
Introduction
Chronic pancreatitis (CP) is defined as a progressive fibro-in-
flammatory process with specific morphological changes in
the pancreatic parenchyma and the pancreatic ducts leading
to pancreatic exocrine and endocrine insufficiency [1]. Persist-
ent or relapsing pain is a common symptom and pain relief is
the major goal of endoscopic treatment [2]. Among causes of
pancreatic pain, dominant strictures of the main pancreatic

duct (MPD), usually located at the head of the pancreas, are
common indications for endoscopic treatment. It is well sub-
stantiated that pancreatic stent placement offers a satisfactory
long-term clinical response. Thus, the European Society of Gas-
trointestinal Endoscopy (ESGE) has recommended treating
MPD stricture by inserting a single 10 Fr plastic stent with stent
exchange planned within 1 year [3].

Placement of multiple parallel pancreatic stents for treat-
ment of dominant pancreatic head MPD strictures has been
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ABSTRACT

Background and study aims Patients with painful chron-

ic pancreatitis (CP) and distal main pancreatic duct (MPD)

stricture are considered candidates for treatment using a

single plastic stent insertion. Multiple side-by-side stents

have been proposed as an alternative treatment but com-

parative studies are lacking. The aim of this retrospective

study is to assess differences in characteristics and treat-

ment outcomes in patients with CP and MPD strictures

treated with a different number of stents during the stent-

ing period.

Patients and methods Patients with painful CP and distal

MPD obstruction requiring endoscopic treatment

(01.2004–12.2012) were considered. The study popula-

tion was divided in three groups: Patients treated with (A)

exclusively one stent; (B) one or two stents; and (C) exclu-

sively two stents during the stenting period. Patient charac-

teristics and treatment outcomes were retrospectively as-

sessed.

Results Among 284 patients, 85 were selected according

to inclusion criteria (Group A: 18, Group B: 35, Group C:

32). Median follow-up duration was 84 months. The median

number of endoscopic procedures needed was higher for

group B [3 (A) vs. 3 (C) vs. 4 (B), P=0.001]. Regarding out-

come, successful endoscopic treatment was lower in Group

C (50% vs. 88.2% and 74.2% for groups A and B, respective-

ly; P=0.02). This difference was attributed to better clinical

outcome in Group A compared to Group C patients [OR

(95 %CI): 7.50 (1.46–38.70); P=0.04]. Moreover, group C

patients experienced higher levels of pain at the end of

follow-up period [median Izbicki Score 0 (group A) vs. 0

(group B) vs. 6 (group C), P=0.03].

Conclusions In patients with painful CP and distal MPD

obstruction, treatment with a single stent is associated

with better clinical outcome compared to treatment with

exclusively two stents during the stenting period.
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proposed as an alternative treatment option with promising re-
sults [4]. However, the efficacy of this treatment modality has
not been validated in randomized controlled trials (RCTs) and
its role remains unclear. Nevertheless, simultaneous placement
of multiple pancreatic stents could be applied more extensive-
ly, particularly in patients with MPD strictures persisting after
12 months of single plastic stenting [5].

The aim of this study was to evaluate differences in treat-
ment characteristics and outcomes between patients with CP
and MPD strictures treated by single or multiple pancreatic
stents.

Patients and methods
We retrospectively reviewed patients older than 18 years old
who underwent endoscopic treatment in our clinic between
January 2004 and December 2012 due to painful CP defined as
continuous or recurrent pain with at least three painful epi-
sodes per year and a MPD stricture in the head of pancreas. Di-
agnosis of CP was based on morphological findings consisting
of a distal stricture with upstream dilation (>3.5mm) demon-
strated by magnetic resonance cholangiopancreatography
(MRCP) or endoscopic retrograde cholangiopancreatography
(ERCP).

Patients were excluded from the study according to the fol-
lowing criteria; previous pancreatic surgery, presence of a pan-
creatic pseudocyst ≥2 cm or a biliary stricture, total duration of
follow-up (FU) < 24 months since stent insertion, and pancreat-
ic cancer diagnosed during FU.

The study population was divided into three groups: (A) pa-
tients treated with exclusively one stent; (B) patients treated
with one or two stents; and (C) patients treated exclusively
with two stents during the stenting period, respectively.

Data collected included pain severity assessment according
to Izbicki score (IS) [6], smoking and alcohol abuse, and pres-
ence of exocrine or endocrine insufficiency depending on the
need of pancreatic enzymes supplementation and antidiabetic
drugs and/or subcutaneous insulin administration. The study
was approved by the ethics committee of our institution.

Endoscopic procedures

All procedures were performed under general anesthesia with
endotracheal intubation. If obstructive MPD stones had been
previously identified on imaging, extracorporeal shockwave li-
thotripsy (ESWL) (Siemens Lithoskop) preceded ERCP to obtain
stone fragmentation. The first step of the endoscopic treat-
ment included pancreatic sphincterotomy of the major or mi-
nor papilla according to the ductal anatomy after insertion of a
0.020- or 0.035-inch hydrophilic guidewire in the MPD (Radio-
focus, Terumo Europe N.V., Leuven, Belgium; Jagwire Super
Stiff, Boston Scientific, Galway, Ireland). In case of pancreatic
stones, endoscopic stone extraction was performed using a
Dormia basket after stricture dilation using either a graduated
(6–10 Fr) Teflon bougie (Wilson-Cook Medical Inc., Limerick,
Ireland) or, more often, a hydrostatic balloon catheter of 4- to
6-mm diameter (Maxforce or Hurricane, Boston Scientific, Gal-
way, Ireland). In case of tight strictures, the Soehendra stent re-

triever (Wilson-Cook Medical Inc, Limerick, Ireland) was used.
In cases of residual fragments after ESWL or very tight stricture
a naso-pancreatic catheter for saline lavage or drainage was left
in place for 24 to 48 hours after dilation and before pancreatic
stenting to facilitate elimination of stone fragments. Insertion
of a single or multiple stents insertion was individualized ac-
cording to the endoscopist’s judgment based on clinical evalu-
ation and morphological MPD features to obtain optimal ductal
drainage. The plastic stents used were 8.5 to 10 Fr straight
polyethylene Amsterdam-type design with both an internal
and external flap. Their length was chosen according to stric-
ture’s length tailored from the pancreatic sphincter’s orifice.
The stents were deployed over a guiding catheter, which had
been inserted beyond the stricture over the guide wire. Multi-
ple stenting consisted of deployment of two side-by-side plas-
tic stents, after dilation with a hydrostatic balloon parallel to
the first stent to facilitate insertion of the second one. The Fu-
sion introducer (Cook Medical Inc, Limerick, Ireland fusion) was
used to allow intraductal exchange in case of multiple stents in-
sertion (▶Video1).

Definitions and classifications

Successful endoscopic treatment was defined as IS ≤10at the
end of the stenting period. Partial response to endoscopic
treatment was defined as IS > 10 after an initial decrease of
> 50% and absence of response as IS > 10 after an initial de-
crease of < 50% or need for surgery. For outcome analysis, par-
tial and absent response were considered failures of endoscopic
treatment. Patients’ ongoing stenting at the time of the study
was not included in the outcome analysis.

Duration of FU was defined as the time from initial interven-
tion to the last visit/call appointment, surgery or death. “On-
demand” stent exchange strategy for pancreatic pain recur-
rence was performed.

Video 1 Patient with chronic pancreatitis and distal MPD
stricture treated by two plastic stents. The Fusion introducer is
used to facilitate stent placement. Balloon dilation (6mm) is per-
formed before insertion of the second stent.
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Definitive stent removal was defined as stent removal with
no intent to replace it. It was performed after stricture resolu-
tion and significant pain improvement according to IS (IS < 10/
100).

Stricture resolution was defined as at least one of the follow-
ing: a) sufficient flow of contrast medium alongside of a 6 Fr
naso-pancreatic catheter during ERCP or b) absence of pain
during perfusion of the naso-pancreatic catheter with normal
saline (1lt/24h) [7].

The stenting period was defined as the duration of stenting
from the initial insertion till definitive removal. In case of distal
(in the duodenal lumen) stent migration during FU without im-
mediate stent replacement, the stenting period was defined as
the interval between stent insertion and the last FU visit with
the stent in place. Finally, re-stenting was defined as any new
period of stenting after definitive stent removal because of
pain recurrence and MPD dilation.

The primary objective of the study was to evaluate the three
different groups in terms of a) different treatment characteris-
tics and b) outcome of endoscopic treatment. Secondary objec-
tives included definitive stent removal, duration of stenting,
stent migration rate, number of procedures needed, need for
re-stenting after definitive stent removal, and presence of
endo-and exocrine insufficiency at the end of FU. We also
aimed to identify potential predicting factors of successful
endoscopic treatment outcome.

Statistical analysis

Statistical analysis was performed using the Statistical Package
for Social Sciences (IBM SPSS Statistics, Version 22.0. Armonk,
New York, United States: IBM Corp). Continuous data are re-
ported as median and interquartile range (IQR). Differences be-
tween groups were evaluated using Mann-Whitney or Kruskall-
Wallis test in case of continuous data and chi-square or Fi-
scher’s exact test in case of categorical data. In case of statisti-
cally significant differences, we performed multiple compari-
sons to evaluate intergroup differences. Moreover, we calculat-
ed the proportional difference in outcome between the three
groups and specified the estimation uncertainty using 95%CI.
Regarding our primary objective, we performed univariate and
multivariable analysis using binomial logistic regression to
identify factors predicting clinical success. In the multivariable
model we included factors that were significantly associated to
the outcome in the univariate analysis (P<0.1). In the univariate
analysis we included factors that a) differed significantly be-
tween the three groups in baseline and b) have been shown to
be associated to clinical outcome in the current literature. The
Homers-Lemeshow test was used to check the goodness-of-fit
of the multivariable regression model. Interaction was tested
between each significant factor. Odds ratios and their 95% CI
were derived from each variable coefficient in the final model.
The significance of each coefficient was tested by the Wald
test. Statistical significance was considered for P values ≤0.05.

Results
Patient characteristics

During the study period, a total of 284 CP patients undergoing
pancreatic stenting for pain management were identified.
After exclusion of patients according to study’s exclusion crite-
ria 85 patients were further considered eligible for inclusion.

▶Fig. 1 depicts study’s flowchart. Sixty-one (73%) of them
were men. The median age of the study population was 51
years (42–59). CP etiology was alcoholic in the majority of pa-
tients (n =57, 67%). Pancreas divisum was evident in seven pa-
tients (8%). Median disease duration before initial endoscopic
treatment was 25 months (8–82). Groups A, B and C consisted
of 18, 35 and 32 patients, respectively. Four patients (1 in
group A, 2 in group B and 1 in group C) died during the FU
period and three patients (2 in group B and 1 in group C)
were still under endoscopic treatment at the time of the study.
All deaths were irrelevant to the endoscopic procedures. Pa-
tients were followed up for a median period of 84 months
(55–108). The demographic and clinical characteristics of the
85 patients at the beginning of endoscopic treatment are pres-
ented per group in ▶Table1. There were no significant differ-
ences between the three groups except a lower rate of patients
undergoing ESWL at the beginning of endoscopic treatment in
group B (46% (B) vs. 78% (A) vs. 75% (C), P=0.02).

Per group analysis
1.Group A– Exclusive use of one plastic stent during the
stenting period

In this group, 18 patients were treated with a single pancreatic
stent throughout the stenting period. The median number of
procedures needed was three (1–3). Stent migration was re-
corded in 3 (17%) patients. Definitive stent removal was
achieved in 12 patients (67%), after a median stenting period
of 14.5 months (9–27). Re-stenting during FU was performed
in seven patients (39%). The median duration of FU was 81.5
months (50–116). Excluding one deceased patient, complete
and partial treatment response were achieved in 15 patients
(88.2%) and one patient (5.9%), respectively. Absence of treat-
ment response was encountered in only one patient (5.9%). The
median IS at the end of the FU was 0 (0–0) (▶Table2). No com-
plications occurred.

2.Group B–Use of one or two plastic stents during the
stenting period

In group B, 35 patients were treated with one or two stents dur-
ing the stenting period (31 starting with a single stent, passing
to two stents and 4 starting with two and passing to a single
stent). The median number of procedures needed was four
(3–5). Stent migration was seen in nine patients (26%). Defini-
tive stent removal was achieved in 30 patients (86%), after a
median stenting period of 23 months (16–33). Re-stenting
during FU was necessary in 10 patients (29%). The median
duration of FU was 89 months (64–108). After excluding two
deceased patients, complete and partial treatment response
were achieved in 23 patients (74.2%) and four patients
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▶ Table 1 Demographic and clinical characteristics between groups at the beginning of endoscopic treatment.

Group A

n=18

Group B

n=35

Group C

n=32

P

Gender, male, n (%) 14 (78) 24 (69) 23 (72) 0.78

Median age, years (IQR) 50 (41–59) 48 (38–61) 54 (42–58) 0.89

Chronic pancreatitis etiology, n (%) 0.97

▪ Alcoholic 12 (67) 24 (69) 21 (66)

▪ Idiopathic 6 (33) 11 (31) 11 (34)

Median duration of chronic pancreatitis, months (IQR) 22.5 (9–69) 13 (8–84) 51 (10–74) 0.28

Proximal pancreatic duct width (mm), median (IQR) 7.4 (5.3–8.9) 6 (4.7–8) 6.9 (5.3–9.4) 0.27

Initial IS, median (IQR) 46 (34–55) 31 (19–53) 44 (20–63) 0.35

Pancreas Divisum, n (%) 1 (5.6) 3 (8.6) 3 (9.4) 0.89

Intraductal stones necessitating ESWL, n (%) 14 (78) 16 (46) 24 (75) 0.021

Current alcohol consumption, n (%) 12 (67) 15 (43) 16 (50) 0.26

Smoking, n (%) 14 (78) 22 (63) 25 (78) 0.31

Opioid usage, n (%) 3 (17) 12 (34) 7 (22) 0.31

Steatorrhea, n (%) 3 (17) 4 (11) 5 (16) 0.89

Diabetes mellitus, n (%) 3 (17) 4 (11) 8 (25) 0.56

Group A: patients treated with exclusively one stent during the stenting period; Group B: patients treated with one or two stents during stenting period; Group C:
patients treated with exclusively two stents during the stenting period
IQR, interquartile range; IS, Izbicki score; ESWL, extracorporeal shockwave lithotripsy
1 After multiple correction, significant difference between group B vs. groups A and C (P <0.05).

Patients screened (n = 284)

Patients included (n = 85) 

Exclusive use of one stent 
(Group A; n = 18)

 Use of either one or two stents 
(Group B; n = 35)

 Exclusive use of two stents 
(Group B; n = 32)

Patients excluded (n = 199)
▪Cystogastrostomy (n = 40)
▪Biliary stenting (n = 42)
▪Follow-up < 24 months (n = 110)
▪Pancreatic cancer (n = 6)
▪Surgery before stenting (n = 1)

Definite stent 
removal 
(n = 12)

Re-stenting 
(n = 7)

Deaths 
(n = 1)

Complete 
response
(n = 15)En

d 
of

 
fo

llo
w

-u
p

Partial 
response

(n = 1)

Failure
(n = 1)

Ongoing 
stenting
(n = 0)

Complete 
response
(n = 23)

Partial 
response
(n = 4 )

Failure
(n = 4)

Ongoing 
stenting
(n = 2)

Complete 
response
(n = 15)

Partial 
response
(n = 5 )

Failure
(n = 10)

Ongoing 
stenting
(n = 1)

Definite stent 
removal 
(n = 30)

Re-stenting 
(n = 10)

Deaths 
(n = 2)

Definite stent 
removal 
(n = 30)

Re-stenting 
(n = 13)

Deaths 
(n = 1)

▶ Fig. 1 Study flowchart.
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(12.9 %), respectively. Absence of treatment response was en-
countered in four patients (12.9%), while two patients receive
ongoing treatment with a stent in place (▶Table2).

Three complications of endoscopic treatment occurred in
this group. Acute pancreatitis post-ERCP occurred in two pa-
tients, while one patient suffered a duodenal perforation due
to difficult endoscope maneuvering. The duodenal perforation
was treated by insertion of one double pigtail stent endoscopi-
cally through the perforation during the initial procedure; the
two cases of acute pancreatitis were treated conservatively. Pa-
tient outcome after respective treatment was excellent.

3.Group C– Exclusive use of two plastic stents during the
stenting period

In this group, all 32 patients had two stents inserted during the
stenting period. The median number of procedures needed for
this group was three (2–3). Stent migration was seen in 19% (n
=6) of the patients. Distal migration occurred in five patients
and proximal migration occurred in one patient. Definitive
stent removal was achieved in 30 patients (94%) after a median
total duration of stenting of 22.5 months (15–31). Re-stenting
was required in 13 patients (41%). The median duration of FU
was 79 months (47–107). The median IS at the end of the FU
was six (0–31). After excluding the patient who died during

FU, complete and partial treatment response were achieved in
15 patients (50%) and five patients (16.7%), respectively
(▶Fig. 2). Absence of treatment response was encountered in
10 patients (33.3%). One patient had stents still in place at the
end of FU (▶Table2). No complications related to the endo-
scopic procedures were recorded in this group.

4. Comparison of outcomes

▶Table2 illustrates the treatment characteristics and out-
comes between the three different groups. Statistically signifi-
cant difference within the groups was seen in the median num-
ber of endoscopic procedures needed, which was higher for
group B (patients with one or two stents) [3 (A) vs. 3 (C) vs. 4
(B), P=0.001]. Moreover, the stenting duration tended to be
shorter in Group A patients (patients treated with exclusively
one stent) [14.5 (A) vs. 23 (B) vs. 22.5 (C) months, P=0.06]. Re-
garding the primary objective (▶Table 2), clinical success of
endoscopic treatment was lower (50%) in Group C (exclusively
two stents during the stenting period) compared to patients of
groups A and B (88.2% and 74.2%, respectively; P=0.02). After
multiple comparisons, the only significant difference regarding
clinical success was identified between patients of Group A
compared to those of Group C [OR(95%CI): 7.50 (1.46–
38.70); P=0.04]. Clinical success did not differ between Group

▶ Table 2 Comparison of treatment characteristics and clinical outcomes between groups.

Group A

(n=18)

Group B

(n=35)

Group C

(n=32)

P

Median FU after stent insertion, months (IQR) 81.5 (50–116) 89 (64–108) 79 (47–107) 0.37

Median duration of stenting, months (IQR) 14.5 (9–27) 23 (16–33) 22.5 (15–31) 0.06

Number of ERCPs, median (IQR) 3 (1– 3) 4 (3 –5) 3 (2– 3) 0.0011

Patients alive at end of FU 17 33 31 0.87

Ongoing stenting 0 (0%) 2 (6%) 1 (4%) 0.29

Outcome of endoscopic treatment, n (%) 0.022

▪ Success 15 (88.2) 23 (74.2) 15 (50)

▪ Failure 2 (11.8) 8 (15.8) 15 (50)

▪ Partial response 1 4 5

▪ No response 1 4 10

IS at the end of FU, median (IQR) 0 (0– 0) 0 (0 –10) 6 (0– 31) 0.033

Stent migration, n (%) 3 (17%) 9 (26%) 6 (19%) 0.87

Definitive stent removal, n (%) 12 (67%) 30 (86%) 30 (94%) 0.12

Re-stenting, n (%) 7 (39%) 10 (29%) 13 (41%) 0.66

Steatorrhea at the end of FU, n (%) 4 (22%) 7 (20%) 14 (44%) 0.89

Diabetes at the end of FU, n (%) 5 (28%) 7 (20%) 16 (50%) 0.56

Group A: patients treated with exclusively one stent during the stenting period; Group B: patients treated with one or two stents during stenting period; Group C:
patients treated with exclusively two stents during the stenting period
ERCP, endoscopic retrograde cholangiopancreatography; IQR, interquartile range; IS, Izbicki score; FU, follow-up
1 After multiple correction, significant difference between group B vs. groups A and C (P <0.05)
2 After multiple correction, significant difference between group A vs. group C (P=0.04)
3 After multiple correction, significant difference between group C vs. groups A and B (P <0.05)
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B and either Group A or Group C (▶Fig.3). Similarly, the only
proportional difference in the outcome between the three
groups that remained statistically significant was the difference
between Group A and Group C [Difference: 38.2% (6.4%–59%);

▶Supplemental Table ].

▶Table3 illustrates the univariate and multivariable analysis
performed to identify factors significantly associated with suc-
cessful endoscopic treatment. After adjustment for age and
alcohol, the only factor that was statistically associated with
successful endoscopic treatment outcome was the treatment
group (P=0.04). We observed a higher odds ratio of group A
compared to group C [aOR(95%CI): 6.49 (1.20–35.10); P=
0.03] and a slight decrease compared to the crude OR. As ex-
pected, IS at the end of FU was statistically higher in group C
compared to groups A and B (6 vs. 0 vs. 0, respectively; P=
0.03). Finally, a higher number of procedures was necessitated
for patients undergoing the step-up stenting approach (Group
B). We did not detect any other statistically significant differen-
ces between the three groups.

Discussion
Pancreatic duct stenting is the mainstay of endoscopic treat-
ment for MPD dominant strictures. Over the years a number of
publications have shown good long-term response rates rang-
ing from 52% to 83% [8–13] (▶Table 4). Despite these out-
comes a subset of patients will not respond to endoscopic
treatment and may still need surgical intervention. Insertion of
multiple pancreatic stents has been proposed as an effective
treatment modality aiming to achieve better response rates
[4]. In this cohort, multiple pancreatic duct stenting resulted
in a long-term response rate of 84% [4]. More recent results
from the same group showed long-term response rates of 75%
over a mean FU period of 9.5 years in patients treated with mul-
tiple stents. The remaining 25% of patients had pain recurrence
over a mean period of 2.2 years treated by duct clearance or re-
stenting [14]. In both studies no control group was available [4,
14].

To our knowledge our study is the first one comparing suc-
cess of endoscopic treatment in patients with CP and distal
MPD stricture treated with either exclusively one or exclusively

▶ Fig. 2 Magnetic resonance cholangiopancreatography of a patient with main pancreatic duct stricture at the level of the head of the pancreas.
The left image demonstrates the stricture before endoscopic treatment and the right image its resolution after a 2-year treatment with two
plastic stents.

Group A

88.2

74.2

50

Group B Group C

OR (95 % CI): 2.88 (0.97 – 8.44) P = 0.21

OR (95 % CI): 2.61 (1.49 – 14) P = 0.89

OR (95 % CI): 7.5 (1.46 – 38.70) P = 0.04

100 %

90 %

80 %

70 %

60 %

50 %

40 %

30 %

20 %

10 %

0 %

▶ Fig. 3 Proportions of successful endoscopic treatment outcomes
per group and intergroup difference in outcome. (The error bars
represent the 95% CI of the proportions; the p-values represent
the values of the Fisher exact test and the OR [95%CI] represent
the ratio of success/failure within the first group divided by the
ratio of success/failure within the second group).
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two or a combination of one or two stents during the stenting
period. Overall, our results regarding treatment response rates
in both groups were in line with current literature findings. Our
study did not detect any significant difference for use of two
pancreatic stents from the beginning of endotherapy in terms
of clinical success. On the contrary, our results with higher rates
of successful endoscopic treatment in groups A and B may favor
a more conservative, step-by-step approach starting with sin-
gle stent deployment and proceeding to double stenting if
MPD stricture calibration seems to be insufficient after one
period of treatment with a single stent.

Pancreatic stenting can induce ductal changes such as duc-
tal stenosis, dilatation of side branches, ductal irregularity, and
even parenchymal changes [15]. These changes are thought to
be reversible after stent removal but infrequently can lead to
severe and irreversible parenchymal pathology [16]. One can
speculate that immediate double pancreatic stenting, as per-
formed in patients from group C, may be more traumatic, re-
sulting in more severe ductal changes with longer resolution
time and worsening of the symptoms in comparison with single
stenting. Also changing to multiple stenting after a period of
single stenting in case of response failure may be a safer ap-

▶ Table 3 Univariate and multivariable analysis of factors associated with successful endoscopic treatment.

Univariate analysis Multivariable analysis (success/failure cases=53/25)

OR (95%CI) P value aOR (95%CI) P value

Treatment group

Group C (reference) 1 0.02 1 0.04

Group B 2.88 (0.97–8.44) 2.91 (0.95–8.98)

Group A 7.50 (1.46–38.70) 6.49 (1.20–35.10)

Age 1.04 (1.01–1.08) 0.04 1.04 (0.99–1.08) 0.11

Gender 0.98 (0.34–2.84) 0.98

Pancreatitis etiology 1.30 (0.47–3.56) 0.61

Alcohol 2.71 (1.01–7.25) 0.05 2.16 (0.75–6.24) 0.16

Smoking 0.69 (0.22–2.21) 0.54

Opioids use 1.20 (0.22–6.65) 0.84

Intraductal stones necessitating ESWL 2.08 (0.71–6.06) 0.18

Diabetes 1.50 (0.37–6.10) 0.57

Steatorrhea 1.12 (0.26–4.73) 0.88

Pancreas Divisum 2.50 (0.28–22.61) 0.42

Disease duration 1.00 (0.99–1.01) 0.97

Stenting duration 1.01 (0.98–1.05) 0.48

Proximal pancreatic duct width 0.91 (0.76–1.08) 0.27

ESWL, extracorporeal shock wave lithotripsy

▶ Table 4 Selected long-term studies on single plastic stenting for pancreatic duct strictures in chronic pancreatitis.

Author (ref) Number of

patients

Follow-up

(months)

Stenting duration

(months)

Long-term clinical

success (%)

Need for

re-stenting (%)

Binmoeller et al (8) 93 58 15.7 65 27

Eleftheriadis et al (9) 100 69 23 62 38

Weber et al (10) 17 24 5.6 83 30

Vitale et al (11) 89 43 5 68 N/A

Cremer et al (12) 75 37 12 52 N/A

Rösch et al (13) 478 52 N/A 63 N/A

N/A, non-available; Ref, reference
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proach overcoming this problem by providing enough time to
the pancreatic duct to adjust in the changes caused by the
stent.

On the other hand, our study showed that patients of group
B (most of them following the step-up approach) underwent a
significantly higher number of endoscopic procedures compar-
ed to Group C (patients with exclusively two stents). In the lat-
ter group, inserting more than one stents from the beginning
of the stenting period may reduce morbidity related to the ex-
change procedure, probably due to longer patency periods.
Stent occlusion is a well-known complication of stent place-
ment [17], which may occur less frequently during multiple
pancreatic stenting due to maintenance of pancreatic juice
flow alongside the stents even if there is stent clogging [4].

Fully-covered self-expandable metal stents (SEMS) also have
been proposed as an alternative treatment option to plastic
stents for MPD strictures [18]. Their larger diameter is the
main advantage compared to plastic stents providing possibly
better calibration of MPD strictures. Reported success rates
range from 38% to 90% [19–21]. In a recent small series study,
a high percentage of migration was reported (47%), while de
novo stricture formation due to SEMS deployment was seen in
27% of the patients highlighting possible limitations in SEMS
usage for this subset of patients [22].

Limitations of the current study are linked to its retrospec-
tive nature. The three groups, although comparable, were not
similar regarding the morphological characteristics of their dis-
ease. Patients in Group B underwent less ESWL at the beginning
of endoscopic treatment [46% (B) vs. 78% (A) vs. 75% (C)]; this
might translate to the fact that in these patients, the ductal ob-
struction was more related to strictures than stones, and there-
fore, could influence clinical outcome. Furthermore, there were
no clear criteria on the number of stents deployed in each pa-
tient, or for minimum stenting duration. Although not statisti-
cally significant, stent duration was shorter for Group A, also
reflecting a lower definitive stent removal rate [67% (A) vs.
86% (B) vs. 94% (C)]. Moreover, all patients received up to two
8.5 Fr or 10 Fr stents, possibly rendering stricture calibration
suboptimal in the multiple stenting patient group, compared
with previous studies, where two or more 10 Fr stents were
placed [4] and peri-procedural technical difficulties were not
taken under consideration in this study. Proximal migration of
the first stent during the second stent insertion is known to oc-
cur and can prolong procedure time.

The optimal strategy for handle MPD strictures in patients
with CP pends out and current recommendations are based on
low quality of evidence [3]. High-quality RCTs comparing differ-
ent endoscopic treatment approaches (e. g. single versus multi-
ple stenting) would be of great value to elucidate ideal treat-
ment. Taking into consideration current ESGE recommenda-
tions [3] and our study’s results, starting endoscopic treatment
of CP strictures using a single plastic stent seems reasonable.
The number of stents can be increased during the first stenting
period, a feature that may increase definitive stent removal
rate. Furthermore, an on-demand stent exchange policy may
reduce the number of interventions. After a period of approxi-
mately 12 to 24 months, definitive stent removal should be

considered, knowing that one-third of patients will have a pain
relapse during which discussion between re-stenting and sur-
gery should take place.

Conclusion
In conclusion, our study supports that pancreatic stenting
could be an appropriate treatment for management of MPD
strictures in CP, but further RCTs to prove its efficacy are war-
ranted. In our study, initial single stenting deployment was
associated with a higher rate of clinical success compared to
patients with initial placement of two stents. Similarly, single
stenting was the only factor identified as factor predictive of
successful endoscopic treatment. On the contrary, use of multi-
ple stents initially was related to a decreased number of endo-
scopic procedures needed in comparison with a step-up ap-
proach. As already mentioned, further well-designed RCTs are
warranted to elucidate the optimal management of this subset
of patients.
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▶ Supplemental Table Difference in proportion of successful treat-
ment between the three groups

Groups Difference (95%CI)

Group A vs. Group B 14% (–15.1%– 35.5%)

Group A vs. Group C 38.2% (6.4%–59%)

Group B vs. Group C 24.2% (–2.3–46.8%)
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