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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.
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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 obstrucdes pancreato-
biliares, constituem agora alternativas as abordagens
cirdrgicas e percutaneas. Esta modalidade terapéutica
permite também a drenagem da vesicula biliar em doen-
tes que ndo sao candidatos cirurgicos. Além disso, ao uti-
lizar as suas capacidades Unicas de imagem, a EUS per-
mite a drenagem em casos de obstrucdo da saida géstrica,
bem como realizar a ablagao 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 inovagoes através da EUS. © 2023 The Author(s).
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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 amedian 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

Canakis/Baron
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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 IPMNSs, 14 pNETs, 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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itis 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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