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Abstract
Introduction The Sendai Consensus Guidelines (SCG) was formulated in 2006 to guide the management of intraductal papillary
mucinous neoplasms (IPMN). The main area of controversy is the criteria for selection of branch duct (BD)-IPMN for resection.
Although these guidelines have gained widespread acceptance, there is limited data to date supporting its use. This systematic
review is performed to evaluate the utility of the Sendai Consensus Guidelines (SCG) for BD-IPMN.
Methods Studies evaluating the clinical utility of the SCG in surgically resected neoplasms were identified. The SCG were
retrospectively applied to all resected neoplasms in these studies. BD-IPMNs which met the criteria for resection were termed
SCG+ve and those for surveillance were termed SCG−ve.
Results Twelve studies were included, of which, 9 were suitable for pooled analysis. There were 690 surgically resected BD-
IPMNs, of which, 24 % were malignant. Five hundred one BD-IPMNs were classified as SCG+ve and 189 were SCG−ve. The
positive predictive value (PPV) of SCG+ve neoplasms ranged from 11 to 52 % and the NPVof SCG−ve neoplasms ranged from
90 to 100 %. Overall, there were 150/501 (29.9 %) of malignant BD-IPMNs in the SCG+ve group and 171/189 (90 %) of benign
BD-IPMNs in the SCG−ve group. Of the 18 reported malignant (11 invasive) BD-IPMNs in the SCG−ve group, 17 (including all
11 invasive) were from a single study. When the results from this single study were excluded, 170/171 (99 %) of SCG−ve BD-
IPMNs were benign.
Conclusion The results of this review confirm the limitations of the SCG for BD-IPMN. The PPVof the SCG in predicting a
malignant BD-IPMN was low and some malignant lesions may be missed based on these guidelines.

Keywords Pancreatic cystic neoplasm . Intraductal papillary
mucinous neoplasm . Guidelines . IPMN . Sendai

Introduction

The management approach of pancreatic cystic neoplasms has
been constantly evolving as the result of the improved under-
standing of the natural history of these neoplasms.1,2 In the
past, the general consensus was that all mucinous cystic
neoplasms were potentially malignant or malignant and
should be surgically resected whereas serous cystic neoplasms
were benign and could be managed conservatively.3

–5 How-
ever, in recent times, with increasing knowledge of the natural
history of these neoplasms;6

–8 a more conservative approach
has been adopted as more clinicians have realized that many
benign branch-duct intraductal papillary mucinous neoplasms
(BD-IPMNs) can be managed via surveillance.2,9 Today, it is

B. K. P. Goh (*) :A. Y. F. Chung : L. L. P. J. Ooi
Department of Hepatopancreatobiliary and Transplantation Surgery,
Singapore General Hospital, 20 College Road, Academia 169856,
Singapore
e-mail: bsgkp@hotmail.com

B. K. P. Goh : L. L. P. J. Ooi
Duke-NUS Graduate Medical School, Singapore, Singapore

D. M. Y. Tan
Department of Gastroenterology and Hepatology,
Singapore General Hospital, Singapore, Singapore

M. M. F. Ho
National Cancer Centre Singapore, Singapore, Singapore

T. K. H. Lim
Department of Pathology, Singapore General Hospital, Singapore,
Singapore

J Gastrointest Surg (2014) 18:1350–1357
DOI 10.1007/s11605-014-2510-8



widely accepted that main-duct (MD)-IPMNs and mixed-type
(MT)-IPMNs should be distinguished from BD-IPMNs.2,9

This is because MD- and MT-IPMNs are associated with a
high risk of malignancy in up to 92 % of cases10 and in
general, should be resected in surgically fit patients.2,9,11 On
the other hand, BD-IPMNs harbor a risk of malignancy in
only approximately 15–25 % of cases and many patients may
be managed via surveillance.10,11

In 2006, an international consensus by a panel of experts
published guidelines2 for the management of IPMNs and
mucinous cystic neoplasms (MCNs). These guidelines be-
came commonly known as the Sendai Consensus Guidelines
(SCG) and were updated recently in 2012 (ICG 2012)
(Table 1).9 It is important to note that these guidelines9 were
formulated based on expert opinion after extensive review of
the available literature12,13 and not on robust clinical data.
Interestingly, despite its widespread acceptance, there is lim-
ited data to date to support its use and its safety remains
debatable.8,11,14

–16 Several authors have questioned the safety
of these guidelines for BD-IPMN because of the real risk of
BD-IPMNs harboring a malignancy.10,17 According to the
SCG, all main-duct intraductal papillary neoplasms (MD-
IPMNs), mixed-type (MT) IPMNs, and MCNs should be
resected whereas selected non-malignant BD-IPMNs could
be observed.2,9 The main area of controversy in these guide-
lines was the selection of BD-IPMN for resection whereby it
was recommended that only BD-IPMN which were >3 cm in
size or those <3 cm which were symptomatic, had mural
nodules, dilated main pancreatic duct, or positive cytology
should be resected.2 Although the value of each of the indi-
vidual parameters in the SCG such as presence of mural

nodules, dilated duct, and size of >3 cm have since been
validated by two recent systematic reviews16,18; to our knowl-
edge, a systematic review of the utility of the guidelines, as a
whole, has never been performed.

The aim of the present study was to perform a systematic
review of the current literature to determine the utility of the
SCG in the management of BD-IPMNs. This review was
limited to studies which reported on all patients who
underwent surgical resection with a definitive pathological
diagnosis. The clinical utility of the SCG was determined by
evaluating the positive predictive value (PPV) of the guide-
lines in predicting a malignant BD-IPMN and its negative
predictive value (NPV) in predicting a benign BD-IPMN.

Materials and Methods

A computerized search of the PubMed database was conduct-
ed for studies evaluating the utility of the SCG for IPMNs
published in English from 1 January 2006 to 31 July 2013 (the
SCG was published in 2006). The keywords “IPMN” and
“intraductal papillary mucinous neoplasm” were used. The
reference lists of articles identified were subsequently exam-
ined to find relevant studies that had not been identified by the
database searches. Only original clinical studies with full-text
descriptions were included. The final inclusion of articles was
determined by consensus between two authors (Goh and Tan);
when this failed, a third author (Ooi) adjudicated. This study
was conducted according to PRISMA guidelines.19

Inclusion and Exclusion Criteria

Two authors (Goh and Tan) independently identified and
screened the search findings for potentially eligible studies.
Inclusion criteria required the studies to (i) be written in
English and published in full-text, (ii) reporting the SCG,
and (iii) surgically resected and pathologically confirmed
cases. Studies were evaluated for overlapping cohorts of pa-
tients based on the center of study and period of recruitment.
Exclusion criteria were (i) abstracts, letters, editorials, expert
opinions, technical notes, case reports, reviews; (ii) studies
which did not classify cystic neoplasms according to the SCG;
and (iii) studies focusing specifically on multifocal IPMN.

Definitions

Depending on the study methodology, the malignant potential
of IPMN was classified on the basis of the most aggressive
histological epithelial changes according to the two World
Health Organization (WHO) classification systems.20,21 Neo-
plasms were graded as low-grade dysplasia/adenoma,
intermediate-grade dysplasia/borderline, high-grade dysplasia
(HGD)/carcinoma in situ (CIS) or invasive carcinoma.20,21 In

Table 1 Summary of the 2006 and 2012 revised Sendai Consensus
Guidelines

Guideline Criteria

SCG

MD-IPMN MPD ≥10 mm

SCG+ve BD-IPMN Size ≥3 cm
Size <3 cm, symptoms, mural nodules,
MPD dilatation (>6 mm), positive cytology

SCG 2012

High risk Proximal lesion with obstructive jaundice
Enhancing nodules
Dilated main duct (≥10 mm)

Worrisome Size ≥3 cm
Pancreatitis
Non-enhancing nodules
Thickened, enhancing walls
Dilated duct (5 to <10 mm)
Change in duct caliber with distal atrophy
Lymphadenopathy

SCG Sendai Consensus Guidelines, MPD main pancreatic duct; MD-
IPMN main-duct intraductal papillary mucinous neoplasm; BD-IPMN
branch-duct intraductal papillary mucinous neoplasm
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this study, neoplasms were regarded as benign if they were
classified as adenoma/low-grade dysplasia or borderline/
intermediate-grade dysplasia. Malignant neoplasms were
those classified as HGD/CIS or invasive carcinoma. When
the criteria for surgical resection based on the SCG were met,
these neoplasms were termed SCG+ve whereas those which
did not meet SCG criteria for resection were termed SCG−ve.

Data Extraction and Outcomes of Interest

Data were extracted by two independent authors (BKG and
DMT) using standardized forms. Data recorded included pa-
tient and study characteristics, treatment of IPMN, study
definition of BD- and MD-IPMN, study definition of SCG+
ve lesions, type of preoperative imaging performed, final
pathology including malignant potential of IPMN, and classi-
fication of IPMN according to SCG+ve or SCG−ve lesions.

Statistical Analyses

The PPVof the SCG was defined as the N of malignant BD-
IPMN (HGD + invasive)/total N of SCG+ve BD-IPMN
whereas the NPVof the SCG was defined as the N of benign
BD-IPMN/total N of SCG−ve BD-IPMN.

Results

The PubMed search yielded 1,106 articles which underwent
abstract review. Following abstract review, 54 studies
underwent full-text evaluation, which yielded 13 potential
titles that evaluated the SCG.8,10,11,14,15,22

–29 Of these 13 titles,
2 studies were excluded. The study by Baiocchi et al. was
excluded as not all patients underwent surgical resection with
a pathological diagnosis and separate data for the surgically
resected patients was not available.29 The study by Sawhney
et al. was also excluded as its definition of SCG+ve neoplasms
deviated substantially from the original criteria.24 Essential
criteria such as the presence of mural nodules and the presence
of symptoms were not considered in the study.24 Hence, 11
studies were included based on our literature search. Addi-
tionally, we also included our recent study which analyzed the
utility of the consensus guidelines in cystic mucinous
neoplasms.30 Finally, 12 studies were included in this system-
atic review8,10,11,14,15,22,23,25–28,30 (Table 2). Seven studies
included only BD-IPMNs8,10,11,22,23,26,27 and two studies in-
cluded both MD- and BD-IPMNs but performed a separate
analysis of BD-IPMNs.15,30 The data in these nine
studies8,10,11,15,22,23,26,27,30 were used for subsequent pooled
analysis of BD-IPMNs. The other three studies included in
this systematic review were not included in the pooled anal-
ysis as one included bothMD- and BD-IPMNs28 and the other
two included a mixed group of pancreatic cystic

neoplasms.14,25 There was insufficient data on BD-IPMNs
alone for pooled analysis in these three studies.

Study and Patient Characteristics

The detailed study characteristics of the 12 studies are sum-
marized in Tables 2 and 3. The studies utilized a wide variety
of imaging modalities to evaluate the neoplasms including
computed tomography (CT), magnetic resonance imaging
(MR), endoscopic ultrasonography (EUS), endoscopic retro-
grade cholangiopancreatography (ERCP), and intraductal ul-
trasound (IDUS).

Pooled analysis of 690 surgically resected BD-IPMNs in
the nine studies is summarized in Table 4. There were a total
of 168 malignant (94 invasive) BD-IPMNs. The incidence of
malignant BD-IPMN ranged from 8 to 47 % in these nine
surgical series and the overall incidence of a malignant BD-
IPMN was 24 %. Five hundred one neoplasms were SCG+ve
and 189 were SCG−ve.

Definitions of SCG in the Various Studies

Although these studies were performed to evaluate the utility
of the SCG, there were some variations in the definition of
SCG+ve among the different studies. According to the origi-
nal SCG; a cut-off of ≥10 mm was used to define MD-IPMN
and a main pancreatic duct (MPD) of >6 mm was used to
define a dilated duct in BD-IPMN (Table 1). In this study, only
four studies utilized all this criteria.4,10,15,23 Six studies used
different criteria to define MD-IPMN11,8,25,27 and a dilated
MPD in BD-IPMN.26,27,30 Furthermore, nine studies did not
cons ider f lu id cy to logy ana lys i s in the i r SCG
criteria.10,11,14,22,25

–28,30

Utility of the SCG in BD-IPMN

The PPVof the SCG+ve criteria in predicting a malignant BD-
IPMN in the n ine s t ud i e s r anged f rom 11 to
52 %8,10,11,15,22,23,26,27,30 (Table 3). The NPVof the SCG−ve
criteria for BD-IPMN ranged from 71 to 100 %. Pooled
analysis demonstrated that, overall, there were 150 malignant
(83 invasive) of 501 BD-IPMNs in the SCG+ve group (30 %)
(Table 4). In the SCG−ve group, 18 of 189 BD-IPMN were
malignant (10 %) which included 11 invasive neoplasms
(Table 4).

Features of Malignant BD-IPMN in the SCG−ve Group

It is interesting to note that 17 of 18 malignant BD-IPMN in
the SCG−ve group were from a single study including all 11
invasive BD-IPMNs.11 In this study, final pathological exam-
ination demonstrated that 8 of the 17 patients had focal in-
volvement of the main pancreatic duct and strictly, by
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definition, should have been considered as MT-IPMNs.11 The
remaining patient was reported by Nagai et al. which de-
scribed a BD-IPMN demonstrating CIS in a patient with a
25-mm cyst with no mural nodules but associated with a
dilated MPD of 5 mm.23 When the results from this single
study was excluded, there were 170/171 benign BD-IPMNs
(99 %) among SCG−ve lesions. In the remaining three
studies14,25,28 not included in the pooled analysis, there was
only one malignant IPMN in the SCG−ve group.14 This lesion
was a 2.5-cm BD-IPMN with HGD which demonstrated a
dilated MPD of 5 mm and positive fluid cytology.14 As the
authors did not include fluid cytology in their criteria, this was
considered a SCG−ve lesion in the study.14

Discussion

Currently, there is general consensus that MD- and MT-IPMN
should be resected due to the high frequency of malignancy
whereas se lec ted BD-IPMNs may be managed

conservatively.2,9,22 However, the indications for resection of
BD-IPMN remain unclear11,23 although international consen-
sus guidelines have been developed and widely adopted.2,22

The SCG was developed based on results from several large
retrospective studies reporting that selected BD-IPMNs were
benign and could be safely managed via surveillance.2,12

Although two recent systematic reviews16,18 have dem-
onstrated that the individual parameters used in these
guidelines were useful for predicting malignancy in BD-
IPMN, there is limited data to date evaluating the over-
all utility of these guidelines.11

The overall incidence of malignancy of BD-IPMNs in this
review ranged from 8 to 47 %. This is almost certainly due to
selection and publication bias of the different studies.
Sadakahari et al. only studied flat BD-IPMNs, i.e., BD-
IPMNs without mural nodules. Hence, it was not surprising
that the overall incidence of malignancy was the lowest at
8 %.26 On the other hand, in the series by Mimura et al., only
patients who were SCG+ve underwent resection which ex-
plained the high incidence of malignancy of 47 %.15

Table 2 Summary of studies evaluating the utility of the Sendai Consensus Guidelines

Author, center, year Definition of SCG+ve Cohort Treatment Remarks

1.* Fritz, Heidelberg, 2012 MD-IPMN (MPD >6 mm)
BD-IPMN=> 3 cm, mural nodules, wall
thickening, “typical” pancreatic symptoms

123 BD-IPMN 123 OP MPD >6 mm, “typical
pancreatic symptoms,” wall
thickening, cytology not
considered

2. Cone, Oregon, 2011 MD-IPMN (MPD >10 mm)
BD-IPMN=> 3 cm, symptomatic, mural nodules

54 IPMN 54 OP MPD dilatation not considered
in BD-IPMN

3.* Sadakari, Kyushu, 2010 BD-IPMN=> 3 cm, mural nodules, MPD >5 mm 73 Flat BD-IPMN 73 OP Symptoms and cytology not
considered

4.* Mimura, Kobe, 2010 MD-IPMN (MPD >10 mm)
BD-IPMN=> 3 cm, symptomatic, mural
nodules, MPD >6 mm, +ve cytology

82 IPMN
(43 BD-IPMN)

82 OP

5.* Woo, SNUH, 2009 MD-IPMN (MPD >4 mm, head; >3 mm,
body; >2 mm, tail)

BD-IPMN=>3 cm, mural nodules, thick wall

190 BD-IPMN 85 OP Variable MPD diameter, thick
wall, cytology, and
symptoms not considered

6.* Nagai, Kyoto, 2009 MD-IPMN (MPD >10 mm)
BD-IPMN=>3 cm, mural nodules,
symptomatic, MPD >6 mm, positive cytology

84 BD-IPMN 84 OP

7.* Tang, UCLA, 2008 BD-IPMN=>3 cm, symptomatic, mural nodule,
MPD >6 mm

31 BD-IPMN 31 OP Cytology not considered

8.* Luna, Mayo, 2007 MD-IPMN (MPD >6 mm)
BD-IPMN=>3 cm, mural nodules,
cyst symptoms, cytology

147 BD-IPMN 77 OP MPD >6 mm

9.* Rodriguez,
MGH/VGH, 2007

MD-IPMN (MPD >10 mm)
BD-IPMN=3 cm, mural nodules, MPD >6 mm

145 BD-IPMN 145 OP Cytology not considered
MPD not mentioned

10. Pedrazzoli, Padua, 2011 MD-IPMN (MPD>5 mm)
BD-IPMN=> 3 cm, mural nodules, MPD dilated

169 suspected IPMN 89 OP 10 non-IPMN cysts
Cytology not considered

11. Lee, USA, 2008 Size >3 cm, symptoms, solid, MPD >6 mm 166 cystic neoplasms
49 MCN, 77 IPMN

166 OP Cytology not considered

12.* Goh, SGH BD-IPMN=> 3 cm, mural nodule, MPD >5 mm 39 BD-IPMN 39 OP Cytology not considered

MPDmain pancreatic duct, BD branch duct, IPMN intraductal papillary mucinous neoplasm,MCNmucinous cystic neoplasm,OP operated, FU follow-
up, SNUH Seoul National University Hospital, UCLA University of California Los Angeles, MGH Massachusetts General Hospital, VGH Verona
General Hospital, USA United States of America; SGH Singapore General Hospital

*Nine studies included in the pooled analysis
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The present systematic review demonstrated that the SCG
has a low PPV ranging from 11 to 52 %. Overall, only 150
among 501 (30 %) SCG+ve BD-IPMNs were invasive or had
HGD. Hence, utilization of the SCG in the management
decision making, resulted in the resection of a large number
of benign BD-IPMNs. This low PPV of the SCG has been
recognized by many experts and hence, the SCG has been
recently updated in Fukuoka to include a high risk and wor-
risome risk group in an attempt to decrease the number of
benign BD-IPMNs being resected.9

Of concern in this study was that the NPV of the SCG
ranged from 71 to 100 %. Overall, 18 of 189 (10 %) BD-
IPMNs classified as SCG−ve were malignant and there were
11 invasive neoplasms. There has been general consensus that
SCG−ve BD-IPMNs are almost always benign and can be
observed. This has been supported by several large studies
demonstrating the safety of observing BD-IPMNs with low
rates of malignant transformation.31,32 Levy et al. reported that
the 5-year actuarial risk of BD-IPMNs progressing to HGD
was only 15 %.33 Hence, the finding in the present review is
indeed worrying. This is especially so as even in the recently

Table 3 Number of benign and malignant pancreatic cystic neoplasms in the 12 studies stratified by the Sendai Consensus Guidelines

Author SCG+ve SCG−ve PPV (%) NPV (%) Imaging Remarks

1.* Fritz, 2012 16 Mal (12 inv)
48 ben

17 Mal (11 inv)
42 ben

25 71 CT/MR/EUS/ERCP 28 SCG−ve had mild symptoms

2. Cone, 2011 NA 0 Mal NA NA CT/EUS

3.* Sadakahari, 2010 6 Mal (1 inv)
51 ben

0 Mal
16 ben

11 100 CT/MR/EUS/ERCP/IDUS Only flat BD-IPMN

4.* Mimura, 2010 BD-IPMN
20 mal (10 inv)
23 ben

0 47 NA CT/MR/EUS/ERCP/IDUS

5.* Woo, 2009 12 Mal (8 inv)
25 ben
17 FU

38 Ben
98 FU

32 100 CT/MR,/EUS/ERCP Symptoms not taken into account

6.* Nagai, 2009 36 Mal (20 inv)
33 ben

1 Mal (CIS)
14 ben

52 93 CT/MR/EUS/ERCP

7.* Tang, 2008 5 Mal (2 inv)
18 ben

0 Mal
8 ben

22 100 CT/MR/EUS/ERCP

8.* Luna, 2007 9 Mal (5 inv)
54 ben

0 Mal
14 ben
52 FU

14 100 CT/MR/EUS

9.* Rodriguez, 2007 32 Mal (16 inv)
85 ben

0 Mal
28 ben

27 100 CT/MR

10. Pedrazzoli, 2011 42 Mal (36 inv)
28 ben

2 Mal (1inv)
8 ben

60 80 CT/MR 1 MCN + DAC, 1 CIS

11. Lee, 2008 30 Mal
106 ben

1 Mal (CIS)
29 ben

22 97 CT/MR/EUS +ve cytology in BD-IPMN

12.* Goh, 2013 14 Mal (9 inv)
14 ben

11 ben 50 100 CT/MR/EUS

Mal malignant, ben benign, inv invasive, CT computed tomography, MR magnetic resonance imaging, ERCP endoscopic retrograde
cholangiopancreatography, EUS endoscopic ultrasound, IDUS intraductal ultrasound, CIS carcinoma in situ, DAC ductal adenocarcinoma, MCN
mucinous cystic neoplasm, BD-IPMN branch-duct intraductal papillary mucinous neoplasm

*Nine studies included in the pooled analysis

Table 4 Pooled results of 690 surgically resected BD-IPMNs in nine
studies

Number of surgically resected BD-IPMNs 690

Malignant 168 (24 %)

Invasive 94

High-grade dysplasia 74

Benign 522 (76 %)

SCG+ve 501

Malignant 150

Invasive 83

High-grade dysplasia 67

Benign 351

SCG−ve 189

Malignant 18

Invasive 11

HGD 7

Benign 171

Percentage of malignant neoplasms in
SCG+ve group (%)

150/501 (29.9 %)

Percentage of benign neoplasms in SCG−ve group (%) 171/189 (90 %)
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updated consensus guidelines9 (Table 1), many of these pa-
tients would remain classified as low risk.9

However, an interesting and important point to note was
that in 11 of the 12 studies, only two malignant BD-IPMNs
were found in the SCG−ve group and both were non-invasive
with a dilated MPD of 5 mm.14,23 Interestingly, the revised
consensus guidelines9 has lowered the threshold for a dilated
MPD to 5 mm and both these patients would not have been
classified as low risk. The results from two recent reports from
the Memorial Sloan-Kettering Cancer Center and the Massa-
chusetts General Hospital were consistent with the findings of
these 11 studies.34

–36 In a letter published by the Memorial
Sloan-Kettering Cancer Center; of 283 surgically resected
IPMNs, 38 % were BD-IPMNs and 35 were SCG−ve. Of
the 35 SCG−ve patients, 5 (14 %) had HGD but none were
invasive.34 The PPVof the SCG+ve cohort was 35 %. Simi-
larly, the Massachusetts General Hospital reported a 6.5 %
risk of HGD and no invasive malignancies among 46 Sendai
−ve BD-IPMNs smaller than 3 cm based on the updated
guidelines.35,36

In this review, 17 malignant BD-IPMNs including all 11
invasive BD-IPMNs in the SCG−ve cohort were reported in a
single study by a single institution from Germany.11 This
study contained the largest number of surgically resected
SCG−ve neoplasms and reported a NPVof only 71 %.11 It is
difficult to establish and one can only postulate why the results
of this study was markedly differed from the other 11 pub-
lished surgical series.36 A major reason was that 8 of the 17
malignant neoplasms in the study were, by definition, MT-
IPMNs as there was focal involvement of the main duct.11,36

However, these were included in the study as these were
presumed preoperatively to be BD-IPMNs. Another possible
reason could be a difference in the interpretation and defini-
tion of a symptomatic neoplasm as the authors reported that 28
of 69 SCG−ve lesions had “mild” symptoms which were not
“typical” pancreatic symptoms.11 The presence of symptoms
has been shown to be an important predictor of malignancy in
IPMNs.37 The infrequent use of more invasive modalities
such as ERCP and EUS to characterize BD-IPMN before
surgical resection could possibly also account for this differ-
ence. However, the frequency of the use of EUS or ERCP was
not reported in the study.11 Nonetheless, it remains
controversial whether the use of EUS and ERCP, which
are both highly operator dependant, may improve the
preoperative characterization of BD-IPMNs.36,38

–40 Fi-
nally, fluid cytology was also not considered in the
SCG+ve criteria in this study although nine other stud-
ies who similarly did not consider fluid cytology did
not demonstrate these conflicting results.

Hence, the findings in the present study seem to support the
consensus decision to revise the SCG because of its low PPV
whereby many benign BD-IPMNs would be resected. A low
PPVwas consistently observed in all the studies in this review

(Tables 3 and 4). This was despite the inclusion of only
surgically resected cases in this study which would most likely
have resulted in a bias towards a higher incidence ofmalignant
lesions. The NPV of SCG−ve lesions in most studies were
high although some malignant lesions with HGD were occa-
sionally missed (Tables 3 and 4). Nonetheless, it is important
to take note that the results from a single study have raised
concerns on the safety of the SCG as several invasive BD-
IPMNs were missed.

The SCG may potentially be refined by the inclusion of
additional criteria. The use of serum tumor markers which has
been shown in several studies11,41,42 to predict malignancy in
BD-IP MNs may potentially improve the accuracy of the
SCG. In the study by Fritz et al., 8 of 11 invasive BD-
IPMNs in the SCG−ve group demonstrated elevated serum
tumor markers.11 Positron-emission tomographic scan has
also been reported by some groups to be useful in
distinguishing benign from malignant IPMNs and has been
found to be superior to the SCG.25 In the future, the use of
genomic, proteomic, or metabolomic analysis of cyst fluid
may prove to be invaluable in selecting BD-IPMNs for
resection.43,44

The strength of the present systematic review is that all
patients in this study underwent surgery and a final patholog-
ical diagnosis was available for all resected BD-IPMNs.10

Hence, we were able to determine definitively the malignant
potential of these neoplasms without postulating on the ma-
lignant potential of conservatively managed lesions which
frequently have an insufficient period of follow-up.

However, as these were all surgically resected patients, it is
very likely that the NPVand the PPV value in this study is an
overestimate of the true incidence of malignancy in the SCG
−ve group.14 Experienced clinicians were more likely to select
patients at increased risk of malignancy for resection based on
various clinical factors not used in the SCG such as serum
tumor markers, age, and possibly, other unknown
criteria.11,14,28 Furthermore, even within the Sendai−ve group,
cysts within opposite ends of the spectrum would potentially
have different risks of harboring a malignancy.36 For example,
a 2.8-cm IPMN with a 4-mm duct would have a different
malignant potential from a 1-cm cyst without main duct
dilatation. We were also unable to determine the “true
denominator” and hence, evaluate the sensitivity and
specificity of the SCG as many patients with small
SCG−ve neoplasms would have been observed. Finally,
there were also some variations in the definitions of
MD-IPMN and in the SCG criteria adopted by the
different studies which may have impacted the results
of this review.

In conclusion, the results of this study confirm the limita-
tions of the SCG for BD-IPMN. The PPV of the SCG in
predicting a malignant BD-IPMN is low and some malignant
lesions may be missed based on these guidelines.
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