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Abstract
This study aimed to evaluate the utility of the 2006 Sendai and 2012 Fukuoka guidelines for differentiating malignant intraductal

papillary mucinous neoplasm (IPMN) of the pancreas from benign IPMN.
Between January 2000 and March 2015, a total of 138 patients underwent surgery and had a pathologically confirmed pancreatic

IPMN. Clinicopathological parameters were reviewed, and all patients were classified according to both the 2006 Sendai and 2012
Fukuoka guidelines. Univariate and multivariate analyses were used for identifying significant factors associated with malignancy in
IPMN.
There were 9 high-grade dysplasia (HGD) and 37 invasive cancers (ICs) in the 138 patients. The positive predictive value (PPV) and

negative predictive value (NPV) of the Sendai and Fukuoka guidelines for HGD/IC was 35.1%, 43.3%, 100%, and 85.4%,
respectively. Of the 36 patients with worrisome features using the Fukuoka guideline, 7 patients had HGD/IC in their IPMNs.
According to the multivariate analysis, jaundice, tumors of ≥3cm, presence of mural nodule on imaging, and aged <65 years were
associated with HGD/IC in patients with IPMN.
The Sendai guideline had a better NPV, but the Fukuoka guideline had a better PPV. We suggest that patients with worrisome

features based on the Fukuoka guideline be aggressively managed.

Abbreviations: BD-IPMN = branch-duct type intraductal papillary mucinous neoplasm, CLP= cystic lesion of the pancreas, EUS
= endoscopic ultrasonography, FNA = fine-needle aspiration, HGD = high-grade dysplasia, IC = invasive cancer, IPMN = intraductal
papillary mucinous neoplasm, MD-IPMN = main-duct type intraductal papillary mucinous neoplasm, MPD = main pancreatic duct,
MT-IPMN = mixed type intraductal papillary mucinous neoplasm, NPV = negative predictive value, PPV = positive predictive value.

Keywords: cystic lesion of the pancreas, guideline, intraductal papillary mucinous neoplasm (IPMN), pancreatectomy
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1. Introduction

Intraductal papillary mucinous neoplasm (IPMN) of the pancreas
represents a group of mucinous cystic lesions that have malignant
potential in the pancreas. Some IPMNs have premalignant or
malignant components and should be resected in surgically
fit patients. IPMNs have been classified as main-duct type
(MD-IPMN), branch-duct type (BD-IPMN), and mixed type
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(MT-IPMN) based on involvement of the pancreatic duct. The
management of pancreatic IPMNs is still a controversial topic
because they have a wide range of malignant potential. The
reported incidence of malignancy varies from 57% to 92% in
MD-IPMN and from 6% to 46% in BD-IPMN.[2] It is generally
thought that all MD-IPMN and MT-IPMN should be resected
because of its high risk of malignancy, whereas BD-IPMNmay be
treated conservatively according to its clinical risk of malignancy.
The 2006 Sendai consensus guideline suggested surgical resection
of all MD-IPMNs and BD-IPMNs involving symptomatic tumors
of ≥3cm, lesions with a mural nodule or thickened wall, and the
main pancreatic duct (MPD) of ≥6mm.[3] This guidelines seemed
highly sensitive to detect malignant or premalignant BD-IPMNs;
under this guideline, the most suspicious BD-IPMNs (i.e., high-
grade dysplasia [HGD] or invasive cancer [IC]) would be
resected.[4–7] However, the low specificity of lesions with HGD or
IC on final pathology reports indicate a limitation of the 2006
Sendai guideline.[4,6,7] Some patients had undergone unnecessary
operations because of the Sendai guideline, including complicated
pancreaticoduodenectomies. Thus, the revised 2012 Sendai
consensus guideline (i.e., Fukuoka guideline) leans toward a
relatively conservative approach for pancreatic IPMNs. The
Fukuoka guideline proposed “worrisome features” and “high-
risk stigmata” categories in an attempt for further stratify
patients regarding risk of malignancy.[8] Patients with high-risk
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malignant stigmata (obstructive jaundice, enhancing solid
component within cysts, and a MPD of ≥10mm in size) were
suggested to undergo surgical resection. Patients with worrisome
features (pancreatitis, tumor of ≥3cm, thickened/enhancing cyst
wall, non-enhancing mural nodule, abrupt change in caliber of
pancreatic duct with distal pancreatic atrophy, and a main duct
sized 5–9mm) were suggested for observation, rather than
immediate surgical resection if there was no evidence of a definite
mural nodule, main duct features suspicious of involvement,
or cytology suspicious or positive for malignancy based on
additional endoscopic ultrasonography (EUS) studies. The
Fukuoka guideline de-emphasizes IPMNs with worrisome
features and indicates that a more conservative approach could
be applied for those with a relatively low potential for suspicious
lesions. However, several studies challenged the safety of both the
new and old guidelines.[5,9–13] Wong et al[9] reported a high
incidence of malignancy and HGD in BD-IPMN of <3cm, and
Fritz et al[10] reported malignancies in 25% of Sendai-negative
BD-IPMN. Both studies indicated a significant proportion of
malignancy in BD-IPMN that were presumed to be benign and
would have been observed without resection using both the
Sendai and Fukuoka guidelines; thus, a more aggressive resection
policy for BD-IPMN was recommended.
According to the 2012 Fukuoka guideline, preoperative

diagnosis ofMD-IPMNwould be determined based on segmental
or diffuse dilation of>5mm of theMPDwithout any other cause
of obstruction.[8] However, MD-IPMN with mild MPD dilata-
tion (5–9mm) could be managed in a manner similar to BD-
IPMN, for example, without any high-risk stigmata that
necessitates further evaluation, but no immediate resection.[8]

In clinical practice, it is difficult to determine preoperatively the
definitive diagnosis of IPMN type, such as main-duct, mixed, or
branch-duct type, because of some discrepancies between
histologic and radiologic criteria.[14,15] Identifying IPMN with
HGD or IC is important and practical in management of this
pancreatic neoplasm, because only minor part of patients with
IPMN will have malignancy in the follow-ups after initial
diagnosis with extremely low mortality rate, but major part of
patients with IPMN will not have malignancy during their
lifelong follow-ups.[16] In our hospital, after 2006, we applied the
Sendai guideline to manage patients with all suspected IPMN
types (main-duct type, mixed-type, or branch-duct type). In this
study, we aimed to evaluate the utility of the 2006 Sendai and
2012 Fukuoka guidelines for the management of all IPMN types
within our cohort. We also sought to analyze the impact of the 3-
cm threshold and symptoms (i.e., pancreatitis) on the risk of
malignancy.
2. Methods

2.1. Method

This study was approved by the institutional review board of our
hospital. From January 2000 to March 2015, 138 patients who
underwent surgery with a pathologically confirmed diagnosis of
IPMN at National Taiwan University Hospital were included in
this study. Chart records of all included patients were retrospec-
tively reviewed to obtain clinical data including demographics,
tumor size and location, histopathological report, perioperative
data, and follow-up status.One pathologist reviewed all pathology
for the surgical specimens, and diagnosis of MD-IPMN, MT-
IPMN, and BD-IPMN was made based on current histological
criteria[17] after reviewof the pathological findings. The decision of
2

whether these patients should undergo surgery was made by the
initial imaging or presentation at diagnosis. Before 2006, patients
were recommendedwith surgerybecauseof large tumor size and/or
symptoms (pancreatitis, jaundice). After 2006, patients with
“Sendai positive” feature were recommended with surgery. Seven
of 138 patients with “Sendai negative” feature underwent surgery
because of their own will. Eight of 138 patients had been initially
observed but developed high-risk features during follow-up and
underwent surgeries.
2.2. Sendai consensus guidelines 2006

Patients were classified as “Sendai positive” if the tumor size was
≥3cm, was symptomatic, had mural nodules or a thickened wall,
or was accompanied by a dilated MPD of ≥6mm. Patients who
did not meet these criteria were considered “Sendai negative.”
2.3. Revised Sendai consensus guidelines 2012 (Fukuoka
guideline)

Patients were classified as “Fukuoka high risk” if any of the
following were present: obstructive jaundice, enhancing solid
component, or MPD of ≥10mm. Patients were classified as
“Fukuoka worrisome” if they presented with any worrisome
features (pancreatitis, a tumor of ≥3cm, a thickened/enhancing
cyst wall, nonenhancing mural nodules, an abrupt change in
caliberof thepancreaticductwithdistal pancreatic atrophy, andan
MPD of 5–9mm). According to the Fukuoka guideline, patients
with worrisome features were suggested to obtain additional EUS
exams, and those who had the presence of a definite mural nodule,
suspicious MPD involvement, or suspicious cytology during EUS
exams were suggested to undergo resection. In this study, patients
with worrisome features might have undergone surgical resection
without additional EUS exams after discussing the risks and
benefits with a surgeon. Patients who did not meet the above-
mentioned criteria for “Fukuoka high risk” or “Fukuoka
worrisome” were considered “Fukuoka negative.”
2.4. Statistical analysis

Categorical variables were compared using the Fisher exact tests
and Pearson x2 tests; continuous variables were compared using
the Student t test and Mann–Whitney U test, as appropriate.
A multivariate analysis was performed based on the Cox
proportional hazards regression model. A P value of <0.05 was
considered significant. The statistical analyses were performed
using SPSS 18 for Windows v. 18.0 (SPSS Inc, Chicago, IL).
3. Results

3.1. Demographic characteristics

The demographics of the patients are summarized in Table 1. The
138 patients had a median age of 64 (interquartile range, 56–73)
years, of which 71 (51.4%) were women. Eighty-eight (63.8%)
patients were symptomatic, and 92 (66.7%) patients had lesions
located at the uncinate process or pancreatic head. All patients
underwent surgery including 6 (4.3%) total pancreatectomies, 86
(62.3%) pancreaticoduodenectomies, 38 (27.5%) distal pancrea-
tectomies, 4 (2.9%) central pancreatectomies, and 4 (2.9%)
enucleations. According to the Dindo–Clavien classification,[18]

the overall complication ratewas 34.8% (46of 138 patients),most
of them (42 patients) had grade I–II complication, 5 patients had



Table 1

Demographics, symptoms, and surgical and pathological out-
comes of study patients.

All patients (N=138)

Age (median, interquartile range), years 64, 56–73
Gender (male) 67 (49%)
Dominant tumor location
Uncinate process/head 92 (67%)
Neck 3 (2%)
Body/tail 38 (28%)
Entire pancreas 5 (4%)

Symptoms
∗

Asymptomatic 50 (36%)
Symptomatic 88 (64%)
Abdominal pain 26 (19%)
Pancreatitis 36 (26%)
Jaundice 14 (10%)
Body weight loss 14 (10%)

Operative method
Whipple (pancreaticoduodenectomy) 86 (62%)
Total pancreatectomy 6 (4%)
Distal pancreatectomy and splenectomy 32 (23%)
Spleen-preserving distal pancreatectomy 6 (4%)
Central pancreatectomy 4 (3%)
Enucleation 4 (3%)

Pathology
Low/moderate grade dysplasia 92 (67%)
High-grade dysplasia 9 (7%)
Invasive cancer 37 (27%)

Type (based to final pathology)
Branch-duct type 86 (62%)
Main-duct type 35 (25%)
Mixed type 17 (12%)

∗
Two patients had both jaundice and pancreatitis.
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grade III complication, and 1 patient had grade IV complication.
There was no surgical-related mortality. Based on final histo-
pathology, there were 86 (62.3%) BD-IPMNs, 35 (25.4%)
MD-IPMNs, and 17 (12.3%) MT-IPMNs, of which 92 were
low/moderate grade dysplasias, 9 were HGDs, and 37 were ICs.
Table 2

Univariate analysis of factors associated with high-grade dysplasia a

Total patients (N=138)
Low-grade or moderate-grade

dysplasia N=92

Age ≧65 years 51 (55%)
Male gender 41 (45%)
Symptomatic 37 (40%)
Abdominal pain 16 (17%)
Jaundice 3 (3%)
Body weight loss 7 (8%)
Pancreatitis 29 (32%)

Image
Nodule or mass 35 (38%)
Main pancreatic duct ≥1cm 17 (18%)
Main pancreatic duct 6–9mm 13 (14%)
Tumor of ≥3cm 38 (41%)
Enhancing or thickened cyst wall 5 (5%)

Sendai criteria – positive 85 (92%)
Fukuoka – high-risk stigmata 51 (55%)
Fukuoka – worrisome feature 29 (32%)
∗
P<0.05. CI=confidence interval, HR=hazard ratio, N=number of patient.
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3.2. Factors associated with pancreatic IPMN and
high-grade dysplasia/invasive cancer

Forty-six (33.3%) of the 138 IPMNs had HGD or IC (Table 2).
Factors associated with HGD/IC included aged <65 years,
presence of jaundice, no pancreatitis, presence of a mural nodule
in an image, or a tumor of ≥3cm. On a multivariate analysis,
presence of jaundice, tumor of ≥3cm, presence of a mural nodule
on imaging, or aged <65 years was associated with HGD/IC in
IPMNs.
3.3. Predictive value of the Sendai guideline for
high-grade dysplasia or invasive cancer

Although applying the Sendai guideline, 131 (94.9%) patients in
this study would have been recommended to undergo surgical
resection (Fig. 1). Of these patients, 46 (35.1%) had HGD/IC.
Seven patients who would have received a recommendation for
observation, rather than resection, had pathologically confirmed
an IPMN with low- or moderate-grade dysplasia after the
operation. The sensitivity of the Sendai guideline for detecting
HGD/invasive was 100%, and the specificity was 7.61%. The
positive predictive value (PPV) and negative predictive value
(NPV) for the Sendai guideline to detect HGD/invasive were
35.1% and 100%, respectively.

3.4. Predictive value of the Fukuoka guideline for HGD or IC

Although applying the Fukuoka guideline, 90 (65.2%) patients in
the study had high-risk stigmata and would have been
recommended to undergo surgical resection (Fig. 1). Of these
patients, 39 (43.3%) hadHGD/IC. Thirty-six (26.1%) of the 138
patients had worrisome features and would have received a
recommendation for close observation; however, 7 (19.4%) of
these 36 patients had pathologically confirmed HGD/IC after the
operation. Twelve (8.7%) patients in the “Fukuoka negative”
group who would have received a recommendation for
observation, rather than resection; all had a pathologically
confirmed IPMNwith low- or moderate-grade dysplasia after the
operation. The sensitivity for high-risk stigmata in the Fukuoka
guideline to detect HGD/invasive was 84.8%, and the specificity
nd invasive cancer.

High-grade dysplasia or
invasive cancer N=46 HR 95% CI P

17 (37%) 0.471 0.228–0.974 0.041
∗

26 (57%) 1.617 0.792–3.300 0.185
13 (28%) 1.708 0.794–3.617 0.168
10 (22%) 1.319 0.545–3.194 0.538
11 (24%) 9.324 2.453–35.436 0.000

∗

7 (15%) 2.179 0.715–6.641 0.23
7 (15%) 0.390 0.156–0.975 0.04

∗

37 (80%) 6.695 2.887–15.529 0.000
∗

14 (30%) 1.930 0.851–4.380 0.113
5 (11%) 0.741 0.247–2.222 0.592
29 (63%) 2.424 1.170–5.023 0.016

∗

3 (7%) 1.214 0.277–5.318 1.0
46 (100%) 1.541 1.359–1.748 0.095
39 (85%) 4.479 1.815–11.055 0.001

∗

7 (15%) 0.390 0.156–0.975 0.04
∗
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Figure 1. Applying the Sendai and Fukuoka Guidelines for evaluating the 138 patients. HGD=high grade dysplasia, N=number of patient.
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was 44.6%. The PPV and NPV for high-risk stigmata in the
Fukuoka guideline to detect HGD/invasive was 43.3% and
85.4%, respectively.
4. Discussion

This study aimed to determine and compare the value of the 2006
Sendai and 2012 Fukuoka guidelines for the management of
IPMN based on a retrospective review of 138 patients who
underwent an operation. To our knowledge, studies comparing
the Sendai and Fukuoka guidelines for the management of all
IPMN types have not been published. Our results demonstrated a
higher PPV but a lower NPV for the Fukuoka guideline than the
Sendai guideline, and tumor size may still be an important factor
for predicting HGD or malignancy. Pancreatic IPMN with
worrisome features based on Fukuoka should receive more
aggressive management because of a relative high risk of
harboring HDG/IC in IPMN.
According to our findings, we recommend patients with

clinical diagnosis of pancreatic IPMNwith mural nodule or mass
on image, jaundice, tumor≥3cm, or age younger than 65 years to
undergo surgical resection by experienced surgeon in high
volume center. Patients with those factors are associated with
harboring malignancy, and surgery in high volume center is
justified if taking into account of surgical risk and benefit, as well
as residual life expectancy of the patients. Several studies
validated the Sendai guideline for different cystic lesions of the
pancreas (CLPs). For predicting malignancy, many studies
reported a low PPV (11%–52%) but a high NPV
(90%–100%) using the Sendai guideline for BD-IPMN, for
4

mucinous CLPs, and even for all CLPs. However, some
studies reported a missed malignancy using the Sendai guide-
lines.[4,21,22] According to our study results, the PPV of the high-
risk group under the Sendai and Fukuoka guidelines were 35.1%
and 43.3%, respectively, indicating a slightly better predictive
value for the “Fukuoka high-risk” group. However, the NPV of
the high-risk group under the Sendai and Fukuoka guidelines
were 100% and 85.42%, respectively. The Fukuoka guideline is
more conservative than the Sendai guideline regarding the
definition for high-risk patients, so many patients in the
“Fukuoka worrisome” group would belong to the “Sendai
high-risk” group. Without further evidence of high-risk features,
patients in the “Fukuoka worrisome” group were recommended
to obtain conservative treatment according to the Fukuoka
guideline, but not surgical resection as suggested by the Sendai
guideline. However, some patients (7/36, 19%) in the Fukuoka
worrisome group in this study cohort had HDG/IC based on
pathology. Although high-risk stigmata under the Fukuoka
guidelines correlate with a malignant grade of pancreatic BD-
IPMN, applying the high-risk stigmata of the Fukuoka guideline
as a surgical indication may pose difficulties in identifying all
HGD/IC for resection.[23] However, if we considered the
worrisome group as a positive result, the NPV for the Fukuoka
guideline was still 100%. In our study cohort, 7 and 12 patients
would be classified as low risk based on the Sendai and Fukuoka
guidelines, respectively. None of these 19 patients had HGD/IC,
implying that patients in the low-risk group of both the Sendai
and Fukuoka guidelines could safely be managed conservatively.
In managing IPMN, applying the low-risk group of the Fukuoka
guideline to select patients for conservative management seems



[8,25]
Table 3

Multivariate analysis of factors associated with high-grade
dysplasia and invasive cancer.

Factor HR 95% CI P

Nodule or mass 12.567 2.115–13.486 0.000
∗

Jaundice 7.874 1.895–36.649 0.005
∗

Tumor of ≥3cm 4.817 1.115–6.89 0.028
∗

Age ≥65 years 7.508 0.108–0.691 0.006
∗

Pancreatitis 1.322 0.163–1.605 0.25
∗
P<0.05.

CI= confidence interval, HR=hazard ratio.
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better, or at least, not inferior to the Sendai guideline. In our study
cohort, 5 more patients would have avoided unnecessary
resection of their benign lesion by applying the Fukuoka
guideline rather than the Sendai guideline.
According to our results, several related factors could be

associatedwithHGD/IC (Tables 2 and 3). There were significantly
morepatients aged≥65 in the low/moderate group, implying that a
younger age (<65 years old) may be a risk factor for harboring a
malignancy in their IPMN. Young patients deserve more
aggressive management as they may be more surgically fit, have
a greater life expectancy, and harbor a higher risk of malignancy
during long-term follow-up. Jaundice is one high-risk stigmata of
the Fukuoka guideline; however, a nodule or mass lesion on
imaging and a tumor size of ≥3cm were 2 high-risk factors under
the Sendai guideline, supporting the use of these predictors as an
indication for surgery. Similar to our result, a recent study showed
that the presence of a mural nodule, which had the highest hazard
ratio for predicting factors in our result, was the most important
predictor ofmalignancy for all IPMNtypes.[24] Pancreatitis ismore
prevalent in low/moderate dysplasia but not significant in the
multivariate analysis, implying that pancreatitis may not be a
factor related to HDG/IC. Many patients in this study had
undergone surgery owing to symptoms of pancreatitis without
HGD/IC in their IPMNs that also contributed to the result.
The current study agrees with the change in addressing

“jaundice” as a predictive factor or surgical indication under the
Fukuoka guideline rather than a nonspecific “symptom” under
the Sendai guideline because jaundice is a factor associated with
HDG/IC in this study, but pancreatitis is not. To manage
asymptomatic IPMN, a 2015 guideline from the American
Gastroenterological Association suggests that an EUS/fine-needle
aspiration (FNA) exam for patients with ≥2 high-risk features,
such as ≥3cm, dilated MPD, or presence of solid components;
these issues would lead to a recommendation for surgical
resection for patients with both a solid component and dilated
pancreatic duct, possibly accompanied by concerning features on
EUS and FNA.[25] Although dilatation of the pancreatic duct is
not a significant predictor of HGD/IC, it is worth close
observation because it might be an early sign of jaundice in
patients with asymptomatic IPMN. Although symptoms (except
for jaundice) are not a good indication, surgery may still be
justified in patients with repeat pancreatitis or if their symptoms
are expected to be relieved by resection. Patients should be
carefully evaluated to assess individual surgical risk and benefit.
Another important difference between the Fukuoka and Sendai

guidelines is the 3-cm criteria. Although emphasizing the
predictive value of the solid component and jaundice (or dilated
pancreatic duct), the Fukuoka guideline (as well as the recent
American Gastroenterological Association guideline) regards
5

tumor size as a relatively weak predictor. Tumors of ≥3cm
are an indication for resection under the Sendai guideline, but
they have been de-emphasized in the Fukuoka guideline.
According to the Fukuoka guideline, tumors of ≥3cm indicate
a worrisome feature rather than high-risk stigmata, and
conservative treatment is still recommended unless these patients
are proven to have high-risk features such as a definite mural
nodule, suspicious main duct involvement, or suspicious cytology
during EUS exams. Some studies reported that tumors of≥3cm in
BD-IPMN is a risk factor of malignancy.[5,26,27] However, many
studies reported that a tumor of �3cm does not exclude
malignancy, and EUSmay have an advantage in identifying those
patients with a malignancy.[9–13,21,22] Our data showed that a
tumor of ≥3cm is associated with HGD/IC, supporting the
Sendai guideline that regards it as one high-risk feature and a
surgical indication. Although tumors of ≥3cm may be a risk
factor for HGD/IC and highly suggestive of resection, tumors of
<3cm cannot be excluded from being HGD/IC and necessitate
careful evaluation using an EUS exam.
Furthermore, EUS is a highly operator-dependent exam, and

an inclusive result may be because of the poor sensitivity of the
EUS findings and FNA cytology. It is difficult to expect that
patients with inconclusive EUS results truly lack high-risk
features. In our study cohort, nearly one-fifth of patients (7/
36, 19%) in the Fukuoka worrisome feature group had HGD/IC.
All of these patients were stratified to the Sendai positive group
and would be recommended to undergo surgery, but they may
receive conservative management if no high-risk features were
detected in additional EUS exams according to the Fukuoka
guideline. Using the Fukuoka guideline for the management of
IPMN incurs a risk of missing HGD/IC, thus we suggest a more
aggressive resection policy for those patients with Fukuoka
worrisome features with inclusive EUS exams, especially those
patients with tumors of ≥3cm.
Our study had some limitations. This study was a single-center

retrospective analysis. The study cohort comprised patients who
underwent an operation and had pathologically confirmed
IPMN; bias was inevitable and might have influenced the results.
To evaluate only the operated patient could not know the exact
sensitivity and specificity of both guidelines. Besides, the study
cohort comprised patients who were observed over a long period;
improvement in surgical expertise and advances in medication
influenced management strategy, so the study cohort included
heterogeneous patients whoweremanagedwith different surgical
strategies.
In conclusion, both the Sendai and Fukuoka guidelines have

utility for the management of IPMN. The Sendai guideline had a
better NPV, but the Fukuoka guideline had a better PPV.
Although managing IPMN, we suggest surgical resection for
patients who have Fukuoka worrisome features with tumors of
≥3cm, along with an inconclusive EUS exam. A more aggressive
management policy towards patients with Fukuoka worrisome
features may be important. Tumors of ≥3cm are associated with
malignancy in IPMN, but pancreatitis is not.
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