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Abstract

In this review article, the roles of imaging with CT and MRI in the detection and staging of pancreatic carcinoma will
be discussed. The frequently employed techniques using these modalities, the common imaging appearances of this
tumor, and the limitations of imaging will be addressed.
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Introduction

Pancreatic adenocarcinoma is the most common non-
endocrine malignancy of the pancreas and is the 4th
leading cause of death is the United States. Most tumors
arise in the head of the pancreas, and account for between
60 and 70% of cases[1–4]. Despite the recent advances
in imaging and treatment, pancreatic adenocarcinoma
continues to be a lethal disease. While newer diagnostic
techniques have improved the accuracy for detecting
these tumors, no significant inroads have been made in
finding ‘early’ cancers. Most tumors are diagnosed late
and approximately 85% of tumors are unresectable at the
time of diagnosis. There are many reasons for this fact,
but pancreatic carcinoma is unique in several respects:

(1) Symptoms manifest late
(2) Early extrapancreatic spread of tumor
(3) Rapid downhill course from diagnosis to death.

Role of imaging

The role of imaging in patients with suspected pancreatic
carcinoma is:

(1) Confirm and stage tumor

(a) Determine if tumor is resectable or not

(b) Exclude pancreatic carcinoma in patients
with symptoms suggestive of disease.

TNM staging

T0 No tumor
T1 Tumor confined to pancreas
T1a Tumor<2 cm
T1b Tumor>2 cm
T2 Tumor extension into duodenum, bile duct

or peripancreatic tissues
T3 Tumor extension into stomach, colon, or

adjacent great vessels
N0 No regional nodal metastases
N1 Regional nodal metastases
M0 No distant metastases
M1 Distal metastases.

While the criteria for unresectability vary from center
to center, the presence of distant disease (metastases),
local tumor extension, documented regional or dis-
tant lymph node metastases, and arterial invasion or
encasement of major mesenteric arteries (celiac, hepatic,
superior mesenteric artery) are generally accepted as
criteria of unresectability. Venous involvement of the
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major mesenteric veins (superior mesenteric vein and
portal vein) is not universally accepted as a criterion
of unresectability as surgeons are performing en-block
venous resection and venous reconstructions.

Computed tomography (CT) techniques

CT techniques in assessment of patients with suspected
pancreatic carcinoma usually involve the use of thin
section dynamic contrast-enhanced helical CT obtained
during the rapid bolus injection of large amounts of
iodinated urographic contrast.

The introduction of multidetector-row scanners has
facilitated the acquisition of images during multiple
phases of intravenous contrast administration. Utilization
of a pancreatic parenchymal phase, using a scan delay
of 40 s has resulted in superior pancreatic paren-
chymal enhancement. In some studies, this has led
to superior tumor-to-parenchymal contrast differences,
facilitating superior tumor detection, when compared
to portal venous or delayed phases of imaging[5–9].
The information obtained from these multiphase exams
was used to generate 3D images of the arterial, venous
and pancreatico-biliary anatomy[10–14]. These in select
cases are useful for surgical planning (Fig. 1).

Figure 1 Coronal multiplanar reformatted CT
image shows pancreatic adenocarcinoma (M) with
superior mesenteric vein encasement (arrow).

CT appearances

Most pancreatic adenocarcinomas are of lower attenua-
tion than the normally enhancing pancreatic parenchyma
in all phases of contrast enhancement (Fig. 2). About 10%
of pancreatic adenocarcinomas can be isoattenuating on
CT. Pancreatic and bile duct dilatation are also common
findings, as is atrophy proximal to the tumor. Perivascular
tumor extension which leads to vascular involvement
and arterial or venous encasement are also hallmarks
of this tumor. In pancreatitis (either acute or chronic),
they are usually streaky ill-defined areas of perivascular
infiltration, whereas with pancreatic carcinoma it is

usually seen as a ‘cuff’ of soft tissue encasing the
peripancreatic vessels.

CT: tumor detection and staging

While CT is excellent in detecting unresectable tumors
(>90% accuracy), it frequently understages true tumor
extent and even with early helical CT, the accuracy
for assessing resectability was only around 70%[4] .
With the use of newer multislice helical CT scanners,
tumor detection rates have improved to around 90–95%.
However only small improvements have been seen
for determining resectability status. The most recent
studies using multislice scanners have shown that positive
predictive values for resectability are slightly above
80%[5,7,8]. Reasons for this include the continued poor
sensitivity for the detection of small peritoneal and liver
metastases, metastases in normal sized lymph nodes and
subtle peripancreatic tumor extension.

Figure 2 Pancreatic carcinoma (M) is low density
in nature, as compared to enhancing normal pancreas
(arrowhead).

Magnetic resonance imaging (MRI)
techniques

Current MR techniques using phased-array torso coils,
thin slices, and dynamic gadolinium-enhanced breath-
hold gradient-echo (GRE) sequences are optimal for
imaging pancreatic carcinoma, and in some studies
have outperformed CT especially in the detection of
smaller tumors. The sequences that are most helpful
for the detection of pancreatic carcinoma are the T1-
weighted fat-suppressed and gadolinium-enhanced GRE
sequences. On the T1-weighted fat-suppressed images,
the pancreas usually due to its proteinaceous content
is of high signal intensity, while the tumor is of
low signal intensity. On the gadolinium-enhanced GRE
images, pancreatic carcinomas enhance less than the
surrounding parenchyma (Fig. 3)[15–19]. Mangafodipir
trisodium-enhanced MRI has also demonstrated that
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when compared to contrast-enhanced CT, it was as
accurate for the detection and staging of pancreatic
adenocarcinoma, and slightly superior to it for the
detection of small tumors and metastases[20,21].

Figure 3 On gadolinium-enhanced breath-held 3D
spoiled GRE MR image, pancreatic carcinoma (M)
in tail of pancreas does not show any significant
enhancement as compared to adjacent normal pan-
creatic parenchyma (arrow). Note multiple hepatic
metastases (arrowheads).

Figure 4 Single-shot fast spin-echo coronal MR
image demonstrates dilated pancreatic duct (arrow-
head) and dilated intrahepatic bile ducts (arrow) due
to obstructing pancreatic carcinoma.

The added ability to perform magnetic resonance
cholangiopancreatography (Fig. 4), as well as the ability
to assess vascular involvement with use of magnetic
resonance angiography, makes MRI an invaluable tool
in providing a comprehensive evaluation of patients
with pancreatic carcinoma, assessing local tumor extent,

peripancreatic vessel involvement, pancreatico-biliary
duct anatomy, as well as for distant metastases[22,23].

Vascular invasion

Arterial involvement

The most common vessels involved are the celiac axis,
splenic artery, and superior mesenteric artery. Major
arterial encasement is seen as soft tissue infiltration
along the vessels resulting in a soft tissue ‘cuff’ or the
appearance of a thickened vessel (Fig. 5). This finding
is not specific for tumor invasion as rarely, pancreatitis
may present with a similar appearance. This vascular
encasement and retropancreatic invasion into the celiac
plexus results in the back pain that these patients often
present with.

Figure 5 Contrast-enhanced CT shows arterial
encasement due to pancreatic carcinoma seen as soft
tissue infiltration around superior mesenteric artery
(arrow).

Venous involvement

The most common veins involved are splenic vein,
superior mesenteric vein and the portal vein (Fig. 6).
Venous invasion can be suggested if the vein is attenuated
or changes its caliber. The superior mesenteric vein when
attenuated by a tumor assumes a ‘tear-drop’ appearance.
This sign has a high specificity for unresectability
(85%)[24]. Another indirect sign of venous involvement
is the presence of dilated peripancreatic collaterals. In
late stages, venous occlusion and thrombosis may also be
seen.

In the last several years, attention has been focused on
the small veins of the pancreatic arcades. These veins are
usually small, and lie dorsal and ventral to the head and
uncinate process of the pancreas. When there is a tumor
compressing the tributaries of the superior mesenteric
vein or portal vein, these veins get dilated. This sign
can be an indirect and early sign of an unresectable
tumor[25].
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Figure 6 Pancreatic carcinoma (M) abutting more
than 180◦ of circumference of superior mesenteric
vein (arrow) is seen on contrast-enhanced CT,
indicating high likelihood of encasement, which was
confirmed at surgery.

Predicting resectability based on tumor
contact with peripancreatic vessels

Several CT studies have been performed to determine
if the degree of contact of a tumor with the adjacent
major peripancreatic arteries and veins could be used
to predict if a tumor could be resected or not. These
studies have shown that if there is a clear fat plane or
normal pancreatic parenchyma interposed between the
tumor and these vessels, in almost all instances the tumor
is resectable. If there was tumor contact of6180◦, then
the likelihood of resectability was high and if the degree
of tumor contact was greater than 180◦, it was most likely
unresectable[26,27].

CT vs. MR—which modality is superior?

Recent studies have tried to compare the two techniques
and have come up with divergent results. In some studies
MR was superior to CT and in others the reverse was
true. Due to the rapid changes in imaging technology,
these results are short-lived[15,16]. It remains to be seen if
ultra thin-section dynamic contrast-enhanced multislice
CT and dynamic breath-held gadolinium-enhanced 3D
volume acquisitions will translate into improved tumor
detection and staging.

Limitations of imaging methods

The most common reasons for understaging by imaging
are the inability to detect:

(1) Metastases to normal sized lymph nodes
(2) Small peritoneal metastases
(3) Small<1 cm hepatic metastases
(4) Subtle peripancreatic tumor extension.

Most metastatic lymph nodes are<1 cm and this
poses a problem for current imaging techniques as
size criteria are the only method we currently have to
distinguish between benign and malignant nodes. Using
ultra-small iron-oxide particles for lymph node imaging
with MR may offer a solution in the future. Peritoneal
metastases are recognized only when in an advanced
stage and small metastatic deposits still go undetected.
Similarly the sensitivity for CT and MR in detecting small
subcentimeter surface liver metastases is poor.
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