
World Journal of
Gastrointestinal Endoscopy

ISSN 1948-5190 (online)

World J Gastrointest Endosc  2021 August 16; 13(8): 238-355

Published by Baishideng Publishing Group Inc



WJGE https://www.wjgnet.com I August 16, 2021 Volume 13 Issue 8

World Journal of 

Gastrointestinal 
EndoscopyW J G E

Contents Monthly Volume 13 Number 8 August 16, 2021

REVIEW

Six intragastric balloons: Which to choose?238

Stavrou G, Shrewsbury A, Kotzampassi K

Endoscopic retrograde cholangiopancreatography: Current practice and future research260

Sanders DJ, Bomman S, Krishnamoorthi R, Kozarek RA

Indications and outcomes of endoscopic resection for non-pedunculated colorectal lesions: A narrative 
review

275

Shahini E, Libânio D, Lo Secco G, Pisani A, Arezzo A

MINIREVIEWS

Endo-hepatology: An emerging field296

Hogan DE, Ma M, Kadosh D, Menon A, Chin K, Swaminath A

Endoscopic ultrasound-guided biliary drainage: Are we there yet?302

Pawa R, Pleasant T, Tom C, Pawa S

ORIGINAL ARTICLE

Retrospective Study

Thoracoscopic esophagectomy is related to better outcomes in early adenocarcinoma of esophagogastric 
junction tumors

319

Takeda FR, Obregon CA, Navarro YP, Moura DTH, Ribeiro Jr U, Aissar Sallum RA, Cecconello I

Prospective Study

Prospective evaluation of the hemorrhoid energy treatment for the management of bleeding internal 
hemorrhoids

329

Kothari TH, Bittner K, Kothari S, Kaul V

SYSTEMATIC REVIEWS

Effect of pancreatic endotherapy on quality of life in chronic pancreatitis patients: A systematic review336

Han SY, Papachristou GI, Shah RJ, Conwell DL

META-ANALYSIS

Efficacy and safety of endoscopic transpapillary gallbladder drainage in acute cholecystitis: An updated 
meta-analysis

345

Jandura DM, Puli SR



WJGE https://www.wjgnet.com II August 16, 2021 Volume 13 Issue 8

World Journal of Gastrointestinal Endoscopy
Contents

Monthly Volume 13 Number 8 August 16, 2021

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Endoscopy, Giuseppe Galloro, MD, Professor, 
Department of Clinical Medicine and Surgery, Surgical Endoscopy Unit, University Federico II – School of 
Medicine, Naples 80131, Italy. giuseppe.galloro@unina.it

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Endoscopy (WJGE, World J Gastrointest Endosc) is to provide 
scholars and readers from various fields of gastrointestinal endoscopy with a platform to publish high-quality basic 
and clinical research articles and communicate their research findings online. 
    WJGE mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal 
endoscopy and covering a wide range of topics including capsule endoscopy, colonoscopy, double-balloon 
enteroscopy, duodenoscopy, endoscopic retrograde cholangiopancreatography, endosonography, esophagoscopy, 
gastrointestinal endoscopy, gastroscopy, laparoscopy, natural orifice endoscopic surgery, proctoscopy, and 
sigmoidoscopy.

INDEXING/ABSTRACTING

The WJGE is now abstracted and indexed in Emerging Sources Citation Index (Web of Science), PubMed, PubMed 
Central, China National Knowledge Infrastructure (CNKI), and Superstar Journals Database. The 2021 edition of 
Journal Citation Reports® cites the 2020 Journal Citation Indicator (JCI) for WJGE as 0.36.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Lin-YuTong Wang; Production Department Director: Yu-Jie Ma; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Endoscopy https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-5190 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

October 15, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Anastasios Koulaouzidis, Bing Hu, Sang Chul Lee https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-5190/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

August 16, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5190/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJGE https://www.wjgnet.com 302 August 16, 2021 Volume 13 Issue 8

World Journal of 

Gastrointestinal 
EndoscopyW J G E

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Endosc 2021 August 16; 13(8): 302-318

DOI: 10.4253/wjge.v13.i8.302 ISSN 1948-5190 (online)

MINIREVIEWS

Endoscopic ultrasound-guided biliary drainage: Are we there yet?

Rishi Pawa, Troy Pleasant, Chloe Tom, Swati Pawa

ORCID number: Rishi Pawa 0000-
0001-6452-2359; Troy Pleasant 0000-
0003-3110-6214; Chloe Tom 0000-
0001-8374-9364; Swati Pawa 0000-
0002-5080-6470.

Author contributions: Pawa R 
provided topic outlining, literature 
review, expertise, graphics, 
original draft preparation and 
manuscript editing; Pleasant T and 
Tom C performed original draft 
preparation; Pawa S performed the 
expertise and manuscript editing; 
Pleasant T, Tom C, and Pawa S 
performed topic outlining, 
literature review.

Conflict-of-interest statement: 
None of the authors have any 
conflict of interests.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Invited 
manuscript

Rishi Pawa, Troy Pleasant, Swati Pawa, Department of Internal Medicine, Section of 
Gastroenterology and Hepatology, Wake Forest Baptist Medical Center, Winston-Salem, NC 
27157, United States

Chloe Tom, Department of Medicine, Wake Forest School of Medicine, Winston-Salem, NC 
27101, United States

Corresponding author: Rishi Pawa, MBBS, Doctor, Department of Internal Medicine, Section 
of Gastroenterology and Hepatology, Wake Forest Baptist Medical Center, Medical Center 
Blvd, Winston-Salem, NC 27157, United States. rpawa@wakehealth.edu

Abstract
Endoscopic retrograde cholangiopancreatography (ERCP) is the mainstay 
procedure of choice for management of obstructive biliary disease. While ERCP is 
widely performed with high success rates, the procedure is not feasible in every 
patient such as cases of non-accessible papilla. In the setting of unsuccessful 
ERCP, endoscopic ultrasound-guided biliary drainage (EUS-BD) has become a 
promising alternative to surgical bypass and percutaneous biliary drainage 
(PTBD). A variety of different forms of EUS-BD have been described, allowing for 
both intrahepatic and extrahepatic approaches. Recent studies have reported high 
success rates utilizing EUS-BD for both transpapillary and transluminal drainage, 
with fewer adverse events when compared to PTBD. Advancements in novel 
technologies designed specifically for EUS-BD have led to increased success rates 
as well as improved safety profile for the procedure. The techniques of EUS-BD 
are yet to be fully standardized and are currently performed by highly trained 
advanced endoscopists. The aim of our review is to highlight the different EUS-
guided interventions for achieving biliary drainage and to both assess the 
progress that has been made in the field as well as consider what the future may 
hold.

Key Words: Endoscopic ultrasound-guided biliary drainage; Endoscopic ultrasound-guided 
rendezvous; Endoscopic ultrasound-guided choledochoduodenostomy; Endoscopic 
ultrasound-guided hepaticogastrostomy; Endoscopic ultrasound-guided gallbladder drain-
age; Endoscopic ultrasound-directed transgastric endoscopic retrograde cholangio-
pancreatography

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

https://www.f6publishing.com
https://dx.doi.org/10.4253/wjge.v13.i8.302
http://orcid.org/0000-0001-6452-2359
http://orcid.org/0000-0001-6452-2359
http://orcid.org/0000-0001-6452-2359
http://orcid.org/0000-0003-3110-6214
http://orcid.org/0000-0003-3110-6214
http://orcid.org/0000-0003-3110-6214
http://orcid.org/0000-0001-8374-9364
http://orcid.org/0000-0001-8374-9364
http://orcid.org/0000-0001-8374-9364
http://orcid.org/0000-0002-5080-6470
http://orcid.org/0000-0002-5080-6470
http://orcid.org/0000-0002-5080-6470
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
mailto:rpawa@wakehealth.edu


Pawa R et al. EUS-biliary drainage

WJGE https://www.wjgnet.com 303 August 16, 2021 Volume 13 Issue 8

Specialty type: Gastroenterology 
and hepatology

Country/Territory of origin: United 
States

Peer-review report’s scientific 
quality classification
Grade A (Excellent): A 
Grade B (Very good): 0 
Grade C (Good): C, C, C 
Grade D (Fair): D 
Grade E (Poor): 0

Received: March 17, 2021 
Peer-review started: March 17, 2021 
First decision: May 4, 2021 
Revised: May 14, 2021 
Accepted: July 14, 2021 
Article in press: July 14, 2021 
Published online: August 16, 2021

P-Reviewer: Aparicio JR, Kuraoka 
N, Miyabe K, Scimeca D, Siripun A 
S-Editor: Fan JR 
L-Editor: A 
P-Editor: Xing YX

Core Tip: Endoscopic ultrasound-guided biliary drainage (EUS-BD) has emerged as a 
promising procedure for the management of obstructive biliary disease following failed 
endoscopic retrograde cholangiography. A number of different techniques have been 
described, with both intrahepatic and extrahepatic approaches. Using EUS-BD, either 
transpapillary or transluminal biliary decompression can be attained. Increased 
experience in these techniques along with introduction of novel devices and stents has 
led to improved outcomes when performing EUS-BD.
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INTRODUCTION
For decades, endoscopic retrograde cholangiopancreatography (ERCP) has remained 
the gold standard procedure for management of biliary obstruction. The success rate 
of this procedure in achieving deep cannulation of the desired duct ranges from 89%-
92% using conventional techniques[1-3]. Advanced techniques to achieve biliary or 
pancreatic access have shown to improve cannulation up to 97%[4]. Common causes 
of ERCP failure include distortion of the ampulla secondary to malignant infiltration 
or periampullary diverticulum. In addition, non-accessible papilla secondary to 
surgically altered gastrointestinal (GI) anatomy or gastric outlet obstruction (GOO) 
secondary to benign or malignant diseases can also result in failure[5]. Conventionally, 
percutaneous transhepatic biliary drainage (PTBD) was the rescue therapy in the 
setting of ERCP failure. While PTBD has a high success rate, drainage complications 
including tube occlusion or dislodgement and cholangitis continue to be a major 
problem along with significantly reduced quality of life[6,7].

The use of endoscopic ultrasound (EUS) for performing cholangiopancreatography 
was first reported by Wiersema et al[8] in 1996. In 2001, Giovannini et al[9] first 
described the use of EUS for biliary drainage (EUS-BD)[9]. Since that time, a number of 
studies have compared EUS-BD to PTBD, finding similarly high rates of technical 
success, but lower rates of procedure-related complications as well as need for re-
intervention with EUS-BD[10-12]. Recent meta-analyses and systematic reviews have 
offered the same conclusion, recommending EUS-BD over PTBD in the setting of 
ERCP failure due to higher rates of clinical success, fewer adverse events, and better 
quality of life[13,14].

The aim of this review is to describe recent advancements in EUS-BD with up-to-
date techniques for achieving biliary access and drainage in patients with benign and 
malignant biliary obstruction where standard ERCP cannot be performed (Table 1).

EUS-GUIDED RENDEZVOUS
EUS-guided rendezvous (EUS-RV) as a salvage technique after unsuccessful ERCP 
was first described by Mallery et al[15] in 2004. This technique is used when the papilla 
is accessible, but deep cannulation cannot be achieved during ERCP. EUS-RV can be 
performed using a transhepatic or extrahepatic approach. For the transhepatic 
approach, the linear echoendoscope is placed in the stomach and a dilated segment II 
or segment III biliary branch is punctured with a 19-gauge needle. Following cholan-
giogram, a long (450 cm) 0.025 inch or 0.035 inch guidewire is advanced downstream 
into the duodenum. The extrahepatic approach involves puncture of the common bile 
duct (CBD) from the duodenal bulb (D1) or second portion of the duodenum (D2) 
followed by guidewire manipulation past the ampulla into the small bowel. Biliary 
cannulation is then re-attempted using a standard duodenoscope along the EUS-
placed guidewire or the distal end of the guidewire is grasped with a forceps or snare 
and withdrawn via the accessory channel in the scope followed by a conventional 
ERCP[16].

https://www.wjgnet.com/1948-5190/full/v13/i8/302.htm
https://dx.doi.org/10.4253/wjge.v13.i8.302
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Table 1 Endoscopic ultrasound-guided biliary drainage procedures

EUS-BD procedures

1 EUS-guided rendezvous 

2 EUS-guided choledochoduodenostomy 

3 EUS-guided hepaticogastrostomy 

4 EUS-guided gallbladder drainage 

5 EUS-directed transgastric ERCP 

EUS: Endoscopic ultrasound; ERCP: Endoscopic retrograde cholangiopancreatography; BD: Biliary drainage.

Different standardized algorithms have been proposed, often recommending initial 
approach from the D2 position if possible, followed by the D1 position and eventually 
transhepatic (via the stomach) if needed[16,17]. This recommendation is based on a 
number of factors including distance from puncture to ampulla and direction of needle 
position. A transhepatic approach requires a longer path to the papilla but requires 
less manipulation and steering of the guidewire compared to the extrahepatic 
approach. A study that compared extrahepatic vs transhepatic approach found similar 
success rates (100% vs 94.1%)in the two groups, but higher rates of post-procedure 
pain (5.5% vs 41.7%, P = 0.017), longer procedure times (25.7 min vs 34.4 min, P = 
0.0004) and longer duration of hospitalization (2.52 d vs 0.17 d; P = 0.0015) in the 
transhepatic group[18].

One advantage of a transhepatic approach is the ability to perform EUS-guided 
antegrade therapy (EUS-AG) in patients following failed ERCP and inaccessible 
papilla. The technique can be performed in patients with surgically altered GI 
anatomy in which conventional EUS-RV is not feasible. Similar to the steps of EUS-RV, 
a guidewire is placed into the biliary system and advanced through the bile duct into 
the duodenum. This is followed by dilation of the fistulous tract if required. 
Subsequent biliary interventions such as stricture dilation, stone removal and 
transpapillary stent placement are then performed in an antegrade fashion without 
switching to a duodenoscope.

Iwashita et al[19] performed EUS-AG stenting in 20 patients with surgically altered 
GI anatomy who presented with malignant biliary obstructions (MBO)[19]. Technical 
and clinical success was achieved in 95% (19/20) of patients. The authors observed 
that approaching via the segment II intrahepatic allowed for a straighter approach 
course through the papilla. In a study using EUS-AG for management of biliary stones 
in patients with surgically altered GI anatomy, successful stone removal was 
performed in 72% (21/29) patients[20]. One major limitation of EUS-AG is the 
difficulty of reintervention if needed. In these cases, repeat EUS-AG or EUS-hepatico-
gastrostomy may need be performed.

Guidewire manipulation through the ampulla into the duodenum proves to be a 
difficult step in EUS-RV and is a common cause of failure. Angled tip guidewires have 
allowed endoscopists more maneuverability when adjusting trajectory in the biliary 
tree. Shearing of the guidewire has been documented as a potential complication 
following intense manipulation[21]. Martínez et al[22] reported good procedural 
success (80.6%) using a 22-gauge needle and 0.018 inch guidewire in cases with benign 
pathology and non-dilated ducts, where use of a 19-gauge needle often proves difficult
[22]. More recently a steerable access system (Beacon EUS Access System; 
Covidien/Medtronic, Inc, Dublin, Ireland) has been designed allowing better control 
of the direction of wire through the biliary system. In a study by Ryou et al[23] using 
this steerable access device for EUS-BD, guidewire advancement in the intended 
direction was successful in 100% cases without any reported cases of wire shearing
[23].

EUS-RV has been used as an alternative to precut papillotomy for achieving biliary 
access following ERCP failure. A retrospective study comparing precut papillotomy to 
EUS-RV showed higher success rate in achieving biliary access in the EUS-RV group 
(98.3 vs 90.3%, P = 0.038) with similar degree of adverse events in both groups (3.4% in 
EUS vs 6.9% in precut)[24]. In a later study, Lee et al[25] compared two groups of 
patients failing standard ERCP. Following failed cannulation, patients in group one 
underwent precut papillotomy and/or EUS-BD, while patients in group two only had 
precut papillotomy available. It was observed that group one patients had a 
significantly lower ERCP failure rate compared to group two patients (1% vs 3.6%). 
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Additionally, patients who underwent EUS-BD had higher success rates overall when 
compared with patients undergoing precut papillotomy alone (95.1% vs 75.3%)[25]. 
Despite these findings, precut papillotomy is often used as a first line salvage therapy 
in patients with failed biliary cannulation due to high success rate with experienced 
endoscopists, and lack of widespread availability of EUS expertise and equipment[26].

One of the limitations for EUS-RV is difficultly in advancing the guidewire through 
a malignant stricture and past the ampulla for performing ERCP. Given the lower 
success rates of EUS-RV compared to other forms of EUS-BD in malignant biliary 
disease, EUS-RV is preferred for managing patients with benign conditions such as 
choledocholithiasis and post-cholecystectomy bile leak[27].

EUS-GUIDED CHOLEDOCHODUODENOSTOMY 
EUS-guided choledochoduodenostomy (EUS-CDS) is a transluminal technique that 
results in formation of a fistula connecting the duodenum and the dilated CBD[28]. It 
is commonly used in patients with distal MBO following failed cannulation.

This technique involves using a linear echoendoscope to identify the CBD from the 
duodenal bulb. The bile duct is then punctured using a 19-gauge needle and the 
needle position is confirmed by aspiration of bile and injection of contrast to perform a 
cholangiogram. A guidewire is then advanced through the needle towards the main 
biliary confluence, following which the needle is removed and the tract dilated 
(balloon dilators, cystotomes, needle knives, or graduated dilation catheters). 
Following dilation of the fistulous tract, a stent is placed across the choledochoduo-
denostomy site into the extrahepatic bile duct[29]. The first report on EUS-CDS was 
published in 2001 with placement of a 10 Fr plastic stent between the duodenum and 
CBD[9]. Further case reports described success with this technique, noting specific 
benefits including the ability to access the bile duct in a safe and stable manner, away 
from an obstructive tumor causing distal MBO[30,31].

Plastic stents (PS) were initially used for biliary drainage in EUS-CDS; however, 
high rates of complications were noted with these stents[32]. In a 2011 review on stent 
selection for EUS-BD, the authors observed shorter patency along with increased risk 
of bile leak, migration and dislocation with PS when compared with self-expanding 
metal stents (SEMS)[33]. Hara et al[34,35] conducted two clinical studies, one using PS 
and one fully covered (FC)-SEMS, for EUS-CDS and found a higher stent occlusion 
rate associated with PS (53% patients) compared to FC-SEMS (11% patients)[34,35]. 
Similar results were observed in a 2016 study by Khashab et al[36], where significantly 
more adverse events were seen in patients undergoing plastic stenting (42.86%) 
compared to patients treated with metal stents (13.08%)[36]. Uncovered SEMS (UC-
SEMS) are generally avoided as the initial stent in EUS-CDS as there is not a formed 
tract between the bile duct and the intestine, leading to a risk of bile leak.

A prospective study of 34 patients with unresectable MBO who underwent EUS-
CDS with covered metal stent reported high technical (97%) and functional success 
(100%)[37]. However non-tumor related recurrent biliary obstruction (RBO) was seen 
in 29% patients secondary to stent migration (18%), sludge/food impaction (9%) and 
duodenal wall impaction (3%). The median cumulative time to RBO was 11.3 mo 
(95%CI: 7.4–NA). Despite achieving high success rates of EUS-CDS with FC-SEMS, 
stent migration following placement was a worrisome complication, likely attributed 
to their large size, tubular shape and rigid properties[38-40]. At times, endoscopists 
chose to first place an UC-SEMS to decrease the likelihood of stent migration, followed 
by FC-SEMS placement into the existing stent to prevent bile leakage[33].

The high rate of complications observed with plastic and tubular metal stents led to 
the use of a novel, fully covered lumen-apposing self-expanding metal stent (LAMS) 
for EUS-CDS. This stent was originally designed for drainage of pancreatic fluid 
collections. The AXIOS LAMS (AXIOS, Boston Scientific, Marlborough, MA, United 
States) has bilateral flanged ends which provide anchorage across non-adherent 
luminal structures, thereby decreasing the risk of stent displacement, bile leak and 
preventing tissue ingrowth[41,42]. Further advancements were made with the 
introduction of the electrocautery (EC)-enhanced delivery system which merged 
puncture and release of the stent in a single step[43]. This system removes the need for 
separate needle puncture, tract dilation and multiple guidewire exchanges which in 
turn may reduce risk of complications as well as procedure duration. The delivery 
system also allows the endoscopist to release the bilateral flanges independent of one 
another, preventing premature deployment of the proximal flange. The stent is 
available in different diameters and lengths (6 mm × 8 mm, 8 mm × 8 mm, 10 mm × 10 
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mm, 15 mm × 10 mm, and 20 mm × 10 mm) and is delivered through a 9 Fr or 10.8 Fr 
catheter. For purposes of EUS-CDS, LAMS with smaller diameters (6 mm, 8 mm, or 10 
mm) are preferred, though the 6 mm and 8 mm diameter stents are not currently 
available in the United States (Figure 1). However, these stents are expensive when 
compared with plastic and tubular SEMS and may result in complications secondary 
to inadvertent deployment of the stent by an inexperienced user.

The first successful case of EUS-CDS using LAMS was described by Itoi and 
Binmoeller[44] in 2014. In 2018, a prospective multicenter study evaluated the long 
term outcomes of using LAMS for EUS-CDS in 19 patients with unresectable MBO
[45]. Successful stent placement was performed in 100% patients and clinical success 
was achieved in 95%. During the follow up period (median 184 d), 95% of stents 
remained in good position without migration. RBO was noted in five patients (26%) 
due to food impaction (n = 2), kinking (n = 1), tumor ingrowth (n = 1) and stent 
dislodgement (n = 1), with four patients requiring reintervention. The risk of stent 
clogging was attributed to 6mm and 8mm diameter stents used in the study with the 
authors speculating that a larger stent diameter may reduce this complication. In 2019, 
a multi-center trial evaluated 67 patients undergoing EUS-CDS with 10 mm diameter 
EC-LAMS[46]. The technical success rate was 95.5% while early adverse event rate was 
6.3%. Clinical success (> 50% decrease in bilirubin) was 100% (40/40) in patients who 
followed up at four weeks, though 17.4% (7/40) later developed RBO requiring 
reintervention. The high clinical success observed in this study was probably 
influenced by limited follow-up, with 27 patients having a follow-up duration of < 4 
wk. These patients were not evaluated in terms of clinical success and need for biliary 
re-intervention.

A systematic review and meta-analysis of thirteen studies and 572 patients who 
underwent EUS-CDS with PS, SEMS or LAMS showed an overall technical and clinical 
success rate of 91.9% and an adverse event rate of 14.5%[47]. The most common 
adverse events were cholangitis, bleeding, bile leak and perforation. Though a trend 
was observed for improved safety with LAMS over other stents, it did not reach 
statistical significance. The safety and efficacy of EUS-CDS using EC-LAMS was 
further evaluated in a subgroup meta-analysis of five studies and 201 patients 
demonstrating a technical success of 93.8%, clinical success rate of 95.9% and post 
procedure adverse events rate of 5.6%[48]. The lower rates of adverse events in more 
recent studies can be attributed to recent advances in EUS technology and growing 
experience with EUS-BD.

Despite the high technical and clinical success associated with EUS-CDS for distal 
MBO, the technique was generally reserved for palliative management due to concerns 
about potential stent inference in patients undergoing curative resection. In 2019, 
Fabbri et al[49] reported five cases of resectable distal MBO where EUS-CDS was 
utilized as a bridge to surgery following failed ERCP[49]. All five patients underwent 
successful EUS-CDS, and each subsequently underwent successful pylorus-preserving 
pancreaticoduodenectomy. The transduodenal LAMS did not impede surgery thereby 
suggesting that EUS-CDS can be performed even in patients with resectable 
malignancy. Additionally, in patients with both duodenal and distal biliary 
obstruction, a one-step procedure with successful EUS-CDS and duodenal stenting has 
been described[50]. In this case series, a duodenal SEMS was placed during the same 
procedure as EUS-CDS without need the need to switch the echoendoscope with a 
duodenoscope or forward viewing endoscope.

EUS-CDS provides a viable alternative for biliary drainage (after unsuccessful 
ERCP) in patients presenting with distal MBO. However, this procedure cannot be 
performed in patients with a proximal obstruction. Additionally, GOO inhibiting 
endoscopic access to the duodenal bulb can be a limiting factor. In such cases, an 
intrahepatic approach is more often feasible.

EUS-GUIDED HEPATICOGASTROSTOMY 
EUS-guided hepaticogastrostomy (EUS-HGS) is a feasible treatment option in patients 
when transpapillary or transduodenal forms of biliary drainage are not possible. This 
includes patients with GOO and surgically altered GI anatomy. The technique was 
first described in 2003 in a patient with a partial gastrectomy with Billroth II 
reconstruction, in which a transgastric plastic stent was successfully placed into a 
dilated left intrahepatic duct[51].

With the echoendoscope positioned in the stomach, a dilated left intrahepatic bile 
duct (segment III) is identified and punctured with a 19-gauge fine-needle aspiration 
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Figure 1 Endoscopic ultrasound-guided choledochoduodenostomy for distal malignant biliary obstruction using an electrocautery-
enhanced lumen apposing metal stent. A: Fluoroscopic image showing a dilated bile duct with distal biliary stricture secondary to pancreas head mass; B: 
Endoscopic image following lumen-apposing self-expanding metal stent (LAMS) deployment in the common bile duct; C: Balloon dilation of LAMS using a wire-guided 
balloon; D: Endoscopic image with double pigtail stent through the LAMS in the duodenal bulb; E: Computed tomography coronal image showing 
choledochoduodenostomy with a double pigtail stent through the LAMS. The proximal end of the double pigtail plastic stent is in the left intrahepatic duct.

(FNA) needle. After confirmation of needle placement into the duct by aspiration of 
bile and cholangiogram, a guidewire is advanced downstream into the distal bile duct, 
followed by tract dilation and stent placement through the fistulous tract with the 
distal end of the stent in the intrahepatic bile duct and the proximal end in the stomach
[52,53]. In 2017 Oh et al[54] set out to determine the ideal biliary access point for 
successful EUS-HGS[54]. In the study of 129 patients, technical success was achieved 
in 93% and functional success in 81.4%, while adverse event rate was 24.8%. From data 
analysis, authors concluded the intrahepatic bile duct diameter at point of puncture 
should be > 5 mm. Additionally, it was suggested a hepatic portion length (distance 
from mural wall to punctured bile duct) of 1 to £ 3 cm may facilitate successful EUS-
HGS.

Despite the high technical success rates associated with this procedure, adverse 
events with EUS-HGS are not infrequent. These include stent migration with bile 
peritonitis, bleeding and pneumoperitoneum. Ogura and Higuchi[55] described 
increased risk of mediastinitis associated with puncture of the segment II radical from 
the esophagus[55]. Similar to EUS-RV, guidewire manipulation through the 
intrahepatic bile ducts is a difficult step of the procedure and can result in wire 
shearing. A “liver impaction technique” has been described in which, after the 
guidewire is pushed adequately into the peripheral bile duct, the FNA needle is pulled 
back into the hepatic parenchyma[56]. Authors noted that because the tip of the FNA 
needle is now within the hepatic parenchyma, shearing while manipulating the 
guidewire within the biliary system becomes less likely.

Numerous studies have demonstrated increased risk of bleeding with the use of 
non-coaxial electrocautery for tract dilation. In a prospective study by Park et al[57], 
post procedure adverse events with tract dilation using needle-knife were significantly 
higher when compared to graded dilation (33% vs 7%, P = 0.02)[57]. Similar results 
were seen by Honjo et al[58] when comparing dilation with ultra-tapered mechanical 
dilators vs electrocautery dilator[58] Though the procedure duration was shorter in the 
electrocautery group, the risk of bleeding was significantly higher. In a 2016 study by 
Khashab et al[36], coaxial and non-coaxial electrocautery for achieving tract dilation 
were separately analyzed, with increased risk of adverse events associated with non-
coaxial electrocautery (OR 3.95, P  =  0.03)[36].
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Choice of stent for EUS-HGS plays an important role in procedural success and 
safety. As with EUS-CDS, PS have several disadvantages when compared to metal 
stents including increased risk of clogging (due to smaller diameter) as well as bile 
leak and bleeding (due to lack of tamponade effect)[33,36,53]. For these reasons, 
tubular metal stents are favored in EUS-HGS. However, stent migration following 
EUS-HGS is noted to be a major, and at times fatal, adverse event with the use of FC-
SEMS[59,60]. One technique utilized by endoscopists to prevent stent migration is 
placement of a double pigtail plastic stent inside the metal stent, allowing the pigtails 
to function as anchors[61]. An intra-scope channel release technique has also been 
described to prevent this complication[62]. In this method the SEMS is released within 
the scope channel to minimize the stent length in the abdominal cavity. In a study 
directly comparing outcomes in patients undergoing EUS-HGS using either intra-
scope (n = 21) or extra-scope (n = 20) channel release technique, it was observed that 
the intra-scope group had significantly shorter distance between the hepatic 
parenchyma and the stomach wall (0.66 ± 1.25 vs 2.52 ± 0.97, P < 0.05) following stent 
placement[63]. Adverse events, including stent migration, were only noted in the 
extra-scope channel group, and the authors concluded the intra-scope release 
technique was useful for prevention of stent migration. LAMS, while appropriate for 
use in EUS-CDS, are not suitable for transhepatic drainage.

The use of tubular FC-SEMS for EUS-HGS can result in segmental cholangitis or 
liver abscess secondary to obstruction of peripheral bile ducts. A prospective 
preliminary feasibility study by Umeda et al[64] in 2015 evaluated the outcomes of a 
newly designed 8 Fr single pigtail plastic stent for EUS-HGS[64]. The stent had a 
tapered distal tip, with four flanges and pigtail anchor to prevent proximal and distal 
stent migration. There were no apertures in the middle part of the stent, thereby 
decreasing risk of bile leak into the peritoneal cavity. Twenty-three cases were 
performed using this stent with high technical (100%) and clinical (100%) success 
reported. Adverse events were noted in 17.4% (comparable to conventional PS), and 
re-occlusion rate was 13.7% after a median follow-up of 5 mo.

In an effort to minimize the risk of bile leak following fistula dilation, Park et al[65] 
performed a randomized control trial to evaluate the feasibility and safety of a novel 
dedicated device for one-step EUS-BD[65]. Sixteen patients underwent EUS-BD using 
a dedicated stent introducer with a modified hybrid metal stent (DH group). The stent 
introducer (DEUS, Standard Sci Tech, Seoul, South Korea) had a 3 Fr catheter with a 4 
Fr tapered metal tip for the puncture of the intestine and liver without the need for 
tract dilation. The outer sheath of the delivery catheter was 7 Fr. A modified hybrid 
metal stent with an UC proximal end and covered distal portion was preloaded into 
the catheter. A conventional 8.5 Fr biliary metal stent introducer with a fully covered 
metal stent was used in the remaining 16 patients (FC group). Though the procedure 
duration was significantly shorter in the DH group, the rate of adverse events between 
the two groups did not reach statistical significance.

In 2017 Cho et al[66] reported long term outcomes of a novel hybrid metal stent used 
to perform EUS-HGS in 21 patients[66]. This hybrid metal stent (Standard Sci Tech 
Inc., Seoul, South Korea) had a distal covered portion (3.5 cm in length) to prevent bile 
leak and a proximal UC portion (1.5 to 6.5 cm in length) to decrease the likelihood of 
cholangitis from intrahepatic biliary obstruction. The proximal and distal anchoring 
flaps on the covered portion prevented stent migration. The hybrid stents used in this 
study measured 8 mm or 10 mm in diameter and ranged from 5 cm to 10 cm in length. 
High technical (100%) and clinical (85.7%) success was reported, with an early adverse 
event rate of 19%. Stent migration was not observed in the follow-up period, though 
stent occlusion requiring reintervention occurred in 10 (47.6%) patients after a median 
of 53.5 d. A retrospective study of 110 patients who underwent EUS-HGS with a long, 
partially covered (30% UC, 70% covered) metal stent was published by Nakai el al[67] 
in 2020[67]. The authors reported high technical (100%) and functional (94%) success 
with no reported cases of stent migration. However, 33% of patients eventually 
suffered RBO requiring re-intervention due to the hyperplastic ingrowth of the UC 
flange. In this study a shorter stent was associated with shorter time until RBO, and 
the authors recommended a 10 cm or longer metal stent to prolong stent patency.

In 2015 Ogura et al[68] performed a retrospective study to examine potential 
predictors of stent patency[68]. EUS-HGS using a metal stent (of varying lengths) was 
performed in 51 patients, with each patient undergoing computed tomography 
imaging the following day to measure the stent length in the stomach. It was noted 
that patients with intraluminal stent length < 3 cm had a shorter stent patency 
compared to patients in whom the stent length was > 3 cm (mean 52 d in < 3 cm vs 
mean 195 d in > 3 cm). In an effort to prolong stent patency, some endoscopists have 
utilized a technique combining EUS-HGS with EUS-AG stent placement[69]. Imai et al
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[70] performed a retrospective study comparing outcomes in patients with MBO 
treated with EUS-HGS alone (Group A, n = 42) versus combined EUS-HGS and EUS-
AG (Group B, n = 37)[70]. Technical success was higher in Group A (97.6% vs 83.8%) 
while clinical success was equal in both groups (90.2% vs 90.3%). Though there were 
no significant differences noted in duration of stent patency and number of reinter-
ventions between the two groups, group A patients had a higher rate of adverse events 
(26.1 vs 10.8%, P = 0.03). Of note, bile leak was noted in seven patients in group A, and 
only one patient in group B.

In addition to achieving biliary drainage in the setting of MBO, EUS-HGS can also 
be used to manage benign biliary diseases (such as choledocholithiasis, hepatolithiasis 
and biliary stricture) in patients with inaccessible papilla[71,72] (Figure 2). In 2018 
James et al[73] performed a retrospective review of 20 patients with surgically altered 
GI anatomy who underwent EUS-hepaticoenterostomy (EUS-HE) for management for 
benign biliary disease[73]. Indications included CBD stones (n = 8), biliary stricture (n 
= 11) and bile leak (n = 1). Technical success was achieved in 100% patients, with 90% 
(18/20) then undergoing antegrade biliary therapy for stone clearance or treatment of 
biliary stricture. Patients underwent a mean of 2.7 procedures until resolution of their 
condition, with successful removal of the EUS-HE stent in 17/20 patients after a mean 
of 91 d.

A complete hilar biliary obstruction (HBO) presents a limitation for EUS-HGS, as 
drainage from the left intrahepatic duct does not necessarily relieve a right sided 
obstruction. In 2013 Park et al[74] described a technique of direct puncture of the right 
hepatic duct from the bulb of the duodenum with transluminal stent placement, 
forming a hepaticoduodenostomy[74]. Ogura et al[75] reported success using a novel 
“bridge” technique which involves placement of a stent across the HBO, thus 
connecting the right and left intrahepatic, followed by EUS-HGS[75]. Both techniques 
are challenging and only a small number of cases performed in referral centers have 
been reported to date[76]. In addition, EUS-HGS may be contraindicated in patients 
with large abdominal ascites (preventing fistula formation with increased risk of stent 
migration) and unresectable gastric cancer.

EUS-CDS VS EUS-HGS 
EUS-CDS and EUS-HGS are both effective in management of biliary obstruction 
following ERCP failure. EUS-HGS however, may be associated with a slightly higher 
rate of adverse events, likely due to a number of factors including the precise puncture 
of smaller caliber intrahepatic bile ducts through the liver parenchyma as well as 
increased risk of pneumoperitoneum and bile leakage in the peritoneal cavity.

A retrospective study directly comparing EUS-CDS and EUS-HGS in 121 patients 
(60 CDS and 61 HGS) showed a high technical (93.3% CDS and 91.8% HGS) and 
clinical (85.5% CDS and 82.1% HGS) success with both techniques, with a similar rate 
of adverse events (13.3% CDS vs 19.67% HGS, P = 0.37) in both groups[36]. The stent 
patency duration between the two groups was not statistically significant (P = 0.228). 
Similar results were seen in a meta-analysis of 434 patients (208 HGS and 226 CDS) 
with comparable technical success (93.7% HGS and 94.1 CDS), clinical success (84.5% 
HGS and 88.5% CDS) and adverse events (OR = 0.97, 95%CI: 0.60-1.56) in both groups
[77]. However, in a separate meta-analysis of 686 patients (283 CDS and 403 HGS) 
adverse events were noted to be significantly higher in the EUS-HGS group (29% HGS 
and 20% CDS, P = 0.01)[78].

In the end, the choice between EUS-CDS or EUS-HGS often comes down to a 
patient-by-patient basis, with a decision based on patient anatomy, site of obstructing 
lesion, operator expertise and location of biliary dilation. EUS-CDS is most suitable in 
patients with distal MBO. However, it is not feasible in patients with proximal MBO. 
EUS-HGS can be utilized in such patients, as well as those with surgically altered GI 
anatomy. Nevertheless, if intrahepatic ductal dilation is not present, EUS-HGS is not a 
practical option.

EUS-GUIDED GALLBLADDER DRAINAGE 
EUS-guided gallbladder drainage (EUS-GBD) allows for direct internal decompression 
of the gallbladder in patients presenting with acute cholecystitis who are poor surgical 
candidates. The technique was first described by Baron and Topazian[79] in 2007. 
Since then, numerous studies have demonstrated success with this technique using 
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Figure 2 Endoscopic ultrasound-guided hepaticogastrostomy for benign distal biliary stricture in a patient with history of roux-en-Y 
gastric bypass surgery. A: Endoscopic ultrasound-guided puncture of a dilated B3 radical with a 19-gauge needle; B: Fluoroscopic image showing a dilated bile 
duct with distal biliary stricture; C: Fluoroscopic image showing placement of a fully covered hepaticogastrostomy metal stent; D: Antegrade balloon dilation of the 
distal bile duct stricture using a wire-guided balloon; E: Successful placement of four 7 Fr × 18 cm double pigtail biliary stents with the distal end past the ampulla in 
the small bowel and the proximal end in the stomach; F: Occlusion cholangiogram following removal of plastic hepaticogastrostomy stents showing resolution of distal 
bile duct stricture with free flow of contrast into the small bowel.

both transgastric and transduodenal approaches[80,81].
In 2013, Itoi et al[82] performed EUS-GBD using LAMS for management of 

obstructive jaundice secondary to distal MBO[82]. Following this, Imai et al[83] 
published a case series of 12 patients with unresectable distal MBO who underwent 
EUS-GBD following failed ERCP with high technical (100%) and functional (91.7%) 
success[83]. Adverse events were noted in 16.7% patients, with stent dysfunction 
occurring in 8%. A recent multicenter retrospective study of 28 patients undergoing 
EUS-GBD for distal MBO reported similar high technical (100%) and clinical (93%) 
success rates[84]. Delayed adverse events requiring reintervention occurred in 17.9% 
(5/28) patients. These included three patients with food impaction leading to acute 
cholecystitis and two patients with delayed bleeding. No perforation or stent 
migration was observed in this study.

In summary, EUS-GBD can be utilized in management of patients with distal MBO 
when standard ERCP and other forms of EUS-BD (EUS-CDS, EUS-HGS and EUS-RV) 
are not technically feasible. Cystic duct patency should always be evaluated prior to 
performing this procedure for biliary drainage. The biliary obstruction should be distal 
to the cystic duct takeoff to allow for proper biliary decompression[85] (Figure 3).

EUS-DIRECTED TRANSGASTRIC ERCP 
EUS-directed transgastric ERCP (EDGE) is a valuable alternative to enteroscopy-
assisted ERCP (e-ERCP) and laparoscopy-assisted ERCP (LA-ERCP) in patients with 
roux-en-Y gastric bypass (RYGB) anatomy requiring pancreatobiliary intervention. 
Under EUS guidance, the excluded stomach can be identified from the remnant gastric 
pouch or jejunum. Following puncture with a 19-gauge needle, a guidewire is 
advanced in the excluded stomach, followed by LAMS placement over the guidewire 
to create a gastrogastric or jejunogastric fistula. A duodenoscope is then passed 
through the LAMS and advanced to the major papilla to perform standard ERCP. 
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Figure 3 Endoscopic ultrasound-guided gallbladder drainage for distal malignant biliary obstruction secondary to duodenal adenocar-
cinoma using an electrocautery-enhanced lumen apposing metal stent. A: Duodenal adenocarcinoma involving the duodenal sweep causing luminal 
narrowing; B: Adenocarcinoma (arrow heads) arising in a background of adenoma (arrow) with focal high-grade dysplasia (H&E stain); C: Endoscopic ultrasound 
image displaying distended gallbladder; D: Cholecystoscopy [post lumen-apposing self-expanding metal stent (LAMS) placement] with contrast injection via cystic 
duct opening opacifying the biliary tree showing a patent cystic duct; E: Post-procedural computed tomography scan displaying double pigtail stent and LAMS in place 
between gastric antrum and gallbladder.

Intervention can be performed during the index procedure or in a subsequent session. 
Once access to the duodenum and papilla is no longer required, the LAMS can be 
removed, and fistula closed using argon plasma coagulation, endoscopic clips, or 
endoscopic sutures (Figure 4).

The EDGE procedure was first described by Kedia el al[86] in 2014[86]. In 2017, a 
multicenter study on 16 patients undergoing EDGE procedure reported a high 
technical (100%) and clinical (91%) success, with stent dislodgement occurring in 19% 
patients[87]. A recent multicenter retrospective study by Runge et al[88] reported long-
term outcomes in 178 patients following EDGE procedure[88]. Technical success was 
achieved in 98% cases with adverse events occurring in 28 (15.7%) patients. The most 
common adverse events noted were LAMS misdeployment or migration (n = 13) and 
perforation (n = 6). Follow up endoscopy or upper GI imaging was completed in 90 
patients (following stent removal) with nine patients (10%) showing persistent fistula. 
Fistula closure was successful in all five patients who then returned for follow up.

A 2018 study by Bukhari et al[89] compared outcomes of EDGE vs e-ERCP[89]. 
Technical success was higher in patients undergoing EDGE procedure (100% EDGE vs 
60% e-ERCP) with a significantly shorter procedure time noted in this group (49.8 min 
EDGE vs 90.7 min e-ERCP, P < 0.001). Adverse events were similar in both groups. 
Outcomes of EDGE and LA-ERCP were compared in a 2019 study by Kedia et al[90] 
with similar success rates (96.5% EDGE and 97.7% LA-ERCP) and adverse events (24% 
EDGE and 19% LA-ERCP) in both groups[90]. However, shorter procedure times (P < 
0.00001) and lengths of hospital stay (P < 0.00008) were noted in the EDGE group.

LAMS dislodgement during ERCP is a major adverse event which can result in 
perforation if the fistula tract has not yet matured. To avoid this, some endoscopists 
recommend performing EDGE in two steps, allowing fistula maturation following 
LAMS placement prior to performing ERCP[89]. Alternatively, a single-stage EDGE 
can be performed by securing LAMS with an endoscopic stitch or over-the-scope clip
[91]. Persistent fistula between the gastric remnant and excluded stomach and 
subsequent weight gain is a worrisome complication of the EDGE procedure. 
However, most major studies have not shown any significant weight gain associated 
with the procedure[88-90]. Given the reported safety profile and high success rate of 
the EDGE procedure, it can be used as a first line therapy in RYGB patients requiring 
biliary interventions.



Pawa R et al. EUS-biliary drainage

WJGE https://www.wjgnet.com 312 August 16, 2021 Volume 13 Issue 8

Figure 4 Endoscopic ultrasound-directed transgastric endoscopic retrograde cholangiography for choledocholithiasis in a patient with 
history of roux-en-Y gastric bypass surgery. A: Endoscopic ultrasound-guided puncture of excluded stomach using a 19-gauge needle; B: Endoscopic 
ultrasound showing deployment of proximal flange of lumen-apposing self-expanding metal stent (LAMS) in the excluded stomach; C: Endoscopic image showing 
distal flange of LAMS in the gastric pouch; D: Fluoroscopic image of endoscopic retrograde cholangiopancreatography through LAMS showing multiple stones in the 
common bile duct; E: Gastrogastric fistula seen following LAMS removal; F: Successful closure of gastrogastric fistula using argon plasma coagulation and clips.

CONCLUSION
Over the past two decades, EUS-BD has continued to evolve and is more frequently 
utilized in managing patients with benign and malignant biliary diseases at tertiary 
care centers with EUS expertise (Figure 5). The procedure has a high success rate and 
fewer complications than other forms of biliary drainage including PTBD and surgical 
bypass, making it a preferred alternative following failed ERCP. However, a 
significant learning curve is associated with this procedure, with literature suggesting 
experienced endoscopists requiring over 30 cases to become efficient and nearly 100 
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Figure 5 Proposed algorithm for endoscopic ultrasound-guided biliary drainage for biliary obstruction following failed endoscopic 
retrograde cholangiopancreatography. EUS: Endoscopic ultrasound; HGS: Hepaticogastrostomy; CDS: Choledochoduodenostomy; ERCP: Endoscopic 
retrograde cholangiopancreatography; EDGE: EUS-directed transgastric ERCP; GBD: Gallbladder drainage; RV: Rendezvous.

cases before mastering these techniques[92]. In addition, there is insufficient evidence 
on the route of choice, and patients with biliary obstruction should be evaluated on a 
case-by-case basis by an experienced therapeutic endoscopist backed by a multidiscip-
linary team. The development of novel LAMS has led to improved outcomes in 
patients undergoing EUS-CDS. Further innovations in the development of EUS-BD 
specific tools coupled with standardization of techniques will likely lead to improved 
safety. Future prospective clinical trials are needed to better evaluate outcomes and 
further advance this rapidly evolving field of interventional EUS.
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