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1. Introduction

MRI has assumed a leading role in imaging of the
pancreas thanks to recent technical innovations with
either breath-hold T1- and T2-weighted images or
respiratory-triggered T2-weighted images. It also owes

its success in this field to dynamic imaging with contrast
media and secretin, as these techniques offer greater scope
for noninvasive exploration of the pancreatic ducts and
pancreatic parenchyma, and imaging of the pancreatic
vessels.

2. MR technique

MR imaging of the pancreas requires high-field magnets,
powerful and fast gradients, phased array surface coils,
parallel imaging technology, and adapted sequences.
Pancreas examinations are performed in both T2- and
T1-weighted sequences, and in axial and coronal planes.
MR imaging can provide multiple types of information on
pancreatic diseases, such as morphology, vascularization,
and water diffusion, as well as ductal imaging with
functional information after secretin injection. With state-
of-the-art MR equipment, a complete study of the
pancreas takes about 30 to 40 minutes.

2.a T2-weighted sequences
2.a.1 Fast spin-echo sequence (HASTE, RARE)

These are axial and coronal single-shot, turbo spin-echo
sequences with half k-space acquisition, a short echo time
(40-80 ms) and a long echo time. Each slice is acquired

in approximately one second. The main feature of this
sequence is its low sensitivity to movement artifacts, which
makes it suitable for uncooperative patients. Moreover,

it is also highly sensitive to fluids, which appear as
hyperintense in the pancreas (pancreatic duct, cystic
lesions) and the peripancreatic area (stomach and
duodenal content, peripancreatic fluid collections). Its

main disadvantages are that the signal-to-noise ratio is
lower than in fast multi-shot spin-echo sequences, and
that it leads to slight blurring, which reduces its sensitivity
in detecting small, low-contrast solid lesions. The signal of
the normal pancreas is equal to or higher than that of the
liver, whereas the ducts (biliary and pancreatic) appear
strongly hyperintense.

2.a.2 Conventional T2-weighted fast spin-echo sequence

The latest sequences are acquired with fat suppression
and respiratory compensation. They clearly show liquid
infiltration in acute pancreatitis, but they are not
particularly useful in studying focal solid or cystic
pancreatic lesions.

2.b T1-weighted sequences
2.b.1 GRE T1-weighted 2D sequence with fat saturation

When using unenhanced imaging, this is the best sequence
for differentiating between a normal and a diseased
pancreas. A normal pancreas appears as homogeneously
hyperintense. This is attributed to the presence of large
quantities of aqueous protein in the acini of the pancreas,
the abundance of endoplasmic reticulum in the acinar
cells, and the paramagnetic ion-rich content, notably
manganese [1, 2]. Fatty infiltration and fibrosis reduce the
pancreas’ high signal intensity. Focal or diffuse pancreatic
diseases appear as hypointense areas. Thus, this sequence
can be considered as very sensitive to pancreatic diseases,
but with a low capacity for differentiating between Llesions.

2.b.2 GRE T1-weighted 3D sequence with small flip angle,
interpolation, and fat saturation

This sequence can be used for dynamic imaging after
injection of gadolinium chelates. Its excellent contrast
after bolus injection, combined with thin slices, makes it
possible to reconstruct the vessels with maximum intensity
projection (MIP) or volume rendering (VR) techniques. This
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technique can be used as a way of combining
parenchymal and vascular imaging.

Dynamic imaging of the pancreas is necessary for studying
solid or cystic pancreatic lesions. After administering a
test bolus to identify the correct acquisition timing, the
operator consecutively acquires arterial, pancreatic (lLate
arterial), venous, and delayed sequences. The arterial
phase (15-20 seconds after injection of contrast medium)
is useful in postprocessing to evaluate the arterial tree in
the pancreatic region, and for evaluating solid hyper-
vascular lesions. In this phase, pancreatic enhancement
is stronger than liver enhancement. The pancreatic phase
is usually obtained about 15 seconds after the peak bolus
in the abdominal aorta [3] and is useful for identifying
solid pancreatic lesions. The venous phase is acquired

45 seconds after contrast medium injection. When
searching for delayed enhancement (such as in paraduo-
denal pancreatitis or autoimmune pancreatitis), a late
sequence (180 seconds) can be added after injection [4].

2.b.3 Dynamic, multiphase contrast-enhanced MRI

FREEZEit TWIST-VIBE or CAIPIRINHA Dixon TWIST-VIBE is
a novel, contrast-enhanced T1w-3D-fs-GRE sequence that
makes it possible to acquire multiple arterial subphases
during a single breath-hold. TWIST-VIBE facilitates the
timing of the arterial phase and generates additional

- .
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dynamic information on the vascular status of focal
lesions [5]. Although research has primarily focused
on hypervascular focal liver lesions [6], in pancreatic
pathology TWIST-VIBE can be very useful for detecting
small hypervascular lesions, such as neuroendocrine
tumors (Fig. 1).

2.c Diffusion-weighted imaging (DWI)

DWI measures changes in the microscopic diffusion of
water due to Brownian motion. DW images are acquired
with the single-shot echoplanar technique (SE-EPI-SSh).
When using this sequence, it is also possible to select a
bipolar version that allows shorter TE — e.g., a spin-echo
sequence to which two additional equal gradients with
opposing directions are added immediately before and
after the 180° impulse with diffusion sensitizing gradients.
The breadth and duration of the diffusion gradients
influences the diffusion weighting of the sequence, defined
by the b-value and expressed in seconds per millimeters
squared (s/mm?) [7]. The sequence is generally repeated
for various b-values, resulting in the acquisition of
different diffusion weights for each section of the image.
Finally, the different DW images are used to obtain the
respective apparent diffusion coefficient maps (ADC
maps) which allow a quantitative analysis of the signal
by positioning a region of interest (ROI) on the structure
being studied.

e

Figure 1A-F: PNET. Twist-VIBE can acquire up to six arterial phases and thus clearly visualize a hypervascular PNET.
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DWI has been proposed as a diagnostic tool in neoplastic
diseases because malignant lesions have a denser
cellularity, a larger volume, and less extracellular space,
which restricts the free movement of water molecules.
This results in a lower ADC value and hyperintensity

on diffusion-weighted (DW) images with high b-values.
By contrast, benign lesions (such as benign tumors or
inflammatory lesions) have more extracellular space,
which preserves the diffusion of water molecules and
results in high ADC values and hypointensity on DW
images with high b-values.

Until recently, DWI of the pancreas and upper abdomen
was of limited use due to major physiological motions.
The long acquisition time meant that respiratory
movements, bowel peristalsis, and blood flow all hindered
the application of the sequence. The recent introduction
of parallel imaging and respiratory triggering has allowed
upper-abdomen DWI to become routine in state-of-the-art
MR equipment [8].
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However, some drawbacks remain: With low b-values
(0-50), the long TR of the acquisition gives the sequence a
T2-weighted appearance. This tends to decline with higher
b-values (> 400) but can remain significant and therefore
give a high water signal even in unrestricted diffusion
conditions (T2 shine through).

Moreover, with low b-values, the signal is also sensitive

to capillary perfusion, while the importance of water
diffusion increases with high b-values [7]. Thus, ADC
represents the microcirculation of blood (perfusion) and
the molecular diffusion of water. Some authors suggest
calculating ADC with lower b-values of = 150 s/mm?

and with an upper b-value of = 700 s/mm? to avoid
contamination by capillary perfusion [9]. With DWI, a
normal pancreas has a signal intensity similar to that

of the liver for the various b-values. The ADC value of a
normal pancreas has been reported to be higher than in
cases of pancreatic cancer and mass-forming pancreatitis
[10]. A b-value of 1,500 s/mm? can improve the delineation
of pancreatic adenocarcinomas at 3T [11].

Figure 2: Pancreatic colloid adenocarcinoma. A small hypodense lesion is visible in the uncinate process on a CT image (2A), and appears
slightly hyperdense on T2w (2B) and remains hypovascular on contrast-enhanced MRI (2C). With DWI (b = 800), the Llesion is hyperintense
(2D), but the ADC map (2E) does not show restricted diffusion (1.2) due to colloid content. With IVIM, the lesion has a low perfusion

fraction (10%), consistent with pancreatic carcinoma (2F).
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Intravoxel incoherent motion (IVIM) imaging is a method
based on DWI with multiple b-values. It offers scope

for separately analyzing pure molecular diffusion and
microcirculation (or perfusion) with the IVIM-derived
parameters of pure molecular diffusion coefficient
(Dslow), perfusion fraction (f), and perfusion-related
diffusion coefficient (Dfast) [12]. According to recent
studies, the perfusion-related parameters f and Dfast
are more helpful than ADC or Dslow in characterizing
pancreatic diseases [13, 14] (Fig. 2).

IVIM models are based on the assumption that the
probability displacement function of the water molecules
follows a Gaussian distribution. However, studies show
that this assumption is not valid when the acquisition is
performed with b-values of > 1000 s/mm?2. This is due to
the interaction of water molecules with membranes and
other microstructural components, which in turn reduces
the actual diffusion distance compared to free water.

Diffusion kurtosis imaging (DKI)* is an advanced DWI
model that quantifies non-Gaussian behavior of diffusion
and provides both a corrected ADC and the excess kurtosis
of tissue (a measure of the extent to which tissue diffusion
deviates from a Gaussian pattern). However, it is techni-
cally demanding, as it requires acquisition of b-values of
> 1000 s/mm? [15]. Following some studies in different
organs, only two papers have so far been published on
the clinical application of DKI. One focused on pancreatic
cancer [16], and showed that DKI had the highest area
under the curve (AUC) when it came to differentiating
tumorous from non-tumorous pancreatic parenchyma.
The other focused on HbA1c levels in patients with
suspected pancreatic disease. It showed that the mean
Kurtosis measurement on DKI of the pancreas could be

a potential biomarker for assessing HbA1c levels [17].

2.d T1 mapping

T1 mapping has been successfully used in a number of
cardiac conditions, including myocardial fibrosis and
myocardial deposition disease. Commercially available
fast volumetric T1 mapping techniques then facilitated its
application in other organs, such as in the liver to detect
and quantify liver fibrosis [18]. Very recently, T1 mapping
has also been used to detect early fibrotic changes in mild
chronic pancreatitis (CP). It can differentiate patients with
normal pancreas from those with mild CP and is thus

a promising solution for the early diagnosis of CP [19].

! DKI postprocessing of standard DWI data is WIP, the product is currently under
development and is not for sale in the US and in other countries. Its future
availability cannot be ensured.

Abdominal Imaging « Clinical

2.e MR cholangiopancreatography (MRCP)

Heavily T2-weighted sequences render static fluid or
slow-flow structures very hyperintense with a very low
signal from solid structures. Different and complementary
approaches are used: 2D T2w single-shot fast spin echo,
thick and/or thin multislice sequences, and 3D T2w (e.g.,
SPACE from Siemens Healthineers, and CUBE from GE).

A 2D T2w thick-slab sequence usually has a slice thickness
of 40-70 mm so that it covers the whole pancreatic duct.
It can be obtained in all planes, although it is generally
acquired in the coronal plane, and requires breath-hold
times of less than 3 seconds. The sequence provides
excellent biliary and pancreatic mapping with no
respiratory artifacts, few susceptibility artifacts, and

good planar resolution.

3D T2w techniques have been implemented with
respiratory triggering and free breathing. This provides a
very high spatial resolution and isotropic voxels, allowing
the acquired datasets to be reconstructed in different
planes using maximum intensity projection postprocessing
techniques. Images are of superior quality and achieve
better delineation of pancreaticobiliary anatomy than
conventional 2D images [20]. However, in the case of
uncooperative patients, a 2D approach is more feasible
and can obtain better results.

High image quality is obtained by orally administering
contrast material that significantly decreases the signal
of fluid contained in the stomach and duodenum —

for instance, certain fruit juices (pineapple, blueberry,
cranberry, etc.) or commercial oral superparamagnetic
contrast agents based on iron oxide, such as Ferumoxil.

The IV administration of paramagnetic contrast agent
prior to MRCP gives a superior image quality. This is
thanks to the T2* effect of gadolinium, which suppresses
the overlapping vessel signals and the signal from liquids
in the interstitial compartment of the pancreatic gland,
and does not affect the signal from the ducts [21].

2.f Secretin MRCP (S-MRCP)

Administering secretin stimulates the production of fluid
and bicarbonate by the exocrine pancreas and increases
the pancreas’ flow rate almost immediately and for a
few minutes after administration. At the same time, an
increase in tension in the sphincter of Oddi (SO) is noted.
In normal subjects, an increase in the main duct pressure
is observed after one minute with an almost complete
return to baseline values after five minutes and reversion
of SO contraction [22]. The rise in the fluid volume

of the main pancreatic duct (MPD) provides a clearer
visualization of the duct in MRCP.
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Serial acquisition of the pancreatic duct with a 2D
thick-slab sequence and a time interval of 30-60 seconds
for 10-15 minutes after IV administration of 1 mL/kg
bodyweight of secretin provides a dynamic visualization
of the pancreatic response to secretin [23-26].

The advantages of secretin-enhanced MRCP are therefore
both morphological and functional:

« Morphological benefits: Better visualization of the
MPD; easier detection of anatomical variants such
as pancreas divisum; clear depiction of obstruction,
stenosis, dilatation, and irregular contours of the
duct. Overall, secretin-enhanced MRCP increases the
negative predictive value of MR imaging of the pancreas
[27].

+ Functional benefits: Visualization of side branches
at body/tail after secretin is a sign of early chronic
pancreatitis; an abnormally prolonged dilatation
of the MPD (> 3 mm 10 min after secretin injection)
indicates a deficit of pancreatic juice outflow; the
parenchymogram (parenchymal enhancement) is a
sign of recurrent acute pancreatitis; reduced duodenal
filling suggests a decrease in pancreatic exocrine
reserve [26].

Secretin-stimulated MRCP images are in many ways
better than those achieved with standard MRCP. They
could help in diagnosing and making clinical decisions
for patients with acute, acute recurrent, or chronic
pancreatitis, and could improve the identification of
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patients in need of therapeutic endoscopic retrograde
cholangiopancreato-graphy (ERCP) [28].

3. Clinical applications

3.a Acute pancreatitis

The robustness and availability of CT make it the most
important technique in cases of acute pancreatitis (AP).
CT is used to diagnose and stage AP, and has greatly
improved and changed the clinical management of this
condition. However, because it involves ionizing radiation
and potentially nephrotoxic contrast agents, its use is
subject to Llimitations in young patients and in patients
with impaired renal function [29].

Given the critical conditions of these patients, MR
protocols need to be adapted so that they become
faster and require less cooperation from the patient.

Axial and coronal T2w HASTE sequences can usually
provide sufficient information about the condition of

the pancreatic gland and the presence and extent of
peripancreatic fluid collections (Fig. 3) in the acute phase,
and of pancreatic pseudocyst in the late phase. T2w
HASTE sequences are also useful in detecting the small
intrabiliary calculi that are most often the cause of AP
(Fig. 4).

T1lw GRE fat-saturated sequences can easily detect small
hemorrhagic foci (Fig. 5), while contrast-enhanced MRl is
essential in cases of suspected severe pancreatitis, where
non-enhancing areas are defined as necrotic (Fig. 3).

Figure 3: Peripancreatic fluid collection, recent severe pancreatitis. With HASTE T2w (3A), a large collection with debris is visible in the tail
of the pancreas. After Gd injection (3B), a peripheral enhancement can be appreciated, while the internal debris does not show any
significant enhancement.
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Figure 4: Biliary calculi. With coronal HASTE T2w (4A), multiple
calculi in the gallbladder can be appreciated. A small calculus

is also visible in the intrapancreatic choledocus (arrow). The
calculus cannot be seen in the MIP reformatted 3D MRCP images
(4B), as it is obscured by the bile signal. It can only be seen in a
sub-MIP reformatted image (4C).

Figure 5: Acute pancreatitis. With T2w (5A), an enlarged pancreatic gland is visible in the body-tail, with edema of the parenchyma.
On T1w GRE fat-sat (5B), the pancreatic gland is hypointense due to the edema. Small hyperintense foci are also visible, due to small
hemorrhagic changes.
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Figure 6: MRCP. On precontrast MRCP in a patient with recent edematous pancreatitis (6A), the duct of Wirsung is obscured by the edema
of the gland. Three minutes after injecting a Gd-based contrast agent (6B), the edema has disappeared due to the T2* effect of the
gadolinium in the interstitium, which results in better visualization of the duct.

Figure 7: Pancreatic fistula. CT (7A) shows a large peripancreatic fluid collection in a patient with severe acute pancreatitis.

After 3 months, the fluid has almost disappeared on HASTE T2w (7B) and slight dilatation of the duct of Wirsung is visible in the

tail of the pancreas due to rupture of the duct (arrows). Axial MRCP (7C) confirms chronic obstructive pancreatitis in the tail (arrows).
After secretin injection (7D), pancreatic juice can be appreciated at the level of the duct rupture (arrows).
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MRCP is often of low quality due to the significant
interstitial edema of the pancreatic parenchyma. One
way to improve image quality here is to perform MRCP
five minutes after injecting paramagnetic gadolinium-
based MR contrast agents. The T2* effect of gadolinium
distributed in the interstitial space reduces the signal from
interstitial fluids (i.e., edema), whereas the signal from the
ducts remains unaffected (Fig. 6).

Secretin-enhanced MRCP is rarely used in these cases.
When it is used, there must be a period of at least two
weeks between the acute onset of symptoms and injection
of secretin [26]. The technique is particularly useful for
assessing pancreatic fistulas (Fig. 7).
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MRI is particularly useful in cases of walled-off necrosis,
an evolution of acute necrotic collection. In the presence
of pancreatic necrosis, a collection that develops within
four weeks of onset and lacks a discrete wall is defined as
an acute necrotic collection. If the collection persists after
four weeks and develops a discrete wall, it is then defined
as walled-off necrosis (WON). With this type of necrosis,
necrotic material often needs to be removed percuta-
neously or endoscopically, and this is often followed by
surgical debridement. MRI can highlight the presence of
abundant necrotic material, which can be difficult to drain
percutaneously (Fig. 8).

Figure 8: Walled-off necrosis (WON). CT (8A) shows a large collection with iodinated contrast material due to an unsuccessful attempt
at endoscopic drainage. With HASTE T2w (8B), the collection is well demarcated with necrotic material and hemorrhagic changes.

T1w GRE fat-sat (8C) shows hyperintense foci caused by hemorrhagic changes. After Gd injection (8D) peripheral enhancement is visible,
while the internal debris shows no significant enhancement.
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3.b Recurrent acute pancreatitis (RAP)

Recurrent acute pancreatitis (RAP) is defined as the
occurrence of two or more episodes of acute pancreatitis
without concurrent clinical or imaging evidence of
chronic pancreatitis. Irrespective of the etiology, RAP

is independently associated with the development of
chronic pancreatitis [32]. RAP can be caused by a variety
of etiologies, including common bile duct stones or
sludge, sphincter of Oddi dysfunction, pancreas divisum,
anomalous pancreaticobiliary junction, genetic mutations,
and alcohol-related issues. In approximately 30% of
patients, the etiology of RAP is unclear and the term
‘idiopathic’ is used.

A standard MRI approach to RAP is used to detect the
anatomical causes of the condition. However, secretin-
enhanced MRCP also often plays a key role in diagnosing
and managing RAP patients.
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Secretin-enhanced MRCP is superior to conventional
MRCP when it comes to detecting ductal abnormalities

in RAP patients, particularly for findings related to early
chronic pancreatitis. In addition, secretin-enhanced MRCP
shows a reduction in exocrine function in up to one-third
of RAP patients [33].

Moreover, these patients show a higher frequency of
‘acinarization’ (parenchymal blush), which is defined as

a progressive increased signal intensity on T2-weighted
images of the parenchyma on either side of the pancreatic
duct in response to secretin-enhanced MRCP (Fig. 9) [33].
Acinarization probably occurs in patients with a propen-
sity for increased pancreatic ductal pressure (i.e., patients
with divisum, elevated basal pancreatic sphincter
pressure, or an ampullary tumor) and adequate exocrine
function (absence of severe chronic pancreatitis).

Figure 9: Recurrent acute pancreatitis, parenchymal blush. Patient with recurrent episodes of pain and increase of pancreatic enzymes.
Presecretin MRCP (9A) shows no significant changes. Just 2 minutes after secretin injection (9B), an increase in signal intensity of the
parenchyma can be observed and persists for the full 17 minutes of the exam (9C). This phase shows a good passage of pancreatic juice

in the duodenum due to adequate exocrine function.

Figure 10: Recurrent acute pancreatitis, Sphincter of Oddi dysfunction (SOD). Patient with recurrent episodes of pain and increase of
pancreatic enzymes. Presecretin MRCP (10A) shows a slight dilatation of the pancreatic duct. A further increase in the diameter of the
pancreatic duct can be seen in the first few minutes after secretin injection (2 minutes: 10B) and persists into the last phase of the study
(8 minutes: 10C).

10
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Sphincter of Oddi dysfunction as a cause of idiopathic
RAP remains controversial. In idiopathic RAP with
nondilated ducts, an MRCP-S-guided approach achieved
a diagnostic accuracy comparable to ERCP with regard

to morphological lesions. The technique can be used

as an alternative to ERCP and thus avoid ERCP-related
complications in the diagnostic phase. The MRCP-S-
guided approach provides details of the morphology of
the pancreaticobiliary ductal system and permits indirect
evaluation of sphincter of Oddi motility (Fig. 10). It is thus
an alternative to more invasive tests such as manometry.
However, the secretin test is less sensitive than manometry
for intermittent sphincter motility disorders such as type Il
and Ill sphincter of Oddi dysfunction [34]. Therefore, a
negative MRCP-S should be followed by manometry if
clinically suspicions.

3.c Chronic pancreatitis

Chronic pancreatitis (CP) is a progressive inflammatory
disease of the pancreas. It causes irreversible mor-
phological changes and fibrotic replacement of the

gland, and leads to gradual loss of exocrine and endocrine
function [35].

Morphologically, CP is characterized by irregular sclerosis
associated with the destruction and permanent loss of
the exocrine parenchyma, which may be either focal,
segmental, or diffuse. CP can involve various anatomical
abnormalities of the pancreas, including atrophy or
enlargement of the organ, ductal dilatation, and
calcifications. The disease can be caused by alcohol
abuse, smoking, gene mutations, autoimmune syndromes,
metabolic disturbances, environmental conditions, and
anatomical abnormalities. Most patients are found in
industrialized countries, and approximately 80% suffer
from alcoholism.

The pathology of CP was previously considered to be
uniform, but now tends to be seen as varying according

to the etiology of the disease. The rather vague term of
‘chronic sclerosing pancreatitis’ should be replaced by
etiologically derived terms such as ‘alcoholic chronic
pancreatitis’, ‘hereditary chronic pancreatitis’, ‘obstructive
chronic pancreatitis’, ‘autoimmune pancreatitis’, and
‘paraduodenal pancreatitis’ (groove pancreatitis, cystic
dystrophy of heterotopic pancreas) [36].

Imaging techniques are useful in both diagnosing CP
(especially in the early stages) and classifying the disease.
They can be used either to grade it, explain the etiology
(even for rare forms), and differentiate the focal mass
from ductal adenocarcinoma. CT, MRI, and ERCP each
have a specific role to play in assessing CP, as each of the
three techniques examines the pancreatic gland in
different ways.
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A recent meta-analysis showed that endoscopic ultra-
sound (EUS), ERCP, MRI, and CT all have comparably

high diagnostic accuracy in the initial diagnosis of CP,
although EUS and ERCP performed better than the rest
[37]. However, the robustness and noninvasive nature of
MRI means that it can compete with ERCP, which actually
plays a more interventional role in cases of obstructive CP.

MRI with MRCP-S can detect early signs of CP. This is
because MRCP-S can replicate the ERCP findings as set
out in the Cambridge classification [38], with small ductal
changes suggesting early CP (Fig. 11).

Very recently, T1 mapping has also been applied to

detect early fibrotic changes in mild CP. In 98 patients
who were grouped as having normal (n = 53) or mild CP
(n = 45) — according to their history, presenting symptoms,
and respective findings from MRCP-S and ERCP —inline
T1 maps were acquired using a dual flip-angle 3D gradient
echo technique and Siemens Maplt software to evaluate
data for all patients. The mean T1 relaxation times of

the pancreas differed significantly between the control
(mean = 797 ms) and mild CP groups (mean = 1,099 ms).
Using the area under the ROC curve analysis, a T1
relaxation time threshold value of 900 ms revealed 80%
sensitivity and 69% specificity for the diagnosis of mild CP
(area under the curve = 0.81). There was substantial
interobserver agreement (kappa = 0.74, 95% Cl: 0.65-0.82)
between the two radiologists regarding the measurement
of T1 relaxation times [19].

As CP progresses, parenchymal fibrosis reduces pancreatic
function. The exocrine component can be viewed after
secretin injection (Fig. 12). A decrease in pancreatic
exocrine function can be visualized as a reduction in
duodenal filling [39] and quantified by measuring changes
in small-bowel water volume [40]. Parenchymal fibrosis
also decreases the signal on T1 fat sat images. A strong
correlation exists between MRI/MRCP-S findings and the
histopathology of noncalcific CP [41].

In advanced stages, a diffuse dilatation of the duct of
Wirsung can be observed, while ductal calcifications can
be appreciated as a defect inside the duct (Fig. 13).

CP increases the risk of pancreatic cancer [42]. This is
especially true for patients with hereditary pancreatitis,
whose standardized incidence ratio is 67-87 [43]. These
patients should therefore be subject to a long-term follow-
up in order to detect the cancer in its earliest phase [43].

Moreover, some imaging manifestations of CP can
simulate a pancreatic carcinoma. Differential diagnosis
is therefore important in order to avoid unnecessary
resections.

11
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Figure 11: Early chronic pancreatitis. Pre-secretin MRCP (11A) shows a pancreas divisum with no signs of chronic pancreatitis.
After secretin injection (11B), a santorinicele is appreciable (arrow) with slight dilation of branch ducts in the body-tail.
The excretory function of the pancreas is normal, with presence of pancreatic juice in the third portion of the duodenum (11C).

Figure 12A-B: Advanced chronic
pancreatitis. MRCP (12A) shows diffuse
dilatation of the pancreatic duct with
ectasia of branch ducts. After secretin
injection (12B), the excretory function of
the pancreas is normal, with presence of
pancreatic juice in the third portion of the
duodenum.

Figure 13A-B: Advanced chronic
pancreatitis. MRCP (13A) shows diffuse
dilatation of the pancreatic duct with
ectasia of branch ducts and a small
calculus in the tail of the pancreas.
This is also well appreciable with
coronal HASTE (13B).

Figure 14: Pancreatic cancer. On T1lw axial VIBE (14A), a small hypovascular lesion is appreciable in the pancreatic head.
MRCP (14B) shows a marked stenosis of the main pancreatic duct, with no visualization of the duct at the level of the lesion
and dilatation of pancreatic duct upstream. After secretin injection (14C), the duct is still not visible at the Llevel of the mass.

12
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3.c.1 Focal chronic pancreatitis

Approximately 20% of patients with chronic pancreatitis
develop a focal inflammatory mass [44] which may
closely mimic pancreatic cancer. The two may be virtually
indistinguishable on the basis of morphological features
or the enhancement pattern in MRI. Both will show
hypointensity on unenhanced T1-weighted fat-suppressed
images, hypovascularity in pancreatic arterial phase, and
delayed enhancement with isointensity in venous and
equilibrium phases. This is because an abundant fibrous
stroma is present in both adenocarcinoma and focal
pancreatitis [45].

MRCP is an important tool for differentiating most of
these pancreatic lesions. Morphological changes in the
main pancreatic duct may be one of the most useful
ways of distinguishing focal chronic pancreatitis from
adenocarcinoma. The most characteristic findings for
cancer are complete obstruction of the main pancreatic
duct and upstream dilatation of the duct (Fig. 14).

A nonobstructed main pancreatic duct penetrates

the mass more frequently in focal chronic pancreatitis
(‘duct-penetrating sign’, Fig. 15) [46]. With a secretin
injection, the best way of differentiating mass-forming
pancreatitis from pancreatic carcinoma is via stenosis
resolution, which was observed in 88.6% of mass-forming
pancreatitis cases and in 0% of pancreatic carcinoma
cases [47] (Fig. 15). This finding is not observed in
malignant duct stenosis (Fig. 14).

DWI sequences do not seem to provide additional value
in the differential diagnosis of pancreatic carcinoma and
mass-forming chronic pancreatitis, with no significant
differences in the signal intensity of DW images or

ADC [48, 49]. However, the perfusion-related parameters
f and Dfast are helpful in characterizing pancreatic
diseases [13, 14].
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3.c.2 Paraduodenal pancreatitis (PP)

Paraduodenal pancreatitis (PP) is a form of chronic
pancreatitis involving the duodenal wall in the region of
the minor papilla. It is considered a distinct entity with
specific pathological findings.

Histologically, there is a thickening and scarring of the
duodenal wall (particularly in the area corresponding to
the minor papilla) that extends to the adjacent pancreatic
tissue, and/or cystic changes in the duodenal wall. The
cysts contain clear fluid, although granular white material
and even stones can be present. Occasionally, some of the
cysts may reach up to several centimeters in diameter. The
fibrotic tissue that develops in the duodenal wall and also
involves the groove between the duodenum and the
pancreatic head might compress and indent the common
bile duct [50].

The clinical profile of PP is middle-aged men who are
heavy drinkers and smokers. They suffer from painful
pancreatitis that is associated with vomiting and weight
Lloss due to duodenal stenosis and impaired motility [51].

Although alcohol abuse appears to be an important

risk factor, the location of the inflammatory process —
the duodenal submucosa, the duodenal wall, and the
adjacent pancreatic tissue — suggests that some
anatomical variation in the region of the minor papilla
makes this area particularly susceptible to alcohol injury.
It is conceivable that the fluid outflow may be obstructed
at the level of the minor papilla, as is the case in some
instances of pancreas divisum. The frequent presence of
heterotopic pancreatic tissue in the duodenal wall may
reflect the incomplete involution of the dorsal pancreas in
this region, and might contribute to an obstruction of the
outflow in this area [36].

Figure 15: Benign duct stenosis. MRCP
(15A) shows stenosis of the duct of

Wirsung. After secretin injection (15B),
the stenosis is no longer recognizable.
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The most characteristic finding on MR images is a sheet-
like mass between the head of pancreas and the C-loop
of the duodenum (the ‘groove’) (Fig. 16). The mass is
hypointense to pancreatic parenchyma on T1-weighted
images and can be hypointense, isointense, or slightly
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hyperintense on T2-weighted images. This variation in T2
signal can be attributed to the time of onset of the disease:
Subacute disease shows brighter T2w images due to
edema, while chronic disease has a lower signal due to
fibrosis [52]. Fat-suppressed T1-weighted images reveal the

Figure 16: Paraduodenal pancreatitis. On T2w HASTE (16A), an isointense sheet is visible between the duodenum and the pancreatic head
(arrow). A more cranial slice (16B) shows some cystic lesions (arrow). On Tlw GRE fat-sat (16C), the lesion is hypointense. Arterial VIBE
(16D) shows the gastroduodenal artery (arrow) between the pancreas and the lesion (*). The mass is hypointense in the arterial phase

(16E), but becomes isointense in the venous phase (16F).

Figure 17: Paraduodenal pancreatitis. On Tlw GRE fat-sat (17A), the mass (*) appears hypointense with sharp delimitation from the
pancreatic head. CWMR (17B) shows stenosis of the choledocus, but the tapering is regular in contrast to the abrupt aspect of stenosis

in pancreatic cancer.
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best delineation of the pancreatic head (normal
hyperintensity if the pancreatic head is spared as in the
pure form) from the hypointense mass in the pancreatico-
duodenal groove [53]. Contrast-enhanced dynamic images
show a delayed and progressive enhancement in the

Late phase that reflects the fibrous nature of the tissue
(Fig. 16F). In the early stages, the main pancreatic duct

is normal. An important differentiator is the absence of
vascular encasement in groove pancreatitis, with leftward
vascular (gastroduodenal artery) displacement without
obstruction (Fig. 16D). The pancreatic carcinoma
extending to the groove or duodenal wall invades along
peripancreatic vessels [53].

Cystic Llesions are well depicted in the groove or in

the duodenal wall, especially in T2-weighted images
(Fig. 16B). MRCP helps to show the relationship between
the ductal system and the cystic changes.

In advanced cases, the pancreatic head or entire gland are
involved and show hypointensity on T1-weighted images.
A ductal dilatation with secondary duct ectasia is
observed in some patients.

The duodenal wall is usually thickened and so the images
should be evaluated carefully as it is not commonly
associated with tumors in the pancreatic head.

Sometimes the common bile duct appears stenotic, but
the tapering is regular, unlike the abruptness of stenosis
in pancreatic cancer (Fig. 17) [52].
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3.c.3 Autoimmune pancreatitis (AIP)

Autoimmune pancreatitis (AIP) is a relatively new
condition and is increasingly being recognized. It

accounts for 1-6% of cases of chronic pancreatitis [54].
Most of the affected patients are between 40 and 60 years
old, with a strong male prevalence. AIP is associated with
other autoimmune disorders such as Crohn’s disease,
Sjogren’s syndrome, rheumatoid arthritis, primary
sclerosing cholangitis, primary biliary cirrhosis, ulcerative
colitis, systemic lupus erythematous, and retroperitoneal
fibrosis [55].

By international consensus, AIP has been subdivided into
two forms: Type 1 (> 60 years of age with male prevalence:
77%) and type 2 (40 years of age, no gender prevalence)
[56]. However, more recent studies suggest that the
natural history, diagnostic criteria, and treatment
approach of the two conditions differ significantly.

This has led to proposals for the term ‘autoimmune
pancreatitis’ to be restricted to describing the clinical
phenotype represented by lymphoplasmacytic sclerosing
pancreatitis (LPSP), currently called type 1 AIP, and for
type 2 AIP to be described as idiopathic duct-centric
chronic pancreatitis (IDCP) [57].

LPSP is characterized by a systemic IgG4-associated
disorder with elevated IgG4-positive cells in serology,

the pancreas, and other organs (salivary glands, kidneys,
and bile ducts). It is the most common form worldwide,
accounting for almost all cases in Japan and Korea, and
more than 80% of cases in Europe and the United States.

Figure 18: Diffuse autoimmune pancreatitis.
On T2w HASTE (18A), a diffuse enlargement
of the pancreas with a ‘sausage-like’
appearance can be seen. MRCP (18B)

shows a long (> 1/3) stenosis of the duct

of Wirsung. On T1w GRE fat-sat (18C), the
pancreas appears hypointense. With VIBE,
the pancreas appears hypovascular in the
arterial phase (18D) and has delayed
enhancement in the venous phase (18E).
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IDCP is primarily found in the pancreas and involves a
Lack of IgG4-positive cells.

The pathological gross appearance of AIP mimics
pancreatic ductal adenocarcinoma because the
inflammatory process commonly focuses on the head
of the pancreas and results in a gray or yellowish-white
induration of the affected tissue with loss of its normal

lobular structure. The affected portion may be enlarged.

These changes obstruct the main pancreatic duct and,
usually, the distal bile duct including the papilla. In a
minority of cases, the body or tail of the pancreas are
involved. Diffuse involvement of the pancreas may also
be observed.
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The hallmark of the histological changes is an intense
inflammatory cell infiltration of lymphocytes, plasma
cells, some macrophages, and eosinophilic granulocytes.
Vasculitis frequently affects the small veins [36]. Steroids
are the cornerstone of treatment.

MR imaging shows an enlargement of the pancreas,
which is usually diffuse (‘sausage’ shape) (Fig. 18) with

a hypointense, capsule-like rim that is smooth and
well-defined due to peripancreatic inflammation and
fibrosis, but can be focal (Fig. 19). Some cases show
minimal peripancreatic fat stranding [58]. On T2-weighted
images, the pancreas shows an increased signal intensity

Figure 19: Focal autoimmune pancreatitis. On T2w HASTE (19A), enlargement of the
pancreatic head can be appreciated. MRCP (19B) shows a short stenosis of the duct of
Wirsung. With Tiw GRE fat-sat (19C), the pancreatic head appears hypointense. With VIBE,
it appears hypovascular in the arterial phase (19D) and has delayed enhancement in the
venous phase (19E). With DWI, the lesion appears hyperintense at high b-values (19F),
with restricted diffusion on the ADC map (19G). After steroid therapy, there is shrinkage
of the pancreatic head (19H), with a decrease of signal intensity on DWI at high b-values
(191) and an increase of signal on the ADC map (19J).



MAGNETOM Flash (69) 3/2017
www.siemens.com/magnetom-world

(Figs. 18A, 19A) compared with the signal intensity of
the liver, with the hypointense capsule-like rim usually
depicted best. The main pancreatic duct shows diffuse
(Fig. 18B) or focal stenosis (Fig. 19B), where narrowing is
usually longer than the stenosis of the main pancreatic
duct in pancreatic cancer. Mild dilatation of the duct
upstream of the affected area may occur (Fig. 19B).

On T1-weighted images, the affected pancreas shows
decreased signal intensity compared with the signal
intensity of the liver due to pancreatic fibrosis, with a
distinctive reduction in signal on fat-saturated sequences
(Figs. 18C, 19C). Contrast enhancement of the affected
pancreatic parenchyma is usually reduced, with a delayed
contrast enhancement (Figs. 18D-E, 19D-E) or a capsule-
Llike rim [59]. Vessel invasion, vascular encasement, mass
effect, and fluid collections are absent [58].

After steroid therapy, abnormal signal intensity of the
pancreas improves to isointensity with that of the liver

in both T1- and T2-weighted images. The pancreas

returns to normal size or becomes atrophic (Fig. 19H),

the capsule-like rim disappears, and stenosis of the

Llower common bile duct improves with subsequent
decompression of the biliary tree and pancreatic duct [59].
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Some studies suggest that DWI is helpful for differential
diagnosis and control after steroid treatment. AIP shows
DWI signal intensity and ADC values that are well
correlated with the active symptoms of AIP patients,
suggesting that DWI may be an objective biomarker

for determining the indication for steroid therapy

(Figs. 19F, G) [60]. Signal intensity decreases after
therapy, thus reflecting disease activity (Figs. 191, J) [61].

ADC values are significantly lower in AIP than in
pancreatic cancer, and an ADC cut-off value may be
useful for distinguishing AIP from pancreatic cancer

[62, 63]. However, the DWI signal and ADC maps are
similar to pancreatic carcinoma, making the differential
diagnosis difficult. Although differentiating mass-forming
AIP from pancreatic cancer is challenging, combining
MRI findings (including contrast-enhanced dynamic
images, MRCP, and DWI) can be helpful [64].

Finally, the IVIM parameter f is helpful in differentiating
between AIP and pancreatic cancer, and could serve as
an imaging biomarker during steroid treatment [65].

Figure 20: Pancreatic carcinoma. On T2w HASTE (20A), a small hyperintense lesion is visible in the pancreatic head. MRCP (20B)
shows a severe tight stenosis of the pancreatic duct with dilatation upstream. The lesion is hypointense on Tlw GRE fat-sat (20C)
and hypovascular with contrast-enhanced MRI VIBE (20D). With DWI, the lesion shows high signal intensity at high b-values (20E)

with restricted diffusion on the ADC map (20F).
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3.d Pancreatic carcinoma

Pancreatic carcinoma is the fourth most common cause of
cancer death in the USA. The five-year survival rate is less
than 5% [66]. About 60% of tumors occur in the head of
the pancreas, 15% occur in the body, 5% occur in the tail,
and 20% involve the pancreas diffusely [67]. At the time of
diagnosis, tumors located in the head are usually smaller
(2.5 to 3 cm) than those in the body-tail (5 to 7 cm)
because of their earlier clinical manifestation due to the
close contiguity with the choledochus.

The gross pathological features of pancreatic carcinoma
are a mass with irregular, ill-defined contours and a sig-
nificant fibrous component, and (Less frequently) necrotic
changes. The lack of a capsule is responsible for the early
spread of the lesion to the surrounding structures, and
particularly for vascular and neural invasion.

On unenhanced MR imaging (Fig. 20), pancreatic carci-
noma shows a slightly different signal on T2w images
from the surrounding pancreas, ranging from minimally
hypointense to isointense to slightly hyperintense (Fig.
20A). This makes it difficult to identify the mass when it is
small. Necrotic or cystic degeneration of the lesion can be
easily identified by the hyperintensity on T2w images [68].
T2w images with fat saturation are considered useful in
staging the lesion, and for evaluating the lymph node and
peritoneal or hepatic metastases [69], where MRI is
considered more sensitive than multidetector computed
tomography [44]. The obstruction of the MPD is respon-
sible for the dilatation of the duct upstream (Fig. 20B).

On T1w images, pancreatic carcinoma usually appears
as a mass of lower signal than the normal pancreas
(Fig. 20C). However, small tumors can show a late
enhancement. Moreover, the obstruction of the main
pancreatic duct is responsible for the dilatation of the
duct with chronic obstructive pancreatitis of the
pancreatic gland upstream. Since this has the same low
signal on T1w images, it disguises the true extent of the
tumor and makes it indiscernible from the pancreatic
tumor on T2w and especially on Tlw images [2]. Later,
the obstruction of the main pancreatic duct causes the
pancreatic gland upstream to atrophy (Fig. 21).

On dynamic imaging after injection of paramagnetic
contrast agent, the presence of an abundant fibrous
stroma within the tumor makes the tumor hypovascular
and causes it to appear hypointense to the surrounding
parenchyma (Fig. 20D). It can, however, be responsible

for a delayed enhancement with secondary isointensity of
the lesion (Fig. 21D) [45]. Isointensity of the tumor to the
surrounding parenchyma, and coexisting or secondary
chronic pancreatitis upstream can make it hard to identify
the tumor and differentiate it from chronic pancreatitis [70].
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In terms of DWI, most papers find that pancreatic
carcinoma shows a restricted diffusion of free water with
high b-values (> 500), which makes it appear hyperintense
on diffusion-weighted images at high b-values (Fig. 20E).
ADC maps show lower values for the tumor than for
normal pancreatic parenchyma (Fig. 20F) [71]. However,
similar findings have also been described with benign
inflammatory lesions. The low ADC value of pancreatic
cancer and mass-forming pancreatitis may stem from
high cellularity and abundant fibrosis, which are common
histopathological features of both pancreatic cancer and
mass-forming pancreatitis. In chronic pancreatitis, fibrosis
and chronic inflammation lead to the destruction and
permanent loss of exocrine pancreatic tissue, and to the
replacement of normal pancreatic parenchyma with
fibrous tissue which may reduce the diffusion of tissue
water and result in lower ADCs [72]. In autoimmune
pancreatitis, the lymphocytic infiltration of the pancreatic
gland restricts the movement of free water, with a DWI
signal and ADC map similar to those of pancreatic
carcinoma [61].

Although the DWI signal and ADC map are similar

to those in pancreatic carcinoma and thus make the
differential diagnosis difficult, combining MRI findings
(including contrast-enhanced dynamic images, MRCP,

and DWI) can be helpful [64]. ADC values are significantly
lower in autoimmune pancreatitis (AIP) than in pancreatic
cancer, and an ADC cut-off value may be useful for
distinguishing AIP from pancreatic cancer [62, 63].

The IVIM parameters f and Dfast are also helpful in
characterizing pancreatic diseases [13, 14].

With MRCP, stenosis of the main pancreatic duct can be
easily identified with dilation upstream (Figs. 20B, 21B)
[73]. In the case of a tumor in the head of the pancreas,
stenosis of the intrapancreatic biliary duct can be seen,
with dilation upstream and stenosis of both the biliary
and pancreatic ducts (double duct sign) (Fig. 22), although
it is not a specific sign of pancreatic carcinoma [74].
Stenosis of the biliary duct and main pancreatic duct

are also visible in cases of chronic pancreatitis or
inflammatory duodenal lesions [23]. An abrupt stenosis
with sharp margins indicates malignant stenosis, while an
irregular shape with beaded appearance is more indicative
of chronic inflammation of the pancreas.

Some patients are at a high risk of developing pancreatic
cancer [75]. According to preliminary studies, an MRI-
based protocol for examining individuals at risk of
pancreatic cancer seems to detect cancer or premalignant
lesions with good accuracy. Compared with protocols
based on more aggressive methods, using MRI exclusively
can reduce costs, increase availability, and guarantee the
safety of the individuals being examined [76].
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Figure 22: Pancreatic carcinoma. MRCP shows
dilatation of the choledocus and the duct of Wirsung
(double duct sign), which is caused by a carcinoma
in the pancreatic head.

Figure 21: Pancreatic carcinoma. With T2w HASTE (21A), a small hyper-
intense Llesion is visible in the tail of the pancreas, with upstream dilatation
of the duct of Wirsung and atrophy of the parenchyma. MRCP (21B) shows
a severe tight stenosis of the pancreatic duct with dilatation upstream. The
Lesion is hypovascular on contrast-enhanced MRI VIBE during the arterial
phase (21C) and shows contrast uptake in the late phase (21D).

Figure 23: Neuroendocrine tumor G1. On T2w HASTE (23A), a small, slightly hyperintense
lesion is visible in the tail of the pancreas (arrow). The lesion is hypointense on T1 GRE
fat-sat (23B) and appears hypervascular in the arterial phase (23C), with washout in the
venous phase (23D) and delayed phase (23E). On DWI, the lesion shows high signal intensity
at high b-values (23F) and appears hypointense on the ADC map (23G).

19



Clinical « Abdominal Imaging

3.e Neuroendocrine tumors

Pancreatic neuroendocrine tumors (PNETs) are relatively
uncommon neoplasms. They account for 2% or fewer of
all pancreatic neoplasms, with an estimated incidence of
less than 1 per 100,000 people per year worldwide [77, 78].
PNETs can occur in people of all ages, with a peak
incidence at between 30 and 60 years. Most PNETs are
sporadic, but nearly 25% can occur in the context of
genetic syndromes such as multiple endocrine neoplasia
type 1 (MEN-1), Von Hippel-Lindau disease (VHL),
neurofibromatosis type 1 (NF-1), and tuberous sclerosis
[79, 80]. These tumors have a wide range of clinical,
biological, morphological, and molecular features.

Compared with the other solid pancreatic neoplasms,
PNETs take an overall more indolent course. Nonetheless,
the biological behavior is extremely variable, ranging
from more benign to highly malignant [81]. The revised
World Health Organization (WHO) classification based
on mitotic index and Ki-67 proliferation divides PNETs
into three classes: Well-differentiated endocrine tumor

or carcinoids (grade |, benign or uncertain behavior);
well-differentiated endocrine carcinoma (grade Il, low-
grade malignant behavior); poorly differentiated endocrine
carcinoma (grade lll, high-grade malignant behavior) [77].
A Ki-67 index of less than 2%, between 3% and 20%, and
above 20%, is characteristic of low-, intermediate-, and
high-grade PNET respectively. WHO tumor grade is an
independent prognostic factor of survival in patients

with PNETs [77, 82, 83].

Nearly all well-differentiated PNETs secrete hormones,
but most patients do not show a clinically apparent
endocrinopathy as the hormones are produced in

small quantities or are functionally inactive. Clinically,
PNETs can be divided into hyperfunctioning (HF-PNET)
and non-hyperfunctioning (NF-PNET) according to the
presence or absence of a paraneoplastic endocrinopathy
caused by uncontrolled hormone secretion.

HF-PNET is almost always diagnosed biochemically,

and imaging is used to establish the location and extent
of the primary tumor, assess potential metastatic spread,
and plan surgery. Non-invasive techniques such as CT
and MRI combined with nuclear medicine approaches are
helpful here. Insulinomas and gastrinomas are the most
common functional PNETs. Insulinomas are usually
benign (in about 90% of cases) and small, whereas
gastrinomas are larger and malignant in nearly 60% of
cases. Nowadays, nearly 85% of PNETs are NF-PNETs and
it is thought that their incidence has been increasing over
recent years due to more frequent incidental detection
[84—-86]. Non-functional tumors tend to be symptomatic
due to their large mass or to metastatic disease, and are
malignant in most cases [87].
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Morphologically, most PNETs have a predominantly
intraparenchymal pattern of growth, presenting as a single
lesion when sporadic, and ranging from 0.5 to 5 cm in size
at diagnosis [83]. CT and MRI are typically the first choice
of imaging modalities for evaluating most patients with
suspected PNET. The appearance of PNETs can vary
considerably and differs depending on whether the tumor
is functional or non-functional. Like normal endocrine
tissue, endocrine tumors often have a dense capillary
network, and tumor growth is highly dependent on the
development of a vascular supply. This high vascular
density results in the characteristic enhancement feature
of classic HF-PNETs: A uniformly hypervascular and
well-defined lesion that is most prominent on arterial
phases of contrast enhancement (Fig. 23).

However, while traditionally described as hypervascular
solid masses, NF-PNETs vary considerably in terms of
enhancement pattern and imaging appearance. Digital
subtraction of late arterial phase with the unenhanced
phase improves the detection and characterization

of PNETs [88]. Recent data show how the majority

of NF-PNETs are well defined or encapsulated, and
predominantly solid and hypovascular in more than
50% of cases compared to the normal pancreas on late
arterial and venous portal phases in CT and MRI [89].
However, no correlation was found between WHO grade
and enhancement pattern [81, 90]. A strong correlation
has been established between Llesion size and tumor
grade [91].

Generally, imaging characteristics are related to lesion
size [92]. Smaller lesions tend to be more homogeneous,
and larger lesions are more likely to demonstrate
heterogeneous enhancement (Fig. 24), areas of cystic
degeneration (Fig. 25), necrosis, fibrosis, and calcification
(calcifications are seen in about 20% of NF-PNETs).
NF-PNETs with an essentially completely cystic,
unilocular appearance can also be observed. In these
cases, a ring-like enhancing pseudocapsule is present
and a similar-looking lesion in the pancreas raises the
possibility of a diagnosis of NF-PNET [93]. On MRI, PNETs
generally appear as relatively hypointense on T1-weighted
images, and most have a signal intensity that is much
higher than that of a normal pancreas on T2-weighted
images. An abundance of intratumoral fibrosis accounts
for the iso/hypointense T2-weighted images seen in

some NF-PNETs. Main pancreatic duct dilatation is not

a common finding, but it is possible. This, combined with
a heterogeneous or non-classic enhancement pattern
make PNET diagnosis more complex. Moreover, main
pancreatic duct dilatation shows high specificity and
positive predictive value for predicting PNETs of uncertain
or malignant behavior [94].
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Figure 24: Neuroendocrine tumor. On T2w HASTE (24A, B), a round inhomogeneous
lesion is appreciable at the level of the body of the pancreas. On T1 GRE fat-sat (24C),
the lesion is inhomogeneously hypointense. After Gd injection (24D, E), the lesion
shows inhomogeneous enhancement, which is more marked in the venous phase (24E).
On DWI, the lesion shows areas of high signal intensity at high b-values (24F),

and appears hypointense on the ADC map (24G).

Figure 25: Neuroendocrine tumor. T2w HASTE (25A, B) shows a cystic lesion with a nodule in the tail of the pancreas. After contrast
injection (25B-D), the lesion shows inhomogeneous enhancement, starting from the nodule and with progressive enhancement

of the cystic component. With DWI, the lesion shows areas of high signal intensity at high b-values (25E) and appears hypointense
on the ADC map (25F).
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With DWI, PNETs usually show high signal intensity at high
b-values and low ADC maps (Fig. 23F) [95]. Some studies
show an inverse correlation between tumor grade and
ADC map [91, 96, 97].

It has been suggested that the fusion of high b-value DWI
and T2-weighted MR images can bring added value to
the detection of pancreatic neuroendocrine tumors [98].

Histological diagnosis is mandatory in all cases and is
usually obtained via surgical or endoscopic biopsies,

or via ultrasound-guided liver biopsies. Endoscopic
ultrasound-guided fine-needle aspiration (EUS-FNA) is
effective for preoperatively determining Ki-67 expression,
which is an important prognostic factor for PNET.
EUS-FNA is highly accurate for neuroendocrine tumors,
with a sensitivity above 90%, which means it is helpful
for making a diagnosis [99].

3.f Cystic lesions (PCL)

With advances in diagnostic imaging, pancreatic cystic
lesions (PCLs) are being detected with increasing
frequency. At some referral centers, up to 30% of
pancreatic resections are performed for cystic tumors
[100]. It is important to accurately identify cystic tumors
because they require different treatments according to
their histological type and differentiation. However, the
frequent Lack of specific clinical and laboratory signs,
and the overlap of imaging findings between different
cystic tumors and between non-neoplastic and neoplastic
cystic lesions of the pancreas mean that managing these
patients is complex.

PCLs can be simply classified into two main groups:
Non-neoplastic cysts and neoplastic cysts, which are
commonly known as pancreatic cystic neoplasms (PCNs)
(Tab. 1). Neoplastic cysts can be divided in non-mucinous
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Figure 26: Pancreatic pseudocyst. On T2w HASTE
(26A), a Llarge inhomogeneous cyst is appreciable in
the pancreatic head. The duct of Wirsung is dilated,
with signs of chronic pancreatitis. MRCP (26B) clearly
shows the morphological changes involved in chronic
pancreatitis. On Tlw GRE fat-sat (26C), the content

of the cyst is inhomogeneous due to the presence of
internal debris, which appears hyperintense and

does not enhance after contrast administration (26D).

and mucinous, with the latter considered premalignant
lesions. In reality, non-mucinous neoplastic cysts also
have lesions which need to be resected (Tab. 1). In general,
non-neoplastic cysts account for up to 80% of all PCLs
[101].

Although all pancreatic tumors, including ductal
adenocarcinoma, may appear as cystic lesions,
degenerative changes [102] mean that the classic cystic
neoplasms of the pancreas are lined with a different
epithelium whose morphology is the main diagnostic
criterion and provides the prognostic value. Their
macroscopic appearance (shape, volume, etc.), however,
has no importance [103].

When dealing with a PCL, it is important to confirm or
exclude communication between the cystic lesion and
the main pancreatic duct. Radiologically, PCLs can be
subdivided into non-communicating and communicating
(Tab. 2). This section will only discuss the most frequent
lesions.

In the differential diagnosis of benign and malignant
pancreatic cystic neoplasms, MRl with MRCP has a
sensitivity and specificity of 94% and 75% respectively
[104], an accuracy of 73-81% [105, 106], and AUROC
values of 0.73—0.91 [104-108]. MRI can exclude the
malignancy of pancreatic cystic neoplasms with a
negative predictive value (NPV) of 74-96% [105, 106].

3.f.1 Pancreatic pseudocyst (PPSC)

Pancreatic pseudocysts (PPSCs) are defined as a cystic
cavity bound to the pancreas by inflammatory tissue

and containing pancreatic juice or amylase-rich fluid.
Typically, the wall of the pancreatic pseudocyst is fibrous
and lacks an epithelial lining, making it different from a
true pancreatic cyst. PPSCs are usually related to an acute
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or chronic inflammatory process of the pancreas. Most
PPSCs originate from Large or small leaks in the ductal
system and persist because of constant filling by
pancreatic secretions [109], although communication
is not always visible at imaging.

With increasing experience, it is becoming clear that the
prevalence of PPSCs in pancreatic cystic lesions is lower
than usually presumed [110, 111]. A presumptive diagnosis
of PPSC based on imaging appearance alone can cause

a diagnostic error in up to 50% of cases [110, 112, 113]
Pancreatic cystic neoplasms are particularly susceptible
to this misdiagnosis [114], which can result in
inappropriate treatment.

In a comparison of incidental pancreatic cystic lesions
[110], the incidence of pseudocyst was significantly higher
in the group of symptomatic patients with a previous
history of pancreatitis (26/29: 89.6%) than it was in the
asymptomatic group (3/29: 10.4%). Therefore, to make a
confident diagnosis of pseudocyst, it is necessary to have
a correlation with the patient’s clinical history. A previous
clinical history of chronic or severe acute pancreatitis is

a useful predictor for a pseudocyst. However, the same
study showed that 25/42 (52%) of the patients with a
history of pancreatitis had a cystic tumor of the pancreas,
which means that previous pancreatitis cannot exclude
the presence of a cystic tumor.

Endoscopic ultrasound-guided fine-needle aspiration
(EUS-FNA) with cyst fluid analysis will differentiate
between pseudocysts and neoplastic cysts in more than
90% of patients [115].

CT is the best imaging technique for detecting and
diagnosing PPSC. Its sensitivity ranges from 90% to 100%
[101]. However, a history of acute pancreatitis is essential
for making a correct diagnosis of PPSC but is not always
present [110]. PPSCs usually appear as a cystic Llesion with
a thick wall adjacent to the pancreas, which may show
evidence of acute or chronic pancreatitis. The presence

of debris or previous hemorrhage can cause an atypical
appearance of the PPSC, which may be difficult to
distinguish for mucinous cystic lesions.

With MRI, PPSCs appear as cystic lesions and are
markedly hyperintense on T2w images and hypointense
on T1lw images. As a result of the underlying inflammatory
process, heterogeneous intracystic content is commonly
observed. Internal hemorrhage and hemoglobin sediments
show high signal intensity on unenhanced T1-weighted

MR images [116], thus simulating mucin content. One

clue that favors the diagnosis of PPSC is the presence of
Layering, nonenhancing debris, especially on T2-weighted
sequences [117]. The presence of internal debris is a highly
specific imaging finding for the diagnosis of PPSC and is
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Non-neoplastic cysts
Pseudocyst
Simple or congenital cyst
Retention cyst
Neoplastic cysts (pancreatic cystic neoplasms: PCNs)
Mucinous cystic lesions

Intraductal papillary mucinous neoplasm (IPMN)

Mucinous cystic neoplasm (MCN)
Non-mucinous cystic lesions

Serous cystic neoplasm (SCN)

Solid-pseudopapillary neoplasm (SPN)

Cystic neuroendocrine neoplasm

Acinar-cell cystic neoplasm
Other neoplastic lesions

Ductal adenocarcinoma with cystic degeneration

Table 1: Histological classification of pancreatic cystic lesions
(PCLs)

Non-communicating pancreatic cyst
Non-neoplastic cysts
Pseudocyst
Simple or congenital cyst
Retention cyst
Neoplastic cysts (PCNs)
Mucinous cystic lesions
« Mucinous cystic neoplasm (MCN)
Non-mucinous cystic lesions
« Serous cystic neoplasm (SCN)
« Solid pseudopapillary neoplasm (SPN)
« Acinar-cell cystic neoplasm (acinar cystadenoma)
Other neoplastic lesions
« Ductal adenocarcinoma with cystic degeneration
« Cystic neuroendocrine neoplasm
Communicating pancreatic cyst
Non-neoplastic cysts
Pseudocyst
Neoplastic cysts (PCNs)
Mucinous cystic lesions
« Intraductal papillary mucinous neoplasm (IPMN)

Table 2: Radiological classification of pancreatic cystic Llesions
(PCLs)
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related to necrotic portions of peripancreatic and
pancreatic tissue that remain in the cyst cavity after cyst
formation. Internal debris does not show enhancement
after gadolinium injection and, when present, is a highly
specific MR finding for the diagnosis of PPSC [117] (Fig. 26).

MRCP with secretin injection may be helpful before
planning the therapeutic approach, as it can exclude
communication between the PPSC and pancreatic duct,
which is associated with an increased risk of treatment
failure [118] (Fig. 27).

3.f.2 Serous cystadenoma (SCA)

Serous cystadenomas (SCA) represent around 1-2% of
pancreatic neoplasms and 10-15% of cystic pancreatic
lesions [119].

SCAs occur primarily in female patients in their fifties.
They mainly affect the head of the pancreas, although
they can be found in every part of the gland [120].
Histologically, SCAs are composed of multiple cysts
formed by glycogen-rich, PAS-positive epithelial cells.
They are benign lesions, and very few cases of serous
cystadenocarcinoma have been published [121].

It is important to obtain a definite diagnosis of SCA
noninvasively because if the lesion is asymptomatic,

it can be left unresected and then followed up [120].

In a multinational review of 2,622 patients with SCA,

the related mortality was almost nil, whereas operative
mortality is not, which suggests conservative treatment
for SCA [122]. A large lesion can cause obstructive chronic
pancreatitis, and will thus need surgical resection [123].

In 15-30% of the cases, SCA is associated with Von Hippel-
Lindau (VHL) disease [124].

Imaging findings of SCAs depend heavily on the
macroscopic appearance. Typically, SCAs have three
morphological patterns: Microcystic (or polycystic),
honeycomb, and macrocystic (or oligocystic) [125].

A microcystic pattern is composed of multiple cysts mea-
suring 2 cm or smaller and separated by fibrous septa that
can coalesce into a central stellate scar that may calcify
[126] (Fig. 28). In rare cases, some larger cysts (> 2 cm)

can be observed in peripheral locations (mixed type).

The honeycomb pattern is characterized by numerous
subcentimeter cysts that cannot be individually distin-
guished and thus appear as well-marginated lesions
with soft-tissue or mixed attenuation, especially in CT.
With MRI, the cystic content of the lesion is easily
distinguishable with T2w sequences (Fig. 29).

The macrocystic pattern is characterized by a small
number of cysts of > 2 cm which lack a central scar and
are often indistinguishable from other cystic masses of
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the pancreas, especially mucinous cystic tumors (Fig. 30)
[125-127].

In the multinational review of 2,622 patients with SCA, the
microcystic pattern was seen in 45% of cases, the mixed
type in 18%, the honeycomb in 5%, and the macrocystic in
32% [122].

Solid variant of serous cystadenoma has rarely been
described. These lesions do not contain any cystic spaces
on histopathology, and the cells are arranged in nests,
sheets, and trabeculae separated by thick fibrous bands.
The stroma demonstrates avid contrast enhancement
showing a solid hypervascular appearance on CT, and
can thus lead to an incorrect diagnosis of neuroendocrine
tumor, especially with CT [128]. Only MRI can correctly
characterize these lesions, thanks to its high sensitivity

to static fluids (Fig. 31) [128, 129].

When associated with Von Hippel-Lindau disease, cystic
lesions are multifocal and can diffusely involve the
pancreatic gland (Fig. 32).

3.f.3 Mucinous cystic neoplasms (MCNs)

Mucinous cystic neoplasms (MCNs) account for 10% of all
cystic pancreatic lesions. They are cyst-forming epithelial
neoplasms composed of epithelial cells that produce
mucin, and are supported by an ovarian-type stroma
[130]. According to the grade of epithelial dysplasia, MCNs
can be classified as follows: (I) MCN with low or
intermediate-grade dysplasia; (II) MCN with high-grade
dysplasia; and (Ill) MCN with an associated invasive
carcinoma [101].

Peak occurrence is in the fifth decade, but MCNs can
affect a wide range of ages. The malignancy of the lesions
worsens with advanced age. This suggests that the lesions
evolve from benign to malignant [130], as confirmed by
the presence of differing degrees of differentiation, from
benign to overtly malignant, in the same lesion [131].

In a review of 344 cases of MCNs with ovarian stroma,
MCNs occurred almost exclusively in females (99.7%),
were almost always located in the body or tail of the
pancreas (94.6%), and rarely communicated with the
pancreatic duct (6.8%). A total of 73.4% were benign
and 26.6% were malignant [132].

As is the case with SCAs, symptoms of MCNs are
nonspecific, with some degree of abdominal pain or
discomfort that is seldom referred to the pancreatic region
[133]. In the case of advanced malignant lesions, more
evident clinical signs, such as dyspepsia, pain, weight Loss,
and jaundice, can be present [120].

Like SCAs, MCN imaging characteristics depend on the
macroscopic appearance. MCNs appear as round masses
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Figure 27: Pancreatic pseudocyst.
T2w HASTE (27A) shows a fluid
collection in the neck of the pancreas
in a patient who previously had severe
pancreatitis. MRCP (27B) shows the
duct of Wirsung dilated upstream of
the fluid collection. Soon after secretin
injection (27C), the fluid collection
increases due to the passage of
pancreatic juice in the pseudocyst.

Abdominal Imaging « Clinical

Figure 29: Serous cystadenoma,
honeycomb pattern. On T2w HASTE
(29A), a Large cyst with indistin-
guishable small cysts and some

Larger cysts at the periphery is visible

in the pancreatic head. On MRCP (29B),
the duct of Wirsung upstream appears
normal. After Gd injection, VIBE (29C)
shows a slight enhancement in the
fibrous septa.

Figure 28: Serous cystadenoma,
microcystic pattern. On T2w HASTE
(28A), several small (< 1 cm) cysts

are visible in the uncinate process.

On MRCP (28B), the duct of Wirsung
appears slight dilated upstream,

with initial signs of chronic obstructive
pancreatitis. After Gd injection, VIBE
(28C) shows a slight enhancement

in the fibrous septa. Unenhanced CT
(28D) shows calcification in the central
scar.
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Figure 30: Serous cystadenoma, macrocystic pattern. On T2w HASTE (30A), a 2.5-cm cyst with lobulated margins is visible in the neck
of the pancreas. It is clearer on MRCP (30B). The duct of Wirsung upstream appears normal. After Gd injection, VIBE (30C) shows no

significant enhancement.

Figure 31: Serous cystadenoma, solid variant. CT in the arterial phase (31A) shows
a large hypervascular lesion in the pancreatic head, simulating a neuroendocrine tumor.
At T2w HASTE (31B), the Llesions clearly show microcystic content.

26

Figure 32: Von Hippel-Lindau disease.
MRCP shows that the pancreatic
parenchyma has been completely
replaced by several cysts with
diameters ranging from a few
millimeters to 2 cm.

Figure 33: Mucinous cystic neoplasm,
macrocystic multilocular pattern.

On T2w HASTE (33A), a large cyst

with smooth margins and multilocular
aspect is appreciable in the tail of the
pancreas. MRCP (33B) clearly shows the
multilocular pattern. With unenhanced
VIBE (33C), the content of the cyst is
homogeneous. After Gd administration
(33D), the enhancement of the septa is
clearly seen.
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Figure 34: Mucinous cystic neoplasm,
unilocular pattern. On T2w (34A),

a large unilocular cyst can be
appreciated in the tail of the pancreas.
It does not show any significant
enhancement after Gd injection (34B).

with sharp margins and two main patterns: Unilocular
or multilocular macrocysts [134]. A macrocystic
multilocular pattern is the most typical and common
of the two (Fig. 33) [135], while a unilocular appearance
(Fig. 34) is similar to many other cystic lesions.

Multicystic MCNs appear as a cystic mass with sharp
margins. The wall varies in thickness, with mural
vegetation or parietal calcifications [136]. Thick septa
and/or papillary proliferations are suggestive of the
malignant degeneration of the MCN [136]. MRI with
heavily T2-weighted sequences allows for better
identification of the thin septa than CT does (Fig. 33).
However, it is less sensitive when it comes to identifying
the calcifications. MRCP can easily demonstrate a lack
of communication between the MCN and the main
pancreatic duct and thus exclude an intraductal origin
of the neoplasia [137]. The signal intensity of MCN on
T1w images can be high due to hemorrhage or mucin
content [136].

In a retrospective study of 65 patients with mucinous
cystic adenoma (n = 43) and mucinous cystic
adenocarcinoma (n = 22), a statistically significant
difference was observed in some features: Size > 7 cm;
septa and wall thickness > 3 mm; number of loculations
> 4; nodules; hyperintensity of the cystic content on
T1-weighted images; compression and/or infiltration

Figure 35: Diffuse MD-IPMN. T2w
HASTE (35A) shows a diffuse dilatation
of the main pancreatic duct with severe
atrophy of the pancreatic parenchyma.
MRCP (35B) shows the entire length of
the dilated duct.

Figure 36: Segmental MD-IPMN.

On T2w HASTE (36A), a segmental
dilatation of the main pancreatic duct
is visible; pancreatic parenchyma is
normal. MRCP (36B) provides a clearer
image of the segmental dilated duct.

of adjacent vessels or organs; and metastases. The

best cut-off value to differentiate MCAs from mucinous
cystadenocarcinoma was the presence of three features,
with an accuracy of 91% [138].

3.f.4 Intraductal papillary mucinous neoplasm

Intraductal papillary mucinous neoplasms (IPMNs) are
a group of exocrine mucin-producing tumors, diagnosed
at a mean age of 60 years, with a male prevalence [139].

Improvements in imaging techniques have increased
the incidental detection of IPMNs. In several studies,
the prevalence of incidental cystic pancreatic lesions
can be observed in up to 19.6% of imaging studies, with
MR being the most sensitive [111]. The involvement or
the communication of the cystic pancreatic lesion with
the main pancreatic duct is crucial for the appropriate
diagnosis of IPMN [140].

Three types of IPMNs have been described [141]: The main
duct type (MD-IPMN), the branch duct type (BD-IPMN),
and the mixed type, which meet the criteria for both
MD-IPMN and BD-IPMN.

IPMNs arise from the epithelium of the pancreatic ductal
system and can display the full spectrum of histologic
dysplasia, including hyperplasia, adenoma, borderline
tumor, and in situ or invasive carcinoma [142]. There are
significant differences in frequencies of malignancy in
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Figure 37: BD-IPMN. MRCP clearly
shows a finger-type unilocular branch
duct ectasia.
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Figure 38: BD-IPMN with nodule. MRCP (38A) shows a multilocular BD-IPMN in the
uncinate process with a small defect (arrow). This corresponds to a solid nodule visible
with T2w HASTE (38B), which enhances after Gd administration (38C) and shows high
signal intensity at DWI at high b-values (38D), due to restricted diffusion.

IPMNs depending on the morphological type. They are
higher for MD-IPMNs (mean 61.6%) and lower for BD-
IPMNSs (25.5%) [141].

Due to the widespread use of non-invasive imaging of the
abdomen (US, CT, MRI), IPMNs are now mostly detected
incidentally when imaging is performed for unrelated
indications [143]. Therefore, many patients with IPMNs
are asymptomatic and incidentally identified. In other
cases, the impaired outflow of pancreatic juice induced
by the hypersecretion of mucin [144] may cause pain and
produces the laboratory test abnormalities of pancreatitis,
such as hyperamylasemia [145]. Thus, IPMNs can be
discovered after an episode of pancreatitis. More severe
symptoms such as jaundice, severe abdominal pain,
weight loss, anorexia, and diabetes are more Likely
associated with malignant behavior.

The location and type of an IPMN determine its imaging
appearance. IPMNs appear with a cystic dilation of the
involved segment — either the main duct or branch duct.
The production of mucin is the main cause of the dilation
of the ducts.

MD-IPMN of the main pancreatic duct can present as
segmental or diffuse. When diffused to the entire duct, this
tumor can be confused with chronic pancreatitis [146].
Segmental IPMNs are very difficult to diagnose, as they
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present as an aspecific segmental dilation of the main
pancreatic duct without any clear cause of obstruction

or previous pancreatitis which can lead to a post-
inflammatory stenosis. The affected segment tends

to enlarge with dilation of the collateral ducts. When the
lesion is localized in the head of the pancreas, there is a
dilation of the main pancreatic duct upstream, secondary
to the obstruction of the outflow of pancreatic juice,
which simulates a diffuse IPMN [147]. In MD-IPMNSs,
ductal dilation is common and may be along the entire
length of the duct (Fig. 33) or segmental (Fig. 36), and

be with or without intraductal hypointense masses [139].
In advanced MD-IPMNs, adjacent parenchymal atrophy

is frequently seen (Fig. 35) [144]. Mucin usually has the
same pattern of pancreatic juice with the different imaging
techniques, so it is not possible to differentiate mucin from
pancreatic juice.

BD-IPMNs can present as unilocular (Fig. 37) or
multilocular (Fig. 38) communicating cystic lesions

with grapelike clusters that have a variable diameter
ranging from a few millimeters to a few centimeters,

and are unifocal (Fig. 37) or multifocal (Fig. 39). The cysts
are separated by thin septa, which usually enhance after
contrast media administration. For a correct diagnosis of
BD-IPMN, communication with the main pancreatic duct
must be demonstrated (Fig. 37) [148].
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Figure 39: BD-IPMN with
pseudonodule. MRCP (39A) shows a
multifocal BD-IPMN in the body-tail
of the pancreas. The largest cyst has
a small defect, which corresponds to
a solid nodule visible on T2w HASTE
(39B). It does not enhance after Gd
administration (39C) and does not
show high signal intensity at DWI at
high b-values (39D), due to unrestricted
diffusion.

In mixed IPMNs, there is evidence of dilatation of the main
pancreatic duct and branch ducts along its course (Fig. 42)
[146]. Howeuver, in cases of BD-IPMNs where dilation of the
main pancreatic duct is due to the overproduction of
mucin by the tumor and not to the involvement of the
main pancreatic duct, the differential diagnosis of mixed
IPMNs can be difficult (Fig. 4) [146].

Clearly differentiating between IPMN Lesions with different
pathological expressions can be challenging unless clear
evidence of malignancy is present [149]. However, some
imaging findings can be suggestive of aggressive behavior
of the IPMN.

According to international consensus guidelines, ‘high-risk
stigmata’ and ‘worrisome features’ are useful imaging
findings for lesion classification [141].

High-risk stigmata indicate a high possibility that the
Llesion is malignant, which means surgical resection is
necessary if the patient is fit. The criteria for high-risk
stigmata are as follows: Main duct diameter > 10 mm
for MD-IPMN (Fig. 35); the presence of solid enhancing
nodules within the cyst in BD-IPMN; obstructive jaundice
in the presence of a cystic lesion of the pancreatic head.
Proliferating nodules are characterized by the capacity to
enhance after contrast media administration (Fig. 38C).
With DWI sequences, the restricted diffusion of water
molecules means that enhancing nodules appear as a
focus of high signal intensity within the cystic lesions at
high b-values (Fig. 38D). Non-enhancing nodules can be
caused by dense mucin plugs, and do not show signal
intensity with DWI (Fig. 39).

Worrisome features suggest the possibility that the lesion
could become malignant, which would require further
workup by EUS for better risk-stratification of the lesion,
and a strict follow-up. The criteria for worrisome features
are as follows: cyst > 3 cm; thickened and enhanced cyst
walls; main pancreatic duct measuring 5-9 mm (Fig. 36);
non-enhancing mural nodules (Fig. 39); abrupt change in
the main pancreatic duct caliber with distal pancreatic
atrophy; lymphadenopathy.

The management of IPMNs is mainly based on the
location (MD and mixed IPMN versus BD-IPMN), the
size of the largest cyst in BD-IPMN, and the presence
of high-risk stigmata or worrisome features. Moreover,
risk stratification for age and fitness for surgery must
be considered [141].

Patients with BD-IPMN, cysts of > 3 cm, and no worrisome
features can also be considered for EUS to verify the
absence of thickened walls or mural nodules, particularly
if the patient is elderly. If a patient is young and fit for
surgery, then surgery should be strongly considered.

Patients with BD-IPMN, cysts of < 3 cm, and no worrisome
features should be considered for observation according to
size stratification.

MD-IPMNs with main pancreatic duct dilation of 5-9 mm
can also be considered as a worrisome feature. The recom-
mendation here is evaluation, but no immediate resection.

MR with MRCP has a sensitivity, specificity, and accuracy
of 70%, 92% and 80% respectively in the diagnosis of
benign vs. malignant IPMNs based on certain worrisome

29



Clinical « Abdominal Imaging

features (nodules, main pancreatic duct > 10 mm, thick
septa, calcifications) [150].

In patients with IPMN, pancreatic ductal carcinoma
may develop independently in the pancreatic duct [151].

There have been rare reports of atypical appearances

of complicated IPMNs with intraductal hemorrhage,
perforation, and fistula formation [152]. Intraductal
hemorrhage shows up as high signal intensity on T1 with
fat saturation.

In some patients with BD-IPMN, follow-up can show a
reduction in lesion size. This is due to the opening of the
communication channel between the lesion and the main
pancreatic duct, which was previously blocked by thick
mucin. In such cases, the passage of mucin from the lesion
to the main pancreatic duct reduces the pressure inside
the lesion, causing it to shrink.

MD-IPMNs must be differentiated by the main duct
dilation seen in chronic pancreatitis [146]. IPMNs affect
patients in their 60s and 70s, with an equal distribution
between men and women, while chronic pancreatitis is
more frequent during one’s 40s [153]. In a comparative
study of IPMNs and chronic pancreatitis, specific findings
for IPMNs were duct dilatation without stricture, bulging
ampulla, nodule in a duct, grape-Llike secondary duct
dilatation, and nodule in a cyst. Specific findings for
chronic pancreatitis were duct dilatation with strictures,
the presence of a stone, and side-branch ectasia with
noncystic appearance.
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3.f.5 Solid pseudopapillary tumors

Solid pseudopapillary tumors (SPTs) are the least frequent
cystic tumors of the pancreas, and their origin is still
uncertain. They have a low malignant potential and a
favorable prognosis. They can occur in people of any age,
but most often they affect women in their 30s [154]. In
clinical terms, they are quite unspecific, with abdominal
pain as the main symptom, sometimes together with a
palpable mass. The low malignant potential of the lesion
can account for its large size at the time of diagnosis [155].
The tumor appears as a round, well-encapsulated mass.
The content of the lesion is solid with a variable amount
of necrosis or hemorrhage, which is responsible for its
frequently cystic appearance. In a group of 56 patients
with SPT, calcifications were found in 29% of the cases
[156]. After contrast agent administration, the solid
component of the tumor appears well vascularized with
all imaging techniques. When fresh hemorrhage is present,
it is clearly visible on MR images, with high signal intensity
on T1-weighted sequences and fluid-debris level [156].
When large cystic changes are present, SPTs appear as
macrocystic unilocular or multilocular Llesions, similar to
mucinous cystic neoplasms; in this situation, the young
age of the patient helps in the differential diagnosis.

6. Conclusion

Imaging of the pancreas represents a diagnostic challenge
for both radiologists and clinicians because of overlapping
clinical, radiological, and pathological features.

The wide pathological range of both solid and cystic
lesions requires an in-depth knowledge of the pathology,
and the application of the best imaging techniques in
order to arrive at the correct diagnosis. The
multiparametricity of MRI makes it possible to obtain
morphological and functional images, which are useful in
addressing most pathological conditions of the pancreas.
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