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Abstract

To investigate the outcomes following percutaneous placement of a retrievable fully covered self-

expanding metal stent (fcSEMS) with anchoring flaps at proximal and distal ends for the treatment

of biliary anastomotic strictures following living-donor liver transplantation (LDLT). We retro-

spectively reviewed the medical records of nine patients who underwent this procedure at our

centre between April 2020 and March 2021. Percutaneous stent placement was technically suc-

cessful in 100% patients, and all stents were successfully retrieved. No proximal or distal stent

migration or occlusion was observed during the mean (�SD) stent indwelling period of 191

(� 77) days. Clinical success was 89%. There was one major bleeding complication related to the

biliary approach and one minor stent-related complication of calculus/sludge. During the mean

(�SD) follow-up period of 595� 207 days after stent retrieval, only one patient developed

recurrent clinical biliary stricture and symptoms. Percutaneous placement of a retrievable

fcSEMS with anchoring flaps is safe and feasible for the treatment of biliary anastomotic strictures

following LDLT.
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Introduction

Orthotopic liver transplantation is the pri-
mary treatment for end-stage liver diseases
of various aetiologies, including primary
liver cancer and acute liver failure.1 The
demand for liver transplantation is increas-
ing, and living-donor liver transplantation
(LDLT) is rapidly increasing worldwide
owing to the limited availability of
deceased-donor liver transplantation.1–3

Advancements in surgical techniques, organ
preservation, and immunosuppressants have
contributed to an overall increase in the suc-
cess rate of liver transplantation. However,
biliary complications remain a challenging
issue in 6–40% of patients and affect graft
survival, mortality, and morbidity rates.2,4,5

Biliary stricture is a common biliary
complication after orthotopic liver trans-
plantation, with an overall incidence of
approximately 13%.6 It arises more fre-
quently after LDLT because of local tissue
ischaemia during hilar dissection of the
graft and the small size of the bile
ducts.6,7 Moreover, duct-to-duct anastomo-
sis in LDLT has become the preferred tech-
nique in recent decades owing to its
physiological advantages. However, anasto-
motic strictures are the most common type
of biliary stricture, occurring in approxi-
mately 6–12% of cases because of the
fibrotic healing process of the biliary epithe-
lium.2,4 Early detection and proper man-
agement of biliary strictures are essential
to improve graft survival and patients’
quality of life.

In the past, surgical management was the
standard treatment for biliary strictures.

However, non-surgical treatments, such as
endoscopic or percutaneous management,
have emerged as first-line treatments, and
surgical management is now reserved
for refractory or complicated cases.4,5

Endoscopic placement of multiple plastic
stents (MPS) is commonly performed but
it is associated with complications, such as
stent occlusion, and may require many
repetitive procedures.8 Covered self-
expanding metal stents (cSEMS) have
been reported to overcome these problems
and are non-inferior to MPS but complica-
tions, such as stent migration, persist.9,10

Several cSEMS with antimigration mecha-
nisms have been developed to address these
shortcomings and are available for treating
biliary strictures.11 The purpose of this pre-
sent study was to investigate outcomes
following placement of a retrievable fully
covered self-expanding metal stent
(fcSEMS) with anchoring flaps at proximal
and distal ends for the treatment of biliary
anastomotic strictures following LDLT.

Methods

Patients

For this retrospective study, medical
records of 17 consecutive, adult (i.e., >18
years of age) patients who had been referred
by a liver surgeon for the management of
biliary strictures after LDLT at our centre
between April 2020 and March 2021 were
reviewed by two investigators [J.H., S.L.C.].
Patients with malignant stricture, concur-
rent biliary leakage, hepaticojejunostomy
state, and those where retrievable-stent
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insertion was not possible because of mul-
tiple ductal strictures, were excluded from
the study.

The reporting of this study conforms to
CARE guidelines.12 The study obtained
formal approval from our Institutional
Review Board (IRB No. 2203-017-19410).
Written informed consent was not required
due to the retrospective design of the study
and patient data were anonymized prior to
analysis.

Procedures

In brief, all procedures were performed under
local anaesthesia. A branch of the bile duct
was punctured using a 21G Chiba needle
(Cook, Bloomington, IN, USA) under ultra-
sound and fluoroscopic guidance, followed
by insertion of a 9-Fr sheath (Super Arrow-
Flex; Arrow International, Reading, PA,
USA). Anastomotic strictures were negotiat-
ed using 0.035-inch hydrophilic guidewires
(Radiofocus; Terumo, Tokyo, Japan) or
0.018-inch microwires (Meister; ASAHI
INTECC Co., Nagoya, Japan). Before wire
negotiation, the diameter of the dilated biliary
duct was measured on cholangiography. To
prevent wall erosion or biliary epithelial over-
growth, a stent diameter similar to that of the
dilated duct before stricture formation was
selected, and a stent with an appropriate
length forming smooth angle was selected.
The stent delivery system was advanced
over the 0.035-inch guidewire and positioned
within the anastomotic stricture. A retriev-
able fully covered self-expanding metal stent
(fcSEMS) with anchoring flaps 1cm from
proximal and distal ends (to prevent proximal
or distal migration) and a lasso at the proxi-
mal end for retrieval (Hanaro; M.I. Tech,
Seoul, South Korea) was used (Figure 1).

For most patients, stent placement was
performed immediately after the biliary
approach but in a few patients, it was
delayed up to oneweek, depending on the
management of obstructive cholangitis.

Additional balloon dilatation was performed
if stent expansion was insufficient on chol-
angiography performed immediately after
deployment. Following stent placement, an
8.5-F drainage tube with a pigtail loop
(Cook, Bloomington, IN, USA) was placed
to prevent bile leakage; it was removed two
weeks after the biliary approach.

Scheduled stent retrieval was performed
after an indwelling time of approximately
six months because data from a randomized
clinical trial had shown a potentially low
stricture recurrence rate when cSEMS were
left in place longer than six months.13 We
considered stent exchange for early stent
occlusion or migration less than three
months. The biliary duct was accessed in

the same manner, and a 9-Fr sheath (Super
Arrow-Flex; Arrow International, Reading,
PA, USA) was inserted. However, in cases of
difficult access because of non-dilated bile
ducts, the proximal end of the stent was tar-
geted and punctured first, the needle was left
in place, and contrast medium was injected
to opacify the peripheral ducts which were
then punctured using a second needle.
Finally, the proximal radiopaque lasso was
captured using forceps (Taewoong Medical,
Seoul, Korea) or a snare (ev3, Irvine, CA,
USA), and the stent was contracted and
retrieved. If the cholangiogram after stent

retrieval showed calculi or sludge, saline
lavage was performed.

Outcomes and follow-up

Technical success was defined as successful
stent deployment without migration
within 48 h and successful stent retrieval.

Figure 1. Fully covered self-expanding metal stent
with anchoring flaps (arrows) and a lasso
(arrowhead).
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Clinical success was defined as the absence
of elevated laboratory parameters, such as
bilirubin levels, or clinical symptoms
(including pruritus or fever), during the
stent indwelling period.

During the follow-up period after stent
retrieval, laboratory and imaging studies,
including liver computed tomography
(CT) and magnetic resonance imaging
(MRI), were performed to assess recurrent
anastomotic strictures. Clinical follow-up,
including laboratory examinations, were
performed at 1, 3, 6, and 12 months after
stent retrieval and imaging studies were per-
formed at 3, 6, and 12 months. Irrespective
of scheduled follow-up dates, imaging stud-
ies were also performed to assess recurrent
anastomotic stricture if there was an increase
in laboratory parameters or clinical symp-
toms. All complications were categorised as
major or minor according to the guidelines
of the Society of Interventional Radiology
Standards of Practice Committee.14

Statistical analysis

Categorical variables were presented as
numbers and percentages. Continuous var-
iables were described as median (interquar-
tile range) or mean� standard deviation.

Results

Of the 17 patients initially identified, nine
patients (eight men, one woman) were eligi-
ble for the study. The median (range) age of
the group was 62 (39–78) years (Table 1).
Of the nine patients, two (22%) had a his-
tory of drainage-tube placement following
balloon dilatation, and one (11%) had
undergone MPS placement. This man was
in his mid-60’s with underlying alcoholic
liver cirrhosis and a history of MPS inser-
tions following LDLT. He developed recur-
rent biliary anastomotic stricture 119 days
after multiple plastic stent removal.
CT scans and fluoroscopic images of the

procedures he underwent are shown in

Figure 2.
The median interval from LDLT to stent

insertion was 362 days (range 51 to 1568

days) and the interval varied according to

treatment history. Two patients underwent

stent placement distant from the biliary

approach for the management of cholangi-

tis. The stent diameters used were 6mm

(4 patients), 8mm (4 patients), and 10mm

(one patient). Only one patient underwent

dilatation using a 7mm diameter balloon

after deployment because of insufficient

expansion of an 8mm diameter stent.
Percutaneous stent placement was tech-

nically successful in 100% patients, and all

stents were successfully retrieved (Table 2).

No proximal or distal stent migration or

occlusion was observed during the mean

stent indwelling period of 191 (�77) days

(range, 121–375). Among all stent deploy-

ment and retrieval procedures, a procedure-

related complication of bleeding occurred

only once and was managed using

peripheral-branch arterial embolization.

One minor stent-related complication of

Table 1. Demographic characteristics of the study
patients.

Characteristic

Results

n¼ 9

Age, years 62 (39–78)

Sex, M:F 8:1

Aetiology of underlying liver disease

Alcohol 4 (44)

Hepatitis B virus 3 (33)

Hepatitis B virus 1 (11)

Non B or C 1 (11)

Treatment history

None 6 (67)

Drainage tubeþ balloon

dilatation

2 (22)

Multiple Plastic Stents 1 (11)

Interval from LDLT, days 362 (51–1568)

LDLT, living-donor liver transplantation.

Data are expressed as, n, or n (%), or median (range).
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calculus/sludge was detected on cholangiog-

raphy immediately after stent retrieval and

was resolved with saline lavage alone.
In eight patients, laboratory parameters

(e.g., bilirubin levels) did not increase and

so clinical success was 89% (Table 2). In

addition, no imaging evidence of recurrent

anastomotic stricture was observed during

a mean follow-up of 595� 207 days (range,

311–852). However, one patient, with no

treatment history, developed hyperbilirubi-

nemia with general weakness 852 days after

stent retrieval. Therefore, this patient

underwent placement of an 18-F drainage

tube across the stricture segment for

approximately six months and is currently

being followed up.

Discussion

The relatively high success rate and feasibil-

ity of re-treatment have increased the use of

non-surgical procedures for biliary stric-

tures following liver transplantation.4,10 In

spite of including patients with a history of

previous treatment, the overall stricture-

resolution rate in our study was 89%. We

believe that this result is similar to, or

slightly superior to, those previously

reported, but direct comparisons are

Figure 2. Computed tomography (CT) scan and fluoroscopic images from a man in his mid-60’s with
underlying alcoholic liver cirrhosis and a history of multiple plastic stent insertions following living-donor
liver transplantation (LDLT). He developed recurrent biliary anastomotic stricture 119 days after multiple
plastic stent removal. (a) CT scan of the liver showing a dilated biliary duct with an anastomotic stricture
(white arrow). (b) The anastomotic strictures (arrowhead) were negotiated. (c) A fully covered self-
expanding metal stent with anchoring flaps (black arrow) was placed. (d) After a stent indwelling period of
179 days, stent retrieval was performed by capturing the lasso using a snare catheter and (e) Cholangiogram
immediately after stent retrieval showing resolution of the biliary stricture. No stricture recurrence
occurred during the 818-day follow-up period.
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difficult because of different study designs

and indwelling periods.15–18 Maintaining
maximal dilatation over a long period is

important for achieving a better stricture-
resolution rate.13 In this regard, a fcSEMS

with anchoring flaps may be advantageous
because it can expand to a larger diameter

than MPS can achieve and can remain

unchanged over a long indwelling period.5

In addition, it allows for fewer treatment

sessions compared to that for MPS, which
generally requires repeated treatment ses-

sions especially for long indwelling periods.

Compared with the percutaneous long-term
placement of a large-bore drainage catheter,

fcSEMS with an anchoring flap does not
cause severe pain related to irritation of

the diaphragm or skin problems.
Stent migration rates of cSEMS in

benign biliary strictures vary widely from

4–100%; data related to LDLT are limit-
ed.4,15,19 Although a meta-analysis found

no statistically significant difference in the

migration rates between fcSEMS and MPS,
stricture recurrence rates tended to be

higher when fcSEMSs were removed
early.18 Likewise, one study found the

stricture-recurrence rate in patients with a
stent indwelling period of less than three

months was 15%, compared with 8% in
those with more than three months.20

With regard to stent migration, one study
reported rates of 18% and 75% at three and
six months, respectively. 15 This result sug-
gests that the longer the stent indwelling
period, the higher the migration rate.15

Therefore, for a long stent indwelling
period, such as six months, an antimigra-
tion mechanism is essential to maintain
the cSEMS. Among the cSEMS with vari-
ous antimigration mechanisms, retrieval
failure owing to tissue ingrowth has been
reported in partially uncovered SEMS and
flaps tend to show better results than flared
ends or a waist.19–21 In our study, no stent
migrated during the mean 191 day indwell-
ing period, and no retrieval failure was
observed, suggesting that anchoring flaps
are an effective and safe antimigration
mechanism. To the best of our knowledge,
this is the third study assessing the migra-
tion rate of fcSEMSs with anchoring flaps,
and, the first study to evaluate their useful-
ness in patients who have undergone
LDLT.19,21

Regarding stent occlusion, MPS have
been associated with occlusion requiring
early endoscopic intervention in approxi-
mately 6% of cases.22 In our study, no
stent occlusion occurred during the indwell-
ing period, although in one case, the dura-
tion from deployment to retrieval was
375 days. Therefore, in patients requiring
long stent indwelling duration, fcSEMSs
may be advantageous compared with
MPS, which requires the exchange or addi-
tion of stents over multiple treatment
sessions.

Our study had several limitations. For
example, it was a single-centre, retrospec-
tive study with a small sample size. In addi-
tion, the sample included patients with
varying time intervals between LDLT and
stenting and different treatment history.
Moreover, the average follow-up duration
of approximately 600 days may not be

Table 2. Outcomes and complications.

Outcomes and complications

Results

n¼ 9

Technical success 9 (100)

Stent indwelling time, days 191� 77

(range, 121–375)

Procedure-related complication

Major 1 (11)

Minor 0 (0)

Stent-related complication

Major 0 (0)

Minor 1 (11)

Follow-up after stent

retrieval, days

595� 207

(range, 311–852)

Clinical success 8 (89)

Data are expressed as, n (%) or mean� standard

deviation.
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sufficient given the tendency for stricture

recurrence over time. Therefore, a prospec-

tive, multicentre study with a large sample

size and a long follow-up period is required

to validate our results.
In conclusion, data from this small study

showed that percutaneous placement of a

fcSEMS with anchoring flaps for the treat-

ment of biliary anastomotic strictures fol-

lowing LDLT was associated with a low

risk of stent migration and retrieval failure,

and had a good clinical success rate.
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