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Introduction

The incidence of pancreatic cysts increases with age and is 
approximately 25% in those greater than 70 years of age (1).  
The prevalence of pancreatic cysts was 2.4% in a large 
study of 2,803 patients who underwent MRI with only a 
minority of cysts (nine) being greater than 2 cm (2). The 
types of pancreatic cysts include serous cystadenomas, 
mucinous cystadenomas (MCNs), solid papillary neoplasms, 
cystic degeneration of adenocarcinomas, neuroendocrine 
tumors and side branch or main branch intraductal papillary 
mucinous neoplasms (IPMNs) and each infer different 

malignant potential (1). Pancreatic ductal adenocarcinoma 
(PDAC) is the fourth leading cause of cancer-related 
mortality, is the most deadly of all gastrointestinal 
malignancies. Furthermore, PDAC carries a poor prognosis 
with less than a 5%, 5-year survival rate (3). Pancreatic cysts 
are being increasingly diagnosed as abdominal imaging 
both improves and is being utilized more commonly. 
Management decision for asymptomatic pancreatic cysts 
must consider risk for malignancy as the risk of pancreatic 
surgery has a mortality of 2.1% and morbidity of 30% (4).  
Pancreatic cysts have always presented as a diagnostic 
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dilemma due to the difficulties to identify patients with 
current imaging modalities that could most benefit from 
surgical intervention (3). This review will discuss both 
current diagnostic and therapeutic approaches and well as 
emerging diagnostics and therapies for pancreatic cysts. 

Current diagnostic modalities

Cystic lesions most at risk for malignant conversion 
are IPMNs, MCNs, solid pseudopapillary tumors and 
pancreatic neuroendocrine tumors. Current diagnostics 
rely on advanced cross-sectional imaging such as computed 
tomography (CT), magnetic resonance imaging (MRI) and 
cysts fluid analysis (4). A well trained radiologist is needed 
to identify high-risk stigmata on imaging. Worrisome 
features include a cyst >3 cm, enhancing mural nodule 
<5 mm, thickened/enhanced walls, non-enhanced mural 
nodules and a main pancreatic duct 5–9 mm or a rapid rate 
of cyst growth >5 mm/2 years. High-risk stigmata include 
extrahepatic biliary obstruction by a pancreatic head cyst, 
an enhanced solid component and a main pancreatic duct 
greater than 10 mm without other cause of obstruction (5,6).

CT

Multidetector helical CT (MDHCT) is a dedicated 
pancreatic protocol scanner that obtains submillimeter 
slices (0.5–1 mm) to allow for optimal 3D visualization. 
Pancreatic-phase images begin approximately 50 seconds 
after intravenous contrast injection for peri-pancreatic 
vasculature and enhancement with a second phase at 
approximately 80 seconds to evaluate the liver (5). 
MDHCT is the preferred method for initial evaluation in 
patients for whom a pancreatic lesion is suspected (7). This 
modality carries a reported sensitivity of 97–100% and non-
resectability prediction near 100% for pancreatic cancer 
lesions (3). However, in a retrospective study of 36 patients, 
the overall sensitivity, specificity and accuracy of MDHCT 
to discriminate benign versus malignant was 36.3%, 100% 
and 78.8%, respectively (8).

MRI

MRI has been shown to be equally sensitive and specific in 
staging pancreatic cancer and can be used interchangeably 
however, due to cost and availability is not commonly 
utilized (7). The reported sensitivity of MRI to detect 
pancreatic cancer ranges from 83% to 87% with a 

specificity of 81% to 100% (3). However, in a study of 136 
resected patients with incidental pancreatic cysts on cross 
sectional imaging (CT, MRI or both) diagnosis was only 
correct in 63% of cases and 20% of branch duct-IPMN had 
a main duct component (3,9). MRI uses fat-suppressed T2 
weighted images and gadolinium enhanced T1 weighted 
sequences in the arterial, early portal and later portal 
phases to evaluate pancreatic cystic lesions. In some cases, 
magnetic resonance cholangiopancreatography (MRCP) 
can help delineate cyst communication with the main 
pancreatic duct (5). Based on an analysis from 2005–2015 of 
500 patients, the new version of MRI hardware could detect 
pancreatic cysts in 56.3% of patients as compared to the 
30.3% detection rate of older hardware (10).

Endoscopic ultrasound

MDHCT or an up-to-date MRI is the first diagnostic 
tool to evaluate a suspected pancreatic lesion, however, 
endoscopic ultrasound can be useful as a second diagnostic 
tool in several cases (3). EUS can detect small lesions that 
are difficult to visualize on cross-sectional imaging and can 
assess morphology, cyst fluid analysis and cytopathology with 
an EUS-guided fine needle aspiration (11). EUS should be 
considered in negative results on CT/MRI and persistent 
strong clinical suspicion, doubtful results on CT/MRI or 
need for cyto-histological confirmation. EUS has shown to 
be useful to assess a more accurate lesion size, especially those 
lesions less than 2 cm, and lymph node involvement (3). EUS 
coupled with cyst fine needle aspiration (FNA) has been used 
with increasing frequency to determine if a cyst is mucinous, 
connects to the main duct or assess mutations in the cyst fluid 
that may predict future malignant potential (5). The presence 
of non-gut mucin and carcinoembryonic antigen greater than 
192 ng/mL can identify a mucinous cyst and only requires 
two milliliters of fluid to perform the analysis (5).

Current recommendations

American Gastrointestinal Association (AGA) guidelines (1)

AGA guidelines were created due to the lack of evidence 
in current clinical practice when asymptomatic mucinous 
cysts are discovered on imaging. Their recommendations 
advocate for less frequent surveillance and a higher 
threshold to proceed with EUS and surgery. Furthermore, 
these guidelines do not discuss symptomatic cysts or some 
neoplastic lesions such as solid papillary neoplasms, cystic 
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degeneration of adenocarcinomas, neuroendocrine tumors 
and main duct IPMNs without side branch involvement. 

Per recommendations, pancreatic cysts <3 cm without 
a solid component or dilated PD should undergo MRI for 
surveillance at 1 year and then every 2 years until reaching 
5 years if there is no growth of the cyst. However, those 
with 2 or more high-risk features (size >3 cm, a dilated main 
PD, or a solid component) should be examined with EUS-
FNA. If there is nothing concerning on EUS-FNA, patient 
should switch back to MRI surveillance at 1 year then  
2 years to ensure no changes. If there are significant changes 
in the cyst (high-risk features as above), EUS-FNA should 
be performed. However, if there are no significant changes 
in the cyst after 5 years of surveillance or the patient is 
not a surgical candidate, surveillance should stop. Whether 
cessation of surveillance after 5 years is safe is not based on 
clinical evidence and remains are area of debate (6). Surgery 
should be offered to those with both a solid component 
and a dilated PD and/or concerning features discovered on 
EUS-FNA. Post-surgical procedure surveillance should be 
performed with MRI of the remaining pancreas every 2 years. 

American College of Radiology (ACR) guidelines (5)

ACR guidelines were created by the Pancreas Subcommittee 
made up of an abdominal radiologist, a gastroenterologist and 
pancreatic surgeon and are recommendations for managing 
incidental pancreatic cysts discovered on advanced imaging 
such as CT or MRI. As compared to the AGA guidelines, 
these recommendations advocate for more frequent 
surveillance of pancreatic cysts however, they address more 
types of pancreatic cysts than the AGA guidelines. 

Per recommendations, incidental pancreatic cysts found 
to be less than 1.5 cm are further subdivided by patient age 
(above/below) 65 years at presentation. If less than 65, the 
recommendation is to reimage every 1 year for 5 years. If 
the lesions remain stable over 5 years, surveillance can be 
increased to every 2 years for 2 times. If stable, surveillance 
may stop. For any interval growth of lesions less than 1.5 cm  
the recommendation is to reimage every 1 year or EUS/
FNA. However, if the lesion becomes greater than 1.5 cm, 
then EUS/FNA should be performed. For ages 65–79, the 
ACR recommends reimaging every 2 years and stopping 
at 10 years if stable. For interval growth but the lesion 
size remains less than 1.5 cm, the recommendation is to 
reimage annually or perform EUS/FNA. Again, if the lesion 
becomes greater than 1.5 cm, EUS/FNA is recommended.

Incidental pancreatic cysts of intermediate size (1.5– 

2.5 cm) with MPD communication established by imaging 
can be evaluated by EUS/FNA. However, there is an option 
for surveillance for lesions (1.5–1.9 cm) with repeat imaging 
annually for 5 years then every 2 years for two times until 
stable for 9 years. If any interval growth but the cyst is still 
less than 2.5 cm increase the imaging surveillance frequency 
to every 6 months or perform an EUS/FNA, if the cyst is 
>2.5 cm perform an EUS/FNA. If the initial lesion is 2.0– 
2.5 cm, reimage every 6 months for 4 times then annually 
twice followed by every 2 years for three times and then 
stop if the lesion is stable over 10 years. For any interval 
growth, perform EUS/FNA. 

If the lesion is 1.5–2.5 cm and MPD communication 
cannot be determined or is not present, the ACR 
recommends reimaging every 6 months for four times or 
EUS/FNA. If pathology is concerning for mucinous cyst or 
indeterminate cyst, reimagine every 6 months for 2 years 
then annually for the next 2 years and then every 2 years 
for three times. For any interval growth, consider surgical 
consultation. 

If the incidental pancreatic cyst is >2.5 cm one can 
proceed with EUS/FNA or classify as low risk or high risk 
based upon imaging. High risk lesions should be evaluated 
by EUS/FNA and surgical consultation. For low risk cysts, 
image every 6-month for 2 years followed by annually for 
two years then every 2 years for three times. Surveillance 
can be stopped if the cyst is stable over 10 years but for 
any interval growth, proceed with EUS/FNA and surgical 
consultation.

Revision of Consensus Fukuoka guidelines (6)

These guidelines are more aggressive to consider surgery in 
the surgically fit patient and do not comment on cessation 
of surveillance. The rationale for this is that the malignant 
progression of IPMN is not reduced over time. The 
guidelines recommend surgery for any worrisome features 
(obstructive jaundice in a patient with pancreatic head 
cystic lesion, enhancing mural nodule larger than 5 mm  
and main pancreatic duct greater than 10 mm) in the 
clinically appropriate situation. Surveillance with EUS is 
recommended for intermediate lesions and further follow is 
then based upon cyst size.

Our institution employs the strategies from the 
above guidelines in a customized version involving 
multidisciplinary evaluation at a weekly pancreatobiliary 
disease conference. At this conference patient symptoms, 
health status, fitness/willingness for surveillance/surgery 
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along with endoscopy/radiographic findings are reviewed 
to determine optimal patient care. Our approach is 
summarized in Figure S1.

Emerging diagnostics

Mutational analysis of cyst fluid

Mutation analysis includes K-ras, GNAS, mRNA 21 and 
glucose and cytology can reveal dysplastic cells (5,12-14). 
Pancreatic cyst fluid DNA analysis (PANDA) trial was a 
prospective multi-center study that demonstrated cyst fluid 
k-ras mutation was helpful in the diagnosis of mucinous 
cysts (OR 20.9, specificity 96%). It also demonstrated high 
amounts of pancreatic cyst fluid DNA and high-amplitude 
mutations are indicators of malignancy (15). However, this 
was a study in which all patients were subject to surgical 
intervention. A randomized controlled trial of patients 
with long-term follow-up who are not subject to surgical 
intervention is needed to determine value of these tests (16).  
A recent retrospective study of 130 patients identified 
molecular markers and clinical features that classified cysts 
type with 90–100% sensitivity and 92–98% specificity. 
Furthermore, their data identified patients who did not 
require surgery and reduced the number of unnecessary 
operations by 91% (17).

Needle-based confocal laser endomicroscopy (nCLE) 

Confocal laser endomicroscopy is an endoscopic modality 

used to obtain high-resolution images of the mucosal layer 
of the GI tract. nCLE uses tissue illumination via a low-
power laser based on tissue fluorescence allowing for high 
quality images comparable to traditional histology. In this 
procedure, the EUS needle is used to access the cyst by 
FNA with a 19-g needle and then the confocal probe is 
placed through the working channel of the echoendoscope 
and under EUS guidance placed on the cyst wall where 
certain patterns suggest differing cyst times (18). Figure 1  
depicts the nCLE images of multiple epithelial bands 
observed in a mucinous cystic neoplasm. Current studies 
have focused on pancreatic tissue disease, including 
pancreatic cystic neoplasms. Two studies looking at the use 
of nCLE for the diagnosis of pancreatic cystic neoplasms 
produced a sensitivity of 68% and specificity of 90% (19-21).  
EUS-guided nCLE is minimally invasive with excellent 
potential for diagnosis however, further studies are needed 
to determine criteria associated with grade of dysplasia/
malignancy, the clinical value of combining with current 
standard of care and cost-effectiveness (22).

Through the needle cystoscopy allows for direct 
visualization of the cyst content and inner walls by using 
a single operator cholangioscopy fiber optic probe. First, 
EUS guides a 19-gauge needle into the cyst, the needle 
stylet is removed and the probe advanced through the 
needle. This is a more invasive procedure and does carry 
the risk of pancreatitis, however, there have not been 
enough studies performed to determine the accuracy 
and risk profile of this procedure (22). Visualization of a 
tree-like branching of blood vessels may suggest a serous 
cystic neoplasm while an intracystic papilla-like structure 
suggests a mucinous cystic neoplasm (23). In a small 
study of 30 patients combining nCLE and cystoscopy, the 
sensitivity of cystoscopy alone was 90%, nCLE 80% and 
combined 100% in 18 of the high-certainty patients (21). 
Furthermore, biopsies can be obtained from the wall of 
the cystic pancreatic lesions thus increasing the diagnostic 
yield of these types of lesions (24).

Micro-forceps biopsy

Micro-forceps biopsy is a technique where small caliber 
biopsy replaces the stylet in the 19 g EUS needle to 
sample the cyst wall under direct EUS visualization. 
Figure 2 demonstrates the EUS view of the moray micro-
forceps sampling a cyst wall which was eventually found 
to be a mucinous cystic neoplasm. In a study comparing 
pancreatic cyst fluid analysis to micro-forceps biopsy 

Figure 1 Confocal laser endomicroscopy demonstrating multiple 
layers of epithelial bands. (Source: Ali M. Ahmed MD, 2019).

https://cdn.amegroups.cn/static/public/TGH-2019-IE-05-Supplementary.pdf
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of 48 cases the diagnostic yield was comparable (72.9% 
vs. 75.0%, respectively), however specific cyst diagnosis 
required cyst fluid analysis in a majority of cases (for GNAS 
or VHL mutation) (25). Another study evaluated 114 
patients where the tissue acquisition (83.3% vs. 37.7%) 
and diagnosis of mucinous lesions (53.5% vs. 9.6%) 
were greater in the samples achieved by micro-forceps  
biopsy (26). A study of 44 patients evaluated the additive 
effects of nCLE and micro-forceps biopsy (MFB) to EUS. 
The study found that the individual diagnostic yield for 
the EUS was 34.1%, MFB 75.0% and nCLE 84.1% when 
compared to EUS as the reference standard (P<0.05). 

However when all modalities were combined the diagnostic 
yield 93.2% although the P value was not significant. There 
may be a role for combining nCLE with MFB to further 
stratify pancreatic cysts in challenging cases (27).

Single operator pancreatoscopy

The advancement of digital cholangiopancreatoscopy has 
made per-oral pancreatoscopy a method to evaluate main 
duct IPMN with the ability to visualize papillary growths of 
IPMN in the MPD and perform targeted tissue acquisition 
to sample neoplastic cells (28). Figure 3 represents the per-
oral endoscopic pancreatoscopy images of a main duct 
IPMN.

Contrast-harmonic enhanced endoscopic ultrasound  
(CH-EUS)

Harmonic imaging uses microbubble ultrasound contrast 
agents (UCAs) that is injected intravenously and present 
a pure intravascular distribution allowing for real-time 
scanning with higher resolution than other imaging and 
visualization of pancreatic parenchyma perfusion. UCAs 
remain in the intravascular space and are eliminated by the 
lungs in exhaled air. A few studies have shown CH-EUS to be 
a promising noninvasive method to visualize and differentiate 
malignant from benign lesions (29-31). CH-EUS may define 
the inner structure of the pancreatic cysts by visualizing small 
septa or mural nodules and may assist in both the differential 
diagnosis and identifying high-risk features. Furthermore, 
when used in combination, it was shown to increase the 
sensitivity of EUS-FNA from 92% to 100% (31).

Artificial intelligence (AI)

Artificial Intelligence by deep learning has been studied 
in differentiating malignant from benign cystic lesions. By 
using a deep learning method, AI can possibly exclude the 
bias generated by human judgement. In a retrospective 
study 85 patients who underwent pancreatic cystic fluid 
analysis were also analyzed for malignant potential by 
AI. CEA, CA 19-9, CA 125, amylase in the fluid cyst 
and cytology were placed into the AI algorithm and 
malignant potential calculated. Sensitively and specificity 
for diagnosing malignant lesions was 95.7% and 91.9%, 
respectively. However, this study was limited by sample size 
and cases were excluded if there was incorrect data or there 
was an item missing as AI cannot analyze without complete 

Figure 2 Moray needle microforceps biopsy of pancreatic cyst 
confirming mucinous cystic lesion. (Source: Ali M. Ahmed MD, 
2019).

Figure 3 Pancreatoscopy depicting main duct IPMN. Spybite 
biopsy taken confirmed diagnosis of a mucinous lesion without 
dysplasia. (Source: Ali M. Ahmed MD, 2019). IPMN, intraductal 
papillary mucinous neoplasm.
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data (32).

Current therapeutic options

IPMNs and MCNs carry the highest malignant potential of 
all pancreatic cysts. Certain features within these cysts have 
an increased risk for developing into high-grade dysplasia 
or pancreatic adenocarcinoma. The definitive treatment 
is surgical resection however, cyst surgical excision carries 
a high morbidity and occasional mortality. A review by a 
multidisciplinary group who specialize in pancreatic cysts 
and pancreatic cancer is advised to review factors such as 
a patient’s comorbidities, the type of surgery needed to 
remove the cyst and the estimated morbidity and mortality 
associated with the procedure. Concerning features are 
obstructive jaundice, an elevated CA 19-9, presence of a 
mural nodule, MPD dilation of >6 mm, large cyst diameter 
of >3 cm, rapid increase in cyst size, the presence of high-
grade dysplasia or adenocarcinoma (4).

Watchful waiting

If an asymptomatic pancreatic cyst lacks concerning 
features, a watchful waiting approach can be used. There 
are different methods for surveillance used based on AGA 
and ACR guidelines as detailed above (1,5). Once in a 
surveillance program, cyst size guides screening intervals for 
the presumed IPMNs and MCNs. Surveillance should stop 
if a patient is no longer a surgical candidate and it should be 
reassessed in those aged >75 years (4).

Surgical excision

The criteria for surgical indication in IPMNs and MCNs 
are based on IAP 2017 and European 2018 guidelines 
(6,33). High-risk stigmata with indications for surgery in 
all patients eligible for the procedure include cyst-related 
jaundice, presence of vascularized mucinous neoplasm or 
solid component and a cytology suggesting malignancy. 
Surgery is also recommended if the MPD is >1 cm and 
there also is a high suspicion of main duct or mixed IPMN. 
In IMPNs and MCNs, the entire tumor should be resected 
with lymphadenectomy and negative resection margins due 
to a high risk for malignancy. The remnant pancreas will 
require continued surveillance (34).

Emerging therapeutic options

Endoscopic ultrasound guided fine needle injection  
(EUS-FNI)

EUS-FNI is a minimally invasive approach used to deliver 
specific chemotherapeutic agents or other anti-tumor 
agents in those with pancreatic cysts and local control of 
tumor growth if the lesion is non-resectable. Agents used 
in cysts include ethanol and chemotherapeutic agents 
such as paxitaxel (35). In a study of 25 patients with cystic 
lesions, ethanol lavage was performed via EUS-FNI and 
35% of patients had complete resolution of their cysts. 
Furthermore, five who underwent resection showed 
epithelial ablation. In another study 14 patients received 
both ethanol and paclitaxel injections for cystic tumors of 
the pancreas with a complete cystic tumor resolution in 11 
patients and partial resolution in 2 at a median of 9 months.  
In both studies, there were minimal side effects with only 
one patient having acute pancreatitis (36,37). However, 
follow-up guidelines with specific surveillance intervals 
post successful ethanol ablation are needed (38). A recent 
prospective study randomized 10 patients with known 
mucinous pancreatic cysts to lavage with ethanol or 
normal saline and treated the lesions with a combination 
of paclitaxel and gemcitabine. This study showed similar 
ablation rates between the ethanol ablation group and the 
ethanol-free arm suggesting ethanol may not be required 
for cyst ablation. However, larger, randomized control trials 
with longer follow-ups are needed to assess effectiveness 
and feasibility (39).

Conclusions

The diagnosis and treatment of pancreatic cysts remains 
challenging. The frequent detection of a pancreatic cyst 
is becoming more common due to new advanced imaging 
modalities and the frequency of their use in clinical practice. 
Management decision for asymptomatic pancreatic cysts 
must involve a multidisciplinary team and balance risk for 
malignancy with the complications of pancreatic surgery (4).  
On the other hand, PDAC is a devastating disease 
with a very poor prognosis due to late diagnosis (3). 
Opportunities to identify and reduce pre-cancer lesions 
must be aggressively pursued. We hope that a multi-
modal approach leveraging a variety of novel devices and 
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technologies will streamline the approach and management 
of pancreatic cysts. Most studies to date are retrospective 
or lacking statistical power due to a small sample size. 
Further prospective randomized control trials are needed 
to determine the optimal management and treatment for 
patient with pancreatic cysts.
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Supplementary

Figure S1 Evaluation of pancreatic cystic lesions. Adapted from the University of Alabama at Birmingham Pancreatobiliary Disease Center 
Approach to Cystic Lesions of the Pancreas. (Source: Ali M. Ahmed, 2019).
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