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Diffusion-weighted magnetic resonance (MR) imaging is increasingly 
used in the detection and characterization of pancreatic lesions. 
Diffusion-weighted imaging may provide additional information to 
radiologists evaluating patients who have cystic or solid neoplasms 
of the pancreas. Because of greater freedom of motion of water 
molecules in fluid-rich environments, simple cysts in the pancreas 
have higher signal intensity on diffusion-weighted images with a 
b value of 0 sec/mm2 and lower signal intensity on high-b-value 
images. High apparent diffusion coefficient (ADC) values can be 
obtained on ADC maps because of the T2 “shine-through” effect. 
In contrast, solid neoplasms of the pancreas show increased signal 
intensity relative to the pancreas on diffusion-weighted images with 
a b value of 0 sec/mm2 and relatively high signal intensity on high-
b-value images. Diffusion-weighted imaging can help detect solid 
pancreatic neoplasms with extremely dense cellularity or extracellular 
fibrosis by demonstrating significantly low ADC values, and these 
neoplasms may be better detected on diffusion-weighted MR images 
because of better contrast, although the resolution is generally worse. 
However, diffusion-weighted imaging may not be capable of helping 
definitively characterize solid lesions as inflammatory or neoplastic 
because of an overlap in ADC values between the two types. For 
example, it is difficult to distinguish poorly differentiated pancreatic 
adenocarcinoma from mass-forming pancreatitis at diffusion-weighted 
imaging because of similarly low ADC values attributed to dense 
fibrosis.
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Introduction
Diffusion-weighted magnetic resonance (MR) 
imaging is a technique that has traditionally 
been used in neuroimaging for the detection of 
acute ischemia and other intracranial disease. 
However, it is increasingly being used in body 
applications. Pancreatic neoplasms can be de-
tected and characterized at conventional and 
functional MR imaging (1,2). Conventional MR 
imaging has become more widely used in the 
diagnosis of pancreatic neoplasms because of its 
exceptional soft-tissue contrast resolution (3–7). 
With continuing improvement in the quality of 
body MR imaging sequences, single-shot T2-
weighted and three-dimensional unenhanced 
and contrast-enhanced T1-weighted gradient-
echo sequences have been successfully used 
to characterize cystic and solid lesions of the 
pancreas (1,6). In addition, heavily T2-weighted 
MR cholangiopancreatography can be used to 
accurately depict the pancreatic ductal system 
and the relationship of masses to the pancreatic 
duct (3).

Diffusion-weighted MR imaging has also been 
used to characterize pancreatic lesions in various 
pathologic entities (8–11). Diffusion-weighted 
imaging allows the assessment of thermally in-
duced random molecular motion in biologic 
tissues and generates representative apparent 
diffusion coefficient (ADC) values (12–15). 
Because tissues exhibit multiexponential signal 
decay over a broad range of b values, diffusion-
weighted imaging can be used to characterize 
the fundamental biophysical properties of water 
movement within the cellular matrix (13). Several 
studies have shown that extravascular diffusion 
measurements vary with tissue cellularity and 
organization, extracellular space tortuosity, and 
the integrity of cellular membranes (16,17). Like 
T1- and T2-weighted images, diffusion-weighted 
images are not “pure” ADC maps but contain 
mixed contributions from spin-density and T2 
effects. This phenomenon has been referred to 
as MR imaging shine-through (18). Simple cysts 
have high signal intensity on diffusion-weighted 
images with a b value of 0 sec/mm2, lower signal 
intensity on high-b-value images, and high signal 
intensity on ADC maps because of T2 shine-

through. The high ADC values seen with simple 
cystic lesions are attributed to the greater free-
dom of motion of water molecules in fluid-rich 
environments (13,15). In contrast, the decreased 
extracellular space in lesions that may be as-
sociated with dense cellularity and extracellular 
fibrosis may account for the restriction of water 
diffusion and the observed low ADC values and 
high signal intensity on high-b-value diffusion-
weighted images (19,20).

Few reports describe the diffusion-weighted 
imaging findings seen in the various pancreatic 
neoplasms. In this article, we review the clini-
cal and pathologic features of various solid and 
cystic pancreatic neoplasms, as well as the MR 
imaging features of these neoplasms, with an 
emphasis on diffusion-weighted imaging findings 
and their association with specific histopathologic 
characteristics.

Diffusion-weighted MR imaging was per-
formed at our institution with single-shot spin-
echo echo-planar imaging with a spectral pre-
saturation attenuated inversion-recovery (SPAIR) 
fat-suppressed pulse sequence. Integrated parallel 
imaging techniques using generalized autocali-
brating, partially parallel acquisitions were used 
with a twofold acceleration. The parameters were 
as follows: repetition time/echo time, 5000/80 
msec; matrix, 156 × 192; bandwidth, 1446 Hz/
pixel; section thickness, 6 mm; gap, 1.8 mm; 
field of view, 300–400 mm; partial Fourier factor, 
6/8; averages, 2; parallel imaging factor of 2; free 
breathing; and b values of 0 and 500 sec/mm2. 
Typical scanning time was less than 2 minutes. 
All separate image series were acquired with dif-
fusion weighting in the axial direction by using 
tridirectional diffusion gradients. The total num-
ber of sections for two-dimensional diffusion-
weighted images varied, since the liver and pan-
creas were covered in all patients; approximately 
30 sections were acquired. For measurement of 
ADC values, regions of interest were placed on 
the ADC maps. Commercially available imag-
ing software (Syngo [released in 2004]; Siemens 
Healthcare, Erlangen, Germany) calculated ADC 
values on ADC maps by averaging the signal 
intensity in three orthogonal planes for each b 
value and subsequently calculating the slope of 
the logarithmic decay curve for signal intensity 
versus b value (21,22). It should be noted that 
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ADC values are highly variable across institutions 
as well as imaging systems, and are affected by 
many factors.

Classification of Pancreatic Neoplasms
Pancreatic neoplasms can be classified as solid 
or cystic on the basis of gross and radiologic fea-
tures (23). Solid masses include ductal adenocar-
cinoma (and its variants) and cellular epithelioid 
neoplasms (acinar cell carcinoma, pancreato-
blastoma, endocrine neoplasms, and solid-pseu-
dopapillary neoplasm). Despite the fact that all 
of the aforementioned neoplasms can undergo 
cystic change, the classic pancreatic cystic lesions 
include mucinous cystic neoplasms, intraductal 
papillary mucinous neoplasms (IPMNs), and 
serous cystadenoma. A simplified classification 
scheme for practical use, with frequency of lesion 
occurrence, is shown in the Table (23).

Solid Pancreatic Neoplasms

Pancreatic Adenocarcinomas
Pancreatic adenocarcinoma is the most common 
malignant neoplasm of the pancreas (23) and 
continues to be a leading cause of death in the 
Western world (24). Unfortunately, the majority 
of early and curable pancreatic adenocarcinomas 
are clinically silent and are associated with mild 
and nonspecific symptoms (1). The best way to 

improve survival in these cases is with early de-
tection and accurate staging (25).

Body MR imaging and diffusion-weighted 
imaging have been increasingly used in the detec-
tion and characterization of pancreatic adeno-
carcinoma (7,9,11,26). Because of an intense 
fibrotic process known as desmoplastic reaction 
(27), pancreatic adenocarcinomas are typically 
hypointense relative to normal tissue with fat-
suppressed T1-weighted sequences. The normal 
pancreas appears hyperintense with this sequence 
(28). On dynamic contrast-enhanced MR im-
ages, adenocarcinomas are generally hypointense 
relative to the normal pancreas in the arterial or 
parenchymal phase and sometimes exhibit de-
layed enhancement (3,7). However, small or non-
contour-deforming pancreatic adenocarcinomas 
may lack classic imaging features and may not 
be detected on conventional MR images (Fig 1). 
The use of diffusion-weighted imaging may allow 
earlier detection of pancreatic adenocarcinoma, 
since these neoplasms have increased signal in-
tensity on diffusion-weighted images with high 
b values (b > 500 sec/mm2) and relatively low 
ADC values because of the restricted diffusion 
associated with fibrosis (Fig 1). In addition, 
diffusion-weighted imaging may be helpful in the 
detection of metastases in the liver and lymph 
nodes, thereby allowing more accurate staging 

Frequency of Occurrence of Common Pancreatic Neoplasms

Type of Lesion
Frequency of  

Occurrence (% of Cases)

Solid lesions
 Ductal adenocarcinoma 85

 Endocrine neoplasm 1–2

 Acinar cell carcinoma 1–2

 Pancreatoblastoma <1

 Solid pseudopapillary neoplasm 1–2

Cystic lesions
 Mucinous cystic neoplasm 1–2

 Serous cystadenoma 1–2

 IPMN 3–5
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metastases (Fig 2). Diffusion-weighted imaging 
may also show small metastases that are not as 
well seen with other sequences and prompt the 
radiologist, on the basis of the high-signal-inten-
sity lesion seen at diffusion-weighted imaging, to 
more closely examine the images obtained with 

Figure 1. Poorly differentiated ductal adenocarci-
noma of the pancreas in a 66-year-old man who pre-
sented with a 6-month history of abdominal distention. 
(a, b) Axial unenhanced T1-weighted (a) and T2-
weighted (b) images show a small lesion (long arrow) 
that is isointense relative to the surrounding tissue 
(short arrow). (c) Axial diffusion-weighted image (b = 
500 sec/mm2) more clearly depicts the lesion (arrow), 
whose ADC value is 1.24 × 10-3mm2/sec. (d) Axial 
T2-weighted MR image obtained at 3-month follow-up 
shows a significant interval increase in the size of the 
lesion (arrow). (e) Diffusion-weighted MR image (b 
= 500 sec/mm2) shows high signal intensity from re-
stricted diffusion.

of adenocarcinoma (2,29,30). The presence of 
restricted diffusion in hepatic lesions depicted at 
diffusion-weighted imaging in a patient with pan-
creatic adenocarcinoma may eliminate cysts—
and, possibly, hemangioma—from the differential 
diagnosis and suggest the presence of hepatic 
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Figure 2. Pancreatic ductal adenocarcinoma with metastases. (a) Diffusion-weighted image (b = 500 sec/mm2) 
shows a pancreatic adenocarcinoma (arrow) with increased signal intensity and an ADC value of 1.30 × 10-3 mm2/
sec. (b) On an axial T2-weighted MR image, a liver metastasis (arrow) from the adenocarcinoma is visualized but 
is nonspecific. (c) Diffusion-weighted image (b = 500 sec/mm2) shows the hepatic lesion (arrow) with increased 
signal intensity due to restricted diffusion. The ADC value (1.34 × 10-3 mm2/sec) is similar to that of the primary 
pancreatic adenocarcinoma and suggests the diagnosis of metastasis. (d) Axial T2-weighted MR image obtained in a 
different patient shows an enlarged peripancreatic lymph node (arrow), a nonspecific finding. (e) Diffusion-weighted 
image (b = 500 sec/mm2) shows a primary adenocarcinoma (arrow) with increased signal intensity due to restricted 
diffusion, with a low ADC value of 0.95 × 10-3 mm2/sec. (f) Diffusion-weighted image (b = 500 sec/mm2) shows 
a peripancreatic lymph node (arrow) with high signal intensity due to restricted diffusion. The ADC value of the 
lymph node (1.11 × 10-3 mm2/sec) is similar to that of the primary pancreatic adenocarcinoma. Lymph nodes are 
well visualized on diffusion-weighted images, but it may be difficult to differentiate benign from metastatic lymph-
adenopathy because both may restrict water diffusion.
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Figures 3, 4.  (3) Moderately differentiated pancreatic ductal adenocarcinoma in a 65-year-old man who presented 
with abdominal pain. (a) Axial unenhanced fat-suppressed T1-weighted MR image shows an infiltrative lesion (arrow) 
with low signal intensity located in the body and tail of the pancreas. (b) Diffusion-weighted image (b = 500 sec/mm2) 
shows a pancreatic adenocarcinoma (arrow) with an ADC value of 2.72 × 10-3 mm2/sec. (c) Photomicrograph (original 
magnification, ×400; hematoxylin-eosin [H-E] stain) shows duct formation and a mucinous component (arrow) 
accounting for the high ADC value of moderately differentiated pancreatic adenocarcinoma. (4) Mass-forming fo-
cal pancreatitis in a 24-year-old woman who presented with abdominal pain. (a) Axial unenhanced fat-suppressed 
T1-weighted MR image shows a slightly hypointense lesion (arrow). (b) On a diffusion-weighted image (b = 500 sec/
mm2), the lesion (arrow) is hyperintense and has an ADC value of 1.27 × 10-3 mm2/sec. (c) Photomicrograph (original 
magnification, ×400; H-E stain) demonstrates looser and myxoid fibrosis (arrow) without necrosis, findings that are 
associated with the low ADC value of mass-forming pancreatitis.
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other sequences. Nonetheless, it is not possible 
at diffusion-weighted imaging to differentiate 
benign lesions (eg, hepatic adenoma) from meta-
static lesions in the liver because both may show 
restricted diffusion (Fig 2) (31,32). Diffusion-
weighted imaging can help direct the radiologist 
to the main manifestations of disease, including 
lymphadenopathy and liver metastases (33).

Because of overlap of imaging features, it is 
difficult to differentiate between mass-forming 
focal pancreatitis and pancreatic adenocarcinoma 
with standard cross-sectional imaging techniques, 
including computed tomography (CT) and con-
ventional MR imaging (34,35). The limited role 
of diffusion-weighted imaging in distinguishing 
these entities has been demonstrated in recent 
studies, and both lower and higher ADC values 
have been reported in pancreatic adenocarcino-
mas compared with mass-forming pancreatitis 

(9,11). Classically, water diffusion in tissues may 
be influenced by cellular density, extracellular 
fibrosis, and other histopathologic characteristics 
such as glandular formations (16,36). The ADC 
values of moderately differentiated pancreatic ad-
enocarcinomas with glandular formations closely 
correlated with more freedom of water diffusion 
and may be higher than those of mass-forming 
focal pancreatitis (Figs 3, 4). In comparison, 
poorly differentiated adenocarcinomas have a 
low ADC value similar to that of mass-forming 
pancreatitis because both show extensive fibro-
sis (Figs 4, 5). Nonetheless, diffusion-weighted 
imaging may not help distinguish mass-forming 
pancreatitis from a poorly differentiated pancre-
atic adenocarcinoma.

Figure 5. Poorly differentiated pancreatic ductal adenocarcinoma in a 55-year-old man who presented with abdomi-
nal pain. (a) Axial contrast-enhanced fat-suppressed T1-weighted MR image shows an infiltrative mass (arrow) with 
progressive enhancement. (b) Diffusion-weighted image (b = 500 sec/mm2) shows the mass (arrow) with high signal 
intensity and an ADC value of 1.28 × 10-3 mm2/sec. (c) Photomicrograph (original magnification, ×400; H-E stain) 
shows abundant dense fibrotic stroma composed of thick collagen bundles (arrow) infiltrated by small individual nests 
of adenocarcinoma cells without ducts, findings that account for the lower ADC value.
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Pancreatic Endocrine Neoplasms
Pancreatic neuroendocrine neoplasms are rare 
relative to their exocrine counterparts, account-
ing for only 1%–2% of all pancreatic neoplasms 
(37,38). Because the symptoms of functioning 
endocrine neoplasms are related to secreted 
hormones rather than mass effect as is seen in 
nonhyperfunctioning endocrine neoplasms, some 
small and functioning endocrine neoplasms 
may be undetectable at conventional MR imag-
ing (5). Endocrine neoplasms are usually more 
conspicuous on T1-weighted MR images, es-
pecially fat-suppressed images obtained prior 
to administration of gadolinium-based contrast 
material, on which they demonstrate decreased 
signal intensity (5,39). In addition, hypervascular 

enhancement seen during the arterial phase after 
administration of gadolinium-based contrast ma-
terial is one of the typical MR imaging character-
istics used to diagnose pancreatic endocrine neo-
plasms (5,39). However, some small endocrine 
neoplasms lacking typical imaging findings both 
before and after contrast material administration 
may be elusive (5). On diffusion-weighted images 
with low b values (0 or 50 sec/mm2), some small 
benign endocrine neoplasms may have high sig-
nal intensity, and relatively high ADC values may 
be measured on the ADC map images (Fig 6). In 
comparison, malignant endocrine neoplasms may 
have high signal intensity on diffusion-weighted 
images with high b values and low ADC values, 
which is consistent with the theory that random 
water motion is restricted by dense tumor cel-
lularity (Fig 7). In general, endocrine neoplasms 

Figure 6. Well-differentiated endocrine neoplasm in a 34-year-old woman with abdominal pain. (a) Contrast-en-
hanced arterial phase multidetector CT scan does not clearly demonstrate the pancreatic lesion and does not show 
the typical hypervascular enhancement of an endocrine neoplasm. (b) Axial unenhanced fat-suppressed T1-weighted 
MR image shows a lesion (arrow) in the pancreatic head that is moderately hypointense. The pancreatic duct is not 
dilated. (c) On a diffusion-weighted image (b = 500 sec/mm2), the neoplasm (arrow) is hyperintense relative to the 
pancreas despite more limited resolution. The ADC value of the neoplasm is 2.43 × 10-3 mm2/sec. (d) Photomicro-
graph (original magnification, ×400; H-E stain) shows moderate cellularity (arrow).
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will have varying ADC values as a result of vari-
able underlying histopathologic characteristics, 
such as differentiation, hemorrhage, and necrosis. 
Diffusion-weighted imaging may be helpful in 
distinguishing endocrine carcinomas without 
hemorrhage or cystic degeneration from benign 
endocrine neoplasms by ADC values, with low 
ADC values and high signal intensity on diffu-
sion-weighted images obtained by using high b 
values in endocrine carcinomas.

Pancreatoblastomas
Pancreatoblastoma is a rare neoplasm that rep-
resents less than 1% of all pancreatic neoplasms 
(23,40). These neoplasms are diagnosed in chil-
dren in the great majority of cases (median age, 
5 years), have a slight male predilection, and are 
uncommon in adults (40). Pancreatoblastoma 

may manifest as a well-encapsulated heteroge-
neous mass with intermediate signal intensity on 
T1-weighted MR images and intermediate signal 
intensity with small hyperintense foci on T2-
weighted images (41). On dynamic contrast-en-
hanced MR images, this neoplasm may show rapid 
enhancement during the arterial phase and wash-
out during the delayed phase (42). In addition, 
areas of cystic necrosis may have high signal in-
tensity on T2-weighted images and lack enhance-
ment. On diffusion-weighted images, the solid part 
of the neoplasm may be markedly hyperintense on 
images with a b value of 500 sec/mm2 and have a 
low ADC value due to restricted diffusion associ-
ated with the underlying histopathologic charac-
teristics of dense cellularity (Fig 8).

Figure 7. Poorly differentiated pancreatic endocrine carcinoma in a 59-year-old woman with hyperglycemia. (a) 
Axial contrast-enhanced fat-suppressed T1-weighted MR image shows a neoplasm (arrow) with heterogeneous 
enhancement. (b) Diffusion-weighted image (b = 500 sec/mm2) shows the neoplasm (arrow) with high signal in-
tensity and an ADC value of 0.93 × 10-3 mm2/sec. (c) Photomicrograph (original magnification, ×400; H-E stain) 
shows high cellularity and a high nucleus-to-cytoplasm ratio with large overlapping nuclei with prominent nucleoli, 
which account for the low ADC value. (d) Immunostaining for ki-67 shows nuclear positivity (arrow), indicating a 
high proliferative index from endocrine neoplasm, consistent with poorly differentiated endocrine carcinoma.
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Solid Pseudopapillary Neoplasms
Solid pseudopapillary neoplasms (also referred 
to as solid papillary epithelial neoplasias) of 

the pancreas are also relatively uncommon and 
constitute approximately 1% of all pancreatic 
neoplasms (23). These neoplasms with low-
grade malignant potential occur predominantly 

Figure 8. Pancreatoblastoma in a 47-year-old woman. (a) Axial T2-weighted MR image shows a solid large mass 
in the pancreatic neck, with slightly increased signal intensity relative to the surrounding normal pancreatic tissue. 
(b) Unenhanced fat-suppressed T1-weighted MR image shows the mass with mixed isointensity and slight hyperin-
tensity relative to the surrounding normal pancreatic tissue. (c, d) Contrast-enhanced arterial phase (c) and delayed 
phase (d) fat-suppressed T1-weighted MR images show enhancement of the neoplasm. (e) On a diffusion-weighted 
image (b = 500 sec/mm2), the neoplasm (arrow) has great contrast differentiation, extremely high signal intensity, 
and restricted diffusion (ADC = 0.65 × 10-3 mm2/sec). (f) Photomicrograph (original magnification, ×400; H-E 
stain) shows high cellularity (arrow), likely accounting for the low ADC value.
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in young women (mean age, 28 years; range, 
7–79 years) (43). Solid pseudopapillary neo-
plasms can be seen as a large encapsulated mass 
consisting of cystic, solid, or hemorrhagic com-
ponents (4,6,43,44). The presence of a capsule 
and of intratumoral hemorrhage has been used 
as an important morphologic characteristic 
that helps differentiate these neoplasms (45). 
At microscopic analysis, the histopathologic 
features are distinctive, consisting of degenera-
tive pseudopapillae and noncohesive tumor cells 
with round nuclei and eosinophilic cytoplasm 
(43). Because of hemorrhagic degeneration, 
solid pseudopapillary neoplasms may show 
fluid-debris levels and appear hyperintense on 
T1-weighted MR images, with patchy high 
signal intensity, and low to heterogeneous 
signal intensity on T2-weighted MR images 
(4,6,45,46). Those that have cystic components 

may be dark on T1-weighted images and bright 
on T2-weighted images. A fibrous capsule is 
often seen. On dynamic contrast-enhanced MR 
images, the solid components may show slow 
early enhancement during the arterial phase and 
progressive fill-in and enhancement during the 
delayed phase, whereas in some cases there may 
be more intense arterial enhancement and sub-
sequent washout (4,6,45,46). To our knowledge, 
no prior study has reported diffusion-weighted 
imaging findings in solid pseudopapillary neo-
plasms. Neoplasm composition—solid debris 
versus cystic or hemorrhagic fluid—determines 
the degree of diffusion and the ADC values. In 
our example, the solid component of the neo-
plasm may account for the relatively low ADC 
values (Fig 9).

Figure 9.  Solid pseudopapillary epithelial neoplasm in a 55-year-old woman who presented for work-up of a pan-
creatic mass. (a) Coronal T2-weighted MR image shows a well-marginated lesion (arrow) with heterogeneous inter-
nal high signal intensity. (b) On an axial unenhanced fat-suppressed T1-weighted MR image, the lesion (arrow) has 
low signal intensity. (c) Diffusion-weighted image (b = 500 sec/mm2) shows the lesion (arrow) with relatively high 
signal intensity. The ADC value of the lesion is 1.82 × 10-3 mm2/sec. (d) Photomicrograph (original magnification, 
×400; H-E stain) shows sheets of relatively uniform, discohesive polygonal cells (arrow), which likely contribute to 
the low ADC value of the neoplasm, without any of the cystic or hemorrhagic components that are typically seen in 
these neoplasms.
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Cystic Pancreatic Neoplasms

Mucinous Nonneoplastic Cysts
Mucinous nonneoplastic cyst, a pathologic en-
tity, was first described by Kosmahl et al in 2002 
(47). These cysts are lined by a single layer of 
cuboidal to columnar mucinous epithelium and 
lack the surrounding ovarian-type stroma associ-
ated with mucinous cystic neoplasms (47,48). 
Unlike IPMNs, mucinous nonneoplastic cysts do 
not show ductal communication, cellular atypia, 
or papillary projections (48,49). At MR imag-
ing, mucinous nonneoplastic cysts are typically 
small and unilocular or thinly septated cystic le-
sions with high signal intensity on T2-weighted 
images and low signal intensity on T1-weighted 
images (6). On dynamic contrast-enhanced MR 

images, no enhancing soft-tissue components 
should be seen within the lesion (6). Diffusion-
weighted images may be helpful in identifying 
mucinous nonneoplastic cysts, because cysts have 
high signal intensity on diffusion-weighted im-
ages with low b values and low signal intensity on 
diffusion-weighted images with high b values, but 
this may not help distinguish these lesions from 
other types of cysts (Fig 10). High ADC values 
are indicative of a tissue environment conducive 
to more freedom of motion of water molecules 
within the mucinous nonneoplastic cyst.

Mucinous Cystic Neoplasms
Mucinous cystic neoplasms account for 10% of 
pancreatic cystic neoplasms (23,48). These cystic 
neoplasms are lined by tall, mucin-producing 
columnar cells with characteristic surrounding 
ovarian-type stroma (43,48). Mucinous cystic 
neoplasms differ from IPMNs in that they do 

Figure 10.  Incidentally discovered mucinous nonneoplastic cyst in a 56-year-old woman who was being evaluated 
for chest pain. (a) Diffusion-weighted image (b = 0 sec/mm2) shows a cyst (arrow) with high signal intensity. (b) On 
a diffusion-weighted image with a b value of 500 sec/mm2, the cyst (arrow) has lower signal intensity. The ADC value 
of the cyst is high (5.81 × 10-3 mm2/sec). (c) Photomicrograph (original magnification, ×400; H-E stain) shows that 
the cyst is lined mainly by uniform, bland-appearing cuboidal mucinous cells (arrow).



RG  •  Volume 31  Number 3  Wang et al  E59

not communicate with the pancreatic duct sys-
tem and have characteristic histologic features of 
ovarian stroma (48). Mucinous cystic neoplasms 
are diagnosed in women between 40 and 60 years 
of age in the great majority of cases, and are typi-
cally located in the body and tail of the pancreas 
(43). Mucinous cystic neoplasms can be sub-
categorized as benign (mucinous cystadenoma), 
borderline, or malignant (mucinous cystadeno-
carcinoma) (4).

Mucinous cystadenomas are well circum-
scribed and without evidence of invasion of ad-
jacent tissues or distant metastases (4,6). At MR 
imaging, mucinous cystadenomas are typically 
unilocular or mildly septated cystic lesions with 
high signal intensity on T2-weighted images and 
low signal intensity on T1-weighted images (4,6). 
The cysts tend to be larger than 2 cm. The thick 

wall of the cystic mass may show enhancement 
on delayed gadolinium-enhanced fat-suppressed 
T1-weighted images, which correlates with the 
fibrotic changes observed at histopathologic anal-
ysis (4,6). Because of overlap of both clinical and 
radiologic features, differentiation of unilocular 
mucinous cystic neoplasms from nonneoplastic 
cysts can be difficult. Similarly, it may be dif-
ficult to distinguish mucinous cystic neoplasms 
from nonneoplastic mucinous cysts at diffusion-
weighted imaging because of the relatively high 
ADC values resulting from the greater freedom 
of water molecules seen in fluid-rich environ-
ments (Figs 10, 11).

Figure 11. Mucinous cystadenoma in a 31-year-old woman with abdominal pain. (a) Axial contrast-enhanced fat-
suppressed T1-weighted MR image shows a noninvasive mucinous cystadenoma (arrow) located in the pancreatic 
tail without dilatation of the main duct. (b) On a diffusion-weighted image (b = 500 sec/mm2), the mucinous cystad-
enoma (arrow) is bright. (c) ADC map shows that the lesion (arrow) has high signal intensity and an ADC value of 
2.80 ×10-3 mm2/sec, most likely due to the fluid component of the lesion. (d) Photomicrograph (original magnifica-
tion, ×400; H-E stain) shows that the cystic lesion is lined by tall columnar mucinous cells with characteristic ovar-
ian stroma (arrow) surrounding the mucinous epithelium.
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Pancreatic IPMNs
IPMNs were once considered rare neoplasms; 
however, better awareness and increased de-
tection has led to an increase in its recognized 
prevalence. They account for at least 20% of cys-
tic lesions of the pancreas (23,43,48). Clinically, 
IPMNs occur slightly more frequently in men 
than in women, with a mean age at diagnosis of 
68 years (43). IPMNs of the pancreas originate 
from the mucinous epithelium of the pancreatic 
duct system, with distinctive histopathologic 
characteristics of papillary growth and hyperpro-
duction of mucin, which causes duct dilatation 
(43,48). On the basis of their morphologic char-
acteristics, IPMNs may be classified according 

to the site of origin along the main pancreatic 
duct, isolated side branches, or both. IPMNs are 
variably aggressive, ranging from noninvasive 
neoplasms with varying degrees of epithelial dys-
plasia to invasive adenocarcinoma (43,48).

The type and location of the IPMN deter-
mine its MR imaging appearance. In noninvasive 
neoplasms that involve either the main pancre-
atic duct or a branch duct, ductal dilatation is 
a reliable imaging feature, showing high signal 
intensity on T2-weighted images and low sig-
nal intensity on T1-weighted images (4,6). On 
diffusion-weighted images, noninvasive IPMNs 
are associated with high ADC values along the 
entire length of the involved duct because the 
mucinous gel-like material and especially the 
fluid in the pancreatic duct allow more freedom 
of water diffusion (Fig 12). Although in our ex-

Figure 12. IPMN involving the main pancreatic duct in a 68-year-old woman. (a) Breath-hold two-dimensional 
half-Fourier rapid acquisition with relaxation enhancement (RARE) MR cholangiopancreatographic image shows a 
dilated main pancreatic duct (arrow). (b) Axial contrast-enhanced fat-suppressed T1-weighted MR image shows the 
dilated pancreatic duct (arrow) with no associated abnormal enhancement. (c) The main duct IPMN has a relatively 
increased ADC value of 2.63 × 10-3 mm2/sec, most likely due to fluid in the duct (arrow). (d) Photomicrograph 
(original magnification, ×400; H-E stain) shows papillary proliferation of mucinous epithelium (arrow) without 
nuclear atypia, consistent with IPMN.
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ample of IPMN high-grade dysplasia/carcinoma 
in situ was detected at pathologic analysis (Fig 
13), ADC values similar to those of noninvasive 
IPMN were seen (Fig 12). These small foci of 
malignancy cannot be seen at conventional MR 
imaging or diffusion-weighted imaging.

Serous Cystadenomas
Serous cystadenomas are benign cystic neo-
plasms of the pancreas that account for approxi-
mately 20% of all pancreatic cystic neoplasms 
(48). They are typically diagnosed incidentally 
at imaging being performed for unrelated com-
plaints. Serous cystadenomas are lined by uni-
form glycogen-rich epithelial cells, which form 
numerous tiny serous fluid-filled cysts (43,50). 
Microcystic serous cystadenoma is a common 
subtype composed of multiple (more than six) 
cysts, each cyst less than 2 cm in diameter, which 

may be separated by fibrous septa that radiate 
from a calcified central scar (4,6,43). Macrocys-
tic serous cystadenoma is an uncommon subtype, 
consisting of larger (1–8-cm) cysts. Multiple se-
rous cystadenomas may be associated with von 
Hippel–Lindau disease (4,43).

On MR images, serous cystadenomas are typi-
cally well-defined cystic lesions with no evidence 
of invasion of adjacent organs or of distant metas-
tases (4,44). On T2-weighted images, microcystic 
serous cystadenomas may appear as grapelike 
clusters of small cysts with high signal intensity. 
The thin fibrous septa between the small cysts 
may show delayed enhancement on contrast-
enhanced T1-weighted MR images (4,44). In 
general, findings at conventional MR imaging are 

Figure 13.   IPMN with moderate dysplasia involving the main pancreatic duct in an 84-year-old woman with ab-
dominal pain. (a) RARE MR cholangiopancreatographic image shows a dilated main pancreatic duct (arrow) with 
more focal dilatation of the upstream duct. (b) Diffusion-weighted image (b = 0 sec/mm2) shows the lesion (arrow) 
with increased signal intensity. The lesion has an ADC value of 3.46 × 10-3 mm2/sec, similar to that of noninvasive 
IPMN. (c) Photomicrograph (original magnification, ×100; H-E stain) shows epithelial lining with complex papil-
lary formation and nuclear atypia consistent with moderate dysplasia (arrow).
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diagnostic for classic microcystic serous cystad-
enoma. In some patients, serous cystadenomas 
with fibrous septa may have relatively higher 
signal intensity on diffusion-weighted images 
with high b values and lower ADC values (Fig 
14) compared with nonneoplastic cysts (Fig 10). 
Because the ADC values of serous cystadenomas 
may vary depending on the amount of fibrous 
septa or fluid in the lesion, diffusion-weighted 
imaging is not helpful in distinguishing between 
these lesions and nonneoplastic cysts.

Conclusions
Conventional MR imaging combined with func-
tional diffusion-weighted imaging provides help-
ful information for the detection and character-
ization of a wide variety of pancreatic neoplasms, 

including both solid and cystic lesions. Diffu-
sion-weighted imaging may depict small solid 
masses better than routine MR imaging owing 
to its greater image contrast, despite its relatively 
poorer spatial resolution. Diffusion-weighted 
imaging is helpful in identifying solid masses 
with dense cellularity, demonstrating lower ADC 
values compared with those of cystic masses. 
It remains a challenge for anatomic MR and 
diffusion-weighted imaging to help differentiate 
mass-forming pancreatitis from poorly differenti-
ated adenocarcinomas. In addition, it is difficult 
to distinguish nonneoplastic cysts from cystic 
neoplasms at diffusion-weighted imaging because 
of the freedom of water diffusion encountered 
in both serous and mucinous fluid-filled cystic 
lesions. It is important for radiologists to recog-
nize the advantages and limitations of diffusion-
weighted MR imaging.

Figure 14. Microcystic serous cystadenoma in a 63-year-old man with abdominal pain. (a, b) Coronal unen-
hanced (a) and contrast-enhanced (b) fat-suppressed T1-weighted MR images show enhancing internal septa within 
the cystadenoma (arrow) on the contrast-enhanced image. (c) Diffusion-weighted image (b = 500 sec/mm2) shows 
the cystadenoma (arrow) with relatively high signal intensity and an ADC value of 2.52 × 10-3 mm2/sec. (d) Photo-
micrograph (original magnification, ×400; H-E stain) shows that the multiloculated cyst is lined by a single layer of 
uniform cuboidal clear cells (arrow).
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Page E48
The high ADC values seen with simple cystic lesions are attributed to the greater freedom of motion of 
water molecules in fluid-rich environments (13,15).

Page E48
In contrast, the decreased extracellular space in lesions that may be associated with dense cellularity and 
extracellular fibrosis may account for the restriction of water diffusion and the observed low ADC values 
and high signal intensity on high-b-value diffusion-weighted images (19,20).

Page E49 (Figure on page E50)
The use of diffusion-weighted imaging may allow earlier detection of pancreatic adenocarcinoma, since 
these neoplasms have increased signal intensity on diffusion-weighted images with high b values (b > 500 
sec/mm2) and relatively low ADC values because of the restricted diffusion associated with fibrosis (Fig 1).

Page E53
Nonetheless, diffusion-weighted imaging may not help distinguish mass-forming pancreatitis from a 
poorly differentiated pancreatic adenocarcinoma.

Page E62
In addition, it is difficult to distinguish nonneoplastic cysts from cystic neoplasms at diffusion-weighted 
imaging because of the freedom of water diffusion encountered in both serous and mucinous fluid-filled 
cystic lesions.


