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Technical Tips and Issues of Biliary Stenting, Focusing
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Although there is no survival advantage, inoperable hilar cholangiocarcinoma managed by palliative drainage may benefit from symp-
tomatic improvement. In general, biliary drainage is divided into endoscopic or percutaneous approaches and surgical drainage. Plastic
or metal stent is the most preferred device for palliative drainage in endoscopic approach. Considering cost-eftectiveness, use of metallic
stent is preferred than plastic stents in patients with more than 3 months of life expectancy with inoperable malignant biliary obstruc-
tion. In patients with unresectable malignant hilar obstruction, the endoscopic approach with biliary stent placement by experts has
been considered as the treatment of choice. However, the endoscopic management of hilar obstruction is often more challenging and
complex than distal malignant biliary obstructions. There is still a lack of clear consensus on the use of plastic versus metal stents and
unilateral versus bilateral drainage since the decision should be made under many grounds such as the volume of liver drainage more

than 50%, life expectancy, and expertise of the facility.
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INTRODUCTION

Hilar cholangiocarcinoma has a very poor prognosis, with
less than 10% of patients surviving past 5 years. The vast ma-
jority of patients with hilar cholangiocarcinoma are not good
candidates for curative surgery, but may benefit from pallia-
tive biliary drainage by stent placement, which is the treatment
of choice for inoperable malignant hilar biliary strictures (HBS).
As a palliative decompressive method, endoscopic drainage us-
ing metal or plastic stents has been proposed as an alternative
to biliary-enteric bypass surgery and percutaneous drainage to
palliate malignant HBSs.'” When appropriate endoscopic ex-
pertise is available, endoscopic palliation is considered the trea-
tment of choice for nonresectable malignant HBS. Combined
percutaneous and endoscopic procedures or percutaneous dr-
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ainage alone are used in malignant HBS either after the failure
of the endoscopic procedure or for further nonsurgical inter-
vention where obstructive cholestasis fails to be resolved after
the endoscopic procedure.'

However, the management of biliary decompression in ma-
lignant HBS is often more challenging and complex than in
distal malignant biliary obstructions, and controversy exists
regarding the use of one or multiple stents (unilateral versus bi-
lateral), and plastic or metal stents for the optimum approach
to endoscopic palliation. The clinical success rate of all biliary
drainage procedures in HBS is less than that for distal biliary
obstructions. Also, the strategy of palliative treatment differs
according to the location or level of the malignant biliary stri-
cture. In this section we reviewed the current strategy and te-
chnical issues for the endoscopic biliary stenting in inoperable
malignant HBS.

WHICH STENTS ARE MOST SUITABLE?
PLASTIC STENT VERSUS METAL STENT

Both plastic stents and metallic stents can be used for the
palliation of malignant bile duct obstructions. Plastic stents
have some advantages, including: less expense, technically easy



insertion, and relatively easy removal and exchange when stent
occlusion or malfunctions occur. However, plastic stents in hi-
lar strictures have limited stent patency due to their narrow lu-
men and a higher chance of clogging because of the longer
length of the stent. Stent occlusion frequently results in chol-
angitis, with rates as high as 20% to 40% reported for unilat-
eral or bilateral plastic stents because of biofilm formation and
sludge impaction secondary to the small diameter or bacterial
contamination of the undrained bile ducts. Moreover, it is te-
chnically difficult to place more than two 10 Fr plastic stents
initially, and they may be prone to distal migration due to elas-
tic restoring force."*

Comparative trials have shown that plastic stent patency is
significantly prolonged by the use of larger caliber stents (10
and 11.5 Fr) compared with smaller caliber stents (5, 7, and
8.5 Fr).*® However, in a retrospective study comparing the
efficacy and complications of 10 Fr biliary stents with 11.5 Fr
stents in the management of malignant and benign biliary tract
diseases, there was no significant difference in success rates or
complications.” There was also no significant difference found
according to stent design and materials in some studies.®*°
However, these studies were performed only in distal common
bile duct (CBD) malignancy (nonhilar biliary obstruction).

Theoretically, a metal stent may result in better drainage
than plastic stents in malignant HBSs. Metal stents have two
advantages over the plastic stents. First, they do not occlude
side branches because of the mesh, and since most malignant
HBSs are firm and scirrhous, tumor ingrowth probably oc-
curs less frequently. Second, metallic stents offer a longer but
still limited stent patency due to a larger diameter of stent as
up to 30 Fr or 10 mm, when deployed, using a relatively small-
er delivery system of 7 to 8 Fr, facilitating easier passage across
the biliary strictures. Self-expanding metal stents (SEMSs)
have been used to delay stent occlusion and minimize the need
for the reintervention that is common with plastic stents. More
recently, covered SEMSs have been introduced with the goal
of prolonging stent patency by inhibiting tumor in-growth
through the interstices. The larger internal caliber relative to
the plastic stents leads to prolonged stent patency (5 to 10
months).""* However, for malignant HBSs, only uncovered
SEMSs are available. Since covered SEMSs can occlude intra-
hepatic side branches, their placement in advanced hilar ma-
lignancy is not commonly performed and only a few cases
have been reported in the literature.

Regarding appropriate position of stents, generally the dis-
tal part of the SEMS should protrude about 1 cm into the du-
odenum to allow easy endoscopic access, in case it is needed for
the restoration of patency of occluded stents. Placement of
stents above an intact sphincter of Oddi might prevent mi-
gration of bacteria and deposition of organic material into the
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stent. In patients with malignant obstructive jaundice, prolon-
gation of function time of the stent would be expected if it is
placed above the sphincter of Oddi. However, there are few
comparative results for the position of stents. A study using 10
Fr Teflon stent did not show a difference on stent function
between stents placed above and across the sphincter of Oddi
in malignant bile duct obstruction."

SEMSs are composed of either stainless steel or nickel
shape-retaining titanium (Nitinol). Structurally, metal stents
are divided into a closed-cell type (Wallstent, Boston Scien-
tific Co., Natick, MA, USA; Niti-S, Taewoong Medical Inc.,
Seoul, Korea; Hanarostent, M.I. Tech Co., Seoul, Korea; Bon-
astent, Standard SciTech Inc., Seoul, Korea) and an open-cell
type (Zilver stent, Wilson-Cook Medical Inc., Winston-Sa-
lem, NC, USA; and Niti-S Y-type, Taewoong Medical Inc.).
Open-cell design stents are readily dilated by ballooning and
then remain in the dilated state. These characteristics may be
important factors in the success of primary placement of
stents and secondary revisions, but stents placed in this manner
may show weak patency in the central portion due to the large
open-cell structures. In contrast, closed-cell design stents have
been shown to increase patency rates and improve the pallia-
tion of CBD obstructions. However, a review of previous stu-
dies found no proven differences in patency or successful re-
vision rates between closed-cell and open-cell design stents.
Technical success rates of closed-cell and open-cell design
stents ranged from 73.3% to 100%, depending on whether a
stent-in-stent or side-by-side method was selected.>*

The main causes of occlusion in SEMSs are tumor in-
growth, tumor overgrowth and the development of granula-
tion tissue within the stent. A major limiting factor of SEMS
is that once placed, SEMS may be difficult to remove and can
only be removed surgically. Another disadvantage of SEMS
is the greater cost relative to plastic stents. However, metal
stent insertion not only offers higher patency rates compared
to plastic stent insertion, but is also cost-effective since pa-
tients require fewer reinterventions. Metal stents may be con-
sidered as an initial intervention in patients with nonresect-
able malignant HBSs.>*"** With regard to cost-effectiveness,
the use of metal stents should be restricted to those patients
with nonresectable tumors who will, in all probability, live
longer than three months, and in those patients who are plan-
ning to undergo chemotherapy or additional palliative thera-
py-> However, there is not a good way to predict life expec-
tancy. According to Asia-Pacific consensus recommendations
in 2013, in Bismuth II-IV HBS patients with a predicted sur-
vival of longer than 3 months, metallic stent performance is su-
perior to plastic stenting for palliation in terms of outcomes
and cost-effectiveness.”
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HOW MANY STENTS SHOULD
BE PLACED? BILATERAL VERSUS
UNILATERAL STENT PLACEMENT

There is currently no consensus on the best option for an en-
doscopic method with regard to bilateral versus unilateral place-
ment of stents in patients with nonresectable malignant HBSs.
Single (unilateral) stents may be adequate for Bismuth type I
hilar tumors, which have strictures of the main bile duct below
the confluence. However, there is significant controversy as to
whether single or multiple stents (unilateral versus bilateral)
should be inserted for Bismuth type II or higher tumors. The
decision on whether to place single or multiple biliary stents
depends on the location and extent of the stricture in the bili-
ary tract, as well as the degree of biliary contamination.'

A single biliary stent in one functional liver lobe for unilat-
eral drainage can provide adequate palliation in the majority
of patients with HBSs. It is well known that only 25% of the
liver volume requires drainage for adequate palliation of ob-
structive cholestasis in order to see improvement in bioche-
mical parameters.'® Approximately 55% to 60% of the liver
volume is drained via the right hepatic duct, 30% to 35% by
the left hepatic duct, and 10% from the caudate lobe. No signi-
ficant difference was found in terms of successful drainage,
complications, number of endoprosthesis changes and survival
between patients with right duct drainage compared with those
with left side drainage.”” De Palma et al.’** reported that uni-
lateral metallic stent insertion is safe, feasible, and achieves
adequate drainage in a great majority of patients with nonrese-
ctable hilar cholangiocarcinoma. Successful stent insertion was
achieved in 59 of 61 (96.7%) patients. Stent malfunction oc-
curred in only three of 61 (4.9%) cases. Successful drainage was
achieved in 59 of 61 (96.7%) patients and complete resolution
of jaundice occurred in 86% of cases. Compared with bilateral
drainage, unilateral stents had a significantly higher rate of su-
ccesstul endoscopic stent insertion than bilateral stents (88.6%
vs. 76.9%; p=0.041). Also, unilateral stents had a significantly
lower rate of complications than bilateral stents (18.9% vs.
26.9%; p=0.026). They concluded that the insertion of more
than one stent is not justified as a routine procedure in patients
with biliary bifurcation tumors.***” Previous studies also sug-
gested that more than one endoprosthesis would not be justi-
fied as a routine procedure in patients with malignant HBSs.
Unilateral stent insertion with either a metal or plastic stent
may have a significantly higher rate of technical success, lower
complication rate, and higher rate of successful drainage com-
pared with bilateral stent insertion.”>* Iwano et al.* showed
that unilateral drainage is associated with a lower incidence of
liver abscess, as well as a comparable outcome with regard to
stent patency and complication—free survival compared with
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bilateral drainage. These findings are the result of inadvertent
contrast injections into the undrained bile ducts. The results
clearly show that failure to drain an opacified lobe leads to a si-
gnificantly negative outcome, thus bilateral drainage is manda-
tory if both hepatic lobes are opacified. The incidence of cho-
langitis in patients with a hilar obstruction was significantly hi-
gher than those with a distal obstruction.”” An unsuccessful
attempt at bilateral drainage can lead to increased incidence of
post-procedure cholangitis and lower survival rates. Selective-
ly targeted and planned endoscopic drainage guided by mag-
netic resonance cholangiography or computed tomography
imaging has been introduced to reduce inadvertent contrast in-
jections into atrophied and/or unintended multiple hepatic se-
gments, which results in a lower incidence of postprocedure
cholangitis.”***

Although bilateral biliary drainage may be controversial in
the management of malignant HBSs, bilateral drainage re-
mains a reasonable option in preserving the functional volume
of the liver. In addition, an increased risk for cholangitis or
septicemia has been associated with unilateral drainage. Bi-
lateral biliary stents may be needed for palliative drainage of
both hepatic lobes when both sides are contaminated, when
a nondominant or atrophic lobe was inadvertently stented
without efficacy, or if bilateral brachytherapy is scheduled.
Accordingly, bilateral drainage may be more physiologically
sound than unilateral drainage, and various bilateral drain-
age techniques and newly developed metallic stents are now
available.*** Chang et al.** found that the greatest survival
rates in patients with bifurcation tumors were among those
who underwent bilateral drainage, and the worst survival rates
were among those with cholangiographic filling of both lobes,
but drainage of only one. Naitoh et al.*® also showed a higher
cumulative stent patency in the bilateral stent group.

Asia-Pacific consensus recommendations in 2013 suggest
that the goal of palliative stenting of hilar cholangiocarcinoma
is drainage of adequate liver volume (50% or more), irrespec-
tive of unilateral, bilateral, or multisegmental stenting. Drain-
ing more than 50% of liver volume frequently requires more
than one stent, whether bilateral stenting or multisegmental
stenting, which depends on the individual anatomy.** In ad-
dition, atrophic segment and aberrant ductal anatomy need
to be assessed by noninvasive imaging before attempting bili-
ary drainage.” If predicted survival is longer than 3 months,
metallic stents are preferred. In Bismuth type I, if liver vol-
ume cannot be drained more than 50% by one stent, biliater-
al endoscopic drainage is more preferred; in Bismuth type
ITI/IV, however, biliateral or multisegmental drainage by pre-
cutaneus approach is more preferred than endoscopic ap-
proach.* However, when viewed from the perspective of the
experienced endoscopists, bilateral drainage by metallic stents



is technically feasible and was revealed to have higher techni-
cal and functional success rate in recent reported studies. So,
if appropriate endoscopic expertise is available, endoscopic pa-
lliation can be suggested as the first treatment of choice even
for high grade Bismuth type I or IV strictures.

WHICH IS THE USEFUL TECHNIQUE?
STENT-IN-STENT METHOD VERSUS
SIDE-BY-SIDE METHOD

Bilateral biliary drainage using metallic stents for malig-
nant HBSs can be performed with side-by-side or stent-in-stent
method. After the initial stenting of the intrahepatic duct in one
segment (or side), a second stent can be placed either using a
“side-by-side” method (Fig. 1); parallel to the initial stent, or
using “stent-in-stent” method (Fig. 2); or by crossing through

t.>* However, the technical

the mesh within the initial sten
challenges of metallic stent insertion for bilateral drainage may
limit its use. Bilateral metallic stents placed by experienced en-
doscopists have an increased technical and functional success
rate when compared with unilateral stents; however, bilateral
stents do have an increased risk of complications when the
placement fails. As a result, some endoscopists may hesitate to
insert bilateral metal stents. The overall technical success rates
for experts in stent-in-stent and side-by-side procedures range
from 73.3% to 100% (Table 1).!5183%45

Bilateral side-by-side stent placement for HBS has frequent-
ly been performed using an endoscopic approach and parallel
arrangement, as reported by Cheng et al.*® and Dumas et al.*”
The issues surrounding this technique include the potential
entanglement of the two guidewires, the difficulty of precise

Fig. 1. Side-by-side deployment of metallic stents (Bonastent; Standard SciTech Inc.); sequential images of bilateral side-by-side stent
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deployment to ensure adequate drainage, and endoscopic re-
vision when the stents occluded.” After deployment of the first
SEMS, inserting the second delivery system may be difficult
due to impaction or resistance of the second delivery catheter
against the first deployed SEMS. Technically rapid insertion
after preloading on guidewire may be helpful, and small di-
ametered and good pushability delivery systems are needed.
Both SEMS should be placed with their distal end in the duo-
denum or at the same level in the CBD to facilitate SEMS re-
vision when stents occluded. For overcoming these difficulties,
Chennat and Waxman® introduced a thin, 6 Fr delivery system.
It showed a higher rate of technical success and they conclud-
ed that this system was feasible and ideal for use in simultane-
ous side-by-side deployment. However, the authors noted that
the handling of this side-by-side simultaneous system within
the endoscopic working channel and biliary duct resulted in
additional frictional forces that could be problematic and may
increase the tendency of the stent delivery system to buckle in
the distal duct. Furthermore, the duration of stent patency (130
days) was relatively short, due to the brevity of the follow-up
period.

In bilateral stent-in-stent procedures, the use of a guidewire
to cannulate to the desired contralateral duct through the pre-
existing SEMS may be difficult. Also, in endoscopic revisions
for stent occlusions due to tumor ingrowth, the previously in-
serted wire mesh of the stent may preclude the insertion of re-

visionary stent. To facilitate second SEMS insertion, balloon di-
lation of contralateral hepatic duct immediately before the first
stenting or dilation of first deployed SEMS by balloon before
inserting the contralateral second SEMS can be useful."**' Large
open-celled wire mesh stents can provide a high technical su-

placement in a patient with hilar cholangiocarcinoma (Bismuth type IlIA). The stricture was first negotiated with a guidewire inserted into the
left hepatic duct, and the right hepatic duct was then accessed using the same method. Following the introduction of these two guidewires,
the first stent (with a radiopaque X mark) was inserted in the left hepatic duct without removing the preloaded guidewire; the second stent
was then deployed in the right hepatic duct using the same method.
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Fig. 2. Stent-in-stent deployment of metallic stents in Bismuth type IV (Bonastent; Standard SciTech Inc.); guidewires were initially intro-
duced into both intrahepatic ducts bilaterally. The first stent with a radiopaque X mark was inserted into the left hepatic duct. After deploy-
ment of the first stent, the remaining guidewire was carefully withdrawn using an endoscopic retrograde cholangiopancreatography cathe-
ter, without pulling it back completely. The guidewire was then inserted into the right hepatic duct through the central portion of the first
stent. Following deployment of the second stent, the bilateral metal stents were in a Y-configuration.

Table 1. Studies That Have Analyzed Bilateral Metallic Stenting of Malignant Hilar Strictures

Bilateral Technical ~ Functional Revisionrate, Stent patency, Survival,
Type of stent . ) Follow-up, mo
method success, % success, % % median, day median, day
Lee etal.*! Stent-in-stent Niti-S 80(8/10) 100 (8/8) 25(2/8), 217 NA 12
50 (1/2)”
Park et al.’® Stent-in-stent Bona M-Hilar ~ 94.3 (33/35) 100 (33/33) 6(2/33) 150 180 142 day, median
Kim et al.#2 Stent-in-stent Niti-S, Zilver 85.3(29/34) 100 (29/29) 31(9/29), 186 239 21
44.4 (4/9)?
Chahal etal.'®  Stent-in-stent Wallstent, Zilver, 100 (21/21) NA 38(8/21) 189 NA 6.14
Flexxus 100 (8/8)
Kawamoto et al.”® Stent-in-stent JOSTENT SelfX 100 (9/9) 100 33(3/9) 7.1 mo, mean 7.5 mo, mean 5
Hwang et al.® Stent-in-stent Y-type Niti-S 86.7 (26/30) 100 (26/26)  30.8 (24/78) 140 176 58
Lee etal.® Stent-in-stent Bona M-Hilar ~ 95.2 (80/84) 92.9 (78/84)  30.8 (24/78) 238 256 25
Dumasetal®  Side-by-side Wallstent 73.3(33/45) 100 (33/33) 3(1/33) NA NA 8.5
Cheng et al.*® Side-by-side Wallstent 97 (35/36, NA 31(11/35) 169 147 10 years
bilateral 9)
Chennatetal.®®  Side-by-side Zilver 100 (16/16,  75(11/16) 25 (4/16), 130 NA 7
bilateral 10) 25 (1/4)?
Lee et al.* Side-by-side Bona M-Hilar  90.9 (40/44) 97.5 (39/40) 45 (18/40), 157 180 26
92.3 (12/13)2

NA, not available.
“Success rate of endoscopic revision.

ccess rate in those cases; however, expanding radial forces may However, on the 25-mm-long central portion, this stent had
decrease in stricture sites and may have an inherent weakness only the cross-wired structure to facilitate placement of the
to tumor ingrowth due to the large open mesh design. Also, contralateral stent across it. The primary technical success rate
full expansion of the second stent may be limited because of the of endoscopic bilateral stent-in-stent placement of cross-wired
space limitation though the large open mesh. Recently, cross- metallic stents was 95.2% and median patency was 238 days.
wired metallic stents for endoscopic bilateral stent-in-stent The technical and clinical success rates of planned bilateral en-
placement in malignant HBSs showed higher technical success doscopic revision for occluded stents were 83.3% (20/24) and
and revision efficacy. This stent had the conventional hook and 79.2% (19/24), respectively.” In general, the overall success
cross-wired structure on the proximal and distal portions. rate of endoscopic revisions varied from 44.4% to 100%.'3'%*4°
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These studies used various combinations of unilateral or bilat-
eral stent placement, side-by-side or stent-in-stent insertion
methods, without a comparative analysis because of the limited
number of patients. The variations among these studies pro-
hibit a direct comparison of the results. Nevertheless, newly de-
veloped or modified stents and devices recently did show a hi-
gher technical feasibility without increased complications. The
results may encourage endoscopic retrograde cholangiopan-
creatography endoscopists to use these techniques and stents
as soon as possible in order to overcome difficulties.

CONCLUSIONS

For the effective endoscopic biliary drainage, the selection of
the appropriate stent according to the patient’s condition and
anatomical position is important. Also, acknowledgement and
understanding of the advantages, disadvantages, and compli-
cations according to each type of stents are needed. Especially,
endoscopic palliation of inoperable malignant HBSs is tech-
nically difficult and there is a lack of a clear consensus on the
use of plastic versus metal stents and unilateral versus bilateral
drainage. Recent Asia-Pacific consensus recommendations su-
ggested that bilateral stent-in-stent or side-by-side endoscop-
ic drainage is more preferred in Bismuth type II, but bilateral
or multisegmental drainage by percutaneus approach is more
preferred in Bismuth type III/IV. However, recently developed
metal stents and devices have become commercially available
and several studies have reported higher technical feasibility
and successful clinical outcomes of these stents endoscopical-
ly in Bismuth type III/IV. Palliative therapeutic strategies should
be made on an individual basis such as experienced endosco-
pists, patient condition, or surrounding medical curriculum, till
more acceptable results are found in randomized, controlled
trials further evaluating these therapeutic issues.
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