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Managing incidental cystic lesions in 
pancreatic imaging: challenges for the 
radiologist

Cystic pancreatic lesions are generally divided 
into mucinous (30%) and nonmucinous (70%) 
lesions [1]. This distinction is very important 
as mucinous neoplasms require resection 
because they present malignant potential, while 
nonmucinous neoplasms that present low or no 
malignant potential and pseudocysts usually 
do not require surgical intervention. Half of 
cystic pancreatic lesions are asymptomatic and 
incidentally discovered at the time of imaging 
for other reasons. Despite advances in imaging, 
it seems that accurate differential diagnosis 
is not always feasible and guidelines for their 
management are still unclear. The problem 
is that pancreatic surgery carries significant 
morbidity. If resection is performed for all 
incidentally discovered cystic pancreatic lesions, 
there is the potential to harm patients for whom 
the malignant risk is negligible [1].

In this article, the advances of different 
imaging modalities and their accuracy in 
the evaluation and management of cystic 
pancreatic lesions are discussed, guidelines 
and recommendations are given, and future 
perspectives are also described in detail. 

Terminology: classification
Unlike most hepatic and renal cysts, pancreatic 
cystic lesions raise clinical concern because of 
their potential for malignancy. Pseudocysts 
account for almost one-third of pancreatic cystic 
lesions (Figure 1), while approximately 50–60% 
of pancreatic cystic lesions are cystic neoplasms. 
Cystic degeneration of solid neoplasms and 

retention cysts represent the remaining 10% 
(Figure 2). The differential diagnosis for incidental 
pancreatic cystic lesions include benign serous 
cystadenoma or premalignant mucinous cystic 
lesions, which are classified into mucinous cystic 
neoplasms (MCNs), branch duct intraductal 
papillary mucinous neoplasms (BD-IPMNs), 
main duct-intraductal papillary mucinous 
neoplasms (MD-IPMNs) or mixed intraductal 
papillary mucinous neoplasms (IPMNs) [2]. 

The true incidence of malignancy in MCNs is 
unknown, although recent studies suggest rates of 
invasive cancer as 12–29% and carcinoma in situ 
as 5.5% [2]. Approximately 40% of MD-IPMNs 
are malignant at the time of diagnosis. Although 
main pancreatic duct dilation greater than 
15 mm and the presence of mural nodules have 
been associated with malignancy, malignancy 
is also present in up to 30% of patients with 
MD-IPMNs without symptoms, mural nodules 
or marked duct dilation. Approximately 15% 
of BD-IPMNs can also undergo malignant 
transformation [3]. The rate of high-grade 
dysplasia and/or invasive IPMNs is low for 
gastric subtype (25%), higher for intestinal 
subtype (85%) and reaching almost 100% for 
both pancreatobiliary and oncocytic subtypes.

Other less common pancreatic cystic neo-
plasms include solid pseudopapillary neoplasms 
(SPENs), which occur almost exclusively in 
young women. Approximately 10–15% of 
SPENs are malignant, and to date no predic-
tors of aggressive behavior have been identified. 
In addition, less commonly observed lesions 
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such as neuroendocrine or acinar cell tumors 
can sometimes undergo cystic degeneration 
(Figure 3). Finally, in the differential diagnosis of 
incidentally discovered cystic pancreatic lesions, 
lymphoepithelial cyst, echinococcal (hydatid) 
cyst, cystic lymphangioma, as well as cystic 
metastasis, including renal cell carcinoma, 
melanoma, lung tumors, breast carcinoma 
and ovarian tumors, should also be included 
(Figures 4 & 5) [4–7]. 

Imaging modalities
�� Ultrasound

Endoscopic ultrasound (EUS) and cystic 
fluid analysis have become powerful tools in 
the differential diagnosis of incidental cystic 
pancreatic lesions [8]. EUS has many features 
that make it the ideal tool for evaluating 
pancreatic cysts. The strict proximity between 
the transducer and the lesions allows for a very 
precise definition of the structural component 
of the cysts and some components of pancreatic 
cysts, such as thin septa or small mural nodules, 
are better visualized with EUS than with other 
modalities.

With EUS, it is possible to define cystic 
localization, size, locularity, internal structural 

features, mural nodules, contours, cystic wall, 
pancreatic duct involvement and calcification. 
EUS characteristics of the cystic lesions (micro-
cystic, macrocystic, ‘honeycomb’ appearance, 
presence of stellate scar, associated mural nodule 
or solid component and presence of pancreatic 
duct dilatation) can provide additional informa-
tion important for the differential diagnosis and 
patient management (Figures 6 & 7). 

The diagnostic accuracy of EUS morphology 
in differentiating cystic lesions of the pancreas 
varies in different studies and reported results 
are between 51 and 90% [8,9]. In general, it is 
believed that morphological criteria are not 
usually enough to permit differential diagnosis 
among benign, premalignant and malignant 
cystic pancreatic lesions. Therefore, in most of 
the cases fine-needle aspiration (FNA) is needed.

EUS-guided FNA allows for the differentiation 
between neoplastic and non-neoplastic cysts, if 
the amount of aspirated fluid is sufficient for 
proper analysis. Carcinoembryonic antigen 
(CEA) was proven to be one of the most powerful 
markers, presenting a pooled sensitivity of 75% 
and specificity of 84% if a level of >192 ng/ml 
is used as a cutoff value for the detection of 
mucinous neoplasms [9]. Levels <5 ng/ml suggest 
a nonmucinous cyst (serous or pseudocyst). It 
should be noted that high levels of CEA do 
not necessarily associate with malignancy. In 
general, a wide overlap exists and even benign 
lymphoepithelial cysts have been found to 
express high levels of CEA.

Cytology is specific but has a low sensitivity. 
The presence of mucin, cystic fluid CA19-9 
and CEA levels, KRAS mutation and DNA 
analysis could enhance the diagnostic value 
of the pancreatic cystic lesion aspirate, but is 
not available at all institutions [10,11]. If KRAS 
mutation is present in a cyst fluid, the cyst is 
probably mucinous. In the absence of KRAS 
mutation (sensitivity of ~50%), cyst fluid CEA 
is the most accurate marker of a mucinous 
cyst. Positive staining for mucin indicates 
the presence of IPMN (40% specific; 80% 
sensitive). Furthermore, MUC1 is related to 
invasive lesions, while MUC2 and MUC5A to 
noninvasive. 

Another promising application of ultrasound 
(US) is the contrast-enhanced technique. 
Contrast-enhanced US (CEUS) involves the use 
of microbubble contrast agents and specialized 
imaging techniques to demonstrate sensitive 
blood flow and tissue perfusion information. A 
qualitative and quantitative CEUS analysis should 
be performed in order to differentiate pancreatic 

Figure 1. Contrast-enhanced CT showing a 
pseudocyst (arrow) in the pancreatic tail.

Figure 2. Infiltrative necrotic 
adenocarcinoma (arrow) in the pancreatic 
neck on a contrast-enhanced CT.
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cystic lesions. Several parameters are important 
such as peak intensity, time to peak, maximum 
ascending gradient and time to maximum 
gradient. There is a significant difference of 
normalized time to peak ratio and normalized 
time to maximum gradient ratio between the 
benign and malignant lesions. Normalized 
time to peak ratio of <9 s and normalized time 
to maximum gradient ratio of <8.5 s rules out 
malignant cysts in almost 90% of cases.

In centers where CEUS is used for the 
evaluation of cystic pancreatic lesions in daily 
practice, it is demonstrated that this technique 
compares favorably with MRI in displaying the 
anatomic features of cystic pancreatic masses seen 
on transabdominal sonography. The difference 
between the diagnostic accuracy of CEUS and 
that of MRI in the identification of septa and 
nodules was not significant in one study [12]. 

�� CT
With advancements in CT technology and 
improved spatial resolution, unsuspected 
small pancreatic cysts are being detected with 
increased frequency. In a large study conducted 
on the outpatient population, the prevalence of 
unsuspected, asymptomatic cysts identified on 
16-multidetector CT (MDCT) was 2.6%. The 
presence of a cyst showed a strong correlation 
with increasing age, while multiple cysts were 
also revealed in asymptomatic patients [13]. 

Despite advances and technologica l 
development in MDCT, differential diagnosis 
between serous and mucinous cystic lesions, 
which is the critical point for the proper 
management, is not feasible in many cases. There 
is significant variability in the CT appearance of 
serous and mucinous neoplasms of the pancreas, 
making CT an insensitive tool for differentiating 
these tumors. The dimension of the largest cyst 
(<2 cm in serous; >2 cm in mucinous) as well 
as the site of calcifications (central in serous; 
peripheral in mucinous) are the commonest 
criteria used (Figure 8) [14]. 

Typically, benign microcystic adenomas are 
described as multilocular well-circumscribed 
masses that often contain a central stellate scar 
and calcifications. Innumerable small cysts 
ranging in size from 1 to 20 mm are filled with 
clear fluid and have a honeycombed appearance 
on CT as a result of intervening connective tissue 
septa (Figure  9). Mucinous cystadenomas and 
cystadenocarcinomas can appear as unilocular 
or multilocular masses f illed with mucin, 
hemorrhage and debris. Although CT continues 
to be the method of choice for the evaluation 

of pancreatic lesions, it is important to identify 
when the imaging findings are not specific 
enough to confidently exclude a mucinous lesion.

Another important issue that has also been 
discussed and verified in a previous study is 
that the combined opinion of more radiologists 
improves accuracy [15]. It seems that diagnosis 
in consensus, when the final opinion for each 
tumor is determined by agreement between at 
least two of three reviewers, increases specificity. 

�� MRI
The great sensitivity of MR to static f luids 
with highly T2-weighted sequences permits 
demonstration of the fluid content in the cases of 
equivocal microcystic adenoma in other imaging 
modalities (Figure 10). In the cases of mucinous 
tumors, heavily T2-weighted sequences permit 
better identification of the thin septa than CT, 
while MR cholangiopancreatography is a valuable 
technique permitting differentiation between 
mucinous cystadenoma (lack of communication 
between the cystic tumor and the main pancreatic 
duct) and IPMNs (Figure  11). After contrast 

Figure 3. T2-weighted MRI: cystic 
degeneration (arrow) in a case of 
neuroendocrine tumor.

Figure 4. T2-weighted MR fat-suppression 
image. Two incidental cystic lesions (arrows) 
proven to be lymphoepithelial cysts.
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injection, there is variable enhancement of the 
wall, the septa or the solid component. Signs 
considered indicative of potential malignancy 
are papillary proliferations; thick septa; parietal 
nodules; and thick walls. 

Pancreatic MRI shows better diagnostic 
performance than MDCT for differentiating 
IPMN from other cystic pancreatic lesions, 
as it is accurate in the prediction of possible 
communication between a pancreatic cyst and the 
pancreatic duct (Figure 12) [16]. Other researchers 
have shown that MDCT with curved 2D 
reformations can provide imaging details similar 
to MR cholangiopancreatography (Figure 13) [17].

SPENs usually present combined solid and 
cystic features, but they can also be totally solid 
or cystic (figures 14–16). They show areas of high 
signal intensity (SI) on T1-weighted images and 
low or inhomogeneous SI on T2-weighted and 
they do not demonstrate the hypervascularity 
typically seen in islet cell tumors.

Diffusion-weighted MRI (DWI) is becoming 
an important noninvasive technique in the 
characterization of biologic tissues based on 

their water diffusion properties. There are data 
suggesting that DWI may be helpful in the 
differential diagnosis of cystic pancreatic lesions, 
thus affecting proper management. In a recent 
study, it has been shown that on DWI with a 
b factor of 1000  s/mm, all abscesses, hydatid 
and neoplastic cysts were hyperintense, whereas 
most of the simple cysts and pseudocysts were 
isointense. With a b factor of 1000 s/mm, the cyst-
to-pancreas SI ratios of the abscesses, the hydatid 
and neoplastic cysts were significantly higher than 
those of the simple cysts and pseudocysts [18]. 

In another interesting study, the authors 
demonstrated that DWI may differentiate MCNs 
from IPMNs. The higher apparent diffusion 
coefficient (ADC) of IPMNs has been attributed 
to their connection with the pancreatic ductal 
system, presumably allowing for cyst contents to 
move more freely [19]. 

Other researchers have moved one step 
forward, proving that significant differences 
in the mean ADC exist between neoplastic 
versus non-neoplastic and mucinous versus 
nonmucinous lesions in a study conducted on 
3.0-T MRI. However, despite their findings, 
they concluded that although mean ADC 
values and focal cystic pancreatic lesions-to-
pancreas SI and ADC ratios may be helpful in 
differentiating focal cystic pancreatic lesions, 
the characterization of individual focal cystic 
pancreatic lesions by means of 3.0-T DWI 
appears limited [20].

�� 18-fluorodeoxyglucose PET
18-fluorodeoxyglucose PET (F18-FDG PET) 
is a noninvasive imaging technique based on 
tissue metabolism, owing to selective F18-
FDG uptake and retention by malignant or 
inflammatory cells. PET has been proposed as 
a valuable technique for diagnosing and staging 
different malignancies, including pancreatic 
adenocarcinoma and borderline or malignant 
pancreatic cystic lesions.

A study conducted in 56  patients with a 
suspected cystic tumor of the pancreas who 
underwent PET–CT in addition to CT showed 
a sensitivity of 94% and a specificity of 95%. 
The single false-negative result occurred in a 
patient with insulin-dependent diabetes, while 
the only one false-positive result occurred in a 
patient with a mucinous cystadenoma, which is 
considered as a premalignant lesion that requires 
resection [21]. According to a recent review 
article, the sensitivity of F18-FDG PET or 
PET–CT in the differential diagnosis between 
benign and malignant IPMN calculated on a 

Figure 5. T2-weighted MR fat-suppression 
image. A well-defined lesion (arrow) on the 
pancreatic body proven to be a metastasis from 
lung cancer.

Figure 6. The endoscopic ultrasound shows 
a mural nodule (arrow) in a case of an 
atypical incidentally discovered cystic 
pancreatic lesion.
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per-patient-based analysis ranged from 78 to 
100%, while the pooled specificity of F18-FDG 
PET or PET–CT ranged from 87 to 100% [22]. 

It should be noted that the standard uptake 
value is not a specific marker of malignancy. In 
many studies, a statistically significant difference 
between the standard uptake value of benign 
and malignant cystic pancreatic lesions has 
been demonstrated. After receiver operating 
characteristic curve analysis, a standard uptake 
value cutoff value of 2.5 was identified as the 
optimum in terms of the best compromise 
between sensitivity and specificity [22].

A limitation of F18-FDG PET is that, as a 
functional imaging modality, it cannot replace 
anatomic imaging (CT or MRI) in the assessment 
of lesion morphology and local tumor resectability. 
Despite this, F18-FDG PET could be considered 
a sensitive and specific adjunct to CT when 
applied in the preoperative differential diagnosis 
and staging of pancreatic cystic tumors. Positive 
F18-FDG PET findings may change surgical 
decision-making for 16% of patients, either 
suggesting surgical resection for asymptomatic 
patients without signs of malignancy on 
conventional imaging, or avoiding laparotomy 
for patients with hepatic metastases not seen 
on CT. On the other hand, negative F18-FDG 
PET enables planning of a follow-up strategy for 
patients with a positive CT or one suspicious for 
malignancy cystic lesion. The relatively high cost 
of PET scanning is balanced by the number of 
unexpected malignancies detected in addition to 
CT and by avoiding other unnecessary, invasive 
and expensive procedures. 

Accuracy of imaging diagnosis
Despite the advances and applications of 
modern imaging techniques in the differential 
diagnosis of incidentally discovered cystic 
pancreatic lesions, their management continues 
to be debated and preoperative diagnosis is 
often inaccurate. While pancreatic cystic lesions 
may occasionally have characteristic imaging 
features, there is extensive overlap in imaging 
appearance, and all of them may appear as a 
relatively simple cyst. Small lesions are more 
susceptible to misdiagnosis (Figures 17 & 18).

In fact, only microcystic adenoma and main 
duct IPMN can be diagnosed with almost 
complete certainty. In most cases, diagnosis 
of mucinous cystic lesions is hypothetical. A 
unilocular cystic lesion with a thin wall could be 
similar to many other cystic lesions (pseudocyst, 
serous adenoma; Figure 19). On the other hand, 
pseudocysts with necrotic debris may simulate 

parietal nodules of a MCN. In general, the 
ability of imaging to enable a specific diagnosis 
of an individual pancreatic cyst is limited 
(40–60%) [23,24].

CT and MRI are reasonably and similarly 
accurate in the characterization of cystic 
pancreatic masses as benign or malignant. 
Both have limitations, mainly in the small 
morphologically benign-appearing cysts, 
that may finally show moderate frequency of 
malignancy. The level of diagnostic certainty 
depends on experience, while the examination 
protocol and the equipment play a crucial 
role [23]. 

Nowadays, most ‘authorities’ agree that 
no imaging modality is sufficiently accurate 
to differentiate among the multiple benign, 
premalignant and malignant cystic lesions. 
Considerable controversy presently exists with 
respect to the imaging evaluation of small, 
asymptomatic pancreatic ‘cysts’ [24]. 

In a retrospective study reviewing 330 patients 
with incidentally discovered cystic pancreatic 

Figure 7. Curved multiplanar 
reconstruction CT image. Intense contrast 
enhancement of the mural nodule 
(neuroendocrine tumor; arrow). This is taken 
from the same patient as in Figure 6.

Figure 8. Contrast-enhanced CT image. 
Peripheral calcifications are evident in this case 
of mucinous cystic neoplasm (arrow).
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neoplasms in an experienced high-volume center, 
preoperative diagnosis was incorrect in one-third 
of the patients who underwent resection [25]. Of 
presumed BD-IPMN, 20% had a main duct 
component, while 5% of resected cysts were 
not even neoplastic. The diagnosis was correctly 
predicted in 63% of cases when cross-sectional 
(CT or MRI) imaging was used alone; when 
both studies were performed, the accuracy was 
also 63%. Interestingly, it was not improved in 
patients who had EUS in addition to either CT 
or MRI. 

In another large study where CEUS was also 
used, 476 patients were analyzed and the final 
pathologic diagnosis matched the preoperative 
diagnosis in 78% of cases. The highest 
accuracy was reached for SPENs (95%) and 
for mixed duct IPMNs or MD-IPMNs (81%). 
Surprisingly, 23 cysts (5%) were found to be 
ductal adenocarcinoma, whereas 45  patients 
(9%) underwent a pancreatic resection for a non-
neoplastic condition. The accuracy in diagnosing 
rare entities such as cystic neuroendocrine 
neoplasms was only 50% [26].

Although the discrepancy between the 
preoperative and final diagnosis is not that 
important in some cases, in other patients 
the alternative diagnoses might influence the 
clinician towards either more aggressive or more 
conservative management. It should be kept in 
mind that in patients with asymptomatic cysts 
being followed with the presumptive diagnosis 
of BD-IPMN, it is quite probable that this 
diagnosis is incorrect in approximately one-
third. Prospective studies, technology advances 
and new biochemical and genetic techniques 
are obviously necessary to overcome current 
diagnostic pitfalls by imaging. 

Consensus guidelines & 
management recommendations
The decision on whether to observe or to 
operate on a pancreatic cystic lesion depends 
on the presenting symptoms, patient age, 
comorbidities, resectability and morphologic 
features [27,28]. The size of the lesion is not always 
a valid criterion in decision-making because even 
smaller lesions can have malignant potential [29].

The discovery of a pancreatic cyst in a 
asymptomatic patient is even more challenging 
and there are many questions raised concerning 
appropriate management, the best method for 
imaging follow-up and optimal frequency of 
follow-up [30]. 

A variation exists in radiologists’ or other 
clinicians’ recommendations. In fact, 83% 
of recommendation variation is the result of 
the preference or opinion of the individual 
radiologist. It should be noted that variation 
in management recommendations can lead 
to under- or over-treatment, while variation 
in practice can lead to underuse, misuse and 
overuse of care [31].

When resection is indicated, parenchyma-
sparing pancreatectomies are proposed, being 
safe and technically feasible surgical options 
for treating benign, borderline or low-grade 
malignant tumors of the pancreas. In experienced 
hands, these procedures are performed with low 
mortality and low recurrence rate but a significantly 
high complication rate. The main indications for 
parenchyma-sparing pancreatectomies are cystic 
endocrine neoplasms, serous and mucinous 
cystadenomas, noninvasive branch-type IPMNs, 
small SPENs and nonneoplastic cysts (simple, 
lymphoepithelial, hydatid cyst) not suitable for 
enucleation (Figure 20) [32]. 

The Sendai consensus proposed guidelines 
for the management of IPMNs and MCNs 
have been widely adopted in the surgical 

Figure 9. Contrast-enhanced CT image in a 
patient with von Hippel–Lindau disease. 
A microcystic pancreatic adenoma is revealed in 
the pancreatic head (arrow), as well as bilateral 
cystic and solid renal lesions (arrowheads).

Figure 10. Typical appearance of a 
microcystic adenoma (arrow) on 
T2-weighted MR image.
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decision-making and management process [33]. 
However, they are based on the premise that 
we can accurately classify these lesions on the 
basis of imaging characteristics, an assumption 
yet to be proven. Current recommendations 
are to resect all MCNs, whereas observation is 
considered appropriate for BD-IPMN <3 cm. 
Concerning follow-up frequency, lesions <1 cm 
should be followed each year; lesions measuring 
1–2 cm for 24 months at 6-month intervals and 
then annually for a second 24 months declaring 
stability after 4 years; and finally lesions 2–3 cm 
every 3–6 months. 

Current treatment guidelines from several 
major gastrointestinal societies recommend 
surgical resection for all definite MCNs and 
MD-IPMNs. Since the occurrence of malignancy 
is much lower in BD-IPMNs, resection is reserved 
for those patients with pancreatitis symptoms, a 
main pancreatic duct dilation >10 mm, presence 
of mural nodules, cytology suspicious or positive 
for malignancy and/or cysts >3 cm, particularly 
in younger patients. Nonmucinous pancreatic 
lesions (small asymptomatic pseudocysts or 
serous cystadenomas) do not require surgery, but 
further follow-up and evaluation by imaging is 
needed, as serous cystadenomas may also increase 
in diameter with time and become symptomatic; 
therefore, surgery could be indicated. 

There are also other guidelines published by 
societies involved in the management of cystic 
pancreatic lesions [34] and by the American 
College of Radiology (ACR) in a white paper 
of the ACR Incidental Findings Committee 
[35]. According to the ACR guidelines, lesions 
<2  cm require a single follow-up in 1  year; 
lesions measuring 2–3 cm a follow-up of every 
6  months for 2  years and then yearly; while 
lesions >3 cm should be resected unless they are 
serous cystadenoma or proven to be pseudocyst 
through aspiration. In general, one should 
consider decreasing the follow-up interval if the 
patient is younger or omitting follow-up if the 
patient has a limited life expectancy. 

The American College of Gastroenterology 
guidelines are based on published data and 
are designed to address the most frequent and 
important clinical scenarios. In addition to 
providing a summary of the diagnostic data, they 
offer diagnostic and management suggestions 
based on 13 common clinical problems. Core 
principles are provided based on a balance 
between the risk of malignancy and the benefit 
of pancreatic resection [36].

During the follow-up, some important 
issues need to also be taken into consideration. 

According to the ACR, MRI is the preferred 
follow-up procedure because of the superior 
contrast resolution and the lack of radiation. 
It should be noted that for patients older than 
60 years, ionizing radiation issues may not be 
as significant. In any case, care must be taken 
to ensure that measurements are made carefully 
and consistently.

A recent study provides the results of clinical 
outcomes of cystic pancreatic lesions after more 
than 5 years of follow-up. This study confirms the 
indolent nature and favorable prognosis of most 
of these lesions as a result of long-term follow-up. 
However, it also shows the potential for growth 
and malignant transformation of cystic lesions 
of the pancreas even after 5 years (development 
of mural nodules or septations), which provides 
evidence to support long-term surveillance despite 
initial features of a benign lesion [37].

Radiologists need to be familiar with published 
guidelines for the management of pancreatic 
cysts and be a part of the multidisciplinary 
group in the decision-making process with 

Figure 11. Two mucinous cystic neoplasms 
(arrows) in pancreatic head and neck 
presenting internal septa.

Figure 12. MR image proving the 
communication of an intraductal papillary 
mucinous neoplasm (arrow) with the main 
pancreatic duct.
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the gastroenterologists and surgeons. A recent 
Markov model incorporates these features to 
guide therapy [38]. It is important to remember 
that it is unlikely that any combination of clinical 
and radiological parameters can accurately make 
the important distinction between mucinous and 
nonmucinous cystic pancreatic lesions and thus 
specific care should be taken in equivocal or 
unclassified lesions. 

Future directions in differential 
diagnosis
There is a lot of research concerning the use of new 
methods in the differential diagnosis of pancreatic 
cystic lesions. In a recent ex vivo pilot study the 
authors used optical coherence tomography 
(OCT) to differentiate between low- and high-
risk pancreatic cysts [39]. OCT was able to reveal 
specific morphologic features of pancreatic cysts 
and presented over 95% sensitivity and specificity. 
This pilot study suggests that OCT could be 
used by clinicians in the future to more reliably 
differentiate between benign and potentially 
malignant pancreatic cysts. 

OCT, a high-resolution structural imaging 
technology based on low coherence interferometry, 
has shown great promise in disease diagnosis, 
including differentiation between benign and 
malignant lesions [40]. Ovarian cystic masses 
can be differentiated through laparoscopic 
OTC, while there are also many applications in 
laryngology, in the investigation of lymph nodes, 
lung cancer, intestinal metaplasia and Barret’s 
eosophagus, as well as main pancreatic duct 
strictures and pancreatic cystic lesions [41–47].

As it was shown in the ex vivo study of tissue 
specimens, serous adenomas showed a clear lack 
of OCT signal in the lumen. On the other hand, 
MCNs and IPMNs presented moderate-to-high 
scattering in the lumen. Although the results 
are promising, further investigation is needed to 
explore the potential of OCT imaging for aiding 
EUS-FNA in differentiating between various 
cystic lesions of the pancreas.

Proteomics is a powerful method used to 
identify, characterize and quantify proteins within 

Figure 13. Curved CT image showing a 
typical intraductal papillary mucinous 
neoplasm (arrow). 

Figure 14. Endoscopic ultrasound of a 
mixed solid and cystic pancreatic tumor 
(solid pseudopapillary neoplasm, arrow).

Figure 15. CT image proving density 
differences (solid pseudopapillary 
neoplasm, arrow). This is taken from the 
same patient as in Figures 14 & 16. 
SD: Standard deviation.

Figure 16. MRI of the two different parts of 
the lesion (solid part, arrow and cystic 
part, arrowhead) are very well seen (solid 
pseudopapillary neoplasm). This is taken 
from the same patient as in Figures 14 & 15.
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biologic samples. Emerging data suggests that 
the use of protein-based biomarkers in aspirated 
pancreatic cystic fluid may have a great impact in 
the diagnosis and management of cystic neoplasms 
by identifying which are malignant [48].

There is considerable interest in genetic 
material within cyst fluid and its potential to serve 
as biomarkers. DNA mutations, such as KRAS, 
and allelic loss amplitude of a proprietary list of 
specific pancreatic cancer-related genes within 
cyst fluid have been studied as surrogate markers 
for mucinous and malignant cysts [49]. 

miRNAs are small, approixmately 22-nucleo-
tide, noncoding RNAs that regulate the stability 
and translation of mRNA transcripts. Deregu-
lation of miRNA expression has been identified 
in several human cancers, including pancreatic 
adenocarcinoma [50]. Habbe et al. described the 
identification of abnormal miRNA expression in 
surgical histology from 15 noninvasive IPMNs 
compared with normal pancreatic tissue [51]. 
Further studies will be required to validate these 
findings and to define the true utility of using 
miRNAs as biomarkers in pancreatic cyst fluid.

In addition, there is extensive research needed 
in order to identify the role of specific proteins 
already known to be involved in pancreatic 
cancer and there are many working groups 
involved [52]. Another group examined the role 
of PGE2, in distinguishing different types of 
pancreatic mucinous cysts [53]. A recent study has 
also demonstrated differential mucin expression 
in cyst fluid from 40 surgically resected IPMNs 
using ELISA [54]. Patients with high-grade 
dysplasia or carcinoma were categorized as ‘high 
risk’. Cyst fluids MUC2 and MUC4 were elevated 
in high-risk patients compared with low-risk 
patients. 

The interest in using proteomics in pancreatic 
cyst fluid analysis is growing. The feasibility of 

proteomic analysis of pancreatic cyst fluid was 
established by Scarlett et al. [55]. Glycoproteomics 
specifically examines the carbohydrate modifica-
tion or glycosylation of proteins. Aberrant glyco
sylation is a hallmark for tumor genesis and pro-
gression and not surprisingly, many previously 
identified biomarkers are glycoproteins.

In conclusion, pancreatic cyst fluid provides 
an appealing source for improved biomarker 
development, particularly by proteomic analysis. 
Preliminary work with cyst fluid glycosylated 
mucins demonstrates promising results in 
distinguishing mucinous from nonmucinous 
cysts and differentiating types of mucinous cysts.

The possibility of measuring markers of 
dysplasia preoperatively had also attracted 
the interest of many researchers. This is quite 
important specifically for IPMNs, as the level 
of CEA in the aspirated fluid does not correlate 
with the presence or absence of malignancy. At 
the current time, there is not a reliable marker 
in IPMN cyst fluid to aid the surgeon in clinical 
decision-making, or to inform the patient that 
they may have a high-risk IPMN that should 
be resected.

Figure 17. CT image revealing a very small 
cyst lesion (arrow) adjacent to superior 
mesenteric vein.

Figure 18. MRI of a small cystic lesion 
(arrow). A accurate diagnosis of this small 
cystic lesion is not possible. This is taken from 
the same patient as in Figure 17. 

Figure 19. Contrast-enhanced T1-weighted 
MRI shows a large atypical cystic lesion 
(arrow) in the pancreatic tail (mucinous 
cystic neoplasm).
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Dysplasia is known to arise in a background 
of chronic inf lammation. IL-1b expression 
in tumor specimens has been found to be a 
determinant of cancer risk and survival in 
many other neoplasms including ovarian, 
cervical and breast cancer, and is a mediator of 
pancreatic cancer cell invasion [56]. In a recent 
study, it has been shown that high-risk IPMN 
were associated with elevated levels of cytokines 

ref lective of a Th1 and Th2 immunologic 
response. The presence of IL-1b in particular 
was highly predictive of malignancy [57]. 
IL-1b levels correlated with the degree of cyst 
dysplasia and were highly predictive of high-risk 
lesions. These findings definitely require further 
validation studies that may help towards proper 
patient selection for surgery.

Conclusion
Cross-sectional imaging is of key importance for 
the diagnostic evaluation of patients with a cystic 
pancreatic lesion affecting management. Cyst 
fluid examination (cytology, biochemical/genetic 
analysis) is also possible by using EUS-guided 
FNA and may provide useful information for the 
differential diagnosis [58]. Advances in imaging 
modalities, specifically MRI and CEUS, may 
enhance diagnostic accuracy in the important 
discrimination between benign and malignant 
pancreatic cystic lesions and in the evaluation of 
possible aggressiveness [59]. 

Although many guidelines have been 
published, the management of asymptomatic 
pancreatic cysts is still controversial and 
indications for excision are based on imaging, 
pathology and natural history [60].

Executive summary

Accuracy of imaging diagnosis
�� The increasing use of imaging has resulted in wider recognition of cystic pancreatic lesions in asymptomatic individuals.
�� The risk of malignancy is determined in large part by distinction between mucinous (higher risk) and nonmucinous (no risk) subtypes.
�� Determination of carcinoembryonic antigen and amylase levels in cyst fluid aspirated by endoscopic ultrasound–fine-needle aspiration is 

helpful in making the diagnosis.
�� No matter how many imaging methods are used, it can be very difficult to differentiate among the large heterogeneous group of cystic 

lesions. 
�� Microcystic adenomas and main duct-intraductal papillary mucinous neoplasm are the only types of cystic neoplasms that can be 

diagnosed with almost complete certainty. 
�� Diagnosis of mucinous cystic tumors is often hypothetical.
�� The ability of imaging to enable a specific diagnosis of an individual pancreatic cyst is limited (40–60%). 
�� Small lesions are more susceptible to misdiagnosis. 
�� Diagnostic uncertainty often remains, leading to a final diagnosis at the time of surgical resection.

Consensus guidelines & management recommendations
�� Radiologists need to be familiar with published guidelines for the management of pancreatic cystic lesions and be a part of the 

multidisciplinary group in the decision-making process with the gastroenterologists and surgeons. 
�� Current treatment guidelines from several major gastrointestinal societies recommend surgical resection for all definite mucinous cystic 

neoplasms and main duct-intraductal papillary mucinous neoplasms.
�� According to the American College of Radiology guidelines, incidental lesions <2 cm require a single follow-up in 1 year, lesions 

measuring 2–3 cm a follow-up of every 6 months for 2 years and then yearly, while lesions >3 cm should be resected unless they are 
serous cystadenoma or proven to be pseudocyst through aspiration.

�� MRI is the preferred follow-up procedure because of the superior contrast resolution and the lack of radiation.

Future perspective
�� Optical coherence tomography could be used by clinicians in the future to more reliably differentiate between benign and potentially 

malignant pancreatic cysts.
�� Emerging data suggest that the use of protein-based biomarkers in aspirated pancreatic cystic fluid may have a great impact in the 

diagnosis and management of cystic neoplasms by identifying which are malignant. 
�� There is a considerable interest in genetic material within cyst fluid and its potential to serve as biomarkers.

Figure 20. Contrast-enhanced T1-weighted 
MRI reveals a cystic lesion with a 
heterogeneously enhanced mural nodule 
(arrow), proven to be hydatid disease after 
surgery.
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