
Introduction
Transpapillary biliary drainage with stent placement through
endoscopic retrograde cholangiography (ERC) is a well-estab-
lished treatment for bile duct obstruction due to either malig-
nant or benign strictures or cholelithiasis. Improving biliary
drainage by stent placement allows for symptom relief of jaun-
dice, pruritus and pain, and improvement of liver function tests
[1, 2].

Endoscopic placement of biliary stents may be complicated
by stent occlusion, potentially leading to cholangitis, often ne-
cessitating repeat ERC. In addition, plastic stent migration is
regularly encountered, with reported rates between 5% and
10% and a trend towards higher migration rates after sphinc-
terotomy [1, 3]. Fortunately, the majority of distally migrated
stents pass the digestive tract uneventfully.

However, distal stent migration may lead to duodenal ero-
sion or superficial ulcers caused by the mechanical friction be-
tween the tip of the stent and the opposite duodenal wall, pos-
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ABSTRACT

Background and study aims The safety of transpapillary

biliary drainage by stent placement through endoscopic

retrograde cholangiography (ERC) may be compromised

by the occurrence of stent migration-induced perforation

of the duodenal wall (SMDP). We aimed to assess the prev-

alence rate, risk factors and clinical course of SMDP.

Patients and methods This retrospective cohort study in-

cluded all patients who underwent an ERC with biliary plas-

tic stent placement, between January 2014 and December

2018. Patients with an SMDP were identified from our

endoscopy complication registry.

Results 1227 patients underwent an ERC, of whom 629

patients (51%) with biliary plastic stent placement; in 304

patients (25%) stents were placed for perihilar strictures.

Thirteen patients with SMDP were identified. The preval-

ence was 2.1% for patients with biliary plastic stent place-

ment and 4.3% for patients stented for a perihilar stricture.

All SMDPs occurred in patients with a perihilar stricture and

with stents ≥12 cm (range 12–20 cm). Another potential

risk factor was stent insertion into the left liver lobe, which

was present in 10 of 13 patients. In 10 of 13 patients, SMDP

was clinically suspected. Three of 13 patients were asymp-

tomatic and diagnosed at elective stent retrieval. Eight pa-

tients could be endoscopically treated with an over-the-

scope clip. Four patients died due to abdominal sepsis de-

spite repeated interventions.

Conclusion SMDP is a rare but potentially life-threatening

complication of ERC after transpapillary drainage for perihi-

lar biliary strictures. Stents ≥12 cm and stent insertion into

the left liver lobe may be associated risk factors.
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sibly increasing the risk of bleeding. Furthermore, pressure ne-
crosis can eventually lead to perforation of the duodenal wall,
as has been reported in case reports [4–30]. Although stent mi-
gration-induced perforation of the duodenal wall (SMDP) is
considered a rare complication, it is associated with serious
life-threatening complications including intra-abdominal or
retroperitoneal abscesses, fistulation or sepsis [1, 10, 31].
Once perforation has occurred, early diagnosis and manage-
ment including endoscopic or surgical closure of the defect
are essential. Clinical presentation can be non-specific with
symptoms that mimic those of cholecystitis or pancreatitis
thereby obscuring early detection. As a result, a high index of
suspicion is needed to diagnose this complication.

So far, SMDP has only been reported in case reports. The ac-
tual prevalence of this complication and associated risk factors
are unknown. The current study aims to analyze the prevalence
rate, clinical course and risk factors of SMDP in a tertiary refer-
ral center for pancreaticobiliary diseases.

Patients and methods
Study design and study population

A single-center retrospective cohort study was performed in
our tertiary referral center. Firstly, all consecutive patients who
underwent an ERC at our institution between January 2014 and
December 2017, were identified from an endoscopy database
(Endobase®), in which all endoscopic procedures and reports
are prospectively registered. All patients who underwent an
ERC with biliary plastic stent placement were included for anal-
ysis. Secondly, all patients who were diagnosed with an SMDP
between January 2014 and December 2018, were identified
from our endoscopy complication registry. This complication
registry is maintained prospectively and updated weekly. To be
able to identify all patients who were diagnosed with an SMDP
that was caused by stents placed in the study period (January
2014 – December 2017), we included patients diagnosed with
an SMDP until December 2018, assuming that an SMDP would
occur within 1 year after stent placement. An SMDP was de-
fined as a duodenal wall perforation diagnosed by endoscopy
and/or computed tomography (CT) scan, with or without clini-
cal symptoms of abdominal pain, fever and elevated infection
parameters. Of note, all patients undergoing an ERC with plas-
tic stent placement for a hilar stricture at our institution, re-
ceive one gift of antibiotic prophylaxis pre-procedurally fol-
lowed by 3 days of oral antibiotics post-procedurally.

This study was conducted according to the guidelines in the
Helsinki Declaration and was approved by the ethics committee
of the Erasmus MC University Medical Center Rotterdam, Rot-
terdam, the Netherlands.

Selection criteria for plastic stent insertion

The general approach to optimizing endoscopic drainage in op-
erable patients with perihilar strictures was to initially drain the
future liver remnant (decided after a multidisciplinary meeting
involving surgeons, radiologists and oncologists). In inoperable
patients, maximum drainage was attempted while taking care
to avoid opacifying and draining atrophied segments. The ini-

tial approach was to drain with plastic stents and exchange
these for uncovered self-expandable metal stents (SEMS) after
adequate drainage (based on bilirubin levels) was achieved. In
all patients drainage of opacified segments was actively pur-
sued, regardless of the initial drainage plan.

Initially center bend type stents were used, but after recog-
nizing cases of duodenal perforation we switched to duodenal
bend type stents. The use of plastic stents with a distal pigtail
was considered, but due to pushability concerns in complex hi-
lar strictures these stents have not been used in our institution.

The anatomy of patients with hilar strictures was based on
both pre-operative imaging (mainly MRI/MRCP) and the cho-
langiogram obtained at endoscopic retrograde cholangiopan-
creatography (ERCP). Transpapillary stents were used and
length and diameter (either 7 or 10 French) selection were
based on anatomy and expected difficulty of multiple stent
placement. The use of balloon dilation of the stricture was at
the discretion of the endoscopist.

Data collection

With the use of a dedicated electronic endoscopic reporting
system (Endobase) and the electronic hospital information
system (HiX 6.1 HF103, ChipSoft B.V.), the following data
were retrieved for all patients who underwent an ERC with plas-
tic stent placement: demographic factors, medical history, in-
dication of stent placement, etiology and location of the stric-
ture, stricture dilatation before stent placement, performance
of a sphincterotomy, and stent characteristics (i. e. number of
inserted stents, type and bend (center or duodenal), location
of the proximal tip of the stent and stent length and diameter).
Furthermore, for all patients diagnosed with an SMDP, data
were collected regarding clinical symptoms at presentation,
date of diagnosis, treatment and outcome.

Study outcomes

The primary outcome was defined as the rate of SMDP in pa-
tients who underwent an ERC with plastic stent placement. Sec-
ondary outcomes were potential risk factors for SMDP, either
disease-related or stent-related, and the treatment and clinical
course of patients diagnosed with an SMDP.

Statistical analysis

Descriptive statistics were used to analyze the data. Continuous
variables were described using mean and standard deviation
(SD) for normally distributed variables or using median and
range for non-normally distributed variables. Categorical vari-
ables were described using frequencies and percentages (%). A
univariate logistic regression analysis was performed to identify
potential risk factors. Factors included in this analysis were dis-
ease-related and stent-related factors. For stricture-related fac-
tors (i. e. etiology of the stricture and stricture dilatation prior
to stent placement), only biliary ERC procedures in which a
plastic stent was placed for a stricture were included for analy-
sis. For all other factors, all biliary ERCs with plastic stent place-
ment were included for analysis. The statistical analyses were
performed using the statistical software package IBM SPSS ver-
sion 25.
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Results
Prevalence rate and risk factors for SMDP

Between January 2014 and December 2017, in 1227 patients
(mean age 61 years (SD ± 15.9 years), 54% male) a total of
2486 ERCs were performed. In 51% (629/1227) one or more
biliary plastic stents were placed, encompassing a total of
1203 procedures. In 25% (304/1227) one or more biliary plastic
stents were placed for a perihilar stenosis. Baseline characteris-
tics of the patients undergoing an ERC with plastic stent place-
ment are shown in ▶Table 1.

During the study period, 13 patients were diagnosed with an
SMDP. Baseline patient characteristics are shown in ▶Table 2.
The prevalence rate of SMDP for all biliary ERC procedures with
plastic stent placement was 1.1% (13/1203) and 1.9% (13/701)
for the procedures with plastic stent placement for a perihilar
stricture. The prevalence rate of SMDP for all patients undergo-
ing a biliary ERC with plastic stent placement was 2.1% (13/
629) and 4.3% (13/304) for the patients with plastic stent
placement for a perihilar stricture. Importantly, all patients
who were diagnosed with an SMDP had a perihilar stricture.
SMDP did not occur in patients in whom a stent was placed for
a distal stricture or for other indications than a stricture. The
stricture was malignant in 62% (8/13) and benign in 39% (5/
13). In 54% (7/13) the stricture was dilated prior to stent place-
ment. In 77% (10/13) a sphincterotomy was performed. In 54%
(7/13) SMDP occurred after the first ERC with plastic stent
placement. All ERCs were performed by or under direct super-
vision of endoscopists who are experienced in ERC. About half
of patients with an SMDP had one stent in situ (54% (7/13)).
Median stent length was 15 cm (range 12–20) and median
stent diameter was 10 French (range 7–10). SMDP occurred
with both duodenal bend and center bend type stents (54%
(7/13) versus 46% (6/13), respectively). All stents were straight
stents with a flap, from either Boston Scientific Inc. or Cook
Medical Inc. No stents with a distal pigtail part were used. The
location of the proximal tip of the stent was intrahepatic left in
77% (10/13), intrahepatic right in 15% (2/13) and in 8% (1/13)
multiple stents were placed bilateral.

In ▶Table 3 the results of the univariate logistic regression
analysis are shown. The location of the stricture was not includ-
ed in the univariate logistic regression analysis since SMDP only
occurred in perihilar strictures. At univariate logistic regression,
a stent placed to drain the left liver lobe and longer stent length
were found to be associated with SMDP. Due to the relatively
low number of SMDPs a multivariate logistic regression analysis
could not be performed.

Clinical course of SMDP

77% (10/13) were clinically suspected of SMDP based on their
presentation with abdominal pain, fever and/or increased se-
rum levels of inflammatory parameters. The remaining 23%
(3/13) was asymptomatic and SMDP was diagnosed at elective
stent retrieval. 80% (8/10) of the symptomatic patients pres-
ented within 14 days after ERC with stent placement. The medi-

an time between stent placement and diagnosis was 12 days
(range 2–229).

The diagnosis was established by means of endoscopy alone
in 39% (5/13) and in the remaining 39% (5/13) by CT scan. In
31% (4/13) the perforation was considered to be a contained
perforation and could therefore be treated conservatively with
only stent removal. These patients did not develop any compli-
cations nor needed additional interventions. In 62% (8/13) the
perforation could be closed with an over-the-scope clip (OTSC)
and 8% (1/13) had to undergo surgery since the perforation
was too large to be successfully treated by endoscopic means.
In total, 77% (10/13) received prophylactic antibiotics to pre-
vent infection. Nevertheless, 38% (5/13) developed intra-ab-
dominal or retroperitoneal abscesses for which they underwent
percutaneous drainage. In 8% (1/13) a percutaneous transhe-
patic cholangiography (PTC) drain was placed. Endoscopic na-
sobiliary drainage was not routinely performed in our patients.
In 15% (2/13) a right hemicolectomy needed to be performed.
In the first patient, the stent was perforated through the hori-

▶Table 1 Baseline characteristics of patients who underwent an ERC
with plastic stent placement.

Characteristic (n=629)

Age (mean ± SD) 59.8 (15.0)

Gender (% male) 61.0

Indication for plastic stent placement (%)

▪ Obstructive jaundice 50.7

▪ Cholangitis 18.9

▪ Bile leakage 11.8

▪ Drainage of gallstones 10.7

▪ Other (i.e bile duct obstruction without liver test
abnormalities, abdominal pain, duodenobiliary
reflux)

 8.0

Median number of ERCPs per patient (range) 1 (1–14)

Sphincterotomy prior to stent placement (%) 73.1

Stenosis (%)

▪ No stenosis 20.7

▪ Distal stenosis 31.0

▪ Perihilar stenosis 48.3

▪ Dilatation prior to stent placement (%) 19.6

Number of stents in total in situ (%)

▪ 1 74.9

▪ 2 21.6

▪ 3  3.0

▪ 5  0.2

▪ 7  0.3

ERC, endoscopic retrograde cholangiography; ERCP, endoscopic retrograde
cholangiopancreatography.
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zontal part of the duodenum and the tip of the stent had
caused a false aneurysm of the ileocolic artery. The ileocolic ar-
tery had to be coiled which led to an ischemic caecum. In the
second patient, a submucosal hematoma in the wall of the cae-
cum together with an ischemic caecum was found during sur-
gery. This was probably caused by a fistula between the duode-
num and the mesocolon of the colon ascendens, which had de-
veloped after the stent perforated the duodenal wall with ex-
tensive retroperitoneal infiltration.

Finally, 31% (4/13) died due to ongoing abdominal sepsis,
despite repeated endoscopic, percutaneous and/or surgical in-
terventions. Two of these patients were diagnosed with an irre-

sectable malignant hilar stricture and were unfit for surgery,
and one elderly patient with a benign hilar stricture refused fur-
ther surgical treatment after failure of endoscopic and percuta-
neous drainage, and wished to be discharged with palliative
care at home. An overview of the clinical course of SMDP pa-
tients is shown in ▶Table4.

▶Fig. 1 and ▶Fig. 2 show a biliary plastic stent which is per-
forated through the duodenal wall on fluoroscopy during ERC
and on CT scan. ▶Fig. 3 shows the endoscopic view of a perfo-
rated biliary plastic stent through the duodenal wall and ▶Fig.
4 shows an OTSC that has been placed over the perforation.

▶Fig. 5 shows fluoroscopy during ERC showing no contrast
leakage after the plastic stent has been removed from the duo-
denal wall (contained SMDP).

▶Table 2 Baseline characteristics of patients diagnosed with SMDP.

Characteristic (n=13)

Age (mean ± SD) 62.3 (14.1)

Gender (% male) 10 (76.9)

Indication for plastic stent placement (%)

▪ Obstructive jaundice  8 (61.5)

▪ Cholangitis  5 (38.5)

PSC (%)  2 (15.4)

Etiology (%)

▪ Malignant  8 (61.5)

▪ Benign  5 (38.5)

Stricture location (%)

▪ Distal  0 (0)

▪ Perihilar 13 (100)

▪ No stricture  0 (0)

Stricture dilatation prior to stent placement
(%)

 7 (53.8)

Sphincterotomy prior to stent placement (%) 10 (76.9)

Number of stents in situ (%)

▪ 1  7 (53.8)

▪ 2  4 (30.8)

▪ 3  1 (7.7)

▪ 4  1 (7.7)

Stent length (median (range)) 15 cm (range 12–20)

Stent diameter (median (range)) 10 French
(range 7–10)

Bend stent (% duodenal)  7 (53.8)

Proximal tip of the stent (%)

▪ Intrahepatic left 10 (76.9)

▪ Intrahepatic right  2 (15.4)

▪ Both  1 (7.7)

PSC, primary sclerosing cholangitis.

▶Table 3 Univariate logistic regression analysis of patient-, stricture-
and stent characteristics in relation to SMDP.

Characteristic OR (95% CI) P value

Age 1.020 (0.980–1.062) 0.322

Male gender 0.550 (0.151–2.009) 0.366

PSC 1.421 (0.312–6.479) 0.650

Etiology of the stricture –
malignant

1.900 (0.634–5.697) 0.252

Etiology of the stricture –
benign

0.569 (0.185–1.751) 0.325

Etiology of the stricture –
indeterminate

0.784 (0.101–6.094) 0.816

Stricture dilatation prior to
stent placement

2.880 (0.960–8.644) 0.059

Sphincterotomy prior to stent
placement

0.782 (0.214–2.866) 0.711

Number of stents in situ

▪ 1 1

▪ 2 1.530 (0.457–5.122) 0.490

▪ ≥3 0.951 (0.118–7.677) 0.962

Stent diameter 0.863 (0.567–1.312) 0.489

Stent length 1.329 (1.142–1.546) 0.0001

Proximal tip of the stent –
intrahepatic left

14.064 (3.840–51.516) 0.0001

Proximal tip of the stent –
intrahepatic right

0.994 (0.219–4.522) 0.994

Proximal tip of the stent –
bilateral intrahepatic

0.552 (0.071–4.277) 0.570

SMDP, stent migration-induced duodenal perforation; PSC, primary scleros-
ing cholangitis.
1 Factors significantly associated with SMDP at univariate logistic regression
analysis(P<0.05).
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▶Table 4 Clinical presentation, diagnosis and treatment of patients with SMDP.

Case Clinical presentation Days

after

ERCP

Diagnosis Treatment

perforation

Additional treatment Outcome

 1 Abdominal pain   2 Endoscopy +CT OTSC Antibiotics, drainage intra-abdomi-
nal and retroperitoneal abscesses

Recovered

 2 Abdominal pain, fever   3 Endoscopy OTSC Antibiotics, drainage retroperito-
neal abscess

Recovered

 3 Abdominal pain, sepsis   3 Endoscopy +CT OTSC Antibiotics Deceased

 4 Abdominal pain   4 Endoscopy +CT OTSC Antibiotics, drainage intra-abdomi-
nal abscesses

Deceased

 5 Abdominal pain, fever   4 Endoscopy OTSC Antibiotics Recovered

 6 Abdominal pain   6 Endoscopy OTSC Antibiotics Recovered

 7 Complicated cholecystitis  12 Endoscopy +CT Surgery Antibiotics, drainage retroperito-
neal abscess, right hemicolectomy

Deceased

 8 Abdominal pain, leukocytosis  13 Endoscopy OTSC Antibiotics, drainage intra-abdomi-
nal and retroperitoneal abscesses

Deceased

 9 Asymptomatic  22 Endoscopy Conservative – Recovered

10 Fever, hematemesis  26 Endoscopy +CT OTSC Antibiotics, right hemicolectomy Recovered

11 Asymptomatic 125 Endoscopy Conservative – Recovered

12 Asymptomatic 126 Endoscopy Conservative Antibiotics Recovered

13 Fever and cholestasis 229 Endoscopy Conservative – Recovered

SMDP, stent migration-induced duodenal perforation; OTSC, over-the-scope clip; CT, computed tomography.

▶ Fig. 1 Fluoroscopy during ERC showing a biliary plastic stent per-
forated through the duodenal wall.

▶ Fig. 2 CT scan showing a biliary plastic stent perforated through
the duodenal wall.
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Discussion
Stent migration-induced perforation of the duodenal wall
(SMDP) is a potentially life-threatening complication of ERC.
In this study, we observed an overall SMDP prevalence rate of
1.1% in all biliary ERC procedures with plastic stent placement
that were performed and a prevalence rate of 2.1% in patients
after ERC with plastic stent placement. The prevalence rate in
patients with stent placement for a perihilar stricture was as
high as 4.3%. According to this study, the most common clini-
cal presentation of SMDP consists of sepsis with signs of peri-
tonism within two to four weeks after ERC for a perihilar stric-
ture with placement of a plastic stent ≥12cm length. In all but
one patient, the perforation site could be technically success-
fully closed endoscopically. Nevertheless, despite endoscopic
closure in combination with antibiotic therapy, 60% of patients
required additional abscess drainage or surgery to treat the
septic complications, and the overall mortality of SMDP was
30%.

To the best of our knowledge, this is the first study to report
on the actual prevalence rate of SMDP in a large consecutive co-
hort of patients that undergo ERC. Previous publications only
comprise case reports [4–30]. Prevalence rates in our study
may seem high, however, SMDP may well be an underreported
complication, due to hesitation of physicians to report a com-
plication that may be (falsely) attributed to inadequate techni-
cal skills. The results of our study show that SMDP indeed is er-
roneously considered a rare complication of ERC and occurs
also in expert ERC centers when experienced endoscopists per-
formed the procedure. Our results provide for the first time a
plausible estimate of the actual complication rate of SMDP.
Since the risk of SMDP in our study for patients with a perihilar
stricture is of the same magnitude as the risk of post-ERCP pan-
creatitis (3.5%–9.7%) and bleeding (0.3%–9.6%) [32], we pro-
pose to include the risk of SMDP in the informed consent proce-
dure for patients undergoing an ERC for a perihilar stricture.

▶ Fig. 3 Endoscopic view of a perforated biliary plastic stent
through the duodenal wall.

▶ Fig. 5 Fluoroscopy during ERC showing no contrast leakage after
the plastic stent has been removed from the duodenal wall (con-
tained SMDP).

▶ Fig. 4 Fluoroscopy during ERC showing no contrast leakage after
placement of the OTSC.
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Considering the potential lethality of SMDP, prompt diagno-
sis and immediate treatment are of paramount importance. In
our study, the majority of the patients presented with abdomi-
nal pain and sepsis within two to four weeks after placement of
a plastic stent. This is in line with previously published case re-
ports [4, 5, 8, 9, 17, 19, 22–26, 28–30]. Symptoms of SMDP may
mimic common complications of ERC, such as post-ERCP pan-
creatitis, cholangitis or cholecystitis. A high index of suspicion
of the possibility of SMDP in patients with such symptoms is
therefore warranted and the diagnostic workup often requires
cross-sectional imaging. With regard to treatment, literature
data are scarce. Although all symptomatic patients in our series
were treated endoscopically within 24 hours after presentation,
a large proportion developed abscesses despite prophylactic
antibiotics. A strategy of primary surgical closure of the duode-
nal wall defect combined with peritoneal lavage might acceler-
ate clinical course and improve outcome, and may be consid-
ered an adequate alternative in patients fit for surgery. In our
series, four patients died due to ongoing intra-abdominal sep-
sis or respiratory failure. Surgical intervention was considered
in all patients in case of failure of endoscopic therapy and/or
persisting abdominal infection. Only one of these patients un-
derwent surgery. It could be discussed whether this should
have been performed in the remaining three patients that
have deceased. However, two of them were diagnosed with
progressive metastasized disease and were unfit for invasive
treatment shortly after the SMDP was diagnosed. The remain-
ing patient was diagnosed with a benign hilar stricture, but re-
fused further surgical treatment after failure of endoscopic and
percutaneous drainage and chose for palliative care at home.
Our reported mortality rate may be influenced by the thigh
prevalence of comorbidities in this group of patients.

It is difficult to compare our rate to what has been reported
previously, as most published data on SMDPs predominantly
come from case reports. We have only found two reports that
described patients that deceased after an SMDP [16, 24]. In
the first report this concerned a patient with benign disease
who was immediately treated surgically after diagnosis of
SMDP [24]. In the second report this concerned a patient with
metastasized disease who was also treated surgically immedi-
ately after diagnosis of SMDP [16]. In both cases, despite early
surgical intervention, the patients died due to ongoing abdom-
inal infection and respiratory failure.

We did not perform endoscopic nasobiliary drainage (ENBD)
routinely in patients with SMDP for several reasons: in all cases
endoscopic closure of the perforation was attempted and, after
apparent successful closure, this was confirmed with the ad-
ministration of intraluminal contrast. Adding ENBD to endo-
scopic therapy was not considered to be of added value. In
those patients with persistent leakage, usually confirmed via
percutaneous drainage, the added value of ENBD was consid-
ered to be very limited. Lastly, the role of ENBD in our unit is,
contrary to for example Asian clinical practice, very limited
and typically used for patients with refractory biliary leakage
after surgical procedures or trauma. The most important risk
factor for SMDP in our study was the indication for biliary drain-
age of a perihilar stricture. All perforations occurred in patients

with a perihilar stricture after the placement of a plastic stent≥
12 cm in length. These findings are in line with other reports [4,
5, 8, 13, 17, 23–25, 27–29]. Only two case reports were pub-
lished in which a perforation was reported with shorter stents
[9–15]. Longer stent length was also associated with a higher
risk of SMDP at univariate regression analysis. Another potential
risk factor that we identified with univariate regression analysis
was when a stent was placed to drain the left liver lobe. How-
ever, this finding should be interpreted with caution as the
model was of risk of multiple testing due to the relatively low
number of cases and the high number of possible risk factors
tested, potentially resulting in a false-positive association
(type I error).

Nevertheless, the fact that stents placed into the left biliary
system seem to migrate more often compared to those placed
in the right biliary system could be argued as this might be the
resultant of the sharper anatomical angel and more bended po-
sition of a left sided intrahepatic stent which provokes the stent
to straighten due to material rigidity thereby causing outward
migration. And migration of stents deployed in the left intrahe-
patic ducts was also described in previously published case re-
ports [25, 27, 29].

A potential solution to decrease the rate of SMDP is chan-
ging the type of stents used for drainage. In our series, all
SMDPs occurred with straight plastic stents. During the study
period we switched from placing straight stents with a center
bend to straight stents with a duodenal bend with the hypoth-
esis that this would decrease the risk of migration and thereby
SMDP. However, our results show that SMDP occurred equally
with both type of stents. The use of single or double pigtail
stents could be an alternative for straight plastic stents, as
they are less traumatic at its distal and/or proximal tip. How-
ever, their use for drainage of perihilar strictures is hampered
by the lack of pushability to position the stents adequately
across the stricture and therefore single or double pigtail stents
were not used for drainage of perihilar strictures our patients.
With regard to the diameter of the stents, it could be suggested
to place 7 Fr stents instead of 10 Fr stents, as the former are
more flexible with possibly less risk of SMDP. In our study,
SMDP occurred with both 7 Fr stents and 10 Fr stents, but only
three patients had one or multiple 7 Fr stents in situ. Even
though stent diameter was not statistically significant at uni-
variate analysis, suggesting that a larger stent diameter does
not increase the risk of SMDP, placement of one or multiple
smaller diameter stents could still be considered, as type II sta-
tistical errors are possible with these low numbers of cases.

The use of SEMS could be a promising alternative. So far, un-
covered SEMS are widely used but only in patients with an irre-
sectable malignant (hilar) stricture. However, Grünhagen et al.
already showed that pre-operative deployment of an uncovered
SEMS in patients with resectable hilar CCA is feasible and pro-
vides adequate biliary drainage, without the need for re-inter-
vention and without a negative effect on surgery [33]. The use
of covered SEMS is not recommended in irresectable hilar CCA
due to the risk of occlusion of the side braches of the intrahepa-
tic ducts [34]. However, covered SEMS are of lower risk for re-
current biliary obstruction due to tumor ingrowth. A review ar-
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ticle by Naitoh et al. reported a shorter time to recurrent biliary
obstruction with covered SEMS as compared to uncovered
SEMS, but with a success rate of 100% for re-intervention
when using fully covered SEMS (FCSEMS) [35]. And therefore,
an interesting alternative for placement of plastic stents in pa-
tients with irresectable CCA could be placement of a FCSEMS to
drain the left liver lobe and placement of a plastic stent to drain
the right liver lobe. Although a few case reports have been pub-
lished on SMDP after insertion of a SEMS [6, 10, 15, 20, 24], in
the majority of the cases the migrated stent was a covered
SEMS [15, 20, 24]. Prospective studies are needed to investigate
the safety and (cost-) effectiveness of use of uncovered SEMS in
patients with hilar duct strictures that are potential candidates
for surgery.

To our knowledge, this is currently the largest cohort study
to report on SMDP and its prevalence rate. Due to our prospec-
tively collected complication registry, and manual review of all
(> 2400) endoscopy reports and radiological images, no cases
of SMDP were missed. Therefore, this study for the first time
provides a reliable estimate of the rate of SMDP after biliary
plastic stent placement. However, some limitations of our
study warrant consideration. First, as this study was a retro-
spective study, not all potential confounding factors could be
accounted for. However, all medical records were screened for
predefined items to facilitate a detailed and complete data col-
lection. Second, due to the low number of cases and the num-
ber of examined risk factors we might have increased the risk of
false-positive results (type I error), and were not able to per-
form a multivariate analysis. A larger cohort study with more
SMDPs cases should be conducted to be able to more reliably
test for associations between possible risk factors and the oc-
currence of SMDP.

Conclusion
In conclusion, this is the first study to report on the prevalence
rate of SMDP in patients who undergo ERC. Despite the overall
low risk of SMDP, it represents a noteworthy and clinically rele-
vant potentially life-threatening complication of ERC after
transpapillary drainage for perihilar biliary strictures. The risk
of SMDP in patients referred for this indication needs to be ac-
knowledged. In symptomatic patients after ERC for drainage of
a perihilar stricture clinicians should have a high clinical suspi-
cion for this complication. Future studies should focus on dif-
ferential means of biliary drainage for perihilar biliary stenosis
to prevent the occurrence of SMDP including a more frequent
use of metal stents.
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