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Background/Aims: The covered self-expandable metal stent
(CMS) was developed to prevent tumor ingrowth-induced
stent occlusion during the treatment of malignant biliary
obstruction. However, complications such as cholecystitis,
pancreatitis, and stent migration can occur after the endo-
scopic insertion of CMSs. The aim of the present study was
to assess the efficacy and safety of a double-layered CMS
(DCMS) for the management of malignant bile duct obstruc-
tion. Methods: DCMSs were endoscopically introduced into
59 patients with unresectable malignant extrahepatic biliary
obstruction at four tertiary referral centers, and the patient
medical records were retrospectively reviewed. Results:
Both the technical and functional success rates were 100%.
Procedure-related complications including pancreatitis, chol-
angitis, stent migration, and liver abscess occurred in five
patients (8.5%). The median follow-up period was 265 days
(range, 31 to 752 days). Cumulative stent patency rates were
68.2% and 40.8% at 6 and 12 months, respectively. At the
final follow-up, the rate of stent occlusion was 33.9% (20/59),
and the median stent patency period was 276 days (range, 2
to 706 days). Conclusions: The clinical outcomes of DCMSs
were comparable to the outcomes previously reported for
CMSs with respect to stent patency period and complication
rates. (Gut Liver 2016;10:969-974)
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INTRODUCTION

Endoscopic biliary stenting is a well-established method that
is considered the gold standard for the palliative treatment for
inoperable malignant biliary obstruction."” The therapeutic ef-
fects of stent insertion are similar to those of surgical biliary
drainage, but stent insertion is associated with a lower com-
plication rate than the surgical procedure.” Since 1979, plastic
stents have been widely used to allow biliary drainage in cases
of malignant biliary obstruction.” However, stent failure due
to clogging caused by protein in bile juice, bacterial growth, or
biliary secretion frequently occurs after a short period of time.
Therefore, stent replacement every 3 to 4 months is required
to maintain adequate biliary drainage.” Self-expandable metal
stents (SEMSs) are more expensive than plastic stents but re-
main patent for longer because of their larger diameters, which
can be extended to 24-36 F. This results in a lower incidence of
bacterial growth in the stent. However, SEMS failure usually oc-
curs because of tissue hyperplasia or neoplastic tumor ingrowth
through the stent mesh,® and thus, covered self-expanding metal
stent (CMS) with a membrane that prevents tissue ingrowth into
the stent, were developed to overcome the drawbacks of SEMS.
Nevertheless, although CMSs may increase stent patency related
to tissue ingrowth, stent occlusion associated with bile sludge
clogging or tumor overgrowth can occur.”® In addition, CMSs
can cause complications associated with the stent-covering
such as pancreatitis, cholecystitis, and stent migration.** CMSs
are also more likely to migrate due to a lack of tissue embed-
ding."*"
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Fig. 1. The double-layered, covered
metal stent (EGIS™; S&G BioTech
Inc.) consists of a silicone membrane
sandwiched between two nitinol
self-expanding metallic stent layers.
The cell size of this stent is smaller
than that of other covered metal
stents, because the use of the nitinol
suture allows the two attached stent
layers to partially overlap.

The biliary double-layered, covered metal stent (DCMS) was
designed to reduce tissue ingrowth and stent covering-related
complications. The purpose of this retrospective study was to
evaluate the efficacy and safety of the DCMS for the palliative
treatment of malignant extrahepatic biliary obstruction.

MATERIALS AND METHODS
1. Patients

DCMSs were endoscopically placed to treat unresectable ma-
lignant common bile duct obstruction at four tertiary referral
centers between October 2007 and November 2011. All patients
treated were enrolled in the present study and followed up,
and clinical courses were recorded at each center. The study
protocol was approved by the Institutional Review Board of all
participating centers. The inclusion criteria were (1) age >18
years, (2) inoperable malignant extrahepatic biliary obstruction,
(3) no previous attempt of endoscopic biliary drainage, and (4)
no history of biliary tract surgery. The exclusion criteria were
(1) intrahepatic biliary obstruction and (2) inadequate medical
records. The medical records of the patients were analyzed and
the following information was extracted: clinical characteristics,
stent dysfunction, stent-related complications, and clinical out-
come.

2. Stent and procedure

The structure of the DCMS (S&G BioTech Inc., Seongnam,
Korea) used is shown in Fig. 1. The stent consists of a silicone
membrane sandwiched between two nitinol stents. Since the
cell of a nitinol stent partially overlaps with the cell of another

L5 g

Fig. 2. V-type wire. The colored lines denote the V-shaped wire, and
the gray lines denote the basic mesh structure of the stent. The incor-
poration of the V-shaped wire, which has a zigzag shape, reduces the
axial force and shortening of the stent.

nitinol stent, each cell size of DCMS is small compared to that
of other CMSs. This is expected to reduce the risk of tissue hy-
perplasia and tumor ingrowth. Furthermore, the DCMS contains
a special structure to reduce axial forces of the stent, which can
straighten stents or result in the proximal end of a stent be-
ing pushed against the bile duct wall during stent insertion. A
specially weaved V-shaped wire provides the stent with a flex-
ible structure. A usual nitinol stent consists of two wires that
are twisted together. Its mesh construction tends to be easily
shortened, and it has a strong axial force. Adding the V-shaped
wire to the twisted structure may add to its ability to resist axial
forces and increase the radial force, and thus, prevent stent
shortening (Fig. 2).

All stents were inserted into bile ducts by experienced pan-
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creaticobiliary endoscopists using a routine procedure during
endoscopic retrograde cholangiopancreatography. Endoscopic
sphincterotomy was performed before stent insertion. Technical
and functional success rates and complications associated with
stent placement were evaluated. Technical success was defined
as the successful placement of a stent across a stricture. Func-
tional success was defined as an improvement in bilirubin to
less than 75% of the pretreatment value within a month of the
procedure. Early and late complications were defined as those
occurring at <30 days or >30 days after stent placement, respec-
tively.

3. Follow-up and end points

Patients visited hospital monthly to three months after stent
placement to assess stent function, and were examined for
symptoms and signs of biliary obstruction. Blood tests were
performed at each visit. Computed tomography (CT) was per-
formed to assess stent dysfunction when biliary obstruction was
suspected. The primary study end point was stent dysfunction,
which was defined as the presence of symptoms of biliary ob-
struction, that is, abdominal pain, dark urine, fever, jaundice,
nausea and vomiting, acholic stools or an increased bilirubin
level with an abnormal liver profile by blood testing and confir-
mation by cholangiography or CT. Tumor ingrowth was defined
as growth of the tumor invading the body of the stent and oc-
cluding its lumen on cholangiography. Likewise, tumor over-
growth was defined as growth of the tumor proximal or distal
to stent and leading the lumen occlusion with function loss.
Stent patency period was defined as the time elapsed between
placement and occlusion. When a stent remained patent until

Table 1. Types of Malignancy Causing Obstruction

Type of malignancy No. (%)
Pancreatic 35 (59.3)
Primary bile duct 12 (20.3)
Gall bladder 4 (6.8)
Ampullary 4 (6.8)
Other cancers

Lung 2(3.4)

Stomach 1(1.7)

Unknown origin 1(1.7)
Total 59

Table 2. Location of Extrahepatic Obstructions
Location of obstruction No. (%)
Distal common bile duct 34 (57.6)
Mid common bile duct 17 (28.8)
Proximal common bile duct 8(13.6)
Total 59

death, the patency period was measured from date of placement
to death. The secondary end point was stent migration rate.
Migration was defined as movement of the stent to a position
where it was no longer satisfactorily bridging the stricture. Stent
migration period was measured from the date of stent insertion
to the date of stent migration detection. Patient survival was de-
fined as time from diagnosis to death. When a patient was lost
to follow-up or date of death was unascertained, survival period
was calculated from diagnosis to date of last visit. Cumulative
patient survival and stent patency were calculated using the Ka-
plan-Meier method and SPSS version 19.0 (IBM Corp., Armonk,
NY, USA). The stent patency and survival periods of patients
who were lost to follow-up or died during the study period were

censored.

RESULTS

Fifty-nine patients with malignant extrahepatic biliary stric-
ture that underwent endoscopic biliary drainage with the DCMS
between October 2007 and November 2011 were retrospectively
enrolled in this study. The etiologies of malignancies are sum-
marized in Table 1. In all patients, malignancy was confirmed
by histopathologic examination. Median age of the patients was
70 years (range, 43 to 87 years), and the male:female ratio was
approximately 3:2 (36:23 cases). Median follow-up was 265
days (range, 31 to 752 days). Pancreatic cancer was the most
common cause of malignant extrahepatic biliary stricture, and
the distal CBD was most commonly affected (Table 2).

The DCMS was successfully deployed in all 59 cases, and
technical and functional success rates were both 100%. Symp-
toms of biliary obstruction improved in all cases. Complica-
tions occurred in five patients (8.5%), and early complications
in two of these five patients. Acute cholangitis occurred in one
patient but responded to antibiotics without further complica-
tion. In one patient, stent migration was observed 2 days after

Table 3. Reasons for Stent Dysfunction and Stent-Associated Compli-
cations

No. (%)
Stent dysfunction 20 (33.9)
Ingrowth 4
Overgrowth 3
Sludge 13
Complications 5(8.5)
Early complications
Cholangitis 1
Migration 1
Delayed complications
Liver abscess 1

Migration 2
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placement, but after repositioning related symptoms and signs
resolved. Asymptomatic hyperamylasemia occurred in two
patients. Late complications occurred in three; stent migration
in two patients and a liver abscess in one. These two late com-
plications were cause by distal and proximal stent migration
at 162 and 156 days, respectively, after placement. The distal
migration resolved after replacement with a new DCMS, and the
proximal migration was successfully treated by additional metal
stent insertion without previous stent removal. The liver abscess
was treated with antibiotics without additional biliary drainage
(Table 3). Consequently, stent migration occurred in a total of
three patients and all of them could be treated by stent reposi-
tioning or additional stent insertion. In this study, cholecystitis
did not occur in any patients.

Median stent patency was 276 days (range, 2 to 706 days),
and stent dysfunction was observed in 33.9% of cases (20/59).
Cumulative stent patency rates were 68.2% at 6 months and
40.8% at 12 months after placement (Fig. 3). Causes of stent
dysfunction were bile sludge (13/20, 65%), tumor ingrowth
(4/20, 20%), and tumor overgrowth (3/20, 15%). Bile sludge
was removed by mechanical cleaning with an extraction bal-
loon catheter in seven patients, and in the other six patients
additional biliary drainage was required to correct the stent
dysfunction (a metal stent was used in four, a plastic stent in
one, and percutaneous transhepatic biliary drainage in one).
Among 13 patients, stent clogging by biliary sludge occurred 2
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Fig. 3. Kaplan-Meier analysis of double-layered, covered metal stent
patency rates. The median stent patency period was 276 days, and the
cumulative stent patency rates were 68.2% at 6 months and 40.8% at
1 year.

Table 4. Stent Patency according to the Cause of Stent Obstruction

days after stent insertion in one patient and the stent also could
recover the patency by mechanical cleansing. Tumor ingrowth
and overgrowth required additional metal or plastic stent inser-
tions. For the 59 patients, overall stent dysfunction occurred at
median periods of 158 days placement (Table 4). An analysis of
time to stent dysfunction by cause showed that bile sludge (me-
dian days, 126) tended to occur faster than tissue ingrowth (189
days) or overgrowth (142 days).

Of the 59 patients, 56 were followed-up until death; median
survival was 253 days (range, 15 to 752 days). Patient survival
dropped rapidly during the early phase of follow-up (6-month
cumulative survival rate, 58.9%), but then slowed (1-year cumu-
lative survival rate, 26%) (Fig. 4). However, stent related death
did not occur in this study. All stent dysfunctions were treated
with endoscopic cleansing or additional biliary drainages.

DISCUSSION

The present study shows that DCMS placement is an effective
palliative treatment for malignant biliary stricture; technical and
functional success rates were both 100%.

The overall complication rate related to DCMS placement
was 8.5%, which is similar to those reported by other studies
on CMSs (Table 5). Pancreatitis has been reported to be more
common in patients that have received a CMS,? but the rate
of pancreatitis was low in the present study. Furthermore, the
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Fig. 4. Kaplan-Meier analysis of survival rates. The mean survival pe-
riod was 253 days, and the cumulative survival rates were 58.9% at 6
months and 26% at 1 year.

Reason No. Mean stent patency (SD), day Median stent patency (range), day
Tumor ingrowth 4 208.5 (45.3) 189 (180-276)
Tumor overgrowth 201.0 (111.9) 142 (131-330)
Sludge 13 133.5 (90.7) 126 (2-210)
Total 20 158.6 (89.9) 149
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Table 5. Results of Trials Evaluating CMSs for the Treatment of Malignant Biliary Obstruction

No. of . Total no. of
Study patients Type of stent Survival, day Patency, day complications (9%) Follow-up
Kahaleh et al."® 80 Covered Wallstent 177" 1717 7 (8.7) 3 mo*
Nakai et al."" 69 Covered Wallstent 200" 139" 9 (13) 2yr'
Isayama et al.? 47 Covered ComVi 255 208' 2 (4.2) NA
Telford et al.'® 68 Covered Wallstent 227* 357* 19 (27) 201 day*
Perri et al.” 70 Covered ComVi 190* 154* 5(7.1) 12 mo*
Present study 59 Biliary double-layered and 253* 276* 5(8.5) 265 day*

membrane covered stent

NA, not assessable.
*Values are expressed as medians; 'Values are expressed as means.

incidence of stent migration was only 5% (three patients) even
though DCMS does not have fixing equipment in the CBD, such
as anchoring flap and flared end.”” We believe that the lower
incidence of complications observed in this study is related to
the V-shaped structure of the stent, which reduces axial forces
applied to DCMSs.

Accordingly, DCMSs can be placed along the course of the
bile duct because this reduction in axial force would tend to
prevent stent migration and the incidence of complications
related to stent insertion. Isayama et al.” analyzed the stent
patency of the ComVi stent, which has lower axial forces and
better resists radial compressive forces than other CMSs. In this
previous study, stent migration occurred in only one patient
with a ComVi stent (2.1%), and no case of pancreatitis was
encountered. Furthermore, these results are superior to those
obtained for the covered Wallstent (17%). These results sug-
gest that in-stent axial force is an important factor of stent-
related complications and we believe that the design to reduce
axial force of stent in DCMS also affect the low rate of adverse
event including migration. However, few studies have analyzed
the incidences of complications associated with in-stent axial
force, and thus, further prospective studies are needed to con-
firm our results. Cholecystitis is an important complication of
CMS, and occlusion of the cystic duct by a CMS is a potential
risk factor of cholecystitis. According to previous reports, the
incidence of cholecystitis in CMS insertion ranges between 3%
and 10%.'*"® In our series, no patient developed acute chole-
cystitis after DCMS placement. However, we estimate that this
result was more affected by our careful endoscopic procedures
than the function of DCMS, in which all DCMSs used current
study placed below the cystic duct, and not cross the cystic
duct. Therefore, clinicians have to pay attention to measure the
accurate stricture length and to choose an appropriate length of
stent when they use the CMSs for treatment of biliary stricture.

In the present study, the rate of DCMS dysfunction among the
59 study subjects was 33.9%, and sludge was the main cause of
dysfunction (13/20). Despite the fact that the DCMS has special
features to reduce stent dysfunction by sludge such as a pol-

ished inner layer to prevent sludge accumulation, the incidence
of stent dysfunction caused by sludge formation remained high,
which represents a limitation regarding the use of DCMSs to
manage malignant biliary obstruction.

Tumor ingrowth was observed in four patients (6.8%) in the
present study, which is similar or slightly lower than that found
in other CMS studies.'*"” In fact, it has been reported that tu-
mor ingrowth occurs in 8.8% to 16% of CMSs.”"> The DCMS
used in the present study was developed to suppress tumor
ingrowth by increasing surface tension through a reduction in
the cell size. The cells of DCMSs are 2 mm in diameter, whereas
the cells of other CMSs are approximately 4 mm in diameter. In
addition, a silicone membrane is placed between two layers of
nitinol wires. In the present study, tissue ingrowth occurred in
four patients after a mean period of 208 days, which could have
been due to loss of silicone membrane integrity after nearly 7
months. However, the integrity of silicone membrane have not
been studied in current study. Therefore, the futher study would
be needed to verify the our hypothesis. In the present study, the
median stent patency period was 276 days, which is similar or
slightly longer than values reported in studies on CMSs (Table
5).%1*1L1518 However, the 6-month patency rate in the present
study was 68.2%, which is lower than those of previous rel-
evant series, which reported rates ranging from 78% to 93%."
We believe that this result could be associated with stent dys-
function rates. Stent dysfunction occurred in 15 cases within 6
months, and subsequently, only five cases were reported during
the 2-year follow-up. Stent dysfunction caused by bile sludge
tended to occur earlier than those caused by other factors; in
fact, most cases of stent dysfunction within the first 6 months
were caused by bile sludge. Thus, longer DCMS patency would
be expected if bile sludge accumulation could be inhibited in
the stent lumen.

This study has several limitations that warrant consideration.
First, the study is limited by its retrospective nature, and as a
result, we were not able to enroll sufficient patients to precisely
evaluate the efficacy of the stent. Second, the study has only
a single arm, and thus, the DCMS could not be compared with



974 Gut and Liver, Vol. 10, No. 6, November 2016

other biliary stents.

In conclusion, the DCMS was found to have the ability to
prevent tissue ingrowth and stent migration. In addition, its
patency and complication rates were similar to those reported
for CMSs. However, stent dysfunction caused by bile sludge oc-
curred frequently, and this aspect of the DCMS requires further
research effort to identify an effective solution.
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