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Introduction

For the radiological investigation of the various
pancreatic masses, there is a wide variety of
available imaging modalities, such as computed
tomography (CT), magnetic resonance imaging
(MRI), ultrasonography (US), and nuclear medi-
cine. In this chapter, a short overview of the avail-
able techniques with an emphasis on recent
advances will be presented, followed by a practi-
cal diagnostic imaging algorithm. Finally, the
imaging features of the most common solid and
cystic pancreatic lesions will be illustrated.

Imaging Techniques
In order to obtain optimal results, it is necessary

to apply dedicated imaging protocols depending
on the relevant clinical scenario, where careful
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attention should be paid to technical parameters
related to the scanner, the patient, and the intrave-
nous contrast material potentially to be used.

Computed Tomography

CT is the “workhorse” in the imaging of pancre-
atic masses. In modern scanners, multiple, paral-
lel positioned detector rows (MDCT) combined
with a fast rotating X-ray tube enable imaging of
the thorax and abdomen within a single breath-
hold. Thus, breathing-related motion artifacts can
be minimized and an optimal use of iodine-based
contrast material achieved, according to well-
defined imaging protocols.

For the investigation of pancreatic masses, the
upper abdomen (defined as the abdominal area
between the diaphragm and the iliac crest) is
scanned before (unenhanced) and after the intra-
venous injection of iodine-based contrast material
in the late arterial (parenchymal or portal venous
inflow) phase and the whole abdomen in the
venous (or portal venous) phase (dynamic con-
trast-enhanced CT, DCE-CT) [1]. In order to
account for intraindividual variations of heart rate
between patients, the use of individualized delay
between contrast agent injection and image acqui-
sition is encouraged [2]. The image acquisition is
performed in the axial plane and the resulting
images (the so-called raw data) have a slice thick-
ness in the range of millimeters or even submilli-
meters. These are then reconstructed in thicker
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slices, preferably <3 mm, two-dimensional (2D)
images in the axial, coronal, and sagittal planes
(multi-planar reformats, MPRs) [1]. Occasionally,
curved planar reformats (CPR) along the ductal
system and/or major vasculature may also be of
value [3]. If needed, e.g., for the depiction of the
vascular anatomy, 2D maximum intensity projec-
tion (MIP) and three-dimensional (3D) volume-
rendering technique (VRT) images can easily be
reconstructed from the same data and provide
additional information about vessel engagement
[4-7]. Recent advances in the commercially avail-
able hard- and software have made possible the
more precise quantification of abdominal organ
and tissue perfusion characteristics by applying
CT perfusion technique. Parameters like blood
flow, blood volume, mean transit time, and the
permeability—surface area product can be calcu-
lated, providing potentially valuable information
about the hemodynamic characteristics of organs,
tissues, and tumors [8].

Magnetic Resonance Imaging

MRI is particularly useful in the investigation of
pancreatic masses. Due to its superior soft tissue
contrast resolution [i.e., the ability to distinguish
different structures from each other based on their
signal intensity (SI) differences on the various
imaging sequences] compared to CT and to the fact
that it does not expose the examined area to poten-
tially harmful ionizing radiation, it has become a
modality of great interest. Drawbacks related to its
use are the limited availability and the timely image
acquisition, compared to CT, as well as the consid-
erable variation in image quality between various
MRI scanners. The magnetic field strength in mod-
ern equipment is either 1.5 or 3 T and dynamic con-
trast imaging is feasible within reasonable
timeframes (i.e., a single breath-hold).

Similarly to the DCE-CT, MR image
sequences are obtained before and after the intra-
venous administration of gadolinium-based che-
lates in late arterial, portal venous, and,
additionally, equilibrium phases (dynamic
contrast-enhanced MRI, DCE-MRI) [9]. The
sequences used for the dynamic contrast imaging
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are fat-saturated 3D T1-weighted and can be pri-
marily obtained in any plane, preferably the axial,
with a slice thickness of 2—-3 mm. The possibility
to obtain MPRs from the originally acquired
axial images exists, but the results may be of
lower quality compared with CT examinations
due to the lower spatial resolution, at least on 1.5
T scanners. Apart from these, the protocol should
include magnetic resonance cholangiopancrea-
tography (MRCP) and T2-weighted sequences,
in order to depict the relation of the lesion(s) to
the main pancreatic (MPD) and common bile
(CBD) ducts and to demonstrate the internal
architecture of the lesions without needing to use
intravenous  contrast material.  Diffusion-
weighted imaging (DWI) is a relatively new
sequence implemented in abdominal applica-
tions. It is based on the random translational
movement of free water molecules (or Brownian
motion), which is restricted in cases where the
extracellular space is diminished (such as when
there is tumor-related hypercellularity and/or
increased fibrosis) [10]. By calculating the appar-
ent diffusion coefficient (ADC), it is possible to
obtain objective measurements of the diffusivity
in a given tissue or organ. For this calculation,
various models are available. Among them are
the automated monoexponential model, which is
easier and faster, and the biexponential (intra-
voxel incoherent motion, IVIM) model, which is
more complex and accurate and allows for,
besides ADC calculations, the extraction of the
following parameters: the slow component of dif-
fusion (Dge), incoherent microcirculation, or
otherwise pseudodiffusion, (D), and perfusion
fraction (f) [11]. Similarly to CT, the MRI perfu-
sion technique has recently been made available
in advanced scanners and the acquisition of quan-
titative information about perfusion
characteristics is now possible [12]. Parameters
that can be extracted from MRI perfusion data
are the following: the volume transfer coefficient
(K's), the volume of extracellular extravascular
space (EES), the per-unit volume of tissue (v.),
and the flux rate constant between EES and
plasma (k.,) [13]. However, MRI perfusion is a
technically more demanding method compared
to its CT counterpart [14].
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Ultrasonography

US can also be used in the investigation of pan-
creatic tumors. There are various approaches to
perform pancreatic US, such as transabdominally
(i.e., examination through the abdominal wall),
endoscopically (by inserting the transducer via
an endoscope, EUS), and intraoperatively (by
direct contact with the organ surface during oper-
ation, IOUS). This modality is advantageous in
that it does not expose the area under investiga-
tion to ionizing radiation and allows a dynamic
examination of the organ of interest by injecting
microbubble-containing contrast agents [15, 16].
Finally, US is useful in providing biopsy guid-
ance (for both fine-needle aspiration and core
biopsy). The use of low-frequency transducers is
suggested for examining deeper areas, where
higher penetration is required, and of high-fre-
quency transducers for more superficial areas.
Drawbacks include the high operator depen-
dency, the fact that secondary readings and opti-
mal communication of findings to clinicians are
somehow difficult to perform, the insufficient
visualization in cases of obese patients or due to
obscuring overlying intestinal gas (in case of the
transabdominal approach), and, finally, the lim-
ited availability (in the case of EUS).

Nuclear Medicine

Nuclear medicine imaging may be useful in the
workup of pancreatic masses, particularly for the
investigation of pancreatic neuroendocrine
tumors (PNETs). In general, the technique is
based on the use of radioactive tracers and can be,
grossly, divided into two subcategories: (1) scin-
tigraphy and (2) positron emission tomography
(PET). The combination of these with a cross-
sectional modality (i.e., CT and lately even MRI)
results in the so-called hybrid imaging.

Scintigraphy

In scintigraphy, a gamma (y) camera detects y
rays emitted from the radionuclides used. The
resulting images are either 2D whole-body (pla-
nar imaging) or 3D SPECT (single photon
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emission computed tomography) axial images of
the abdominal area. In planar imaging, the acqui-
sition is at 4 and 24 h after injection of the radio-
isotope while in SPECT at 24 h.

For the workup of PNETS, the vast majority of
radiotracers used are somatostatin analogs (SSA)
based on the expression of somatostatin receptors
(SSR) in the majority of PNETs [17]. Octreotide
is the most commonly used analog for somatosta-
tin receptor scintigraphy (SRS) and is commer-
cially widely available as !''In-pentetreotide
(*"In-DTPA-octreotide, Octreoscan™). Apart
from the SSA, other analogs for imaging a sub-
class of PNETs based on their expression of the
glucagon-like peptide 1 (GLP-1) receptor (i.e.,
benign insulinomas) have been developed. Their
use is limited for research purposes and they are
not yet clinically available.

Positron Emission Tomography

In PET, the radionuclides used emit positrons.
When an emitted positron encounters an electron,
they annihilate and emit two photons in opposite
directions and are, consequently, detected by the
PET camera at the same moment. Compared to
scintigraphy, image acquisition can be completed
within much shorter time intervals, resulting in
images of higher spatial resolution and tissue
contrast. Drawbacks include the short half-life of
the radionuclides and the relatively complicated
process of the labeling procedure. Two major
types of radiotracers are used: those reflecting
tumor activity and those related to receptor
expression [18].

The first category comprises amine precursors
such as '"C-5-hydroxytryptophan ('C-5-HTP),
BE-DOPA, and ''C-L-DOPA as well as the glucose
analog '8F-fluorodeoxyglucose (FDG). '®F-FDG is
by far the most widely available and well-studied
radiotracer in PET imaging, while amine precur-
sors are less widely available but can be valuable
in cases where the suspected tumors are expected
to have low SSR expression (in cases of PNET).
For the production of all these radiotracers, a
cyclotron is required.

The second category includes all available
SSAs labeled with a positron emitter, mainly
8Ga, and is therefore suited only for the imaging
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evaluation of PNETs. In practice, the most often
used preparations are  %Ga-DOTATOC,
%Ga-DOTANOC, and *Ga-DOTATATE (collec-
tively termed %Ga-DOTA-SSA). These three
exhibit some differences in the affinity to the
SSR-subtypes 2, 3, and 5, which, however, are
not significant for clinical practice. The produc-
tion of %Ga does not need a cyclotron but can
easily be generated in standard equipment avail-
able at nuclear medicine departments. Image
acquisition can be done within an hour from
injection of the radiotracer. Compared to the
SSAs used in scintigraphy, %Ga-SSAs for PET
imaging still have less availability.

Hybrid Imaging

In modernscanners, nuclear medicine modalities
such as PET and SPECT are combined with a
cross-sectional counterpart such as CT or, lately,
even MRI [18, 19]. In that way, anatomical and
functional images can be viewed simultaneously
and findings in one modality can be directly cor-
related to the other. Furthermore, “fusion”
images, where one image set is overlaid to the
other, are available for easier evaluation. The
cross-sectional examination can be performed
according to dedicated contrast-enhanced proto-
cols, as mentioned earlier in the corresponding
section, for not compromising the diagnostic
quality. Furthermore, data from CT are available
for attenuation correction of the PET images,
making the procedure more time-efficient com-
pared to PET.

Diagnostic Imaging Algorithm

In case there is suspicion of a pancreatic cancer
or the presence of a dilated MPD or/and CBD (in
the latter case, the so called “double-duct” sign),
a dedicated pancreatic protocol CT or MRI is
indicated, as these are considered equivalent in
determining engagement of vessel and lymph
nodes, according to the recommendations by
NCCN [1]. On the one hand, if a mass is then
detected on CT (at most institutions, CT is the
first-line modality) and there are no signs of met-
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astatic disease, CT of the thorax and liver func-
tion tests should be performed and the patient
discussed at a multidisciplinary tumor board as a
potential surgical candidate. EUS should also be
considered. On the other hand, if a mass is not
detected, then besides CT of the thorax and liver
function tests, EUS or ERCP or MRI/MRCP are
indicated [1]. If the initial CT examination of the
patient is high-quality, no further examination is
considered necessary. For the detection of small
liver and peritoneal metastases, it has been shown
that MRI is superior to CT [20, 21]; thus, it may
be considered a complement to CT in patients
with a high risk for liver metastases when the ini-
tial examination failed to demonstrate them. The
role of PET/CT is yet not clear; it was not shown
beneficial for detecting early cancer but may
prove useful for identifying extrapancreatic dis-
tant disease in “high-risk” patients [1].

In case there is suspicion of PNETs, the
European Neuroendocrine Tumor Society’s
(ENETS) suggested workup algorithm includes
pancreatic protocol CT or MRI and an additional
SRS (or ®Ga-DOTA-SSA PET/CT, when avail-
able) for the selection of patients eligible for
treatment with radiolabeled SSA (peptide recep-
tor radionuclide therapy; PRRT) [17]. When
major surgery is an option and CT/MRI or SRS
does not confirm the presence of tumor, then the
next steps are ®Ga-DOTA-SSA PET/CT and/or
BE-DOPA and ''C-5-HTP (if available); '®*F-FDG
PET/CT may also be considered. In all PNET
cases where the proliferation index Ki-67 is
greater than 10 %, "*F-FDG PET/CT should be
considered.

When a cystic lesion is detected and further
characterization is required, dedicated pancreatic
protocol CT and MRI are considered particularly
valuable [22]. For incidentally detected cystic
lesions, MRI is the method of choice proposed by
the Incidental Findings Committee of the
American College of Radiology due to its supe-
rior contrast resolution [23]. ®F-FDG PET/CT is
potentially advantageous for detecting distant
disease in cases of invasive carcinoma, but its
role for the characterization of cystic masses is
unclear, as data are not sufficient [22]. For their
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cross-sectional imaging follow-up, the currently
most widely established management guidelines
favor the use of contrast-enhanced MRI [24, 25].
However, some preliminary reports have shown
that—for the purpose of follow-up—unenhanced
MRI may be adequate [26, 27].

Imaging Features

The imaging features of the most common solid
and cystic masses of the pancreas as well as their
differential diagnosis will be presented in the fol-
lowing section. Further details of each of these
lesions are discussed separately in other chapters
in this book.
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Solid Masses

Pancreatic ductal adenocarcinoma (PDAC) and
neuroendocrine tumors (PNETs) comprise
together about 90-95 % of all malignant pancre-
atic neoplasms [28, 29].

Adenocarcinoma: PDAC, being a predominantly
hypovascular fibrotic tumor, is usually depicted
as a mass of lower density (on CT) or lower SI
(on MRI) compared to the adjacent, avidly
enhancing parenchyma during the late arterial
phase of the dynamic contrast imaging (Figs. 7.1,
7.2a—d and 7.3) [30, 31]. Additional imaging fea-
tures on MRI include hypointensity on unen-
hanced T1-weighted and variable appearance on

Fig. 7.1 Dedicated pancreatic protocol CT examination
of a patient with a pancreatic ductal adenocarcinoma. In
the dynamic contrast-enhanced (DCE) axial images
[unenhanced (a), late arterial (b), and portal venous (c)
phases], there are an ill-defined, hypovascular mass at the
pancreatic body (arrow) with upstream parenchymal atro-
phy (arrowhead) and a hypovascular solid lesion in the

left hepatic lobe (asterisk), compatible with a metastasis.
In the sagittal MIP image (d) and coronal projection (e)
(both at the late arterial phase), there are tumor encase-
ment and stricturing of all branches of the celiac trunk
(open arrows). In the axial MIP image of the portal venous
phase (f), the stenosis of portomesenteric confluence
(open arrowhead) is readily identified
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Fig.7.2 Dedicated pancreatic protocol MRI examination
of a patient with a pancreatic ductal adenocarcinoma. In
the unenhanced image (a), the mass located at the proxi-
mal tail (arrows) has a lower signal intensity (SI) com-
pared to the downstream normal parenchyma. The mass is
hypovascular compared to the avidly enhancing paren-
chyma in the late arterial phase (b) of the DCE series and

T2-weighted sequences. On visual assessment of
DWI, the lesion usually exhibits high SI on
images with high b-values and low SI on ADC
maps representing restricted diffusion (Fig. 7.2).
The margins of the lesion are often not well
defined and, in many cases, there are secondary
signs indicating the presence of a tumor, such as
main pancreatic or/and common bile duct dila-
tion and/or abrupt cutoff, upstream obstructive
pancreatitis with parenchymal atrophy or focally
abnormal parenchymal contour. In about 5 % of
cases, the tumor may not be distinguished from
the adjacent parenchyma on CT, even when dedi-
cated protocols are applied (Fig. 7.4) [32, 33]. In
such cases, the presence of secondary tumor
signs combined with a further evaluation with

shows progressive enhancement in the portal venous (c)
and equilibrium (d) phases, where even a central necrotic
area (open arrow) is observed. Compared to the normal
parenchyma, the mass has a slightly higher SI on the
T2-weighted image (e) and a much higher SI on DWI with
a high b-value (f), indicating restricted diffusion

other methods (EUS/MRI/PET-CT) may prove
helpful. For the evaluation of engagement of ves-
sels and lymph nodes, dedicated pancreatic CT
and MRI are considered equivalent [1]. However,
size as a criterion of lymph node engagement has
been shown not to be specific [34].

In the differential diagnosis, PDAC has to be
distinguished from other solid hypovascular
lesions (Table 7.1) [35]. A major diagnostic chal-
lenge is to correctly differentiate adenocarcinoma
from an inflammatory pseudotumor, such as in
cases of mass-forming chronic pancreatitis (CP),
focal autoimmune pancreatitis (AIP), and groove
pancreatitis (Fig. 7.5). In cases of mass-forming
CP, MRCP is of great value when it depicts the
pancreatic duct passing through the suspicious
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Fig. 7.3 Axial (a—c) and coronal (d-f) CT images of a
patient presenting with mild pain in the upper abdomen,
fatigue, and itching. The nondedicated contrast-enhanced
CT protocol (a, d) performed at the emergency setting
shows dilation of the common bile duct (asterisk) with
abrupt cutoff at the level of the pancreatic head (open
arrow) but fails to demonstrate any mass. Two days later,

area, the so-called duct-penetrating sign, favoring
nonmalignancy [36]. In cases of AIP, there might
be a long compression of the MPD without a
prominent upstream dilatation, a sausage-like
appearance of the gland, and an enhancing soft-
tissue halo in the peripancreatic fat as well as
signs of extrapancreatic manifestation of autoim-
mune disease, such as in the bile duct, gallblad-
der, retroperitoneum, and more [37]. After
appropriate cortisone therapy, there should be a
partial or complete response of the radiological
findings. Recently developed techniques such as
CT perfusion, MRI perfusion, and DWI have
shown promising results [38—41]. Particularly for
DWI, the IVIM-derived parameter perfusion
fraction (f) was shown to be significantly lower in

the patient undergoes a dedicated pancreatic protocol CT
and the hypovascular mass (arrow) is readily identified at
the pancreatic head/uncinate process in the late arterial (b,
e) but not in the portal venous phase (c, f) of the DCE imag-
ing. The lesion was a ductal adenocarcinoma, verified his-
topathologically after surgery (pancreatico-duodenectomy)

cases of PDAC compared to CP and thus helpful
for their differentiation [42, 43]. Furthermore,
BE-FDG PET/CT has been reported to be able to
differentiate mass-forming pancreatitis from ade-
nocarcinoma by showing standardized uptake
value (SUV) between 3 and 4 for chronic pancre-
atitis and >4 for PADC [44] and AIP from PDAC
by demonstrating different patterns of radiotracer
uptake (more commonly diffuse uptake in the
pancreatic parenchyma and salivary glands
observed in cases of AIP, while in cases of PDAC,
there is focal accumulation in the tumor but not in
the rest of the parenchyma) [45, 46].

Neuroendocrine tumors: Contrary to adenocarci-
nomas, PNETs are often highly vascularized
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Fig.7.4 Axial (a, b) and coronal (¢, d) images of a dedi-
cated pancreatic protocol CT of a patient presenting with
fever, leukocytosis, elevated CRP, and liver function tests
one month after endoscopic removal of CBD stent. The
nondedicated CT protocol (not shown) performed two
days earlier was not conclusive. No tumor can be visual-
ized in the late arterial (a, ¢) or portal venous (b, d) phase

Table 7.1 Differential diagnosis of pancreatic ductal
adenocarcinoma (PDAC)
Inflammatory pseudotumors
Mass-forming chronic pancreatitis
Focal autoimmune pancreatitis
Groove pancreatitis
Nonhypervascular neuroendocrine tumors
Hypovascular metastases (e.g., lung cancer)
Lymphoma

Source: From [35]

tumors, which lead to the classical appearance of a
hyperdense (on CT) or hyperintense (on MRI)
mass during the late arterial phase of the dynamic
contrast imaging (Fig. 7.6a—c) [47]. Nevertheless,
there are exceptions with some PNETs—more

of the DCE imaging despite the application of the dedi-
cated protocol. However, secondary signs such as dilated
main pancreatic duct in the upper part of the pancreatic
head with abrupt cutoff in the upper part of the pancreatic
head (arrow) may indicate the presence of a tumor. At
histopathology after surgery, the presence of a small duc-
tal adenocarcinoma was verified

often nonfunctioning—not showing hypervascu-
larity but a rather heterogeneous contrast enhance-
ment (Fig. 7.7) [47]. Calcifications are present in
every sixth to eighth patient and are readily identi-
fied on unenhanced CT (Fig. 7.6a) [48, 49].
Additional typical imaging features on MRI
include low SI on T1-weighted and high SI on
T2-weighted sequences and restricted diffusion on
DWI (Fig. 7.7ae,f). Unlike adenocarcinomas,
PNETs are usually well circumscribed and dilation
of the MPD and/or CBD is less commonly present
[50]; duct dilation, however, may be present, more
often in cases of small serotonin-producing tumors
[51]. Recently, it was reported that for the detection
of highly differentiated PNETsS, the visual assess-
ment of DWI had the same detection rate as the
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Fig. 7.5 Axial (a—c) and coronal (d—f) images of three
different patients with solid hypovascular lesions (arrows)
at the pancreatic head with secondary mild to moderate
dilation of the main pancreatic duct and abrupt cutoff,
simulating pancreatic ductal adenocarcinoma. The histo-
pathological analysis after surgery showed mass-forming

contrast-enhanced MRI, in a lesion- and patient-
based analysis [52]. This may prove to be of great
value in cases where the intravenous injection of
MRI contrast agents is contraindicated (e.g., in
patients with low GFR or previous allergic reac-
tions to gadolinium chelates).

At Octreoscan and %Ga-DOTA-SSA PET/
PET-CT, PNETs exhibit, in general, high radio-
tracer uptake (Fig. 7.6d, e). ®Ga-DOTA-SSA
imaging performs better than Octreoscan [17];
however, both have lower detections rates for
insulinomas compared to other PNETs [53].
Interestingly, for benign insulinomas, scintigra-
phy with GLP-1 analogs has shown promising
initial results [54].

chronic pancreatitis in the first patient (a, d) and focal
autoimmune pancreatitis in the second (b, e). In the third
patient (c, f), changes of groove pancreatitis are identified
radiologically (at 3-year control CT examination, no signs
of malignancy had developed in the area)

For the staging of PNETs, both the CT
perfusion-extracted parameter blood flow and the
monoexponential-based ADC calculations were
shown to be significantly higher for G1 compared
to G2 and G3 tumors [55-57]. In the latter report,
Gl tumors were also significantly more often
hypervascular, showing contrast enhancement
after the intravenous injection of gadoxetic acid,
compared to G2 and G3 tumors. Furthermore, the
MRI perfusion-extracted parameter K" was
reported to be significantly higher in G1 and G2
and could, thus, differentiate them from G3
PNETs [39]. In the differential diagnosis, PNETs
have to be distinguished from other hypervascu-
lar lesions (Table 7.2) [58].
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Fig.7.6 Typical imaging findings of a patient with a neu-
roendocrine tumor in the pancreatic body. In the axial
unenhanced CT image (a), the lobulated, well-defined
mass (arrow) has central calcifications (arrowheads) and
in the DCE imaging [late arterial (b) and portal venous (c)
phase] it exhibits rapid, relatively inhomogeneous con-

Cystic Masses

Serous cystic adenomas (SCAs), mucinous cystic
neoplasms (MCNs), and intraductal papillary
mucinous neoplasms (IPMNs) comprise about 90
% of all primary cystic lesions [59].

Serous Cystic Adenoma: The radiological appear-
ance of an SCA depends on the histopathological
type; it is usually classified in the microcystic
(also known as polycystic) and the, much less
frequent, macrocystic (also known as oligocys-
tic) variants [60-62].

Microcystic SCAs, due to the presence of
multiple, fluid-filled cysts <2 cm, separated from

trast enhancement. There is no upstream dilation of the
main pancreatic duct. In the axial 68§Ga-DOTATOC PET
(d) and fusion 68Ga-DOTATOC PET/CT image (e), the
lesion has very strong radiotracer uptake while at transab-
dominal ultrasound (f), it is relatively inhomogeneous and
with low echogeneity

each other by thin septae, with the smaller cysts
located centrally around fibrous tissue (central
scar) and the larger ones in the periphery, have a
multilobular shape with well-defined margins.
The fibrous central scar can be partially calcified
in up to one third of patients [63]. In about 20 %
of cases, the comprising cysts are very small and
the lesion can resemble a solid tumor (honey-
comb pattern) [61]. More specifically on US, the
cystic parts are hypoechoic while the septa and
central scar are hyperechoic; in case of a honey-
comb pattern, the tumor may appear entirely
solid, that is, homogeneously hypoechoic with no
posterior acoustic enhancement. The
calcifications are depicted as centrally located
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Fig. 7.7 MRI examination of a patient with a nonhyper-
vascular neuroendocrine tumor in the proximal body of
the pancreas. On fat-saturated T1-weighted images before
(a) and post contrast (b—d), the tumor (white arrow) does
not show hypervascularity, a finding more common in
nonfunctioning PNETs. On the T2-weighted HASTE

Table 7.2 Differential diagnosis of pancreatic neuroen-
docrine tumors (PNETS)
Exocrine tumors
Cystic: Serous cystic adenoma

Solid: Solid pseudopapillary neoplasia, acinar cell
carcinoma

Hypervascular metastases
Renal cell carcinoma
Carcinoid
Medullary thyroid carcinoma
Multiple myeloma
Neurogenic
Schwannoma
Vascular
Aneurysm
Pseudoaneurysm
Arteriovenous malformation, AVM
(continued)

image (e), the tumor shows relatively high signal intensity
and its relation to the common bile duct (open white
arrow) and the main pancreatic duct (open black arrows)
can easily be appreciated. On the ADC map (f), the lesion
has markedly low signal intensity, indicating restricted
diffusion

Developmental
Intrapancreatic splenule (accessory spleen)
Source: Modified from Bhosale et al. [58]

hyperechoic structures with acoustic shadowing.
On unenhanced CT, the lesion has low density
and the calcifications are readily identified as
central hyperdensities. On postcontrast CT, there
is relatively rapid enhancement of the septa while
the cystic portions remain hypodense due to the
presence of nonenhancing fluid (Fig. 7.8a—c). In
cases of lesions exhibiting a honeycomb pattern,
the enhancement can be fairly homogeneous and,
thus, closely resemble a solid tumor [64]. On
T2-weighted images, the cystic portions of the
lesions have a distinctly high SI while the septae
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Fig. 7.8 Typical imaging findings of a patient with
microcystic serous cystic adenoma. In the axial unen-
hanced CT image (a), the lesion (arrow) has central calci-
fications (open arrowhead) and in the DCE imaging [late
arterial (b) and portal venous (c) phases], it shows rela-
tively early, mild contrast enhancement. It is composed of
multiple very small cysts in the central part and a few

and fibrous scar have a low SI (Fig. 7.8d).
T2-weigthed images depict fluid content, even in
cases of a honeycomb pattern, due to the superb
contrast resolution of T2-weighted MRI com-
pared to CT. On unenhanced T1-weighted MRI,
both the cystic and the noncystic parts have a low
SI, and in cases of intralesional hemorrhage,
there might be hyperintense areas. On postcontrast
images, there is enhancement of the septa, in an
analogous manner to postcontrast CT, and addi-
tionally, in the later phases of the dynamic imag-
ing, the central scar may retain contrast (Fig.
7.8e, ). Compared to CT, calcifications are more

larger cysts in the periphery (arrowheads); the internal
structure is much easier to appreciate in the axial
T2-weighted MRI image (d). The central scar (open
arrow) has a low signal intensity and in the fat-saturated
T1-weighted images shows no enhancement in the later
arterial phase (e); however, there is obvious, late enhance-
ment in the equilibrium phase (f)

difficult to detect on TI1- and T2-weighted
images; if present, they are depicted as areas of
signal void. The lesion does not show restricted
diffusion [65]. The differentiation of microcystic
serous adenoma includes other solid enhancing
lesions, such as PNETs and solid pseudopapil-
lary neoplasia (SPNs) [58].

The macrocystic SCA, due to the presence of
only a few number of cysts that are usually >1 cm
or, sometimes, even up to several cm in size, is
also multilobulated and well circumscribed [61,
66]. They do not have a central scar, calcifica-
tions, or mural nodules. On US and CT, the
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Fig.7.9 Typical imaging findings of a patient with an oli-
gocystic serous cystic adenoma. In the axial unenhanced
CT image (a), the lesion in the pancreatic neck (arrow)
has no calcifications. In the axial DCE imaging [late arte-
rial (b) and portal venous (c) phases], there are few, very
thin internal septations (arrowhead), which are more eas-
ily appreciated on T2-weighted sequences [axial (d) and

lesions have a fairly homogeneous cystic appear-
ance with low echogeneity (respectively, density)
and high SI on T2- and low SI on unenhanced
T1-weighted MRI (Fig. 7.9). The few septa may
be recognizable on US or postcontrast CT but are
more readily visible on T2- and postcontrast
T1-weighted images, due to the superb contrast
resolution (Fig. 7.9d-f). In contrast to their
microcystic counterparts, macrocystic SCAs may
resemble MCNss or side-branch IPMNs, and their
differentiation based on imaging features is not
always possible, sometimes necessitating further
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coronal (e) T2-weighted images]. The lesion is comprised
of a few cysts, larger in size compared to microcystic
SCAs (Fig. 7.8) and there is no upstream dilation of the
main pancreatic duct. In the postcontrast fat-saturated
T1-weighted image (f), there are no signs of cyst wall
thickening, nodularity, or abnormal enhancement

workup (Fig. 7.10) [67, 68]. Furthermore, they
need to be differentiated from pseudocysts and
SPNs [61].

None of the two types of SCAs show commu-
nication with the MPD.

Mucinous Cystic Neoplasm: MCNs comprise a
group of mucin-producing, cystic lesions with a
varying grade of malignant potential, that is,
from completely benign to invasive carcinoma
[69-72]. The lesions are located in 75 % of cases
in the body and tail of the pancreas [73]. They are
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Fig.7.10 MRI images of a patient with a cystic lesion at
the pancreatic head at two different occasions. The lesion
(arrow) shows no contrast enhancement (a), unrestricted
diffusion on the ADC map (d), and one very thin internal
septation (open arrowhead), easily identified on
T2-weighted sequences [axial (b) and coronal (e)
T2-weighted images]. The normal main pancreatic duct
(arrowhead) is very close to the lesion, giving the impres-

encapsulated, well circumscribed, usually uni-
locular or, less commonly, multilocular (20 %)
[60]. The presence of a thick capsule, internal
septa, and solid components as well as peripheral
or septal calcifications increases the risk of
underlying malignancy [69, 74]. Relatively
rarely, there might be intralesional hemorrhage.
The lesion does not communicate with the MPD.

On US, the lesion has low echogeneity with
posterior acoustic enhancement and can be
homogeneous or heterogeneous, depending on

sion of communicating with the cystic lesion. The lesion
size increased from 1.2 (c, f) to 2.5 cm (b, e) during an
interval of 18 months and, as there was suspicion of com-
munication with the main pancreatic duct, it was consid-

ered a rapidly growing side-brunch IPMN. At
histopathology after surgery, the lesion was shown to be
an oligocystic serous cystic adenoma

the nature of its contents. A thickened capsule,
the presence of septa, solid components, and,
rarely, hemorrhagic products can be visualized as
echogenic structures. Accordingly, calcifications
can also be detected as echogenic structures with
posterior acoustic shadow. On unenhanced CT,
the lesion is usually hypodense and the internal
architecture is not easy to delineate in detail.
Calcifications in the periphery and/or in the cen-
tral parts are readily identified (Fig. 7.11) [75].
On MRI, the internal architecture is easier to
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Fig. 7.11 Imaging features of a female patient with a
large mucinous cystic neoplasm at the pancreatic body
and tail on unenhanced (a) and contrast-enhanced (b—d)
CT. The lesion (arrows) is multilocular, has peripheral
and septal calcifications (arrowheads), and has relatively

thick, contrast-enhancing internal septations (open

depict. On T2-weighted images, the lesion has
markedly high SI, while the capsule, septations,
mural nodule, and possible hemorrhagic
components have low SI (Fig. 7.12). On unen-
hanced T1-weighted images, the lesion is of vari-
able SI depending on the contents. On postcontrast
CT and MRI images, there is enhancement of the
capsule as well as of internal septations and/or
solid components, when present, making the
internal architecture of the lesion better delin-

arrow). Due to compression of the splenic vein, an
extended network of varices (asterisks) has developed in
the stomach and abdomen’s left upper quadrant. On histo-
pathology after surgery, there was up to high-grade dys-
plasia but no signs of invasive carcinoma

eated (Figs. 7.11 and 7.12). In general, the lesions
do not show restricted diffusion, except when
there are thickened septations and/or mural nodu-
larity/solid components.

The major differential diagnosis of MCN
includes side-branch IPMN, oligocystic SCA,
and pseudocyst. Other much more uncommon
lesions are cystic lymphangioma, lymphoepithe-
lial cysts, retention cysts, as well as cystic-
degenerated PDACs or PNETs.
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Fig. 7.12 Typical imaging findings of a female patient
with a large mucinous cystic neoplasm at the pancreatic
tail on MRI (a—c¢) and CT (d). The lesion (arrow) is uni-
locular with homogeneous content and two mural nodules

Intraductal Papillary Mucinous
Neoplasms

These lesions are classified into the main-duct
(MD) type, which can be diffuse or segmental,
side-branch duct (SB) type, or mixed-type
IPMN [76]. There is a varying degree of dys-
plasia (from mild to moderate to high dyspla-
sia/carcinoma in situ) or even invasive
carcinoma. Many authors have described vari-
ous findings that increase the risk of malig-
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(arrowheads), more easily appreciated on T2-weighted
sequences [axial (a) and coronal (¢) T2-weighted images].
No signs of malignancy were identified on histopathology
after surgery

nancy in cases of [IPMNs. Among these are the
degree of MPD widening (when the diameter is
5-9 mm, it is reported to be a worrisome fea-
ture and when >10 mm is a high-risk finding),
the existence of mural nodules/solid compo-
nents, wall thickening, enhancement of the duc-
tal wall, invasion of adjacent structures, and
dilation of the CBD as well as—only in cases of
SB type—progressively increasing size or size
>3 cm [24, 25, 77-83]. All of the above-
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Fig. 7.13 Typical imaging findings of a patient with
two side-branch IPMN lesions at the pancreatic head and
uncinate process, respectively. Both lesions (arrows) are
multilocular and lobulated, have thin internal septations,
and communicate with the pancreatic ductal system

described findings have to be carefully evalu-
ated and taken into account, but it is advisable
to avoid relying dogmatically on these predict-
ing factors on an individual basis, as there
exists no universally applicable rule [67]. SB-
and mixed-type IPMNs communicate with the
MPD, a key feature for their differentiation
from all other cystic neoplasms.

(arrowhead), which is easier to demonstrate on the
T2-weighted sequences [axial (a) and coronal (d) images)
and especially on MRCP [axial thin-slice (b) and coronal
MIP (e) images] compared to postcontrast CT [axial (c)
and coronal (f) images]

On US, there is dilation of the MPD or a well-
defined hypoechoic lesion with posterior acoustic
enhancement near the MPD, in cases of MD- or
SB-IPMN, respectively. The communication of
the SB-IPMN with the MPD is difficult to dem-
onstrate. On both CT and MRI, SB-IPMN is
depicted as a well-defined lesion of low density
(CT) or intensity (MRI) communicating or lying
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Fig. 7.14 Typical imaging findings of a patient with a
side-branch IPMN at the pancreatic body on MRI (a, b, d,
e) and CT (c, f). The lesion (arrow) has a slightly lobular
contour, has a couple of thin internal septations, and

very near the MPD, sometimes with a typical
appearance of a “cluster of grapes” (Figs. 7.13
and 7.14). MRI, and especially MRCP, is more
reliable in demonstrating the communication to
MPD compared to CT (Fig. 7.14e) [84].
Accordingly on both CT and MRI, MD-IPMN is
depicted as a dilation of the duct, either diffusely
or segmentally. Mixed-type has imaging findings
of both MD- and SB-IPMN (Fig. 7.15). For all

shows communication with the pancreatic ductal system
(arrowhead), nicely depicted on the thin-slice axial
MRCP image (e). No pathological cyst wall enhancement
or nodularity is seen on postcontrast images (b, ¢, f)

types, signs suspicious of malignancy, as
described earlier in the same section, can be
shown on pre- and/or postcontrast image series.
The differential diagnosis of SB-IPMN includes,
mainly, MCN, oligocystic SCA, and pseudocyst,
while for MD-IPMN chronic pancreatitis, which
may also present with diffuse or segmental dila-
tion of the MPD [85]. For the differentiation of
benign from malignant IPMNs, the DWI-based
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Fig.7.15 Imaging features of a patient with mixed-type
IPMN on axial CT (a, b) and MRI (c—f) images. There is
a relatively smooth dilation of the main pancreatic duct
(arrow) and a multilocular, lobulated cystic lesion (aster-
isk) at the tip of the pancreatic tail. In the tail, the wall of

IVIM model and ®F-FDG PET/CT have been
reported to have promising results [43, 86].
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