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Background: /Purpose: Owing to the characteristics of IPMNs, which have variable skipped lesions along
the main pancreatic duct (MPD), determining the surgical margins is very difficult. This study aimed to
investigate the efficacy and potential oncologic impact of intraoperative pancreatoscopy (IOP) compared
to frozen section biopsy (FSB) in pancreaticoduodenectomy (PD) for pancreatic head IPMNs.
Methods: Data of patients who underwent PD for IPMNs of the pancreas between October 2007 and May
2020 were retrospectively reviewed. IOP was performed in selected patients with IPMNs with incon-
clusive MPD involvement based on preoperative evaluations. Patients were divided into two groups, IOP
group, FSB group. Clinicopathologic features and oncologic outcomes were compared between two
groups.
Results: 60 patients underwent PD (laparoscopic or robotic, 42; open, 18) for pancreatic head IPMNs. IOP
was safely performed in 28 patients, including minimally invasive approach used in 21 patients (35%).
IOP group had a significantly larger MPD size (9.15 ± 4.79 mm vs 6.43 ± 4.11 mm, p ¼ 0.021). Based on
IOP, the initial surgical plan could be changed in 5 patients (17.8%) for complete resection. Recurrence
occurred in 2 patients in FSB group and 3 patients in IOP group during the follow-up period (33.2
months, [range, 3.5e131.4 months]). Overall disease-free survival rate did not significantly differ be-
tween two groups (p ¼ 0.529).
Conclusions: IOP can be safely performed in patients with pancreatic head IPMNs with MPD dilatation,
even in the laparoscopic approach. Further studies evaluating the long-term oncologic effect of IOP for
the management of IPMNs are required.

© 2022 Asian Surgical Association and Taiwan Robotic Surgery Association. Publishing services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

The widespread use of computed tomography (CT), magnetic
resonance imaging (MRI), and endoscopic ultrasonography (EUS)
has led to the increased detection of intraductal papillary mucinous
neoplasms (IPMNs) of the pancreas, often as an incidental
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finding.1,2 IPMNs are characterized by intraductal proliferation of
mucin-producing epithelial cells,3 resulting in dilatation of the
main pancreatic duct (MPD) and/or its branches, and can be ma-
lignant, transforming to adenocarcinomas.4

International consensus guidelines for the management of
IPMNs of the pancreas, which were recently revised in 2017, have
steadily evolved. According to the recent international consensus
Fukuoka guidelines for the management of IPMNs of the pancreas,
surgery should be considered when IPMNs is associated with high
risk of malignancy.5 The aim of surgical resection is to achieve
complete tumor removal without leaving “skipped” lesions. How-
ever, owing to the characteristics of IPMNs, which have variable
blishing services by Elsevier B.V. This is an open access article under the CC BY-NC-
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skipped lesions along the pancreatic duct, ranged 6e21%,6e8

determination of the appropriate surgical margins is sometimes
very difficult.

Despite advancement in imaging techniques, preoperative im-
aging modalities (CT, endoscopic retrograde cholangiopancreatog-
raphy, EUS, magnetic resonance cholangiopancreatography
[MRCP]) have many limitations with respect to the identification of
skipped lesions in the pancreatic duct system.8,9 Therefore, in such
cases with IPMNs involving the MPD, recent researches recom-
mended that preoperative per-oral pancreatoscopy (POPS) could
provide the extent of the tumor before surgical resection as direct
visualization of the MPD.10e12 In addition, intraductal ultrasonog-
raphy, intraoperative cytology, and frozen section biopsy (FSB) have
been used to obtain additional information on adequate surgical
margin in selected patients.13e15

Among these, intraoperative FSB has been used as standard
assessment to adequate margin to date.16 However, FSB should be
carefully analyzed, because the absence of borderline lesion or tu-
mor cells in the frozen section analysis does not always warrant
absence of an adjacent tumor.17 Although a clear margin could be
achieved by FSB, a real negative resection margin could not be
assured for discontinuous lesions,6 leading to a potential for
recurrence.18e20

Intraoperative pancreatoscopy (IOP) was first introduced to
overcome this difficulty in 1998.21 As a direct visualization of the
MPD, IOP can be used to detect skipped lesion of the remnant
pancreas. Recent studies suggest the potential application of IOP to
define the appropriate margin for the management of IPMNs of the
pancreas.22e24 Yelamali et al22 showed that IOP with narrow band
imaging is a good diagnostic tool that could help in intraoperative
decision-making regarding resection margin in IPMNs. Pucci et al23

applied IOP to 18 patients with main-duct IPMNs and concluded
that the selective use of intraoperative fiberoptic endoscopy to
evaluate the pancreatic duct appeared to help surgeons perform
appropriate resection and optimal treatment. Moreover, Navez
et al24 suggested that IOP for the MPD combined with intraductal
biopsies plays a significant role in the surgical management of
patients with IPMNs.

However, there have been no studies evaluating the long-term
oncologic outcome of IOP for IPMNs. Therefore, in this study, we
investigated efficacy and potential oncologic impact of IOP
compared to FSB in pancreaticoduodenectomy (PD) for pancreatic
head IPMNs. Additionally, we present our experience with using
IOP for IPMNs of the pancreas, especially laparoscopic approach.

2. Materials and methods

2.1. Patients and data collection

The study protocol was approved by the institutional review
board (IRB) of Yonsei University College of Medicine (IRB number
2018-0862-001). Data of all patients who underwent PD for IPMNs
of the pancreas head performed by a single surgeon (C.M. Kang)
between October 2007 and May 2020 were acquired from elec-
tronic medical record systems and retrospectively reviewed. All
patients underwent CT, MRCP, and EUS to preoperatively evaluate
the characteristics of IPMNs and IPMNs characteristics were clas-
sified into three types, main duct type IPMNs (MD-IPMN), branch
duct type IPMNs (BD-IPMN), and mixed type IPMNs (Mix-IPMN) on
the results of CT, MRCP, and EUS. Based on preoperative imaging
studies, the following criteria were indicated for IOP to define the
extent of surgical resection of the pancreas; 1) MD-IPMN or 2)
suspicious Mix-IPMN or 3) inconclusive MPD involvement. This
group was defined as IOP group and confirmed the negative
resection margin by FSB again. All those who did not perform IOP
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were applied intraoperative FSB to achieve adequate surgical
margin as a standard method. We defined this group as FSB group.
Clinicopathologic features and oncologic outcomes were compared
between two groups. This study was approved by the institutional
review board of Severance Hospital (IRB No.04-2018-0338), which
waived the requirement for informed consent due to the retro-
spective nature of this study. This study was performed in accor-
dance with the ethical guidelines of the World Medical Association
Declaration of Helsinki 2013.

2.2. Postoperative follow-up

All patients were regularly followed up to assess their serum
tumor marker levels (e.g. CA 19-9 and CEA) and perform imaging
studies (e.g. CT and/or MRI) beginning 3e6 months after discharge.
Recurrence was defined as suspicious imaging findings or a path-
ologically proven tumor from a biopsy/surgery. Disease-free sur-
vival (DFS) was defined as the duration from the date of initial
resection to the date of tumor recurrence.

2.3. Laparoscopic technique of intraoperative pancreatoscopy

IOP technique performed in open procedure were described in
previous studies.23,24 We also conducted IOP in laparoscopic
approach as well as open procedure. Therefore, we present our
laparoscopic IOP technique in this section. The laparoscopic PD
technique used in our institution had been previously pub-
lished.25,26 The patient was placed in the supine position on the
operating table and underwent general endotracheal anesthesia. As
our usual method, three 5-mm trocars (above) and three 12-mm
trocars (below) were used in laparoscopic PD procedure (Fig. 1A).
Laparoscopic scope was inserted to right sided 12-mm trocar
(Fig. 1A) and it can allow to see the whole intra-abdominal view
(Fig. 1B). According to preoperative imaging diagnosis, initial
resection margin of pancreas head IPMNs was decided. At this
point, to minimize and avoid the risk of peritoneal dissemination
from pancreatic juice leakage, the pancreas was resected using the
Endo GIA staplers. And then, additional segment (about 1 cm
margin) of the remnant pancreas was divided by ultrasonic shears
or scissors to exposure final cut surface of the remnant pancreas
with MPD. The 3 or 5 mm ultrathin flexible pancreatoscope with
Olympus camera guided by grasper was inserted to MPD for
exploring the remnant pancreas (Fig.1C). In next, we could evaluate
the entire remnant pancreatic ductal condition through the
continuous normal saline irrigation to obtain a clear image and
keep trying to find skipped lesion of pancreatic duct, such as
papillary projections, mural nodule, and other atypical lesions
(Figs. 1ce2). When the proper margin (red dotted line) was deter-
mined, turn off the intraabdominal laparoscopic light, we made a
mark on the outside of pancreatic duct that looks normal with a
monopolar hook by using transilluminated light of pancreatoscope
(Fig. 1ce) Finally, pancreas was re-transected with newly deter-
mined margin (Fig. 1D).

2.4. Statistical analysis

All statistical analyses were performed using SPSS statistics
software version 25 (IBM corporation, Armonk, NY). Continuous
variables were summarized and reported as means with standard
deviations or medians and interquartile ranges. Categorical vari-
ables were summarized and reported as frequencies and percent-
ages. Statistical analyses were performedwith a t test or Chi-square
test, as appropriate. Survival was assessed with KaplaneMeier
analyses. Survival outcomes were compared using log-rank tests.
Statistical significance was set at a p-value <0.05.
e of Medicine from ClinicalKey.com by Elsevier on March 
ion. Copyright ©2023. Elsevier Inc. All rights reserved.



Fig. 1. Illustration of laparoscopic IOP
A. Outside view of laparoscopic pancreaticoduodenectomy with IOP.
B. Real operation view. 3 mm or 5 mm sized IOP was performed to evaluate the MPD in remnant pancreas.
C. Extent of pancreatic resection can be modified under the guidance of IOP findings.
c-1 Marking with a monopolar hook at the site of normal-looking pancreatic duct using transilluminated light of pancreatoscope.
c-2 Real pancreatoscope view. Note some small nodules (*) in the remnant main pancreatic duct, which was not preoperatively detected.
D. Re-transection of pancreas is performed by newly determined resection line (red dotted line)
IOP, intraoperative pancreatoscopy; MPD, main pancreatic duct.

Fig. 2. Chronological changes in surgical approach to pancreatic head IPMNs and Application of IOP according to surgical approach in time period.
IOP, intraoperative pancreatoscopy; MIS, minimally invasive surgery; IPMNs, intraductal papillary mucinous neoplasm.
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3. Results

3.1. Patient demographics

A total of 60 patients (mean age, 64.4 ± 7.7 years [range, 43e82
years]; 42 males [70%], 18 females [30%]) underwent PD for
pancreatic head IPMNs between October 2007 and May 2020. All
168
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patients were histologically confirmed as having IPMNs. According
to IPMNs type, there were 13 MD-IPMN (21.6%), 30 BD-IPMN (50%),
and 17 Mix-IPMN (28.4%) preoperatively (Table 1).

Of patients, 18 (30%) underwent open pylorus-preserving pan-
creaticoduodenectomy (OPD), whereas 42 (70%) underwent lapa-
roscopic PD. The use of laparoscopic approach steadily increased
from2007 to 2020 (Fig. 2), with a significant increase in the number
e of Medicine from ClinicalKey.com by Elsevier on March 
ion. Copyright ©2023. Elsevier Inc. All rights reserved.



Table 1
Baseline characteristics of resected pancreatic head IPMNs.

Baseline characteristic Total (N ¼ 60)

Age (range) 64.4 ± 7.71 [range, 43e82]
Gender
Male 42 (70%)
Female 18 (30%)

Surgical approach
Open 18 (30%)
MIS (Laparoscopic or Robotic) 42 (70%)

IPMN type
14 (23.3%)

BD-IPMN 30 (50%)
Mix-IPMN 16 (26.4%)

IOP
No 32 (53.3%)
Yes 28 (46.4%)

Follow up period, months (range) 33.2 [range, 3.5e131.4]

IPMNs, intraductal papillary mucinous neoplasm; MD-IPMN, main duct type IPMNs;
BD-IPMN, branch duct type IPMNs; Mix-IPMN, mixed type IPMNs; IOP, intra-
operative pancreatoscopy

H. Yang, I. Kang, H.K. Hwang et al. Asian Journal of Surgery 46 (2023) 166e173
of cases of laparoscopic approach within this period (p < 0.0001).
Similarly, the application of IOP in laparoscopic surgery increased
within the same period (p ¼ 0.021).
3.2. Comparative analysis between the IOP group and FSB group

IOP for the assessment of the MPD was intraoperatively per-
formed in 28 (46.6%) out of 60 patients (21, MISPD; 7, OPD). It took
approximately 15min to perform the IOP procedure. No IOP-related
complications were noted. Comparison of perioperative clinico-
pathologic features between the IOP group and FSB group is sum-
marized in Table 2. Preoperatively, there were no significant
differences in age/gender, previous surgical history, surgical
approach (laparoscopic, robotic vs open), American Society of An-
esthesiologists score, and carcinoembryonic antigen. levels be-
tween two groups (p > 0.05). Only carbohydrate antigen 19-9
showed difference between two groups (p ¼ 0.039). According to
the pathology report, all patients achieved margin free operation.
Table 2
Perioperative clinicopathologic features between the IOP group and FSB group.

IOP group (28)

Age (years) 66.36 ± 6.30
Gender (Male/Female) 18/10
Previous operation (No/Yes) 12/16
Surgical Approach (Open/MIS) 7/21
ASA (1/2/3/4) 4/13/11/0
CEA (U/mL) 17.23 ± 78.35
CA 19-9 (U/mL) 17.22 ± 21.04
MD-IPMN/BD-IPMN/Mix-IPMN 9/12/7
MPD size (mm) 9.15 ± 4.79
Cyst size (mm) 34.81 ± 15.96
Mural nodule (No/Yes) 16/12
Pathology (benign/non-invasive/invasive) 13/9/6
Margin status (R0/R1/R2) 28/0/0
Remnant pancreas reconstruction (PJ/PG) 4/24
Operation time (min) 423.29 ± 71.01
EBL (mL) 213 ± 140
Intraoperative transfusion (No/Yes) 28/0
POPF (No,BL/B/C) 13/13/2
LOH (days) 17.11 ± 6.63
Recurrence (No/Yes) 26/2
Follow up period (months) 21.82 ± 26.56

IOP, intraoperative pancreatoscopy; FSB, frozen section biopsy; PPPD, pylorus-preserv
Society of Anesthesiologists; CEA, carcinoembryonic antigen; CA, carbohydrate antigen
mixed type IPMNs; MPD, main pancreatic duct; PJ, pancreaticojejunostomy; PG, pan
fistula; BL, biochemical leak; LOH, length of hospitalization.
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Furthermore, malignancy rate showed no difference between two
groups. (21.4% in IOP group, 31.2% in FSB group, P > 0.438).

Moreover, the MPD was significantly larger in the IOP group
(9.15 ± 4.79 mm vs 6.43 ± 4.11 mm, p ¼ 0.021). Intraoperative
parameters (mean operative time, blood loss, transfusion) and
postoperative pancreatic fistula (by 2016 International Study Group
definition27) and length of hospital day were not significantly
different between two groups (p > 0.05). All patients underwent R0
resection. No mortality during the perioperative period was re-
ported in both groups. The median follow-up duration was 21.82
months in the IOP group and 43.2 months in the FSB group
(p ¼ 0.023).
3.3. Oncologic outcomes of IOP in PD for pancreatic head IPMNs

The results for 28 patients who underwent PD with IOP are
summarized in Table 3. We identified 5 patients (17.8%) with
skipped lesions that were potentially missed; these patients
required additional resection based on IOP findings. After a median
follow-up of 33.3 months period (range, 3.53e131.4 months), five
patients (8.3%, 3 patients in the IOP group and 2 patients in the FSB
group, respectively) had tumor recurrence and one (1.6%) died. The
recurrence pattern in each patient was summarized in Table 4.
Tumor recurrence was noted in the patient at approximately 100.3
months, 15.1 months, 22.4 months, 3.9 months, and 13.4 months
after pancreatectomy, respectively. The 5-year DFS rate was 82.7%
in the IOP group (n¼ 26 of 28) and 91.5% in the FSB group (n¼ 30 of
32). There was no significant difference in disease free survival rate
between IOP group and FSB group (p ¼ 0.225, Fig. 3).
4. Discussion

According to the recent international consensus Fukuoka
guidelines for the management of IPMNs of the pancreas, surgery
should be considered when IPMNs is associated with any of “high-
risk stigmata” or “worrisome features” along with definite mural
nodule �5 mm, MPD involvement, and suspicious or positive in
cytologic findings.5 However, in clinical circumstances, surgeons
FSB group (32) p-value

62.59 ± 8.49 0.066
24/8 0.366
20/12 0.128
12/20 0.429
4/16/12/0 0.957
3.14 ± 2.64 0.313
44.48 ± 65.51 0.039
5/8/19 0.311
6.43 ± 4.11 0.021
39.34 ± 16.37 0.289
19/13 0.861
16/6/10 0.438
32/0/0 NA
4/28 0.839
423.29 ± 71.01 0.147
343 ± 326 0.058
30/2 0.178
16/14/2 0.960
17.03 ± 5.56 0.962
30/2 0.890
43.20 ± 41.39 0.023

ing pancreaticoduodenectomy; MIS, minimally invasive surgery; ASA, American
; MD-IPMN, main duct type IPMNs; BD-IPMN, branch duct type IPMNs; Mix-IPMN,
creaticogastrostomy; EBL, estimated blood loss; POPF, postoperative pancreatic

e of Medicine from ClinicalKey.com by Elsevier on March 
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Table 3
Summary of total cases of IOP.

No. Age
/Gender

IPMNs
Type

IOP finding (skipped lesion) Pathology Additional resection Recur

1 72/F BD-IPMN No Benign No No
2 65/M MD-IPMN No Non-invasive No Yes
3 74/M Mix-IPMN No Non-invasive No No
4 75/M Mix-IPMN No Non-invasive No No
5 71/M Mix-IPMN No Benign No No
6 55/M BD-IPMN No Benign No No
7 76/F Mix-IPMN No Invasive, N0 No No
8 72/M BD-IPMN No Invasive, N0 No No
9 65/F MD-IPMN Yes Invasive, N0 Yes No
10 66/M Mix-IPMN No Benign No Yes
11 63/M MD-IPMN No Benign No No
12 60/M Mix-IPMN Yes Benign Yes No
13 63/M Mix-IPMN No Benign No No
14 67/M MD-IPMN No Benign No No
15 62/M Mix-IPMN Yes Non-invasive Yes No
16 63/F BD-IPMN No Invasive, N0 No No
17 70/F MD-IPMN Yes Non-invasive Yes No
18 82/F MD-IPMN No Invasive, N1 No Yes
19 69/F BD-IPMN No Non-invasive No No
20 63/M BD-IPMN No Non-invasive No No
21 59/M BD-IPMN No Benign No No
22 63/F BD-IPMN No Benign No No
23 65/M BD-IPMN No Invasive, N0 No No
24 64/F BD-IPMN No Benign No No
25 65/M BD-IPMN No Benign No No
26 53/M MD-IPMN No Non-invasive No No
27 67/M MD-IPMN Yes Non-invasive Yes No
28 69/F BD-IPMN No Benign No No

IOP, intraoperative pancreatoscopy, IPMNs, intraductal papillary mucinous neoplasms; MD-IPMN, main duct type IPMNs; BD-IPMN, branch duct type IPMNs; Mix-IPMN,
mixed type IPMNs.

Table 4
Recurrence pattern of resected pancreatic head IPMNs.

Age
/Gender

IOP
finding

Margin
status

Pathology Recurrence site Recurrence
period

1 65/Male Normal R0 Moderate grade
dysplasia

Multiple liver & lung metastasis 100.3 months,
alive

2 75/Male NA R0 Invasive, 4.5 cm
LN, 2/17

Multiple liver metastasis, peritoneal seeding 15.1 months,
death

3 66/Male Normal R0 Low grade dysplasia Mucinous seeding lesions in the perihepatic space suggesting recurrence as
pseudomyxoma peritonei

22.4 months,
alive

4 82/
Female

Normal R0 Invasive, 3.6 cm, LN, 3/
13

Liver, peribiliary, pancreas anastomosis site 3.9months, alive

5 62/
Female

NA R0 High grade Remnant pancreas 13.4months,
alive

IPMNs, intraductal papillary mucinous neoplasm; IOP, intraoperative pancreatoscopy; NA, not applicable; LN, lymph node.
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need to define not only the surgical indications but also the
appropriate surgical extent to manage IPMNs of the pancreas. From
that point of view, IPMNs with MPD dilatation may be one of the
most challenging problems.

There are two possible scenarios for IPMNswithMPD dilatation:
(1) actual involvement of IPMNs, which can be suspected based on
preoperative imaging findings, such as MPD wall thickening and
presence of mural nodules, and (2) secondary dilatation due to
mucin stagnation in the pancreatic duct system. Distinguishing
these two different clinical situations is thought to be very
important, because the extent of surgical resection should be
determined.

Taking into consideration that IPMNs are low-grade malignant
tumors and that relative long-term survival is highly expected after
surgery,28 the extent of surgical resection can be directly associated
with pancreatic endocrine and exocrine function and quality of
life.29 In our series, almost all cases of MPD dilatation were fortu-
nately determined to be secondary changes due to mucin
170
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stagnation, and unnecessary total pancreatectomy could be avoi-
ded. However, 5 patients (17.8%) had IPMNs associated with skip-
ped lesions based on IOP findings, altering the planned surgical
extent for the removal of all potential lesions. This observation
appears to be similar in other previous studies. Pucci et al23 re-
ported that the surgical extent needed to be changed in 22% of
patients based on IOP findings. Navez et al24 reported that IOP
performed in 21 patients with IPMNs associated with MPD dilata-
tion revealed 8 occult IPMN lesions, and the initially planned sur-
gical resection was modified in 23.5% of patients based on IOP
findings.

Because IPMNs often have synchronous or metachronous mul-
ticentric lesions,7,30 several authors advocate total pancreatectomy
as a treatment option for IPMNs with diffuse MPD dilatation to
minimize the risk of recurrence of remnant pancreatic lesion.31,32

This suggests the difficulty in achieving an appropriate resection
margin for the treatment of IPMNs. However, the performance of
unnecessary total pancreatectomy would be avoided, preventing
 of Medicine from ClinicalKey.com by Elsevier on March 
on. Copyright ©2023. Elsevier Inc. All rights reserved.



Fig. 3. Oncologic effect of IOP on the recurrence of resected pancreatic head IPMNs.
IOP, intraoperative pancreatoscopy; IPMNs, intraductal papillary mucinous neoplasm.
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problems derived from the complete loss of pancreatic functions.
Crippa et al33 warned about the risk of overtreatment, including
total pancreatectomy, in patients with preoperative morphologic
diagnosis of combined/MD-IPMNs. Therefore, exact margin exam-
ination, rather than aggressive total pancreatectomy, is necessary to
be performed.

To the best of our knowledge, our study is the first report that
describes the application of IOP even in laparoscopic PD for the
management of pancreatic head IPMNs. It remains debatable
whether laparoscopic PD is a safe procedure,34,35 however,
currently published studies in the literature suggested that lapa-
roscopic PD can play some role in the treatment of benign and low-
grade malignant pancreatic tumors.35e37 Our study showed that
IOP in laparoscopic PD can be easily applied for patients with
pancreatic head IPMNs with inconclusive MPD involvement based
on preoperative imaging findings. According to time period, the
first 4 IOP were performed in 7 years and the other 11 in 3 years.
This low procedure numbers at an initial time have been overcome
by the accumulation of our experience and advancement of tech-
nique. IOP application is expected to implement in more cases over
time.

The mean MPD size in the IOP group was 10.8 ± 5.9 mm in our
study, suggesting that almost all cases of IPMNs with dilated
pancreatic duct can be examined using 3-mm high-resolution
pancreatoscope. Therefore, in case of MPD size larger than 5 mm
that belongs one of the “high-risk stigmata”, IOP should be rec-
ommended to perform routinely to define proper surgical extent of
resection. However, intraoperative interpretation needs to be
careful because the normal appearance of pancreatic duct may not
always be correlated with the absence of dysplasia.

Recurrence was noted in only 3 patients (10.7%) in the IOP group
and in another 2 patients (6.2%) in the FSB group in follow up
period. Pea et al. 38classified three mechanisms of local progression
of IPMN in remnant pancreas with targeted mutational analysis
acquired from first and recurred lesions after completion pancre-
atectomy. The first mechanism explains R1 resection. This mecha-
nism can be excluded in our concept because all patients achieved
171
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R0 resections. The second mechanism means genetically related
lesions consisting intraductal or intra parenchymal metastases
with genetic relationship between initial and recurred tumors. The
last mechanism means genetically unrelated lesions. We had one
patient with MD-IPMN in FSB group who received completion total
pancreatectomy for local recurrence with separate development of
pancreatic ductal adenocarcinoma in remnant pancreas. The his-
topathologic reports showed totally different patterns between
first and recurred tissues. Thus, this FSB recurrence case suggested
separate development in remnant pancreas.

The 5-year DFS rate were 82.7% and 91.5% in the IOP and FSB
group, respectively and there was no significant difference in
overall DFS rate between patients with IOP and FSB group
(p ¼ 0.225). DFS rate in our study seems relatively higher than that
ever reported.4,19 However, this result could be explained that final
pathologic report of most patients (71%) was benign or non-
invasive carcinoma. Marchegiani et al17 showed the recurrence of
non-invasive IPMNs was only 9%, whereas invasive IPMNs recurred
in 45% of cases. Moreover, the short follow up period might be
another reason for this result. In our study, the median follow-up
duration for all patients was 55.3 months, especially the IOP
group was only 39.5 months (range, 8.9e135.6). Sho et al20

analyzed the recurrence pattern after resection of IPMNs and re-
ported that IPMNs can recur in the remnant pancreas even at 5
years after surgery, result of multicentric or metachronous onco-
genesis of IPMNs. Therefore, long-term follow-up is needed to
assure good prognosis of resected IPMNs in further study. On the
other hand, this low tumor recurrence rate might be related with
effort to achieve R0 resection using IOP and frozen section biopsy.
Accurate intraoperative information on MPD in IPMNs will posi-
tively affect the surgical extent and even long-term oncologic
outcomes.

There is one major concern for using IOP such as spillage
problem. These authors experienced one case of mucinous seeding
recurrence in the perihepatic space suggesting pattern as pseudo-
myxoma peritonnei in the IOP group. The patient got HIPEC (Hy-
perthermic intraperitoneal chemotherapy) surgery, and no
 of Medicine from ClinicalKey.com by Elsevier on March 
on. Copyright ©2023. Elsevier Inc. All rights reserved.
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additional recurrence has been observed. Considering this recur-
rence pattern, surgeons should remind preventing intraperitoneal
seeding by blocking spillage from main lesion. This team carefully
use surgical stapler for pancreatic division preventing pancreatic
juice spillage. Furthermore, this center has a strict principle that if
the patient's preoperative image study shows mural nodule and
irregularity around main pancreas lesion, IOP use should be pro-
hibited before removing all potential lesions by endo-GIA applica-
tion. Consequently, even though IOP can be done with carefully
selected patients for reliability of the surgery, further study should
be done to establish the meaning of performing this procedure.

There are several limitations in this study. First, it was a retro-
spective study in a single center. A selection bias could be present.
Second, the small sample size is also limited. Third, in considering
the nature of IPMNs, the follow up duration for the IOP group is
definitely short to make long term oncologic outcomes. This issue
should be further validated by multicenter studies, which can in-
crease the sample size as well as the power of studies.

In conclusion, IOP can be safely performed in patients with
pancreatic head IPMNs with MPD dilatation, even in the laparo-
scopic approach. This might be beneficial for determining an
optimal surgical margin in well-selected cases. Further studies
evaluating the long-term oncologic effect of IOP for the manage-
ment of IPMNs are required.
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