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Abstract
Objectives: Anastomotic biliary strictures (ABSs) are common complications
following living donor liver transplantation (LDLT).We evaluated the feasibility
of a novel removable, intraductal, fully covered,self -expandable metallic stent
(FCSEMS) for the treatment of ABSs following LDLT.
Methods: Nine patients with duct-to-duct ABSs that developed following
LDLT were prospectively enrolled in this study. We placed a short FCSEMS
with a long lasso and middle waist formation in each patient’s ABS above the
papilla and removed it 16 weeks later.
Results: The FCSEMS placements were successful in all nine cases. Four
patients experienced mild cholangitis, which was resolved with conservative
treatment.Additionally, there was one case of distal migration.The FCSEMSs
were successfully removed from all the patients, and the clinical success rate
was 100%. Stricture recurrence occurred in one (11.1%) patient during the
follow-up period.
Limitations: The small number and lack of comparison with other types of
FCSEMSs and plastic stents.
Conclusions: Intraductal placement of FCSEMSs is useful for treating
refractory ABSs after LDLT, although further studies are required with larger
sample sizes.

KEYWORDS
anastomotic biliary stricture, fully covered self -expandable metallic stent, living donor liver
transplantation, plastic stent, cholangitis

INTRODUCTION

Liver transplantation (LT) is effective for treating patients
with end-stage liver disease.1,2 However,various compli-
cations can occur. Biliary complications are especially
common after LT,3 and their incidence is 5%–32%.4–6

Biliary strictures post-LT are usually anastomotic, but
non-anastomotic strictures include relapse of primary
sclerosing cholangitis. The incidence of anastomotic
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the original work is properly cited.
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biliary strictures (ABSs) is 6%–12% after orthotopic liver
transplantation7,8 and 16%–32% after living donor liver
transplantation (LDLT).9,10

ABSs commonly occur as late complications, approx-
imately 5–8 months after transplantation.6 Therefore, it
is necessary to perform imaging, such as abdominal
ultrasonography, computed tomography, and magnetic
resonance cholangiopancreatography, at an early stage
when hepatobiliary enzymes rise to determine whether
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F IGURE 1 Flowchart of patient inclusion. ABS, anastomotic
biliary strictures.

ABSs are present. If biliary strictures are strongly sus-
pected, endoscopic retrograde cholangiopancreatogra-
phy (ERCP), which can be used for both diagnosis and
treatment, should be performed.

The use of plastic stents (PSs) and balloon dilation
is common for treating ABSs that develop after LDLT,11

and success rates with these methods range from 37%–
96%.9,10,12–16 However, balloon dilation and PSs are
usually replaced at 3–6 month intervals, thereby requir-
ing frequent endoscopic procedures.Furthermore, there
is a strong possibility of stricture recurrence.

Self -expandable metallic stents (SEMSs) are useful
for treating ABSs after LT because of their wider biliary
dilatation capability. Compared to PSs, SEMSs prolong
the duration of bile duct patency and reduce the need
for reintervention. Additionally, ABS treatment success
rates with metallic stents range from 75% to 100%,17–19

and the recurrence rates are low (15%–24%).17,18

In this study, we aimed to evaluate the long-term
efficacy and safety of non-flared, fully covered, self -
expandable metallic stents (FCSEMSs) for the treat-
ment of ABSs after LDLT that are not resolved with
conventional endoscopic treatments using plastic stents
and balloon dilatation.

METHODS

Study design and patient selection

This was a single-center, prospective, non-randomized
pilot study performed from July 2019 to May 2021.
Figure 1 depicts a flowchart of the patient inclusion pro-
cess. From August 1997 onward, 260 patients received
LDLT in our hospital. Two hundred eighteen patients
had duct-to-duct anastomosis, of which 51 patients had

clinical symptoms or elevated hepatobiliary enzyme
levels indicating bile duct obstruction; those with an
ABS after LDLT proven by imaging (e.g., ultrasonog-
raphy, computed tomography, or magnetic resonance
cholangiopancreatography), and those with persistent
biliary strictures after endoscopic treatment using PS,
with or without balloon dilation. Nine patients partici-
pated in this clinical trial. The exclusion criteria were
as follows: inability to tolerate endoscopic treatment,
suspected malignant biliary stricture, biliary stricture
due to a benign tumor, surgically altered gastroin-
testinal anatomy, the severe bleeding tendency (i.e.,
platelet count <50,000/mm3, prothrombin time interna-
tional normalized ratio >1.5, or taking antithrombotic
drugs), and those who refused to participate. Written
informed consent for the endoscopic procedure was
obtained from all the patients. Immunosuppression ther-
apy with tacrolimus or cyclosporin and steroids was
initiated after the LDLT procedure to avoid and treat graft
rejection, and basiliximab or mycophenolate mofetil was
administered to patients with renal dysfunction.

This study was approved by the Institutional Review
Board of our hospital, and it was registered in the UMIN
Clinical Trial Registry (UMIN000036910).

Endoscopic procedure and follow-up

Before participating in this study, each patient had
a plastic stent placed at least once, and endoscopic
sphincterotomy was not performed after the LDLT
procedure. The intra-ductal FCSEMS (BONASTENT
M-Intraductal; Standard Sci Tech Inc., Seoul, South
Korea) we used has a slightly constricted central por-
tion to prevent migration and dislocation (Figure 2).20

We performed the ERCP using a side-viewing duo-
denoscope (TJF-260V or JF-260V; Olympus Medical,
Tokyo,Japan) under moderate sedation with intravenous
administration of midazolam and pethidine hydrochlo-
ride. Scopolamine butylbromide or glucagon was used
as a gastroduodenal antispasmodic agent. Antibiotic
administration was routinely initiated immediately before
the ERCP procedure. Non-invasive blood pressure
measurements,pulse oximetry,and electrocardiography
were used to continuously monitor vital signs during the
procedure.

A hydrophilic guidewire (VisiGlide2; Olympus Medi-
cal or Revowave UltraHard; Piolax Medical, Kanagawa,
Japan) was placed through the ABS and into the hepatic
bile duct (Figure 3a).Cholangiography was performed to
determine whether the catheter could pass through the
ABS without resistance and to evaluate the confluence
of the branches. If there was resistance during catheter
insertion, the stricture was dilated with a 6- or 8-mm dila-
tion balloon (REN; Kaneka Medix Corp., Osaka, Japan).
When placing each FCSEMS, it was important to align
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F IGURE 2 (a) Intraductal fully covered self -expandable metallic stent (BONASTENT M-Intraductal; Standard Sci Tech Inc., Seoul, South
Korea). This fully covered self -expandable metallic stent has a slightly constricted central part to prevent migration and a long lasso for easy
removal. There is a visible crosswire in the center for excellent visibility. (b, c) The tip of the inner cylinder and the visible marker are configured
as shown in the figure.

the crosswire with the center of the stricture (Figure 3b),
and it was critical to select an FCSEMS length that
did not obstruct the biliary branches. If obstruction was
unavoidable, we placed a PS side-by-side as a rescue
stent.21 After 16 weeks, each FCSEMS was removed
through the working channel of the duodenoscope by
grasping the lasso with forceps (Figure 3c). Cholan-
giography was performed to confirm that the ABS was
resolved (Figure 3d).

In cases of duct-to-duct anastomosis, the biliary
branch differs depending on which lobe is grafted. For
a left lobe graft, the FCSEMS is often placed in B2
or B3, but this creates a risk of obstructing the biliary
branch (Figure 4a). Therefore, it may be necessary to
place a PS in the biliary branch,away from the FCSEMS
(Figure 4b).

For a right lobe graft, the upper end of the FCSEMS
may span the confluence of the anterior and poste-

rior segment branches (Figure 5a). If the FCSEMS is
placed in the anterior segment branch, the PS may
have to be retained on the posterior segment branch
(Figure 5b).

We followed the patients on an outpatient basis with
clinical examinations and blood tests, including hepa-
tobiliary enzymes, at 1, 3, 6, 9, and 12 months after
removal. Abdominal imaging (computed tomography or
magnetic resonance cholangiopancreatography) was
used to investigate signs of recurrence, and ERCP was
performed if recurrence was strongly suspected and
biliary drainage was required.

Definition of events

Technical success was defined as the successful
positioning of the FCSEMS along the stricture with

 26924609, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/deo2.225 by C

ochrane Japan, W
iley O

nline L
ibrary on [28/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



4 of 11 KOMATSU ET AL.

F IGURE 3 This patient was a 55-year-old male with an anastomotic biliary stricture that developed after left lobe living donor liver
transplantation. (a) Cholangiography before fully covered self -expandable metallic stent (FCSEMS) placement. Since the confluence of B2 and
B3 was far from the anastomotic site, it was believed that there was no risk of obstructing the biliary branch with the FCSEMS. A guidewire was
placed in B3 through the left hepatic duct. (b) An FCSEMS was placed in the left hepatic duct. The opaque FCSEMS crosswire was aligned with
the center of the anastomotic stricture. The length of the FCSEMS used, in this case, was 40 mm. (c) The FCSEMS was removed successfully
after 16 weeks, without resistance, using rotatable forceps. (d) Cholangiography after FCSEMS removal. Anastomotic biliary stricture resolution
was achieved 16 weeks after stenting. Recurrence of the stricture has not been observed for more than 15 months.

satisfactory self -expansion. Clinical success was
defined as the resolution of the stricture and clin-
ical symptoms, including jaundice, after FCSEMS
removal. Stricture resolution was defined as visual-
ization of the donor’s bile duct from contrast injected
into the recipient’s bile duct and as an extension
of 3 mm or more of the stricture. Adverse events
(AEs) after placement were defined and recorded
according to the American Society for Gastrointesti-
nal Endoscopy guidelines. Early AEs were defined as
those occurring less than 30 days after placement,
and late AEs were those occurring 30 days or later
after placement. Stricture recurrence was defined as a
stricture demonstrated by cholangiography after initial
clinical success.

Primary and secondary outcomes

The primary outcome of this study was the clinical suc-
cess rate (stricture resolution and clinical symptoms).
The secondary outcomes were the technical success
rate, stricture recurrence, early AEs (<30 days after
placement), and late AEs (≥30 days after placement).

Statistical analysis

The patient demographic and clinical characteristics are
presented as the median (range) or median (interquar-
tile range) for continuous variables and frequency
(percentage) for categorical variables. The statistical
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F IGURE 4 This patient was a 61-year-old male with an anastomotic biliary stricture that developed after left lobe living donor liver
transplantation. (a) Cholangiography before fully covered self -expandable metallic stent (FCSEMS) placement. The confluence of B2 and B3
was close to the anastomotic site and B4 merged with B3. Therefore, it was highly likely that the FCSEMS occluded one of the biliary branches.
(b) After a plastic stent (PS) was placed in B3 so as not to obstruct B4, an FCSEMS was placed in B2. Both the FCSEMS and PS were placed
intraductally.

F IGURE 5 This patient was a 73-year-old male with an anastomotic biliary stricture that developed after right-lobe living donor liver
transplantation. (a) Cholangiography before fully covered self -expandable metallic stent (FCSEMS) placement. Since the confluence of the
anterior and posterior segment branches was close to the anastomotic site, it was highly likely that the FCSEMS occluded the other biliary
branch. In addition, large intrahepatic stones were present in the anterior segment branch (arrow), and it was decided that an FCSEMS should
be placed in B8 after placing plastic stents in B5 and B6. (b) An FCSEMS was placed in B8, and plastic stents were placed in B5 and B6 to
prevent obstruction of the biliary branches. The FCSEMS and plastic stents were placed intraductally.

analyses were performed using SPSS version 23.0 (IBM
Corp., Armonk, NY, USA).

RESULTS

Nine patients were enrolled in this study and underwent
FCSEMS placement. The patients’ baseline character-
istics are described in Table 1. The median patient age

was 63.0 years (range, 49–73 years), and six patients
were men (66.7%). The most common indications for
LDLT were viral liver cirrhosis (seven patients, 77.8%),
nonalcoholic steatohepatitis (one patient, 11.1 %), and
primary biliary cholangitis (one patient, 11.1%). Seven
patients had hepatocellular carcinoma before the LDLT.
All patients received transplants from living donors with
duct-to-duct anastomosis. One patient (11.1%) under-
went right lobe transplantation, and the remaining eight
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TABLE 1 Baseline characteristics of the patients.

Characteristics
All patients
(N = 9)

Age (years), median (range) 63 (49–73)

Sex, n (%)

Male 6 (66.7)

Female 3 (33.3)

Indication for LDLT, n (%)

Viral liver cirrhosis 7 (77.8)

Nonalcoholic steatohepatitis 1 (11.1)

Primary biliary cholangitis 1 (11.1)

Hepatocellular carcinoma, n (%) 5 (55.6)

Liver graft, n (%)

Right lobe 1 (11.1)

Left lobe 8 (88.9)

Time to ABS onset (months), median (range) 5 (3–32)

Bile duct stone, n (%)

Common bile duct stone 5 (55.6)

Intrahepatic stone 3 (33.3)

Abbreviations: ABS, anastomotic biliary stricture; LDLT, living donor liver
transplant.

TABLE 2 Summary of the treatment results.

Characteristics All patients (N = 9)

Technical success, n (%) 9 (100)

Procedure time (minutes), median
(range)

42 (31–102)

Diameter of FCSEMS (mm), n (%)

10 9 (100)

Length of FCSEMS (cm), n (%)

4/5/6 3 (33.3)/4 (44.4)/2 (22.2)

Pre-dilation, n (%)† 4 (44.4)

Plastic stent placement, n (%) 4 (44.4)

Early adverse events, n (%)

Cholangitis‡ 4 (44.4)

Pancreatitis 0 (0)

Late adverse events, n (%)

Cholangitis 2 (22.2)

FCSEMS distal migration 1 (11.1)

FCSEMS-induced stricture, n (%) 0 (0)

Abbreviation: FCSEMS, fully covered self -expandable metallic stent.
†Pre-dilation was defined as balloon dilation before FCSEMS placement.
‡All patients with cholangitis were mild and resolved with conservative treatment.

(88.9%) underwent left lobe transplantation.The median
time to ABS onset was 5 months (range, 3–32 months).
Five patients developed common bile duct stones, and
three had intrahepatic stones.

The treatment results are summarized in Table 2. The
FCSEMSs were successfully placed along the strictures
for all the patients, and the technical success rate was

TABLE 3 Outcomes of interest.

Characteristics
All patients
(N = 9)

Duration of stenting (weeks), median
(range)†

16 (6–16)

Success of FCSEMS removal, n (%) 9 (100)

Clinical success, n (%) 9 (100)

Anastomotic diameter after FCSEMS
removal (mm), median (range)

6.3 (3.5–7.1)

Duration of follow-up (days), median
(range)

688 (562–842)

Recurrence of the stricture, n (%)‡ 1 (11.1)

Duration till recurrence (days) 288
†One FCSEMS was removed at 6 weeks due to segmental cholangitis.
‡The recurrent case was a patient who had to have the stent removed at 6 weeks,
and FCSEMS was placed again.

100%. The median procedure time was 42 min (range,
31–102 min),and a 10 mm diameter FCSEMS was used
for all the patients.The length of the FCSEMS used was
4 cm in three (33.3%) patients, 5 cm in four (44.4%)
patients, and 6 cm in two (22.2%) patients. Pre-dilation
was defined as balloon dilation before placement of
the FCSEMS, and four patients (44.4%) underwent pre-
dilation. PSs were placed side-by-side as a rescue stent
in four cases (44.4%) because of the risk of bile duct
branch obstruction.Cholangitis occurred in four patients
(44.4%) as an early AE; however, all the cases were
mild and resolved with conservative antibiotic treatment.
No pancreatitis was observed. Distal migration of the
FCSEMS occurred in one case, although it remained in
the bile duct and stricture resolution occurred without
re-intervention. Proximal migration of the FCSEMS or
FCSEMS-induced strictures was not observed.

The outcomes of interest are shown in Table 3. One
FCSEMS was removed at 6 weeks due to segmental
cholangitis, while the others were removed at 16 weeks,
as planned.The median stenting duration was 16 weeks
(range, 6–16 weeks). In all cases, the FCSEMS was
removed successfully with rat-tooth forceps and the clin-
ical success rate was 100%. The patient who had the
stent removed at 6 weeks experienced stricture reso-
lution without re-intervention. The median anastomotic
diameter after FCSEMS removal was 6.3 mm (range,
3.5–7.1 mm). During the median follow-up of 688 days
(range, 562–842 days) after FCSEMS removal, stric-
ture recurrence occurred for one (11.1%) patient after
clinically successful resolution.

The case details are presented in Table 4. ERCP
was performed ≥10 times for more than half of the
patients before FCSEMS placement. PS placement and
pre-dilation for the patients were as shown. We suc-
cessfully removed common bile duct stones from five
patients. Two of the three patients with intrahepatic
stones required electrohydraulic lithotripsy due to large
stones. Complete stone clearance was achieved at the

 26924609, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/deo2.225 by C

ochrane Japan, W
iley O

nline L
ibrary on [28/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



KOMATSU ET AL. 7 of 11

TABLE 4 Case details.

No. Liver graft

No. of
ERCP
before
FCSEMS
placement

Duration of
FCSEMS
stenting
(weeks)

PS
placement/
Pre-dilation

Common
bile duct

Intrahepatic
duct

Stone
removal EHL

Resolution
of the
stricture

Recurrence
of the
stricture

1 Left lobe 2 6 Yes / No No No − − Yes Yes

2 Left lobe 14 16 No / No Yes Yes Yes Yes Yes No

3 Left lobe 3 16 No / No No No − − Yes No

4 Left lobe 3 16 No / No No No − − Yes No

5 Left lobe 1 16 No / No No No − − Yes No

6 Left lobe 19 16 Yes / Yes Yes No Yes No Yes No

7 Left lobe 11 16 No / Yes Yes No Yes No Yes No

8 Left lobe 11 16 Yes / Yes Yes Yes Yes No Yes No

9 Right lobe 17 16 Yes / Yes Yes Yes Yes Yes Yes No

Abbreviations: EHL, electrohydraulic lithotripsy; ERCP, endoscopic retrograde cholangiopancreatography; FCSEMS, fully covered self -expanding metallic stent; PS,
plastic stent.

time of the FCSEMS removal. All the strictures were
resolved, however, the patient who had the FCSEMS
removed after 6 weeks experienced recurrence. We
repeated the FCSEMS procedure for this patient and
removed it 16 weeks later,as with the other patients,and
clinical success was achieved.

DISCUSSION

ABS is common after liver transplantation, more so for
LDLT than for orthotopic liver transplantation.22 This
is because there is a diameter mismatch between
the donor hepatic duct and the recipient common bile
duct for LDLT recipients. PS placement and balloon
dilation are commonly performed to treat ABSs after
LDLT,11 but the success rates with these methods range
from 37% to 96%.9,12–16 Additionally, multiple and long-
term treatments are required before the stricture is
resolved.23,24 To address these problems, the tempo-
rary placement of FCSEMSs for ABSs after LDLT has
increased recently.18,25,26

Some reports suggest that FCSEMSs have bet-
ter stricture resolution and recurrence rates than
PSs,19,27,28 as large-diameter FCSEMSs can induce
stricture resolution in a single session. The FCSEMS
patency period is longer than that of PSs and is more
cost-effective because of the reduced number of ERCP
procedures required.28 However, FCSEMS placement is
more complex than PS placement because the metallic
stent can obstruct the bile duct side branches.

A consensus has not been reached about the dura-
tion of the FCSEMS placement as reports indicate a
range from 2 to 4 months18,25,26,29; we chose a period
of 16 weeks. In a study examining the FCSEMS place-
ment period,30 the median period was 119 days (93–161
days) for the group that achieved stricture resolution and

68 days (57.5–80 days) for the group that did not. In our
study, it took 58 days to resolve the strictures in 50%
of the patients and approximately 120 days for 80% of
the patients to achieve resolution. This may have been
because a long-term duration more readily results in
stricture resolution.30

In the current study, only one patient developed seg-
mental cholangitis, had the FCSEMS removed after 6
weeks, and experienced a recurrence 10 months after
resolution. Another FCSEMS was placed, with a PS
placed side-by-side, and remained for 16 weeks without
the patient developing cholangitis.The stricture resolved
again, indicating that FCSEMSs can be successfully
placed repeatedly, much like PSs.

Previous reports using FCSEMS for ABS after liver
transplantation are summarized in a table for each intra-
ductal FCSEMS (ID-FCSEMS) and non-ID-FCSEMS
(Table 5).18,23,25,26,31–34 Both have a high stricture res-
olution rate and low recurrence rate of the stricture.
However, it seems that ID-FCSEMS is associated with
fewer incidents, especially pancreatitis.

We considered using an indwelling PS for B4; how-
ever, we chose not to because even if a guidewire can
be inserted into B4, it is often difficult to place a PS there
due to the sharp bending where B4 branches. Addition-
ally, we believed that segmental cholangitis would not
occur if the edge of the FCSEMS was placed so as
not to span the B4 confluence. Since the central part of
the FCSEMS is constricted, we speculated that the B4
branches would not be completely obstructed. Alterna-
tively, we placed a PS in B3 and an FCSEMS in B2 for
the patient in which B4 joined B3.

Figure 6 shows a summary of the methods that can
be used to place FCSEMSs and PSs for the treatment
of ABSs after LDLT for various bile duct confluences.

While FCSEMSs are particularly useful for treating
ABSs, the immediate expanding force after release is
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F IGURE 6 A diagram of fully covered self -expandable metallic stent (FCSEMS) and plastic stent (PS) placement. (a, b) A case where B4
merges near the anastomotic site. It is technically difficult to place a PS in B4, so it is preferable to place an FCSEMS in B2 so that B4 overlaps
the waist of the FCSEMS. (c, d) A case where B4 merges with B2 or B3. The FCSEMS should be placed in the biliary branch in which B4 has
not merged. Otherwise, there is a risk that the end of the FCSEMS will overlap B4 and cause segmental cholangitis. (e, f) If the anastomotic site
and confluence of the anterior (Bra) and posterior (Brp) segment branches are separated, an FCSEMS alone is enough, but if it is close to the
other branch, we recommend placing an FCSEMS in the anterior segment branch and a PS in the posterior segment branch

not strong. A 10 mm diameter stent was used in all
the cases in this study; however, the intrahepatic bile
duct was narrow in one patient, and an 8 mm diame-
ter stent was attempted first. When the inner cylinder
was removed, the stent got caught and became devi-
ated, so a 10 mm diameter stent was ultimately used.
The hook on the tip of the inner cylinder might have got-
ten caught in the poorly expanded part of the stent or the
ABS (Figure 2c). Therefore, we performed a pre-dilation
on four patients in whom there was resistance when the
catheter was inserted. This allowed for easy insertion
and smooth removal of the inner cylinder. We suggest
that when using a PS together with an FCSEMS, pre-
dilation should be performed because PSs interfere with
FCSEMSs.

Previously it was thought that early complications,
such as cholangitis, were slightly more prevalent with
FCSEMSs than with PSs,but recent reports have shown
that there is no significant difference.28 The high rate
of cholangitis in our study may have been the result of
the patients taking immunosuppressants, as they might
promote cholangitis development.

Jang et al.28 found that there was no significant differ-
ence in the incidences of pancreatitis among patients
that underwent FCSEMS or PS placement. We believe
that none of the patients in our study developed pancre-
atitis because intraductal placement does not obstruct
the pancreatic duct. Intraductal placement is preferable
to prevent retrograde cholangitis.

The incidence of bile duct stones after LT is 10%35

and more than half of these patients experience biliary
strictures.An FCSEMS is placed with a balloon or basket
after the removal of common bile duct stones, how-
ever, since intrahepatic stones are located proximally
to the stricture, they are difficult to remove. Intrahepatic
stones were observed in three patients. In two of these
cases, the stones were large and difficult to remove
with a balloon or basket catheter, so we crushed and
removed them with a peroral cholangioscopy using a
SpyGlass DS and electrohydraulic lithotripsy (Figure 7).
We believe the SpyGlass DS would not have been able
to break through the stricture if the FCSEMS had not
been placed. The median anastomotic diameter after
FCSEMS removal was 6.3 mm (range, 3.5–7.1 mm).
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F IGURE 7 This patient was a 70-year-old male with an anastomotic biliary stricture, which developed after left-lobe living donor liver
transplantation, and large intrahepatic stones (arrow). (a) The intrahepatic stones were seen on the hepatic side of the biliary stricture 7 years
after liver transplantation and cholangitis began to recur. (b) An endoscopic retrograde cholangiopancreatography was performed and a fully
covered self -expandable metallic stent (FCSEMS) was placed above the papilla. (c) The FCSEMS was removed at 16 weeks, as scheduled.
The anastomotic biliary stricture was completely resolved, and the SpyGlass DSTM could be inserted easily. (d) Intrahepatic stones were
crushed using electrohydraulic lithotripsy and removed with a balloon or basket catheter. (e) Complete stone clearance was achieved with a
single treatment. Recurrence of the bile duct stones and biliary stricture has not been observed as of 18 months after the procedure.

As the maximum diameter of the SpyGlass DS is 3.6
mm, it passed beyond the anastomotic site without
resistance. We were able to insert a cholangioscopy
without performing EST because the papilla was loos-
ened by multiple ERCPs. Therefore, the FCSEMS is
advantageous because it allows simultaneous stricture
resolution and bile duct stone removal.

In conclusion, FCSEMSs were placed in nine patients
with ABS for whom plastic stents after LDLT failed,
and 100% technical and clinical success rates were
achieved. Stricture recurrence was not observed in
eight of the patients. Notably, FCSEMSs can be placed
repeatedly, even for cases of recurrence. This study
makes a novel contribution to the literature by setting
the FCSEMS placement period to 16 weeks for ABS
after LDLT. Our results suggest that FCSEMSs are use-
ful for treating refractory ABSs after LDLT. Additionally,
FCSEMS placement for initial treatment may be con-
sidered, although more studies are required with larger
sample sizes.
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