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Abstract

In patients with a malignant biliary obstruction who re-
quire biliary drainage, a self-expandable metallic stent
(SEMS) provides longer patency duration than a plastic
stent (PS). Nevertheless, a stent occlusion by tumor
ingrowth, tumor overgrowth and biliary sludge may
develop. There are several methods to manage oc-
cluded SEMS. Endoscopic management is the preferred
treatment, whereas percutaneous intervention is an
alternative approach. Endoscopic treatment involves
mechanical cleaning with a balloon and a second stent
insertion as stent-in-stent with either PS or SEMS.
Technical feasibility, patient survival and cost-effective-
ness are important factors that determine the method
of re-drainage and stent selection.
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INTRODUCTION

Many studies have shown that the outcomes of palliative
endoscopic biliary drainage in patients with malignant
biliary obstruction were similar to those with surgical
bypass with regards to technical success and functional
biliary decompression' ™. However, an endoscopic ap-
proach provided lower rates of procedure-related mor-
tality and complications, and shorter hospital stay™.
Currently, there are two types of stent that can be se-
lected for endoscopic palliation; plastic stent (PS) and
self expandable metallic stent (SEMS). Although a plas-
tic stent is less expensive than SEMS, it provides shorter
patency duration due to its smaller diameter®'”. For the
cost effectiveness purpose, many studies demonstrated
that endoscopic placement of SEMS is more appropri-
ate in a patient who may survive longer than 3 mo™*'"'!,
In contrast, PS insertion is recommended in a patient
with shorter survival”®'""'"! Although SEMS can provide
longer patency duration, there are certain factors that
may cause recurrent biliary obstruction after the inser-
tion of SEMS™. Tumor ingrowth, tumor overgrowth,
stent migration and stent occlusion by sludge or debris
can occur. The appropriate management of occluded
SEMS is still unclear and controversial. We herein pres-
ent a review on the management of SEMS occlusion
based on our own expetience and previous reports of
this context.

May 16,2012 | Volume 4 | Issue5 |



Ridtitid W ef a/. Management of an occluded biliary metallic stent

CAUSES OF BILIARY METALLIC STENT
OCCLUSION

The occlusion of SEMS is a major late adverse event
of SEMS insertion. Many retrospective series have
demonstrated that it developed in 5%-40% of patients
who underwent an endoscopic palliative treatment with
SEMS"™. The causes of occluded SEMS include tu-
mort ingrowth, overgrowth, sludge/debtis formation and
stent migration (Table 1). The most common cause of
SEMS occlusion is tumor ingrowth, which accounted
for 60%-90% of all SEMS occlusion"*". This compli-
cation is more common in uncovered SEMS, which has
an open-mesh, resulting in tissue growing into the stent
easilylZO’Z]J. To overcome the problem of tumor ingrowth,
a covered stent has been introduced, a membrane made
of polyurethane and polyethylene designed to cover
the mesh, and therefore tissue and tumor cannot grow
into the SEMS lumen. As a trade off, a covered SEMS
contains a higher risk for migration because of a smaller
degree of biliary tissue embedment.

Many studies have shown that one fourth of all
SEMS occlusions resulted from tumor overgrowthm’w].
Because tumor can grow and invade over both ends of
the stent, covered and uncovered SEMSs have an equal
chance to develop tumor overgrowth. Hypothetically, a
longer SEMS may possibly decrease the risk for tumor
overgrowth. However, no studies have been done to
confirm this hypothesis.

Colonization or infection by bacteria can create
materials that occlude a stent, such as bacterial clump,
bile glycoprotein mucin and sludgelzzj. Thus, recurrent
cholangitis is an important risk developing biliary sludge.
This process usually develops after PS insertion; unfor-
tunately, SEMS placement is not exempt. In addition,
duodenobiliary reflux was reported as another factor for
PS occlusion™. Perhaps the larger diameter of SEMS
may increase the risk for stent blocking from more duo-
denobiliary reflux.

To date, the standard approaches for SEMS occlusion
are percutaneous biliary drainage, endoscopic cleaning
with balloon, and endoscopic re-stenting (PS, uncovered
SEMS and covered SEMS). The techniques, results and

complications are different among those approaches.

ENDOSCOPIC MANAGEMENT

Endoscopic treatment is widely accepted as the primary
mode of managing occluded SEMS. Currently, there are
three endoscopic techniques that provide re-drainage for
SEMS occlusion: (1) mechanical cleaning with a balloon;
(2) PS insertion; and (3) SEMS insertion” """,

Placing covered SEMS, uncovered SEMS or PS?

Both SEMS and PS can provide immediate biliary re-
lief in a patient with SEMS occlusion. Stent selection
is usually determined by the performing endoscopist.
Level of biliary obstruction and patient’s survival are
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Table 1 The causes of occluded self-expandable metallic stent

Tham e Bueno Togawa Rogart Ridtitid Cho er a/

al 1998 etal etal etal et al 2011
2003 2008 2008 2010

No. of patients 152 592 95 90 154 583
No. of patients 44 34 40 27 32 77(30/47)
withSEMSocclu  (44/0) (34/0) (40/0) (23/4) (22/10)
-sion (uncovered/
covered)
Tumor 28 (63.6) 20 (58.8) 36 (90) 19 (70.4) 25 (78.1) 53 (68.8)

ingrowth (%)

Tumor 3(6.8) 9(265) 3(75) 3(11.1) 3(94) 9(117)

overgrowth (%)

Sludge/debris 8 (18.2) 5(14.7) 1(25) 5(185) 5 (15.6) 8 (10.4)

(%)

Others Hyper- - - - Migration Compres-
plasia3 4 sion/blood
Unde- clot/ mi-
fined 2 gration7

'With tumor overgrowth.

important factors for stent selection. Our previous study
demonstrated a much shorter stent patency time (50%o)
in patients with hilar block when compared to non-hilar
block”. In addition, a patient with advanced liver metas-
tasis carries a significant shorter survival than a patient
with early stage of disease”. Thus, before restenting of
the SEMS occlusion, liver metastasis status needs to be
evaluated. For instance, placing only a PS is justified in a
patient with pancreatic head cancer with advanced liver
metastasis, whereas a patient with low grade hilar cholan-
glocarcinoma (Bismuth II') without liver spread deserves
SEMS as a second stent.

Moreover, for a country with financial constraints,
cost-effectiveness should be the main concern since
there is a significant difference in the cost between PS
and SEMS. Therefore, the balance between cost and
clinical concern, including stent patency and patient
survival, has to be judged individually in every patient
according to local expertise and the economic level of
each country.

Stent patency: There are several studies that used addi-
tional stent placement as stent-in-stent for a re-drainage
of SEMS occlusion"*". The patency times of a second
stent are shown in Table 2. A study by Tham ez al™
demonstrated that there was no significant difference in
the duration of second stent patency after placement of
either SEMS or PS (75 d; 95% CI 43-107 »s 90 d; 95%
CI 71-109). Some studies demonstrated that mechani-
cal cleaning with a balloon was less effective than plac-
ing the second stent!"™”"". In addition, our recent study
reported that all patients with stent occlusion by debris
were also found to have a concomitant tumor ingrowth.
At first, mechanical cleaning was performed but it was
insufficient to maintain stent patency and eventually all
of our patients required a placement of second stent to
maintain patency .

A covered SEMS provides a more durable patency
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Table 2 The patency time of second drainage and patient

survival

Tham Bueno Togawa Rogart Ridtitid Cho
et al et al et al et al et al et al
1998 2003 2008 2008 2010 2011
No. of SEMS 44 34 40 27 32 77
occlusion
Type of initial
SEMS (patients)
Covered SEMS 0 0 0 4 10 47
Uncovered SEMS 44 34 40 23 22 30
Initial stent 118" 60-150"
patency (d): total
Covered SEMS NA NA NA NA NA 189
Uncovered SEMS 102 125 153 NA NA 132
Type of second
drainage (patients)
Covered SEMS 0 0 26 9 4 40
Uncovered SEMS 19 4 7 5 10 26
Plastic stent 20 24 7 11 11 11
Mechanical dleaning 5 6 0 2 0 0
PTBD 0 0 0 0 7 0
Second drainage
patency
(median, d)
Covered SEMS NA NA 220° 214° NA 138°
Uncovered SEMS 75 192 141° 54 100 109
Plastic stent 90 90 58° 66 60 88
Mechanical cleaning 34 21 NA 43 NA NA
PTBD NA NA NA NA 75 NA
Survival (d)
Covered SEMS NA NA NA 227 NA  440°
Uncovered SEMS 70 NA NA 389 230" 243
Plastic stent 98 NA NA 188 130 296
Mechanical cleaning 34 NA NA 194 NA NA
PTBD NA NA NA NA 150 NA

NA: Not available; “Overall initial stent patency (d); "P < 0.05 for SEMS vs
PS and mechanical cleaning; ‘P < 0.05 for covered SEMS vs PS; 4p < 0.001
for covered SEMS vs uncovered SEMS; “Mean patency time (d); ‘P < 0.05
for SEMS vs PS and PTBD. SEMS: Self-expandable metallic stent; PTBD:
Percutaneous transhepatic biliary drainage; PS: Plastic stent.

than an uncovered SEMS as the first stent™. A recent
meta-analysis reported that a covered SEMS provided a
longer patency than an uncovered SEMS when inserted
as the first stent in patients with unresectable distal ma-
lignant biliary obstruction (weight mean difference 60.56
d; 95% CI 25.96-95.17). In addition, tumor ingrowth
was likely to occur more in patients with uncovered
SEMS [relative risk (RR) 2.03; 95% CI: 0.08-0.67; P =
0.01], whereas stent migration, tumor overgrowth and
sludge formation were more likely to develop in patients
with covered SEMS (RR 8.11; 95% CI: 1.47-44.76; P =
0.02; RR: 2.02; 95% CI: 1.08-3.78; P = 0.03; RR: 2.89;
95% CI: 1.27-6.55; P = 0.01, respectively)™. Hypo-
thetically, covered SEMS should also provide a longer
patency duration when inserted as a second stent after
the first SEMS becomes occluded®”. This hypothesis
has been supported by two reports' . Togawa e al"
placed a covered stent in patients with occluded uncov-
ered SEMS and showed that the cumulative duration of
the covered SEMS patency was significantly longer than
the uncovered one (mean second stent patency = 219.6
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d; range 19-1972 d »s 141.3 d; range 6-1949 d; P = 0.04).
Likewise, Cho e /" reported a similar outcome (median
second stent patency of covered SEMS »s uncovered
SEMS = 360 d »s 221 d; P = 0.002).

The level of biliary obstruction can influence the pa-
tency duration of the second stent. Two studies support-
ed that the level of biliary obstruction near the hepatic
hilum influenced the shorter duration of a second stent
patency ', Bueno e al"” demonstrated that the patency
time was longer for a stent inserted as stent-in-stent for
distal biliary stricture as opposed to a second stent in-
serted for proximal biliary strictures. They reported that
the median second stent patency in distal biliary stricture
was longer than hilar stricture (128 d; range 11-393 d
vs 61 d; range 15-263 d). Needless to say, the advantage
of the second SEMS for occluded stent at the hepatic
hilum is still suboptimal and a better SEMS designed for
this purpose is required.

Patient survival: The median survival times of patients
with a second intervention are shown in Table 2. The
majority of studies demonstrated that that the survival
of patients who had SEMS as a second stent was longer
than others. There were some limitations from retro-
spective study designs and this finding may resulted in
selection bias. A study by Tham ef a/'"* reported that pa-
tients’ survival has no influence on stent selection since
both SEMS and PS provided similar duration of stent
patency. It speculated that patients’ survival used for
calculation of stent patency in that study was relatively
short since it has been shown that the median survival
times of the SEMS group and the PS group were only
70 d and 98 d, respectively’. In contrast, Rogart ez a/'”
who had patients with longer survival (285 d for SEMS
group and 188 d for PS group, respectively) demonstrat-
ed the longer patency duration of SEMS than PS (172 d
5 66 d, respcctixlflilpg. Similar results have been confirmed

by other studies .

Cost-effectiveness: The best parameter to determine
the cost effectiveness of different approaches is the in-
cremental cost effectiveness ratio (ICER) that requires
the calculation of stent costs, number of endoscopic
retrograde cholangiopancreatography (ERCP) sessions
and the cost for one ERCP. The selected intervention
can be determined as cost effective if its ICER is less ex-
pensive than having an additional procedure. The results
of the three studies on ICER of SEMS »s ICER of PS
are shown in Table 3"*"""** We assumed that the SEMS
costs in different countries are comparable. The ICERs
from those three studies ranged from US § 1518 to US $
7015 as a result from the differences in ERCP-procedure
cost and number of ERCP sessions. The ERCP-proce-
dure cost is dependent on the cost of living and health-
care reimbursement in different countries. Thus, we can
state that SEMS placement for a patient who will survive
long enough to require the second stent is cost-effective
when the cost of ERCP is at least higher than US § 1518;
otherwise PS placement is more cost-effective.
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Table 3 Incremental cost-effectiveness ratio analysis of a sec-

ond self-expandable metallic stent vs plastic stent

Studies n  Approximate cost of each Mean number of ICER (US $)
procedure (US $) ERCPs
PS SEMS PS SEMS
Tham et al™ 38 1044 1956 144 131 7015
1998
Rogart 27 2289 3807 127 089 1518
et al"”
2008
Ridtitid 32 460 1500 2 245 2311
et al™ 2010

ICER: Incremental cost-effectiveness ratio; ERCP: Endoscopic retrograde
cholangiopancreatography; SEMS: Self-expandable metallic stent; PS: Plas-
tic stent.

Mechanical cleaning with balloon

Generally, mechanical cleaning is performed by flush-
ing with water or saline solution and sludge/debris ex-
traction can succeed with an inflated balloon sweeping
through the stent. Hypothetically, this method is defi-
nitely correct for an occlusion by only sludge or debris.
Three studies compared this procedure to a second stent
insertion as stent-in-stent after SEMS occlusion!*'>"”
(shown in Table 2). Bueno ez al"” suggested that me-
chanical cleaning was less effective than SEMS and PS
stent insertions (median duration of stent patency after
re-intervention 21 d; range 3-263 d, 192 d; range 81-257
d, and 90 d; range 11-393 d, respectively ). A similar
outcome has also been shown by Rogart e/ al'” (median
days to re-intervention 43 d, 172 d and 66 d; P < 0.05
respectively). Although, Tham ¢ /' demonstrated no
significant differences in the durations of the biliary
patency among the three methods, there was a trend to-
ward lower patency duration in a group who underwent
mechanical cleaning when compared with groups who
underwent SEMS and PS insertions (median duration
of second patency 34 d; 95% CI: 30-38 d, 75 d; 95% CI:
43-107 d, 90 d; 95% CI: 71-109 d, respectively).

PERCUTANEOUS MANAGEMENT

Percutaneous transhepatic biliary drainage (PTBD) is
effective and appropriate for both tumor ingrowth and
overgrowth. It is an alternative intervention after failed

endoscopic management, particularly in a patient with
post bilateral SEMS insertion for hilar block who has
an inaccessible desired intrahepatic duct ziz endoscopy.
However, the main disadvantages of PTBD are pain,
inconvenience and volume/electrolyte loss"®**. Our
previous study reported that PTBD for re-drainage after
SEMS occlusion provided no difference in patency time
when compated with PS insertion (75 d; 95% CI: 36-113
d 25 60 d; 95% CI: 51-68 d; P > 0.05)""". However, its pa-
tency duration was significantly shorter than the second
SEMS (75 d; 95% CI: 36-113 d #5 100 d; 95% CI: 72-127 d;
P < 0.05)", In addition, we found that the main cause
of PTBD occlusion was tube re-clogging by debris. Al-
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ternatively, a percutaneous approach can provide internal
drainage by placing SEMS either directly or under a ren-
dezvous technique™.

CONCLUSION

In summary, the current management of occluded SEMS
includes a second stent insertion (covered SEMS, uncov-
ered SEMS or PS), mechanical cleaning and percutaneous
drainage. Mechanical cleaning with a balloon is less effec-
tive in a patient with concomitant tumor ingrowth. En-
doscopic insertion of SEMS or PS is equally effective for
SEMS occlusion in a patient with short survival. In a pa-
tient with longer survival and where the cost of ERCP in
that institution is higher than US $ 1518, another SEMS
insertion is preferred. PTBD is an alternative method
when an endoscopic approach is impossible.

REFERENCES

1 Andersen JR, Sgrensen SM, Kruse A, Rokkjaer M, Matzen P.
Randomised trial of endoscopic endoprosthesis versus op-
erative bypass in malignant obstructive jaundice. Gut 1989;
30: 1132-1135

2 Smith AC, Dowsett JF, Russell RC, Hatfield AR, Cotton PB.
Randomised trial of endoscopic stenting versus surgical by-
pass in malignant low bileduct obstruction. Lancet 1994; 344:
1655-1660

3 Huibregtse K, Cheng J, Coene PP, Fockens P, Tytgat GN.
Endoscopic placement of expandable metal stents for bili-
ary strictures--a preliminary report on experience with 33
patients. Endoscopy 1989; 21: 280-282

4 Castaifio R, Lopes TL, Alvarez O, Calvo V, Luz LP, Artifon
EL. Nitinol biliary stent versus surgery for palliation of
distal malignant biliary obstruction. Surg Endosc 2010; 24:
2092-2098

5 Moss AC, Morris E, Leyden J, MacMathuna P. Malignant
distal biliary obstruction: a systematic review and meta-
analysis of endoscopic and surgical bypass results. Cancer
Treat Rev 2007; 33: 213-221

6 Knyrim K, Wagner HJ, Pausch ], Vakil N. A prospective,
randomized, controlled trial of metal stents for malignant
obstruction of the common bile duct. Endoscopy 1993; 25:
207-212

7 Schmassmann A, von Gunten E, Knuchel ], Scheurer U,
Fehr HF, Halter F. Wallstents versus plastic stents in malig-
nant biliary obstruction: effects of stent patency of the first
and second stent on patient compliance and survival. Am |
Gastroenterol 1996; 91: 654-659

8 Perdue DG, Freeman ML, DiSario JA, Nelson DB, Fennerty
MB, Lee JG, Overby CS, Ryan ME, Bochna GS, Snady HW,
Moore JP. Plastic versus self-expanding metallic stents for
malignant hilar biliary obstruction: a prospective multi-
center observational cohort study. | Clin Gastroenterol 2008;
42:1040-1046

9  Rerknimitr R, Kongkam P, Kullavanijaya P. Outcome of

self-expandable metallic stents in low-grade versus ad-

vanced hilar obstruction. | Gastroenterol Hepatol 2008; 23:

1695-1701

Davids PH, Groen AK, Rauws EA, Tytgat GN, Huibregtse

K. Randomised trial of self-expanding metal stents versus

polyethylene stents for distal malignant biliary obstruction.

Lancet 1992; 340: 1488-1492

Kaassis M, Boyer ], Dumas R, Ponchon T, Coumaros D,

Delcenserie R, Canard JM, Fritsch ], Rey JF, Burtin P. Plastic

or metal stents for malignant stricture of the common bile

duct? Results of a randomized prospective study. Gastroin-

10

11

May 16,2012 | Volume 4 | Issue5 |



12

13

14

15

16

17

18

19

Ridtitid W et a/. Management of an occluded biliary metallic stent

test Endosc 2003; 57: 178-182

O’Brien S, Hatfield AR, Craig PI, Williams SP. A three year
follow up of self expanding metal stents in the endoscopic
palliation of longterm survivors with malignant biliary ob-
struction. Gut 1995; 36: 618-621

Leung J, Rahim N. The role of covered self-expandable
metallic stents in malignant biliary strictures. Gastrointest
Endosc 2006; 63: 1001-1003

Tham TC, Carr-Locke DL, Vandervoort J, Wong RC, Li-
chtenstein DR, Van Dam ], Ruymann F, Chow S, Bosco J],
Qaseem T, Howell D, Pleskow D, Vannerman W, Libby ED.
Management of occluded biliary Wallstents. Gut 1998; 42:
703-707

Bueno JT, Gerdes H, Kurtz RC. Endoscopic management of
occluded biliary Wallstents: a cancer center experience. Gas-
trointest Endosc 2003; 58: 879-884

Togawa O, Kawabe T, Isayama H, Nakai Y, Sasaki T, Arizu-
mi T, Matsubara S, Ito Y, Yamamoto N, Sasahira N, Hirano K,
Tsujino T, Toda N, Tada M, Yoshida H, Omata M. Manage-
ment of occluded uncovered metallic stents in patients with
malignant distal biliary obstructions using covered metallic
stents. | Clin Gastroenterol 2008; 42: 546-549

Rogart JN, Boghos A, Rossi F, Al-Hashem H, Siddiqui UD,
Jamidar P, Aslanian H. Analysis of endoscopic management
of occluded metal biliary stents at a single tertiary care cen-
ter. Gastrointest Endosc 2008; 68: 676-682

Ridtitid W, Rerknimitr R, Janchai A, Kongkam P, Tree-
prasertsuk S, Kullavanijaya P. Outcome of second interven-
tions for occluded metallic stents in patients with malignant
biliary obstruction. Surg Endosc 2010; 24: 2216-2220

Cho JH, Jeon TJ, Park JY, Kim HM, Kim Y], Park SW, Chung
JB, Song SY, Bang S. Comparison of outcomes among sec-
ondary covered metallic, uncovered metallic, and plastic
biliary stents in treating occluded primary metallic stents in
malignant distal biliary obstruction. Surg Endosc 2011; 25:

K

Gz
Raishideng®

WJGE | www.wjgnet.com

161

20

21

22

23

24

25

26

27

28

475-482

Isayama H, Komatsu Y, Tsujino T, Sasahira N, Hirano K,
Toda N, Nakai Y, Yamamoto N, Tada M, Yoshida H, Shi-
ratori Y, Kawabe T, Omata M. A prospective randomised
study of “covered” versus “uncovered” diamond stents for
the management of distal malignant biliary obstruction. Gut
2004; 53: 729-734

Nakai Y, Isayama H, Komatsu Y, Tsujino T, Toda N, Sasahi-
ra N, Yamamoto N, Hirano K, Tada M, Yoshida H, Kawabe
T, Omata M. Efficacy and safety of the covered Wallstent in
patients with distal malignant biliary obstruction. Gastroin-
test Endosc 2005; 62: 742-748

Zhang H, Tsang TK, Jack CA. Bile glycoprotein mucin in
sludge occluding biliary stent. | Lab Clin Med 2003; 142:
58-65

Weickert U, Venzke T, Konig ], Janssen ], Remberger K,
Greiner L. Why do bilioduodenal plastic stents become oc-
cluded? A clinical and pathological investigation on 100
consecutive patients. Endoscopy 2001; 33: 786-790
Rerknimitr R, Kladcharoen N, Mahachai V, Kullavanijaya P.
Result of endoscopic biliary drainage in hilar cholangiocar-
cinoma. | Clin Gastroenterol 2004; 38: 518-523

Saleem A, Leggett CL, Murad MH, Baron TH. Meta-analy-
sis of randomized trials comparing the patency of covered
and uncovered self-expandable metal stents for palliation
of distal malignant bile duct obstruction. Gastrointest Endosc
2011; 74: 321-327.e1-3

Ridtitid W, Rerknimitr R, Janchai A, Kongkam P, Tree-
prasertsuk S, Kullavanijaya P. Reply to Dr. Viroj Wiwanikit.
Surg Endosc 2012; 26: 278-279

Ferrucci JT, Mueller PR, Harbin WP. Percutaneous transhe-
patic biliary drainage: technique, results, and applications.
Radiology 1980; 135: 1-13

Cwikiel W. Percutaneous management of occluded biliary
duct endoprostheses. Acta Radiol 2000; 41: 338-342

S- Editor Yang XC L- Editor Roemmele A E- Editor Yang XC

May 16,2012 | Volume 4 | Issue5 |



