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Abstract
Incidental pancreatic cysts are commonly encountered with some cysts having malignant potential. The most common pancreatic cystic neoplasms include serous cystadenoma, mucinous cystic neoplasm and intraductal papillary mucinous neoplasm. Risk stratifying pancreatic cysts is important in deciding whether patients may benefit from endoscopic ultrasound (EUS) or surgical resection. Surgery should be reserved for patients with malignant cysts or cysts at high risk for developing malignancy as suggested by various risk features including solid mass, nodule and dilated main pancreatic duct. EUS may supplement magnetic resonance imaging findings for cysts that remain indeterminate or have concerning features on imaging. Various cyst fluid markers including carcinoembryonic antigen, glucose, amylase, cytology, and DNA markers help distinguish mucinous from nonmucinous cysts. This review will guide the practicing gastroenterologist in how to evaluate incidental pancreatic cysts and when to consider referral for EUS or surgery. For presumed low risk cysts, surveillance strategies will be discussed. Managing pancreatic cysts requires an individualized approach that is directed by the various guidelines. 
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Core Tip: Incidental pancreatic cysts are common, and some have malignant potential. magnetic resonance imaging of the pancreas should be used to risk stratify pancreatic cysts and decide whether patients may benefit from endoscopic ultrasound or surgical resection. Presumed low risk cysts should undergo surveillance unless the patient is not a surgical candidate or has a pseudocyst or serous cystadenoma. We discuss the approach to diagnosis and management of incidental pancreatic cysts.


INTRODUCTION
Pancreatic cysts are typically discovered incidentally with the increased use and quality of abdominal imaging. They are identified in up to 20% of magnetic resonance imaging (MRI) and 3% of computed tomography (CT) scans with older patients more likely to have pancreatic cysts[1-3]. The malignant potential of some pancreatic cysts creates consternation for patients and providers alike. A retrospective study of Veterans Administration patients with pancreatic cysts noted a hazard ratio of 19.64 for pancreatic cancer[4]. However, other studies of incidental pancreatic cysts demonstrated lower risk of malignancy with a hazard ratio of 3.0 for pancreatic adenocarcinoma[5]. The American Gastroenterological Association (AGA) technical review of incidental pancreatic cysts estimated incident risk of malignancy at 0.24% per year with a prevalent malignant risk of 0.25% at the time the cyst is identified[6]. 
The most commonly encountered benign pancreatic cysts include serous cystadenoma (SCA), mucinous cystic neoplasm (MCN), and intraductal papillary mucinous neoplasm (IPMN). MCN and IPMN have varying malignant potential. SCAs classically appear lobular with multiple septations and microcysts (Figure 1). If densely septated, the cyst can appear mass-like on imaging and endoscopic ultrasound (EUS). A central scar which may be calcified is pathognomonic for SCA but occurs in only 15-20% of all SCA. A surgical series reported 51% preoperative diagnostic accuracy mainly based on radiologic imaging studies for SCA[7]. On pathology, SCA are defined by glycogen-containing cuboidal epithelial cells. The natural history of SCAs may involve slow gradual growth, which occurs in less than half of all SCAs with cysts larger than 4 cm potentially growing faster[8,9]. 
MCNs are defined by the presence of ovarian-like stroma, which explains why they occur almost exclusively in women. On imaging, MCNs are usually characterized by unilocular cysts in the body and/or tail (Figure 2). Peripheral calcifications of the wall or septa can occur in about 25% of MCNs. Approximately 15% of resected MCNs contain invasive cancer, and risk factors for malignancy include size > 6 cm, enhancing nodule, thick irregular wall, and peripheral calcifications[6,10]. While MCNs have malignant potential, less than 0.4% of MCNs smaller than 3 cm without a nodule harbor high-grade dysplasia or invasive cancer[11]. This has led to the suggestion by some that not all MCNs must be resected.
IPMNs are more common with radiologic and histologic subtypes that confer different risks of malignancy. Main duct IPMNs (MD-IPMN) have the highest malignant potential (approximately 60%-80%) and are characterized by diffuse or segmental dilatation of the main pancreatic duct to > 5 mm from a cystic tumor producing mucus within the duct (Figure 3)[12]. Branch duct IPMNs (BD-IPMN) arise within the branches of a nondilated main pancreatic duct (Figure 4) with malignant risk ranging from 3% to 26%[6,12]. Mixed type IPMNs have features of both MD-IPMN and BD-IPMN with approximately 20% to 30% of BD-IPMN ultimately proven to be mixed type IPMN following surgical resection[13]. The malignant potential of mixed type IPMN is comparable to MD-IPMN although mixed type IPMN with only microscopic involvement of the main pancreatic duct may carry less malignant risk[14]. High risk features for malignant IPMNs include solid component, enhancing nodule, main pancreatic duct dilation > 1 cm, jaundice and cytology with high-grade dysplasia or cancer, which were associated with lower 5-year survival compared with size > 3 cm, main pancreatic duct 5-9 mm, pancreatitis and non-enhancing nodules15. Other findings potentially associated with development of risk features include rapid rate of growth > 2.5 mm per year, body mass index > 26.4, smoking, and history of extrapancreatic malignancy[15-17]. Gastric histology is associated with a more benign course and more commonly found with BD-IPMN and microscopic mixed type IPMN while intestinal histology tends to occur with MD-IPMNs[18]. The less common pancreatobiliary and oncocytic histologic subtypes are mainly associated with high-grade dysplasia[19]. 
Solid pseudopapillary neoplasms (SPEN) also have malignant potential with characteristic pseudopapillae and cystic spaces containing hemorrhage and cholesterol clefts in myxoid stroma alternating with solid tissue. Therefore, these lesions appear solid and cystic, and typically occur in young women (Figure 5).

APPROACH TO DIAGNOSIS OF THE INCIDENTAL PANCREATIC CYST
Evaluating a patient with an incidental pancreatic cyst should begin with a targeted history focused on acute or chronic pancreatitis and family history of pancreatic cancer or hereditary cancer syndromes associated with increased risk of pancreatic cancer. Patients at increased risk of pancreatic cancer due to family history should be managed differently and these patients are not the focus of this review. For those with incidental cysts, MRI pancreas with magnetic resonance cholangiopancreatography in 1.5 or 3 tesla should be performed. MRI has 55% to 76% accuracy for differentiating benign from malignant cysts while it is only 40% to 50% accurate for diagnosing the specific type of cyst[20]. MRI is superior for identifying communication between the main pancreatic duct and cyst, and thus better at diagnosing BD-IPMNs. If MRI cannot be performed, pancreatic protocol CT with contrast-enhanced images during the pancreatic and portal venous phases should be obtained. The imaging findings will help determine whether EUS is needed for further diagnostic evaluation, the patient should undergo surgical resection, or begin a surveillance program. The overarching questions when reviewing imaging are: (1) Is the cyst malignant; (2) If not, is it a mucinous cyst; and (3) If it is a mucinous cyst, what is the malignant potential[21-23]?
Before embarking on further evaluation for incidental pancreatic cysts, discussion should occur with select patients about whether ongoing management fits with the patients’ overall clinical status. All pancreatic cyst guidelines agree that patients who are not surgically fit do not need ongoing surveillance. A study of 725 patients with IPMNs noted that patients with higher Charlson comorbidity index ≥ 7 were 11 times more likely to die from non-IPMN related causes within 3 years of cyst diagnosis and had significantly shorter median survival (43 mo vs 180 mo)[24]. Another study used the Adult Comorbidity Evaluation 27 scoring system in 793 patients with IPMNs followed for over a year with similar conclusions that patients with higher scores were more likely to die from non-IPMN related causes[25]. These may help risk stratify patients with multiple comorbidities who likely will not need ongoing attention to their cysts. The other group of patients who do not need ongoing evaluation include those with pseudocysts or SCAs although the European cyst guideline suggests a one-time surveillance MRI one year after identification of SCAs[26]. 
The multiple guidelines that have been proposed to assist clinicians with managing pancreatic cystic lesions share many commonalities although the AGA guideline is the significant outlier (Table 1)[12,20,26-28]. The controversial AGA guideline increased the threshold for sending a patient to EUS-FNA as well as surgery from one to at least two risk features. While this may be expected to decrease the unnecessary resection of benign cysts, the impact on the negative predictive value has not been proven[29,30]. In our experience, we found similar rates of missing malignant cysts when comparing the International Association of Pancreatology Fukuoka and AGA guidelines (19% by Fukuoka, 25% by AGA) and preventing unnecessary surgeries (69% by Fukuoka, 74% by AGA)[29]. Therefore, the guidelines all serve as guides but cannot dictate management of patients with pancreatic cysts. 

EUS
Following radiologic imaging, the role of EUS in the diagnostic work-up of pancreatic cysts includes evaluating cysts that are indeterminate or have risk features, or if EUS may change management. EUS-FNA is helpful in differentiating mucinous from nonmucinous cysts when imaging is indeterminate and in diagnosing suspected cystic neuroendocrine tumors and solid pseudopapillary neoplasms[31]. The Fukuoka and AGA guidelines offer guidance on whom to select for EUS-FNA based on presence of specific risk features. The Fukuoka guideline for suspected MCN and IPMN recommends EUS for patients with any one of these clinical or radiologic worrisome features (pancreatitis, size ≥ 3 cm, enhancing nodule < 5 mm, main pancreatic duct 5-9 mm, thick cyst wall, abrupt change in main pancreatic duct diameter with upstream parenchymal atrophy, lymphadenopathy, elevated serum CA 19-9, cyst growth ≥ 5 mm/2 years)[12]. On the other hand, the AGA guideline suggests EUS-FNA only for cysts with two high-risk imaging features (size ≥ 3 cm, solid component, or dilated main pancreatic duct) or if significant changes develop in the cyst during surveillance[27]. However, it is certainly reasonable to perform EUS-FNA in certain situations even with a single risk feature such as a solid component or significantly dilated main pancreatic duct given the relatively high risk of malignancy associated with these features. 
EUS imaging is limited in diagnostic accuracy for identifying mucinous cysts with only 51% accuracy[32]. Moreover, among expert endosonographers there remains wide variation in interobserver agreement of neoplastic features[33,34]. Agreement is reportedly best for nodules, moderate for solid component and cystic communication with pancreatic duct, and fair for suspicion of malignancy[34]. 
Endosonographers can distinguish nodules from mucus by comparing the echogenicity relative to adjacent tissue and assessing the mobility of the structure with patient repositioning and probing with the needle. Nodules appear iso- or hypoechoic without a smooth edge or hyperechoic rim compared with mucus which have a smooth-edged hyperechoic rim surrounding a hypoechoic center[35]. Contrast-enhanced harmonic EUS, which involves intravenous injection of special contrast agents that highlight microvasculature differences between normal and abnormal tissue, appears helpful in not only diagnosing nodules, but also differentiating high-grade dysplasia and cancerous nodules from nodules with low-grade dysplasia[36]. Nodules taller than 5 mm have greater association with malignancy. 

Cyst fluid analysis
Because of the inadequate diagnostic capabilities of EUS imaging alone, intense interest has focused on searching for the ideal cyst fluid marker whether protein, DNA, RNA, metabolite that would diagnose the cyst, distinguish a mucinous from nonmucinous cyst, and predict malignant progression of the cyst. Cyst fluid for cytology typically has low diagnostic yield with less than 50% sensitivity for mucinous lesions, however, it is helpful when positive for a specific diagnosis. Similarly, cytology is highly specific for malignancy with at best 60% sensitivity for malignancy[27,37]. Fluid cytology appears more useful for SPEN with 70-81% accuracy and cystic neuroendocrine tumors with 70%-89% diagnostic yield[38-41]. Cyst fluid from pancreatic lymphangioma has a characteristic chylous appearance, elevated triglyceride levels, and numerous benign lymphocytes[42]. Improved diagnostic yield for mucinous or malignant cysts by 29% has been reported with cyst wall cytology, obtained by repeatedly passing the needle back and forth through the collapsed cyst wall[43]. Therefore, cyst wall cytology may be preferred over fluid alone, unless copious fluid is available for cytology. A small study suggests greater diagnostic yield with EUS-fine needle biopsy using a core biopsy needle[44]. 
If there is enough fluid, before sending it for analysis it should be evaluated for string sign, which is highly specific (95%) for a mucinous cyst[45]. This is defined as cyst fluid extending for at least 1 cm and 1 s from the tip of the EUS needle or between two fingers that are separated after placing a drop of fluid on them. The remaining fluid should be sent for carcinoembryonic antigen (CEA), amylase, glucose and potentially DNA analyses (Table 2). 
While CEA is not predictive of malignancy, it remains the most widely used and accurate tumor marker for differentiating mucinous from non-mucinous pancreatic cysts[46]. However, it does not distinguish IPMN from MCN. Other limitations with CEA assays are they were validated for serum but not for cyst fluid, and significant CEA variation exists among different assays[47]. The appropriate CEA threshold is debated with CEA greater than 192 ng/mL having 73% sensitivity and 84% specificity for mucinous cysts[32]. Cyst fluid glucose may be more accurate than CEA for mucinous cysts with a recent meta-analysis reporting 91% sensitivity and 75% specificity for glucose compared with 67% sensitivity and 80% specificity for CEA[48]. A common cutoff used for cyst fluid glucose in diagnosing mucinous cysts is < 50 mg/dL. Very low CEA levels < 5 ng/mL are specific for SCA, pseudocyst, or cystic neuroendocrine tumor[49]. Amylase is helpful in excluding pseudocysts if less than 250 U/L[49]. 
DNA analysis of cyst aspirates may be helpful especially when less than 0.5cc of fluid is available as this precludes many chemistry and tumor marker analyses. A recent meta-analysis noted that KRAS and GNAS mutations were more accurate for diagnosing mucinous cysts and IPMNs than CEA alone[50]. Other studies have noted high specificity > 90% for mucinous cysts and IPMNs but lower sensitivity (65%) with KRAS and GNAS[51]. Using both CEA and KRAS may be increase sensitivity to 83% for mucinous cysts but at the expense of specificity (85%)[52]. How useful DNA mutations are for identifying cysts with high-grade dysplasia or cancer remains to be determined with some preliminary studies of various DNA mutation panels suggesting high sensitivity and specificity[53,54]. Our study found the addition of DNA analysis consisting of KRAS, loss of heterozygosity, DNA quantity and quality did not improve upon the Sendai guideline in detecting malignant cysts[55]. 

Needle-based confocal laser endomicroscopy and microbiopsy forceps
Newer tools during EUS that may improve diagnosis of pancreatic cysts include needle-based confocal laser endomicroscopy (nCLE) (Mauna Kea Technologies, Paris, France) and microbiopsy forceps (Steris, Mentor, OH, Figure 6). Both require passing the nCLE probe or microbiopsy forceps through a 19-gauge needle, which limits the size and location of cysts eligible for these techniques. EUS-nCLE allows real-time microscopic imaging of the cyst wall. Visualizing a superficial vascular network pattern is consistent with SCA with 56% to over 90% sensitivity and 100% specificity (Figure 7)[56,57]. Sensitivity for mucinous cysts ranges from 66% to over 90% with finger-like papilla consistent with IPMN (Figure 8) and epithelial bands seen in MCN[56,58]. The most common complication with nCLE is pancreatitis which ranges from 1.2% to 12%. Recommended techniques to minimize pancreatitis include preloading the nCLE probe in the FNA needle, nCLE duration less than 10 minutes and avoiding brushing the tip of the nCLE probe along the cyst wall.
A systematic review of 9 studies with 463 patients undergoing EUS with microbiopsy forceps reported 68.6% diagnostic accuracy with near 10% complications[59]. A death has been reported in Europe following this procedure as well as up to 4% severe complications[60]. Therefore, while nCLE and microbiopsy forceps are exciting tools that may improve diagnosis of pancreatic cysts, further studies are necessary to understand their safety profile as well as the optimal place these tools have amidst the currently available cyst fluid markers.

SURGICAL RESECTION
Surgery should be considered for patients with cysts that are symptomatic, malignant, or at high-risk for malignancy. Stratifying the malignant risk of a pancreatic cyst is simplest when the diagnosis of the cyst is known, but also possible for indeterminate cysts by assessing for risk features. Surgical resection is recommended for symptomatic SCAs only[20,26]. On the other hand, resection of MCNs should be considered for all patients or select higher risk patients with symptoms, nodule or size ≥ 4 cm[12,26]. Similarly, due to higher malignant risk of MD-IPMN and mixed type IPMNs, surgical resection is suggested for these lesions[12,26]. Resection is recommended for select BD-IPMN with a risk feature. Absolute indications for resection include main pancreatic duct ≥ 1 cm, enhancing nodule ≥ 5 mm, solid mass, jaundice, or cytology suspicious or positive for malignancy. Relative indications for resection of BD-IPMN include main pancreatic duct 5-9 mm, cyst ≥ 4 cm, enhancing nodule < 5 mm, growth rate ≥ 5 mm/year, serum CA 19-9 ≥ 37 U/mL, acute pancreatitis, or new onset diabetes. SPENs are considered premalignant with up to 15% incidence of local invasion or metastatic disease[39]. Given their malignant potential, favorable post-resection outcomes, and occurrence in mainly young women, referral for surgical resection is most appropriate[20,26]. 
The AGA guideline is the outlier by requiring the presence of at least 2 risk features before sending a patient to surgery. In the AGA technical review, 15% of all resected pancreatic cyst specimens had invasive malignancy while the rate of high-grade dysplasia was not assessed[6]. Of surgically resected IPMNs, 25% had invasive malignancy and 42% had either high-grade dysplasia and/or invasive malignancy[6]. Whether resecting IPMN with low-grade dysplasia in 58% of cases is acceptable can be debated, but as a result, the AGA guideline increased the threshold for surgery to requiring 2 risk features (solid component, dilated main pancreatic duct, and/or concerning features on EUS-FNA) in the hopes of improving the positive predictive value for resecting pancreatic cysts[27]. However, this has not proven true from multiple studies including our experience[29]. A recent meta-analysis comparing the Fukuoka and AGA guidelines reported they both had similarly modest sensitivity (67% and 59%, respectively) and specificity (64% and 77%, respectively) for detecting high-grade dysplasia and invasive cancer[61]. 
The AGA technical review identified the following as the greatest risk factors for malignancy in incidental pancreatic cysts: solid component [odds ratio (OR) 7.7], cyst size > 3 cm (OR 3), and dilated main pancreatic duct (MPD) (OR 2.4)[6]. One caveat is that the included studies used varying definitions for dilated main pancreatic duct ranging from ≥ 3mm to > 6 mm. Studies have suggested that the degree of main pancreatic duct dilation correlates with varying malignant potential with higher risk associated with duct > 7-8 mm[62,63]. Regarding cyst size, a study of 563 resected and radiologically diagnosed BD-IPMN noted that 18% of cysts > 3 cm had high-grade dysplasia or invasive cancer, while no malignancy was detected in cysts < 2 cm and no high-grade dysplasia was noted in lesions < 1 cm[64]. Larger cysts seem associated with development of high-risk features including nodule and main pancreatic duct dilation[16]. Assessment of cyst size and nodules may vary depending on the imaging modality. EUS may be more accurate than CT or MRI for cyst size measurements and for detecting nodules[35,65].
Careful surgical planning is important with MD-IPMN, and partial pancreatectomy is reasonable in cases with segmental dilation or diffuse dilation with focal lesions[12]. Resection should continue until the margins are negative for high-grade dysplasia and cancer. However, determining how much pancreas to resect in MD-IPMN with diffuse dilation without focal lesions can be challenging. ERCP with pancreatoscopy and/or intraductal ultrasound (IDUS) and EUS may help with surgical planning. Case series have suggested the utility of pancreatoscopy with or without IDUS in mapping IPMNs preoperatively leading to more or less extensive surgeries than previously planned in about 60% of patients[26,66,67]. Therefore, these tools may be used selectively to guide surgical planning. Regarding total pancreatectomy, some suggest this should be reserved for younger healthy patients who will tolerate brittle diabetes or exocrine insufficiency postoperatively while others advocate for this in all patients with diffuse main pancreatic duct dilation or those with family history of pancreatic cancer[12,26]. 

SURVEILLANCE
Patients with cysts at low risk for malignancy and following resection of certain cysts should undergo surveillance. MRI is preferred over CT for surveillance due to reduced radiation exposure and potentially improved ability to detect communication with the main pancreatic duct and nodules[20,26,28]. Recent reports of gadolinium deposition in the brain has raised concern over repeated injections of gadolinium during surveillance MRIs[68]. A few studies have suggested that MRI performed with vs without gadolinium did not change management decisions[69,70]. Non-contrast MRI scans have demonstrated similar efficacy to contrast-enhanced MRI in discerning benign from malignant disease[69]. Therefore, surveillance MRIs may be performed without gadolinium unless concerning findings are noted on the non-contrast MRI. 
Surveillance is recommended at various intervals for unresected pancreatic cystic neoplasms depending on size and other criteria for different guidelines (Table 3)[12,20,26-28]. The surveillance interval may be lengthened if there are no concerning features or changes found on repeated testing[26,27]. If a cyst had been followed with imaging every 6 mo, this may be extended to every year while annual surveillance may be lengthened to biennial follow-up. Similarly, if new onset or worsening diabetes or concerning changes (risk features) develop on imaging, surveillance interval should be shortened and/or EUS performed and patient referred to a multidisciplinary pancreas center. 
While the other gastroenterology guidelines suggest surveillance intervals based on cyst size and other factors without an explicit recommendation to stop surveillance except in surgically unfit patients, the AGA guideline endorses a simplified surveillance protocol of MRI in 1 year and then every 2 years for 5 years followed by stopping if the cyst remains stable without developing high risk features[27]. This is perhaps the most controversial aspect of the AGA guideline. Numerous long-term surveillance studies have been published following the release of the AGA guidelines, most of which noted low risk of malignancies developing after 5 years of surveillance. A Japanese study of 1404 patients with BD-IPMN excluding cysts with nodules or main pancreatic duct dilation > 1 cm noted gradually increasing incidence rates of cancer over time (3.3% at 5 years, 6.6% at 10 years and 15% at 15 years)[71]. Long-term surveillance of 1036 BD-IPMNs without worrisome or high-risk features in Italy found 1.1% developed cancer after median 62 mo follow-up[72]. Development of worrisome features or cyst size growth > 2.5 mm/year were associated with risk for cancer. Another study of 363 patients with BD-IPMN followed for over 5 years noted that cyst size > 1.5 cm was associated with higher risk of developing cancer (7.5% vs 0.9%)[73]. Therefore, surveillance should not be stopped for all patients after 5 years, and in fact, should continue for most patients except those who are no longer surgical candidates. As discussed earlier, various comorbidity scoring systems including the Charlson comorbidity index and Adult Comorbidity Evaluation 27 scoring system may serve as aides to identify patients at higher risk from their comorbidities than their pancreatic cyst[24,25]. These patients likely would not benefit from ongoing surveillance. The American College of Gastroenterology guideline also suggests individualizing surveillance in patients over 75 years old analogous to the United States Preventive Services Taskforce recommendations for colon cancer screening.
Following surgical resection of SCA or MCN without invasive features, surveillance is not necessary as resection is considered curative. This is because no recurrence of MCN without invasive cancer was noted in patients after nearly 5 years[74]. For higher risk IPMNs including high-grade dysplasia at the surgical margins, non-intestinal subtype, or family history of pancreatic cancer, the Fukuoka guideline recommends repeat imaging at least every 6 mo[12]. For other IPMNs, surveillance every 6-12 mo is suggested. Those with resected invasive cancer should continue surveillance as per patients with pancreatic ductal adenocarcinoma. The AGA guideline supports postoperative surveillance only following resection of high-grade dysplasia or invasive cancer with MRI every 2 years[27]. A concern with this recommendation is that early recurrences, especially in patients with invasive cancer, may be missed.
Unresolved questions remain regarding surveillance including the optimal surveillance interval and duration in unresected cysts. 

CONCLUSION
While the various guidelines provide a foundation for managing pancreatic cysts, the approach to each patient with a pancreatic cyst should be individualized based on clinical status and comorbidities, risk of malignancy, and personal preferences. A good quality MRI of the pancreas may help identify malignant and mucinous cysts. If the diagnosis of the cyst remains uncertain or there are concerning features on imaging, EUS should be pursued although the ideal diagnostic markers and tools remain elusive. Surgical resection should be reserved for patients with high risk features including solid mass, nodule or dilated main pancreatic duct. The ongoing challenge with surgical referral remains accurately identifying signs predictive of malignancy that allow early surgery to improve long-term survival while sparing patients with low-risk cysts the morbidity and mortality of pancreatic surgery. High quality studies are necessary to discover better diagnostic markers and tools, to improve risk stratification of patients, and to understand the optimal interval and duration of surveillance. 
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Figure Legends
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Figure 1 Magnetic resonance imaging of microcystic serous cystadenoma in body of pancreas (arrow)[23].
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Figure 2 Magnetic resonance imaging and endoscopic ultrasound of mucinous cystic neoplasm appearing unilocular with a thick wall (arrow)[23]. A: Magnetic resonance imaging; B: Endoscopic ultrasound.
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Figure 3 Magnetic resonance cholangiopancreatography of main duct intraductal papillary mucinous neoplasm[23].
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Figure 4 Magnetic resonance cholangiopancreatography of branch duct intraductal papillary mucinous neoplasm communicating with nondilated main pancreatic duct (arrow)[23].
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Figure 5 Magnetic resonance imaging of solid pseudopapillary neoplasm (arrow)[23].
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Figure 6 Microbiopsy forceps through endoscopic ultrasound needle.
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Figure 7 Superficial vascular network in serous cystadenoma. Courtesy of Mauna Kea Technologies.
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Figure 8 Papillary projections in intraductal papillary mucinous neoplasm. Courtesy of Mauna Kea Technologies.

Table 1 Key Features of pancreatic cyst guidelines
	Specifics of Guidelines
	2015 AGA
	2017 Fukuoka
	2017 ACG
	2017 ACR
	2018 European Study Group

	Patient population
	Incidental pancreatic cysts
	Suspected MCN and IPMN
	All pancreatic cysts
	Incidental pancreatic cysts
	All pancreatic cysts

	Threshold for EUS and/or surgery
	At least 2 risk factors
	1 risk factor
	1 risk factor
	1 risk factor
	1 risk factor

	Surveillance recommendations in unresected cysts
	MRI in 1 year, then every 2 yr
	Surveillance based on cyst size
	Surveillance based on cyst size
	Surveillance based on cyst size and age
	Surveillance based on cyst size and diagnosis

	Stopping surveillance
	(1) After 5 yr of stability without development of high-risk features; (2) Surgically unfit; and (3) Select resected cysts including BD-IPMN with no, low or moderate-grade dysplasia 
	(1) Surgically unfit; and (2) Following resection of serous cystadenoma and MCN without invasive cancer
	(1) Surgically unfit; (2) Following resection of serous cystadenoma and MCN without invasive cancer; and (3) Individualize approach to patients > 75
	(1) 9-10 yr and stop at age 80; and (2) For cysts discovered > age 80, limited surveillance for 4 yr only if stable
	Surgically unfit


AGA: American Gastroenterological Association; ACG: American College of Gastroenterology; EUS: Endoscopic ultrasound; MRI: Magnetic resonance imaging; MCN: Mucinous cystic neoplasm; IPMN: Intraductal papillary mucinous neoplasm; BD-IPMN: Branch duct-intraductal papillary mucinous neoplasm.

Table 2 Cyst fluid studies
	Cyst fluid test
	Test characteristics
	Diagnosis

	String sign ≥ 1 cm, ≥ 1 s
	95% specificity, 94% positive predictive value
	Mucinous

	Cyst fluid cytology
	63% sensitivity
	-

	Cyst wall cytology
	29% increased diagnostic yield
	-

	CEA > 192 ng/mL
	75% sensitivity, 84% specificity
	Mucinous

	CEA < 5 ng/mL
	50% sensitivity, 95% specificity
	Serous cystadenoma, pseudocyst, cystic neuroendocrine tumor

	Amylase < 250 U/L
	44% sensitivity, 98% specificity
	Excludes pseudocyst

	Glucose < 50 mg/dL
	89% sensitivity, 78% specificity
	Mucinous

	KRAS/GNAS mutation
	89% sensitivity, 100% specificity
	Mucinous


CEA: Carcinoembryonic antigen.

Table 3 Surveillance recommendations from pancreatic cyst guidelines
	2015 AGA
	2017 Fukuoka
	2017 ACG
	2017 ACR
	2018 European Study Group

	Repeat 1 yr then q2 years until 5 yr
	< 1 cm: q2-3 years
	< 1 cm: q2 years x4 years
	< 1.5 cm + < 65-year-old: q1 year x5, q2 years x2
	< 1.5 cm: q1 year x3 years then q2 years

	
	1-2 cm: q1 year x2 years
	1-2 cm: q1 year x3 years then q2 years x4 years
	< 1.5 cm + ≥ 65-year-old: q2 years x5
	≥ 1.5 cm: q6 mo x2 then q1 year

	
	2-3 cm: EUS in 3-6 mo then increase interval and alternate with MRI
	2-3 cm: MRI/EUS q6-12 mo x3 years then q1 year x4 years
	1.5-1.9 cm connected to MPD: q1 year x5 then q2 years x2
	IPMN or MCN: q6 mo x2 then q1 year

	
 
	> 3 cm: MRI alternate with EUS q3-6 mo
	> 3 cm: Consider referral to multidisciplinary pancreas group; MRI/EUS q6 mo x3 years, then MRI/EUS q1 year x4 years
	2-2.5 cm connected to MPD or 1.5-2.5 cm without MPD connection or > 2.5 cm: q6 mo x4 then q1 year x2 then q2 years x3
	


AGA: American Gastroenterological Association; ACG: American College of Gastroenterology; EUS: Endoscopic ultrasound; MRI: Magnetic resonance imaging; MCN: Mucinous cystic neoplasm; IPMN: Intraductal papillary mucinous neoplasm; MPD: Main pancreatic duct.
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Figure 7. Superficial vascular network in serous cystaden
Courtesy of Mauna Kea Technologies.
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Figure 8. Papillary projections in Intraductal Papillary Mucinous Neoplasm.
Courtesy of Mauna Kea Technologies.
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