, trauma during surgery, blunt 
trauma, deceleration-related trauma, or penetrat-
ing abdominal trauma), or it may be a recurring 
condition such as pancreatitis or PSC. There may 
be a single stricture or multiple strictures depend-
ing on the type of injury. Biliary insults from 
ischemia are termed ischemic-type biliary lesions. 
The pathogenesis of these lesions is multifactorial, 
but prominent components include injury to the 
cholangiocytes, either directly or as a consequence 
of damage to arterioles of the peribiliary vascular 
plexus, leading to stricture formation (4). Sequelae 
of chronic high-grade strictures may result in atro-
phy of the hepatic segment or lobe drained by the 
corresponding bile ducts (5). Malignant bile duct 
strictures may be secondary to primary bile duct 
carcinomas such as cholangiocarcinoma, or to 
extrinsic compression and invasion by malignan-
cies of the adjacent organs such as the gallbladder, 
liver, and pancreas (3). Extrinsic compression or 
invasion by porta hepatis lymph nodes and inva-
sion by bile duct metastases may on occasion 
cause malignant strictures.

MR Imaging–MR  
Cholangiopancreatographic  

Technique for Biliary Tract Evaluation
High soft-tissue contrast resolution and the abil-
ity to help accurately assess the extent of periph-
eral ductal involvement are the major advantages 
of MR imaging. MR cholangiopancreatographic 
techniques involve the use of heavily T2-weighted 
sequences to accentuate the high signal from 
relatively static fluid in the biliary tract while 
suppressing the signal from background tissues, 
including flowing blood (Table 2) (6,7). Either 
rapid acquisition with relaxation enhancement 
(RARE) or a variant thereof (eg, single-shot fast 
spin-echo, half-Fourier acquisition single-shot 
turbo spin-echo, or fast-recovery fast spin-echo) 
is used for MR cholangiopancreatography (7). 
MR cholangiopancreatographic images can be 

Table 1: Hepatobiliary and Pancreatic Diseases 
Causing Biliary Strictures

Benign conditions
  Iatrogenic causes
  Pancreatitis
  Choledocholithiasis
  PSC
  IgG4-related sclerosing cholangitis
  Liver transplantation
  RPC
  Mirizzi syndrome
  AIDS cholangiopathy
  SOD
Malignant conditions
  Cholangiocarcinoma
  Pancreatic adenocarcinoma
  Ampullary and periampullary carcinomas
Miscellaneous and rare causes
  Biliary inflammatory pseudotumor
  Gallbladder carcinoma
  Hepatocellular carcinoma
  Metastatic disease to bile ducts
  Periportal and peripancreatic lymphadenopathy

Note.—AIDS = acquired immunodeficiency 
syndrome, PSC = primary sclerosing cholangitis, 
RPC = recurrent pyogenic cholangitis, SOD = 
sphincter of Oddi dysfunction.
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a 1.4-mm section thickness, 50% overlap, and 
a 256 × 256 matrix interpolated to a 512 × 512 
matrix in all directions. Multidimensional im-
ages of the entire biliary tract and the pancreatic 
duct may be obtained by processing 3D isotropic 
MR cholangiopancreatographic data; maximum 
intensity projection (MIP), multiplanar reformat-
ted, and volume-rendered images are commonly 
generated. It is essential to review the 3D source 
images to assess subtle abnormalities such as very 
small stones in the CBD (Fig 2).

In addition, a thin multisection sequence is 
performed in the axial, coronal, and sagittal planes 
with single-shot RARE (echo time <180 msec) 
with contiguous or interleaved 3–5-mm sections, 
which is extremely useful in assessing intraductal 
disease (7). The shorter echo time also allows 
evaluation of the duct wall and the periductal 
anatomy, which can provide important clues as to 

reduced by using multiple 90° pulses to acceler-
ate the recovery of longitudinal magnetization 
back to the longitudinal axis rather than depend-
ing on T1 relaxation for this process, resulting in 
short imaging times and increased signal-to-noise 
ratio. When used in conjunction with parallel 
imaging (combining imaging data from multiple 
receiver coils rather than a single coil), the imag-
ing time is further reduced, along with an in-
crease in spatial resolution that permits improved 
evaluation of intraductal contents and small 
intrahepatic biliary branches (10). At our insti-
tution, we typically use a respiratory-triggered 
3D fast-recovery fast spin-echo sequence with 

Table 2: MR Imaging and MR Cholangiopancreatographic Parameters for Evaluation of Biliary Strictures

Imaging Sequence

Parameter

Coronal  
T2W Breath-

hold

Axial  
T2W Breath-

hold

2D Thick-
Slab MRCP 
Breath-hold

3D MRCP 
Respiratory-

triggered

Axial  
T1W FS 

Breath-hold

Axial/Coronal 
Multiphase 

DCE Breath-
hold

Pulse sequence Single-shot 
fast SE

Single-shot  
fast SE

Single-shot 
fast SE

Fast-recovery 
fast SE

FSPGR 3D GRE/
LAVA

Repetition time 
(msec)

1200 1200 2000–2500 3000–4000 185 4.6

Echo time (msec) 90 90 900 600–700 2.5 2.0
Receiver bandwidth 

(kHz)
31.25 31.25 25 31.25 41.67 62.50

Field of view (cm) 36 36 30 32 36 40
Section thickness 

(mm)
5 5 40 0.7 (1.4 with 

50% over-
lap)

5 2.3 (4.6 with 
50% over-
lap)

Intersection gap 
(mm)

1 1 0 . . . 1 . . .

Matrix size 256 × 256 256 × 256 320 × 256 256 × 256 256 × 160 288 × 192
Flip angle (degrees) 90 90 90 90 70 12

Note.—DCE = dynamic contrast-enhanced, FS = fat-saturated, FSPGR = fast spoiled gradient-echo, GRE = 
gradient-recalled echo, LAVA = liver acquisition with volume acceleration, MRCP = MR cholangiopancreatog-
raphy, SE = spin-echo, T1W = T1-weighted, T2W = T2-weighted.

Figure 1.  Pancreatic adenocarcinoma in a 
48-year-old man. Thick-slab single-section 
2D RARE MR cholangiopancreatographic 
image shows dilatation of the common bile 
duct (CBD) and MPD (arrows) with abrupt 
termination at the level of the pancreatic head 
(arrowhead). Two-dimensional MR cholangi-
opancreatography typically yields ERCP-like 
projectional images of the biliary tree, thereby 
providing an overview of the anatomy.
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Figure 2.  Choledochocele and intraductal calculi in a 40-year-old woman. (a) MIP image from a 3D 
RARE MR cholangiopancreatographic study demonstrates focal dilatation of a short segment of the dis-
tal CBD (arrow), a finding that is compatible with a small type III choledochal cyst or choledochocele. 
(b) Coronal thin-section source image shows a choledochocele containing a small calculus (arrowhead) 
that was not discernible on the MIP image.

the cause of biliary strictures. Precontrast T1- and 
T2-weighted images are useful in the evaluation of 
the bile duct walls, peribiliary or periportal masses 
or collections, and hepatic and pancreatic paren-
chymal diseases. Gadolinium-based contrast–en-
hanced images aid in further characterization of 
the narrowed bile duct segment and hepatic and 
pancreatic focal lesions (9,11,12). Hepatocyte-
specific MR contrast agents such as gadolinium 
ethoxybenzyl diethylenetriamine pentaacetic acid 
(Gd-EOB-DTPA) can be used. Because up to 
50% of this contrast material is actively taken up 
by functioning hepatocytes and excreted into the 
biliary tree, delayed phase imaging with these con-
trast agents can help distinguish partial from com-
plete biliary obstructions (13).

What the Clinician Expects  
from MR Imaging of the Biliary Tract

The expectations of the referring physician when 
considering MR imaging in a patient with sus-
pected biliary obstruction include (a) confirma-
tion of the obstruction; (b) exclusion of the other 
causes of jaundice; and (c) determination of the 
level of obstruction (intra- or extrahepatic ducts), 
approximate length of the biliary stricture, and 
status of the proximal bile ducts. MR cholangio-
pancreatographic images provide gastroenter-
ologists with a “road map” for planning ERCP 
or percutaneous transhepatic cholangiography 
(PTC). Knowledge of the number, location, and 
length of the strictures may help in selecting the 
appropriate stent. When possible, the nature of 
the stricture (benign versus malignant) and the 
presence or absence of intraductal calculi need 

to be addressed. Determination of the extent and 
stage of the disease process and assessment for 
the utility of surgery or an interventional proce-
dure are also important for optimal patient care.

Pseudostrictures
Biliary pseudostrictures on MR cholangiopan-
creatographic images may be patient related or 
secondary to MR imaging technique or postpro-
cessing-related factors (7). Common causes of 
pseudostrictures include blooming artifact due 
to cholecystectomy clips and pulsation artifact 
from the hepatic artery (Figs 3, 4) (7,14,15). In 
addition, MR imaging technique–related factors 
such as incomplete volume acquisition or incor-
rect reconstruction of a subvolume of ductal 
data may also contribute to the appearance of 
a pseudostricture at MR cholangiopancreatog-
raphy (14). Careful review of axial images ob-
tained during both precontrast and postcontrast 
phases and of the source data of the 3D RARE 
MR cholangiopancreatographic images will help 
avoid misinterpretation of the normal biliary 
tract as a pseudostricture and unnecessary bili-
ary intervention.

Benign Biliary Strictures

Iatrogenic Causes
The most common cause of a benign biliary 
stricture is prior hepatobiliary surgery (up to 
80%–90% of cases) (16,17). Cholecystectomy 
is the surgical procedure that most commonly 
results in strictures of the extrahepatic bile 
ducts. The prevalence of major bile duct injury 
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Figure 3.  Pseudostricture of the common hepatic duct (CHD) secondary to vascular impression in a 
33-year-old woman. (a) Thick-slab single-section 2D RARE MR cholangiopancreatographic image shows 
a short-segment stricture of the proximal CHD (arrow) without intrahepatic biliary dilatation. (b) Axial 
contrast-enhanced MR image at the level of the porta hepatis shows the common hepatic artery (arrow) 
crossing the proximal CHD (arrowhead), resulting in a pseudostricture.

Figure 4.  Pseudostricture of the CHD and true stricture of the right hepatic duct (RHD) in a 25-year-
old woman who had recently undergone laparoscopic cholecystectomy. (a) MIP image from a 3D RARE 
MR cholangiopancreatographic study shows an apparent focal stricture of the CHD (black arrow), with a 
normal-caliber left hepatic duct and an aberrant right posterior segmental duct (arrowheads) draining into 
it. Note also the focal stricture of the right anterior segmental duct (white arrow) with associated upstream 
biliary ductal dilatation. (b) Axial contrast-enhanced MR image demonstrates susceptibility artifact related 
to cholecystectomy clips at the level of the CHD (arrow), a finding that confirms the presence of a pseu-
dostricture. (c) Spot image from a PTC study shows total occlusion of the right anterior segmental duct 
(arrowhead), consistent with an iatrogenic stricture.
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Figure 5.  Acute pancreatitis and distal CBD stricture in a 42-year-old man. (a) Two-dimensional 
thick-slab RARE MR cholangiopancreatographic image demonstrates focal narrowing of the distal CBD 
(arrow) with associated upstream biliary dilatation. (b) Axial T2-weighted MR image shows peripancre-
atic fluid and fat stranding (arrowheads), findings that are consistent with acute pancreatitis.

is 0%–0.5% for open cholecystectomy and up 
to 1.2% for laparoscopic cholecystectomy (18). 
The most common locations of postcholecys-
tectomy strictures include the junction of the 
cystic duct with the CHD and the confluence of 
the left and right hepatic ducts (19). Potential 
risk factors for bile duct injury during surgery 
include aberrant biliary anatomy; inflammation 
in the hepatobiliary (Calot) triangle (anatomic 
space bordered by the CHD medially, the cys-
tic duct inferiorly, and the cystic artery supe-
riorly); intraoperative bleeding; and technical 
factors such as obesity and adhesions (20,21). 
MR cholangiopancreatography is as sensitive 
as direct cholangiography and typically shows a 
short-segment smooth stricture of the CHD or 
CBD with associated intrahepatic biliary dilata-
tion (Fig 4) (21,22). An iatrogenic stricture can 
appear to be long if there is complete transec-
tion of a bile duct. However, MR cholangio-
pancreatography may lead to overestimation 
of the length of the stricture, especially when 
the duct immediately distal to the stricture 
is collapsed, rather than truly narrowed (21). 
At contrast-enhanced MR imaging, the nar-
rowed segment commonly demonstrates a thin, 
nonenhancing wall with smooth margins (23). 
Strictures in liver transplant recipients will be 
discussed later.

Pancreatitis
Chronic pancreatitis accounts for about 10% of 
all benign biliary strictures, and the prevalence 
of strictures in patients with chronic pancreatitis 
varies from 3% to 46% (24). The intrapancreatic 
portion of the CBD is most commonly involved 
due to fibrosis of the periductal pancreatic pa-
renchyma (24). Although uncommon, strictures 

secondary to mass effect may also develop in 
acute pancreatitis. MR cholangiopancreatogra-
phy shows a smooth stricture in the distal CBD 
with gradual tapering or, less frequently, more 
abrupt narrowing due to an ultrashort stricture of 
the terminal CBD (Fig 5) (25). In addition, MR 
imaging may show changes of acute pancreatitis 
(enlarged pancreas, peripancreatic fat stranding, 
and fluid collections) or chronic pancreatitis (pa-
renchymal fibrosis, atrophy, and pancreatic duct 
dilatation) (Fig 6) (26).

Biliary tract involvement in autoimmune pan-
creatitis (AIP) merits special mention and will 
be discussed under “IgG4-related Sclerosing 
Cholangitis.”

Choledocholithiasis
Choledocholithiasis may occur in 8%–18% 
of patients with symptomatic gallstones (27). 
Chronic inflammation secondary to persistent 
biliary calculi may result in scarring and stric-
ture formation. Given its high sensitivity and 
specificity, MR cholangiopancreatography is ide-
ally suited for the investigation of CBD calculi 
(2,28). At MR cholangiopancreatography, bile 
duct calculi appear as multiple filling defects 
with angular margins (2,29). In addition, MR 
imaging with MR cholangiopancreatography 
may demonstrate associated CBD strictures in 
chronic choledocholithiasis. Strictures in these 
patients are usually of the short-segment variety 
and can occur both above and below calculi in 
the CBD (Fig 7) (30). Minimal wall thickening 
and enhancement of the narrowed segment can 
also be appreciated. Patients with chronic cho-
ledocholithiasis and strictures are prone to cho-
lestasis, cholangitis, additional stone formation, 
and biliary cirrhosis (27,30).



RG  •  Volume 34  Number 3	 Katabathina et al  571

Figure 6.  Pancreas divisum and chronic pancreatitis isolated to the ventral anlage in a 43-year-old man. 
(a) MIP image from a 3D RARE MR cholangiopancreatographic study shows a normal-caliber MPD 
(white arrow), tortuosity and dilatation of the duct of Wirsung and its side branches (white arrowhead), 
and a focal stricture of the distal CBD (black arrowhead). Note the pancreatic pseudocysts (black ar-
rows) in the pancreatoduodenal groove. (b) On an axial frequency-selective fat-suppressed T1-weighted 
MR image, the dorsal anlage of the pancreas has normal signal intensity (black arrow), whereas the ventral 
pancreatic anlage (white arrow) is hypointense secondary to chronic pancreatitis.

Primary Sclerosing Cholangitis
PSC is a chronic cholestatic disease of unknown 
cause that is characterized by inflammatory and 
obliterative fibrosis of the intra- and extrahe-
patic bile ducts, and that may progress to he-
patic failure and cirrhosis. Approximately 75% 
of PSC patients have associated inflammatory 
bowel disease, predominantly ulcerative colitis. 
Although the exact cause of PSC is unknown, 
an autoimmune cause is suspected given the as-
sociation with other autoimmune diseases such 
as mediastinal and retroperitoneal fibrosis and 
Sjögren syndrome (31). MR imaging and MR 
cholangiopancreatography are helpful in deter-
mining the status of the bile ducts, character-
izing the morphologic features of the hepatic 
parenchyma, and evaluating for the development 

of cholangiocarcinoma (32). MR cholangiopan-
creatographic findings of PSC include (a) mul-
tifocal short-segment strictures of the intra- and 
extrahepatic ducts alternating with normal or 
mildly dilated ducts, giving rise to a “beaded” 
appearance; and (b) peripheral pruning of the 
intrahepatic ducts. Hepatic parenchymal ab-
normalities include peripheral wedge-shaped or 
reticular T2-hyperintense abnormalities, hyper-
trophy of the caudate lobe and medial segment 
of the left lobe with atrophy of the lateral and 
posterior segments, and large regenerating nod-
ules (Fig 8) (33). Contrast-enhanced MR imag-
ing may show multifocal wall thickening and en-
hancement of the bile ducts, as well as multiple 
enhancing areas of fibrosis in the liver periphery. 
Periportal lymph nodes and intrahepatic duct 
stones may also be seen (34). Other entities that 
closely mimic PSC include ascending cholan-
gitis (when associated with strictures and intra-
ductal stones), RPC, AIDS cholangiopathy, and 
ischemic strictures. Cholangiocarcinoma may 
cause complications in about 10%–15% of PSC 
patients and should be suspected if the patient 
develops pruritus, worsening of jaundice, and 
rapidly increasing serum levels of alkaline phos-
phatase and bilirubin (31). The carbohydrate 
antigen 19–9 (CA 19–9) level is often elevated 

Figure 7.  Distal CBD stricture and choledocho-
lithiasis in an 80-year-old man. MIP image from a 
3D RARE MR cholangiopancreatographic study 
demonstrates multiple calculi in the CBD (arrows) 
with an associated focal short-segment distal CBD 
stricture (arrowhead).
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Figure 9.  IgG4-related sclerosing cholangitis in a 51-year-old woman. The patient had a history of 
right upper quadrant pain, jaundice, and elevated serum IgG4 levels. (a) Two-dimensional thick-slab 
RARE MR cholangiopancreatographic image shows a long-segment smooth stricture involving the distal 
CBD (arrow) with associated upstream biliary dilatation. (b) Axial out-of-phase T1-weighted MR image 
demonstrates normal pancreatic parenchyma (arrowheads) with no evidence of AIP.

Figure 8.  PSC in a 63-year-old man. (a) MIP image from a 3D RARE MR cholangiopancreato-
graphic study shows multiple strictures of the CBD interspersed with focal dilatations, creating a beaded 
appearance (arrows), along with multiple discontinuous strictures of the intrahepatic bile ducts involv-
ing both hepatic lobes (arrowheads). (b) Axial postcontrast MR image demonstrates the typical hepatic 
morphology of advanced PSC: peripheral hepatic atrophy, particularly involving the left lobe (arrows), 
and central hypertrophy with a markedly enlarged caudate lobe (arrowheads), giving the liver a lobu-
lated rather than nodular contour.

in patients who develop cholangiocarcinoma 
and has a sensitivity and specificity of 78.6% 
and 98.5%, respectively, with use of a cutoff 
value of 129 IU/mL (35). However, the CA 
19–9 level has a somewhat low positive predic-
tive value of 56.6% and may not be very helpful 
in identifying cholangiocarcinoma in the early 
stages. In addition, false-positive elevated levels 
may be seen with acute bacterial cholangitis and 
cholestasis (35). MR imaging findings such as a 
dominant stricture that manifests as high-grade 
ductal narrowing with markedly dilated proxi-
mal ducts, polypoid intraductal masses, and 
rapid progression of strictures should raise sus-
picion for cholangiocarcinoma (31,36).

IgG4-related Sclerosing Cholangitis
IgG4-related sclerosing cholangitis is the biliary 
manifestation of IgG4 sclerosing disease, a re-
cently recognized disease entity that manifests his-
tologically as infiltration by abundant IgG4-posi-
tive plasma cells (37). IgG4 sclerosing disease can 
result in four different patterns of biliary strictures: 
(a) stricture of the distal CBD (Fig 9), (b) diffuse 
strictures of the intra- and extrahepatic bile ducts, 
(c) hilar stricture and distal CBD stricture, and 
(d) isolated hilar stricture (38). MR cholangiopan-
creatography best demonstrates the presence and 
distribution of the strictures, whereas cross-sec-
tional MR imaging often shows a thick, symmetric 
circumferential rind of enhancing tissue surround-
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Figure 10.  IgG4 sclerosing disease in a 42-year-old woman who initially underwent workup for an ante-
rior neck mass. An adrenal mass and a pancreatic mass were incidentally detected. (a) Axial postcontrast 
T1-weighted MR image shows a diffusely enlarged thyroid with a peripheral thick rind of enhancing tissue 
(arrows). Results of histopathologic analysis confirmed the diagnosis of Reidel thyroiditis. (b) Axial post-
contrast T1-weighted MR image shows a sausage-shaped pancreas with a thick hypoenhancing capsule 
(arrows), consistent with AIP. Note also the dilatation of an isolated intrahepatic bile duct in the posterior 
right hepatic lobe (arrowhead). (c) Axial postcontrast T1-weighted MR image depicts a peripherally 
enhancing, heterogeneous left adrenal mass (arrow), which proved to be an inflammatory pseudotumor at 
surgical excision. (d) MIP image from a 3D RARE MR cholangiopancreatographic study performed 4½ 
years later shows extensive progression of IgG4-associated cholangitis with interval development of mul-
tiple strictures involving the extra- and intrahepatic bile ducts (arrowheads). (e) Axial contrast-enhanced 
CT image demonstrates an ill-defined retroperitoneal mass with soft-tissue attenuation that partially 
encases the abdominal aorta (white arrowheads) and completely encases the inferior mesenteric artery 
(black arrowhead), findings that are consistent with retroperitoneal fibrosis.

ing the strictures (Fig 10) (39). IgG4-related scle-
rosing cholangitis can mimic other disease entities 
such as PSC, cholangiocarcinoma, pancreatic 
adenocarcinoma, ischemic biliary strictures, or 

AIDS cholangiopathy. Unlike in PSC, multifocal 
strictures in IgG4-related sclerosing cholangitis are 
long and continuous and are associated with pre-
stenotic dilatation. An elevated serum IgG4 level 
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Figure 11.  Biliary strictures following liver transplantation. (a) MR cholangiopancreatographic im-
age obtained in a 57-year-old man who had undergone orthotopic liver transplantation 3 weeks earlier 
shows severe narrowing of the biliary duct–duct anastomosis (arrow), a finding that is consistent with an 
anastomotic stricture. (b) MR cholangiopancreatographic image obtained in a 39-year-old man who had 
recently undergone liver transplantation shows multiple discontinuous strictures involving the intrahepatic 
biliary ducts (arrowheads), findings that are consistent with ischemic cholangiopathy.

and the presence of extrabiliary IgG4 sclerosing 
disease (eg, involvement of the pancreas, kidneys, 
thyroid gland, and salivary glands) is strongly 
suggestive of IgG4-related sclerosing cholangitis.

AIP can be divided into type 1 (lymphoplasma-
cytic sclerosing pancreatitis) and type 2 (idiopathic 
duct centric pancreatitis) on the basis of distinct 
histologic findings and clinical profiles, although 
they are radiologically indistinguishable (40). 
Periductal lymphoplasmacytic infiltrate is present 
in both types of AIP. However, storiform fibrosis 
and obliterative phlebitis are prominent features of 
type 1 AIP, whereas type 2 AIP is characterized by 
granulocytic epithelial lesions. Patients with type 
1 AIP have a high relapse rate, whereas those with 
type 2 AIP do not show relapse (40). Biliary tract 
involvement can be seen in up to 80% of patients 
with type 1 AIP (37,41,42). Focal stricture of the 
distal CBD is the most common abnormality (42). 
Kamisawa et al (43) showed that patients with 
serum IgG4 levels of 220 mg/dL or greater have a 
high prevalence of biliary tract involvement. Less 
commonly, IgG4-related sclerosing cholangitis 
may occur in the absence of AIP (about 7.5% 
cases in one study) (44).

Liver Transplantation
Biliary strictures may develop in 5%–15% of ca-
daveric liver transplants and 28%–32% of living 
donor liver transplants (45). On the basis of their 
pathophysiologic features, these strictures are di-
vided into anastomotic and nonanastomotic types.

Anastomotic strictures develop due to (a) tech-
nical factors or (b) local ischemia or a bile leak in 

the postoperative period, resulting in fibrosis and 
scar formation. They are usually single, short-seg-
ment entities that are localized to the anastomosis. 
Anastomotic strictures can occur with either cho-
ledochocholedochal or biliary-enteric anastomosis 
and are more common with Roux-en-Y reconstruc-
tion (46). MR cholangiopancreatography is equiva-
lent to ERCP in the identification and quantifica-
tion of biliary strictures and can be used as the only 
imaging modality in these patients (47,48). MR 
cholangiopancreatography shows a short-segment 
stricture at the site of anastomosis with possible 
proximal biliary dilatation (Fig 11a) (49,50).

Nonanastomotic strictures develop second-
ary to ischemic or immunologic causes and may 
lead to graft loss (45,51). These strictures are 
usually multiple and involve long segments, and 
they may develop within the liver or proximal to 
the anastomotic site. Ischemia may be macroan-
giopathic (hepatic artery thrombus or stenosis) 
or microangiopathic (prolonged cold and warm 
ischemia times, donation after cardiac death, 
and prolonged use of vasopressin in the donor). 
Immunologic causes include chronic rejection, 
blood type incompatibility, PSC, and autoim-
mune hepatitis (45). MR cholangiopancreatog-
raphy shows multiple discontinuous stenoses in-
volving the intrahepatic ducts and a long-segment 
stricture involving the hepatic hilum and the 
CHD (Fig 11b) (47–49).

Recurrent Pyogenic Cholangitis
RPC, also known as “oriental cholangiohepatitis” 
or intrahepatic pigmented calculus disease, is 
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characterized by the presence of intrahepatic bile 
duct strictures and calculi (52). Clinically, RPC 
patients present with recurrent attacks of fever, 
jaundice, and abdominal pain. Although the exact 
cause is unknown, a strong association has been 
described between RPC and parasites such as 
Ascariasis lumbricoides and Clonorchis sinensis, as 
well as poor nutritional status, low socioeconomic 
status, and Escherichia coli cholangitis (52,53). 
Chronic inflammation and fibrosis of the bile 
ducts may result in multiple strictures, bile stasis, 
and the formation of intrahepatic calculi. MR 
cholangiopancreatography is superior to direct 
cholangiography for accurate topographic evalua-
tion of RPC, since it depicts the entire biliary tree, 
in spite of multisegmental narrowing (54). MR 
cholangiopancreatographic findings of RPC in-
clude intra- or extrahepatic bile duct stones, mul-
tiple intrahepatic biliary strictures, short-segment 
focal extrahepatic bile duct stricture, localized 
dilatation of lobar or segmental bile ducts with 
a predilection for the lateral segment of the left 
lobe and the posterior segment of the right lobe, 
bile duct wall thickening, abrupt tapering, and 

decreased arborization of the intrahepatic ducts 
(Fig 12) (52,53,55,56). The intraductal calculi in 
RPC are pigmented stones and are well visualized 
on T1-weighted MR images due to their hyperin-
tensity (32). MR cholangiopancreatography has 
been shown to be superior in the assessment of 
the extent of intrahepatic stones in RPC and helps 
in treatment planning (57). Cholangiocarcinoma 
may develop in up to 5% of RPC patients; atro-
phied segments and hepatic segments with a high 
stone burden put patients at risk (58).

Mirizzi Syndrome
The term Mirizzi syndrome refers to stenosis 
and obstruction of the CHD caused by extrinsic 
compression from a gallstone impacted in the 
Hartmann pouch, which is an outpouching of 
the gallbladder wall either at the junction of the 
cystic duct and the gallbladder neck or in the 
cystic duct. A long cystic duct coursing parallel 
to the CHD and low insertion of the cystic duct 
into the CBD are predisposing factors in the de-
velopment of Mirizzi syndrome (53,59). CHD 
stricture may be due to simple compression or 

Figure 12.  RPC in a 43-year-old woman.  
(a) Two-dimensional thick-slab RARE MR chol-
angiopancreatographic image depicts severely 
dilated intrahepatic bile ducts containing multiple 
filling defects in the right hepatic lobe (arrows). 
(b) Axial T2-weighted MR image demonstrates 
hypointense calculi (arrowheads) within dilated 
intrahepatic bile ducts of an atrophied posterior 
right lobe. (c) Axial unenhanced CT image shows 
hyperattenuating intraductal calculi (arrowheads).
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Figure 14.  AIDS cholangiopathy in a 33-year-
old man. Source image from a 3D RARE MR 
cholangiopancreatographic study shows papillary 
stenosis (arrow) with marked dilatation of the 
CBD (arrowhead) and mild prominence of the 
pancreatic duct, findings that are consistent with 
AIDS cholangiopathy.

Figure 13.  Mirizzi syndrome in a 47-year-old 
man. Two-dimensional thick-slab RARE MR 
cholangiopancreatographic image shows multiple 
calculi within the gallbladder neck and cystic duct 
(arrow) compressing and narrowing the CBD (ar-
rowhead), resulting in upstream biliary dilatation, 
consistent with Mirizzi syndrome.

chronic inflammation, scar formation, or fistuliza-
tion of the cystic duct to the CHD. Csendes et al 
(60) classified Mirizzi syndrome into four types 
based on the presence of fistula. Type 1 repre-
sents stricture due to external compression alone, 
whereas types 2–4 represent various degrees 
of fistulization, with an increasing defect in the 
CBD wall: Type 2 stricture affects less than 33% 
of the bile duct circumference; type 3, 33%-66%; 
and type 4, more than 66%. This classification is 
useful in guiding surgical management (59,60). 
Typical MR cholangiopancreatographic fea-
tures of Mirizzi syndrome include cholelithiasis, 
a stone in the cystic duct, focal stricture of the 
CHD, dilatation of the intrahepatic bile ducts 
and proximal CHD, and a normal-caliber distal 
CBD (Fig 13) (53,61,62). In their study, Yun et 
al (63) showed that MR cholangiopancreatog-
raphy with CT increases diagnostic accuracy for 
Mirizzi syndrome compared with CT alone by 
demonstrating cholelithiasis, choledocholithiasis, 
stenosis, and anatomic variants of the bile ducts.

AIDS Cholangiopathy
AIDS cholangiopathy is a form of secondary 
sclerosing cholangitis that occurs in AIDS patients 
with a CD4 count of less than 100/mm3 (64). 
Chronic inflammation of the biliary tract by op-
portunistic pathogens such as Cryptosporidium par-
vum and cytomegalovirus is responsible for mul-
tifocal biliary strictures in the majority of patients. 
Other potential causative agents include Mycobac-
terium avium complex, Microsporidia species, and 
herpes simplex virus (64). However, no pathogen 
is identified in up to 50% of patients (64). Clini-
cally, patients present with elevated levels of chole-
static enzymes (eg, alkaline phosphatase and g glu-
tamyl transferase) and right upper quadrant pain; 
however, jaundice is rare, since biliary obstruction 
is often incomplete (64).

MR cholangiopancreatographic findings of 
AIDS cholangiopathy include multiple intra- and 
extrahepatic biliary strictures with associated 
dilatation simulating PSC, papillary stenosis with 
a dilated CBD, and an isolated intermediate- to 
long-segment (1–2-cm) extrahepatic bile duct 
stricture (Fig 14) (65,66). Other MR imaging 
findings include acalculous cholecystitis as well 
as wall thickening and enhancement of the bile 
ducts (66).

Sphincter of Oddi Dysfunction
SOD is due to abnormal contractility, spasm, 
or obstruction of the sphincter of Oddi, causing 
pancreaticobiliary type pain, cholestasis, or recur-
rent attacks of acute pancreatitis (67). SOD may 
be due to true stenosis or functional obstruction. 
It is a diagnosis of exclusion and is classified 

into three biliary types (types I–III) and three 
pancreatic types (types I–III) based on the pres-
ence of pancreatic or biliary type pain, elevated 
hepatic or pancreatic enzyme levels, and dilata-
tion of the CBD or pancreatic duct (68,69). Type 
I is characterized by pancreatic or biliary type 
pain with both an elevated enzyme level and duct 
dilatation; type II, by pain with either an elevated 
enzyme level or duct dilatation; and type III, by 
pain with neither an elevated enzyme level nor 
duct dilatation. SOD is commonly seen in pa-
tients with postcholecystectomy syndrome (per-
sistent abdominal pain after cholecystectomy) 
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Figure 15.  Manometrically proved SOD in a 
49-year-old man. MIP image from a 3D RARE 
MR cholangiopancreatographic study shows 
moderate extrahepatic and mild intrahepatic bile 
duct dilatation (arrows).

and recurrent idiopathic pancreatitis, most of 
whom are 20–50 years old (70). A basal sphincter 
pressure of 40 mm Hg or greater is considered to 
be diagnostic for SOD (71). Endoscopic sphinc-
ter manometry is the standard test for the diag-
nosis of SOD; however, it is invasive, difficult to 
perform, and has limited availability (67,70,72). 
In clinically suspected cases of SOD, MR cholan-
giopancreatographic findings may include focal 
stenosis of the sphincter of Oddi, which manifests 
as a smoothly tapered stricture of the distal CBD 
and a dilated extrahepatic bile duct (usually >12 
mm) with mild or no dilatation of the intrahe-
patic bile ducts or main pancreatic duct (MPD) 
(Fig 15) (67). Although a transient and minimal 
increase in pancreatic duct diameter is a normal 
finding at secretin-stimulated MR cholangiopan-
creatography, an increase in diameter of more 
than 1 mm or prolonged dilatation (>3 mm at 
10 minutes) is helpful in identifying patients with 
suspected SOD who can benefit from interven-
tion, especially those with type II SOD (67,73). 
SOD patients with evidence of inflammatory ste-
nosis of the sphincter of Oddi at MR cholangio-
pancreatography can be treated successfully with 
endoscopic sphincterotomy.

Malignant Biliary Strictures

Cholangiocarcinoma
Cholangiocarcinoma is a malignant neoplasm 
that arises from both intra- and extrahepatic bile 
duct epithelium. Most cholangiocarcinomas are 
adenocarcinomas with a characteristic profuse fi-
brous stroma (74). On the basis of their anatomic 
location, cholangiocarcinomas can be classified 
as intrahepatic (peripheral), perihilar, or extra-

hepatic. The Liver Cancer Study Group of Japan 
categorized cholangiocarcinomas into mass-
forming, periductal infiltrating, and intraductal 
growth types on the basis of morphologic features 
and growth patterns (75). The common risk fac-
tors for the development of cholangiocarcinomas 
include infection with liver flukes (Opisthorchis 
viverrini and Clonorchis sinensis), PSC, hepatoli-
thiasis due to RPC, and pancreaticobiliary duc-
tal anomalies (choledochal cyst and anomalous 
pancreaticobiliary junction), with chronic biliary 
inflammation being the common feature shared 
by all causes (74).

Cross-sectional imaging plays an important 
role in the diagnosis of cholangiocarcinoma and 
the assessment of resectability (76). Contrast-en-
hanced MR imaging with MR cholangiopancrea-
tography is particularly useful in the evaluation 
of cholangiocarcinoma due to its high soft-tissue 
contrast resolution and its capacity to help ac-
curately assess the extent of peripheral ductal 
involvement (76,77). Cholangiocarcinoma tends 
to show moderate peripheral enhancement fol-
lowed by progressive centripetal enhancement 
(77). At MR imaging, periductal infiltrating and 
intraductal growth type cholangiocarcinomas 
appear as single or multifocal biliary strictures, 
focal or diffuse ductal thickening with or without 
contrast enhancement, and intraductal polypoid 
growth (Fig 16) (78). These findings are nonspe-
cific and may mimic a wide spectrum of inflam-
matory and neoplastic conditions involving the 
bile ducts (53). MR imaging–MR cholangiopan-
creatographic findings that can help differentiate 
cholangiocarcinoma from other benign bile duct 
strictures will be discussed later.

Pancreatic Adenocarcinoma
Adenocarcinoma is the most common malignant 
neoplasm of the pancreas in adults. About 70% 
of tumors occur in the head, neck, and uncinate 
process and usually manifest with obstructive 
jaundice secondary to stricture of the intrapan-
creatic portion of the CBD (79). Multidetector 
CT and MR imaging are equally effective in 
tumor detection (sensitivity of 91% and 84%, re-
spectively) and assessment of tumor resectability 
(sensitivity of 82% and 81%, respectively) (80). 
However, MR imaging is commonly used as a 
“problem-solving” tool in suspected non–con-
tour-deforming pancreatic masses at multidetec-
tor CT, small masses (<2 cm), and patients with 
inconclusive CT findings (81). In addition, he-
patic, peritoneal, and omental metastases can be 
detected much more easily at MR imaging than 
at CT. In one study, contrast-enhanced MR im-
aging demonstrated an accuracy of approximately 
94% for vascular involvement (82). Pancreatic 
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Figure 16.  Cholangiocarcinoma in a 60-year-old man with known PSC who presented with a 2-month 
history of a rapidly increasing serum bilirubin level. (a) MIP image from a 3D RARE MR cholangiopan-
creatographic study shows severe narrowing of the left hepatic duct (arrow) and, to a lesser extent, narrow-
ing of the RHD and proximal CHD (arrowheads). (b, c) Axial contrast-enhanced MR images obtained at 
different levels of the liver show circumferential wall thickening and enhancement of the RHD (arrow in b) 
and an enhancing mass occluding the left hepatic duct (arrowheads in c), with moderate dilatation of the 
left lobar intrahepatic bile ducts. (d) ERCP image demonstrates a long-segment stricture of the RHD (ar-
rows) without significant upstream biliary dilatation. The left hepatic duct was not opacified with contrast 
material, likely owing to severe narrowing. Biopsy of the RHD using the Spyglass Spyscope system (Bos-
ton Scientific, Natick, Mass) showed an invasive, moderately differentiated cholangiocarcinoma.

adenocarcinoma is hypointense on frequency-
selective fat-suppressed T1-weighted images 
and iso- to slightly hyperintense on T2-weighted 
images. Typically, four sets of fat-saturated T1-
weighted images are obtained, at 20 seconds 
(arterial phase), 50 seconds (pancreatic phase), 
90 seconds (portal venous phase), and 120 sec-
onds (delayed phase) after the administration of 
gadolinium-based contrast material (83). The 
mass enhances less than the background pancre-
atic parenchyma on arterial and pancreatic phase 
images, and then shows progressive enhancement 
in the portal venous and delayed phases (81,84). 
MR imaging findings of the mass are indicative 
of abundant fibrous stroma within the pancreatic 
adenocarcinoma. MR cholangiopancreatography 

shows abrupt termination of the CBD and MPD 
at the level of the mass in the pancreas with up-
stream ductal dilatation (83,84). This MR chol-
angiopancreatographic appearance is often de-
scribed as the “double duct sign,” which occurs 
with narrowing of the intrapancreatic CBD and 
the MPD secondary to contiguous obstruction 
or encasement by a mass of the pancreatic head 
(Fig 17) (85). Although highly suggestive, the 
double duct sign is not diagnostic for pancreatic 
head carcinoma, since it can be seen in other ma-
lignancies such as ampullary cancer, distal CBD 
cholangiocarcinoma, and duodenal carcinoma 
or lymphoma, and in benign entities such as 
chronic pancreatitis and ampullary stenosis (85). 
Although CT and MR imaging are very helpful 
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Figure 17.  Pancreatic adenocarcinoma in a 77- 
year-old man. (a) MIP image from a 3D RARE 
MR cholangiopancreatographic study shows a 
short-segment stricture of the intrapancreatic por-
tion of the CBD (arrow) with upstream biliary 
dilatation as well as several cystic foci communi-
cating with the MPD (arrowheads), findings that 
are consistent with multifocal branch-duct type 
intraductal papillary mucinous tumor. (b) Axial 
postcontrast MR image shows a hypoenhancing 
focal mass in the pancreatic head (arrow), consis-
tent with adenocarcinoma.

in assessing local tumor invasion and surgical re-
sectability, positron emission tomography can be 
useful as a problem-solving technique and aids in 
differentiating benign from malignant lesions, de-
tecting unsuspected metastases, and differentiat-
ing residual or recurrent tumor from postsurgical 
scar tissue (86).

Ampullary and  
Periampullary Carcinomas
Ampullary carcinoma is defined as carcinoma 
arising in the ampullary complex distal to the 
confluence of the pancreatic duct and CBD. Ma-

lignant tumors arising within 2 cm of the major 
duodenal papilla can be categorized as periam-
pullary carcinomas and include carcinoma of the 
ampulla of Vater, distal CBD, head and uncinate 
process of the pancreas, and periampullary por-
tion of the duodenum (87). These malignancies 
show varied tumor biologic features that result in 
different long-term outcomes; accurate differenti-
ation among these entities is critical for treatment 
planning and may help predict prognosis (87). 
Although patients with ampullary or duodenal 
carcinoma have better 5-year survival rates than 
do those with bile duct or pancreatic carcinoma 
(87), it is important to exclude a benign cause for 
ampullary obstruction before considering vari-
ous periampullary carcinomas. Identification of 
an ampullary mass, papillary bulging, irregular 
asymmetric luminal narrowing of the distal CBD, 
and diffuse upstream intra- and extrahepatic bili-
ary dilatation are signs of malignant ampullary 
obstruction, whereas smooth symmetric luminal 
narrowing of the CBD and central biliary dilata-
tion without an ampullary mass or papillary bulg-
ing are expected with a benign obstruction (88). 
Although difficult, analysis of MR imaging and 
MR cholangiopancreatographic findings in terms 
of mass location and shape and pattern of biliary 
and pancreatic duct dilatation is extremely help-
ful in differentiating among various periampul-
lary malignancies (89).

Ampullary carcinoma is a rare malignancy 
arising from the ampulla of Vater that may appear 
at MR imaging as a small nodular mass, periduc-
tal thickening, or bulging of duodenal papillae 
(87). If identified, the mass is isointense relative 
to the adjacent duodenal wall on T1-weighted 
images and shows variable signal intensity on T2-
weighted images. At arterial phase imaging, the 
mass is hypointense relative to the surrounding 
duodenum and shows delayed contrast enhance-
ment (Fig 18) (89). MR cholangiopancreatog-
raphy may show marked abrupt dilatation of the 
distal CBD or the pancreatic duct without signs 
of pancreatitis or an obvious pancreatic mass 
or stone. Distal CBD malignancy may manifest 
as irregular ductal wall thickening with luminal 
obliteration or as an intraductal polypoid mass 
(87). A normal pancreatic duct is seen in most 
cases, unless there is tumor invasion into the 
ampullary portion or direct involvement of the 
pancreatic duct through the pancreatic paren-
chyma. Periampullary duodenal adenocarcinoma 
may manifest at MR imaging as a polypoid mass, 
fungating mass, or eccentric duodenal wall thick-
ening (Fig 19a), with associated dilatation of the 
pancreatic duct and CBD (Fig 19b) (87). This 
dilatation is modest or absent in duodenal carci-
noma when the periampullary portion is spared. 
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Figure 19.  Duodenal adenocarcinoma in a 68-year-old woman. (a) Axial T2-weighted MR image 
demonstrates circumferential nodular thickening of the second and third portions of the duodenum 
(arrows). (b) Two-dimensional thick-slab RARE MR cholangiopancreatographic image depicts abrupt 
focal narrowing of the distal CBD and pancreatic duct at the ampulla (arrowheads) with moderate 
dilatation of the upstream biliary tree and pancreatic duct. Duodenal adenocarcinoma was diagnosed at 
endoscopy-guided biopsy.

Figure 18.  Ampullary adenocarcinoma in a 62-year-old woman. (a) Two-dimensional thick-
slab RARE MR cholangiopancreatographic image shows abrupt narrowing of the distal CBD 
at the level of the ampulla (arrow), along with marked dilatation of the CBD and mild promi-
nence of the MPD. (b) Axial postcontrast MR image shows an enhancing ampullary mass 
(arrowheads) protruding into the lumen of the second portion of the duodenum (arrow). The 
mass proved to be an ampullary adenocarcinoma at surgical resection.

In addition, lymphoma of the second portion of 
the duodenum involving the periampullary region 
may also result in strictures of the distal CBD 
with upstream biliary dilatation (Fig 20).

Miscellaneous and Rare Causes
Biliary inflammatory pseudotumor is an ex-
tremely rare and poorly understood entity that 
manifests as an infiltrative lesion mimicking hilar 
or intrahepatic cholangiocarcinoma and is char-
acterized histologically by an admixture of fibro-
vascular tissue and a cellular infiltrate of plasma 
cells, eosinophils, and histiocytes (90). Follicular 
cholangitis is another extremely rare disease en-
tity that mimics hilar cholangiocarcinoma and 
is characterized histologically by numerous lym-

phoid follicles around hilar or perihilar bile ducts 
(91). At MR cholangiopancreatography, both 
biliary inflammatory pseudotumor and follicular 
cholangitis can mimic hilar cholangiocarcinoma 
when they cause a hilar stricture with intrahe-
patic biliary ductal dilatation. When intrahepatic 
bile ducts are involved, the MR imaging and MR 
cholangiopancreatographic findings mimic pe-
ripheral cholangiocarcinoma (Fig 21). Hepatocel-
lular carcinoma and gallbladder carcinoma may 
cause biliary strictures, either by direct extension 
of the tumor to the porta hepatis or by compres-
sion of the extrahepatic bile ducts by enlarged 
porta hepatis lymph nodes (92). Gallbladder car-
cinoma involving the body and neck of the gall-
bladder may extend up to the porta hepatis and 
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Figure 21.  Biliary inflammatory pseudotumor in an 83-year-old man. (a) Axial T2-weighted MR im-
age shows a masslike area with faint hyperintensity in the right hepatic lobe (arrow) with upstream bili-
ary ductal dilatation (arrowheads). (b) Axial postcontrast MR image shows an infiltrative masslike area 
(arrow) encasing the RHD, with marked upstream dilatation of the intrahepatic bile ducts within an 
atrophic hyperenhancing right hepatic lobe (arrowheads). Histopathologic analysis revealed severe lym-
phoplasmacytic and neutrophilic infiltration without evidence of malignancy, findings that are consistent 
with biliary inflammatory pseudotumor.

Figure 20.  Periampullary lymphoma in a 55-year-old man. (a) Coronal half-Fourier acquisition sin-
gle-shot turbo spin-echo image shows circumferential wall thickening of the second portion of the duo-
denum (arrow) with marked biliary and pancreatic ductal dilatation. (b) MIP image from a 3D RARE 
MR cholangiopancreatographic study demonstrates strictures of the pancreatic duct and CBD near the 
ampulla (arrowheads) with marked upstream dilatation. The diagnosis of non-Hodgkin lymphoma was 
confirmed at histopathologic analysis.

cause CHD stricture (Fig 22). Biliary metastases 
are very rare and may cause strictures mimicking 
cholangiocarcinoma. They are commonly from 
primary cancers of the lung, breast, gallbladder, 
and colon. Biliary involvement by metastatic 
melanoma and lymphomatous infiltration has 
also been documented (53). Among these pri-
mary cancers, colon cancer has a greater predi-
lection for the bile ducts due to its proclivity to 
spread along epithelial surfaces (53). Periportal 

and peripancreatic lymphadenopathy may cause 
CHD-CBD strictures secondary to compression 
(92). Malignancies of the gallbladder, pancreas, 
stomach, and colon are the usual culprits (92).

Differentiation of Malignant  
from Benign Biliary Strictures

Differentiation of malignant from benign bile 
duct strictures is critical for optimal patient man-
agement. ERCP is a crucial tool in the workup of 
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a patient with suspected biliary obstruction be-
cause it yields high-spatial-resolution images; al-
lows tissue biopsy, thereby aiding in establishing 
the diagnosis; and has therapeutic applications. 
However, ERCP is an invasive procedure that re-
quires an intravenously administered sedative and 
ionizing radiation, and it is relatively time con-
suming. In addition, ERCP is expensive, may be 
technically unsuccessful in about 4% of patients, 
can result in incomplete evaluation in patients 
with high-grade strictures due to nonvisualization 
of upstream ducts, and is associated with a com-
plication rate of up to 7% and a mortality rate of 
0.1%–0.9% (93,94). The biochemical and imag-
ing predictors of malignant biliary strictures have 
been investigated in many clinical studies (12,95–
97). Patients with a serum bilirubin level of over 
8.4 mg/dL and a CA 19–9 level of over 100 
U/L are more likely to have malignant strictures 
(95,96). In addition, greater patient age, proximal 
biliary dilatation, and higher levels of bilirubin, 
alkaline phosphatase, and transaminases are as-
sociated with malignancy (95).

Visualization of biliary ductal morphology 
with MR imaging–MR cholangiopancreatogra-

phy is comparable to that with ERCP (98). Addi-
tional advantages include good patient tolerance, 
no associated mortality, 3D imaging, the ability 
to depict ducts upstream to high-grade strictures, 
and usefulness in planning percutaneous biliary 
interventions (99). However, MR imaging may 
lead to overestimation of length and grade of bili-
ary stricture, and in patients with severe claustro-
phobia or (for example) intracranial aneurysmal 
clips, cardiac pacemakers, or cochlear implants, 
imaging cannot be performed and a tissue speci-
men cannot be obtained for definitive diagnosis. 
Unenhanced and contrast-enhanced MR imaging 
with MR cholangiopancreatography is extremely 
helpful in the evaluation of the narrowed bile 
duct segment and may suggest findings that are 
specific for a malignant cause (Table 3). In their 
study, Park et al (97) concluded that MR chol-
angiopancreatography is comparable to ERCP in 
differentiating extrahepatic bile duct cholangio-
carcinoma from a benign stricture and showed 
that a lengthy narrowed segment with irregular 
margins and asymmetric narrowing is suggestive 
of malignancy. Kim et al (12) showed that a nar-
rowed segment with the following MR imaging 

Figure 22.  Gallbladder adenocarcinoma causing 
biliary obstruction in a 58-year-old man. (a) Axial 
postcontrast delayed phase MR image shows 
a faintly enhancing mass (arrow) involving the 
gallbladder with extension into the adjacent liver 
parenchyma (arrowhead). (b) Axial contrast-
enhanced portal venous phase MR image shows a 
small enhancing mass at the hepatic hilum (arrow) 
that is contiguous with the gallbladder mass, with 
associated moderate intrahepatic biliary ductal 
dilatation. (c) MIP image from a 3D RARE MR 
cholangiopancreatographic study shows moderate  
bilobar intrahepatic biliary ductal dilatation sec-
ondary to a stricture of the proximal CHD and 
hepatic ductal confluence (arrowhead).
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features is more likely to be malignant: hyperen-
hancement relative to the liver during the portal 
venous phase, length of over 12 mm, wall thick-
ness greater than 3 mm, indistinct outer margin, 
luminal irregularity, and asymmetry.

Conclusion
There is a wide spectrum of causes for biliary 
strictures in adult patients, including both benign 
and malignant conditions. Contrast-enhanced MR 
imaging with MR cholangiopancreatography is very 
useful in the evaluation of the bile ducts in patients 
with obstructive jaundice. Although biopsy is neces-
sary for distinguishing malignant from benign stric-
tures, certain MR imaging findings of the narrowed 
segment may favor a malignant cause.
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Page 566
Either rapid acquisition with relaxation enhancement (RARE) or a variant thereof (eg, single-shot fast 
spin-echo, half-Fourier acquisition single-shot turbo spin-echo, or fast-recovery fast spin-echo) is used 
for MR cholangiopancreatography.

Page 572
IgG4 sclerosing disease can result in four different patterns of biliary strictures: (a) stricture of the distal 
CBD, (b) diffuse strictures of the intra- and extrahepatic bile ducts, (c) hilar stricture and distal CBD stric-
ture, and (d) isolated hilar stricture.

Page 575
MR cholangiopancreatographic findings of RPC include intra- or extrahepatic bile duct stones, multiple 
intrahepatic biliary strictures, short-segment focal extrahepatic bile duct stricture, localized dilatation of 
lobar or segmental bile ducts with a predilection for the lateral segment of the left lobe and the posterior 
segment of the right lobe, bile duct wall thickening, abrupt tapering, and decreased arborization of the 
intrahepatic ducts.

Page 579
Identification of an ampullary mass, papillary bulging, irregular asymmetric luminal narrowing of the 
distal CBD, and diffuse upstream intra- and extrahepatic biliary dilatation are signs of malignant ampul-
lary obstruction, whereas smooth symmetric luminal narrowing of the CBD and central biliary dilatation 
without an ampullary mass or papillary bulging are expected with a benign obstruction.

Pages 582–583
Kim et al showed that a narrowed segment with the following MR imaging features is more likely to be 
malignant: hyperenhancement relative to the liver during the portal venous phase, length of over 12 mm, 
wall thickness greater than 3 mm, indistinct outer margin, luminal irregularity, and asymmetry.


