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What should be done next? Is the stricture benign? Is it resectable? Should I place a stent? Which one? These are some of the
questions one ponders when dealing with biliary strictures. In resectable cases, ongoing questions remain as to whether the biliary
tree should be drained prior to surgery. In palliative cases, the relief of obstruction remains the main goal. Options for palliative
therapy include surgical bypass, percutaneous drainage, and stenting or endoscopic stenting (transpapillary or via an endoscopic
ultrasound approach). This review gathers scientific foundations behind these interventions. For operable cases, preoperative biliary
drainage should not be performed unless there is evidence of cholangitis, there is delay in surgical intervention, or intense jaundice
is present. For inoperable cases, transpapillary stenting after sphincterotomy is preferable over percutaneous drainage. The use
of plastic stents (PS) has no benefit over Self-Expandable Metallic Stents (SEMS). In case transpapillary drainage is not possible,
Endoscopic Ultrasonography- (EUS-) guided drainage is still an option over percutaneous means. There is no significant difference
between the types of SEMS and its indication should be individualized.

1. Introduction
Neoplasms that affect the bile duct are uncommon [1–
5]. Despite their rarity, estimates from the Surveillance,
Epidemiology and End Results (SEER) database from North
America reveal an increased incidence and a poor prognosis.
The calculated prevalence in 2012 was 15 per 100,000 people
[6]. It is estimated that almost 20% of the subclinical jaundice
is due to malignant bile duct obstruction [7], divided by a
ratio of 2 : 1 of pancreatic and other biliary obstructive cancers, respectively [8]. The most common causes of malignant
biliary obstruction (MBO) are pancreatic adenocarcinoma,
cholangiocarcinoma, ampullary/duodenal adenocarcinoma,
gallbladder adenocarcinoma, lymphoma, and compressive
metastatic proximal lymph nodes [9, 10].
Despite technological advances, only 20% of periampullary tumors are found to be resectable at the time
of presentation due to their invasiveness, late symptom
appearance, and onset in elderly people [11–13]. According to

the Brazilian National Institute of Cancer (INCA), pancreatic
tumors were accountable for 2% of the malignant tumors with
an estimate of around 17,000 new cases in 2015. Having in
mind that only 15%–20% of these neoplasms are resectable,
the number of inoperable MBO in Brazil in the year of 2015
is estimated to be about 13,000 patients [14].
Biliary tree obstruction and consequent jaundice occur in
70–90% of these patients and have important consequences
mainly for the patient’s quality of life, morbidity, and overall
mortality [15–19]. Options for palliative therapy of biliary tree
obstruction include surgical bypass, percutaneous external
drainage/stenting, and endoscopic stenting. For patients
with resectable tumors, ongoing debate remains on whether
preoperative drainage is necessary. Commonly, MBO appears
as painless jaundice with anorexia and weight loss. This can
sometimes be present in other benign conditions (i.e., chronic
pancreatitis) [9, 10]. Although the diagnosis can be achieved
without tissue biopsy, it is important to have histological
confirmation. Tissue can be acquired through interventional
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radiology (ultrasound/computed tomography-guided puncture) or through endoscopic procedures, such as Endoscopic
Retrograde Cholangiopancreatography (ERCP) and Endoscopic Ultrasound-Guided Fine-Needle Aspiration (EUSFNA), although the former can be associated with seeding in
the needle tract [20–23].
To further evaluate a biliary stricture, it may be necessary
to perform a computed tomography (CT) scan or a Magnetic
Resonance Cholangiopancreatography (MRCP). If a mass is
observed, a tissue sample should be obtained via the methods
previously mentioned. If no mass is seen, an EUS should
be performed and any visualized lesion can be sampled.
ERCP with brush cytology, cholangioscopy, endomicroscopy,
and/or intraductal ultrasound can be performed to further
evaluate this [9, 10, 24].
The European Society of Gastrointestinal Endoscopy’s
(ESGE) guidelines [25] recommend placing a plastic stent
for biliary drainage if a diagnosis of the biliary obstruction
(malignant versus benign) is still not ascertained. Despite this
recommendation, patients with a high clinical-imaginologic
suspicion of MBO (i.e., an elderly male patient, smoker,
with high bilirubin levels, anorexia, and metastatic disease
on imaging) could benefit in using a fully covered SelfExpandable Metallic Stent (cSEMS), therefore avoiding the
cost and possible complications of another ERCP. The current
practice however is to place a plastic stent (PS) in cases of
cholangitis as there is little data about the possible advantages
of SEMS in these cases.
This review intends to explore the possibilities of drainage
of the biliary tree in patients with malignant biliary obstruction.

2. Operable Cases
2.1. Preoperative Drainage. The routine use of preoperative
biliary drainage (PBD) is not well defined yet, although its use
in cholangitis, neoadjuvant therapies, and delayed surgery is
advocated by the ESGE.
A meta-analysis from Cochrane [26], involving six randomized controlled trials (RCTs) with percutaneous and
endoscopic interventions, revealed major morbidity and no
change in mortality in the group who was subjected to
preoperative drainage. However the clinical status of patients
were rather heterogeneous amongst the studies and the stent
used was PS. There is scarce material regarding the use of SelfExpandable Metallic Stents (SEMS) for PBD.
A retrospective study published in January 2015 [27] evaluated the use of percutaneous transhepatic biliary drainage
(PTBD) versus SEMS versus PS versus no drainage in PBD.
The results demonstrated a significantly higher rate of sterile
bile in the no drainage group, although this finding was not
translated in less infection in the postprocedure period. There
were no differences between SEMS and PS. Nonetheless, the
sample had a small percentage of SEMS placed (15%) and the
median prestent bilirubin level was 201 𝜇mol/L. The severity
of jaundice is used in clinical practice to infer the severity of
the obstruction and is beginning to figure as an important factor to look at in recent articles. Sauvanet et al. [17] published
in August 2015 an article demonstrating that a cutoff value of
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250–300 𝜇mol/L in serum bilirubin level had clinical impact
in patients with recurrent jaundice after pancreaticoduodenectomy due to pancreatic adenocarcinoma, and patients
above this cutoff value had higher morbidity and mortality.
A RCT published in August 2015 added information
not only regarding drainage or not but also analyzing the
types of drainage. It revealed an overall complication rate
for cSEMS, PS, and early surgery groups of 51%, 74%, and
39%, respectively [28]. The evidence gathered so far in the use
of preoperative drainage indicates that it can be specifically
beneficial also in proximal obstructions and there may be a
better outcome if SEMS are used [29, 30] in this tendency.
More studies are needed to determine a possible benefit in
patients with high bilirubin levels and long wait for surgery
(either for logistic reasons or for need of clinical compensation/neoadjuvant chemoradiation), as well as the neoplasia’s
topography most benefited by the drainage and the optimal
material for the stent. In any case, if preoperative drainage
has been deemed necessary, it is needed to ponder the
type of intervention: percutaneous (PTBD) or endoscopic.
PTBD has higher morbidity due to the risk of puncturerelated hemorrhage, cutaneous infection, and catheter tract
recurrence. Percutaneous tract seeding is a major preoccupation and can compromise up to 5.2% of potentially curable
cases [31]. Nonetheless, some studies have shown that, in
patients with proximal tumors, the endoscopic drainage can
have lower technical success (38% of cases) [32] and should
preferably have an internal drainage [33]. If PTBD is chosen,
sphincterotomy should be performed in transpapillary stent
placement; in order to prevent pancreatitis for tumors more
than 2 cm in distance from the papillae, a suprapapillary stent
could be used as an option for transpapillary stenting [34, 35].
These articles show evidences supporting either therapy.
Since they involved data as far as 14 years ago, their data
may be not applicable for the current practices and technical
success; therefore more studies regarding the type of preoperative drainage are needed for a definitive answer.
In summary, the evidence thus far reveals that, for
patients with a low bilirubin level and scheduled early
surgery, preoperative drainage should be avoided. On other
routine PBD cases, the conflicting data suggests that individual case scenarios should be analyzed.

3. Inoperable Cases
3.1. Palliative Surgical Bypass versus Endoscopic Drainage.
Although initial results with surgical bypass demonstrated
low rates of recurrent jaundice (2–5%), the surgery itself
carries an appreciable risk of postoperative morbidity and
mortality, in up to one-fourth of the patients in some trials
[36, 37]. Despite the evidence of more complications with
surgical decompression, it has been advocated in patients
who at the time of laparotomy for planned tumor resection
are found to have unresectable disease as well as in occasional
patients with longer projected survival due to its longer
jaundice relief [38, 39].
In order to analyze the possible treatments for inoperable
MBO, RCTs have compared some of these interventions and
found that, despite a shorter time for recurrence of jaundice,
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the complication rate was lower in the endoscopic group
[40, 41]. A recent meta-analysis from 2015 regarding surgical
bypass versus endoscopic stenting for distal inoperable MBO
demonstrated no differences for success of the procedures,
but differences were observed with better outcomes for
endoscopic therapy with 10% less mortality and 19% less
complications associated with the procedure [42].
In summary, from a palliative perspective, the use of an
endoscopic approach appears to be favorable.
3.2. SEMS versus PS. Two main types of materials for stents
are routinely used in current practice: plastic and metal.
Several RCTs demonstrated that SEMS are associated with
longer stent patency but survival rate is quite similar to
PS. Some studies favored survival in the SEMS group [43–
52] while some favored the PS group [53, 54]. Statistically
significant survival difference has only been shown in one
study, favoring SEMS [55].
The latest meta-analysis regarding metal and plastic stenting in inoperable MBO [56], which involved stents inserted
through ERCP, involved thirteen RCTs and demonstrated a
better survival of about 1-2 months in the SEMS group. In this
meta-analysis, the use of SEMS had 24% fewer dysfunction,
almost double patency (124 days versus 250 days), and longer
survival. It also required 30% fewer reinterventions, when
compared to PS. Despite no statistical differences in costs
and complication amongst the two stents groups, there was
numerical difference benefitting SEMS (€4,193.98 for SEMS
versus €4,728.65 for PS, 𝑃 = 0.09 and 3% less complication,
𝑃 = 0.16).
Kim et al. [57] demonstrated a survival benefit in metastatic biliary tract cancer of about 9 months in a phase II study of
gemcitabine and S-1 combination chemotherapy, in contrast
to the 3-4 months survival of earlier studies. This is also
true for pancreatic adenocarcinoma that has a mean overall
survival of 6.9 months with new treatments [58]. Therefore,
taking into account the patients’ quality of life and adequate
palliative care with the lowest hospital stay possible and
minimal symptomatology, SEMS is always the first option.
An important aspect is to look at the whole treatment
cost rather than the cost of the specific instrument. Therefore,
a prospective randomized controlled study with attention to
a specific population (short expected survival) is needed to
clarify if SEMS is actually more cost-effective in this group.
The summary of evidences presented so far points out
that the use of SEMS is advisable. Even in the short expected
survival cases, the question we should ask ourselves is why not
use SEMS, as it does not cost more, has similar complication,
and does have better outcomes [56].
3.3. Types of SEMS. Endoscopic stents appear to offer a
less invasive option, but the many designs and stent types
available have made selecting the ideal stent for individual patients complicated. There are several combinations
of materials, with or without antireflux valves, uncovered
SEMS (uSEMS), partially covered SEMS (pcSEMS) or cSEMS,
and different kinds of mesh. All of them have different
possible complications and conflicting information in the
literature [59–63]. To date, two meta-analyses demonstrated
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no benefits to survival or morbidity in cSEMS compared to
uSEMS [64, 65]. There is still no SEMS that has presented a
far superior result compared to the others.
Usually uSEMS are associated with obstruction due to
ingrowth while cSEMS have higher migration rates and
association with cholecystitis if placed across the cystic duct
in patients not cholecystomized [59, 64]. A retrospective
study from 2013 evaluated uSEMS versus cSEMS and found
that the adverse event rate is about 27% for both, tumor
ingrowth with recurrent obstruction is more common in
the uSEMS group (76% versus 9%, 𝑃 < 0.001), and stent
migration is more common in cSEMS group (36% versus 2%,
𝑃 < 0.001) [62]. A more recent pcSEMS was developed,
trying to gather the best of both worlds. Apparently, it has
better results with less stent migration than cSEMS but more
than uSEMS (pcSEMS 5.9% versus uSEMS 0%, 𝑃 = 0.118)
and less tumor ingrowth than uSEMS (pcSEMS 5.9% versus
uSEMS 19.2%, 𝑃 = 0.041) [63].
The major causes of dysfunction of the large bore cSEMS
are attributed to the reflux of duodenal content into the
prosthesis and to the stent migration. Although studies with
innovative mechanisms to surpass the migration problem
failed to show any difference [63], the antireflux mechanism
has shown to lead to longer patency. In the study by Lee et al.
[66], the overall reflux of barium was 7.7% in the Anti-Reflux
Valve Metal Stent (ARVMS) group versus 100% in the cSEMS
group and the cumulative median duration of stent patency
was 407 days for ARVMS versus 220 days for cSEMS.
In order to overcome the main problem of obstruction
due to tumor ingrowth when using the uSEMS, the use
of novel SEMS that are combined with radioactive seeds
(I125) or brachytherapy is still being studied and has shown
promising results regarding patency time and survival (mean
survival of 8 months versus 3 months in the study by Zhu
et al.) [67–69]. The use of drug-eluting stents, namely, with
paclitaxel, had not shown expressive benefits [70].
The use of bilateral versus unilateral SEMS in the proximal MBO is an issue not yet resolved. Despite the better
cumulative patency demonstrated in the studies, the complication and survival rates do not seem to improve in bilateral
drainage, although the physiologic mechanism that would
lead to a better outcome seems plausible [71–73].
Altogether it is not yet possible to state the optimal
choice for palliative SEMS in MBO. Hence, each case has
to be assessed individually and evaluated regarding the pros
and cons. Novel products and techniques are promising but
lacking in RCTs in favor of certain specific SEMS.
3.4. Radiofrequency Ablation. There are several papers in
recent years demonstrating a good outcome in patients
submitted to radiofrequency ablation (RFA) after the placement of a SEMS (occluded SEMS) or before its placement
[74–76]. It is usually preferred over photodynamic therapy
due to its complications [77–79]. Intraductal RFA can be
performed either endoscopically or percutaneously through
the insertion of a specific catheter that delivers heat energy
directly to neoplastic tissues to achieve tumor necrosis and to
prolong biliary patency. This procedure has a local effect and
is not intended to be curative.

4
Despite its promising results, it is an experimental therapy
that just a handful of centres have at disposal. There is still
much research to be done before we can reach a consensus
regarding how, when, and where this new technique should
be used.
3.5. EUS. EUS assists in accessing the biliary tract via
transgastric or transduodenal routes and is an option in
cases where transpapillary route is inaccessible by ERCP. It
is usually performed with a sectorial echoendoscope which
identifies the hepatic ducts or the bile duct. The duct is
punctured and a guidewire is placed, to guide the SEMS
through the gastric or duodenal wall. Alternatively, EUS
can also be used to exteriorize the guidewire through the
papillae to guide a usually placed SEMS through ERCP in
the so-called rendezvous technique. Although these stateof-the-art techniques are exciting, more studies are needed
to confirm their efficacy and security compared with the
percutaneous option when the transpapillary ERCP drainage
is not possible.
Therefore, it is mainly an option in cases of failed
transpapillary endoscopic drainage, with the advantage of
maintaining physiologic bile flow through the gastrointestinal tract and having better comfort to the patient as internal
drainage [80, 81].

4. Conclusions
In operable cases, routine preoperative stents shall not be
placed unless the patient is cholangitic, there is delay in
surgery, or intense jaundice is present. More research is
needed to clarify the benefits of PTBD in proximal tumors
and the cutoff level of bilirubin. Most of the studies used PS
for PTBD, with just a few studies examining the role of SEMS.
Therefore more data regarding SEMS for PBD is necessary to
have a definitive answer.
For inoperable cases, surgery should be avoided and
transpapillary stenting after sphincterotomy should be
preferable over the percutaneous drainage approach. The use
of PS for MBO has no demonstrated benefit over SEMS and
should not be used, since new modalities of chemotherapy for
metastatic patients, either with pancreatic adenocarcinoma
or with cholangiocarcinoma, surpass 6 months of mean
overall survival. In inaccessible transpapillary cases, EUSguided drainage is still an option over the percutaneous
approach. Among the types of SEMS, there is no significant
difference between their uses and their indication should
be individualized. The concurrent use of SEMS with
radioisotopes, brachytherapy, and radiofrequency ablation
shows promising results.
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[18] D. Bonnel, T. André, B. Mader, J.-F. Lefebvre, E. Bensoussan,
and C. Liguory, “Malignant biliary obstruction, general review
and clinical practice,” Bulletin du Cancer, vol. 100, no. 5, pp. 443–
452, 2013.
[19] J. Deviere, M. Baize, M. Gelin et al., “Treatment of cancer of the
head of the pancreas. Surgery and/or endoscopic prostheses,”
Acta Gastro-Enterologica Belgica, vol. 50, no. 1, pp. 137–146, 1987.
[20] A. Sadeghi, M. Mohamadnejad, F. Islami et al., “Diagnostic yield
of EUS-guided FNA for malignant biliary stricture: a systematic
review and meta-analysis,” Gastrointestinal Endoscopy, vol. 83,
no. 2, pp. 290–298.e1, 2016.
[21] M. D’Onofrio, R. De Robertis, E. Barbi et al., “Ultrasoundguided percutaneous fine-needle aspiration of solid pancreatic
neoplasms: 10-year experience with more than 2,000 cases and
a review of the literature,” European Radiology, pp. 1–7, 2015.
[22] C. J. Tyng, M. F. Almeida, P. N. Barbosa et al., “Computed
tomography-guided percutaneous core needle biopsy in pancreatic tumor diagnosis,” World Journal of Gastroenterology, vol.
21, no. 12, pp. 3579–3586, 2015.
[23] I. Chen, T. Lorentzen, D. Linnemann et al., “Seeding after
ultrasound-guided percutaneous biopsy of liver metastases in
patients with colorectal or breast cancer,” Acta Oncologica, 2015.
[24] A. Tringali, A. Lemmers, V. Meves et al., “Intraductal biliopancreatic imaging: European Society of Gastrointestinal
Endoscopy (ESGE) technology review,” Endoscopy, vol. 47, no.
8, pp. 739–753, 2015.
[25] J.-M. Dumonceau, A. Tringali, D. Blero et al., “Biliary stenting: indications, choice of stents and results: European Society of Gastrointestinal Endoscopy (ESGE) clinical guideline,”
Endoscopy, vol. 44, no. 3, pp. 277–298, 2012.
[26] Y. Fang, K. S. Gurusamy, Q. Wang et al., “Pre-operative
biliary drainage for obstructive jaundice,” Cochrane Database of
Systematic Reviews, vol. 9, Article ID CD005444, 2012.
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[38] J. Śmigielski, J. Hołyński, M. Kococik et al., “Paliative procedures in cholangiocarcinomas—experience of 5 centers,” Polski
Merkuriusz Lekarski, vol. 26, no. 155, pp. 416–419, 2009.
[39] S. B. Edge, D. R. Byrd, C. C. Compton, A. G. Fritz, F. L. Greene,
and A. Trotti, AJCC (American Joint Committee on Cancer)
Cancer Staging Manual, Springer, New York, NY, USA, 7th
edition, 2010.
[40] M. Arvanitakis and J. Devière, “Endoscopic retrograde cholangiopancreatography,” Endoscopy, vol. 36, no. 10, pp. 855–859,
2004.
[41] H. Baume, M. Huguier, and J. M. Fabre, “Palliative treatment of
cancers of the headof the pancreas. Surgery versus endoscopy,”
Annales de Chirurgie, vol. 49, no. 2, pp. 110–115, 1995.
[42] S. L. Alves de Lima, F. A. C. Bustamante, E. G. Hourneaux de
Moura et al., “Endoscopic palliative treatment versus surgical
bypass in malignant low bile duct obstruction: a systematic
review and meta-analysis,” International Journal of Hepatobiliary and Pancreatic Diseases, vol. 5, pp. 35–46, 2015.
[43] D. Walter, P. G. Van Boeckel, M. Groenen et al., “606 Metal
stent placement is cost-effective for palliation of malignant
common bile duct obstruction: a randomized controlled trial,”
Gastrointestinal Endoscopy, vol. 79, no. 5, supplement, pp.
AB157–AB158, 2014.
[44] T. Mukai, I. Yasuda, M. Nakashima et al., “Metallic stents are
more efficacious than plastic stents in unresectable malignant
hilar biliary strictures: a randomized controlled trial,” Journal
of Hepato-Biliary-Pancreatic Sciences, vol. 20, no. 2, pp. 214–222,
2013.
[45] H. Isayama, I. Yasuda, S. Ryozawa et al., “Results of a Japanese
multicenter, randomized trial of endoscopic stenting for nonresectable pancreatic head cancer (JM-test): covered Wallstent
vs DoubleLayer stent,” Journal of Digestive Endoscopy, vol. 23,
no. 4, pp. 310–315, 2011.
[46] M. Bernon, J. Shaw, J. Krige, and P. Bornman, “Malignant biliary
obstruction: a prospective randomised trial comparing plastic
and metal stents for palliation of symptomatic jaundice,” HPB,
vol. 13, pp. 139–145, 2011.
[47] C. Soderlund and S. Linder, “Covered metal versus plastic
stents for malignant common bile duct stenosis: a prospective,
randomized, controlled trial,” Gastrointestinal Endoscopy, vol.
63, no. 7, pp. 986–995, 2006.

6
[48] P. Katsinelos, D. Paikos, J. Kountouras et al., “Tannenbaum
and metal stents in the palliative treatment of malignant distal
bile duct obstruction: a comparative study of patency and
cost effectiveness,” Surgical Endoscopy and Other Interventional
Techniques, vol. 20, no. 10, pp. 1587–1593, 2006.
[49] M. Kaassis, J. Boyer, R. Dumas et al., “Plastic or metal stents
for malignant stricture of the common bile duct? Results of a
randomized prospective study,” Gastrointestinal Endoscopy, vol.
57, no. 2, pp. 178–182, 2003.
[50] P. H. P. Davids, A. K. Groen, E. A. J. Rauws, G. N. J. Tytgat,
and K. Huibregtse, “Randomised trial of self-expanding metal
stents versus polyethylene stents for distal malignant biliary
obstruction,” The Lancet, vol. 340, no. 8834-8835, pp. 1488–1492,
1992.
[51] K. Knyrim, H. J. Wagner, J. Pausch, and N. Vakil, “A prospective,
randomized, controlled trial of metal stents for malignant
obstruction of the common bile duct,” Endoscopy, vol. 25, no.
3, pp. 207–212, 1993.
[52] H.-J. Wagner, K. Knyrim, N. Vakil, and K. J. Klose, “Plastic
endoprostheses versus metal stents in the palliative treatment
of malignant hilar biliary obstruction. A prospective and
randomized trial,” Endoscopy, vol. 25, no. 3, pp. 213–218, 1993.
[53] F. Prat, O. Chapat, B. Ducot et al., “A randomized trial of endoscopic drainage methods for inoperable malignant strictures of
the common bile duct,” Gastrointestinal Endoscopy, vol. 47, no.
1, pp. 1–7, 1998.
[54] P. L. Moses, K. M. Alnaamani, A. N. Barkun et al., “Randomized
trial in malignant biliary obstruction: plastic vs partially covered
metal stents,” World Journal of Gastroenterology, vol. 19, no. 46,
pp. 8638–8646, 2013.
[55] A. Sangchan, W. Kongkasame, A. Pugkhem, K. Jenwitheesuk,
and P. Mairiang, “Efficacy of metal and plastic stents in
unresectable complex hilar cholangiocarcinoma: a randomized
controlled trial,” Gastrointestinal Endoscopy, vol. 76, no. 1, pp.
93–99, 2012.
[56] L. Z. Pu, E. G. H. de Moura, W. M. Bernardo et al., “Endoscopic
stenting for inoperable malignant biliary obstruction: a systematic review and meta-analysis,” World Journal of Gastroenterology, vol. 21, no. 47, pp. 13374–13385, 2015.
[57] H. S. Kim, H. Y. Kim, D. Y. Zang et al., “Phase II study of
gemcitabine and S-1 combination chemotherapy in patients
with metastatic biliary tract cancer,” Cancer Chemotherapy and
Pharmacology, vol. 75, no. 4, pp. 711–718, 2015.
[58] J. Harder, G. Ihorst, V. Heinemann et al., “Multicentre phase
II trial of trastuzumab and capecitabine in patients with HER2
overexpressing metastatic pancreatic cancer,” British Journal of
Cancer, vol. 106, no. 6, pp. 1033–1038, 2012.
[59] S. J. Lee, M. D. Kim, M. S. Lee et al., “Comparison of the efficacy
of covered versus uncovered metallic stents in treating inoperable malignant common bile duct obstruction: a randomized
trial,” Journal of Vascular and Interventional Radiology, vol. 25,
no. 12, pp. 1912–1920, 2014.
[60] Y. N. Lee, J. H. Moon, H. J. Choi et al., “Effectiveness of a newly
designed anti-reflux valve metal stent to reduce duodenobiliary
reflux in patients with unresectable distal malignant biliary
obstruction: a randomized controlled pilot study (with videos),”
Gastrointestinal Endoscopy, vol. 83, no. 2, pp. 404–412, 2016.
[61] C. Soderlund, S. Linder, P. E. Bergenzaun et al., “Nitinol versus
steel partially covered self-expandable metal stent for malignant
distal biliary obstruction: a randomized trial,” Endoscopy, vol.
46, no. 11, pp. 941–948, 2014.

Gastroenterology Research and Practice
[62] J. H. Lee, S. G. Krishna, A. Singh et al., “Comparison of the
utility of covered metal stents versus uncovered metal stents in
the management of malignant biliary strictures in 749 patients,”
Gastrointestinal Endoscopy, vol. 78, no. 2, pp. 312–324, 2013.
[63] M. J. Yang, J. H. Kim, B. M. Yoo et al., “Partially covered versus
uncovered self-expandable nitinol stents with anti-migration
properties for the palliation of malignant distal biliary obstruction: a randomized controlled trial,” Scandinavian Journal of
Gastroenterology, vol. 50, no. 12, pp. 1490–1499, 2015.
[64] Z. Yang, Q. Wu, F. Wang, X. Ye, X. Qi, and D. Fan, “A systematic
review and meta-analysis of randomized trials and prospective
studies comparing covered and bare self-expandable metal
stents for the treatment of malignant obstruction in the digestive tract,” International Journal of Medical Sciences, vol. 10, no.
7, pp. 825–835, 2013.
[65] H. Moole, S. Dhillon, F.-H. Volmar, M. D. Cashman, M. L.
Bechtold, and S. R. Puli, “Mo1378 Is there a survival and
morbidity benefit of covered over uncovered metal stents in
malignant biliary strictures? A meta-analysis and systematic
review,” Gastrointestinal Endoscopy, vol. 81, no. 5, supplement,
p. AB399, 2015.
[66] Y. N. Lee, J. H. Moon, H. J. Choi et al., “Effectiveness of a
newly designed antireflux valve metal stent to reduce duodenobiliary reflux in patients with unresectable distal malignant
biliary obstruction: a randomized, controlled pilot study (with
videos),” Gastrointestinal Endoscopy, vol. 83, no. 2, pp. 404–412,
2016.
[67] H.-D. Zhu, J.-H. Guo, G.-Y. Zhu et al., “A novel biliary stent
loaded with 125 I seeds in patients with malignant biliary
obstruction: preliminary results versus a conventional biliary
stent,” Journal of Hepatology, vol. 56, no. 5, pp. 1104–1111, 2012.
[68] W. Zhang, Z. Q. Yang, H. B. Shi, S. Liu, W. Z. Zhou, and L. B.
Zhao, “Placement of 125 I seed strands and stents for a type IV
Klatskin tumor,” World Journal of Gastroenterology, vol. 21, no.
1, pp. 373–376, 2015.
[69] G. C. Mattiucci, R. Autorino, A. Tringali et al., “A Phase I
study of high-dose-rate intraluminal brachytherapy as palliative
treatment in extrahepatic biliary tract cancer,” Brachytherapy,
vol. 14, no. 3, pp. 401–404, 2015.
[70] T. J. Song, S. S. Lee, S. C. Yun et al., “Paclitaxel-eluting covered
metal stents versus covered metal stents for distal malignant
biliary obstruction: a prospective comparative pilot study,”
Gastrointestinal Endoscopy, vol. 73, no. 4, pp. 727–733, 2011.
[71] M. Li, W. Wu, Z. Yin, and G. Han, “Unilateral versus bilateral
biliary drainage for malignant hilar obstruction: a systematic
review and meta-analysis,” Zhonghua Gan Zang Bing Za Zhi,
vol. 23, no. 2, pp. 118–123, 2015 (Chinese).
[72] I. Naitoh, H. Ohara, T. Nakazawa et al., “Unilateral versus
bilateral endoscopic metal stenting for malignant hilar biliary
obstruction,” Journal of Gastroenterology and Hepatology, vol.
24, no. 4, pp. 552–557, 2009.
[73] G. D. De Palma, G. Galloro, S. Siciliano, P. Iovino, and C.
Catanzano, “Unilateral versus bilateral endoscopic hepatic duct
drainage in patients with malignant hilar biliary obstruction:
results of a prospective, randomized, and controlled study,”
Gastrointestinal Endoscopy, vol. 53, no. 6, pp. 547–553, 2001.
[74] R. Z. Sharaiha, A. Sethi, K. R. Weaver et al., “Impact of
radiofrequency ablation on malignant biliary strictures: results
of a collaborative registry,” Digestive Diseases and Sciences, vol.
60, no. 7, pp. 2164–2169, 2015.
[75] T.-T. Wu, H.-C. Li, W.-M. Li et al., “Percutaneous intraluminal radiofrequency ablation for malignant extrahepatic biliary

Gastroenterology Research and Practice

[76]

[77]

[78]

[79]

[80]

[81]

obstruction: a safe and feasible method,” Digestive Diseases and
Sciences, vol. 60, no. 7, pp. 2158–2163, 2015.
X. H. Duan, Y. L. Wang, X. W. Han et al., “Intraductal radiofrequency ablation followed by locoregional tumor treatments for
treating occluded biliary stents in non-resectable malignant
biliary obstruction: a single-institution experience,” PLoS ONE,
vol. 10, no. 8, Article ID e0134857, 2015.
M. E. J. Ortner, K. Caca, F. Berr et al., “Successful photodynamic
therapy for nonresectable cholangiocarcinoma: a randomized
prospective study,” Gastroenterology, vol. 125, no. 5, pp. 1355–
1363, 2003.
S. P. Pereira, L. Ayaru, A. Rogowska, A. Mosse, A. R. W. Hatfield,
and S. G. Bown, “Photodynamic therapy of malignant biliary
strictures using meso-tetrahydroxyphenylchlorin,” European
Journal of Gastroenterology and Hepatology, vol. 19, no. 6, pp.
479–485, 2007.
T. Zoepf, R. Jakobs, J. C. Arnold, D. Apel, and J. F. Riemann,
“Palliation of nonresectable bile duct cancer: Improved survival
after photodynamic therapy,” American Journal of Gastroenterology, vol. 100, no. 11, pp. 2426–2430, 2005.
S. Brückner, A. Arlt, and J. Hampe, “Endoscopic ultrasoundguided biliary drainage using a lumen-apposing self-expanding
metal stent: a case series,” Endoscopy, vol. 47, no. 9, pp. 858–861,
2015.
L. Poincloux, O. Rouquette, E. Buc et al., “Endoscopic
ultrasound-guided biliary drainage after failed ERCP: cumulative experience of 101 procedures at a single center,” Endoscopy,
vol. 47, no. 09, pp. 794–801, 2015.

7

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Gastroenterology
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Diabetes Research
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Journal of

Obesity

Journal of

Ophthalmology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Oncology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

AIDS

Behavioural
Neurology
Hindawi Publishing Corporation
http://www.hindawi.com

Research and Treatment
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Oxidative Medicine and
Cellular Longevity
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

