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INTRODUCTION
Conventional CT scan does not provide adequate 
information about the pancreaticobiliary ductal anatomy 
and its abnormalities because the orientation of  these 
ducts is not suitable for axial images. For this reason, 
endoscopic retrograde cholangiopancreatography 
(ERCP) and percutaneous transhepatic cholangiography 
(PTC) have been used as the most sensitive and specific 
diagnostic modalities and moreover these techniques have 
therapeutic potential as well[1]. However, ERCP and PTC are 
more invasive and time-consuming compared to CT scan. 
As a non-invasive modality, MR cholangiopancreatography 
(MRCP) has recently become a well-established diagnostic 
tool for assessing the pancreaticobiliary tree[2].

Multi-detector row CT (MDCT) is a major advance 
in the field of  diagnostic imaging because it allows a fast 
table speed, and when combined with thin slices, permits 
data collection that is well suited for workstation analysis. 
Cholangiopancreatographic images can be produced using 
a workstation with advanced postprocessing techniques 
such as multiplanar reformations (MPR) and minimum 
intensity projections (MinIP). The MPR images using 
MDCT gives rapid assessment of  the pancreaticobiliary 
ducts along different planes without loosing information 
about the surrounding structures. MinIP images display the 
voxel with the lowest attenuation number within a slab for 
an arbitrary projection selected by the operator. By using 
the MinIP technique, the fluid density, as contained in the 
pancreaticobiliary duct, is picked up from the contrast-
enhanced vessel together with that of  the enhanced 
hepatic and pancreatic parenchyma[3,4]. The combined use 
of  MPR and MinIP techniques significantly improves the 
images of  the pancreatic and bile ducts and their site of  
confluence compared with those obtained by the axial CT. 

In this review, we examine the use of  MPR and MinIP 
in the assessment of  the anomalies and disorders of  the 
pancreaticobiliary tree, and correlate the results with those 
obtained with ERCP, MRCP and PTC. The specific topics 
addressed include choledocholithiasis, cholangiocarcinoma, 
gallbladder carcinoma with obstructive jaundice, pancreatitis, 
pancreatic adenocarcinoma, pancreatic cystic neoplasms 
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Abstract
CT scan is regarded as the imaging modality of choice 
in patients with pancreaticobiliary ductal abnormalities. 
However, the axial orientation of the CT images provides 
only limited anatomical view of pancreaticobiliary ductal 
abnormalities. The technological advances of multi-de-
tector row CT and three-dimensional image processing in 
workstations allows rapid image acquisition and a short 
postprocessing time. In particular, multiplanar reforma-
tions (MPR) and minimum intensity projections (MinIP) 
offer rapid and accurate images of the anatomy and ab-
normalities of the pancreaticobiliary tree. Moreover, MPR 
and MinIP help determine the relationship between the 
pancreaticobiliary ductal anatomy and the surrounding 
structures.�������������������������������������������������        ������������������������������������������������      This pictorial review illustrates the wide spec-
trum of images obtained by the MPR and MinIP of the 
anomalies and disorders of the pancreaticobiliary tree.
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and congenital anomalies of  the pancreaticobiliary tree. 
We also discuss the limitations of  using MPR and MinIP 
in the assessment of  anomalies and disorders of  the 
pancreaticobiliary tree.

IMAGING TECHNIQUES
CT scans were performed using a MDCT scanner (Light-
Speed Ultra, GE Medical System, Milwaukee, WI). The 
precontrast scan of  the upper abdomen was performed to 
screen for gallbladder or biliary duct stones. The postcon-
trast scan of  the pancreaticobiliary system was performed 
after a delay of  35 s for the arterial phase and a delay of  
70 s for the portal venous phase after starting infusion 
of  120-150 mL of  nonionic contrast material at a rate of   
3 mL/s through the antecubital vein. Biliary contrast mate-
rial was not used. For the postcontrast scans, the techni-
cal parameters included detector row configuration of   
8� ��� �� �����������������������������������������������         mm� �� �����������������������������������������������         �� �����������������������������������������������        ×������������������������������������������������          1.25 mm, collimation of  1.25 mm, a slice thick-
ness of  5 mm, a table speed of  33.5 mm/rotation, a pitch 
of  1.675 and a rotation time of  0.8 s. When the axial im-
ages revealed pancreaticobiliary abnormalities, the arterial 
and portal venous phase images were additionally recon-
structed at 1.25 mm intervals. The reconstructed images 
were then transferred to a dedicated workstation and 
the coronal, sagittal and oblique planes of  the MPR and 
MinIP images were created by radiologists who had 5-7 
years’ experience with MPR and MinIP techniques. The 
oblique angles for the MPR images were selected to fol-
low the course of  the pancreaticobiliary duct (Figure 1A). 
Curved MPR images were also obtained interactively by 
tracing a curved path through the imaging volume along 
the course of  the pancreaticobiliary duct (Figure 1B). 
The MinIP technique was performed using different slab 
thicknesses based on the dilatation of  the pancreaticobili-
ary duct (Figure 1C).

EVALUATION OF THE BILE DUCT
Choledocholithiasis
Although CT scan is not the imaging study of  choice in 
patients with a clinical suspicion of  choledocholithiasis, 
bile duct stones can often be detected by this technique 
in obstructive jaundice and acute upper abdominal pain. 
Detection of  bile duct stones on CT depends on the 
density of  the stone, the presence of  bile duct dilatation 
and CT parameters such as slice thickness, reconstruction 
interval, pitch, kVp, and use of  a contrast agent[5]. 
Especially, the ability to detect stones using CT scan is 
strongly influenced by the attenuation of  the stones. 
Approximately 20% of  the stones have isoattenuation 
with bile, and these stones are usually not detected by CT. 
MRCP has an excellent detection rate for bile duct stones, 
with a specificity of  92%-100%[6]. However, MRCP is an 
expensive technique, and is not suitable for patients with 
a pacemaker or a metallic prosthesis. Although helical CT 
cholangiography using intravenous biliary contrast agents 
has provided good results in detecting choledocholithiasis, 
this technique can result in serious allergic reactions and 
moreover has a low spatial resolution. 

The MPR images using MDCT greatly improves the 
ability to detect biliary stones, since the images increase the 
conspicuity of  stones within the bile duct. Coronal oblique 
reformatted MPR images can readily identify stones within 
the common bile duct (Figure 2). Because a MinIP image 
shows only the minimum pixel value along a projection 
within the range of  a slab thickness, stones are most 
clearly visualized when the slab thickness does not exceed 
the size of  the stone in the extrahepatic bile ducts[7]. In the 
case of  small stones when the slab thickness of  MinIP is 
wider than the size of  the stone, the small stone may not 
be demonstrated in the MinIP images (Figure 3). 

Cholangiocarcinoma
Cholangiocarcinoma, an adenocarcinoma that arises 
from the bile duct epithelium, is the most common 
tumor of  the biliary tract. It is usually classified as 
extrahepatic, peripheral intrahepatic, hilar intrahepatic 
cholangiocarcinoma. MRCP is useful in depicting the 
severity of  intrahepatic duct dilatation as well as the site 
and extent of  the mass. Furthermore, MRCP can delineate 
the bile duct segments that are not opacified at ERCP or 
PTC. CT cholangiography using an intravenous biliary 
contrast agent can readily depict the bile duct. Yet it is not 
effective in patients with high-grade bile duct obstruction 
because of  poor excretion of  the biliary contrast material[8]. 
MDCT cholangiography using direct opacification of  
the biliary tree via a biliary drainage tube is feasible for 
defining the extent of  ductal involvement in patients 
with hilar cholangiocarcinoma[9]. However, it can only be 
performed in selected patients who have a biliary drainage  
tube. 

Patients with cholangiocarcinoma that involves the ex-
trahepatic bile ducts or the hilum usually have obstructive 
jaundice. In these patients, CT is often the initial diagnostic 
modality because of  its versatility and availability. The high 
speed and thin-section acquisition capability of  multislice 
helical CT, and the high-quality MPR and MinIP images 
can better demonstrate the anatomy of  the biliary tree[7]. 
These modalities provide an excellent overview of  the 
cholangiographic images in cholangiocarcinoma involv-
ing the common bile duct and the biliary hilum (Figure ����4���). 
Therefore, combined evaluation with MPR and MinIP im-
ages, in addition to the axial images, is useful in evaluating 
obstructive biliary diseases[7,10].

Gallbladder carcinoma with obstructive jaundice 
Extension of  cancer from the gallbladder, duodenum or 
stomach can entrap and cause stenosis of  the bile duct[1]. 
Obstructive jaundice is a common feature of  gallbladder 
carcinoma, since the tumor spreads along the cystic duct 
to the extrahepatic bile duct. Lymph node enlargement 
and intraductal extension of  the tumor results in biliary 
obstruction[11]. Although ERCP and PTC can demonstrate 
the malignant obstruction of  the bile duct, gallbladder 
carcinoma itself  is not visualized. By contrast, the relation-
ship between gallbladder carcinoma and the obstructed 
bile duct is nicely demonstrated on the MinIP images  
(Figure ����5���). 
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EVALUATION OF THE PANCREATIC DUCT
Pancreatitis
Pancreatitis is the most common benign disease involv-
ing the pancreas. The pancreatic duct in acute pancreatitis 
is typically smooth and has a normal caliber, but it may 
be compressed by the edematous pancreas[12]. As a result, 
some of  the pancreatic ducts in patients with acute pan-
creatitis may not be seen on MPR or MinIP images. By 
contrast, in patients with chronic pancreatitis, the main 
pancreatic duct and its side branches are dilated and have 
irregular contours. In addition, there may be intraductal 
calculi and stricture formation[13]. MPR can demonstrate 
these abnormalities and the images approach those ob-
tained with ERCP and MRCP (Figure ����6���). 

Pancreatic pseudocysts are localized collections of  pan-
creatic fluid, debris and blood, that are commonly associ-
ated with acute and chronic pancreatitis, but are also seen 
after pancreatic trauma and in patients with pancreatic ad-
enocarcinoma. Pseudocysts can have various locations and 
sizes. A communication between the pancreatic duct and 
pseudocyst is seen in less than 50% patients with ERCP[14]. 

Although ERCP has high specificity for the detection of  
a communication between the pseudocyst and the pancre-

atic duct, MinIP can also depict the ductal communication 
with pseudocyst (Figure ���7��).

Pancreatic adenocarcinoma
Pancreatic adenocarcinoma originates from the pancreatic 
duct.  The majority are located in the head of  the pancreas 
(60%-65%), 20% occur in the body, 10% in the tail and 
5% to 10% involve the entire gland[15]. The characteristic 
finding is stenosis of  pancreaticobiliary duct, with 
obstruction of  the pancreatic duct, the common bile duct 
or both, resulting in the “double duct” sign[15]. MRCP 

A B C

Figure 1   Examples of imaging techniques. A: The MPR (coronal oblique) image shows the extrahepatic bile duct as a hypoattenuated structure (arrows); B: The curved 
MPR image shows the dilated and tortuous pancreatic duct with a stricture at the distal end (long arrow) in one plane; C: On the MinIP (coronal oblique 6 mm thickness 
slab) image, the extrahepatic bile duct (arrows) and distal pancreatic duct (arrowheads) are well delineated as hypoattenuated tubular structures.

Figure 2  Common bile duct stones in a 65-year-old man with right upper quadrant 
pain. A: The MPR (coronal oblique) image demonstrates two stones (arrows) in 
the common bile duct. B: ERCP shows two round filling defects (arrows) in the 
extrahepatic bile duct, suggesting stones.

A B

Figure 3  A small stone in the common bile duct of a 34-year-old woman with 
epigastric pain. A: MinIP (coronal oblique 6.2 mm thickness slab) image shows 
mild dilatation of the extrahepatic bile duct without delineation of the stone; B: 
MinIP (coronal oblique 3.8 mm thickness slab) image with a slab thickness that 
is thinner than the size of the stone shows the stone (black arrow) in the distal 
common bile duct; C: MRCP demonstrates the low signal intensity of the stone 
(white arrow) in the distal common bile duct.

A B

C
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Figure 4  Klatskin tumor in a 68 years old woman with jaundice and fever. A: 
MinIP (coronal oblique 14.7 mm thickness slab) image shows an irregular mass 
(arrows) in the hepatic hilum separating the right and left intrahepatic bile ducts; B: 
PTC performed by injecting through catheters placed separately shows separation 
of the right and left intrahepatic bile ducts.

A

B

Figure 5  Extrinsic invasion of the common hepatic duct by gallbladder carcinoma 
in an 80 years old woman with jaundice. A: MinIP (coronal oblique 14.3 mm 
thickness slab) image shows dilatation of the intrahepatic bile duct caused by an 
irregular mass (arrows) in the common hepatic duct, which is the result of direct 
invasion from the irregular wall thickening (arrowheads) of the gallbladder (GB). 
This image depicts well the relationship between gallbladder carcinoma and the 
obstructed biliary duct; B: PTC demonstrates only the biliary obstruction without 
any suggestion of the cause.

A

B

GB

Figure 6  Chronic pancreatitis in a 68 years old woman with epigastric pain. A: 
MPR (axial blique) images show an intraductal calculus and stricture (white arrow) 
with upstream pancreatic duct dilatation (black arrows); B: MRCP demonstrates 
findings similar to those seen in figure 6A. This diagnosis of chronic pancreatitis 
was confirmed at surgery.

A

B

Figure 7  Pancreatic pseudocyst in a 64 years old man with epigastric pain. A: 
MinIP (axial oblique 13.8 mm thickness slab) image shows a round cystic lesion 
(arrows) in the pancreatic head, communicating (arrowhead) with the pancreatic 
duct. This patient was diagnosed with pancreatitis on clinical and radiological 
findings (not shown); B: ERCP image obtained with the patient on the right 
lateral decubitus position shows the cystic lesion (arrows) filled with contrast 
material, which represents communication between the cyst and the pancreatic  
duct.

A

B
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readily depicts pancreatic duct narrowing, upstream 
dilatation and the presence of  a mass, and has been found 
to be as sensitive as ERCP.

However, CT is the imaging modality of  choice when 
making the initial diagnosis and for staging of  pancreatic 
adenocarcinoma[16]. Pancreatic adenocarcinoma usually 
appears as a hypoattenuating mass on CT, and can be 
distinguished from the normal enhancing pancreatic pa-
renchyma during the parenchymal phase of  enhancement. 
Pancreatic adenocarcinoma involving the head commonly 
obstructs the distal common bile duct. The MinIP images 
can readily demonstrate the relationship of  pancreatic 
carcinoma with the pancreatic and the common bile ducts, 
which may enhance the visualization of  tumor from the 
surrounding normal parenchyma (Figure ����8���). 

Pancreatic cystic neoplasms
Pancreatic cystic neoplasms are classified as serous cystad-
enoma, mucinous cystic neoplasm and intraductal papillary 
mucinous neoplasm (IPMN)[16]. In serous cystadenoma 
and mucinous cystic neoplasms, it is not common to find 
a communication between the neoplasm and the pan-
creatic duct. The imaging characteristics of  IPMN vary 
depending on the type of  tumor. The main duct type may 
be diffuse or there may be extensive dilatation of  a seg-
ment of  the pancreatic duct or of  the entire pancreatic 
duct. The branch duct type usually occurs in the uncinate 
process, but can also occur in the body and tail of  the 
pancreas. The tumor may appear as a cluster of  small cysts 
with lobulating margin or as a single unilocular cyst that 
is commonly mistaken for other cystic neoplasms. Thus, 
a communication between the tumor and the pancreatic 
duct may be the main feature of  IPMN imaging that dis-
tinguishes this condition from other cystic neoplasms[17]. 
MRCP is considered as an excellent imaging modality for 
determining whether a pancreatic cystic lesion communi-
cates with the main pancreatic duct and for the assessment 
of  ductal involvement[18]. MPR and MinIP images using 
MDCT technique not only improves the detection rate of  
pancreatic cystic lesions, but can also enhance the diagnos-

tic capability by depicting the anatomic relationship be-
tween the pancreatic duct and the cystic lesion (Figure �����9����A). 
Like MRCP, curved MPR can display the ductal anatomy 
and the communication between the branching duct type 
of  IPMN and the main pancreatic duct (Figure ����9���B).

Congenital anomalies of the pancreaticobiliary tree
During radiological evaluation, it is not uncommon 
to encounter a wide spectrum of  anomalies of  the 
pancreaticobiliary tree that may have gone undetected 
until adulthood. The most common congenital anomalies 
are choledochal cyst, anomalous pancreaticobiliary ductal 
union, aberrant biliary duct and pancreatic divisum. 
Rare entit ies include choledochocele and annular 

. 2sp

Figure 8  Pancreatic head cancer in a 77 years old woman with jaundice. A: MinIP 
(coronal oblique 6.1 mm thickness slab) image demonstrates dilatation of both the 
bile duct and the pancreatic duct (white arrow), caused by cancer (black arrows) of 
the pancreatic head; B: MRCP shows dilatation of the bile duct and the pancreatic 
duct (double duct sign), which is a typical finding in pancreatic head cancer.

A B

Figure 9  Branch duct type of intraductal papillary mucinous neoplasm of the 
pancreas in a 69 years old woman with epigastric discomfort. A: MinIP (axial 
oblique 6.2 mm thickness slab) image shows a lobulated cystic lesion (arrows) that 
is contiguous with the mildly prominent main pancreatic duct (black arrowheads); B: 
The curved MPR image shows a communication (white arrow) between the cystic 
mass and the pancreatic duct; C: ERCP shows a cystic branch duct (black arrows) 
with an intraluminal filling defect (white arrowhead) that represents mucus. Mucus 
was seen protruding from a patulous duodenal papilla (not shown).

A

B

C
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pancreas. Although relatively uncommon, the increased 
association of  these anomalies with cholangitis, gallstones, 
cholangiocarcinoma and pancreat i t is makes their 
recognition clinically important[19].

Choledochal cyst constitutes a spectrum of  embryonic 
malformations of  the pancreaticobiliary duct that result 
in biliary tree dilatation. An anomalous pancreaticobiliary 
ductal union with a long common channel or dysfunction 
of  the sphincter of  Oddi has been proposed to have a 
causative role in the formation of  choledochal cyst[20]. On 
axial CT, choledochal cyst appears as cystic dilatation of  
the extrahepatic or intrahepatic bile ducts. Cholangiogra-
phy is necessary to confirm the diagnosis and to define the 
ductal anatomy. MRCP allows adequate evaluation of  the 
pancreaticobiliary duct; it confirms the diagnosis and de-
lineates the anatomy noninvasively[21]. MinIP with MDCT 
provides detailed images of  the anomalous pancreaticobili-
ary ductal union in the coronal plane[21], which mimic the 
findings seen on a cholangiogram (Figure 1���0��).

Pancreatic divisum is the most common congenital 
anomaly involving the pancreatic ductal system and is seen 
in 5�����������������������   %����������������������   -14% of  the population[22]. In this anomaly, the ducts 
of  the dorsal and ventral pancreas fail to fuse. On axial im-
ages, pancreas divisum is recognized easily by the presence 
of  the dorsal pancreatic duct anterior and superior to the 
distal common bile duct. Alternatively, there is a dominant 
dorsal duct sign[22]. Although the diagnosis of  pancreatic 
divisum is mostly established by ERCP, MRCP also has 
been found to be highly accurate[23]. However, with the 
increased use of  MDCT and high quality workstations, 
MinIP images readily depict the anomalous duct of  pan-
creatic divisum (Figure 1����������������������������������     1���������������������������������     ). It appears that MinIP reduces 
the partial volume effect and thus permits visualization of  
the non-dilated pancreatic ducts within the hyperattenuat-
ing pancreatic parenchyma.

LIMITATIONS OF MPR AND MinIP
MPR and MinIP images using multislice helical CT do not 

depict the non-dilated peripheral bile ducts or small pan-
creatic ducts, which are not seen on the 2D axial images. 
The ability to visualize the ducts on MinIP images depends 
on the selection of  an appropriate slab thickness[7]. A thick 
slab may contain structures with attenuation lower than 
that of  the biliary and pancreatic juices. Therefore, fo-
cal disruption of  the bile duct or pancreatic duct may be 
seen (Figure 1�����������������������������������������������        2����������������������������������������������        A). Conversely, a slab that is too thin might 
exclude a portion of  the duct, which may result in loss of  
the projection effect of  a single image (Figure 1���������� 2��������� B). Addi-
tionally, a tortuous bile duct or pancreatic duct may not be 
demonstrated in a single image. Although a tortuous struc-
ture such as the pancreaticobiliary tree is well visualized 
by curved MPR, it may not provide adequate anatomic 
overview of  the pancreaticobiliary duct along with the sur-
rounding structures[24]. In addition, curved MPR images 
are highly dependent on the accuracy of  the operator who 
draws the curve, and artifactual lesions may be created or 
eccentric lesions may not be demonstrated.

CONCLUSION
MPR and MinIP images with MDCT provide useful 
information in patients with anomalies and disorders 
of  the pancreaticobiliary tree. The images obtained 
correlate well with studies such as MRCP, ERCP and 
PTC. Despite some limitations, these techniques are useful 
noninvasive imaging techniques for cholangiographic 
and pancreatographic studies. In particular, MPR and 

Figure 10  Choledochal cyst in a 7 years old girl with jaundice. A: MinIP (coronal 
oblique 14.1 mm thickness slab) image shows dilatation of the entire extrahepatic 
bile duct (black arrows) and a long common channel (white arrow). Note the 
subtle increased attenuation (arrowheads) within the distal common bile duct, 
which represents stones; B: Operative cholangiography shows dilatation of the 
extrahepatic bile duct with a long common channel (white arrow), which is identical 
to the findings obtained by MinIP (A).

A B

Figure 11  Pancreatic divisum in a 68-year-old man with epigastric discomfort. A: 
MinIP (coronal oblique 6.2 mm thickness slab) images show the dorsal pancreatic 
duct (black arrows) crossing the distal common bile duct (white arrow) superiorly to 
enter the minor papilla; B: MRCP shows the prominent dorsal pancreatic duct (black 
arrows) crossing the distal common bile duct. The ventral duct is not visualized.

A

B
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MinIP are very helpful in clarifying complex anatomic 
relationships between the pancreaticobiliary tree and the 
surrounding structures. 
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