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Intraductal fully covered self-expandable metal stent versus
multiple plastic stents for treating biliary anastomotic strictures
after liver transplantation
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Background and aims: Fully covered metal stents (FCSEMSs) are increasingly used for treatment of biliary anas-

tomotic strictures (ASs) after liver transplantation (LT), requiring fewer endoscopic interventions than does treat-
ment with multiple plastic stents (MPSs). Previous studies, however, have reported adverse events such as stent
migration and pancreatitis. The intraductal FCSEMS (ID-FCSEMS) potentially avoids these disadvantages. This
study aimed to assess the efficacy and safety of ID-FCSEMSs compared with MPSs for AS.

Methods: The cohorts of LT patients treated for AS with endoscopic stenting between 2010 and 2019 from 2
Dutch liver transplantation centers were retrospectively analyzed. Patients treated with ID-FCSEMSs or MPSs
were included.

Results: 80 patients (44 with ID-FCSEMSs vs 36 with MPSs) were included, with a median follow-up time of 52
versus 64 months (P Z .183). Stricture resolution was 93% in the ID-FCSEMS versus 97% in the MPS group
(P Z 1.000) after a median of 19 and 26 weeks, respectively (P Z .031). The median number of ERCPs was 2
in the ID-FCSEMS group versus 4 in the MPS group (P < .001). Stricture recurrence occurred in 33% of
ID-FCSEMS versus 29% of MPS patients (P Z .653) after a median of 24 and 55 weeks (P Z .403). Stent migration
occurred in 16% of ID-FCSEMS versus 39% of MPS patients (P Z .020). Post-ERCP fever was observed in 34% of
ID-FCSEMS patients compared with 14% of MPS patients (P Z .038). No significant differences were found in
pancreatitis rate between the groups, being 6.8% for ID-FCSEMSs and 5.6% for MPSs (P Z .816).

Conclusion: ID-FCSEMSs for the treatment of AS after LT provides similar stricture resolution and recurrence
rates as MPSs, though with a significant reduction of procedures needed. (Gastrointest Endosc 2023;97:704-12.)
Biliary anastomotic strictures (ASs) represent one of the
most common adverse events after liver transplantation
(LT), and they compromises patients’ health and quality
of life significantly.1 For patients with symptoms of biliary
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obstruction, ERCP including balloon dilation and place-
ment of stent(s) is the therapy of choice.2-4

According to the European Society of Gastrointes-
tinal Endoscopy guideline published in 2018, an increasing
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Sissingh et al FCSEMS vs multiple plastic stents after liver transplantation
number of plastic stents should be placed at 3-month inter-
vals for 1 year to expand the diameter of the stricture while
maintaining stent patency.5 This treatment protocol for
ASs is associated with excellent success rates in terms of
stricture resolution (ranging from 85% to 95%) and stricture
recurrence (ranging from 5% to 20%).6-8 Unfortunately,
treatment with MPSs requires multiple ERCP procedures,
which repeatedly expose patients to associated burden
and adverse events (ie, infection, pancreatitis, bleeding,
and perforation), increases health care costs, and limits
the capacity of the endoscopy suite.

Therefore, the use of fully covered self-expandable metal
stents (FCSEMSs) is gaining popularity because they allow
for larger luminal expansion by placement of a single stent,
reducing the number of endoscopic procedures. Although
the most optimal indwelling time of a FCSEMS has not yet
been established, it is often placed for 6 months.5 A recent
meta-analysis by Tringali et al9 observed similar rates of stric-
ture resolution and stricture recurrence between FCSEMSs
and MPSs. Nonetheless, patients treated with transpapillary-
placed FCSEMS showed relatively high rates of stent
migration (ranging from 10% to 33%)6,8 and ERCP proce-
dural- or stent-related pancreatitis (13%).6

To overcome these problems, a new intraductal fully
covered self-expandable metal stent (ID-FCSEMS) with a
transpapillary extraction string has been developed (Niti-S
Kaffes Biliary Stent; Taewoong Medical, Gyeonggi-do,
South Korea). This new stent could potentially prevent
stent migration and pancreatitis because its shorter length
enables a complete intraductal insertion while being easily
removable because of the extraction string.10 Previous
studies have shown promising results in both AS and other
types of biliary strictures regarding stricture resolution and
stent migration, but those studies were limited by small
sample sizes,10,11 short follow-up periods,11-13 or lack of a
comparative group treated with MPSs as the conventional
treatment.12,13

Therefore, the aim of this study was to determine the
performance of ID-FCSEMSs compared with MPSs based
on the number of ERCPs needed to reach efficacy, which
is reflected by stricture resolution and stricture recurrence,
and safety for the treatment of AS after LT.
MATERIALS AND METHODS

We conducted a multicenter retrospective cohort study
from 2 Dutch LT centers: the Leiden University Medical
Center, Leiden, TheNetherlands, and theUniversityMedical
Center Groningen, Groningen, The Netherlands. Between
2010 and 2019, all LT patients from these centers were re-
viewed for the development of AS. The following inclusions
were used: AS confirmed by ERCP, defined as a dominant
narrowing at the biliary anastomotic site on cholangiog-
raphy, and ID-FCSEMS placement in patients from Leiden
or MPS placement in patients from Groningen. AS was
www.giejournal.org
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categorized as a first episode, including strictures without
prior treatment or previously managed with balloon dilation
or stent placement that was unsuccessful, or a recurring
stricture after initial successful treatment. Data were
collected from medical charts and endoscopy reports. The
need for ethical approval was waived by the medical ethics
committee. This study was reported according to the
STROBE (Strengthening the Reporting of Observational
studies in the Epidemiology) guideline.14

Stent procedure
All ERCP procedures were performed by endoscopists

with experience of>500 ERCPs. All patients received intrave-
nous antibiotic prophylaxis before the ERCP, and from 2016
rectal diclofenac (100 mg suppository) was routinely given.
After guidewire-assisted biliary cannulation, papillotomy
was performed at the endoscopist’s discretion. In most pa-
tients, the stricture was dilated by balloon dilation before
stent placement. For patients with an AS to be eligible for
treatment with ID-FCSEMSs, the minimal stricture distance
to the biliary confluence had to be approximately 2 cm.
Based on the diameter of the bile duct on cholangiography,
the diameter of the ID-FCSEMS was determined. Over the
guidewire, an 8-mm or 10-mm-wide/40-mm-long Niti-S
Kaffes Biliary Stent (Taewoong Medical, Seoul, Korea) was
placed with the middle radiopaque marker aligning with
the AS. The body of the stent resided inside the biliary
duct; the extraction string resided transpapillary in the duo-
denum (Fig. 1). After 6 months, ERCP was scheduled for ID-
FCSEMS removal. In the MPS group, 1 or more 10F Advanix
Biliary stents (Boston Scientific, Marlborough, Mass, USA)
were placed across the stricture. With each successive
ERCP every 6 to 12 weeks, stents were removed and, after
further balloon dilation (if technically feasible), replaced
with an increasing number of plastic stents until the desired
diameter had been reached. In both groups, outpatient
follow-up visits were regularly scheduled for patients to eval-
uate cholestatic liver enzymes. ERCP was performed earlier
than scheduled if patients experienced acute cholangitis,
elevation of cholestatic liver enzymes, or any endoscopy-
related adverse events, for example hemobilia. Abdominal
imaging was preferably conducted to evaluate the position
of the stent before ERCP. If the stricture was still present,
the stent or stents were exchanged, and the following
ERCP was scheduled according to the protocol. After stent
removal, outpatient follow-up visits were planned every 3
months in the first year, and laboratory tests and abdominal
imaging were performed to evaluate recurrence of the stric-
ture. After the first year, follow-up visits were scheduled at
regular intervals of 6 to 12 months.

Outcome and definitions
The primary outcome was efficacy, reflected by stricture

resolution, the number of ERCPs needed to achieve stricture
resolution, and stricture recurrence. Stricture resolutionwas
defined as free contrast flow across the previous stricture
Volume 97, No. 4 : 2023 GASTROINTESTINAL ENDOSCOPY 705
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Figure 1. A, Intraductal fully covered self-expandable metal stent. B, Anastomotic stricture after liver transplantation. C, Stent placed intraductally across
stricture. D, Retrieval string transpapillary in duodenum.

FCSEMS vs multiple plastic stents after liver transplantation Sissingh et al
after stent removal, without the need for replacement of a
stent. The number of ERCPs described all ERCPs performed
during the treatment period, ie, the period between place-
ment of an ID-FCSEMS or MPS and the date of stricture res-
olution or, in case of no resolution, the date of removal of the
ID-FCSEMS or MPS. Stricture recurrence was defined as
clinical or biochemical signs of cholestasis in combination
with ERCP showing an AS. Secondary outcomes included
other outcomes related to efficacy (ie, time to resolution,
time to recurrence, and total length of hospital stay) and out-
comes related to safety (ie, cholangitis, bacteremia, fever,
pancreatitis, sphincterotomy bleeding, perforation, and
stent migration). All adverse events were recorded during
the predefined treatment period, including the events
related to the last performed ERCP. Hospital stay included
all admission days related to ERCPprocedures and/or related
adverse events. The 2018 Tokyo classification was used to
define bacterial cholangitis, counting only events that were
classified as definite.15 Fever in combination with a positive
blood culture was defined as bacteremia. Post-ERCP fever
was defined as a temperature >38.5�C in the absence of a
positive blood culture during the first 2 days after ERCP
and without signs of stent dysfunction and a mild clinical
course, resulting in full recovery within 48 hours. Pancrea-
706 GASTROINTESTINAL ENDOSCOPY Volume 97, No. 4 : 2023
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titis was defined according to the 2012 revised Atlanta classi-
fication.16 Sphincterotomy bleeding referred to significant
bleeding within 14 days after ERCP requiring an interven-
tion. Perforation had to be identified on endoscopic and/
or radiologic imaging. Stent migration was defined as
displacement of a stent so extensive that it no longer crossed
the AS on the basis of an endoscopy report. The posttreat-
ment follow-up period was defined as the period after stric-
ture resolution until the end of follow-up care. All potential
outcomes were evaluated by an adjudication committee.
Disagreements were resolved during a consensus meeting.

Statistical analysis
Categoric data are reported as frequency and percent-

ages and, in case of numeric data, as mean with standard
deviation (SD) when normally distributed or as median
with interquartile range (IQR) when not normally distrib-
uted. Both treatment arms were compared by the c2 test
or Fisher exact test (categoric data) and unpaired t test
or Mann-Whitney U test (numeric data). Inasmuch as dura-
tion of treatment between both groups differed, person-
time incidence rates (IR) were calculated for stent- and
procedure-related adverse events to allow comparison.
Multiple instances of a specific adverse event in a single
www.giejournal.org
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Sissingh et al FCSEMS vs multiple plastic stents after liver transplantation
patient were intentionally included in the calculation of IR
to prevent underestimation. IRs are reported in 100 person-
weeks; an IR of 1.0 therefore represents 1 event in 100 per-
sons treated for 1 week. A 2-tailed P value of < .05 was
considered statistically significant. All analyses were con-
ducted with SPSS Statistics version 24.0 (IBM Corporation,
Armonk, NY, USA).
RESULTS

A total of 80 LT patients who met the inclusion criteria
(44 ID-FCSEMS patients and 36 MPS patients) were
analyzed. Table 1 demonstrates all baseline characteristics
including the indication for LT. The median time between
LT and first AS diagnosis was 15.0 weeks (IQR 6.0-28.0)
in patients treated with ID-FCSEMS and 18.0 weeks (IQR
7.8-50.0) with MPS. The ID-FCSEMS group consisted
of 38 patients (86.4%) with a first episode of AS and 6 pa-
tients (13.6%) with recurrent AS after previous successful
treatment. In the 38 patients with a first episode of AS,
19 patients (50%) had received prior treatment (12 with
a single plastic stent, 3 with MPSs, 2 with FCSEMSs, and
2 with percutaneous biliary drainage) that had failed to
resolve the stricture before the start of ID-FCSEMS treat-
ment. The MPS group consisted of 34 patients (94.4%)
with a first episode of AS and 2 patients (5.6%) with recur-
rent AS after previous successful therapy. In the 34 patients
with a first episode of AS, 3 (8.3%) had been treated with
balloon dilation without stricture resolution before starting
treatment with MPSs. The rates of prior sphincterotomy
before the treatment of AS in the ID-FCSEMS group and
in the MPS group were significantly different (66% vs 14%
P < .001). The posttreatment follow-up time was 52.0
months (IQR 28.3-71.0) in the ID-FCSEMS group and 64.0
months (IQR 41.0-80.0) in the MPS group (P Z .183).

Efficacy
The stricture resolution rates were high in both arms:

93.3% in ID-FCSEMSs and 97.2% in MPSs and did not differ
significantly (P Z 1.000) (Table 2). Stricture resolution was
not achieved in 2 patients treated with ID-FCSEMSs. One
patient was subsequently treated with an MPS because of
concomitant development of perihilar strictures during
treatment with ID-FCSEMS, and stricture resolution was
achieved. The other patient was treated with balloon dila-
tion; no stent was replaced because the stenosis responded
well to dilation, and follow-up procedures would have
been complex because of previous gastric bypass surgery.
Treatment with MPS failed in 1 patient, after which the
treatment was switched successfully to a FCSEMS. After
treatment initiation, the median time to stricture resolution
was 19.0 weeks (IQR 16.0-26.0) for patients treated with
ID-FCSEMSs compared with 26.0 weeks (IQR 16.0-37.0)
for patients treated with MPSs, resulting in significant
differences in treatment time (P Z .031). A median total
www.giejournal.org
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number of 2.0 ERCPs per patient (IQR 2.0-3.0) was required
to achieve stricture resolution in the ID-FCSEMS arm versus
4.0 ERCPs (IQR 3.0-5.0) in the MPS arm (P < .05). The me-
dian total days of hospitalization was shorter in patients
treated with ID-FCSEMSs than in patients treated with
MPSs (6.0 days [IQR 4.0-8.8] vs 11.0 days [IQR 7.3-19.3];
P < .05). In the ID-FCSEMS group, 14 out of 44 initially suc-
cessfully treated patients (33.3%) experienced stricture
recurrence after initial stricture resolution versus 10 out of
36 patients (28.6%) in the MPS group (P Z .805). Among
24 patients who experienced stricture recurrence, the
median times between stricture resolution and stricture
recurrence did not differ significantly between patients
treated with ID-FCSEMSs and MPSs (23.5 weeks [IQR 13.8-
126.5] vs 55.0 weeks [IQR 21.0-149.8]; PZ .403). Additional
data concerning stent-related procedural details are given in
Supplementary Table 1 (available online at www.giejournal.
org), and Kaplan-Meier curves for both stricture resolution
and recurrence can be found in Supplementary Figure 1
(available online at www.giejournal.org). The efficacy of pre-
vious studies concerning the use of ID-FCSEMSs in ASs is
summarized in Table 4.
Safety
Eight cases of stent migration were observed in 7 pa-

tients (15.9%) treated with ID-FCSEMSs. These cases
were observed during elective ERCP (n Z 8) or ERCP in
the setting of progressive cholestatic liver enzymes (n Z
2) and cholangitis (n Z 1). In 1 case, an SEMS-in-SEMS
approach was required for successful removal of the
migrated stent. A total of 21 cases of stent migration
(nZ 14 elective setting, nZ 4 progressive cholestatic liver
enzymes, n Z 2 cholangitis, n Z 1 pain) were observed in
14 patients (38.9%) in the MPS group, resulting in a signif-
icant difference between the groups with regard to stent
migration (P Z .020). The migration IR for ID-FCSEMSs
was 0.87 per 100 person-weeks, compared with migration
IR of 2.06 per 100 person-weeks in MPSs (PZ .032). There
were no cases of failed stent removal in either group
except for the previously reported case, and no cases of
a broken ID-FCSEMS or its retrieval string. In both groups
a distal stent migration was seen in the majority of cases
(Table 3). During the treatment period, 7 events of cholan-
gitis occurred in 6 patients in the ID-FCSEMS group
(13.6%) compared with 12 in 9 patients in the MPS patients
(25%) (P Z .195). The IR of cholangitis in the ID-FCSEMS
group was 0.76 per 100 person-weeks compared with 1.18
per 100 person-weeks in the MPS group (P Z .354). With
the exception of fever, other adverse events were compa-
rable between groups. Fever was the main cause of adverse
events, with 18 cases in 15 patients (34.1%) in the
ID-FCSEMS group and 5 cases in 5 patients (13.9%) in
the MPS group (P Z .038). The IR of fever was 1.96 per
100 person-weeks in ID-FCSEMSs and 0.49 per 100
persons-weeks in MPSs, resulting in a significant difference
Volume 97, No. 4 : 2023 GASTROINTESTINAL ENDOSCOPY 707
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TABLE 2. Primary and secondary outcomes related to efficacy

Outcomes ID-FCSEMS (n [ 44) MPS (n [ 36) P value

Primary

Stricture resolution 42 (93.3) 35 (97.2) 1.000

Stricture recurrence 14 (33.3) 10 (28.6) .653

Number of ERCP 2 (2.0-3.0) 4 (3.0-5.0) < .001

Secondary

Time to resolution (weeks) 19 (16.0-26.0) 26 (16.0-37.0) .031

Time to recurrence (weeks) 23.5 (13.8-126.5) 55 (21.0-149.8) .403

Admission days 6 (4.0-8.8) 10 (7.3-19.3) < .001

Data are presented as n (%) or median (IQR).
ID-FCSEMS, intraductal fully covered self-expandable metal stent; MPS, multiple plastic stent.

TABLE 1. Baseline characteristics

Characteristic ID-FCSEMS (n [ 44) MPS (n [ 36) P value

Age (years) 58.0 (50.8-64.0) 52.0 (31.0-59.8) .008

Male sex 32 (72.7) 18 (50.0) .062

Indication for LT .503

Alcoholic liver disease 11(25.0) 9 (25.0)

Non-alcoholic steatosis hepatitis 5 (11.4) 4 (11.0)

Hepatitis C 7 (15.9) 2 (5.6)

Hepatitis B 2 (4.5) 1 (2.8)

Primary sclerosing cholangitis 6 (13.6) 2 (5.6)

Primary biliary cholangitis 3 (6.8) 2 (5.6)

Acute liver failure 4 (9.1) 5 (13.9)

Other 6 (13.6) 11 (30.5)

Presence of HCC 19 (43.2) 8 (22.2) .049

Type of donor .816

Heart beating 27 (61.4) 23 (63.9)

Non-heart beating 17 (38.6) 13 (36.1)

Time to AS (weeks) 15 (6.0-28.0) 18 (7.8-50.0) .350

Type of AS .284

First episode 38 (86.4) 34 (94.4)

Recurrent stricture 6 (13.6) 2 (5.6)

Concomitant NAS 6 (13.6) 8 (22.2) .315

Prior papillotomy 29 (66.0) 5 (13.9) .001

Posttreatment follow-up (months) 52 (28.3-71.0) 64 (41.0-80.0) .183

Data are presented as n (%) or median (IQR).
AS, Anastomotic stricture; HCC, hepatocellular carcinoma; LT, liver transplantation; NAS, nonanastomotic stricture; ID-FCSEMS, intraductal fully covered self-expandable metal
stent; MPS, multiple plastic stent.

FCSEMS vs multiple plastic stents after liver transplantation Sissingh et al
between groups (P Z .003). Bacteremia was present in 3
patients treated with ID-FCSEMS and in 1 patient treated
with MPS (6.8% vs 2.8%%, P Z .409). Three patients in
the ID-FCSEMS arm (6.8%) experienced post-ERCP pancre-
atitis compared with 2 patients in the MPS arm (5.6%)
(P Z .816). Sphincterotomy bleeding occurred in 2 pa-
tients treated with ID-FCSEMSs (4.5%) and in 0 patients
treated with MPSs (P Z .195). The incidence rates for
708 GASTROINTESTINAL ENDOSCOPY Volume 97, No. 4 : 2023
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bacteremia, post-ERCP pancreatitis, and sphincterotomy
bleeding are reported in Table 3.
DISCUSSION

This multicenter retrospective cohort study comprising
80 patients with ASs after LT demonstrates that endoscopic
www.giejournal.org
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TABLE 3. Secondary outcomes related to safety

Outcomes ID-FCSEMS (n [ 44) MPS (n [ 36) P value

Stent migration 7 (15.9) 14 (38.9) .020

Distal migration 4 (57.1) 13 (92.9) .003

Proximal migration 3 (42.9) 2 (14.3)* .818

Stent migration – IR .87 2.06 .032

Cholangitis 6 (13.6) 9 (25.0) .195

Cholangitis – IR .76 1.18 .354

Fever 15 (34.1) 5 (13.9) .038

Fever – IR 1.96 .49 .003

Bacteremia 3 (6.8) 1 (2.8) .409

Bacteremia – IR .33 .10 .269

Pancreatitis 3 (6.8) 2 (5.6) .816

Pancreatitis – IR .33 .20 .573

Sphincterotomy bleeding 2 (4.5) 0 .195

Sphincterotomy bleeding – IR .22 0 .136

Perforation 0 0 -

Data are presented as n (%) or as IR, incidence rate per 100 persons-weeks.
ID-FCSEMS, Intraductal fully covered self-expandable metal stent; MPS, multiple plastic stents.
*In 1 person in the MPS group, proximal and distal stent migrations were noted in the same procedure, resulting in 15 migrations in 14 patients.

TABLE 4. Overview of literature on management of anastomotic strictures after liver transplantation

Study Year Design N Inclusion Resolution Recurrence Migration Cholangitis Pancreatitis
Follow-

up

Intraductal FCSEMS vs MPS

Kaffes et al10 2014 RCT 20 Post-LT AS 100% vs 80% 30% vs 38% 0% vs 10% 10% vs 40% 0 w2 years

Zeair et al11 2017 Retrospective 28 Post-LT AS 92% vs 69% 9% vs 36% 0% vs NA 17% vs 6% 0 NA

This study 2022 Retrospective 80 Post-LT AS 93% vs 97% 33% vs 29% 16% vs 39% 14% vs 25% 7% vs 6% w5 years

Transpapillary FCSEMS vs MPS

Côte et al7 2016 RCT 102 Naïve BBS
(65% post-LT)

93% vs 86% 14% vs 5% 25% vs 16% 4% vs 2% 5% vs 5% w1 year

Tal et al8 2017 RCT 48 Naïve post-LT AS 100% vs 96% 21% vs 21% 33% vs NA NA NA w1 year

Martins et al6 2018 RCT 59 Naïve post-LT AS 83% vs 97% 32% vs 0% 10% vs 3%* NA 13% vs 2%* w2 years

Cantu et al19 2021 RCT 30 Naïve post-LT AS 73% vs 93% 36% vs 7% 29% vs 3%y 7% vs 2%* 4% vs 3%* w5 years

Intraductal FCSEMS only

Moon et al13 2012 Prospective 29 Refractory BBS
(14% post-LDLT)

97% (92% post-LT) 11% 3% 0 0 w1 year

Aepli et al12 2017 Retrospective 29 Post-LT AS 100% 24% 3% 7% 0 NA

Sato et al18 2020 Prospective 29 Refractory BBS
(43% post-LDLT)

97% (% post-LT) 11% 3% 17% 3% w1 year

Transpapillary FCSEMS only

Poley et al20 2020 Prospective 41 Post-LT AS 68% 51% 20% 24% 0 w5 years

AS, anastomic stricture; BBS, benign biliary stricture; FCSEMS, fully covered self-expandable metal stent; LT, liver transplantation; LDLT, living donor liver transplantation; MPS,
multiple plastic stents; NA, not available; RCT, randomized controlled trial.
*Percentages based on the number of ERCP procedures.
yPercentages based on the number of stents placed.

Sissingh et al FCSEMS vs multiple plastic stents after liver transplantation
treatment with an ID-FCSEMS may be a favorable alterna-
tive to treatment with MPS.

ERCP with stent placement is the established first-line
treatment for AS after LT and has a high success rate.5
www.giejournal.org

Downloaded for AdminAigo AdminAigo (rcozzolongo@gmail.com) at Ita
ClinicalKey.com by Elsevier on March 27, 2023. For personal use only. No other
The optimal stent strategy, however, remains a matter
of debate.17 The main shortcoming of the conventional
treatment with MPSs is the need for repeated ERCP pro-
cedures and its inherent risk of adverse events, increased
Volume 97, No. 4 : 2023 GASTROINTESTINAL ENDOSCOPY 709

lian Hospital Gastroenterologists and Endoscopists Association from 
 uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.

http://www.giejournal.org


FCSEMS vs multiple plastic stents after liver transplantation Sissingh et al
healthcare costs, more waste, and more inconvenience for
patients. Although placement of FCSEMSs reduces the
number of ERCPs required, the rate of stent migration
and pancreatitis remain substantial.6 The ID-FCSEMS has
the potential to overcome the problems of both stent stra-
tegies. It provides a continuous strong radial force on the
stricture without the need for repeated ERCP and stent
placement. Additionally, it has a reduced stent length not
covering the distal common bile duct combined with a
waist shape, aimed to minimize the risk of pancreatitis
and stent migration.

In the present study, the ID-FCSEMS was found to have
an efficacy similar to that of the MPS in terms of stricture
resolution (93% vs 97%) and recurrence (33% vs 29%),
which was reached with significantly fewer ERCP proced-
ures (2.0 vs 4.0). As a measure of patient burden, treatment
with ID-FCSEMSs was also associated with a significant
reduction in treatment time and admission days compared
with MPSs. Previous studies that evaluated the use of an
ID-FCSEMS in AS after LT showed similar rates of stricture
resolution (ranging from 92% to 100%) and stricture recur-
rence (ranging from 9% to 33%).10-13,18 Moreover, the stric-
ture and recurrence rates observed in our study are
comparable with those in previous published data of treat-
ment with MPSs6-8,10,11,19 and a transpapillary placed
FCSEMS (Table 4).6-8,19,20 Although recurrence rates were
similar between groups, a nonstatistical difference in the
median time to stricture recurrence was seen in treatment
with ID-FCSEMSs when compared with MPSs (24.0 weeks
vs 55.0 weeks). A possible cause of this difference could
be the reduced treatment time in the ID-FCSEMS group,
limiting the long-lasting effect of the stent on the stricture
and resulting in faster recurrence. Another explanation
could be the inclusion of a large number of patients in
the ID-FCSEMS cohort who did not respond to prior ther-
apy, which may correspond to a group with more
treatment-resistant strictures in comparison with the MPS
group. Nevertheless, the possible risk factors for stricture
recurrence after initial success remain unknown and
require further study.21

As stated earlier, an additional benefit of an ID-FCSEMS
over an FCSEMS and MPS is the potential reduced risk of
stent migration and adverse events. Stent migration may
result from loss of grip on the biliary wall after stricture res-
olution or from peristalsis before stricture resolution has
been achieved, rendering stent migration a complex event
to interpret. Our study found a 16% overall migration rate
for ID-FCSEMSs. Nonintraductal design FCSEMSs have a
stent migration rate of 10% to 33%.6-8,19,20 Data on treat-
ment with ID-FCSEMSs in AS are limited, reporting migra-
tion rates of 0%10,11 and 3%,12,13,18 respectively. Therefore,
owing to their antimigration properties, intraductal stents
seem to have the advantage of better stent retention
compared with transpapillary-placed FCSEMSs. Stent
migration in the MPS group was substantially increased
(39%) in the present study, which is inconsistent with pre-
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vious published reports.6-8,10,11,19 A possible explanation is
that scores of stent migration were based on either the
endoscopy report or clinical suspicion in the medical chart,
which could have resulted in an overestimation. A risk of
stent migration is the development of bacterial cholangitis
resulting from the combination of reduced bile flow and
the loss of barrier function between the intestine and
bile ducts allowing bacterial translocation. However, only
1 case of stent migration in the ID-FCSEMS group (13%)
and 2 cases in the MPS group (10%) were associated
with cholangitis, whereas approximately two-thirds of cases
were detected during elective ERCP for the treatment of AS
and did not have clinical consequences. Another cause of
cholangitis after LT is the presence of (concomitant) non-
anastomotic strictures. In our study, nonanastomotic stric-
tures were present in 22% of patients in the MPS group
compared with 14% in the ID-FCSEMS group. Although
not significant, the rate of cholangitis in our study was
found to be higher in the MPS group (25%) than in the
ID-FCSEMS group (13.6%) and corresponds to previous
studies reporting a rate of 0% to 17% in the ID-
FCSEMS10-13,18 group and 2% to 40% in the MPS7,10,11,19

group. The higher amount of concomitant nonanastomotic
strictures therefore could also explain the trend toward a
higher prevalence of cholangitis in the MPS group. It
should be noted that, unlike in other studies, definitive
cholangitis was diagnosed on the basis of the Tokyo guide-
lines,15 which rely on signs of both systemic inflammation
and cholestasis, and imaging findings. The use of these
guidelines also allowed us to differentiate between cholan-
gitis, post-ERCP fever, and bacteremia. This study showed
that postprocedural fever occurs more often in patients
with ID-FCSEMSs (34%) than in those with MPSs (14%).
It is possible that strictures treated with ID-FCSEMSs are,
in theory, more prone to bacterial translocation because
they are exposed to a stronger radial force than those
treated with MPSs. Bacterial translocation may produce fe-
ver, progress into bacteremia, and subsequently cause
sepsis, especially in immunocompromised patients. In
our study, however, a diagnosis of post-ERCP fever was
made in the absence of a positive blood culture and was
associated with a quick response to antibiotic therapy,
with symptoms subsiding within 24 hours. Fever after
ERCP was therefore deemed a relatively harmless event.
The rates of other, more serious adverse events (ie, bacter-
emia, pancreatitis, and sphincterotomy bleeding) were low
and did not differ between groups.

Considering strengths and limitations, the retrospective
and nonrandomized design of our current study has several
drawbacks. We compared, in the same era, 2 patient groups
from 2 different transplantation centers. As a result, the du-
rations of follow-up differed between groups, and no
detailed analysis of cost effectiveness could be provided.
In addition, the retrospective nature of the study intro-
duced bias and confounders, which limit the impact of
our results and statistical analysis in comparison with a
www.giejournal.org
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randomized trial design. For example, the significantly
higher rates of prior sphincterotomy in the group with ID-
FCSEMSs could have contributed to the overall low rate of
pancreatitis and postsphincterotomy bleeding observed in
this study. In addition, the large number of patients in the
ID-FCSEMS group with strictures that did not respond to
prior treatment was significantly higher when compared
with the MPS group. The larger portion of “resistant” stric-
tures in the ID-FCSEMS group is a notable confounder,
and its effect on the outcome parameters is unknown.

In addition, stent treatment duration was not standard-
ized between groups, which may have contributed to a dif-
ference in stricture recurrence. However, the current study
constitutes the largest cohort of patients with AS after LT to
date. Although most stent series have analyzed an average
number of 46 patients and have had limited follow-up
times of several months to 3 years (Table 4), our multi-
center study comprised a sample size of 80 patients with
a relatively long follow-up of 3 and 5 years in the ID-
FCSEMS and MPS groups, respectively. Another strength
of this study is the similarity in the basic characteristics be-
tween treatment groups, despite its retrospective and
multicenter character. Furthermore, our outcomes were
defined by a strict and concise set of criteria, allowing clear
comparison with data from other centers.

Recent meta-analyses9,22 have shown non-inferiority for
FCSEMSs in the treatment of AS after LT with the need for
fewer ERCPs. Nonetheless, a high stentmigration rate is a re-
ported disadvantage of treatment with FCSEMSs.7,8,19 In our
study, the treatment of AS with ID-FCSEMSs was associated
with similar efficacy but a significantly shorter treatment
time in comparison with MPSs and the benefit of a low
migration rate in the ID-FCSEMS group. The trend seen in
our study toward shorter stricture recurrence times, howev-
er, could be a potential drawback of ID-FCSEMS treatment.
A recent prospective series by Poley et al20 found that a
longer stent indwell time was associated with lower stricture
recurrence and emphasized the need for studies with an
adequate stenting treatment time and longer follow-up
duration. The low migration rates of ID-FCSEMSs improves
stent indwell time, allowing longer stent treatment time
without the need for additional ERCPs. It could therefore
be hypothesized that extending the treatment duration
with ID-FCSEMSs could have a positive effect on stricture
recurrence and time to stricture recurrence. Our data com-
bined with previous studies suggest the need for a multi-
center prospective comparative study of intraductal
FCSEMSs versus MPSs with a minimal treatment duration
of 6 months, and long follow-up times in predefined groups
of treatment-naïve and experienced LT patients.

In conclusion, this retrospective study consisting of 80
patients with a median follow-up time of >50 months
shows that intraductal fully covered self-expandable metal
stents for the treatment of anastomotic biliary strictures af-
ter liver transplantation is promising. The use of an intra-
ductal fully covered metal stent reduces patient burden
www.giejournal.org
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in comparison with treatment with multiple plastic stents,
inasmuch as stricture resolution was achieved earlier with
fewer ERCPs and fewer admission days while offering
similar effectiveness for stricture resolution and recur-
rence. A follow-up randomized controlled trial is required
to assess whether the treatment of anastomotic strictures
with intraductal fully covered metal stent is cost effective
over multiple plastic stents.
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SUPPLEMENTARY TABLE 1. Endoscopic stent placement

ID-FCSEMS
(n [ 44)

MPS
(n [ 36)

Stents inserted

1 40 (91.0) 0

2-3 4 (9.0) 8 (22.0)

4-8 0 23 (64.0)

�9 0 5 (14.0)

Median no. of stents inserted 1.0 (1.0-1.0) 5.5 (4.0-8.0)

Size of ID-FCSEMS* -

8-mm / 40-mm 18 (41.0) y
10-mm / 40-mm 26 (59.0)

Number of stent exchanges

0 40 (91.0) 0

1 4 (9.0) 0

2-3 0 24 (66.0)

�4 0 12 (33.0)

Data are presented as n (%) or median (IQR).
ID-FCSEMS, intraductal fully covered self-expandable metal stent; MPS, multiple
plastic stent.
*Size of ID-FCSEMS placed at index ERCP.
yStandard stent diameter in MPS group was 10F (3.3 mm, 0.131 in).
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Supplementary Figure 1. Kaplan-Meier curves on stricture resolution and recurrence.
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