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Aim. Endoscopic pancreatic stenting for refractory pancreatic duct strictures associated with impacted pancreatic stones in chronic
pancreatitis cases has yielded conflicting results. We retrospectively evaluated the efficacy of endoscopic treatment in chronic
pancreatitis patients with pancreatic duct strictures. Methods. Pancreatic sphincterotomy, dilatation procedures, pancreatic
brush cytology, and pancreatic juice cytology were routinely performed, and malignant diseases were excluded. After gradual
dilatation, a 10 Fr plastic pancreatic stent was inserted. The stents were replaced every 3 months and removed after the strictures
were dilated. Statistical analyses were performed to determine the risk of main pancreatic duct restenosis. Results. Endoscopic
pancreatic stents were successfully placed in 41 of a total of 59 patients (69.5%). The median duration of pancreatic stenting was
276 days. Pain relief was obtained in 37 of 41 patients (90.2%). Seventeen patients (41.5%) had recurrence of main pancreatic
duct stricture, and restenting was performed in 16 patients (average placement period 260 days). During the follow-up period,
pancreatic cancer developed in three patients (5.1%). Multivariate analysis revealed that the presence of remnant stones after
stenting treatment was significantly associated with a higher rate of main pancreatic duct restenosis (p = 0 03). Conclusion. The
use of 10 Fr S-type plastic pancreatic stents with routine exchange was effective for both short-term and long-term outcomes in
chronic pancreatitis patients with benign pancreatic duct strictures and impacted pancreatic stones.

1. Introduction

Chronic pancreatitis is a progressive, irreversible inflamma-
tory disease characterized by pain, which is the symptom that
requires treatment in most cases [1]. This disease is thought
to be caused by increased pressure within the pancreatic duc-
tal system and/or pancreatic parenchyma, secondary to the
outflow obstruction of the main pancreatic duct (MPD) [2].

It has been reported that endoscopic pancreatic duct
stenting provides both short-term and long-term relief from
persistent or relapsing pain in severe chronic pancreatitis
with distal ductal strictures and proximal dilation [3–8].

Several stents of various shapes and diameter have been
used for endoscopic pancreatic stenting (EPS) [4–7, 9–14].
In consideration of the migration of the pancreatic stent, a
polyethylene straight-type PS (Amsterdam type) [5], with

1 cm interval side holes, were the common PS for endoscopic
pancreatic stenting [5]. We had an experience of using
Amsterdam-type PS with a case of back pain from the early
stage, in which we were forced to remove and exchange in
the early timing. So, we started and preferred to use a poly-
olefin elastomer material with double-bended type (S shape)
[15–17], which was a more soft material and suitable at the
main pancreatic duct. This is the first reason we only use S-
type pancreatic stent in our Hospital.

In addition, endoscopic pancreatic stenting in Japan has
been approved for medical health insurance coverage in
April 2012, and at that time, only S-type plastic pancreatic
stent (Olympus Co.) was the only plastic stent which was
funded by the national medical insurance in Japan. From
these two reasons, we evaluated the efficacy of approved
medical health insurance coverage pancreatic stents. The
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European Society of Gastrointestinal Endoscopy (ESGE)
Clinical Guideline recommended the use of 10 Fr diameter
plastic stents in chronic pancreatitis associated with severe
strictures [18]. S-type plastic stents have proven to be safe
and efficient for the treatment of pancreatic duct strictures
by EPS [12, 13, 19, 20]. MPD obstruction has been reported
to be caused by strictures (47%), stones (18%), or a combina-
tion of both (32%) in most patients [4, 6, 7, 10, 13, 21]. The
combination of extracorporeal shock wave lithotripsy
(ESWL) and EPS is considered to be the treatment modality
for ameliorating pain in patients with chronic pancreatitis
[4, 7, 17, 22–29]. However, only a few cases of severe pancre-
atic duct strictureswith impacted pancreatic stones in patients
using 10 Fr S-type plastic pancreatic stents (plastic PS)
have been reported so far. The present study retrospectively
evaluated the short-term and long-term efficacies and out-
comes of using 10Fr S-type plastic PS for the treatment of
pancreatic duct strictures and impacted pancreatic stones in
patients with chronic pancreatitis.

2. Methods

2.1. Patients. FromMay 2005 to November 2013, 148 chronic
pancreatitis and pancreatolithiasis patients were treated by
endoscopic stone extraction and ESWL at Toho University
Omori Medical Center, Tokyo, Japan. Among them, 59
patients, who underwent 10 Fr S-type pancreatic stent place-
ment and were followed up for over 12 months, were selected
for evaluation in the present study.

Adaptation for EPS was based on clinical symptoms
(e.g., abdominal pain), presence of pancreatic duct stones in
the Santorini or Wirsung ducts, detection of upstream
MPD dilatation by diagnostic imaging (ultrasonography,
contrast enhanced computed tomography (CT), and mag-
netic resonance cholangiopancreatography), and the pres-
ence or absence of abdominal complaints with exacerbation
of glucose tolerance and diabetic mellitus.

EPS was not funded by the national medical insurance
of Japan until April 2012; therefore, this study was con-
ducted with the approval of the Toho University Omori
Medical Center’s Institutional Review Board and in accor-
dance with the Declaration of Helsinki. Clinicopathological
data were obtained from patients’ medical records. Written
informed consent was obtained from each patient before
the procedures.

2.2. EPS Equipment and Procedures. All procedures were per-
formed with a TJF240 or TJF260V duodenoscope (Olympus
Co., Tokyo, Japan). Endoscopic pancreatic sphincterotomy
(EPST) has consistently been performed beforeMPD stenting
[21]. When selective MPD cannulation was difficult, precut-
ting was performed with EPST as a secondary procedure
[30]. After identification of the pancreatic duct stricture via
pancreatography, a guidewire was negotiated through its tail,
as close as possible to theMPD, and dilatation was attempted.

Routine pancreatic cytology was performed before com-
mencing with the dilatation procedure to confirm the
absence of malignancy in the MPD stricture. Although we
typically used 0.035-inch Revowave standard-type and

Revowave hard-type guidewires (Piolax Medical Devices
Inc., Kanagawa, Japan), a 0.025-inch VisiGlide or VisiGlide
2 guidewire (Olympus Co.) was also used in patients with
severe strictures. Similarly, despite the use of a dilation cath-
eter (SBDC; Cook Co., Winston-Salem, NC, USA) or a 6mm
diameter balloon catheter for endoscopic pancreatic duct
dilation (EPDBD: MaxPass; Olympus Co.) for stricture dila-
tion before stenting, a Soehendra stent retriever (SSR; Cook
Co.) was used as an alternative device to dilate the more chal-
lenging strictures [31–33]. Pancreatic duct stones have been
effectively treated by a combination therapy of both EL and
ESWL as a first-line treatment method [34]. ESWL was first
started with an electromagnetic lithotripter (Lithoskop;
Siemens AG, Munich, Germany); a wire-guided basket
(FG-V436P Tetra-V wire-guided basket; Olympus Co.)
was then introduced after ESWL fragmentation of the ductal
stones. In instances where ESWL was unsuccessful, electro-
hydraulic lithotripsy (EHL) was performed as a second
attempt using the 10 Fr SpyGlass Direct Visualization
system (Boston Scientific, Natick, MA). An S-type plastic
PS (Olympus Co.) was used for the MPD stricture
(Figure 1). A pancreatic stent of adequate diameter (7 or
8.5 Fr) and length (4, 6, or 8 cm) was used during stone frag-
mentation. In cases where pancreatic stenting was unsuccess-
ful owing to large stone burden, a 5 Fr ENPD (Cook Co.) was
temporarily placed until fragmentation had occurred. After
the residual stones were almost crushed by ESWL, they were
removed endoscopically, and a 10Fr S-type plastic PS was
finally inserted into the exposed MPD stricture. Follow-up
data were collected after the placement of the 10Fr stent.
EPS exchange and pancreatic duct brush cytology were per-
formed every 3 months during the duration of stent applica-
tion. Additional stone extraction was performed in the
presence of small stones that remained in the MPD.

Finally, the dilation effect was revealed after repeated
stent exchanges for at least 3 months to 1 year, wherein the
pancreatic stent was removed and the patient was followed
up in the outpatient department. Patients presenting with
no improvement in pain symptoms after the stent-
placement procedures were referred to the surgeon. In cases
where malignancy was revealed by cytology, the stenting
therapy was interrupted and appropriate treatment (surgery
or chemotherapy) was initiated. Stent reinsertion was per-
formed in patients with pain relapse, MPD restenosis, and
stone recurrence after stent removal. These algorithms are
shown in Figure 2.

From le� to right, 7 Fr (yellow), 8.5 Fr (green), 10 Fr (blue).

Figure 1: Devices of pancreatic stents.
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2.3. Postprocedural Evaluation and Patient Follow-Up. Clini-
cal outcomes were evaluated according to the following
parameters: technical success of stent placement, number of
stent exchanges, placement periods, effect of pain relief,
adverse events, coexisting rates of malignant disease, and
both restenosis as well as restenting rates. The risk factors
for MPD restenosis were as follows: alcohol as an etiology
of chronic pancreatitis, resumption of alcohol after stent
removal, continued smoking habit, presence of single or mul-
tiple stones, retention of stones after stent removal, recurrence
of stones during the stenting treatment, and stricture at the
body of MPD or Santorini duct. In addition to these factors,
re-stricture during stenting treatment, re-stricture with dif-
fuse pancreatic stones, and the presence of re-strictures and
diffuse stones due to alcohol consumption are also considered
as risk factors for pancreatic cancer.

2.4. Definition of Events. The primary study outcome was
pain relief (control) and dilation during both short-term
and long-term evaluation of the clinical success. The second-
ary outcome was defined by the diagnosis of malignancy fol-
lowing cytology during stent exchange and restenosis after
the stent-free term.

Short-term and long-term periods were set for each of the
two groups, the stent-placement success group and the stent-
placement failure group. For the success group, short-term
was defined as the period when the first repeat EPS was
placed, whereas long-term was defined as the period when
the stent was removed after the first repeat stent exchange
session. In the stent placement failure group, short-term
was defined as the period during which the first admission
attempting to place the EPS (actually, it only displays the
clinical outcomes) was performed, whereas long-term was
defined as the period after the admission term of the first
failure attempt of the EPS placement.

2.5. Statistical Analysis. Statistical analysis was performed
using SPSS forWindows, version 11.0J (SPSS Inc., Chicago,

IL). Absolute numbers and percentages as well as median
(with interquartile range) are computed to describe patients’
age, stent-placement periods, number of stent exchanges,
and follow-up periods. Categorical values were compared
by chi-square test, and continuous variables were compared
using Mann-Whitney U tests. Univariate logistic regression
analysis was performed to identify risk factors associated
with MPD restenosis and pancreas cancer. Factors with
p < 0 05 were retained for multiple logistic regression analy-
sis, and those demonstrating statistical significance (p < 0 05)
on a multivariate analysis were considered verifiable predic-
tive factors.

3. Results

3.1. Patient Characteristics. The characteristics of the 59
patients in this study are presented in Table 1. This study
included 47 males and 12 females, with an age range of
25–81 years (median, 56 years). The etiology of chronic pan-
creatitis was alcohol abuse in 51 patients, idiopathic in seven,
and iatrogenic in one patient. Severe strictures were located
in the head (48), body (6), genu (3), and the Santorini duct
(2) of the patients. All patients had pancreatic stones in the
MPD (a single stone in 16 patients and multiple stones in
43 patients). There were 53 smokers and six nonsmokers.

3.2. Short-Term Outcomes during Plastic PS Placement.
Table 2 summarizes the short-term outcomes during EPS
placement. The stents were successfully placed in 41 of 59
patients (69.5%). The median duration of pancreatic stenting
was 276 days (range, 30–589 days). In total, 169 pancreatic
stents were placed during this study, and PPS placement
was performed approximately 1–16 times (median, 4 times)
during the stenting session. The median number of times
endoscopic retrograde cholangiopancreatography (ERCP)
was performed from the first ERCP until 10 Fr plastic PS
placement was 3.5. Thirty-seven (90.2%) of 41 patients who
received EPS placement achieved pain relief. However, 15

ERCP, EPST

Pancreatic
cancer
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Pancreatic cytology
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Figure 2: Algorithm of the treatments.
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patients (83.3%) in the EPS-failure group also achieved pain
relief indicating no difference when compared with the EPS
placement group. Among the 18 patients without EPS place-
ment, 10 followed ESWL, four underwent observation at the
outpatient department, and four presented with continuing
abdominal complaints requiring surgical treatment. The
reasons for plastic PS placement failure in the 18 patients
included inability to properly cannulate MPD with EPST
(10 patients) and inadequate pancreatic stone lithotripsy
(eight patients). However, successful stone extraction was
obtained in four patients, whereas in 14 patients the extrac-
tion proved to be a failure revealing significant differences
between the two groups. EPST or precut was performed in
all patients. The precut technique was performed in four
out of 41 patients (9.8%) in the EPS-success group, and in
15 of the 18 patients (83.3%) in the EPS-failure group. For
MPD dilation, SSR was effective in 24 patients (58.5%)
because of the presence of severe strictures. Stent-related
complications occurred in seven (3.6%) patients. Plastic PS
had to be removed in three patients because of continuing
abdominal pain. Furthermore, three out of four stent-
occlusion cases resulted in severe complications; one patient
presented with pancreatic abscess, one with colon fistula,
which was treated under observation, while the third patient
presented with splenic abscess, which was subsequently
treated by percutaneous drainage. All the three afore-
mentioned patients had multiple diffuse stones in the tail of
the MPD.

3.3. Long-Term Outcomes. Table 3 shows the long-term
follow-up outcomes of the 59 patients. The median follow-
up periods were 27 months after EPS insertion and 36
months in the EPS-failure group, indicating no differences
between the two groups. Recurrence of MPD stricture
was observed in 17 (41.5%) of the 41 patients. The median
re-stricture time after removal of the first EPS was 191
(58–919) days. Re-stricture was observed in seven patients
as a result of retention of MPD stones. Furthermore, exac-
erbation of chronic pancreatitis was noted because of
resumption of alcohol in four patients and the recurrence
of stones in two other patients. Sixteen patients (39.0%)
received restenting (second placement), and the median

period of these EPS placements was 260 (113–759) days.
During this follow-up period, pancreatic cancer had devel-
oped in 3 (7.3%) patients, which was diagnosed 211 days after
the first stent removal. Pancreatic duct cytology was per-
formed in one patient after abdominal CT, whereas the two
other patients were diagnosed by pancreatic duct cytology
during routine stent exchange. One patient with pharyngeal

Table 2: Short-term outcomes: during EPS placement.

Success Failure p value

Results (%) 41 (69.5) 18 (30.5)

Stent placement period, median 276 —

(ranges) (30–589) —

Exchanges, total 169 —

No. of exchange, median (ranges) 4 (1–16)

EPS placement; Santorini
duct/Wirsung duct

3/38 —

No. of times of ERCP until the
10 Fr EPS placement, median

3.5 —

1Pain relief (%) 37 (90.2) 15 (83.3) 0.19

Additional treatment

None 11 4

Surgery 0 4

ESWL 30 10

Reasons for failure

Lithotripsy failure
(ESWL, EHL)

— 8

Deep cannulation failure — 10
1Stone location

Single stone/multiple stones 12/29 5/13 0.62
1Stone extraction results (%) 37 (90.2) 4 (0.22) <0.012

EPST/precut 37/4 3/15

PD dilation procedure device

SSR 24 (58.5) 0

SBDC 14 (34.1) 1

EPDBD 3 (7.3) 17

Complications

Abdominal pain after stent
placement

3 0

Stent occlusion (complications
pancreatitis/pancreatic abscess/
colon-fistula/splenic abscess)

4 (1/1/1/1) 0

Dislocation

EPST hemorrhage 1 0

Pancreatitis 3 1

(Post-ERCP/post-ESWL/
post-EHL)

2 3

GW perforation (0/1/1) (1/0/2)

Pseudocyst rupture
1 3

0 1
1p values: chi-square test. 2Statistically significant. SSR: Soehendra stent
retriever catheter; SBDC: Soehendra biliary balloon dilator; EPDBD:
endoscopic pancreatic duct balloon dilation.

Table 1: Patient characteristics.

N

Gender, male/female 47/12

Age, median (ranges) 56 (25–81)

Etiology

Alcoholic (%) 51 (86.4)

Not alcoholic (%) 8 (13.6)

(Idiopathic/iatrogenic) (7/1)

Stricture location

Head/body/head + body/Santorini duct 48/6/3/2

Pancreatic stone location

Single/diffuse 16/43

Smoke, yes/no 53/6
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cancer was diagnosed 1613 days after the first ERCP. Plastic
PS placement had failed, but fortunately, pain relief was
achieved after precut addition. After pain relief, upper
esophagogastroduodenoscopy and abdominal CT were per-
formed every year at the outpatient department.

3.4. Risk Factors for MPD Restenosis and Factors of Pancreas
Cancer. Tables 4 and 5 show the risk factors for MPD reste-
nosis. Among the seven risk factors revealed by univariate
analysis, “remaining stones after stent removal” and “stric-
ture at the body of the MPD” were found to be associated
with MPD restenosis. In the multivariate analysis, “remain-
ing stones after stent removal” was identified as an indepen-
dent factor of MPD restenosis. No significant risk factors for
pancreatic cancer were observed in this study (Table 6).

4. Discussion

In the present study, we retrospectively evaluated the useful-
ness and long-term outcomes of chronic pancreatitis with
MPD strictures and pancreatic stones. 10 Fr S-type plastic

PS were successfully placed in 69.5% of 59 patients in this
study. The success rates of EPS placements have been
reported to range from 85%–98% [4–6], which is higher than
that observed in the present study (69.5%). However, con-
trary to previous reports [35], most patients in this study
(11 of 14 patients with 10 Fr S-type plastic PS and stone
extraction failure) presented with diffuse pancreatic stones.
These findings suggest that the inclusion of patients with dif-
fuse pancreatic stones along with MPD obstruction had a
negative influence on the technical success and may be
responsible for the low clinical success rates. Immediate pain
relief was obtained in 37 of the 41 patients (90.2%) with 10 Fr
S-type plastic PS placement, which is in agreement with pre-
viously published reports where the placement of stents has
been reported to be followed immediately by pain relief in
approximately 65%–95% patients [4–7, 10, 13, 14, 36]. As
observed in the present study, it takes several sessions of
ERCP to place a 10Fr plastic PS in the duct. Impacted pan-
creatic stones (diffuse or large) or severe PD strictures inhibit
deep pancreatic cannulation, and it is challenging to place a
10 Fr S-type plastic PS during the first session. However, it
is important to place a small-diameter stent early in the ses-
sion to decompress the dilated MPD [8]. Pain relief is
expected to be achieved in the early session, after which
stone fragmentation and removal of MPD obstruction are
performed followed by the placement of the 10 Fr S-type
plastic PS over several steps. Furthermore, it is important
to traverse the MPD obstruction using several guidewires;
stricture-dilation procedures using SSR have proven to be
useful in previous studies [32, 33]. In the present study,
SSR was utilized in 58.6% patients with MPD strictures,
indicating its usefulness as one of the key facilitators in
MPD dilatation.

In addition, this study shows that the EPST or precutting
techniques used in the EPS failure cases were effective in
relieving pain. In one of our previous reports, we have shown
that MPD hypertension is decreased by using either one of
these techniques, leading to a reduction in abdominal pain
[34]. Placement of stents is a relatively easy, acceptable, safe,
and effective procedure, which can be used to alleviate the
symptoms of chronic pancreatitis rapidly.

On the other hand, complications including stent occlu-
sion and migration usually occur during the early phase after
stent placement [37, 38]. Fortunately, no migration was
noted within the duration of stent application in the present
study; however, three patients presented with severe compli-
cations after stent occlusion. One patient presented with a
pancreatic abscess, while another presented with a colon fis-
tula, which was treated by observation. In addition, there was
one case of splenic abscess, which was treated by percutane-
ous drainage. All three patients presented with diffuse multi-
ple stones in the tail of the MPD. In our experience, the
immediate complications of endoscopic stenting were mild,
transient, and easily managed.

Statistical results of the present retrospective study
revealed that “remaining stones during stent treatment”
was the main factor for restenosis. There may also have
been residual stones in the branch ducts in spite of clean-
ing the MPD during the stone retrieval treatments [35]. As

Table 3: Long-term outcomes after stent removal.

Events EPS success EPS failure p value

N 41 18 —
1Follow-up periods
(month, median)

26.0 36.0 0.20

Location of stricture

Head/body/head +
body/dorsal-duct

12/1/2/2 15/3/0/0

MPD restenosis (%) 17 (41.5) — —
2Time to restenosis
(days, median)

191

Causes of restenosis

Remaining stones (%) 7 (17.1)

Resumption of alcohol (%) 4 (9.8)

Major papilla restenosis (%) 3 (7.3)

Recurrence of stones (%) 2 (4.9)

Restenting (%) 16 (39.0) —

Re-placement period
(days, median)

260

Complications

Pancreatic abscess 1 (36) 0

Papillary restenosis 1 (359) 0

Liver abscess 1 (37) 0
3Coexisting malignant disease (%) 3 (5.9) 1 (2.9) 0.64

Pancreatic cancer (%) 3 (5.9) 0

(Diagnosed day after 1st EPST,
median)

(211) —

Pharyngeal cancer (%) 0 1 (2.9)

(Diagnosed day after 1st EPST,
median)

— (1613)

1p values: Mann-Whitney U test. The following month was counted after the
first performance of EPST. 2Counted from the EPS removal day when MPD
dilation effect was revealed. 3p values: chi-square test.
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many rates of diffuse stones were included in this study,
the presence of stones in the side branches of the MPD
must be taken into consideration after stent removal for
long-term results.

In contrast to the study by Talamini et al., other studies
including the present one found that neither resumption of
alcohol consumption nor smoking after stent removal was
associated with a significant increase in the rate of MPD
restenosis [39]. Thus, the influence of tobacco use and alco-
hol consumption on MPD restenting outcome is still open
to debate [5, 6, 39].

Despite the nearly statistically significant (p = 0 08) asso-
ciation between resumption of alcohol consumption after
stent removal and MPD restenosis, a potentially important
observation in this study is that alcohol prohibition should
be continued not only throughout the duration of stent appli-
cation but afterwards as well. Only two patients (4.9%) were
able to abstain from smoking in this study. In future, we
intend to evaluate the outcomes of MPD restenosis during
smoking abstinence.

Importantly, the possibility of comorbid pancreatic
cancer must also be considered during long-term EPS
follow-up. Whereas most pancreatic duct strictures that
occur during chronic pancreatitis are benign, a suspicion of
malignancy requires prompt action involving surgical treat-
ment rather than endoscopic stenting. All malignant cases
were diagnosed by pancreatic brushing cytology in this study.
Interestingly, MPD re-stricture did not aid in suspecting
cases of malignancy; it was difficult to detect the presence
of malignancy in two patients using imaging techniques such
as enhanced CT and MRCP. Instead, the condition was
diagnosed by routine pancreatic duct cytology. Previous
studies have reported difficulties in diagnosing pancreatic
malignancies arising in preexisting chronic pancreatitis
[40, 41]. These facts indicate that in addition to cautious
imaging follow-up, routine cytology must be performed
after the treatment procedures.

The appropriate diameter as well as the duration of place-
ment of the stents have not been determined in the present
study. The use of the 10 Fr S-type plastic PS, which was

Table 4: Risk factors for MPD restenosis (univariate analysis).

Restenosis
OR (95% CI) p

(+) (−)
1Alcohol etiology of chronic pancreatitis +/− 16/2 20/3 1.2 (0.18–8.07) 0.62
1Resumption of alcohol after stent removal +/− 4/13 1/23 7.07 (0.71–70.19) 0.08
1Continued smoke +/− 17/0 22/2 — —
1Single/multiple stones 5/13 6/15 1.04 (0.26–4.21) 0.95
1Remaining stones after stent removal +/− 6/12 1/22 11.1 (1.18–102.38) 20.02
1Recurrence of stones during stenting treatment +/− 3/14 0/22 — —
1Stricture at the body of MPD +/− 5/12 1/21 0.11 (0.01–1.09) 20.04
1Unordered categorical variables. 2Statistically significant.

Table 5: Risk factors for MPD restenosis (multivariate).

Restenosis
OR (95% CI) p

(+) (−)
1Remaining stones after stent removal +/− 6/12 1/22 11.44 (1.22–107.4) 20.03
1Associated body of MPD strictures +/− 5/12 1/21 0.17 (0.02–1.88) 0.14
1Unordered categorical variables. 2Statistically significant.

Table 6: Risk factors for pancreatic cancer (univariate analysis).

Coexist cancer
OR (95% CI) p

(+) (−)
Alcohol etiology of chronic pancreatitis +/− 3/0 33/5 — —

Resumption of alcohol after stent removal +/− 0/3 3/35 — —

Continued smoking +/− 3/0 35/3 — —

Single/multiple stones 2/1 26/10 0.77 (0.06–9.45) 0.84

Remaining stones after stent removal +/− 0/3 31/7 — —

Re-stricture during stenting treatment +/− 0/3 17/21 — —

Re-stricture with diffuse pancreatic stone +/− 0/3 12/26 — —

Re-stricture, diffuse stone with an alcohol etiology +/− 0/3 12/26 — —
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replaced every 3 months, proved to be beneficial for the
patients in this study; hence, this could be considered as the
first line of treatment for both short-term and long-term
endoscopic pancreatic stenting.

However, in this study, we experienced a serious compli-
cation concerning stent occlusion due to the presence of
diffuse stones that remain in the tail of the MPD. Therefore,
alternative methods such as multiple plastic stents and self-
expandable covered metallic stents, as well as other surgical
treatments, should also be thoroughly discussed for the
treatment of refractory MPD strictures [42–46]. Further
extensive studies involving pancreatic stents are required in
future. In long-term stent application, it is important not
to continue with the placement of an endoscopic stent in
refractory cases in order to prevent pancreatic dysfunction
and the development of pancreatic cancer. Therefore, it is
important not to stick to the endoscopic stent placement in
refractory cases, recurring pancreatitis exacerbation, and
long-term stent application.

The current study is associated with some limitations.
Since it is a study in a few cases (small sample size), there
are some limitations in referring in this discussion. This
was a retrospective and single-center study and limited
external validity to this study; therefore, the possibility of
unintentional selection bias cannot be fully excluded. Mul-
tivariate analysis data for risk of MPD restenosis (OR and
95% CI) was wide, and risk factors of pancreas cancer
were not assessed in this study. This might have affected
the outcome of small samples, so the results of this analy-
sis cannot be generalized to other geographical regions of
the world.

Despite this limitation, some factors indicated the sta-
tistical significance of the outcomes. Our explanatory anal-
ysis proceeded the use of 10 Fr S-type plastic pancreatic
stents with routine exchange or both short-term and
long-term outcomes in chronic pancreatitis patients with
benign pancreatic duct strictures and impacted pancreatic
stones, and this research is thought to lead to the next
study. Therefore, our findings need to be confirmed in a
prospective study.

In conclusion, we herein demonstrate that using 10Fr
S-type plastic PS with routine exchange is effective for both
short-term and long-term outcomes. It is effective and useful
in chronic pancreatitis patients with benign pancreatic duct
strictures and impacted pancreatic stones.
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for the treatment of pancreatic duct strictures and pancreatic
stones in chronic pancreatitis.

Ethical Approval

The study protocol was in accordance with the Declaration of
Helsinki 1975, as revised in 2013, and was approved by the
ethics committee of our facility (25-83). Written informed
consent was obtained from all participants. This manuscript
has not been published in any language, in whole or in part,
and is not under consideration for publication elsewhere.

Conflicts of Interest

Ken Ito, Naoki Okano, Seiichi Hara, Kensuke Takuma,
Kensuke Yoshimoto, Susumu Iwasaki, Yui Kishimoto,
and Yoshinori Igarashi declare that they have no conflict
of interest.

Authors’ Contributions

The format of this section will be as follows: Ito K designed
the research and wrote themanuscript, OkanoN and Igarashi
Ydesigned the research, andHara S, TakumaK,YoshimotoK,
Iwasaki S, and Kishimoto Y performed the research and
collected the data.

Acknowledgments

We thank the paramedical, medical, and endoscopy staff at
the Division of Gastroenterology and Hepatology of the
Department of the Internal Medicine, Toho University,
for making this study possible. I wish to thank Professor
Yoshitaka Murakami (Department of Medical Statistics,
Toho University) and Dr Yoshinori Kikuchi (Division of
Gastroenterology and Hepatology, Toho University Omori
Medical Center) for the advice about statistical research.
We also wish to thank the paramedical, medical, and
endoscopy staff at the Division of Gastroenterology and
Hepatology of the Department of the Internal Medicine,
Toho University, for making this study possible.

References

[1] K. Mergener and J. Baillie, “Chronic pancreatitis,” The Lancet,
vol. 350, no. 9088, pp. 1379–1385, 1997.

[2] M. L. Steer, I. Waxman, and S. Freedman, “Chronic pancreati-
tis,” The New England Journal of Medicine, vol. 332, no. 22,
pp. 1482–1490, 1995.

[3] K. Huibregtse, B. Schneider, A. A. Vrij, and G. N. J. Tytgat,
“Endoscopic pancreatic drainage in chronic pancreatitis,”
Gastrointestinal Endoscopy, vol. 34, no. 1, pp. 9–15, 1988.

[4] M. Cremer, J. Deviere, M. Delhaye, M. Baize, and
A. Vandermeeren, “Stenting in severe chronic pancreatitis:
results of medium-term follow-up in seventy-six patients,”
Endoscopy, vol. 23, no. 3, pp. 171–176, 1991.

[5] K. F. Binmoeller, P. Jue, H. Seifert, W. C. Nam, J. Izbicki, and
N. Sochendra, “Endoscopic pancreatic stent drainage in
chronic pancreatitis and a dominant stricture: long-term
results,” Endoscopy, vol. 27, no. 9, pp. 638–644, 1995.

[6] T. Ponchon, R.M. Bory, F. Hedelius et al., “Endoscopic stenting
for pain relief in chronic pancreatitis: results of a standardized
protocol,” Gastrointestinal Endoscopy, vol. 42, no. 5,
pp. 452–456, 1995, 8566637.

7Gastroenterology Research and Practice



[7] M. E. Smits, S. M. Badiga, E. A. J. Rauws, G. N. J. Tytgat, and
K. Huibregtse, “Long-term results of pancreatic stents in
chronic pancreatitis,” Gastrointestinal Endoscopy, vol. 42,
no. 5, pp. 461–467, 1995.

[8] J. Deviere, M. Delhaye, and M. Cremer, “Pancreatic duct
stones management,” Gastrointestinal Endoscopy Clinics of
North America, vol. 13, no. 2, pp. 86–93, 1998.

[9] D. E. Morgan, J. K. Smith, K. Hawkins, and C. M. Wilcox,
“Endoscopic stent therapy in advanced chronic pancreatitis:
relationships between ductal changes, clinical response, and
stent patency,” The American Journal of Gastroenterology,
vol. 98, no. 4, pp. 821–826, 2003, 12738462.

[10] G. C. Vitale, K. Cothron, E. A. Vitale et al., “Role of pan-
creatic duct stenting in the treatment of chronic pancrea-
titis,” Surgical Endoscopy, vol. 18, no. 10, pp. 1431–1434,
2004.

[11] N. Eleftheriadis, F. Dinu, M. Delhaye et al., “Long-term out-
come after pancreatic stenting in severe chronic pancreatitis,”
Endoscopy, vol. 37, no. 3, pp. 223–230, 2005.

[12] T. Ukita, A. Moriyama, A. Tada et al., “Successful management
of postoperative pancreatic fistula by application of con-
structed S-type pancreatic stent after operation for abnormal
biliary-pancreatic junction,” Endoscopy, vol. 35, no. 3, p. 253,
2003, 12584651.

[13] T. Ishihara, T. Yamaguchi, K. Seza, H. Tadenuma, and
H. Saisho, “Efficacy of s-type stents for the treatment of the
main pancreatic duct stricture in patients with chronic pancre-
atitis,” Scandinavian Journal of Gastroenterology, vol. 41, no. 6,
pp. 744–750, 2006.

[14] A. Weber, J. Schneider, B. Neu et al., “Endoscopic stent
therapy for patients with chronic pancreatitis: results from a
prospective follow-up study,” Pancreas, vol. 34, no. 3,
pp. 287–294, 2007, 17414050.

[15] P. A. Testoni, “Endoscopic stenting in benign pancreatic dis-
eases,” Journal of Oncology Practice, vol. 8, 1 Supplement,
pp. 141–150, 2007.

[16] T. Ukita, “Pancreatic stenting for the preservation of pancre-
atic function in chronic pancreatitis with stricture,” Digestive
Endoscopy, vol. 15, no. 2, pp. 108–112, 2003.

[17] Y. Igarashi, K. Ito, T. Mimura et al., “Endoscopic pancreatic
drainage,” Gastroenterological Endoscopy, vol. 46, no. 12,
pp. 2582–2588, 2004.

[18] J. M. Dumonceau, M. Delhaye, A. Tringali et al.,
“Endoscopic treatment of chronic pancreatitis: European
Society of Gastrointestinal Endoscopy (ESGE) Clinical
Guideline,” Endoscopy, vol. 44, no. 08, pp. 784–800, 2012,
22752888.

[19] Y. Fukuda, T. Tsuyuguchi, Y. Sakai, S. Tsuchiya, and H. Saisyo,
“Diagnostic utility of peroral cholangioscopy for various bile-
duct lesions,” Gastrointestinal Endoscopy, vol. 62, no. 3,
pp. 374–382, 2005, 16111955.

[20] H. E. Adamek, R. Jakobs, A. Buttmann, M. U. Adamek, A. R. J.
Schneider, and J. F. Riemann, “Long term follow up of patients
with chronic pancreatitis and pancreatic stones treated with
extracorporeal shock wave lithotripsy,” Gut, vol. 45, no. 3,
pp. 402–405, 1999.

[21] M. J. Farnbacher, S. Mühldorfer, M. Wehler, B. Fischer, E. G.
Hahn, and H. T. Schneider, “Interventional endoscopic ther-
apy in chronic pancreatitis including temporary stenting: a
definitive treatment?,” Scandinavian Journal of Gastroenterol-
ogy, vol. 41, no. 1, pp. 111–117, 2006.

[22] H. Grimm, W. H. Meyer, V. C. Nam, and N. Soehendra, “New
modalities for treating chronic pancreatitis,” Endoscopy,
vol. 21, no. 02, pp. 70–74, 1989, 2707174.

[23] M. Delhaye, A. Vandermeeren, M. Baize, and M. Cremer,
“Extracorporeal shock-wave lithotripsy of pancreatic calculi,”
Gastroenterology, vol. 102, no. 2, pp. 610–620, 1992, 1732129.

[24] H. T. Schneider, A. May, J. Benninger et al., “Piezoelectric
shock wave lithotripsy of pancreatic duct stones,” The
American Journal of Gastroenterology, vol. 89, no. 11,
pp. 2042–2048, 1994, 7942733.

[25] M. Delhaye, M. Arvanitakis, G. Verset, M. Cremer, and
J. Devière, “Long-term clinical outcome after endoscopic
pancreatic ductal drainage for patients with painful chronic
pancreatitis,” Clinical Gastroenterology and Hepatology,
vol. 2, no. 12, pp. 1096–1106, 2004, 15625655.

[26] T. Rösch, S. Daniel, M. Scholz et al., “Endoscopic treatment of
chronic pancreatitis: a multicenter study of 1000 patients with
long-term follow-up,” Endoscopy, vol. 34, no. 10, pp. 765–771,
2002.

[27] A. Gabbrielli, M. Pandolfi, M. Mutignani et al., “Efficacy of
main pancreatic-duct endoscopic drainage in patients with
chronic pancreatitis, continuous pain, and dilated duct,” Gas-
trointestinal Endoscopy, vol. 61, no. 4, pp. 576–581, 2005.

[28] D. L. Cahen, D. J. Gouma, Y. Nio et al., “Endoscopic versus
surgical drainage of the pancreatic duct in chronic pancreati-
tis,” The New England Journal of Medicine, vol. 356, no. 7,
pp. 676–684, 2007.

[29] J. M. Dumonceau, G. Costamagna, A. Tringali et al., “Treat-
ment for painful calcified chronic pancreatitis: extracorporeal
shock wave lithotripsy versus endoscopic treatment: a ran-
domised controlled trial,” Gut, vol. 56, no. 4, pp. 545–552,
2007.

[30] Y. W. Joo, J. H. Yoon, S. C. Cho et al., “Endoscopic pancreatic
sphincterotomy: indications and complications,” The Korean
Journal of Internal Medicine, vol. 24, no. 3, pp. 190–195,
2009.

[31] J. J. Ziebert and J. A. DiSario, “Dilation of refractory pancreatic
duct strictures: the turn of the screw,” Gastrointestinal Endos-
copy, vol. 49, no. 5, pp. 632–635, 1999.

[32] T. H. Baron and D. E. Morgan, “Dilation of a difficult benign
pancreatic duct stricture using the Soehendra stent extractor,”
Gastrointestinal Endoscopy, vol. 46, no. 2, pp. 178–180, 1997.

[33] B. Brand, F. Thonke, S. Obytz et al., “Stent retriever for dilation
of pancreatic and bile duct strictures,” Endoscopy, vol. 31,
no. 2, pp. 142–145, 1999.

[34] K. Ito, Y. Igarashi, N. Okano et al., “Efficacy of combined
endoscopic lithotomy and extracorporeal shock wave litho-
tripsy, and additional electrohydraulic lithotripsy using the
SpyGlass direct visualization system or X-ray guided EHL as
needed, for pancreatic lithiasis,” BioMed Research Interna-
tional, vol. 2014, Article ID 732781, 8 pages, 2014.

[35] N. Sasahira, M. Tada, H. Isayama et al., “Outcomes after clear-
ance of pancreatic stones with or without pancreatic stenting,”
Journal of Gastroenterology, vol. 42, no. 1, pp. 63–69, 2007.

[36] J. Boursier, V. Quentin, V. le Tallec et al., “Endoscopic treat-
ment of painful chronic pancreatitis: evaluation of a new flex-
ible multiperforated plastic stent,” Gastroentérologie Clinique
et Biologique, vol. 32, no. 10, pp. 801–805, 2008.

[37] S. O. Ikenberry, S. Sherman, R. H. Hawes, M. Smith, and G. A.
Lehman, “The occlusion rate of pancreatic stents,” Gastroin-
testinal Endoscopy, vol. 40, no. 5, pp. 611–613, 1994.

8 Gastroenterology Research and Practice



[38] M. J. Farnbacher, R. E. Voll, R. Faissner et al., “Composition of
clogging material in pancreatic endoprostheses,”Gastrointesti-
nal Endoscopy, vol. 61, no. 7, pp. 862–866, 2005.

[39] G. Talamini, C. Bassi, M. Falconi et al., “Pain relapses in the
first 10 years of chronic pancreatitis,” American Journal of
Surgery, vol. 171, no. 6, pp. 565–569, 1996.

[40] A. Fritscher-Ravens, L. Brand, W. T. Knofel et al., “Compari-
son of endoscopic ultrasound-guided fine needle aspiration
for focal pancreatic lesions in patients with normal paren-
chyma and chronic pancreatitis,” The American Journal of
Gastroenterology, vol. 97, no. 11, pp. 2768–2775, 2002.

[41] M. Topazian, H. Aslanian, and D. Andersen, “Outcome fol-
lowing endoscopic stenting of pancreatic duct strictures in
chronic pancreatitis,” Journal of Clinical Gastroenterology,
vol. 39, no. 10, pp. 908–911, 2005.

[42] G. Costamagna, M. Bulajic, A. Tringali et al., “Multiple stent-
ing of refractory pancreatic duct strictures in severe chronic
pancreatitis: long-term results,” Endoscopy, vol. 38, no. 03,
pp. 254–259, 2006.

[43] P. Eisendrath and J. Deviere, “Expandable metal stents for
benign pancreatic duct obstruction,” Gastrointestinal Endos-
copy Clinics of North America, vol. 9, no. 3, pp. 547–554, 1999.

[44] D. H. Par k, M. H. Kim, S. H. Moon, S. S. Lee, D. W. Seo,
and S. K. Lee, “Feasibility and safety of placement of a
newly designed, fully covered self-expandable metal stent
for refractory benign pancreatic ductal strictures: a pilot study
(with video),” Gastrointestinal Endoscopy, vol. 68, no. 6,
pp. 1182–1189, 2008.

[45] S. H. Moon, M. H. Kim, D. H. Park et al., “Modified fully cov-
ered self-expandable metal stents with antimigration features
for benign pancreatic-duct strictures in advanced chronic
pancreatitis, with a focus on the safety profile and reducing
migration,” Gastrointestinal Endoscopy, vol. 72, no. 1,
pp. 86–91, 2010.

[46] K. Okushima, J. Yoshino, K. Inui, H. Miyoshi, and
Y. Nakamura, “Short-term metal stenting for treatment of
main pancreatic duct strictures associated with chronic pan-
creatitis,” Digestive Endoscopy, vol. 17, no. 3, pp. 230–234,
2005.

9Gastroenterology Research and Practice



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

