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Endoscopic Ultrasound Guided 
Intervention for Gastric Variceal Bleeding

Acute hemorrhage from gastric varices (GV) is more severe and difficult to treat, often 
leading to a poorer patient prognosis, as compared to esophageal varices (EV). Currently, the 
recommended treatment of bleeding GV is endoscopic cyanoacrylate injection. Endoscopic 
ultrasound (EUS) may enhance variceal detection and improve therapeutic targeting. Newer 
endosonographic techniques have been developed to offer an alternative treatment and 
improve patient outcome. This article serves to review these EUS techniques used to treat GV. 
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INTRODUCTION

Gastric varices (GV) are found in up to 20% of 
patients with portal hypertension.1  Approximately 
5% of GV will have clinically-evident bleeding.2  

Acute hemorrhage from GV occurs less frequently than 
esophageal varices (EV), but is more severe and often 
requires more blood transfusions.1

Soehendra et al. in 1986 reported on cyanoacrylate 
(glue) injection of GV, representing an important 
breakthrough in the endoscopic treatment of GV.3  
Subsequently, many studies have demonstrated 
the efficacy of GV obliteration using cyanoacrylate 
injection. Despite the lack of large randomized control 
trials, current practice guidelines and expert consensus 

recommend the use of glue injection to treat GV.4, 5

Endoscopic ultrasound (EUS) has been increasingly 
used as a therapeutic procedure, allowing precise 
targeting of structures. EUS-guided angiotherapy is an 
example of the growing practice of interventional EUS. 
Due to the lack of prospective randomized control trials 
comparing EUS and conventional endoscopic therapy, 
the use of EUS-guided therapy has been limited to few 
institutions. EUS may enhance variceal detection and 
improve targeting of therapy, particularly in patients in 
whom endoscopic treatments were ineffective due to 
failed therapy or the inability to adequately visualize 
the varices (e.g. subepithelial component). This review 
serves to highlight novel EUS techniques which have 
emerged as alternatives to standard glue injection for 
the treatment of GV.
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goal of targeting either the feeding vessel for localized 
GV or the largest vein in diffuse GV. (Figure 1a-f) 
Once the target vessel is identified, a fine needle 
aspiration (FNA) needle is loaded with a coil. We 
prefer using a 22-gauge FNA needle to allow for 0.018 
inch coils rather than larger needles and coils due to 
the ease of administration and potentially decreased 
risk of bleeding at the needle puncture site. The coiled 
diameter of the coil should be approximately 1.25-
1.5 times the diameter of the targeted vessel, which 
typically results in use of 6-10 mm (straight length 
70-140 mm) coiled diameters. We remove the stylet 
from the FNA needle and use the stylet to advance the 
coil until it lies just short of the needle tip. While some 
use a guidewire to advance the coil, we prefer use of 
the stiffer stylet which incurs no additional cost.  Once 
the coil is loaded, the FNA needle is inserted through 
the echoendoscope channel and then advanced into 
the vessel. We typically puncture through the entire 
vessel and a short distance into deeper structures to 
anchor the coil. We then slowly advance the stylet to 
deliver the coil and minimally retract the needle to allow 
the coil to predominantly lie within the vessel itself. 
Finally, we often anchor a portion of the coil at the side 
of the vessel that lies closest to the echoendoscope. 
Throughout the procedure both endosonographic 
and fluoroscopic images are continuously monitored 
to ensure proper coil placement. Doppler should be 
performed to document the decreased blood flow and 
potential need for additional therapy.

EUS Detection of Gastric Varices
EUS-guided therapy of GV offers several potential 
advantages over conventional endoscopic treatment, 
including enhanced diagnosis, treatment, and follow-
up. As EUS images deep to the  mucosal lining, it has 
a higher sensitivity for variceal detection,33 particularly 
GV which often have a significant submucosal 
component.34  In addition, EUS may visualize the entire 
variceal complex as well as the feeding and perforating 
vessels, which allows direct targeting of these sites. 
This is important as the risk of recurrent varices and 
hemorrhage have been shown to correlate with number 
of varices, their diameter, and the persistence of flow.35-

37 The use of Doppler before and after the injection of 
coils and/or cyanoacrylate allows monitoring of the 
treatment success.

EUS-Guided Coil Injection

Technique
In our practice, all EUS angiotherapy procedures 
are performed using a curvilinear echoendoscope 
with fluoroscopic assistance. Due to the length and 
complexity of the procedure, general anesthesia 
should be considered. Prophylactic antibiotics should 
be administered if a vessel is punctured through the 
gut lumen, with the use of post-procedure antibiotics 
advocated by some.

After identification of GV using a curvilinear 
echoendoscope, color or power Doppler should be used 
to anatomically delineate the variceal network with the (continued on page 50)

Figure 1a. Endoscopy revealed gastric varices Figure 1b.  EUS grey scale appearance of the gastric 
varices

Figure 1. 51 Year Old Female with Gastric Varices (GOV2)
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Clinical Application
One group has reported on EUS-guided coil injection 
only for GV.40 In 4 patients with cirrhosis-related GV, 
coil embolization was performed with eradication of 
GV in 3 (75%) cases. The first patient had 13 coils 
inserted throughout the GV complex, followed by 
9 coils placed into a 13 mm perforating vessel. The 
subsequent 3 patients had 2-7 coils placed only into 
the perforating vessel, which ranged from 6-12 mm in 
size. No coils migrated in the 5 months of follow-up.

The same group recently described a multicenter 
retrospective analysis on the use of coils versus 
cyanoacrylate to treat GV.39 Due to its retrospective 
and non-randomized nature, the 2 groups should be 
compared cautiously. In the coil embolization only 
group, in which it is unclear whether some patients 
from their initial study were included, complete 
obliteration of the GV by injection into the perforating 
vein occurred in 10 of 11 patients (91%). Majority 
of cases had complete treatment of the perforating 
vessel within 1 session (9 patients; 82%). A mean of 
5.8 (SD 1.2) coils were placed per patient. Although 
more patients required subsequent procedures in the 
cyanoacrylate group compared to the coil group, the 
authors commented that the endosonographers thought 
that coil injection was more technically demanding.

Our single-institution experience with EUS-guided 
coil injection into GV encompasses 3 patients with 

(continued from page 44) underlying cirrhosis, malignant portal hypertension, 
or portal vein thrombosis. These patients underwent 
a total of 6 procedures with total of 14, 9, and 7 coils 
placed. In all 3 patients, there was no evidence of further 
GV bleeding after coil embolization during a median 
follow-up of 17 months. Two patients had bleeding 
episodes related to EV after obliteration of the GV 
complex, therefore these patients may benefit from 
endoscopic surveillance and treatment of EV after 
successful therapy of the GV.

EUS-Guided Cyanoacrylate Injection

Technique
Similar to coil injection, the targeted vessel should be 
thoroughly mapped using the EUS prior to cyanoacrylate 
injection. Only after careful planning of the projected 
glue insertion would we recommend preloading the 
FNA needle with cyanoacrylate in order to minimize the 
risk of glue occlusion within the needle. This technique 
is preferred over using the stylet during vessel puncture 
and subsequent removal of the stylet before the glue is 
loaded into the needle, which may increase the risk of 
withdrawing blood into the needle and insertion of a clot 
or air as the glue is then inserted through the needle. We 
use a 1:1 mixture of 2-octyl cyanoacrylate and lipoidol to 
allow for fluoroscopic monitoring during glue injection. 
As the risk of embolization increases with the volume 
of cyanoacrylate injected, it is recommended to use the 
least amount of glue possible to achieve decreased flow 

Figure 1d:  EUS demonstrates the microcoils (orange 
arrows) and the near complete resolution of 
blood flow (green arrow))

Figure 1c.  EUS power Doppler appearance of the gastric 
varices
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through the variceal complex.29 As there is a high cost 
of repairing an echoendoscope if glue becomes lodged 
within the channel, extreme care must be undertaken to 
immediately clean the echoendoscope thoroughly after 
each cyanoacrylate injection.

Clinical application
The first study on the utility of EUS-guided cyanoacrylate 
injection compared a historical group of patients who 
underwent conventional endoscopic glue injection 
during an acute GV bleeding episode with a group who 
underwent endoscopic glue injection during the acute 
hemorrhage followed by EUS surveillance and further 
glue injection until eradication.41 Primary hemostasis 
during the initial endoscopic procedure occurred in >95% 
of patients in both groups. The EUS group underwent 
an average of 2.2 (SD 1.7) procedures to completely 
obliterate GV in 43 of 54 patients (80%). No adverse 
events were reported during the EUS-guided injection. 
Those in the EUS surveillance group had significantly 
fewer episodes of recurrent GV bleeding as compared 
to those who received conventional endoscopic glue 
injection (26% vs 57%, p=0.002). Although the use of 
a historical cohort is not an ideal method to compare 
treatment strategies, this study introduced the concept 
that patients with a history of active GV hemorrhage 
may benefit from EUS surveillance and treatment of 
persistent GV to decrease the risk of rebleeding.

A case series on 5 patients with cirrhosis-related GV 
who underwent EUS-guided cyanoacrylate injection 

into a perforating vessel showed complete obliteration 
in all the patients after injecting a mean of 1.6 mL 
of glue.42 During a mean follow-up of 10 months, no 
adverse events or recurrent bleeding were observed. 
Focusing on the patients who underwent only EUS-
guided glue embolization by the same authors in the 
study mentioned in the EUS-guided coil injection 
section, all 19 patients had complete obliteration of the 
feeding gastric vessel.39 The 5 patients reported in the 
initial case series were not included in the subsequent 
study. Only 42% of patients had successful treatment 
after 1 session of EUS-guided glue injection. A mean 
of 1.5 (SD 0.1) mL of cyanoacrylate was injected 
per patient. Although 12 adverse events occurred in 
11 patients in the cyanoacrylate group, only 2 were 
symptomatic including fever (n=1) and chest pain (n=1). 
There were 9 asymptomatic pulmonary glue embolisms 
(47%) detected on routine chest CT scans performed 
in all patients in the EUS-guided glue injection group, 
which significantly lengthened their hospital stay.

EUS-Guided Combined Coil 
and Cyanoacrylate Injection
The injection of coils prior to glue theoretically 
provides a scaffold and helps anchor the glue, which 
may decrease the risk of embolization.38 Binmoeller et 
al. described an ex-vivo experiment where a 1 mL of 
cyanoacrylate was injected into heparinized blood that 
contained a previously placed coil.38 The glue clung 
to the fibers of the coil, allowing all of the glue to be 

Figure 1e:  Magnified view of microcoils demonstrating 
the metallic coil design (orange arrow) and 
synthetic fibers that help promote hemostasis 
(green square).

Figure 1f. Fluoroscopic view of the coils
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removed with the coil in a single piece. Therefore, it was 
hypothesized that EUS-guided coil insertion followed by 
cyanoacrylate injection improves variceal obliteration 
while decreasing the risk of glue embolization.

The same group retrospectively analyzed 30 patients 
with acute or recent (<1 week) bleeding from GV who 
underwent EUS-guided coil and glue embolization of 
a feeding vessel.43 Technical success of coil and glue 
injection occurred in all 30 patients, while immediate 
hemostasis was achieved in both patients with active 
bleeding. The majority (93%) of cases only had 1 coil 
placed and a mean of 1.4 mL of 2-octyl-cyanoacrylate 
was injected. No immediate adverse events, including 
clinical evidence of pulmonary glue embolisms, 
occurred. Of those with subsequent surveillance 
endoscopy, 96% had complete obliteration of the 
feeding vessel and no evidence of flow on color Doppler 
within the variceal complex. One patient had recurrent 
GV bleeding 21 days after the initial procedure, which 
was treated with a subsequent EUS-guided combined 
coil and glue injection. At follow-up endoscopies, the 
glue and coils were found to spontaneously extrude into 
the stomach and eventually form a scar. Prospective 
trials are needed to confirm the theoretical benefit of 
using coils to anchor the glue.

EUS-Guided Portosystemic Gradient 
Measurement and Shunt Placement
In patients whom the underlying cause of GV is unclear, 
a hepatic venous pressure gradient (HVPG) obtained via 
transjugular access may be required for the diagnosis of 
portal hypertension. Although the HVPG is an accurate 
surrogate marker for sinusoidal and post-sinusoidal 
portal hypertension, pre-sinusoidal disease is not often 
diagnosed due to the inability of the wedge hepatic 
vein pressure to accurately approximate the portal vein 
pressure. Therefore, direct portal pressure measurements 
may be required in these situations. Percutaneous direct 
portal vein access is challenging and carries a significant 
risk, so several centers have reported on the use of 
EUS-guided portal vein catheterization and pressure 
measurement in porcine models.[Lai et al., Giday et 
al.] Portal pressure measurement was successful in all 
pigs, and was shown to correlate with transabdominal 
ultrasound-guided transhepatic portal vein pressure 
measurement (r=0.91). We performed the first EUS-
guided portosystemic pressure gradient in a human 
subject to help rule-out portal hypertension as the cause 
of the patient’s recurrent gastrointestinal bleeding 

from duodenal varices. The portal vein was accessed 
transduodenally with a 22-gauge fine needle aspiration 
(FNA) needle (Wilson-Cook Medical Inc., Winston-
Salem, NC) and contrast injection under fluoroscopy 
confirmed vascular access with a blush of contrast that 
quickly disappeared. Portal blood was then aspirated 
through the needle, which was connected to an arterial 
line pressure catheter, and portal pressure was measured 
after calibration. The same technique was repeated 
after identification and transgastric puncture of the 
middle hepatic vein. The portal vein, hepatic vein, and 
portosystemic pressure gradient all correlated with prior 
interventional radiology measurements of the HVPG.

Transjugular intrahepatic portosystemic shunts 
(TIPS) are performed by interventional radiologists 
when a patient has recurrent or refractory variceal 
bleeding. In the future, EUS-guided portosystemic 
shunt placement may be an option, particularly during 
the same session in which other EUS interventions have 
been unsuccessful. One experimental study on 10 live 
porcine models used a linear echoendoscope to identify 
intrahepatic branches of the portal vein and hepatic 
vein.44 A 19-gauge needle was inserted transgastrically 
into an intrahepatic branch of the hepatic vein, and 
then advanced through normal liver parenchyma 
into a nearby intrahepatic branch of the portal vein. 
Venography was performed under fluoroscopic guidance 
to confirm position, followed by insertion of a 0.035-
inch guidewire. After removal of the echoendoscope, 
a covered Zilver biliary self-expandable metal stent 
(ZILBS; Cook Endoscopy; Winston-Salem, NC) was 
inserted over the wire and deployed while monitoring 
fluoroscopic and endosonographic images. The chosen 
stent was 1-2 cm longer than the distance from the 
punctured hepatic vein to portal vein and the diameter 
approximated the diameter of the portal vein. Repeat 
venography was performed to confirm adequate 
placement. Four animals required an additional stent 
to be placed as the initial stent was not long enough 
to cover the intended distance. No adverse events 
occurred in any animal. Additional studies are required 
to understand the role and outcomes of EUS-guided 
portosystemic shunt placement in human subjects.

SUMMARY
Bleeding from GV remains a challenge for the 
endoscopist. Although the recommended treatment 
is endoscopic glue injection, novel approaches and 

(continued on page 54)
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