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Partially Covered Metal Stents May Not Prolong Stent Patency Compared to
Uncovered Stents in Unresectable Malignant Distal Biliary Obstruction
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Background/Aims: Controversy still exists regarding the
benefits of covered self-expandable metal stents (SEMSs)
compared to uncovered SEMSs. We aimed to compare the
patency and stent-related adverse events of partially covered
SEMSs (PC-SEMSs) and uncovered SEMSs in unresectable
malignant distal biliary obstruction. Methods: A total of 134
patients who received a PC-SEMS or uncovered SEMS for
palliation of unresectable malignant distal biliary obstruction
were reviewed retrospectively. The main outcome measures
were stent patency, stent-related adverse events, and overall
survival. Results: The median stent patency was 118 days
(range, 3 to 802 days) with PC-SEMSs and 105 days (range,
2 to 485 days) with uncovered SEMSs (p=0.718). The overall
endoscopic revision rate due to stent dysfunction was 36.6%
(26/71) with PC-SEMSs and 36.5% (23/63) with uncovered
SEMSs (p=0.589). Tumor ingrowth was more frequent with
uncovered SEMSs (4.2% vs 19.1%, p=0.013), but migration
was more frequent with PC-SEMSs (11.2% vs 1.5%, p=0.04).
The incidence of stent-related adverse events was 2.8%
(2/71) with PC-SEMSs and 9.5% (6/63) with uncovered
SEMSs (p=0.224). The median overall survival was 166
days with PC-SEMSs and 168 days with uncovered SEMSs
(p=0.189). Conclusions: Compared to uncovered SEMSs,
PC-SEMSs did not prolong stent patency in unresectable ma-
lignant distal biliary obstruction. Stent migration was more
frequent with PC-SEMSs. However, tumor ingrowth was less
frequent with PC-SEMSs compared to uncovered SEMSs. (Gut
Liver 2017;11:440-446)
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INTRODUCTION

Endoscopic transpapillary biliary drainage is now the treat-
ment of choice for obstructive jaundice caused by benign or
malignant strictures."” Various metal and plastic stents are
used for palliation of malignant distal biliary obstruction.>”
The self-expandable metal stent (SEMS) has benefits in terms
of a reduced risk of complications and rehospitalization due to
prolonged stent patency and is more cost-effective, especially
in patients expected to survive for more than 3 months.*’ Also,
membrane-covered SEMSs have been developed to prolong
stent patency by preventing tumor ingrowth by means of a
wire mesh. However, the efficacy of fully and partially covered
SEMSs (PC-SEMSs) is still controversial. The first meta-analysis
reported the superiority of covered SEMSs, which exhibited lon-
ger stent patency compared with uncovered SEMSs." Uncov-
ered SEMSs are frequently obstructed by epithelial hyperplasia
and tumor ingrowth through the metal mesh. However, a sub-
sequent meta-analysis suggested that there was no difference in
the patency of covered and uncovered SEMSs in distal malig-
nant biliary obstruction."

Stent dysfunction due to the tumor itself or adverse events is
an important prognostic factor for stent patency after success-
ful placement. The major causes of stent dysfunction are tumor
ingrowth and/or overgrowth, sludge or stone formation, and
migration. Also, biofilm formation on the covered membrane of
SEMSs may lead to cholangitis or antibiotic resistance.'>"

This retrospective study evaluated the efficacy of PC-SEMSs
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compared with uncovered SEMSs in terms of stent patency and
adverse events.

MATERIALS AND METHODS

Patients who underwent placement of PC-SEMSs or uncov-
ered SEMSs for palliation of unresectable malignant distal bili-
ary obstruction were enrolled using the database of a tertiary
referral center from May 2008 to November 2015. All partici-
pants gave informed consent prior to the endoscopic procedures,
and the Institutional Review Board approved this retrospective
study.

1. Endoscopic intervention

All patients underwent endoscopic retrograde cholangiopan-
creatography (ERCP) in the prone or lateral decubitus position
using a standard duodenoscope (TJF 240 or 260V; Olympus Op-
tical, Tokyo, Japan) after sedation using intravenous midazolam
(0.05 mg/kg) and/or propofol (0.5 mg/kg). Prophylactic antibiot-
ics or analgesics were permitted. After successful biliary access,
minimal biliary sphincterotomy was performed in all patients
prior to metal stent insertion. Stent length was determined using
a ruled catheter or guidewire under direct fluoroscopy following
contrast injection. Following estimation of stricture length, the
PC-SEMS or uncovered SEMS (BONASTENT, Standard Sci-Tech,
Seoul, Korea; Niti-S Biliary Stent, Taewoong Medical, Gimpo,
Korea) was deployed according to the endoscopist’s decision.
A fully covered SEMS is not used for malignant distal biliary
obstruction in Soonchunhyang University Hospital. Endoscopic
nasobiliary drainage (ENBD) or a temporary retrograde plastic
stent was also used prior to insertion of the SEMS in cases of
malignancy of indeterminate stage. Two experienced endosco-
pists performed all endoscopic procedures; no trainees partici-
pated.

2. Definition and outcome measures

Technical success was defined as successful placement of the
metallic stent across the stricture with appropriate radiographic
positioning with bile or contrast passage. Clinical success was
defined as a >50% reduction in the bilirubin level during the
first week without cholangitis, or a >75% reduction compared
with the pretreatment value within the first month. Early ad-
verse events were defined as those occurring within 30 days
after stent placement. Primary stent patency was defined as
the time interval between the initial placement and recurrence
of obstruction or cholangitis requiring reintervention via an
endoscopic or percutaneous approach. If there was no evidence
of obstruction during the patient’s life, the patency period was
considered to be equal to the survival duration. ERCP-related
adverse events were classified according to “a lexicon for en-

»14

doscopic adverse events.” " Results of follow-up until the death

of the patient or the cutoff date for data analysis were obtained

from the database.

Main outcome measurements were primary stent patency and
stent-related adverse events during the follow-up period. Other
technical or clinical success, survival, and revision parameters
were also measured.

3. Statistical analysis

For comparison of quantitative variables, the t-test was used.
For comparison of qualitative variables, the chi-square test
or Fisher exact test was used. The significance of differences
between groups was tested by logistic regression analysis to
identify factors. Stent patency was estimated by Kaplan-Meier
analysis and compared using the log-rank test. Results were
considered significant at p<0.05. All analyses were performed
using SPSS for Windows, version 14.0 (SPSS Inc., Chicago, IL,
USA).

RESULTS
1. Baseline characteristics

A total of 71 patients were enrolled in the PC-SEMS group
and 63 in the uncovered SEMS group based on the database.
Baseline characteristics were not different between the two
groups. Pancreatic or biliary malignancy was the most common
cause of distal biliary obstruction. Prior to biliary metal stent
deployment, ENBD was frequently used in the PC-SEMS group,
and temporary biliary drainage by plastic stents was commonly
used in the uncovered SEMS group. The mean length of malig-
nant stricture was not different between the groups (33.77 mm
in the PC-SEMS group and 32.79 mm in the uncovered SEMS
group, p=0.395). The endoscopic procedure outcomes are shown
in Table 1. The primary technical success rate was 95.7% in
the PC-SEMS group and 96.8% in the uncovered SEMS group
(p=0.1). Five patients in whom the primary procedure failed
underwent percutaneous transhepatic biliary drainage (PTBD),
followed by a second ERCP 2 or 3 days later. The final techni-
cal success rate was 100% in both groups. The clinical success
rates were 97.1% (69/71) for PC-SEMS and 96.8% (61/63) for
uncovered SEMS (p=0.563). Patients with clinical failure did not
show improvement of bilirubin after stent placement because of
extensive disease progression or metastasis. These patients had
significant comorbidities and advanced metastatic malignancy,
and so they underwent PTBD.

2. Primary outcome and adverse events

There was no significant difference in the median stent pa-
tency between the PC-SEMS (118 days [range, 3 to 802 days];
mean [standard deviation, SD], 145.8 [124.3] days) and un-
covered SEMS groups (105 days [range, 2 to 485 days]; mean
[SD], 138.5 [111.1] days) according to Kaplan-Meier estimations
(p=0.718). Cumulative stent patency rates at 1, 3, 6, and 12
months were 90%, 66%, 30%, and 9% in the PC-SEMS group
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Table 1. Baseline Characteristics

Characteristic PC-SEMS (n=71) Uncovered SEMS (n=63) p-value

Sex, male/female 38/33 35/28 0.815
Age, yr 69.80+11.69 70.36+11.96 0.142
Underlying malignancy

Pancreatic cancer 39 31 0.512

Bile duct cancer 18 21 0.539

Ampulla of Vater cancer 3 6 0.224

Gall bladder cancer 2 1 0.235

Metastatic cancer 9 4 0.212
Initial bilirubin, mg/dL 14.41+9.42 12.8+6.28 0.266
Length of stricture, mm 33.77+6.03 32.79+6.34 0.395
Biliary drainage prior to deployment of SEMS 28 (39.4) 32 (50.7) 0.072

ENBD 15 7

ERBD 7 20

PTBD 6 5
Technical success 0.100

First attempt 68/71 (95.7) 61/63 (96.8)

Second attempt 3/3 (100.0) 2/2 (100.0)

Final technical success 71/71 (100.0) 63/63 (100.0)
Clinical success 69/71 (97.1) 61/63 (96.8) 0.563
Chemotherapy or radiotherapy 35 (49.3) 29 (46.0) 0.706

Data are presented as mean+SD or number (%).

PC-SEMS, partially covered self-expandable metal stent; ENBD, endoscopic nasobiliary drainage; ERBD, endoscopic retrograde biliary drainage;

PTBD, percutaneous transhepatic biliary drainage.

Table 2. Stent Patency, Overall Survival, and Endoscopic Revision Rates in the PC-SEMS and Uncovered SEMS Groups

PC-SEMS Uncovered SEMS
(n=71) (n=63) p-value
Stent patency, day* 118 (3-802) 105 (2-485) 0.718
Survival, dayT 166 (5-1,035) 168 (10-852) 0.189
Endoscopic revision by stent 20 (28.1) 18 (28.5) 0.959
Plastic stent 6 0.224
Metal stent (PC-SEMS/uncovered SEMS), 17 (13/4) 12 (7/5) 0.494
Endoscopic cleaning only* 5 0914

Data are presented as median (range) or number (%).
PC-SEMS, partially covered self-expandable metal stent.

*Patency, period from stent insertion to obstruction; 'Survival, period from stent insertion to death of the patient; ‘Intraluminal stent cleaning us-

ing a retrieval balloon with intravenous antibiotics.

and 90%, 56%, 349%, and 7% in the uncovered SEMS group
(Table 2, Fig. 1). The cumulative survival rate was also not dif-
ferent between the two groups (p=0.189). Cumulative survival
rates at 1, 3, 6, and 12 months according to Kaplan-Meier esti-
mations were 93%, 77%, 46%, and 21% in the PC-SEMS group
and 93%, 70%, 46%, and 12% in the uncovered SEMS group
(Fig. 2). No type of cancer was associated with stent patency in
the PC-SEMS or uncovered SEMS group.

The early adverse events within 30 days after stent insertion
were pancreatitis (2 events in the PC-SEMS group vs 3 in the

uncovered SEMS group), cholecystitis (0 vs 1), and cholangitis
(0 vs 2). Stent related adverse events were more frequent in the
uncovered-SEMS group (9.5%) than the PC-SEMS group (2.8%),
albeit not statistically significant (p=0.224) (Table 3).

3. Endoscopic revision

The overall endoscopic revision rate due to stent dysfunction
was 36.6% (26/71) in the PC-SEMS group and 36.5% (23/63) in
the uncovered SEMS group, respectively (p=0.589). The rate of
endoscopic revision by plastic or metal stents was 28.1% (20/71)
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Fig. 1. Kaplan-Meier curve of stent patency. The median stent pa-
tency was 118 days (range, 3 to 802 days) with partially covered self-
expandable metal stents (PC-SEMSs) and 105 days (range, 2 to 485
days) with uncovered SEMSs (p=0.718).
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Fig. 2. Kaplan-Meier curve of overall survival. The median survival
was 166 days with partially covered self-expandable metal stent (PC-
SEMS) and 168 days with uncovered SEMS (p=0.189).

Table 3. Causes of Stent Dysfunction and Stent-Related Early Adverse Events

Variable analysis

Variable P((r:l__S7E i\)/[ > Unm\(ﬁidg)s EMS Multivariate®
B B Univariate (adjusted OR, 95% CI)
Stent dysfunction 26 (36.6) 23 (36.5) 0.589 -
Tumor ingrowth 3 (4.2) 12 (19.1) 0.013 0.021 (4.72, 1.26-17.61)
Tumor overgrowth 6 (8.4) 5(7.9) 0.716 -
Sludge, stone formation 8 (8.4) 5(7.9) 0.517 -
Migration (proximal/distal)’ 9 (3/6) (11.2) 1(1.5) 0.040 0.058 (0.13, 0.01-1.07)
Early adverse events 2(2.8) 6 (9.5) 0.224 -
Pancreatitis 2 (2.8) 3(4.7) 0.563 -
Cholecystitis 0 1(1.5) 0.290 -
Cholangitis 0 2 (3.1) 0.132 -

Data are presented as number (%).

PC-SEMS, partially covered self-expandable metal stent; OR, odds ratio; CI, confidence interval.
*The p-values were calculated by logistic regression analysis; 'Stent trimming by argon plasma coagulation (n=3) and removal by snare (n=6) fol-

lowed by stent insertion.

in the PC-SEMS group and 28.5% (18/63) in the uncovered
SEMS group (p=0.959). The remaining six patients in the PC-
SEMS group and five patients in the uncovered SEMS group
underwent endoscopic cleansing by repeated retrieval balloon
sweeping (Table 3). Causes of PC-SEMS dysfunction were tumor
ingrowth (n=3), tumor overgrowth (n=6), sludge formation or
stone (n=8), and stent migration (n=9, 3 proximal and 6 distal).
In the uncovered SEMS group, the causes were tumor ingrowth
(n=12), tumor overgrowth (n=>5), sludge formation or stone (n=5),
and stent migration (n=1). Stent dysfunction due to tumor in-
growth was significantly less frequent in the PC-SEMS group

than the uncovered SEMS group (4.2% vs 19.1%, p=0.013), but
sludge or stone formation was more frequent in the PC-SEMS
group than the uncovered SEMS group, albeit not statistically
significant. Stent dysfunction due to migration was also signifi-
cantly more frequent in the PC-SEMS group than the uncovered
SEMS group (11.2% vs 1.5%, p=0.040). However, multivariate
analysis found a significant association between PC-SEMS- and
uncovered-SEMS-related stent occlusion by tumor ingrowth
(adjusted OR, 4.72; 95% confidence interval [CI], 1.26 to 17.61;
p=0.021) (Table 3).
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DISCUSSION

Endoscopic plastic or metal stent placement in patients with
malignant or benign distal biliary obstruction is needed to re-
lieve clinical symptoms of jaundice, pruritus, malabsorption, or
cholangitis and to improve quality of life.**'> Commonly used
plastic stents are associated with a higher rate of reintervention
due to their smaller caliber and adverse events, such as stent
migration or clogging. These disadvantages led to the develop-
ment of metal stents, the larger internal diameters of which are
superior to those of plastic stents in terms of recurrent biliary
obstruction, number of re-interventions, and patency duration.
Due to fewer repeated interventions and adverse events, SEMSs
are cost-effective, especially in patients expected to survive for
more than 3 months.”**>"> Subsequently, partially or fully cov-
ered membrane SEMSs were developed to prolong stent patency
by preventing intraluminal tumor ingrowth through the wire
mesh. Causes of uncovered SEMS obstruction or dysfunction
are tumor progression or epithelial hyperplasia in the form of
ingrowth through the wire mesh of the metal stent, as well as
biofilm and/or sludge formation.

Two studies have reported that covered SEMSs have a longer
mean patency than that of uncovered SEMSs.'*"” A meta-anal-
ysis by Saleem et al.'” showed the superiority of covered SEMSs.
The use of covered SEMSs was associated with significantly
longer stent patency compared with uncovered SEMSs (p=0.001);
however, rates of stent migration, tumor overgrowth, and
sludge formation were significantly higher with covered SEMSs.
The rate of complications was ~2% for both groups. Subgroup
analysis did not reveal a significant difference in any of the
outcomes. PC-SEMSs are thought to have lower migration rates,
because they allow tissue imbedding at the proximal and distal
ends to anchor the stents in place. However, a subgroup analy-
sis found no difference in the rate of migration between fully
covered and PC-SEMSs. Moreover, no differences in any of
the outcome measures, including patency, were found between
these groups.

However, other recent studies reported conflicting results; i.e.,
there were no differences in patency rates between covered and
uncovered SEMSs for malignant distal biliary obstruction.®*
A meta-analysis by Almadi et al."' reported no differences in
the patency rates at 6 and 12 months between uncovered and
covered SEMSs. There were also no differences in the rates of
complications—such as pancreatitis, cholecystitis, perforation,
bleeding, or cholangitis, length of hospital stay, or number of
recurrent biliary obstructions. Covered SEMSs had a lower rate
of tumor ingrowth but higher rates of tumor overgrowth and
migration. Based on these previous reports, controversy remains
with regard to the patency and complications of covered and
uncovered SEMSs. Although the membrane cover inhibits tumor
ingrowth through the wire mesh, spontaneous stent migration
may shorten the stent patency. Also, biofilm formation on the

membranous portion might trigger sludge and stone formation,
resulting in cholangitis or stent occlusion."™*'

We retrospectively analyzed stent patency and stent-related
adverse events between PC-SEMSs and uncovered SEMSs in
a single center. In our institution, only PC-SEMSs are used for
malignant distal biliary obstruction. Fully covered SEMSs are
used only for benign biliary stricture dilation. The cumulative
stent patency by Kaplan-Meier estimations was not significantly
different between the two groups (118 days in the PC-SEMS
group and 105 days in the uncovered SEMS group, p=0.718).
In the present study, stent migration and sludge or stone for-
mation were more frequent in the PC-SEMS group. However,
tumor ingrowth, pancreatitis, cholecystitis, and cholangitis were
more frequent causes of stent dysfunction in the uncovered
SEMS group. The rates of tumor ingrowth and stent migration
were significantly different between the two groups. Our results
suggest that the main cause of stent dysfunction was sludge or
stone formation and stent migration with PC-SEMSs, and tumor
ingrowth with uncovered SEMSs due to the wire mesh; no im-
provement in stent patency was found. Interestingly, in our re-
sults, stent migration rate in PC-SEMS was slightly higher than
previous reported studies,'*** however, early migration within 1
month occurred in only three cases. Delayed partial migration
might be due to tumor overgrowth or lower radial force of stent.
However, we did not measure about the radial force of stent.
More comparative study according to the stents may be war-
ranted.

The duration of stent patency is important because stent oc-
clusion affects the quality of life of patients with short life ex-
pectancies and thus the cost-effectiveness.”” Although covered
SEMSs may increase the duration of stent patency by inhibiting
tumor ingrowth, biofilm formation on the membrane might re-
duce stent patency. Bacteria are important causes of biliary stent
blockage through adherence and subsequent biofilm formation.
Two in vitro studies revealed that perfusion of polyethylene-
and silicon-covered stents with ampicillin-sulbactam prevented
bacterial adherence and biofilm formation and therefore pro-

»?* Leung et al.”” reported that a silver

longed stent patency.
coating may prevent stent blockage in vitro. However, to our
knowledge, no clinical study has identified any such benefit,
although in vitro or in vivo studies reported prevention of bac-
terial growth and prolongation of stent patency.’® Also, another
study using a paclitaxel-incorporated membrane stent reported
no significant difference in patency, although this stent was
safe with acceptable complication rates.””® Therefore, biofilm
formation on the membrane may be more important for stent
patency compared with the antitumor effect of paclitaxel. Strat-
egies to reduce biofilm formation on the membrane are needed
to overcome complications such as cholangitis and stent occlu-
sion. Also, systemic chemotherapy or radiotherapy may increase
stent patency or survival. In our results, however, stent patency
or survival was not statistically different according to chemo-
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therapy or radiotherapy. These characteristics might be due to
advanced inoperable state of enrolled patients and retrospective
nature of the study.

This study has several limitations because of its retrospective
nature. First, the stent type was based on the endoscopist’s pref-
erence. Selection bias might have been a factor, although there
was no significant difference in baseline characteristics between
the two groups. Second, patients with advanced metastatic dis-
eases would have poorer prognosis and thus shorter follow-up
durations, which may have prevented estimation of stent func-
tionality and stent-related adverse events. Therefore, the effect
of chemotherapy or radiotherapy might be limited. However,
there was no difference in the proportion of these patients be-
tween the two groups.

In conclusion, compared with uncovered SEMS, PC-SEMS did
not prolong stent patency in unresectable malignant distal bili-
ary obstruction. Stent migration and sludge or stone formation
were more frequent in the PC-SEMS group. However, tumor
ingrowth was less frequent in the PC-SEMS group. To pro-
long stent patency without increasing the incidence of adverse
events, development of devices that prevent migration, biofilm
formation and tumor ingrowth is required.
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