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Abstract The concept of percutaneous management of
malignant biliary obstruction has not significantly changed
in the last two decades and is based on the successful
drainage of bile toward the duodenum, which normalizes
liver function and prevents the development of cholangitis
and sepsis. However, patient survival has changed slightly
in the last two decades due to the advance of the diagnostic
methods, chemo-radiotherapy protocols, and minimally
invasive local control of the disease. Bare metal stents have
not improved; however, newly developed covered biliary
stents have been designed, and there is now evidence
supporting their use in the clinical practice. However, other
novel devices that may potentially offer benefit to patients
with malignant biliary obstruction have been developed,
such as drug-eluting biliary stents and intraductal ablation
devices, and first feasibility trials have been published that
offer encouraging results. These new technological devel-
opments, in combination with increased patient survival,
bring new exciting data in this constantly developing area.
The purpose of this review article is to investigate the latest
published evidence on percutaneous minimal invasive
palliation of malignant biliary disease and to delineate
current trends.

M. Krokidis

Department of Radiology, Addenbrooke’s University Hospital,
Cambridge University Hospitals NHS Trust, Hills Road,

P. O. Box 218, Cambridge CB2 0QQ, UK

e-mail: mkrokidis@hotmail.com

A. Hatzidakis (D)

Department of Radiology, University Hospital of Heraklion,
Medical School of Crete, University of Crete, Heraklion,
Crete, Greece

e-mail: adamhatz@hotmail.com

@ Springer

Keywords Malignant jaundice - Percutaneous
interventions - Transhepatic biliary drainage - Biliary stents -
Covered stents - Intraductal biliary RFA

Introduction

The growth of neoplastic tissue within or around the biliary
tree causes stenosis and blockage of the bile ducts, and the
bile that is produced from the hepatocytes cannot follow
their natural pathway and reach the duodenum to assist in
the process of digestion. In the majority of cases, the
neoplastic tissue is either pancreatic adenocarcinoma or
cholangiocarcinoma [1]. Less frequently, the cause of
stricture is gallbladder cancer or enlarged lymph nodes of
the hepatic hilum (usually metastatic from primary gastric
or lung cancer). Initial symptoms are painless jaundice
with/without cholangitis. The diagnosis is usually made
when the disease is already in an advanced stage such that
the disease is already considered inoperable. In such cases,
palliation with drainage of the biliary tree is of paramount
importance for quality of life of these oncologic patients
[2].

Palliative biliary drainage aims to improve liver func-
tion, resolve jaundice, and decrease sepsis risk. In cases of
biliary obstruction combined with liver dysfunction, che-
motherapy cannot be administered, jaundice is associated
with pruritus, and increased bilirubin levels and, eventu-
ally, with encephalopathy and multiorgan failure. The lack
of bile flow toward the bowel predisposes to increased
bowel wall permeability, portal system bacteraemia, and
systemic sepsis [3].

Initially, palliation used to be performed surgically;
however, during the last two decades the preferred option is
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the use of percutaneously or endoscopically inserted stents
[4, 5]. Stents have evolved from plastic to bare metallic,
and from bare metallic to covered metallic, and recently
from covered metallic to drug eluting in an effort to
increase patency and decrease tumour ingrowth [6]. A
stent’s patency period is crucial for such patients; both the
patient’s quality of life and the procedure’s cost-effec-
tiveness depend on stent occlusion [7, 8]. Stents therefore
evolved from uncovered to covered and then to drug-
eluting aiming to obtain longer patency and better pallia-
tion [9]. In conjunction with the evolution of metallic
stents, other minimally invasive techniques have also
evolved for percutaneous minimal invasive treatment of
malignant biliary strictures. In particular, high dose rate
intraluminal brachytherapy (HDR-ILBT) has already been
in use for the last two decades; however, endoluminal
biliary radiofrequency ablation (EBRFA) [9] has recently
been introduced.

Despite the variety of the new devices in this field,
patients with malignant biliary stricture remain a high-risk
group, and the procedures performed may frequently lead
to serious complications. A recent registry organized by the
British Society of Interventional Radiologists (BSIR) has
shown that mortality after percutaneous transhepatic biliary
interventions may be as high as nearly 20 % (19.8 %) [10].
The registry concluded that percutaneous biliary drainage
procedures must be performed in centres with appropriate
experience and after the optimization of all of the risk
factors. In addition, appropriate patient selection and
decrease of risk factors is required to limit high peripro-
cedural morbidity and mortality.

Plastic Versus Metallic Stents

Although the use of plastic stents for malignant biliary
strictures is not the preference of choice for the majority of
operators, there are some groups that still use plastic stents
in neoplastic patients. Three studies showed that metallic
stents provide longer patency without increasing survival
compared with plastic stents [11-13]. In addition, two
systematic reviews showed that metal stents are linked to
lower risk of recurrent obstruction without significant dif-
ference regarding technical or therapeutic failure, compli-
cation rate, and 30-day mortality rate [14, 15]. Two
recently published randomized control trials [16, 17]
showed that self-expandable metallic stents are better than
plastic stents in terms of patency and reintervention rate.
Furthermore, a recently published meta-analysis, which
included 10 randomized trials with 785 patients (392 of
which received a metallic and 393 a plastic stent), con-
firmed that metal stents were associated with a significantly
longer patency, fewer reinterventions, and longer survival,

thus indicating once again that metal stents are superior to
plastic ones in patients with malignant biliary disease [18].
Despite this, some groups still use plastic stents for palli-
ative treatment of malignant strictures.

Covered Versus Uncovered Stents

Covered biliary stents were developed to prohibit tumour
stent ingrowth, which seems to be a major limitation of bare
metallic stents, and therefore to increase patency of the bil-
iary endoprostheses. Since their initial design, investigators
have tested several types of covered stents with a great
variety of covering membranes; however, this was without
clear evidence of any benefit versus the uncovered ones [ 19—
24]. The use of a new covering material, expanded-polytetra-
fluoroethylene/fluorinated ethylene propylene (ePTFE/FEP)
(Viabil; W. L. Gore and Associates, Flagstaff, AZ), initially
showed promising results in four feasibility studies [25-28].
In two recently published randomized control trials, these
stents were directly compared with bare stents in patients
with pancreatic adenocarcinoma and with cholangiocarci-
noma, respectively [29, 30]. The investigators considered
that there are two main types tumours causing ingrowth and
that there is no benefit in using covered stents in strictures
from lymph nodes where ingrowth is very unlikely to occur.
The results of the two randomized trials showed that ePTFE/
FEP-covered biliary stents provide greater patency than bare
stents with fewer reinterventions.

The two above-mentioned studies were included in a
recently published meta-analysis including 781 patients
[31], where in total five multicentre prospective randomized
trials were included [29, 30, 32-34]. In two of the studies,
stents partially covered with permalume (Wallstent; Boston
Scientific, Natick, MA) and with polyurethane coverage
(Diamond; Boston-Scientific, Microvasive Inc., Natick,
MA), respectively, were used. In the three other studies, fully
covered stents coated with either polycarbonate-poly-
urethane (Nitinella, ELLA-CS, Hradec Kralove, Czech
Republic) or ePTFE/FEP (Viabil) were deployed (Table 1).
Covered stents, compared with uncovered ones, proved to be
associated with significantly longer patency and longer time
to stent dysfunction. Occlusion due to tumour ingrowth was
significantly lower by using covered stents. However, the use
of covered stents was associated with prolonged patient
survival in only two of five studies. No difference was noted
between the rates of cholecystitis and pancreatitis. Interest-
ingly, the rates of tumour overgrowth and stent migration
were greater for the covered stents. However, migration was
noted only in the studies where stents without barbs or fins
were used. Thus, use of anchoring fins is crucial for biliary
covered stent design because migration has always been a
major limiting factor (Fig. 1). The fact that significant
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Table 1 Multicenter randomized trials on the use of covered stents included in the meta-analysis of Saleem et al. [31]

Study Procedure No. of Stent type Covering membrane Length (range) of FU
patients

Isayama et al. [34] Endoscopic 57 Covered Diamond Polyurethane (partially) 246 (11-115)
55 Uncovered Diamond Bare 246 (11-115)

Krokidis et al. [30] Percutaneous 30 Viabil ePTFE/FEP 212 (45-675)
30 Wallstent Bare 212 (45-675)

Krokidis et al. [29] Percutaneous 40 Viabil ePTFE/FEP 192 (104-603)
40 Luminexx (Karlsruhe, Germany) Bare 192 (104-603)

Kullman et al. [33] Endoscopic 200 Covered Nitinella Polycarbonate- 360

polyurethane (partial)

200 Uncovered Nitinella Bare 360

Telford et al. [32] Endoscopic 68 Covered Wallstent Permalume (partially) 201 (0-1,302)
61 Uncovered Wallstent Bare 201 (0-1,302)

FU follow-up

overgrowth occurred may also be explain that none of the
covered stents used is designed specifically to decrease
overgrowth. A bare intrahepatic extension is perhaps
required to limit proximal overgrowth, thus introducing a
new promising concept in biliary stents design (Fig. 2).
Gwon et al. [35] also followed the concept of “overstenting”
and used a double stent (bare and covered) for treatment of 45
patients. However, overgrowth occurred in 6 % of patients
despite the fact that the uncovered part proximately pro-
truded 2 to 3 cm, thus indicating that an even longer proxi-
mal bare stent might be required to prevent tumour
overgrowth.

Drug-Eluting Stents

The use of drug delivery through stents has offered a
revolutionary field in vascular disease treatment. To date,
there are few published studies on the use of drug-eluting
stents for malignant biliary disease in humans. Mezawa
et al. [36] developed a percutaneous biliary drainage tube
coated with carboplatin. The tube was initially tested
in vitro and in an animal mode and then in five patients
with cholangiocarcinoma. Results were somehow encour-
aging considering that overall efficacy was 60 % without
any side effects. In 2007, Suk et al. [37] published the first
biliary study for the use of drug-eluting stents in humans.
The investigators reviewed 21 patients with unresectable
malignant biliary obstruction and evaluated the safety and
efficacy of endoscopic placement of stents covered with a
paclitaxel-incorporated membrane. Mean follow-up period
was 329 days (range 68-811); occlusion of the drug-elut-
ing stents was observed in 9 of 21 patients (43 %) after a
mean time of 196 days [median 175 days (range 95-327)].
The causes of stent occlusion were bile sludge or clog in
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four, tumour overgrowth in three, and tumour ingrowth in
two cases.

In 2011, Song et al. [38] published a prospective ran-
domized pilot study comparing paclitaxel-eluting covered
biliary stents to control covered stents in patients with
malignant biliary obstruction. The investigators included
49 patients in whom a double-layered covered stent was
used: 24 received a drug-eluting stent, and 25 received a
conventional stent. The outer layer of the drug-eluting stent
was made of a solution of polyurethane and paclitaxel
(20 % wt/vol), and the outer layer of the conventional
covered stent was made of polyurethane. The inner layer in
both versions was made of silicone to protect the poly-
urethane membrane from bile flow and to prevent paclit-
axel leakage into the bile ducts. The stents were 10-mm
wide and 6- and 8-cm long, and the majority of malig-
nancies were pancreatic carcinoma and cholangiocarci-
noma. Mean follow-up was 194.0 &+ 144.2 days for the
drug-eluting and 238.8 £ 147.4 days for the covered stent
group without significant difference between the two
groups. Neither stent patency nor survival time was sig-
nificantly different after the comparison of the results of the
two groups. Stent dysfunction from tumour ingrowth
occurred in the drug-eluting group in five patients and in
the conventional group in four patients and also without
significant difference between the two groups. In three
patients in the drug-eluting group, early cholangitis
occurred the day after stent insertion; however, this
improved within 2 to 3 days with conservative manage-
ment. One case of pancreatitis occurred in each group. The
investigators correlated the fact that in two of the patients
in whom cholangitis occurred, stent patency was greater
(339 and 486 days) due to the initial severe inflammatory
response, which probably has an antitumour effect. How-
ever, the desirable effect from drug-eluting stents is a
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Fig. 1 (A) Cholangiography in a 54-year-old male patient with
pancreatic head carcinoma showing obstruction at the distal common
bile duct. Arrows indicate the level and length of the obstruction. An
8F internal-external locking pigtail biliary drainage catheter is
inserted through the left liver lobe and advanced in the duodenum.

longer duration of high local drug concentration, for which
unfortunately no data are available; however, it is probably
still low. Tumour may initially respond to the inflammatory
event; however, it is not completely treated, so it continues
to grow. In addition, polyurethane membrane is prone to
microcracks, and thus tumour ingrowth occurs [39].
Therefore, the type of membrane still appears to be the
most crucial factor for prevention of tumour ingrowth at
the moment considering that the drug effect is not long
acting. In this study, a greater concentration of paclitaxel
was used compared with the study of Suk et al. [37] (20 vs.
10 % wt/vol), which was also proven to be safe. Paclitaxel
is expected to have a synergistic effect to systemic che-
motherapy; however, it was not administered in this trial
because the selected patients refused to undergo chemo-
therapy or radiotherapy. Therefore, drug-eluting stents,
until now, do not appear to offer an advantage in the pal-
liation of malignant biliary disease, at least not in terms of
stent patency. The main targets for stent design remain the
same as described for covered stents with antimigrational
barbs, intrahepatic extension, and an effective microporous
membrane. Addition of another drug, such gemcitabine,
which seems to have better efficacy in both pancreatic
cancer and cholangiocarcinoma [40] and provides a longer
release time, might provide more encouraging results in the
future. However, the main limitation of gemcitabine is its
high water-solubility [41].

(B) A 10 x 80-mm ePTFE/FEP-covered biliary stent (Viabil) with
presence of anchoring fins (arrows) is deployed through the stenotic
area. Cholangiogram from an external drain is performed before
catheter removal

Moon et al. [42] captured the concept of creating a
gemcitabine-eluting biliary stent with a membrane made of
polytetrafluoroethylene (PTFE) and pullulan acetate, which
was applied as the drug-loading release membrane (double-
layered polymeric membrane). The device was tested on an
animal model, and the results were positive regarding long-
term biological activity of the released gemcitabine and
apoptosis of tumour tissues. Finally, Chung et al. [43]
performed a similar study showing that gemcitabine-elut-
ing biliary stents could be safely used in bile ducts of pigs.
However, both studies are experimental conducted on
animal models, and clinical studies with gemcitabine
eluting biliary stents have not yet been published.

Intraluminal Brachytherapy

Using brachytherapy, a greater radiation dose may be
locally delivered to a defined volume of tissue, therefore
minimizing radiation risks to adjacent organs [44-46].
There are also some reports in the literature about the use
of brachytherapy with a combination of stents [47, 48].
Singh et al. [49] reported a small series of eight patients
with Bismuth type II obstruction due to gallbladder cancer
who were initially stented and 4 weeks later underwent
brachytherapy endoscopically applied using a high-dose
rate pellet source of iridium-192. No complications
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Fig. 2 (A) Cholangiography in a 65-year-old female patient with
cholangiocarcinoma showing obstruction of the distal common bile
duct and the presence of a hilar stricture. A metric pigtail is inserted to
measure the exact length of the stenotic area. (B) A 10 x 60-mm
silicone-covered stent (Nitinella Plus; ELLA-CS, Hradec Kralove,
Czech Republic) (arrows) was deployed in the region of the distal

occurred within the first 30 days, with a mean stent patency
of 305 £ 183.96 (range 95-600) and a mean survival of
310 4+ 192.68 days (range 95-615). In another study,
Aggrawal et al. [50] used high dose rate intraluminal
brachytherapy by way of percutaneous access. Initial per-
cutaneous drainage was performed, and 1 week later
patients underwent brachytherapy with 800 cGy applied
1 cm from the central axis of the source. Another session
followed 1 week later. The investigators did not report any
major complications, and good response regarding pruritus
and jaundice was achieved. Brachytherapy with the use of
iridium-192, which is a y-emitter, appears particularly

@ Springer

stenosis caudally to the origin of the cystic duct. (C) A 10 x 100-mm
noncovered stent (Niti-S; TaeWoong Medical, Gyeonggi-do, Korea)
was deployed as a proximal and distal extension of the covered stent
to treat the hilar stenosis and prevent overgrowth and stent migration.
(D) Cholangiogram shows satisfactory expansion of both stents

suitable for treatment of inoperable tumours of the bile tree
with satisfactory results; however, it is limited to few
specialized centers; therefore, no large series have been
reported.

Intraductal RFA

RFA is based on the interaction between biological tissue
and high-frequency rapidly alternating electric current
causing vibrational movement of tissue’s water molecules;
movement transmission results in frictional energy loss,
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which is deposited as heat in the biological tissue [51].
RFA is a well-established percutaneous and intraoperative
heat energy-delivery method leading to tumour necrosis in
primary and secondary hepatic cancers [52].

Steel et al. [53] reported the first human trial in 22
patients using a biliary intraductal RFA device after two
initial published studies, one with in vivo [54] and one with
ex vivo animal experiments [55]. Investigators included
patients with unresectable pancreatic or bile duct cancer
with Karnosky score >60 %. They inserted endoscopically
the Habib EndoHPB (EMcision UK, London, UK) catheter,
which is a bipolar RFA probe that is 8F in diameter and is
advanced over on 0.035-in. guidewire. The catheter has
two ring electrodes 8 mm apart with the distal electrode
5 mm from the leading edge and provides coagulation
necrosis for a length of 2.5 cm. The generator used was a
1500 RF (RITA Medical Systems Inc., Fremont, CA),
which delivers energy at 400 kHz at 7-10 W for 2 min.
There is a rest period of 1 min before moving the catheter.
After treatment, the investigators deployed a bare self-
expandable metallic stent (Wallstent). In a relative short
follow-up period of 90 days, one case of pancreatitis and
two of cholecystitis occurred, whereas three cases of biliary
obstruction had already been noticed. The results of the
percutaneous application of this device were recently
published in CVIR from the multicentre retrospective
analysis of Mizandari et al. [56]. Thirty-nine patients with
malignant biliary stricture were treated. RFA was per-
formed 1 week after initial biliary decompression; imme-
diately after 2 min at 10 W treatment, a stent was
deployed. Patients subsequently received a bare metallic
stent, and chemotherapy was also administered where
required. No major complications were noticed, thus indi-
cating that use of intraductal RFA is a safe new tool for the
management of malignant biliary obstruction. In one case,
stent blockage occurred 42 days after the procedure. Mean
patency was 92 days (range 14-260), which is not better
than conventional stent patency.

BSIR Registry

A concerning factor after the recent BSIR registry, which is
the largest reported series on the outcomes of percutaneous
biliary drainage and stenting for obstructive jaundice in the
literature [10], is the fact that in a cohort of 610 inpatients
who received percutaneous biliary drainage for malignant
jaundice, the total mortality was 19.8 % (121 of 610
patients). Mortality for the subgroup that received drainage
only was 29.5 % (28 of 95) and of the subgroup that
received a combination of drainage and stenting was
17.9 % (92 of 515). The presence of mild to moderate
ascites was significantly correlated with mortality for both

subgroups (p = 0.0002 for the drainage subgroup, and
p < 0.001 for the drainage/stenting subgroup). None of the
other factors examined—including age, level of obstruc-
tion, sex, bilirubin level before the procedure, presence of
sepsis, international normalized ratio (INR), platelet count,
number of needle passes, or side of approach—were cor-
related significantly with mortality for the two subgroups.
Survival rates were 48 % at 90 days, 32 % at 180 days, and
<20 % at 1 year. The low survival rate is in contention
with the high technical (98.7 %) and clinical success in
both transhepatic drainage and stenting. The high mortality
rate (21.7 %) reported is one of the highest among inter-
ventional procedures. There was no clear indication on
what led to such a result; the investigators suggested that
the overall state of health of the patients at the time of
treatment is the most crucial factor for survival after
drainage and/or stenting. One additional factor must be
taken into consideration: A large registry may include
results from various departments with a different level of
experience according to the number of cases performed.

Conclusion

Minimally invasive treatment of malignant biliary disease is
still an exciting area of research and development. The
question on how to increase stent patency has not yet been
completely resolved. From current evidence, the use of
covered stents is justified and appears to be the first line of
treatment despite their greater cost. According to the current
evidence, it appears that presence of lateral barbs in neces-
sary to prevent stent migration and that an uncovered prox-
imal stent extension could be an improvement to prevent
overgrowth. Drug release from the covering membrane,
particularly gemcitabine, as well as intraductal implemen-
tation of RFA in the malignant stricture could be alternative
options for better palliative treatment of these patients.

Conflict of interest The authors declare that they have no conflict
of interest.

References

1. Jaganmohan S, Lee JH (2012) Self-expandable metal stents in
malignant biliary obstruction. Expert Rev Gastroenterol Hepatol
6(1):105-114

2. Castafio R, Lopes TL, Alvarez O, Calvo V, Luz LP, Artifon EL
(2012) Nitinol biliary stent versus surgery for palliation of distal
malignant biliary obstruction. Surg Endosc 24(9):2092-2098

3. Assimakopoulos SF, Scopa CD, Vagianos CE (2007) Patho-
physiology of increased intestinal permeability in obstructive
jaundice. World J Gastroenterol 13:6458-6464

4. Lee BH, Choe DH, Lee JH, Kim KH, Chin SY (1997) Metallic
stents in malignant biliary obstruction: prospective long-term
clinical results. AJR Am J Roentgenol 168(3):741-745

@ Springer



322

M. Krokidis, A. Hatzidakis: Percutaneous Minimally Invasive Treatment of Malignant Biliary Strictures

5.

10.

11.

12.

13.

14.

15.

18.

19.

20.

21.

22.

Gwon DI, Ko GY, Kim JH, Shin JH, Kim KA, Yoon HK et al
(2013) Percutaneous bilateral metallic stent placement using a
stent-in-stent deployment technique in patients with malignant
hilar biliary obstruction. AJR Am J Roentgenol 200(4):909-914

. Boguth L, Tatalovic S, Antonucci F, Heer M, Sulser H, Zollikofer

CL (1994) Malignant biliary obstruction: clinical and histopath-
ologic correlation after treatment with self-expanding metal
prostheses. Radiology 192(3):669-674

. Wagner HJ, Knyrim K, Vakil N, Klose KJ (1993) Plastic endo-

prostheses versus metal stents in the palliative treatment of
malignant hilar biliary obstruction. A prospective and random-
ized trial. Endoscopy 25(3):213-218

. Knyrim K, Wagner HJ, Pausch J, Vakil N (1993) A prospective,

randomized, controlled trial of metal stents for malignant
obstruction of the common bile duct. Endoscopy 25(3):207-212

. Costamagna G, Boskoski I, Familiari P, Tringali A, Cesaro P,

Perri V (2011) Update in biliary endoscopy. Dig Dis 29(Suppl
1):3-8

Uberoi R, Das N, Moss J, Robertson I (2012) British Society of
Interventional Radiology: biliary Drainage and Stenting Registry
(BDSR). Cardiovasc Interv Radiol 5(1):127-138

Katsinelos P, Paikos D, Kountouras J, Chatzimavroudis G, Par-
outoglou G, Moschos I et al (2006) Tannenbaum and metal stents
in the palliative treatment of malignant distal bile duct obstruc-
tion: a comparative study of patency and cost effectiveness. Surg
Endosc 20(10):1587-1593

Kaassis M, Boyer J, Dumas R, Ponchon T, Coumaros D, Del-
censerie R et al (2003) Plastic or metal stents for malignant
stricture of the common bile duct? Results of a randomized
prospective study. Gastrointest Endosc 57(2):178-182
Soderlund C, Linder S (2006) Covered metal versus plastic stents
for malignant common bile duct stenosis: a prospective, ran-
domized, controlled trial. Gastrointest Endosc 63(7):986-995
Moss AC, Morris E, Leyden J, MacMathuna P (2007) Do the
benefits of metal stents justify the costs? A systematic review and
meta-analysis of trials comparing endoscopic stents for malignant
biliary obstruction. Eur J Gastroenterol Hepatol 19(12):1119-1124
Moss AC, Morris E, Mac Mathuna P (2006) Palliative biliary
stents for obstructing pancreatic carcinoma. Cochrane Database
Syst Rev 19(2):CD004200

. Mukai T, Yasuda I, Nakashima M, Doi S, Iwashita T, Iwata K

et al (2013) Metallic stents are more efficacious than plastic stents
in unresectable malignant hilar biliary strictures: a randomized
controlled trial. J] Hepatobiliary Pancreat Sci 20(2):214-222

. Sangchan A, Kongkasame W, Pugkhem A, Jenwitheesuk K,

Mairiang P (2012) Efficacy of metal and plastic stents in unre-
sectable complex hilar cholangiocarcinoma: a randomized con-
trolled trial. Gastrointest Endosc 76(1):93-99

Hong WD, Chen XW, Wu WZ, Zhu QH, Chen XR (2013) Metal
versus plastic stents for malignant biliary obstruction: An update
meta-analysis. Clin Res Hepatol Gastroenterol. doi:10.1016/
j-clinre.2012.12.002

Rossi P, Bezzi M, Salvatori FM, Panzetti C, Rossi M, Pavia G (1997)
Clinical experience with covered Wallstents for biliary malignan-
cies: 23-month follow-up. Cardiovasc Interv Radiol 20(6):441-447
Hausegger KA, Thurnher S, Bodendorfer G, Zollikofer CL, Ug-
gowitzer M, Kugler C et al (1998) Treatment of malignant biliary
obstruction with polyurethane covered Wallstents. AJR Am J
Roentgenol 170(2):403-408

Miyayama S, Matsui O, Terayama T, Tatsu H, Yamamoto T,
Takashima T (1997) Covered Gianturco stents for malignant
biliary obstruction: preliminary clinical evaluation. J Vasc Interv
Radiol 8(4):641-648

Han YM, Jin GY, Lee S, Kwak HS, Chung GH (2003) Flared
polyurethane-covered self expandable nitinol stent for malignant
biliary obstruction. J Vasc Interv Radiol 14(10):1291-1301

@ Springer

23.

24.

25.

26.

27.

28.

29.

31.

32.

33.

34.

35.

36.

37.

38.

Kanasaki S, Furukawa A, Kane T, Murata K (2000) Polyure-
thane-covered nitinol Strecker stents as primary palliative treat-
ment of malignant biliary obstruction. Cardiovasc Interv Radiol
23(2):114-120

Isayama H, Komatsu Y, Tsujino T, Yoshida H, Tada M, Shiratori
Y et al (2002) Polyurethane-covered metal stent for management
of distal malignant biliary obstruction. Gastrointest Endosc
55(3):366-370

Schoder M, Rossi P, Uflacker R, Bezzi M, Stadler A, Funovics
MA et al (2002) Malignant biliary obstruction: treatment with
ePTFE/FEP-covered endoprostheses-initial technical and clinical
experiences in a multicenter trial. Radiology 225(1):35-42
Bezzi M, Zolovkins A, Cantisani V, Salvatori FM, Rossi M,
Fanelli F et al (2002) New ePTFE/FEP-covered stent in the
palliative treatment of malignant biliary obstruction. J Vasc In-
terv Radiol 13(6):581-589

Hatzidakis A, Krokidis M, Kalbakis K, Romanos J, Petrakis I,
Gourtsoyiannis N (2007) ePTFE/FEP-covered metallic stents for
palliation of malignant biliary disease: can tumor ingrowth be
prevented? Cardiovasc Interv Radiol 30(5):950-958

Fanelli F, Orgera G, Bezzi M, Rossi P, Allegritti M, Passariello R
(2008) Management of malignant biliary obstruction: technical
and clinical results using an expanded polytetrafluoroethylene
fluorinated ethylene propylene (ePTFE/FEP)-covered metallic
stent after 6-year experience. Eur Radiol 18(5):911-919
Krokidis M, Fanelli F, Orgera G, Tsetis D, Mouzas I, Bezzi M et al
(2011) Percutaneous palliation of pancreatic head cancer: ran-
domized comparison of ePTFE/FEP-covered versus uncovered
nitinol biliary stents. Cardiovasc Interv Radiol 34(2):352-361

. Krokidis M, Fanelli F, Orgera G, Bezzi M, Passariello R, Hatz-

idakis A (2010) Percutaneous treatment of malignant jaundice due
to extrahepatic cholangiocarcinoma: covered Viabil stent versus
uncovered Wallstents. Cardiovasc Interv Radiol 33(1):97-106
Saleem A, Leggett CL, Murad MH, Baron TH (2011) Meta-analysis
of randomized trials comparing the patency of covered and uncov-
ered self-expandable metal stents for palliation of distal malignant
bile duct obstruction. Gastrointest Endosc 74(2):321-327, el-e3
Telford JJ, Carr-Locke DL, Baron TH, Poneros JM, Bounds BC,
Kelsey PB et al (2010) A randomized trial comparing uncovered
and partially covered self-expandable metal stents in the pallia-
tion of distal malignant biliary obstruction. Gastrointest Endosc
72(5):907-914

Kullman E, Frozanpor F, Séderlund C, Linder S, Sandstr6m P,
Lindhoff-Larsson A et al (2010) Covered versus uncovered self-
expandable nitinol stents in the palliative treatment of malignant
distal biliary obstruction: results from a randomized, multicenter
study. Gastrointest Endosc 72(5):915-923

Isayama H, Komatsu Y, Tsujino T, Sasahira N, Hirano K, Toda N
et al (2004) A prospective randomized study of “covered” versus
“uncovered” diamond stents for the management of distal
malignant biliary obstruction. Gut 53(5):729-734

Gwon DI, Ko GY, Sung KB, Yoon HK, Shin JH, Kim JH et al
(2011) A novel double stent system for palliative treatment of
malignant extrahepatic biliary obstructions: a pilot study. AJR
Am J Roentgenol 197(5):W942-W947

Mezawa S, Homma H, Sato T, Doi T, Miyanishi K, Takada K
et al (2000) A study of carboplatin-coated tube for the unresec-
table cholangiocarcinoma. Hepatology 32(5):916-923

Suk KT, Kim JW, Kim HS, Baik SK, Oh SJ, Lee SJ et al (2007)
Human application of a metallic stent covered with a paclitaxel-
incorporated membrane for malignant biliary obstruction: multi-
center pilot study. Gastrointest Endosc 66(4):798-803

Song TJ, Lee SS, Yun SC, Park Do H, Seo DW, Lee SK et al
(2011) Paclitaxel-eluting covered metal stents versus covered
metal stents for distal malignant biliary obstruction: a prospective
comparative pilot study. Gastointest Endosc 73(4):727-733


http://dx.doi.org/10.1016/j.clinre.2012.12.002
http://dx.doi.org/10.1016/j.clinre.2012.12.002

. Krokidis, A. Hatzidakis: Percutaneous Minimally Invasive Treatment of Malignant Biliary Strictures

323

39.

40.

41.

42.

43.

44,

45.

46.

47.

Kim JH, Song HY, Shin JH, Jung HY, Kim SB, Kim JH et al
(2008) Membrane degradation of covered stents in the upper
gastrointestinal tract: frequency and clinical significance. J Vasc
Interv Radiol 19(2 Pt 1):220-224

Colucci G, Labianca R, Di Costanzo F, Gebbia V, Carteni G,
Massidda B et al (2010) Randomized phase III trial of gemcita-
bine plus cisplatin compared with single-agent gemcitabine as
first-line treatment of patients with advanced pancreatic cancer:
the GIP-1 study. J Clin Oncol 28(10):1645-1651

Bildstein L, Pili B, Marsaud V, Wack S, Meneau F, Lepétre-
Mouelhi S et al (2011) Interaction of an amphiphilic squalenoyl
prodrug of gemcitabine with cellular membranes. Eur J Pharm
Biopharm 79(3):612-620

Moon S, Yang SG, Na K (2011) An acetylated polysaccharide-
PTFE membrane-covered stent for the delivery of gemcitabine
for treatment of gastrointestinal cancer and related stenosis.
Biomaterials 32(14):3603-3610

Chung MJ, Kim H, Kim KS, Park S, Chung JB, Park SW (2012)
Safety evaluation of self-expanding metallic biliary stents eluting
gemcitabine in a porcine model. J Gastroenterol Hepatol 27(2):
261-267

Bruha R, Petrtyl J, Kubecova M, Marecek Z, Dufek V, Urbanek P
et al (2001) Intraluminal brachytherapy and self expandable
stents in non resectable biliary malignancies—the question of
long-term palliation. Hepatogastroenterology 48:631-637

Fritz P, Brambs HJ, Schraube P, Freund U, Berns C, Wannenm-
acher M (1994) Combined external beam radiotherapy and
intraluminal high dose rate brachytherapy on bile duct carcino-
mas. Int J Radiat Oncol Biol Phys 29:855-861

Shin HS, Seong J, Kim WC, Lee HS, Moon SR, Lee 1J et al
(2003) Combination of external beam irradiation and high-
dose-rate intraluminal brachytherapy for inoperable carcinoma
of the extrahepatic bile ducts. Int J Radiat Oncol Biol Phys
57:105-112

Eschelman DJ, Shapiro MJ, Bonn J, Sullivan KL, Alden ME,
Hovsepian DM et al (1996) Malignant biliary duct obstruction:

48.

49.

50.

S1.

52.

53.

54.

55.

56.

long-term experience with Gianturco stents and combined
modality radiation therapy. Radiology 200:717-724

Kocak Z, Ozkan H, Adli M, Garipagaoglu M, Kurtman C, Cakmak
A (2005) Intraluminal brachytherapy with metallic stenting in the
palliative treatment of malignant obstruction of the bile duct.
Radiat Med 23:200-207

Singh V, Kapoor R, Solanki KK, Singh G, Verma GR, Sharma
SC (2007) Endoscopic intraluminal brachytherapy and metal
stent in malignant hilar biliary obstruction: a pilot study. Liver Int
27(3):347-352

Aggarwal R, Patel FD, Kapoor R, Kang M, Kumar P, Chander
Sharma S (2013) Evaluation of high-dose-rate intraluminal
brachytherapy by percutaneous transhepatic biliary drainage in
the palliative management of malignant biliaryobstruction—a
pilot study. Brachytherapy 12(2):162-170

Organ LW (1976-1977) Electrophysiologic principles of radio-
frequency lesion making. Appl Neurophysiol (2):69-76
Sutherland LM, Williams JA, Padbury RT, Gotley DC, Stokes B,
Maddern GJ (2006) Radiofrequency ablation of liver tumors: a
systematic review. Arch Surg 141(2):181-190

Steel AW, Postgate AJ, Khorsandi S, Nicholls J, Jiao L, Vlavi-
anos P et al (2011) Endoscopically applied radiofrequency
ablation appears to be safe in the treatment of malignant biliary
obstruction. Gastrointest Endosc 73(1):149-153

Zacharoulis D, Lazoura O, Khorsandi S, Potamianos S, Tzovaras
G, Nicholls J et al (2013) Habib EndoHPB: a novel endobiliary
radiofrequency ablation device. An experimental study. J Invest
Surg 26(1):6-10

Itoi T, Isayama H, Sofuni A, Itokawa F, Tamura M, Watanabe Y
et al (2012) Evaluation of effects of a novel endoscopically
applied radiofrequency ablation biliary catheter using an ex vivo
pig liver. J Hepatobiliary Pancreat Sci 19(5):543-547

Mizandari M, Pai M, Xi F, Tomas A, Quaretti P, Golfieri R et al
(2013) Percutaneous intraductal radiofrequency ablation is a safe
treatment for malignant biliary obstruction: feasibility and early
results. Cardiovasc Interv Radiol 36(3):814-819

@ Springer



	Percutaneous Minimally Invasive Treatment of Malignant Biliary Strictures: Current Status
	Abstract
	Introduction
	Plastic Versus Metallic Stents
	Covered Versus Uncovered Stents
	Drug-Eluting Stents
	Intraluminal Brachytherapy
	Intraductal RFA
	BSIR Registry
	Conclusion
	References


