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Abstract

Technical advances in cross-sectional imaging have led to the discovery of incidental cystic pancreatic lesions in the
oncology and non-oncology population that in the past remained undetected. These lesions have created a diagnostic
and management dilemma for both clinicians and radiologists: should these lesions be ignored, watched, aspirated, or
removed? In this review, recommendations concerning the assessment of the more common pancreatic cystic inci-

dental lesions are presented.

Keywords: Incidentaloma; IPMN; pancreatic serous cystadenoma; pancreatic mucinous cystadenoma; pancreatic mucinous

cystadenocarcinoma.

The problem

The discovery of small cystic pancreatic incidentalomas
is a daily occurrence in the practice of abdominal
radiology due to technical advances in multidetector
computed tomography (MDCT), magnetic resonance
imaging (MRI), and ultrasonography. These previously
undetected cystic lesions are found on 1.2-2.6% of
abdominal MDCT examinations and 13.5—19.9% of
abdominal MRI studies!'™ Pancreatic incidentalomas
are unexpected, asymptomatic abnormalities that are
discovered serendipitously while screening for other
diseases (Fig. 1) or actively searching for other pathol-
ogy. These lesions have created a management
dilemma for both clinicians and radiologists: should
these small cystic structures be ignored or followed
up? How and when should they be followed up?
When should they be aspirated or removed>®12
Strategies for optimizing patient management of these
lesions are only beginning to emerge”_gl. Since cystic
pancreatic lesions are seen in up to 25% of autop-
sies!®  their discovery will become increasingly

1470-7330/12/000001 4 8

common as the population ages and imaging technol-
ogy improves.

The odds

In the past, most pancreatic cysts were believed to be
pseudocysts. Improvements in cross-sectional imaging
techniques over the past 15 years, however, have shown
that serous cystadenoma (SC), mucinous cystic neoplasm
(MCN), and intraductal papillary mucinous neoplasm
(IPMN) now account for most of the pancreatic
cysts found in asymptomatic individuals!' 1?1, As a rule,
cystic pancreatic tumors are most often benign or low-
grade indolent neoplasms. Howeyver, if the cyst is muci-
nous, it does have a real, albeit small, malignant potential.
In a review of 166 cases that went to surgery, the most
common type of tumors were: IPMN (46%), MCN (30%),
and SC (23%)“3]. These data are from a surgical series
and probably do not reflect the true distribution of cystic
pancreatic incidentalomas in the general population as
benign appearing, small lesions typically are not surgically
resected.
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Figure 1 Cystic pancreatic incidentaloma on an MDCT pulmonary embolism study of an 84-year-old man with short-
ness of breath. Coronal (a) and axial (b) images show an asymptomatic 1.8-cm cystic lesion (arrow) along the anterior
aspect of the pancreatic tail. In view of the patient’s age and significant cardiac and pulmonary co-morbidities, it was

elected not to follow-up this probably side-branch IPMN.

Patient demographics are quite useful in suggesting the
likely cause of the cystic pancreatic incidentaloma. MCN
is found almost exclusively in women of childbearing age
in the 4th and 5th decade and has been called the mother
tumor. SC occurs predominantly in women with a mean
and median age of 68 years and has been called the
grandmother tumor. IPMN afflicts an older population,
most often in the seventh and eight decades and shows a
slight male predominance and has been called the grand-
father tumor!'4~'81,

The foregoing discussion does not apply to high-risk
individuals in whom asymptomatic pancreatic lesions
are found on pancreatic screening studies in 14% of
patients younger than 50 years of age, 34% of patients
aged 50—59 years, and 53% of individuals between 60
and 69 years of agem]. Risk factors for the development
of pancreatic carcinoma include: pancreatic cancer in a
first-degree relative, Peutz-Jeghers syndrome, hereditary
pancreatitis, familial atypical multiple mole melanoma,
hereditary nonpolyposis colorectal cancer (Lynch
syndrome), and BRCA 1 and BRCA 2 germline muta-
tions!?%. Accordingly, a higher index of suspicion is
appropriate for these high-risk individuals.

The players

Pancreatic pseudocysts

Although pancreatic pseudocysts represent the majority
of cystic pancreatic lesions in patients with a history of
acute or chronic pancreatitis or risk factors for these
diseases, they represent a minority of incidentally found
lesions in the general population“sl. The cyst wall is
formed by inflammatory and fibrous tissue devoid of an
epithelial cell lining. Usually, the preceding classic his-
tory and radiological features help in diagnosing a pseu-
docyst. On computed tomography (CT), pseudocysts are
round or oval and have a thin (1-2mm) enhancing

Figure 2 Cystic pancreatic incidentaloma on an MDCT
scan performed to rule out appendicitis in a 45-year-old
woman. There is a 1.8-cm cystic lesion with a density of
9 HU in the uncinate process of the pancreas. This prob-
able mucinous cystadenoma has remained stable for 4
years. The patient has declined endoscopic ultrasonogra-
phy and surgery.

fibrous capsule. They contain fluid that has a density
<20 HU: higher attenuation values of 40—60 HU indicate
intracystic hemorrhage. These vary significantly in size
and may communicate with the pancreatic duct. On MRI
they appear as loculated fluid signal intensity collections
that may communicate with the pancreatic duct. When
radiological features are uncharacteristic, and when there
is no history of clinical pancreatitis, the diagnosis
becomes more problematic[m.

Mucinous cystic tumors

MCN s are characterized by large multilocular cysts lined
by mucin-producing columnar epithelium, resting on a
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Figure 3 Cystic pancreatic incidentaloma found in a 50-year-old woman on an MR study performed to evaluate
abnormal liver function tests. (a) T2-weighted axial MR image shows a 3.2 cm cystic lesion with a mural nodule
(arrow) in the pancreatic tail. (b) EUS was performed and demonstrates multiple nodules (arrow) and debris within
this mucinous adenocarcinoma. The patient underwent a distal pancreatectomy.

fibrous ovarian-type stroma. They represent a spectrum of
neoplasms of widely different malignant potential: benign
mucinous cystadenomas (Fig. 2); borderline tumors with
malignant potential, or malignant (carcinoma in situ or
invasive carcinoma). Most (70—90%) of MCNs arise in
the body or tail of the pancreas, with only 10—-30% being
located in the head of the pancreas. They are usually large;
the mean diameter ranges from 7 to 10 cm. MCN5s usually
contain several cystic areas that are 1—-2 cm in diameter,
but can also present as a single macrocystic lesion. The
cyst wall is typically 1—2 mm thick and contains calcifica-
tion in up to 30%. The presence of tumoral calcification,
septation, and mural thickening has a statistically signifi-
cant association with malignancy (Figs. 3 and 4).
Although mucinous cystic neoplasms do not communi-
cate with the pancreatic duct, when sufficiently large,
they can cause partial ductal obstruction!??72¢1,

Serous cystadenomas

SCs are benign cystic tumors that arise from the acinar
cells of the pancreas. The average rate of growth of an SC
is approximately 5—6 mm per year. Fifty percent of these
lesions are located within the head of the pancreas and
tumors range between 1 and 20 cm in size with a mean of
6 cm. They lesions are typically microcystic (Fig. 5) and
have a simple cuboidal epithelial lining on histology.
These lesions have been described as a lobulated micro-
lacunar mass with septations and a calcified central scar.
An increasing number, however, are found to be larger
and oligocystic (Fig. 6)[27’28].

Intraductal papillary mucinous neoplasms

IPMN (Figs. 7 and 8) is a neoplastic proliferation of
mucin-producing cells lining the main or secondary
branch pancreatic ducts. Main-duct IPMNs involve the
main pancreatic duct with or without concurrent involve-
ment of the branch ducts (combined IPMNs).

Figure 4 Cystic pancreatic incidentaloma on an MDCT
scan performed to evaluate hematuria in a 51-year-old
woman. CT shows several septations, areas of minimal
mural thickening, and curvilinear calcification within a
mass in the pancreatic tail (arrow). A mucinous cystade-
nocarcinoma was found pathologically.

These neoplasms can produce considerable amounts of
mucin, which distend the local ductal system, causing
ductal ectasia, and can create a multiloculated cystic
mass. Branch-duct IPMNSs involve the side branches of
the pancreatic ductal system and manifest as cystic
lesions communicating with a nondilated main pancre-
atic duct. Main-duct IPMNs are typically (75%) located
in the proximal portion of the pancreas and tend to
spread to the remaining main pancreatic duct.
Branch-duct IPMNs can be found in the uncinate pro-
cess, head, neck, or distal pancreas. Quite often there is
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Figure 5 Cystic pancreatic incidentaloma in a 71-year-old woman who presented with pain in the left lower quadrant.
(a) MDCT shows a sponge-like, multiseptated cystic mass in the pancreatic head without biliary or pancreatic ductal
obstruction. Despite this classic CT appearance of a serous cystadenoma, the patient and her physician were concerned
and endoscopy ultrasonography (b) was performed. This study confirms the innumerable microcystic structures compris-

ing this tumor.

Figure 6 Cystic pancreatic incidentaloma in a 75-year-old
woman with hematuria. MDCT depicts a unilocular 2.7
cystic mass (arrow) with a density of 19 HU in the unci-
nate process of the pancreas. This lesion was aspirated and
proved to be an oligocystic serous cystadenoma.

multifocal involvement of the pancreas with two or more
branch-duct IPMNs. The malignancy rate of main-duct
IPMNs has been found to be significantly higher than
that of branch-duct IPMNs. Further predictors of malig-
nancy include: main pancreatic duct dilation, larger
tumor size (>1cm), a thick cyst wall, proximal location,
mural nodules, protruding lesions in dilated branch ducts
and mucin leakage from a patulous ampulla[29_32].

Morphological clues

Based on morphologic features such as location, status of
the main pancreatic duct, the presence or absence of
septae, loculations, and calcifications, cystic pancreatic

incidentalomas can be classified into four major types:
(1) unilocular or oligolocular (pseudocyst, IPMN, SC,
MCN); (2) microcystic (SC); (3) macrocystic (MCN,
SC, IPMN); and (4) cyst with a solid component
(IPMN, MCN)!#31,

Unilocular or oligolocular cysts

Unilocular cysts are probably the most difficult to
manage because they are frequently small and consist
of a broad spectrum of benign to potentially malignant
pathologies, including pseudocyst, MCN, IPMN, and SC.
A unilocular cyst in a patient with a clinical history of
pancreatitis is almost always a pseudocyst. Although
accurate characterization of unilocular cysts is challen-
ging, CT findings, including the location in the pancreatic
head, lobulated contour, absence of wall enhancement,
and lack of mural nodule, in an elderly woman are spe-
cific for the diagnosis of SC. The presence of peripheral
tumoral calcification has a significant association with
MCN!14.15.331

Multilocular cystic lesions

Multilocular cystic lesions can be divided into three cate-
gories: (a) lobulated; (b) pleomorphic, (c) smooth shape
with septation(s). A lobulated shape is defined as the
shape of a simple closed curve not conforming to a
simple sphere, with or without internal septations and
is typically seen with oligocystic SCs. A pleomorphic
shape is defined as one containing three or more cysts,
including more than one oval or tubular cyst, and is typ-
ical of branch-duct-type IPMNs. A smooth shape with
septation is defined as a simple closed curve with the
borders of the same circle, and this is a typical finding
of MCNs!!¢:17:331,
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Figure 7 Incidental side-branch IPMNs that can be safely watched. Axial magnetic resonance cholangiopancreato-
graphy (MRCP) (a) and coronal MRCP (b) images show a 2.6-cm cystic lesion (arrow) in the pancreatic body that
shows no mural thickening or septations. There is no dilation of the pancreatic duct. MRCP images (c,d) from two
different patients demonstrate side-branch cystic tumors (arrows) that are not associated with pancreatic duct dilation.

The cystic tumors in this category are also difficult
to characterize because of their overlapping morphology.
The differentiation of oligocystic SC from MCN is impor-
tant because of the malignant potential of mucinous
tumors. Oligocystic SC appears as a multicystic or
lobulated cystic lesion with septation, while MCN
shows a smooth shape, with or without septations.
Calcification in SCs is typically central within the fibrous
stroma, whereas MCN may have a peripheral eggshell
calcification!! 12331,

Microcystic lesion

SC is the only cystic lesion included in this category. The
typical CT appearance of this tumor is similar to that of a
sponge or honeycomb with innumerable tiny -cystic
spaces separated by thin septa. The septa may coalesce
into a characteristic central stellate scar that may calcify,
which is considered to be pathognomonic for SC and
found in about 20% of tumors. The small size of the
cysts and the innumerable enhancing septa may cause
the mass to appear solid on CT. Microcysts may be

seen as numerous discrete foci with bright signal intensity
on T2-weighted MR images, and have little free fluid in
the locules on endoscopic ultrasonography[27’28’33].

Cysts with a solid component

This category includes MCNs and IPMNs that have
undergone malignant degeneration as well as solid neo-
plasms associated with a cystic component or cystic
degeneration. Solid tumors associated with a cystic com-
ponent include cystic pancreatic endocrine tumor, solid
pseudopapillary tumor, cystic change in ductal carci-
noma, and metastasis. Incidentalomas with this appear-
ance need to be aggressively investigated[3 3,

Endoscopic ultrasonography

Because of its ability to obtain fluid for chemical, cytolo-
gical, and genetic evaluation and due to its exquisite
spatial resolution, endoscopic ultrasonography with
fine-needle aspiration is considered the most accurate
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Figure 8§ Incidental main-duct IPMNs that need immediate further evaluation. Two axial MDCT images (a,b) show
distention of the entire pancreatic duct. There is no pancreatic head mass or biliary dilation. (c) MRCP image in a
different patient shows a nodule in the main pancreatic duct as well as multiple side-branch [IPMNs.

but most invasive means of evaluating a cystic pancreatic
mass. Cyst size is the primary determinate of successful
aspiration. A carcinoembryonic antigen level in the aspi-
rate >192 ng/ml has a high specificity for discriminating
mucinous from nonmucinous cysts, with an accuracy
surpassing cyst morphology. Amylase levels <250 U/l
exclude a pseudocyst. Cytologic evaluation can also be
performed to search for frankly malignant cells. In addi-
tion, genetic analysis of the material to search for k-ras,
n-ras, and other mutations should also be considered.
Endoscopic ultrasonography is also superb in detecting
morphologic features that suggest malignant transforma-
tion: focal cyst wall thickening or irregularity, septal
thickening, mural nodules, intracystic solid components,
dilation of the main pancreatic duct, adenopathy, inva-
sion of adjacent fat or organs, and the presence of col-
lateral vessels!**3¢1,

Conclusions and recommendations

Asymptomatic cystic lesions that are <3 c¢cm in size, with-
out mural thickening, mural nodularity, solid compo-
nents, or dilation of the main pancreatic duct are
usually benign and can be safely watched. The minority
that have a malignant potential are usually slow
growing and there is a large body of evidence that they

Table 1 Recommendations for managing an incidental
pancreatic cysts

1. Surgery should be considered for patients with cysts larger
than 3cm

2. If the lesion is a serous cystadenoma, surgery is deferred until the
cyst is >4 cm

3. Patients with simple cysts <3 cm can be followed up, but attempts
to characterize the cysts >2 cm should be made at detection; if
this cannot be done on the available imaging study, MRI is the
preferred procedure

4. Cysts <l cm cannot be further characterized by imaging, but can
be followed less frequently than cysts >3 cm; in elderly patients
(>80 years of age), these cysts likely will not require further
investigation

5. Aspiration is strongly advised to exclude a pseudocyst before any
surgery is performed

6. Patients must remain asymptomatic during the follow-up period

can be safely watched if they meet the criteria listed
abovel?7 =41,

The American College of Radiology (ACR) guidelines
recommend a single follow-up in 1 year for lesions smal-
ler than 2 cm; a follow-up of every 6 months for 2 years
and then yearly for lesions 2—3 cm; and for lesions larger
than 3 cm, resection unless they are SCs or proven to
be pseudocyst through aspiration. These recommenda-
tions are summarized in Table 1 and an algorithmic
approach is shown in Fig. 9. Nonoperative candidates
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Asymptomatic ! Patient with Incidental Pancreatic Cystic Mass
Detected on CT. MRI (with or without contrast) or US

]

<2 em — > 2-3em >3 em
Single follow-up in Imaging characterization. Serous ds Unch d
I yr. preferably MRI# preferably MRI/MRCP cystic mass or other
| cystic neoplasm
Suble Growth Uncharacterized BD-IPMN Serous cystadenoma Consider resection Cyst aspiration
1 cystic mass J- -|- when = 4 cm
Benign, no further Follow-up yearly Follow-up every Foliow.up every Resect, depending
follow-up 6 mo for 2 years * 2yr on co-morbidities
and risk

Figure 9 Flowchart for imaging workup of incidental pancreatic masses in asymptomatic patients. As with all guide-
lines, these are not meant to be a rigid set of rules, but rather a starting point for clinically relevant decision making. BD-
IPMN, branch-duct intraductal papillary mucinous neoplasm; US, ultrasonography. (1) Signs and symptoms include
hyperamylasemia, recent onset diabetes, severe epigastric pain, weight loss, steatorrhea, or jaundice. (2) Consider
decreasing interval if younger, omitting with limited life expectancy. Recommend limited T2-weighted MRI for routine
follow-ups. (3) Recommend pancreas-dedicated MRI with MRCP. (4) If no growth after 2 years, follow yearly. If growth

or suspicious features develop, consider resection.

do not need to be followed. The management should be
altered if there is any increase in cyst size or the devel-
opment of suspicious imaging features or clinical
symptoms!’].

The ACR subcommittee on incidental pancreatic
lesions recommends MRI as the preferred follow-up
examination because of its superior contrast resolution
making the detection of septa, nodules, and main pancre-
atic duct communication easiest to recognize. Irrespec-
tive of the follow-up examination, care must be taken to
ensure that measurements are made carefully and consis-
tently. Growth alone may not be sufficient to recommend
surgery and the cyst content should be aspirated before
surgical excision is performedm.

These recommendations are not offered as standard of
care guidelines. Individual patient factors must be incor-
porated into the clinical decision-making process.
This approach however will help guide the radiologist
and clinician in analyzing most cystic pancreatic
incidentalomas.
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