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Abstract: Gastroesophageal variceal bleeding is a life-threatening complication in patients
with liver cirrhosis and portal hypertension. The endoscopic injection of cyanoacrylate is
considered as the first-line alternative for gastric varices treatment; however, the incidence
of adverse events supports the endoscopic ultrasound-guided approach. Endoscopic
ultrasound-guided interventions are a safe and feasible technique for the injection of
sclerosants, cyanoacrylate, thrombin, and the deployment of coils into targeted vessels. This
review article aims to offer an overview of the role of endoscopic ultrasound-guided vascular
therapy and present the available data regarding endoscopic ultrasound-guided management

of gastrointestinal bleeding and other vascular therapies. The available data have shown
the superiority of endoscopic ultrasound-guided endovascular therapy over the endoscopic
technique, which supports the implementation of endoscopic ultrasound-guided therapy

in therapeutical algorithms and guidelines. Regarding whether injecting cyanoacrylate, the
deployment of coils, or combined therapy, we recommend the endoscopic ultrasound-guided
combined therapy in patients with gastric varices due to the high eradication rate with lower
rebleeding and reintervention rates. Multicenter worldwide studies are required to confirm
the actual clinical applicability of endoscopic ultrasound-guided endovascular therapy

and establish treatment algorithms. Endoscopic ultrasound offered a safe and effective
alternative in the management of variceal and nonvariceal gastrointestinal bleeding, with
the implementation of new diagnostic and treatment options for various gastrointestinal
conditions, representing a new territory for research and development.
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Introduction

Endoscopic ultrasound (EUS) indications have
expanded from diagnostic modalities to therapeu-
tic purposes in various fields, especially in the
area of endovascular therapy. In the beginning,
EUS was considered a supplementary diagnostic
method, which was available only in a few tertiary
centers, but now this tool has become more acces-
sible worldwide.

The necessity of developing less invasive alterna-
tives to surgical or radiologic interventions has
contributed to the development of EUS-guided
vascular therapy. EUS offers real-time imaging
with the possibility of accessing vascular sites that

would otherwise be inaccessible, or less accessi-
ble, using conventional techniques. The advan-
tage of targeting specific vascular sites for the
deployment or injection of tools as well as the
implementation of therapeutic procedures from
interventional radiology has become the main
reason for the development of new EUS-guided
vascular techniques.

For many decades, interventional radiologists
developed selective angiographic embolization and
transjugular intrahepatic portosystemic shunts
(TIPS) for refractory gastrointestinal hemorrhage.
However, EUS is superior to interventional radiol-
ogy techniques because the gastrointestinal tract is
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located more proximal to vascular structures in the
mediastinum and abdomen (such as the aorta,
celiac axis, portal, and hepatic vein; mesenteric
vessels; and aberrant vascular shunts), offering
safer and more feasible techniques.

EUS-guided interventions are promising meth-
ods that have demonstrated their safety and feasi-
bility in various experimental and clinical studies
that have evaluated the injection of sclerosants,
cyanoacrylate, thrombin, and the deployment of
coils using an EUS fine-needle aspiration into tar-
geted vessels. This review article aims to offer an
overview of the emerging role of EUS-guided vas-
cular therapy and present the available evidence
regarding EUS-guided management of gastroin-
testinal bleeding and other vascular therapies.

Gastrointestinal bleeding

Gastroesophageal varices (GOV) are a complica-
tion of liver cirrhosis and represent the develop-
ment of portosystemic collateral vessels as a
consequence of portal hypertension. The frequency
of GOV is associated with the severity of the dis-
ease, ranging from 40% in those patients with Child
A and raise to 85% in those with Child D.!

Variceal bleeding

Gastroesophageal variceal bleeding is a common
and life-threatening complication with an annual
bleeding rate of 5-15% and a 6-week mortality rate
of 20%.% Even though the bleeding ceases sponta-
neously in 40-50% of patients, early rebleeding can
occur in 30-40% of patients, with 40% of patients
rebleeding within the first 5 days.? The expansion
of therapeutic interventions has improved the man-
agement and mortality rate associated with acute
variceal bleeding; however, bleeding remains as one
leading cause of death in cirrhotic patients.?

Endoscopy is the standard of care for the detec-
tion and grading of esophageal varices, with endo-
scopic band ligation considered as the most
appropriate treatment of bleeding and eradication
of varices. However, EUS is useful in the evalua-
tion of periesophageal veins, in which the pres-
ence of severe periesophageal collateral veins and
large perforating veins correlates with bleeding
risk and recurrence.*°

In one study, EUS-guided injection of sclerosants
into periesophageal veins was evaluated in five
patients, showing no recurrence of bleeding during

15 months of follow-up; however, 2.2 sessions
were necessary for achieving obliteration.” A rand-
omized controlled trial comparing endoscopic ver-
sus EUS-guided sclerotherapy into collateral veins
showed that EUS-guided sclerotherapy is as safe
and effective as endoscopic sclerotherapy; how-
ever, there was no statistical difference in the
amount of sclerosants and number of sessions to
achieve eradication or recurrence of varices.8

Further studies comparing standard endoscopic
therapies versus EUS-guided deployment of coils,
cyanoacrylate injection, or combined treatment
are required to demonstrate the real clinical effect
in obliterating periesophageal collateral veins and
large perforating veins for the eradication of
esophageal varices.

Gastric varices

Endoscopic classification of gastric varices (GV)
according to their location in the stomach and
involvement of the esophagus can be performed
using Sarin’s classification. GOV type 1 are the
most common type, arising from the lesser curva-
ture of the stomach and extending above the gas-
troesophageal junction as esophageal varices,
accounting for 74% of all GV. GOV type 2 are
located in the gastric fundus and continue toward
the esophagus. Isolated gastric varices (IGV) type
1 arise only in the gastric fundus and occur inde-
pendently of esophageal varices and have the
highest incidence of bleeding, whereas IGV type
2 are ectopic varices and can appear elsewhere in
the stomach, such as the gastric body or antrum.®

Bleeding from GV is associated with a high mor-
tality rate, with the highest risk from the first
hemorrhage in those patients with large varices or
decompensated cirrhosis.!?® Band ligation or scle-
rotherapy of GV has inferior hemostasis and
higher rebleeding rates than endoscopic injection
of cyanoacrylate.!:12 However, the endoscopic
technique is associated with severe adverse events,
mainly pulmonary or systemic embolisms, bleed-
ing ulcers from the injection site, peritonitis, nee-
dle impaction, and even death. In addition, the
injection of cyanoacrylate carried out by direct
visualization using standard gastroscopes has
been related to damage of the working channel of
the endoscope.13-18

Likewise, endoscopic therapy via cyanoacrylate
injection is challenging in the setting of severe
hemorrhage due to impaired visualization, a
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limitation overcome with the implementation of
EUS and the Doppler effect. EUS-guided vascular
therapy has the advantage of precising the target of
the varix lumen or the afferent feeder veins. Initial
studies described the endoscopic injection of
embolization glue within varix. However, EUS-
guided vascular therapy allows some modification
in the injection technique, in which glue can be
injected directly within the feeder vessel of GV, for
example, the left gastric vein.!® Also, EUS-Doppler
offers a real-time evaluation of the vessel flow, a
necessary finding to confirm varix obliteration.

Endosonographic varicealography

Although EUS-guided endovascular therapy has
shown promising results, interventions in patients
with a vascular shunt can be catastrophic.
Endosonographic varicealography (EV) provides
several benefits during EUS vascular therapy. First,
it provides endoscopists a technique to classify
varices into type I (localized) and type II (diffuse),
following the distribution of the feeder vessels.
Type I varices are formed by a single large feeder
vessel; meanwhile, type II are formed by a network
of vessels within the gastric wall with multiple com-
munications between them.2? Second, the addition
of systematic EV facilitates the therapeutic deci-
sion-making and ensures procedural safety,
decreasing the risk of embolization secondary to
accident glue injection into efferent vessels. EV
offers the benefit of ruling out portosystemic shunts,
which contraindicate the injection of cyanoacrylate
due to a higher risk of embolization (Figure 1).
Also, EV evaluates the anatomy of the splenic vein
and avoids the exacerbation of portal hypertension
secondary to the embolization of this vein.

In the setting of active hemorrhage, EV may iden-
tify the bleeding vessels for the assessment and tar-
geting of the obliteration. Other benefits are the
confirmation of the directional flow relative to
varix (afferent or efferent), varix diameter, and
confirmation of flow absence after obliteration.!®
However, fluoroscopy availability in the endoscopy
setting, contraindication, or allergy to contrast
agents and increase in procedure time and cost are
still situations to consider for EV implementation.

EUS-guided glue injection

Endoscopic therapy with cyanoacrylate injection
is considered the first-line alternative for GV
treatment and TIPS as the second alternative
after failed cyanoacrylate injection or balloon

Figure 1. Left gastric vein shunt detected during
endosonographic varicealography before EUS-guided
endovascular therapy.

EUS, endoscopic ultrasound.

deflation in accordance with the International
Consensus in Portal Hypertension Workshop
held in 2015 (Baveno VI).2! Despite the high
eradication rate of endoscopic cyanoacrylate
injection,?? complications such as the high inci-
dence of pulmonary embolism?23 and the high risk
of systemic embolization, sepsis, and endoscopic
working channel occlusion are strong considera-
tion points and the rationale for supporting the
EUS-guided approach.

The EUS-guided cyanoacrylate injection is supe-
rior over the endoscopic technique because of sev-
eral advantages: (1) the identification of the afferent
feeder vessel, which allows direct delivery, thereby
(2) potentially decreasing the amount of glue
injected and therefore (3) reducing the risk of glue
embolization, and also, (4) the confirmation of the
obliteration of the GV by EUS color Doppler. The
localization and approach of the feeder vessel are
difficult, time-consuming, and require additional
training; however, it has shown several benefits,
mainly in the safety of the procedure due to the
fewer amount of glue needed for obliteration.2224

Injection of embolization glue, such as 2-octyl-
cyanoacrylate and N-butyl-cyanoacrylate, has
been described and compared in several studies,
showing similar hemostasis effectiveness and pre-
vention of rebleeding in patients. The Ilater
requires dilution with Lipiodol, a component that
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enables fluoroscopic visualization of the injected
vessel and is useful for the identification of pul-
monary embolism on chest X-ray, especially in
asymptomatic cases; although if embolism is
highly suspicious, computed tomography is nec-
essary for confirmation. A disadvantage of this
product is that it forms a more viscous solution
that might be more difficult to inject.

Conversely, 2-octyl-cyanoacrylate has a longer
polymerization time, offering a longer injection
time and decreasing the risk for glue impaction in
the needle, the injection site, or the working chan-
nel of the scope.

EUS-guided coil embolization

The deployment of intravascular embolization coils
under direct EUS visualization has demonstrated a
GV eradication rate of 75% when used as mono-
therapy.2> These metal coils are covered with syn-
thetic, stainless steel fibers, which induce variceal
thrombosis and obliteration. These embolization
coils are advanced through the fine-needle aspira-
tion using the stylet to push them. Most coils are
deployed through a 19G needle (up to 0.035-in
coils) and smaller coils (0.018-in coils) are available
for deployment through 22G.19:23,25-27

There are no reports of embolization secondary to
deployment of coils. This complication could be
possible if the diameters of the coils are less than
that of the varix; thus, the size of the coil chosen
must be larger than 120% of the varix diameter
and injected in the direction of the portal vein (in
the blood-outflowing trajectory). There is, how-
ever, a risk of perforation, bleeding, and coils
extrusion that might be minimized by placing the
needle tip on the opposite wall of varix.1®

A multicenter trial comparing EUS-guided coil-
ing versus EUS-guided cyanoacrylate injection in
30 patients favored coiling because the risk of coil
migration and pulmonary coil embolism was very
low compared with a 58% rate of adverse events
in the cyanoacrylate group, pointing out that
most were asymptomatic pulmonary embolism
from glue injection, with little clinical signifi-
cance. Another benefit of coiling was that 82% of
patients achieved a complete obliteration in one
session; however, no statistically significant dif-
ference was noted in regard to the obliteration
rate between both techniques (95% for cyanoacr-
ylate versus 91% for coiling).??> Also, 18% of
patients, in whom complete obliteration is not

achieved with EUS-guided coiling alone, might
benefit for novel approaches such as the EUS-
guided combined therapy with embolization coils
and cyanoacrylate injection.

EUS-guided deployment of coils is limited by the
technical difficulty of delivering various coils
within the varix lumen and the cost of the proce-
dure when more significant numbers of coils are
required for varix obliteration.23 Right now, EUS-
guided coiling for the treatment of GV is a novel
procedure with data limited to few studies; large
randomized multicenter trials are needed to com-
pare the clinical benefits of EUS-coiling over the
EUS-guided injection of cyanoacrylate.

EUS-guided glue and coil combination

therapy

The EUS-guided deployment of coils in combi-
nation with cyanoacrylate injection has demon-
strated to reduce the risk of glue embolization
because embolization coils function as a scaffold
to retain the glue within varix. Moreover, a
lesser amount of cyanoacrylate is required in the
combined technique to achieve obliteration of
the varices.

The combined therapy in the afferent portion of the
feeder vessels has reported high efficacy and safety,
with a 100% technical success and complete
variceal obliteration in 96.6% of cases and immedi-
ate disappearance of varix in 80% of patients.!®

In a retrospective study of 152 patients with gas-
tric fundal varices in whom EUS-guided com-
bined deployment of coils and cyanoacrylate
injection was performed, 93% achieved a com-
plete obliteration rate evaluated via EUS; how-
ever, these data were driven from 100 individuals
in whom EUS was available during follow-up.28

In another recent randomized clinical trial from
our group, we found that EUS-combined therapy
was superior over EUS-coiling alone in terms of
rebleeding and reintervention rates during follow-
up.?® Figure 2 summarizes the procedure steps
for EUS-guided GVs obliteration, with the advan-
tage of EUS-Doppler for flow and obliteration
confirmation (Figure 1(b) and (e)).

Primary prophylaxis of GV bleeding
Although primary prevention for GV bleeding
has not been established in current guidelines,
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there are studies in which GV with a high risk of
first bleeding (a gastric varix diameter >20
mm, an MELD (Model for End-Stage Liver
Disease) score >17, and presence of portal
hypertensive gastropathy) were obliterated with
EUS-guided endovascular procedures.19:24:28

The mortality rate from first variceal bleeding
within 6 weeks is as high as 20%.2 Despite the
controversy and lack of consensus about the role
of GV primary prophylaxis, Mishra and col-
leagues3? described a 2-year probability of bleed-
ing of 13% in those patients with IGV1 and
GOV2 treated with endoscopic injection of
cyanoacrylate compared with 45% in those
patients in whom no intervention was instituted
and 28% in those taking beta-blockers.

In another study in which 40 patients were treated
with combined EUS coiling and cyanoacrylate
injection for primary prophylaxis of GV, 96% of
patients had an EUS that confirmed obliteration
and only two experienced minor bleeding,?® sup-
porting the rationale for considering the EUS-
guided therapy as prophylaxis in high-risk patients.
However, further studies are needed to evaluate
the safety and clinical benefits of using EUS in the
variceal injection of cyanoacrylate, deployment of
embolization coils, or combined therapy in the
prevention of first bleeding in high-risk patients.

Ectopic variceal bleeding

Rectal varices are common in patients with cir-
rhosis and portal hypertension and are a cause
of lower gastrointestinal bleeding in these pop-
ulation. The risk of bleeding is inferior com-
pared with gastroduodenal varices; however,
sometimes, bleeding can occur massively. EUS-
guided therapy, including EUS-guided coil
deployment or EUS-guided cyanoacrylate
injection, has been described for other anatom-
ical locations, such as the duodenum and rec-
tum, especially in the setting of massive
gastrointestinal bleeding.3!-33 There are insuf-
ficient data to support these techniques as first-
line therapy; however, they remain as an
alternative option for rescue therapy.

EUS-guided endovascular therapy in
nonvariceal bleeding

EUS-guided endovascular treatment in patients
with severe, refractory, or recurrent nonvariceal
gastrointestinal bleeding, or unsuitable candidates

for radiologic or surgical intervention, might ben-
efit from EUS-guided hemostatic interventions.
Currently, there are series described with a suc-
cess rate of 88% to 100% in the treatment of gas-
trointestinal stromal tumors, Dieulafoy lesions,
duodenal wulcers, pancreatic pseudoaneurysms,
ulcers related to esophageal cancer, and after
Roux-en-Y gastric bypass.3435

EUS-guided vascular therapy-related

adverse events

EUS-guided endovascular therapy offers a safe
technique for the precise targeting of vessels, with
fewer adverse events in contrast to the direct
endoscopic visualization approach. However,
adverse event rates vary with specific endovascu-
lar therapy. The endoscopic visualization
approach carries the risk of embolic adverse
events, within the brain, portal vein, spleen, fatal,
and nonfatal pulmonary embolism.!7:18 Besides,
the EUS real-time evaluation of vessels and
Doppler flow increase the detection of fundal
varices, preclude treatment contraindication, and
reduce the risk of bleeding when used during
monitoring after obliteration therapy.

Intrahepatic portosystemic shunt

Baveno VI consensus indicates that TIPS via
transjugular access is the current rescue therapy
in the setting of refractory gastroesophageal
bleeding. EUS has a theoretical advantage over
percutaneous access due to the closeness of the
gastrointestinal tract to the intra-abdominal vas-
cularity. The EUS-guided intrahepatic portosys-
temic shunt placement was first described in 2009
in a porcine model, and the current experimental
case series was performed on five porcine models,
with no reports on humans available.36:37

EUS-guided portal angiotherapy

Differentiating benign and malignant portal vein
thrombus in the setting of hepatocellular carci-
noma impacts clinical management. However,
transabdominal ultrasound sampling carries the
risk of sample contamination, biliary, and vascu-
lar injury. The EUS-guided fine-needle aspira-
tion offers a safer alternative, with more direct
access, for the diagnosis, staging, and ruling out
of malignant portal vein thrombi that alter the
clinical management.3® Also, the collection of
portal venous blood for the identification of circu-
lating tumor cells in a nonmetastatic borderline
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resectable tumor is feasible via EUS guidance,
playing an important role for staging and guiding
clinical management.3®

EUS-guided portal vein access can also be applied
for therapeutic purposes, such as liver-directed
chemotherapy. Recently, EUS-guided portal
injection chemotherapy was described in porcine
models, with the advantage of targeting the liver
parenchyma and sparing the bile duct, decreasing
the risk of ischemic biliary strictures, and achiev-
ing higher concentrations of the therapeutic agent
within the liver parenchyma and lower systemic
levels, being beneficial in cases in which targeted
hepatic drug exposure is desired.4°

Possible selective thrombolysis and stenting of
the vessels after initial EUS-guided portal vein
access might be promising.#! On the contrary,
selective portal embolization with a coil and
cyanoacrylate was reported on a porcine model.
Embolization is performed to achieve compensa-
tory hypertrophy of the contralateral hepatic lobe
before extensive liver resection.*?

Conclusion

EUS-guided endovascular therapy is a safe and
effective technique for the treatment of GV bleed-
ing. It has improved the therapeutical arsenal
with excellent results, demonstrated by the high
obliteration rate achieved of GV in a single proce-
dure. The available data have shown superiority
of EUS-guided endovascular therapy over the
endoscopic technique, which supports the imple-
mentation of EUS-guided therapy in therapeuti-
cal algorithms and guidelines.

Regarding the decision of whether injecting
cyanoacrylate, the deployment of coils, or com-
bined therapy, we recommend the EUS-guided
combined treatment in patients with GV due to
the high eradication rate with lower rebleeding
and reintervention rates. However, the generaliz-
ability of these findings is limited by the number
of institutions and operators capable of perform-
ing these procedures; likewise, more multicenter
worldwide studies are required to confirm their
actual clinical applicability and establish treat-
ment guidelines.

EUS offered a safer and more effective alternative
for the management of variceal and nonvariceal
gastrointestinal bleeding. In addition, newer tech-
niques are described for the access of the portal

vein, with diagnostic and interventional implica-
tions. There is no doubt that EUS-guided endo-
vascular therapies are advancing tremendously,
expanding its roles in various gastrointestinal
conditions, and representing a new territory for
investigation and development.
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