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Abstract

Background and aims Endoscopic multiple plastic stents are an established first-line treatment for anastomotic biliary stric-
ture (ABS) management after liver transplantation (LT). Fully covered self-expandable metallic stents (FCSEMSs) have
recently been used with favorable outcomes, but long-term treatment outcomes remain an issue for ABS. We evaluated the
long-term outcomes of FCSEMS for the management of refractory ABS after LT.

Methods We reviewed the prospectively collected and maintained endoscopic retrograde cholangiography database at Asan
Medical Center to retrieve consecutive post-LT ABS cases that underwent an endoscopic FCSEMS placement between
August 2009 and August 2019 after MPS placement failure.

Results A total of 34 patients were enrolled in this study. Technical success had been achieved in all subjects (100%). The
median stent placement duration was 3.1 months (IQR 2.7-6.1). Stricture resolution was achieved in 26 patients (clinical
success 76.5%, 95% confidence interval 62-91). Early adverse events developed in 3 patients (8.8%), including distal stent
migration. Late adverse events occurred in 9 patients (26.5%), including cholangitis (n="7, 20.6%) and asymptomatic distal
stent migration (n=2, 5.9%). The median follow-up period was 57.9 months (IQR 51.9-64.3). Stricture recurrence occurred
in 3 of 26 patients who achieved clinical success (11.5%).

Conclusions FCSEMS placement appears to be an effective and advisable intervention for refractory ABS as it can provide
persistent stricture improvement over the long-term.

Keywords Liver transplantation - Self-expandable metallic stents - Cholestasis - Cholangiopancreatography - Endoscopic
retrograde - Constriction

Abbreviations Liver transplantation (LT) is the treatment of choice for
LT Liver transplantation acute liver failure, cirrhosis, and hepatocellular carcinoma
ABS Anastomotic biliary stricture [1]. Despite advances in surgical techniques, graft preser-
NABS Non-anastomotic biliary stricture vation, and immunosuppressive treatment however, biliary
ERC Endoscopic retrograde cholangiography strictures have remained the most common adverse events

of an LT, occurring in up to 10% of deceased-donor liver
transplantation (DDLT) and 30% of living-donor liver trans-
plantation (LDLT) cases [2-5].

Endoscopic retrograde cholangiography (ERC) is cur-
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rently the first line treatment for the management of an
anastomotic biliary strictures (ABS) after LT [6]. Multiple
plastic stent (MPS) placement with an increasing number of
stents at each stent exchange is the preferential approach and
provides a high success rate of up to 94% [4, 7-9]. Notably
however, MPS placement usually requires 4 or 5 sessions of
ERC to achieve resolution of the ABS [10, 11]. Recently,
fully covered self-expandable metal stents (FCSEMSs) have
been used to treat malignant biliary strictures and it have
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been applied also for benign biliary strictures, including
post-LT ABS. An FCSEMS has a larger diameter than the
plastic stent, which produces a longer patency and lower risk
of stent blockage [12]. FCSEMS placement has proposed as
an alternative method for MPS placement and few studies
have demonstrated the efficacy of this method in patients
with post-LDLT ABS [12-17]. To date however, the long-
term outcomes of FCSEMS placement still remain unclear in
patients with post-LDLT ABS. We therefore further evalu-
ated the long-term outcomes of FCSEMS placement for the
management of refractory post-LT ABS is in our present
study.

Methods
Patients

We reviewed the prospectively collected and maintained
ERC database at Asan Medical Center to retrieve informa-
tion on consecutive patients with post-LDLT ABS who had
undergone endoscopic FCSEMS placement between August
2009 and August 2019. Prior to the ERC in each case, an
ABS had been identified on cross-sectional imaging stud-
ies, including computed tomography (CT) or magnetic
resonance cholangiopancreatography (MRCP), or external
biliary drainage tube cholangiogram. The inclusion criteria
for this present study were: (1) an age of at least 20 years,
(2) a post-LT ABS with bilobiliary anastomosis, and (3)
refractory ABS. The exclusion criteria were: (1) aged below
20 years, (2) a non-anastomotic biliary stricture (NABS),
(3) a biloenteric anastomosis (i.e., hepaticojeunostomy), or
(4) malignant biliary strictures. Written informed consent
was obtained from all patients before undergoing ERC. This
study was approved by the Institutional Review Board (IRB)
at Asan Medical Center (IRB number: 2020-0769).

Procedures

ERC was carried out by two experienced endoscopists
(S.K.L and D.O) who each performed more than 1000 cases
annually. All procedures were performed under conscious
sedation with intravenous midazolam and meperidine using
a therapeutic duodenoscope (TJF 260; Olympus Optical,
Tokyo, Japan). Prophylactic antibiotics was administered
intravenously before the procedure. After selective biliary
cannulation, a cholangiogram was obtained to assess the
location and configuration of the anastomotic stricture.
Biliary sphincterotomy had already been performed in all
patients for previous MPS to allow easier instrumentation
and stent placement. Under fluoroscopic guidance, a guide-
wire was inserted across the anastomotic stricture. In patients
with severe stricture, hydrostatic 6-mm or 8-mm balloon
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dilatation (Hurricane™, Boston Scientific, Natick, MA) was
performed before FCSEMS placement. The FCSEMS diam-
eter was selected according to the diameter of intrahepatic
bile duct (IHD) above the stricture. The FCSEMS length
was set to allow 0.5 to 1 cm of each end to extend beyond
the stricture segment [18]. The center of the FCSEMS was
placed at the center of the anastomotic stricture under fluoro-
scopic guidance. Plastic stent placement was considered if
cross blockage of a branch of the IHD by the FCSEMS was
suspected.Transpapillary stent placement was performed in
our patient series from 2007 to 2016. From 2017 onwards,
suprapapillary stent placement was conducted since a modi-
fied intraductal FCSEMS was available. The FCSEMS was
placed inside the bile duct and only the long lasso was
exposed to the duodenal lumen. The exchange or removal
of the FCSEMS was performed 2-3 months after its place-
ment. The FCSEMS was removed using rat-tooth forceps. A
follow-up balloon-occluded cholangiogram was used after
stent removal to evaluate ABS improvement. If the stricture
was not resolved, a new FCSEMS was placed.

Modified FCSEMS

Conventional FCSEMS (BONASTENT; Standard Sci-Tech
Inc., Seoul, South Korea) was used from 2007 to 2016 at our
hospital. From 2017 onward, a newly modified FCSEMS
was introduced in our institute. For stricture dilation, two
types of newly designed modified intraductal FCSEMS
(Kaffes, Taewoong Medical, Seoul, Korea; BONASTENT
M-Intraductal, Standard Sci-Tech Inc.) were used among the
current study patients, in accordance with the diameter of
the IHD above the anastomotic stricture. These two stents
have a common saddle-like shape in the central portion that
prevents migration, and both distal ends have a large diam-
eter. The aforementioned Kaffes stent is 6 mm in diameter
at each end and gradually tapers to a central diameter of
4 mm (Fig. 1). It also has three radiopaque markers for pre-
cise positioning of the stent at the stricture site and a 10 cm
length of retrievable radiopaque string at its end for endo-
scopic removal. The available lengths for this stent are 4, 6,
and 8 cm and it is equipped with an 8.5-Fr delivery system.
The M-intraductal stent is 8 and 10 mm in diameter at oppo-
site ends and 6 mm at the central portion (Fig. 1). It also has
three radiopaque markers to enable precise placement. A
7 cm length of string is attached to the distal end for endo-
scopic stent removal. This modified FCSEMS is available
in lengths ranging from 3 to 8 cm and is equipped with an
8-Fr standard delivery device.

Follow-up

Patient follow-up was based on an outpatient examination,
including clinical symptoms, abnormal laboratory findings,
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Fig. 1 The modified fully covered self-expandable metal stents for suprapapillary stent placement. These stents have a central waist portion, and

a long lasso for stent removal. A Kaffes stent, B M-Intraductal stent

and signs of adverse events, including cholangitis, at least
once every 4 weeks or whenever adverse events arose while
the stent was in place [15]. After resolution of the ABS,
a follow-up was performed every 3 months or whenever
adverse events occurred. When stricture recurrence was
suspected, imaging studies, such as CT or MRCP, or a diiso-
propyl iminodiacetic acid scan were performed [17]. After
confirmation of ABS recurrence, ERC was performed for
stent placement.

Definitions of outcomes

Refractory stricture was defined as an ABS relapse within
6 months after removal of a plastic stent which had been
in place for at least 12 months, or persistent ABS despite
MPS placement. Technical success was defined as appro-
priate stent placement along the stricture with free flow of
contrast through the deployed FCSEMS [18]. Clinical suc-
cess was defined as an ABS resolution after stent removal
[13]. Stricture resolution was considered to be the disap-
pearance of stricture on a cholangiogram at the time of
stent removal and when a 12-mm extraction balloon could
easily pass through the anastomosis [13]. Stent occlusion

was defined as the development of obstructive jaundice,
with or without cholangitis, that was confirmed clinically
and via cross-sectional radiologic imaging. Stent migration
was defined as any displacement of the stent into the bile
duct (proximal migration) or duodenum (distal migration)
[19]. Adverse events were classified in accordance with a
lexicon for endoscopic adverse events proposed by consen-
sus guideline [20]. An early adverse event was defined as
any procedure-related adverse event within 14 days. A late
adverse event was defined as any procedure -related adverse
event occurring 14 days after the procedure [20].

Statistical analysis

All of the statistical analyses in this present study were
conducted using SPSS version 22.0 (SPSS Inc., Chicago,
IL). The results were expressed as a median or interquartile
range (IQR) with a 95% confidence interval (CI). Categori-
cal variables were compared using a Fisher’s exact test, and
continuous variables using the Mann—Whitney U-test. The
cumulative stricture recurrence free survival rate after stent
removal was analyzed with the Kaplan—-Meier method. A P
value < 0.05 was considered statistically significant.
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Table 1 Baseline characteristics of the enrolled patients

Table 2 Clinical outcomes among the enrolled patients

Characteristics Total (n=34)
Age, median (IQR), years 58 (52-64.3)
Sex, n (%)
Male 29 (85.3)
Female 5(14.7)
Reason for LT, n (%)
Liver cirrhosis 18 (52.9%)
Hepatocellular carcinoma 13 (38.2%)
Fulminant hepatic failure 3 (8.8%)
Time interval between ABS and first endoscopic 7.12 (2-91.3)

treatment, median (IQR), months

IQR interquartile range, LT liver transplantation, ABS anastomotic
biliary stricture

Results
Baseline characteristics of the study patients

The baseline characteristics of the study subjects are sum-
marized in Table 1. A total of 34 patients with ABS were
enrolled and were predominantly male (n=29, 85.3%)
with a median age of 58 years (interquartile range [IQR
52-64.3]). The most common indication of LT was liver
cirrhosis (n=18, 52.9%). The median interval from LT to
stricture appearance was 7.12 months (IQR 2-91.3). ABS
developed within the first year in 21 patients (61.8%). All
patients had been treated endoscopically using multiple plas-
tic stent placement prior to FCSEMS placement. The median
interval from LT to metal stent placement was 41.5 months
(IQR 13.1-123.5).

Clinical outcomes

The clinical outcomes of the study population are presented
in Table 2. Technical success was achieved in all cases
(100%). Twenty-one patients (61.8%) underwent suprapap-
illary stent placement and the remaining 13 patients (38.2%)
underwent transpapillary stent placement. The median stent
placement duration was 3.1 months (IQR 2.7-6.1). A stone
was identified in 16 patients (47.1%) at the time of stent
removal. All bile duct stones were removed by balloon
catheter and basket. Stricture resolution was achieved in 26
patients (clinical success: 76.5%, 95% confidence interval
62-91) (Fig. 2). Stent removal was successful in all patients.
In 8 patients who did not achieve clinical success, stricture
resolution failed due to a refractory stricture (n=35) or early
distal stent migration (n=3). In those five cases with a
refractory stricture (14.7%), a regular stent exchange was
performed (MPS, n=3; FCSEMS, n=2).
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Characteristics Total (n=34)
Technical success, n (%) 34 (100)
Suprapapillary stent placement, n (%) 21 (61.8)
Transpapillary stent placement t, n (%) 13 (38.2)
Stent diameter and length, n (%)

6 mm, 4 cm 3(8.8)

6 mm, 6 cm 3(8.8)

6 mm, 11 cm 4(11.8)

8 mm, 3 cm 7 (20.6)

8 mm, 5 cm 8(23.5)

8 mm, 9 cm 3(8.8)

10 mm, 5 cm 3(8.8)

10 mm, 7 cm 2(5.9)

10 mm, 10 cm 1(2.9)
Clinical success, n (%) 26 (76.5%)
Stent placement duration, median (IQR), months 3.1 (2.7-6.1)
Early adverse events, n (%) 3(8.8)
Distal stent migration 3(8.8)
Late adverse events, n (%) 9 (26.5)
Cholangitis due to stent occlusion 7 (20.6)
Asymptomatic distal stent migration 2(5.9)

57.9 (51.9-64.3)
3/26 (11.5%)

Follow-up period, median (IQR), months

*Stricture recurrence, n (%)

IQR, interquartile range

*Stricture recurrence was evaluated in patients who achieved clinical
success

Early adverse events developed in 3 patients (8.8%),
including distal stent migration. These patients underwent
MPS placement due to persistent ABS. After MPS place-
ment, stricture resolution was achieved.

Late adverse events occurred in 9 patients (26.5%),
including cholangitis (n="7, 20.6%) and asymptomatic
distal stent migration (n=2, 5.9%). Among 7 patients
with acute cholangitis due to stent occlusion, 6 under-
went FCSEMS placement after stent removal and one did
not receive any stent placement owing to improvement in
the ABS. The two patients with asymptomatic distal stent
migration did not undergo stent placement due to improve-
ment of ABS.

The median follow-up period was 57.9 months (IQR
51.9-64.3). Stricture recurrence occurred in 3 of 26
patients who achieved clinical success (11.5%) at 7, 8.6,
and 15.8 months after FCSEMS removal, respectively
(Fig. 3). Two patients received a further FCSEMS place-
ment and the remaining patient underwent percutaneous
transhepatic biliary drainage. Stricture resolution was
achieved in all of these patients with recurrent ABS.
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Fig.2 Placement of a modified fully covered self-expandable metal
stent (FCSEMS) for treating refractory strictures. A Cholangiogram
showing an anastomotic biliary stricture, B Multiple plastic stent
placements were maintained at 3-month intervals for 2 years, C Chol-
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Fig. 3 Kaplan—-Meier curve showing cumulative stricture recurrence-
free survival rate after stent removal

Comparison of clinical outcomes according to stent
placement type

Twenty-one patients (61.8%) underwent suprapapillary stent
placement and the remaining 13 cases (38.2%) underwent
transpapillary stent placement (Table 3). Subgroup analysis

angiogram showing a refractory stricture, D FCSEMS insertion into
the stricture site, E Cholangiogram demonstrating resolution of the
anastomotic stricture

Table 3 Comparison of clinical outcomes according to stent place-
ment type

Characteristics Transpapillary Suprapapillary P-value

stent (n=13) stent (n=21)

Technical success, n (%) 13 (100) 21 (100)

Clinical success, n (%) 12 (92.3) 14 (66.7) 0.218
Early adverse events, n (%) 1(7.7) 2(9.5) 0.857
Late adverse events, n (%) 2 (15.4) 7 (33.3) 0.256
*Stricture recurrence, n 2/12 (16.7) 1/14 (7.1) 0.705

(%)

*Stricture recurrence was evaluated in patients who achieved clinical
success

revealed that the clinical success rate was not statistically
different between these two groups (suprapapillary stent
placement: 14/21, 66.7% vs. transpapillary stent place-
ment: 12/13, 92.3%, P=0.218). The early adverse event rate
(suprapapillary stent placement: 2/21, 9.5% vs. transpapil-
lary stent placement: 1/13, 7.7%, P=0.857) and late adverse
event rate (suprapapillary stent placement: 7/21, 33.3% vs.
transpapillary stent placement: 2/13, 15.4%, P=0.256)
also showed no statistical differences. The stricture recur-
rence rate was also not different between the groups
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(suprapapillary stent placement: 1/14, 7.1% vs. transpapil-
lary stent placement: 2/12, 16.7%, P=0.705).

Discussion

We here evaluated the clinical outcomes of an FCSEMS
placement for the management of refractory ABS after the
failure of prior MPS placement. Our results suggest that an
FCSEMS placement for ABS shows an effective and reason-
able safety profile in patients with refractory strictures. The
stricture resolution was maintained in 67.6% of our present
study patients by the end of follow-up (median 57.9 months).
To best of our knowledge, our current study incorporated the
longest follow-up duration to date for evaluating the efficacy
and safety of FCSEMS placement in LDLT patients with
refractory strictures.

In our present study, technical success was achieved in
all patients and stricture resolution was achieved in 76.5%
of cases. As in previous reports, FCSEMS placement in
strictures after DDLT (85-90%) showed a better stricture
resolution that after LDLT (58-76%) [21, 22]. Our current
results revealed similar clinical outcomes to those in previ-
ous reports of patients who underwent LDLT. These lower
stricture resolutions in LDLT are due to the small-caliber,
multiple and complex fibrotic anastomoses, and hypertrophy
of the transplanted liver [23]. In a recent study by Jang et al.,
stricture resolution was achieved for all post-LDLT strictures
[17]. The patients in that study underwent FCSEMS place-
ment as their initial treatment, or after receiving endoscopic
or percutaneous treatment for less than 3 months. On the
other hand, refractory patients without stricture resolution
or recurrence after receiving MPS placement for at least
1 year were included in our current study. It seems that these
cohort differences may have affected the stricture resolution
outcomes. It remains unclear whether FCSEMS placement
should be used as initial treatment for ABS, rather than MPS
placement. FCSEMSs may be beneficial for patients refrac-
tory to MPS treatment. According to our present results and
higher stricture resolution rate of previous reports, therefore,
FCSEMS placement can be considered a viable initial treat-
ment before entering the refractory phase.

Suprapapillary stent placement has recently been used
to extend stent patency by preventing duodenobiliary reflux
[18]. Theoretically, placing the distal end of the stent in the
bile duct may reduce duodenobiliary reflux [24]. Several
studies have shown that suprapapillary stent placement
seems to be effective to prolong stent patency, but robust
evidence is still lacking [17, 18, 24]. In addition, recent
studies have reported no significant difference between
suprapapillary and transpapillary stent placement in metal
stents with regard to stent patency [25, 26]. In this present
study, the stricture resolution rate was comparable between
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the suprapapillary and transpapillary placement groups.
However, the number of cases in each group is too small to
conclusively determine that the two methods yield compa-
rable results. In addition, previous reports have suggested
that avoiding endoscopic sphincterotomy (EST) may reduce
duodenobiliary reflux [24, 27]. All of our current study sub-
jects received EST in past MPS placement which may have
affected these outcomes.

In the present patient population, the overall stent
migration rate was 14.7% of patients (n=3, early migra-
tion; n=2, late migration), which is similar to the 10-16%
range described in previous reports [13, 22, 28-31]. Stent
migration is one of the major drawbacks for FCSEMS place-
ment and an intraductal FCSEMS with a central waist has
recently been developed to prevent migration. The migration
rate of an intraductal FCSEMS has been reported at 0-6.4%
[15-18, 32]. Compared to previous studies, stent migration
was higher among the current patients. It is possible that
both conventional and intraductal FCSEMS was included
in our present cohort. In addition, all of our study subjects
had already received endoscopic treatment, and thus already
had been partially treated, which has been shown previously
to increase the risk of migration [33].

One of the main concerns with FCSEMS placement
is the risk of occlusion of secondary branch ducts, which
induces cholangitis [32]. The margin of the FCSEMS ends
may also be associated with turbulent bile flow, which will
cause sludge formation [32]. In a recent study, an additional
plastic stent placement was performed into the side branch
duct prior to FCSEMS placement to prevent occlusion of the
side branch duct [15]. In this present study, bile duct stones
were identified in 47.1% of the patients at the time of stent
removal. Furthermore, cholangitis without abscess forma-
tion due to stent occlusion developed in 20.6% of the present
study population. In recent meta-analyses, adverse events,
including cholangitis and stent migration was statistically
similar between FCSEMS placement and multiple plastic
stent placement [34, 35]. Stones may contribute to the devel-
opment of cholestasis or cholangitis. Modifications of the
stent structure are thus needed to improve bile flow within
the FCSEMS and thereby reduce the risk of stone or sludge
formation. In addition, placing an additional plastic stent
into the side-branch duct prior to inserting the FCSEMS
could help in preventing the blockage of the latter duct.

Stricture recurrence was observed in 11.5% of the present
study patients during a median 57.9 months of follow-up
with a median stent placement duration of 3.1 months (IQR
2.7-6.1). Previous reports have demonstrated that a short
duration stent placement may increase the rate of recurrence
[13, 36]. In a recent systemic review, the stricture resolu-
tion rate was reported to be higher in patients in whom the
stent was maintained for more than 3 months [28]. These
results emphasize the impact of the duration of FCEMS
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placement. Although a longer FCSEMS placement dura-
tion may improve stricture resolution and lower stricture
recurrence, it could also increase the chance of stent-related
adverse events, including migration or occlusion as a trade-
off. These trade-offs should be factored into the decision to
use FCSEMS. To date, the appropriate stent placement dura-
tion of FCSEMS in patients with ABS is still unclear and
further studies are needed. Current guidelines recommend
a 6-month duration of FCEMS placement for benign biliary
strictures [37]. Based on our results and previous results, a
6-month duration of FCEMS placement may be helpful for
management of ABS [34, 37].

This study had several limitations. First, the analyses were
retrospective and involved patients from a single tertiary
center. The sample size was also small, making it difficult to
generalize the efficacy of the FCSEMS placement in patients
with refractory ABS after LDLT. In addition, the stent place-
ment duration for the FCSEMS was three months, which
may negatively affect the recurrence rate. Further large scale
prospective studies are necessary to evaluate the most effec-
tive stent placement duration of FCSEMS to resolve an ABS
and reduce the recurrence rate of post-LT ABS.

In conclusion, an FCSEMS placement shows favorable
long-term outcomes in patients with refractory ABS, espe-
cially those due to a failure of MPS placement. The dura-
tion of FCSEMS placement should be further investigated,
however. Further large, randomized, prospective studies are
required to confirm the efficacy of FCSEMS placement.
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