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ABSTRACT

Background and study aims We developed a self-ex-
pandable metallic stent (SEMS) with a distal tapered end to
reproduce the physiological bile flow with a pressure gradi-
ent due to the difference in the diameter. We aimed to eval-
uate the safety and efficacy of the newly developed distal
tapered covered metal stent (TMS) for distal malignant bili-
ary obstruction (DMBO).

Patients and methods This single-center, prospective,
single-arm study was conducted in patients with DMBO.
The primary endpoint was time to recurrent biliary obstruc-
tion (TRBO), and the secondary endpoints were the survival
time and incidence of adverse events (AEs).

Results Thirty-five patients (15 men, 20 women; median
age, 81 years [range: 53-92]) were enrolled between De-
cember 2017 and December 2019.The primary diseases
were pancreatic head cancer in 25 cases, bile duct cancer
in eight cases, and ampullary cancer in two cases. TMS was
successfully placed in all cases. Acute cholecystitis occurred
as an early AE (within 30 days) in two cases (5.7 %). The me-
dian TRBO was 503 days, median survival time was 239
days. RBO was observed in 10 cases (28.6 %), and the causes
were distal migration in six cases, proximal migration in two
cases, biliary sludge in one case, and tumor overgrowth in
one case.

Conclusions Endoscopic placement of the newly devel-
oped TMS in patients with DMBO is technically feasible and
safe, and the TRBO was remarkably long. The anti-reflux
mechanism based on the difference in diameter may be ef-
fective, and a randomized controlled trial with a conven-
tional SEMS is required.

Introduction

Endoscopic placement of a self-expandable metal stent (SEMS)
is the first-line treatment option for unresectable distal malig-
nant biliary obstruction (DMBO) [1-3]. In particular, a covered
SEMS is expected to have a longer patency period by preventing
tumor ingrowth through the mesh of the stent [4-7].

A SEMS for DMBO is usually placed across the papilla. This
impairs the function of the sphincter of Oddi and leads to

E460

SEMS occlusion due to biliary sludge or impaction of food resi-
due [8-10]. To prevent duodenal biliary reflux, an SEMS with an
anti-reflux valve at the lower end, an anti-reflux metal stent
(ARMS), has been developed [11-21]; however, it is becoming
clear that stent occlusion due to biliary sludge and micro-food
particles cannot be prevented.

We hypothesized that a SEMS with a narrower distal tip side
is less likely to cause bile flow stagnation due to the pressure
gradient and can reproduce more physiological bile outflow
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compared to a conventional SEMS with a uniform diameter.
Therefore, we developed a new covered SEMS with a tapered
structure at the distal end. In this study, we prospectively eval-
uated the efficacy and safety of a distal tapered metal stent
(TMS) in patients with DMBO.

Patients and methods
Study design

This clinical study was a single-center, prospective, single-arm
study conducted at Teikyo University Mizonokuchi Hospital.
The study was approved by the Institutional Review Board for
Human Research, and written informed consent was obtained
from all participating patients. This study was registered with
the University Hospital Medical Information Network Clinical
Trials Registry (UMIN000042078) (http://www.umin.ac.jp/ctr/
index.htm).

Study population

Consecutive patients with unresectable DMBO were enrolled in
this study. The inclusion criteria were as follows: (1) pathologi-
cally proven malignant biliary obstruction (MBO); (2) patients
not eligible for surgical resection because of the tumor stage
or surgical risk; (3) those older than 20 years of age; (4) those
able to provide informed consent; (5) those with an expected
prognosis of >2 months; and (6) those with a performance sta-
tus <2. The exclusion criteria were as follows: (1) massive as-
cites; (2) serious complications in other organs; (3) hilar biliary
obstruction (within T0mm from the hilar bifurcation); (4) al-
tered anatomy following Billroth-Il or Roux-en-Y reconstruc-
tion; (5) inability to undergo endoscopic retrograde cholangio-
pancreatography (ERCP); (6) more duodenal stenosis on the
anal side than on the duodenal papilla (patients who showed
improved with the duodenal stent could be enrolled); and (7)
cases in which the physician judged inappropriate for some rea-
son.

Newly designed SEMS with a tapered distal end

The TMS used in this study was manufactured based on the
braided-type covered SEMS, Niti-S (Taewoong Medical, Inc.,
Gimpo, Korea), but with a special design: a tapered distal end
(»Fig.1). The TMS was 8 mm in diameter with a full silicone
cover. Two lengths were available during the study (60 and 80
mm). The length of the tapered part was 15 mm from the distal
end, and the tip diameter was 6 mm. A thread was attached to
the boundary between the tapered and non-tapered parts for
visibility during endoscopic placement. Radiopaque markers
were attached to the entire part of the tapered part and proxi-
mal end. The delivery system was 9F in diameter.

Procedures

TMS placement was performed using standard ERCP proce-
dures with a duodenoscope (TJF-260V; Olympus, Tokyo, Japan)
and the patient under conscious sedation. Standard techniques
were used to cannulate the biliary tract, and contrast was injec-
ted to identify the location and length of the stricture. Endo-
scopic sphincterotomy (ES) was performed before stent inser-

Doi Shinpei et al. Novel anti-reflux biliary... Endosc Int Open 2023; 11: E460-E465 | © 2023. The Author(s).

» Fig.1 The newly developed self-expandable metal stent with a
distal tapered end. A thread is attached to the boundary between
the tapered and non-tapered parts. a

» Fig.2 a Endoscopic view of the distal tapered metal stent.
b Fluoroscopic view of the distal tapered metal stent.

tion in all patients. The TMS was deployed while confirming
with a fluoroscopic image that the position of the radiopaque
marker and the air in the duodenum overlapped; finally, based
on an endoscopic image, it was confirmed that the thread was
in the duodenum (» Fig. 2a, » Fig. 2b, » Video 1).

|
QVIDEO

> Video1 A tapered metal stent is deployed while confirming
the positions of the radiopaque marker and thread on fluoro-
scopic and endoscopic images, respectively.
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Outcome measurements

The primary endpoint was the time to recurrent biliary obstruc-
tion (TRBO). The secondary endpoints were the survival time
and incidence of adverse events (AEs). If any of the subjective
symptoms of fever, abdominal pain, or jaundice was observed
during the follow-up period, clinical evaluation by medical ex-
amination, blood test, and radiological imaging were per-
formed, and recurrent biliary obstruction (RBO) was evaluated
based on the Tokyo Criteria 2014 [22]. RBO was defined as the
coexistence of abnormal liver enzyme levels in blood tests and
bile duct dilatation on imaging tests. TRBO was defined as the
period from the date of stent placement to the date of RBO di-
agnosis. The evaluation of intraoperative AEs was based on the
2010 American Society of Gastrointestinal Endoscopy lexicon
[23]. Postoperative AEs were evaluated according to the Tokyo
Criteria 2014 [22]. AEs were classified as early AE within 30 days
after the procedure and late AE occurring after 30 days.

Statistical analysis

The number of patients was set at 34 based on the threshold
and expected median TRBO of 12 and 24 months, respectively,
with a one-sided alpha error of 0.05 and power of 0.80. Contin-
uous variables are presented as medians and ranges. Categori-
cal variables are described as frequencies and percentages. Cu-
mulative TRBO and overall survival were estimated using the
Kaplan-Meier method. All statistical analyses were performed
using JMP software version 14.2.0 (SAS Institute, Cary, North
Carolina, United States).

Results
Patient characteristics

From December 2017 to December 2019, 35 patients (15 men
and 20 women, median age, 81 years [range: 53-92]) were en-
rolled (»Table1). The primary diseases were pancreatic head
cancer in 25 cases, bile duct cancer in eight cases, and ampul-
lary cancer in two cases.

TMS placement

TMS placement was successful in all cases (»Table2). In 22
cases, previous drainage was placed before TMS placement, of
which 21 cases were endoscopic biliary drainage (EBD) and one
case was endoscopic nasobiliary drainage (ENBD). In these
cases, the TMS was placed after removal at the time of EBD/
ENBD removal. ES was performed in 21 cases (60%), excluding
14 cases in which ES had already been performed. The lengths
of the TMS used was 6cm in 17 cases and 8cm in 18 cases.

TRBO and survival

After TMS placement, patients were followed up until the date
of death or December 2020.Chemotherapy was administered
in 20 patients, and best supportive care was provided in 15
cases. Thirty-three patients (94.3 %) died, with a median survi-
val of 239 days. The remaining two cases were confirmed to be
alive as of December 2020, at the end of the observation peri-
od, and all reasons for censoring were due to deaths from can-
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» Table1 Patient characteristics.

No. patients 35
Age, median (range), years 81(53-92)
Sex, male/female 15/20

Cause of DMBO

= Pancreatic cancer 25(71.4%)
= Distal cholangiocarcinoma 8(22.9%)
= Ampullary cancer 2(5.7%)
= Distant metastasis 15(42.9%)
Performance status
= 0-1 26 (74.3%)
= 2-3 9(25.7%)
Treatment after stent placement
= Chemotherapy 20 (57.1%)
= Best supportive care 15(42.9%)

DMBO, distal malignant biliary obstruction.

» Table2 Technical outcomes.

Sphincterotomy
= Previous 14 (40 %)
= Simultaneous 21 (60%)
= Technical success 35(100%)
= Functional success 35(100%)

Previous drainage

= None 13(37.1%)
= ENBD 1(2.9%)
= EBD 21 (60%)

Length of the TMS

« 60mm 17 (48.6%)

« 80mm 18(51.4%)

ENBD, endoscopic nasobiliary drainage; EBD, endoscopic biliary drainage;
TMS, tapered metal stent.

cer. The median observation period was 230 days (range: 25—
1004), and RBO occurred in 10 patients (28.6%). The median
TRBO was 503 days (> Fig. 3). The causes of RBO were distal mi-
gration in six cases, proximal migration in two cases, sludge im-
paction in one case, and tumor overgrowth in one case (» Table
3). The causes of DMBO in the six distal migrations were pan-
creatic cancer in four cases, cholangiocarcinoma in two cases,
and proximal migration in two cases, all of which were pancre-
atic cancer. In two cases of proximal migration, the TMS was re-
moved by grasping it with biopsy forceps during ERCP. In two
cases (1 case of sludge impaction and 1 case of non-occlusion
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» Fig.3 Kaplan-Meier curve of the time to recurrent biliary ob-
struction (RBO). Small vertical bars on the solid line indicate cen-
sored cases.

» Table3 Clinical outcomes.

Recurrent biliary obstruction

= Migration (distal) 6(17.1%)
= Migration (proximal) 2 (5.7 %)
= Overgrowth 1(2.9%)
= Sludge 1(2.9%)
Early AE (within 30 days)

= Acute cholecystitis 2(5.7%)
Late AE (231 days)

= Non-occlusion cholangitis 1(2.9%)
= Pseudoaneurysm bleeding 1(2.9%)

AE, adverse event.

cholangitis), the TMS was removed by grasping the stent body
with a snare. The SEMS with flared structures on both ends were
used for re-intervention. In one case of overgrowth in which
TMS could not be removed, a 7F plastic stent was implanted in
a stent-in-stent manner. No patient had obvious duodenal ste-
nosis prior to TMS placement. In three cases, duodenal stenosis
on the oral side of papilla developed during follow-up, and a
duodenal SEMS was placed.

Adverse events

Acute cholecystitis was observed in two cases as an early AE. In
these two cases, preoperative computed tomography and
fluoroscopic imaging showed no tumor invasion at the cystic
duct orifice. In each case, percutaneous transhepatic gallblad-
der aspiration was performed, and no recurrence of cholecysti-
tis was observed thereafter. Late AEs were found in two cases.
In one case, pseudoaneurysm bleeding from the gastroduode-
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nal artery was observed, and transcatheter arterial emboliza-
tion was performed. In the other case, the hepatobiliary en-
zyme level was temporarily elevated 289 days after TMS place-
ment, and when ERCP was performed for diagnosis, the stent
was not occluded, and the stent was replaced. This patient was
diagnosed as having non-occlusion cholangitis. There were no
cases of duodenal ulcer, bleeding, or perforation caused by in-
jury of the duodenum.

Discussion

Occlusion caused by sludge or food impaction is a major cause
of RBO in cases of covered SEMSs, and it is believed to result
from duodenal biliary reflux [8,9]. Recently, various designs of
ARMSs have been developed so far; however, according to the
results of ARMSs developed in the past, occlusion due to sludge
or food impaction still occurs with a frequency of 3.8 % to 80.0%
[12-16, 18,20,21,24]. Intestinal bacteria produce enzyme,
which acts on bile to form biliary sludge or stones leading to
stent occlusion. The ARMS is thought to reduce both duodenal
biliary reflux and bile forward flow, and it is thought that a small
amount of bacterial contamination on the ARMS gradually
forms a biofilm, eventually leading to ARMS occlusion. We hy-
pothesized that narrowing the distal end of the SEMS might
maintain physiological bile outflow based on pressure gradi-
ents due to the difference in diameter. The TMS, which was de-
veloped based on this idea, is a new type of SEMS developed
that focuses on hydrodynamic bile dynamics; this is the first
study to evaluate the efficacy and safety of a TMS for DMBO.

The TMS and ARMS are intended to prevent duodenal biliary
reflux, but their structures are completely different. The ARMS
has almost closed distal openings, the accumulation of bile in
the bile duct increases the pressure in the bile duct, and bile is
released into the duodenum through the gap in the valves.
However, months of exposure to intestinal juices and food resi-
due can damage anti-reflux valves made of silicone or polyte-
trafluoroethylene. In fact, past studies of the ARMS have also
reported cases of RBO resulting from valve collapse [16,20,
21]. Because the distal opening of the TMS is 6 mm, which is
wider than the opening of the ARMS, it seems that food residue
and duodenal juice flowed back into the bile duct, but the
tapered structure can be expected to provide physiological
washout. In reality, there was only one case (2.9%) of RBO due
to sludge impaction, and the median TRBO was 2500 days,
which was remarkably longer than that in the existing reports
on the ARMS. Therefore, it seems that the anti-reflux function
of the TMS worked well.

The most common RBO observed in this study was distal mi-
gration. In this study, the time to migration was 83 to 593 days
(median 96), and the SEMS was placed again in all cases. The
developed TMS has a straight structure on the proximal side,
so it seems to be a structure that can easily migrate. Among
the ARMSs reported in the past, an SEMS with a flared structure
on the proximal end has been developed to reduce the risk of
migration; however, even this ARMS has been reported to have
a distal migration [15, 16]. Although the laser-cut SEMS is gen-
erally considered to have a low frequency of migration, a recent
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study also reported that distal migration occurred with the la-
ser-cut ARMS [20,21]. Regardless of whether it is an ARMS or
TMS, a SEMS with an anti-reflux mechanism is expected to
have a higher internal pressure of the bile duct than the con-
ventional SEMS; therefore, the issue of distal migration is more
significant when using an ARMS/TMS than when using other
SEMSs. Adding features to make it less migratory will be a chal-
lenge for future improvements. In this study, ES was performed
before SEMS placement in all patients, but ES might have been
one of the risk factors for migration. Several studies on pancre-
atic cancer have shown that ES prior to SEMS placement does
not contribute to reducing the risk of pancreatitis [25,26].
However, Kawakubo et al. reported that non-pancreatic cancer
and high axial force SEMS are significant risk factors for post-
operative pancreatitis after SEMS placement [27]. In the future,
at least for pancreatic cancer cases, not performing ES may be a
useful solution to reduce migration.

We were also concerned about the risk of proximal migration
and how to manage it. Previous studies have reported that che-
motherapy is a risk factor for stent migration [24,28]. Because
the TMS was thought to be structurally easy to migrate proxi-
mally when the tapered part was placed across the papilla, we
confirmed that the entire tapered part was sufficiently protrud-
ing into the duodenum. In this study, two cases of proximal
migration were observed. The times to migration were 589
and 122 days, respectively. Chemotherapy was administered in
both cases, and bile duct stenosis may have improved with
some therapeutic effects. In both cases, the lower end of the
TMS moved upstream of the bile duct stenosis, but it could be
easily removed by grasping the distal end with biopsy forceps.
We thought that the tapered distal end was easier to grasp
than the distal end of the other SEMS, which has anti-migration
features such as a flared structure. On the other hand, it can be
difficult to place a stent-in-stent beyond the distal tapered end.
Hence, for patients who are planning to undergo chemother-
apy, it may be necessary to take measures such as lengthening
the duodenal part of the TMS across the papilla so it is longer
than that of the conventional SEMS.

The optimal parameters for preventing duodenal biliary re-
flux are unknown. In this study, a stent with a body diameter
of 8mm and a tip diameter of 6mm was used. SEMS with a
body diameter of 10 mm is more common, but due to technical
limitations of the manufacturer, SEMS with a body/tip diameter
of 8mm/6mm was adopted. To our knowledge, no basic re-
search on SEMS with a tapered distal end has been reported to
date. Interestingly, even in the field of fluid mechanics, no pre-
vious study has verified the mechanism by which a tapered tip
diameter prevents fluid backflow. More research and verifica-
tion of the optimum parameters are needed.

A limitation of the present study is that it was a single-arm,
single-center, small-sample study. In the future, it will be nec-
essary to confirm our results using a multicenter randomized
controlled trial. On the other hand, the observation period was
sufficiently long, and of 35 cases, 33 cases of death were con-
firmed, and the remaining two cases were still being followed
up. Therefore, we believe that the possibility of overestimation
is low. Additionally, the stent placement procedure, especially
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the positioning of the distal end, is unique compared to that of
the conventional SEMS, so it requires some familiarity. The
boundary of the tapered structure is invisible unless the TMS is
fully expanded, but full stent expansion takes several days, as
with other SEMSs. By using the thread as a marker, the bound-
ary part can be seen; however, the position of the thread can
only be confirmed after the TMS has been completely released.
Even when the tapered partis 15mm, a total length of approxi-
mately 20mm protrudes into the duodenum. When determin-
ing the length of the TMS to be placed, a longer stent should be
placed in consideration of the taper part. We were also con-
cerned that the protruding stent would catch duodenal con-
tents, but in reality, such a problem did not occur. Neverthe-
less, if the duodenum is narrowed due to pancreatic cancer,
TMS placement may not be suitable, and alternative options
should be considered.

Conclusions

In conclusion, our prospective observational study demonstrat-
ed that the endoscopic placement of the newly developed TMS
in patients with DMBO is technically feasible and safe, and the
TRBO was remarkably long. In addition, the anti-reflux mecha-
nism based on the difference in diameter may be effective. Fur-
ther validation will be needed in larger multicenter studies.
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