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Abstract
Rapid advances in radiologic technology and increased 
cross-sectional imaging have led to a sharp rise in 
incidental discoveries of pancreatic cystic lesions. 
These cystic lesions include non-neoplastic cysts with 
no risk of malignancy, neoplastic non-mucinous serous 
cystadenomas with little or no risk of malignancy, 
as well as neoplastic mucinous cysts and solid 
pseudopapillary neoplasms both with varying risk 

of malignancy. Accurate diagnosis is imperative as 
management is guided by symptoms and risk of 
malignancy. Endoscopic ultrasound (EUS) allows high 
resolution evaluation of cyst morphology and precise 
guidance for fine needle aspiration (FNA) of cyst fluid 
for cytological, chemical and molecular analysis. Initially, 
clinical evaluation and radiologic imaging, preferably 
with magnetic resonance imaging of the pancreas and 
magnetic resonance cholangiopancreatography, are 
performed. In asymptomatic patients where diagnosis 
is unclear and malignant risk is indeterminate, EUS-
FNA should be used to confirm the presence or 
absence of high-risk features, differentiate mucinous 
from non-mucinous lesions, and diagnose malignancy. 
After analyzing the cyst fluid for viscosity, cyst fluid 
carcinoembryonic antigen, amylase, and cyst wall 
cytology should be obtained. DNA analysis may add 
useful information in diagnosing mucinous cysts 
when the previous studies are indeterminate. New 
molecular biomarkers are being investigated to improve 
diagnostic capabilities and management decisions in 
these challenging cystic lesions. Current guidelines 
recommend surgical pancreatic resection as the 
standard of care for symptomatic cysts and those with 
high-risk features associated with malignancy. EUS-
guided cyst ablation is a promising minimally invasive, 
relatively low-risk alternative to both surgery and 
surveillance. 
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Core tip: Endoscopic ultrasound with fine needle 
aspiration (EUS-FNA) is an important and safe 
diagnostic tool in pancreatic cystic lesions to help 
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diagnose malignancy, identify features concerning 
for malignancy, and differentiate mucinous from non-
mucinous cysts. More recently EUS-guided pancreatic 
cyst ablation may offer a minimally invasive and safer 
alternative to surgical resection for carefully selected 
pancreatic cysts. 
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INTRODUCTION
Endoscopic ultrasound with fine needle aspiration 
(EUS-FNA) has revolutionized diagnosis, and more 
recently treatment, of a variety of gastrointestinal 
conditions accurately and safely. This includes the 
seemingly ubiquitous pancreatic cystic lesion. The rapid 
advancement and widespread use of cross-sectional 
imaging has resulted in more incidentally discovered 
pancreatic cysts. Recent studies from the United states 
have estimated an overall prevalence of 2.5%[1]. 
Pancreatic cysts may be seen in as many as 14%-20% 
of magnetic resonance imaging (MRI) studies[2,3] and 
in 3% of computed tomography (CT) scans[4]. The 
prevalence of these incidental cystic lesions is directly 
correlated to increasing age[5]. Internationally, studies 
have shown steadily increasing rates of detection of 
pancreatic cysts over the years[6] and, specifically, 
intraductal papillary mucinous neoplasms (IPMN)[7]. 
In addition to increased frequency, the median size 
of these incidentally detected lesions has decreased 
by about half from 3 cm to 1.5 cm over 12 years in a 
Korean study[6] and from 4 cm to 2 cm over 5 years in 
a study from the United States[8].

This trend of increased discovery of pancreatic 
cysts is particularly important because specific types 
of pancreatic cystic lesions have varying potential 
for malignant transformation[9]. A study of a large 
national database estimated the overall prevalence 
of malignant cysts as 33 in 100000[1], and recent 
natural history studies have estimated 1.3%-3.3%[6,8]. 
Pancreatic cysts can generally be classified as non-
neoplastic, neoplastic and necrosis of solid tumors. 
Non-neoplastic cysts have no malignant potential; 
these include pseudocysts, retention cysts, mucinous 
non-neoplastic cysts, lymphoepithelial cysts and 
benign epithelial cysts. Two-thirds of pancreatic 
cysts are cystic neoplasms (Table 1); these include 
mucinous cysts [mucinous cystic neoplasms (MCN) 
and intraductal papillary mucinous neoplasms (IPMN)], 
non-mucinous cysts [serous cystadenoma (SCA)] and 
solid pseudopapillary neoplasms (SPEN). Mucinous 
cysts and SPENs are considered premalignant or 
may harbor malignancy. There is further variability in 

malignant potential among the premalignant mucinous 
subtypes [MCN, branch duct (BD)-IPMN, main 
duct (MD)-IPMN and mixed/combined IPMN]. Non-
mucinous SCAs have little to no malignant potential. 
Consequently, these different types of cystic lesions 
require a range of different management strategies, 
from monitoring to surgical resection, depending on 
the risk of malignant transformation[10,11]. Therefore, 
accurate diagnosis is of the utmost importance.

Initial diagnostic testing usually focuses on 
radiologic imaging. Following incidental identification of 
a pancreatic cyst, MRI of the pancreas with magnetic 
resonance cholangiopancreatography (MRCP) is 
recommended[12]. If MRI/MRCP cannot be performed, 
a pancreatic protocol multidetector (MD) CT should 
be obtained. MRI/MRCP is preferable as it is better 
able to evaluate septa, nodules, main pancreatic duct 
involvement, branch duct involvement, communication 
with the main pancreatic duct and cyst contents/
debris; and is 79%-82% accurate in identifying 
mucinous cysts[13-16]. Both CT and MRI predict the 
presence of malignancy in pancreatic cysts with 
73%-79% accuracy[17]. A recent retrospective study 
of resected pancreatic cysts noted MRI was 100% 
accurate for diagnosing mucinous and malignant cysts, 
although sample size was small (4-7 patients), while 
CT was 53%-56% accurate[18].

ROLE OF EUS IN DIAGNOSIS OF 
PANCREATIC CYSTS
Clinical evaluation, MDCT and MRI may be sufficient 
to make the diagnosis and guide management 
when certain pathognomonic and/or characteristic 
features are present[9-11,19]. While individual cyst types 
do have characteristic morphologic features, their 
actual appearance on imaging studies can be very 
similar[20,21]. Clinical and radiologic findings are often 
indeterminate, making diagnosis and estimating risk 
of malignancy difficult. A recent study examined the 
diagnostic utility of EUS and EUS-FNA beyond that 
of radiology. EUS with or without cyst fluid aspirate 
analysis [cytology, amylase and carcinoembryonic 
antigen (CEA)] was more sensitive (76%) than CT or 
MRI (48% and 34%) for differentiating neoplastic from 
non-neoplastic cysts[22]. While these results indicate 
EUS may be useful in identifying neoplastic cysts, the 
accuracy of radiologic imaging in this study was far 
lower than has been demonstrated by others. This 
study also only applies to resected cysts, which may 
bias in favor of EUS.

Following initial evaluation it is necessary to 
decide if a patient requires further diagnostic testing 
by EUS/EUS-FNA, radiologic surveillance or surgical 
resection. Patients with symptomatic pancreatic cysts 
(e.g., pancreatitis) should be evaluated for surgery. 
In addition, the 2012 International Association of 
Pancreatology (IAP) guidelines for mucinous cysts 
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recommends that patients with these “high risk 
stigmata” for malignancy should undergo surgical 
evaluation: obstructive jaundice with a cyst located 
in the pancreatic head, a solid component with 
post-contrast enhancement, or a main pancreatic 
duct diameter ≥ 10 mm[23]. Patients suspected of 
having SPENs should also be referred for surgery. 
Among asymptomatic patients with incidental cysts, a 
decision analysis study compared three management 
strategies: radiologic follow-up, surgery for all surgical 
candidates and an EUS-directed approach. The most 
cost-effective approach was to use EUS-FNA to guide 
the decision to manage the cystic lesion with radiologic 
follow-up or surgery[24].

The suggested approach to asymptomatic patients 
with incidentally discovered cysts is based on cyst size 
and the presence of features concerning for malignancy 
(solid component, mural nodule and main pancreatic 
duct ≥ 1 cm) (Figure 1)[10]. Patients with cysts < 1 
cm and no concerning features can be followed with 
radiologic imaging unless any change (e.g., increased 
size) is detected, at which point EUS-FNA is warranted. 
In patients with cysts > 1 cm, further investigation by 
EUS-FNA would be advised to rule out the presence 
of concerning features and determine if the cyst is 
mucinous. In a recent retrospective study of resected 
cysts > 3 cm, EUS-FNA with cytology and cyst fluid 
analysis correctly identified mucinous and non-
mucinous lesions in 88% of cases[18]. Even in patients 
with high risk features or imaging consistent with 
SPEN where surgery is indicated, evaluation by EUS-

FNA and/or endoscopic retrograde pancreatography 
may be helpful in confirming risk of malignancy (or 
malignancy) prior to resection, particularly if the 
patient is a poor or reluctant surgical candidate. The 
same study of resected cysts > 3 cm found that 65% 
of these cysts were benign and that cytology, cyst fluid 
CEA and amylase had a negative predictive value of 
94.1% for malignancy, which may allow conservative 
management in high-risk surgical candidates[18].

Among the mucinous lesions, MCN and IPMN can 
often be difficult to distinguish. In cases where these 
two types are lesions are suspected, the 2012 IAP 
guidelines recommend EUS in patients who present 
with pancreatitis or “worrisome features” (size ≥ 
3 cm, thick enhancing wall, non-enhancing nodule, 
main pancreatic duct diameter 5-9 mm, abrupt 
change in duct diameter with distal gland atrophy and 
lymphadenopathy)[23]. In these cases EUS should be 
used to confirm nodules, main duct involvement and 
cytological atypia with FNA. Surgery is indicated if 
any of these three features are confirmed. In cases 
where these features are absent, close surveillance 
of cysts > 2 cm by EUS and MRI is recommended. 
Alternatively, surgery may be considered in a young 
otherwise healthy person who would require prolonged 
monitoring. When initial EUS is inconclusive, cysts 
should be closely monitored with EUS and MRI[23].

EUS MORPHOLOGY
EUS is a minimally invasive procedure allowing high 
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Table 1  Characteristics of common pancreatic cystic lesions

Characteristic Pseudocyst SCA MCN MD-IPMN1 BD-IPMN1 SPEN

Male:female 1:1 1:4 Nearly all female 2:1 2:1 1:4
Age (yr) 40-70 60-80 30-50 60-80 60-80 20-30
Location Any Any Body, tail (90%) Any (head and 

uncinate 50%)
Any (head and 
uncinate 50%)

Body, tail (60%)

Imaging features Unilocular, 
thick or thin 

walled

Multilocular, 
lobulated. Typically 

microcystic 
appearance. Central 

scar

Unilocular, smooth 
and encapsulated. 

Septations and 
peripheral 

calcifications possible

Diffuse or focal 
main duct dilation. 
Fish-mouth papilla 
with visible mucus

Dilated side branches. 
Lobular with 

septations. “Bunch of 
grapes” appearance

Unilocular, encapsulated 
with solid and cystic 

structure. Hemorrhagic 
components

Communication 
with main duct

Variable None None Yes Yes None

Cytology Cyst 
contents

Cuboidal cells. 
Glycogen (+), PAS 

(+) and hemosiderin-
laden macrophages

Columnar cells. Atypia 
varies. Mucin (+)

Columnar cells. 
Atypia varies. 

Mucin (+)

Columnar cells. 
Atypia varies. Mucin 

(+)

Branching papillae and 
fibrovascular stroma. 

Vimentin (+), chromogranin 
(-) and keratin (-)

Amylase (U/L) > 250 < 250 < 250 > 250 > 250 N/A
CEA (ng/mL) < 5 < 5 > 192 > 192 > 192 N/A
KRAS mutation None None Yes Yes Yes N/A
Malignant potential None Very rare Yes (6%-27%) Yes (40%-70%) Yes (15%-20%) Yes (2%-15%)
Morphological 
predictors of 
malignancy

None None > 6 cm, solid 
component, 

peripheral nodules or 
calcifications

Main duct ≥ 8 mm, 
solid component, 

nodules

≥ 3 cm, solid 
component, nodules, 

main duct ≥ 1 cm, 
and suspicious/

malignant cytology

None

1Mixed IPMN have features of both MD and BD-IPMN. SCA: Serous cystadenoma; MCN: Mucinous cystic neoplasm; MD-IPMN: Main duct intraductal 
papillary mucinous neoplasm; BD-IPMN: Branch duct intraductal papillary mucinous neoplasm; SPEN: Solid pseudopapillary neoplasm; PAS: Periodic 
acid-Schiff stain; CEA: Carcinoembryonic antigen.
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to MRI in its sensitivity for identifying septa (77.8%), 
mural nodules (58.3%), main duct dilation (85.7%) and 
communication with the pancreatic duct (88.9%)[17].

Nodules are an important predictor of malignancy, 
but may be difficult to distinguish from mucus. Mucus 
appears as a hypoechoic lesion relative to adjacent 
tissue with a smooth, hyperechoic rim (Figure 2H). 
On the other hand, nodules are iso- or hyperechoic 
compared to adjacent tissue without a hyperechoic 
rim or smooth edge (Figure 2I). During EUS, rotating 
the patient and trying to move the lesion with a FNA 
needle can also help to differentiate mucus from a 

resolution diagnostic evaluation of the pancreatic 
parenchyma and ductal system. A linear echoendo
scope should be used to evaluate pancreatic cystic 
lesions as FNA may be performed. EUS is particularly 
valuable in assessing diagnostic features and potential 
predictors of malignancy, including size, shape (lobular 
vs smooth contour), number of cysts, calcifications, 
cyst wall structure (thick vs thin wall), septa, nodules, 
solid masses associated with the cyst, pancreatic duct 
diameter, communication with the pancreatic duct, 
and lymphadenopathy (Table 2, Figures 2A-G). In a 
study of 50 patients EUS was found to be comparable 
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Asymptomatic 
cyst on imaging 

(CT or US)

MRI/MRCP 
(or pancreatic 
protocol CT)

Cyst size 1-3 cm 
and no high risk 

features

Cyst size < 1 cm 
and no high risk 

features

Cyst size > 3 
cm, high risk 

features, or SPEN

MRI 
surveillance

If change, 
EUS-FNA

EUS-FNA to confirm no 
high risk features and  

diagnose cyst (mucinous 
vs  nonmucinous)

EUS-guided cyst 
ablation ± MRI  

surveillance

EUS-FNA to confirm 
high risk  features 

and diagnose 
mucinous cyst

Surgical 
candidate

MRI surveillance Surgery
Yes

No

Figure 1  Approach using endoscopic ultrasound in the diagnosis of asymptomatic pancreatic cystic lesions. CT: Computed tomography; EUS: Endoscopic 
ultrasound; EUS-FNA: Endoscopic ultrasound-guided fine needle aspiration; MRCP: Magnetic resonance cholangiography; MRI: Magnetic resonance imaging; SPEN: 
Solid pseudopapillary neoplasm; US: Ultrasound.

Table 2  Endoscopic ultrasound features suggestive of mucinous or malignant cysts

EUS Feature Type of cyst Concerning for increased risk of malignancy

Size - > 3 cm
Shape Smooth unilocular: pseudocyst or MCN

Lobular, multilocular: SCA or BD-IPMN
-

Number of cysts Multiple: BD-IPMN -
Calcifications Central scar: pathognomonic for SCA 

Peripheral calcification: pseudocyst, SPEN, MCN
Peripheral calcification in MCN

Cyst wall Thick: pseudocyst, cystic neuroendocrine, MCN, SPEN Thick
Septa - Thick 
Nodule - Presence
Solid mass - Presence
Debris Pseudocyst -
Pancreatic duct diameter Dilated > 5 mm: MD-IPMN or mixed IPMN Dilated > 8-10 mm
Communication with pancreatic duct IPMN, pseudocyst -

EUS: Endoscopic ultrasound; MCN: Mucinous cystic neoplasm; SCA: Serous cystadenoma; BD-IPMN: Branch duct intraductal papillary mucinous 
neoplasm; MD-IPMN: Main duct intraductal papillary mucinous neoplasm; SPEN: Solid pseudopapillary neoplasm; IPMN: Intraductal papillary mucinous 
neoplasm. 
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nodule. A pathology-based study of MCN and BD-
IPMN confirmed the modest diagnostic accuracy of 
EUS for a nodule (57%)[25]. However, after training 
endosonographers in the above EUS criteria for diffe
rentiating a nodule from mucus, accuracy improved 
to 79%. The sensitivity and specificity of EUS (75% 
and 83%) were superior to CT (24% and 100%) for 
nodules[25], and likely surpasses diagnostic yield of MRI 
as well when using these defined criteria. In addition, 
EUS is superior to CT and potentially MRI for detecting 
small pancreatic masses[26,27]. EUS demonstrated 98% 
sensitivity compared with 86% for MDCT for identifying 
pancreatic masses[26]. Data comparing EUS and 
MRI is limited with an older study supporting higher 
sensitivity for EUS. More studies are needed using the 
newer MRI machines.

A recent multicenter study from Korea examined 84 

resected BD-IPMNs in order to evaluate EUS predictors 
of malignancy in BD-IPMNs[28]. An EUS scoring system 
(0-10) was developed in which points were assigned 
based on cyst size, mural nodules, pancreatic duct 
dilation, thick septa and the characteristic “patulous”
papilla[28]. This scoring system was found to have 
an overall area under the curve of 0.944 with 75% 
sensitivity and 94% specificity for malignant BD-IPMN 
using an EUS score cutoff of ≥ 7. In their data, this 
EUS score was more specific than the 2012 IAP criteria 
(16%) and mural nodules alone (46%), but less 
sensitive (2012 IAP criteria 100% and mural nodules 
94%).

Despite the utility of EUS imaging in diagnostic 
evaluation and estimating malignant potential of 
pancreatic cysts, EUS alone is not adequate for 
diagnosis of pancreatic cysts. A multicenter trial 
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Figure 2  Endoscopic ultrasound imaging. A: A lobular microcystic lesion consistent with serous cystadenoma; B: A smooth, unilocular, thin walled cyst consistent 
with mucinous cystic neoplasm; C: A cyst with peripheral calcification (arrow) and debris layering at the bottom of the cyst consistent with pseudocyst; D: A thick walled 
cyst filled with debris representing walled-off pancreatic necrosis; E: A cyst communicating with a nondilated main pancreatic duct (arrow) representing branch duct 
intraductal papillary mucinous neoplasm; F: A multiseptated lobular cyst appearing like a “cluster of grapes” consistent with branch duct intraductal papillary mucinous 
neoplasm; G: A well-defined heterogeneous mass-like lesion with hyperechoic foci and small anechoic focus diagnosed as solid pseudopapillary neoplasm on 
cytology; H: A unilocular cyst with mucus (arrow) appearing hypoechoic relative to the adjacent pancreatic parenchyma with a smooth hyperechoic rim; I: Endoscopic 
ultrasound-guided fine needle aspiration of a nodule which appears isoechoic with pancreatic parenchyma without a hyperechoic rim within a dilated main pancreatic 
duct. Cytology showed adenocarcinoma.
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Table 3  Endoscopic ultrasound-fine needle aspiration cyst fluid analysis

Cyst fluid marker Type of cyst Sensitivity Specificity

CEA < 5 ng/mL SCA, pseudocyst, neuroendocrine tumor 54%   94%
CEA >192 ng/mL Mucinous cyst (MCN or IPMN) 73%   84%
CEA > 800 ng/mL Mucinous cyst (MCN or IPMN) 98%   48%
Amylase < 250 U/L Excludes pseudocyst 44%   98%
KRAS mutation + LOH Malignant cyst 37%   96%
KRAS mutation Mucinous cyst (MCN or IPMN) 54% 100%

of 341 patients found EUS morphology to be only 
56% sensitive and 45% specific (51% accurate) 
in distinguishing mucinous from non-mucinous 
cysts[29]. Furthermore, EUS performance is highly 
operator dependent. Agreement among expert 
endosonographers (performed > 1000 pancreas EUS) 
was better than semi-experts (performed 50-200 
pancreas EUS) in a Dutch study[30]. However, even 
among expert endosonographers, interobserver 
agreement was fair to moderate in distinguishing 
mucinous and non-mucinous cysts [intraclass 
correlation coefficient (ICC) = 0.43][30,31]. There was 
good agreement among experts for nodules (ICC 
0.65); moderate for solid component (ICC = 0.52) 
and communication between cyst and main duct 
(ICC = 0.44); and fair for suspected malignancy (ICC 
= 0.27)[30]. An earlier study of 31 cases found only 
fair interobserver agreement (κ = 0.24) among 8 
endosonographers at tertiary care referral centers for 
distinguishing neoplastic from non-neoplastic lesions 
by EUS, with accuracy ranging from 40%-93%[31].

EUS-FNA
Due to the limitations of imaging alone, diagnosing 
pancreatic cysts requires a combination of diagnostic 
imaging and cyst fluid analysis. Under EUS-guidance, 
FNA can safely obtain cyst fluid for cytologic and 
molecular analysis[32]. Cysts should be at least 1 cm 
in size to obtain sufficient fluid for analyses. The 
general technique of EUS-FNA of pancreatic cysts is 
similar to FNA of solid lesions with a few differences to 
minimize complications. Cyst fluid is usually aspirated 
with a single pass using a 22 or 25-gauge aspiration 
needle with the goal of completely collapsing the 
cyst. Occasionally 19-gauge aspiration needles can 
be advanced into larger cysts with thick fluid although 
these larger needles are difficult to use in the pancreatic 
head or uncinate process. A dose of prophylactic 
intravenous antibiotics (usually fluoroquinolone) is 
recommended followed by 3 d of oral antibiotic to 
prevent infection from cyst aspiration[33].

 Before sending the cyst fluid for testing, visual 
inspection of the fluid may offer diagnostic clues. 
Fluid viscosity may be evaluated by the “string sign”: 
a drop of fluid is placed between the thumb and first 
finger and slowly pulled apart. If the fluid stretches 

out at least 3.5 mm, this is consistent with a mucinous 
cyst[34]. SCAs typically have thin, serosanguinous or 
frankly bloody fluid while pseudocyst fluid appears 
cola-colored and fluid from lymphangiomas may look 
like milk. 

Cyst fluid aspirates are often virtually acellular and 
consequently cytology has generally limited utility (< 
50% sensitive) in diagnosing mucinous lesions[29,35,36]. 
Exceptions include cyst fluid cytology of cystic 
neuroendocrine tumors, SPENs, and lymphangiomas 
where diagnostic yield may be higher[37-41]. Specifically 
targeting the cyst wall during aspiration has been 
shown to increase the diagnostic yield of cytology 
for mucinous lesions by 29% compared to fluid 
cytology[42]. This is a simple technique whereupon 
after cyst fluid is aspirated and the cyst wall collapsed, 
the needle is advanced back and forth through the 
wall several times, and the tissue sent for cytology. 
A core biopsy needle may increase diagnostic yield 
from pancreatic cysts without increased complications. 
A study of 60 cysts biopsied using the 22 gauge 
Procore Echotip biopsy needle (Cook Medical, Ireland) 
reported a 65% sample adequacy rate and 100% 
concordance between biopsy diagnosis and surgical 
pathology (available in 28% of the patients) with only 
minor complications in 3.3% of patients[43]. Further 
studies are needed to compare fine needle biopsy with 
fine needle aspiration. In order to further improve 
diagnostic yield and accuracy, FNA should also target 
mural nodules and/or solid components when present. 

Chemical analysis of cyst fluid usually measures 
carcinoembryonic antigen (CEA) and amylase con
centrations (Table 3). Amylase below 250 U/L can 
rule out a pseudocyst with 98% specificity[44]. Usually, 
although not always, amylase is lower in SCA. Typically 
amylase levels are higher in IPMN than MCN although 
they can be similar as well. CEA is the main biomarker 
used to determine if a cyst is mucinous. CEA > 192 ng/
mL is 73% sensitive, 84% specific, and 79% accurate 
for mucinous lesions from the classic study by Brugge et 
al[29]. The exact threshold used for diagnosing mucinous 
cysts remains debated with higher levels yielding 
greater specificity but lower sensitivity. For example, 
CEA > 800 ng/mL is 98% specific but only 48% 
sensitive for mucinous cysts, which means that cysts 
with elevated CEA are almost always mucinous while 
many mucinous cysts with CEA < 800 will be missed[44]. 

CEA: Carcinoembryonic antigen; SCA: Serous cystadenoma; MCN: Mucinous cystic neoplasm; IPMN: Intraductal papillary mucinous neoplasm; LOH: 
Loss of heterozygosity.
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Conversely, low CEA < 5 ng/mL is 95% specific for 
SCA, pseudocyst, or neuroendocrine tumor[44]. Cyst 
fluid CEA is not predictive of malignancy[45]. It is 
important to note that currently available assays are 
validated for measuring serum, but not cyst fluid, CEA 
concentrations. Consequently, there is as much as 85% 
variation in mean cyst fluid CEA concentrations among 
the various assays[46].

Molecular analysis of aspirated cyst fluid for DNA 
mutations may help to distinguish mucinous from 
non-mucinous cyts. A study including 142 surgically 
resected cysts found that KRAS mutation was 54% 
sensitive and 100% specific for mucinous cysts[47]. 

Specifically, KRAS mutations were 67% sensitive 
for IPMNs but only 14% sensitive for MCN. Using a 
combination of CEA and KRAS improved sensitivity 
for mucinous lesions to 83% but specificity dropped 
to 85%[47]. On the other hand, a smaller study of 48 
resected cysts reported that combining KRAS, CEA 
and cytology did not improve accuracy compared to 
CEA and cytology or KRAS alone[48]. Two or more loss 
of heterozygosity (LOH) mutations and DNA quantity 
> 40 ng/µL were each less than 11% sensitive 
for mucinous cysts. However, the presence of any 
molecular changes (KRAS, LOH or elevated DNA 
quantity) was over 90% specific for mucinous cysts. 
Consequently, the utility of DNA analysis may be 
limited to patients whose evaluation is indeterminate 
for a mucinous cyst. 

The multicenter pathology-based PANDA study 
suggested that KRAS followed by LOH mutations could 
diagnose malignant cysts with 96% specificity and 
37% sensitivity[49]. Our group evaluated the diagnostic 
accuracy for malignant cysts of the 2006 and 2012 IAP 
guidelines and commercially available DNA analyses 
(KRAS, LOH mutations, and DNA quantity) in 257 
pancreatic cysts[50].  The 2012 guidelines were the most 
accurate for malignant cysts (90% specificity and 88% 
sensitivity). The addition of DNA mutation analysis 
contributed no significant improvement in diagnostic 
performance. To date, studies of commercial DNA 
analyses have not been able to clearly define their role 
in clinical practice[49-53].

Current cyst fluid analyses are unable to con
sistently differentiate specific cyst types or predict 
malignant potential[20,54]. Consequently, differentiating 
benign from pre-malignant cystic lesions remains 
challenging. Recent studies have found that the 
preoperative diagnostic accuracy for specific cyst 
type ranged from 47% to 68% compared to surgical 
pathology[55,56]; accuracy improved to 73% when 
cysts were categorized as benign, premalignant and 
malignant[56]. A retrospective study of 118 patients in 
a community setting suggested a higher accuracy for 
EUS (87%) in distinguishing benign, premalignant, 
and malignant cysts; however, this study is limited 
because 65% of patients were diagnosed mainly by CT 
radiologic surveillance with a median follow-up of only 
337 d[57]. 

Therefore, in light of the limitations of current 
diagnostic tools, novel diagnostic biomarkers have 
received considerable interest[58]. GNAS mutations 
have been associated with IPMNs in resected tissue, 
cyst aspirates and pancreas fluid[59,60]. The combination 
of GNAS and KRAS mutations in aspirated cyst fluid 
has been shown to be specific and sensitive for 
IPMN[61]. Our own study (accepted for publication) 
on resected cysts found GNAS mutations to be 
significantly more prevalent in IPMNs (42%) than 
in SCAs (10%), adenocarcinomas (0%) and MCNs 
(0%). In addition, double mutations in KRAS and 
GNAS only occurred in IPMNs (P = 0.006). A recent 
study of genetic mutations in cyst fluid aspirated by 
EUS-FNA from 91 cysts found that GNAS mutations 
occurred in 39% of IPMNs and 22% of IPMNs with 
adenocarcinoma while KRAS mutations were present 
in 68% and 78%, respectively[61]. Notably, mutations 
in either GNAS or KRAS occurred in 83% of IPMNs, 
89% of IPMNs with cancer and 6% of MCNs, and no 
mutations found in PNETs, SCAs and non-neoplastic 
cysts[61]. The combination of GNAS and KRAS was 98% 
specific and 84% sensitive for IPMN. Poor sensitivity 
for MCNs, as in other mutation studies, resulted in only 
65% sensitivity for mucinous lesions overall. Neither 
gene was predictive of malignant potential within 
mucinous lesions.  

MicroRNA (miRNA) are small noncoding RNA 
which may help diagnose a variety of malignancies 
and potentially pancreatic cystic lesions as well[62]. 
We evaluated miRNA in 69 pathology specimens of 
pancreatic cystic neoplasms, and identified several 
miRNA panels (4 miRNA in each) that differentiated 
SCAs from MCNs and IPMNs, and MCNs from BD-
IPMNs (sensitivity 85%-100% and specificity 100%)[63]. 

These promising miRNA panels now need to be 
validated in EUS-FNA cyst fluid aspirates obtained 
during diagnostic evaluation. A recent study of the 
cyst fluid proteome demonstrated that proteomic 
profiling of mucin in cyst fluid (obtained by EUS-FNA) 
was 98% accurate for pre-malignant and malignant 
cysts[64]. A study of select proteins in 22 cyst fluid 
samples identified a 3 biomarker panel of protein 
glycoforms that was 91% accurate for mucinous 
cysts[65]. Metabolomic analysis has demonstrated that 
metabolites, glucose and kynurenine, were lower in 
mucinous cysts compared to non-mucinous cysts[66]. 
These molecular biomarkers may be able to provide 
improved diagnostic accuracy while requiring only 
small amounts of fluid, particularly as the number of 
small cysts identified by imaging continues to increase. 

EUS-GUIDED THERAPY
For patients with pancreatic cystic neoplasms that 
are symptomatic, malignant, or have a high potential 
for malignant transformation, the current standard 
of care is surgery. Pancreatic surgical resections are 
major procedures associated with a high complication 
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rate (> 40%)[67,68] and long-term morbidity due to 
loss of pancreatic tissue (i.e., diabetes and exocrine 
insufficiency). EUS-guided therapies may provide 
a minimally invasive alternative to surgery in poor 
or reluctant surgical candidates and a low-risk 
intervention in cases where conservative management 
is unsatisfactory because malignant potential is 
uncertain. 

To date ethanol (80%-98%) and paclitaxel have 
been investigated as ablative agents in pancreatic 
cysts. Ethanol has effectively destroyed solid and 
cystic tumors in a number of organs, and elicits better 
response in pancreatic cysts than saline[69]. Ethanol 
lavage is believed to induce cell membrane breakdown, 
rapid protein degradation and vascular blockage[70,71]. 
Paclitaxel is a commonly used chemotherapeutic agent 
which stabilizes the microtubule polymer to inhibit its 
disassembly and consequently induce apoptosis. Its 
hydrophobic and viscous nature allows it to exert a 
long-lasting effect on the epithelial lining of the cyst 
while posing little risk of leakage[72].

Prospective studies evaluating EUS-guided 
pancreatic cyst ablation have shown cyst resolution 
(no visible residual cyst on cross-sectional imaging) 
in 33%-38% of patients using ethanol alone[69,73,74]. 
Injection of paclitaxel produced improved response 
with 60%-79% cyst resolution (< 5% of original 
size on CT follow-up)[75-77]. Long term follow-up of 9 
patients who achieved resolution after ethanol lavage 
found that cyst resolution persisted in all patients 
over a median 26 mo follow-up (range 13-39 mo)[78]. 

In 22 patients undergoing EUS-guided ablation with 
ethanol and paclitaxel, 75% of patients demonstrated 
at least a 75% reduction in cyst volume (complete 
cyst resolution in 50% of patients) over a mean 27 mo 
follow-up (range 17-42 mo), and elimination of pre-
operatively detected DNA mutations in LOH and KRAS 
in 36% of patients[79]. Although this may suggest that 
ablation leads to DNA changes that decrease risk of 
malignant progression, this has yet to be proven and 
new mutations were actually detected in 3 patients.  

The technique of EUS-guided pancreatic cyst 
ablation uses a curvilinear-array echoendoscope. 
Following cyst puncture with a 22-guage needle, 
a syringe is used to completely aspirate cyst fluid, 
similar to when performing standard EUS-FNA of 
a pancreatic cyst. Complete evacuation of highly 
viscous fluid may not be possible, and saline injection 
(0.5-1.0 cc) may help thin the fluid to achieve this[80]. 
Without removing the needle, the cyst cavity is then 
injected with ethanol, equal in volume to the aspirated 
cyst fluid. For 5 min, the cyst cavity is repeatedly 
evacuated and injected. This involves 3-4 lavages 
over the 5 min when cyst fluid is thick, or 7-8 lavages 
if the fluid is thin. The ethanol is then completely 
removed. If used, paclitaxel is then injected into the 
cyst but not removed. At no point should the cyst be 
expanded beyond its original size. Care should be 
taken to ensure that the needle tip remains within the 

cyst during the whole procedure to avoid injury to the 
pancreatic parenchyma and leaks in the cyst wall[80-82].

Ideally, cysts considered amenable to ablation 
should be benign with no malignant features, 2-4 
cm in diameter, uni/oligolocular, and demonstrate 
no connection with the pancreatic duct. Cysts 
consistent with MD-IPMN or features suggestive of 
malignancy should not undergo ablation. Patients with 
active pancreatitis, ascites, portal hypertension or 
coagulapathy are also excluded from cyst ablation.

Cyst ablation has been overall well tolerated 
although complication rates are higher than for 
EUS-FNA of pancreatic cysts. The most common 
acute complication is non-specific post-procedure 
abdominal pain (2%-20%)[69,73-77,79]. Pancreatitis rates 
range between 2%-10% with no reports of severe 
pancreatitis, while other less common adverse events 
include chemical peritonitis with ileus in 3%, gastric 
wall cyst in 3%, and intracystic bleeding in 2% of 
cases. 

While promising, this procedure is still being studied 
as concerns about remnant premalignant epithelium, 
unclear effects on the natural history of cysts, and 
uncertainty over long term monitoring and outcomes 
remain[9,78,82].

CONCLUSION
The increasing number of incidentally discovered 
pancreatic cystic lesions, and their varying potential for 
malignant transformation, makes accurate diagnosis 
and choosing appropriate management strategies 
vitally important. Under current guidelines, EUS and 
EUS-FNA are critical components in the approach to 
evaluating and monitoring these lesions. EUS-FNA 
may provide additional information when the diagnosis 
is unclear, confirm the presence/absence of features 
associated with increased risk of malignancy, diagnose 
malignancy, and monitor for changes in the cysts. Even 
so, diagnosis remains challenging as current radiologic 
imaging modalities and EUS-FNA have proven to be 
limited in diagnostic accuracy. Promising research into 
new imaging, chemical and molecular biomarkers, as 
well as EUS-guided therapies may be able to improve 
diagnosis and management of pancreatic cystic 
lesions.
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