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William R. Brugge

Massachusetts General Hospital, Boston, USA

Correspondence to: William R. Brugge, MD. Massachusetts General Hospital, Boston, USA. Email: wbrugge@partners.org.

Abstract: Pancreatic cystic lesions (PCLs) are being increasingly identified in recent years. They show a
wide spectrum of imaging and clinical features. The diagnosis and discrimination of these lesions are very
important because of the risk for concurrent or later development of malignancy. PCLs are usually first
diagnosed and characterized by conventional imaging modalities such as trans-abdominal ultrasonography
(US), computed tomography (CT) and magnetic resonance imaging (MRI). However, their ability to
differentiate the benign and malignant lesions remains limited. Endoscopic US may be more helpful for
the diagnosis and differentiation of PCLs because of its high resolution and better imaging characteristics
than cross-sectional imaging modalities. It also allows for fine-needle aspiration (FNA) of cystic lesions for
biochemical, cytological and DNA analysis that might be further helpful for diagnosis and differentiation.
The management options of PCLs are to observe, endoscopic treatment or surgical resection. However, the
decision for management is sometimes hampered by limitations in current diagnostic and tissue sampling
techniques. As further diagnostic and non-invasive management options become available, clinical decision-

making will become much easier for these lesions.
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Introduction

Pancreatic cystic lesions (PCLs) are a broad group of
pancreatic tumors that have varying demographical,
morphological, histological and clinical characteristics.
There has been a large increase in the number of patients
with PCLs in recent years. The rising prevalence might be
caused by significant improvement of imaging technologies,
increased awareness of their existence and the growth of
the aging population. Besides, PCLs are being discovered
increasingly in patients who are otherwise asymptomatic (1).
Image-based studies report prevalence of PCLs ranging
from 1.2% to 19% (1-3). Among 24,039 computed
tomography (CT) or magnetic resonance imaging (MRI)
scans, 290 patients (1.2%) had pancreatic cysts, and a
majority of the patients had no history of pancreatitis (4).
In an autopsy series of 300 patients, 186 cystic lesions
were found in 73 of 300 autopsy cases (24.3%) (5). The
prevalence of cysts increases with age (2).

© Journal of Gastrointestinal Oncology. All rights reserved.

PCLs may be classified simply into two main classes such
as non-neoplastic and neoplastic cysts (Box I). Neoplastic
cysts are more commonly defined as pancreatic cystic
neoplasms (PCNs). It is important to distinguish non-
neoplastic cysts from neoplastic or non-mucinous from
mucinous cysts because the latter are considered being
premalignant lesions. In general, non-neoplastic cysts
account up to 80% of all PCLs. However, the rate of PCNs
increases significantly with age (1,4). Diagnostic methods,
management algorithms and treatment options of PCLs
have been developed significantly in recent years. In this
chapter, the major types of PCLs are reviewed based on the
recent advances in diagnosis and management.

Non-neoplastic cysts
Pseudocysts

Pancreatic pseudocysts are inflammatory fluid collections
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Box 1 Classification of pancreatic cystic lesions (PCLs)

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 neoplastic lesions
Serous cystic neoplasm (SCN)
Solid-pseudopapillary neoplasm (SPN)
Cystic neuroendocrine neoplasm
Acinar-cell cystic neoplasm
Other neoplastic lesions
Ductal adenocarcinoma with cystic degeneration

associated with pancreatitis and account approximately
80% of PCLs. They predominantly develop in adult men
as a complication of alcoholic, biliary, or traumatic acute
pancreatitis (6). The term “pseudocyst” refers to the fact
that this cystic lesion has no epithelial lining and therefore
is not a true cyst. Fluid collections adjacent to the pancreas
are the most common complication of acute and chronic
pancreatitis. In the setting of acute pancreatitis, a focal
fluid collection located in or near the pancreas occurs
without a wall of granulation and or fibrous tissue (7).
The development of a well-defined wall composed of
granulation or fibrous tissue distinguishes a pseudocyst from
an acute fluid collection. The formation of a pseudocyst
usually requires four or more weeks from the onset of
acute pancreatitis. Without an antecedent episode of acute
pancreatitis, pseudocyst may arise insidiously in patients
with chronic pancreatitis (8). A pseudocyst is usually rich in
pancreatic enzymes and is usually sterile. Pseudocysts are
mostly single but can be multiple in 10% of cases. They are
commonly round or oval, but some may be multilocular and
irregular in shape (Figure I). The size of pseudocysts varies
from 2 to 20 cm (6-8).

Small pancreatic pseudocysts are usually intimately
associated with the pancreas and are surrounded by a thin
wall. Large pseudocysts may occupy spaces adjacent to the
stomach and pancreas or remote areas, including the chest.
The histologic features of pseudocyst walls are similar in all
types of pseudocysts, consisting of fibrosis and inflammatory
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tissue. Most pancreatic pseudocysts originate from large or
small leaks from the ductal system and persist because of the
constant filling by pancreatic secretions (7).

The symptoms associated with chronic pancreatic
pseudocysts are usually mild. The common symptoms
are recurrent abdominal pain, early satiety, nausea and
vomiting. In general, the size and the duration of the
clinical course of the pseudocyst are the most important
predictors of symptoms (9). With large pseudocysts, there
may be a palpable fullness or a mass that is sensed by the
patient or an examining physician. As a result of gastric
compression, weight loss is observed in 20% of patients,
and is a result of poor intake as well as maldigestion.
Jaundice as manifest by icterus, dark urine, and pruritus,
and acolic stools may be noted in 10% of patients. The
onset of jaundice is usually slow, as a result of bile duct
compression by the pseudocyst or the inflamed pancreas
itself. Fever is unusual in chronic, uncomplicated
pseudocysts and its presence should raise the suspicion of
an occult infection of a pseudocyst (10).

Diagnosis

Pancreatic pseudocysts are commonly diagnosed based
on clinically apparent clues or patient history, but in some
instances this diagnosis can be difficult to conclude because
the acute episode of pancreatitis may not be apparent or
the patient may have mild chronic pancreatitis. Trans-
abdominal ultrasonography (US) is usually the method of
choice for the initial investigation of the pseudocysts. They
usually appear as an echoic structure associated with distal
acoustic enhancement. The sensitivity of US is inferior to
CT which has a sensitivity of 90% to 100% for detection
of pancreatic pseudocysts. A round, fluid filled structures
surrounded by a thick, dense wall adjacent to pancreas on
an abdominal CT in a patient with a history of pancreatitis
is nearly diagnostic for pancreatic pseudocysts (6). The
adjacent pancreas typically may reveal evidence of acute or
chronic pancreatitis. Large pseudocysts may appear in the
mediastinum or pelvis or involve the mesentery. Although
pseudocysts are most commonly unilocular, fibrotic strands
within the cavity may cause multiple septations, commonly
encountered in patients with post pancreatitis, complex fluid
collections. The pseudocyst cavity may also contain debris,
blood, or infections that appear as high-attenuation areas
within the fluid-filled cavity. It may be difficult to distinguish
between pseudocysts and pancreatic mucinous cysts without
the use of cyst fluid analysis in some cases. CT scans can also
provide more detailed information regarding the surrounding
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Figure 1 A schematization of morphologic details in common cysts of pancreas. MCN, mucinous cystic neoplasm; IPMN, intraductal

papillary mucinous neoplasm.
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Figure 2 EUS-FNA of a pseudocyst with alcoholic chronic
pancreatitis. Cyst fluid amylase was very high and cyst cytology was
negative for malignant cells, and no definitive epithelial cells were
identified. FNA, fine-needle aspiration.

Figure 3 A unilocular, 7 cm in diameter pancreatic pseudocyst

with debris.

anatomy and can demonstrate additional pathology. MRI
and magnetic resonance cholangiopancreatography (MRCP)
are also sensitive diagnostic methods but they usually do not
add extra information on CT (11). Endoscopic retrograde
cholangiopancreatography (ERCP) is not used for diagnosis of
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pseudocysts but it can be helpful for treatment in some cases.

EUS is usually used to further evaluate pancreatic cysts
detected by other imaging modalities and most useful to
distinguish pseudocysts from other PCLs (12). Pseudocysts
appear as anechoic, fluid-filled structures adjacent to the
upper GI tract and pancreas in EUS (Figure 2). Early fluid
collections associated with acute pancreatitis will not be
surrounded with a wall, whereas pseudocysts are often
surrounded by a thick, hyperechoic rim. Calcifications in a
cyst wall are highly suggestive of a mucinous cystadenoma,
rather than a pseudocyst. Debris in the dependent portion
of the cavity is common and may represent blood, infection,
or necrotic material. Color Doppler of the wall will often
reveal multiple, prominent vessels, including paragastric
varices. EUS guided fine-needle aspiration (FNA) with cyst
fluid analysis will differentiate between pseudocysts and
neoplastic cysts in more than 90% of patients (Figure 3) (10).
A high concentration of amylase in aspirated fluid is
predictive of a connection with the main pancreatic duct
and helps confirm the diagnosis of a pseudocyst duct and
helps confirm the diagnosis of a pseudocyst. Pseudocysts
should have relatively low levels of CEA and this might
be helpful for differentiation from intraductal papillary
mucinous neoplasms (IPMN) and mucinous cystic neoplasm
(MCN) (13). The aspirated fluid is examined cytologically
for degenerative debris, inflammatory cells and histiocytes.
If there is cytologic evidence of epithelial cells with the cyst
fluid, this should raise the suspicion of a cystic neoplasm
rather than a pseudocyst (13). The presence of granulocytes
in the aspirated fluid is suggestive of an acute infection.

Treatment

Simple, peripancreatic fluid collections that arise during
acute pancreatitis usually resolve spontaneously. Without
a constant source of fluid from an epithelium, pseudocysts
have also the potential for spontaneous resolution. Small
pseudocysts, less than 4 cm in diameter, often resolve and
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Figure 4 Endoscopic cystgastrostomy.

are rarely associated with complications, but in general,
larger cysts are more likely to become symptomatic or cause
complications. Spontaneous resolution of pseudocysts takes
place through drainage into the GI tract or the pancreatic
duct. In longterm observational studies, fewer than 10% of
patients will suffer a complication. The main indications
for drainage of pseudocysts are persistence or complications
(infection, bleeding, gastric outlet or biliary obstruction).
Forty percent of pseudocysts less than 6 cm will require
drainage (14).

Drainage of pancreatic pseudocysts may be accomplished
with a variety of procedures (15). A drainage catheter may
be placed percutaneously into the fluid cavity under the
CT/US guidance, and fluid is drained into an external
collection system. The short-term success rate of this
relatively simple technique is very high but it has a high risk
of infections and creates significant patient discomfort (6).
Surgical drainage of pseudocysts is performed by providing
a large anastomosis between the pseudocyst cavity and the
stomach or small bowel. Overall success rate of surgical
drainage is very high but it is an invasive technique with
high complication rates. It should be reserved for those
patients that cannot tolerate or failed other drainage
methods (16).

Drainage of pancreatic pseudocysts using endoscopic
techniques is the current preferred method (17). Drainage
is accomplished with either a transpapillary approach with
ERCP or direct, endoscopic drainage across the stomach
or duodenal wall. A transpapillary approach with drainage
is used when the pseudocyst communicates with the main
pancreatic duct, usually in the head of the pancreas. The

© Journal of Gastrointestinal Oncology. All rights reserved.

transpapillary approach has also proven successful in the
drainage of infected pseudocysts or pseudocysts associated
with strictures or leaks of the main pancreatic duct (18).
A transgastric or duodenal approach is used when the
pseudocyst is directly adjacent to the gastroduodenal
wall. EUS is used to determine the size, location, and
thickness of the pseudocyst wall. A cyst wall thickness
of more than 1 cm or the presence of large intervening
vessels or varices as evident by the EUS examination are
relative contraindications for endoscopic drainage. With
the presence of a visible bulge in the wall of the stomach
or the duodenum, endoscopic drainage is successful by the
placement of transmural catheters or stents. EUS guidance
is required if a bulge is not evident during the endoscopic
evaluation prior to drainage. EUS-guided drainage is
possible with the therapeutic linear echoendoscopes.
This approach has proven highly successful and can be
used for infected pseudocysts. Endoscopic drainage of
necrotic pancreatic tissue through an endoscopic cyst-
gastrostomy or duodenostomy is possible using balloon
dilation and creating a fistulous tract (Figure 4). Overall, the
complication rate of elective endoscopic drainage is about
13%, with success rates of more than 90% and recurrence
rates of less than 10% (10).

The major pancreatic cystic neoplasms (PCNs)

PCN are classified at Box 1. The four major types of PCNs
are IPMN, MCN, serous cystic neoplasm (SCN) and solid-
pseudopapillary neoplasm (SPN). The proportion of PCNs
varies with population. In the Western Hemisphere, SCNs
account for 32% to 39%, MCNs for 10% to 45%, IPMNs
for 21% to 33%, and SPNs for less than 10% of all PCNs.
A nationwide survey from Korea reports the proportions
of PCNs which are composed of IPMNs (41.0%), MCNs
(25.2%), SPNs (18.3%), SCNs (15.2%), and others (0.3%)
(1,19). Distinguishing among the four most common types
of cysts is important, since the diagnosis and management
varies with each type of cyst (Table I).

Intraductal papillary mucinous neoplasms (IPMNs)

IPMNs are mucinous cystic lesions of the pancreas that
are characterized by neoplastic, mucin-secreting, papillary
cells projecting from the pancreatic ductal surface (20).
They arise from the epithelial lining of the main pancreatic
duct or its side branches. Intraductal proliferation of
mucin-producing columnar cells is the main histologic
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Table 1 Characteristics of common pancreatic cysts

379

Parameters

Pseudocyst

IPMN (MD and BD)

MCN

SCN

Demographic

Location

CT/MRI

EUS findings

Cytology

Cyst fluid
analyses

Confocal
endomicroscopy

Alcohol abuse, the history
of pancreatitis, middle-
aged men

Common in tail, solitary
small to very large size

Usually unilocular cyst,
paranchimal inflammatory
changes

Thick-walled, anechoic,
unilocular cystic lesion,
chronic pancreatitis

Degenerative debris,
inflammatory cells,
histiocytes, no epithelial
cells

Thin, clear or brown to
green, non-mucinous,
sometimes hemorrhagic,
CEA concentration very
low, amylase and lipase
concentrations usually high
No description yet

Middle aged and older
individuals

Common in pancreatic
head, may be incidental
and multifocal

MD: diffuse or focal
involvement of MPD; BD:
cyst or cluster of cysts,
may be multifocal, ductal
communication

MD: dilation of MPD,
hyperechoic nodules
arising ductal wall; BD:
small-cluster of grape-
like dilations of BD, mural
nodule

Colloid-like mucin, mucin
stains positive, mucinous
epithelial cells with
varying degrees of atypia,
sparsely cellular

Thick, viscous mucus,
CEA concentration
usually high, amylase
concentration may be
high c (60%), KRAS
mutation (+) (80%)
Epithelial villous
structures; no vascular
networking

Middle-aged women

Body and tail, incidental,
single lesion

Large cysts with thick
septae, peripheral
calcification, wall
thickening

Macrocystic lesion

with few septations.
Sometimes focal,
peripheral, calcification,
no ductal dilation.
Atypical papillary
projections may seen
Mucinous epithelial cells
with varying degrees

of atypia, colloid-like
mucin, mucin stains
positive

Thick, viscous mucus,
CEA concentration
usually high, KRAS
mutation (+) (14%),
GNAS mutation (-)

Epithelial villous
structures; no vascular
networking

Usually in older women

Entire pancreas, many small
cysts or oligo/macrocystic

Microcystic multiple small
cyst, central fibrous scar
with calcification, sometimes
oligocytic

Multiple, small, anechoic
cystic areas and
‘honeycamp’ appearance,
sometimes central fibrosis
or calcification

Usually acellular and non-
diagnostic, small cluster of
cells with bland cuboidal
morphology, glycogen stain
positive, mucin negative
Clear and thin, may be
hemorrhagic, CEA and
amylase concentrations very
low

Thickened cyst wall;
unilocular vascular
networking; fibrous bands

MD, main duct; BD, branch duct; MPD, main pancreatic duct; IPMN, intraductal papillary mucinous neoplasm; MCN, mucinous
cystic neoplasm; SCN, serous cystic neoplasm; CT, computed tomography; MRI, magnetic resonance imaging; CEA,

carcinoembryonic antigen.

characteristics of IPMNs and intraluminal growth cause
dilatation of the involved duct and its proximal segment.
They are usually found in the head of the pancreas as a
solitary cystic lesion, but in 20% to 30% of the cases they
may be multifocal. In 5% to 10% of cases they may involve
the pancreas diffusely (20,21). IPMNs have become a major
clinical focus as a result of their increased identification
in recent years. This may be due to a true increase in the
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incidence by aging of the population, improvement in the
understanding of IPMN, and/or increased use of cross-
sectional imaging in clinical practice. In fact, the true
incidence of IPMN is unknown; however, they are reported
to be the one of the most common among the PCNs which
accounts 20% to 50% of all PCNs (1,20,21).

IPMNs may range from premalignant lesions with
low-grade dysplasia to invasive malignancy and they have a
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Figure 5 MRI finding of a branch-duct IPMN (BD-IPMN) at
the tail of the pancreas. Note the fine septations. MRI, magnetic
resonance imaging; IPMN, intraductal papillary mucinous
neoplasm; BD-IPMN, branch-duct IPMN.

clear tendency to become invasive carcinoma (22,23). The
World Health Organization (WHO) classified IPMNs
into three subgroups according to degree of dysplasia:
(I) IPMN with low- or intermediate-grade dysplasia;
(II) IPMN with high-grade dysplasia (carcinoma in situ);
and (ITT) IPMN with an associated invasive carcinoma.
According to the involvement of pancreatic ductal system,
IPMNs are classified as either main-duct IPMN (MD-
IPMN) or branch-duct IPMN (BD-IPMN). If both main
and branch ducts are involved together, then defined as
combined-type IPMN. The clinicopathologic behavior of
combined-type IPMN is similar to that of MD-IPMN. The
neoplastic epithelium may show diverse architecture and
cytology. Four subtypes of IPMNs have been characterized:
gastric, intestinal, pancreatobiliary, and oncocytic. Most of
BD-IPMNs are composed of gastric-type epithelium.
However, intestinal type is more common in MD-IPMN. In
a recent report, the four subtypes of IPMNs were associated
with significant differences in survival (24). Patients with
gastric-type IPMN had the best prognosis, whereas those
with intestinal and pancreatobiliary type had a bad prognosis.

Diagnosis

IPMNs are most commonly asymptomatic and discovered
incidentally on routine imaging. Some patients may present
with recurrent non-specific or pancreatitis-like symptoms
such as abdominal discomfort, abdominal pain, malaise,
nausea and vomiting (20). Weight loss, diabetes mellitus,
and jaundice may be detected especially in patients with an
associated invasive carcinoma. IPMNs are usually detected
in the elderly, mostly diagnosed after the fifth decade of life
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with a slight male dominance. Routine blood tests, such
as complete blood count, liver function test, amylase, and
lipase, are usually within normal limits or show nonspecific
changes in patients with IPMNs. Serum CA19-9 and
carcinoembryonic antigen (CEA) are generally not of
diagnostic value (1).

Imaging plays a crucial role for detecting IPMNs (25).
The aim of imaging for IPMN are: (I) to detect IPMN and
exclude other cystic lesions of the pancreas; (I) to differentiate
the MD-IPMN and BD-IPMN; (III) to determine the risk of
malignancy and to evaluate the resectability. Different imaging
modalities are used to reach these goals.

ERCP was the standard diagnostic tool for IPMN in the
past (25). In MD-IPMN, the hallmark finding is a diffusely
dilated main pancreatic duct with filling defects correlating
to mucinous filling or papillary tumors. For BD-IPMN, the
affected branch ducts are cystically dilated and communicate
with the main pancreatic duct. In some occasions, the
cystic side branch ducts do not fill with contrast due to
mucus plugging. In some cases, duodenoscopy during
ERCP reveals a patulous duodenal papilla and mucin
extrusion through the orifice. The use of ERCP for the
diagnosis of IPMN is limited by its invasiveness and risk
of complications. In some cases, visualization of the entire
pancreatic duct system is not possible because of copious
amount of mucin.

In clinical practice, PCLs including IPMN are usually
first diagnosed by conventional imaging modalities such
as transabdominal US, CT and MRI (26,27). These tests
are usually performed for unrelated conditions. The
anatomic location, size, number, locularity, septation,
calcification, pancreatic duct dilation and appearance of
cysts on the conventional imaging might be helpful to
differentiate the type of the cysts (Figure 5). MRCP can
show communication between the duct and cyst more
clearly and might be better than CT for the diagnosis
of IPMN. However, with advances in multidetector CT,
imaging details of CT including visualization of ductal
communication have improved similar to those of MRI/
MRCP (1,25). Both CT and MRI can also detect metastasis
in case of invasive carcinoma associated with IPMN.

EUS may be more helpful for the diagnosis and
differentiation of IPMNs because of its high resolution and
better imaging characteristics than cross-sectional imaging
modalities (28). It is particularly useful when the diagnosis
is uncertain at cross-sectional imaging methods, for cysts
with worrisome features in CT/MRI and for verification
of malignancy before surgery in high risk patients with
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Figure 6 EUS finding of a branch-duct IPMN (BD-IPMN) with
a mural nodule (arrow). IPMN, intraductal papillary mucinous
neoplasm; BD-IPMN, branch-duct IPMN.

comorbidities or older age. EUS findings of IPMN include
segmental or diffuse, moderate to marked dilatation of
the main pancreatic duct, often associated with intraductal
nodules in MD-IPMN. Obstruction of the main pancreatic
duct with mucus can result in parenchymal changes. The
pancreas may appear to be enlarged and may show signs of
pancreatitis, or pancreatic parenchymal atrophy. Because
of these changes, it is sometimes difficult to differentiate
IPMN from chronic pancreatitis. BD-IPMN consists of
multiple 5 to 20 mm cysts that have the appearance of a
“cluster of grapes.” The main duct is mildly dilated or not
dilated in BD-IPMN. The internal septation, debris, cyst
wall thickening, papillary projections and mural nodule
of cysts can be visualized effectively (Figure 6). Vascular
invasion and lymph node metastases can also be detected
successfully (1,12,20,28).

EUS criteria associated with malignancy in IPMN
patients include marked dilatation of the main pancreatic
duct (>10 mm) in MD-IPMN and large tumors (>40 mm)
with irregular septa in BD-IPMN; mural nodule greater
than 10 mm in height was associated with malignancy in
both MD-IPMN and BD-IPMN (29). Large unilocular
cystic component, focal hypoechoic mass, thick septations
and thickening of cyst wall are also features of malignant
or potentially malignant lesions. Based on these criteria,
the accuracy of EUS to discriminate between benign and
malignant IPMN varies from 40% to 90% in different
studies (30). EUS has been found more accurate than
transabdominal US, ERCP and cross-sectional imaging
methods for the diagnosis of malignancy in patients
with IPMN. The limitations of EUS include operator
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dependence and the inability to differentiate between
malignancy and areas of focal inflammation that infiltrate
pancreatic parenchyma and mimic malignancy.

EUS also allows for FNA of cystic lesions for biochemical,
cytological and DNA analysis that might be further helpful
for diagnosis and differentiation (31,32). Macroscopically,
highly viscous fluid is the first clue that the cyst is likely
IPMN or MCN. High concentration of CEA reflects the
presence of a mucinous epithelium and it is elevated in
both IPMNs and MCNs. Thus, it is mainly beneficial to
distinguish mucinous cysts from non-mucinous. It does not
differentiate IPMNs from MCNs or benign IPMNs from
malignant IPMNSs. A cut-off CEA level of 192 ng/mL has the
sensitivity of 73%, specificity of 84%, and accuracy of 79%
for differentiating mucinous from non-mucinous PCLs (33).
Among all the cyst fluid diagnostic parameters, CEA
concentration alone is the most accurate test for the diagnosis
of cystic mucinous neoplasms. Due to connectivity to the
pancreatic ductal system, amylase level may be elevated in
IPMNs. However, the utility to differentiate IPMNs from
other PCLs is not clear.

A recent study identified glucose and kynurenine to be
differentially expressed between non-mucinous and mucinous
pancreatic cysts (34). Metabolomic abundances for both
were significantly lower in mucinous cysts compared with
non-mucinous cysts. The clinical utility of these biomarkers
will be addressed in future studies. Cytological examination
alone is often non-diagnostic due to the low cellularity of
the aspirated fluid. Cytology is the most accurate test for
the detection of malignancy in patients with mucinous cysts
and a “positive” or “malignant” diagnosis is generally 100%
specific (35). In addition, the presence of high grade epithelial
atypia in the cyst fluid analysis has a high accuracy of 80% to
predict malignancy (36).

DNA analysis of pancreatic cyst fluid demonstrated
that KRAS mutation is highly specific (96%) for mucinous
cysts but the sensitivity is only 45%. KRAS is an early
oncogenic mutation in the adenoma-carcinoma sequence
but cannot distinguish a benign from malignant mucinous
cyst. A recent study demonstrated that the GNAS mutation
detected in cyst fluid can separate IPMN from MCN but,
similar to KRAS mutations, do not predict malignancy (37).
The absence of a GNAS mutation also does not correlate
with a diagnosis of MCN because not all IPMNs will
demonstrate a GNAS mutation. A GNAS mutation was
present in 66% of IPMNs and either KRAS or GNAS
mutations were identified in 96% of IPMNs.

Confocal laser endomicroscopy (CLE) is a novel imaging
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Figure 7 nCLE probe and papillary structures in an intraductal
papillary mucinous neoplasms (IPMN) case.

Table 2 “High-risk stigmata” and “worrisome features” of

IPMN on cross-sectional imaging

High-risk stigmata
Obstructive jaundice in a patient with cystic lesion of the
head of the pancreas
Enhancing solid component within cyst
Main pancreatic duct size of 5-9 mm
Main pancreatic duct >10 mm in size
Worrisome features
Cyst >3 cm
Thickened/enhancing cyst walls
Non-enhancing mural nodule
Lymphadenopathy
Worrisome features

IPMN, intraductal papillary mucinous neoplasm.

technology that uses low-power laser to obtain in vivo
histology of the gastrointestinal mucosa. Recently, a CLE
miniprobe has been developed to use during EUS-FNA
to visualize cyst wall and epithelium directly through a
19-gauge FNA needle (Figure 7). Technical feasibility of
this probe was shown and the preliminary studies of PCLs
revealed that the presence of epithelial villous structures
was associated with IPMNs, with 59% sensitivity and 100%
specificity (38).

Management

The mean frequency of malignancy in MD-IPMN
is 61.6% and the mean frequency of invasive IPMN is
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43.1%. Considering these high incidences of malignant/
invasive lesions and the low 5-year survival rates (31-54%),
international consensus guidelines recommend resection for
all surgically fit patients with MD-IPMN (29). If the margin is
positive for high-grade dysplasia, additional resection should
be attempted to obtain at least moderate-grade dysplasia at the
surgical margin. The same guideline recommended evaluation
but no immediate resection for patients with a MPD diameter
of 5-9 mm as a “worrisome feature”.

The mean frequency of malignancy in resected
BD-IPMN is 25.5% and the mean frequency of invasive
cancer is 17.7%. BD-IPMN mostly occurs in elderly patients,
and the annual malignancy rate is only 2-3%. These factors
support conservative management with follow-up in patients
who do not have any symptoms or risk factors predicting
malignancy such as mural nodule, rapidly increasing cyst size
and high grade atypia in cytology. There is insufficient data to
support immediate resection for all BD-IPMNs >3 cm without
“high-risk stigmata” and “worrisome features” (29) (Zable 2).

According to international guidelines, there is still an
important group of patients who surgical treatment is
controversial. Particularly younger patients (<65 years) with
BD-IPMN need long-term follow-up which increase the
cumulative risk of malignancy and cost of management.
The resection is also not clear for BD-IPMNs >3 cm
without “high-risk stigmata” and “worrisome features”. In
addition, there are patients who refuse surgery or high-
risk surgical candidates. As a result, these kinds of patients
warrant a more conservative management for IPMNs and
EUS-guided cyst ablation therapies has been introduced as
an alternative treatment (39). Injection of a cytotoxic agent
into a PCL will result in ablation of the cyst epithelium.
The first cytotoxic agent used was ethanol and it was found
to provide greater rates of complete ablation as compared
with saline lavage. Ethanol lavage has been coupled with
paclitaxel injection in a large series with a variety of
PCLs (39,40). The combination of ethanol and paclitaxel
injection resulted in elimination of the cysts, as determined
by CT scanning, in 29/47 (62%) of patients, in a median
follow-up period of 21.7 months. These studies were not
specifically for IPMNs alone, the participating subjects
were heterogeneous and contained IPMNs and other
PCLs. Radiofrequency ablation (RFA) of PCNs has been
recently described in a pilot study of six patients (41). The
post procedure imaging at 3-6 months showed complete
resolution of the cysts in two patients, whilst in three
patients there was 48.4% reduction in size. These initial
results suggest that the procedure is technically easy and
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safe. However, more studies are needed to show especially
the effectiveness of the method.

After resection, the overall recurrence rate of IPMN
varies from 7% to 30% and regular follow-up and
monitoring of disease for recurrence is needed. A regimen
consisting of yearly CT or MRI/MRCP for non-invasive,
and every 6 months for invasive IPMNs have been mostly
suggested during follow-up (29).

The aims of long term follow-up for unresected
IPMNs are to detect a possible malignant transformation
from originally benign lesion, and a concomitant ductal
adenocarcinoma of the pancreas (42). The international
guidelines have suggested follow-up of patients with
BD-IPMNs <2 cm and without any “worrisome features”
by cross-sectional imaging modalities (<1 cm in 2-3 years,
1-2 c¢m in yearly then lengthen interval if no change). For
BD-IPMNs >2 cm and without any “worrisome features”,
EUS follow-up for 3-6 months, then lengthen the interval
if there is no change and alternating MRI have been
recommended.

Mucinous cystic neoplasms (MCNs)

MCN:s are defined as cyst-forming epithelial neoplasms
that are usually without communication with the pancreatic
duct and composed of columnar, mucin-producing ductal
epithelium with an underlying ovarian-type stroma
(1,43). Nearly all MCNs are surrounded by a thick layer
of spindle cells containing receptors for progesterone
and estrogen. The dense ovarian-like tissue simulates an
ovarian hamartoma and, at times, a sarcoma. The possible
derivation of the stromal component of MCNs from
ovarian tissue is supported by morphology and the tendency
to undergo luteinization. It has been hypothesized that
ectopic ovarian stroma incorporated during embryogenesis
in the pancreas may release hormones and growth factors,
causing nearby epithelium to proliferate and form cystic
tumors. The mucinous transitional epithelium is the source
of nearly all malignancies arising from MCNs. Similar
to IPMNs, MCNs are classified according to the grade
of dysplasia: (I) MCN with low or intermediate-grade
dysplasia; (II) MCN with high-grade dysplasia; and (III)
MCN with an associated invasive carcinoma (44,45).
Macroscopically, MCNs present as single spherical
masses. The lesions may be unilocular or multilocular.
The cysts contain thick mucin or a mixture of mucin and
hemorrhagic-necrotic material. There is no communication
between the tumor and the pancreatic duct, unless
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there is fistula formation. The frequency of the lesion
communicating with the pancreatic duct system may be
high. In a Japanese multi-institutional report, 18.1% (25 of
138 patients) of MCNs demonstrated communication with
the pancreatic duct (46).

MCNs almost exclusively occur in women, with a peak
incidence in the fifth decade. The body and the tail of the
pancreas are predominantly affected. Up to one-third of
MCN:s are reported to harbor an invasive carcinoma. Risk
factors for the presence of malignancy include large tumor
size, associated mass or mural nodules, and advanced age.
Around 30% of the patients may be without symptoms
or signs (47). Symptomatic patients may complain of
abdominal pain, palpable mass, weight loss, anorexia,
fatigue, or jaundice. Some patients may present with
pancreatitis. The results of routine laboratory testing are
usually nonspecific. Patients with bile duct obstruction
display a cholestatic liver function abnormality (48).

On CT, MCNs appear as large cysts with thin septae;
the septae are best shown after the administration of
intravenous contrast. Calcifications may be seen, which are
lamellated and located on the periphery of the lesion, in
contrast to the central, stellate calcifications of the SCN.
On MRI, the cysts have high signal intensity (bright) on
T2-weighted images. On T1-weighted images with
intravenous gadolinium administration, the wall and the
septae are more conspicuously demonstrated. The presence
of peripheral calcification, wall thickening, and thick
septations can be suggestive of a malignant MCN. In a
study of 52 patients with MCNS, the presence of these three
findings predicted a 95% risk of malignancy (49).

EUS findings of MCN are thin-walled, septated fluid-
filled cavities with diameter greater than 1 to 2 cm (3). Duct
communication is rarely seen. Increased size, cyst-wall
irregularity and thickening, intracystic solid regions, or an
adjacent solid mass are findings suggestive of malignancy.
Cyst CEA levels are high as a result of secretion by the
mucinous epithelium. As mentioned, it is difficult to
distinguish MCN from IPMN on the basis of cyst fluid
cytology. Since MCNs rarely communicate with the
pancreatic duct, ERCP is not routinely performed in the
evaluation of MCNs.

Current consensus guideline advocates that all MCNs
should be resected, unless there are contraindications
for operation (29). For MCNs of <4 cm without mural
nodules, laparoscopic resection as well as parenchyma-
sparing resections and distal pancreatectomy with spleen
preservation is recommended. Surgical resection is curative
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Figure 8 CT findings of SCN. (A) Axial image. Note the septa
coming from the central scar; (B) sagittal image. Note the focal
high-intensity lesion within a cyst representing hemorrhage

(arrow). CT, computed tomography; SCN, serous cystic neoplasm.

in nearly all patients with noninvasive MCN. Non-invasive
MCNs require no surveillance after resection. For MCNs
with an associated invasive carcinoma, prognosis depends
on the extent of the invasive component, tumor stage, and
resectability. The 2-year survival rate and 5-year survival
rate of patients with resected MCN with an associated
invasive carcinoma are about 67% and 50%, respectively (1).
EUS-guided cyst ablation therapies may be considered for
patients who are not a good candidate for surgery or refused
the surgery.

Serous cystic neoplasms (SCNs)

SCNs are cystic neoplasms arise from centroacinar cells and
composed of cuboidal, glycogen-rich epithelial cells. The
lesions are filled with serous fluid. According to the degree
of dysplasia, they are classified as either serous cystadenoma
or serous cystadenocarcinoma. SCNs occur more frequently
in women. Patients are usually diagnosed with SCN in
their late 50s or early 60s. They occur more frequently in
the body or the tail of the pancreas. Despite their benign
nature, these lesions tend to grow slowly and may achieve
large diameters (50).

Nearly 90% of von Hippel-Lindau (VHL) syndrome
patients are reported to develop SCNs and 70% of serous
cystadenomas has a mutation in the VHL gene (51).
K-ras mutations are rarely seen in SCNs. SCNs are rarely
malignant; only about 25 malignant cases have been reported
to this date (1). SCNs are usually single, round lesions, with
diameters that can be greater than 20 cm. On cross section,
the cysts are composed of numerous microcysts filled with
serous fluid (Figure I). SCNs do not communicate with
the pancreatic duct. A dense fibronodular scar is often
located in the center of the lesion. A single layer of cuboidal
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epithelial cells lines the cysts. The central scar is composed
of acellular hyalinized tissue and a few clusters of tiny cysts.
The lesions are rich in vascular epithelial growth factor
receptors, and a complex vascular structure supports the
lesion. Four variants of serous cystadenoma are known. The
serous epithelial components of these variants are identical
to those of serous cystadenoma. They are macrocystic serous
cystadenoma, solid serous adenoma, VHL-associated SCN,
and mixed serous neuroendocrine neoplasm. Macrocystic
serous cystadenomas include previous serous oligocystic and
ill-demarcated serous adenoma. Solid serous adenomas
are well-circumscribed neoplasms that have a solid gross
appearance; they share the cytologic and immunohistologic
features of classic SCN. VHL-associated SCN describes
multiple serous cystadenomas and macrocystic variants
that occur in VHL syndrome patients. In patients with
VHL, SCNs typically involve the pancreas diffusely or in
a patchy fashion (52). The mixed serous neuroendocrine
neoplasm is the rare entity of serous cystadenomas associated
with pancreatic neuroendocrine neoplasms. This is highly
suggestive of VHL syndrome.

Most patients are without symptoms or signs on diagnosis.
Symptomatic patients may present with abdominal pain,
palpable mass, anorexia, jaundice, fatigue/malaise, or weight
loss (45).

On CT and MRI, SCNs may have the classic microcystic
appearance or the less common oligocystic appearance
(Figure 8). Microcystic-type lesions comprise multiple small
cysts. A central fibrous scar with calcification, which occurs
up to 30% in SCNs, is considered pathognomonic. The
dense tissue is arranged in a stellate form. In some cases,
the small cysts and dense fibrous component may make the
lesions appear solid on CT. The oligocystic pattern is often
difficult to differentiate from MCN on CT/MRI because of
the morphologic similarities (53).

Oligocystic SCNs should be suspected when a
unilocular cystic lesion with lobulated contour without wall
enhancement is located in the pancreatic head (45). On
T1-weighted fat-suppressed MRI, the fluid component
shows lower signal intensity compared to the fibrous matrix.
On T2-weighted images, the fluid becomes bright. On
EUS, the typical SCN has multiple small, anechoic cystic
areas and thin septations. Because of the vascular nature
of the SCN, aspirants from EUS-FNA may be bloody or
contain hemosiderin-laden macrophages. Aspirated cyst
fluid is low in CEA concentration. The yield of cytology
with EUS-FNA is poor (54). A superficial vascular network
sign, corresponding to a dense and subepithelial capillary
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Figure 9 Demonstration of vascular network on cyst wall by confocal

laser endomicroscopy (CLE) in a patient with serous cystadenoma.

vascularization, has been visualized in SCNs by nCLE of
with 63% sensitivity and 100% specificity in a recent study
of 18 cases (Figure 9).

The prognosis for patients with SCN is excellent. Even in
the rare cases of serous cystadenocarcinoma, there are reports
of a long-term survival after resection. Currently, proposed
indications for surgical resection are presence of symptoms,
size of greater than 4 cm, and uncertainty about the nature of
the cystic neoplasm. Although increased size does not predict
malignancy, large SCNs are reported to grow at a faster rate
and are more likely to cause symptoms (50,52).

Solid-pseudopapillary neoplasms (SPNs)

SPNs are low-grade malignant neoplasms composed
of monomorphic epithelial cells that form solid and
pseudopapillary structures. Microscopically, they are a
combination of solid pseudopapillary component and
hemorrhagic-necrotic pseudocystic components. The solid
portion is formed with poorly cohesive monomorphic cells
and myxoid stromal bands containing thin-walled blood
vessels. When the poorly cohesive neoplastic cells fall
out, the remaining neoplastic cells and the stroma form
the pseudopapillae. Mucin is absent, and glycogen is not
conspicuous. Macroscopically, SPNs are large, round, single
masses (average size, 8-10 cm). They are well demarcated
and often fluctuant. The cut section discloses lobulated solid
areas and zones with a mixture of hemorrhage, necrosis, and
cystic degeneration. SPN’s frequently undergo hemorrhagic
cystic degeneration (55).

SPNs without histologic criteria of malignant behavior,
such as perineural invasion, angioinvasion, or infiltration
of the surrounding parenchyma, may metastasize.
Therefore, all SPNs are classified as low-grade malignant
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neoplasms (56). SPNs occur predominantly in young
women. The mean age at diagnosis is in the patient’s 20s
or 30s. Symptomatic patients may present with pain, mass,
anorexia, nausea/vomiting, jaundice, or weight loss. SPNs
are reported to occur evenly throughout the pancreas.

On CT, SPNs appear as well-circumscribed and
encapsulated masses with varying areas of soft tissue and
necrotic foci. The capsule is usually thick and enhancing.
Peripheral calcification has been reported up to 30%
of patients. No septations are visualized. On MRI, the
neoplasm is shown as a well-defined lesion with a mix of
high and low signal intensity on T1- and T2-weighted
images, which reflects the complex nature of the mass. Areas
filled with blood products demonstrate high signal intensity
on T1-weighted images and low or inhomogeneous signal
intensity on T2-weighted images (57).

On EUS, SPNs are usually well-defined, hypoechoic
masses. They may be solid, mixed solid and cystic, or cystic.
Internal calcifications can be seen in some patients. The
reported diagnostic accuracy of EUS-FNA for SPN based
on cytology and immunohistochemistry is 65%. Aspirated
cyst fluid may display necrotic debris. The cyst fluid CEA is
low, reflecting the presence of nonmucinous epithelium (58).

The mainstay of treatment is surgery. After complete
surgical resection, 85% to 95% of patients are cured (1).
Even in cases with local invasion, recurrences, or metastases,
long-term survival have been documented (59). No definite
biological or morphologic predictors of outcome have been
documented. Suggested indicators of poor outcome include

old age and SPNs with an aneuploidy DNA content.

General approach to pancreatic cystic lesion (PCL)

There are many suggested algorithms on the management
of PCLs (Figure 10) (14,60). Much emphasis is placed on
the size and the morphology of the PCLs. Once confronted
with a PCL, the first step is to differentiate PCNs from
pseudocysts. The diagnosis of pseudocysts is primarily
based on a patient history compatible with pancreatitis,
with additional information from biochemical and imaging
features. However, patients with PCNs may present with
pancreatitis; patients with pseudocysts may have no apparent
history suggestive of pancreatitis. Once pseudocysts have
been excluded, the type of PCN should be determined.
The primary focus should be on differentiating between
mucinous (IPMN and MCN) and serous (SCN) cysts.
Once a mucinous cyst has been diagnosed, patients with
MD-IPMN, combined-type IPMN, and MCN should
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IPMN detected with MDCT or MRI

Maln duct IPMN

Comblned IPMN
Symptomatic side-branch IPMN

>3 cm

Asymptomatic slde-branch IPMN

\ l High risk

Risk and benefits of surgery >

Positive cytologic result

Low risk

Resection

Figure 10 Suggested algorithm for pancreatic cyst management.

undergo a surgical consultation. Patients with BD-IPMN
should be managed using the algorithm of the consensus
guideline. SCNs should be observed, unless they are
symptomatic or large (>4 cm).

There are no strict published guidelines on the indication
for EUS-FNA of PCLs. In general, there is no need for
EUS-FNA of all cystic lesions with a clear diagnosis by
cross-sectional imaging unless the results will impact
patient management. IPMN lesions measuring more than
2 cm should be aspirated if the findings of a benign cytology
will indicate the need for continued surveillance. If there is
diagnostic uncertainty, the cyst fluid should be analyzed for
CEA, KRAS and GNAS. Each analysis can be performed
with less than 0.3 mL of fluid. If the primary question is
whether the cyst is malignant or benign, the fluid should
be sent for cytology. Cyst fluid for DNA mutations may
supplement the results of cytology, particularly when a small
volume of cyst fluid is available.
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