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SA-CME Learning Objectives
After completing this journal-based SA-CME
activity, participants will be able to:
■■Identify common inflammatory conditions that mimic PDAC.
■■Describe

imaging features that help
in differentiating benign inflammatory
masses from PDAC.

■■Discuss

the role of various imaging
modalities in the visualization and differentiation of inflammatory pancreatic
masses and pancreatic neoplasms.
See rsna.org/learning-center-rg.

Certain inflammatory pancreatic abnormalities may mimic pancreatic ductal adenocarcinoma at imaging, which precludes accurate preoperative diagnosis and may lead to unnecessary surgery.
Inflammatory conditions that may appear masslike include massforming chronic pancreatitis, focal autoimmune pancreatitis, and
paraduodenal pancreatitis or “groove pancreatitis.” In addition,
obstructive chronic pancreatitis can mimic an obstructing ampullary mass or main duct intraductal papillary mucinous neoplasm.
Secondary imaging features such as the duct-penetrating sign, biliary or main pancreatic duct skip strictures, a capsulelike rim, the
pancreatic duct-to-parenchyma ratio, displaced calcifications in patients with chronic calcific pancreatitis, the “double duct” sign, and
vessel encasement or displacement can help to suggest the possibility of an inflammatory mass or a neoplastic process. An awareness
of the secondary signs that favor a diagnosis of malignant or inflammatory lesions in the pancreas can help the radiologist to perform
the differential diagnosis and determine the degree of suspicion for
malignancy. Repeat biopsy or surgical resection may be necessary
to achieve an accurate diagnosis and prevent unnecessary surgery
for inflammatory conditions.
Online supplemental material and DICOM image stacks are available
for this article.
©
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading
cause of death from cancer among men and women in the United
States, with an overall mean 5-year survival rate of 8% and a mean
survival rate for localized disease of 32% of patients (1). In 2018,
more than 55 000 new cases of PDAC were diagnosed, and more
than 44 000 people died of the disease (1). Although the Whipple
procedure offers an improved survival rate for patients with localized resectable disease (mortality rate, <5%), morbidity from the
Whipple procedure can be as high as 40%–50%, which makes
preoperative identification of nonneoplastic pancreatic masses
important (2,3). Equally important is avoiding delays in diagnosis
that result in progression of undiagnosed PDACs that may rapidly
become unresectable, leading to high mortality rates.
Three inflammatory entities commonly mimic PDAC at imaging:
mass-forming chronic pancreatitis, focal autoimmune pancreatitis
(AIP), and paraduodenal pancreatitis (PDP) or “groove pancreatitis”
(4). In addition, obstructive chronic pancreatitis (OCP), with diffuse
ductal dilatation and diffuse pancreatic parenchymal atrophy, can
mimic ampullary masses or an intraductal papillary mucinous neoplasm (IPMN) of the main duct at imaging. In 5%–35% of Whipple
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Teaching Points
■■

Smooth narrowing of the pancreatic duct that traverses a
pancreatic mass without abrupt obstruction strongly favors
the diagnosis of an inflammatory mass.

■■

Pancreatic parenchymal calcifications are commonly seen in
chronic pancreatitis, and peripheral displacement of calcifications can indicate a new underlying malignancy that may
otherwise be imaging occult or poorly visualized because of
gland heterogeneity from chronic pancreatitis.

■■

In the absence of the pathognomonic capsulelike rim, visualization of multiple pancreatic or biliary strictures rather than
a solitary stricture and absence of substantial dilatation of the
side branches or upstream pancreatic duct may be helpful
clues that a focal mass in the pancreas represents focal AIP.
Similar to other benign focal inflammatory lesions in the
pancreas, AIP often shows the duct-penetrating sign, which
further supports a benign diagnosis. Extrapancreatic autoimmune disease may be present.

■■

Displacement rather than encasement of the common bile
duct and/or the gastroduodenal artery is highly suggestive of
the diagnosis of PDP rather than PDAC.

■■

Dilatation of both the common bile duct and the main pancreatic duct, or the double duct sign, is highly suggestive of
an underlying neoplasm. Although uncommon, inflammatory
disease can produce this finding, which mimics malignancy.

procedures, the final pathologic diagnosis is a
nonneoplastic inflammatory pancreatic mass (5).
Although some patients with chronic inflammatory masses undergo the Whipple procedure for
symptom management, others undergo pancreatic
resection for high clinical suspicion for malignancy
and concern that biopsies have yielded false-negative results.
Secondary imaging features such as the ductpenetrating sign, the presence of biliary or main
pancreatic duct skip strictures, a capsulelike rim,
the pancreatic duct-to-parenchyma ratio, displaced
calcifications in patients with chronic calcific
pancreatitis, the double duct sign, and vessel
encasement or displacement may help to diagnose
an inflammatory condition that may respond to
medical management or PDAC, even when initial
biopsy results showed a benign abnormality.

Clinical Background

Imaging findings, clinical presentation, risk factors, and laboratory findings overlap in patients
with pancreatic inflammatory processes and those
with a pancreatic neoplasm. A history of alcohol abuse and recurrent abdominal pain for at
least 2 years is indicative of chronic pancreatitis;
however, chronic pancreatitis is also a known risk
factor for the development of PDAC, and the two
entities can coexist in 1.8%–4% of patients (6–8).
Serum tumor markers also overlap. A serum CA
19-9 level greater than 40 U/mL is 90% specific
for a pancreatic malignancy (9–11). Unfortunately, serum CA 19-9 has only 81% sensitivity
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and therefore cannot exclude the diagnosis of
malignancy. In addition, serum CA 19-9 may not
be elevated until the disease is advanced (9).
The percutaneous false-negative biopsy rate
for PDAC is as high as 60%, which further
complicates the clinical management of pancreatic masses. (12,13). Endoscopic US-guided
fine-needle aspiration has higher sensitivity but
has a variable false-negative rate and has issues
with nondiagnostic sampling (14). In a study by
Fritscher-Ravens et al (15) in patients with normal
pancreatic parenchyma and a focal mass, endoscopic US-guided fine-needle aspiration achieved
sensitivity of 89%, specificity of 100%, and accuracy of 92%. However, in the same study, sensitivity for the detection of PDAC with endoscopic
US-guided fine-needle aspiration was markedly
lower when a mass was present in patients with
chronic pancreatitis (sensitivity, 54%; specificity, 100%; and accuracy, 91%) (15). With these
limitations, imaging continues to be important
to the identification of alternative diagnoses and
the guidance of clinical management when initial
biopsy results are negative.

PDAC: A Brief Review

PDAC represents 94% of cancers arising from the
exocrine pancreas (1) and is a hypovascular mass
with extensive fibrosis at histopathologic examination (16), and these are also features of chronic
focal inflammatory lesions. This histologic overlap
may help to explain the difficulty in differentiating
between the two entities.
At multiphase multidetector CT, classic
PDAC is a hypoattenuating hypoenhancing mass
with ill-defined margins. Multiple secondary
signs of PDAC have been described and commonly include abrupt pancreatic duct cutoff,
upstream pancreatic duct dilatation, upstream
pancreatic parenchymal atrophy, and decreased
enhancement in the distal pancreatic parenchyma (17). Ductal dilatation is seen in 80% of
tumors in the head of the pancreas and in 50%
of tumors in the body of the pancreas (16,18). In
addition to ductal dilatation, the classic finding
of upstream parenchymal atrophy is present in
the majority of tumors (16). Decreased distal parenchymal enhancement was seen in almost 47%
of patients in a study by Tamada et al (17).
At MRI, the classic appearance of PDAC is a
hypointense mass at fat-suppressed T1-weighted
MRI and variable signal intensity at T2-weighted
MRI (19). At contrast-material–enhanced fatsuppressed T1-weighted MRI, PDAC typically
shows hypoenhancement, which is particularly evident during the arterial phase (19,20). Diffusion
restriction improves detection of small, ill-defined
isointense masses from the normal pancreatic
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parenchyma or adjacent obstructive pancreatitis
(21,22). Diffusion-weighted MRI allows detection of pancreatic masses with similar sensitivity to
that of gadolinium-enhanced MRI (23,24). PDAC
often shows increased signal intensity at diffusionweighted MRI (b >500 sec/mm2) with relatively
low apparent diffusion coefficients (25). However,
diffusion restriction is not exclusive to PDAC
and can be seen in conditions with inflammatory
causes (eg, AIP) (26).
Isoattenuating masses that are not visualized discretely at routine multidetector CT are
particularly difficult to diagnose, and they account for up to 10% of PDACs (27–29). Studies
(30,31) have suggested that dual-energy CT may
offer improved visualization of small PDACs.
Specifically, low-voltage monoenergetic images
that are reconstructed with noise reduction algorithms show improved tissue contrast compared
with polychromatic images and may allow better
visualization of small pancreatic tumors.
In the absence of a visualized mass at CT,
focal pancreatic duct dilatation, mild peripancreatic infiltration, peritumoral cysts, or soft tissue
around the celiac artery suggest the possibility of
an occult malignancy (29,32). When a secondary sign is present without a visible mass, further
investigation with MRI or endoscopic US should
be recommended (16).
Additional findings including peritumoral
cysts; persistent hypoenhancement during the
arterial, portal venous, and delayed phases
of contrast-enhanced MRI; and marked T1weighted hypointensity similar to that of the
renal medulla also were seen more commonly in
PDAC than in focal chronic pancreatitis (22).
In particular, peritumoral cysts, which appear
as small irregular oval or linear areas of fluid
signal intensity in the periphery of or adjacent
to a mass, are highly suggestive of malignancy.
In their study, Lee et al (22) saw peritumoral
cysts in 84.5% of patients with PDAC and in
15.5% of those with focal chronic pancreatitis,
with an odds ratio for association of peritumoral
cysts with PDAC of 28.85. In comparison,
abrupt pancreatic duct cutoff, which is widely
considered a finding that is highly suspicious for
PDAC, had an odds ratio of 9.07 in the same
study. The cause of peritumoral cysts is uncertain, but they are thought to be secondary to
obstruction of the side branches of the pancreatic duct from intraductal PDAC or adjacent
desmoplasia.
In the evaluation of unexplained pancreatic
duct strictures with upstream ductal dilatation,
secondary signs also can be helpful. Findings of
malignant stricture include duct enhancement at
the transition site, abrupt transition without the
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duct-penetrating sign, segment strictures longer
than 6 mm, and decreased attenuation in the
upstream pancreatic parenchyma (32).

Mass-forming Chronic Pancreatitis
Background
In cases of chronic pancreatitis, 27%–50% of
patients present with a localized mass or massforming pancreatitis, and 71% of focal lesions
manifest in the pancreatic head (33,34). The
typical patient history and risk factors including abdominal pain, weight loss, nausea, and
jaundice commonly overlap with the patient
history and risk factors of PDAC. CT may only
allow accurate differentiation of mass-forming
pancreatitis from PDAC in 77% of cases (35).

Imaging Features of
Mass-forming Pancreatitis
At multidetector CT, both mass-forming pancreatitis and PDAC are typically hypoattenuating and hypoenhancing. The primary imaging
features of mass-forming pancreatitis include
an iso- or hypointense mass at T1-weighted
MRI and an iso- or hyperintense mass at
T2-weighted MRI, which are findings that
are similar to those of PDAC. Fat-suppressed
T1-weighted MRI sequences can provide
increased lesion conspicuity compared with
non–fat-saturation sequences, and mass-forming pancreatitis, similar to PDAC, typically
is hypoenhancing at arterial phase contrastenhanced MRI.
Imaging findings of chronic pancreatitis
such as parenchymal calcifications and pseudocysts should raise the possibility that a focal
mass represents focal inflammatory change
(33,36,37). Additional findings favoring massforming pancreatitis over malignancy include
the duct-penetrating sign, collateral branch
duct dilatation, and a pancreatic duct-to-parenchyma ratio of less than 0.34 (4,38–40).
Duct-penetrating sign.—Smooth narrowing of
the pancreatic duct that traverses a pancreatic
mass without abrupt obstruction strongly favors
the diagnosis of an inflammatory mass (39). The
duct-penetrating sign is said to be present when
the main pancreatic duct in the mass is seen in
its entirety, without obstruction. The duct may
be smoothly narrowed or of normal caliber.
The duct-penetrating sign is 96% specific for an
inflammatory pancreatic mass, with sensitivity
of 85% and accuracy of 94% (39). Although the
duct-penetrating sign can be seen at CT, it is
better visualized at MR cholangiopancreatography (Fig 1).
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Figure 1. Imaging findings that favor diagnosis of an inflammatory condition (or mass-forming pancreatitis) rather than malignancy. (a) Coronal T2-weighted MR image through the pancreatic head shows a
heterogeneous masslike lesion (black arrows). The proximal main pancreatic duct has a decreased caliber and
can be seen traversing through the mass (white arrows). (b) MR cholangiopancreatogram clearly shows the
narrowed main pancreatic duct in the masslike lesion (arrows), which is consistent with the duct-penetrating
sign. Prominent side branches are seen along the course of the distal pancreatic duct (arrowheads).

Collateral Duct Dilatation.—The presence of

collateral duct or side-branch dilatation in the
uninvolved or distal pancreas further supports
an inflammatory cause (41,42). Dilatation of
pancreatic duct side branches is thought to be
secondary to a traction effect from fibrosis in
a patient with chronic pancreatitis, rather than
mass effect from a neoplasm, where duct obliteration would be expected (4).

Imaging Findings that Favor Malignancy
Certain imaging features such as a duct-toparenchyma ratio greater than 0.34, displaced
calcifications in a patient with chronic calcific
pancreatitis, the double duct sign, vessel encasement, vessel deformity, and a superior mesenteric
artery (SMA) to superior mesenteric vein (SMV)
ratio of greater than 1 favor the diagnosis of
PDAC (43–45).
Duct-to-Parenchyma Ratio.—The pancreatic

duct-to-parenchyma ratio also can be helpful in
determining the degree of suspicion for malignancy (41). At endoscopic US, a pancreatic ductto-parenchyma ratio of greater than 0.34 strongly
favors the diagnosis of PDAC (40). In patients
with a pancreatic duct-to-parenchyma ratio of
greater than 0.34, there is marked upstream pancreatic ductal dilatation with marked parenchymal
atrophy, which are the imaging hallmarks of PDAC
(Fig 2a). Relatively mild ductal dilatation with
mild upstream parenchymal atrophy (pancreatic
duct-to-parenchyma ratio, <0.34) raises the possibility of an inflammatory nonneoplastic cause (40).
Displaced Calcifications in Chronic Pancreatitis.—Pancreatic parenchymal calcifications

are commonly seen in chronic pancreatitis, and

peripheral displacement of calcifications can
indicate a new underlying malignancy (Fig 2b)
that may otherwise be imaging occult or poorly
visualized because of gland heterogeneity from
chronic pancreatitis (44,46).
The Double Duct Sign.—The junction of the

pancreatic duct and the bile duct may be focally
dilated in 70% of cases (ampulla of Vater) and
eventually may be open in the major duodenal
papilla (papilla of Vater). Therefore, an obstruction at the papilla or peripapillary region may give
rise to dilatation of both ducts (47). Simultaneous
dilatation of the common bile duct and pancreatic
duct, known as the double duct sign (48,49), favors
the diagnosis of a malignancy (Fig 2c).
Classically, the double duct sign is seen in
PDACs involving the head of the pancreas and
is seen in up to 77% of pancreatic head PDACs
(37,50). However, the double duct sign is nonspecific and can develop secondary to inflammatory processes in the pancreas (eg, AIP) as well as
other nonmalignant conditions (49).
Vessel Encasement and Vessel Deformity.—Softtissue attenuation that encases the adjacent vasculature is highly suggestive of the extraglandular
spread of PDAC and is crucial in determining
tumor resectability. In addition to vessel encasement, vessel caliber changes also are seen frequently, including circumferential vessel narrowing, occlusion, and vessel deformity. The SMV
teardrop sign, a teardrop-shaped deformity of the
SMV, is highly indicative of SMV encasement
(43) (Fig 2d). Although uncommon, inflammatory conditions such as AIP may result in loss of
fat planes with peripancreatic vessels or may have
associated sclerosing mesenteritis or retroperito-
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Figure 2. Imaging findings that favor diagnosis of a malignancy rather than an inflammatory condition.
(a) Coronal CT image shows a duct-to-parenchyma ratio (maximum diameter of the diffusely dilated main
pancreatic duct [*] and the overlying atrophic parenchyma [arrows]) of greater than 0.5). (b) Axial CT image
shows diffuse calcifications in the background parenchyma and peripheral displacement of calcifications by a
focal hypoattenuating lesion (dotted circle) in the pancreatic body. (c) MR cholangiopancreatogram shows the
double duct sign, or dilatation of both the pancreatic duct (double arrows) and the common bile duct (single
arrow). (d) Axial CT image shows the teardrop sign (arrows), a teardrop-shaped deformity of the SMV due to
vascular encasement. Note the loss of fat in the perivascular space. (e) Axial CT image shows the SMA-to-SMV
ratio, or the decreased caliber of the SMV (arrowhead) (almost the same size as the SMA [arrow]), of greater than
or equal to 1.0. Note the loss of fat in the perivascular space.

neal fibrosis mimicking extraglandular spread of
pancreatic cancer (39,51).
SMA-to-SMV Ratio.—Enlargement of the SMA

relative to the SMV with a ratio greater than or
equal to 1.0 is an additional sign favoring the

diagnosis of malignancy rather than an inflammatory process in the pancreas (44,45).
The release of vasoactive substances in pancreatitis is thought to increase regional blood flow,
resulting in increased diameter of the distensible
SMV compared with the adjacent SMA. Although
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it is not well understood, the increase in the caliber
of the SMA in patients with PDAC may be due to
increased resistance to blood flow in the pancreas
secondary to the presence of malignancy, or it may
be due to wall thickening from perivascular invasion. The SMA-to-SMV ratio is not 100% sensitive or specific, but it can be considered a suspicious finding for PDAC if it is greater than 1 or if
other signs also support the diagnosis.

Imaging Modalities for Mass-forming
Pancreatitis
At transabdominal US, it is difficult to distinguish
mass-forming chronic pancreatitis from PDAC
because the imaging features overlap, and masses
may be obscured by overlying bowel gas or the
patient’s body habitus (52,53). Endoscopic US
offers improved visualization of masses and is
used routinely to perform targeted biopsies. In
masses with negative fine-needle aspiration results, contrast-enhanced endoscopic US may help
to differentiate chronic pancreatitis from PDAC
(54). A meta-analysis (55) of contrast-enhanced
transabdominal and endoscopic US for evaluation of pancreatic masses found sensitivity of 89%
and specificity of 84% for the diagnosis of PDAC
when the lesion had a hypovascular hypoenhanced appearance. In the diagnosis of neoplastic
lesions, sensitivity was 95% and specificity was
72% (55). Studies suggest that contrast-enhanced
endoscopic US–guided fine-needle aspiration can
help to identify hypoenhanced hypovascular areas
for targeted biopsy and to avoid areas of probable necrosis (56). Similarly, US elastography has
shown promise for diagnosis of pancreatic cancers, with sensitivity of 89.5% (57). Elastography
combined with guided fine-needle aspiration may
further improve results, with accuracy of 94.4%,
sensitivity of 93.4%, and specificity of 100% (58).
Overall, US elastography and contrast-enhanced
endoscopic US can help to identify better sites for
targeted fine-needle aspiration and to avoid falsenegative results and necrotic areas.
Multidetector CT provides better visualization of pancreatic parenchymal calcifications than
do US and MRI and allows better assessment of
findings of calcification displacement due to a
mass arising in a patient with chronic inflammation. Multidetector CT also provides excellent
visualization of pancreatic parenchymal atrophy,
duct structure, vessel encasement, and peripancreatic or metastatic spread of disease and allows
assessment for staging and resection.
Compared with multidetector CT, MRI can
be helpful for problem solving. MR cholangiopancreatography, especially with secretin, can
be used to assess the main pancreatic duct for
the duct-penetrating sign, the presence of which
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supports the diagnosis of an inflammatory mass
(39,59,60). In cases of ductal dilatation without
a visualized mass, MRI can provide better lesion
detection than that of multidetector CT (61).
The better soft-tissue contrast of MRI compared
with that of multidetector CT can help in the
identification and differentiation of small pancreatic tumors from other benign masslike lesions
such as noninflammatory nonneoplastic pancreatic head hypertrophy and benign focal fatty
infiltration of the pancreas (61). MR elastography
can also help to differentiate malignancy from
chronic inflammation. Liu et al (62) showed that
a combination of 40-Hz MR elastography and
dynamic contrast-enhanced MR imaging may
help in the diagnosis of malignancy. They concluded that an enveloping neoplasm may exhibit
higher stiffness than does chronic inflammation
because of obvious fibrous tissue infiltration.
However, these findings require more study.

PDAC versus Mass-forming Pancreatitis:
A Practical Approach
None of the secondary signs of PDAC and
mass-forming pancreatitis have 100% sensitivity
or specificity. A diagnosis can be favored if more
secondary imaging signs are present to support
either a benign inflammatory process or a neoplastic process (Table 1; Table E1). Figures 3–6 show
representative patients and provide a practical
approach to diagnosis.

Autoimmune Pancreatitis
Background
Clinically, symptoms of AIP can mimic those of
PDAC, with development of obstructive jaundice,
acute or chronic abdominal pain, weight loss, and
steatorrhea (63). AIP has classically been defined
by elevated immunoglobulin 4 levels. Patients
with PDAC occasionally show elevated immunoglobulin 4 levels, although they are uncommon.
Elevated carcinoembryonic antigen and CA 19-9
levels are rarely seen in patients with AIP (64).
Two types of AIP have been described (Table
2): type 1 lymphoplasmacytic sclerosing pancreatitis and type 2 idiopathic duct-centric pancreatitis (65–69). Type 1 disease is characterized by
elevated serum immunoglobulin 4 levels and is
strongly (60%) associated with extrapancreatic
autoimmune processes (65–67). The pancreatic
involvement is typically diffuse (more than 60%),
and approximately 85% of patients develop
diabetes, which may be a clue to the diagnosis.
Symptoms typically improve with administration
of steroid therapy. Type 2 AIP can be more difficult to diagnose clinically, and the imaging findings can closely mimic PDAC (70). Type 2 AIP
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Table 1: Summary of Imaging Findings of Mass-forming Pancreatitis and PDAC
Imaging Finding
Duct-penetrating
sign

Mass-forming
Pancreatitis

PDAC

May be
present

Typically
absent

Collateral duct
May be
dilatation
present
Duct-to-parenchyma Typically
ratio >0.34
absent

Typically
absent
May be
present

Displaced calcifications
Double duct sign

Typically
absent
Typically
absent
Typically
absent

May be
present
May be
present
May be
present

Vessel encasement or Typically
deformity
absent

May be
present

SMA-to-SMV ratio
>1

Comments
Reliable sign of a benign abnormality (specificity, 96%;
sensitivity, 85%), seen with mass-forming pancreatitis, AIP,
and PDP
Inflammation causes traction over the side branches and
dilatation
Smooth pancreatic ductal dilatation with an atrophic overlying parenchyma; reliable sign of malignancy (specificity,
97%; sensitivity, 94%)
Mass evolving from preexisting chronic pancreatitis displaces
the calcification toward the periphery
Peripapillary obstruction (specificity, 63%–80%; sensitivity,
50%–76%)
Peritumoral fatty infiltration may lead to deformity and
decreased caliber of the SMV. Usually, the SMV is larger
in diameter than the SMA. This sign, along with other supportive imaging signs, may help in making a diagnosis.
Occasionally, AIP can have perivascular inflammatory
stranding mimicking PDAC

Note.—The online supplemental version of the table (Table E1) includes reference images.

may manifest with normal serum immunoglobulin 4 levels, and focal pancreatic involvement that
closely mimics malignancy is seen in up to 85%
of cases. Extrapancreatic solid organ autoimmune
disease is also uncommon in type 2 AIP, with the
exception of inflammatory bowel disease, which
can be seen in 30% of cases and may be a clue to
the diagnosis (Fig 7b).
In addition to extensive overlap of clinical and
imaging features, a high false-positive biopsy rate
for carcinoma further contributes to unnecessary surgical management in cases of AIP. At
histologic evaluation, the rate of false-positive
or suspected carcinoma is as high as 32% for
biopsies and 41% for fine-needle specimens (71).
Although AIP is uncommon, accounting for only
1.9%–6.6% of cases of chronic pancreatitis, it is
the diagnosis in almost 25% of Whipple procedures performed for nonneoplastic causes (72).

In the absence of diffuse disease, the imaging
appearance of focal AIP can closely mimic that
of a neoplasm. The focal inflammatory mass may
have indistinct margins, periglandular inflammation may mimic extrapancreatic spread of malignancy (39), and involvement of the common
bile duct could result in a nonmalignant cause of
the double duct sign (74,75). In the absence of
the pathognomonic capsulelike rim, visualization
of multiple pancreatic or biliary strictures rather
than a solitary stricture and absence of substantial
dilatation of the side branches or upstream pancreatic duct may be helpful clues that a focal mass
in the pancreas represents focal AIP (76). Similar
to other benign focal inflammatory lesions in the
pancreas, AIP often shows the duct-penetrating
sign, which further supports a benign diagnosis
(77). Extrapancreatic autoimmune disease may be
present (Fig 8).

Imaging Features of AIP

Imaging Modalities for AIP

In the diffuse form of AIP, type 1, the classic imaging findings include diffuse sausage-like enlargement of the gland, a smooth contour, and loss of
normal pancreatic lobulations. A low-attenuation
halo or capsulelike rim is pathognomonic for
AIP type 1 when present (Fig 7). Homogeneous
contrast enhancement in both early and delayed
phases is common (65,73). Reactive lymphadenopathy may be present, but calcifications and
pseudocysts are typically absent. Areas of stenosis
can develop in the pancreatic duct and the distal
common bile duct because of inflammation.

Multidetector CT readily shows the classic
capsulelike rim seen in AIP, if it is present (Fig
7a). Invasion of malignancy in the extraglandular
planes or vessel encasement are readily assessed
with multidetector CT. Occasionally, inflammation of the periglandular fatty tissue may mimic
extraglandular malignant soft-tissue invasion in
patients with AIP, and this remains an imaging
pitfall in the attempt to distinguish AIP from
PDAC (39,51).
The classic halo or fibrotic rim seen in AIP
is hypointense at T2-weighted MRI and shows
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Figure 3. Mass-forming chronic pancreatitis in the pancreatic head in a 49-year-old woman. (a) Axial CT image
shows a dilated main pancreatic duct (). The overlying parenchyma is not atrophic and is well maintained. The ductto-parenchyma ratio is less than 0.5. Scattered calcifications are seen in the parenchyma (arrowheads). (b) Coronal CT
image shows a masslike lesion through the pancreatic head (circle). There is abrupt narrowing of the pancreatic duct,
which penetrates through the parenchyma (arrow).

Figure 4. PDAC of the pancreatic head in a
56-year-old man. (a) Axial CT image shows
that the SMV (arrowhead) and SMA (black
arrow) are of comparable size and that there
is perivascular soft-tissue encasement (white
arrow). The outline of the SMV is deformed.
(b) Axial CT image shows a locally infiltrative
hypoattenuating mass in the pancreatic head
that is invading the gastroduodenal artery
(arrow). (c) Axial CT image shows the normal
caliber of the distal pancreatic duct and the
well-maintained overlying parenchyma (arrowhead). Note the dilated distal common
bile duct (*). No background parenchymal
calcifications are shown.

weak enhancement at contrast-enhanced MRI
(Fig 9a, 9b) (39). MR cholangiopancreatography shows either irregular stenosis in the main
pancreatic duct or the duct-penetrating sign.
Multiple pancreatic duct strictures or a concomitant common bile stricture is highly suggestive of
AIP rather than malignancy and is best detected
at MR cholangiopancreatography (77). Studies have shown improved visualization of the
duct-penetrating sign and improved detection
of multiple pancreatic duct strictures at secretin
MR cholangiopancreatography (60). Incidental
findings of inflammatory bowel disease (Fig 7b)
or secondary sclerosing cholangitis with multiple
biliary strictures may provide additional clues

to the diagnosis of an underlying autoimmune
inflammatory process (26,78).
Studies have also suggested a role for diffusion-weighted MRI in the detection and diagnosis of AIP and for monitoring response to therapy
(59). For apparent diffusion coefficients of less
than 1.26 { 10-3 mm2 per second, Hur et al (73)
found sensitivity of 83% for the diagnosis of AIP
and specificity of 79% for differentiating AIP
from PDAC. Diffusion-weighted imaging alone
does not allow AIP to be distinguished reliably
from PDAC, and additional more specific imaging should be performed, when it is available.
Combining markedly decreased apparent diffusion coefficients with the presence of additional
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Figure 5. Mass-forming chronic pancreatitis with a pseudocyst in a 43-year-old man. (a, b) Axial CT images
show a diffusely prominent main pancreatic duct (double arrows) and a dilated common bile duct (black arrow
in b) representing the double duct sign. The overlying parenchyma is well maintained, and the duct-to-parenchyma ratio is less than 0.5. (c) Axial CT image shows scattered foci of calcifications in the pancreatic head (arrows). A cystic lesion in the pancreatic head shows hemorrhagic content, which is consistent with a pseudocyst.
(d) Axial CT image shows the pancreatic head with a masslike enlargement (circle).

Figure 6. PDAC and chronic pancreatitis in a 49-yearold woman. (a) Axial CT image shows an ill-defined and
slightly hypoattenuating mass in the pancreatic head
(circle), peripheral displacement of calcifications (yellow arrow), an SMA-to-SMV (red and blue arrows, respectively) ratio of almost 1, and a teardrop sign in the
SMV. The perivascular fat planes are invaded by the mass
(white arrow). (b) Coronal CT image shows the dilated
pancreatic duct () and side branches (arrowheads).
(c) Axial CT image shows the dilated common bile duct
(double arrows).
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Table 2: Types of AIP
Type 1: Lymphoplasmacytic sclerosing pancreatitis
Positive immunoglobulin 4 tissue staining results
Elevated serum immunoglobulin 4 level
Extrapancreatic organ involvement is common (60% of cases)
Inflammatory bowel disease in only 2%–6% of cases
Older patients (age usually >60 years), more common in men than in women
Pancreatic involvement is diffuse in 60% and focal in 40% of patients
Obstructive jaundice in 75% of cases
Patients may relapse after steroid therapy is completed
Type 2: Idiopathic duct-centric chronic pancreatitis
Immunoglobulin 4 tissue staining results are often negative
No elevation in serum immunoglobulin 4 level
No extrapancreatic solid organ involvement
Inflammatory bowel disease in 30% of cases
Younger patients (mean age, 43 years), equally common in men and women
Focal pancreatic lesion at imaging in 85% of cases
Obstructive jaundice in 50% of cases
Patients rarely relapse after steroid therapy is completed

Figure 7. Type 2 AIP in a 40-year-old man. (a) Contrast-enhanced coronal CT image through the pancreatic head shows a
focal pancreatic head mass (circle). Note the smooth outline, the loss of normal pancreatic lobulations, and the hypoattenuating
fibrotic rim (arrow). (b) CT image through the sigmoid colon shows mural thickening and associated hyperenhancement. Associated pericolonic hyperemia and vascular congestion (black arrows) and lymphadenopathy (white arrow) are also seen. Colonoscopy and biopsy findings were consistent with ulcerative colitis. (Full DICOM image stacks are available online for Fig 7a and 7b.)

signs can be helpful in diagnosis of AIP. For differentiating AIP from PDAC, studies have found that
the capsulelike rim sign has specificity as high as
97%–100%; however, sensitivity is only 29% (73).
Similarly, skip strictures in the common bile duct
and the main pancreatic duct have been shown
to have 100% specificity for AIP, but sensitivity is
low, at 33% and 44%, respectively (73).
Perfusion-weighted MRI is also being investigated for the assessment of focal pancreatic
lesions. The perfusion technique most widely
used in abdominal imaging is dynamic contrastenhanced MRI (59). Various quantitative parameters that may offer additional clues for differentiation of focal pancreatic lesions are currently

under investigation. For example, early research
shows a significant difference in time–signalintensity curves, with PDAC typically showing
type 2 time–signal-intensity curves with contrast
enhancement followed by slow progressive enhancement, while focal chronic pancreatitis typically shows type 3 time–signal-intensity curves,
with fast enhancement followed by a signal
intensity plateau. Additional parameters including
extravascular extracellular space volume fraction
analysis were also found to be helpful for differentiation of chronic pancreatitis from PDAC, but
further studies are needed to validate results from
initial small trials (59,79,80). Figure 10 shows a
diagnostic approach when AIP is suspected.
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Figure 8. Type 2 AIP in a 42-year-old man. (a) Axial T2weighted MR image through the proximal pancreas shows
an ill-defined intermediate-signal-intensity masslike lesion
(arrows). (b) Coronal T2-weighted MR image through the
pancreatic head shows the narrowed caliber of the pancreatic
duct traversing through the same region (arrow). Note coexisting focal stricture involving the distal common bile duct
(arrowhead). (c) Axial contrast-enhanced delayed-phase MR
image through the same region shows focal masslike lesion
(arrowheads). The rest of the pancreas is unremarkable.

Figure 9. Type 1 AIP in a 35-year-old woman. (a) Axial T2-weighted MR image shows a hypointense fibrotic
rim (arrows). (b) Axial contrast-enhanced MR image shows a homogeneously enhancing pancreas and a nonenhancing fibrotic rim (arrows).

Management of AIP
The mainstay of therapy is administration of corticosteroids. Relapse is frequent in type 1 AIP but
rare in type 2 AIP. Patients with steroid-refractory
cases should be treated with immunomodulators
in conjunction with steroids or rituximab (70).

Paraduodenal Pancreatitis
Background
PDP, also known as groove pancreatitis or cystic
duodenal dystrophy, is a focal form of pancreatitis
centered at the pancreaticoduodenal groove (81).
The resulting inflammation or fibrosis can form

a pseudotumor that may extend into the adjacent
pancreatic head, mimicking locally invasive PDAC
of the pancreatic head (82). Three distinct subtypes of PDP have been described (82), each with
different imaging and histopathologic features. The
solid tumoral type, or PDP type 1, manifests as a
solid pseudotumor with minimal cystic change.
Cysts may comprise less than 50% of the mass or
may be completely absent. As described by Muraki
et al (82), type 1 PDP may manifest as a solid-appearing sheetlike mass in the pancreaticoduodenal
groove or a more rounded expansile lesion involving the pancreatic head. The expansile solid form,
or subtype 1B, is particularly difficult to distinguish
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Figure 10. Diagnostic approach in a case of suspected AIP versus PDAC (+ signifies focal mass is present). AdenoCa = PDAC,
fAP = focal AIP, MPD = main pancreatic duct.

from PDAC or a peripapillary neoplasm, given its
round configuration, its solid appearance due to
microcystic change or absent cysts, and the possibility of associated pancreatic parenchymal atrophy
reported in 44% of patients with PDP type 1B
in the study by Muraki et al (82). Much easier to
identify because of the presence of cystic change in
the pancreaticoduodenal groove is the cyst-forming
subtype of PDP, or type 2 PDP, in which the lesions are predominantly cystic, with cysts accounting for greater than 80% of the lesion (82). The
ill-defined type, or type 3 PDP, is not like a mass
and is, therefore, less likely to mimic malignancy.
At resection of nonneoplastic pancreatic lesions, PDP was found in approximately 27% of
cases, and as many as two-thirds of patients had
a presurgical diagnosis of pancreatic or peripapillary cancer (82). Patients with PDP frequently
experience severe chronic pain or duodenal outlet
obstruction. Studies indicate that sustainable
symptom relief can be achieved in more than
two-thirds of patients who undergo medical or
endoscopic treatment including sphincterotomy,
pancreatic stent placement, or cyst drainage
(82–86). Although studies have shown that the
Whipple procedure allows successful management
of pain and improves quality of life scores in most
patients with PDP, given the morbidity associated
with the procedure, accurate preoperative diagnosis preserves the opportunity for a trial of medical
or endoscopic management (81,87).

creaticoduodenal groove, with involvement of the
expected region of the accessory duct or accessory ampulla and medial duodenal wall thickening (81,82) (Fig 11). Cystic change should
prompt consideration of PDP as the underlying
diagnosis, with the understanding that up to
20% of patients have no visible cysts in the lesion (59). A sheetlike mass or sandwich sign, with
a linear mass centered in the groove, is highly
suggestive of type 1A PDP, even in the absence
of visible cysts. A solid round tumoral subtype
of PDP (type 1B “rice ball pattern” as described
by Muraki et al [82]) exists and, in the absence
of cystic change in the groove, is not reliably
distinguishable from a peripapillary neoplasm
or PDAC of the pancreatic head. The absence of
biliary dilatation or a lack of substantial pancreatic parenchymal atrophy may suggest a nonneoplastic diagnosis (80). In addition, the presence
of the duct-penetrating sign, thickening of the
medial duodenal wall, or widening of the distance
between the ampulla and duodenal lumen may
suggest the diagnosis of PDP (88). Displacement
rather than encasement of the common bile duct
and/or the gastroduodenal artery is highly suggestive of the diagnosis of PDP rather than PDAC
(4). In addition to the radiologic findings, clinical
correlation may be helpful, because elevated CA
19-9 and overt jaundice are uncommon in PDP
and are highly suggestive of PDAC.(88).

Imaging Features of PDP

At transabdominal US, PDP and PDAC may have
similar appearances. However, at endoscopic US,
identification of tiny cysts in the pancreaticoduodenal groove can suggest the diagnosis of PDP.

Key imaging features that suggest consideration
of PDP in the differential diagnosis include a
solid or solid and cystic mass centered at the pan-

Imaging Modalities for PDP
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Figure 11. Type 1 solid PDP (groove pancreatitis) in a 39-year-old man. (a, b) Axial CT images show
an ill-defined hypoattenuating masslike lesion in the duodenopancreatic groove (arrows). Scattered parenchymal calcifications appear in the pancreatic head. (c) Coronal CT image shows the extent of the
masslike lesion in the duodenopancreatic groove (arrows) and associated cystic changes in the duodenal
wall (). The distal common bile duct is partially visible. (d) MR cholangiopancreatogram shows focal narrowing of the distal common bile duct (arrow) and subtle prominence of the side branches (arrowheads).
Note the widening of the duodenopancreatic groove and cystic changes in the duodenal wall (d).

At multidetector CT, PDP mimics PDAC that
involves the pancreaticoduodenal groove. PDP is
hypointense during the arterial phase, with progressive late phase enhancement due to fibrosis, which
is similar to PDAC. Visualization of a fat plane separating the mass from the pancreas may help exclude
the pancreatic origin of the lesion. Multidetector
CT can help in determining whether the adjacent
distal common bile duct or adjacent vessels such
as the gastroduodenal artery are encased, which
supports the diagnosis of malignancy, or displaced,
which supports the diagnosis of PDP (89,90).
Typically, the pancreaticoduodenal mass
in patients with PDP is iso- or hypointense at
T1-weighted MRI and iso- or hyperintense at
T2-weighted MRI and can mimic PDAC. At T2weighted MRI, microcysts in the mass that were
not detected at multidetector CT suggest the
diagnosis of PDP (Fig 12).
At MR cholangiopancreatography, PDP may
cause smooth narrowing of the distal common
bile duct and pancreatic duct, with widened

distance between the ampulla and the duodenal
lumen. Extensive fibrosis in the medial duodenal
wall in PDP can lead to a nonmalignant cause
of the double duct sign. In addition, MR cholangiopancreatography may allow visualization of
subtle dilatation of the side branches or collateral
duct, suggesting a chronic fibrotic or inflammatory process rather than malignancy. Secretin-enhanced MR cholangiopancreatography may improve visualization of the duct-penetrating sign in
cases of PDP (91). Figure 13 shows an approach
to use when diagnosis of PDP is suspected.

Obstructive Chronic Pancreatitis
Background
OCP is a subtype of chronic pancreatitis where the
duct demonstrates a uniform contour and diffusely
dilated appearance (92). At pathologic examination, OCP shows periductal fibrosis and subsequent ductal dilatation. Diffuse ductal changes may
be secondary to chronic inflammatory stenosis of
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Figure 12. Type 1 solid PDP (groove pancreatitis) in a 41-year-old man. (a) Axial fat-suppressed T2-weighted
MR image shows an ill-defined masslike thickening of the medial duodenal wall, with intermediate signal intensity (arrows). At presentation, the patient was found to have duodenal outlet obstruction. Note the dilated
stomach (). (b) Axial fat-suppressed T2-weighted MR image shows a predominantly solid masslike area in the
pancreatic head and microcystic changes along the duodenal wall (arrow).

Figure 13. Diagnostic approach in a case of suspected solid variant PDP (groove pancreatitis) or PDAC. AdenoCa =
adenocarcinoma, CBD = common bile duct, GDA = gastroduodenal artery, MDP = main pancreatic duct.

the papilla after repeated microtrauma due to the
passage of stones and/or biliary sand, which leads
to fibrosis and narrowing of the sphincter of Oddi
and, eventually, the onset of OCP (46). Although
protein inspissation may occur, pathologic changes
in the ductal mucosa and calcification are infrequent. At gross examination, the pancreatic duct is
dilated and there is variable parenchymal atrophy.
At imaging, OCP may mimic juxtapapillary neoplasms (causing papillary obstruction) and mainduct IPMNs) (Table 3)(4).

OCP and Juxtapapillary Neoplasms
Slowly growing peripapillary tumors that cause
obstruction and diffuse ductal dilatation may
mimic OCP. These tumors include benign (eg,
adenoma) and malignant (eg, PDAC and acinar
carcinoma) neoplasms of the pancreas (93).

Imaging Modalities for OCP
Identifying small juxtapapillary neoplasms can
prove difficult at imaging, especially at CT, even
with contrast material administration, after which
the tumor may appear isoattenuating when compared with the pancreatic parenchyma.
Few studies have shown that US and endoscopic
US are more sensitive than CT in identifying small
solid peripapillary or ductal lesions (94,95). Endoscopic US-guided fine-needle aspiration has been
proposed as an option when a mass is detected at
US or CT (96). Contrast-enhanced MRI seems to
have the advantage over CT because of its better
soft-tissue contrast definition (Fig 14a, 14b).
Dilatation of both the common bile duct and
the main pancreatic duct, or the double duct sign, is
highly suggestive of an underlying neoplasm. Although uncommon, inflammatory disease can pro-
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Table 3: Differentiating among OCP, IPMN, and Juxtapapillary Neoplasms at Imaging
Imaging Features

OCP

IPMN

Juxtapapillary Neoplasms

Gland atrophy
Parenchymal calcification
Solid enhancing mass
Double duct sign
Protrusion of major papilla into duodenum

Present or absent
Strongly present
Absent
Present or absent
Absent

Present/absent
Present/absent
Absent
Absent
Strongly present

Nodular enhancement along the wall of the
pancreatic duct
Cystic ectasia of the branch ducts
Mucinous deposits within the ductal lumen

Absent

Strongly present

Strongly present
Present or absent
Present
Strongly present
Present or absent, with
enhancing mass
Absent

Absent
Absent

Strongly present
Strongly present

Absent
Absent

Figure 14. Peripapillary neoplasm (adenoma) in a 42-year-old
man. (a) MR cholangiopancreatogram shows a dilated biliary tree, a
prominent pancreatic duct, and an
ill-defined filling defect in the distal
common bile duct (arrow). (b) Axial contrast-enhanced T1-weighted
MR image shows a heterogeneous
enhancing nodular lesion at the
papilla (arrow).

duce this finding, which mimics malignancy (Fig
15a). Stones located in the main duct outlet at the
papilla occasionally can be a nonmalignant cause of
the double duct sign. In this case, MR cholangiopancreatography is the most sensitive and specific
technique for diagnosis, and endoscopic retrograde
cholangiopancreatography has a therapeutic role.

OCP and IPMN
Dilatation of the main pancreatic duct in the absence of an obstructing mass should suggest the
diagnosis of main duct IPMN. Main duct IPMN
has malignant potential and may require surgery,
which makes it clinically important to distinguish
IPMN from OCP (4,97).

Imaging of IPMN
At cross-sectional imaging, both OCP and IPMN
may have atrophic changes in the pancreatic
parenchyma in addition to main duct dilatation.
Stones are frequently seen in OCP but are uncommon in IPMN (98). Mucinous deposits in
the dilated main pancreatic duct that are seen in
patients with IPMN are usually homogenous and
have a similar appearance to that of ductal dilatation seen in patients with OCP: hypoechoic at US,

hypoattenuating at multidetector CT, hyperintense
at T2-weighted MRI, and hypointense at T1weighted MRI (4). Thick mucinous deposits (if
visualized) and papillary proliferations can appear
similar at T2-weighted MRI (Fig 15a), as hypointense deposits along the duct wall. However,
at contrast-enhanced imaging, unlike mucinous
deposits, the papillary proliferations enhance and
can help confirm the imaging diagnosis of IPMN
(Fig 15b) (63). In addition to nodular enhancement along the duct wall, cystic ectasia of branch
ducts also favors the diagnosis of IPMN. Although
branch ducts may be dilated in OCP, they do not
usually have a cystic structure.
Even in the absence of enhancing nodules along
the duct wall, protrusion of the major papilla into
the duodenum (the “fish-eye” appearance classically described at endoscopy) is pathognomonic
for IPMN (Fig 15c). Ampullary PDAC also can
cause papillary protrusion into the duodenum but
can be differentiated from IPMN by the presence
of an enhancing mass at the ampulla at cross-sectional imaging to avoid misdiagnosis.
Optical coherence tomography permits an
evaluation of tissue microstructures by means of
a high-resolution probe introduced into the main
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Figure 15. Main duct IPMN in a 53-year-old man. (a) Coronal
T2-weighted MR image shows hypointense filling defects in the
dilated main pancreatic duct (arrows). (b) Axial contrast-enhanced
T1-weighted MR image shows nodular mural enhancement along
the dilated main pancreatic duct (arrows). (c) Endoscopic image
through the papillary region shows the classic protrusion of the
major papilla into the duodenum (the “fish-eye” appearance).

pancreatic duct through an endoscopic retrograde
cholangiopancreatographic catheter. Optical coherence tomography has shown high (almost 100%)
accuracy for detection of malignant tissue compared with that of brush cytology (67.7%) (99).

Conclusion

Secondary imaging features may help to differentiate inflammatory from neoplastic masses in
the pancreas. Imaging findings in correlation with
serum CA 19-9 levels can help to guide clinical
care and appropriate surgical treatment. However, no imaging feature or combination of features is 100% sensitive or specific for malignancy.
The clinical and imaging features of neoplastic
and nonneoplastic pancreatic masses overlap,
and the entities can coexist in 1.8%–4% of cases.
Chronic inflammation of the pancreas is a risk
factor for developing PDAC, and background
inflammatory changes can mask underlying malignancy and reduce the sensitivity and accuracy
of endoscopic US-guided fine-needle aspiration.
Further complicating image interpretation are
cases of imaging-occult PDAC.
In conclusion, the imaging features of inflammatory masses and PDAC at CT and MRI have
substantial overlap because both entities cause
extensive fibrotic change. Therefore, secondary
imaging findings such as the duct-penetrating sign,
biliary or main pancreatic duct skip strictures,
a capsulelike rim, the pancreatic duct-to-parenchyma ratio, displaced calcifications in chronic calcific pancreatitis, the double duct sign, and vessel
encasement or displacement can provide valuable
clues in the differential diagnosis of pancreatic
masses and may help in avoiding unnecessary
surgical morbidity and mortality for inflammatory
conditions and delays in diagnosis of PDAC.
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