
World Journal of
Gastroenterology

World J Gastroenterol  2020 March 21; 26(11): 1107-1230

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

Published by Baishideng Publishing Group Inc



W J G World Journal of
Gastroenterology

Contents Weekly  Volume 26  Number 11  March 21, 2020

OPINION REVIEW
1107 Current status of endoscopic sleeve gastroplasty: An opinion review

Wang JW, Chen CY

REVIEW
1113 Circulating microRNAs as non-invasive biomarkers for hepatitis B virus liver fibrosis

Iacob DG, Rosca A, Ruta SM

MINIREVIEWS
1128 Similarities and differences in guidelines for the management of pancreatic cysts

Lanke G, Lee JH

ORIGINAL ARTICLE

Basic Study

1142 Effect of prolonged omeprazole administration on segmental intestinal Mg2+ absorption in male Sprague-

Dawley rats
Suksridechacin N, Kulwong P, Chamniansawat S, Thongon N

1156 Protective effects of panax notoginseng saponin on dextran sulfate sodium-induced colitis in rats through

phosphoinositide-3-kinase protein kinase B signaling pathway inhibition
Lu QG, Zeng L, Li XH, Liu Y, Du XF, Bai GM, Yan X

Retrospective Cohort Study

1172 Non-robotic  minimally  invasive  gastrectomy  as  an  independent  risk  factor  for  postoperative  intra-

abdominal infectious complications: A single-center, retrospective and propensity score-matched analysis
Shibasaki S, Suda K, Nakauchi M, Nakamura K, Kikuchi K, Inaba K, Uyama I

1185 Preoperative albumin levels predict prolonged postoperative ileus in gastrointestinal surgery
Liang WQ, Zhang KC, Li H, Cui JX, Xi HQ, Li JY, Cai AZ, Liu YH, Zhang W, Zhang L, Wei B, Chen L

Retrospective Study

1197 Landscape of BRIP1 molecular lesions in gastrointestinal cancers from published genomic studies
Voutsadakis IA

1208 Radiomics model based on preoperative gadoxetic acid-enhanced MRI for predicting liver failure
Zhu WS, Shi SY, Yang ZH, Song C, Shen J

WJG https://www.wjgnet.com March 21, 2020 Volume 26 Issue 11I

https://www.wjgnet.com


Contents
World Journal of Gastroenterology

Volume 26  Number 11  March 21, 2020

Observational Study

1221 Subtle skills: Using objective structured clinical examinations to assess gastroenterology fellow performance

in system based practice milestones
Papademetriou M, Perrault G, Pitman M, Gillespie C, Zabar S, Weinshel E, Williams R

WJG https://www.wjgnet.com March 21, 2020 Volume 26 Issue 11II



Contents
World Journal of Gastroenterology

Volume 26  Number 11  March 21, 2020

ABOUT COVER Associate Editor of World Journal of Gastroenterology, Suk Woo Nam, PhD,
Professor, Department of Pathology, The Catholic Univesity of Korea,
College of Medicine, Seoul 137-701, South Korea

AIMS AND SCOPE The primary aim of World Journal of Gastroenterology (WJG, World J
Gastroenterol) is to provide scholars and readers from various fields of
gastroenterology and hepatology with a platform to publish high-quality
basic and clinical research articles and communicate their research findings
online.
  WJG mainly publishes articles reporting research results and findings
obtained in the field of gastroenterology and hepatology and covering a
wide range of topics including gastroenterology, hepatology,
gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation

Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index

Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2019 edition of

Journal Citation Report® cites the 2018 impact factor for WJG as 3.411 (5-year impact

factor: 3.579), ranking WJG as 35th among 84 journals in gastroenterology and

hepatology (quartile in category Q2). CiteScore (2018): 3.43.

RESPONSIBLE EDITORS FOR
THIS ISSUE

Responsible Electronic Editor: Yu-Jie Ma

Proofing Production Department Director: Xiang Li

NAME OF JOURNAL
World Journal of Gastroenterology

ISSN
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF
Subrata Ghosh, Andrzej S Tarnawski

EDITORIAL BOARD MEMBERS
http://www.wjgnet.com/1007-9327/editorialboard.htm

EDITORIAL OFFICE
Ze-Mao Gong, Director

PUBLICATION DATE
March 21, 2020

COPYRIGHT
© 2020 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS
https://www.wjgnet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS
https://www.wjgnet.com/bpg/GerInfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
https://www.wjgnet.com/bpg/gerinfo/240

PUBLICATION MISCONDUCT
https://www.wjgnet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE
https://www.wjgnet.com/bpg/gerinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS
https://www.wjgnet.com/bpg/GerInfo/239

ONLINE SUBMISSION
https://www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

WJG https://www.wjgnet.com March 21, 2020 Volume 26 Issue 11III

mailto:bpgoffice@wjgnet.com


W J G World Journal of
Gastroenterology

Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol  2020 March 21; 26(11): 1128-1141

DOI: 10.3748/wjg.v26.i11.1128 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

MINIREVIEWS

Similarities and differences in guidelines for the management of
pancreatic cysts

Gandhi Lanke, Jeffrey H Lee

ORCID number: Gandhi Lanke
(0000-0002-5577-2257); Jeffrey H Lee
(0000-0001-6740-3670).

Author contributions: Lanke G
composed and drafted the paper;
Lee JH conceptualized, designed,
revised,and edited the draft.

Conflict-of-interest statement:
There is no conflict of interest
associated with any of the senior
author or other coauthors related
to the manuscript.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Invited
Manuscript

Received: December 6, 2019
Peer-review started:  December  6,
2019
First decision: January 16, 2020
Revised: February 21, 2020
Accepted: March 1, 2020
Article in press: March 1, 2020
Published online: March 21, 2020

P-Reviewer: Kovacevic B
S-Editor: Wang J

Gandhi Lanke, Jeffrey H Lee, Department of Gastroenterology, Hepatology, and Nutrition,
University of Texas MD Anderson Cancer Center, Houston, TX 77030, United States

Corresponding author: Jeffrey H Lee, MD, MPH, FACG, FASGE, AGAF President, Texas
Society of President, Texas Society of Gastroenterology and Endoscopy (TSGE) Professor and
Director, Advanced Endoscopy Program and Training Department of Gastroenterology and
Hepatology, MD Anderson Cancer Center, 1515 Holcombe Blvd, Houston, TX 77030, United
States. jefflee@mdanderson.org

Abstract
Accurate diagnosis of Pancreatic cysts (PC) is key in the management. The
knowledge of indications for surgery, the role of endoscopic ultrasound-guided
fine needle aspiration, cyst fluid analysis, imaging, and surveillance of PC are all
important in the diagnosis and management of PC. Currently, there are many
guidelines for the management of PC. The optimal use of these guidelines with a
patient-centered approach helps diagnose early cancer and prevent the spread of
cancer.

Key words: Pancreatic cysts; Serous cystadenoma; Main pancreatic duct; Intraductal
papillary mucinous neoplasm; Endoscopic ultrasound-guided fine needle aspiration;
Carcinoembryonic antigen
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Core tip: The differentiation of mucinous and non-mucinous cysts is key in the effective
management of pancreatic cysts. Thorough understanding of the absolute indications for
surgery, the role of endoscopic ultrasound-guided fine needle aspiration, cyst fluid
analysis, imaging, and the guidelines for surveillance are important in the diagnosis and
treatment of pancreatic cysts. Patient-centered approach with a multidisciplinary team
involving the surgeon, radiologist, pathologist, oncologist, and advanced endoscopist
improves the management of pancreatic cysts.
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INTRODUCTION
Pancreatic cysts (PC) are diagnosed more frequently with the widespread use of
cross-sectional imaging, and most of them are found incidentally. The prevalence of
PC varies with age and race and they are found approximately 3%-14% on routine
computed tomography (CT) and Magnetic resonance imaging (MRI) for unrelated
reasons[1,2].  They  can  be  benign  or  neoplastic.  Accurate  determination  of  cyst
categorization  is  key  in  the  management.  With  the  introduction  of  endoscopic
ultrasound (EUS) and fine-needle aspiration (FNA), the accuracy of pancreatic cyst
classification is improved. This review article focuses on the management of PC using
different guidelines.

PANCREATIC CYST CLASSIFICATION
The pathological classification of PC (Table 1) includes inflammatory fluid collections
(IFCs), non-neoplastic PC, and pancreatic cystic neoplasms (PCNs). PC can also be
associated with an underlying disorder such as Von Hippel-Lindau or polycystic
kidney disease[3,4]. IFCs are usually as a result of a complication of acute pancreatitis.
IFCs  are  categorized  according  to  the  revised  Atlanta  classification  into  acute
peripancreatic fluid collections, pseudocysts, acute necrotic collections, and walled-off
pancreatic necrosis[5].

Non-neoplastic or benign PC include true cysts, retention cysts, mucinous non-
neoplastic cysts, and lymphoepithelial cysts. They are typically seen after surgical
resection of a pancreatic lesion that is suspected to be a pancreatic cystic neoplasm
(PCN)  preoperatively.  According  to  World  Health  Organization  histological
classification,  PCNs  are  classified  into  serous  cystic  tumors,  mucinous  cystic
neoplasms (MCNs), intraductal papillary mucinous neoplasms (IPMNs) and solid
pseudopapillary neoplasms (SPN).

HOW TO APPROACH PC
Serous cystic tumors are usually serous cystadenomas commonly seen in women over
the age of 60 years and can arise anywhere in the pancreas[6]. Serous cystadenomas are
classified into microcystic (composed of multiple small cystic spaces) and oligocystic
(composed of fewer larger cystic spaces)[7,8]. Most of them are benign and malignant
potential is low[9].  Serous cystadenomas are often found incidentally on imaging.
Sometimes  it  is  difficult  to  distinguish  serous  cystic  neoplasms  from mucinous
neoplasms  on  imaging.  EUS  finding  of  honeycomb  appearance  with  central
calcification can be diagnostic (Figure 1)[10].  EUS-FNA with low carcinoembryonic
antigen (CEA) in cyst fluid can help distinguish mucinous and serous cystic tumors[11].
Histologically, the cysts are lined by cuboidal epithelial cells with clear cytoplasm
filled with glycogen[12].

The risk of malignant transformation to cystadenocarcinoma is approximately 0.2-
3%[12,13].  Surgery  should  be  reserved  for  symptomatic  (jaundice,  extrinsic  organ
compression) patients and when in doubt close follow up with multidisciplinary team
approach is advocated[14,15]. Size > 4 cm alone should not be an indication for surgery,
although some authors advocate it[16,17]. There is no consensus on guidelines for follow
up  in  terms  of  imaging.  Many  authors  recommend  yearly  CT/MRI  although
currently,  it  is  uncertain  about  how  long  the  patient  needs  follow  up.  Overall,
conservative  management  is  recommended  for  serous  cystic  tumors  and  the
algorithm for management of serous cystic tumors is shown in Figure 2.

MCNs are found commonly in women over the age of 40 years and can occur in the
body or tail of the pancreas (Figure 3)[8]. They secrete mucin, demonstrate ovarian like
stroma, exhibit cellular atypia and do not communicate with the main pancreatic
duct[8]. MCNs have the risk of malignant potential. MCNs are classified according to
the grade of dysplasia into low, intermediate, high grade, or invasive carcinoma[18].
The prevalence of  invasive carcinoma in MCNs is  approximately  12% and most
patients are young at presentation, which would require long term surveillance[19]. The
current treatment recommendation for MCNs is surgical resection[20]. Also, MCNs do
not require surveillance after surgical resection unless there is invasive cancer[21]. Some
authors do not recommend surgery for MCNs < 3 cm without mural  nodules or
elevated tumor markers[22]. The algorithm for the management of MCNs is shown in
Figure 2.

SPNs predominantly affect young females and are generally located in the tail of
the pancreas (Figure 4A)[23]. They appear as solid and cystic components with areas of
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Table 1  Pathological classification of most common pancreatic cysts

Inflammatory fluid collections

Acute peripancreatic fluid collections

Pseudocysts

Acute necrotic collections

Walled-off pancreatic necrosis

Non-neoplastic

True cysts

Mucinous non-neoplastic cysts

Lymphoepithelial cysts

Pancreatic cystic neoplasms

Serous cystic neoplasms

Mucinous cystic neoplasm

Intrapapillary mucinous neoplasm

Solid papillary neoplasm

hemorrhage, calcification, and a rim of the fibrous capsule[24]. They have malignant
potential.  Surgery  is  the  treatment  of  choice  and R0  resection is  curative[25].  The
algorithm for the management of SPNs is shown in Figure 2.

IPMNs are  mucin-producing  papillary  neoplasms  of  the  pancreatic  duct  that
exhibit variable cellular atypia with dilation of the pancreatic ducts and are more
common over the age of 60 years[26]. Based on the involvement of the pancreatic duct,
they are classified into branch duct, main duct (MD-IPMN), or mixed type of IPMN
(Figure 4B-D) respectively[27]. IPMNs have malignant potential and according to the
grade of dysplasia they are classified into mild dysplasia, moderate dysplasia, high-
grade dysplasia, or invasive carcinoma[27].

SIMILARITIES AND DIFFERENCES OF VARIOUS
GUIDELINES IN THE MANAGEMENT OF PC: WHICH PC
CAN BE OBSERVED AND HOW LONG DO THEY NEED
SURVEILLANCE?

European guidelines[28]

MCNs size < 4 cm without symptoms or mural nodules can undergo surveillance
every 6 mo during the 1st  year using EUS/MRI or both[21,29].  They can be followed
annually if no interval change in cyst size. Lifelong surveillance is advocated if they
are fit for surgery. IPMNs cyst size < 4 cm or low-grade dysplasia can be followed
with serum CA 19-9 level, EUS/MRI or both every 6 mo during the 1st year. Followed
by every year if no interval change in cyst size until no longer fit for surgery[28]. After
surgical resection of high-grade dysplasia or MD-IPMN, EUS/MRI is recommended
every 6 mo for the 1st two years and yearly follow-up afterward. Low-grade dysplasia
or remnant IPMN after surgical resection should be followed in the same manner as
non-resected IPMN. Lifelong follow up after surgical resection is recommended if the
patient is fit and willing to undergo surgery.

American College of Gastroenterology guidelines[30]

The surveillance of IPMN/MCN is based on cyst size. Cyst size < 1 cm, MRI every 2
years for 4 years is recommended and lengthen the interval if cyst size is stable. Cyst
size 1-2 cm, MRI every year for 3 years, followed by every 2 years for 4 years and
lengthen the interval if cyst size is stable. Cyst size 2-3 cm, MRI/EUS every 6-12 mo
for 3 years, followed by every year for 4 years and lengthen the interval once stable in
size. Cyst size > 3 cm, MRI alternating with EUS every 6 mo for 3 years, followed by
MRI alternating with EUS every year for 4 years and lengthen the interval once stable
in size. Consider EUS-FNA if any increase in cyst size during follow up.

The  risk  of  recurrence  of  IPMN  after  surgery  varies  based  on  the  degree  of
dysplasia.  EUS/MRI  every  6  mo  after  surgical  resection  of  IPMN-HGD  is
recommended. With low to intermediate grade dysplasia in the absence of PC in the
remnant  pancreas  after  surgical  resection,  MRI  every  2  years  is  recommended.
However, if IPMN or PC are present in the remnant pancreas after surgical resection,
surveillance should be according to cyst size. Stop surveillance after surgical resection
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Figure 1

Figure 1  Endoscopic ultrasound (Honeycomb appearance). A: Endoscopic ultrasound: Serous cystadenoma; B: Computed tomography: Serous Cystadenoma.
Computed tomography: Portal venous phase showing calcification.

of MCN if no invasive cancer is present or no longer a surgical candidate.

American Gastroenterological Association guidelines[31]

In asymptomatic pancreatic neoplastic cysts < 3 cm without a solid component or PD
dilation, MRI is recommended in 1 year and every 2 years for 5 years.  American
Gastroenterology Association (AGA) recommends stopping surveillance when no
longer fit for surgery or no change in cyst characteristics after 5 years of follow up.

Revised IAP 2017 Fukuoka guidelines[32]

In revised IAP 2017 guidelines, for cyst size 1-2 cm, CT/MRI every 6 mo for a year,
followed by every year for 2 years and lengthen the interval if stable. For cyst size 2-3
cm,  EUS in  3-6  mo for  1  year.  Increase  the  interval  to  1  year  with  EUS/MRI  as
appropriate. For cyst size > 3 cm, close surveillance alternating MRI with EUS every 3-
6 mo. In surgically resected IPMN, surveillance is recommended with cross-sectional
imaging  twice  a  year  for  patients  with  a  family  history  of  pancreatic  ductal
adenocarcinoma, surgical margin positive for HGD, and non-intestinal sub-type of
IPMN. For all others, every 6-12 mo of cross-sectional imaging is recommended.

American College of Radiology guidelines[33]

ACR guidelines are for the management of PC found incidentally on CT/MRI. These
guidelines are based on the age of the patient and the size of the cyst. Cyst size < 1.5
cm and age < 65 years, CT/MRI every year for 5 years, followed by every 2 years for 4
years. Stop surveillance if stable over 9 years. Cyst size < 1.5 cm and age 65-79 years,
CT/MRI every 2 years for a total of 10 years. Stop surveillance if the cyst is stable for
10 years. If there is interval change and cyst size < 1.5 cm, consider CT/MRI every
year or EUS-FNA. If EUS-FNA shows a mucinous cyst or indeterminate cyst, CT/MRI
every 6 mo for 2 years, followed by every year for 2 years and every 2 years for 6
years. Stop surveillance if the cyst is stable after 10 years.

Cyst size 1.5-1.9 cm with MPD communication, CT/MRI every year for 5 years,
followed by every 2 years for 4 years. Stop surveillance if cyst size stable for over 9
years. Cyst size 2-2.5 cm with MPD communication, CT/MRI every 6 mo for 2 years,
followed by every year for 2 years and subsequently every 2 years for 6 years. Stop
surveillance if cyst size is stable for 10 years. If there is interval change and cyst size ≤
2.5  cm, CT/MRI every 6  mo for  2  years,  followed by every year  for  2  years  and
subsequently every 2 years. If cyst size > 2.5 cm, consider EUS-FNA. If EUS-FNA
shows  a  mucinous  cyst  or  indeterminate  cyst,  CT/MRI  every  6  mo  for  2  years,
followed by every year for 2 years and every 2 years for 6 years.

Cyst size 1.5-2.5 cm without MPD communication or cannot be determined, CT or
MRI every 6 mo for 2 years, followed by every year for 2 years and subsequently
every 2 years for 6 years. Stop surveillance if cyst size is stable after 10 years. If there
is interval change and cyst size ≤ 2.5 cm, consider CT/MRI every 6 mo for 1 year,
followed by every year for 5 years and subsequently every 2 years. If cyst size is > 2.5
cm, consider EUS-FNA.

Cyst size > 2.5 cm and low risk by imaging, consider CT/MRI every 6 mo for 2
years. If stable after 2 years, CT/MRI every year for 2 years and subsequently every 2
years for 6 years. Stop surveillance if stable in cyst size. Any interval changes in cyst
size, consider EUS-FNA. Age ≥ 80 years with cyst size ≤ 2.5 cm, CT/MRI every 2 years
for 4 years. Stop surveillance if the cyst is stable in size. If there is interval change and
cyst size ≤ 2.5 cm, consider CT/MRI every year. Stop surveillance if cyst size stable or
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Figure 2

Figure 2  Algorithm for the management of pancreatic cysts. MCN: Mucinous cystic neoplasm; SPN: Solid pseudopapillary neoplasm; EUS-FNA: Endoscopic
Ultrasound-Fine Needle aspiration; CT: Computed tomography; MRI: Magnetic resonance imaging.

not a surgical candidate. If there is interval change and cyst size > 2.5 cm, consider
EUS-FNA. Age ≥ 80 years with cyst size > 2.5 cm and low risk by imaging, consider
CT/MRI every 2 years for 4 years. Stop surveillance if cyst size is stable. If there is
interval change in cyst size, consider EUS-FNA.

Surveillance of PC using different guidelines is illustrated in Table 2. Overall, there
is no consensus on the surveillance of PC without high-risk stigmata or worrisome
features. European guidelines recommend surveillance of MCN/IPMN cysts < 4 cm
with EUS/MRI. American College of Gastroenterology (ACG) guidelines recommend
surveillance of IPMN/MCN based on cyst size (< 1 cm, 1-2 cm, 2-3 cm, > 3 cm) with
MRI and after surgical resection, follow up is recommended based on the degree of
dysplasia. AGA recommends follow up with MRI if cyst size < 3 cm without solid
component or MPD dilation. Lifelong surveillance is recommended if they are fit for
surgery. Revised IAP or Fukuoka guidelines are based on cyst size (< 1 cm, 1-2 cm, 2-3
cm, and > 3 cm) but with increased surveillance using CT/MRI and EUS as needed.
ACR guidelines are proposed for the management of asymptomatic incidental PC
found on imaging and they are based on cyst size, age, low risk on imaging, and MPD
communication. They are classified into age < 65 years with cyst size < 1.5 cm, age 65-
79 years with cyst size < 1.5 cm, cyst size 1.5-1.9 cm with MPD communication, cyst
size 1.5-2.5 cm without MPD communication, low risk by imaging with cyst size > 2.5
cm, age ≥ 80 years with cyst size ≤ 2.5 cm and age ≥ 80 years with low risk by imaging
and cyst size > 2.5 cm. Surveillance is recommended using CT/MRI and EUS-FNA as
needed.

ROLE OF BLOOD AND CYSTIC MARKERS IN THE
DIAGNOSIS OF PC

European guidelines[28]

Serum cancer antigen (CA 19-9) can be considered when there is a concern for the
malignant transformation of IPMN[34,35]. Guanine nucleotide-binding protein (GNAS)
and Kirsten rat  sarcoma viral  oncogene homolog (KRAS)  mutations  using next-
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Figure 3

Figure 3  Endoscopic ultrasound - mucinous cystadenoma and computed tomography - mucinous cystadenoma. A: Endoscopic ultrasound-mucinous
cystadenoma; B: Computed tomography-mucinous cystadenoma.

generation sequencing techniques can be used in identifying mucin-producing cysts
when the diagnosis is not clear[36,37]. Cyst fluid carcinoembryonic antigen (CEA) > 192
ng/mL  can  help  distinguish  mucinous  from  non-mucinous  cysts[38].  Cyst  fluid
amylase level can help identify pseudocysts but may not differentiate mucinous from
non-mucinous cysts[11,39].  A combination of cytology, cyst fluid amylase, CEA and
molecular markers can help differentiate mucinous from non-mucinous cysts.

ACG guidelines[30]

Cyst fluid cytology can assess for HGD-IPMN or cancer when imaging features are
insufficient to warrant surgery. Cyst fluid CEA (> 192 ng/mL) can help differentiate
IPMNs and MCNs from other cyst types[40]. Molecular markers like KRAS and GNAS
mutations can help identify IPMNs or MCNs when the diagnosis is not clear[41,42]. Cyst
fluid amylase level < 250 IU/L can help exclude the diagnosis of pseudocyst[11].

AGA guidelines[31]

Cyst  fluid  cytology is  recommended for  the  evaluation  of  high-risk  features  on
imaging and positive cytology increases the specificity for diagnosing malignancy.
The role of cyst fluid molecular markers is not clear and further research is needed.

Revised IAP 2017 guidelines[32]

Cyst fluid CEA (> 192 ng/mL) can distinguish mucinous from non-mucinous but not
benign from malignant cyst[38]. Cyst fluid cytology can be diagnostic but sometimes
limited by scant cellularity[43,44].  Cyst fluid amylase can differentiate benign from
malignant  MCN  and  amylase  levels  are  higher  in  pseudocysts  than  non-
pseudocysts[45]. The role of molecular markers like KRAS and GNAS mutations is still
evolving.

ACR guidelines[33]

Cyst fluid CEA > 192 ng/mL can help identify a mucinous cyst[46]. Cyst fluid amylase
>250 IU/L suggests pseudocyst[11].  KRAS and GNAS molecular markers can help
differentiate  mucinous  from  non-mucinous  cysts[47].  Cyst  cytology  can  identify
dysplastic cells. The role of cystic fluid analysis in the diagnosis of PC using different
guidelines is illustrated in Table 3. Overall, cyst fluid analysis compliments imaging
and can help differentiate mucinous from non-mucinous cysts. Cytology can aid in
distinguishing HGD-IPMN and cancer. Cyst fluid CEA > 192 ng/mL can differentiate
mucinous from non-mucinous cysts. Cyst fluid amylase > 250 IU/L can accurately
diagnose  pseudocysts.  The  use  of  molecular  markers  is  still  evolving,  and  it  is
promising for the future.

EUS-FNA INDICATIONS

European guidelines[28]

EUS-FNA  can  improve  diagnostic  accuracy  with  cyst  fluid  CEA,  amylase,  and
cytology in differentiating mucinous vs non-mucinous cysts. Also, it distinguishes
malignant vs benign cysts when CT or MRI is unclear. EUS-FNA should be performed
only when results are expected to change clinical management.

ACG guidelines[30]
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Figure 4

Figure 4  Endoscopic ultrasound. A: Solid pseudopapillary neoplasm, hypoechoic foci (solid areas) with anechoic cystic spaces; B: Main duct-intraductal papillary
mucinous neoplasm; C: Mixed duct-intraductal papillary mucinous neoplasm; D: Branch duct-intraductal papillary mucinous neoplasm.

EUS-FNA is indicated in IPMNs/MCNs with jaundice or acute pancreatitis secondary
to the cyst, new-onset or worsening diabetes and increase in cyst size > 3 mm/year
during  surveillance,  significantly  elevated  serum CA 19-9,  mural  nodule,  solid
component within cyst or pancreatic parenchyma, dilation of MPD > 5 mm, focal
dilation of PD concerning for MD-IPMN or obstructing lesion, and mucin-producing
cyst size ≥ 3 cm; it is also indicated when the diagnosis of cysts is unclear; results will
likely alter  management;  and when cyst  fluid CEA can differentiate  IPMNs and
MCNs from other cyst types.

AGA guidelines[31]

EUS-FNA is indicated when a pancreatic cyst has at least 2 high-risk features such as
cyst size ≥ 3 cm, dilated MPD, and solid component.

Revised IAP 2017 or Fukuoka guidelines[32]

EUS-FNA is recommended with pancreatitis, cyst size ≥ 3 cm, thickened/enhancing
cyst wall, the main duct size 5-9 mm, non-enhancing mural nodule, an abrupt change
in caliber of the pancreatic duct with distal pancreatic atrophy, lymphadenopathy,
increased serum level of CA19-9, and cyst growth rate ≥ 5 mm/2 years.

ACR guidelines[33]

EUS-FNA is indicated for a mural nodule, wall thickening, dilation of MPD ≥ 7 mm,
or extrahepatic biliary obstruction/jaundice. The indications of EUS-FNA for the
diagnosis of PC using different guidelines are illustrated in Table 4. Overall, EUS-
FNA is indicated when the results are likely to change the management. EUS-FNA is
recommended for cyst ≥ 3 cm, mural nodule, thickened cyst wall, solid component in
cyst, MPD > 5 mm, abrupt change in caliber of PD with distal pancreatic atrophy,
lymphadenopathy,  cyst  growth ≥ 3-5 mm/year,  acute pancreatitis,  new-onset  or
worsening diabetes, jaundice and increased serum CA 19-9 level.

INDICATIONS FOR SURGERY

European guidelines[28]

Absolute indications for surgery include positive cytology for malignant/ HGD-
IPMN, solid mass, jaundice (tumor-related), enhancing mural nodule ≥ 5 mm, and
MPD ≥ 10 mm. Relative indications for surgery include cyst growth rate ≥ 5mm/year,
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Table 2  Surveillance of pancreatic cysts

Surveillance of pancreatic cysts

European guidelines[28] Mucinous cystic neoplasm: Cyst size < 4 cm without symptoms or mural
nodules should undergo surveillance every 6 mo for the 1st year using
EUS/MRI or both[29]. Followed by annually, if no changes. Lifelong
surveillance if they are fit for surgery

Intraductal papillary mucinous neoplasm (IPMN): Every 6 mo for cysts less
than 4cm or low-grade dysplasia for the 1st year with CA 19-9, EUS/MRI or
both. Followed by yearly, until no longer fit for surgery

After surgical resection, HGD or MD-IPMN should have imaging every 6
mo for the 1st 2 yr. Followed by yearly surveillance. Lifelong surveillance if
they are fit for surgery

American College of Gastroenterology (ACG) guidelines[30] Intraductal papillary mucinous neoplasm/Mucinous cystic neoplasm
(IPMN/MCN): Cyst size < 1 cm: MRI every 2 yr × 4 yr. If stable in size,
consider prolonging the time interval. Any increase in size, consider EUS-
FNA in 6 mo and reevaluate

Cyst size 1-2 cm: MRI every 1 yr × 3 yr. If stable, consider MRI every 2 yr × 4
yr. Once stable, consider prolonging the interval

Cyst size 2-3 cm: MRI/EUS every 6-12 mo for 3 yr. If stable, MRI every 1-
year × 4 yr. Once stable, consider prolonging the interval. Any increase in
cyst size should be referred to the multidisciplinary group and consider
EUS-FNA

Cyst size > 3 cm: Referral to the multidisciplinary team. MRI alternating
with EUS every 6 mo for 3 yr. Once stable in size, MRI alternating with EUS
every year for 4 yr. Once stable in size, consider prolonging the interval

Stop surveillance when a patient is no longer a surgical candidate or after
surgical resection of MCN if no invasive cancer

The risk of recurrence of IPMN after surgery varies based on the degree of
dysplasia

EUS/MRI every 6 mo after surgical resection of IPMN with HGD

MRI every 2 yr after surgical resection of IPMN with low to intermediate
grade dysplasia in the absence of pancreatic cysts in the remnant pancreas.
However, if IPMN or pancreatic cysts are present in the remnant pancreas,
then surveillance should be based on cyst size

American Gastroenterology Association (AGA) guidelines[31] Cyst size < 3 cm without a solid component or PD dilation recommend MRI
in 1 yr, followed by every 2 yr for 5 yr.

Recommend stopping surveillance if no change in cyst characteristics after 5
yr or not a surgical candidate

Revised IAP 2017 or revised Fukuoka guidelines[32] Branch duct-Intraductal papillary mucinous neoplasm (BD-IPMN): Cysts
without high-risk stigmata should undergo CT/MRI every 3-6 mo to
establish stability if prior imaging is not available. Subsequently,
surveillance should be based on size stratification

For cyst size < 1 cm, CT/MRI every 2 yr

For cyst size 1-2 cm, CT/MRI every 6 mo for a year, followed by every year
for 2 yr and prolong the interval if stable

For cyst size 2-3 cm, EUS in 3-6 mo for 1 year. Increase the interval to 1 yr
with EUS/MRI as appropriate. Consider surgery in young patients with a
need for prolonged surveillance

For cyst size > 3 cm, close surveillance alternating MRI with EUS every 3-6
mo. Strongly recommend surgery in young patients

In surgically resected IPMN, surveillance is recommended with cross-
sectional imaging twice a year for patients with a family history of
pancreatic ductal adenocarcinoma, surgical margin positive for HGD and
non-intestinal sub-type of IPMN. For all others, every 6-12 mo of cross-
sectional imaging is recommended

American College of Radiology (ACR) guidelines[33] Cyst size < 1.5 cm and age < 65 yr: CT/MRI every year for 5 yr, followed by
every 2 yr for 4 yr. Stop surveillance if stable over 9 yr

Cyst size < 1.5 cm and age 65-79 yr: CT/MRI every 2 yr for a total of 10 yr.
Stop surveillance if the cyst is stable for 10 yr

If there is interval change and cyst size < 1.5 cm, consider CT/MRI every
year or EUS-FNA. EUS-FNA shows a mucinous cyst or indeterminate cyst,
CT/MRI every 6 mo for 2 yr, followed by every year for 2 yr and every 2 yr
for 6 yr. Stop surveillance if the cyst is stable after 10 yr

Any further interval growth of cyst should be referred to surgery for further
evaluation
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Cyst size 1.5-1.9 cm with MPD communication: CT/MRI every year for 5 yr,
followed by every 2 yr for 4 yr. Stop surveillance if cyst size stable for over 9
yr

Cyst size 2-2.5 cm with MPD communication: CT/MRI every 6 mo for 2 yr,
followed by every year for 2 yr and subsequently every 2 yr for 6 yr. Stop
surveillance if cyst size is stable for 10 yr

If there is interval change and cyst size ≤ 2.5 cm, CT/MRI every 6 mo for 2
yr, followed by every year for 2 yr and subsequently every 2 yr. If cyst size >
2.5 cm, consider EUS-FNA

If EUS-FNA shows a mucinous cyst or indeterminate cyst, CT/MRI every 6
mo for 2 yr, followed by every year for 2 yr and every 2 yr for 6 yr

EUS-FNA is recommended for any mural nodule, wall thickening, dilation
of MPD ≥ 7 mm or extrahepatic biliary obstruction/Jaundice irrespective of
cyst size

Cyst size 1.5-2.5 cm without MPD communication or cannot be determined:
CT or MRI every 6 mo for 2 yr, followed by every year for 2 yr and
subsequently every 2 yr for 6 yr. Stop surveillance if cyst size is stable after
10 yr

If there is interval change and cyst size < 2.5 cm, consider CT/MRI every 6
mo for 1 year, followed by every year for 5 yr and subsequently every 2 yr. If
cyst size is > 2.5 cm, consider EUS-FNA

Cyst size >2.5 cm: If a cyst is a low risk by imaging, consider CT/MRI every
6 mo for 2 yr. If stable after 2 yr, CT/MRI every yr for 2 yr and subsequently
every 2 yr for 6 yr. Stop surveillance if stable in cyst size

Any interval changes in cyst size, consider EUS-FNA. Any high-risk
stigmata like jaundice, enhancing mural nodule, wall thickening and MPD ≥
10 mm refer to surgery for evaluation

Age ≥ 80 yr with cyst size ≤ 2.5 cm: CT/MRI every 2 yr for 4 yr. Stop
surveillance if cyst size is stable in size: If there is interval change and cyst
size ≤ 2.5 cm, consider CT/MRI every year. Stop surveillance if the cyst
stabilizes or not a surgical candidate; If there is interval change and cyst size
> 2.5 cm, consider EUS-FNA

Age ≥ 80 yer with cyst size ≥ 2.5 cm: If low risk by imaging, consider
CT/MRI every 2 yr for 4 yr. Stop surveillance if cyst size is stable; If there is
interval change in cyst size, consider EUS-FNA

High risk (mural nodule, wall thickening, dilation of MPD ≥ 7 mm or
extrahepatic biliary obstruction/Jaundice) features by imaging should be
referred to EUS-FNA

High-risk stigmata (jaundice, enhancing mural nodule, wall thickening, and
MPD ≥ 10 mm) by EUS or imaging refer to surgery for evaluation

MCN: Mucinous cystic neoplasm; EUS-FNA: Endoscopic ultrasound-Fine needle aspiration; MRI: Magnetic resonance imaging; IPMN: Intraductal
papillary mucinous neoplasm; HGD: High-grade dysplasia; MD-IPMN: Main duct-Intraductal papillary mucinous neoplasm; PD: Pancreatic duct; MPD:
Main pancreatic duct.

increased levels of serum CA 19-9 (≥ 37 U/mL), MPD dilation 5-9.9 mm, cyst diameter
≥  40  mm,  new-onset  diabetes  mellitus,  acute  pancreatitis  caused by the  cyst,  or
enhancing mural nodule < 5 mm.

ACG guidelines[30]

Referral to multidisciplinary team is recommended for evaluation of surgery with
jaundice or acute pancreatitis secondary to the cyst, significantly elevated serum CA
19-9 level,  presence of a mural nodule or solid component within the cyst,  MPD
dilation > 5 mm, focal dilation of PD for MD-IPMN or an obstructing lesion, IPMNs or
MCNs ≥ 3 cm and the presence of HGD-IPMN or pancreatic cancer on cytology.

AGA guidelines[31]

Surgery is recommended for cysts with both a solid component and a dilated PD
and/ or concerning features on EUS-FNA positive for HGD/cancer.

Revised IAP 2017 guidelines[32]

Absolute indications for surgery include obstructive jaundice in a patient with a cystic
lesion of the head of the pancreas, enhancing mural nodule > 5 mm and MPD ≥ 10
mm. Relative indications for surgery include cyst ≥ 3 cm, enhancing mural nodule < 5
mm, thickened cyst wall, MPD 5-9 mm, an abrupt change in caliber of PD with distal
pancreatic atrophy, lymphadenopathy, increased serum level of CA 19-9 and cyst
growth rate ≥ 5 mm/2 years.

ACR guidelines[33]
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Table 3  Cyst fluid analysis

Cyst fluid analysis

European guidelines[28] Cyst fluid CEA with cytology, or KRAS/GNAS mutation analysis for
differentiating IPMN or MCN from other pancreatic cysts

American College of Gastroenterology (ACG) guidelines[30] Cyst fluid CEA to differentiate IPMNs and MCNs from other cyst types

Cyst fluid cytology to assess for HGD or pancreatic cancer when imaging
features are alone insufficient for surgery

Molecular markers like KRAS or GNAS mutations can help identify IPMNs
or MCNs when the diagnosis is not clear

American Gastroenterology Association (AGA) guidelines[31] Cyst fluid cytology is recommended for the evaluation of high-risk features
on imaging. The role of molecular markers is not clear and further research
is needed

Revised IAP 2017 guidelines[32] Cyst fluid CEA can distinguish mucinous from non-mucinous cysts. CEA
level ≥ 192-200 ng/mL is 80% accurate for the diagnosis of mucinous
cyst[38,45]

Cyst fluid cytology can be diagnostic but sometimes limited by scant
cellularity[43,44]

Cyst fluid amylase can differentiate benign from malignant MCN and
amylase levels are higher in pseudocysts than non-pseudocysts[45]. The role
of molecular markers like KRAS and GNAS mutations is still evolving

American College of Radiology guidelines[33] Cyst fluid CEA ≥ 192 ng/mL can help identify a mucinous cyst[46]

Cyst fluid amylase > 250 IU/L suggests pseudocyst[11]

KRAS and GNAS molecular markers can help differentiate mucinous from
non-mucinous cysts[47]

Cyst cytology can identify dysplastic cells

CEA: Carcinoembryonic antigen; IPMN: Intraductal papillary mucinous neoplasm; MCN: Mucinous cystic neoplasm; GNAS: Guanine nucleotide-binding
protein; KRAS: Kirsten rat sarcoma viral oncogene homolog; HGD: High-grade dysplasia.

Absolute indications for surgery include obstructive jaundice with a cyst in the head
of the pancreas, enhancing solid component within the cyst and MPD ≥ 10 mm in the
absence of obstruction. Relative indications include cyst size ≥ 3 cm, thickened cyst
wall, non-enhancing mural nodule, and MPD ≥ 7 mm. The indications of surgery for
various  PCNs  using  different  guidelines  are  illustrated  in  Table  5.  Overall,  the
absolute indications for surgery are consistent among all the guidelines and the cysts
with relative indications for surgery can be closely followed with imaging and/EUS-
FNA.

WHERE YOU GO “FIRST” MATTERS?
At MD Anderson cancer center, we get referrals from all over the country and abroad
for evaluation of PC. By the time, patients come to us, they have already been seen
two or three physicians with the recommendation for surgical resection. The majority
of these patients do not need require resection but can be clinically followed with
repeat imaging studies. Accurate characterization of the pancreatic cyst is the key in
the management of PC. All patients with pancreatic cyst who are referred to MD
Anderson cancer center get automatically enrolled in the pancreatic cyst database.
There is a team of pancreatic surgeons, advanced endoscopists with expertise in EUS-
FNA, oncologists, radiologists, and gastrointestinal pathologists who work closely
with a concerted effort in accurately diagnosing and managing PC. Any high-risk
features on imaging will be referred for EUS-FNA. If EUS-FNA shows HGD/cancer,
the patients will  be referred for surgical  evaluation.  Cyst fluid analysis can help
distinguish mucinous from non-mucinous cysts. Surveillance is based on the type,
size of the cyst, MPD dilation, and any high-risk features. We use both ACG and
revised Fukuoka guidelines in the surveillance of PC.

CONCLUSION
With the increased incidence of asymptomatic PC on imaging, accurate diagnosis is
the key in the management. A multidisciplinary team approach involving advanced
endoscopist, pathologist, radiologist, and surgeon is paramount in the comprehensive
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Table 4  Endoscopic ultrasound-fine needle aspiration indications

Endoscopic ultrasound-Fine needle aspiration indications

European guidelines[28] Differentiating mucinous vs non-mucinous

Malignant vs benign

CT or MRI unclear

Only when results are expected to change clinical management

American College of Gastroenterology guidelines[30] Jaundice

Acute pancreatitis

Significantly elevated serum CA 19-9

Mural nodule

A solid component within cyst or pancreatic parenchyma

Dilation of MPD ≥ 5 mm

Focal dilation of PD

Cyst size > 3 cm

When the diagnosis of cysts is unclear or results will likely alter
management

Cyst fluid CEA to differentiate IPMNs and MCNs from other cyst
types

New onset or worsening diabetes

Increase in cyst size > 3 mm/yr

American Gastroenterology Association guidelines[31] At least 2 high-risk features

Cyst size ≥ 3 cm

Dilated MPD

Solid component

Revised IAP 2017 or revised Fukuoka guidelines[32] Pancreatitis

Cyst ≥ 3 cm

Enhancing mural nodule < 5 mm

Thickened/enhancing cyst wall

Main duct size 5-9 mm

An abrupt change in caliber of the pancreatic duct with distal
pancreatic atrophy

Lymphadenopathy

Increased serum level of CA19-9

Cyst growth rate ≥ 5 mm/2 yr

American College of Radiology guidelines[33] Mural nodule

Wall thickening

Dilation of MPD ≥ 7 mm

Extrahepatic biliary obstruction/Jaundice

EUS-FNA: Endoscopic ultrasound-Fine needle aspiration; MPD: Main pancreatic duct; PD: Pancreatic duct; MCN: Mucinous cystic neoplasm; CEA:
Carcinoembryonic antigen; CT: Computed tomography; MRI: Magnetic resonance imaging; IAP: International association of pancreatology; IPMN:
Intraductal papillary mucinous neoplasm.

management  of  PC.  Surgical  resection should be selectively  offered considering
absolute indications, high-risk features on imaging/EUS, and clinical setting of each
patient. Surveillance using a cross-sectional imaging or EUS should be individualized
based on the cyst type, size, involvement of the main duct,  and/or presence of a
mural nodule. Lastly, surgical resection should be performed at high volume centers
to optimize the outcomes in morbidity and mortality.
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Table 5  Indications of surgery for pancreatic cysts

Absolute indications of surgery Relative indications of surgery

European guidelines[28] Intraductal papillary mucinous neoplasm:
Cytology positive for malignancy/High-grade
dysplasia; Solid mass; Jaundice; Mural nodule ≥ 5
mm; Main pancreatic duct dilation > 10 mm

Cyst growth rate > 5 mm/yr

Mucinous cystic neoplasm: Size ≥ 4 cm Serum CA 19-9 > 37 U/mL

Symptomatic Mural nodule MPD dilation 5-9 mm

Cyst diameter ≥ 40 mm

New-onset diabetes mellitus

Acute pancreatitis related to IPMN

Mural nodule < 5 mm

American College of Gastroenterology
guidelines[30]

Intraductal papillary mucinous neoplasm or
Mucinous cystic neoplasm:

N/A

Referral to EUS-FNA/Multidisciplinary; team:

Jaundice

Acute pancreatitis

Significantly elevated CA 19-9

Mural nodule

A solid component in cyst/pancreatic parenchyma

MPD > 5 mm

Focal dilation of PD or MD-IPMN

HGD/Pancreatic cancer on cytology

American Gastroenterology Association
guidelines[31]

Pancreatic cysts: N/A

EUS-FNA cytology positive for -

HGD/cancer

Both solid component and dilated PD on MRI and
EUS

Revised IAP 2017 or revised Fukuoka
guidelines[32]

Obstructive jaundice with pancreatic head cyst Pancreatitis

Enhancing mural nodule ≥ 5 mm Enhancing mural nodule < 5 mm

MPD ≥ 10 mm Thickened/enhancing cyst wall

Main duct size 5-9 mm

An abrupt change in caliber of the pancreatic duct
with distal pancreatic atrophy

Lymphadenopathy

Increase in serum level of CA 19-9

Cyst growth rate ≥ 5 mm/2 yr

American College of Radiology guideline[33] Obstructive jaundice with a cyst in the head of the
pancreas

Cyst ≥ 3 cm

Enhancing solid component within a cyst Thickened/enhancing cyst wall

MPD > 10 mm in the absence of obstruction Non-enhancing mural nodule

MPD ≥ 7 mm

IPMN: Intraductal papillary mucinous neoplasm; HGD: High-grade dysplasia; MPD Main pancreatic duct; PD: Pancreatic duct; EUS-FNA: Endoscopic
ultrasound-Fine needle aspiration.
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