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In Part 2 of this two-part article, the
authors discuss imaging manifestations
of various abnormalities affecting the
pancreas.

iagnosis of pancreatic condi-
Dtions is a challenge to physi-

cians due to the anatomical
location of the organ deep within the
abdomen.

Imaging with multidetector com-
puted tomography (MDCT) and mag-
netic resonance imaging (MRI) along
with the use of 3-dimensional (3D) im-
aging play a critical role in the evalua-
tion of pancreatic diseases.

Specific types of pancreatitis
Groove pancreatitis

This rare form occurs in the spaces
between the head of the pancreas, the
second portion of the duodenum, and
the CBD. The inflammatory involve-
ment results in scar-tissue formation
in the pancreatico-duodenal groove
and subsequent cystic dystrophy of
heterotopic pancreatic tissue in the
duodenal wall.®!'® Imaging features
include inflammatory involvement
of the pancreas and medial wall of the
duodenum, with cystic changes limited
mostly to the pancreatico-duodenal
groove (Figure 10). Groove pancreati-
tis can occasionally mimic pancreatic
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adenocarcinoma given its focal nature,
its propensity to cause strictures of the
bile and pancreatic ducts, and its fibrotic
character, which leads to decreased en-
hancement and T1 hypointensity. Find-
ings favoring groove pancreatitis over
adenocarcinoma include cystic changes
within the lesion, smooth rather than
abrupt narrowing of the pancreatic and
CBD, and a sheet-like mass rather than
arounded mass.

Autoimmune pancreatitis
Autoimmune pancreatitis, first de-
scribed in 1995, is pathologically
characterized by dense inflammatory
infiltrates of lymphocytes and plasma
cells around the small- to medium-sized
pancreatic ducts with associated fibro-
sis. The clinical presentation is similar
to pancreatic cancer, with weight loss
and obstructive jaundice, but presents
with the absence of severe attacks of
abdominal pain seen with acute pancre-
atitis. Extrapancreatic manifestations
are observed in 19% to 50% of cases
and include multifocal biliary stric-
tures, renal lesions from tubulointersti-
tial nephritis, retroperitoneal fibrosis,
Sjogren’s syndrome, and inflamma-
tory bowel disease (Figures 11 and 12).
Serum IgG4 levels are characteristi-
cally elevated and a level > 135 mg/
dL is 95% accurate and 97% specific
in making the diagnosis. Elevation of
IgG4 is rare in pancreatic cancer and is
observed only in 10% of cases. A com-
bination of imaging findings, serologic,
or histologic criteria are necessary to

diagnose autoimmune pancreatitis
(Table 3).17-19

Autoimmune pancreatitis has typi-
cal imaging features. Classically it is
described as diffuse pancreatic en-
largement, which becomes featureless
secondary to loss of normal pancre-
atic lobulations, foreshortening of the
pancreatic tail and a peripheral rind or
‘wrapping’ around the pancreas, which
appears hypodense on CT and as hy-
pointense on both T1 and T2 images
(Figure 13). Pancreatic ductal irregu-
larities are often seen as ductal strictures
or diffuse narrowing.?’ Autoimmune
pancreatitis can also present as a focal
mass, which often poses a diagnostic di-
lemma (Figure 14). The differences and
similarities in imaging features of focal
autoimmune pancreatitis and pancreatic
adenocarcinoma are listed in Table 4.

Tropical pancreatitis

A chronic form, tropical pancreati-
tis has unique clinical, epidemiological
and imaging features. It characteristi-
cally presents at a young age (mean age
12.5 years, M:F, 1.6 to 5:1), leads to
early development of diabetes, has a
specific geographic distribution (India,
Asia, South America), and is associ-
ated with malnutrition, which is thought
to be a cause, not an effect. Another
potential etiology is a mutation of the
serine protease inhibitor Kazal type 1
(SPINKI) gene.?! On imaging, there
is significant atrophy of the pancreas,
marked dilatation of the pancreatic duct,
and large intrapancreatic ductal stones,
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which have been reported up to 5 cm in
size. This disease is associated with a

marked predisposition to pancreatic ad-
enocarcinoma, which occurs at an early
average age of 45 years.®

Pancreatic neoplasms
Cystic pancreatic lesions

Increased utilization of cross-sec-
tional imaging, such as MDCT and
MR, has led to an increased detection
of cystic pancreatic lesions with nearly
a third of cases being diagnosed in as-
ymptomatic patients (Tables 5 and 6)
and a prevalence of incidental cystic
lesions on CT being present in 2.6% of
examinations.?? Despite the significant
overlap in the imaging features of pan-
creatic cystic lesions, MDCT and MRI
are fairly accurate in the characteriza-
tion of these lesions. Occasionally, EUS
with or without aspiration/biopsy might
be necessitated for characterization
prior to surgical intervention.

Intraductal papillary mucinous
neoplasm (IPMN)

IPMNs are commonly encountered
cystic lesions of the pancreas and can
be classified based on involvement of
the main duct and side branch. There is
the main duct IPMN, side branch IPMN,
and combined IPMN (involving both
main duct and side branch). Main duct
IPMNs cause diffuse enlargement of
the pancreatic duct and do not present as
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FIGURE 10. Coronal (A) and axial (B) CECT
images from a 43-year-old man with abdomi-
nal pain show inflammatory and cystic
changes around the head of the pancreas and
medial wall of the duodenum, typical of groove
pancreatitis.

cystic lesions of pancreas. Up to 40% of
main ducts IPMNs have malignant fea-
tures at diagnosis and they are often sur-
gically resected. The features on imaging
suggestive of malignancy in main duct
IPMNs include enhancing mural nod-
ules or main duct dilatation > 1 cm. On
the other hand, side branch IPMNs (also
known as branch duct IPMN5s) are less
likely to be malignant and are often fol-
lowed up on serial imaging. Side branch
IPMNs have a macrolobulated or ‘clus-
ter of grapes’ appearance on imaging.
The most characteristic imaging feature
is the communication of the lesion with
the main pancreatic duct, which dif-
ferentiates them from mucinous cystic
neoplasms. A typical finding on ERCP
is the so called ‘bulging papilla’ second-
ary to increased mucin production by the
lesions. Demonstration of communica-
tion with the pancreatic duct with MRCP
or ERCP is of paramount importance in
diagnosing IPMNs as this limits the dif-
ferential diagnosis of a cystic lesion to
IPMN and pseudocysts, which are the
only other cystic lesions to demonstrate
ductal communication. Surgical resec-
tion is performed in symptomatic pa-
tients or in those lesions that demonstrate
suspicious features on follow up imag-
ing, such as enhancing mural modules,
a size > 3cm and concomitant main pan-
creatic ductal dilatation.>?? In asymp-
tomatic patients with side branch IPMNs
measuring < 3 cm without solid nodules,

FIGURE 11. Curved reformatted coronal
CECT image before treatment with ste-
roids (A) shows a swollen, foreshortened
and somewhat hypoenhancing , edema-
tous pancreas. After treatment (B), these
changes are no longer present. The pres-
ence of biliary stricture led to placement of a
biliary stent (white arrows). This patient was
serum IgG4 positive.

FIGURE 12. Axial CECT image in a 29-year-
old woman shows a focal hypodense well
circumscribed pancreatic tail mass (white
circle) with loss of pancreatic lobulations. The
patient was serum IgG4 negative. The mass
was resected and the pathologic specimen
was consistent with autoimmune pancreatitis.

follow-up imaging is recommended for
detection of suspicious features.

Serous cystadenoma (SCA)

Also known as microcystic adeno-
mas, serous cystadenomas do not have
malignant potential. Therefore, resec-
tion is only indicated when they become
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Table 3. Diagnostic Criteria for Autoimmune pancreatitis*

Imaging Serum Histology
Diffusely enlarged pancreas Increased IgG4 Lymphoplasmacytic infiltration or fibrosis
around pancreatic or biliary ducts
Hypoattenuating peripheral rim Increased IgG or gamma globulin  Increased number of IgG4 positive plasma cells
Pancreatic duct narrowing Presence of specific Pulmonary or salivary gland lymphplasmacytic
(can be focal, segmental autoantibodies infiltration with IgG4 positive plasma cells
or diffuse)

*Criteria used by the Japan Pancreas Society for the diagnosis of autoimmune pancreatitis. To establish the diagnosis at least one imaging and one serum
or histologic finding has to be present. Specific serum antibodies include antilactoferrin antibody (ALA), anti-carbonic anhydrase Il antibody (ACAII), anti-
smooth-muscle antibody (ASMA), and antinuclear body (ANA). [19]

IgG= Immunoglobulin G

FIGURE 13. Single ERCP image shows one of the most common extra- FIGURE 14. Single axial CECT image in a 61-year-old man with
pancreatic manifestations of autoimmune pancreatitis, multifocal intrahe-  autoimmune pancreatitis shows multifocal hypodense renal lesions.
patic biliary strictures (white arrows), and dilations (black arrows). These These lesions reversed with steroid therapy. Renal lesions are
imaging findings are similar to those of primary sclerosing cholangitis another frequently seen extrapancreatic manifestation of autoim-
(PSC), but unlike PSC, are reversible with initiation of steroid therapy. mune pancreatitis.

Table 4. Imaging differentiation between focal AIP (autoimmune pancreatitis) and adenocarcinoma.

Present in pancreatic adenocarcinoma Focal enlargement

and focal AIP Loss of normal pancreatic contour/lobulations
Biliary ductal dilation from CBD narrowing
Hypoenhancement compared to normal parenchemya

Suggesting focal AIP over adenocarcinoma Hypodense/hypointense periphery around pancreas
Narrowing of pancreatic duct
Smooth, tapered narrowing of CBD
Decrease in size after steroid therapy
Characteristic extrapancreatic manifestations (renal lesions from
tubulointerstitial nephritis, enhancement of the wall of the CBD, PSC
type multifocal narrowing of the intrahepatic bile ducts)

Suggesting adenocarcinoma over focal AIP Arterial/vascular encasement
Pancreatic ductal dilation
Atrophy of proximal pancreatic parenchemya
Shouldered/abrupt narrowing of the CBD
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Table 5. Common cystic pancreatic lesions

Pseudocysts Common. Lined by granulation tissue rather
than epithelium. Contain pancreatic debris,
blood. Seen in patients with hx of pancreatitis.

Takes 4 weeks to form.

Side Branch IPMN Common. Can have cluster of grapes appear-
ance. Demonstrates communication to main

pancreatic duct on MRCP ->management.

Serous Cystadenoma Rare. Benign. Multiple small cysts. Predilection
for pancreatic head. May have central scar

containing calcification.

Mucinous Cystic neoplasm  Rare. Malignant potential. Treated with surgical
resection. Few, large cysts, thick septations.
Predilection for pancreatic tail. May have

peripheral calcifications.

Cystic Neuroendocrine Tumor Rare. Cystic degeneration from necrosis.
Walls have not undergone necrosis and
demonstrate avid enhancement.

SPEN Rare. Malignant potential -> surgical resection.
Occurs in younger females. Mixed solid and
cystic lesion.

True Cysts Very rare. Lined by epithelium. Seen in PCKD,

VHL and CF

PCKD=polycystic kidney disease, VHL=von Hippel-Lindau, CF=cystic fibrosis, SPEN= solid-cystic
papillary epithelial neoplasm

Table 6. Classification of cystic pancreatic lesions

Morphology Potential Etiologies
Unilocular Cysts Pseudocyst
Unilocular serous cystadenoma
IPMN
True cysts
Microcystic Serous cystadenoma (AKA microcystic adenoma)
Macrocystic Mucinous cystadenoma
IPMN

Oligocystic variant of serous cystadenoma

Cyst with solid components  Solid pseudopapillary tumor

Mucinous cystadenoma

IPMN

Cystic degeneration of solid neoplasm
(pancreatic endocrine tumor, pancreatic

adenocarcinoma, metastasis)

IPMN= intraductal papillary mucinous neoplasm

symptomatic due to mass effect. They
typically affect older females and are
associated with von Hippel-Lindau dis-
ease. SCAs favor the pancreatic head and
are composed of multiple tiny cysts (> 6
cysts measuring 1 mm to 2 cm). Char-
acteristically, these lesions will have a

central scar, which can sometimes cal-
cify and has a predilection for the pancre-
atic head. These lesions may grow up to
4 mm per year. The diagnosis of a serous
cystadenoma can be made with confi-
dence when a lesion demonstrates the
classic imaging appearance of a multi-

lobulated external border, thin enhancing
septa in a honeycomb-like appearance,
and a central scar, which occasionally
calcifies. Atypical appearances can be
seen. For example, occasionally the cysts
can be too small to resolve even with
MRI or high-frequency EUS and appear
to have a solid appearance. Additionally,
these lesions, instead of having numer-
ous tiny cysts, can have a few larger cysts
(oligocystic or macrocystic variant),
lack a central scar and can be located in
the pancreatic body or tail, and there-
fore mimic a mucinous cystic neoplasm.
EUS-guided aspiration can confirm the
diagnosis in atypical cases by establish-
ing the presence of glycogen rich epithe-
lial cells and absence of mucin.2*

Mucinous cystic neoplasm

Also known as mucinous macrocys-
tic neoplasm, these lesions, unlike their
microcystic counterparts, have malig-
nant potential or are frankly malignant
at diagnosis. Therefore, surgical resec-
tion is indicated. These lesions demon-
strate a 9:1 female-to-male incidence.
They are more common in the pancre-
atic tail and contain a few large mucin-
containing cysts (< 4 cysts larger than
2 cm). On imaging, these lesions tend
to have a smooth outer contour and a
few septae, which can occasionally be
enhancing and thick (Figures 15 and
16). Enhancing nodular and papillary
projections may occasionally be seen.
When suspected, EUS aspiration will be
performed before surgical excision to
exclude other cystic lesions, including
a pseudocyst and serous cystadenoma.
The fluid aspirated will contain thick
mucin and an elevated level of tumor
markers, such as carcinoembryonic an-
tigen (CEA) and CA-19-9.12425

Cystic neuroendocrine tumors

Neuroendocrine tumors, as discussed
below, can sometimes undergo cystic de-
generation and mimic a cystic neoplasm.
The outer wall of the lesion will often
be spared from cystic degeneration and
therefore demonstrate features consistent
with neuroendocrine tumor, specifically
avid early enhancement (Figure 17).

September 2013

www.appliedradiology.com

APPLIED RADIOLOGY W 20D



IMAGING OF THE PANCREAS: PART 2

FIGURE 15. Axial CECT of a 56-year-old
woman shows a low attenuation pancreatic
tail lesion with a few scattered large septa-
tions (white arrows). The imaging findings,
lesion location, and demographics are all
consistent with the subsequent pathologic
diagnosis of a mucinous cystic neoplasm.

Solid pseudopapillary tumor
(SPT)

Previously known as solid-cys-
tic papillary epithelial neoplasms
(SPEN), these lesions are unique
among the cystic pancreatic neo-
plasms in that they tend to affect
young patients (20-30 yrs). Affected
patients tend to be African American
or Asian and female. The appearance
of these lesions is varied, but they are
classically large, well encapsulated, and
of variable internal characteristics with
areas of hemorrhagic necrosis (Figures
18 and 19). The prognosis is good with
a 5-year survival estimated at 97% after
surgical resection.?

True cyst

Unlike cystic lesions seen in other
solid organs in the abdomen, true
cysts are rare and almost never occur
in a normal patient population. When
present, true cysts are often multiple
rounded and welldefined lesions. Evi-
dence of underlying conditions, such
as von Hippel-Lindau disease, poly-
cystic kidney disease, and cystic fi-
brosis, are often apparent on imaging
(Figure 20).

Solid pancreatic tumors
Pancreatic adenocarcinoma

With an estimated 43,140 new cases
of pancreatic adenocarcinoma in the

FIGURE 16. Axial T2-MRI of a 42-year-old
woman demonstrates a large T2 hyperin-
tense lesion in the pancreatic tail with a few
septations (black arrows) separating the
lesions into a few large cysts. Imaging find-
ings are consistent with a mucinous cystic
neoplasm, which was subsequently proven
pathologically on resection.

U.S. in 2010 and a 5-year-survival rate
of < 5%, pancreatic adenocarcinoma is
the fourth-leading cause of cancer death
in the U.S. Pancreatic adenocarcinoma
is primarily a disease of the elderly
with 80% of cases affecting patients in
the sixth or eighth decade and accounts
for 95% of all malignant pancreatic le-
sions.?” Surgical resection of localized
tumors allows cure, but only about 15%
to 20% of new cases are candidates for
surgical resection at presentation. Com-
plete resection with negative margins
without lymph nodal involvement gives
the best possible 5-year survival rates
of up to 25% to 30%. CA-19-9 may be
elevated in up to 80% of cases, but has
limited sensitivity to identify patients
with small tumors amenable to surgi-
cal resection. CA-19-9 is mainly use-
ful in follow-up of patients undergoing
treatment and when a rise in CA-19-9
precedes imaging manifestation. While
there is an association between chronic
pancreatitis, diabetes, and pancreatic
adenocarcinoma, the causal relation-
ship is uncertain. Smoking has been
shown to be associated with 2 times
the increased risk of developing pan-
creatic adenocarcinoma. While rare, it
is interesting to note that rare genetic
syndromes, such as familial atypical
multiple mole melanoma syndrome
(FAMMM), hereditary pancreatitis, and
Putz-Jeghers syndrome are associated

- e
FIGURE 17. Axial CECT image in a
50-year-old woman shows a cystic lesion
in the pancreatic body with a thin peripheral
rim of enhancement (white arrows). Subse-
quent resection showed this to be a cystic
neuroendocrine tumor.

with a 20- to 130-fold increased risk of
pancreatic cancer.'

Imaging findings

Multiphasic MDCT of the pancreas
is the modality of choice for diagnosis
and staging of pancreatic carcinoma
and involves acquisition of images in
the pancreatic phase instead of the ar-
terial phase. MDCT has a dual role in
pancreatic cancer which includes lesion
detection, localization and characteriza-
tion; and secondly, in the determina-
tion of tumor resectability. Although
ultrasound and MRI may play a role
in the initial diagnosis of pancreatic
carcinoma, MDCT is preferred for di-
agnosis and staging. On US, they are
seen as ill-defined hypoechoic lesions
within the pancreas. On T1-weighted
MRI, the mass will be hypointense to
normal the pancreas. On both MDCT
and MR, pancreatic cancer appears as a
hypoenhancing mass with focal contour
abnormality. The hypoenhancement is
accounted for by the desmoplastic and
hypovascular nature of the tumor. On
dynamic images, the pancreatic phase
shows the greatest attenuation differen-
tiation and is therefore more sensitive
than the portal-venous phase in detec-
tion of these lesions. However, in up
to 10% of cases, pancreatic cancer can
be iso-attenuating to pancreatic paren-
chyma, and therefore secondary signs
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FIGURE 18. Axial CECT image shows
solid and enhancing (white arrows) as well
as cystic components of a pancreatic head
mass in a 19-year-old woman. Subsequent
resection proved this to represent a solid
pseudopapillary epithelial neoplasm for
which the imaging findings and demograph-

IMAGING OF THE PANCREAS: PART 2

FIGURE 19. Axial CECT shows a periph-
erally calcified heterogenously enhancing
cystic mass in the pancreatic body and tail,
which was a solid pseudopapillary epithelial

FIGURE 20. Coronal T2-weighted images
shows multiple T2 hyperintense pancreatic
in a 31-year- old woman with known von

ics are characteristic. neoplasm in a 33-year-old woman. Hippel-Lindau syndrome.

FIGURE 21. Two axial CECT images (A and B) show dilatation of both intrahepatic bile ducts (black arrows) the pancreatic duct (white arrow),
as well as atrophy of the pancreatic tail. The double duct sign and pancreatic tail atrophy were concerning findings for a pancreatic head adeno-
carcinoma in this 47-year-old man. The mass is subtle (white circle) but present. Careful search for the underlying mass lesion is necessary in
cases showing secondary signs of pancreatic adenocarcinoma, such as dilated biliary and pancreatic ducts as well as parenchymal atrophy.

provide a clue to diagnosis. These sec-
ondary signs include pancreatic ductal
dilatation and parenchymal atrophy dis-
tal to the lesion with abrupt change in
ductal caliber at the site of lesion (Fig-
ure 21). While MDCT is about 95% ac-
curate in diagnosing pancreatic cancer,
approximately 5% of patients undergo
surgical resection for benign disease,
such as chronic pancreatitis or focal
AIP. On T2W MR imaging, the lesion
itself will often be inconspicuous, but
secondary signs of upstream pancreatic
ductal dilatation or focal contour abnor-
mality of the pancreas may be seen.
True determination of resectability
of borderline tumors will be made at the
time of laporotomy. The signs of poten-
tial resectability at laparotomy include
demonstration of a normal fat plane be-

-

FIGURE 22. Axial MDCT image in the pancreatic phases in a 72-year-old man shows a
hypodense tumor in the pancreatic head with < 180-degree involvement of SMV (thin white
arrow) and SMA (curved white arrow). By imaging criteria alone, it was considered borderline
resectable. However, at surgery this pancreatic adenocarcinoma was unresectable.
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Table 7. Pancreatic neuroendocrine tumors

in location.

Tumor Prevalence Malignancy Rate  Clinical Symptoms, Features
amongst PETs

Insulinoma 40% 10% Hypoglycemia, elevated serum C-peptide

Gastrinoma 20% 60% Gastric hypersecretion leading to post-bulbar ulcers and
diarrhea. 25% of patients have MEN1. Serum gastrin
level>1000pg/mL with paradoxical increase with secretin
administration. More common in duodenum than pancreas.

Non-Functioning 35% 85% Non-specific, relate to mass not hormone production.

Glucagonoma Rare 80% Diabetes, dermatitis (necrolytic migratory erythema),
depression, deep venous thrombosis

VIPoma Rare 70% “Pancreatic Cholera.” Watery diarrhea, hypokalemia,
dehydration.

Somatistatinoma Rare 70% Increased association with NF1, especially when duodenal

MEN1-Multiple endocrine neoplasias-1, NF-1=Neurofibromatosis Type 1, VIP=Vasoactive intestinal peptide

FIGURE 24. Axial MDCT image of a 50-year-old woman shows a
partially solid hyperenhancing tumor (thin white arrows) with some
cystic components (thick white arrow) in a patient with Multiple
Endocrine Neoplasia type 1 (MEN-1) syndrome.

FIGURE 23. Axial CECT image of an 81-year-old woman shows a
hyper-enhancing pancreatic tail lesion (black arrow) consistent with a
neuroendocrine tumor.

tween the celiac axis or SMA, and a pat-
ent SMV and portal vein. The definition
of unresectable is ever-changing and
dependent on surgeons and institutional
protocols. The following are the current
CT findings that are consistent with non-
resectable pancreatic cancer: The first
sign of unresectability is distant metas-
tases. While MDCT will often detect

larger hepatic metastases, it is limited
in detecting small hepatic metastases
as well as peritoneal metastatic depos-
its. Therefore, patients often undergo
diagnostic laparoscopy for inspection of
the omentum prior to surgical resection.
The second sign is locally advanced ar-
terial or venous involvement. Specific
MDCT findings consistent with locally

advanced unresectable pancreatic cancer
include arterial encasement of the celiac
trunk, hepatic artery, or SMA. Arterial
encasement > 180 degree would not only
make tumor resection technically impos-
sible but is also associated with a high
rate of neoplastic involvement within
the mesenteric neural plexus.® Therefore,
even if resection of the main mass were
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feasible, residual disease would make it
oncologically unsound; however, this
concept is being challenged in a recent
paper.?® Venous involvement will only
preclude potential respectability in cases
where surgical reconstruction is techni-
cally impossible.®

There are tumors which are consid-
ered by CT criteria to be borderline
resectable. Findings on CT consistent
with borderline resectability include
tumors that about < 180 degrees of the
circumference of SMA or celiac artery
(Figure 22). With short segment en-
casement of the common hepatic artery
surgeons can often perform resection
with grafting, a technically feasible,
and oncologic sound technique. While
clearly enlarged and distant lymph
nodes are consistent with nonresectable
tumors, imaging alone is inaccurate in
assessment of lymph nodal involve-
ment with metastases. Additionally,
positive lymph nodes within the resec-
tion bed may be removed at the time of
surgery leaving the patient with no re-
sidual disease.

Using these parameters, CT is about
95% accurate in precluding truly un-
resectable patients from undergoing
an unnecessary attempted Whipple’s
procedure. However, only about 50%
of cases thought to be resectable at CT
are truly resectable at the time of lapa-
rotomy. In cases in which the pancreatic
cancer is determined either by CT or
laparotomy to be borderline but unre-
sectable, attempts made to convert the
patient to a surgical candidate by giving
neoadjuvant chemotherapy and/or ex-
ternal beam radiation therapy and then
restaging.

Pancreatic endocrine tumors

Also referred to as pancreatic islet
cell tumors, these arise from pancreatic
ductal cells and despite resemblance to
normal islet cells histologically, they
are appropriately termed as pancreatic
endocrine tumors. There are 7 differ-
ent types of pancreatic endocrine tu-
mors, the most common of which are
insulinomas, gastrinomas, and non-
functional tumors (Table 7). Pancreatic

IMAGING OF THE PANCREAS: PART 2

endocrine tumors account for only 1%
to 2% of all pancreatic neoplasms and
affect only 1 in 100,000 persons. The
typical age of onset is in the fourth or
fifth decade. Most of these pancreatic
endocrine tumors occur sporadically;
however, certain syndromes, such as
an MEN1, Von Hippel-Lindau, neu-
rofibromatosis, and tuberous sclerosis,
increase the likelihood of developing
these tumors at a younger age. Pancre-
atic endocrine tumors are considered
malignant based on biologic behavior
(extra-pancreatic invasion or meta-
static disease), not pathologic findings.
The so-called functioning pancreatic
endocrine tumors often produce char-
acteristic clinical symptoms depending
on the hormone excreted. Nonfunc-
tioning pancreatic endocrine tumors
produce symptoms solely due to mass-
effect, such as abdominal pain, weight
loss, and jaundice.?%%

Imaging findings

Pancreatic endocrine tumors are
highly vascular lesions leading to the
characteristic finding of early and avid
contrast enhancement. The homo-
geneous enhancement is the rule for
smaller lesions, while larger lesions
may show areas of necrosis and cystic
degeneration and have heterogeneous
or only peripheral enhancement (Fig-
ures 23 and 24). Unlike pancreatic ad-
enocarcinomas, pancreatic endocrine
tumors are more conspicuous on the
early arterial phase and stand out as hy-
perattenuating compared to the normal
pancreas. Most tumors appear well cir-
cumscribed, but larger and malignant
tumors may demonstrate poorly de-
fined borders. Nonfunctioning pancre-
atic endocrine tumors, either because
of their inherently aggressive behavior
or delay in presentation, are seen with
metastasis in about 70% of cases. On
MRI, these tumors are T1 hypointense
and characteristically, but variably, T2
hyperintense. Indium-111 octreotide
scans can be used and are most help-
ful in identifying subtle foci of meta-
static disease in patients whose tumor
is known from pathologic examina-

tion to be well differentiated and con-
tain somatostatin receptors. Pancreatic
endocrine tumors may sometimes be
peripancreatic, such as duodenal, in
location.?® The overall sensitivity of
Indium-111 octreotide scintigraphy for
diagnosis of pancreatic neuroendocrine
tumors is high with 80% to 100% sen-
sitivity for carcinoids and 60% to 90%
for pancreatic NETS.

Conclusion

Optimization of scanning protocols
as well as knowledge of the various
maladies of the pancreas and the role
of imaging in the clinical management
of patients with pancreatic disorders
allows the radiologist to play a large
role in the diagnosis and management
of inflammatory as well as neoplastic
disorders of the pancreas.
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