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Abstract

Background Self-expandable metal stents (SEMS) are
widely utilized to relieve symptoms of malignant gastric
outlet obstruction (GOO), but GOO is frequently compli-
cated by nonresectable distal biliary obstruction. The
optimal endoscopic approach to biliary drainage in this
setting remains controversial and has yet to be resolved.
To compare the safety and efficacy of endoscopic
ultrasound-guided transmural biliary drainage (EUS-BD)
and transpapillary drainage in patients with an indwelling
duodenal SEMS.
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Methods Patients who underwent EUS-BD or transpap-
illary drainage for distal malignant biliary obstruction with
an indwelling duodenal SEMS between June 2007 and
August 2012 at three Japanese tertiary referral centers were
identified retrospectively. We compared times to stent
dysfunction, causes of dysfunction, and procedural related
complications between these two groups.

Results Twenty patients were included in the study (7
EUS-BD and 13 transpapillary drainage). EUS-BD was
performed via hepaticogastrostomy using a SEMS in three
patients and via choledochoduodenostomy using a SEMS
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or a plastic stent in two patients each. Transpapillary
drainage was performed using a SEMS in all patients. The
stent patency rate in the EUS-BD group was higher than
that in the transpapillary drainage group (100 vs. 71 % at
1 month and 83 vs. 29 % at 3 months, respectively). The
rate of stent dysfunction in the EUS-BD group tended to be
lower than that in the transpapillary group (14 vs. 54 %;
P = 0.157). Complication rates were similar between the
groups (P = 1.000), with moderate bleeding in one patient
in the EUS-BD group and mild pancreatitis in one patient
in the transpapillary group.

Conclusion Endoscopic ultrasound-guided transmural
biliary drainage is an alternative to transpapillary drainage
in patients with an indwelling duodenal SEMS.

Keywords Distal malignant biliary obstruction -
Endoscopic retrograde cholangiopancreatography -
Endoscopic ultrasound - Gastric outlet obstruction - Stent

Introduction

Endoscopic biliary drainage is the mainstay of palliative
management of nonresectable distal malignant biliary
obstruction (MBO). Distal MBO is occasionally compli-
cated by malignant gastric outlet obstruction (GOO) [1-3]
for which placement of a self-expandable metal stent
(SEMS) is widely accepted as the appropriate nonsurgical
palliative treatment, particularly in cases with a poor
prognosis due to underlying malignancy [4—7]. Endoscopic
biliary drainage in patients with combined biliary and
duodenal obstructions poses a major challenge for endos-
copists due to deformity of the duodenum, and an
indwelling duodenal SEMS, if present, hinders transpapil-
lary biliary drainage.

The feasibility and effectiveness of transpapillary biliary
SEMS combined with a duodenal SEMS have been reported
in several case series [1, 8, 9], but early dysfunction of
biliary SEMS placed across the papilla is often encountered
due to duodenobiliary reflux enhanced by duodenal stenosis
and reduced duodenal peristalsis [10]. The number of reports
on the effectiveness of endoscopic ultrasound-guided biliary
drainage (EUS-BD), such as hepaticogastrostomy and cho-
ledochoduodenostomy have been increasing [11-15]. This
procedure provides a biliary drainage route away from a
duodenal SEMS and, thus, may be expected to prolong the
time to dysfunction of a biliary stent even in cases with an
indwelling duodenal SEMS. However, the appropriate
strategy for endoscopic biliary drainage remains controver-
sial in patients with an indwelling duodenal SEMS.

In this study, we evaluated the feasibility and effec-
tiveness of EUS-BD compared with transpapillary SEMS
in cases with an indwelling duodenal SEMS.
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Methods
Study Design

This was a multicenter retrospective study which compared
the outcomes of EUS-BD with those of transpapillary
SEMS in patients with a duodenal SEMS at three Japanese
referral centers. We identified patients who met the
enrollment criteria based on our prospective database of
biliary interventions and reviewed charts to evaluate the
outcomes of biliary drainage. This study was approved by
the Ethics Committee of each participating hospital.

Patients

We enrolled consecutive patients with nonresectable distal
MBO who underwent endoscopic placement of a biliary
plastic stent or a SEMS in the presence of a duodenal
SEMS at the University of Tokyo and two affiliated hos-
pitals between June 2007 and August 2012. EUS-BD was
introduced into our clinical practice in patients with diffi-
cult/impossible endoscopic retrograde cholangiopancrea-
tography (ERCP) around 2009. The final diagnosis of
primary malignancy was confirmed by either pathological
or typical radiological findings with compatible clinical
courses. Data on patient baseline characteristics, survival,
placement of duodenal and biliary stents, outcomes of
biliary drainage, and re-interventions were studied retro-
spectively. Written informed consent was obtained from
each enrolled patient prior to the procedure.

EUS-BD in the Presence of a Duodenal SEMS

A linear array echoendoscope (model EG-530UT2, Fuji Film
Corp., Kanagawa, Japan or model GF-UCT240, Olympus
Optical, Tokyo, Japan) was inserted with the patient under
moderate sedation using diazepam and pethidine hydro-
chloride. The tip of the echoendoscope was positioned in the
gastric fundus or duodenal bulb when accessing the intra-
hepatic and extrahepatic bile ducts, respectively. Biliary
access was obtained using a 19-gauge needle (Expect Flex,
Boston Scientific, Natick, MA or EchoTip Ultra, Cook
Medical, Winston-Salem, NC) and a 0.025-inch guidewire
(RevoWave; Piolax Medical Devices, Kanagawa, Japan) or
0.035-inch, 400-cm-long hydrophilic guidewire (Radifocus;
Terumo Co., Tokyo, Japan). After the guidewire had been
sufficiently advanced within the bile duct, the puncture tract
was dilated using an ERCP cannula (MTW; Endoscopie Inc.,
Wesel, Germany), a 6-F electrocautery (Cysto-Gastro-Set;
Endo-Flex, Voerde, Germany), and a 4-mm dilation balloon
(Eliminator; Bard Interventional Products, Billerica, MA), as
appropriate. Subsequently, a covered SEMS was deployed
during a hepaticogastrostomy or a covered SEMS, or plastic
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stent was deployed during a choledochoduodenostomy
(Fig. 1). Our strategy of EUS-BD was as follows: as first-
choice procedure we attempted to perform choledochoduo-
denostomy in light of its potentially lower complication rate
relative to hepaticogastrostomy [16, 17]; as alternative when
the transduodenal approach to the biliary system was hin-
dered by the duodenal tumor invasion, we attempted to per-
form hepaticogastrostomy.

Transpapillary SEMS Placement in the Presence
of a Duodenal SEMS

A side-viewing duodenoscope (JF-260V; Olympus Optical)
was inserted with the patient under moderate sedation and
passed through an indwelling duodenal SEMS in cases of a
duodenal SEMS proximal to the papilla. Biliary access was
obtained using the wire-guided cannulation technique [18]
with an ERCP cannula (MTW; Endoscopie Inc.) and a 0.035-
inch guidewire (Jagwire; Boston Scientific or Radifocus). In
cases with a duodenal SEMS placed across the papilla, the
bile duct was cannulated through the mesh of the duodenal
SEMS. A biliary SEMS was subseqeuntly deployed with its
distal end inside the duodenal SEMS (Fig. 2).

Definitions

Distal MBO was defined as a biliary stricture located
>2 cm from the hepatic hilum. Biliary stent dysfunction
was defined as stent occlusion, stent migration, or nonoc-
clusion cholangitis. Stent occlusion was defined as bio-
chemical evidence of cholestasis with biliary dilation on
imaging studies or when endoscopic findings suggested
occlusion at re-intervention. The causes of stent occlusion
were determined based on endoscopic findings and biopsy
results at re-intervention. Stent migration was diagnosed
when re-intervention for biliary stent dysfunction revealed
a completely or partially migrated SEMS. Nonocclusion
cholangitis was defined as cholangitis requiring a re-
intervention or hospitalization without obvious evidence of
SEMS occlusion in cases with fever and elevated liver
enzymes. Procedure-related complications were graded
according to consensus guidelines [19]. Types of duodenal
stenosis were classified according to the location of the
stenosis in relation to the major papilla: type I, proximal to
and no involvement of the papilla; type II, affecting the
second portion of the duodenum and the papilla or type III,
affecting the third portion of the duodenum without
involvement of the major papilla [9].

Statistical Analysis

Results are expressed as the number and percentage of
patients. Survival time was the period between biliary stent

Fig. 1 Endoscopic ultrasound (EUS)-guided transmural biliary drain-
age in the presence of a duodenal stent. EUS-guided hepaticoga-
strostomy was carried out using a covered self-expandable metal stent
(SEMS)

<

Fig. 2 Transpapillary biliary drainage in the presence of a duodenal
stent. A biliary SEMS was placed using a duodenoscope passed
through an indwelling duodenal SEMS proximal to the papilla

placement and death. Time to dysfunction of a biliary stent
was the period between biliary stent placement and dys-
function or death, if dysfunction was not observed until
death. Survival time and time to dysfunction were esti-
mated by the Kaplan—-Meier method and the estimates
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Table 1 Characteristics of the
patients and duodenal self-
expandable metal stents

Patient no. Age (years)/

sex type

Primary cancer

Type of  Duodenal SEMS® (diameter x length)
duodenal

stenosis®

Transmural biliary drainage

1 75/male

2 63/male

3 68/female
SEMS Self-expandable metal 4 62/male
stent 5 73/male

Dugdenal stend.;)ses were 6 64/male

classified according to the
location of the stenosis in 7 63/female
relation to the major papilla: Transpapillary biliary drainage

type I, proximal to and without 1 69/male
involvement of the papilla; type

I, affecting the second portion 2 75/female
of the duodenum and the 3 76/female
papilla; type III, affecting the 4 66/female
th.lrd por.tlon of the duodenum 5 64/female
without involvement of the

major papilla [9] 6 S9/male

® The Niti-S pyloric [32] and 7 65/male
ComVi [33] stents are 8 65/male
uncovered and covered types, 9 64/male
respectively, and both are 10 69/female
manufactured by Taewoong )
Medical, Gimpo, Korea. The 11 69/female
WallFlex stent is an uncovered 12 65/male
type, manufactured by Boston 13 58/female

Scientific, Natick, MA [6]

Pancreatic cancer 11
Pancreatic cancer Il
Pancreatic cancer Il
Pancreatic cancer 1I
Pancreatic cancer 11
Ampullary cancer 1I

Pancreatic cancer 1I

Gastric cancer 1
Pancreatic cancer [
Pancreatic cancer III
Pancreatic cancer I
Pancreatic cancer III
Pancreatic cancer [
Pancreatic cancer [
Pancreatic cancer III
Pancreatic cancer III
Gastric cancer
Gastric cancer
Pancreatic cancer

Gastric cancer

WallFlex (22 mm X 6 cm)

ComVi (20 mm x 8 cm)

WallFlex (22 mm x 6 cm)

WallFlex (22 mm x 9 cm)

WallFlex (22 mm x 9 cm/22 mm x 12 cm)
WallFlex (22 mm x 6 cm)

WallFlex (22 mm x 9 cm)

ComVi ( 20 mm x 8 cm)
WallFlex (22 mm x 6 cm)
Niti-S pyloric (20 mm x 10 cm)
Niti-S pyloric (20 mm x 12 cm)
Niti-S pyloric (20 mm x 12 cm)
ComVi (20 mm x 8 cm)
ComVi (20 mm x 12 cm)
ComVi (20 mm x 12 cm/20 mm X 8 cm)
ComVi (20 mm x 8 cm)

I WallFlex (22 mm x 6 cm)

I WallFlex (22 mm x 6 cm)

1 Niti-S pyloric (20 mm x 12 cm)
I Niti-S pyloric (20 mm x 7 cm)

compared with the log-rank test. A P value <0.05 was
considered to indicate significance. All analyses were
performed using JMP 9.0.3 (SAS Institute, Cary, NC).

Results
Patients’ Characteristics

Twenty consecutive patients who underwent endoscopic
biliary drainage for nonresectable distal MBO in the pre-
sence of a duodenal SEMS were identified. The patients’
characteristics are summarized in Table 1. The underlying
malignancies were mainly pancreatic cancer (75 %). The
causes of distal MBO in four patients with gastric cancer
were lymph node metastasis of the primary cancer (3
patients) and tumor invasion (1 patient). Among the 20
patients enrolled in the study, EUS-BD and transpapillary
biliary drainage were carried out in seven and 13 patients,
respectively. Five and two patients in the transmural
drainage group had type II and III duodenal stenosis,
respectively, and nine and four patients in the transpapil-
lary drainage group had type I and III duodenal stenosis,
respectively. One uncovered and six covered duodenal

@ Springer

SEMS were placed in the transmural drainage group; in the
transpapillary drainage group, these numbers were five and
nine, respectively. EUS-BD was performed concurrently
with duodenal SEMS placement in five patients (71 %),
and 20 and 14 days after duodenal SEMS placement in one
patient each. The transpapillary biliary drainage was per-
formed concurrently with duodenal SEMS placement in 11
patients (85 %), and 105 and 49 days after duodenal SEMS
placement in one patient each.

Outcomes of EUS-BD (EUS-BD Group)

Endoscopic ultrasound-guided biliary drainage was per-
formed via hepaticogastrostomy and choledochoduode-
nostomy in three and four patients, respectively (Fig. 1). A
covered SEMS was placed in all cases with hepaticoga-
strostomy, and plastic stents and covered SEMSs were
placed in two patients each with choledochoduodenostomy.
The first SEMS via hepaticogastrostomy was misplaced in
the patient (patient no. 5), with its distal end in the peri-
toneal cavity, and was subsequently managed by placing
another SEMS in a tandem fashion [20]. Moderate bleeding
was observed in one patient as a procedure-related com-
plication. The bleeding occurred at the puncture site of
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EUS-guided hepaticogastrostomy and required a two-unit
blood transfusion, but no endoscopic intervention was
performed. The median survival time was 112 days, and
six patients (86 %) died during the follow-up period.

A biliary stent dysfunction was observed in one patient
(14 %) who developed cholangitis caused by occlusion of a
plastic stent due to sludge at 32 days after EUS-BD. In this
case, bile duct cannulation was achieved alongside the
plastic stent in situ followed by placement of another
plastic stent, and the cholangitis subsided.

Outcomes of Transpapillary Biliary Drainage
(Transpapillary Group)

Transpapillary biliary drainage was performed in 13
patients using a SEMS (Fig. 2). Covered- and uncovered-
type SEMS were placed in 11 and two patients, respec-
tively. In three patients, a biliary SEMS was placed through
the mesh of a duodenal SEMS which had been placed
across the papilla to secure a sufficient margin from the
duodenal obstruction despite there being no tumor
involvement of the papilla. One patient (8 %) developed
mild pancreatitis, which subsided only with conservative
treatment. The median survival time was 164 days, and 11
patients (85 %) died during the follow-up period.

Biliary stent dysfunction was observed in seven patients
(54 %), with a median time to dysfunction of 53 days. The
causes of stent dysfunction included nonocclusion cho-
langitis (3 patients), occlusion sludge (2 patients), occlu-
sion due to food impaction (1 patient), and an unknown
cause (1 patient). Among those with stent dysfunction,
endoscopic transpapillary and percutaneous re-interven-
tions were performed in two patients each.

Comparison Between EUS-BD and Transpapillary
Drainage Groups

Survival times did not differ significantly between the
groups (P = 0.854). The rate of dysfunction tended to be
lower in the EUS-BD group than in the transpapillary
group (14 vs. 54 % respectively; P = 0.157), and time to
dysfunction was significantly longer in the EUS-BD group
than in the transpapillary group [median (not available)
vs. 53 days, respectively; P = 0.048; Fig. 3]. The stent
patency rate was with EUS-BD group than with trans-
papillary drainage (100 vs. 71 %, respectively, at
1 month; 83 vs. 29 % at 3 months; 83 vs. 29 % at
6 months). Complication rates did not differ significantly
between the groups (P = 1.000). Percutaneous transhe-
patic biliary drainage was required as a re-intervention for
biliary stent dysfunction only in the transpapillary group
(15 %).
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Fig. 3 Kaplan—-Meier curves showing the times to dysfunction of
transmural and transpapillary biliary stents. The time to dysfunction
in the transmural drainage group was significantly longer than that in
the transpapillary drainage group (P = 0.048). Small vertical bars
Censored cases

Discussion

The results of this multicenter retrospective study of 20
patients who underwent endoscopic biliary drainage in the
presence of a duodenal SEMS demonstrate that EUS-BD
was feasible and effective in this patient group and that the
time to EUS-BD dysfunction was significantly longer with
EUS-BD than with transpapillary drainage. The feasibility
of EUS-BD in the presence of a duodenal SEMS has been
reported in several studies [21-23]. However, distal MBO
usually precedes malignant GOO for anatomical reasons
[9, 10], and thus no previous study has compared trans-
mural and transpapillary biliary drainage in the presence of
a duodenal SEMS (Table 2).

Endoscopic SEMS placement has become the main-
stream of biliary drainage in cases of nonresectable distal
MBO [24-26], and a SEMS is mostly placed across the
papilla of Vater. In this setting, SEMS is predisposed to
reflux of duodenal contents [27], sometimes leading to
stent occlusion or ascending cholangitis [28]. We reported
previously that duodenal tumor invasion is a risk factor for
early biliary SEMS dysfunction (<3 months) and that du-
odenobiliary reflux enhanced by tumor invasion is a key
contributor to this complication [29]. In addition, an
indwelling duodenal SEMS is an even stronger risk factor
for transpapillary SEMS dysfunction due to the further
increased duodenobiliary reflux via reduced duodenal
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Table 2 Characteristics and outcomes of transmural and transpapillary biliary drainage

Patient  Route of biliary stent Biliary stent® Complications TTD Cause of stent dysfunction
no. placement (diameter x length) and treatments (days) and treatments
Transmural biliary drainage
1 Transduodenal, Flexima (7F x 7 cm) 32 Occlusion due to sludge, a plastic
extrahepatic bile duct stent added
2 Transduodenal, Flexima (8.5F x 7 cm) Bleeding, transfusion 112 None
extrahepatic bile duct
3 Transduodenal, Supremo (10 mm x 8 cm) 323 None
extrahepatic bile duct
4 Transgastric, Niti-S S-type 11 None
intrahepatic bile duct (10 mm x 12 cm)
5 Transgastric, Supremo (10 mm x 12 cm/ 44 None
intrahepatic bile duct 10 mm x 12 cm)
6 Transgastric, Supremo (10 mm x 12 cm) 97 None
intrahepatic bile duct
7 Transgastric, Supremo (10 mm x 12 cm) 169 None
intrahepatic bile duct
Transpapillary biliary drainage
1 Transpapillary, common ComVi (10 mm x 8 cm) 6 None
bile duct
2 Transpapillary, common ComVi (10 mm x 5 cm) 11 Occlusion due to sludge, PTBD
bile duct
3 Transpapillary, common ComVi (10 mm x 8 cm) 18 None
bile duct
4 Transpapillary, common ComVi (10 mm x 7 cm) 28 Occlusion due to sludge, PTBD
bile duct
5 Transpapillary, common ComVi (10 mm x 6 cm) 53 Occlusion due to food impaction,
bile duct ENBD
6 Transpapillary, common ComVi (10 mm x 8 cm) Pancreatitis, 58 Nonocclusion cholangitis,
bile duct conservative Antibiotics
treatment
7 Transpapillary, common Covered Wallstent 8 Nonocclusion cholangitis (kinking),
bile duct (10 mm x 8 cm) stent removal
8 Transpapillary, common Covered WallFlex 10 None
bile duct (10 mm x 8 cm)
9 Transpapillary, common Covered WallFlex 27 None
bile duct (10 mm x 6 cm)
10 Transpapillary, common Covered WallFlex, 31 Occlusion (the unknown cause),
bile duct 10 mm x 8 cm) conservative treatment
11 Transpapillary, common Covered WallFlex 211 Nonocclusion cholangitis,
bile duct (10 mm x 6 cm) Antibiotics
12 Transpapillary, common Covered WallFlex 288 None
bile duct (10 mm x 8 cm)
13 Transpapillary, common Uncovered Zeo 31 None

bile duct

(10 mm x 8 cm)

TTD Time to dysfunction, ENBD endoscopic nasobiliary drainage, PTBD percutaneous transhepatic biliary drainage

? Flexima is a plastic stent, and Wallstent [34] and WallFlex [35] are metal stents, all of which are manufactured by Boston Scientific. Supremo
and ComVi [36] stents are metal stents, manufactured by Taewoong Medical. The Zeo stent is a metal stent, manufactured by ZEON Medical
Inc., Kanagawa, Japan

peristalsis that might not be sufficiently resolved by a

duodenal SEMS [10].

The effectiveness of transpapillary SEMS combined
with duodenal SEMS, so-called “double-stenting”, has
been reported [1, 8, 9]. However, biliary SEMS is
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predisposed to enhanced duodenobiliary reflux, and long-

term outcomes are disappointing [10]. In our transpapillary

group, SEMS dysfunction was observed in over one-half of
the patients, with a median time of <2 months. Notably,
the vast majority of SEMS dysfunctions may have been
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associated with duodenobiliary reflux (nonocclusion cho-
langitis, sludge, and food impaction). Furthermore, an
indwelling duodenal SEMS makes it difficult to endo-
scopically manage dysfunction of a biliary SEMS. Indeed,
percutaneous transhepatic biliary drainage was required as
a re-intervention in 15 % of patients in the transpapillary
drainage group, leading to deterioration in the quality of
life of these patients. One patient in the transmural drain-
age group with dysfunction of a plastic stent was suc-
cessfully managed by endoscopic intervention. Given these
worse outcomes of transpapillary biliary drainage, the
indications for biliary drainage in the presence of duodenal
SEMS should be further considered.

EUS-BD has emerged as an alternative method in cases of
failed ERCP [11, 30], for which malignant GOO is one of the
most common reasons. EUS-BD is theoretically less sus-
ceptible to stagnation of duodenal contents and is expected to
have a longer patency rate due to less duodenobiliary reflux.
In the present study, EUS-BD was feasible and effective in
the presence of a duodenal SEMS. EUS-BD—hepaticoga-
strostomy in particular—can be carried out whether a duo-
denal SEMS is present or not, and its safety and effectiveness
have been reported [12-14]. No dysfunction of a biliary
SEMS due to duodeobiliary reflux occurred in our EUS-BD
group, whereas the causes of stent dysfunction in our trans-
papillary group were mostly attributable to the reflux of
duodenal contents. Considering its technical feasibility and
potentially prolonged time to biliary stent dysfunction, EUS-
BD can be an alternative to transpapillary biliary drainage in
patients with an indwelling duodenal SEMS, and a random-
ized controlled trial that includes a sufficient number of
patients is desired to confirm the superiority of transmural
over transpapillary biliary drainage in the presence of duo-
denal SEMS. Another advantage of EUS-BD is insuscepti-
bility to post-ERCP pancreatitis, one of the most serious
complications of ERCP [31]. In contrast, a bile leak after
EUS-BD is a potential complication that is not seen in
transpapillary biliary drainage, and should be overcome. In
the present study, type II duodenal stenosis was more fre-
quently observed in the EUS-BD group, inferring a treatment
selection bias because this type of duodenal stenosis involves
the papilla and inhibits transpapillary bililary drainage. A
prospective study with adjustment for the type of duodenal
stenosis would facilitate a comparison of EUS-BD with
transpapillary biliary drainage.

Some limitations of this study should be discussed. This
study was based on a nonrandomized retrospective design.
EUS-guided antegrade placement of a biliary stent [23] is
an alternative method, particularly in patients with GOO
proximal to the ampulla. Finally, the follow-up time was
relatively short, as patients with duodenal obstruction are
generally associated with a poor prognosis.

Based on the results of our study, we conclude that
EUS-guided transmural biliary drainage is an alternative to
transpapillary biliary drainage in cases with an indwelling
duodenal SEMS.
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