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INTRODUCTION

Pancreatic cystic lesions (PCLs) are recognized with 
increasing frequency and have become a more common 
finding in clinical practice, because of  the widespread 
use of  advanced imaging modalities and the sharp 
drop in the mortality rate of  pancreatic surgery.[1] The 
current consensus is that pancreatic cystic neoplasms 
(PCNs) constitute up to 60% of  all PCLs, followed by 
injury‑related and inflammation‑related cysts (30%).[1] PCNs 
include intraductal papillary mucinous neoplasms (IPMNs), 
mucinous cystic neoplasms (MCNs), serous cystic 
neoplasms (SCNs), solid pseudopapillary neoplasms, cystic 
neuroendocrine neoplasms, ductal adenocarcinomas with 
cystic degeneration, and acinar cell cystic neoplasms.[2,3]

One study[4] found that 20% of  resected PCNs are 
benign, even at a tertiary hospital, indicating the 
challenge involved in accurately diagnosing PCLs. 
Multiple modalities are widely used for detection 
and diagnosis, including computed tomography (CT), 
magnetic resonance imaging (MRI), endoscopic 
retrograde cholangiopancreatography, and EUS. EUS 
is currently accepted as the most valuable method in 
the detection and diagnosis of  solid pancreatic lesions. 
However, for many aspects of  the EUS management 

of  cystic neoplasm of  the pancreas, available data 
are currently insufficient to make evidenced-based 
decisions.[5] Here, we present the results of  a survey of  
the use of  EUS in the diagnosis of  PCLs by a group 
of  EUS experts, based on their own experience.

METHODS

A survey regarding the practice of  EUS in the evaluation 
of  PCLs was extracted from the published articles and 
drafted by the committee member of  the International 
Society of  EUS Task Force (ISEUS-TF).[6] We designed 
the survey to include the indications, complications, 
techniques, and yield of  EUS‑based diagnosis. The survey 
was disseminated to experts of  EUS who are members 
of  ISEUS-TF through the software SurveyMonkey 
(https://surveymonkey.com/). According to the guidance 
of  the SurveyMonkey, we have limited the number of  
questions to 15 to ensure the response rates. Some 
questions were designed to assess the respondents’ 
agreement with a statement, while the others were 
designed to assess the choices with the greatest numbers 
of  responses. The responses were counted. The 
percentage agreements with statements were calculated 
in some cases; in others, the options with the greatest 
numbers of  responses were summarized.
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Background and Objectives: Currently, pancreatic cystic lesions (PCLs) are recognized with increasing frequency and have 
become a more common finding in clinical practice. EUS is challenging in the diagnosis of PCLs and evidence‑based decisions 
are lacking in its application. This study aimed to develop strong recommendations for the use of EUS in the diagnosis of 
PCLs, based on the experience of experts in the field. Methods: A survey regarding the practice of EUS in the evaluation of 
PCLs was drafted by the committee member of the International Society of EUS Task Force (ISEUS‑TF). It was disseminated 
to experts of EUS who were also members of the ISEUS‑TF. In some cases, percentage agreement with some statements was 
calculated; in others, the options with the greatest numbers of responses were summarized. Results: Fifteen questions were 
extracted and disseminated among 60 experts for the survey. Fifty‑three experts completed the survey within the specified 
time frame. The average volume of EUS cases at the experts’ institutions is 988.5 cases per year. Conclusion: Despite the 
limitations of EUS alone in the morphologic diagnosis of PCLs, the results of the survey indicate that EUS‑guided fine‑needle 
aspiration is widely expected to become a more valuable method.
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diagnostic modality with multi-detector CT, increased 
the accuracy, sensitivity, and specificity, as well the ability 
to predict neoplastic cyst. In 2017, Zhang conducted a 
retrospective single-center study, using the new criteria to 
distinguish mucin and serum lesions; these new criteria 
demonstrated the accuracy of  82.93%.[9]

2. When should EUS enhancement be applied?
 Option with most responses: When nodules are found 

under EUS.
 Agreement: 69.23%; 36/52.

Supporting evidence and comments
Some studies with limited numbers of  patients have 
proven the usefulness of  contrast enhanced (CE)-EUS 
in predicting the malignant potential of  IPMN. 
According to Ohno et al., the mural nodules defined 
as blood flow‑supplied protrusions were classified into 
four types; Type III and Type IV were highly associated 
with malignancy (88.9% and 91.7%, respectively). The 
diagnosis of  malignancy in IPMNs with Types III or IV 
mural nodules showed a sensitivity of  60%, specificity 
of  92.9%, and accuracy of  75.9%.[10] Kurihara et al. 
found that the vessel shapes of  the mural nodules 
depicted under CE-EUS were associated with size 
and pathological findings; these results suggested that 
CE-EUS with a contrast agent is a powerful modality 
with which to evaluate the malignancy potential of  
IPMN.[11] Harima et al. used CE-EUS to measure 
mural nodule height, which provided a highly accurate 
method for differentiating benign from malignant 
BD-IPMN (diagnostic accuracy increased to 98%).[12] 
In a prospective study, the diagnostic accuracy of  
CE-EUS in evaluating the mural nodes was as high as 
94%, and the accuracy of  severe atypical hyperplasia 
or invasive malignancy was 75%. Fujita et al. concluded 
that CE-EUS might be useful for avoiding overdiagnosis 
of  BD-IPMN with mural nodule-like lesions. However, 
this method exhibited difficulty in distinguishing 
between clearly benign and clearly malignant lesions in 
BD-IPMN.[13] In addition, CH-EUS could help identify 
areas of  malignant growth inside the cystic cavities, 
which could help in the targeting of  EUS-guided 
fine‑needle aspiration (FNA).[14]

3. When should EUS‑FNA be applied?
 Option with most responses: EUS‑FNA should be 

performed in apparently high-risk PCLs
 Agreement: 46.15%; 24/52 (77.42%; 24/31).

Other responses
Furthermore, about 40.38% were responded with the 
choice of  “Other (please specify).” According to the 

RESULTS

Fifteen survey questions were extracted and 
disseminated among 60 experts. Fifty‑three 
experts completed the survey within the specified 
time frame. The geographical distribution of  the 
experts is Asian group 58%, American group 19%, 
European group 11%, Oceania group 10%, and Africa 
group 2% [Figure 1]. The average volume of  EUS cases 
at the experts’ institutions is 988.5 cases per year. The 
results of  the survey are listed in Figure 2.
1. EUS is an ideal tool for the detection of  PCLs; however, 

the diagnostic yield is not high and contrast-enhanced 
ultrasound, CT, and MRI are required to supplement 
the EUS findings of  such lesions.

 Agreement: 65.39%; 34/52.

Supporting evidence and comments
In the consensus from European experts, it was 
stated that “CT and/or MRI imaging are indicated 
in all patients with cystic lesion of  the pancreas 
for the differential diagnosis and for depicting signs 
suggestive of  malignancy.”[7] Therefore, EUS is always 
performed as part of  multi-modality diagnostic 
evaluation.

In 2004, Brugge et al. reported that the diagnostic 
yield of  EUS imaging alone to differentiate mucinous 
versus nonmucinous cysts was not high; the sensitivity 
was 56% and specificity was 45%, resulting in an 
accuracy of  51%.[2] In 2015, the accuracies of  EUS 
and cross-sectional imaging were compared for the 
preoperative diagnosis of  PCLs.[8] The investigators 
concluded that MRI, when used as an additional 

Asian group
40%

Africa group
4%

American 
group
26%

Oceania group
6%

European 
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24%

Geographical distribution

Figure 1. The reginal distribution of the responders
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specify, 5 responses were mainly preferred to perform 
FNA in high-risk patients with the consideration of  
other conditions; 3 responses were never use the FNA 
in cystic lesions; 2 responses agreed to perform FNA 
in the solid part of  the lesions; 2 responses agreed to 
perform FNA in all cysts and 5 responses considered 
to perform FNA depending on the clinical demanding.

Supporting evidence and comments
Japanese guidelines aim to directly subject high‑risk 
lesions to surgery (to avoid neoplastic dissemination 
while performing EUS-FNA) and to perform 
EUS-FNA in apparently low-risk lesions. In contrast, 
American guidelines (both American Gastroenterological 
Association and American Society for Gastrointestinal 
Endoscopy) recommend EUS-FNA in apparently 
high‑risk lesions, such that if  they exhibit high‑risk 
cytology, they can be subjected to surgery. Moreover, 
American guidelines permit lesions that appear to be 
low risk to simply be followed up (without performing 
EUS-FNA).

In 2015, a prospective study including 77 patients with 
PCLs found that the diagnostic accuracy of  PCLs 
can be increased using FNA with analysis of  cyst 
carcinoembryonic antigen (CEA) level, carbohydrate 
antigen 19-9 level, amylase level, mucin stain, and 
cytopathological examination.[15] In 2014, a prospective 
study that included 302 patients concluded that 
EUS-FNA impacts management in nearly 72% of  
IPCs, and has a large influence on the management 
strategy: either discharge rather than surgical resection, 
or surgery rather than the additional follow-up.[16] 
EUS-FNA increased diagnostic yield, compared with 
CT and MRI. The results of  the EUS-guided sample 
could further alter the diagnosis and management of  
patients with PCLs. However, the specific role of  
EUS-FNA is unclear in some cases; some guidelines 
are critical of  it, while others support it and enhance 
its use.

The American Gastroenterology Association suggests 
that pancreatic cysts with at least 2 high-risk features, 
such as size >3 cm, a dilated main pancreatic duct, 
or the presence of  an associated solid component, 
should be examined with EUS‑FNA (conditional 
recommendation, very low‑quality evidence).[17]

4. What is the specific minimum limit on the size of  PCLs 
for performing EUS-FNA?

 Option with most responses: Larger than 10 mm.
 Agreement: 40.38%; 21/52.

Supporting evidence and comments
Aspirated samples from small cyst lesions were 
sufficiently limited that they were difficult to use for 
biochemical analyses, cytopathology examination, or other 
assays. From a 1‑cm diameter cyst, a maximum of  0.5 ml 
sample could be aspirated. Thus far, no data are available 
regarding this issue. The option with the most responses 
is >10 mm in diameter. Therefore, patients with cyst 
lesions <10 mm in size may not benefit from FNA.
5. The viscosity of  the aspirated cyst content (the string 

test) can be used to differentiate mucinous cysts from 
nonmucinous cysts.

 Agreement: 94%; 47/50.

Supporting evidence and comments
A simple approach to evaluate the viscosity of  a sample 
is the “string sign,” which constitutes placement of  a 
drop of  aspirated fluid between two fingers, followed 
by spreading of  those fingers. String sign positivity has 
been shown to be very specific for the diagnosis of  
mucinous lesions, with sensitivity and specificity values 
of  58% and 95%, respectively.[18]

6. For cysts with a low amylase concentration, pancreatic 
fluid collection can be excluded.

 Agreement: 84.62%; 44/52.

Supporting evidence and comments
A pooled review of  12 studies from 2005, 
all involving histologic diagnosis, found that cysts 
with amylase <250 U/L were serous cystadenoma, 
mucinous cystic adenoma (MCA), or mucinous 
cystadenocarcinoma (MCAC; sensitivity 44%, specificity 
98%); this cutoff  virtually excluded pseudocysts.[19] In 
one study from 2004, a cutoff  value of  >479 U/L for 
cyst amylase level showed a sensitivity of  73% and a 
specificity of  90% for distinguishing pseudocysts from 
cystic neoplasms.[20] In 2006, Linder et al. found that 
amylase levels were higher in pancreatic pseudocyst 
(7210 U/L), compared with cystic neoplasm (SCN, 
679 U/L; MCN, 1605 U/L; MCAC, 569 U/L).[21] In 
a retrospective study published in 2015, Oppong et al. 
revealed that median amylase was significantly higher 
in benign cysts, compared with high-risk mucinous 
cysts (11429 IU/L vs. 113 IU/L; P < 0.05).[22]

7. If  the volume of  PCL aspirate is small, CEA level 
determination is recommended as an initial analysis.

 Agreement: 90.57%; 48/53.

Supporting evidence and comments
Thus far, CEA is the most widely used and 
well-studied marker in pancreatic cyst f luid. [23] 
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Approximately 0.2–1.0 mL of  cyst fluid is required 
to assay for CEA. In 2004, a multi-center prospective 
study demonstrated that the accuracy of  CEA 
(88 of  111, 79%) was significantly greater than the 
accuracy of  EUS morphology (57 of  112, 51%) or 
cytology (64 of  109, 59%) (P < 0.05). There was no 
combination of  tests (e.g., including CEA, CA 72-4, 
CA 125, CA 19-9, and CA 15-3) that provided greater 
accuracy than CEA alone (P < 0.0001). Of  tested 
markers, cyst fluid CEA is the most accurate test 
available for the diagnosis of  mucinous cystic lesions 
of  the pancreas.[24]

8. What is the cutoff  concentration of  CEA in a cyst that 
could indicate a mucinous lesion?

 Option with most responses: CEA >192 ng/ml.
 Agreement: 69.81%; 37/53.

Supporting evidence and comments
A multicenter prospective study by Brugge[19] 
found that CEA >192 ng/ml was diagnostic of  a 
mucinous lesion. Alkaade, Chahla, and Levy[4] from 
the USA have extensively reviewed the accuracy, 
limitations, and issues with the use of  cytology, 
viscosity, and CEA in the pancreatic cyst fluid. For 
CEA, pooled sensitivity was 63% (59%–67%) and 
specificity 88% (83%–91%).[25] Other investigations 
have described various cutoff  values for CEA in 
the diagnosis of  mucinous lesions. Van der Waaij 
et al. found that CEA >800 ng/ml is 79% accurate 
in the diagnosis of  a mucinous lesion (benign and 
malignant). CEA >800 ng/mL strongly suggested MCA 
or MCAC (sensitivity 48%, specificity 98%). Some 
other values were mentioned by the experts, but these 
additional values have not been firmly established (e.g., 
CEA >1000 is highly indicative of  a malignant cyst 
lesion; CEA 2‑200 indicates inflammatory lesions such 
as pseudocysts).
9. For diagnostic sampling of  PCLs without a solid 

component, should the cyst be emptied with a single 
pass of  a 22G or 19G needle?

 Agreement: 88.46%; 46/52.

Supporting evidence and comments
Few studies have discussed whether the cyst should 
be emptied when performing diagnostic EUS-FNA 
of  PCLs. The European Society of  Gastrointestinal 
Endoscopy recommends that, for the diagnostic 
sampling of  PCLs without a solid component, the cyst 
should be emptied with a single pass of  a 22G or 19G 
needle (low‑quality evidence, weak recommendation).[26]

10. For PCLs with a solid component, should the solid 

component be sampled using the same technique as in 
other solid lesions?

 Agreement: 88.46%; 46/52.

Supporting evidence and comments
In 2013, a multicenter Asian study revealed that 
the presence of  solid cystic components and an 
increased number of  needle passes during EUS-FNA 
were associated with a higher diagnostic yield of  
EUS-FNA. The investigators concluded that when a 
solid component was present in the cyst, use of  more 
than one pass during EUS-FNA increased its diagnostic 
yield.[27] The statement was also weakly recommended 
by the European Society of  Gastrointestinal Endoscopy, 
with low‑quality evidence.[26]

11. The cyst wall should be sampled.
Agreement: 71.15%; 37/52.

Supporting evidence and comments
From 2016 to 2018, three studies reported the value of  
sampling the cystic wall; all were retrospective studies. 
The success rate of  the technique was 85.7%–100%; 
the clinical success rate was 71.4%. Notably, there were 
six cases of  mild adverse events.[28-30]

12. The rate of  bleeding during the EUS-guide FNA of  PCLs
 Option with most responses: With a higher rate 

of  bleeding complication than solid lesions of  the 
pancreas.

 Agreement: 45.28%; 24/53
13. The rate of  infection during the EUS-guided FNA of  

PCLs
 Option with most responses: With a higher rate 

of  infection complication than solid lesions of  the 
pancreas.

 Agreement: 56.60%; 30/53.

Supporting evidence and comments
The overall complication rate of  EUS-FNA in 
prospective series ranges from 0% to 2.5%.[31] In 
2005, Linda et al. performed a retrospective analysis 
of  the complications.[32] A total of  603 patients with 
651 pancreatic cysts were evaluated, complications 
were identified in 13 patients (2.2%, 13 of  603), with 
no patient requiring surgical management. Nearly half  
of  the complications were pancreatitis; other rare 
complications included abdominal pain, infection, and 
retroperitoneal bleeding. EUS-guided pancreatic cyst 
aspiration exhibits a low complication rate, similar to 
that reported for solid pancreatic lesions.[32] No patient 
or cyst characteristics appear to be predictive of  adverse 
events. In 2001, a total of  114 lesions were aspirated.[33] 
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Complications were observed in 4 (1.2) patients with no 
severe or fatal incidents, acute pancreatitis in 3 patients, 
and pneumonia in 1 patient.

Yoon and Brugge[34] from the USA and Korea reviewed 
the safety of  EUS-FNA of  pancreatic cysts. The overall 
risk of  complications was low, approximately 2%. They 
found that infectious complications can be mitigated by 
the use of  prophylactic antibiotics.
14. Prophylactic antibiotic drugs should be taken for FNA 

of  PCLs
 Agreement: 94.23%; 49/52.

Supporting evidence and comments
Both the American and European Societies of  
Gastrointestinal Endoscopy recommend antibiotic 
prophylaxis following EUS‑FNA of  cystic lesions to 
reduce the risk of  infection.[4] In 2014, the UEG Journal 
published a cohort study, which concluded that single-dose 
piperacillin/tazobactam at the time of  EUS-FNA of  
pancreatic cysts constitutes effective prophylaxis of  septic 
cyst infection and can be conveniently provided as a single, 
periprocedural dose without further oral antibiotics.[35] 
However, routine use of  prophylactic antibiotics for this 
indication is not free of  adverse events and may not 
substantially reduce the risk of  infection. Minimal data 
are available, including a lack of  well-designed prospective 
trials, regarding the use of  prophylactic antibiotic drug 
use in EUS-guided FNA of  cystic lesions; moreover, the 
most efficacious route and regimen of  administration 
are unknown. Thus, there remains controversy regarding 
antibiotic prophylaxis in EUS‑FNA of  PCLs.
15. An anticoagulation test should be performed before 

FNA
 Agreement: 73.58%; 39/53.

Supporting evidence and comments
Strong evidence is not yet available in support 
of  coagulation tests before FNA. However, as 
recommended in all these guidelines, coagulation tests 
are recommended before EUS-FNA for patients with 
particular medical histories, such as a personal or 
family history suggestive of  coagulation disorder, or 
those with a clear clinical indication. Furthermore, the 
incidence of  severe bleeding in low-volume hospitals 
was five‑fold higher than in medium‑and high‑volume 
hospitals (P = 0.045),[36] supporting the notion put forth 
previously that the frequencies of  complications in such 
cases reflect a learning curve.[37] Thus, coagulation tests 
may be still needed before FNA in the low-volume 
hospitals. Although not evidence-based, platelet count 

and coagulation tests are performed before EUS-FNA 
in most centers, with platelet count <50,000/mm3 
and international normalized ratio >1.5 considered 
contraindications for EUS-guided sampling.

DISCUSSION

EUS can scan proximally to the pancreas along the 
gastrointestinal tract, which enables high-resolution 
imaging of  the pancreas. EUS provides an enhanced 
ability to study the cyst wall and the internal echo 
characteristics of  a cystic pancreatic tumor. Septations, 
solid areas, mural nodules, and papillary projections, 
as well as connections to the main or side branches 
of  the pancreatic duct, can be observed.[38,39] However, 
as noted in the survey, due to the overlapping 
morphological features among various cystic lesions, 
EUS morphological features did not appear sufficiently 
specific to differentiate between malignant and 
potentially malignant cysts. CT and MRI are required 
to supplement the EUS findings of  such lesions.

EUS-FNA enables the use of  aspirated samples for 
cytopathology examination and biochemical analyses, 
which provides an opportunity to further enhance 
diagnosis and medical decision-making.[40] When we 
survey about when to perform the FNA, we did not 
get the uniform responses. “To perform on the high-risk 
cyst” is the most voted one. Although it remains 
unsupported by the evidence, EUS-FNA has become 
the most highly anticipated technique in this field. 
Most exporters have agreed to sample the suspected 
cystic pancreatic neoplasm. Viscosity (string sign) 
and CEA levels in PCLs are the most accepted and 
widely used methods to identify mucinous lesions 
(with malignancy potential). The emerging application 
of  cytology and various molecular markers, including 
KRAS and tumor suppressor gene mutations, GNAS 
oncogene, microRNAs, and various interleukins remain 
“hot” topics that require further proof. In addition to 
sampling cyst content, pathological study of  the cystic 
wall provides further information for diagnosis. Most 
experts agreed with the use of  cystic wall sampling to 
obtain pathological results. Traditional FNA sampling of  
the cystic wall is difficult with low technical and clinical 
success rates. Needle-based micro-forceps biopsy is a 
promising method, as is needle-based confocal laser 
endomicroscopy (CLE), which has enabled real-time 
imaging during EUS at the subcellular level, thus 
providing in vivo optical biopsy of  the cystic wall. 
Needle-based cystoscopy (such as SpyGlass) could also 
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be applied for cystic wall observation.[41] Although not 
mentioned in this survey, developments in this field 
are quite exciting and practical. Based on the FNA 
technique, minimally invasive nonsurgical methods may 
be applied for the treatment of  PCLs.[42] The therapeutic 
aspects of  EUS were not assessed in this study. The 
safety of  EUS-FNA in PCLs has been reviewed. The 
overall risk of  complications is low (approximately 2%), 
and is similar to that of  solid lesions.

Pancreatitis is the main complication after aspiration; 
other complications include abdominal pain, infection, 
bleeding, and pneumonia. None of  these complications 
are fatal or require surgical management. According to 
the guidelines, EUS-guided FNA of  PCLs is considered 
a safe procedure, with a similar complication rate to 
that of  solid lesions; the quality of  this evidence is 
I (meta-analysis), and the recommendation is strong. In 
a systematic review by Zhendong, the overall morbidity 
as a result of  adverse events of  EUS-FNA was 2.66%. 
EUS-FNA is a safe procedure for the diagnosis of  
PCL and is associated with a relatively low incidence 
of  adverse events. Most adverse events were mild, 
self‑limiting, and did not require medical intervention.[43] 
However, in practice, as reported in the survey, most 
endoscopists puncture PCLs with caution. We selected 
bleeding and infection as representative complications in 
this survey. Prophylactic usage of  antibiotic drugs is also 
accepted by most experts. Emptying of  the cyst after 
puncture is another accepted way to avoid infection.

There are also some limitations in this study. The 15 
questions did not cover all the issues referred to the 
EUS in the diagnosing of  PCLs, and hence, another 
survey has been planned. The responses may vary 
between different regions of  the experts, and this was 
not specifically analyzed in this study. Furthermore, 
surveys of  what people think have their distinct 
limitations with regard to the actual practice.

CONCLUSION

According to the survey, it is widely accepted that despite 
the limitations of  EUS alone for morphologic diagnosis 
of  PCLs, EUS-FNA may become a more valuable 
method. The string sign and CEA level in cyst samples 
are used in the differential diagnosis of  mucinous and 
nonmucinous lesions. Other EUS-FNA-based diagnosis 
methods, such as nCLE, cystoscopy, and micro-forceps, 
have shown great potential. Multicenter prospective 
studies with large samples are needed.
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