—Deview Article—

Current landscape of therapeutic EUS: Changing
paradigms in gastroenterology practice

Giuseppe Vanella*, Michiel Bronswijk*3, Paolo Giorgio Arcidiacono?, Alberto Larghi+5,

Roy L. J. van Wanrooijé, Ynto S. de Boer®, Mihai Rimbas?, Mouen Khashab?, Schalk W. van der Merwe*
Pancreatobiliary Endoscopy and Endosonography Division, Pancreas Translational and Clinical Research Center, IRCCS
San Raffaele Scientific Institute, Vita-Salute San Raffaele University, Milan, Italy; 2Department of Gastroenterology and
Hepatology, University Hospital Gasthuisberg, University of Leuven, Leuven, Belgium; *Department of Gastroenterology
and Hepatology, Imelda General Hospital, Bonheiden, Belgium; “Digestive Endoscopy Unit, Fondazione Policlinico
Universitario A. Gemelli, IRCCS, Rome, Italy; °Center for Endoscopic Research Therapeutics and Training, Catholic
University, Rome, Italy; ®Department of Gastroenterology and Hepatology, Amsterdam UMC, AGEM Institute, Vrije
Universiteit Amsterdam, Amsterdam, The Netherlands; "Department of Internal Medicine, Carol Davila University
of Medicine, Bucharest, Romania; &Division of Gastroenterology and Hepatology, Johns Hopkins University School of
Medicine, Baltimore, USA

ABSTRACT

Therapeutic EUS has witnessed exponential growth in the last decade, but it has been considered investigational until recently.
An increasing body of good-quality evidence is now demonstrating clear advantages over established alternatives, adding
therapeutic EUS to management algorithms of complex hepato-pancreato-biliary (HPB) and gastrointestinal (GI) conditions.
In this review, the available evidence and clinical role of therapeutic EUS in established and evolving applications will be
discussed. A Graphical Summary for each scenario will provide (1) technical steps, (2) anatomical sketch, (3) best-supporting
evidence, and (4) role in changing current and future GI practice. Therapeutic EUS has accepted well-established
applications such as drainage of symptomatic peripancreatic fluid collections, biliary drainage in failed endoscopic retrograde
cholangiopancreatography, and treatment of acute cholecystitis in unfit-for-surgery patients. In addition, good-quality evidence
on several emerging indications (e.g., treatment of gastric outlet obstruction, local ablation of pancreatic solid lesions, etc.)
is promising. Specific emphasis will be given to how these technical innovations have changed management paradigms and
algorithms and expanded the possibilities of gastroenterologists to provide therapeutic solutions to old and emerging clinical
needs. Therapeutic EUS is cementing its role in everyday practice, radically changing the treatment of different HPB diseases
and other conditions (e.g., GI obstruction). The development of dedicated accessories and increased training opportunities will
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expand the ability of gastroenterologists to deliver highly effective yet minimally invasive therapies, potentially translating
into a better quality of life, especially for oncological and fragile patients.

Key words: choledochoduodenostomy, gallbladder drainage, gastrojejunostomy, hepaticogastrostomy, radiofrequency ablation

INTRODUCTION

Since its development, EUS became an established
irreplaceable diagnostic modality, allowing visualization
of previously inaccessible anatomical regions with the
capability to obtain tissue for diagnosis. Optimization
of imaging quality, Doppler, and real-time elastography
brought organs surrounding the gastrointestinal (GI)
tract within reach. This coupled with the development
of linear echo-endoscopes with large therapeutic
channels permitted access to fluid collections adjacent
to the GI tract, ductal, and even vascular structures
using needles and guidewires with millimetric precision
under real-time guidance. Case studies and series
began to appear from innovators, who explored the
therapeutic opportunities that EUS could provide,
especially in the palliative setting of inoperable patients.
New therapeutic EUS applications followed as dedicated
accessories were developed that aided in “simplifying”
these techniques. Therapeutic EUS was born.

Until recently, it was difficult to translate the benefits
of EUS and its rightful place in therapeutic algorithms,
due to the lack of high-quality randomized studies.
However, over the last years, good-quality evidence
documented the added value of therapeutic EUS over
established therapies and cemented its role in patients’
management, at least in tertiary centers with available
expertise.

The aim of this manuscript is to provide a
state-of-the-art overview of how EUS transformed
clinical care from a diagnostic tool toward a range
of therapeutic interventions in the management of
complex hepato-pancreato-biliary (HPB) diseases.

METHODS

A literature search was performed for available evidence
regarding therapeutic EUS up to May 2021.

In this narrative review, available evidence and clinical
role of therapeutic EUS in established and evolving
applications are discussed proceeding as follows: (i)
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technical summary, (ii) best available evidence, and (iii)
how it is changing current paradigms.

A Graphical Summary is included for each scenario,
depicting steps, sketch,
best-supporting evidence, and role in changing GI

technical anatomical

practice.

General technical principles of therapeutic EUS
Therapeutic EUS procedures are performed using linear
echo-endoscopes with a large working channel, under
CO, insufflation, under deep conscious sedation or
anesthesia. The principle of therapeutic EUS is to obtain
an access, usually by creating a fistula/connection between
the GI tract and a target organ/cavity. The general
technique involves creating a (1) EUS-guided access to
the target structure using a 19G needle followed by (2)
guidewire insertion and creation of a fistulous tract
using a cystotome, needle knife, or dilation balloon. The
access is then stabilized with a stent (plastic or metal).
These procedures often require the careful exchanges
of devices while maintaining the access, and it is a
shared opinion among interventional endosonographers
that tools aimed at minimizing steps and catheter
exchanges would lead to a reduced margin of error. One
example of significant procedural simplification was the
development of electrocautery-enhanced lumen-apposing
metal stents (ec-LAMSs). Indeed, the cautery-enhanced tip
allows direct penetration into the target structure without
need for needle/guidewire exchanges, followed by stent
deployment in one free-hand step. The dumbbell-shaped,
tully covered, self-expandable stent design permits the
creation of a stable connection between two luminal walls,
usually turning into a mature anastomosis within 2 weeks.
This specific design prevents perforation, leak, bleeding,
and stent migration. In addition, partially covered stents
were developed to simplify hepaticogastrostomy (HG),
and ablation devices specifically designed to be used
under EUS guidance were developed and clinically
validated.

EUS-guided fluid collection drainage

The first pancreatic pseudocyst was drained transmurally
under EUS guidance in 1996.1Y This technique was
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further refined and is now considered standard of
care for the treatment of symptomatic pseudocysts
and walled-off pancreatic necrosis (WON) avoiding
blood vessels and securing controlled placement of
stents.”! The minimally invasive procedure also allows
internal drainage of the collection, sparing the need
for percutaneous drains while minimizing the risk of
pancreatic fistulas. Indwelling double-pigtail plastic
stents (DPPSs) can successfully treat disconnected
pancreatic tail syndrome, prevent pseudocyst recurrence,
and diminish the need for pancreatic resections. In case
LAMS is placed into a WON, direct endoscopic access
and necrosectomy can be performed” [Figure 1].

Core papers from the Dutch Pancreatic Group changed
the management of infected pancreatic necrosis. They
first reported in the PANTER trial that in patients with
infected WON, a minimally invasive step-up approach
with a percutaneous drain first was superior to primary
surgical intervention.”! A long-term follow-up of the
same patients revealed reduced mortality or major
complications, reduced incisional hernias, and reduced
pancreatic exocrine and endocrine insufficiency in
patients of the step-up versus open necrosectomy
group, without any increased risk of re-interventions
or recurrences.) A subsequent multicenter randomized
controlled trial (RCT) (MISER trial) focused on patients
who already failed percutaneous therapy: Here, the
endoscopic step-up approach (EUS-guided drainage with
or without necrosectomy) was found to be significantly
superior over surgery in terms of major adverse
events (AEs), costs, and quality of life.” A similar
PENGUIN trial showed the superiority of endoscopic
versus surgical necrosectomy in terms of reduced major
complications (especially in terms of multiorgan failure
and pancreatic fistulas) or death.¥ Finally, in another
multicenter RCT (TENSION trial), the endoscopic

step-up approach did not show superiority compared
to step-up therapy with percutaneous drainage with
or without video-assisted retroperitoneal debridement
in reducing AEs or death but shortened total hospital
stay and reduced pancreatic fistulas.”! Based on the
abovementioned results, EUS-guided drainage, *
endoscopic necrosectomy, is now considered the first
step in the management of infected or symptomatic
WON.

In drainage of symptomatic or infected pancreatic
collections, both DPPSs and LAMSs may be
utilized,"""?! but some questions are still open. LAMS
has the theoretical advantage of a larger access to
the cavity, allowing direct endoscopic necrosectomy.
However, despite different retrospective data showed
a higher clinical efficacy,”" in a recent RCT, LAMS
was found not to be superior to DPPS with regard to
clinical success or total number of procedures, with a
significantly higher occurrence of stent-related AEs in
the LAMS group (32.3% »s. 6.9%, P = 0.01),l" thus
demanding a better definition of the best candidates
to one approach or the other and a better-standardized
revision policy."”! A reasonable algorithm may involve
LAMS drainage for WON with a significant amount of
necrosis, whereas pseudocysts or “clear” collections can
be adequately addressed through DPPS.

Apart from the rare occurrence of perforation, the
most common AE after EUS-guided fluid collection
drainage is stent-related bleeding (=5%), either during
drainage or subsequent necrosectomy. These AEs have
been attributed to stent-related trauma and secondary
pseudoaneurysms, especially as the cavity collapses.)
The placement of a coaxial DPPS and eatly-scheduled
LAMS removal have been suggested to reduce this
risk """ In case pancreatic homogeneously fluid

« EUS is superior to minimally invasive surgery in terms of reduced complications,
hospital stay and costs (RCTs)

« EUS reduces number of pancreatic fistulas and hospital stay when compared to
percutaneous drainage (RCT)

« Retrospective data of EUS versus percutaneous drainage of post-operative fluid
collections suggest similar or better clinical effect and safety profile.

Patients with pseudocyst/WOPN/POF can now be drained internally by
therapeutic EUS which improves quality of life and reduces hospital stay

Future studies need to focus on optimizing drainage strategies and improving
endoscopic tools for necrosectomy

Figure 1. EUS-guided pancreatic fluid collection drainage: (a) endosonographic appearance of a pancreatic pseudocyst; (b and c) endoscopic (b)
and fluoroscopic (c) view of double-pigtail plastic stents utilized for drainage; (d) endoscopic view of the proximal flange of a LAMS; (e)
through-the-LAMS direct endoscopic necrosectomy using a tripod grasping forceps. RCT: Randomized controlled trial; WOPN: Walled-off
peripancreatic necrosis; POF: Postoperative fluid collections; LAMS: Lumen-apposing metal stent
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collections with pancreatic duct rupture, long-term
indwelling atraumatic DPPSs are thought to represent
a protection against recurrence.!

Finally, retrospective evidence on the efficacy of
EUS-guided drainage of postsurgical collections is
increasingly showing high technical and clinical success,
and this procedure has already become the standard
of care for this indication in many high-volume cancer
centers, allowing internal drainage of collections and
early hospital discharge.!

EUS-guided biliary drainage

ERCP is currently the gold standard when biliary
drainage is required but may fail in up to 10% of
cases.”?l Reasons for failure include altered anatomy,
tight strictures, and tumor infiltration, which may
preclude selective cannulation of the major papilla or
prevent stent insertion.”? In these patients, percutaneous
transhepatic biliary drainage (PTBD) has been utilized
as a “salvage” solution for failed ERCP. The procedure
comprises the need to cross both parietal and visceral
peritoneum to access a dilated bile duct and can be
associated with major AEs and a reduced quality of life

when an external drainage is left in place.”*"

EUS allows access to the biliary tree, from the
duodenum to the common bile duct (CBD) and
from the proximal stomach to liver segments 2—3.
Through both routes, a guidewire can be advanced
beyond a stenosis and across the papilla into the
duodenum to perform a rendezvous procedure
or for antegrade placement of a metal stent
across a stricture. Alternatively, the procedure can
end with transmural stenting, z.e., EUS-guided
choledochoduodenostomy (EUS-CD) or EUS-HG.

The superiority of EUS-BD with respect to PTBD
in the case of failed ERCP was reported in a
meta-analysis,®! containing data from three small
RCTs,”*7 showing higher clinical success with reduced
AEs and need for re-interventions in the EUS group.
Heterogeneity on how these procedures are performed,
the lack of dedicated consumables, and scarcity of
specific training may be some of the reasons why
EUS-BD procedures are still perceived as investigational
and confined to specialized academic centers.

When the CBD is adequately dilated (at least 12 mm,
but many authors will consider safe a diameter
over 15 mm™), EUS-CD can be accomplished using
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small-caliber ec-LAMS in a few minutes, theoretically
without fluoroscopy®™ [Figure 2]. For these reasons,
EUS-CD is nowadays more widely available and
accepted after ERCP failure. Given the high technical
success (95%)P" and low rate of AEs (5%),*"
EUS-CD was compared to ERCP as the primary
drainage strategy in malignant distal biliary obstruction.
Results from the largest RCT in the pre-LAMS era
reported EUS-BD to be associated with lower AEs,
re-interventions, and higher rate of stent patency."
Additional randomized studies are ongoing and will
evaluate whether EUS-CD with ec-LAMS should
replace ERCP as primary treatment modality in
malignant distal biliary obstruction.?**"

In addition, recent reports suggest that EUS-CD with
ec-LAMS may be considered safe even in patients that
are deemed potential surgical candidates.’>

When the biliary tree is not enough dilated or
the placement of a metal stent is not preferred,
the endoscopist might attempt an EUS-guided
rendezvous (either extrahepatic from the bulb or
intrahepatic from the stomach), at the price of some
technical challenges due to the need of guidewire
manipulation through the papilla (and potential shearing
over the needle), and endoscope exchange for a final
retrograde cannulation.

EUS-HG refers to the placement of a covered or
partially covered metal stent between a dilated segmental
intrahepatic duct and the stomach to treat distal or hilar
malignant biliary obstruction as an alternative to PTBD
when ERCP fails or is impossible [Figure 3]. RCTs of
EUS-BD wersus PTBDP***" showed that this procedute
is a valuable alternative to PTBD and allows the HPB
physician to individualize biliary drainage by considering
anatomy (such as disconnected left and right biliary
systems) and residual segmental liver volume in a
personalized treatment strategy. Until recently, biliary
drainage procedures were lumped together making it
difficult to understand the benefit of this approach in
hilar strictures®™*"! or postsurgical anatomy.?*!

Therapeutic EUS is rapidly changing GI practice allowing
optimal biliary drainage during the same procedure,
following failed ERCP, precluding the need for additional
anesthesia or other interventions. This, together
with targeted selective drainage based on anatomical
considerations and tumor biology, significantly impacted
the management of malignant biliary diseases.
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In case of failed ERCP for MBO, EUS-BD has A clinical success and ¥ adverse|
events/reinterventions compared to PTBD, in RCTs and meta-analyses

Pooled analyses have synthetized a very high technical/clinical success of EUS-CD with
ec-LAMS, with a low rate of AEs (5.7%) and recurrences (8.7%)

In case of MBO + unreachable papilla + dilated CBD + accessible duodenal bulb > EUS-
CD is the standard alternative

In case of difficult biliary retrograde cannulation (MBO), an early back-up EUS-CD can
reduce the risks of prolonged cannulation attempts or ancillary manouvres

Evaluation of EUS-CD with ec-LAMS as primary treatment modality in distal MBO.

Figure 2. EUS-guided choledochoduodenostomy: (a) endosonographic appearance of the released distal flange of a LAMS inside a dilated common
bile duct; (b) endoscopic view of the proximal flange of the LAMS in the duodenal bulb; (c) fluoroscopic view of the released LAMS with aerobilia
inside the biliary tree. MBO: Malignant biliary obstruction; EUS-BD: EUS-guided biliary drainage; PTBD: Percutaneous transhepatic biliary drainage;
RCT: Randomized clinical trial; AEs: Adverse events; EUS-CD: EUS-guided choledochoduodenostomy; ec-LAMS: Electrocautery-enhanced

LAMS; LAMS: Lumen-apposing metal stent

In case of failed ERCP for MBO, EUS-BD demonstrated A clinical success
and V¥ adverse events/reinterventions compared to PTBD, in RCTs and
meta-analyses

No difference in intrahepatic versus extrahepatic BD (pre-LAMS era).

Controlled studies have demonstrated advantages of EUS-HG (+ ERCP)
versus PTBD in malignant hilar strictures

When retrograde drainage of a left dilated biliary system (inhoperable
malignancy) fails or is impossible, EUS-guided intrahepatic access and
eventual EUS-HG must be considered before PTBD, since it can reduce
morbidity, discomfort and need for reinterventions of PTBD

Figure 3. EUS-guided hepaticogastrostomy: (a) EUS-guided puncture of a dilated intrahepatic biliary branch with a 19G needle; (b) contrast
injection showing a dilated left intrahepatic biliary tree; (c) endoscopic view of the transgastric (covered) portion of the stent once released. MBO:
Malignant biliary obstruction; EUS-BD: EUS-guided biliary drainage; PTBD: Percutaneous transhepatic biliary drainage; RCT: Randomized
clinical trial; LAMS: Lumen-apposing metal stent; EUS-HG: EUS-guided hepaticogastrostomy

While the risk of pancreatitis might be lower with
EUS-BD than ERCP, procedure-related AEs might
happen in =15% of procedures."” In procedures
requiring device exchanges (such as EUS-HG),
self-limiting bile leak and capnoperitoneum may occur
despite successful completion, which are usually treated
conservatively. Conversely, more severe AEs may
happen when failing to complete stent release after
accessing a dilated biliary tree, as this may result in
cholangitis, bile leak, and/or perforation of the gastric/
enteric wall, thus requiring urgent percutancous relief
of biliary obstruction or even rescue surgery.'” These
specific risks seem significantly lower (=6%) with
EUS-CD performed with LAMS due to the single-step
biliary access and stent release.!

EUS-guided gallbladder drainage

The gold standard treatment for acute cholecystitis (AC)
is laparoscopic cholecystectomy (LC). In high
surgical risk patients, the Tokyo guidelines 2018
recommend Percutaneous transhepatic gallbladder
drainage (PT-GBD) as primary treatment, with

EUS-GBD an alternative in centers with available
expertise.*” Subsequently, a meta-analysis including
only three retrospective studies using LAMSs showed
EUS-GBD to be superior to PT-GBD in terms of
length of hospital stay, unplanned readmission, and
need for re-interventions.*”) This superiority was
additionally demonstrated in a recent RCT: EUS-GBD
led to significantly reduced 30-day and 1-year AEs,
re-intervention rates, unplanned readmissions, and
recurrent cholecystitis compared to PT-GBD, with
comparable efficacy and mortality rates.*¥ The
superiority of EUS-GBD over PT-GBD strongly
supports this therapy as a definitive treatment for AC
in patients unfit for cholecystectomy [Figure 4].

In another provocative study, the current dogma
was challenged: after propensity score matching, 30
high-risk surgical patients undergoing EUS-GBD
were compared to 30 LC patients. No differences
in technical and clinical success, length of hospital
stay, 30-day AEs, rates of recurrent biliary events,
re-interventions, unplanned readmissions, or mortality
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In high-risk surgical patients with acute cholecystitis, percutaneous
cholecystotomy is the actual standard of care, whereas EUS-GBD is
suggested as an alternative in centers with available expertise.

EUS-guided gallbladder drainage has been reported to be superior to
percutaneous drainage in a meta-analysis and in a RCT

EUS-GBD should be considered the standard of care in high-risk surgical
patients with acute cholecystitis, where expertise is available

EUS-GBD can potentially be utilized in other patients population, given
also the possibility of intra-cholecystic endoscopic interventions

Figure 4. EUS-guided gallbladder drainage: (a) endosonographic visualization of a hydropic gallbladder, full of corpuscular material with thickened
walls; (b) endosonographic appearance of the released distal flange of a LAMS inside the gallbladder; (c) endoscopic view of the proximal flange
of the LAMS in the stomach, with drainage of pus; (d) Through-the-LAMS endoscopic direct cholecystoscopy and stones removal by a basket.
EUS-GBD: EUS-guided gallbladder drainage; RCT: Randomized clinical trial; LAMS: Lumen-apposing metal stent

were found between the two groups.*” This study, in
addition to another study showing that giant residual
gallbladder stones could be successfully treated by laser
lithotripsy through the LAMSs,*l suggests that patient
population(s) other than those with AC may benefit
from EUS-GBD.""*¥I This is particulatly true, given
aging populations, with increased numbers of fragile
individuals with multiple comorbidities with gallstone
disease requiring surgery. These individuals are more
prone to surgically related AEs:*>'l a meta-analysis
including 326,517 patients undergoing elective LC
demonstrated that increasing age was associated
with significantly higher AEs (OR: 2.46) and rate of
conversion to open cholecystectomy (OR: 1.84).5% In
these fragile patient populations, some individuals may
benefit from alternative approaches, such as EUS-GBD.

In EUS-GBD, apart from the risks deriving from
technical failures, postprocedural dysfunction due
to stent obstruction (<4%) is regarded as the
most common AE, although occurring less
frequently than in the context of percutaneous
cholecystostomies.I*! Scheduled endoscopic stone
clearance (cholecystolithotomy) and LAMS exchange
for DPPSs are thought to potentially reduce long-term
AC recurrence and stent-related trauma, but additional

prospective data are needed.!*”

EUS-guided pancreatic duct drainage

Many questions remain regarding the role of surgery
or endoscopy in the management of refractory pain
associated with chronic pancreatitis.’! Consensus exists
that ductal hypertension, due to strictures or stones,
may generate chronic pain and form the basis of any
decompression therapy, either surgical or endoscopic in

its management.”!
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The ability to provide ductal decompression requires
endoscopic access to the main pancreatic duct (MPD)
which may be particularly challenging due to stones,
strictures or in postsurgical anatomy. If ERCP fails or
when the pancreaticojejunostomy anastomosis is narrowed
causing dilation of the MPD, EUS may be utilized to
provide salvage therapy.”***! EUS-guided pancreatic duct
drainage (EUS-PDD) necessitates cannulation of the
dilated MPD from the stomach or duodenal bulb with
a 19G needle to advance a guidewire across the papilla
into the accessible small bowel, or past an anastomotic
stricture [Figure 5]. If the guidewire is accessible, the
EUS endoscope is exchanged for a duodenoscope to
allow standard retrograde pancreatic duct therapy. In
case the guidewire cannot be manipulated into the small
bowel, a fistulous tract is created using a balloon dilator
or cystotome to allow direct transmural placement of a
stent through the stomach into the MPD (EUS-guided
pancreaticogastrostomy).

EUS-PDD is challenging even in expert hands with
an important risk of complications.’** Should there
be a need to create a fistulous tract for transluminal
stenting, the complication rate (mainly pancreatitis and
pancreatic collections) may reach 30%.°Y For these
reasons, EUS-PDD is currently limited to expert tertiary
centers where it remains an important salvage therapy
when ERCP drainage fails.

EUS-guided gastrojejunostomy

Since its introduction, motre than 600 cases of
EUS-guided gastrojejunostomy (EUS-GJ) with
placement of a LAMS have been published.!"%]
Besides successful applications of this technique in
afferent loop syndrome and biliary access in surgically
altered anatomy, " its effectiveness has predominantly
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been illustrated in the management of gastric outlet
obstruction (GOO). Although LAMSs have been
approved for drainage of pancreatic fluid collections or
the biliary tract, their use to create a gastrojejunostomy
is still off-label. Various technical approaches of
EUS-G]J have been described, with the direct method or
free-hand technique being preferred for its ease of use
and simplicity.”7! Although techniques vatied, especially
in early studies, several systematic reviews have now
reported clinical efficacy ranging between 90% and
95%">™ [Figure 6].

With regard to efficacy, EUS-GJ seems to equal surgical
gastrojejunostomy (open or laparoscopic), associated with
fewer AEs, earlier restart of oral feeding, and shorter
hospital stays." Endoscopic enteral stenting (ES)
for GOO has been around two decades longer and has
shown similar advantages when compared to surgical
gastroenterostomy but at the cost of more recurrent
obstructive symptoms and need for re-interventions.”"
EUS-G]J seems to have bridged the gap between ES

and surgery, showing lower need for re-intervention and
similar safety when compared to ES””#! while achieving

long-term surgical-range efficacy.l*->"!

Although until now no randomized data are available,
two randomized trials are currently ongoing.®*! These
studies have been designed to compare EUS-GJ with
ES, with primary outcomes being re-intervention
rates and recurrent GOO.#8 Together with
randomized trials comparing EUS-G]J with surgical
gastroenterostomy, these efforts will provide a more
in-depth evaluation of EUS-G]J clarifying the value
and safety of this technique in the management of
malignant GOO.

The main risk of EUS-GJ is related to the technical
difficulty in penetrating a mobile jejunal loop and
subsequently completing the intraluminal release of a
large-caliber stent. Stent misdeployments (=10%) may
result in potentially severe AEs, such as GI perforation
and intestinal leak; if intraprocedural endoscopic

« In patients with CP-associated pain and a dilated pancreatic duct, early
surgery has shown a better pain control and a potential benefit on
disease progression.

.

EUS-guided PDD has shown in small retrospective series suboptimal
technical success and clinical benefit, with a non-negligible rate of
complications

In case of a dilated pancreatic duct and surgery unfeasible/undesirable,

EUS-guided PDD may be considered as a rescue therapy in case of
failed/impossible ERCP in expert centers.

Development of dedicated devices may reduce the rate of complications
and increase acceptability ofthe technique.

Figure 5. EUS-guided pancreatic duct drainage: (a) EUS-guided transgastric access of a dilated MPD with guidewire manipulated through
the papilla inside the duodenum; (b) endoscopic retrograde MPD cannulation parallel to the antegrade guidewire; (c) final retrograde
cannulation of the MPD after EUS-guided rendezvous. CP: Chronic pancreatitis; EUS-PDD: EUS-guided pancreatic duct drainage; MPD:

Main pancreatic duct

Best Available Evidence
« EUS-GJ is highly efficacious with clinical success rates between 90- 95%, as
well as lower reintervention rates compared to enteral stenting

« When compared to surgery, EUS-GJ has shown similar efficacy with less
complications, shorter hospital stay and earlier restart of oral feeding.

Changing the pradigm & future directions

« EUS-GJ seems to have bridged the gap between surgery and enteral stenting.
As soon as randomized confirmation is attained, EUS-GJ may be considered as
a firstline therapy for patients with GOO.

« The usefulness of EUS-GJ in patients with GOO and benign disease or as a
bridge-to-surgery warrants further investigation.

Figure 6. EUS-guided gastrojejunostomy: (a) EUS-guided transgastric visualization of a dilated fluid-filled jejunal loop; (b) correctly placed
ec-LAMS, with contrast medium flowing from the nasojejunal tube inside the stomach through the LAMS; (c) endoscopic view of the proximal
flange of the LAMS, with direct visualization of the jejunal loop through the stent; (d) postprocedural gastrointestinal series showing contrast
flow through the stent inside the jejunum. EUS-GJ: EUS-guided gastrojejunostomy; GOO: Gastric outlet obstruction. EUS-GJ: EUS-guided
gastrojejunostomy; LAMS: Lumen-apposing metal stent; ec-LAMS: Electrocautery-enhanced LAMS
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salvage fails, rescue surgical gastrojejunostomy is

required.!

EUS-guided tumor ablation

The development of specialized EUS-guided
radiofrequency ablation (EUS-RFA) needles made
it possible to treat focal lesions. This probe, when
inserted into a lesion, induces necrosis by delivering
high-frequency alternating current. The result of
this application can be visualized by EUS as the
formation of bubbles followed by the appearance of
a hyperechoic zone, both suggestive of a successful
ablation® [Figure 7]. The desired effect goes
beyond cell death and may involve perturbation of
the local microenvironment potentially inducing an
immunomodulatory response, that may potentially
further increase the efficacy of novel target systemic
therapies.®!

EUS-RFA demonstrated excellent therapeutic benefit,
specifically with regard to symptom control in small
functional neuroendocrine tumors (F-NETs), associated
with few AEs.’! For nonfunctional NETs, there are
four published series, including a total of 50 patients,
with a mean lesion diameter ranging 12.2—-20.3 mm,
showing a 71%-100% 1-year success rate.’”?! The
low AEs rate and the evidence that lesion control may
extend at least up to 3 years, begs the question whether
EUS-RFA may replace surveillance in small (e.g.,
<20 mm), NF, well-differentiated (Ki67 <5%) NETs
in future.’

To date, data on FEUS-RFA
adenocarcinoma regard small series including a total of

in  pancreatic

almost 50 patients,””” focusing mainly on feasibility
and safety. While an objective antitumor response

can be detected in most imaging studies, a survival
benefit is not yet demonstrated. The theoretical ideal
candidate to EUS-RFA is the patient with a locally
irresectable pancreatic cancer, with stable disease or
partial response after an initial course of induction
chemotherapy, since progressive diseases harbor a higher
risk of systemic disease burden. A Dutch multicenter
trial will elucidate an eventual survival benefit of adding

[98]

surgically delivered RFA to standard chemotherapy.

An even more speculative question is whether there is
an advantage of EUS-guided ablation, in patients unfit
for surgery with “high-risk” cysts as an alternative to
surveillance or surgery.

EUS-RFA is a promising new tool that must still find
its place in the treatment algorithms of focal pancreatic
and liver lesions through well-designed clinical studies,
in centers with adequate expertise, and after extensive
multidisciplinary discussion of available alternatives.

EUS-RFA carties a =15% risk of AEs, most of which
are mild and represented by postprocedural abdominal
pain and acute pancreatitis. To reduce this risk, rectal
nonsteroidal anti-inflammatory drugs prophylaxis,
similar to ERCP, is usually recommended together with
avoiding lesions in proximity of MPD.!

EUS-guided endovascular therapy

Standard endoscopic cyanoacrylate injection (ECI)
comes with a risk of pulmonary glue embolization,””
making it not the first choice in the context of primary
prophylaxis of gastroesophageal varix type 2 (GOV2)
and isolated gastric varix (IGV)."" However, ECI is
the recommended therapy for bleeding GOV2 and 1GV
followed by endoscopic follow-up and/or transjugular

yet demonstrated a survival benefit)
« For functioning NETs, excellent rate of symptoms’ control
« For small NETs, small experiences showing satisfactory rate of lesions disappearance during FU

+ EUS-RFA is currently investigated as
oA potential adjunt to standard CHT in patients with locally iresectable PDAC with stable/responsive
\_/ disease afterinduction chemotherapy.

5 / « Initial clinical series have demonstraited adequated safety of EUS-RFA
« For locally irresectable PDAC, EUS-RFA has shown a reduction in vital tumour volume (no study has

« An alternative to surgery to obtain symptoms’ control in small functioning NETs (e.g. insulinomas)

oA potential alternative to watchfull waiting in patients with small non-functionin G1-G2 NETs
oA potential alternative to surgery in unfit pati

ts with high-risk cystic lesions.

-~ &

Figure 7. EUS-RFA: (a) Needle-like EUS-RFA probe inside a pancreatic adenocarcinoma with energy application resulting in the formation of
bubbles; (b) endosonographic appearance of a hyperechoic zone inside the hypoechoic pancreatic lesion at the end of the treatment; (c) a 13-mm
functioning neuroendocrine tumor of the uncinate process of the pancreas, hyperenhancing at contrast injection (d); (e) EUS-RFA ablation of
the same lesion. PDAC: Pancreatic ductal adenocarcinoma; NETs: Neuroendocrine tumors; FU: Follow-up; CHT: Chemotherapy; EUS-RFA:

EUS-guided radiofrequency ablation
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intrahepatic portosystemic shunt (TIPS) placement.'’"!"

To reduce this risk of pulmonary embolization,
EUS-guided coil placement and cyanoacrylate
injection (EUS-CCI) has been advocated.!'” The
gastrofundal convolute or perforating vessel can typically
be identified by EUS from the distal esophagus or
cardia"™ and punctured with a 19G or 22G needle for
respective 0.035” or 0.018” coil placement [Figure 8];
the selected coil (6-20 mm) should have a diameter
up to or larger than the convolute diameter, ensuring
fixation within the varix. Depending on the real-time
EUS assessment, either another coil is advanced
or N-2-butyl-cyanoacrylate or 2-octyl-cyanoacrylate
is slowly injected onto the coil “scaffold,” hence
reducing the risk of pulmonary embolism. The absence
of Doppler flow in the convolute confirms varix
obliteration. The largest published experience consists
of a retrospective study in 152 patients with GOV2/
IGV1 undergoing EUS-CCI for active bleeding and
secondary or primary prophylaxis.'” The technical
success rate was >99%, and in the 100 patients with
follow-up EUS, 93 (93%) had complete obliteration
of the varix. Posttreatment bleeding occurred in 3 of
93 (3%) of these patients. One recent RCT compared
EUS-CCI with ECI as primary or secondary prophylaxis
for bleeding, showing similar technical success (varix
thrombosis at 30 days 73.5% »s. 75%) but a lower rate
of pulmonary embolism in EUS-CCI (25% »s. 50%0).1'"!
Another RCT showed that EUS-CCI zersus coil injection
alone had higher rates of varix obliteration (85%
vs. 13%) and intervention-free follow-up (83% us.
60%, P = 0.010).'"° Moreover, there appears to be
a role for EUS-CCI in the management of GOV2/
IGV already treated with ECI, in whom TIPS and/or
Balloon-occluded Retrograde Transvenous Obliteration

is contraindicated (e.g., hepatic encephalopathy) or
technically impossible due to extensive portal and

splenic vein thrombosis. A recent retrospective analysis
also showed that EUS-CCI as primary prophylaxis in
patients with “high-risk” gastric varices was technically
feasible (100% success and 97% varix obliteration), with
low rates of bleeding (2.5%) or complications (5%)
during follow-up (mean: 3 years)."" As such, EUS-CCI
appears to be a valuable addition to the arsenal of
GI endovascular therapy, but further prospective
randomized trials are needed.

Adverse events, informed consent, and medicolegal
ssues

Most AEs associated with therapeutic EUS are mild
and self-limiting. However, its use may be associated
with serious AEs including perforation, bleeding, severe
pancreatitis and pancreatic collections, bile leak, sepsis,
and procedure-related deaths.!" Although severe
complications rarely occur in referral centers, it remains
imperative that gastroenterologists are adequately trained
in their recognition and management. Therapeutic
EUS procedures are best performed by endoscopists
with adequate training in advanced pancreaticobiliary
endoscopy at hospitals where interventional radiologists
and surgeons are readily available if needed. As
discussed so far, therapeutic endosonographers
started to move outside the field of “investigational”
procedures, since increasing evidence is translating most
of them into standard of care. Much more important,
the majority of devices used in these procedures are
now regulatory-approved and used on-label. One
exception to date is the use of ec-LAMS for EUS-GJ,
which is used off-label even if the product itself is
frequently used in current clinical practice. Therefore,
EUS-GJ should be better performed inside clinical
studies, with patients agreeing with specific informed
consent, after being presented with all risks and
potential alternatives. Most of the patients will anyway

EUS-CCI has demonstrated similar technical success compared to
ECI, but a lower rate of pulmonary embolism in a RCT

EUS-CCI versus coil injection alone had higher rates of varix
obliteration and intervention free follow-up in a RCT.

In centres with adequate expertise EUS-CCI might be considered as
an alternative to ECI in secondary prophylaxis of high-risk gastric
varices.

The reduced risk of pulmonary embolism might promote a role of EUS-
CCIl even in primary bleeding prevention of high-risk GOV2/IGV.

Figure 8. EUS-guided coil placement and -CCl: (a) a gastrofundal convolute is identified by EUS and punctured with a 19G needle; (b) through
the needle coil placement + cyanoacrylate injection; (c) absence of Doppler flow in the convolute confirming varix obliteration. ECI: Endoscopic
cyanoacrylate injection; GOV2: Gastroesophageal varix, type 2; IGV: Isolated gastric varix; EUS-CCI: EUS-cyanoacrylate injection
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