ORIGINAL ARTICLE

Gut and Liver, Vol. 7, No. 6, November 2013, pp. 725-730

A Novel, Fully Covered Laser-Cut Nitinol Stent with Antimigration Properties
for Nonresectable Distal Malignant Biliary Obstruction: A Multicenter

Feasibility Study

Hiroyuki Isayama®*, Kazumichi Kawakubo*, Yousuke Nakai*, Kouta InoueT, Chimyon Gon', Saburo Matsubara*, Hirofumi
Kogure*, Yukiko Ito®, Takeshi Tsujino®, Suguru Mizuno", Tsuyoshi Hamada*, Rie Uchino*, Koji Miyabayashi*, Keisuke
Yamamoto*, Takashi Sasaki*, Natsuyo Yamamoto*, Kenji Hirano*, Naoki Sasahira*, Minoru Tada*, and Kazuhiko

Koike*

*Department of Gastroenterology, Graduate School of Medicine, The University of Tokyo, 'Research and Development Center, ZEON Medical
Inc., Kawasaki, *Department of Gastroenterology, Tokyo Police Hospital, *Department of Gastroenterology, Japanese Red Cross Medical Center,
and "Department of Gastroenterology, Kanto Central Hospital, Tokyo, Japan

Background/Aims: Stent migration occurs frequently, but
the prevention of complications resulting from covered self-
expandable metal stents (C-SEMSs) remains unresolved. We
prospectively assessed a newly developed C-SEMS, a modi-
fied covered Zeo stent (m-CZS), in terms of its antimigration
effect. Methods: Between February 2010 and January 2011,
an m-CZS was inserted into 42 patients (31 initial drainage
cases and 11 reintervention cases) at a tertiary referral
center and three affiliated hospitals. The laser-cut stent
was flared for 1.5 cm at both ends, with a 1 cm raised bank
located 1 cm in from each flared end. The main outcome
of this study was the rate of stent migration, and second-
ary outcomes were the rate of recurrent biliary obstruction
(RBO), the time to RBO, the frequencies of complications,
and overall survival. Results: Of the 31 patients with initial
drainage, stent migration occurred in four (12.9%, 95% con-
fidence interval, 5.1% to 29.0%), with a mean time of 131
days. RBO occurred in 18 (58%), with a median time to RBO
of 107 days. Following previous C-SEMS migration, seven of
10 patients (70%) did not experience m-CZS migration until
death. Conclusions: m-CZSs with antimigration properties ef-
fectively, although not completely, prevented stent migration
after stent insertion. (Gut Liver 2013;7:725-730)
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INTRODUCTION

Covered self-expandable metal stent (C-SEMS) placement is a
widely accepted procedure for the management of distal malig-
nant biliary obstruction.' C-SEMSs can prevent tumor ingrowth
while maintaining stent patency. However, current C-SEMSs,
particularly braided SEMSs, display high shortening rates, mak-
ing it difficult to achieve precise length and placement. Laser-
cut nitinol stents display no such shortening,

Despite the extended patency of C-SEMSs, the high rate of
complications compared to uncovered SEMSs (U-SEMSs) is a
major concern.” Stent migration remains an unresolved compli-
cation of C-SEMSs. C-SEMSs and their antimigration properties
have been evaluated in patients with benign pancreatobiliary
strictures and malignant biliary obstruction. An improved prog-
nosis in accordance with the recent development of chemother-
apy will necessitate C-SEMS with longer patency without stent
migration.>*

We developed a covered Zeo stent (CZS; ZEON Medical Inc.,
Kawasaki, Japan) with flare and bank structures that prevent
stent migration. This is the first commercially available laser-cut
type C-SEMS. We hypothesized that a C-SEMS with antimigra-
tion properties would prevent migration and prolong stent pa-
tency.

This was a prospective pilot feasibility study. The aim was to
evaluate the safety and efficacy of C-SEMSs with antimigration
properties in patients with nonresectable distal malignant biliary
obstruction.
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MATERIALS AND METHODS
1. An original CZS (stage 1)

The newly designed fully covered metal stent is made of
laser-cut nitinol (nickel-titanium alloy) (Fig. 1). The covered
membrane consists of polyurethane and polyolefin elastomer.
The basic characteristics of this stent are those of an uncovered
Zeo stent (ZEON Medical Inc.): the stent has 12 V-shaped struts
with flexible wave-shaped hinges connected at three positions.
This stent does not shorten after insertion. We used CZSs, 10
mm in diameter and 60 to 80 mm in length.

A 9.1-Fr pull-back stent delivery system with a grasping
handle connected to a water container was used (Fig. 2). When
the operator grasped the handle, a small volume of water was
injected into the inner lumen, towards the proximal side of the
container, while pulling back the outer sheath. This water sup-
ply system, termed the pumping flush system, was developed
for smooth stent deployment. Supplied water is infused into the

Fig. 1. Original fully covered Zeo stent. Three placed stents migrated
within 1 week of placement, and the stents’ use was terminated.
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Fig. 2. Covered Zeo stent 10-Fr delivery system. A pumping flush
system: when the operator grasps the handle, a small volume of wa-
ter is injected into the inner lumen, toward the proximal side of the
container of the grasping handle, while pulling back the outer sheath.

space between the stent and the outer sheath, and the stent is
cooled to prevent increased radial force (RF) due to expansion
of the nitinol.

Between November 2009 and December 2009, three patients
with distal malignant biliary obstruction due to nonresectable
pancreatic cancer underwent placement of an original CZS at
the University of Tokyo Hospital. Written informed consent was
obtained from all patients. Our local ethical committee approved
this study. Endoscopic stent insertion was successful in all pa-
tients and no stent-related complications were observed. Fol-
lowing stent placement, all three original CZSs spontaneously
migrated from the bile duct and were eliminated from their
bodies within a week. As a result, stage 1 of the study protocol
was discontinued at this point.

2. A modified CZS with antimigration properties (stage 2)

In view of the results of stage 1, we added an antimigration
property to the original CZS by using a flare and band struc-
ture. Both ends of the modified CZS (m-CZS) were flared for 1.5
cm, and a raised band was added at each end, 1 cm in from the
1.5 cm flared portion (Fig. 3). The stents were 60 or 80 mm in
length, with a diameter of 10 mm. The axial force (AF) of each
stent was 0.26 N (60°) and the RF was 7.1 N (¢ 4 mm). The me-
chanical properties of the stent were measured using conditions
described previously.’

3. Study design

Stage 2 of the study protocol was conducted as a multicenter
prospective consecutive feasibility study at the University of
Tokyo Hospital and three affiliated hospitals (Japanese Red
Cross Medical Center, Kanto Central Hospital, and Tokyo Police
Hospital), and was approved by the ethical committee at each
institution. Patients with nonresectable distal malignant biliary
obstruction were included in this study. Each patient provided
written informed consent for participation.

SeEEss

Fig. 3. Modified covered Zeo stent with antimigration properties. This
stent has the flare and bank structure.



4. Patients

Patients with nonresectable distal malignant biliary obstruc-
tion between February 2010 and January 2011 were recruited.
Patients with dysfunction in previously placed C-SEMSs were
also included. Each patient underwent m-CZS insertion at the
University of Tokyo Hospital or at three affiliated hospitals.

Fig. 4. Abdominal X-rays displaying a modified covered Zeo stent
that conforms to the shape of the bile duct.

Table 1. Patient Characteristics (n=42)
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5. Endoscopic stent placement

All patients underwent m-CZS placement as an inpatient.
The m-CZS was inserted using a therapeutic duodenoscope with
a working channel of 4.2 mm (TJF240 or TJF260V; Olympus,
Tokyo, Japan) under fluoroscopic and endoscopic guidance (Fig.
4). The length of stent was selected following measurement of
the biliary stricture.® In patients with previous SEMS placement,
the stent was removed and the m-CZS was inserted in a single
session. Endoscopic biliary sphincterotomy or papillary balloon
dilation was performed at the discretion of the endoscopist. The
distal end of the m-CZS was positioned above or below the pa-
pilla according to the position of the biliary stricture.

6. Outcome measurements

The primary outcome of this study was the rate of stent mi-
gration. Proximal stent migration was defined as any migra-
tion of the stent into the bile duct in conjunction with stent
dysfunction. Distal stent migration was defined as any stent
dislodgement towards the duodenum in conjunction with stent
dysfunction. Secondary outcomes were the rate of recurrent
biliary obstruction (RBO), time to RBO using the Kaplan-Meier
method, frequencies of complications, and overall survival after
C-SEMS insertion. The definition of RBO was the recurrence of
jaundice and/or cholangitis following SEM insertion, including
stent migration. Tumor ingrowth and overgrowth were diag-
nosed by cholangiography. Cholangitis without stent occlusion
was defined as cholangiography revealing no stent occlusion in

Characteristic All Initial Reintervention

No. of patients 42 31 11
Gender, male/female 28/14 19/12 9/2
Median age 75 (58-92) 71 (58-92) 77 (66-80)
Etiology of MBO

Pancreatic cancer 26 20 6

Lymph node metastasis 5 4 1

Bile duct carcinoma 5 3 2

Gallbladder carcinoma 3 2 1

Ampullary carcinoma 3 2 1
Length of stricture 19 (5-60) 18 (5-40) 20 (5-60)
Cystic duct involvement 9 6 3
MPD invasion 27 21 6
Duodenum invasion 21 16 5
Distal end, CBD/duodenum 6/36 6/25 0/11
EST/EPBD/none 23/3/16 14/3/14 9/0/2
Length of stent, 60/80 mm 14/28 10/21 47

Data are presented as number or median (range).

MBO, malignant biliary obstruction; MPD, main pancreatic duct; CBD, common bile duct; EST, endoscopic sphincterotomy; EPBD, endoscopic

papillary balloon dilation.
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cases with fever and cholestasis without jaundice. Complications
were evaluated using consensus criteria. Statistical analysis was
performed using JMP 9.0.1 (SAS Institute, Cary, NC, USA).

RESULTS
1. Patient characteristics

During stage 2 of the study, 42 patients received an m-CZS
at a participating hospital (Table 1). Thirty-one patients under-
went biliary drainage (initial drainage), while the remaining 11
exchanged previously placed C-SEMSs for an m-CZS due to
RBO. The median age was 75 years, and 28 (67%) were male.
The causes of biliary obstruction were pancreatic cancer (n=25),
bile duct carcinoma (n=5), gallbladder carcinoma (n=3), lymph
node metastasis (n=6), and ampullary carcinoma (n=3). Four-
teen patients received 6 cm m-CZSs, the remainder received 8
cm m-CZSs. Endoscopic m-CZS insertion using a therapeutic
duodenoscope was successful in all patients (TJF240 or 260).
Endoscopic sphincterotomy (EST) and endoscopic papillary bal-
loon dilation (EPBD) were performed in 23 and three patients,
respectively. The remaining 16 patients did not undergo EST or
EPBD. No stent-insertion-related complications were observed.

2. Outcomes

1) Initial drainage

During the follow-up period, four m-CZS (12.9%, 95% confi-
dence interval [CT], 5.1% to 29.0%) migrated, with a mean time
of 131 days. Furthermore, 18 m-CZS (58%) insertions resulted
in RBO. The median time to RBO was 107 days (95% CI, 56

Table 2. Clinical Outcomes of a Modified Covered Zeo Stent with An-
timigratory Properties in Patients with Initial Drainage (n=31)

Value

Median survival (95% CI), day 127 (99-297)
Stent migration, n (%, 95% CI) 4(12.9, 5.1-29.0)
Median stent patency (95% ClI), day 142 (97-171)
Median time to RBO (95% ClI), day 107 (56-171)
RBO, n (%) 18 (58.1)
Cause of stent dysfunction

Tumor ingrowth 2

Tumor overgrowth 1

Sludge 6

Food impaction 3

Migration 4

Nonocclusion cholangitis 2
Complications

Cholecystitis 0

Pancreatitis 3

to 171 days) (Table 2). The cumulative time to RBO curve was
calculated using the Kaplan-Meier method (Fig. 5). The causes
of RBO were tumor ingrowth (n=2), tumor overgrowth (n=1),
biliary sludge (n=6), food impaction (n=3), stent migration (n=4),
and ascending cholangitis (n=2). Twenty-two patients died dur-
ing the study period and the median survival time after m-CMS
placement was 127 days. Three (10%) cases (one each of pan-
creatic cancer, lymph node metastasis, and gallbladder cancer)
of pancreatitis were observed, all of which were mild accord-
ing to the consensus criteria, and resolved with conservative
management. No cholecystitis following m-CZS placement was
observed.

2) Reintervention

Eleven patients received an m-CZS as a re-intervention due
to previous C-SEMS dysfunction. Among them, the initial C-
SEMS had migrated in 10. After placement of an m-CZS in
these 10 patients, seven did not experience stent migration (Table
3). The rate of stent migration was 30.0% (95% CI, 10.7 to 60.6).
Five m-CZS resulted in RBO, at a median time of 176 days (95%
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Fig. 5. Kaplan-Meier graphs illustrating the time to recurrent biliary
obstruction in patients with initial drainage.

Table 3. Clinical Outcomes of a Covered Zeo Stent with Antimigra-
tory Properties as a Reintervention in Patients with Previous Self-
Expandable Metal Stent Migration (n=10)

Value

Median time to RBO (95% ClI), day 176 (43-197)
Stent migration, n (%, 95% CI) 3 (30, 10.7-60.6)
RBO, n (%) 5 (50)
Cause of stent dysfunction

Sludge 1

Food impaction 1

Migration 3

CI, confidence interval; RBO, recurrent biliary obstruction.

RBO, recurrent biliary obstruction; CI, confidence interval.



Cl, 43 to 197). No stent-insertion-related complication was ob-
served.

DISCUSSION

Stent migration remains an unresolved complication follow-
ing SEMS placement. Our newly designed fully covered metal
stent with antimigration properties (m-CZS) displays promising
effects against stent migration. The flare and bank features con-
tribute to preventing the migration of these metal stents. How-
ever, stent migration was not completely eliminated, so there
remains a continuing need for more sophisticated methods to
prevent stent migration.

The antimigration features of SEMS have been evaluated and
can be divided into two principal strategies to protect against
stent migration, termed the flared end and anchoring flap.
Moon et al.” reported that SEMSs with flared ends and an irreg-
ular cell size can prevent stent migration for benign pancreatic
duct strictures. Park et al.® compared the antimigration effects
of two types of SEMSs and concluded that the anchoring design
was superior to the flared-end design. The antimigration proper-
ties of the m-CZS stent are mediated by the flared ends and the
two raised bands in the stent; however, these do not completely
prevent stent migration. Considering that all the original CZSs
migrated within one week of stent insertion, the flare and band
structure effectively protected against stent migration. From this
point of view, this stent might prevent migration more effec-
tively with further improvements. Furthermore, in our study, an
m-CZS was placed as a reintervention in 10 patients who had
already suffered SEMS migration. The m-CZS prevented stent
migration in seven (70%), displaying a similar stent function
period to that seen in initial drainage patients. Further prospec-
tive studies are now necessary to evaluate the antimigration
properties of m-CZSs, not only as initial drainage but also as a
re-intervention for patients who experience stent migration.

Two cases of tumor ingrowth were observed as a stent dys-
function in this study. In general, the C-SEMS was developed to
overcome tumor ingrowth in U-SEMSs." Several types of mem-
brane materials are present in C-SEMSs, i.e., expanded polytet-
rafluoroethylene, polyurethane or silicone, and any C-SEMS can
prevent tumor ingrowth, according to our previous studies."*"'
However, cases of tumor ingrowth with C-SEMS using silicone
and polycarbonate-polyurethane have been reported recent-
ly."*"
layers of polyurethane and polyolefin elastomer. Degradation

In these studies, the covering membrane consisted of two

of the covered membrane represents a possible mechanism of
tumor ingrowth," meaning that a more durable membrane is
required. This is particularly so in the case of laser-cut nitinol
stents, since the sharp edges between the cells can lead to mem-
brane damage.

The SEMS design is divided into the braided and laser-cut
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types. The CZS was the first commercially available C-SEMS
with a laser-cut structure. The major advantage of the laser-
cut type is the ease of stent placement compared to the braided
type, as stent shortening does not occur. However, removal
difficulties due to the sharp edges between the cells are a ma-
jor drawback of the laser-cut stent. In contrast, braided-stent
removal is both safe and simple.”” In this study, stent removal
was attempted, and a stent fracture occurred in one patient.
The antimigration and removability properties of stents tend to
conflict, but the development of a stent that possesses both is
mandatory for improved management.

The characteristics of an SEMS are dependent on its me-
chanical properties, such as AF and RF.” Placement of SEMSs
with a high AF has been reported to be significantly related to
the development of pancreatitis, stent patency, and cholecysti-
tis."""” We measured the AF and RF of m-CZSs using methods
described previously.” The AF 20 mm from the bending point
was 0.26 N and the RF at an SEMS diameter of 4 mm was 7.10
N. The AF of m-CZSs was classified as low, meaning the stents
conform to the shape of the bile duct, with no obvious kink-
ing (Fig. 4). Furthermore, this may contribute to the previously
reported low complication rate.'”'® Since the stent patency was
short compared to previous studies, further revisions are neces-
sary to improve SEMS performance.

The limitations of this study include the small number of
patients in a single arm. Many confounding factors can affect
stent migration, so the antimigratory properties of the stent
were not confirmed in this study. It is unclear whether an m-
CZS can prolong stent patency and the time to RBO based on
this small study group alone. However, as it showed no shorten-
ing after placement, the ease of placement may make this stent
preferable. Further randomized, controlled trials comparing m-
CZSs with ordinary SEMSs are necessary to confirm the benefits
of the antimigration properties of the m-CZS.

In conclusion, our data suggest the feasibility of developing
a SEMS with antimigration properties using ‘flare and bank’
structures. The development of further sophisticated SEMSs with
antimigration properties is mandatory for prevention of stent
migration.
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