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Abstract

Diagnostic imaging is an important tool to evaluate
pancreatic neoplasms. We describe the imaging fea-
tures of pancreatic malignancies and their benign mim-
ics. Accurate detection and staging are essential for en-
suring appropriate selection of patients who will benefit
from surgery and for preventing unnecessary surgeries
in patients with unresectable disease. Ultrasound, mul-
tidetector computed tomography with multiplanar re-
construction and magnetic resonance imaging can help
to do a correct diagnosis. Radiologists should be aware
of the wide variety of anatomic variants and pathologic
conditions that may mimic pancreatic neoplasms. The
knowledge of the most important characteristic key
findings may facilitate the right diagnosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Diagnostic imaging is an important tool to
evaluate pancreatic neoplasms. We describe and illus-
trate the imaging features and key findings of pancre-
atic malignancies and their mimics. The knowledge of
radiologic findings is relevant to do an accurate diag-
nosis that allows a proper management and should be
known not only for radiologists but by physicians that
comprise multidisciplinary teams.

Gijon de la Santa L, Pérez Retortillo JA, Camarero Miguel A,
Klein LM. Radiology of pancreatic neoplasms: An update. World
J Gastrointest Oncol 2014; 6(9): 330-343 Available from: URL:
http://www.wjgnet.com/1948-5204/full/v6/i9/330.htm DOI: http://
dx.doi.org/10.4251/wjgo.v6.19.330

INTRODUCTION

Diagnostic imaging is an important tool to evaluate pan-
creatic neoplasms. Accurate detection and staging are
essential for ensuring appropriate selection of patients
who will benefit from surgery and for preventing unnec-
essary surgeries in patients with unresectable disease"”.
Ultrasound (US), multidetector computed tomography
(MDCT) with multiplanar reconstruction and magnetic
resonance imaging (MRI) can help to do a correct diag-
nosis ™.

A wide variety of anatomic variants and pathologic
conditions exist that may mimic pancreatic neoplasms.

Pancreas such as pancreas divisum or anular pancreas
may cause enlargement of the pancreatic head and be
mistaken for a tumoral mass. Non-distended adjacent
bowel, gastric fundus, duodenal diverticula, duplica-
tions™”” accessory spleen or splenosis may also mimic a
pancreatic mass"”. Chronic pancreatitis may be indistin-
guishable from neoplasm on the basis of morphologic
at MRI and MDCT" (Figure 1). Positron emission to-
mography (PET) with 2-[18F]-fluoro2-deoxy-d-glucose
(FDG)/MRI fusion image significantly improved accu-
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Table 1 Pancreatic tumors

Pancreatic tumors

Primary (95%)
Solid tumors

Pancreatic adenocarcinoma (85%-95%)
Pancreatic neuroendocrine tumor
Solid pseudopapillary tumor
Pancreatoblastoma
Pancreatic lymphoma
Cystic tumors

Serous cystadenoma
Mucinous cystic neoplasm
Intraductal papillary mucinous tumor
of the pancreas

Metastatic lesions (5%)

racy compared with that of PET/CT (in differentiating
pancreatic cancer from benign lesions 96.6% 5 86.6%0)".

Enlarged peripancreatic nodal chains and disease
in surrounding structures can mimic pancreatic masses
(gastric fundus neoplasm, small bowel tumors, renal or
adrenal masses, 7). The existence of fat planes between
the nodes or tumoral masses and the pancreatic gland
or displacement of the pancreas may be useful to distin-
guish these lesions from a pancreatic mass'” (Figure 2).
Choledochal cysts may simulate a cystic mass in the head
of the pancreas'"".

True pancreatic masses can be classified in primary or
metastatic lesions (Table 1).

PRIMARY PANCREATIC LESIONS

Primary pancreatic masses will be classified on the basis
of its radiologic appearance in solid or cystic lesions.

SOLID LESIONS OF THE PANCREAS

Pancreatic adenocarcinoma

Pancreatic adenocarcinoma accounts for 85%-95% of all
pancreatic malignancies and is the fourth leading cause
of cancer-related deaths. Most patients are 60-80 years of
age, and males are affected twice as often as females™.
Of these tumors, 60%-70% are located in the pancreatic
head, 10%-20% in the body, and 5%-10% in the tail. Dif-
fuse glandular involvement occurs in 5% of cases™. Sur-
gery is the only cure, with a postoperative 5-year survival
rate of 20%"Y. Unresectable disease is seen at presenta-
tion in 75% of patients (Figure 3).

Dual-phase (arterial and portal) contrast material—en-
hanced MDCT is the established technique for evaluating
pancreatic adenocarcinoma. Arterial phase imaging (per-
formed 20-40 s after contrast agent injection) allows opti-
mal visualization of the tumor and peripancreatic arteries
(Figure 4). Portal phase imaging (performed 50-70 s after
injection) is optimal for assessing the peripancreatic veins
and detecting metastatic disease to the liver” (Figure 5).
After intravenous contrast administration most tumors
are hypoattenuating (Figure 06).
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Figure 1 Multidetector computed tomography image. Multidetector com-
puted tomography shows enlargement of the pancreatic head (arrow), with
dilatation and beading of the pancreatic duct (arrowhead) and dilatation of the
extra- and intrahepatic bile ducts. A focal calcification can also be visualized.
These findings matched with the definite diagnosis of a chronic pancreatitis.

No pancreatic mass is visualized in 10% of cases,
since the tumor may be isoattenuating. The presence
and location of a mass may be inferred from secondary
signs such as mass effect, an abnormal convex contour
of the pancreas, ductal obstruction, and vascular inva-
sion” (Figures 7 and 8). Tumors in the pancreatic head
may cause dilatation of both common bile duct and the
main pancreatic duct (MPD), known as the “double duct
sign”; whereas tumors in the pancreatic body may cause
upstream MPD dilatation (Figure 9A). A circumferential
soft-tissue cuff around the peripancreatic vessels with
loss of the perivascular fat plane denotes vascular inva-
sion. A sensitivity of 84% and a specificity of 98% for
invasion are reported if the tumor is contiguous with
more than 50% of the vessel circumference!” (Figure 9B).
Other features suggesting vascular invasion include ves-
sel deformity, thrombosis, and development of collateral
vessels'. Cystic-necrotic degeneration, an uncommon
feature of adenocarcinoma, is present in 8% of cases™",
Metastases are most commonly found in the liver (Figure
5B) and peritoneum (Figure 9C)*,

Adenocarcinoma has low signal intensity on T and
T2 weighted MRI secondary to its scirthous fibrotic na-
ture (Figure 10). As at MDCT, the hypovascular tumor
enhances less than the normal pancreas at MRI (Figure
11). MRI has better contrast resolution than MDCT and
is superior in detecting small tumors and metastases' .
Diffusion-weighted (DW) MRI allows the assessment of
thermally induced random molecular motion in biologic
tissues and generates representative apparent diffusion
coefficient (ADC) values"*"?. The use of DW MRI may
allow eatlier detection of pancreatic tumours, since these
neoplasms have increased signal intensity on diffusion-
weighted images and relatively low ADC values because
of the restricted diffusion associated with fibrosis (Figure
12). In addition, DW MRI may be helpful in the detec-
tion of metastases in the liver and lymph nodes'"*"".

Endoscopic US has a recognized role in the detection
and staging of small tumors. It can help detect masses as
small as 0.2 cm. Endoscopic US can clarify equivocal find-
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Figure 2 Axial contrast enhanced multidetector computed tomography image. A: Depicts a nodular peripancreatic mass localized between the pancreatic tail
(arrowhead) and the splenic hilum (arrow), each well separated by fat planes; B: The sagittal reformatted contrast enhanced multidetector computed tomography
image allows a better identification of the surrounding fat planes (arrow and arrowhead) enabling the exclusion of a pancreatic dependency. This mass actually

turned out to be a tumoral implant of a gastric neoplasm.

Figure 3 Unresectablility of a pancreatic adenocarcinoma. Contrast enhanced multidetector computed tomography (MDCT) image (A) and coronal reformation
image (B) shows dilatation of the distal pancreatic duct caused by a hypodense tumor (arrow) in the pancreatic body. On plain film (C) and coronal reformation image
on MDCT (D) of the same patient multiple lung metastases of his pancreatic carcinoma are evident - a definite criteria for unresectability.

ings at MDCT or MRI and allows biopsy of suspect lesions.
Adenocarcinoma appears as an ill-defined, heterogeneous
hypoechoic mass at endoscopic us? (Figure 13).

PET is an emerging technique for characterizing
tissue on the basis of functional rather than morpho-
logic information. The principle of FDG PET is that
malignant tissues have greater uptake and retention of
FDG than does normal tissue due to enhanced glucose
metabolism. Pancreatic adenocarcinoma generally shows
intense focal FDG uptake. The biggest potential impact
of FDG PET is in the detection of small metastases, an
area in which MDCT and MRI generally underestimate
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Pancreatic neuroendocrine tumor
Pancreatic neuroendocrine tumors (NETs) account for
1%-5% of all pancreatic tumors and typically manifest
in patients aged 51-57 years. Most cases are sporadic, but
association with syndromes such as multiple endocrine
neoplasia type 1, von Hippel-Lindau syndrome, neu-
rofibromatosis type 1, and tuberous sclerosis has been
observed. Tumors tend to be multiple when associated
with syndromes.

NETs are classified into functioning and nonfunc-
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Figure 4 Axial contrast enhanced multidetector computed tomography
image. Arterial phase imaging allows optimal visualization of the pancreatic
neoplasm and peripancreatic arteries: the shown hypodense mass compro-
mises the splenic artery (arrow). Pancreatic adenocarcinoma was proven by
biopsy.

Figure 5 Contrast enhanced multidetector computed tomography image.
A: In portal venous phase depicts a mass (arrow) in the pancreatic tail with
permeability of the splenic vein (arrowhead); B: Focal round focal hypodensi-
ties with different sizes, localized in both hepatic lobules, represent metastatic
spread to the liver. Pancreatic adenocarcinoma was proven by biopsy.

tioning tumors. Functioning tumors produce symptoms
related to excessive hormone production. In general,
functioning tumors manifest eatly in the course of dis-
ease. Nonfunctioning tumors manifest when they are
large, due to mass effect. Risk of malignancy increases
with tumor size (especially in tumors > 5 cm). Because
of this fact 90% of nonfunctioning tumors are malignant
at presentation'”

Small tumors ate generally solid and homogeneous,
whereas larger tumors are heterogeneous and may show
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Figure 6 Axial multidetector computed tomography image. Pancreatic
tumor, localized in the pancreatic head (arrow), is hypodense in relation to the
pancreatic parenchyma after contrast administration.

variable amounts of cystic-necrotic degeneration and cal-
cification™”* (Figure 14).

NETs have a rich vascular supply and therefore en-
hance avidly during the arterial phase, enhancing more
rapidly and intensely than the normal pancreas. That
finding helps differentiate NETs from the more common
adenocarcinoma which is hypovascular. Homogeneous
enhancement is typical for small tumors (less than 2 cm),
whereas larger lesions tend to show heterogeneous en-
hancement.

When NETSs have a predominantly cystic component
MDCT and MRI show a hypervascular enhancement
in the nonnecrotic or nondegenerated portions of the
tumor. Cystic areas are typically hyperintense at MRI on
T2-weighted images (Figure 15).

Metastases to lymph nodes and solid organs such as
the liver may have an enhancement pattern similar to that
of the primary tumor (Figure 106). Cystic metastases to
the liver may also be seen™”.

Solid pseudopapillary tumor

Solid pseudopapillary tumor (SPT) accounts for 1%-2%
of all pancreatic tumors. It is most common in young
females (mean age, 25 years)”!. SPT has a low malignant
potential with an excellent prognosis following complete
resection.

SPT is typically a large (mean, 9 cm), slow-growing,
well-encapsulated mass L2 Tt most commonly occurs in
the pancreatic tail. SPT has a tendency to displace rather
than invade surrounding structures and rarely causes
obstruction of the bile duct or pancreatic duct. MDCT
usually demonstrates a well-encapsulated lesion with
varying solid and cystic components owing to hemot-
thagic degeneration””. Hemorrhage may progtess to cys-
tic changes within the lesions in approximately 20% of
cases. Degenerated areas may mimic certain features of
larger NETs. However, the peripheral portions of solid
and papillary epithelial neoplasms do not demonstrate
the hypervascularity typical of NETs"". SPT shows pe-
ripheral heterogeneous enhancement with central cystic

MRI typically demonstrates a well-defined lesion with
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Figure 7 Indirect signs of pancreatic neoplasms. Transverse ultrasound image (A) shows a markedly dilated common bile duct, also seen on the coronal reforma-
tion image of multidetector computed tomography (B) where the dilated duct terminates abruptly at the level of the pancreatic head (arrow).

r .

Figure 8 Endoscopic retrograde cholangiopancreatography. A short seg-
ment of narrowing causing stenosis of the common bile duct was recognized
(arrow), without affection of the main pancreatic duct (arrowhead). Pancreatic
adenocarcinoma was proven by biopsy.

heterogeneous signal intensity on T1- and T2-weighted
images. Peripheral calcification is present in 30% of
cases”". The pseudocapsule (composed of compressed
pancreatic tissue and reactive fibrosis) has low attenuation
at MDCT and low signal intensity at Ti- and Ta-weighted
MRI.

Internal hemorrhagic and cystic degeneration is the
hallmark of SPT due to the fragile vascular network of
the tumor™”, Although most SPTs exhibit benign behav-
ior, malignant degeneration does occur. Metastases are
uncommon, occurring in 7%-9% of cases, mostly to the
liver, omentum, and peritoneumm.

Pancreatoblastoma
Pancreatoblastoma accounts for 0.2% of all pancreatic
tumors and is the most common pancreatic tumor in
young children (mean 5 years)™. Pancreatoblastoma
rarely occurs in adults; when it does, however, the tumor
is generally more aggressive. The serum alpha-fetoprotein
level is elevated in 25%-33% of cases™.
Pancreatoblastoma is typically slow growing and gen-
erally manifests as an asymptomatic large mass (mean,
10 cm). Because of the large size of the mass at presen-
tation, in 50% of cases it is not possible to identify the
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Figure 9 Axial contrast enhanced multidetector computed tomography
image A: Focal hypodense mass in the body of the pancreas (arrow), with up-
stream dilatation of the main pancreatic duct (arrowhead). Pacreatic adenocar-
cinoma was histologically proven; B: Image depicts a circumferential soft tissue
cuff around the celiac trunk according to vascular invasion (arrow); C: Image
shows multiple peritoneal metastases in a patient with a pancreatic tumor (arrow).

September 15, 2014 | Volume 6 | Issue 9 |



Gijon de la Santa L ef a/. Pancreatic neoplasms

Figure 11 Axial arterial-phase gadolinium-enhanced T1-weighted fat-suppressed gradient-recalled echo magnetic resonance imaging (A) and coronal re-
formatted (B) show no enhancement of the hypovascular tumor in the pancreatic head (arrow). Pancreatic adenocarcinoma was proven by biopsy.

Figure 12 Use of diffusion-weighted magnetic resonance imaging in the earlier detection of pancreatic tumours. Axial contrast enhanced multidetector com-
puted tomography image (A) and axial arterial-phase gadolinium-enhanced T1-weighted fat-suppressed gradient-recalled echo magnetic resonance image (B) do not
depict any abnormality. Axial diffusion-weighted magnetic resonance imaging (C) demonstrates a focal increased signal intensity (arrow) and low apparent diffusion
coefficient values in the color coded images (D).
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Figure 13 Ultrasound images (A, B) of an ill-defined, heterogeneous hypoechoic mass (arrow) in the pancreas obstructing the common bile duct (arrow-
head).

Figure 14 Pancreatic neuroendocrine tumor. Ultrasound images (A), axial unenhanced multidetector computed tomography and coronal magnetic resonance T2-
weighted image show a round, heterogeneous mass, localized in the pancreatic body, with variable amounts of cystic-necrotic degeneration (arrows).

Figure 15 Same patient shown in figure 14. Magnetic resonance axial gradient T1 out-of-phase image (A) and T1 fat-suppressed sequence (C) show a hypoin-
tense signal in the liquid component of the lesion whereas it reveals a hyperintense signal in the T2-weighted sequence (B) (arrows).

organ of origin at radiologym. Therefore, differentiation Ti- and high signal intensity on T>-weighted images, and
from other pediatric tumors arising from adjacent organs shows mild contrast enhancement.

(e.g., neuroblastoma, Wilms tumor, hepatoblastoma) is

challenging, and biopsy is generally required to establish Pancreatic lymphoma

the diagnosis. Metastases occur mostly to the liver. Pancreatic lymphoma is most commonly a B-cell subtype
At US, the mass is heterogeneous with hypoechoic of non-Hodgkin lymphoma. Secondary lymphoma is the
cystic spaces and hyperechoic internal septa®™. At MDCT, dominant form and is the result of direct extension from
pancreatoblastoma generally manifests as a multiloculated peripancreatic lymphadenopathy. Primary pancreatic lym-
inhomogeneous mass with enhancing septalzsj. On MRI phoma is rare, representing 0.5% of pancreatic tumors. It
the tumor has low to intermediate signal intensity on is more common in immunocompromised patients”".
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Figure 16 Sagittal multidetector computed tomography image. A: A heterogeneous pancreatic mass (arrow); B, C: Coronal (B) and axial (C) multidetector com-
puted tomography images show multiple hypervascular metastases in the liver (arrows), showing the same enhancement pattern of the primary mass. Neuroendo-

crine pancreatic tumor and metastases were histologically proven.

Two morphologic patterns of pancreatic lymphoma
are recognized: a focal well-circumscribed form and a
diffuse form. The focal form occurs in the pancreatic
head in 80% of cases and has a mean size of 8 cm. It
typically has uniform low attenuation at MDCT. At MRI,
it has low signal intensity on Ti- and intermediate signal
intensity on T2- weighted images and shows faint contrast
enhancement. The diffuse form is infiltrative leading to
glandular enlargement and poor definition, features that
can simulate the appearance of acute pancreatitism’33].

CYSTIC LESIONS OF THE PANCREAS

Cystic lesions accounts for 10%-15% of all pancreatic
neoplasms and represents < 5% of all malighant pancre-
atic tumors.

Unilocular cysts are well defined lesions without in-
ternal septa, calcification or internal soft-tissues nodules.
When small (< 3 cm), these lesions are almost always
benign. It is suggested to do setial imaging at 6-mo inter-
vals for the first year and annual follow-up for a period
of three years. If the cyst remains stable and the patient
asymptomatic no further workup in needed"””,

Pseudocyst (encapsulated fluid collections without ne-
crosis after 4 wk from onset of acute pancreatitis) is the
most common unilocular cyst”™. Tt is important to ask
for the patient’s history because a cystic lesion in a patient
with a clinical history of pancreatitis is almost always a
pseudocyst.

Imaging studies shows a rounded cystic mass with
a thick wall. After intravenous contrast administration
mild wall enhancement is demonstrated (Figure 17). If
we detect a solid intracystic component, the lesion is not
a pseudocyst. Other image findings that support this di-
agnosis are inflammation, atrophy or pancreatic calcifica-
tions. Cystic neoplasm may appear as uni or multilocular
masses.

Serous cystadenoma
It is a benign lesion which typically occurs in older
women. The cystic components range from millimeters
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to 2 cm. When the lesion grows a central scar and coarse
calcification may be seen (30%). This calcified scar is
highly specific and virtually pat‘hognornonic[36J and is best
demostrated at CT.

MRI shows a cluster of small cyst without visible
communication within the cyst or the pancreatic duct.
These cysts are hyperintense on Ta-weighted images.
Central calcified scar is seen as a signal void at MRI (Figure
18). Enhancement of fibrous septa between the cysts are

seen on delayed images.

Mucinous cystic neoplasm (mucinous cystadenoma/
cystadenocarcinoma)

This lesion has female predominance (80%) in their sixth
decade of life””. Mucinous cystadenoma preferentially
involves the body and pancreatic tail and do not commu-
nicate with the pancreatic duct.

Cross-sectional imaging is ineffective for differentiat-
ing between mucinous cystic neoplasms with and without
malignant epithelium, except in cases with invasion of
adjacent organs, vascular invasion, or metastatic disease.
The presence of intracystic enhancing soft tissues are
suspicious for malignancy. Peripheral eggshell calcifica-
tions are not frequent (16%) but such finding is specific
and has a highly predictive value for malignancy.

On US mucinous cystic neoplasms appear as hy-
poechogenic multilocular or, less commonly, unilocular
masses with posterior acoustic enhancement. Internal
septations are usually visualized and better demonstrated
at US than at CT™",

CT shows a round to slightly lobulated mass that is
well encapsulated with smooth external margins. Because
the cyst contents can vary in attenuation according to the
degree of hemorrhage or protein in the mucoid cysts,
different levels of attenuation may be seen within the cyst
cavities”" (Figure 19). After intravenous contrast
administration septa and peripheral wall enhancement are
detected.

At MR the lesion is hypointense on Ti- and hyperin-
tense on Ta-weighted images. This lesion may be hyperin-
tense on Ti-weighted images due to mucinous content.
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Figure 17 Axial contrast enhanced multidetector computed tomography images (A, B) reveal a homogeneously hypodense intraparenchymal fluid col-
lection of the pancreas without any non-liquefied material in it, encapsulated completely by a thin slightly hyperdense layer (arrows). These findings are

compatible with a pseudocyst in a patient with a clinical history of pancreatitis.

Figure 18 Axial nonenhanced multidetector computed tomography image. A: A polylobulated cystic lesion with a coarse calcification in its center (arrow), which
is the phathognomonic central scar for serous cystadenoma; B-D: Magnetic resonance imaging show a cluster of small cysts (arrows), which are hypointense in T1-
weighted images (B) and hyperintense in T2-weighted images (C, D), without visible communication within the cyst or the pancreatic duct. A central signal void is also

identifiable.

Intraductal papillary mucinous tumor of the pancreas
Intraductal papillary mucinous tumor of the pancreas
(IPMN) ate most frequent indentified in elderly men.
The most important features are the presence of mucin-
producing tumor and cystic dilation of the main pancre-
atic duct, its branches or both™*". The dilated ducts of-
ten contain profuse mucin. In the past, many IPMTs may
have been misdiagnosed as chronic pancreatitis because
of their generally benign behavior.

IPMNs may be classified as benign or malignant on
the basis of the degree of dysplasia'"™".

Preoperative determination of the presence or ab-
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sence of associated invasive carcinoma is crucial; when
invasive carcinoma is present, the surgical procedure
may be modified to include resection of regional lymph
nodes.

Main duct IPMNSs are more likely to be malignant.
IPMNs are frequently multifocal, and 5%-10% involve
the entire pancreas.

When CT reveals a pancreatic solid mass in patients
with IPMN, the lesion is probably invasive carcinoma.
Other imaging features suggestive of invasive carcinoma
in IPMN are the large size of the mass (> 3.5 cm), pres-
ence of mural nodules, dilatation of the main pancreatic
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Figure 19 Ultrasound and multidetector computed tomography images. On ultrasound (A, B) a hypoechogenic multilocular mass with well-definable internal
spetations and posterior acoustic enhancement can be seen. Contrast-enhanced multidetector computed tomography images (C-F) show a big round to slightly lobu-
lated mass with an enhancing capsule and different levels of attenuation within the cyst cavities are seen. Some enhancing components are also detectable.

duct > 15 mm and multifocal involvement'*".

MRI is better than CT for evaluating ductal com-
munication”>”. Dilatation of main pancreatic duct or
multiple side branches on T2-weighted images is the most
common imaging finding””. Demonstrating ductal com-
munication can be useful to differentiate between IPMNs
and mucinous cystadenoma (the latter has no communi-
cation with the pancreatic ductal system) (Figure 20).

Three-dimensional contrast-enhanced ultrasonog-
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raphy showed similar results as compared with MRI in
evaluating “IPMNs” smaller than 1 cm of diameter or
greater than 2 cm'™,

METASTASES TO THE PANCREAS

Pancreatic metastases account for 2%-5% of all malig-

nant neoplasms. Metastases are most frequently from
. . 56
renal cell carcinoma and lung carcinoma”. The progno-
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Figure 20 Multidetector computed tomography image. A: Cystic dilatation of the main pancreatic duct and some of its branches in the pancreatic tail. Ductal
communication with the tumor cannot be clearly identified; B-D: In contrast-enhanced axial T1 (B) and T2-weighted (C) magnetic resonance images and in magnetic
resonance imaging cholangiography (D) ductal communication can be easily detectable.

sis is generally more favorable than that for pancreatic
adenocarcinoma (Figure 21).

Three morphologic patterns of involvement are rec-
ognized: solitary (50%-70%), multifocal and diffuse™".
At contrast-enhanced CT and MR imaging, the appear-
ances of pancreatic metastases closely resemble that of
primary carcinoma but pancreatic adenocarcinoma gener-
ally manifests as a hypoenhancing mass, whereas metas-
tases show either peripheral enhancement (in lesions >
1.5 e¢m) or, less commonly, homogeneous enhancement
(smaller lesions)*™*”.,

Cystic metastases to the pancreas cannot be differen-
tiated from mucinous cystic neoplasms radiographically.
Ovarian carcinoma metastases are the most likely to
manifest as a predominantly cystic mass.

A known history of primary malignant disease, com-
bined with the presence of other metastatic foci, are
helpful clues in making the diagnosis.

INTRAOPERATIVE ULTRA-SONOGRAPHY
OF THE PANCREAS

Up to 40% of patients with pancreatic adenocarcinoma
judged resectable at CT ate found to have unresectable
lesions at surgery'**". Laparoscopy intraoperative US
may be useful before open surgical resection to decrease
the number of patients who undergo needless open
surgery for resection of a tumor that ultimately proves
unresectable®”. Pancreatic adenocarcinoma appears at
intraoperative US as a hypoechoic mass with ill-defined
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- o]
margins .

EVALUATION OF THE POSTOPERATIVE
PANCREAS

The most common complications of the Whipple pro-
cedure are delayed gastric emptying, pancreatic fistulas,
wound infection, abdominal abscess, intraabdominal
bleeding, and anastomotic leakage. A pancreaticojejunal
fistula is diagnosed clinically on the basis of the detec-
tion of amylase-rich fluid in the drainage. Anastomotic
leaks usually occur at the pancreaticojejunal anastomosis
during first 2 wk after pancreatoduodenectomy and these
leaks can be diagnosed on the basis of the presence of
oral contrast material in the peritoneal cavity and are as-
sociated with peripancreatic fluid collections ™",

Locally recurrent disease is sometimes difficult to
depict on the eatliest postoperative images. Locally re-
current disease appears as an infiltrating mass with soft-
tissue attenuation, perineural invasion and encasement of
the mesenteric vessels®”. Perivascular cuffing in the me-
senteric fat is likely inflammatory in patients with nega-

tive surgical margins and should not be mistaken for local
[63]

recurrence

CONCLUSION

The knowledge of some of the most important charac-
teristic key findings of pancreatic tumors may facilitate
radiologists, and especially radiographers in training,
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Figure 21 Oblique reformatted enhanced multidetector computed tomog-
raphy image reveals a well-defined round mass in the pancreas, slightly
hypodense to the pancreatic parenchyma. Pancreatic metastases from
melanoma was proven. Note the liver concomitant metastases.

to do an accurate detection and staging of pancreatic
neoplams in order to ensure an appropriate selection of
patients who will benefit from surgery and prevent un-
necessary surgeries in patients with unresectable disease.
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