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ABSTRACT

Background and study aims Use of fully covered self-ex-
pandable metal stents (FCSEMS) for biliary drainage of ma-
lignant hilar biliary strictures is limited because of risk of
cholangitis due to side branch obstruction. The aim of this
study was to evaluate the safety and efficacy of unilateral
placement of a multi-hole FCSEMS (FCSEMS-MH), which
had a 2.5-mm hole in the center of the membrane on each
cavity, in a swine model of hilar biliary stricture.

Materials and methods Six female mini pigs were includ-
ed in this prospective study. The hilar biliary stricture model
was prepared using an endobiliary radiofrequency ablation.
FCSEMS-MHs were endoscopically inserted into the peri-hi-
lar bile duct of all the animals. Outcomes were assessed in
terms of adverse events (AEs) including cholangitis, stent
patency, stent migration, and endoscopic stent removabil-
ity for 1 month after stenting.

Results In terms of hilar biliary stricture types, two animals
were of Bismuth type | and four were of type Il. Technical
success rate for endoscopic metal stenting was 100% (6/6),
and the functional success rate, which was evaluated 7 days
after stent insertion, was also 100% (5/5). The immediate
overall AE rate was 0%. There was no procedure-related
mortality and stent migration did not occur in any animal
during the 4-week stent indwelling period. Stents were re-
moved from all six animals at 4 weeks post-stenting.
Conclusion Unilateral placement of FCSEMS-MH might be
safe and effect for swine hilar biliary stricture models. How-
ever, long-term follow-up and comparative studies are
needed to verify the usefulness of this stent.

Introduction

Malignant hilar biliary obstruction is caused by a heteroge-
neous group of tumors, in which a limited number of patients
are responsive to curative surgery [1]. The majority of patients
with malignant hilar obstruction present with advanced dis-
ease, and endoscopic biliary stenting has become the principal
palliative therapeutic option in such patients due to its minimal
invasiveness, low cost, and relatively low morbidity and mortal-
ity [2]. Two types of stents, that is, plastic and uncovered self-
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expandable metal stent (SEMS), are routinely used in clinical
practice. Metal stents are generally considered to remain pa-
tent for longer than plastic stents because they have larger lu-
mens [3]. However, uncovered SEMSs are limited by recurrent
biliary obstruction caused by tumor ingrowth and by difficulties
associated with endoscopic reintervention [4,5]. Usually un-
covered SEMSs are not removable a few days after deployment,
because they become embedded in the tissue of the bile duct
wall, which may totally block the mesh [6]. For occluded uncov-
ered SEMS, inserting a second SEMS within the occlusion is fre-
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quently necessary because mechanical SEMS cleansing is not
effective at restoring biliary patency [7]. To insert a second
SEMS, a guidewire should be passed through the obstruction,
which is sometimes extremely difficult to achieve. In our ex-
perience, removal of an occluded stent and reinsertion of a
new stent at the stricture is easier in terms of procedural effec-
tiveness and efficacy

On the other hand, a fully covered SEMS (FCSEMS) can be re-
moved if required, and provides longer stent patency by pre-
venting tissue ingrowth [6, 8]. Therefore, FCSEMS might im-
prove the efficacy of endoscopic drainage in cases of hilar bili-
ary obstruction by increasing stent patency and procedural
convenience. However, use of FCSEMS for treatment of hilar
bile duct obstruction has not been recommended because of
concerns regarding occlusion of smaller biliary branches joining
the main duct at the hilum [1]. Accordingly, new FCSEMS de-
signs are required for treatment of hilar biliary obstruction.

In this study, we evaluated the efficacy and safety of unilat-
eral placement of a modified FCSEMS with holes in the center of
each cavity into the peri-hilar bile duct, for bile drainage in a
porcine model of hilar biliary obstruction.

Materials and methods
Animals

Six female miniature pigs (Sus scrofa; mean age 14 months,
mean body weight 30kg) (Medikinetics Co., Pyeongtaek, Kor-
ea) were prepared for the in vivo experiments. Approval was
obtained from our institutional animal care committee before
study commencement (MK-IACUC 150803-001). All animals
were quarantined and acclimated for 7 days before the experi-
ments. All animal experiments were performed in NCEED large
animal endoscopy laboratory. Animals were fasted but given
water during the 24 hours before the endoscopic procedure,
which was performed under general anesthesia. Pre-anesthesia
sedation consisted of an intramuscular injection of tiletamine-
zolazepam (5mg/kg), xylazine hydrochloride (2mg/kg), and
atropine sulfate (0.04 mg/kg). Animals were subsequently intu-
bated, and general anesthesia was achieved with 1.5% isoflur-
ane (Foran; JW Pharmaceutical Corp., South Korea). The proce-
dures were conducted in the left decubitus position on a fluoro-
scopy table.

Fully covered self-expanding metal stent with
multi-holes

The structure of the fully covered self-expanding metal stent
with multi-holes (FCSEMS-MH) (M.l.Tech Co., Ltd, Pyeongtaek,
Korea) is shown in » Fig. 1. The stent is constructed of nitinol
wire and is completely covered with a silicone membrane on
its inner surface. Uniquely, the stent has 2.5-mm holes located
in the center of membrane on each cavity, which prevents side
branch obstruction and stent migration due to tissue ingrowth
through the holes. The stent has a diameter of 10 mm, a length
of 3cm, and a round margin without flares at its ends. In addi-
tion, the stent has a 9 cm-long lasso attached to its distal end
for retrieval purposes.
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» Fig.1 The FCSEMS-MH (M.l.Tech Co., Ltd, Pyeongtaek, Korea)
has non-flared ends, a silicone covering membrane and a long
lasso to facilitate stent retrieval. The stent has a unique design
featuring 2.5-mm holes located in the center of the membrane of
each cavity, which prevent bile duct side branch obstruction and
stent migration.

Hilar bile duct stricture model

All endoscopic procedures were performed by an expert biliary
endoscopist (S.].) using a standard side-viewing duodenoscope
(TJF-240; Olympus Optical Co. Ltd., Tokyo, Japan). After duode-
nal intubation of the scope, diagnostic cholangiography was
achieved using a diagnostic cannula (endoscopic retrograde
cholangiopancreatography [ERCP] catheter, bottle-shaped
metal tip; MTW-Endoskopie, Wesel, Germany), which was in-
serted into the bile duct using the wire-guided cannulation
technique and a 0.035-inch hydrophilic-tipped guidewire (Bos-
ton Scientific Corporation, Natick, Massachusetts, United
States). An endobiliary radiofrequency ablation (RFA) catheter
(18 mm electrode length, 7F diameter, 175-cm working length;
STARmed Co., Ltd, Goyang, Korea) was then advanced into the
proximal common bile duct (CBD) or common hepatic duct
(CHD) over the guidewire under fluoroscopic guidance. RFA ap-
plications (VIVA combo RF generator, VCS10, STARmed Co.,
Ltd) were performed at an energy setting of 7W, 80° C for 120
seconds. RFA at the proximal CBD or CHD was performed with
the intention to create a Bismuth type I or type Il hilar biliary
stricture, respectively, assuming stricture length was about
10- mm. During the 4 weeks following RFA application, animals
were fed their routine diet. Clinical signs and parameters, such
as weight loss and daily food intake, were monitored daily. Liver
function tests were performed before and 4 weeks after the
procedure. Cholangiography was repeated 4 weeks after RFA
application to identify hilar bile duct strictures. Bile duct stric-
ture was defined as a luminal diameter decrease of 50 % or more
than the baseline at the RFA application site and presence of in-
trahepatic bile duct dilatation.

Endoscopic placement of the FCSEMS-MH

ERCP was performed using a duodenoscope (TJF-240; Olympus
Optical Co. Ltd., Tokyo, Japan) under general anesthesia. After
obtaining a cholangiogram, a FCSEMS-MH was inserted over a
guide wire using an 8-Fr delivery system under fluoroscopic
guidance and released at the site of stricture. Endoscopic biliary
sphincterotomy was not required for stent insertion because
unlike humans, swine do not have sphincter of Oddi in major
duodenal papilla, and the papillary orifice is patulous and
wide. Technical success was defined as appropriate stent posi-
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» Fig.2 Endoscopic retrograde cholangiogram. a Normal cholangiogram before endobiliary radiofrequency ablation (RFA). b Cholangiogram
obtained at 4 weeks after endobiliary RFA showing segmental stricture of the common hepatic duct with intrahepatic duct dilatation.

tioning along the stricture with free flow of contrast through
the deployed stent.

Follow-up evaluation and stent removal

For 4 weeks after stent insertion, clinical evaluation was per-
formed daily to confirm improvements in obstructive jaundice
and detect adverse events (AEs). Clinical signs and parameters
including weight loss, daily food intake, and demeanor score
were monitored. Biochemical liver function tests were per-
formed at baseline and weekly after stent insertion. Clinical
success was defined as a reduction in serum bilirubin level of
>50% during the first week after stent placement. AEs includ-
ing acute cholecystitis, stent migration, and stent occlusion
were evaluated. Stents were removed at 4 weeks in all animals
to evaluate their removability. A rat tooth forceps was used to
grasp and pull back the lasso at the distal end of stent to re-
move the stent.

Results
Development of the hilar biliary stricture model

Endoscopic RFA of the peri-hilar bile duct was successfully per-
formed on all six animals. No technical difficulties or AEs were
encountered during creation of the biliary stricture model, and
no clinical evidence of a procedure-related AE, such as, cholan-
gitis, cholecystitis, perforation, and bleeding, was obtained
during the 4 weeks the stents were in place. On follow-up
ERCP, which was performed at 4 weeks after RFA, segmental
stricture of peri-hilar bile duct and both intrahepatic duct dila-
tation was observed in all animals (» Fig.2). Based on labora-
tory test results, definite obstructive jaundice was observed in
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> Table 1 Baseline characteristics of hilar biliary stricture model, pre-
stenting.

The location of stricture, n 6

= Common hepatic duct 2
(Bismuth-Corlette type I)

= The confluence of right and left hepatic 4
duct (Bismuth-Corlette type Il)
The occurrence of obstructive jaundice, n (%) 5(83.3)
Liver enzyme, median (range)
= Total bilirubin, mg/dL 4.7 (0.2-8.26)

= Aspartate aminotransferase, IU/L 76.6 (39.1-341.9)

= Alanine aminotransferase, IU/L 22.4(11.5-26.3)

five animals, but cholestasis did not occur in one animal with a
CHD stricture (» Table1). Median liver profile values were as
follows: total bilirubin, 4.7 mg/dL (range, 0.2-8.26); aspartate
aminotransferase, 76.61U/L (39.1-341.9); alanine aminotrans-
ferase, 22.41U/L (11.5-26.3).

Outcomes of stenting and stent removal

Intraductal placement of the FCSEMS-MH was technically suc-
cessfulin all animals. All stents were positioned across the stric-
ture and expanded immediately to maximal diameter in all
cases (> Fig.3). Clinical success with stenting was achieved in
100% (5/5) of animals with obstructive jaundice caused by bili-
ary RFA (» Table2). Early AEs related to stenting, such as, cho-
langitis, perforation, and bleeding, were not encountered in
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» Fig.3 Unilateral placement of the FCSEMS-MH in the hilar biliary stricture model. a Fluoroscopic finding right after placement of the
FCSEMS-MH. b Fully expanded the FCSEMS-MH.

> Table2 Overall outcomes of FCSEMS-MH placement.

Outcome measures

Technical success, (%) 6/6 (100)
Functional success, (%) 5/5(100)
Liver enzyme, 4 weeks after stenting, median (range)

= Total bilirubin, mg/dL 1.2(0.2-1.4)
= Aspartate aminotransferase, IU/L 80.2 (40.4-345.3)
= Alanine aminotransferase, [U/L 23.0(11.5-31.2)

Adverse events

= Cholangitis (%) 0/6 (0)
= Stent migration (%) 0/6 (0)
= Stent dysfunction (%) 0/6 (0)
Success of stent removal (%) 6/6 (100)

FCSEMS-MH, fully covered self-expanding metal stent with multi-holes

any of the six animals. During the 4-week stent indwelling peri-
od, no stent occlusion or stent migration occurred in any ani-
mal (» Fig.4). In addition, cholangitis, which can be caused by
side branch obstruction, did not occur. Endoscopic FCSEMS-MH
removal was successful and performed without difficulty in all
animals, and after removal, no AEs were encountered. In all
cases, stent removal was achieved without resistance by pulling
the lasso into the working channel (» Fig. 4).
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Discussion

This pilot study shows that FCSEMS-MH placement offers a po-
tentially effective palliative treatment for malignant hilar biliary
stricture. In fact, technical and functional success rates were
both 100%. In addition, the study demonstrates that cholangi-
tis induced by FCSEMS placement in the hilar bile duct can be
prevented by making multiple holes in the covering membrane
of stent cavities to prevent side branch occlusion. Results of
this study suggest that this FCSEMS modification is reasonable
for treatment of hilar biliary stricture.

Endoscopic biliary stenting is an effective management
modality for malignant hilar biliary strictures and remains first-
line palliative treatment for relieving jaundice, preventing cho-
langitis, and improving quality of life [9,10]. Placement of an
FCSEMS for malignant biliary strictures has some merits as
compared with uncovered SEMS, that is, longer stent patency
and straightforward stent removal according to clinical need
[3,11]. However, FCSEMSs are not indicated for hilar biliary ob-
struction because they may occlude the contralateral biliary
system or biliary side branches. In a previous study, placement
of a plastic stent in the contralateral intrahepatic duct to facili-
tate bile flow before fully covered SEMS placement was investi-
gated by Poley et al. [12]. In this study, a FCSEMS in conjunction
with a contralateral 10 Fr plastic stent was placed in the hilar
biliary stricture. The authors concluded that placement of the
plastic stent effectively prevented cholangitis induced FCSEMS
insertion [12]. However, theoretically, plastic stent insertion is
insufficient to address risk of cholangitis due to side branch oc-
clusion. In addition, a plastic stent should be exchanged on a
regular basis, which would be a burden for a patient with malig-
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» Fig.4 Fluoroscopic finding 4 weeks after FCSEMS-MH placement. a The FCSEMS-MH remained at its insertion location without evidence of
migration and intrahepatic duct dilatation was improved. b Fluoroscopic view showing endoscopic removal of the FCSEMS-MH 4 weeks after
placement. ¢ Cholangiogram performed after stent removal showing improvement of hilar biliary stricture and intrahepatic duct dilatation.

nant hilar biliary stricture. To address this issue, we made multi-
ple holes in the FCSEMS-MH membrane in the center of each
mesh to maintain bile flow between the contralateral bile duct
and side branches. Our results showed the FCSEMS-MH
achieved our functional targets in the five pigs with obstructive
jaundice without cholangitis in any animal. Therefore, this new
stent design is expected to be effective in treating hilar malig-
nant stricture involving the hepatic duct confluence with uni-
lateral biliary stenting by reducing risk of that obstructive cho-
langitis will obstruct the opposite part of hepatic duct. How-
ever, it should not be expected that unilateral stenting with
this stent would prevent cholangitis in the case of a stricture
that extends into the bilateral proximal hepatic ducts up to the
segmental bile duct (Bismuth-Corlette classification type V).
For such strictures, bilateral stent insertion, such as in side-by-
side insertion, would be necessary to achieve successful biliary
drainage. Furthermore, this stent application may not be ap-
propriate in cases in which the hilar stricture extends up to the
segmental bile duct. Since the diameter of segmental bile duct
is relatively smaller than that for the hepatic duct, the stent
cannot expand sufficiently and the segmental bile duct can be
easily obstructed by covering the membrane or insufficiently
expanded stent.

Stent migration is a primary issue when a FCSEMS is used to
treat biliary stricture [3,7], and has been reported to occur
more frequently in patients that receive a FCSEMS than other
types of SEMS [8, 13]. Most FCSEMSs usually have flared ends
to prevent stent migration. However, we conjectured that the
flared end might induce injury to the normal bile duct wall and
cause embedment into the bile duct and/or tissue hyperplasia
leading to removal difficulties and limited stent patency [14].
The newly modified FCSEMS used in the current study has non-
flared ends to reduce injury to the bile duct wall. Stent migra-
tion was not encountered during the current study, and we be-
lieve that was due to the low tension of covered membrane
associated with the small holes. This low tension of membrane
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induces tissue to bump into each cavity of the stent in a con-
cave fashion, but it does not allow the metallic wire to become
embedded in the underlying tissue. This bump action also acts
as natural anchoring. In addition, malignant tissue budding
grows from the bile duct wall into the stent lumen through the
hole with the passage of time and the anti-migration effect of
this stent would be expected to increase. However, because
histologic evaluation of bile ducts was not performed after the
FCSESM-MH placement, this concept of natural anchoring
could not be verified by laparotomy. Nevertheless, given the
absence of cholangitis or stent migration in the experiments,
we anticipate that holes introduced in the membrane of cov-
ered stents would facilitate palliative management of patients
with malignant hilar biliary stricture by providing prolonged
stent patency.

Biliary stenting with an FCSEMS enables stent removal ac-
cording to clinical needs [15]. Uncovered SEMS usually cannot
be removed after placement, but occlusion of an uncovered
SEMS usually can be managed endoscopically by placing a sec-
ond biliary stent in a stent-in-stent fashion [16]. However, revi-
sion of the occluded stent is more technically challenging than
first stent insertion because the guidewire is often inserted im-
properly outside of the stent lumen through the stent cavities,
and cannot be passed through the stent lumen from the distal
to proximal ends. In addition, revised endoscopic stenting with
a second stent through the first stent lumen may result in a
shorter period of patency for the stent than for the first one
placed because of the reduced effective diameter. Therefore,
replacement of an occluded sent with a new SEMS offers a bet-
ter treatment strategy in terms of its efficacy and technical
merits.

The current study has several limitations that warrant con-
sideration. First, it is limited by its non-comparative design
and small sample size. Because the aim of this study was to
evaluate feasibility and safety of the FCSEMS-MH in a swine
model of hilar biliary stricture, the study design was suboptimal
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with respect to proving the efficacy of FCSEMS-MH in patients
with hilar malignant biliary stricture. Further prospective com-
parative studies are required to confirm the effectiveness of
FCSEMS-MHs in patients with hilar malignant biliary stricture.
Second, this study was conducted using a porcine model of be-
nign biliary stricture, and although animal-based efficacy and
safety evaluations of developed stents are essential before clin-
ical trials, there is no suitable large animal model for malignant
biliary stricture, and thus, we used a benign biliary stricture
model. As a result, experimental evidence obtained in this in
vivo study is probably insufficient to support the clinical utility
of FCSEMS in patients with malignant biliary stricture. Third,
the stent indwelling period (1 month) was insufficient to show
long-term outcomes. Long-term outcomes, such as risk of stent
dysfunction and stent embedding due to tumor ingrowth
through the holes in the stent-covering membrane, could not
be evaluated in our experimental model. Because the aim of
the current study was to evaluate the feasibility of FCSEMS-MH
in hilar obstruction, we focused on development of cholangitis-
related stent insertion in the early phase after stent insertion.
Therefore, further study is warranted with a longer indwelling
period to determine whether stent function can be maintained
for long time.

Conclusion

In conclusion, unilateral placement of a FCSEMS-MH in hilar bili-
ary strictures was found to be feasible and acceptable in terms
of managing cholestasis and preventing stent migration and
cholangitis. Furthermore, FCSEMS-MH stent removal was
straightforward after a 1-month stent-indwelling period.
Therefore, this newly designed FCSEMS may facilitate preopera-
tive and palliative management of patients with hilar malignant
biliary stricture. Long-term follow-up and comparative human
studies are required to confirm the efficacy of the FCSEMS-MH
for treatment of malignant hilar biliary stricture.
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