
Citation: Rizzo, G.E.M.; Carrozza, L.;

Quintini, D.; Ligresti, D.; Traina, M.;

Tarantino, I. A Systematic Review of

Endoscopic Treatments for

Concomitant Malignant Biliary

Obstruction and Malignant Gastric

Outlet Obstruction and the

Outstanding Role of Endoscopic

Ultrasound-Guided Therapies.

Cancers 2023, 15, 2585. https://

doi.org/10.3390/cancers15092585

Academic Editor: Louis Buscail

Received: 30 March 2023

Revised: 22 April 2023

Accepted: 29 April 2023

Published: 30 April 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

cancers

Review

A Systematic Review of Endoscopic Treatments for
Concomitant Malignant Biliary Obstruction and Malignant
Gastric Outlet Obstruction and the Outstanding Role of
Endoscopic Ultrasound-Guided Therapies
Giacomo Emanuele Maria Rizzo 1,2, Lucio Carrozza 1, Dario Quintini 1, Dario Ligresti 1, Mario Traina 1

and Ilaria Tarantino 1,3,*

1 Endoscopy Unit, Department of Diagnostic and Therapeutic Services, IRCCS-ISMETT Palermo,
90127 Palermo, Italy

2 Ph.D. Program, Department of Surgical, Oncological and Oral Sciences (Di.Chir.On.S.), University of Palermo,
90133 Palermo, Italy

3 Department of Diagnostic and Therapeutic Services, IRCCS-ISMETT Palermo, 90127 Palermo, Italy
* Correspondence: itarantino@ismett.edu

Simple Summary: Palliation of gastric outlet obstruction (GOO) and obstructive jaundice due to
malignancy is a fundamental step in improving quality of life (QoL) and initiating or restarting
systemic oncologic therapy in these patients. Endoscopic retrograde cholangiopancreatography
(ERCP) with biliary stenting is still the primary treatment for malignant biliary obstruction (MBO),
but it fails more frequently when GOO is concomitant. Poor quality studies are present in the medical
literature on the application of endoscopic ultrasound (EUS) guided procedures among patients
suffering from double obstruction, and few studies explore outcomes when endoscopy is performed
during the same session or within a few days. Our aim was to systematically search the evidence
supporting the use of EUS-guided procedures in this scenario in order to evaluate the best strategy
for concomitant treatment of MBO and MGOO.

Abstract: Background: The treatments for cancer palliation in patients with concomitant malignant
biliary obstruction (MBO) and gastric outlet obstruction (MGOO) are still under investigation due
to the lack of evidence available in the medical literature. We performed a systematic search and
critical review to investigate efficacy and safety among patients with MBO and MGOO undergoing
both endoscopic ultrasound-guided biliary drainage (EUS-BD) and MGOO endoscopic treatment.
Methods: A systematic literature search was performed in PubMed, MEDLINE, EMBASE, and the
Cochrane Library. EUS-BD included both transduodenal and transgastric techniques. Treatment of
MGOO included duodenal stenting or EUS-GEA (gastroenteroanastomosis). Outcomes of interest
were technical success, clinical success, and rate of adverse events (AEs) in patients undergoing
double treatment in the same session or within one week. Results: 11 studies were included in the
systematic review for a total number of 337 patients, 150 of whom had concurrent MBO and MGOO
treatment, fulfilling the time criteria. MGOO was treated by duodenal stenting (self-expandable
metal stents) in 10 studies, and in one study by EUS-GEA. EUS-BD had a mean technical success of
96.4% (CI 95%, 92.18–98.99) and a mean clinical success of 84.96% (CI 95%, 67.99–96.26). The average
frequency of AEs for EUS-BD was 28.73% (CI 95%, 9.12–48.33). Clinical success for duodenal stenting
was 90% vs. 100% for EUS-GEA. Conclusions: EUS-BD could become the preferred drainage in the
case of double endoscopic treatment of concomitant MBO and MGOO in the near future, with the
promising EUS-GEA becoming a valid option for MGOO treatment in these patients.

Keywords: gastric outlet obstruction; biliary obstruction; GOO; MBO; endoscopic ultrasound;
endoscopy; EUS-BD; EUS-GEA; gastroenteroanastomosis; gastrojejunostomy; pancreas; LAMS; cancer
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1. Introduction

Malignancies involving the area between the duodenum, major papilla, head of the
pancreas, and distal common bile duct (CBD) can lead to malignant biliary obstruction
(MBO) and malignant gastric outlet obstruction (MGOO). When clinical presentation of
biliary and duodenal obstruction is simultaneous, these tumors are usually at the late stage
of the disease, and the only option is palliative treatment, which is essential for the quality of
life (QoL) of these patients. Endoscopic retrograde cholangiopancreatography (ERPC) with
transpapillary biliary stent placement is the standard treatment for unresectable MBO [1],
though EUS-guided biliary drainage (EUS-BD) is becoming more widespread. EUS-BD is
reported in patients with difficult or failed ERCP, and MGOO is one of the major reasons
for this failure. In addition, endoscopic treatment of MGOO through duodenal metal stent
placement or endoscopic ultrasound gastroenteroanastomosis (EUS-GEA) is increasingly
being performed because it is less invasive compared with surgical bypass [2–4]. Indeed,
open surgical bypass (either biliary or gastrojejunostomy) has significant morbidity (25%)
and mortality (2.5%) [5]. Although the double stenting (biliary and duodenal) endoscopic
procedure is considered the standard, less invasive, treatment for combined MBO and
MGOO, EUS-guided procedures will likely become the main palliative treatment strategy
for concurrent MBO and MGOO in the next few years.

The aim of our study was to perform a systematic search, including a comprehensive
literature search [6] and critical review, in order to investigate outcomes in terms of efficacy
and safety among patients with MBO and MGOO undergoing concurrent (or within 7 days)
EUS-guided biliary drainage and MGOO endoscopic treatment.

2. Materials and Methods
2.1. Procedures
2.1.1. Biliary Drainage

Historically, patients with MBO needing drainage were initially treated with surgery,
but, nowadays, minimally invasive techniques are available and preferred; therefore,
surgical hepaticojejunostomy as a first-line approach is outdated, even when concur-
rent MGOO is present. The equipment for endoscopic biliary drainage includes both
standard retrograde techniques, such as ERCP for transpapillary drainage and more ad-
vanced EUS-guided techniques. In general, EUS-guided biliary drainage includes trans-
mural drainage (EUS-guided hepaticogastrostomy [EUS-HGS], choledochoduodenostomy
[EUS-CDS], cholecystoduodenostomy/cholecystogastrostomy [EUS-GBD]) and transpap-
illary stenting introducing a guidewire under EUS-guidance for a transmural approach
(rendezvous [EUS-RV] and antegrade stenting for transpapillary stenting) [7–9]. The afore-
mentioned techniques regarding EUS-BD have been reported in detail over the years [7,10],
and, nowadays, they are standardized. In fact, they are already in clinical practice in tertiary
centers all over the world, and they are starting to spread to even more centers. In general,
it is fundamental to have extensive experience in these procedures in order to understand
the main issues: indications; the best approach, if transgastric or transduodenal; scope
stability; safe ultrasonographic window; correct identification of the desired biliary target
(common bile duct, intrahepatic ducts, or gallbladder, depending if CDS, HGS, or GBD,
respectively); proper devices (e.g., guidewires, needle, stent, etc.) and skills in complication
management [10–13].

2.1.2. Treatment of MGOO

Considering the anatomical location of the duodenal stricture in relation to the papilla,
GOO and biliary strictures are classified into the three types of bilio-duodenal strictures [14].
Treatment of the concurrent double obstruction could be dependent on the type of double
stricture according to this classification (Table 1). Regarding the treatment of MGOO,
surgical gastrojejunostomy bypass has been the most common option in the past [5,15], but,
nowadays, endoscopic options are available and are effective thanks to consolidated endo-
scopic enteral stenting [16] and the development of novel and more advanced techniques,
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such as NOTES (natural orifice transluminal endoscopic surgery) and EUS-guided gas-
troenteroanastomosis (EUS-GEA). Endoscopic stenting has been useful in treating MGOO
thus far, but it has a high rate of reintervention due to the low time of patency compared
to gastrojejunostomy [17]. On the other hand, NOTES is still under development; it has
been proven to be effective, mostly in porcine models [18,19], yet it is an option as a rescue
therapy in the case of AEs during EUS-GEA. EUS-GEA has been optimized since 2011,
when the lumen apposing metal stent (LAMS), a fully-covered short metal stent with
double flanges capable of joining two lumen, creating a direct luminal connection, was
developed [20]. Conceptually, EUS-GEA is performed by, first, advancing a catheter (or a
double balloon/single balloon enteric tube) over a stiff guidewire through the duodenal
stricture. Then saline is injected through the catheter downstream of the stricture (single
balloon technique) or between the inflated balloons (double balloon technique) in order
to fill the target jejunal lumen. Finally, after EUS-identification of the enlarged enteral
loop (“target”), the distal flange of the LAMS is deployed into the jejunal lumen (using
the hands-free technique or through previous placement of a guidewire after loop punc-
ture), and the proximal flange is deployed into the gastric lumen (with or without the
intra-channel release technique) [21–23]. This EUS-guided technique showed a technical
success rate of 90%, confirming the feasibility of this application of EUS-GEA, even though
it is still dependent on the expertise of skilled endosonographers [22,24,25].

Table 1. Classification based on location of malignant stricture in concurrent malignant biliary obstruc-
tion (MBO) and gastric outlet obstruction (MGOO) and treatment suggestions. Modified from [14].

Treatment Suggestion Description Classification

� Transpapillary stenting (ERCP) is possible if the scope
can pass the duodenal obstruction or the duodenal stent

� EUS-guided antegrade (AG) stent placement is
preferred over EUS-guided transmural stenting

� Duodenal stenting/EUS-GEA

GOO occurs at the level of the duodenal bulb or
upper duodenal genu, but without involvement of
the papilla

Type 1

� Double stenting is technically possible by adding a
duodenal stent if an indwelling biliary stent is present

� In cases with the ampulla overlapped by a duodenal
stent, there are some techniques for biliary access:

# In cases with an indwelling duodenal stent,
biliary access can be achieved by the rendezvous
technique, either EUS or PTBD-guidance

# Simultaneous double stenting with the
temporary plastic biliary stent
placement technique

� Placement of a duodenal stent followed by a
transpapillary biliary stent through the duodenal stent
(to enable future reinterventions for biliary
stent occlusion)

� EUS-CDS and EUS-GEA
� EUS-HGS and duodenal stenting/EUS-GEA

GOO affects the second part of the duodenum,
with involvement of the papilla. Type 2

� Transpapillary stenting including both ERCP and
EUS-guided antegrade stenting is possible but prone to
duodenobiliary reflux

� EUS-CDS and duodenal stenting/EUS-GEA
� EUS-HGS and duodenal stenting/EUS-GEA

GOO involves the third part of the duodenum,
distal to and without involvement of the papilla. Type 3

MBO = malignant biliary obstruction; ERCP = endoscopic retrograde cholangiopancreatography;
MGOO = malignant gastric outlet obstruction; EUS-CDS = endoscopic ultrasound choledocoduodenostomy;
PTBD = percutaneous transhepatic biliary drainage; EUS-HGS = endoscopic ultrasound hepaticogastrostomy.
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2.2. Data Source and Literature Searches

This work is reported according to the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) Statement [26], and the search strategy included the
use of the four-part PICO model [27]. Rayyan was used to identify eligible studies and
for the screening process [28]. A systematic literature search was then performed by three
reviewers (G.E.M.R., D.Q., and L.C.) in PubMed (MEDLINE), EMBASE, and the Cochrane
Library through the use of strings including “biliary obstruction”, “gastric outlet obstruc-
tion”, “malignant”, “EUS”, “endoscopic ultrasound”, “endoscopy”, “endoscopic stenting”,
“gastrojejunostomy”, “gastroenteroanastomosis”, and “biliary drainage” (more details are
in Supplementary Materials). The literature search included studies published until Febru-
ary 2023 and, moreover, the computer search was supplemented with manual searches of
the reference lists of the reviews and studies retrieved, in order to identify additional stud-
ies. When the results of the same cohort were analyzed in more than one publication, only
the most recent and complete data were included in the review. Finally, a cross-reference
check from the retrieved studies was performed to identify duplicated reports.

2.3. Eligibility Criteria

Studies were considered eligible in the systematic review if they met the following
criteria: (1) they included patients with malignancy of any etiology (e.g., pancreatic, biliary,
duodenal, gastric, and so on) developing biliary obstruction and gastric outlet obstruc-
tion (GOO); (2) they included endoscopic biliary treatments, such as EUS-guided biliary
drainage; (3) they included the following MGOO treatments: endoscopic enteral stent-
ing, EUS-guided gastroenteroanastomosis, or surgical gastroenteroanastomosis; (4) they
included patients with concomitant biliary drainage and treatment of MGOO, defined as
being performed during the same hospital stay, considering a time interval of no more than
seven days between procedures; (5) they evaluated efficacy outcomes in terms of technical
and/or clinical success and/or safety. Studies were excluded if: (1) they included patients
with recurrence of MGOO (failure of first MGOO treatment); (2) they had overlapping
data; (3) they were case reports, case series (<5 patients), or review articles; (4) they were
abstracts or posters at international meetings; (5) they were not written in English; or (6) if
they included patients with altered anatomy of the upper GI tract due to surgery before
developing malignancy. Both experimental and observational studies (either prospective
or retrospective) without respect to their primary objectives were included.

2.4. Study Selection and Data Collection Process

After the removal of duplicates, data extraction included study–and patient-level
variables, such as study design, geographical area, number of centers, number of total
patients, number of patients undergoing concomitant (or within 7 days) biliary and duode-
nal treatment, type of malignancy, type of biliary and MGOO intervention, technical and
clinical success, survival, AEs, recurrent biliary obstruction, recurrent duodenal obstruction,
and reinterventions. Studies reporting “temporary” stenting were excluded.

2.5. Outcome Measures

Technical success is defined as adequate placement of stents in biliary and duodenal
procedures. Clinical success of biliary stenting is defined as a reduction in serum bilirubin
level within two weeks post-drainage. Clinical success of treatment for MGOO is mainly
referred to as an improvement in the score on the gastric outlet obstruction scoring sys-
tem (GOOSS) after treatment or, when GOOSS was not applied, the improvement in the
quality of oral food intake. Technical and clinical success were determined for biliary stent-
ing/bypass and duodenal stenting/bypass both together and separately, when possible.
Procedure-related AEs were various and heterogeneous, and data extraction was based on
the AE terms indicated in each study. When available, data on recurrent biliary obstruction
(RBO), defined as a composite endpoint including both stent patency and migration or
dysfunction according to the Tokyo criteria [29], and recurrent duodenal obstruction (RDO),
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defined as reoccurrence of GOO symptoms, were extracted. The AE rate was given as the
number of patients with one or more adverse events out of the total number of patients
fulfilling the inclusion criteria. Reinterventions, when available, were investigated and
defined as the number of patients who required endoscopic or surgical intervention after
RBO or RDO.

3. Results
3.1. Literature Search Results

Our primary search identified 654 articles overall. We excluded 323 studies because
they were not consistent with our aim, including reviews, case reports, case series, editorials,
and letters to the editor. In addition, duplicate articles (n = 168) were removed. After the
identification and screening process, 54 of the initial studies were reviewed for inclusion
and exclusion criteria (Figure 1). Finally, 11 studies were selected for systematic review.

Figure 1. Flowchart of search and screening process: 11 studies were included in the review.

3.2. Study Characteristics

Table 2 shows the characteristics of the 11 studies [30–40] included in the systematic
review. Overall, 337 patients with MBO and GOO were identified. The number of patients
included in single studies varied, ranging from 5 to 110. The number of patients with
concurrent MBO and MGOO following inclusion and exclusion criteria extracted from the
articles was 150 (44.5% of total patients).
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Table 2. Characteristics of the included studies (n = 11).

Study, Year
Design

and
Centers

Geographical
Area

No. of
Patients

No. of
Patients

Reflecting Our
EC and IC

Type of Malignancy Type
of BD

Type of Biliary
Stent

Treatment of
MGOO

First
Procedure
Performed

Time between
the Two

Procedures
Follow-Up AEs,

n (%)

Iwamuro,
2010 [30]

Retrospective/
Single-center Eastern 7 2 Pancreatic (n = 2) EUS-BD Plastic stent Duodenal

stenting MGOO Simultaneous 46.4 w and
9.9 w 1 (50)

Maluf-Filho,
2012 [31]

Retrospective/
Single-center Western 5 5

Pancreatic (n = 3)
Cervix squamous cell
cancer (n = 1)
Colonic
adenocarcinoma (n = 1)

EUS-BD
PC-SEMS

(n = 4) and
U-SEMS (n = 1)

Duodenal
stenting Biliary Simultaneous

3 m + 17 d +
2 m + 4 d + 15

d
3 (60)

Rebello,
2012 [32]

Prospective/
Single-center Western 7 7 Pancreatic (n = 7) EUS-BD PC-SEMS Duodenal

stenting Biliary Simultaneous 140 days 0 (0)

Tonozuka,
2013 [33]

Retrospective/
Single-center Eastern 11 4 Pancreatic (n = 4) EUS-BD C-SEMS Duodenal

stenting MGOO Simultaneous
Survival time:

37 d, 74 d, 23 d,
69 d

2 (50)

Ogura,
2016 [34]

Retrospective/
Single-center Eastern 39 39

EUS-CDS group:
11 pancreaticobiliary
cancers and 2 others;
EUS-HGS group:
21 pancreaticobiliary
cancers and 5 others

EUS-CDS and
EUS-HGS FC metal stent Duodenal

stenting MGOO Within 7 days

OS: EUS-CDS
median
98 days,

EUS-HGS
median

133 days

8 (20.5)

Sato,
2016 [35]

Retrospective/
Single-center Eastern 43 17 NA EUS-CDS (n = 16)

EUS-HGS (n = 1) C-SEMS Duodenal
stenting NA Simultaneous Death or

90 days NA

Hamada,
2018 [36]

Retrospective/
Multicenter Western 110 20

Pancreatic (n = 72)
Biliary (n = 9)
Gastric (n = 9)
Ampullary (n = 9)
Gallbladder (n = 9)
Others (n = 9)

EUS-CDS (n = 10)
EUS-HGS (n = 10)

SEMS,
Plastic

Duodenal
stenting NA

Simultaneous
or within

7 days

450 days,
median 7 (35%)

Debourdeau,
2021 [37]

Retrospective/
Single-center Western 31 7 NA EUS-HGS (n = 11)

EUS-CDS (n = 1) PC-SEMS Duodenal
stenting

Biliary
Or

MGOO

Simultaneous
or within

7 days
NA NA

Mangiavillano,
2021 [40]

Retrospective/
Multicenter Western 23 23

Pancreatic
adenocarcinoma (n = 13)
Advanced ampulloma
(n = 2)
Metastasis (n = 2)
Biliary tumor (n = 2)
Pancreatic NET (n = 1)
Duodenal
adenocarcinoma (n = 1)
Gallbladder neoplasia
(n = 1)
Recurrence of a previous
distal esophageal
adenocarcinoma (n = 1)

EUS-CDS (n = 9)
EUS-GDS (n = 14) LAMS Duodenal

stenting
Duodenal
stenting

Simultaneous
or within

7 days

241 days,
median 0 (0)
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Table 2. Cont.

Study, Year
Design

and
Centers

Geographical
Area

No. of
Patients

No. of
Patients

Reflecting Our
EC and IC

Type of Malignancy Type
of BD

Type of Biliary
Stent

Treatment of
MGOO

First
Procedure
Performed

Time between
the Two

Procedures
Follow-Up AEs,

n (%)

Canakis,
2022 [39]

Retrospective/
Mulitcenter Western 23 21

Pancreatic cancer
(n = 16)
Breast metastasis (n = 2)
Cholangiocarcinoma
(n = 2)
Colon (n = 1)

EUS-HGS FC-SEMS EUS-GEA BiliaryOrMGOO Simultaneous 78 days,
median 3 (14.3)

Sasaki,
2022 [38]

Retrospective/
Single-center Eastern 38 5 Pancreatic (n = 28) EUS-CDS (n = 1)

EUS-HGS (n = 4) PC-SEMS Duodenal
stenting NA Simultaneous NA NA

EC = exclusion criteria; IC = inclusion criteria; BD = biliary drainage; EUS-BD = endoscopic ultrasound biliary drainage; PC-SEMS = partially covered self-expandable metal
stent; MGOO = malignant gastric outlet obstruction; AEs = adverse events; C-SEMS = covered self-expandable metal stent; FCSEMS = fully covered self-expandable metal stent;
NA = Not Available; LAMS = lumen apposing metal stent; EUS-CDS = endoscopic ultrasound choledocoduodenostomy; EUS-GDS = endoscopic ultrasound gallbladderduodenostomy;
EUS-HGS = endoscopic ultrasound hepaticogastrostomy; OS = overall survival.
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3.3. Study-Level Variables

Five studies were performed in Asian countries (55.6%) [30,33–35,38] and six in West-
ern countries [31,32,36,37,39,40]. Most of the studies (n = 8, 72.7%) were single-center, and
three were multicenter [36,39,40]. Among EUS-BD procedures, the most common was
EUS-CDS. EUS-HGS was performed in five studies [34–37,39]. MGOO was treated with
duodenal endoscopic stenting in ten studies (90.9%), while EUS-GEA was performed in
only one (Table S1) [39]. In general, no significant difference in the definition of techni-
cal success was seen among studies, both considering biliary and duodenal procedures
(Table S2). Procedures were performed simultaneously in seven studies (63.6%), while, in
four studies, they were performed within seven days of each other [34,36,37,40].

3.4. Patient-Level Variables

Patients with pancreatic cancer were most commonly found among the studies, fol-
lowed by biliary and gastrointestinal tumors (Table 2). Patients with gallbladder tumors
were included in two studies [36,40], but, in one of these [36], the patients did not present
with simultaneous biliary and duodenal obstruction. In some studies, metastatic tumors
from different sites were present as well (cervix squamous cell cancer, colonic adenocarci-
noma, breast cancer, and others) [31,34,36,40]. In patients undergoing EUS-BD, the type of
stent varied greatly among studies (Table S2).

3.5. Outcomes
3.5.1. Technical and Clinical Success

EUS-BD showed a mean technical success of 96.4% (CI 95%, 92.18–98.99) and a mean
clinical success of 84.96% (CI 95%, 67.99–96.26). Duodenal stenting was technically success-
ful in all ten of the studies where it was used. Technical success was 95.6% for EUS-GEA
with 100% clinical success (vs 87.95% [CI 95%, 67.7–98.92] for duodenal stenting). No data
regarding RDO and RBO were extractable regarding the articles included in our review, so
reintervention was not extractable either.

3.5.2. Safety

AEs of EUS-BD procedures had a mean occurrence of 28.73% (CI 95%, 9.12–48.33)
among the studies in which data were reported. The type of AEs varied from abdominal
pain and fever to cholangitis, bile leakage, bleeding, cardiogenic shock, and pneumoperi-
toneum (Table S2), and, furthermore, all of them were reported as BD-related AEs (no AEs
were reported regarding treatment of MGOO).

4. Discussion

Malignant biliary obstruction and gastroenteral obstruction are two of the most fre-
quent complications associated with primary biliary and pancreatic tumors and metastatic
disease [36,39–41] leading to the development of jaundice and MGOO. Palliation of MGOO
and obstructive jaundice is a fundamental step in improving quality of life (QoL) and initi-
ating or restarting systemic oncologic therapy in these patients. ERCP with biliary stenting
is still the first-line treatment for MBO in the real world, but it may fail more commonly
when MGOO is concomitant. EUS-BD is considered a feasible alternative after ERCP failure
or when a transpapillary approach is not possible [42]; furthermore, its efficacy as a primary
treatment of MBO has already been highlighted [43–45], and it is under investigation in
ongoing randomized trials [NCT04099862, NCT03870386, NCT04898777]. Despite this
evidence and the presence of other BD-related issues (duodenobiliary reflux [46] and subse-
quent cholangitis or stent occlusion [47]), EUS-BD is still subordinate to local expertise and
preference. As for MGOO, endoscopic stenting and surgical GJ demonstrated comparable
rates of technical success, clinical success, and reintervention, but patients undergoing
surgical GJ had longer survival and luminal patency [17].

Unfortunately, most of the evidence in the literature concerning concurrent bilioenteral
obstruction is of poor quality and does not include the use of EUS-guided procedures;
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therefore, this setting is still a grey area, and the best therapeutic strategy in this scenario
has yet to be deeply analyzed. To our knowledge, no reports with a systematic search
and critical review focusing on EUS-BD in patients with concurrent MBO and MGOO are
present in the literature thus far. The presence of MGOO limits some therapeutic biliary
options and may affect outcomes. Our systematic review identified 11 studies, including
150 patients suffering from concurrent MBO and MGOO. In our qualitative analysis, we
focus on highlighting the advantages of performing both procedures (biliary and enteral)
during the same session or, if different sessions were needed, during the same hospital stay
(maximum time between procedures was conventionally set at 7 days). Double treatment
can be technically difficult depending on the location of MBO and MGOO [14], so classifi-
cation of the double stricture is helpful to identify the best therapeutic options (Table 1).
Furthermore, it is mandatory to focus on the advantages and disadvantages of each proce-
dure in order to select the best treatment for each patient. In fact, a therapeutic algorithm
based on the classification of obstructions has previously been proposed [48], even though
this algorithm considered only duodenal stenting for treating GOO. In the present work,
the included studies were mostly single-center (n = 8). There were only 3 multicenter
studies, and had the peculiarity of being performed after 2018 (one in 2018, one in 2021,
and another in 2022) [36,39,40], all showing a positive trend towards collaboration in iden-
tifying the correct strategy in this particular scenario. Another retrospective international
multicenter study was recently published [49] analyzing different strategies for treating
both obstructions in 93 patients undergoing double endoscopic treatment (median interval
between procedures: 41 [IQR 5–68] days), demonstrating the need for further exploration
into well-designed prospective clinical studies.

Regarding MGOO, among those patients with double obstruction, we found that
endoscopic enteral stenting was the treatment of choice in most of the studies (n = 10), with
only one study reporting the use of EUS-GEA, even though it shows high rates of technical
(95.6%) and clinical success (100%) [39]. The low rate of EUS-GEA among studies could be
explained by the lack of diffusion of this advanced technique, which requires expertise and
a skilled endosonographer. Nonetheless, we found that duodenal stenting was technically
successful (100% technical success shown in 8 studies) with a clinical success rate of 87.95%
(CI 95%, 67.7–98.92) among those studies in which data were extractable for this measure
(n = 4), a limitation of our search. In general, the advantages of EUS-guided GEA are
its minimal invasiveness, safety (Canakis et al. reported no AEs after EUS-GEA among
21 patients with MGOO), and high technical and clinical success rates (95.6% and 100%,
respectively) [39]. Considering this evidence and that reported by Chen et al. [50], it is
fair to consider EUS-GEA, in the near future, as the preferred procedure for GJ in patients
with MGOO. Moreover, growing evidence supports a better efficacy of EUS-GEA over
enteral stents in terms of clinical success and symptom recurrence in this set of patients,
as in a recent multicenter propensity score-matched comparison, which showed better
outcomes in EUS-GEA vs. duodenal stenting (technical success rates: 94% (CI 95%, 89–99)
vs. 98% (CI 95%, 95–100; p = 0.44); clinical success rates: 91% (CI 95%, 85–97) vs. 75%
(CI 95%, 66–84 p = 0.008); and stent dysfunction: 1% (CI 95%, 0–4) vs. 26% (CI 95%, 15–37;
p < 0.001) [51]).

As regards EUS-BD, we found that EUS-CDS was performed mostly by placing self-
expandable metal stents (SEMS) rather than LAMS (plastic biliary stents were even placed
in one study [30]), probably, as mentioned above for EUS-GEA, due to lack of expertise
and difficulty of device acquisition. Nowadays, LAMS is the preferred option in the case
of EUS-CDS [52,53], and an international multicenter study from Mangiavillano et al. [40]
even demonstrated the technical feasibility of the placement of a LAMS through the mesh
(TTM) of duodenal stents, with only one failure among the 23 patients included (4.3%) and
no AEs reported. It should be noted that, in the latter study, EUS-CGD (choledocogallblad-
der drainage) was performed TTM in 14 patients (60.9%) with 100% technical success and
no AEs reported [40]. On the other hand, EUS-HGS was used in six studies (54.5%) [34–39],
confirming that an EUS-guided transgastric approach for biliary drainage is one of the pre-
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ferred options in patients with duodenal obstruction. Although EUS-HGS is likely to have
better stent patency, its safety is still under debate due to the high AE rate reported so far,
though an increase in expertise could reduce this number. While further prospective studies
should be mandatory in the coming years, patients with double obstruction are strong can-
didates for EUS-HGS [54]. Ogura et al. [34] compared EUS-CDS and HGS in this scenario,
showing an increased risk of duodenobiliary reflux when performing EUS-CDS due to the
close location of duodenal stent and bilio-duodenal fistula. Considering safety, EUS-guided
transmural BD is safer than a transpapillary approach as regards post-procedure pancreati-
tis, so it should be considered especially when approaching patients without pancreatic
duct obstruction. On the other hand, when EUS-CDS is performed, and the duodenal
stent is on-site, the presence of the latter is significantly associated with a higher risk of
biliary reobstruction during the follow-up (odds ratio [OR]: 3.6, CI 95%, 1.2–10.2; p = 0.018),
as reported in a recent prospective study [53]. Moreover, our included studies reported
further complications, such as abdominal pain, cholangitis, bile leakage, cardiogenic shock,
and pneumoperitoneum. In general, the percentage of EUS-BD related AEs varied greatly,
from 0% [32,40] to 60% [31], while no AEs regarding the treatment of MGOO were reported
(Table S1). The duodenal stent, which is more standardized and commonplace, was used
more than an EUS-guided approach, so this could explain the differences between the rates
of BD-related, only EUS-guided, and MGOO treatment-related AEs. In any case, cholangitis
was the most common AE reported, bleeding was reported in only one case concurrently
with cholangitis [36], and biliary stent dislodgment was reported in three cases [36,39].

However, the limitations of our study included the lack of individual data regarding
technical and clinical success in most of the studies and the heterogeneity of patients in
terms of differences in cancer typologies, which could confound aggregate data regarding
outcomes, which is another limitation of the studies included. Reporting bias is present
due to missing extractable information, such as RDO and RBO. In addition, we used the
PICO model as a powerful tool to have a methodologically correct search strategy [27], but
since its efficacy has recently been reconsidered in searching databases such as Embase and
PubMed, especially in the field of upper GI and pancreatic diseases [55], this could be a
limitation of our study.

5. Conclusions

In conclusion, EUS-guided procedures, EUS-BD and EUS-GEA, are likely to spread
quickly in clinical practice for the treatment of concurrent MGOO and MBO because
their major advantage is that stents can be placed away from the biliary and duodenal
obstructions. Recurrence of both biliary and enteral obstruction could be lower in the
EUS-guided approach rather than in transpapillary biliary stents or duodenal stents due to
tumor ingrowth or overgrowth, but further prospective studies are needed to confirm these
outcomes, especially among patients undergoing both procedures in the same session. On
the other hand, EUS-guided procedures have an increased stent migration rate because the
stents are placed between two adjacent but non-attached organs, and AEs such as stent
dislocation can be serious, leading to perforation or peritonitis. The EUS-GEA procedures
reported in the literature have only been performed by experts, as it is a relatively novel
technique, so its generalizability needs to be clarified, and the development of dedicated
devices could help the standardization of this useful and minimally-invasive procedure. In
summary, EUS-BD could potentially be the standard procedure for combined MBO and
GOO in terms of both technical factors and clinical outcomes [38,39,56]. Furthermore, we
believe that, as evidence on EUS-GEA increases, EUS-guided double stenting is likely to
become the standard procedure for combined MBO and GOO in the near future.



Cancers 2023, 15, 2585 11 of 13

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/cancers15092585/s1, Table S1: Technical features of MGOO treatment
(duodenal stenting and EUS-GEA) among included studies. Table S2. Technical features of EUS-BD
among studies.

Author Contributions: G.E.M.R.: conceptualization, methodology, resources, writing—original
draft, software, visualization. L.C.: resources, writing—review and editing. D.Q.: resources,
writing—review and editing. D.L.: supervision, comments and validation. M.T.: data curation,
writing—review and editing, supervision. I.T.: writing—original draft, review and editing, supervi-
sion, validation. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Salvatore Tammaro, Gabriele Rancatore, and Silvia Ferriolo, who contributed
with their daily clinical support.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Davids, P.H.; Groen, A.; Rauws, E.; Tytgat, G.; Huibregtse, K. Randomised trial of self-expanding metal stents versus polyethylene

stents for distal malignant biliary obstruction. Lancet 1992, 340, 1488–1492. [CrossRef] [PubMed]
2. Zheng, B.; Wang, X.; Ma, B.; Tian, J.; Jiang, L.; Yang, K. Endoscopic stenting versus gastrojejunostomy for palliation of malignant

gastric outlet obstruction. Dig. Endosc. 2012, 24, 71–78. [CrossRef] [PubMed]
3. Ge, P.S.; Young, J.; Dong, W.; Thompson, C. EUS-guided gastroenterostomy versus enteral stent placement for palliation of

malignant gastric outlet obstruction. Surg. Endosc. 2019, 33, 3404–3411. [CrossRef] [PubMed]
4. Chan, S.M.; Dhir, V.; Chan, Y.; Cheung, C.; Chow, J.; Wong, I.; Shah, R.; Yip, H.; Itoi, T.; Teoh, A. Endoscopic ultrasound-guided

balloon-occluded gastrojejunostomy bypass, duodenal stent or laparoscopic gastrojejunostomy for unresectable malignant gastric
outlet obstruction. Dig. Endosc. 2022. [CrossRef] [PubMed]

5. van Wagensveld, B.A.; Coene, P.; van Gulik, T.; Rauws, E.; Obertop, H.; Gouma, D. Outcome of palliative biliary and gastric
bypass surgery for pancreatic head carcinoma in 126 patients. Br. J. Surg. 1997, 84, 1402–1406.

6. Grant, M.J.; Booth, A. A typology of reviews: An analysis of 14 review types and associated methodologies. Health Inf. Libr. J.
2009, 26, 91–108. [CrossRef]

7. Itoi, T.; Isayama, H.; Sofuni, A.; Itokawa, F.; Kurihara, T.; Tsuchiya, T.; Tsuji, S.; Ishii, K.; Ikeuchi, N.; Tanaka, R.; et al. Stent selection
and tips on placement technique of EUS-guided biliary drainage: Transduodenal and transgastric stenting. J. Hepatobiliary
Pancreat. Sci. 2011, 18, 664–672. [CrossRef]

8. Iwashita, T.; Lee, J.; Shinoura, S.; Nakai, Y.; Park, D.; Muthusamy, V.; Chang, K. Endoscopic ultrasound-guided rendezvous for
biliary access after failed cannulation. Endoscopy 2012, 44, 60–65. [CrossRef]

9. Iwashita, T.; Yasuda, I.; Mukai, T.; Iwata, K.; Ando, N.; Doi, S.; Nakashima, M.; Uemura, S.; Mabuchi, M.; Shimizu, M. EUS-guided
rendezvous for difficult biliary cannulation using a standardized algorithm: A multicenter prospective pilot study (with videos).
Gastrointest. Endosc. 2016, 83, 394–400. [CrossRef]

10. Paik, W.H.; Park, D.; Access, E.U.-G.B. Endoscopic ultrasound-guided biliary access, with focus on technique and practical tips.
Clin. Endosc. 2017, 50, 104–111. [CrossRef]

11. Ogura, T.; Higuchi, K. Technical tips of endoscopic ultrasound-guided choledochoduodenostomy. World J. Gastroenterol. 2015,
21, 820–828. [CrossRef] [PubMed]

12. Ogura, T.; Higuchi, K. Technical tips for endoscopic ultrasound-guided hepaticogastrostomy. World J. Gastroenterol. 2016,
22, 3945–3951. [CrossRef] [PubMed]

13. Dhir, V. Top tips for EUS-guided biliary rendezvous (with video). Gastrointest. Endosc. 2022, 96, 857–860. [CrossRef] [PubMed]
14. Mutignani, M.; Tringali, A.; Shah, S.; Perri, V.; Familiari, P.; Iacopini, F.; Spada, C.; Costamagna, G. Combined endoscopic stent

insertion in malignant biliary and duodenal obstruction. Endoscopy 2007, 39, 440–447. [CrossRef] [PubMed]
15. Denley, S.M.; Moug, S.; Carter, C.; McKay, C. The outcome of laparoscopic gastrojejunostomy in malignant gastric outlet

obstruction. Int. J. Gastrointest. Cancer 2005, 35, 165–169. [CrossRef]
16. Baron, T.H. Expandable metal stents for the treatment of cancerous obstruction of the gastrointestinal tract. N. Engl. J. Med. 2001,

344, 1681–1687. [CrossRef]
17. Jang, S.; Stevens, T.; Lopez, R.; Bhatt, A.; Vargo, J. Superiority of Gastrojejunostomy Over Endoscopic Stenting for Palliation of

Malignant Gastric Outlet Obstruction. Clin. Gastroenterol. Hepatol. 2019, 17, 1295–1302 e1. [CrossRef]
18. Song, T.J.; Seo, D.; Kim, S.; Park, D.; Lee, S.; Lee, S.; Kim, M. Endoscopic gastrojejunostomy with a natural orifice transluminal

endoscopic surgery technique. World J. Gastroenterol. 2013, 19, 3447–3452. [CrossRef]
19. Chiu, P.W.; Ng, E.W.; Teoh, A.; Lam, C.; Lau, J.; Sung, J. Transgastric endoluminal gastrojejunostomy: Technical development

from bench to animal study (with video). Gastrointest. Endosc. 2010, 71, 390–393. [CrossRef]
20. Binmoeller, K.F.; Shah, J. A novel lumen-apposing stent for transluminal drainage of nonadherent extraintestinal fluid collections.

Endoscopy 2011, 43, 337–342. [CrossRef]

https://www.mdpi.com/article/10.3390/cancers15092585/s1
https://www.mdpi.com/article/10.3390/cancers15092585/s1
https://doi.org/10.1016/0140-6736(92)92752-2
https://www.ncbi.nlm.nih.gov/pubmed/1281903
https://doi.org/10.1111/j.1443-1661.2011.01186.x
https://www.ncbi.nlm.nih.gov/pubmed/22348830
https://doi.org/10.1007/s00464-018-06636-3
https://www.ncbi.nlm.nih.gov/pubmed/30725254
https://doi.org/10.1111/den.14472
https://www.ncbi.nlm.nih.gov/pubmed/36374127
https://doi.org/10.1111/j.1471-1842.2009.00848.x
https://doi.org/10.1007/s00534-011-0410-9
https://doi.org/10.1055/s-0030-1256871
https://doi.org/10.1016/j.gie.2015.04.043
https://doi.org/10.5946/ce.2017.036
https://doi.org/10.3748/wjg.v21.i3.820
https://www.ncbi.nlm.nih.gov/pubmed/25624715
https://doi.org/10.3748/wjg.v22.i15.3945
https://www.ncbi.nlm.nih.gov/pubmed/27099437
https://doi.org/10.1016/j.gie.2022.07.013
https://www.ncbi.nlm.nih.gov/pubmed/35863517
https://doi.org/10.1055/s-2007-966327
https://www.ncbi.nlm.nih.gov/pubmed/17516351
https://doi.org/10.1385/IJGC:35:3:165
https://doi.org/10.1056/NEJM200105313442206
https://doi.org/10.1016/j.cgh.2018.10.042
https://doi.org/10.3748/wjg.v19.i22.3447
https://doi.org/10.1016/j.gie.2009.09.019
https://doi.org/10.1055/s-0030-1256127


Cancers 2023, 15, 2585 12 of 13

21. Itoi, T.; Ishii, K.; Tanaka, R.; Umeda, J.; Tonozuka, R. Current status and perspective of endoscopic ultrasonography-guided gas-
trojejunostomy: Endoscopic ultrasonography-guided double-balloon-occluded gastrojejunostomy (with videos). J. Hepatobiliary
Pancreat. Sci. 2015, 22, 3–11. [CrossRef] [PubMed]

22. Itoi, T.; Ishii, K.; Ikeuchi, N.; Sofuni, A.; Gotoda, T.; Moriyasu, F.; Dhir, V.; Teoh, A.; Binmoeller, K. Prospective evaluation of
endoscopic ultrasonography-guided double-balloon-occluded gastrojejunostomy bypass (EPASS) for malignant gastric outlet
obstruction. Gut 2016, 65, 193–195. [CrossRef] [PubMed]

23. Bejjani, M.; Ghandour, B.; Subtil, J.; Martinez-Moreno, B.; Sharaiha, R.; Watson, R.; Kowalski, T.; Benias, P.; Huggett, M.;
Weber, T.; et al. Clinical and technical outcomes of patients undergoing endoscopic ultrasound-guided gastroenterostomy using
20-mm vs. 15-mm lumen-apposing metal stents. Endoscopy 2022, 54, 680–687. [PubMed]

24. Rai, P.; Kumar, P.; Goel, A.; Singh, T.; Sharma, M. Nasojejunal tube-assisted endoscopic ultrasound-guided gastrojejunostomy for
the management of gastric outlet obstruction is safe and effective. DEN Open 2023, 3, e210. [CrossRef]

25. Jaruvongvanich, V.; Mahmoud, T.; Dayyeh, B.A.; Chandrasekhara, V.; Law, R.; Storm, A.; Levy, M.; Vargas, E.; Marya, N.;
Abboud, D.; et al. Endoscopic ultrasound-guided gastroenterostomy for the management of gastric outlet obstruction: A large
comparative study with long-term follow-u. Endosc. Int. Open 2023, 11, E60–E66. [CrossRef] [PubMed]

26. Page, M.J.; McKenzie, J.; Bossuyt, P.; Boutron, I.; Hoffmann, T.; Mulrow, C.; Shamseer, L.; Tetzlaff, J.; Akl, E.; Brennan, S.; et al. The
PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71. [CrossRef]

27. Richardson, W.S.; Wilson, M.; Nishikawa, J.; Hayward, R. The well-built clinical question: A key to evidence-based decisions.
ACP J. Club 1995, 123, A12–A13. [CrossRef]

28. Ouzzani, M.; Hammady, H.; Fedorowicz, Z.; Elmagarmid, A. Rayyan-a web and mobile app for systematic reviews. Syst. Rev.
2016, 5, 210. [CrossRef]

29. Isayama, H.; Hamada, T.; Yasuda, I.; Itoi, T.; Ryozawa, S.; Nakai, Y.; Kogure, H.; Koike, K. TOKYO criteria 2014 for transpapillary
biliary stenting. Dig. Endosc. 2015, 27, 259–264. [CrossRef]

30. Iwamuro, M.; Kawamoto, H.; Harada, R.; Kato, H.; Hirao, K.; Mizuno, O.; Ishida, E.; Ogawa, T.; Okada, H.; Yamamoto, K. Com-
bined duodenal stent placement and endoscopic ultrasonography-guided biliary drainage for malignant duodenal obstruction
with biliary stricture. Dig. Endosc. 2010, 22, 236–240. [CrossRef]

31. Maluf-Filho, F.; Retes, F.; Neves, C.; Sato, C.; Kawaguti, F.; Jureidini, R.; Ribeiro, U., Jr.; Bacchella, T. Transduodenal
endosonography-guided biliary drainage and duodenal stenting for palliation of malignant obstructive jaundice and duodenal
obstruction. J. Pancreas 2012, 13, 210–214.

32. Rebello, C.; Bordini, A.; Yoshida, A.; Viana, B.; Ramos, P.; Otoch, J.; Cirino, L.; Artifon, E. A one-step procedure by using
linear echoendoscope to perform EUS-guided choledochoduodenostomy and duodenal stenting in patients with irresectable
periampullary cancer. Endosc. Ultrasound 2012, 1, 156–161. [CrossRef] [PubMed]

33. Tonozuka, R.; Itoi, T.; Sofuni, A.; Itokawa, F.; Moriyasu, F. Endoscopic double stenting for the treatment of malignant biliary and
duodenal obstruction due to pancreatic cancer. Dig. Endosc. 2013, 25, 100–108. [CrossRef]

34. Ogura, T.; Chiba, Y.; Masuda, D.; Kitano, M.; Sano, T.; Saori, O.; Yamamoto, K.; Imaoka, H.; Imoto, A.; Takeuchi, T.; et al.
Comparison of the clinical impact of endoscopic ultrasound-guided choledochoduodenostomy and hepaticogastrostomy for bile
duct obstruction with duodenal obstruction. Endoscopy 2016, 48, 156–163.

35. Sato, T.; Hara, K.; Mizuno, N.; Hijioka, S.; Imaoka, H.; Yogi, T.; Tsutsumi, H.; Fujiyoshi, T.; Niwa, Y.; Tajika, M.; et al. Type
of combined endoscopic biliary and gastroduodenal stenting is significant for biliary route maintenance. Intern. Med. 2016,
55, 2153–2161. [CrossRef]

36. Hamada, T.; Nakai, Y.; Lau, J.; Moon, J.; Hayashi, T.; Yasuda, I.; Hu, B.; Seo, D.-W.; Kawakami, H.; Kuwatani, M.; et al.
International study of endoscopic management of distal malignant biliary obstruction combined with duodenal obstruction.
Scand. J. Gastroenterol. 2018, 53, 46–55. [CrossRef] [PubMed]

37. Debourdeau, A.; Caillol, F.; Zemmour, C.; Winkler, J.; Decoster, C.; Pesenti, C.; Ratone, J.-P.; Boher, J.; Giovannini, M. Endoscopic
management of concomitant biliary and duodenal malignant obstruction: Impact of the timing of drainage for one vs. two
procedures and the modalities of biliary drainage. Endosc. Ultrasound 2021, 10, 124–133.

38. Sasaki, T.; Takeda, T.; Yamada, Y.; Okamoto, T.; Mori, C.; Mie, T.; Kasuga, A.; Matsuyama, M.; Ozaka, M.; Sasahira, N. Long-term
outcomes of endoscopic double stenting using an anti-reflux metal stent for combined malignant biliary and duodenal obstruction.
J. Hepato-Biliary-Pancreatic. Sci. 2023, 30, 144–152. [CrossRef]

39. Canakis, A.; Hathorn, K.; Irani, S.; Baron, T. Single session endoscopic ultrasound-guided double bypass (hepaticogastrostomy
and gastrojejunostomy) for concomitant duodenal and biliary obstruction: A case series. J. Hepatobiliary Pancreat. Sci. 2022,
29, 941–949. [CrossRef]

40. Mangiavillano, B.; Kunda, R.; Robles-Medranda, C.; Oleas, R.; Anderloni, A.; Sportes, A.; Fabbri, C.; Binda, C.; Auriemma, F.;
Eusebi, L.; et al. Lumen-apposing metal stent through the meshes of duodenal metal stents for palliation of malignant jaundice.
Endosc. Int. Open 2021, 9, E324–E330. [CrossRef]

41. Sharma, C.; Eltawil, K.; Renfrew, P.; Walsh, M.; Molinari, M. Advances in diagnosis, treatment and palliation of pancreatic
carcinoma: 1990–2010. World J. Gastroenterol. 2011, 17, 867–897. [CrossRef] [PubMed]

42. van der Merwe, S.W.; van Wanrooij, R.; Bronswijk, M.; Everett, S.; Lakhtakia, S.; Rimbas, M.; Hucl, T.; Kunda, R.; Badaoui, A.;
Law, R.; et al. Therapeutic endoscopic ultrasound: European Society of Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy
2022, 54, 185–205. [CrossRef] [PubMed]

https://doi.org/10.1002/jhbp.148
https://www.ncbi.nlm.nih.gov/pubmed/25155270
https://doi.org/10.1136/gutjnl-2015-310348
https://www.ncbi.nlm.nih.gov/pubmed/26282674
https://www.ncbi.nlm.nih.gov/pubmed/34569611
https://doi.org/10.1002/deo2.210
https://doi.org/10.1055/a-1976-2279
https://www.ncbi.nlm.nih.gov/pubmed/36644538
https://doi.org/10.1136/bmj.n71
https://doi.org/10.7326/ACPJC-1995-123-3-A12
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1111/den.12379
https://doi.org/10.1111/j.1443-1661.2010.00997.x
https://doi.org/10.7178/eus.03.007
https://www.ncbi.nlm.nih.gov/pubmed/24949354
https://doi.org/10.1111/den.12063
https://doi.org/10.2169/internalmedicine.55.6410
https://doi.org/10.1080/00365521.2017.1382567
https://www.ncbi.nlm.nih.gov/pubmed/28982258
https://doi.org/10.1002/jhbp.1181
https://doi.org/10.1002/jhbp.1055
https://doi.org/10.1055/a-1333-1053
https://doi.org/10.3748/wjg.v17.i7.867
https://www.ncbi.nlm.nih.gov/pubmed/21412497
https://doi.org/10.1055/a-1717-1391
https://www.ncbi.nlm.nih.gov/pubmed/34937098


Cancers 2023, 15, 2585 13 of 13

43. Paik, W.H.; Lee, T.; Park, D.; Choi, J.; Kim, S.; Jang, S.; Kim, D.; Shim, J.; Song, T.; Lee, S.; et al. EUS-Guided Biliary Drainage
Versus ERCP for the Primary Palliation of Malignant Biliary Obstruction: A Multicenter Randomized Clinical Trial. Am. J.
Gastroenterol. 2018, 113, 987–997. [CrossRef] [PubMed]

44. Park, J.K.; Woo, Y.; Noh, D.; Yang, J.; Bae, S.; Yun, H.; Lee, J.; Lee, K.; Lee, K. Efficacy of EUS-guided and ERCP-guided biliary
drainage for malignant biliary obstruction: Prospective randomized controlled study. Gastrointest. Endosc. 2018, 88, 277–282.
[CrossRef]

45. Bang, J.Y.; Navaneethan, U.; Hasan, M.; Hawes, R.; Varadarajulu, S. Stent placement by EUS or ERCP for primary biliary
decompression in pancreatic cancer: A randomized trial (with videos). Gastrointest. Endosc. 2018, 88, 9–17. [CrossRef]

46. Misra, S.P.; Dwivedi, M. Reflux of duodenal contents and cholangitis in patients undergoing self-expanding metal stent placement.
Gastrointest. Endosc. 2009, 70, 317–321. [CrossRef]

47. Hamada, T.; Isayama, H.; Nakai, Y.; Togawa, O.; Kogure, H.; Kawakubo, K.; Tsujino, T.; Sasahira, N.; Hirano, K.;
Yamamoto, N.; et al. Duodenal invasion is a risk factor for the early dysfunction of biliary metal stents in unresectable
pancreatic cancer. Gastrointest. Endosc. 2011, 74, 548–555. [CrossRef]

48. Zhang, H.C.; Tamil, M.; Kukreja, K.; Singhal, S. Review of Simultaneous Double Stenting Using Endoscopic Ultrasound-Guided
Biliary Drainage Techniques in Combined Gastric Outlet and Biliary Obstructions. Clin. Endosc. 2020, 53, 167–175. [CrossRef]

49. Vanella, G.; Bronswijk, M.; van Wanrooij, R.; Dell, G.; Laleman, W.; van Malenstein, H.; Voermans, R.; Fockens, P.; Van der
Merwe, S.; Arcidiacono, P. Combined endoscopic mAnagement of BiliaRy and gastrIc OutLET obstruction (CABRIOLET Study):
A multicenter retrospective analysis. DEN Open 2023, 3, e132. [CrossRef]

50. Chen, Y.I.; Itoi, T.; Baron, T.; Nieto, J.; Haito-Chavez, Y.; Grimm, I.; Ismail, A.; Ngamruengphong, S.; Bukhari, M.; Hajiyeva, G.; et al.
EUS-guided gastroenterostomy is comparable to enteral stenting with fewer re-interventions in malignant gastric outlet obstruc-
tion. Surg. Endosc. 2017, 31, 2946–2952. [CrossRef]

51. van Wanrooij, R.L.J.; Vanella, G.; Bronswijk, M.; de Gooyer, P.; Laleman, W.; van Malenstein, H.; Mandarino, F.; Dell, G.;
Fockens, P.; Arcidiacono, P.; et al. Endoscopic ultrasound-guided gastroenterostomy versus duodenal stenting for malignant
gastric outlet obstruction: An international, multicenter, propensity score-matched comparison. Endoscopy 2022, 54, 1023–1031.
[CrossRef] [PubMed]

52. Fugazza, A.; Fabbri, C.; Di Mitri, R.; Petrone, M.; Colombo, M.; Cugia, L.; Amato, A.; Forti, E.; Binda, C.; Maida, M.; et al.
EUS-guided choledochoduodenostomy for malignant distal biliary obstruction after failed ERCP: A retrospective nationwide
analysis. Gastrointest. Endosc. 2022, 95, 896–904 e1. [CrossRef] [PubMed]

53. Geyl, S.; Redelsperger, B.; Yzet, C.; Napoleon, B.; Legros, R.; Dahan, M.; Lepetit, H.; Ginestet, C.; Jacques, J.; Albouys, J. Risk
factors for stent dysfunction during long-term follow-up after EUS-guided biliary drainage using lumen-apposing metal stents:
A prospective study. Endosc. Ultrasound 2023. [CrossRef]

54. Dietrich, C.F.; Braden, B.; Burmeister, S.; Aabakken, L.; Arciadacono, P.; Bhutani, M.; Gotzberger, M.; Healey, A.; Hocke, M.;
Hollerbach, S.; et al. How to perform EUS-guided biliary drainage. Endosc. Ultrasound 2022, 11, 342–354. [CrossRef] [PubMed]

55. Frandsen, T.F.; Nielsen, M.B.; Lindhardt, C.; Eriksen, M. Using the full PICO model as a search tool for systematic reviews resulted
in lower recall for some PICO elements. J. Clin. Epidemiol. 2020, 127, 69–75. [CrossRef] [PubMed]

56. Dhir, V.; Artifon, E.; Gupta, K.; Vila, J.; Maselli, R.; Frazao, M.; Maydeo, A. Multicenter study on endoscopic ultrasound-guided
expandable biliary metal stent placement: Choice of access route, direction of stent insertion, and drainage route. Dig. Endosc.
2014, 26, 430–435. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/s41395-018-0122-8
https://www.ncbi.nlm.nih.gov/pubmed/29961772
https://doi.org/10.1016/j.gie.2018.03.015
https://doi.org/10.1016/j.gie.2018.03.012
https://doi.org/10.1016/j.gie.2008.12.054
https://doi.org/10.1016/j.gie.2011.04.046
https://doi.org/10.5946/ce.2019.050
https://doi.org/10.1002/deo2.132
https://doi.org/10.1007/s00464-016-5311-1
https://doi.org/10.1055/a-1782-7568
https://www.ncbi.nlm.nih.gov/pubmed/35325931
https://doi.org/10.1016/j.gie.2021.12.032
https://www.ncbi.nlm.nih.gov/pubmed/34995640
https://doi.org/10.4103/EUS-D-22-00120
https://doi.org/10.4103/EUS-D-21-00188
https://www.ncbi.nlm.nih.gov/pubmed/36255022
https://doi.org/10.1016/j.jclinepi.2020.07.005
https://www.ncbi.nlm.nih.gov/pubmed/32679315
https://doi.org/10.1111/den.12153

	Introduction 
	Materials and Methods 
	Procedures 
	Biliary Drainage 
	Treatment of MGOO 

	Data Source and Literature Searches 
	Eligibility Criteria 
	Study Selection and Data Collection Process 
	Outcome Measures 

	Results 
	Literature Search Results 
	Study Characteristics 
	Study-Level Variables 
	Patient-Level Variables 
	Outcomes 
	Technical and Clinical Success 
	Safety 


	Discussion 
	Conclusions 
	References

