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Background and study aims: There have been
concerns about peritoneal seeding after endo-
scopic ultrasound-guided fine-needle aspiration
(EUS-FNA) of mucinous pancreatic cystic lesions.
The aims of this study were to determine the fre-
quency of postoperative peritoneal seeding in pa-
tients with intraductal papillary mucinous neo-
plasm (IPMN) who had undergone pre-operative
EUS-FNA and to compare it with that of patients
with IPMN who had surgery with no pre-opera-
tive tissue sampling.

Patients and methods: A total of 175 patients who
had undergone resection of IPMNs with pre-op-
erative EUS-FNA (EUS-FNA group) were analyzed
and compared with 68 patients who had under-
gone resection with no pre-operative tissue sam-
pling (No Sampling group). Patient characteris-
tics, pathology, and frequency of peritoneal seed-
ing after surgery were analyzed and compared.
Peritoneal seeding was diagnosed based on pa-
thology or image findings.

Results: The two groups were comparable with
respect to sex, age, follow-up duration, involve-
ment of the pancreatic head, involvement of the
main duct, grade of dysplasia, and size of histolo-
gically proven branch-duct IPMNs. Four patients
(2.3%) with invasive IPMN developed peritoneal
seeding in the EUS-FNA group, whereas three
(4.4%, two with invasive IPMN and one with
high-grade dysplasia) developed peritoneal seed-
ing in the No Sampling group (P =0.403). No peri-
toneal seeding was noted during surgery in these
cases. Except for one patient in the EUS-FNA
group, no spillage occurred during resection in
these patients.

Conclusions: In this cohort of patients undergoing
resection of IPMN, the difference in the frequency
of peritoneal seeding in the EUS-FNA group and
the No Sampling group was not significant.

Introduction

v

Endoscopic ultrasound (EUS), with its improved
resolution, has been used widely to image the
pancreas [1]. It also provides a platform to per-
form EUS-guided fine-needle aspiration (EUS-
FNA). In the evaluation of pancreatic cystic lesions
(PCLs), EUS-FNA obtains fluid for cyst fluid analy-
sis such as carcinoembryonic antigen (CEA), cytol-
ogy, and DNA analysis [2]. The cyst fluid CEA con-
centration has been reported to be the most accu-
rate marker to differentiate mucinous (i.e. intra-
ductal papillary mucinous neoplasm [IPMN] and
mucinous cystic neoplasm) from nonmucinous
PCLs [3, 4], whereas cytology has been shown to
be the most accurate test for the diagnosis of ma-
lignant PCLs [3].

* Drs. Brugge and Pitman are co-senior authors of this
manuscript.
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Although EUS-FNA of PCLs carries a low complica-
tion rate and is considered to be safe [5], some in-
vestigators have expressed concerns over the pos-
sibility of peritoneal seeding following EUS-FNA
of mucinous PCLs [6]. However, to our knowledge
there has been no large scale study evaluating the
frequency of peritoneal seeding after EUS-FNA of
mucinous PCLs.

The aims of this study were (1) to determine the
frequency of postoperative peritoneal seeding in
patients with IPMN who had undergone pre-op-
erative EUS-FNA of the lesions, and (2) to com-
pare the frequency with that of IPMN patients
who had surgery with no pre-operative tissue
sampling (endoscopic or percutaneous). We hy-
pothesized that the frequency of postoperative
peritoneal seeding in patients with IPMN who un-
derwent pre-operative EUS-FNA did not be higher
than that of patients who did not undergo pre-
operative tissue sampling.
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Patients and methods
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Patients

This study was approved by the Partners Human Research Com-
mittee Institutional Review Board. A database of patients who
underwent EUS-FNA of PCLs and patients who underwent surgi-
cal resection of IPMN at Massachusetts General Hospital (MGH)
has been maintained by the Gastrointestinal Unit and Depart-
ment of Surgery, respectively. These databases were reviewed to
identify patients who had undergone resection of IPMNs be-
tween 1999 and 2010.The study cohort consisted of patients
who underwent surgery of IPMNs with pre-operative EUS-FNA
and those without any pre-operative endoscopic or percutaneous
tissue sampling. Demographic data (sex and age at surgery), post-
operative follow-up period, involvement of the head of the pan-
creas, involvement of the main pancreatic duct (i.e. main-duct
type or combined-type IPMN), and surgical histology results
were compared. In addition, the size of histologically proven
branch-duct IPMNs measured on pre-operative cross-sectional
images was compared. For the patients who underwent EUS-
FNA, the time between EUS-FNA and surgery was determined;
for those who underwent EUS-FNA at MGH, characteristics of
FNA (targets of FNA, approaches used, number of needle passes,
and size of the needles) were also analyzed. When patients un-
derwent multiple EUS-FNAs before surgery, only the findings of
the procedure closest to the surgery were analyzed. All EUS-
FNAs were performed prior to the publication of the revised Sen-
dai guidelines in 2012 [6].

Exclusion criteria were one or more of the following: (1) post-
operative follow-up duration < 180 days, (2) absence of cross-sec-
tional imaging reports (computed tomography [CT] or magnetic
resonance imaging [MRI]) during follow-up, and (3) pre-opera-
tive percutaneous or endoscopic retrograde cholangiopancreato-
graphy (ERCP)-guided tissue sampling. This was to ensure ade-
quate follow-up data and to provide more homogeneous compar-
ison groups.

EUS-FNA procedure

At MGH, EUS-FNA was performed by three experienced endoso-
nographers using a curvilinear echoendoscope and FNA needle
(s) as previously described [3, 4,7]. Doppler imaging was used to
identify and avoid the passage of the needle through blood ves-
sels. PCLs in the head/uncinate process of the pancreas were aspi-

328 patients with IPMN underwent resection between 1999 and 2010

|

201 underwent EUS-FNA (EUS-FNA group)

82 IPMN patients with no pre-operative tissue sampling (No Sampling group)

45 percutaneous or ERCP-guided tissue sampling

26 were excluded from EUS-FNA group:
15 had no cross-sectional image reports
> 7 had follow-up periods <180 days

14 were excluded from No Sampling group:
8 had no cross-sectional image reports
5 had follow-up periods <180 days

v

243 patients included in the analysis: 175 in the EUS-FNA group
68 in the No Sampling group

Original article

rated via a transduodenal approach, whereas the lesions in the
body/tail of the pancreas were accessed via a transgastric ap-
proach. For prevention of PCL infection, intravenous antibiotics
were administered during EUS-FNA; an oral antibiotic was admi-
nistered for 2 -3 days after the procedure. Antibiotics were given
to some patients who underwent EUS-FNA of the dilated main
pancreatic duct.

Definition of peritoneal seeding

Peritoneal seeding was defined as one or more of the following:
(1) development of ascites with malignant cytology, (2) patholog-
ic confirmation of malignancy in peritoneal/omental/mesenteric
tumor implants, and (3) cross-sectional image findings indicative
of carcinomatosis (enhancing tumor implants on peritoneum/
omentum/mesentery, omental cake, peritoneal thickening with
abnormal contrast enhancement, and soft tissue stranding with
or without ascites) [8-11].

Statistical analysis

All continuous variables were reported as the median (range). For
categorical data, the chi-squared test or the Fisher’s exact test
was performed, as appropriate. For comparison of continuous
variables, the Wilcoxon rank-sum test was performed. A 2-sided
Pvalue of <0.05 was considered statistically significant. All statis-
tical analyses were performed using STATA 12.1 (StataCorp LP,
College Station, Texas, USA).

Results

v

Patient characteristics

Between 1999 and 2010, 328 patients with [IPMN underwent sur-
gical resection at MGH. In the majority of cases, the decision to
undergo a surgical resection was made based on the 2006 inter-
national consensus guidelines [12]. We had been following these
parameters (all presumed main-duct type or combined-type
IPMN, branch-duct IPMN >3 cm in diameter, presence of a mass/
mural nodule, positive cytology, and/or presence of symptom) for
a few years before the guidelines were published. Some patients
were referred for resection based on recommendations of the
treating gastroenterologists or surgeons. Of these patients, 201
underwent pre-operative EUS-FNA (EUS-FNA group) and 82 had
no pre-operative tissue sampling (No Sampling group). A total of

Fig.1 Study flow chart. IPMN, intraductal papillary
mucinous neoplasm; EUS-FNA, endoscopic ultra-
sound-guided fine-needle aspiration; ERCP, endo-
scopic retrograde cholangiopancreatography.

4 had no cross-sectional image reports and follow-up periods < 180 days

1 had no cross-sectional image reports and follow-up periods <180 days
45 patients with percutaneous or ERCP-guided tissue sampling excluded
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EUS-FNA Group

Number of patients, n 175

Sex, male [ female, n 75/100

Age at surgery, median (range), years 68(39-92)
Follow-up period after surgery, median 56.9(6.0-163.6)
(range), months

Pancreatic head involvement, n (%) 102 (58.3)
Main duct involvement, n (%) 83 (47.4)
Grade of dysplasia, n (%)
Low grade 43 (24.6)
Intermediate grade 64 (36.6)
High grade 36 (20.6)
Invasive 32(18.3)
Size, n (%)?
230mm 35(38.5)
<30mm 56 (61.5)

Peritoneal seeding, n (%) [95 %Cl] 4(2.3)[0.05t04.5]

No Sampling group P value Table1 Characteristics of
patients with intraductal papillary

68 = X
mucinous neoplasm who under-

32/36 0.554! ) .
66 (37-89) 0.9522 went pre—operétlve e'ndoscoplc
ultrasound-guided fine-needle
58.6(7.6-155.2) 0.2062 aspiration (EUS-FNA group) and
: those with no pre-operative tissue
:; 26532431; g;;:] sampling (No Sampling group).
0.385'
13(19.1)
24 (35.3)
12(17.7)
19(27.9)
0.1137
16 (55.2)
13 (44.8)
3(4.4)[-0.5t09.4] 0.4034

IPMN, intraductal papillary mucinous neoplasm; EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration.

1 Results of the chi-squared test.
2 Results of the Wilcoxon rank-sum test.

3 Size of histologically proven branch-duct IPMNs on cross-sectional images. One patient in the EUS-FNA group and 2 patients in the No

Sampling group had no reports of the size and thus were excluded from the analysis.
4 Result of the Fisher’s exact test.

26 patients from the EUS-FNA group and 14 from the No Sam-
pling group were excluded as they had no postoperative cross-
sectional image reports or had follow-up of<180 days. In addi-
tion, 45 patients who had undergone percutaneous or ERCP-
guided tissue sampling were excluded. As a result, 175 patients
in the EUS-FNA group and 68 patients in the No Sampling group
were evaluated (© Fig. 1). Of these patients, 227 (162 [92.6%] in
the EUS-FNA Group and 65 [95.6%] in the No Sampling
group; P=0.567, Fisher’s exact test) underwent surgical resec-
tion based on the parameters of the 2006 international consen-
sus guidelines. In addition, 16 patients (13 [7.4%] in the EUS-
FNA group and 3 [4.4%] in the No Sampling group) underwent
surgery based on recommendations of the treating gastroenter-
ologists or surgeons; one of these patients had abnormal liver
function tests and three had a family history of pancreatic cancer.
In the EUS-FNA group (n=175), 98 patients underwent EUS-FNA
at MGH and 77 at other hospitals. In total, 75 patients were male
and 100 were female. The median age at surgery was 68 years
(range 39-92 years). Patients were followed up for a median of
56.9 months (range 6.0 - 163.6 months). The head of the pancreas
was involved by IPMN in 102 patients (58.3%). The main pancre-
atic duct was involved in 83 patients (47.4%). A total of 32 pa-
tients had IPMN with an associated invasive carcinoma. The
time between EUS-FNA and surgery was obtained for 166 pa-
tients, giving a median of 59 days (range 4-810 days).

In the No Sampling group (n=68), 32 patients were male and 36
were female. Patients underwent surgery at a median age of 66
years (range 37 -89 years). The median postoperative follow-up
period was 58.6 months (range 7.6-155.2 months). IPMN in-
volved the head of the pancreas in 41 patients (60.3 %). The main
pancreatic duct was involved in 37 patients (54.4%). IPMN with
an associated invasive carcinoma was diagnosed in 19 patients.
Both groups were comparable with respect to sex, age at sur-
gery, postoperative follow-up duration, frequency of pancreatic
head involvement/main duct involvement, and grade of dyspla-
sia of the IPMN. In addition, the size of histologically proven
branch-duct IPMNs measured on pre-operative cross-sectional
images showed no significant difference between the two
groups (© Table1).

Details of the EUS-FNA performed at MGH

As stated above, 98 patients underwent EUS-FNA at MGH. The
FNA targets were cyst contents in 83 patients, dilated main pan-
creatic duct in 6, a mass lesion in 5, a mass lesion and dilated
main pancreatic duct in 3, and dilated main pancreatic duct and
an enlarged lymph node in 1.

In the 83 patients with cyst contents aspirated, 90 distinct PCLs
were aspirated. The diameter of the PCLs was reported in 83 le-
sions; the median diameter measured by EUS was 20.5mm
(range 7-50mm). A thick wall was observed in 16 PCLs. Septa-
tions were present in 50 PCLs. A mass/mural nodule was present
in 17 PCLs. In 18 of these patients, dilated main pancreatic duct
was demonstrated on EUS; 3 patients underwent additional FNA
of the dilated main pancreatic duct.

A transgastric approach was used in 43 patients, a transduodenal
approach in 52 patients, and a combined transgastric and trans-
duodenal approach was used in 3 patients. One patient with a
PCL at the head of the pancreas was approached via the transgas-
tric route. In 3 patients with diffuse dilation of the main pancre-
atic duct, the portion of the duct in the body of the pancreas was
aspirated via the transgastric route. A median of 1 needle pass
(range 1-5 needle passes) was performed. The diameters of the
needles used were 22 G in 72, a combination of 19 and 22 Gauge
in7,25Gin 5,22 and 25 Gin 1, and 20 G (celiac plexus neurolysis
needle) in 1; 12 patients had no report on needle gauges.

Frequency of peritoneal seeding

In the EUS-FNA group, postoperative peritoneal seeding was
identified in four patients (2.3%). Two of the patients (Patient #1
and #2 in © Table2) underwent EUS-FNA at our institution,
whereas the other two (Patients #3 and #4 in © Table2) were
seen at other hospitals. All seven patients who developed post-
operative peritoneal seeding had undergone surgical resection
based on the 2006 international guidelines. Patient #1 had a 20-
mm cystic lesion with an associated mass lesion in the head of
the pancreas on EUS.The patient underwent one pre-operative
EUS-FNA with two needle passes using a 22-G fine needle. The
patient underwent a Whipple procedure. The pathology was
branch-duct IPMN with an associated invasive carcinoma with
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Table2 Characteristics of patients with intraductal papillary mucinous neoplasm who developed peritoneal seeding.

Patient #1 Patient #2 Patient #3
Group EUS-FNA EUS-FNA EUS-FNA
Sex Female Male Female
Age at surgery, years 64 56 76
Location of the tumor Head Body Tail
Grade of dysplasia INV INV INV
Duct type Branch duct Combined Branch duct
Pathologic staging T3N1MO T2NOMO T3NOMO
Basis of peritoneal Pathology Imaging Pathology
seeding diagnosis
Approximate time 8.0 17.5 25.0
between surgery and
identification of
peritoneal seeding,
months
History of extrapan- No Yes No
creatic malignancy (concurrent

Note

transitional cell
carcinoma of
the bladder
treated by
cystoscopic
resection)
Pancreatic
transection
margin had
beeninvolved

Spillage of cyst
contents dur-
ing operation

by IPMN with
intermediate-
grade dysplasia

Patient #4 Patient #5 Patient #6 Patient #7
EUS-FNA No Sampling No Sampling No Sampling
Male Male Male Female
61 83 61 75
Head Tail Body, tail Tail
INV INV INV HGD
Combined Branch duct Combined Combined
T3NOMO T2NOMO T3N1TMO N/A
Pathology Imaging Pathology Pathology
11.2 21.7 17.5 11.8
No No No Yes
(breast cancer
31 years prior
to IPMN)
Multiple Pancreatic
omental transection and
nodules with retroperitoneal
positive uptake  margins
on positron involved
emission
tomography,
development of
ascites

IPMN, intraductal papillary mucinous neoplasm; EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration; INV, IPMN with an associated invasive carcinoma; HGD, IPMN with

high-grade dysplasia; N/A, not applicable.

negative margins. The pathologic staging was T3N1MO. Perito-
neal seeding was diagnosed based on FNA of a peritoneal nodule
approximately 8 months after surgery. Patient #2 had a hypo-
echoic, 21-mm mass in the body of the pancreas and dilated
main pancreatic duct on EUS.The patient had one pre-operative
EUS-FNA with three needle passes on the mass using a 22-G and
a 25-G fine needle. The patient underwent a distal pancreatect-
omy with splenectomy. The pathology was combined-type
IPMN with an associated invasive carcinoma. The pathologic
staging was T2NOMO. The pancreatic transection margin was in-
volved by IPMN with intermediate-grade dysplasia. Peritoneal
seeding was diagnosed on image findings in this patient. The pa-
tient developed mesenteric soft tissue stranding and multiple
omental nodules of up to>10mm in size.

Patient #3 was reported to have a 6-cm PCL in the tail of the pan-
creas on EUS performed at another hospital. Spillage of cyst con-
tents occurred during the operation. Surgical pathology was
branch-duct IPMN with an associated invasive carcinoma with
negative margins. The pathologic staging was T3NOMO. Perito-
neal seeding was diagnosed based on FNA of a peritoneal mass
approximately 25 months after surgery. Patient #4 had a 3-cm
PCL in the head of the pancreas on EUS at another hospital. This
patient underwent a Whipple procedure. The pathology was
combined-type IPMN with an associated invasive carcinoma.
The margins were negative. The pathologic staging was
T3NOMO. Peritoneal seeding was diagnosed based on FNA and
core biopsy of omental nodule and malignant ascites cytology ap-
proximately 11 months after surgery.

In the No Sampling group, postoperative peritoneal seeding was
identified in three patients (4.4%). Two patients had IPMNs with
an associated invasive carcinoma. One of these patients had
pathologic staging of T2NOMO with negative margins (Patient
#5 in © Table2). Peritoneal seeding was diagnosed on image
findings in this patient. The patient developed omental nodules
that increased in number over time, and subsequently developed
ascites. Some of the omental nodules showed positive uptake on
positron emission tomography. The other patient had pathologic
staging of T3N1MO (Patient #6 in © Table2). The pancreatic
transection and retroperitoneal margins were positive in this pa-
tient. Peritoneal seeding was diagnosed based on development of
ascites with malignant cytology. The pathology of the third pa-
tient who developed peritoneal seeding in the No Sampling
group (Patient #7 in © Table 2) was a combined-type IPMN with
high-grade dysplasia involving 50 % of the lesion. There was IPMN
with low-grade dysplasia in the main pancreatic duct at the
transection margin. Peritoneal seeding was diagnosed based on
the development of multiple peritoneal nodules on CT and FNA
and core biopsy of a nodule in the surgical bed.

None of these patients had evidence of peritoneal involvement
during surgery. Spillage during surgery occurred in only one pa-
tient (Patient #3). The approximate time between surgery and
identification of peritoneal seeding ranged between 8 and 25
months. Paracenteses were done in Patients #1, #4, #5, and #6,
which revealed serous fluid and thus rendering the possibility of
pseudomyxoma peritonei less likely. Patients #2 and #7 had a
history of extrapancreatic malignancy. Patient #2 had a noninva-

Yoon Won Jae et al. EUS-FNA of IPMN and peritoneal seeding... Endoscopy 2014; 46: 382-387

385

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Original article

sive transitional cell carcinoma of the bladder diagnosed concur-
rently with IPMN, which was treated by cystoscopic resection.
Patient #7 had been treated for breast cancer 31 years prior to
surgery for IPMN. The characteristics of the patients who devel-
oped peritoneal seeding are summarized in © Table2.

The frequencies of peritoneal seeding in the EUS-FNA group and
No Sampling group were 2.3% (95 % confidence interval [CI] 0.05
% to 4.5%) and 4.4% (95%CI-0.5% to 9.4%), respectively (differ-
ence 2.1% [95%CI-3.2% to 7.5%]; P=0.403, Fisher’s exact test)
(© Table1).

Discussion

v

The purpose of this study was to determine the frequency of
postoperative peritoneal seeding in patients with IPMN who un-
dergo pre-operative EUS-FNA and to compare it with peritoneal
seeding in patients with [IPMN who do not undergo pre-operative
tissue sampling. The results show that EUS-FNA does not increase
the risk of peritoneal seeding compared with patients who do not
undergo pre-operative tissue sampling. Furthermore, the fre-
quencies of peritoneal seeding were low (2.3% in the EUS-FNA
group and 4.4% in the No Sampling group).

The frequency of peritoneal seeding in the current cohort is in
agreement with previously published studies. Review of the lit-
erature indicates that postoperative peritoneal seeding may oc-
cur in up to 12% of patients with IPMN who undergo surgery
[13]. Interestingly, one patient in the current study who had
IPMN with high-grade dysplasia developed peritoneal seeding.
This patient had not undergone pre-operative EUS-FNA. Perito-
neal seeding has been reported in IPMN with high-grade dyspla-
sia [14]. One possible explanation for this is the presence of an in-
vasive component of the tumor that was not detected in initial
histological sections. In addition, it is unclear what the risk of re-
sidual IPMN in the pancreatic remnant is even if the IPMN is low
grade. Recurrences of IPMN do indeed occur and the time to pro-
gression to invasive carcinoma remains unknown.

EUS-FNA has been advocated as the method of choice for diagno-
sis in patients with potentially resectable pancreatic cancer. In
one study, EUS-FNA resulted in lower frequency of peritoneal
seeding compared with percutaneous FNA in patients with pan-
creatic cancer. In this study, the frequency of peritoneal carcino-
matosis was 2.2% (1/46) in the EUS-FNA group compared with
16.3% (7/43) in the percutaneous FNA group (P<0.025) [15].
Needle tract seeding after EUS-FNA is recognized to be extremely
low [16]. Since the first report of pancreatic cancer seeding to the
gastric wall after EUS-FNA [17], only a few cases of needle tract
seeding after EUS-FNA of pancreatic cancers have been reported
[18-20]. In all of the cases, the lesions were located in the body/
tail of the pancreas and EUS-FNAs were performed via a trans-
gastric approach. When EUS-FNA is performed for a pancreatic
head lesion, a transduodenal approach is used, and the site of
puncture is included in the surgical resection. However, for tu-
mors of the pancreatic body or tail, a transgastric-transperitoneal
approach is used, and the path of the needle is not resected in the
subsequent pancreatectomy [21]. A large scale report of gastric or
peritoneal recurrence in patients who underwent pre-operative
EUS-FNA of pancreatic cancer indicates that 7.7 % of the patients
who underwent EUS-FNA developed gastric or peritoneal recur-
rence, whereas 15.4% of the patients who did not undergo EUS-
FNA developed recurrence in the stomach or peritoneum (P=
0.21) [21]. Other cases of potential needle tract seeding after

EUS-FNA include melanoma seeding to the gastric wall after
EUS-FNA of a perigastric lymph node metastasis [22] and eso-
phageal seeding after EUS-FNA of metastatic mediastinal lym-
phadenopathy [23].

The concern over EUS-FNA of mucinous PCLs and peritoneal
seeding seems to have been based mostly on anecdotal experien-
ces. Indeed, to the best of our knowledge, there is only one case
report of peritoneal seeding after EUS-FNA of IPMN in a letter for-
mat in the English language literature [24]. The patient under-
went distal pancreatectomy 10 days after the EUS-FNA and tu-
mor cells were identified in the intraoperative peritoneal lavage.
The pathology was IPMN with an associated invasive carcinoma.
The patient developed peritoneal seeding 20 months after sur-
gery and died approximately 25 months after surgery [24].

The frequency of peritoneal seeding in the EUS-FNA group was
low, as was expected. This might be due in part to the relatively
low cellularity of the cyst fluid. Another possible explanation
might be the relatively lower malignant potential of [IPMNs com-
pared with pancreatic ductal adenocarcinoma. Postoperative
peritoneal seeding in this group occurred only in the patients
with IPMN with an associated invasive carcinoma.

The current study has limitations stemming from the retrospec-
tive and single-center nature of the study. First, one may argue
that it is difficult to determine the cause of development of post-
operative peritoneal seeding. It may be due to the natural history
of advanced disease, unnoticed surgical seeding, or in the case of
the EUS-FNA group, truly EUS-FNA induced. Regardless of the
cause, however, the frequency of peritoneal seeding did not differ
significantly between the two groups. Second, cases of EUS-FNA
performed at other hospitals were included. This would allow for
variation in the EUS-FNA technique. However, this may partly
compensate for the single-center nature of the study. Third, one
may criticize that some EUS-FNA procedures in this study were
done in patients with other high-risk stigmata present. However,
EUS-FNAs in this cohort were performed over a long period of
time, and recommendations on EUS-FNA of mucinous PCLs have
been available only recently [6]. Fourth, one may debate that a
retrospective cohort study design might not be the optimal
method for this investigation. However, at the design phase of
this study, we had expected the frequency of peritoneal seeding
to be low in both the EUS-FNA group and the No Sampling group.
As the study aim was to determine the frequency of postopera-
tive peritoneal seeding in the EUS-FNA group and to compare
this with that in the No Sampling group, we performed a retro-
spective cohort study. A case-control study or a case series
would not have determined the frequency of peritoneal seeding.
Considering the low frequency of peritoneal seeding, the num-
bers of IPMN patients in the two groups are small, possibly rais-
ing concerns on the statistical power and reliability of the result.
To determine the actual risk of peritoneal seeding associated with
EUS-FNA in IPMN patients, a larger patient cohort and a longer
follow-up period are required.

To the best of our knowledge, this is the first and the largest study
to determine the frequency of peritoneal seeding in patients with
IPMN who underwent EUS-FNA. Moreover, the EUS-FNA group
was compared with the No Sampling group, adding objectivity
to the interpretation of the data. The median postoperative fol-
low-up periods were relatively long for both groups (56.9 months
for the EUS-FNA group and 58.6 months for the No Sampling
group).
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In conclusion, pre-operative EUS-FNA was not associated with an
increased frequency of peritoneal seeding in patients with IPMN
who underwent surgical resection.
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