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Abstract

AIM: To compare diverse endoscopic interventions in
the management of occluded uncovered self-expand-
ing metal stents (SEMSs) that had been placed for
palliative treatment of unresectable malignant biliary
obstruction.

METHODS: A retrospective review was undertaken
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in 4 tertiary endoscopic centers to determine optimal
management of different types of occluded SEMSs. The
technical success of performed treatment in occluded
SEMSs, the patency of the stent, the need for re-inter-
vention and the financial costs of each treatment were
analyzed.

RESULTS: Fifty four patients were included in the anal-
ysis; 21 received Hanaro, 19 Wallstent and 14 Flexus.
For the relief of obstruction, a plastic stent was inserted
in 24 patients, a second SEMS in 25 and mechanical
cleaning was performed in 5 patients. The overall me-
dian second patency rates between second SEMSs and
plastic stents did not differ (133 d for SEMSs vs 106 d
for plastic stents; P = 0.856). Similarly, no difference
was found between the overall survival of SEMS and
plastic stent groups, and no procedure-related compli-
cations occurred. Incremental cost analysis showed that
successive plastic stenting was a cost-saving strategy at
least in Greece.

CONCLUSION: Insertion of uncovered SEMSs or plas-
tic stents is a safe and effective treatment for occluded
uncovered SEMSs; insertion of plastic stents appears
to be the most cost-effective strategy.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

The treatment of choice for patients with unresectable
malignant biliary obstructions with survival time beyond
6 mo, is the insertion of self-expanding metal stents
(SEMSs), either endoscopically or percutaneously' ™.,
The main advantages of SEMSs over plastic stents in the
palliation of malignant biliary strictures are their longer
patency, greater complication-free survival, and cost-effec-
tiveness, despite the initial cost; stent patency is critical be-
cause it significantly affects patient survival®”. However,
despite their large lumen, SEMSs ate prone to occlusion
by tissue ingrowth or overgrowth and biliary sludge/de-
bris™”, resulting in recurrent jaundice or cholangitis; unlike
plastic stents, the major disadvantage of SEMSs is the dif-
ficulty with repositioning or extraction once deployedm.
In contrast, plastic stents are less expensive and easier
to remove or to change, although they have a shorter
duration of patency and a higher risk of clogging and
dislocation""!. There are currently limited data comparing
the efficacy of different treatment options and reporting
on the follow-up of SEMS occlusion; only 3 studies' >
described the management of occluded Wallstents and
one with different types of SEMSs'"”. As SEMSs with dif-
ferent characteristics are more frequently used worldwide,
we anticipate that occluded SEMSs of different types
will be more commonly encountered in current clinical
practice. Since experience and consensus regarding the
optimal management of occlusion of different types of
SEMSs is lacking, such data would be useful in clinical
decisions. In this respect, in countries (e.g. Greece) where
endoscopic retrograde cholangiopancreatography (ERCP)
costs are very low compared to those with SEMSs, initial
endoscopic retrograde biliary drainage by a plastic stent
appears to be less expensive.

We conducted this study to compare diverse endo-
scopic interventions, but with significant cost difference,
in the management of different types of occluded SEMSs
by 4 tertiary level centers over a 10-year period.

MATERIALS AND METHODS

A retrospective study was performed between Septem-
ber 1999 and December 2008 in 4 tertiary endoscopic
centers in Northern (7 = 3) and Central (» = 1) Greece,
in patients undergoing therapeutic ERCP for unresect-
able malignant distal biliary obstruction. Medical records
were reviewed to determine the management and clini-
cal course until death of patients with occluded SEMSs
or the end of the study period (cut-off date, January
31, 2009). Additional information was also obtained by
phone contact with the patients’ referring physicians or
relatives. The study was approved by the institutional re-
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view boards of all participating hospitals.

We identified patients through the endoscopy database.
Age, sex, indication for first SEMS placement, information
from outpatient visits, diagnostic tests, interventions and
treatments that patients underwent at the 4 centers were
reviewed. Three types of uncovered SEMS had been used.
The Wallstent (Boston Scientific, USA) original SEMS is
considered the industry standard. It consists of a braided
stainless steel mesh with soft barbed ends, is available in
40, 60 and 80 mm lengths, and 8 or 10 mm diameter, and
costs 2200 Euros. The Flexus (formerly Mometherm and
Luminex) (ConMed, USA) is a highly flexible nitinol stent
with flared ends. The stent is made from a laser-cut single
piece of nitinol, a nickel-titanium alloy that provides a high
degree of flexibility, and the interstices of the lattice work
are large enough to permit cannulation and, after dilata-
tion, placement of another stent in “Y”” configuration for
palliation of hilar strictures and costs 1950 Euros. The
Hanaro (MI Tech, Korea) is also made of nitinol and costs
1650 Euros. The interstices of the lattice are larger com-
pared to those of a Wallstent and similar to those of the
Flexus stent.

Stent occlusion was diagnosed when a patient devel-
oped symptoms and/or signs of cholangitis (fever, right
upper quadrant tenderness, and/or a = 2-fold increase in
bilirubin concentration above baseline at the post endo-
scopic retrograde biliary drainage petiod) or when bilirubin
concentration increased = 2-fold above baseline after
endoscopic retrograde biliary drainage, even without chol-
angitis symptoms and/or signs or an imaging study con-
firming biliary obstruction recurrence. The reason for stent
occlusion was classified as predominantly tumor ingrowth,
tumor proximal or distal overgrowth or obstruction from
sludge/debtis. Tumor ingtowth and proximal overgrowth
were identified when cholangiography showed a stricture
within the stent (Figure 1A) or a new stricture proximal to
the stent, respectively. Distal overgrowth was diagnosed
by direct endoscopic visualization (Figure 1B). Occlusion
from debris or sludge was diagnosed when cholangiogra-
phy showed filling defects within the lumen of the stent
and cleaning of the stent produced passage of debris/
sludge confirmed endoscopically. Management of occluded
SEMSs included insertion of either an additional uncov-
ered SEMS (Figure 1C and D) or a 10 Fr plastic stent (length
7,9 or 10 cm) (Figure 1E) within the first or mechanical
cleaning of the occluded SEMS. Mechanical cleaning was
accomplished by flushing the obstructed SEMS with not-
mal saline solution and repetitive passage of an inflated
stone extraction balloon through the SEMS. Successful
endoscopic management of stent occlusion was defined as
a significant decrease in bilirubin level after the procedure
and/or resolution of cholangitis or imaging improvement.
First stent patency was defined as the time (in days) elapsed
from the initial stent placement to the first occlusion that
required one of the aforementioned interventions (place-
ment of a second SEMS, plastic stent or mechanical clean-
ing). Second stent patency was defined as the time (in days)
elapsed from the intervention to resolve the first occlusion
to the first subsequent intervention or patient death with a
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Figure 1 The reasons for stent occlusion (A, B) and the management of occluded self-expanding metal stents (C-E). A: Cholangiogram showing self-expand-
ing metal stent (SEMS) occlusion by tumor ingrowth (arrow); B: Endoscopic view showing the distal end of a SEMS completely occluded by tumor overgrowth; C:
Insertion of a new SEMS within the distally occluded stent; D: The second SEMS (arrows) was placed to resolve the occlusion by tumor overgrowth; E: Plastic biliary
stent (arrowheads) passed through the occluded SEMS (arrows) that had been placed for palliation of pancreatic carcinoma.

patent stent. Overall second stent patency was defined as
the time until a second SEMS became obstructed or the
patient died with a patent SEMS, o, in the case of plastic
stents, the time until no further stent exchanges could be
performed or the patient died with a patent stent. For each
treatment strategy to resolve the first SEMS obstruction
(new SEMS, plastic stent or mechanical cleaning) we retro-
spectively counted the total amount of stents of either type
used until the patient’s death and calculated the cost per
patient.

The incremental cost per patient (excluding the cost of
the initial SEMS) was calculated by multiplying the number
of stents of each type used by their price adding the cost
of a balloon catheter (160 Euros) for each mechanical
cleaning procedure, 70 Euros for daily hospital charges
and cost of hospitalization because of cholangitis until the
endpoint, and 150 Euros for each ERCP, according to the
financial policy of the Greek National Health System.

Statistical analysis
The analysis was performed using the statistical program
Statistical Package for Social Sciences (SPSS, version 13.0,
Chicago, I, USA). The estimation of patient survival and
stent patency in the various groups of the study was per-
formed using the Kaplan-Meier method, supplemented
by the log-rank test used for comparisons of groups in
relation to their survival and the duration of patency of
the stents.

For the purpose of statistical data analysis the y test,
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Fishet’s exact test, the Mann-Whitney U test and the
Kruskal-Wallis test were used. For compatisons between
groups the Bonferroni adjusted P-value was used. Signifi-
cance was set at P < 0.025.

RESULTS

Between September 1999 and December 2008, 219 pa-
tients with distal untesectable biliary obstruction received
uncovered SEMSs of 3 different types, at 4 tertiary endos-
copy centers. Hanaro stents were used in 74, Wallstents
in 81 and Flexus stents in 64 patients. Sixty-three (28.8%)
patients who underwent an ERCP because of SEMS
(Hanaro 26, Wallstent 20 and Flexus 17) occlusion as de-
termined by an increasing serum bilirubin level and/or an
imaging study confirming recurrence of biliary obstruc-
tion were identified. Nine patients were excluded from the
study because data were incomplete for analysis. There
were 54 patients, 31 male, 23 female; median age 71 (range,
54-86 years) who were followed up until death and were
included in the analysis. Of the 54 uncovered SEMSs
that were occluded, 21 were Hanaro, 19 Wallstent and 14
Flexus stents (Table 1). Indications for SEMSs insertion
were: pancreatic carcinoma in 28, cholangiocarcinoma in
10, papillary cancer in 8, metastatic lymphadenopathy in
7 and hepatocellular carcinoma in 1 case (Table 1). He-
patic metastases were present in 6 patients with metastatic
lymphadenopathy (Table 1). The cause of first SEMS oc-
clusion was ingrowth in 35 patients (64.8%), overgrowth
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Table 1 Patient characteristics

Flexus Hanaro Wallstent All stents

No. of patients 14 21 19 54
Sex (M/F) 5/9 9/12 9/10 23/31
Median age (range) 75 (59-86) 69 (54-83) 73 (60-83) 71 (54-86)
Indication

Pancreatic cancer 7 12 9 28

Biliary cancer 3 3 4 10

Hilar metastatic lymphadenopathy 1 4 2 7

Papillary tumor 3 2 3 8

Hepatocellular carcinoma 1 1
Hepatic metastases 1 5] 2 6
Prior plastic stent 5 2 2 9
Presentation of first occlusion

Painless jaundice 3 12 8 23

Cholangitis 11 9 11 31
Cause of obstruction

Ingrowth 7 16 12 35

Overgrowth 4 5 5 14

Sludge and/or debris 3 2 5
Median time to first occlusion (range) (d) 228.5 (178-398) 248 (74-582) 176 (98-754) 2425 (7-754)
Type of intervention for first occlusion

Self-expanding metal stent B 15 B 25

Plastic stent 6 6 12 24

Mechanical cleaning 8 2 5

Table 2 Outcomes of interventions and financial cost in the course of treatment of first self-expanding metal stent occlusion, me-

dian (range) (d)

Plastic stent Second SEMS Mechanical cleaning All types P

Intervention for first occlusion

No. of patients 24 25 5 54

No further interventions required

No. of patients 13 (54.2%) 17 (68%) 1 (20%) 31 (57.4%)

Survival after first occlusion 84 (40-179) 116 (62-227) 39 97 (39-227)

without further interventions
Further intervention(s) required

No. of patients 11 (45.8%) 8 (32%) 4 (80%) 23 (42.6%)

Types of intervention 11 plastic stents insertion 5 plastic stents insertion 3 plastic stents insertion 19 plastic stents insertion

3 mechanical cleaning 1 insertion of SEMS 1 insertion of SEMS
3 mechanical cleaning

Time to second occlusion (d) 91 (60-74) 44 (26-331) 112 (21-180) 96 (21-331)
Overall second stent patency 106 (39-645) 133 (26-331) 0.856
Second stent patency 88 (40-179) 133 (26-331) <0.001
Survival after first occlusion 106 (40-645) 177 (60-870) 210 (39-390) 142 (39-870) 0.180
Number of interventions per patient 1(1-5) 1(1-4) 2 (1-3) 1(1-5) 0.199
Cost per patient in euros 590 (380-2550) 2170 (1870-3620) 1020 (380-2550) 1685 (380-3620) <0.001

SEMS: Self-expanding metal stent.

in 14 patients (25.9%) and sludge/debtis in 5 patients no significant difference between them (P = 0.936) (Table
(9.3%) (Table 1). There was no difference in the etiology 1 and Figure 2A).

of occlusion between the 3 types of SEMS (P = 0.773) The outcomes and financial costs of interventions in
(Table 1). The first occlusion presented as cholangitis in the course of treatment of first SEMS occlusion ate sum-
31 (57.4%) and painless jaundice in 23 (42.6%) patients, marized in Table 2. From the 25 patients managed by a
without any significant difference between the 3 types second SEMS insertion, 17 (68%) died after a median 116
of SEMS (P = 0.116) (Table 1). A plastic stent had been (62-227) d without requiring further intervention, but 8
placed before SEMS insertion in 9 patients (Table 1). The (32%) patients presented with re-occluded stents after a
overall median (range) duration of the first SEMS patency median 144 (26-331) d (Table 2). Those with re-occluded
was 242.5 (74-754) d. More specifically, for Hanaro stents stents were treated with either plastic stent insertion (5
the patency petiod was 248 (74-582) d, for Wallstents 176 patients) or mechanical cleaning (3 patients) and 9 plas-
(98-754) d, and for Flexus stents 228.5 (178-398) d, with tic stents were required in total (Table 2). From the 24
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Figure 2 Patency of different stent (A-C) and survival after first self-expanding metal stent occlusion (D). A: Patency of 3 self-expanding metal stent (SEMS) until
first occlusion; B: Patency of second SEMS vs overall plastic stent patency; C: Patency of second SEMS vs first plastic stent; D: Survival after first SEMS occlusion.

patients managed by plastic stent insertion, 13 patients
(54.2%) died after a median 84 (40-179) d without requir-
ing further intervention but 11 (45.8%) patients presented
with re-occluded stents after a median 91 (60-74) d and
were treated with plastic stent exchanges as many times as
required, resulting in the insertion of 20 additional plastic
stents (Table 2). In 2 patients, both with papillary tumors,
stent exchange was unsuccessful on the third and fourth
ERCP due to duodenal invasion by the tumor. They re-
tused further intervention and died. Of the 5 patients who
were treated by mechanical cleaning alone, only one (20%)
required no further interventions and died 39 d later, while
the other 4 (80%) presented with a second obstruction
after a median 112 (21-180) d, treated by plastic stent in-
sertion in 3 patients and SEMS insertion in one (Table 2).
Two patients required an additional plastic stent. Overall,
31 patients (57.4%) required no further interventions until
their death after a median 97 (39-227) d and 23 patients
(42.6%) presented with a second obstruction after a me-
dian 96 (21-331) d (Table 2).

Apart from cholangitis, other complications includ-
ing post-endoscopic retrograde biliary drainage bleeding,
cholecystitis, pancreatitis or stent migration were not ob-
served and there was no complication-related mortality.

Median overall patency of the second SEMS was 133
(range, 26-331) d and for successive plastic stenting 106
(range, 39-645) d (P = 0.850) (Figure 2B). However, when
compared with the patency of the first plastic stent, which
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was 88 (range, 40-179) d, the patency of the second SEMS
was significantly longer (P < 0.001) (Figure 2C). Survival
after the first occlusion was 142 (range, 39-870) d: 106
(range, 40-645) d for plastic stent placement, 177 (range,
60-870) d for a second SEMS, and 210 (range, 39-870) d
for mechanical cleaning (P = 0.180) (Figure 2D).

Overall, the average cost was 1685 (380-3620) Euros
per patient: 2170 (1870-3620) Euros per patient for inser-
tion of a second SEMS at initial obstruction, 590 (380-2550)
Euros per patient for insertion of a plastic stent at the
same setting and 1020 (380-2550) Euros per patient treat-
ed by mechanical cleaning (P < 0.001) (Table 2).

DISCUSSION

Although endoscopic biliary stenting is accepted as the
treatment of choice in patients with inoperable malignant
biliary obstruction, and has been associated with reduced
morbidity and short hospital stay, the major problem faced
after endoscopic stent insertion is stent occlusion. Relative
data on the optimal management of occluded SEMSs, are
very limited to case reports and small retrospective stud-
ies". Our retrospective multicenter series includes the
largest number of patients with occluded SEMSs man-
aged endoscopically and is the second study to include
different types of occluded SEMSs, thereby better depict-
ing the daily practice worldwide. The initial occlusion rate
of SEMSs in our series was 28.8%, consistent with that
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of previous studies" ", Moreover, the occlusion rate was
similar between the 3 types of SEMS (Hanaro 35.1%,
Wallstent 24.7%, Flexus 26.6%), irrespective of the dif-
ferent design and material. The major cause of SEMSs
occlusion was tumor ingrowth (64.8%), confirming the
previous observations". This is thought to have been
secondary to the growth of tumors within the interstices
of the uncovered SEMSs. It is interesting that the rate of
ingrowth was similar among the 3 types of SEMS (Hanaro
76.2%, Wallstent 63.2%, Flexus 50%) despite the larger
interstices of mesh in Hanaro and Flexus stents.

Our finding that mechanical cleaning of sludge/debris
is an ineffective treatment for occluded SEMSs, present-
ing with high re-occlusion rates in a short time (median:
94 d, range: 21-180) is compatible with other series!* ',
Notably, sludge is accrued because the stent surface allows
for the adherence of proteins, glycoproteins, or bacteria
and the bile flow is insufficient to clean the surface; stent
clogging may be caused by microbiological adhesion and
biliary stasis. In this regard, treatment with antibiotics
and/ot ursodeoxycholic acid to prevent clogging of bili-
ary stents in patients with malignant stricture of the biliary
tract, however, cannot be recommended routinely on the
basis of the existing randomized clinical trials",

Placement of either a second SEMS, independent of
its type, or a plastic stent inside the occluded SEMS, was
equally effective in resolving the jaundice or the symp-
toms of cholangitis, in accordance with other series* ",
We found that the overall stent patency between second
SEMSs and plastic stents for resolution of the first ob-
struction was not statistically different (133 d s 106 d, P
= 0.856) (Figure 2B). However, the patency of the second
SEMS was significantly longer than that of the first plastic
stent [133 (26-331) d »s 88 (40-179) d, P < 0.001] (Figure
2C), confirming the previous seties. There was no differ-
ence on second SEMS patency between the 3 types of
SEMS [Hanaro 144 (range, 42-331) d, Wallstent 97 (range,
26-243) days, Flexus 133 (range, 92-184) d] (P = 0.943).
SEMS patency before the first occlusion was not predictive
of the duration of the patency of the SEMS placed within
the initial stent. This is in contrast to the observation of
Katsinelos ez a/'"! of a positive correlation between the
patency of the first Wallstent and the period of patency of
the second Wallstent, but in accordance with Bueno ¢ a/’
and Rogart ¢z al"” studies.

Kaplan-Meier analysis in our study revealed that sur-
vival of patients with a second SEMSs was similar to that
with plastic stents (Figure 2D). Interestingly, patients who
underwent a second SEMS placement had fewer subse-
quent interventions compared with patients who had plas-
tic stents inserted, but the difference was not statistically
significant (P = 0.33).

Several studies™"'*" have attempted to address the
cost-effective management of occluded SEMS for ma-
lignant biliary obstruction. In our series, incremental cost
analysis showed that the most cost-effective method ap-
peared to be plastic stent insertion (P < 0.001) unlike the
previous studies™ ", but similar to the study by Abraham
¢t al'’. However, based on the special characteristics of
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our health system, our financial analysis is disproportion-
ally influenced by the direct cost of stents, either SEMS
or plastic, over the cost of ERCPs and the indirect cost
of hospitalizations related to stent occlusion. Therefore,
the cost-effectiveness data from our study may not apply
directly to countries with different health systems.

Our study has limitations similar to those of prior
studies, with retrospective analysis and a relatively small
number of patients having a variety of causes for SEMS
placement and expected survival. Because the subjects
were not randomly allocated, firm conclusions cannot be
drawn until a prospective randomized and stratified study
in larger numbers confirms our findings. However, data
from such a study are unlikely to be available in the near
future.

In conclusion, our findings support the use of plastic
stents as the main intervention in patients with occluded
SEMSs despite the increased number of subsequent ER-
CPs, because it is cost-effective, especially in health sys-
tems where the cost of expendables markedly exceeds
that of the medical services.

COMMENTS

Background

Self-expandable metal stents (SEMSs) remain the treatment of choice for patients
with unresectable malignant biliary stricture and survival time beyond 6 mo. How-
ever, despite their large lumen, they are prone to occlusion. The reported experi-
ence on the management of occluded SEMSs of different types is limited.

Research frontiers

Experience and consensus on the optimal management of occlusion of different
types of SEMSs, which are used more frequently worldwide is lacking. How-
ever, such data are useful in clinical decisions about the treatment of occluded
biliary uncovered SEMSs.

Innovations and breakthroughs

The present retrospective multicenter study investigated the diverse endoscopic
interventions in the management of different types of occluded SEMSs. The
findings support the use of a cost-effective plastic stent as the main intervention
in patients with occluded uncovered SEMSs.

Applications

These findings are of potential financial importance especially in healthy sys-
tems where the cost of SEMSs markedly exceeds the medical service costs.
Terminology

Uncovered SEMSs are occluded by tissue ingrowth or overgrowth and biliary
sludge/debris, resulting in recurrent jaundice or cholangitis.

Peer review

In this good retrospective study, the authors found that a cheap plastic bili-
ary stent was as good as an expensive SEMS for the treatment of occluded
SEMSs.
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