
Introduction
The most common post-procedure serious adverse event (AE)
associated with endoscopic retrograde cholangiopancreatogra-
phy (ERCP) is pancreatitis, which has an estimated incidence of
5% to 8% [1]. Multiple patient- and procedure-related factors
have been identified that can affect the rate of post-ERCP pan-

creatitis (PEP) [2–4]. Stents are used in ERCP to relieve biliary
obstructions caused by malignant and benign lesions [5]. These
stents, which are commonly made of metal (stainless steel or
metal alloy) or plastic (polyethylene, polyurethane or Teflon),
are available in a range of different lengths and diameters [6].
Self-expanding metallic stents (SEMS) may be uncovered or
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ABSTRACT

Background and study aims There are conflicting data

regarding the risk of post-ERCP pancreatitis (PEP) with self-

expandable metallic stents (SEMS) compared to polyethy-

lene stents (PS) in malignant biliary obstructions and lim-

ited data related to benign obstructions.

Patients and methods A retrospective cohort study was

performed of 1136 patients who underwent ERCP for biliary

obstruction and received SEMS or PS at a tertiary-care med-

ical center between January 2011 and October 2016. We

evaluated the association between stent type (SEMS vs PS)

and PEP in malignant and benign biliary obstructions.

Results Among the 1136 patients included in our study,

399 had SEMS placed and 737 had PS placed. Patients with

PS were more likely to have pancreatic duct cannulation,

pancreatic duct stent placement, double guidewire tech-

nique, sphincterotomy and sphincteroplasty as compared

to the SEMS group.On multivariate analysis, PEP rates were

higher in the SEMS group (8.0%) versus the PS group (4.8%)

(OR 2.27 [CI, 1.22, 4.24]) for all obstructions. For malignant

obstructions, PEP rates were 7.8% and 6.6% for SEMS and

plastic stents, respectively (OR 1.54 [CI, 0.72, 3.30]). For

benign obstructions the PEP rate was higher in the SEMS

group (8.8%) compared to the PS group (4.2%) (OR 3.67

[CI, 1.50, 8.97]). No significant differences between PEP se-

verity were identified based on stent type when stratified

based on benign and malignant.

Conclusions PEP rates were higher when SEMS were used

for benign obstruction as compared to PS. For malignant

obstruction, no difference was identified in PEP rates with

use of SEMS vs PS.
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covered with materials such as polytetrafluoroethylene for ease
in repositioning, removal and maximizing patency [7].

Previous studies examining the risks of PEP with placement
of SEMS vs plastic stents (PS) have yielded conflicting results
[8–10]. The majority of these studies had primarily focused on
malignant biliary strictures. Coté et al. found the incidence of
PEP to be considerably greater with SEMS compared to PS. In
their retrospective study of malignant disease with 544 pa-
tients, the frequency of PEP in the SEMS group was 7.3%, but
only 1.3% in the PS group (P=0.001) [11]. The rates of PEP in
covered SEMS (cSEMS) and uncovered SEMS (uSEMS) were sim-
ilar, 6.9% and 7.5%, respectively (P=0.82). In 2016, a meta-a-
nalysis comparing PS and SEMS in the treatment of malignant
biliary strictures failed to identify a substantial difference in
rates of PEP in eleven randomized clinical trials included in the
study [10]. To our knowledge there has been no large meta-a-
nalysis, randomized controlled trial or cohort studies evaluating
the rates of PEP with the use of SEMS and PS in benign biliary
obstructions.

As there is conflicting data on the incidence of PEP after bili-
ary stent placement, the aim of this study was to assess the as-
sociation between stent type (SEMS or PS) and PEP in a large
cohort of patients with both benign and malignant biliary ob-
structions.

Patients and methods
Patient population/data collection

This was a retrospective cohort study of 1136 patients who un-
derwent ERCP and received SEMS or PS for biliary obstruction at
a tertiary-care academic medical center between 01/2011 and
10/2016. All ERCPs were performed by experienced therapeutic
endoscopists, each having performed more than 500 cases. All
consecutive patients with malignant or benign biliary obstruc-
tion who underwent ERCP with placement of PS or SEMS were
included. Malignancy was confirmed with pathology from
ERCP brushings, endoscopic ultrasound with fine-needle aspira-
tion, percutaneous biopsy, surgical resection or chart docu-
mentation. Stent choice and procedural techniques were
made at the discretion of the performing endoscopist. Cases
were excluded if documentation was unavailable, both PS and
SEMS were utilized during the procedure, or if the patient had
confirmed pancreatitis prior to the procedure. Patients who
had undergone biliary stent placement were identified through
our electronic database (Provation MD, Version 5.0.380.62,
Minneapolis, MN) and subsequently the electronic medical re-
cord was reviewed up to 1 month post-procedure. PEP was de-
fined as the development of abdominal pain after ERCP with a
rise in amylase or lipase of greater than three times the upper
limit of normal or radiographic findings consistent with pan-
creatitis. Pancreatitis severity was graded based on the ASGE
Lexicon classification system [12].

Variables of Interest

The primary outcome of interest was the association between
stent type (SEMS versus PS) and PEP. The patient charts were
abstracted to evaluate clinical predictors for PEP that potential-

ly modify or confound the association between stent type and
PEP. These included patient age, gender, etiology for stent
placement, lesion type (malignant or benign), and procedural
characteristics. Etiology for stent placement were character-
ized by lesion type (malignant or benign) and origin (pancreatic
or nonpancreatic cancer). Nonpancreatic cancers included cho-
langiocarcinoma, gallbladder cancer, lymphoma, and metastat-
ic disease. Procedural characteristics included endoscopic bili-
ary sphincterotomy (EBS), previous EBS, previous biliary stent
placement, sphincteroplasty, precut sphincterotomy, double
guidewire technique (DGT) and pancreatic duct (PD) cannula-
tion and/or stent placement. Secondary outcomes of interest
included the association between stent type (SEMS versus PS)
and PEP stratified by lesion type (malignant versus benign),
the association between metal stent type (cSEMS versus
uSEMS) and PEP, and the association between cancer type (pan-
creatic versus non-pancreatic) and PEP.

Statistical analysis

The main predictor of interest and covariates were summarized
using descriptive statistics. Continuous variables were de-
scribed using mean and standard deviation and compared be-
tween outcome groups using a two-sample t-test or Mann-
Whitney U test, as appropriate. Categorical variables were de-
scribed using frequency and percent and compared between
outcome groups using a chi-square test or Fisher exact test, as
appropriate.

Prior to multivariable analysis, an interaction between stent
type and lesion type was assessed to test whether there was a
differential effect of stent type on PEP due to lesion type. Inter-
action was assessed by including main effects terms and an in-
teraction term in a logistic regression model. Interaction was
not found to be significant, but analyses were stratified by le-
sion type for clinical relevance as specified a priori. For each
outcome, univariable analyses were performed using simple lo-
gistic regression models. Covariates that were specified to have
suspected clinical importance based on previous studies (gen-
der, PD stent placement, EBS, and precut sphincterotomy) as
well as covariates whose univariable test had P<0.25 were in-
vestigated as confounders. Confounders were examined by
considering the association between each potential confounder
and the main predictor, the outcome of interest, and through a
comparison of the adjusted beta coefficient with the unadjus-
ted beta coefficient from the corresponding simple logistic re-
gression model. A relaxed P=0.25 was used for to avoid exclud-
ing important variables, and a percent change >10% between
the unadjusted and adjusted beta coefficients was used as a
cutoff for inclusion into the preliminary multivariable logistic
regression model. As needed, the score selection method was
used to select the best subset of covariates from the prelimin-
ary multivariable model based on the maximum model size to
determine the final multivariable model.

The analysis for this paper was completed using SAS Studio
version 3.8 (SAS Institute Inc., Cary, North Carolina, United
States), and P<0.05 was considered statistically significant un-
less specified.
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Results
Over a 5-year span, there were 1168 patients identified who un-
derwent ERCP with placement of a biliary stent (▶Fig. 1). 32 pa-
tients were excluded due to a combination of multiple stent
types placed, pre-ERCP pancreatitis, history of post-ERCP pan-
creatitis and inadequate documentations, for a sample size of
1136.Of the remaining patients, 737 had PS placed and 399
had SEMS placed. Of the 399 SEMS included in our study, 181
(45%) were uSEMS, 205 (51%) were cSEMS and 13 (3%) were
unspecified. There were a total of 660 benign obstructions
with placement of 91 metal stents and 569 plastic stents,
respectively (▶Table1). There were a total of 476 malignant
obstructions with placement of 308 metal and 168 plastic
stents, respectively.

Clinical characteristics are displayed below in ▶Table 2.
SEMS were more likely to be placed for malignant obstructions
compared to PS (77.2% vs. 22.8%, P<0.0001). Patients with
metal stents had an average age of 72, while those with PS had
an average age of 70 (P=0.0023). Patients who underwent PS
placement were more likely to have PD cannulation, PD stent
placement, DGT, EBS and sphincteroplasty as compared to the
SEMS group (▶Table2). Patients who had SEMS placed were
more likely to have a pre-existing biliary stent.

Of the 1136 patients included, 6.1% of patients developed
PEP. Among the 69 patients who developed PEP; 28 (40.6%)
had mild PEP, 35 (50.7%) had moderate PEP, and six (8.7%)
had severe PEP. There was no significant difference between se-
verity of PEP based on stent type when stratified by benign (P=
0.4732) or malignant lesions (P=0.0912).

On univariable analysis, SEMS was significantly associated
with PEP compared to PS for all types of biliary obstruction (OR
& 95%CI for univariable) (▶Table 3). Same session EBS, DGT
and PD cannulation were identified as potential risk factors for
subsequent development of PEP whereas prior biliary stent and

prior EBS were potential protective factors. Patient age, gender,
etiology of obstruction (malignant vs benign), PD stent, precut
sphincterotomy and sphincteroplasty did not significantly im-
pact PEP rates. After controlling for confounding variables,
SEMS placement (OR: 2.27 [95%CI, 1.22–4.24]) and use of
DGT (OR: 2.67 [95%CI, 1.19–6.12]) was associated with the de-
velopment of PEP among those with any type of biliary obstruc-
tion. The presence of prior biliary stents was the only variable
found to significantly reduce the risk of PEP (OR: 0.25 [95%CI,
0.10–0.64]).

When assessing PEP by specific type of obstruction (benign
versus malignant), we found that among those with benign bili-
ary obstructions, SEMS placement (8.8%) compared to PS
placement (4.2%) was associated with PEP (OR: 3.67 [95%CI,
1.50–8.97]) (▶Table 4). However, among those with malignant
obstructions we did not identify a statistically significant asso-
ciation between stent type and PEP (OR: 1.54 [95%CI, 0.72–
3.30]) (▶Table 5). No significant difference in PEP was detected
between use of uSEMS (6.1%) compared to cSEMS (9.3%), nor
between pancreatic (7.4%) compared to nonpancreatic cancer
(7.2%).

Discussion
PS are often used for the management of biliary obstructions
owing to the reduced initial cost and if a diagnosis of malignan-
cy has not been achieved. SEMS are now being increasingly uti-
lized for both malignant and benign disease as they offer im-
proved patency rates and may be more cost effective in select
patient populations. Several studies have suggested an in-
creased risk of PEP with the use of SEMS owing to its increased
axial force compared to PS [13, 14]. Most studies that have eval-
uated the rates of PEP have done so in relation to the treatment
of malignant lesions. To our knowledge, this is the largest study

Unspecified 
SEMS (13)

cSEMS
(205)

uSEMS
(181)

PS
(737)

Excluded:
▪ Pre-ERCP
▪ Pancreatitis (13)
▪ Inadequate 
 documentation (4)

Excluded:
▪ Pre-ERCP
▪ Pancreatitis (4)
▪ History of PEP (3)

PS (744)

PS: Polyethylene Stents
SEMS: Self-Expandable Metallic Stents
uSEMS: Uncovered SEMS
cSEMS: Covered SEMS (Fully and Partially)

SEMS (416)

Excluded:
▪ SEMS + PS placed 
 (8)

Stents placed (1168)

▶ Fig. 1 Patient flowchart.
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to evaluate PEP rates associated with PS vs. SEMS and the only
study to address rates of PEP in both benign and malignant dis-
ease independently. As expected, there were more SEMS than
PS placed for malignant etiologies in our study. Generally, pa-
tients with PS placement were more likely to undergo proce-
dural techniques thought to increase the risk of PEP compared
to patients with SEMS placement (▶Table2). This includes
DGT, PD cannulation, sphincteroplasty and EBS.When control-

ling for these factors, SEMS was associated with PEP before stra-
tifying by type of obstruction (benign versus malignant).

Looking exclusively at malignant obstructions, we did not
find a significant difference in the rates of PEP based on the
type of stent placed. Although these findings are contrary to
the conclusion of Cote et al. from their large retrospective se-
ries, our findings are consistent with the recent large meta-a-
nalysis by Almadi et al. [10, 11]. Experts have suggested SEMS
have the potential to precipitate PEP due to their larger diame-
ter size causing obstruction of the pancreatic orifice when ex-
panded [11]. This did not appear to be the case with malignant
obstructions in our study. On analysis of benign obstructions,
we identified an association between SEMS and PEP compared
to PS when controlling for confounding variables, including
sphincterotomy. Studies have suggested a dilated PD, as is
more commonly seen in malignant obstructions, may decrease
the likelihood of PEP, particularly in the setting of PD cannula-
tion [15, 16]. This may be one explanation for differences found
in the analysis of malignant obstructions compared to benign
obstructions.

There has been limited data regarding the risks of PEP in be-
nign biliary disease. In a prospective study of 187 patients that
were treated with SEMS for benign biliary strictures of various
etiologies, a PEP rate of 2.7% was found related to stent place-
ment or stent removal [7]. In a randomized, prospective study
of 60 patients treated with SEMS or multiple plastic stents for
biliary strictures due to chronic pancreatitis, a PEP rate of 0.5%
was found in approximately 200 procedures [17].

▶Table 1 Etiologies of benign biliary obstruction.

Etiology Plastic, N (%) Metal, N (%)

Ampullary mass, n (%)   1 (0.2)  0 (0)

Bile leak/fistula, n (%)  65 (11.4) 12 (13.2)

Cholangitis, n (%)  79 (13.9)  5 (5.5)

Hemobilia, n (%)   0 (0)  3 (3.3)

PSC, n (%)   8 (1.4))  2 (2.2

Papillary stenosis, n (%)   3 (0.5)  0 (0)

Stent change, n (%)  14 (2.5) 10 (11.0)

Stones/sludge, n (%) 299 (52.5) 23 (25.3)

Stricture, n (%) 100 (17.6) 36 (39.6)

Total 569 91

PSC, primary sclerosing cholangitis.

▶Table 2 Clinical characteristics of patients who received self-expandable metallic stents and polyethylene stents.

Variable SEMS (n=399), n (%) PS (n=737), n (%) P value

Patient characteristics

▪ Age, mean (SD)  72.1 (12.1)  69.6 (14.8) 0.0023

▪ Female, n (%) 340 (46.1) 185 (25.0) 0.9401

Lesion Type < .0001

▪ Malignant, n (%) 308 (77.2) 168 (22.8)

▪ Benign, n (%)  91 (22.8) 569 (77.2)

Procedure characteristics

▪ History of EBS, n (%)  61 (15.3) 130 (17.6) 0.3118

▪ History of biliary stent, n (%) 147 (36.8) 175 (23.7) < .0001

▪ EBS, n (%) 185 (46.4) 442 (60.0) < .0001

▪ Sphincteroplasty, n (%)   6 (1.5)  36 (4.9) 0.0039

▪ Precut sphincterotomy, n (%)  11 (2.8)  16 (2.2) 0.5360

▪ DGT, n (%)  15 (3.8)  57 (7.7) 0.0087

▪ PD cannulation, n (%)  51 (12.8) 132 (17.9) 0.0248

▪ PD stent placement, n (%)  16 (4.0)  73 (9.9) 0.0004

SEMS, self-expandable metallic stent; PS, polyethylene stent; SD, standard deviation; PD, pancreatic duct; EBS, endoscopic biliary sphincterotomy; DGT, double
guidewire technique.
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We also evaluated several suspected risk factors associated
with the development of PEP. PEP rates were higher in patients
who had undergone DGT; this was true for both benign and ma-
lignant obstructions. For all obstructions, previous biliary stent
placement had a protective effect on the development of PEP.
Similar to previous studies, covered metal stents did not have
a significant impact on PEP compared to uncovered stents
[11]. When comparing pancreatic cancers to nonpancreatic
cancers, there was no significant difference in the PEP rates
with stent placement. However, two studies had previously
identified malignant obstructions secondary to nonpancreatic

cancers as a risk factor for PEP with the use of SEMS compared
to pancreatic cancers [18, 19].

There are certain limitations to our study. Given the retro-
spective nature of our study, the choice of SEMS vs PS was
made at that discretion of the endoscopist involved in the
case, which may have led to selection bias. Based on the avail-
able documentation, we are unable to comment on whether
the location of the obstruction (distal vs proximal) influences
the rate of PEP. Limitations in EMR documentation prevented
us from controlling for the use of pre-procedure or post-proce-
dure use of rectal nonsteroidal anti-inflammatory drugs, peri-

▶Table 3 Multivariable model of all obstructions (N=1136).

Variable PEP rate with variable,

n (%)

PEP rate w/o variable,

n (%)

Univariable OR

(95% CI)

Multivariable OR

(95% CI)

SEMS placement 32 (8.0) 35 (4.8) 1.75 (1.07, 2.87) 2.27 (1.22, 4.24)

Age, mean (sd) – – 0.99 (0.97, 1.01) –

Female gender 37 (7.1) 30 (4.9) 1.47 (0.89, 2.41) –

Etiology (Malignant) 35 (7.4) 32 (4.9) 1.56 (0.95, 2.55) 0.97 (0.52, 1.81)

Previous EBS  4 (2.1) 63 (6.7) 0.30 (0.11, 0.83) –

Previous Biliary Stent  6 (1.9) 61 (7.5) 0.23 (0.10, 0.53) 0.25 (0.10, 0.64)

EBS 45 (7.2) 22 (4.3) 1.71 (1.01, 2.89) 0.97 (0.54, 1.74)

Sphincteroplasty  1 (2.4) 66 (6.0) 0.38 (0.05, 2.81) –

Precut sphincterotomy  2 (7.4) 65 (5.9) 1.29 (0.30, 5.54) –

PD cannulation 22 (12.0) 45 (4.7) 2.76 (1.61, 4.72) 1.55 (0.78, 3.10)

PD stent  8 (9.0) 59 (5.6) 1.65 (0.76, 3.58) –

DGT 13 (18.1) 54 (5.1) 4.36 (2.29, 8.30) 2.67 (1.19, 6.12)

SEMS, self-expandable metallic stent; PEP, post-ERCP pancreatitis; PD, pancreatic duct; EBS, endoscopic biliary sphincterotomy; DGT, double guidewire technique.

▶Table 4 Multivariable model to assess for post ERCP pancreatitis (PEP) risk factors in patients with benign obstructions (N=660).

Variable PEP rate with variable,

n (%)

PEP rate w/o variable (%) Univariable OR

(95% CI)

Multivariable OR

(95% CI)

SEMS placement  8 (8.8) 24 (4.2) 2.19 (0.95, 5.03) 3.67 (1.50, 8.97)

Age – – 0.99 (0.97, 1.01) –

Female gender 19 (6.2) 13 (3.7) 1.74 (0.84, 3.58) –

Previous EBS  4 (2.9) 28 (5.4) 0.52 (0.18, 1.50) –

Previous biliary stent  3 (1.5) 29 (6.3) 0.23 (0.07, 0.77) 0.22 (0.06, 0.76)

EBS 18 (5.2) 14 (4.5) 1.17 (0.57, 2.39) –

Sphincteroplasty  1 (2.6) 31 (5.0) 0.50 (0.07, 3.77) –

Precut sphincterotomy  1 (8.3) 31 (4.8) 1.81 (0.23, 14.46) –

PD Cannulation 10 (12.2) 22 (3.8) 3.51 (1.60, 7.71) –

PD stent  3 (7.7) 29 (4.7) 1.70 (0.50, 5.85) –

DGT  8 (17.8) 24 (3.9) 5.33 (2.24, 12.66) 4.76 (1.93, 11.74)

SEMS, self-expandable metallic stent; PEP, post-ERCP pancreatitis; PD, pancreatic duct; EBS, endoscopic biliary sphincterotomy; DGT, double guidewire technique.
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procedural hydration, and difficult cannulation [20–22]. Rela-
tively few of our patients underwent sphincteroplasty, DGT, or
precut sphincterotomy. Further studies are needed to evaluate
the impact of these risk factors on PEP.

Conclusions
In conclusion, we found SEMS placement to be associated with
PEP for benign obstructions relative to PS, but no statistically
significant difference when SEMS were placed for malignant
obstructions compared to PS. Further prospective studies are
necessary to evaluate the relative risk for PEP in patient’s un-
dergoing ERCP for benign obstructions and to identify specific
risk factors for development of PEP.
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▶Table 5 Multivariable model to assess for post ERCP pancreatitis (PEP) risk factors in patients with malignant obstructions (N=476).

Variable PEP rate with variable,
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PEP rate w/o variable,
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Univariable OR

(95% CI)

Multivariable OR

(95% CI)

SEMS placement 24 (7.8) 11 (6.6) 1.21 (0.58, 2.53) 1.54 (0.72, 3.30)
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Sphincteroplasty  0 (0.0) 35 (7.4) 3.28 (0.00, 21.93) –

Precut sphincterotomy  1 (6.7) 34 (7.4) 0.90 (0.11, 7.03) –

PD Cannulation 12 (11.9) 23 (6.1) 2.06 (0.99, 4.31) –

PD stent  5 (10.0) 30 (7.0) 1.47 (0.54, 3.97) –
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