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In recent years, considerable strides have been made
in therapeutic endoscopy and specifically in stent tech-
nology to overcome strictures and fistulas. As such,
several types of devices with advanced designs and
materials are continuously being developed, and this
evolution has helped expand the applications of ther-
apeutic endoscopy to new horizons. The best example
of this is the use of lumen-apposing metal stents
(LAMS) in therapeutic endoscopic ultrasound (EUS),
allowing for the endoscopic treatment of pancreatico-
biliary and luminal disease previously reserved for

surgical or percutaneous treatment. Thinking outside
the box and using new devices to seal fistulas that
cannot be managed with conventional endoscopic de-
vices is also sometimes needed. While exciting, this
continuing evolution and the growing number of ther-
apeutic endoscopy applications may present a chal-
lenge for gastroenterologists to keep updated with the
state of the art.

This special issue of GE - Portuguese Journal of Gastro-
enterology is dedicated to therapeutic endoscopy includ-
ing 8 articles that provide further evidence of the safety,
feasibility, and favorable outcomes of different applica-
tions of stents and similar devices in endoscopic ther-
apeutic procedures, in particular the application of stents
in therapeutic ultrasound endoscopy, luminal stenting,
and treatment of leaks, perforations, and fistulas. The
review articles also include several technical tips and
tricks from experts that can clearly be helpful to the
majority of endoscopists.

Canakis and Baron [1] performed a review article
focused on current indications and innovations in ther-
apeutic EUS. The therapeutic role of EUS has evolved to
become a complementary technique to endoscopic retro-
grade cholangiopancreatography (ERCP) to provide ad-
equate drainage in patients with pancreatic and biliary
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disorders. EUS allows visualization of the intra and
extrahepatic biliary tree and pancreatic duct, as well as
extraluminal structures, serving as a platform for various
successful drainage strategies described in this article.
Technical description, efficacy, and safety of different
techniques for drainage of pancreaticobiliary obstruction,
pancreatic cyst ablation, gastric varices management, and
gallbladder drainage can be found in this study. This
review goes in line with previous studies, as well as the
GRUPUGE guideline on EUS-guided biliary drain-
age [2-4].

Tarrio et al. [5] performed a single-center retrospec-
tive study evaluating the efficacy and safety of EUS-
guided choledochoduodenostomy in 20 patients with
distal malignant biliary obstructions after failed ERCP.
LAMS were the stent most often used (n = 15; 75.0%).
Technical and clinical success rates were 100% and
89.5% (n = 17/19) at 7th day and 93.3% (n = 14/15) at
30th day, in line with previous studies [6]. These results
are encouraging, especially in patients after ERCP fail-
ure, where other alternatives, like percutaneous drain-
age, are nowadays considered suboptimal. The reported
rate of early complications is also similar to previous
studies [7].

Two review articles regarding luminal stenting are
also included in this supplemental issue — one by Medas
et al. [3] focused on the description of current practice
in luminal stenting for malignant and benign indica-
tions throughout the gastrointestinal tract, and other by
Silva et al. [8] focused on the technique and personal
experience of esophageal stenting. Technical descrip-
tion, safety, and efficacy of esophageal, gastroduodenal,
and colonic stenting are described in the first article,
while the “How I do” article regarding esophageal
stenting [8] addresses the characteristics of some of
the currently available stents, offering an elaborated
description of insertion delivery systems, techniques of
placement, as well as some tips and tricks regarding
placement and management of adverse events. This can
be extremely helpful to understand and avoid the
occurrence of adverse events and comes in line with
recent technical reviews [9].

In summary, self-expandable metallic stents are an
excellent option for the treatment of patients with unre-
sectable esophageal cancer, malignant tracheoesophageal
fistulas, recurrent benign esophageal strictures, esophageal
transmural defects, malignant gastric outlet obstruction
(GOO), and malignant colonic obstruction. However,
gastroduodenal stenting now competes with EUS-guided
gastrojejunostomy for the title of first-line therapy for
GOO. In this regard, Antunes et al. [10] described a

2 GE Port ] Gastroenterol 2023;30:1-3
DOI: 10.1159/000531271

case series of three EUS-guided gastroenterostomies for
the palliation of malignant GOO, using the wireless endo-
scopic simplified technique, with technical and clinical
success in all patients. A detailed description of this
technique is provided.

Sometimes endoscopists need to innovate and think
outside the box to overcome complex and particular
situations. For instance, Brito et al. [11] presented a
case series describing the application of Niti-S esophageal
mega-stent in 2 patients with anastomotic leaks after
oncologic surgery. Both cases achieved leak resolution
after 2 weeks without adverse events. Self-expandable
metallic stent placement for luminal defects is a safe,
well-established therapeutic technique; however, limita-
tions include stent migration and incomplete sealing.
Bariatric stents might have a role in addressing these
limitations.

Kumaira Fonseca et al. [12] presented a case study that
evaluated the use of a cardiac septal defect occluder
(CSDO) in the treatment of a patient with a chronic
gastrocutaneous fistula after bariatric revisional surgery.
In this case, fistula closure was achieved after placement
of a second CSDO between the discs of a former dislodged
CSDO. CSDO might be an emerging technique for
closure chronic, mature gastrointestinal fistulas. The
study presents the first off-label use of the Occlutech®
occluder for the treatment of a chronic fistula after
bariatric revisional surgery.

Chalim Rebelo et al. [13] presented an EUS-directed
transgastric ERCP in a patient with Roux-en-Y gastric
bypass and choledocholithiasis, providing a detailed
description of the technical steps of this innovative
technique. In this case, placement of a 10 x 15 mm
LAMS allowed endoscopic access to the native papilla
3 weeks later, with LAMS being transposed with the
duodenoscope without need for further dilation. When
transposition of the stent with the duodenoscope proves
difficult, other techniques can be pursued [14].

In sum, the role of endoscopic stenting in the manage-
ment of patients with gastrointestinal diseases has ex-
panded greatly in recent years, with increasing use of
endoluminal and transluminal stents. We are particularly
excited about the growing establishment of EUS-guided
therapies. These studies provide evidence that this ther-
apeutic approach will be standard practice in the near
future, as an alternative for biliary and pancreatic drain-
age and for the creation of several types of enteric
anastomosis, with excellent safety and clinical success.
However, standardization of the different techniques and
limited number of therapeutic EUS experts are limita-
tions that need to be overcome.

Ferreira-Silva/Libanio/Rodrigues-Pinto



—

[\S}

w

w

References

Canakis A, Baron TH. Therapeutic endoscopic
ultrasound: current indications and future per-
spectives. GE Port ] Gastroenterol. 2023:1-15.
Ferreira-Silva J, Medas R, Girotra M, Barakat
M, Tabibian JH, Rodrigues-Pinto E. Futuris-
tic developments and applications in endo-
luminal stenting. Gastroenterol Res Pract.
2022;2022:6774925.

Medas R, Ferreira-Silva J, Girotra M, Barakat
M, Tabibian JH, Rodrigues-Pinto E. Best
practices in pancreatico-biliary stenting and
EUS-guided drainage. J Clin Gastroenterol.
2022.

Nunes N, Flor de Lima M, Caldeira A, Leite S,
Marques S, Moreira T, et al. Grupuge per-
spective: endoscopic ultrasound-guided bili-
ary drainage. GE Port ] Gastroenterol. 2021;
28(3):179-84.

Tarrio I, Moreira M, Aratjo T, Lopes L. EUS-
guided choledochoduodenostomy after failed
endoscopic retrograde cholangiopancreatog-
raphy in distal malignant biliary obstruction.
GE Port ] Gastroenterol. 2023:1-9.

Luminal and Extraluminal Applications of
Endoscopic Stenting

~N

oo

o

10

Khashab MA, Messallam AA, Penas I, Nakai Y, 11 Brito M, Quintas A, Passos F, Alves AT, Félix
Modayil R], De la Serna C, et al. International A, Martins CG. Niti-S esophageal mega-stent:
multicenter comparative trial of transluminal an emerging endoscopic tool with different
EUS-guided biliary drainage via hepatogastros- applications in the management of surgical
tomy vs. choledochoduodenostomy approaches. anastomotic leaks. GE Port ] Gastroenterol.
Endosc Int Open. 2016;4(2):E175-81. 2022:1-7.
Park DH, Jang JW, Lee SS, Seo DW, Lee SK, 12 Kumaira Fonseca M, Coelho NHV, Manica
Kim MH. EUS-guided biliary drainage with JLL, Ramblo RR, Spier IE, Seabra AP. Endo-
transluminal stenting after failed ERCP: predic- scopic management of a chronic gastrocuta-
tors of adverse events and long-term results. neous fistula after bariatric revisional surgery
Gastrointest Endosc. 2011;74(6):1276-84. using a novel cardiac septal occluder. GE Port
Silva R. Esophageal stenting: how I do it. GE ] Gastroenterol. 2022:1-5.
Port ] Gastroenterol. 2023. 13 Chélim Rebelo C, Nunes N, Moura DB,
Rodrigues-Pinto E, Ferreira-Silva J, Siersema Corte-Real F, Pereira JR, Duarte MA. The
PD. How to prevent and treat the most cutting-EDGE: biliary intervention in altered
frequent adverse events related to luminal anatomy. GE Port J Gastroenterol. 2022:1-4.
dilation and stenting in benign disease. Am 14 Ferreira-Silva J, Pereira P, Rodrigues-Pinto E,
] Gastroenterol. 2023. Vilas-Boas F, Macedo G. Endoscopic
Antunes PB, Leal T, Gongalves R, Gongalves ultrasound-directed  transgastric ~ ERCP:
B. EUS-guided gastroenterostomy for the esophageal stent to the rescue. Endoscopy.
management of malignant gastric outlet ob- 2022;54(12):E678-9.
struction: a single-center initial experience.
GE Port J Gastroenterol. 2022:1-4.

GE Port ] Gastroenterol 2023;30:1-3 3

DOI: 10.1159/000531271



Review Article

GE Port J Gastroenterol 2023;30(suppl 1):4-18
DOI: 10.1159/000529089

Received: October 21, 2022
Accepted: December 26, 2022
Published online: February 20, 2023

Therapeutic Endoscopic Ultrasound:
Current Indications and Future

Perspectives

Andrew Canakis® Todd H. Baron®

@Division of Gastroenterology and Hepatology, University of Maryland School of Medicine, Baltimore, MD, USA;
bDivision of Gastroenterology and Hepatology, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA

Keywords

Endoscopic ultrasound - Biliary drainage -
Hepaticogastrostomy - Choledochoduodenostomy -
Pancreatic ductal drainage - Necrotic fluid collections -
Pancreatic cyst ablation - Lumen apposing metal stents

Abstract

The transcendence of endoscopic ultrasound (EUS) from di-
agnostic to therapeutic tool has revolutionized manage-
ment options in the field of gastroenterology. Through EUS-
guided methods, pancreaticobiliary obstruction can now be
utilized as an alternative to surgical and percutaneous ap-
proaches. This modality also allows for gallbladder drainage
in patients who are not ideal operative candidates. By utiliz-
ing its unique imaging capabilities, EUS also allows for drain-
age access points in cases of gastric outlet obstruction as
well as windows to ablate pancreatic cystic lesions. As tech-
nical progress continues to evolve, interventional gastroen-
terology continues to push the envelope of minimally inva-
sive therapeutic procedures in a multidisciplinary setting. In
this comprehensive review, we set out to describe current
indications and innovations through EUS.

© 2023 The Author(s).
Published by S. Karger AG, Basel
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Resumo

A transformacao da ecoendoscopia (EUS) de um método
de diagnéstico a ferramenta terapéutica revolucionou a
abordagem na gastroenterologia. As terapéuticas guia-
das por EUS, nomeadamente as obstru¢cdes pancreato-
biliares, constituem agora alternativas as abordagens
cirlrgicas e percutaneas. Esta modalidade terapéutica
permite também a drenagem da vesicula biliar em doen-
tes que ndo sao candidatos cirdrgicos. Além disso, ao uti-
lizar as suas capacidades Unicas de imagem, a EUS per-
mite a drenagem em casos de obstrucao da saida gastrica,
bem como realizar a ablacao de lesdes cisticas pancreati-
cas. O crescente progresso da gastrenterologia permite o
desenvolvimento de procedimentos terapéuticos mini-
mamente invasivos num ambiente multidisciplinar. Nesta
revisdo, propusemos-nos a descrever as atuais indicagdes

e inovacgoes através da EUS. ©2023 The Author(s).
Published by S. Karger AG, Basel
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Introduction

The introduction and widespread implementation of
endoscopic ultrasound (EUS) as a minimally invasive
therapeutic modality has garnered significant attention in
recent years. EUS has significantly revolutionized the
field of interventional gastroenterology. The European
Society of Gastrointestinal Endoscopy (ESGE) advises
that these therapeutic EUS procedures be performed by
experienced endoscopists at centers with adequate multi-
disciplinary support [1, 2]. In this state-of-the-art review,
we will highlight the current indications for therapeutic
EUS, including drainage of hepatobiliary and pancreatic
obstruction, ablation of pancreatic cysts, management of
gastric varices (GVs), and gallbladder drainage.

Methods

We conducted a literature search across three databases
(PubMed, Embase, and the Cochrane Library) up to November
2022. The research topics were prepared by the senior author
(T.H.B.) and the literature search was performed by the first author
(A.C.). Topics included drainage of hepatobiliary/pancreatic ob-
struction, pancreatic cyst ablation, GVs management, and gall-
bladder drainage. All study types were included (randomized con-
trolled trials, retrospective, prospective, meta-analyses, case series,
and case reports).

EUS Therapy for Biliary Obstruction

In instances of benign and malignant biliary obstruc-
tion, endoscopic retrograde cholangiopancreatography
(ERCP) with transpapillary stenting remains the first-line
management option [3-6]. In expert hands, ERCP has a
success rate of up to 95% with an adverse event (AE) rate
<10% [7, 8]. Difficult, failed, or impractical cannulation
can be attributed to surgically altered anatomy (SAA),
prior duodenal stenting, tumor obstruction, or periam-
pullary diverticulum/tumor [3, 6]. Furthermore, difficult
cannulations are also associated with higher rates of AEs,
especially post-ERCP pancreatitis (approximately 5.3-
6.6% of all cases) [9, 10]. In the setting of unsuccessful
ERCP, current guidelines recommend reattempting the
procedure at least two to 4 days later in order to optimize
success by improving biliary visualization (decreased
edema), patient sedation, and availability of specialized
guidewire equipment [3].

Historically, percutaneous transhepatic biliary drain-
age (PTBD) has been utilized as salvage therapy in the
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event of ERCP failure. PTBD is associated with a high suc-
cess rate (95%); however, AEs are not uncommon (up to
30%), and the presence of an external catheter has also
been associated with a reduced quality of life [6, 11]. It is
in this setting where EUS-guided biliary drainage (EUS-
BD) evolved as an alternative minimally invasive ap-
proach. The first reported case of EUS-guided bilioduode-
nal anastomosis was performed in 2001 [12]; since then,
there have been a multitude of studies describing various
techniques to accomplish EUS-BD. Compared to PTBD,
EUS-BD is associated with fewer AEs and unscheduled
reintervention rates with similar rates of success [13-15].

As such, EUS-BD has emerged as a reliable alternative
when ERCP is not feasible [5]. Currently, performance of
EUS-BD is limited to high volume centers driven by local
expertise. The endoscopic learning curve is linked to pro-
cedural volume whereby technical success, procedure
time and decreased AEs dramatically improve with op-
erator experience [16-19]. It has been suggested that 33
and 100 cases are needed to achieve technical proficiency
and mastery, respectively [18, 19]. The authors of this re-
view article recently published a large single-center study
(all procedures conducted by Dr. Baron) of EUS-guided
transhepatic biliary drainage where total AEs (18.6%) sig-
nificantly decreased over the 7 year time period in a co-
hort of over 200 patients [20]. That being said, EUS-BD
is still a challenging procedure, largely limited to tertiary
centers where there are rare instances of ERCP failure.
One study found that ERCP failure in native papilla oc-
curred in 0.6% (3/524 cases), in which all 3 patients were
successfully managed by EUS-BD [21]. Yet there is grow-
ing evidence that EUS-BD can be considered as a first-line
approach.

EUS-BD Techniques

Before delving into comparative studies, it is first im-
portant to describe the methods of biliary decompres-
sion, which can be achieved through rendezvous (RV),
antegrade or transluminal approaches [22]. EUS-RV is
limited to cases where the papilla can be reached and used
as salvage therapy when conventional ERCP fails, where-
by guidewire is accessed through the papilla in an ante-
grade fashion [22]. This approach is associated with a suc-
cess and a major AE rate of 80% and 11%, respectively
[22]. In RV, the puncture site (via transgastric into left
intrahepatic duct or transduodenal into the extrahepatic
duct) enables guidewire placement across the stricture/
papilla without fistula tract formation [2]. Antegrade
stent placement involves transhepatic puncture, passage
of a guidewire across the obstruction, and passage of a
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Fig. 1. EUS-guided hepaticogastrostomy in
a patient with necrotizing pancreatitis and
biliary obstruction due to extrinsic com-
pression, failed ERCP due to duodenal ob-
struction. a Initial puncture through gas-
tric wall and cholangiogram showing distal
bile duct obstruction. b After placement of
transgastric fully covered self-expandable
metal biliary stent into left hepatic duct.

Fig. 2. EUS-guided choledochoduodenostomy in a patient with malignant biliary and duodenal obstruction.
a Echoimage of markedly dilated CBD prior to placement of luminal apposing metal stent. b Echoimage imme-
diately after deployment of 8 mm diameter luminal apposing metal stent into distal CBD. ¢ Follow-up CT for
continued care. Sagittal image shows luminal apposing stent with plastic stent within at site of choledochoduo-
denostomy.

stent antegrade across the obstruction such that the entire
stent is within the biliary tree. If technical failure occurs,
antegrade stenting can be converted to transmural or
PTBD [2]. In general, direct transmural drainage is pre-
ferred using a hepaticogastrostomy (HGS) or choledo-
choduodenostomy (CDS) approach. Antegrade stenting,
performed by placing an internal stent transhepatically,
has fallen out of favor as it can be cumbersome with only
a 77% technical success rate [22].
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HGS typically involves creating an anastomosis be-
tween the lesser curvature of the stomach and a dilated
left intrahepatic duct using a partially or fully covered
self-expanding metal stent (SEMS) (Fig. 1) [23]. Mean-
while, CDS involves tract formation between the duode-
nal bulb and common bile duct with placement of a SEMS
or lumen apposing metal stent (LAMS) (Fig. 2) [24]. Of
note, luminal access points for transhepatic biliary drain-
age can also include the esophagus and jejunum [20].
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Table 1. Comparison of HGS versus CDS

CDS

HGS

Technical considerations

Long endoscope position in duodenal bulb

Dilated intrahepatic duct of approximately
4 mm is required

Clinical benefits
procedure technically easier

Smaller diameter (6 or 8 mm) cautery-enhanced LAMs make

Does not interfere with surgical resection
Multiple luminal access points

Limitations

Difficulty managing stent misdeployment
Might interfere with pancreaticoduodenectomy (Whipple)

Technically more challenging
Lack of dedicated stents in most countries

May be more stent occlusion due to food, particularly in GOO

Transhepatic and transduodenal drainage methods have
been extensively compared [25-36] with similar rates of
technical and clinical successes based on three recent me-
ta-analysis [37-39]. A recent international multicenter
study of 182 patients (HGS 95 vs. CDS 87) found that
technical success was 92% in both groups, while clinical
success was slightly higher in the CDS cohort (100 vs.
86%) [36]. The authors found that CDS was associated
longer term stent patency at the expense of slightly high-
er AEs [36]. Another multicenter randomized trial com-
paring HGS (n = 24) to CDS (n = 23) reported a technical
success rate of 100% and 95.7%, respectively [35]. They
found no differences in stent patency or AEs. Based on
their results, the authors felt that switching between ei-
ther procedure can be considered when technical chal-
lenges arise.

At the moment, there is no standardized algorithm be-
tween the two techniques. EUS-guided transhepatic
drainage is the first-line method for patients with surgi-
cally altered anatomy or hilar obstruction (Table 1). Our
recent single-center retrospective study of 215 patients
primarily utilized a transgastric approach in 188 cases,
where we reported a technical and clinical success rate of
85.3% and 87.25, respectively [20]. Advantages to tran-
shepatic drainage are that in the event of complete stent
misdeployment, the peritoneal space involving HGS may
be easier to manage in the event of emergency surgery
[20]. Additionally, the HGS location may allow for easier
surgical resection of the duodenum (during Whipple op-
eration for pancreas head cancer) in operative candidates.
We do recognize that this is a technically difficult proce-
dure and use in the community is likely impracticable.

There is evidence supporting the use of EUS-BD as the
primary method for biliary decompression in instances of
malignant biliary obstruction [22]. Three randomized
controlled trials comparing EUS-BD to ERCP found no
major differences in technical or clinical success rates
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[40-42]. That being said, a meta-analysis of these studies
found that EUS-BD was linked to a lower rate of stent
dysfunction, which leads to less interruption in oncolog-
ical treatment plans [43]. Similarly, a recent meta-analy-
sis of 5 studies involving 361 patients, found that ERCP
was associated with higher rates of reintervention (22.6
vs. 15.2%) and tumor overgrowth (odds ratio 5.3) [44].
While there was no difference in overall survival, one
study showed that quality of life was higher in the EUS
group [41]. At the moment, larger comparative studies
are needed to determine if avoiding transpapillary stent-
ing can influence oncologic treatment outcomes.

EUS Drainage of Pancreatic Ductal Obstruction

EUS-guided pancreatic duct drainage (EUS-PDD) is a
technically complex procedure associated with a high rate
of AEs [2]. Itis indicated when ERCP fails (3—10% of cas-
es) or is not possible in cases of SAA [1]. While surgery is
superior for long-term symptomatic relief of chronic
pancreatitis [45], not all patients are ideal operative can-
didates and some may prefer a minimally invasive alter-
native. Main pancreatic duct (MPD) obstruction can re-
sult from chronic pancreatitis, pancreatojejunostomy
anastomotic strictures, congenital anomalies, or discon-
nected pancreatic duct syndrome; these etiologies can re-
sult in significant patient discomfort and/or bouts of
acute recurrent pancreatitis due to underlying ductal and
interstitial hypertension [46]. At this juncture, EUS-PDD
can be utilized to provide decompressive therapy.

The two approaches include RV-assisted endoscopic
retrograde pancreatography (RV-ERP) or EUS-ante-
grade. In terms of safety and efficacy, RV-ERP is favored,
while an antegrade approach is typically employed when
RV-ERP is technically unsuccessful or not possible [1, 2,
47]. A 19-gauge needle is preferred to create a transgastric
to MPD access point — the MPD diameter should be >4
mm [2]. In cases of SAA, a transenteric route can also be
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used [46]. Assuming there is an endoscopically accessible
native papilla (or anastomosis), a guidewire can be passed
in an anterograde fashion in order to perform a ERP.
Compared to a transmural approach, the RV-ERP meth-
od preserves anatomy and may provide better physiolog-
ical drainage of the ductal stricture [1, 48]. Furthermore,
avoiding the need for thermal energy or tract dilation to
create a fistula may reduce the risk of bleeding, pancre-
atic leakage, and gastric leakage into the retroperitoneal
space [1]. Yet, when direct drainage is required, cautery
and non-cautery transmural stent placement can be ac-
complished via an EUS-antegrade fashion.

While there are limited head-to-head studies, RV-ERP
is universally considered the first method used followed
by EUS-antegrade. A large retrospective study demon-
strated improved technical success with ERP-RV (95.6%)
versus transgastric pancreaticogastrostomy (77.8%) with
an added benefit of a lower rate of AEs [49]. As salvage
therapy, antegrade drainage has demonstrated pooled
technical and clinical success rates of 89% and 87%, re-
spectively [46]. The critical step of creating a pancreatico-
gastrostomy is dependent upon successful stent place-
ment through the tract. There are no standardized tech-
niques, though we prefer to use a 19G needle, a 0.025”
diameter x 450 cm long biliary guidewire, avoidance of
cautery whenever possible, and least possible dilation of
the tract to achieve the desired stent placement. In terms
of stent placement, plastic stents are preferential due to
ease of placement, which may reduce AEs in the event of
stent dislodgement [50]. In one study fully covered SEMS
were placed in 25 technically successful cases; no stent
migration occurred and mean stent patency was 127 days
[51]. There has been a case report using LAMS and a dou-
ble-pigtail plastic stent [52], though more data are needed
to determine patient selection. A recent study utilized a
technique to reduce the risk of leakage and stent migra-
tion by dilating the pancreaticogastrostomy tract to 4 Fr
using an angioplasty balloon and placing a 3-Fr stent with
the pigtail in the pancreatic duct and the straight end ex-
tending at least 3 cm into the gastric lumen [53]. The au-
thors reported an 88% technical and 62.5% clinical suc-
cess rate with no instances of stent-related AEs [53].

While the optimal stent type is being investigated, the
need for antegrade stent exchange following pancreati-
cogastrostomy is still debated among centers. Since
drainage is occurring through the gastric wall without an
intervening stricture, the need for repeat stent exchange
of the MPD can be determined based on clinical/radio-
graphic features or as a standard caliber upsizing proce-
dure after the index endoscopy. An early retrospective
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study of 36 patients undergoing EUS-guided pancreato-
gastrostomy and pancreatobulbostomy found that 55%
of patients experienced stent obstruction or migration
over a median 14.5-month follow-up period requiring 29
repeat endoscopies [54]. Based on their findings, the au-
thors recommended a proactive stance for stent ex-
change/upsizing using the existing transmural fistula.
However, another group found that only 15% (4/26) of
their patients experienced stent dislocation over a me-
dian follow-up of 9.5 months [55]. The authors support-
ed watchful waiting in the absence of symptoms and ra-
diologic confirmation of stent placement. A recent tech-
nical review recommended an elective stent exchange in
order to widen the fistula as means to facilitate addition-
al endoscopic therapy through the tract [46]. In light of
these different approaches, we believe that the existing
tract can be used >4 weeks after the initial procedure
when the tract has matured [56].

The technical difficulties related to antegrade ap-
proach limit its use to expert centers. One study suggest-
ed that the learning curve for efficiency (i.e., reduction in
procedure time), and proficiency were seen following the
27th and 40th cases when performed by a single operator
[57]. However, these results are not generalizable given
the expertise of that highly experienced endoscopist.
With the current available studies, the AE rates of EUS-
PDD range from 12 to 15% [46, 58]. The majority of these
consist of abdominal pain, bleeding, infection, pancreati-
tis, and perforation and are recognized immediately or
early post-procedurally [2]. While some studies have re-
ported higher AEs than cited above, the heterogeneity of
patients, and use of varying equipment and techniques
make it difficult to compare and analyze these findings
[46]. Moving forward, we believe that pancreatic ductal
drainage may evolve to the use of small-diameter
CMSEMS (6 mm) that will reduce the risk of leakage and
bleeding.

EUS-Guided Gastroenterostomy for Gastric Outlet

Obstruction

Malignant gastric outlet obstruction (GOO) is a me-
chanical obstruction that can extend from the pylorus or
proximal duodenum to the third duodenum. Symptoms
range from early satiety to intractable nausea, vomiting,
and abdominal pain which result in nutritional deficien-
cies and poor quality of life [59]. As a result, these pa-
tients may also experience significant delays in adminis-
tration of chemotherapy. Traditionally, bypassing this
obstruction was achieved with a surgical gastrojejunos-
tomy (S-GJ) or placement of an enteral self-expandable
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ED, early drainage; LD, late drainage. * Included surgical, endoscopic, and radiologic interventions. ** Only post-procedure bleeding reported. ***No difference in total AEs, including stent

dysfunction, bleeding, fistulae, and new onset diabetes. There were 7 cases of perforation in LD and none with ED.
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metal stent (SEMS). However, both methods are some-
what limiting. While a S-GJ can provide longer palliation
than SEMS, its use is offset by the high morbidity and
mortality associated with surgery in already frail patients
with a poor performance status [60]. Meanwhile, enteral
stenting (with SEMS) can produce comparable clinical
results, yet these benefits are short-lived due to due to
recurrent obstruction that occurs in 50% of patients
within 6 months [59, 61]. The goal for managing GOO is
to relieve the obstruction and allow patients to resume
peroral intake.

In this context, the application of EUS-guided gastro-
enterostomy (GE) is a safe and effective, minimally inva-
sive alternative with comparable outcomes and fewer re-
interventions compared to enteral stenting [62] and S-GJ
[63], when performed by expert endoscopists. This is es-
pecially beneficial for patients with end-stage malignancy
who are not surgical candidates. A handful of studies have
explored outcomes in both benign and malignant GOO
with technical and clinical success rates ranging from 87
to 100% and 84 to 92%, respectively [30, 63-66]. The abil-
ity to provide durable symptomatic relief may also be en-
hanced by the use of larger LAMS (20 mm) which may
decrease the risk of re-obstruction and allow patients to
tolerate a more regular diet [67].

When performing EUS-GE, there are various techni-
cal approaches that have been well documented in the
literature, including antegrade traditional/downstream
method, antegrade RV method, retrograde enterogas-
trostomy, EUS balloon-occluded GE bypass, direct meth-
od, and wireless/water-filling technique [68, 69]. A recent
retrospective study analyzed the water-filling technique
in 107 patients across three European centers with a tech-
nical success, clinical success, and AE rate of 94%, 91%,
and 10%, respectively [70]. At our center, we place a na-
sobiliary tube at or just beyond the ligament of Treitz to
distend the duodenum using a standard irrigation system
as used for luminal endoscopy. After injection of gluca-
gon to paralyze the bowel, we place a 20 mm LAMS with
enhanced electrocautery tip using a “freehand” tech-
nique. At the moment, there is no method that has prov-
en superior and comparative studies are needed to deter-
mine which approach may limit AEs.

As EUS-GE becomes more widely used, we expect this
technique to become a more widely used as a therapeutic
method that may potentially replace surgery as a first-line
option. Indeed, in our practice, we have largely aban-
doned enteral SEMS in favor of EUS-GE, except in pa-
tients with a life-expectancy inferior to 3 months and
those with large volume ascites.
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EUS-Guided Drainage of Necrotizing Pancreatic Fluid

Collections

Therapeutic EUS has also found a role in ESGE guide-
lines for managing complications of acute necrotizing
pancreatitis by facilitating transmural drainage necrotic
pancreatic fluid collections [71]. Acute pancreatitis is
common cause of hospitalization, with annual costs ex-
ceeding USD 2 billion, where up to 20% of patient devel-
op severe (necrotizing) pancreatitis [72]. Necrotizing
pancreatitis, a feared sequel, is associated with a signifi-
cant morbidity and mortality - especially when infection
is present [73]. Infected and symptomatic fluid collec-
tions require multidisciplinary treatment [74]. Drainage
and debridement are recommended once the collection
encapsulates and matures, which typically takes >4 weeks
[75]. With advancements in EUS, there has been a para-
digm shift in endoscopically managing these collections,
instead of traditional surgical necrosectomy [76]. Percu-
taneous drainage alone is often avoided whenever possi-
ble due to the risk of pancreatocutaneous fistula forma-
tion. The last author of this review pioneered early work
in this setting, over the past few years EUS drainage of
pancreatic fluid collections has evolved to the use of
LAMS, with the large diameters (15 and 20 mm) for man-
agement of WON. Patients with lower percentages of ne-
crotic debris by volume, those with collections less than
10 cm in size and lack of paracolic extension can often
avoid the need for additional interventions such as direct
endoscopic necrosectomy [77].

Studies have sought to compare early versus late drain-
age of infected, necrotic pancreatic collections when clin-
ically indicated (Table 2) [78-82]. Overall these studies
reported somewhat similar rates of AEs, though the early
drainage groups appeared to require more reinterven-
tions [78-82]. A recent meta-analysis of 6 studies with
630 patients reported no significant differences in techni-
cal success, clinical success, mortality, or overall AEs in
early (n = 182) versus standard (n = 448) drainage groups
[83]. The implementation of LAMS has seemingly revo-
lutionized management by simplifying the technical as-
pects to potentially limit AEs. Also, the significantly larg-
er stent diameters (15 or 20 mm) can improve drainage
and decrease the number of endoscopic sessions needed
[84]. A recent study comparing EUS-guided drainage
with plastic stents (n = 138) and LAMS (n = 28) found no
differences in mortality, complications, or resolution
rates but did note LAMS were associated with a shorter
time to resolution [78]. Yet, another comparative study
between LAMS (n = 78) and traditional cystoenterostomy
(n =78) reported a faster resolution time favoring LAMS
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(86.9 vs. 133.6 days) [85]. The introduction of a larger, 20
mm LAMS, can further reduce the need for endoscopic
necrosectomy [86].

EUS-Guided Ablation of Pancreatic Neoplasms

EUS-guided ablation of pancreatic cystic neoplasms
has evolved as a reliable minimally invasive option - es-
pecially in patients who are poor surgical candidates.
With the advent of improved cross-sectional imaging, in-
cidental findings of pancreatic cysts are rising with no
overall change in mortality [87]. Pancreatic cystic neo-
plasms represent a broad spectrum of clinicopathological
lesions with varying degrees of malignant potential. Strat-
ifying these lesions based on their malignant potential
and presence of symptoms dictates management options
i.e. surveillance versus resection [88]. In patients who re-
quire treatment, surgical resection is often associated
with a high morbidity and mortality; furthermore, some
patients may not be ideal operative candidates or decline
surgery. It is in this setting where EUS-guided ablation
techniques have emerged as an alternative treatment op-
tion [89]. Cyst ablation can be performed by injecting ab-
lative agents (ethanol or paclitaxel) or through radiofre-
quency ablation (RFA). Ablation is indicated for a pre-
sumed mucinous cystadenoma or intraductal papillary
mucinous neoplasms (IPMNs) that are unilocular or oli-
golocular, as well as cyst >3 cm or enlarging cyst with a
diameter >2 cm [90]. Typically cyst measuring 2-6 cm
with fewer than 6 locules respond best to ablation [90, 91].
The cyst is accessed through a transgastric or transduo-
denal approach where a 22 gauge or 19-gauge fine needle
aspiration is used to evacuate the cyst cavity before lavage
with the ablative agent takes place [89].

EUS-ablation with ethanol was first used in 2005 as a
means to destroy epithelial lining through cell membrane
lysis, vascular occlusion and protein denaturation with
complete and partial resolution rates ranging from 9% to
78% and 14-40%, respectively [92-95]. This wide range
of result was likely influenced by varying study designs,
heterogeneity of cyst treated and differing concentrations
of ethanol used (80-100%). In addition to varied results,
the AEs associated with ethanol ablation, i.e., abdominal
pain and acute pancreatitis occur not uncommonly rang-
ing from 3.3% to 33.2% [88].

The addition of paclitaxel, a chemotherapeutic agent,
has been found to improve complete cyst resolution up to
79% (Table 3) [90]. Paclitaxel was initially used following
ethanol lavage in 2008 [93], whereby its hydrophobic and
viscus properties were thought to reduce the chances of
leaking and providing a longer duration of ablation in the
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cyst itself through microtubule inhibition [89]. The syn-
ergistic effects of ethanol and paclitaxel were promising,
and one study found that post-ablation neoplastic DNA
mutations were disrupted and eliminated in 72% of cases
[92]. Compared to ethanol ablation alone, post-ablation
AEs (15 vs. 21.7%) and complete resolution rates (63.6 vs.
32.8%) are significantly improved using paclitaxel-based
regimens [96]. There was a concern that post-procedural
acute pancreatitis (3.3-9.8%) was associated with ethanol
extravasation into the pancreatic parenchyma [88]. In an
effort to determine the safety and efficacy of alcohol-free
ablation, a prospective double-blind randomized trial
(known as the CHARM trial) compared an admixture of
paclitaxel and gemcitabine with or without 80% ethanol
in a cohort of 39 patients with mucinous-type cysts [97].
The investigators found that there was no major differ-
ence in complete resolution rates (61% with and 67%
without ethanol) with an added benefit of no AEs experi-
enced in the alcohol-free cohort. In order to validate these
findings on larger scale, the CHARM II trial is currently
underway with an expected study completion date in
April 2023 [98].

Alternatively, RFA can be performed through electro-
magnetic energy and high-frequency alternating currents
via mono- or bipolar probe, using an echogenic 19-gauge
needle tip, that can induce cell death by causing coagula-
tive necrosis, hyperthermic injury, and a delayed immune
response to the cyst in question [88, 89]. When this en-
ergy is transmitted to the targeted lesion, echogenic bub-
bles can be visualized on EUS. Only a handful of studies
have explored RFA as means to treat pancreatic cysts and
pancreatic neuroendocrine tumors (pNETS) with prom-
ising results [99-101]. A recent meta-analysis found that
location of a pNET in the pancreatic head/neck was a pos-
itive predictor of clinical success [102]. The meta regres-
sion reported a pooled clinical success and AE rate of
85.2% and 14.1%, respectively [102]. A prospective mul-
ticenter study including 16 IPMNs, 14 pNETSs, and 1 mu-
cinous cyst adenoma reported a very low AE rate (only
two events occurring in the first 2 patients treated), which
was virtually eliminated when prophylactic measures
(i.e., antibiotics, rectal diclofenac and cyst aspiration be-
fore RFA) were taken [99]. Of note, in regards to pNETs,
the best results appear to be for treatment of insulinomas
and non-functional pNETs <2 cm.

Still in its infancy, EUS-guided ablation may prove
useful in selected patients with high risk or symptomatic
pancreatic cysts, further studies will be needed to deter-
mine if there is a cost saving and/or mortality reducing
component. In patients who are not surgical candidates,
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it is possible that EUS-guided ablation could alter surveil-
lance recommendations moving forward, though com-
parative studies are needed. In current guidelines, EUS-
guided cyst ablation should not be performed outside a
dedicated investigation protocol.

EUS-Guided Coil Embolization

While esophageal varices are more common, GVs are
associated with severe bleeding, higher mortality rates,
and rebleeding episodes [103]. The therapeutic endo-
scopic armamentarium for GV is somewhat limited,
though in recent years EUS methods have found a role in
managing these serious bleeds. Injecting cyanoacrylate
glue has traditionally been used to resolve acute bleeding
and provide secondary prophylaxis. Yet, bleeding is influ-
enced by the size and wall tension of the varix, and endo-
scopic injection of glue does not always allow for full vi-
sualization, which can increase the risks of rebleeding.
Furthermore, this technique is technically challenging
and associated with severe AEs, including systemic em-
bolization [104]. Other disadvantages include inadver-
tent unroofing of the varix, deep ulcerations at the injec-
tion site, and damage to the endoscope itself [105].

In this context, EUS-guided injection provides unique
luminal views that can fully characterize the varix and
confirm obliteration on doppler ultrasound while reduc-
ing the risks of glue embolization (Fig. 3) [106]. Utilizing
this approach, EUS-guided coil embolization has been in-
vestigated as an additional hemostatic method that pro-
motes clot formation [104]. In a large study of 152 pa-
tients, combination therapy with cyanoacrylate glue and
coils was technically successful in 99% of cases with only
three episodes of post-treatment bleeding [107]. The coils
serve as a scaffold with synthetic fiber that contains and
minimizes the amount of glue needed [108]. Compared
to glue injection alone, combination therapy requires
fewer endoscopic sessions while limiting AEs [109]. A re-
cent randomized trial compared combination (cyanoac-
rylate plus coil) therapy (n = 30) to coil monotherapy
(n = 30) and found that combination therapy led to sig-
nificantly higher rates of obliteration (86.7 vs. 13.3%)
with lower rates of rebleeding or reintervention needed
[110].

In an effort to further describe the benefits of combi-
nation therapy, a recent meta-analysis of 11 studies with
536 patients, confirmed that combination therapy result-
ed in higher rates of technical and clinical success com-
pared to cyanoacrylate alone [111]. In terms of AEs, com-
bination therapy and coil monotherapy demonstrated
comparable results (10 vs. 3%), while cyanoacrylate injec-
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tion was associated with a 21% adverse even rate [111].
Interestingly, recent studies have postulated the replace-
ment of glue with an absorbable gelatin sponge (AGS),
which is typically used as a hemostatic agent in interven-
tional radiology and surgical procedures [105, 112, 113].
The AGS is a purified water-insoluble plug that can ab-
sorb 45 times its volume in blood [105, 112, 113]. An add-
ed benefit is that it is not associated with post-treatment
ulceration and cannot damage the endoscope. In a
matched cohort study, the use of coil embolization plus
AGS was superior to glue injection alone in terms of low-
er rebleeding rates, transfusion requirements and rates
with up to 9 months of follow-up [112]. The authors add-
ed that in their cohort they used more coils (~8 per case)
compared to 1-3 coils used in a prior study [114]. Their
thought process was that using a significantly larger coil
volume could aggressively obliterate feeder vessels at
multiple vascular points [112]. While this technique is
promising, AGS is not FDA approved and is therefore
limited in use.

Another alternative is the use of thrombin injection,
which can achieve hemostasis by converting fibrinogen
to fibrin thereby promoting clot production and platelet
aggregation [115]. One study by Frost and Hebbar [115]
demonstrated the feasibility and efficacy of this approach
using an EUS-guided injection technique. The authors
treated 5 patients for primary prophylaxis and three with
active bleeding using EUS-thrombin - and found that
only 1 patient with active bleeding failed to achieve he-
mostasis [115]. There were no AEs. Another randomized
control trial (RCT) by Lo etal. [116] compared endoscop-
ic thrombin (n = 33) to cyanoacrylate (n = 35) and found
that both groups had similar rates of hemostasis, but the
thrombin cohort experienced lower rates of AEs (12 vs.
51%) with no instances of gastric ulceration. Other added
benefits of thrombin are the excellent safety profile (min-
imal risk of embolism or ulceration compared to glue in-
jection) and ease of use. Additional EUS-guided studies
are needed to determine its role in variceal hemorrhage.

The rapid adaptation of EUS-guided coil embolization
is emerging as a promising treatment option for GV. The
ability to decrease complications while maintain effective
hemostasis should reduce the costs associated with GV
bleeding, though further studies will be needed.

EUS-Guided Gallbladder Drainage for Acute

Cholecystitis

EUS-guided gallbladder drainage (EUS-GBD) has
also emerged as novel and clinical useful management
option in patients with symptomatic cholelithiasis and/

Therapeutic Endoscopic Ultrasound

or acute cholecystitis who are not optimal surgical can-
didates. In instances of acute cholecystitis, early laparo-
scopic cholecystectomy remains the gold standard [117].
However, patients with advanced age, poor performance
status, significant comorbidities, or prior abdominal sur-
gery causing adhesions may be unfit for surgery due to
high rates of morbidity and mortality [118]. A delay in
surgery can increase the risk of gallstone-related compli-
cations by 14% at 6 weeks, 19% at 12 weeks, and 29% at
1 year [119]. Thus, providing alternative routes of de-
compression via a percutaneous or endoscopic approach
have been investigated. Traditionally, a percutaneous
cholecystostomy has been performed, though tube main-
tenance, dysfunction and patient discomfort are often
challenging for patients [118]. A percutaneous approach
may worsen a patient’s quality of life, while also increas-
ing costs associated with long-term care issues related to
readmissions and reinterventions, with AEs ranging
from 4% to 51% [120].

Since its first description in 2007 by Baron and To-
pazian, EUS-GBD has rapidly evolved with improved
clinical outcomes following the introduction of LAMS
[121]. Over time, the use of plastic stents, SEMS, and
then LAMS has led to ongoing technical and clinical
success with a dramatic reduction in AEs (18.2% plastic
stent, 12.3% SEMS, 9.9% LAMS) [122]. When com-
pared to percutaneous drainage, EUS-GBD serves an
opportunity to treat poor surgical candidates through a
minimally invasive approach that lowers rates of rein-
tervention and unplanned readmissions [120, 123-
126]. Two recent comparative meta-analyses found no
difference in technical or clinical success; however, they
demonstrated that EUS-GBD was associated with lower
AEs, shorter hospital stays, and fewer reinterventions
which lead to decreased readmissions [120, 124]. Simi-
lar findings were seen in a randomized control trial of
80 patients undergoing EUS or percutaneous gallblad-
der drainage in high risk surgical candidates [123]. It
has also been associated with significantly lower post-
procedural pain [126].

When compared to the gold standard (laparoscopic
cholecystectomy), a propensity score analysis found that
EUS-GBD was comparable (technical success 100 vs.
100%, clinical success 93.3 vs. 100%, 30 day AEs 13.3 vs.
10%) — suggesting this method can be considered as a
reliable alternative in patients who are not ideal operative
candidates [127]. It has also been studied in 15 patients
with cirrhosis (average MELD 15 + 7) with a technical
success rate of 93.3% and two AEs (1 mild, 1 severe)
[128].
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With increasing use of EUS-GBD with LAMS, higher
risk patients are being treated. It is important to comment
that with a permanent fistula created with LAMS a bridge
to laparoscopic cholecystectomy may not be possible
[118]. Though successful surgery has been documented
in patients stented with plastic stents [129]. Future stud-
ies may yet demonstrate the feasibility of safe laparoscop-
ic resection after LAMS placement, perhaps after resolu-
tion of inflammatory changes, endoscopic removal of
LAMS, and fistula closure.

Conclusion

Over the past 20-years therapeutic, EUS has catapulted
itself as reliable therapeutic tool that has expanded the
field of interventional gastroenterology. Translating the-
oretical implications into practical methods has allowed
EUS-guided therapies to change practice management
worldwide. We believe it is inevitable that EUS-guided
transmural biliary drainage will be accepted as an alterna-
tive to ERCP for the relief of malignant biliary obstruc-
tion. Similarly, EUS-guided GE will also become the ac-
cepted treatment for relief of malignant GOO over S-GJ
and endoscopic luminal stent placement. Yet, at the pres-
ent time, a lack of standardized training and limited ex-
pertise will confine these techniques to high volume cen-
ters where multidisciplinary ancillary support is required.
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Abstract

Endoscopic stenting is an area of endoscopy that has wit-
nessed noteworthy advancements over the last decade, re-
sulting in evolving clinical practices among gastroenterolo-
gists around the world. Indications for endoscopic stenting
have progressively expanded, becoming a frequent part of
the management algorithm for various benign and malig-
nant conditions of the gastrointestinal tract, from esopha-
gus to rectum. In addition to expanded indications, continu-
ous technological enhancements and development of novel
endoscopic stents have resulted in an increased success of
these approaches and, in some cases, allowed new applica-
tions. This review aimed to summarize best practices in
esophageal, gastroduodenal, and colonic stenting.
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Resumo

A colocacao de préteses endoscépicas € uma técnica que
tem testemunhado avangos notaveis na ultima década,
resultando na evolucdo da pratica clinica diaria dos gas-
troenterologistas em todo o mundo. As indicagdes para a
colocacao de proteses endoscopicas tém expandido pro-
gressivamente, tornando-se uma op¢ao cada vez mais
frequente no algoritmo de abordagem das mais variadas
condicdes benignas e malignas do trato gastrointestinal
(desde o eséfago ao reto). Além da expansao nas indica-
¢Oes, o aprimoramento tecnoldgico continuo e o desen-
volvimento de novas préteses endoscépicos resultaram
num maior sucesso dessas abordagens e, em alguns ca-
sos, permitiram novas aplicacées. Esta revisao tem como
objetivo resumir as melhores praticas em colocacao de
préteses endoscépicas esofdgicas, gastroduodenais e

colorretais. ©2022 The Author(s).
Published by S. Karger AG, Basel

© 2022 The Author(s).
Published by S. Karger AG, Basel

Karger@karger.com
www.karger.com/pjg

This is an Open Access article licensed under the Creative Commons
Attribution-NonCommercial-4.0 International License (CC BY-NC)
(http://www.karger.com/Services/OpenAccessLicense), applicable to
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.

A
Karger~

B OPEN ACCESS

Correspondence to:
Eduardo Rodrigues-Pinto, edu.gil.pinto @ gmail.com



Introduction

Over the last few years, therapeutic endoscopy has
evolved into the preferred approach, or at least a valid
alternative, for management of several gastrointestinal
(GI) conditions, wherein surgery was considered the
standard therapy for decades [1]. Endoscopic stenting is
one such aspect of therapeutic endoscopy that has wit-
nessed noteworthy advancements. Traditionally, the
main indications for endoscopic stenting were limited to
the palliation of malignant disorders, such as obstructive
esophageal cancer, malignant gastric outlet obstruction
(GOO), and malignant colonic obstruction [2]. More re-
cently, indications for endoscopic stenting have gradu-
ally expanded to include a variety of nonmalignant/non-
obstructive disorders, such as external compression of
the GI tract, GI transmural defects (e.g., perforations, fis-
tulae, and leaks), and selected cases of refractory benign
strictures [3]. Moreover, advances in biotechnology and
clinical expertise have helped mitigate stent-related ad-
verse events (AEs) [4]. In this review, we aim to summa-
rize the evidence and experience supporting the best
practices in luminal endoscopic stenting, with a specific
focus on esophageal, gastroduodenal, and colonic stent-
ing (Table 1).

Esophageal Stenting

Malignant Esophageal Cancer

Palliation of Malignant Dysphagia

The main goal of esophageal stenting is palliation of
malignant dysphagia in patients with esophageal cancer
to improve nutritional intake. Although stenting pro-
vides a rapid relief of dysphagia symptoms, it is preferable
in patients with an expected short survival (<3 months)
(Fig. 1) [5]. A meta-analysis by Wang et al. included three
randomized clinical trials (RCTs) and showed similar
outcomes between fully covered self-expandable metal
stent (FC-SEMS) and partially covered SEMS (PC-SEMS),
without differences in stent migration, obstruction, or
bleeding [6]. Pooled data from available studies showed a
major AE rate of 18% with PC-SEMS and 21% with FC-
SEMS (most frequently reflux, severe pain, bleeding, and
ingrowth/overgrowth) [7]. Different stent designs have
been developed in order to prolong stent patency and re-
duce AEs; however, this is hard to accomplish as stents do
not affect natural history of the disease. Regarding anti-
reflux stents, for example, a 2019 meta-analysis [8] and a
subsequent RCT [9] failed to prove their superiority re-
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garding improvement of reflux, dysphagia score, or re-
lated AEs (stent migration, bleeding, and obstruction).

One major drawback of stent use in patients with lon-
ger survival is the increased risk of stent dysfunction and
AE occurrence. Even though SEMSs are associated with
earlier symptom relief, for patients with longer expected
survival (=3 months), brachytherapy seems to provide
better quality of life, long-term dysphagia relief, and few-
er AEs, when compared to SEMS placement [10, 11].
However, despite being associated with better long-term
results, brachytherapy is underused in clinical practice
[12, 13]. Overall severe AEs from brachytherapy alone
may occur in up to 23% of cases, mostly including brachy-
therapy-related stenosis (12%) and fistula formation (8%)
[14]. The effect of combined brachytherapy and stenting
on AE rates is not completely clear; however, it seems to
provide better dysphagia relief in patients with survival
longer than 3 months and higher overall survival, com-
pared to SEMS alone [15]. Patients may also be palliated
with external beam radiotherapy (EBRT) alone [16, 17].
A recent propensity score-matched analysis that com-
pared EBRT alone with brachytherapy alone suggested
that EBRT may offer a faster and safer dysphagia relief
compared to brachytherapy, with similar long-term out-
comes [18]. A recent RCT that compared EBRT alone
with a combination of EBRT and chemotherapy found
that EBRT alone had similar dysphagia relief and surviv-
al as the combination therapy, but fewer AEs [19].

Some retrospective cohorts evaluated patients submit-
ted to SEMS placement, with >6-month survival, and
concluded that SEMS may be a valid alternative, espe-
cially in centers where brachytherapy is not widely avail-
able. Despite the increased risk of AEs over time, most of
them can be managed endoscopically [20-22].

Irradiation stents have been developed to combine ad-
vantages of both SEMS and radiotherapy. A 2017 [23] and
a 2021 [24] meta-analysis comparing irradiation SEMS
(loaded with '*°T beads) versus traditional SEMS showed
prolonged patient survival and stent patency with irra-
diation stents, with no differences in AE rates. Biodegrad-
able stent (BDS) role in the palliation of malignant dys-
phagia is not adequately defined and should not yet be
considered a valid alternative to SEMS [25].

Recommendation: Patients with life expectancy of
less than 3 months or suffering from severe dysphagia
should be considered for SEMS placement. FC- or PC-
SEMS may be considered. Brachytherapy should be
considered when available in patients with expected
longer survival.

Medas/Ferreira-Silva/Girotra/Barakat/
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Bridge-To-Surgery Patients

In the curative setting, as bridge to surgery, SEMS
placement is not recommended by most recent guide-
lines, since it may be associated with worse oncologic out-
comes, a lower rate of RO resection, increased 3-year fol-
low-up recurrence, lower overall survival, and a higher
rate of major AEs [26, 27]. Although some recent studies
reported no differences in RO resection rate and overall
survival, SEMS placement may increase postoperative
morbidity and mean operative time making surgery more
challenging [28-30]. Nevertheless, esophageal stents are
helpful to ameliorate nutritional status during or before
neoadjuvant therapy and/or surgery [31]. Only two stud-
ies addressed the potential advantages of esophageal
stents compared to standard feeding techniques, with
SEMS being associated with lower rates of chemoradio-
therapy interruption, greater improvement of albumin,
lower body weight loss, and major operative complica-
tions, when compared to feeding tube or oral nutrition
[32], while SEPSs were considered at least as safe and ef-
fective as surgical jejunostomy (no differences in weight
loss and albumin) [33]. Available studies lack informa-
tion about stent dwell time till surgery [29, 31, 34, 35].
However, a study reported no differences between SEMS
and non-SEMS groups in median time from diagnosis-
to-surgery (132 vs. 140 days, p = 1.0) [30].

Recommendation: Currently, SEMSs are not recom-
mended in the curative setting, as bridge to surgery.

Esophago-Respiratory Fistulas

When a fistula develops between the esophagus and
trachea or bronchi, the underlying malignancy is invari-
ably incurable, regardless of the primary site. This condi-
tion is associated with a poor survival, so palliative man-
agement is preferred in most cases [36]. Esophageal stents
may be used for treatment of malignant tracheo- and
bronchoesophageal fistulas, due to their safety and effec-
tiveness profile, with lower morbidity and mortality com-
pared to surgery [37]. The reported clinical success of
SEMS ranges from 67 to 100%, and reintervention is
needed in up to 39% of the cases, mainly due to stent mi-
gration, persistent fistula, and aspiration [38].

Combined placement of stents in both the esophagus
and the tracheobronchial tree is another management strat-
egy for esophago-respiratory fistulas (ERF), being indicated
if esophageal stenting could compromise the respiratory
tract via extrinsic compression (more likely in mid-/proxi-
mal ERF); if there is a pre-existing tracheal stenosis; and in
cases of large fistulas (>20 mm) [39-41]. However, patients
who require dual esophageal and airway stenting are at risk

Medas/Ferreira-Silva/Girotra/Barakat/
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Fig. 1. Patient with dysphagia secondary to an esophageal squamous cell carcinoma located in the mid esophagus.
a Endoscopic image showing proximal view of the lesion. b, ¢ Fluoroscopic and endoscopic images after place-
ment of a partially covered 150 x 20 mm self-expandable metal stent.

for fistula worsening due to pressure necrosis on both sides
of the fistula from the two opposing stents [42]. Broncho-
esophageal fistulas are reported in 5-10% of patients with
esophageal cancer; in most of these cases, placement of a
single stent, either a tracheobronchial or an esophageal
stent, is enough to seal the fistula [43].

If double stenting is performed, airway stenting should
be placed first to reduce the risk of airway compromise
and the risk of esophageal stent migration [44]. Mean sur-
vival does not seem to be impacted by single or double
stenting [45].

Recommendation: FC-SEMS or PC-SEMS can be con-
sidered for the treatment of ERF, as long as the fistula is
covered by the stent membrane. Double stenting should
be considered if risk of respiratory tract compromise sec-
ondary to the esophageal SEMS, if pre-existing tracheal
stenosis and if large fistulas (>20 mm).

Benign Disorders

Refractory Benign Esophageal Strictures

Esophageal stents have been studied as an option for
refractory benign esophageal strictures (RBES). They
should only be considered after therapeutic failure of oth-
er endoscopic alternatives, like dilation or incisional ther-
apy. A 2015 meta-analysis from Fuccio et al. [46] (n =
444) reported a clinical success of 40.5% and an overall
AE rate of 20.6%, with stent migration being the most
common AE (28.6%). To prevent stent migration, a vari-
ety of techniques and devices have been used with FC-
SEMS, such as through-the-scope clips [47], over-the-
scope clips (OTSC) [48], and endoscopic suturing [49].
Different retrospective single-center and multicenter

Best Practices in Esophageal,
Gastroduodenal, and Colonic Stenting

studies [49-51] and a meta-analysis [52] support the sup-
position that endoscopic stent fixation in benign esopha-
geal stenting prevents stent migration. Only one study
compared different stent fixation techniques, with OTSC
significantly decreasing stent migration rates as com-
pared to no fixation or endoscopic suturing, while also
increasing clinical success rate [53]. Two studies found
that previous stent migration was a risk factor for similar
future events; therefore, stent fixation should be consid-
ered in patients with high risk for stent dislocation and/
or previous stent migration.

A stent dwell time of 6-12 weeks is recommended, to
allow stricture remodeling and at the same time prevent
stent embedment [26]. FC-SEMSs are preferable over
PC-SEMS for RBES treatment, since PC-SEMSs are as-
sociated with stent embedment, leading to an increased
risk of AEs during stent removal [54]. Despite different
available methods for embedded PC-SEMS removal
(stent-in-stent [SIS], argon plasma coagulation, overtube
technique, inversion technique), comparative studies for
these different techniques are lacking. Overtube and in-
version techniques employ shear forces on a distinct area
to facilitate stent extraction; however, these techniques
may be more invasive and potentially lead to perforation.
Argon plasma coagulation technique, by using heat for
removal, is less complicated but could potentially fail in
severe cases. SIS technique (placement of FC-SEMS over-
lapping the embedded PC-SEMS, followed by removal of
both after 10-14 days) is more expensive and time-con-
suming, but it is the best-studied procedure and is usu-
ally recommended because of the lowest expected com-
plication rate [55].
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Fig. 2. Patient with a refractory benign esophageal stricture due to caustic ingestion, submitted to multiple endo-
scopic treatments (Savary and balloon dilatation, fully covered self-expandable metal stent placement). a Endo-
scopic image of esophageal stricture. b Fluoroscopic image revealing a 2-cm-long stricture after contrast instil-
lation. c-f Endoscopic and fluoroscopic images after placement of a 25/20/25 x 100-mm biodegradable noncov-
ered stent.

A meta-analysis of 18 studies did not show significant
differences in clinical success, stent migration, and com-
plication rates between BDS, SEMS, or SEPS [46]. How-
ever, patients with BDS (Fig. 2) may require fewer endo-
scopic reinterventions [56—58]. Despite this, updated Eu-
ropean Society of Gastrointestinal Endoscopy (ESGE)
guidelines do not recommend BDS over other stents [26].
Lumen-apposing metal stents (LAMSs) also have been
evaluated for RBES, but available data are limited to small
case series [59-62]. They may be considered in patients
with short RBES up to 10 mm (Fig. 3). In patients with
persistent dysphagia despite stent placement, surgery
should be considered. Self-dilatation with boogies may be
an option for poor surgical candidates [63].

Recommendation: Temporary placement of self-ex-
pandable stents may be considered for RBES. No recom-
mendation can be made regarding a specific type of ex-
pandable stent. When SEMSs are used, FC-SEMS should
be preferred. Stent fixation techniques can be used to mit-
igate migration risk.

24 GE Port ] Gastroenterol 2023;30(suppl 1):19-34
DOI: 10.1159/000527202

Leaks, Perforations, and Fistulas

Recent advances in endoscopy have prompted a para-
digm shift in the management of esophageal leaks, perfo-
rations, and fistulas, from surgery to minimally invasive
endoscopic approaches [64]. Even though these terms are
often used interchangeably, in strict terms, they are com-
pletely different [65]. Therefore, their treatment should
be individualized.

Based on three systematic reviews on the use of PC-
SEMS, FC-SEMS, and SEPS in anastomotic leaks and per-
forations, the clinical success rate of esophageal stent
placement is 81-87%, with no difference among the stent
types [66-68]. Only two studies [69, 70] evaluated fistulas
individually, with clinical success ranging from 45.5 to
90.1%; however, SEMSs were used almost always in com-
bination with other endoscopic/pulmonary techniques;
clinical success decreased with orifice size increase [69].
Hubh et al. [71] and Suzuki et al. [72] reported higher clin-
ical success for perforations compared to leaks (100% vs.
60-80%), with anastomotic leak group needing a longer

Medas/Ferreira-Silva/Girotra/Barakat/
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Fig. 3. Patient with a refractory esophago-
jejunal anastomotic stricture who under-
went placement of a lumen-apposing metal
stent (LAMS) across the stricture. a Endo-
scopic image of the LAMS placed across the
stricture. b Esophago-jejunal anastomotic
stricture remodeling after LAMS removal.

Fig. 4. Patient with an anastomotic leak af-
ter total gastrectomy. a Endoscopic image
showing an anastomotic leak occupying
more than 50% of the luminal circumfer-
ence. b Immediately after placement of a
fully covered self-expandable metal stent.

stent dwell time (=4 weeks) compared with the perfora-
tion group (75% vs. 27.3%, p = 0.022). Overall AEs ranged
from 3.8 to 50% [70, 71, 73, 74], with stent migration (8.5-
42%) [67, 74-78] and strictures or stent-induced ulcers
(3-48%) [73, 79] being the commonest. Even though
stent-related AEs are typically managed endoscopically,
severe AEs (14.7%) [80] can occur, requiring nonendo-
scopic advanced management.

The selection of the right stent design also remains a
challenge (Fig. 4). Even though clinical success rates are
comparable, SEMSs perform better than SEPS in leaks
and perforations, with higher technical success (95% vs.
91%, p = 0.032), reduced risk of migration (16% vs. 24%,
p =0.001), and need for stent repositioning (3% vs. 11%,
p <0.001), as well as lower risk of perforation when con-
sidering anastomotic leaks only (0% vs. 2%, p = 0.013)
[67]. Migration rates are higher with FC-SEMS versus
PC-SEMS (odds ratio [OR] 2.44, 95% CI 1.13-5.31; p =
0.024) [77]; however, suturing FC-SEMS may render mi-
gration rates similar to PC-SEMS (adjusted OR 0.56, 95%
CI0.15-2.00; p = 0.37), without the difficulties in remov-
al of PC-SEMS and a lower risk of AEs (21% vs. 46%, p =
0.37) [51]. Shim technique (silk thread attached to proxi-
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mal end of the stent and to the patient ear via the nares)
[81] as well as stents with wider diameters [77, 82] may
also result in lower migration rates. Data regarding the
role of BDS in management of esophageal transmural de-
fects are limited. Only two studies, comprising 13 and 4
patients, are available: despite a clinical success of 77.8-
100%, mucosal reaction (2/4 patients) is a drawback,
causing dysphagia and requiring endoscopic dilation [83,
84].

Predictive factors for stent failure/mortality include
persistence of fistula orifice after 6 months of endoscopic
treatment (OR 44, 95% CI 3.38-573.4; p = 0.004) [69],
larger fistula size [69], if stent was used after failure of re-
visional therapy compared with stent used as initial treat-
ment (55% vs. 100%, p = 0.013) [73], continuous leakage
after stent placement [85], decreased physical perfor-
mance preoperatively [85], and concomitant esophago-
tracheal fistula [85]. Van Halsema et al. [86] developed a
prediction rule for successful stent placement in the con-
text of benign upper GI leakage, consisting of etiology,
location, size of the leak, and C-reactive protein level at
diagnosis. Iatrogenic/spontaneous perforation (vs. leaks
or fistulas), proximal defect location (<25 cm from the
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Fig. 5. Patient with cirrhosis Child-Pugh C and severe esophageal variceal bleeding. a Endoscopic image showing
active bleeding from an esophageal varix. b, c Endoscopic image after placement of a dedicated fully covered self-
expandable metal stent (SX-Ella Danis stent) with bleeding control.

incisive), lower C-reactive protein levels, and smaller de-
fect sizes (<1 cm) were considered predictors of better
outcomes; after validation in a different patient cohort,
the rule was found to significantly discriminate between
failure (NPV 86%) and success (PPV 87%) of stent place-
ment in patients with a predicted low (<50%) or high
(270%) clinical success, respectively.

ESGE-updated guidelines recommend removing the
stent 6-8 weeks after placement [26], even though there
is a tendency to remove or replace stents at shorter inter-
val times, to reduce stent-related AEs. SEMSs have been
compared to endoscopic vacuum therapy for the treat-
ment of post-surgical leaks in two systematic reviews and
meta-analyses [87, 88], with endoscopic vacuum therapy
being associated with higher leak closure, more endo-
scopic device changes, shorter duration of treatment, and
lower rates of mortality and/or major complications. Giv-
en the high complexity and particularities of transmural
defects, in most cases a multimodality approach is ad-
opted, but endoscopic stenting remains one of the most
frequently used options in these patients [77].

Recommendation: Temporary SEMS placement can be
considered for leaks, perforations, and fistulae. Consider-
ing the complexity of these transmural defects, a multi-
modality approach is often preferred.

Acute Variceal Bleeding

In the setting of refractory acute variceal bleeding, sev-
eral systematic reviews and meta-analyses [89-91] sup-
port use of SEMS in successful control of severe or refrac-
tory acute variceal bleeding, without significant device-
related AEs (Fig. 5). This strategy is often used as a bridge
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to transjugular intrahepatic portosystemic shunt or liver
transplantation in a significant proportion of patients
[89], and 6-week survival is mostly related to the severity
of the underlying liver disease. Dedicated FC-SEMSs (SX-
Ella Danis) for esophageal variceal bleeding are available;
when used, retrieval should be performed using a specifi-
cally designed system [92, 93]. There is only one RCT
comparing FC-SEMS (SX-Ella Danis stent) with balloon
tamponade [94], with successful therapy more frequent
in the stent group (66% vs. 20%), with a significantly
higher rate for control of bleeding (85% vs. 47%), lower
transfusion requirements, and a lower incidence of seri-
ous AEs (15% vs. 47%), mainly due to differences in aspi-
ration pneumonia (0 vs. 5) and esophageal tear (1 patient
in the balloon tamponade group); no significant differ-
ence in 6-week survival was observed (54% vs. 40%). In
most published studies, FC-SEMSs were left in place for
up to 2 weeks [95-98], although extended dwell time up
to 30 days has been reported. Recommendation: FC-SEMS
placement may be considered for the treatment of severe
or refractory esophageal variceal bleeding, as a bridge to
transjugular intrahepatic portosystemic shunt or liver
transplantation.

Gastroduodenal Stenting

GOO typically involves the distal stomach and/or the
proximal small bowel (although it may also affect the dis-
tal small bowel) and may be secondary to mechanical/
obstructive or motility causes. Mechanical obstructions
can be benign or malignant [99]. The traditional ap-
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Fig. 6. a Patient with pancreatic cancer and previous biliary self-expandable metal stent with gastric outlet ob-
struction due to tumor invasion in the second portion of the duodenum. b, ¢ Fluoroscopic and endoscopic im-
ages after placement of an uncovered 140 x 20 mm self-expandable metal stent.

proach for management of malignant GOO involves sur-
gical gastrojejunostomy, via either open or laparoscopic
access, although less invasive alternatives including endo-
scopic placement of luminal SEMS (Fig. 6) and, more re-
cently, endoscopic ultrasound (EUS)-guided gastroenter-
ostomies have become increasingly popular. On the con-
trary, benign GOO is generally managed with
endoscopic balloon dilation (EBD), reserving more inva-
sive techniques for EBD refractory cases [100].

A recent meta-analysis favored surgical gastrojejunos-
tomy over SEMS due to longer overall survival and fewer
needs for reintervention. Although postoperative mortal-
ity and AEs were similar between the two groups, the
SEMS group had shorter hospital stay and shorter time to
resume oral intake [101]. Technical and clinical success
was 83.3-100% and 75-100%, respectively [101]. There-
fore, patients with short life expectancy (<6 months), es-
pecially those who are high surgical risk, may be better
candidates for luminal SEMS [102]. Regarding the stent
type for GOO, a 2016 meta-analysis noted no significant
difference in technical or clinical success, AEs, and rein-
tervention for covered SEMS (C-SEMS) and uncovered
SEMS (U-SEMS), but as expected, migration rate was
higher, while obstruction rate was lower with C-SEMS
[103].

In patients with combined malignant duodenal and
biliary obstruction, “double stenting” should be the stan-
dard of care practice, due to its lower invasiveness and
shorter recovery time [104]. Regarding approach for bili-
ary stenting, endoscopic retrograde cholangiopancrea-

Best Practices in Esophageal,
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tography stenting might be associated with a lower AE
rate compared to EUS-guided biliary drainage and should
be considered the preferred approach, when feasible
[105].

Only a few case series have been published regarding
SEMS as salvage therapy for benign GOO who failed ini-
tial EBD attempt. Despite symptomatic improvement in
almost 80% of the patients, SEMS placement is limited by
stent migration rates up to 47% [106, 107], with no robust
evidence to recommend SEMS over surgery in these pa-
tients [102].

Recommendation: In patients with life expectancy be-
low 6 months, especially if at high surgical risk, luminal
SEMS can be considered. Otherwise, gastro-enteric anas-
tomosis should be considered, either surgical or endo-
scopic. Combined malignant duodenal and biliary ob-
struction should be approached with “double stenting.”

Colonic Stenting

Malignant Colonic Obstruction

Colonic stenting is a valid alternative to emergency
surgery in patients with malignant colonic obstruction,
either as bridge to surgery or palliative intention. Prophy-
lactic stenting, in the absence of symptomatic obstruc-
tion, should not be performed. Most of the literature con-
cerns left-sided obstructing colon cancer (Fig. 7), exclud-
ing (distal) rectal cancers; however, SEMS may also be
successfully placed in malignant obstruction of the prox-
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Fig. 7. Patient with malignant colonic obstruction due to colorectal cancer. a, b Fluoroscopic and endoscopic
images after placement of an uncovered 80 x 20 mm self-expandable metal stent.

imal/right colon [108]. As a bridge to surgery, colonic
stenting is associated with fewer overall AEs, similar 30-
day mortality rate, and a higher proportion of primary
anastomoses, compared to emergency surgery. Even
though pre-surgical colon stenting (as bridge therapy)
may be associated with a higher overall tumor recurrence,
this did not translate into a significant difference in terms
of disease-free survival or overall survival on 3- and 5-year
follow-up [109, 110]. The worse oncologic outcomes
seem to be explained by stent-related perforations, with
overall survival being better in studies with lower perfora-
tion rates. The ideal time interval for surgery after colon-
ic stenting should be balanced between stent-related AEs
(reduced by a short interval) and surgical outcomes (im-
proved by a longer interval). ESGE-updated guideline
suggests a 2-week interval between stent placement and
surgery [111]. In patients who are not good candidates for
colonic stenting (locally advanced disease requiring neo-
adjuvant therapy or longer stenosis) or who fail stent
placement, a decompressing stoma may be an alternative
as a bridge to surgery, allowing a higher chance of suc-
cessful primary anastomosis [112].

In a palliative setting, most meta-analyses have dem-
onstrated SEMS to be associated with lower short-term
mortality, hospital stay, early AEs, stoma rates, and time
to initiation of chemotherapy, compared to emergency
surgery. Conversely, late AEs were more frequent in the
SEMS group [113-117]. Chemotherapy does not seem to
be a risk factor for colonic stent-related complications in
general; however, in patients already receiving bevaci-
zumab, stent placement is not advised due to high risk of
perforation [111].

28 GE Port ] Gastroenterol 2023;30(suppl 1):19-34
DOI: 10.1159/000527202

Extra-colonic malignancy complicated with colonic
obstruction may benefit from palliative colonic stenting
and is associated with fewer AEs compared to decom-
pressive surgery. Unfortunately, technical and clinical
success rates are lower compared to primary colonic can-
cer [118-120].

In terms of type of colonic stents, 3 meta-analyses have
compared U-SEMS and C-SEMS, noting similar techni-
cal and clinical success, but U-SEMSs were associated
with fewer overall AEs, including less tumor overgrowth,
lower migration rates, longer patency, and fewer re-inser-
tions, although at the cost of higher risk of tumor in-
growth [121-123]. The main complications included per-
foration, stent failure, stent migration, and stent re-ob-
struction [124]. Migration should be treated with stent
replacement or SIS technique in the palliative setting, and
early surgery in the bridge-to-surgery patients [125].

Recommendation: SEMS can be considered for malig-
nant colonic obstruction treatment as bridge to surgery
(advantages and disadvantages of its placement must be
discussed with the patient) or in palliative setting. Despite
lower success rate, SEMS can also be used for extra-co-
lonic malignant obstruction treatment.

Benign Colonic Obstruction

In recent years, the use of SEMS has been extended to
treatment of benign GI strictures secondary to diverticu-
litis, radiation colitis, inflammatory bowel disease, and
endometriosis, as well to management of post-anasto-
motic colonic leaks, strictures, and fistulas [126]. How-
ever, majority of data available in this regard are derived
from retrospective studies.
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Table 2. Summary of main indications for esophageal, gastroduodenal, and colonic stenting and recommended

types of stents for each indication

Indication

Recommended stent

Esophageal stenting
Malignant esophageal cancer

Palliative intention

Mid-esophageal strictures: FC or PC-SEMS
Distal esophageal strictures: PC-SEMS

Bridge to surgery

ERF

RBES

Leaks, perforations, and fistulas

Refractory acute variceal bleeding
Gastroduodenal stenting

Malignant GOO

Not recommended

FC or PC-SEMS (fistula needs to be covered by stent membrane)
FC-SEMS, LAMS, or BDS

FC or PC-SEMS

FC-SEMS or dedicated stents (SX-ELLA Danis stent)

Expected survival <6 months

U-SEMS

Expected survival >6 months

EUS-guided gastro-enteric anastomosis (LAMS)

Benign GOO Not recommended (consider EUS-guided gastro-enteric anastomosis)
Colonic stenting

Malignant colonic obstruction U-SEMS

Malignant extra-colonic obstruction ~ U-SEMS

Benign colonic obstruction

Not recommended

BDS, biodegradable stent; EUS, endoscopic ultrasound; FC, fully covered; LAMS, lumen-apposing metal stent;

PC, partially covered.

Several studies have reported outcomes of colonic stent-
ing for diverticulitis-associated strictures, as a bridge to sur-
gery or for palliation (in poor surgical candidates). A sys-
tematic review (n = 66) concluded that the AE rate was not
acceptable to warrant its use (11/66 perforations) [127]. Re-
garding fibrostenosic Crohn’s disease (CD) refractory to
medical treatment, SEMS use is only described in small case
series [128]. The largest case series, with a stent dwell time
of 4 weeks, showed treatment efficacy of 64.7%, with one
AE (proximal stent migration). Distal stent migration
(52%) was not considered an AE but rather an incident
[129]. A systematic review evaluated SEMS placement for
the management of colorectal surgical complications in-
cluding anastomotic strictures, leaks, or fistulas. A high ear-
ly success rate (73.3%) was observed; however, anastomot-
ic strictures were more challenging to treat, as around 50%
of the patients had persistent stenosis and 26% required
EBD after stent placement [130]. Complications were re-
ported in 41.5% patients, mainly SEMS migration, ex-
plained by the inherent characteristics of C-SEMS [131].
Colonic stent placement in bowel obstruction due to endo-
metriosis, colonic fistulas, radiation-induced stenosis, or is-
chemic colitis is also reported in literature, but only as case
reports or short case series [126, 127].

Best Practices in Esophageal,
Gastroduodenal, and Colonic Stenting

The largest case series of BDS in colon and ileocolic
anastomotic strictures report a technical success of 90-
100% but only a modest stricture resolution of 45-83%.
Unlike in esophageal strictures, mucosal hyperplastic re-
action after BDS placement has not been reported in in-
testinal strictures [132, 133]. Use of BDS for CD strictures
can theoretically overcome the shortcomings of SEMS
(stent migration and need for stent removal); however,
absence of biodegradable through-the-scope colonic
stents makes deployment proximal to the sigmoid techni-
cally challenging. Data are very limited in this context. A
case series of 11 BDS for treatment of CD strictures of the
terminal ileum or colon (deployed through overtube, as-
sisted by a stiff guidewire, and fluoroscopy guidance) re-
vealed high technical success (90.9%), but early stent mi-
gration occurred in 3 patients [134].

Henceforth, limited available data do not support en-
dorsement of SEMS placement in the context of benign
colonic conditions and should only be considered in case-
by-case basis after multidisciplinary discussion. Recom-
mendation: SEMS placement in benign colonic strictures
should not be routinely performed.
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Conclusion

Endoscopic stenting practices and techniques are con-
tinuously evolving, requiring clinicians to be aware of up-
dated evidence in this field (Table 2). For patients with un-
resectable esophageal cancer, SEMS placement is recom-
mended as a palliative measure if expected survival is less
than or equal to 3 months. If available, brachytherapy
should be considered as an adjunct for patients with ex-
pected survival above 3 months. SEMS placement is also
recommended for patients with malignant tracheoesopha-
geal fistulas as well as patients with RBES and transmural
defects. Gastroduodenal stenting should be considered in
patients with malignant GOO, especially those who have a
short life expectancy (below 6 months). Colonic SEMS is
the preferred treatment for palliation of malignant colonic
obstruction and can be considered as bridge to surgery in
selected patients. In all cases, individualized considerations
and the multidisciplinary context should be made when de-
veloping management recommendations and plans.
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Abstract

Endoscopic esophageal stent placement is an effective palliative
treatment for malignant strictures and has also been success-
fully used for benign indications, including esophageal refrac-
tory strictures and iatrogenic leaks and perforations. Despite
several decades of evolution and the wide variety of esophageal
stents available to choose from, an ideal stent that is both
effective and without adverse events such as stent migration,
tissue ingrowth, or pressure necrosis has yet to be developed.
This paper is an overview of how this evolution happened, and it
also addresses the characteristics of some of the currently
available stents, like their material and construction, delivery
device, radial and axial force pattern, covering and size which
may help to understand and avoid the occurrence of adverse
events. The insertion delivery systems and techniques of place-
ment of an esophageal self-expandable metal stent are re-
viewed, as well as some tips and tricks regarding placement and

management of adverse events. © 2023 The Author(s).
Published by S. Karger AG, Basel

Proteses esofagicas: uma abordagem pessoal
Palavras Chave

Neoplasias do eséfago - Proteses metélicas auto-
expansiveis - Endoscopia - Eventos adversos

Resumo

A colocacdo endoscopica de proteses esofagicas metal-
icas auto-expansiveis é um tratamento paliativo eficaz da
estenose maligna, tendo também sido usada com suces-
so em indica¢des benignas, como no caso de estenoses
refratarias do eséfago ou de perfuracdes e deiscéncias
iatrogénicas. Apesar de varias décadas de evolucao e ndo
obstante existir uma grande variedade de escolha de
proteses esofagicas, ainda esta por desenvolver a protese
ideal que apresente simultaneamente uma eficacia ele-
vada e uma incidéncia reduzida de complicacdes como
migracdo, crescimento tecidular ou necrose por pressao.
Este artigo fornece uma visdo global de como esta
evolucao ocorreu e aborda as caracteristicas de algumas
das préteses atualmente existentes no mercado, como o
seu material e tipo de construcao, padrao de forca axial e
radial, cobertura e dimensbées, que poderdo ajudar a
compreender e a evitar a ocorréncia desses eventos
adversos. Sao analisados os sistemas de libertacao e
técnicas de introducao das proteses metdlicas auto-ex-
pansiveis, com alguns truques e dicas relativas a coloca-
¢do das préteses e abordagem de eventos adversos.

© 2023 The Author(s).
Published by S. Karger AG, Basel

This article was solicited as an invited review by the
editorial board with the aim to reflect my personal
experience on esophageal stenting in an oncology center
setting. The article has therefore been written accord-
ingly, with expert-based opinions supported or prompted
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by clinical data, but with the purpose to stir debate using
available relevant evidence.

History of Esophageal Stents

The current acceptable origin of the word stent is that
it derives from the name of a dentist, Charles Thomas
Stent (1807-1885) who was an English dentist notable for
his advances in the field of denture making. He developed
a formula made of gutta-percha, a plastic substance made
from a Malaysian tree called percha tree used for filling a
tooth after a root canal procedure. The etymological
origin of “stent” as a term in surgery started with Jo-
hannes F. Esser in 1917, which used Stent’s dental com-
pound as a mold for bridging skin grafts [1]. The term
“stent” became popular among surgeons for such appli-
cations and was then later used to define any surgical
mold for bridging tissues until a healing process has taken
place, as in 1954, when Remine and Grindlay described
the use of a polyethylene tube as “to act as a stent for the
anastomosis” in experimental biliary surgery [2]. In
gastroenterology, Molnar and Stockum in 1974 were
the first to use the term stent to describe a percutaneous
transhepatic catheter used to relieve an obstructive jaun-
dice [3] and, in 1980, Nib Soehendra and Reynders-
Frederix described the endoscopic placement of a biliary
stent for the palliation of a malignant biliary obstruction
[4]. Since then, this latter procedure has become the
preferred method to relieve jaundice and improve quality
of life for patients with advanced malignant biliary
obstruction.

Gastrointestinal (GI) stents have been originally used
to treat obstructing cancer in the GI tract. From early
modern medicine in the 19th century until nowadays, GI
tract cancer or luminal palliation has always been a huge
challenge for surgeons and physicians. In esophageal
cancer, for example, there were multiple nonsurgical
attempts to relieve dysphagia. In 1845, James Leroy
d’Etoilles, a French surgeon, was the first to treat malig-
nant dysphagia with a tube made out of ivory, without
success [5]. A few years later in 1885, Charters James
Symonds performed the first successful esophageal
stenting procedure by using an esophageal semirigid
tube with a proximal funnel attached to a silk suture
which was brought out of the mouth and attached to the
patient’s ear, providing adequate nutrition and pallia-
tion, while also improving quality of life [6]. Subse-
quently, considerable advances have been made and
further technical developments included the use of a
stent introducer over a guide wire technique, the direct
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endoscopic insertion, and the use of several materials
like latex or silicone to increase softness of the stents
without the need for external fixation, such as the
Celestin® and the Wilson-Cook® tubes [7, 8]. However,
these esophageal stents, originally designed as rigid or
semirigid, cylinder-like prostheses, while being the best
palliation measure at that time, avoiding surgery, had
poor efficacy and high adverse event rates, such as
migration, obstruction, and perforation of the GI
tract [9].

Self-Expandable Metal Stents

The concept of placing a self-expandable metal stent
(SEMS), inserted through a small diameter delivery sys-
tem which conform to the GI tract angulations, has been
borrowed from the cardiovascular setting. In fact, the first
SEMS to be inserted in the esophagus were two 20 mm
endovascular Wallstents® in patients with inoperable
esophageal cancer [10]. The use of SEMS has allowed
additional anatomical areas to be bypassed, decreased the
risks associated with placement of relatively large diam-
eter plastic tubes, and has expanded our ability to palliate
and effectively treat a wide variety of GI disorders.
According to several randomized controlled trials, the
use of SEMS was associated with significantly reduced
stent-related adverse events when compared to plastic
prosthesis, with better palliation of dysphagia, shorter
hospital days, and longer survival [11, 12]. To this extent,
their development and application has been nothing
short of revolutionary, quickly replacing plastic prosthesis
as the method of choice in the treatment of malignant
dysphagia and, to a lesser extent, refractory benign
esophageal strictures and GI tract fistulas, leaks, and
perforations.

Actual SEMS differ considerably in their properties as
defined by the material used, their shape, the mesh stent
pattern, and the type and design of the cover that
surrounds the stent mesh (Table 1). These different
characteristics and designs may ultimately influence stent
choice and clinical outcome since, despite several decades
of evolution, there is no ideal stent type to date that fits all
cases. That would be one with a reliable and simple stent
deployment system, good visibility on fluoroscopy, radial
force high enough to allow a good expansion but without
causing pain or pressure necrosis, high flexibility and
conformability around angulations and flexures of the GI
tract, resistance to obstruction and migration but with the
ability to be easily removed if necessary. Nevertheless, the
specific implications of the different stent characteristics
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Table 1. Overview of selected esophageal stents and relevant characteristics for clinical practice

Manufacturer Type Material Cover Length (cm) Stent diameter (mm) Introducer size (mm)
Stent name
Boston Scientific
Ultraflex® NC  Nitinol None 7/10/15 18/23 53
PC Polyurethane 10/12/152 18/23; 23/28
Wallflex® PC Nitinol Polyurethane 10/12/15 18/23; 23/28 6.2
FC 18/25/23; 23/28
Polyflex® FC Polyester Silicone 9/12/15 16/20; 18/23; 21/25 12/13/14
Agile® TTS PC Nitinol Silicone 6/10/12/15 14/19; 18/23 35
FC
Cook Medical
Evolution® PC Nitinol Silicone 8/10/12.5/15 20/25 8
FC 8/10/12 18/23; 20/25
M.l. Tech
Hanarostent® NC  Nitinol None 9/12/16 22/28 4
PC Silicone 6-17 18/24:22/28 6
FC 6-18 18/24; 22/28 6-8
Hanarostent® TTS PC Nitinol Silicone 6/8/10/12/15 18/26; 20/26 3.5
FC
Taewoong Medical
Niti-S® PC Nitinol Silicone 6/8/10/12/15 16/24; 18/26; 20/28 53;6.7
FC
Niti-S® TTS PC Nitinol Silicone 6/8/10/12/14/15 18/26; 20/26 35
FC
ELLA-CS
SX Ella BD® BD Polydioxane None 6/8/10/13.5 18/23; 20/25; 23/28; 25/31 6; 9.3

aLength only available in small diameter stents.

on clinical outcome are not completely understood due to
the lack of high-level evidence from head-to-head com-
parisons in randomized clinical trials.

Stent Materials and Construction

The materials used in stent design are of utmost
importance to the successful function and lifetime of
the device. This structural material must be biocompat-
ible, have sufficient elasticity so as to be compressed for
loading into the tubular delivery system, and able to exert
sufficient radial force upon expansion to re-establish
patency of the esophageal lumen [13]. Currently, self-
expandable stents may be manufactured from two ma-
terials, polymer or metal.

The two polymer stents commercially available until
recently were the Polyflex® (Boston Scientific) and the SX
Ella BD® (ELLA-CS). Polyflex® was developed in 2003

Esophageal Stenting

and was a SEPS - self-expandable plastic stent, made of
woven plastic polyester strands and fully covered with a
silicone membrane. In malignant setting, SEPS became an
alternative to SEMS with comparable efficacy in palliation
of advanced esophageal carcinoma [14, 15]. Furthermore,
due to its full coverage and less granulation tissue reac-
tion, it was easily removed endoscopically and it was the
only FDA approved stent for benign indications. Other
indications for their use were the removal of uncovered or
partially covered SEMS thorough a stent-in-stent techni-
que and the increase of the radial force that helps to
achieve full expansion of previously deployed SEMS [16].
However, SEPS did not come pre-loaded and the delivery
system was significantly larger and rigid, requiring pre-
insertion dilation up to 15 mm. SEPS also had a high
radial expansion force, causing chest pain, and was more
prone to migration as they were fully covered [17, 18].
Due to this high risk of adverse events, the production of
the Polyflex® has been terminated.

GE Port ] Gastroenterol 2023;30:35-44 37
DOI: 10.1159/000530704



The SX Ella BD?® is a self-expandable biodegradable
stent developed in 2007 which is composed of polydiox-
anone, a surgical suture material. The advantage of a
biodegradable stent is that they do not have to be
removed after they are implanted, being particularly
useful in benign conditions. The stent maintains its
integrity and radial force for 6-8 weeks after placement
and disintegration occurs by 11-12 weeks, accelerated by
the gastric acid [19]. Although biodegradable stents may
provide a valuable alternative to SEPS and SEMS, they
still present some complications of migration and tissue
regrowth and have multiple external factors affecting its
mechanical integrity and degradation rate. They also need
manual loading and assembly of the delivery system
immediately prior to insertion, with the disadvantage
of requiring larger delivery systems compared to similar
metal stents [20]. Therefore, further improvements are
necessary so that they may have a consistent clinical result
in terms of luminal patency, as well as be considered an
effective, patient-friendly alternative [21].

The most recent and commonly used SEMS are made
of nitinol, a memory-shape alloy with super-elastic
characteristics made of nickel and titanium that,
once deformed, may return to the pre-deformed state
after heating to the body temperature, thus exerting
self-expansive forces until they reach their maximum
fixed diameter [22]. In addition to shape memory,
nitinol also has super-elastic properties, allowing struc-
ture deformations without breaking. The nitinol is wire
woven into a tubular structure that, compared to the
first stainless steel models like the Wallstent® (Boston
Scientific) and Gianturco-Z® stent (Cook Medical),
resulted in a more flexible stent that could be con-
strained into a reduced caliber delivery system and
advanced over a guide wire [13].

The Ultraflex® esophageal stent from Boston Scientific
was the first commercially produced stent to be made of
nitinol. The small and flexible delivery system allowed
easy deployment. However, it was completely uncovered
and encountered the same complications of tumor in-
growth as other uncovered SEMSs. To overcome that
problem, a partially covered Ultraflex® stent was devel-
oped. In 1997, this partially covered Ultraflex® stent was
the first esophageal SEMS inserted in our institution, in a
young woman with a recurrent gastric cancer at the
esophagojejunal anastomosis, and it is still currently
being used by many gastroenterologists, me included.
More recently, in 2008, the Gianturco-Z® stent (Cook
Medical) was replaced by the nitinol-made Evolution®
Controlled Release Esophageal Stent System, a new im-
proved and unique delivery system alternative to the
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traditional push-pull deployment system, enabling accu-
rate placement of the stent. While Ultraflex® only has its
rectosigmoid counterpart (the over-the-wire Ultraflex
Precision®), the Evolution® system has a family of stents
to treat not only esophageal but also gastroduodenal,
biliary, and colonic strictures. Similarly, Boston Scientific
also has the Wallflex® family of nitinol-made stents
encompassing the GI tract, with a “soft” version for
gastroduodenal and colonic locations.

However, the elastic properties of the SEMS are pro-
vided not only by nitinol itself but also from a combi-
nation of the material with the construction of the stent.
There are laser cut stents, with very high radial force and
lower foreshortening, usually less than 10%, thus allowing
for more accurate deployment [23]. However, these stents
are very rigid, with a high axial force [24]. The axial force
is considered to be the force that a stent exerts to
straighten when it bends along the longitudinal axis. If
the axial force is too high, the stent will exert strong forces
to straighten its shape. As a result, they will have less
flexibility, not conform well to anatomic flexures and hold
an increased risk of causing excessive pressure and trau-
ma to the esophageal wall [25]. This laser cut stents differ
from the woven wire-braided or knitted configuration. In
the braided stents, the nitinol wires cross over each other
but do not interlock. They have a high radial force and,
although being more flexible, that configuration retains a
relativity high axial force specially when coated, due to the
restriction of the movement of the wires by the silicone
dipping, heightening the risk of kinking on flexion [26].
In addition, braided stents shorten significantly upon
expansion, thus being less predictable when deployed.
In the knitted design stents, the wires hook around each
other like a wire fence within the stent structure that
allows the stent wires to displace not only laterally but
also in a longitudinal fashion, resulting in a stent with low
axial force and high flexibility [24, 27]. Knitted stents
conform well to anatomical flexures, such as the gastro-
esophageal junction, and have the ability to absorb com-
pressive forces and adapt to esophageal peristalsis, being
more likely to stay in place and avoid migration [13].
Although knitted stents tend to have a lower radial force
than braided ones, they retain the ability to expand into
the original diameter and configuration [24].

Stent Covers

The original esophageal SEMS were mostly uncovered,
which allowed for good embedding into the tumor and
surrounding esophageal tissue, ensuring good anchorage
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and reducing the risk of migration. However, uncoated
stents are prone to tissue hyperplasia and tumor ingrowth
through the stents interstices, eventually leading to new
stricture or obstruction [28].

To overcome these adverse events, a variety of poly-
mers like polyethylene, polyurethane, and silicone have
been used for stent coating. While polyurethane and
external silicone are prone to mechanical damage and
early degradation in an acidic environment, expanded
polytetrafluoroethylene is less elastic but when applied as
an external membrane provides a more durable barrier
against tumor ingrowth [13].

Fully covered stents avoid stent embedding and pre-
vent tissue ingrowth, also preventing the extravasation of
secretions and ingested oral content when a GI leak is
present [29]. They are endoscopically retrievable and
increasingly being used not only for palliation of malig-
nant dysphagia but also off-label in the setting of benign
esophageal diseases like strictures, perforations, and leaks
since they can be placed for extended periods of time
without embedment. Nevertheless, they should be kept in
place no more than 12 weeks since tissue hyperplasia may
still occur at the stent margins due to friction during
peristalsis [30]. However, those advantages came with the
trade-off of an increased risk of migration, which may
lead to recurrent dysphagia or, in case of leaks and leaks,
incomplete sealing of the defect [29, 31]. Furthermore, in
the latter context, fully covered stents adhere less well to
the esophageal wall, allowing the passage of luminal
content in the space between the stent and the
esophageal wall.

A compromise is presented by partially covered
stents, designed to improve stent patency, where several
millimeters of the stent ends are left bare to achieve
mucosal fixation, minimizing migration, while most of
the middle is covered, providing a partial barrier against
ingrowth [32]. Additionally, embedded flanges of par-
tially coated SEMS provide optimal sealing of leaks and
fistula to divert luminal contents, reducing leakage
between the stent and the esophageal wall [33]. This
is particularly relevant in critically ill patients with
anastomotic leaks after upper GI surgery where the
insertion of a partially covered SEMS may play a crucial
role as a quick, safe, and effective treatment. Although
they are generally retrievable up to 1 or 2 weeks after
placement, the longer dwell times needed in these cases
(up to 8 weeks) often require either the obliteration of
the tissue ingrowth in the uncovered portions near the
edges of the stent with argon plasma coagulation or the
insertion of a second high radial force fully covered stent
(a Polyflex® was used in the original description) inside
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the first one. After a period of 10-14 days, the inner stent
is extracted, and an attempt at removing the original
stent can be made. Under fluoroscopy, a therapeutic
scope and two foreign body grasping forceps (a rat tooth
for the lasso loop and an alligator jaw for the metallic
mesh) are used to invert inward the upper flange of the
stent (and if necessary also the lower one) until it
dislodges from the esophageal wall, using afterward
the purse string lasso loop to remove it. This technique,
known as “stent in stent,” should only be attempted by
experienced operators, ideally using a combination of
endoscopy and fluoroscopy to assess stent mobilization
and to reduce the risk of perforation [34].

Stent Size

The size of the stent is another variable to be con-
sidered and that can influence outcomes. Larger diam-
eter stents are usually desirable as they aim to establish
maximal luminal diameter, reducing and delaying the
risk of re-obstruction by luminal ingrowth, while pro-
viding optimal sealing of leaks and fistula to divert
luminal contents [35, 36]. They are also recommended
in settings associated with an increased risk of migration
such as extrinsic compressions, location at the gastro-
esophageal junction or esophagojejunal anastomosis, or
when there is no stricture, like in fistula and leaks. The
trade-off is a higher incidence of chest pain, usually
during the first 24-48 h but sometimes persisting be-
yond the early post-procedural period, mainly in tumors
previously submitted to radiotherapy [37]. Furthermore,
the use of large stents should be avoided in the smaller
proximal esophageal lumen or when there is any tracheal
compression by the tumor [38]. If there is tumor ex-
tension into the airway occluding more than one-third
of the tracheal lumen, a tracheal stent must be inserted
first. Rare cases of anastomotic leak enlargement have
also been described with the use of high radial force large
diameter stents [39].

The length of the stent should be enough to allow the
1.5-2 cm flanges to surpass the tumor. An exception to this
rule is stent placement in the most proximal esophagus,
where the stent flange should not be positioned too far
proximally into or across the upper esophageal sphincter.
However, as long as a flexible small diameter, low radial
force stent is used, it may be left immediately below the
cricopharyngeus, there will be no risk of aspiration or
patient intolerance. Likewise, stents crossing the gastro-
esophageal junction should be at least 12 cm long, so they
may anchor in the esophagus, and no more than 1.5 to
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Fig. 1. Tllustration of the delivery system of the Ultraflex® esophageal stent. Arrows indicate how to release the
stent by pulling out the string. Note the green suture at the proximal end for stent repositioning.

2 cm of stent should be left below the tumor and free in the
stomach, in order to avoid distal migration and the
impaction of the stent on the opposite gastric wall [40,
41]. In patients with high risk of stent migration, the use of
a novel over-the-scope clip device (stentfix OTSC®) man-
ufactured by Ovesco Endoscopy significantly reduced stent
migration rate compared with that without stent fixation,
with no or few adverse events related with clip application
or removal [42].

Insertion Technique

Precise placement of SEMS in the esophagus is relatively
straightforward and generally easier than stent placement in
other locations. Adequate patient sedation is mandatory for
these procedures as coughing and patient movement during
stent insertion can result in misdeployment. The first step is
to perform an upper endoscopy to define the proximal and
distal margins of the malignant stricture or lesion. However,
the stricture is oftentimes very tight or difficult to allow the
passage of a standard gastroscope. In those cases, several
endoscopic maneuvers like luminal suction, rotation of the
endoscopic insertion tube, locking the angulation control
knobs, and stiffening of the endoscopic tip with a forceps or
metallic guide wire should be attempted. If, despite all
efforts, the gastroscope cannot pass through the stricture,
there are several options: contrast may be injected under
fluoroscopy to delineate the lesion, a pediatric upper endo-
scope may be used, or the stricture may be dilated.
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Although aggressive dilation should be avoided since it
may increase the risk of perforation, dilation up to a
maximum diameter of 11 mm with a bougie is quite safe.
That will permit a standard endoscope to pass beyond the
tumor with the advantage of allowing the full evaluation
not only of the stricture characteristics and length but also
of the rest of the upper GI tract. Moreover, it will also
allow the use of an endoscopic clip to mark the margins of
the lesion for fluoroscopic visualization since most clip-
ping fixing devices are not compatible with the working
channel of the pediatric upper endoscopes. Precise mark-
ing is of utmost importance mainly when there is a small
margin of error like in the proximal cervical esophagus,
where the stent should be positioned immediately below
the cricopharyngeus, when there is the need to seal a leak
or fistula or even in the cardia, where no more than 1.5 to
2 cm of stent should be left free in the stomach, as
previously mentioned. Additionally, in some delivery
systems like the Ultraflex®, the stent is tied down to
the outside of the delivery catheter by a silk thread, which
makes the system bulky and externally rough, resulting in
the highest need for predilation. After passing the gastro-
scope through the stricture, the margins of the area to be
stented should be marked with two endoclips, namely in the
middle esophagus or in case of large leaks where we want to
center the stent, or with only one endoclip in lesions of the
cardia or near the upper esophageal sphincter, where there is a
one-sided narrower margin of error. A metallic stainless steel
guide wire (Savary-Gilliard®, Cook Medical) is then left in
place with the tip in the second part of the duodenum or
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Fig. 2. Radiologic and CT scout appearance of the Ultraflex® stent
placement across the gastroesophageal junction. Higher flexibility
allows better conformability in anatomically challenging areas like
GI angulations, reducing the risk of pressure necrosis and
migration.

1D:
E

Fig. 3. Endoscopic view of the partially covered Ultraflex® esoph-
ageal stent immediately after deployment.

Esophageal Stenting

looping in the antrum, and the endoscope is removed. The use
of a stift guide wire allows for a greater support and stability,
especially when placing a floppy stent delivery system distally
in the esophagus or gastroesophageal junction. If a metallic
guide wire is not available, another option is to use an extra
stiff 0.035” guide wire like the Lunderquist® (Cook Medical).
In very narrow and complex strictures difficult to negotiate,
you may use a guide wire with a hydrophilic tip like the
Jagwire® Stiff Shaft (Boston Scientific) eventually with the help
of a three lumen, dual port cannula Tandem® XL (Boston
Scientific) for simultaneous contrast injection.

Stent Selection

There are a wide variety of stent designs that are
commercially available in current practice, each with its
purported advantages and limitations. Since there is no ideal
stent type to date that fits all cases, achieving expertise with
different models will aid physicians in selecting the optimal
SEMS for a given condition. In my personal experience,
stent flexibility is the most important feature in stent
selection that should be taken into consideration as I believe
that the incidence of complications like migration and
pressure necrosis can be reduced with increased flexibility.

Worldwide, Ultraflex® is one of the most commonly
used stents for treatment of malignant dysphagia. This
stent, made of knitted nitinol, has a central cover of
polyurethane and has uncovered ends at the proximal
and distal 15 mm stent ends. It is available in two diameters
(18-mm body/23-mm proximal flare and 23-mm body/28-
mm proximal flare) and in both proximal and distal release
delivery systems. It is mounted with a long thread that
holds the compressed stent. The end of the thread is pulled
through the catheter lumen to the opposite end of the
catheter and tied to a plastic ring. The stent is released by
pulling the thread (Fig. 1). After expansion, it foreshortens
up to 30-40%, which makes precise stent placement diffi-
cult [9]. Moreover, although there are four radiopaque
markers in the delivery system (the inner two markers
indicating the final position of the covered part of the
deployed stent and the outer two, the position of the
uncovered portion), these markers are not very reliable
and some experience is needed for accurate positioning.
The main advantage of the Ultraflex® is its axial force being
the lowest among the currently available stents, which
makes it soft and flexible [25]. That better conformability
to the esophageal wall and angulations allows for a reduced
migration rate, less pressure necrosis, and a better sealing of
GI leaks [43]. The latter, along with the benefit of having
the distance from the upper margin of the stent to the
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Fig. 4. Evolution® Controlled Release
Esophageal Stent System. Radiologic
and CT view after deployment in a case
of extrinsic esophageal compression
caused by an obstructive pulmonary
cancer.

Table 2. Overview of clinical success
and adverse events with esophageal
SEMS placement for malignant and

benign indications

Malignant Esophageal Benign stricture
indication leakage
Clinical success (%) 80-95 [49] 81-87 [50-52] 24-41 [53, 54]
Major complications (%)
Major bleeding 8.0 0.6-1.3 1.8-3
Aspiration pneumonia 5.0 0.7 0.7-1.3
Perforation 2.0 0.7-1 0.9-1.3
Recurrent dysphagia (%) 31.0 20 28-29
Tissue overgrowth 14.0 2.7 0-2.2
Stent migration 11.0 12-16.5 24.5-28
Food obstruction 7.0 1.1 0-2.2
Retrosternal pain (%) 30.0 0.5 43-5.0

incisors depicted on the introducer system, allows for its
placement in patients with anastomotic leaks in intensive
care units without the need for fluoroscopic guidance [44].
The proximal release small diameter Ultraflex® is also the
ideal stent to be inserted in high strictures close to the upper
esophageal sphincter, since it allows a more precise control
of the stent position during expansion, while the distal
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release large diameter one is most suitable for placement
across the gastro-esophageal junction [13] (Fig. 2, 3).
The Evolution® (Cook Medical) is a braided mesh stent
that is made from a single woven, nitinol wire. These stents
have an internal and external silicone coating in order to
prevent ingrowth and recurrent dysphagia. The internal stent
cover also precludes adherence of fibrous food to the stent
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mesh. Two different versions are available: a partially covered
with 20 mm uncovered distal and proximal flares and a fully
covered version. The stent is available in lengths varying from
8 to 15 cm and a body diameter of 20 mm with flanges of
25 mm and is placed with a pistol-grip delivery system which
allows controlled release and recapturing, if needed. The
braided construction and the silicone encasement of the stent
mesh allows for a higher expansion force than the Ultraflex®,
making it ideal for placement in strictures with a large tumor
bulk or surrounding fibrosis in the mid-esophagus [26, 45]
(Fig. 4). In addition, the fully covered version of the stent also
has a repositioning lasso loop in both ends, making it easily
retrievable. This fully covered stent is most suitable for
placement as the inner stent in the “stent-in-stent” technique,
as explained above, or when there is recurrent malignant
dysphagia due to tumor progression and overgrowth at the
proximal or distal stent ends. In the latter, a second fully
covered stent is placed through the first stent, adequately
covering the site of tumor overgrowth. Endoscopic clipping
may be used to fix this stent to the mesh of the previous one,
avoiding the risk of stent migration. With this technique, we
take the advantage of the full coverage to resist tissue in-
growth and reduce episodes of recurrent dysphagia without
the disadvantage of a higher risk of stent migration.

Table 2 shows an overview of clinical success and
adverse events with esophageal SEMS placement for
malignant and benign indications. Although there is a
relatively high risk of adverse events, most of these are
minor and can be prevented or managed endoscopically,
like stent migration and tissue in- or overgrowth. The
minor adverse event rates are comparable between ma-
lignant and benign indications. Observed major compli-
cations included esophageal perforation, hemorrhage,
and pneumonia due to aspiration. Innovations requiring

radioactive stents, with improved dysphagia grades and
median survival in patients treated with I-125 loaded
stents [46], and drug eluting stents with bi- or multilayer
configuration for localized delivery of various drugs like
paclitaxel or 5-fluorouracil, these still with no clinical data
in humans [47, 48].

Although the initial stent selection has a significant
impact on the clinical outcome in patients with inoper-
able malignancy, there are no data to date demonstrating
significant differences in outcomes or complications
among SEMS types. Most evidence is of low grade, based
on case series or small comparative studies. Therefore, the
choice of specific SEMS has been based on availability and
endoscopist’s preference and experience. Better under-
standing of the factors affecting stent performance and a
more individualized approach to each patient should be
adopted in order to choose between the multiple stenting
options.
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Abstract

Introduction: Anastomotic leak (AL) is a dangerous compli-
cation in the early postoperative period after total gastrec-
tomy or esophagectomy being associated with high mortal-
ity. Self-expandable metal stents (SEMS) play a significant
role in AL management. Only one case report described the
use of Mega-Stent in AL setting. The authors report a two-
case series with different applications of a Niti-S esophageal
Mega-Stent in AL management. Case Report: Case 1 is a
67-year-old male who underwent an esophagectomy due to
a squamous cell carcinoma of the distal esophagus. The ear-
ly postoperative period was complicated with AL and gastro-
pleural fistula. Initially, an OTSC was deployed in the dehis-
cence but failed to resolve AL. The esophageal Mega-Stent
was further placed in-between the esophagus and the bul-
bus. Post-stenting contrast studies confirmed no further
AL.Case 2 is an 86-year-old woman who underwent total
gastrectomy with roux-en-y esophagojejunostomy due to a

gastric adenocarcinoma, complicated with AL. A partially
covered metal stent (PCMS) was placed to cover the anasto-
mosis. Computed tomography confirmed leakage persis-
tence and a second PCMS was deployed, resolving the AL.
Several weeks later, both PCMSs presented ingrowth from
granulation tissue. An esophageal Mega-Stent was placed
(stent-in-stent technique) and 2 weeks later, all stents were
removed, with no AL recurrence. Discussion/Conclusion:
SEMS placement for AL is a safe, well-established therapeutic
technique. Limitations include stent migration and incom-
plete cover of large AL. Mega-Stent can be an emerging tool
for endoscopic AL management.
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Resumo

Introduc¢do: A deiscéncia anastom@tica (DA) é uma com-
plicacao grave no pos-operatorio precoce da esofagecto-
mia e gastrectomia total, pela sua elevada mortalidade. As
préteses metdlicas autoexpansiveis (PMAE) desempen-
ham um papel fundamental no tratamento das DA. Na
literatura, ha apenas um caso descrito sobre a utilizacao
de um Mega-Stent no contexto de DA, que ndo complica-
¢ao bariatrica. Os autores reportam uma série de dois ca-
sos com diferente aplicacao do Mega-Stent esofagico no
tratamento de DA. Descri¢do do caso: Caso 1: Homem de
67 anos, submetido a esofagectomia por carcinoma epi-
dermoide do eséfago distal. O periodo pds-operatorio
precoce foi complicado de DA com fistula gastro-pleural.
Inicialmente foi colocado um clip OTSC no orificio da deis-
céncia com insucesso técnico e clinico, sendo posterior-
mente utilizado o Mega-Stent, posicionado desde o eso6fa-
go até ao bulbo duodenal. Estudos contrastados posteri-
ores confirmaram resolucao da DA. Caso 2: Mulher de 86
anos, submetida a gastrectomia total com reconstrucao
em Y-Roux e esofagojejunostomia por adenocarcinoma
gastrico, complicada de DA. Neste contexto foi colocada
uma PMAE parcialmente coberta (PMAE-PC) sobre a drea
da anastomose. A tomografia computorizada subse-
quente demonstrou persisténcia de extravasamento. Foi
colocada uma segunda PMAE-PC, com posterior res-
olucdo da DA. Semanas depois, ambas as PMAE-PC apre-
sentavam tecido de granulagao nos topos, tendo sido co-
locado o Mega-Stent (técnica stent-in-stent) e decorridas
duas semanas, todas as proteses foram facilmente extrai-
das, confirmando-se sucesso no tratamento da DA. Dis-
cussdo/conclusdo: A utilizacao de PMAE nas DA constitui
uma técnica terapéutica segura e bem estabelecida, con-
tudo passivel de apresentar limitagdes tais como a migra-
¢ao ou incapacidade de cobrir totalmente DA de maiores
dimensoes. O Mega-Stent esofagico pode constituir uma
ferramenta Util na terapéutica endoscépica destes doen-

tes. © 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Anastomotic leaks (AL) are one of the most worrisome
complications in the early postoperative period, either af-
ter a total gastrectomy or an esophagectomy [1, 2].

The AL incidence after esophagectomy ranges from 5
to 40% [3-5]; for AL post gastrectomy, several groups
have reported rates of 5-7% [6, 7].
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AL results in high mortality, often requiring repetitive
therapeutic interventions and is associated with pro-
longed hospitalization [7, 8]. Early diagnosis and timely
treatment are of utmost importance to avoid serious AL-
related complications. However, early recognition of AL
can be difficult due to the different clinical scenarios, of-
ten indistinguishable from symptoms caused by physio-
logical postoperative inflammatory response or infection
[9].

AL treatment options include conservative approach,
endoscopic interventions, or surgery. The nonsurgical
approach should be the initial strategy, reserving surgical
reintervention for conservative measures’ failure. De-
pending on the size and location of AL, a variety of endo-
scopic procedures can be selected, namely: endoscopic
clips (mainly over-the-scope clips - OTSC), self-expand-
able metal stents (SEMS), endoscopic vacuum therapy
and fibrin glue [10-12]. SEMS play a significant role in
the management of these patients. There have been sev-
eral reports of AL endoscopic treatment with SEMS place-
ment [13, 14]. Only one case report described the use of
an esophageal Mega-Stent in a patient with postesopha-
gectomy gastropleural fistula [15]. Herein, the authors
describe two examples of the utility of Mega-Stent in AL
management.

Case Report

Case 1

A 67-year-old male was referred to the Surgery Outpatient
Clinic with a 4-month history of dysphagia and weight loss. The
patient was a former smoker. Other relevant past medical history
included squamous cell carcinoma (SCC) of the head, surgically
resected in the previous year, and colorectal cancer diagnosed 10
years before, that underwent right hemicolectomy. The upper GI
endoscopy revealed a SCC of the distal esophagus. Clinical staging
was cuT3N3aMO, according to computed tomography (CT), en-
doscopic ultrasonography (EUS) and fluorodeoxyglucose posi-
tron-emission tomography (FDG-PET) findings. The patient un-
derwent neoadjuvant chemoradiotherapy and control CT showed
clinical response. Afterwards, an Ivor-Lewis esophagectomy was
performed without immediate complications. Two days after the
procedure, the thoracic drain poured biliary fluid. Endoscopy with
fluoroscopic control was performed, confirming the suspicion of
AL of the gastric staple line of the esophagogastric anastomosis
(EGA). An OTSC was placed in the dehiscence orifice. The patient
started total parenteral nutrition (TPN). Three days later, fever was
noted and thoracic CT revealed extraluminal oral contrast from
the gastric conduit to the right pleura, confirming the presence of
a gastropleural fistula (Fig. 1). Repeated endoscopy identified the
OTSC previously placed in situ (Fig. 2a). Immediately below the
EGA, in the posterior wall of the gastric conduit, a small orifice was
seen, and a fluoroscopic image confirmed extraluminal contrast
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Fig. 1. Computed tomography. a Dehiscence of the gastric staple line of the esophagogastric anastomosis (arrow).
b Gastropleural fistula with oral contrast in the pleural cavity (arrow).

Fig. 2. Fluoroscopic image. a OTSC clip (arrow) placed in the first esophagogastroduodenoscopy. b Extraluminal
contrast leakage (arrow) from the gastric conduit. ¢ Niti-S™ MEGA™ Esophageal Stent (Mega-Stent), placed
between the esophagus and the bulbus (arrows).

leakage (Fig. 2b). The previous OTSC clip was removed with a
grasp and soft coagulation with Argon Plasma was applied at the
orifice margins. Another OTSC was placed over the dehiscence
orifice, and no further extraluminal contrast was observed at fluo-
roscopic evaluation. Given the friability of the tissue surrounding
the OTSC and the failed first attempt with this method, we comple-
mented therapy with a fully covered metal stent (FCMS). A Niti-

Esophageal Mega-Stent for Management
of Anastomotic Leak

S™ MEGA™ Esophageal Stent (Mega-Stent) from Taewoong
Medical measuring 28 x 230 mm (Fig. 3) was chosen to ensure
gastric conduit exclusion and facilitate healing. The proximal end
of the stent was anchored in the esophagus and the distal end in
the proximal bulbus (Fig. 2c). Three through-the-scope (TTS)
clips were also used at the proximal end of the Mega-Stent to avoid
migration. The patient improved and subsequent radiologic con-
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Fig. 4. Computed tomography showing
anastomotic dehiscence (arrow). Red as-
terisk: esophagojejunal anastomosis. Blue
asterisk: jejunum. Green asterisk: extralu-
minal air.

Fig. 5. Fluoroscopic image of partially cov-
ered metal stent placed in the esophagus,
covering dehiscence.

trol showed progressively AL resolution. Several infectious com-
plications significantly increased hospital in-stay length. TPN was
maintained during most of the hospital admission. Enteral nutri-
tion was started on the 36th day after Mega-Stent placement and
parenteral support was discontinued after 40 days. Before patient
discharge, repeated CT confirmed absence of AL and ambulatory
endoscopy was scheduled for 6 weeks later to remove the stent
which was easily performed with a grasp. Scar tissue was observed
in the previous AL location, and no extraluminal contrast was ob-
served at fluoroscopic evaluation, thus confirming successful of
endoscopic treatment.

Case 2

An 86-year-old woman was referred to the Surgery Outpatient
Clinic with a 1-month history of low solid food dysphagia. Rele-
vant medical history included left nephrectomy due to tuberculo-
sis and iodine contrast allergy. Endoscopy revealed ulcerated gas-
tric neoplasia, involving the anterior wall of the distal corpus and
proximal antrum. Biopsies were consistent with well-differentiat-
ed gastricadenocarcinoma. CT and FDG-PET showed local lymph
node involvement but no distant metastasis. Staging laparoscopy
did not reveal peritoneal metastasis. Given the patient’s good per-
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formance status (ECOG-0/Karnofsky-90), total gastrectomy with
Roux-en-Y esophagojejunostomy was performed without imme-
diate complications after a thorough informed consent had been
obtained. A feeding jejunostomy was also left for immediate nutri-
tional support. On the third postoperative day, the patient pre-
sented fever, thoracalgia and dyspnea. Thoracic CT confirmed AL
(Fig. 4). Endoscopy did not identify a clear dehiscence orifice.
However, at fluoroscopic evaluation, extraluminal contrast was
seen at the esophagojejunal anastomosis (EJA) site. A 23 x 125 mm
PCMS was placed to cover the EJA (Fig. 5). The patient started
TPN. Ten days after surgery, biliary drainage was noted in the tho-
racic drain. CT demonstrated oral contrast leakage at the proximal
end of the PCMS. EGD with fluoroscopic control confirmed min-
imal extraluminal contrast at the proximal third of the stent. A new
23 x 125 mm PCMS was placed to cover the leakage area, the prox-
imal end located 5 cm above the previous stent, secured with 3 TTS
clips. After this intervention, the patient presented clinical im-
provement. Repeated CT confirmed absence of leakage. She was
weaned off TPN, being discharged after 47 days due to several in-
fectious complications. Endoscopic removal of both stents was
scheduled for 10 weeks after discharge. Due to granulation tissue
on both ends of the PCMS, the endoscopy team decided to place a
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Fig. 6. a Three stents removed endoscopically after using the Mega-Stent for stent-in-stent technique. b Endo-
scopic image of anastomosis with no evidence of dehiscence. ¢ Fluoroscopic image revealing no extraluminal

leakage.

Mega-Stent to cover both uncovered tops (stent-in-stent tech-
nique). Two weeks later, the three stents could be easily removed
using a grasp without complications (Fig. 6a). The anastomosis
presented no dehiscence (Fig. 6b) and, at fluoroscopic evaluation,
no leakage was seen (Fig. 6¢).

Discussion

AL after oncologic surgery is a very serious and chal-
lenging problem. Gastrectomy plus lymphadenectomy
followed by EJ A is the standard treatment for gastric can-
cer. Despite advances in surgical techniques and periop-
erative management, EJA leak remains a serious and po-
tentially fatal complication of total gastrectomy [16].
Opverall, the mortality rate associated with EJA leak is ap-
proximately 30% [7]. Esophagectomy, on the other hand,

Esophageal Mega-Stent for Management
of Anastomotic Leak

is a technically challenging procedure, prone to high in-
cidence of complications. AL after cancer resection re-
mains one of the most feared complications, associated
with high mortality [17].

Isolated AL can sometimes be successfully managed
with conservative treatment, including antibiotics, nil by
mouth, nasojejunal tube or parenteral feeding. Several
endoscopic approaches including SEMS, endoscopic vac-
uum therapy and clips have been reported to be useful in
treating AL and can result in healing with minimal mor-
bidity [11-14]. Revisional surgery presents a challenge
and carries a risk of further complications. However, sur-
gical intervention is sometimes required for refractory
AL cases after failed conservative or endoscopic approach.
No evidence supporting a specific treatment option for
AL has been defined for lacking high-quality studies [18,
19].
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Vacuum therapy has shown good results in the litera-
ture, but in both our cases, only small dehiscence orifices
were observed, without a cavity contacting with esopha-
geal lumen, thus making it an inadequate scenario to ap-
ply vacuum therapy. Also, we have little experience with
this treatment, as opposed to OTSC and luminal stents.
The endoscopic SEMS placement for cases of AL or fis-
tula presents a safe and well-established therapeutic tech-
nique, with low overall procedure-related mortality.
However, stent migration and failure to completely cover
large AL are the main pitfalls of the procedure [20]. The
use of multiple or larger stents can be a way of overcom-
ing such limitations. Several reports described the use of
a Mega-Stent for managing leaks after laparoscopic sleeve
gastrectomy [21-23]. In fact, the Mega-Stent was devel-
oped for management of leaks after sleeve gastrectomy,
but the EGA leak presents a similar behavior, thus Mega-
Stent is a valid option in this situation. Only one case re-
port described clinical success using a Mega-Stent in a
case of postesophagectomy gastropleural fistula [15].

In our first case, the patient underwent an esophagec-
tomy and presented AL in the proximal part of the gastric
conduit. The choice of the Mega-Stent arose after a first
failed attempt of AL treatment usingan OTSC. Consider-
ing the abrupt diameter transition between the esophagus
and the stomach, a standard sized SEMS would not prop-
erly seal the AL. Also, since conventional stents would
present a significant migration risk, an esophageal Mega-
Stent was selected to ensure gastric conduit exclusion and
facilitate healing while minimizing dislodgment, as it
could be placed and anchored between the esophagus and
the bulbus. Nevertheless, we chose to place 3 TTS clips in
the proximal end of the Mega-Stent to guarantee stent
fixation. OTSC and endoscopic suturing are recommend-
ed to prevent stent migration. Unfortunately, we had no
more OTSC with adequate size for this purpose available
at that moment in our unit. Furthermore, the placement
of an OTSC would be a more expensive strategy just for
preventing stent migration. As endoscopic suturing was
not available in our center, we considered the placement
of TTS clips to be the best choice in this case. The AL was
successfully treated.

Regarding the second patient, with an EJA leak after a
total gastrectomy, a first PCMS was placed in attempt to
treat the AL. The choice of a PCMS was to prevent stent
migration. However, one stent could not resolve the AL,
so we placed a second PCMS, successfully treating the AL.
Stent removal was scheduled 10 weeks thereafter, but due
to granulation tissue on both PCMS, we opted to perform
a stent-in-stent technique using an esophageal Mega-
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Stent. The use of a single standard size FCMS would not
have enough length to cover both uncovered portions of
the previously placed stents. The alternative would be to
place two FCMS, either in the same endoscopic proce-
dure or in different endoscopic times and removing them
sequentially in two stent-in-stent approaches. In this case,
the Mega-Stent proved very useful in this case since we
removed all three stents 14 days later without complica-
tions. This case illustrates an alternative application of the
Mega-Stent in AL management.

The authors believe that the Mega-Stent can be an
emerging tool for endoscopic management of surgical AL
since it is safe, easy to place, able to treat large AL and re-
duces the risk of stent migration. It can also be used in
stent in-growth cases, avoiding the need for multiple
FCMS, thus simplifying the procedure.
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Resumo

Introduction: Endoscopic techniques are now considered
the first-line approach for the management of bariatric sur-
gery-related fistulas. The off-label use of cardiac septal de-
fect occluders (CSDO) is an emerging technique that has
demonstrated favorable outcomes for the closure of extra-
vascular defects, including gastrointestinal (Gl) disruptions.
Previous case reports have reported similar results with the
CSDO Amplatzer™ for the management of Gl disruptions fol-
lowing bariatric surgery. However, the use of similar alterna-
tive devices for this purpose has not yet been described.
Case Presentation: This case report presents the first report-

ed use of the Occlutech® CSDO for the treatment of a chron-
ic gastrocutaneous fistula after bariatric revisional surgery.
Despite apparent initial success — no extravasation of con-
trast material through the device in the contrast study after
the CSDO placement - fistula closure failed due to partial
dislodgement of the device. The placement of a second de-
vice between the discs of the former one ultimately sealed
the fistulous orifice. Discussion: In chronic Gl fistulas, the
mature tract is often not liable to the application of standard
endoscopic methods, leading to failed closure attempts. A
new application of Occlutech® CSDO can obviate the clinical
burden of a high-risk laparotomy in these cases. Appropriate
endoscopic equipment as well as the involvement of a mul-
tidisciplinary team are prime conditions to ensure successful

patient outcomes. © 2022 The Author(s).
Published by S. Karger AG, Basel
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Tratamento endoscépico de fistula gastrocutanea
cronica apos cirurgia bariatrica revisional com novo
dispositivo de oclusao septal cardiaco

Palavras Chave
Cirurgia bariatrica - Fistula gastrica - Endoscopia -
Gastrointestinal - Dispositivo para oclusao septal

Resumo

Introducdo: As técnicas endoscépicas sao atualmente
consideradas abordagens de primeira linha no manejo
das fistulas associadas a cirurgia bariatrica. O uso off-label
de dispositivos de oclusao do septo cardiaco (CSDO) é
uma técnica nova que tem demonstrado resultados fa-
voraveis no encerramento de defeitos extra-vasculares,
incluindo fistulas gastrointestinais. Relatos de caso prévi-
os reportaram resultados semelhantes com o CSDO Am-
platzer™ para o tratamento de fistulas gastrointestinais
pos cirurgia baridtrica. No entanto, o uso de dispositivos
alternativos semelhantes para esse fim ainda nao foi de-
scrito. Relato de Caso: Este relato de caso apresenta o pri-
meiro uso reportado do CSDO Occlutech® para tratamen-
to defistula gastrocutanea cronica apos cirurgia bariatrica
revisional. Apesar do aparente sucesso inicial - nenhum
extravasamento de contraste através do dispositivo na
fluoroscopia apods a colocacao do CSDO, houve recorrén-
cia da drenagem fistulosa devido ao deslocamento par-
cial do dispositivo. A colocacdo de um segundo disposi-
tivo entre os discos do primeiro acabou por encerrar o
orificio fistuloso. Discussdo: Nas fistulas gastrointestinais
cronicas, o trajeto epitelizado muitas vezes nao é passivel
de aplicagao dos métodos endoscédpicos tradicionais,
levando a multiplas tentativas fracassadas de encerra-
mento. A nova aplicacdo de Occlutech® CSDO pode evitar
o risco de uma laparotomia de alto risco nesses casos. Eq-
uipamentos endoscopicos adequados, bem como o en-
volvimento de equipe multidisciplinar sdo condicées pri-
mordiais para garantir o sucesso do tratamento.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Gastrointestinal (GI) fistulas are one of the most feared
adverse events after abdominal surgery and constitute the
second-leading cause of death among patients undergo-

Cardiac Septal Occluder for Fistula
Endoscopic Closure

ing bariatric procedures, with a mortality rate of up to
14.7% [1]. They mostly occur in the gastrojejunal anasto-
mosis or along the gastric vertical staple line [2], with an
estimated incidence of 0.7-5% [3]. Despite recent ad-
vances in treatment modalities, it remains a therapeutic
challenge and often requires clinical intensive care, mul-
tiple radiological, endoscopic, and surgical procedures,
and interdisciplinary involvement (3, 4].

Endoscopic techniques are now considered the first-
line approach for the management of bariatric surgery-
related fistulas, as they spare many patients who would
otherwise undergo revisional surgery at an increased risk
of adverse events [3]. A variety of different procedures
and devices has been proposed with variable success rates,
including clips, mesh plugs, self-expandable metal stents,
tissue sealants, suturing platforms, internal drainage, vac-
uum therapy, brushes, and argon plasma coagulation [3,
5-7].

The use of cardiac septal defect occluders (CSDO) is
an emerging technique that has demonstrated favorable
outcomes for the closure of extravascular defects, such as
bronchopleural, tracheoesophageal, enteroatmospheric,
and rectovaginal fistulas [5]. Other studies have reported
similar results with the CSDO Amplatzer™ for the man-
agement of GI disruptions following bariatric surgery [8].
However, the use of alternative devices for this purpose
has not yet been described. The current report presents
the first off-label use of the Occlutech® occluders for the
treatment of a chronic fistula after bariatric revisional

surgery.

Case Report

A 52-year-old male with a body mass index of 23.6 kg/m? and
no comorbidities was referred to our institution for surgical con-
sultation due to a chronic post-bariatric gastrocutaneous fistula.
His bariatric history started in 2002, after he underwent an open
modified Scopinaro procedure at an initial weight of 216 kg (BMI
57.4kg/m?). Despite midterm satisfactory results (44% total weight
loss), the patient presented with weight reganance and an inci-
sional hernia. Bariatric revisional surgery and hernia repair were
performed in 2017 at a weight of 170 kg (BMI 45.1). He soon de-
veloped a gastric pouch leak with multiple intra-abdominal collec-
tions and sepsis, which required a long period of conservative
management with open abdomen and negative wound pressure
therapy, parenteral nutrition, and intravenous antibiotics.

Over the course of several months, he developed an epithelized
gastrocutaneous fistula with controlled but persistent drainage out
of the proximal edge of his planned ventral hernia (Fig. 1a). An
upper endoscopy identified a fistulous orifice at the proximal edge
of the vertical staple line, just below the esophagogastric junction,
measuring approximately 8 mm (Fig. 1b), with extraluminal ex-
travasation that led to a recurrent left subphrenic abscess (Fig. 1¢).
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Fig. 1. a Clinical photograph (arrow: cutaneous orifice of fistula; pigtail drain in left subphrenic abscess). b En-
doscopic image of the fistula opening (arrow) below gastroesophageal junction. ¢ CT scan: extravasation of oral
contrast media (yellow arrow); left subphrenic abscess (blue arrow).

Fig. 2. a Endoscopic visualization of the first device in place - Occlutech® mVSD occluder. b Fluoroscopic image
after partial dislodgement of the device; fistula cannulation demonstrating extraluminal extravasation of contrast
material through the occluder. ¢ Endoscopic visualization of the second device in place — Occlutech® Figulla Flex
IT occluder.

Endoscopic treatment was considered the preferred choice for this
case, given the poor nutritional status and hostile abdomen. For
years, he had undergone multiple attempts at fistula closure using
argon plasma coagulation, internal and external drainages, clip-
ping, fibrin sealants, e-vac therapy, and stenting.

Discouraged with multiple failed repair attempts, he was re-
ferred for further evaluation in our center. After a multidisci-
plinary team discussion, a decision was made to proceed with an
innovative endoscopic technique. The placement of a CSDO
across the fistula orifice was planned with the agreement and writ-
ten consent of the patient.

An Occlutech® muscular VSD occluder (Occlutech Interna-
tional AB, Helsingborg, Sweden) was selected due to the long fun-
nel-shaped aspect of the defect, similar to a ventricular septal de-

54 GE Port ] Gastroenterol 2023;30(suppl 1):52-56
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fect. This device consists of a braided nitinol disc designed to adapt
to the shape of the defect and effectively achieve immediate clo-
sure. The patch material also serves as a matrix for subsequent tis-
sue ingrowth and granulation that may contribute to fistula clo-
sure [9].

The procedure was performed in the catheterization laboratory
under intravenous sedation and topic anesthesia. The fistula was
cannulated from the esophagus by a biliary stent deployment sys-
tem under direct endoscopic guidance and the extraluminal leak-
age was documented by contrast injection. An Amplatz™ extra
stiff guidewire (Cook Medical, Bloomington, IN, USA) was insert-
ed through the fistula orifice and its adequate position was con-
firmed by fluoroscopy. The delivery system was introduced over
the guidewire and the CSDO was deployed under endoscopic and

Kumaira Fonseca/Coelho/Manica/
Ramblo/Spier/Seabra



Fig. 3. a Fluoroscopic image showing the first device positioned between the two (luminal and extraluminal) discs
of the second one. b CT scan with both devices in place, with no extravasation of oral-administered contrast me-
dia. ¢ Endoscopic visualization of both devices engrafted.

fluoroscopic guidance with no immediate adverse events (Fig. 2a).
A contrast study after the CSDO placement demonstrated no ex-
travasation of contrast material through the device.

After the procedure, restricted oral intake was required for 24
h. The patient was placed on a liquid diet for 10 days and was ad-
vanced to a regular diet on day 12, despite the 10-15cc remaining
daily drainage through the pigtail drain positioned at his left sub-
phrenic abscess. Nearly 6 weeks later, the pigtail was accidentally
displaced, and the patient progressively developed systemic signs
of sepsis. Computed tomography and fluoroscopy documented re-
currence of the abscess and partial dislodgment of the 8-mm
mVSD CSDO (Fig. 2b). The device probably tore the friable tissue
around the fistulous orifice and got stuck in the tunnel-shaped
tract, and it was not possible to see or snare the device by endo-
scopic view. Given the apparent (though limited) success of the
device, a second attempt with an oversized disc (Occlutech® Fig-
ulla Flex IT UNI 24-mm) was made (Fig. 2¢), ultimately sealing the
fistulous orifice with the former device positioned between the two
discs of the new one (Fig. 3a).

At the 6-month clinical and imaging follow-up, upper endoscopy
and contrast-enhanced CT scan showed the device already engrafted
and a significant reduction of the chronic abscess, with no signs of
fistula recurrence (Fig. 3b, c). The pigtail was maintained in the sub-
phrenic space to monitor any sign of fistula recurrence and occasion-
ally drained debris from the chronic abscess. It was finally removed
after the follow-up imaging, and no drainage was observed from its
insertion orifice or the previous cutaneous fistulous tract.

Discussion/Conclusion

The concept of the use of CSDO for the treatment of
GI fistulas is not novel, albeit formally it is considered an
off-label indication. Its use in the setting of post-bariatric
fistula treatment is still very limited to a small number of
case reports [5, 10-12]. To the best of the authors’ knowl-

Cardiac Septal Occluder for Fistula
Endoscopic Closure

edge, no reports on the use of the Occlutech® devices for
this purpose are available comparable to former studies
with the Amplatzer™ Occluders.

Early results suggest this technique is particularly use-
tul for poor surgical candidates with chronic GI fistulas
that have had failure of closure attempted with standard
endoscopic methods [8]. In these cases, the persistent in-
flammation, fibrosis, and epithelialization of the tract is
often not liable to the application of clips, sutures, seal-
ants, and conventional ablative techniques, leading to
failed closure attempts in up to 20% of cases [12].

In the presented case, multiple attempts using endoscop-
ic techniques have ultimately failed due to a mature fistula
tract and a chronic adjacent abscess. Nevertheless, a new ap-
plication method of the Occlutech® endoscopic device has
obviated the clinical burden of a high-risk laparotomy, pro-
viding a more suitable alternative to surgical repair.

This case also enlightens the importance of perseverat-
ing on minimally invasive modalities to manage these
challenging cases. It is also of note that appropriate endo-
scopic equipment, as well as the involvement of a multi-
disciplinary team comprising of advanced endoscopists,
surgeons, interventional radiologists, and interventional
cardiologists, are prime conditions to ensure successful
patient outcomes.

In conclusion, this report has successfully demonstrat-
ed the technical feasibility, safety, and efficacy of the Oc-
clutech® occluders for the endoscopic treatment of a
chronic gastrocutaneous fistula. Given that the long-term
efficacy of the off-label use of CSDO for GI fistula closure
is unknown, further trials are expected to assess and com-
pare different devices and other treatment modalities.
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Endoscopic access to the native papilla in patients with
Roux-en-Y gastric bypass (RYGB) can be challenging
when managing pancreaticobiliary disease. The endo-
scopic ultrasound (EUS)-directed transgastric endoscop-
ic retrograde cholangiopancreatography (EDGE), a tech-
nique first described in 2013 by Kedia et al. [1], consists
in the creation of a temporary fistula between the gastric
pouch, or the proximal jejunum, and the excluded stom-
ach, by placing a lumen-apposing metal stent (LAMS)
under EUS guidance.

We present a case of a 59-year-old woman, with a pre-
vious personal history of RYGB (grade III obesity). She

developed an acute calculous cholecystitis and was sub-
mitted to laparoscopic cholecystectomy. A magnetic res-
onance cholangiopancreatography, performed 1-month
after surgery, showed residual choledocholithiasis. After
a multidisciplinary discussion, EDGE was proposed.
The procedure was performed in two stages, both un-
der deep sedation, orotracheal intubation, and fluoro-
scopic control (video). In the first phase, a linear echoen-
doscope (GF-UCT180; Olympus Medical Systems, Japan)
was advanced to the gastric pouch to localize the excluded
stomach. When the closest point between the gastric
pouch and the excluded stomach was located, a transmu-
ral puncture was performed, using a 19-G aspiration nee-
dle (Expect™; Boston Scientific®, Marlborough, MA,
USA). Then the needle stylet was withdrawn, and 300 mL
water-soluble contrast medium was injected into the ex-
cluded stomach, using EUS and fluoroscopic control. A 10
x 15-mm LAMS (HotAxios™; Boston Scientific®) was
used to create an access to the excluded stomach: the distal
flange was deployed under fluoroscopic and EUS guid-
ance, and the proximal flange was deployed under endo-
scopic visualization into the remnant gastric pouch (Fig. 1).
Three weeks later, after gastro-gastric fistula maturation,
the second stage was performed: a standard duodeno-
scope (TJF-Q190V; Olympus Medical Systems, Japan)
was advanced through the LAMS into the excluded stom-
ach and then passed in an antegrade manner to the major
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Fig. 1. First phase of procedure. a Echoendoscopic localization of the excluded stomach. b Transmural puncture
with water-soluble contrast injection into the excluded stomach. ¢, d Deployment of the LAMS to create a gastro-
gastric fistula.

Fig. 2. Second phase of procedure, 3 weeks later: ERCP was performed through the LAMS (white circle), with
bile duct stone removal (black arrow). a Endoscopic view. b Fluoroscopic control.
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Fig. 3. a, b Four weeks later, the LAMS was removed, and the fistula was closed with OTSC®.

papilla (Fig. 2). Due to a mature fistula and a fully expand-
ed stent, there was an easy duodenoscope passage through
the LAMS, obviating the need for balloon dilatation. A
conventional ERCP was performed, with bile duct stone
removal. After the ERCP was completed, the duodeno-
scope was removed carefully, to prevent stent migration.
The patient showed no immediate or late complications.
Four weeks later, the LAMS was removed, and the fistula
was closed with an over-the-scope clip (OTSC®, Ovesco
Endoscopy, California, USA) (Fig. 3).

EDGE is a new technique with high technical (95.5-
100%) and clinical success (95.9-98%) rates, compared to
the ones of laparoscopy-assisted ERCP (LA-ERCP)
(95.3% and 92.9%, respectively) and superior to enteros-
copy-assisted ERCP (71.4% and 58.7%, respectively) [2-
4]. EDGEs’ adverse events (AE) occur in 15.7-27.8% of
cases. Most AE are minor, related to stent migration or
misdeployment [2, 4, 5]. They are comparable to AE of
laparoscopy-assisted ERCP (17.4%), but higher than
those of enteroscopy-assisted ERCP (8.4%) [3, 4]. EDGE
is a minimally invasive procedure that can be performed
in a single session, if necessary. The 20-mm LAMS may
be associated with reduced stent migration rates and
higher single-session ERCP, but further studies are need-
ed [2, 5]. We describe the EDGE technique step-by-step,
a procedure with high clinical and technical success rates
and with an acceptable safety profile, as it is an option
when ERCP is mandatory in patients with RYGB.

The Cutting-EDGE
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Gastric outlet obstruction (GOO) is a potential com-
plication of gastric and pancreatic cancer, with addition-
al morbidity and mortality [1]. Symptom relief is the
main goal of interventional treatment, allowing resump-
tion of oral diet, avoiding malnutrition and loss of qual-
ity of life. Endoscopic ultrasound-guided gastroenteros-
tomy (EUS-GE) has emerged as an alternative to enteral
stenting or surgery in this setting [2]. We present this sin-
gle-center case series where EUS-GE was performed with
technical and clinical success.

Raquel Gongalves

Bruno Gongalves

First, we describe the case of a 79-year-old male diag-
nosed with a metastatic poorly cohesive gastric carcino-
ma of the antrum, who refused chemotherapy. He devel-
oped food intolerance due to GOO, and a transpyloric
uncovered self-expandable metal stent (SEMS; 22 mm x
9 ¢cm; Evolution® Duodenal; Cook Medical, Blooming-
ton, IN, USA) was initially placed with clinical improve-
ment. After one month, symptoms recurred, and tumor-
al ingrowth of the SEMS was endoscopically confirmed.
After a multidisciplinary team meeting, it was decided to
propose the patient for EUS-GE. During the procedure,
under general anesthesia with orotracheal intubation, 900
cc of saline solution with methylene blue was instilled,
manually with syringe, to promote jejunal dilation, using
a catheter (6 Fr x 200 cm, GLO-TIP II, Cook Medical,
Bloomington, IN, USA), introduced through the stricture
over a guidewire (0.035 in x 450 cm, Jagwire™; Boston
Scientific, Marlborough, MA, USA). Under ultrasono-
graphic guidance (Pentax EG38-J10UT linear echoendo-
scope; Pentax medical, Tokyo, Japan, with Hitachi-Aloka
HI VISION Noblus processor), the bowel loop was ac-
cessed with a “wireless endoscopic simplified technique”
(WEST), placing a Hot AXIOS™ lumen-apposing stent
(LAMS; 15 mm x 10 mm; Boston Scientific, Marlbor-
ough, MA, USA) through the lesser curvature of the
stomach. The enteral communication was therefore cre-
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,'1(‘<::| LAMS delivery device tip

dilated small bowel loop

Fig. 1. Jejunal loop identified by EUS and preparation for direct puncture with the LAMS delivery system device

- “freehand” technique.

ated and then dilated with a through-the-scope balloon
(Hercules® 3 Stage Wireguided; Cook Medical, Bloom-
ington, IN, USA) up to 15 mm. Patient restarted oral food
intake within 12 hours and remained food-tolerant until
he deceased, 3 months after procedure.

Second, we present the case of a 75-year-old woman
with a pancreatic ductal adenocarcinoma of the uncinate
process, locally advanced with mesenteric vessels’ in-
volvement, proposed only for palliative radiotherapy. She
first presented with obstructive jaundice and underwent
an endoscopic retrograde cholangiopancreatography
with successful placement of biliary SEMS (6 cm x 10
mm, WallFlex™ Biliary RX Uncovered; Boston Scientific,
Marlborough, MA, USA). Six weeks later, she developed
GOO symptoms, and endoscopically, stricturing tumoral
infiltration of the distal second portion of the duodenum
was observed. After multidisciplinary team discussion,
the patient was proposed for EUS-GE, which was per-
formed with placement of a 20 mm x 10-mm LAMS
through the posterior gastric wall using WEST. Balloon
dilation was not performed because of mild self-limited
bleeding. Liquid diet was resumed the day after and was
successfully progressed with no limitations. The patient
died 4 months after the procedure due to disease progres-
sion, with no GOO recurrence.
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Fig. 2. Gastroenterostomy endoscopic appearance after LAMS lu-
men balloon dilation.

The last case describes a 58-year-old male with gastric
adenocarcinoma of the antrum proposed for palliative
chemotherapy and immunotherapy. One month after di-
agnosis, he developed nausea and early satiety complaints

Antunes/Leal/Gongalves/Gongalves



Fig. 3. Fluoroscopic confirmation of LAMS correct placement (arrows) in patient 1 (a), 2 (b), and 3 (c).

and, taking into account his good performance status,
was proposed for EUS-GE. A 15 mm x 10-mm LAMS was
placed through the posterior gastric wall, also using
WEST, followed by stent balloon dilation. Eight months
after the procedure, the patient is under transtuzumab
with good clinical response and no GOO symptoms.

EUS-GE is reported to be an effective therapeutic al-
ternative for GOO with rates of technical and clinical suc-
cess around 90% [3, 4]. In this series, we used the WEST
approach, allowed by the cautery-enabled LAMS single-
step insertion that is believed to reduce stent misplace-
ment chances (Fig. 1-3). Although there are now avail-
able balloon catheters that could help occluding a jejunal
loop for puncture [4], successful bowel loop dilation was
easily achieved by infusion through a regular catheter in
all cases. EUS-GE allies the best and avoids the worst of
both previous approaches, surgery and stenting, allowing
minimal invasiveness, short time to oral refeeding, short
hospital stay, and long-term patency, with low complica-
tion rates [5].
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Abstract

Introduction: Malignant biliary obstruction drainage is es-
sential, since jaundice is associated with morbidity and mor-
tality. Endoscopic retrograde cholangiopancreatography
(ERCP) is the recommended procedure for biliary drainage,
with percutaneous biliary drainage being the classic alterna-
tive in cases of unsuccessful ERCP. Recently, endoscopic ul-
trasound-guided biliary drainage has been emerged as a
new option, with EUS-guided choledochoduodenostomy
(EUS-CDS) being considered an effective and safe method in
the drainage of distal obstructions of the common bile duct.
Aim: The aim of the study was to evaluate the efficacy and
safety of EUS-CDS performed in patients with distal malig-
nant biliary obstructions, after failed ERCP. Methods: Single-
center retrospective cohort study between July 2017 and
June 2022 including all consecutive patients submitted to
EUS-CDS in our center. The primary outcomes were “techni-
cal success” and “clinical success,” defined as “resolution of

jaundice orimprovementin total serum bilirubin level above
50% at 7th day and above 75% at 30th day after the proce-
dure.” Secondary outcomes were procedure-related adverse
events, endoscopic reintervention, and survival time. Re-
sults: EUS-CDS was performed in 20 patients (65.0% male;
median age 76 years). The most frequent etiology for the
biliary obstruction was pancreatic adenocarcinoma (n = 17;
85.0%), and most patients presented at advanced stages of
cancer (12/60% in stages Ill or IV). ERCP failure was mainly
due to the presence of obstruction in the duodenal lumen (n
= 11; 55.0%). Fully covered metallic stents were used in all
patients, mostly HotAxios™ (n = 15; 75.0%). The technical
success rate was 100%, and the clinical success rate was
89.5% (n = 17/19) at 7th day and 93.3% (n = 14/15) at 30th
day. Four patients (20.0%) developed cholangitis within the
first 30 days after the procedure; there were no late compli-
cations, and no patient died as a complication of the proce-
dure. In 2 patients (10.0%), endoscopic reintervention was
necessary due to stent migration, incidentally detected. Me-
dian survival was 93 days (minimum 5-maximum 751). Con-
clusion: EUS-CDS was effective in biliary decompression of
malignant obstructions of the common bile duct, with high
clinical success and a favorable safety profile.
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Coledocoduodenostomia guiada por ecoendoscopia
apos faléncia da CPRE na drenagem de obstrugoes
biliares malignas distais
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ecoendoscopia - Coledocoduodenostomia - Protese
metalica

Resumo

Introducdo: A drenagem das obstrugdes biliares malig-
nas é essencial, uma vez que a ictericia esta associada a
morbimortalidade. A colangiopancreatografia retrégrada
endoscopica (CPRE) é o procedimento recomendado para
a drenagem biliar, sendo a drenagem biliar percutanea
(DBP) a alternativa classica, se verificado insucesso. Re-
centemente, a drenagem da via biliar guiada por ecoen-
doscopia tem-se apresentado como uma nova opcao,
sendo a coledocoduodenostomia guiada por ecoen-
doscopia (CGE) considerado um método eficaz e seguro
na drenagem de obstrucdes da via biliar distal. Objetivo:
Avaliar o sucesso técnico e clinico e a seguranca da CGE
em doentes com obstrucdo da via biliar distal, ap6s falén-
cia da CPRE. Métodos: Estudo de coorte retrospetivo, en-
tre Julho/2017 e Junho/2022, de todos os doentes sub-
metidos a CGE no nosso centro. Determinaram-se como
outcomes primarios o “sucesso técnico” e o “sucesso clini-
co” (“melhoria 250% na bilirrubinemia ao 7.° e = 75% ao
30.2 dias apés o procedimento”). Os outcomes secundari-
os incluiram a frequéncia de eventos adversos, necessi-
dade de reintervencao e taxa de sobrevida. Foram utiliza-
das curvas de Kaplan-Meier para descrever a sobrevida.
Resultados: A CGE foi realizada em 20 doentes (65.0% do
sexo masculino; idade mediana 76 anos). A etiologia mais
frequente para a obstrucdo foi o adenocarcinoma pan-
creatico (n = 17; 85.0%) e a maioria dos doentes apresen-
tava-se em estadios avancados da neoplasia (12/60% em
estadios lll ou IV). A faléncia da CPRE deveu-se a presenca
de obstrucao no lumen duodenal em 55.0% dos doentes
(n = 11). Em todos os doentes foram utilizadas proéteses
metalicas totalmente cobertas, maioritariamente HotAx-
ios™ (n = 15; 75.0%). A taxa de sucesso técnico foi de
100% e de sucesso clinico foide 89.5% ao 7.°dia (n=17/19)
e 93.3% ao 30.° dia (n = 14/15). Quatro doentes (20.0%)
desenvolveram colangite nos primeiros 30 dias apds o
procedimento; nao se verificaram complicacoes tardias e
nenhum doente faleceu como complicacdo do procedi-
mento. Em 2 doentes (10.0%) foi necessaria reintervencao
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por migracao da prétese, detetada incidentalmente. A so-
brevida mediana foi de 93 dias (minimo 5 - maximo 751).
Conclusoées: A CGE foi efetiva na descompresséo biliar de
obstrucbes malignas da via biliar distal, com elevado
sucesso clinico e um perfil de seguranca favoravel.

© 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

Malignant biliary distal obstructions usually present at
late stages, precluding a curative therapeutic approach in
most patients. The management of obstructive jaundice
is of paramount importance, since it is associated with
disabling symptoms, such as pruritus, and increased risk
of cholangitis, hepatic disfunction, and liver failure. Un-
drained biliary obstruction is also associated with higher
mortality, as shown by the series of Stark and Hines
(2015), in which about 38% of patients with no palliative
treatment died after complications of biliary obstruction
(1, 2].

Historically, surgical biliodigestive anastomosis was
the first method for biliary drainage in irresectable dis-
eases, but it was associated with high rates of post-proce-
dure mortality (rounding 15-30%) and up to 65% of mor-
bidity [3]. Currently, endoscopic retrograde cholangio-
pancreatography (ERCP) is the primary modality for
biliary drainage, but it fails in up to 35% of cases. In pa-
tients in whom standard ERCP is not possible, percutane-
ous biliary drainage (PTBD) is a very effective procedure
and represents an alternative to failed ERCP. However, it
is associated with a rate of adverse events (AEs) ranging
up to 33% of patients and also with increased morbidity
and a negative impact in patient’s quality of life [4, 5].

Endoscopic ultrasound-guided biliary drainage, de-
scribed for the first time by Giovannini and colleagues in
2001, has increasingly become an alternative method of
biliary decompression, with high rates of technical and
clinical efficacy, and fewer AEs than PTBD. Among the
endoscopic ultrasonography-guided techniques, recent
evidence has suggested that both EUS-guided choledo-
choduodenostomy (EUS-CDS) and hepaticogastrostomy
present high technical and clinical success rates, but EUS-
CDS seems to be associated with short procedure times
and less early AEs, possibly being a preferable method in
the drainage of distal obstructions of the common bile
duct (CBD) [6-9]. We aimed to evaluate the efficacy and
safety of EUS-CDS performed in patients with distal ma-
lignant biliary obstructions, after failed ERCP.

Tarrio/Moreira/Aratjo/Lopes



Fig. 1. Technique of endoscopic ultrasound-guided choledochoduodenostomy (EUS-CDS). a Ecoendoscopy
showing a dilated common bile duct (yellow arrow). b HotAxios™ distal flange placement in common bile duct
lumen (yellow arrow) by an electrocautery-assisted device system (red arrow). ¢ HotAxios™ biliary stent opened
and placed in common bile duct. d HotAxios™ showing bile flow (duodenal perspective).

Materials and Methods

Study Design and Patient Selection

We performed a single-center retrospective cohort study be-
tween July 2017 and June 2022 in a tertiary referral center for in-
terventional endoscopy. We included all consecutive patients with
malignant distal biliary obstruction (with malignancy confirmed/
suspected by histology or radiologic studies) who failed ERCP-
guided biliary drainage. We excluded patients under 18 years old,
with malignant infiltration of the duodenal bulb and with CBD
diameter inferior to 10 mm.

Procedure and Materials

All procedures were performed by an experienced endoscopist
(LL) in ERCP (>300/year for the last 15 years) and EUS (>250 lin-
ear EUS/year for the last 10 years), with patients in left lateral posi-
tion and under sedation with propofol, administered by an anes-
thesiologist. AIIEUS-CDS was performed with Pentax EG3870UTK
(Pentax, Tokyo, Japan) or Olympus GF-UCT180 (Olympus, To-
kyo, Japan) linear echoendoscopes.

EUS-Guided Choledochoduodenostomy
in Malignant Biliary Obstruction

Between 2017 and 2018, EUS biliary drainages were performed
under fluoroscopy guidance, using fully covered biliary stents or
lumen-apposing metal stents (LAMSs), according to the prefer-
ence of the endoscopist and stent availability at the time of the
procedure. The echoendoscope was advanced into the duodenal
bulb, where the dilated CBD was identified. The CBD was punc-
tured from the duodenal bulb using a 19-G needle (Expect, Boston
Scientific), and a cholangiogram was performed. Subsequently, a
0.035-inch guidewire (Jagwire™, Boston Scientific) was intro-
duced into the bile duct and the tract dilated with a 6-Fr cystotome
(Cysto-Gastro-Set; EndoFlex, GmbH; endoCUT 40 W/effect 1).
The stent was deployed using a fluoroscopy and endoscopy guid-
ance. Since 2019, EUS-CDS was performed using a new electro-
cautery-enhanced LAMS (HotAxios™ ; Boston Scientific, Marl-
borough, MA, USA), under real-time ultrasound guidance using
pure-cut electrocautery (100 W) to reach the CBD. The LAMS type
(8 x 8 mm or 8 x 6 mm) was selected according to the endoscopist,
and the proximal flange was released using an intra-channel tech-
nique. Figure 1 presents the technique of EUS-CDS.
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Table 1. Patient’s demographics and characteristics

Table 2. Characteristics of lumen-apposing metal stents

Age, years, median £ SD (range) 76118 (57-96)

Gender, n (%)

Male 13 (65.0)
Female 7 (35.0)
Etiology of biliary obstruction, n (%)
Pancreatic adenocarcinoma 17 (85.0)
Ampullary adenocarcinoma 2(10.0)
Duodenal adenocarcinoma 1(5.0)
Tumor staging (TNM staging system), n (%)
Stage IV 9 (45.0)
Stage lll 3(15.0)
Stage 1B 2(10.0)
Stage IIA 2(10.0)
NE 3(15.0)
NA 1(5.0)
Reason for ERCP failure, n (%)
Duodenal obstruction 11 (55.0)
Neoplastic infiltration of the papilla 7 (35.0)
Cannulation failure 2(10.0)

Values are presented as median + SD (interquartile range) for
age and as absolute frequencies (%) for the other variables. NE, non-
evaluated; NA, non-appliable.

Outcome Measures

The primary outcomes were “technical success,” defined as
“correct deployment of the stent between the CBD and the duode-
num, with visualization of bile flow” and “clinical success,” defined
as “resolution of jaundice or improvement in total serum bilirubin
level above 50% at 7th day and above 75% at 30th day after the
procedure.” Secondary outcomes were (i) procedure-related AEs,
(ii) endoscopic reintervention, and (iii) survival time. AEs were
defined as “early” if occurred within 30 days after the procedure or
as “late” if after 30 days; we used the American Society for Gastro-
intestinal Endoscopy lexicon to classify AE severity as mild, mod-
erate, severe, or fatal [10].

Statistical Analysis

Continuous variables were described using the median and in-
terquartile range; categorical variables were described as propor-
tions and frequency counts. Overall median survival time was cal-
culated from the time of the procedure until the patient’s death,
and the Kaplan-Meier method was used for the survival analysis.
Statistical Package of the Social Sciences® software (IBM SPSS Sta-
tistics for Windows, version 28.0.1.1) was used for data analysis.

Ethics

The Local Ethics Committee approved this retrospective study.
Informed consent was obtained from all patients prior to the pro-
cedure, as standard medical practice.
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Characteristics of stents N (%)
Stent
HotAxios™ 15 (75.0)
Wallstent™ 3(15.0)
HANAROSTENT™ 1(5.0)
Evolution™ 1(5.0)
Stent diameter
6 x 8 mm (HotAxios™) 12 (60.0)
10 x 60 mm (Wallstent™ and Evolution™) 4(20.0)
8 x 8 mm (HotAxios™) 3(15.0)
20 x 14 mm (HANAROSTENT™) 1(5.0)

Values are presented as absolute frequencies (%).

Results

Patient’s Demographics and Clinical Characteristics

EUS-CDS was attempted in 20 patients (65.0% male),
aged from 57 to 96 years old (median age 76 years) with
malignant distal biliary obstruction, after failed ERCP.
The most frequent etiology of the obstruction was pan-
creatic adenocarcinoma (n = 17; 85.0%), and most pa-
tients presented at late stages of cancer (60% in stages III
or IV). In the majority of patients, failure of ERCP was
secondary to a duodenal obstruction that precludes the
passage of the duodenoscope into the second portion of
the duodenum (n = 11; 55.0%). The patients’ demo-
graphics and clinical characteristics are summarized in
Table 1.

Procedure-Related Outcomes

In 12 patients (60.0%), the EUS-CDS was performed
in the same endoscopic session, immediately after ERCP
failure. The remaining 8 patients (40.0%) were admitted
from other hospitals, in which there were no available
technical resources and/or experienced endoscopists in
EUS-guided biliary drainage.

The obstruction resulted on a CBD median dilation of
14.5 mm (+5.5), ranging from 10 to 22 mm. HotAxios™
was the chosen LAMS in all the 15 patients (75.0%) sub-
mitted to the procedure after the year 2019. The charac-
teristics of stents are detailed in Table 2.

The stent was correctly placed in all patients (20/20),
resulting in a technical success of 100%. Clinical success
was achieved in 17 of 19 (89.5%) patients at the 7th day
(1 patient died within the first week due to nosocomial
pneumonia). At the 30th day, the clinical success was
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Fig. 2. Trend of decreasing total bilirubin level at 7th and 30th days after EUS-guided choledochoduodenostomy.

93.3% (14/15); during this time, 4 patients have died: 2
patients in the sequence of nosocomial pneumonia and
1 patient, in whom palliative Roux-en-Y gastrojejunos-
tomy and hepaticojejunostomy were performed, died af-
ter fecaloid peritonitis in the context of surgical anasto-
mosis dehiscence, and the fourth patient died due to gen-
eral condition deterioration (evolution of primary
disease). Total serum bilirubin variation is shown in Fig-
ure 2.

Adverse Events

Four patients (20.0%) presented with cholangitis with-
in the first 30 days after the procedure, in one case evolv-
ing into septic shock. All cases were medically managed
with antibiotics and neither resulted in death. Other ma-
jor complications, such as hemorrhage, perforation, peri-
tonitis, or pancreatitis, were not observed.

Endoscopic Reintervention

In 2 patients (10.0%), a second endoscopic procedure
was necessary, due to asymptomatic stent migration. In 1
case, the stent migration (Evolution™) to the gastric an-
trum was observed in an upper endoscopy performed for

EUS-Guided Choledochoduodenostomy
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upper gastrointestinal bleeding, 9 months after the EUS-
CDS. In the other case, an abdominal computed tomog-
raphy performed 11 days after the procedure revealed
HANAROSTENT™ migration into the proximal jeju-
num. Both cases occurred before the introduction of
HotAxios™ LAMS and were successfully managed endo-
scopically. Table 3 demonstrates the outcomes after the
EUS-CDS procedure.

Follow-Up

The patients were followed for a median time of 93
days (+175), ranging from 5 to 751 days. In this time, 16
patients (80.0%) died because of disease-related compli-
cations.

Four patients (20%) were submitted to surgery: in 3
(15%), a cephalic duodenopancreatectomy was per-
formed, with curative intent; in the remainder, a Roux-
en-Y gastrojejunostomy and hepaticojejunostomy were
performed due to irresectability of the cancer, observed
during the surgery. Three (15%) patients received chemo-
therapy. Kaplan-Meier curve showing patient survival es-
timate after EUS-CDS is shown in Figure 3.
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Table 3.Outcomesafter EUS-guided choledochoduodenostomy

Post EUS-guided choledochoduodenostomy assessment

Technical success, n (%) 20/20 (100)
Clinical success, n (%)
7th day after EUS-CDS* 17/19 (89.5)
HotAxios™ 12/14 (85.7)
WallFlex™ 3/3(100)
Evolution™ 1/1 (100)
HANAROSTENT™ 1/1 (100)
30th day after EUS-CDS* 14/15 (93.3)
HotAxios™ 11/12(91.2)
WallFlex™ 1/1 (100)
Evolution™ 1/1 (100)
HANAROSTENT™ 1/1 (100)
Adverse events 4/20 (20.0%)
Early (<30 days), n (%)
Cholangitis 4/20 (20.0)
HotAxios™ 4/15(26.7)
WallFlex™ 0/3 (0.0)
Evolution™ 0/1(0.0)
HANAROSTENT™ 0/1(0.0)
Late (>30 days), n (%) 0
Reintervention, n (%) 2/20(10.0)
Stent migration 2/20(10.0)
HotAxios™ 0/15(0.0)
WallFlex™ 0/3 (0.0
Evolution™ 1/1 (100)
HANAROSTENT™ 1/1 (100)
Surgery, n (%) 4/20 (20.0)
Cephalic duodenopancreatectomy, n (%) 3/20(15.0)
Roux-en-Y gastrojejunostomy and 1/20 (5.0)
hepaticojejunostomy, n (%)
Chemotherapy, n (%) 3/20(15.0)
Radiotherapy 0

* Excluding patients lost to follow-up due to early death.

Conclusion

Our study represents the largest cohort of patients
submitted to EUS-CDS in a Portuguese center and re-
vealed that it is an effective technique for biliary drainage
in patients with malignant distal biliary obstruction who
failed ERCP, with a favorable safety profile when per-
formed in an experienced center for advanced biliopan-
creatic endoscopy. To our knowledge, this is the first ret-
rospective study to report the experience of EUS-CDS in
a Portuguese population with malignant distal biliary ob-
struction.

Currently, ERCP is the first-line strategy in the drain-
age of malignant biliary obstructions but even when per-
formed by experts, it is not successful in up to 35% of pa-
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tients, due to stomach or duodenal obstruction, surgical-
altered anatomy or to anatomic changes of the papilla
that prevent its cannulation. In our cohort, all patients
submitted to EUS-CDS presented with duodenal ob-
struction, malignant infiltration of the papillary area, or
an intradiverticular papilla that precluded successful
ERCP. Although some recent studies suggest the reposi-
tioning of EUS-CDS as the initial choice for biliary drain-
age, in our department we use ERCP, reserving EUS-CDS
for failed cases, as recommended by major endoscopy so-
cieties and reported from a large number of tertiary cen-
ters [4, 9].

EUS-CDS has emerged as an alternative to PTBD in
cases of impossibility or failure of biliary drainage by
ERCP. Since its introduction, important technical up-
grades were observed, particularly with the emergence of
the LAMS, the development of smaller stents - 6 and 8
mm - suitable for biliary drainage and, more recently, the
addition of the electrocautery tip that allows direct fistu-
lotomy within the bile duct, avoiding guidewire manipu-
lation and biliary tract dilation [11].

Our results demonstrate that EUS-CDS was success-
fully achieved in all the patients, even though our pa-
tient’s median CBD size (14.5 mm) could be a risk factor
for technical failure, as mentioned by Garcia-Sumalla et
al. [12] who described that a CBD diameter above 15 mm
was associated with higher technical success rates. Other
studies also verified high rates of feasibility of EUS-CDS:
for example, in the systematic review performed by Peng
et al. [13] the pooled rate of technical success was 95.1%
(CI =90.6-97.5%; 12 = 255), while in another systematic
review that only included studies published between 2015
and 2020, technical success rates ranged from 88.0 to
100%. Our high technical success may be in part ex-
plained by the utilization of the latest technical innova-
tions in EUS-guided biliary drainage, as the electrocau-
tery-enhanced delivery system allows a single-stage ac-
cess and stent introduction, minimizing the procedure
complexity. Besides, fully covered metal stents were used
in all patients and these have demonstrated not only high-
er efficacy and safety but also an increased durability and
patency rate, when compared to plastic and partially cov-
ered metal stents. Since 2019, HotAxios™ was used in all
patients submitted to EUS-CDS in our center; the ratio-
nale for this choice is the easiness of its insertion due to
the cautery on the tip, as well as the presence of bilateral
flanges that allow a better lumen-to-lumen apposition,
with a reduced probability of stent displacement and bil-
iary leakage [12-16].
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For the analysis of clinical success, we excluded pa-
tients lost to follow-up due to early death, as none of the
patients had died as a result of the procedure, but due to
infectious or post-surgical complications or general sta-
tus deterioration, so that the clinical success of the endo-
scopic technique cannot be affected by these losses. In
fact, in 4 of the 5 patients who died before 30 days of fol-
low-up, a greater than 50% decrease in baseline bilirubi-
nemia was observed at some point. Our high clinical suc-
cess — 89.5% at 7th day and 93.3% at 30th day after the
procedure - is similar to previous studies: a recent sys-
tematic review found a pooled clinical success rate of
93.3% (CI = 90.6-97.5%), and clinical success rates tend
to be even higher in more recent systematic reviews, as
the one performed by Ogura and Itoi, that reviewed EUS-
CDS performances between 2015 and 2020 and found an
overall clinical success rate of 97.0%, correlating this im-
provement with the new technical developments, like the
ones we used in our patients [13, 15, 16].

The AE rate in our study was 20.0%, which is in line
with previous published evidence on EUS-BD, that re-
ported AE in 17-23% of patients. Over the years, it has
been verified a changing trend in the EUS-guided biliary
drainage AE rate: in their study, Ogura and Itoi subcate-
gorized the analysis of EUS-CDS performance in 2 time
periods and found that until 2015, the overall AE was
about 16%, whereas since 2015-2020, there has been a
slight improvement to about 12% of AE, possibly assign-
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able to the experience and progression on the learning
curve and, mostly, to the use of LAMS. In the same re-
view, it was also verified a changing trend on the predom-
inant complications: until 2015, the two most frequent
AEs associated with EUS-CDS were perforation and bile
leakage, but after 2015, cholecystitis and cholangitis pre-
dominate. The decreased utilization of plastic stents
seems to justify these findings since they require previous
dilation of the fistulous path, which is associated with
higher bile leakage. On the other hand, self-expandable
LAMSs seal the gap between the neofistula and the stent,
preventing bile leakage and, therefore, biliary peritonitis.
Another recent systematic review supports this, having
found that self-expandable LAMSs were associated with
significantly lower AE compared to plastic stents (17.52%
vs.31.03%; p =0.013). Our study seems to accompany this
trend, since cholangitis was the only major AE registered.
Besides, all stent dysfunctions occurred before the begin-
ning of HotAxios™ utilization in our center, whose de-
sign confers more stable CBD-duodenum anchorage. It is
still unclear whether the insertion of a double-pigtail plas-
tic stent through the LAMS improves the stent patency
- the ongoing BAMPI trial will determine whether this
technical variant offers a clinical benefit in EUS-CDS for
the management of distal malignant biliary obstruction
[15-19].

Although cholangitis was the only complication of
EUS-CDS verified in our cohort, other relevant AEs are
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described in the literature. Of note, the most common
intraprocedural complication of EUS-CDS using LAMS
is stent maldeployment (particularly when the diameter
of CDB inferior to 15 mm), and it can be managed by pre-
loading a guidewire in the delivery system to guide the
bile duct access after removing the misdeployed stent. In
a long-term perspective, stent occlusion is the most fre-
quent AE, with a median time of occurrence of 5-12
months [9, 20].

Although usually presented as a palliative procedure,
3 of our patients were submitted to surgery with curative
intent and the presence of the stent (HotAxios™ in all
cases) did not prevent the performance of surgery. For
years, the most used alternative to ERCP was PTBD. In
their systematic review, Khashab et al. [21] found that
compared to EUS-CDS, PTBD presents with similar
technical success but slightly less clinical success. How-
ever, they verified that PTBD was associated with higher
complications and need of reintervention, ultimately
making EUS-CDS more cost-effective. Another recent
systematic review concluded that when available, EUS-
CDS may be preferable to PTBD due to a better safety
profile, clinical and technical success. Based on current
evidence, the European Society of Gastrointestinal En-
doscopy strongly recommends that, when locally avail-
able, EUS-guided biliary drainage is preferred over
PTBD, after failed ERCP, in malignant distal biliary ob-
struction [9, 21, 22].

As previously mentioned, several recent studies had
concluded that EUS-CDS may be equivalent to ERCP as
a primary method for the drainage of distal malignant
biliary obstructions, showing comparable technical and
clinical success rates. However, EUS-CDS has revealed
both a reduced procedural time and a better safety profile,
in particular in regard to the risk of postprocedural pan-
creatitis, that is null in EUS-CDS, since it is performed
away from the major papilla [23].

Our study has some limitations, including the retro-
spective design and the absence of a control group (for
example, of patients in whom PTBD was performed). Al-
though the number of patients is not large, the sample size
is not much inferior to most single-center studies from
tertiary centers; to our knowledge, the single-center study
with highest number of patients is the one of Matsumoto
etal. [20] that included 151 participants; however, the pa-
tients were enrolled throughout a 14-year period, in a
mean of 10 procedures per year, which reveals the rela-
tively low number of EUS-CDS performed. With this in
mind, there is the need of collecting data from a large
number of centers in order to achieve meaningful insights
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as arandomized controlled trial with enough power faces
huge challenges to be implemented.

Concluding, in our study EUS-CDS was an effective
technique for biliary decompression in patients who
failed ERCP. Further work is needed, including random-
ized and cost-effectiveness studies, comparing EUS-CDS
with ERCP, to establish EUS-CDS as a primary drainage
technique.
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In the article by Canakis and Baron entitled “Therapeutic Endoscopic Ultrasound:
Current Indications and Future Perspectives” [GE Port ] Gastroenterol. 2023, DOL:
10.1159/000529089], Figure 3 was missing from the original publication. Figure 3 is shown
here.

Fig. 3. EUS-guided variceal embolization. a Gastric varices as seen by linear echoendoscope. b Echo image after
placement of coils and glue into gastric varix via a 19G needle. Lack of flow as seen by Doppler. ¢ Follow-up
coronal CT scan obtained for routine management showing coils in place within the gastric varices.
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