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INTRODUCTION

Since its inception in the 1980s, endoscopic ultrasound 
(EUS) has evolved from a mere diagnostic tool to 
an interventional platform employing the skills learnt 
from interventional radiology (IR) and minimally 
invasive surgery techniques. EUS provides the perfect 
combination of  real-time imaging with the opportunity 
to guide anatomically specific therapy. EUS imaging 

provides vital detail, such as the appearance, size, and 
precise location of  bleeding lesions, with the associated 
vascular anatomy. Precise therapy can be delivered to 
vascular sites that are inaccessible to usual hemostatic 
techniques that solely use endoscopic visualization.

Through the development of  interventional EUS, 
pathologies such as pancreatic pseudocyst can be 
successfully managed endoscopically rather than 
traditional surgical methods. The evolution of  
EUS-guided vascular access is made possible by 
the close proximity of  the gastrointestinal (GI) 
tract to vascular structures in the mediastinum and 
abdomen. EUS-guidance provides unique access to 
vessels which have been the target for therapy by 
IR techniques for many decades, such as selective 
angiographic embolization for refractory GI bleeding 
and transjugular intrahepatic portosystemic shunt 
(TIPSS) for refractory gastroesophageal variceal 
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bleeding.[1] Major vessels such as the aorta, coeliac axis, 
portal vein (PV), hepatic vein (HV), mesenteric vessels, 
aberrant vascular shunts, and even smaller vessels 
such as the gastroduodenal artery (GDA) and splenic 
vessels can all be confidently traced and identified. 
Visceral pseudoaneurysms [Figure 1 and Video 1] 
are a rare but serious complication of  pancreatitis 
or abdominal surgery. Pseudoaneurysmal rupture and 
bleeding is traditionally managed by IR or surgery, 
and is associated with considerable morbidity and 
mortality. [2,3] However, EUS-guidance offers an 
attractive, minimally-invasive, alternate access route 
and opportunity for therapeutic intervention. Agents 
such as sclerosants, cyanoacrylate (CYA), thrombin, 
and coils can all be delivered through a standard EUS 
fine needle aspirate (FNA) into the lesion.

NONVARICEAL GI BLEEDING

Endoscopic techniques for treatment of  nonvariceal 
GI bleeding include injection of  adrenaline,[4,5] 
thermal contact therapy,[6,7] mechanical hemostasis 
with endoscopic clips,[8] and band ligation.[9] These 
well-established modalities are effective in majority of  
cases. However, unsuccessful treatment or refractory 
bleeding is reported in up to 15% of  patients.[10-12]

EUS-guided vascular access and therapy was first 
described in 1996[13] when Fockens and colleagues 
treated four patients with Dieulafoy’s lesion under 
direct guidance of  a rotating sector scanner EUS 
with adrenaline/polidocanol injection using a standard 
23-gauge sclerotherapy needle. More recently, Levy 
et al., reported a case series of  five patients with 
refractory bleeding due to hemosuccus pancreaticus, 

Dieulafoy’s lesion, duodenal ulcer, and GI stromal 
tumor (GIST).[14] The patients in their study presented 
with an average of  three bleeding episodes requiring 
multiple units of  packed red blood cell transfusions 
and had undergone prior heater probe therapy, 
adrenaline, CYA, or fibrin injection and coil/gel 
foam injection at angiography; all of  which were 
unsuccessful. EUS was able to demarcate tortuous 
vessels and/or pseudoaneurysm feeding the bleeding 
lesions. Targeted EUS-guided therapy was performed 
using a linear echoendoscope in all cases. CYA or 
alcohol (99%) was injected into the feeding vessels 
using a 22-gauge FNA needle. Doppler ultrasound 
confirmed absence of  visible flow post-injection, 
indicating control of  the bleeding source. There 
were no rebleeding episodes or adverse events at 
mean 12-month (range 0.4-23 months) follow-up. 
Gonzalez and colleagues also reported a series of  
five patients with arterial GI bleeding (Dieulafoy’s 
lesion, pancreatic tumor, pseudoaneurysm secondary 
to acute pancreatitis, and arterial anomaly post 
pancreaticoduodenectomy) refractory to endoscopic 
hemostasis. [15] EUS-guided polidocanol or CYA 
injection achieved immediate hemostasis which was 
confirmed on Doppler ultrasound. One patient 
required repeat EUS-guided therapy for rebleeding. 
There was no further rebleeding or adverse events 
at 9-month follow-up. The same group reported 
a patient with intracystic hemorrhage of  a splenic 
pseudoaneurysm during EUS-guided pseudocyst 
drainage. Immediate EUS-guided CYA injection into 
the distal arm of  the splenic artery was performed 
to achieve hemostasis.[16] Recently, Kumbhari et al., 
demonstrated successful EUS-guided CYA injection of  
a feeding vessel of  a gastric GIST causing recurrent 
GI bleeding refractory to endoscopic over-the-scope-
clip placement in a 94-year-old man[17] [Figure 2 and 
Video 2].

The current evaluation of  EUS-guided interventions 
for the management of  nonvariceal refractory GI 
bleeding is limited to small case series and there are no 
comparative studies. However, the feasibility and safety 
demonstrated in these studies is encouraging. There is a 
clear advantage of  direct EUS and Doppler visualization 
of  the “culprit” vessel responsible for the recurrent 
bleeding. EUS allows precise treatment delivery with 
the prospect of  higher successful treatment rates in 
patients with bleeding refractory to standard endoscopic 
hemostasis techniques.

Figure 1. Endoscopic ultrasound image of a celiac artery aneurysm 
(white arrow) is obtained using a linear echoendoscopic and color 
Doppler
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ESOPHAGEAL VARICEAL BLEEDING

Endoscopic sclerotherapy[18] was considered the standard 
endoscopic treatment for esophageal varices until 
endoscopic band ligation was introduced in 1986.[19] 
Band ligation is the standard method for primary and 
secondary treatment of  esophageal varices.[20] However, 
recurrence rates of  15-65%[21,22] have been reported and 
are thought to be due to failure to treat the perforating 
veins and collateral vessels feeding the esophageal 
varices.[23,24]

In a small pilot study (n = 5), Lahoti et al., treated 
bleeding esophageal varices with EUS-guided 
sclerotherapy.[25] EUS permitted the endoscopist to 
target the perforating veins with sodium morrhuate. A 
mean of  2.2 sessions were required to achieve complete 
eradication of  esophageal varices. Obliteration or 
thrombosis of  vessels was confirmed using Doppler 
ultrasound. There were no rebleeding or adverse events 
at 15-month follow-up. Subsequently, a randomized 
controlled trial compared endoscopic sclerotherapy 
with EUS-guided sclerotherapy, of  esophageal collateral 
veins in 50 patients with bleeding esophageal varices.[25] 
Sclerotherapy was repeated at 2-week intervals until 
complete eradication was achieved. EUS was performed 
in all patients at the end of  treatment to assess 
for the presence of  collateral veins. There was no 
difference in mean number of  sessions to eradication 
(4.3 vs. 4.1, P = 0.52) and recurrence rates were similar 

(16.7% vs. 8.3%, P = 0.32) in the endoscopic versus 
EUS group, respectively. However, recurrence was 
significantly associated with the presence of  collateral 
vessels (P = 0.003) which was higher in the endoscopic 
group (33.3% vs. 0%, P = 0.004) at 22-month follow-up.

Although EUS-guided therapy of  esophageal varices 
carry the advantage of  identifying collateral veins, larger 
randomized controlled trials are needed to determine 
the clinical benefit in terms of  preventing recurrence 
and rebleeding rates or reducing the number of  sessions 
needed to eradicate varices.

GASTRIC VARICES

Gastric varices (GV) are less common than esophageal 
varices, but may occur in up to 20% of  patients with 
portal hypertension. Majority (up to 65%) will bleed 
over a 2-year period.[26] GV can be classified into 
two subgroups: Gastroesophageal varices (GOV) and 
isolated GV (IGV). GOV exist in connection with 
esophageal varices and are found along the lesser 
curvature (GOV1) or at the cardia (GOV2). IGV are 
located in the fundus (IGV1) or sporadically (IGV2) 
around the antrum and pylorus. Endoscopic band 
ligation is not preferred in treating GV, due to the 
larger size of  GV (compared to esophageal varices) and 
higher risk of  rebleed after band ligation.[27] Sclerosant 
injection into GV is avoided due to associated excessive 
adverse events including gastric ulceration, perforation, 
and high recurrent bleeding rates of  37-53%.[26,28]

The initial description of  endoscopic CYA injection into 
GV by Soehendra in 1986 represented a milestone in its 
management and is now widely considered as a first-line 
therapy.[29] Hemostasis rates are very high (89-100%),[30-32] 
although a major adverse event related to CYA therapy 
is systemic embolization, which is thought to be related 
to the volume of  CYA injection.[33,34] Several reports 
of  cardiac embolism, pulmonary embolism, splenic 
vein thrombosis, splenic artery embolism, renal vein 
thrombosis, and cerebral infarct have been documented. 
Entrapment of  the needle in the varix by CYA and 
damage to the endoscope has also been reported.[35-37] 
However, incomplete eradication of  GV leads to the risk 
of  recurrent and catastrophic bleeding.

The most notable role of  EUS in the management 
of  GV is its diagnostic capability [Video 3]. Bearing 
in mind that GV are located in the deep submucosal 
layer, they can have a similar appearance to prominent 

Figure 2. (a) Endoscopic image of a large ulcer in the antrum of the 
stomach. (b) Endoscopic ultrasound demonstrates a hypoechoic mass 
arising from the muscularis propria at the level of the antral ulcer, 
suggestive of a gastrointestinal stromal tumor (GIST). (c) Color Doppler 
of the GIST reveals a vessel feeding into the tumor, the likely cause 
of recurrent bleeding. (d) Endoscopic appearance of ulcer post EUS-
guided injection of cyanoacrylate into the feeding vessel. The ulcer has 
reduced considerably in size
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mucosal gastric folds. A prospective study showed EUS 
increased the detection of  fundal varices sixfold.[38] Lee 
et al., demonstrated EUS reduced the risk of  bleeding 
when performed to monitor GV obliteration after 
CYA injection.[39] Repeat injections were performed in 
the same procedure if  EUS confirmed persistent flow 
on Doppler ultrasound. Iwase and colleagues showed 
similar results in their study.[40] Residual patency of  
treated varices correlated with risk of  rebleeding after 
glue injection. Varix obliteration was also confirmed by 
the absence of  blood flow on color Doppler.

EUS-guided CYA injection
There are several advantages of  direct EUS-guided 
therapy in the management of  GV. The variceal lumen 
can be precisely targeted, thereby reducing paravariceal 
injection which can occur during “blind” endoscopic 
injection; the variceal lumen can be “missed” in up 
to 60% of  injections.[27] Furthermore, EUS enables 
visualization (and injection) of  the deeper, feeding veins 
which can aid in minimization of  CYA volume used to 
obliterate the resultant large varix.

A small pilot study showed that an average of  only 1.6 
mL of  CYA was required to eradicate gastric varies 
in a mean of  1.6 sessions. There was no rebleeding 
at 10.6-month follow-up.[33] However, it is important 
to note that identification of  the feeder vessel can be 
challenging, and direction of  efferent or afferent vessel 
cannot always be determined. Injection of  a small 
amount of  contrast prior to CYA injection may help 
delineate the direction of  blood flow.

EUS-guided coiling
Coil embolization is a hemostatic technique derived 
from our IR colleagues. To avoid the adverse events 
related to the use of  CYA, commercially available 
embolization coils have been used to successfully 
obliterate varices. The coil is made of  a metal alloy and 
contains radially extending synthetic fibers, which help 
induce clot formation and subsequent hemostasis. The 
fibers also act as a scaffold to retain CYA, if  injected 
subsequently in the same session. The coil length ranges 
from 2 to 15 cm and coil diameter ranges from 2 to 20 
mm. Coil selection is based on the size/diameter of  the 
varix and is approximated to match the varix size. Most 
coils used in IR can be loaded into a 19 gauge (0.035 
inch coil) or a 22 gauge (0.018 inch coil) EUS-FNA 
needle [Video 4]. The needle stylet is used as a pusher 
to deploy the coil into the varix. The coils used by the 
authors (MReye, Cook Medical, Bloomington IN, USA) 

are made of  Inconel, a nickel-based superalloy which 
are magnetic resonance imaging (MRI) conditional up 
to 3 Tesla.

Levy et al., reported the first case of  EUS-guided coil 
embolization of  refractory, ectopic choledochojejunal 
variceal bleeding in a 50-year-old woman after total 
pancreatectomy.[41] Another small study demonstrated 
obliteration of  GV in three out of  four patients (75%) 
with mean 8.5 coils (range 2-22). The authors modified 
their technique to target the feeding vein, thereby 
reducing the number of  coils used per patient.

A recent retrospective trial compared EUS-guided 
coil injection (n = 11) to EUS-guided CYA injection 
(n = 19) for the treatment of  GV.[42] All patients 
underwent CT post treatment. There was no 
difference in the obliteration rate (91% vs. 100%, P = 
nonsignificant (NS), mean number of  sessions (1.3% vs. 
1.5%, P = NS), or recurrence (0% vs. 0%, P = NS) in 
the coil vs. CYA group, respectively, at 17-month follow-
up. Notably, adverse events were significantly higher 
in the CYA group (58% vs. 9%, P = 0.01), although 
nine of  the 11 adverse events in the CYA group were 
asymptomatic pulmonary CYA embolism found on 
post-procedure CT, which led to prolonged hospital 
length of  stay. Thus, systemic glue embolization appears 
to be more common than being appreciated, although 
seldom symptomatic.

EUS-guided combined CYA injection and coiling
An ex vivo experiment revealed that CYA immediately 
adheres to the coil fibers when a coil is immersed 
into heparinized blood.[43] Since the coil fibers act as 
a scaffold for glue, combining coil and glue injection 
for treatment of  large GV is appealing as it could 
potentially decrease the volume of  CYA needed to 
achieve variceal obliteration. The combined technique 
is described in Table 1 and demonstrated in Video 5.

A recent retrospective study evaluated treatment of  
patients with active recent bleeding secondary to large 
GV (>1 cm diameter) who were poor candidates for 
TIPSS placement.[43] A total of  30 patients underwent 
combined treatment with EUS-guided coiling and CYA 
injection via a transesophageal route, avoiding direct 
puncture of  the mucosal side of  the gastric varix. 
Only one coil was used in majority (93%) of  patients 
and mean volume of  CYA injected was 1.4 mL. Two 
patients developed esophageal bleeding from the needle 
injection site which was treated with band ligation. 
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Rebleeding occurred in 16.6% of  patients at 6.6-month 
follow-up. There were no other adverse events or 
damage to the echoendoscope.

There are three major advantages of  EUS-guided 
combined coil-glue injection. Firstly, direct puncture 
of  the gastric mucosa overlying the varix can be 
avoided by adopting a transesophageal route, hence 
avoiding the risk of  “back-bleeding” which may occur 
after varix puncture. Secondly, successful hemostasis 
is not hindered by the presence of  blood or food 
which can accumulate in the fundus in cases of  acute 
gastric variceal bleeding. Thirdly, the technique most 
likely has a beneficial role to play in the treatment 
of  larger GV (>1 cm). Volume of  CYA injection 
(and therefore the risk of  systemic embolization) 
can be limited. Obliteration of  large varices at high 
risk of  bleeding can be immediately confirmed with 
Doppler ultrasound and repeat coil/glue injections 
can be performed at the same session. Nevertheless, 
comparative prospective studies are needed to determine 
the benefit of  combined CYA and coil treatment of  
GV over CYA alone (EUS or endoscopy-guided).

Rectal varices
Rectal varices occur in 44-89%[44-46] of  cases of  
cirrhosis, and are a significant cause of  lower GI 
bleeding (LGIB) in portal hypertension. Bleeding can 
occur from varices which are visible endoscopically, as 
well as endoscopically inevident rectal varices (EIRV).[47] 
Hemodynamic evaluation of  rectal varices is routinely 
done at some centers by utilizing EUS to assess site, 
size, velocity, or direction of  flow.[48,49] Sharma et al., 
reported a series of  five patients in which 40% required 

EUS to identify EIRV. In the presence of  LGIB, 
EUS prevented potentially hazardous application of  
clips or coagulation methods to control a bleeding 
point. Furthermore, the authors were able to visualize 
perforator veins supplying the pararectal varices which 
could be targeted for therapy with band ligation.

Extrapolating from the experience of  EUS-guided 
therapy of  GV, several authors have reported EUS-
guided coiling and/or CYA injection of  rectal 
varices.[50-52] EUS affords the following benefits:
1.	 Ability to visualize EIRV,
2.	 Identification of  perforator veins,
3.	 Precise delivery of  treatment directly into the varix, and
4.	 Ability to target therapy unhindered by luminal contents. 

Furthermore, we can confirm the absence of  flow post-
therapy using color Doppler.

PV ANGIOGRAPHY

PV angiography provides valuable clinical information 
which can assist in the management of  patients 
with portal hypertension and other hepatobiliary 
diseases.[53] However, portal venography and direct 
PV pressure measurements are rarely performed 
due to the procedure’s invasiveness and high rate 
of  complications.[54] Although the PV is one of  the 
most inaccessible vessels in the body, it can be easily 
identified by EUS. Also EUS permits transgastric 
access into PV, contrast injection, and pressure 
monitoring, using a standard FNA needle. Lai and 
colleagues demonstrated PV access and pressure 
measurements using a 22-gauge needle in a porcine 

Table 1: Technique of EUS-guided combined coil and cyanoacrylate injection for treatment of gastric varices
Step Procedure
1 Fill gastric fundus with water to facilitate sonographic visualization and location of gastric varices
2 Advance echoendoscope to the stomach and gently pull back into the distal esophagus to sonographically visualize the gastric 

varices which will be surrounded by water
3 Use color Doppler to understand the anatomy of the varices, particularly in the presence of multiple, “grape-like” varices. Measure 

the maximal diameter of target varix
4 Choose a coil diameter consistent with the diameter of target varix and load into a 19 gauge EUS needle. Use the needle stylet 

as a pusher for the coil
5 Prepare a syringe with 1 mL of cyanoacrylate and a second syringe with 5 mL of normal saline
6 Puncture the varix with the needle and have an assistant advance the stylet to deploy the coil into the varix
7 Remove the stylet and immediately attach the cyanoacrylate syringe and inject 1 mL of cyanoacrylate
8 Remove syringe and immediately attach the normal saline syringe and flush at least 2 mL of saline to ensure cyanoacrylate 

is delivered to the varix
9 Immediately remove needle from varix and echoendoscope
10 Flush therapeutic channel of echoendoscope with water
11 Use color Doppler to confirm absence of flow within the varix. If there is persistent flow, an additional 1 mL of cyanoacrylate 

can be injected
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model.[55] Subsequently, Magno and colleagues reported 
on EUS-guided PV angiography in a porcine model 
using a 25-gauge needle.[56] The smaller size needle was 
thought to reduce the risk of  damage to the blood 
vessel and subsequent bleeding. However, large volume 
injection of  viscous contrast media was technically 
challenging through the narrow caliber needle lumen 
and small volume of  contrast media hindered high 
quality venography. Thereafter, Giday and colleagues 
demonstrated safety using carbon dioxide (CO2) for 
portal venography in a porcine model through a 
25-gauge needle, which obviated the need for injection 
of  any contrast media.[57] Using these techniques, the 
same authors performed EUS-guided transhepatic PV 
catheterization with a modified endoscopic retrograde 
cholangiography (ERCP) catheter. The group performed 
portal angiography and obtained continuous portal 
pressure readings over a 1 hour period in a porcine 
model (n = 3).[58] The position of  the catheter was 
not affected by animal respiration or endoscope 
movement during the study. Consistent results and 
minimal variability were noted within each animal. The 
investigators used the transhepatic puncture of  the PV 
with the FNA needle followed by transhepatic route for 
catheter placement into the PV to prevent the risk of  
bleeding. Hepatic parenchyma surrounding the catheter 
provided the tamponade of  the track after catheter 
removal, thus preventing post-procedural bleeding. 
Necropsy examination did not show any signs of  
bleeding, hepatic, or intra-abdominal organ or vascular 
damage.

INTRAHEPATIC PORTOSYSTEMIC 
SHUNT (IPSS)

Decompression of  the portal system by placement of  
a TIPSS is a procedure performed by interventional 
radiologists. The effectiveness of  TIPSS has been 
well-documented in the treatment and prevention of  
acute or recurrent variceal bleeding and refractory 
ascites.[1,59-61]

Buscaglia et al., described the first EUS-guided 
creation of  an IPSS in a survival porcine model of  
10 animals.[62] The authors identified a sonographic 
plane which enabled visualization of  the intrahepatic 
branches of  both the hepatic and PVs. The PVs 
are distinct from the HVs owing to their thickened, 
hyperechoic walls. Under EUS guidance, the HV was 
punctured with a 19-gauge FNA needle, which was 
passed through hepatic parenchyma. The needle was 

directed towards the PV and a guide wire was advanced 
through the needle into the PV. A self-expandable 
uncovered metal biliary stent (6-10 mm diameter × 
40-80 mm length) was deployed between the HV and PV, 
accordingly forming an IPSS. There were no adverse 
events in the survival period (2 weeks) or at necropsy 
in any of  the animals. Binmoeller et al. used a similar 
technique to create an IPSS using a lumen-apposing 
stent in a porcine model (n = 5).[63] The Axios Stent 
(Xlumena, Mountain View, CA, USA) is a fully covered, 
dual-flanged metal stent. The flange and body diameters 
measure 10 and 4 mm, respectively. The stent length is 
8 mm. Necropsy confirmed successful stent placement 
between PV and HV with no evidence of  tissue injury 
or hematomas.

ACCESS TO THE HEART

The heart and pulmonary trunk are located next to 
the esophagus, and are therefore directly accessible 
via endosonography. The relationship is routinely used 
in cardiology for transesophageal echocardiography 
(TEE). Real-time imaging of  the heart, cardiac 
valves, and measurement of  blood flow is regularly 
performed.[64,65] Fritscher-Ravens et al., performed 
successful EUS-guided puncture of  the heart in a 
survival porcine study followed by three clinical cases.[66] 
In the animal studies (n = 8), the authors accessed 
the left atrium, left ventricle, coronary arteries, and 
aortic valve using 22- and 19-gauge FNA needles. 
Also radiofrequency ablation of  the aortic valve, 
insertion of  pacing wires, and injection of  contrast 
agents were performed. The animals underwent cardiac 
monitoring during the procedures and survived for 
2 weeks post-procedure. There were no episodes of  
arrhythmias. Repeat electrocardiography, pulse oximetry, 
and endosonography were performed to assess for 
morphological cardiac abnormalities prior to euthanasia. 
At necropsy, penetration sites were identifiable, although 
unremarkable in appearance. There was no bleeding or 
hematoma in any of  the animals.

The authors went on to perform EUS-guided cardiac 
access in three patients (age 56-75 years). Pericardial 
fluid aspiration was performed in two patients using 
a 22-gauge needle, and FNA of  a 5 cm left atrial 
mass was performed using a 19-gauge needle in the 
third patient. There were no adverse events after the 
procedures. However, in current times, the potential risk 
of  mediastinal infection needs to be addressed before 
universal acceptance of  such an approach.



Saxena and Lakhtakia: EUS-guided vascular therapy

174 ENDOSCOPIC ULTRASOUND / JUL-SEP 2015 / VOL 4 | ISSUE 3

SUMMARY

The GI tract provides unique access to vascular 
structures in the mediastinum and abdomen. 
The maturation of  EUS technology has led to 
the emergence of  many EUS-guided therapeutic 
interventions, although clinical data is currently limited. 
While the novel list of  indications for therapeutic EUS 
continues to grow, the currently available endoscopic 
devices and accessories limit interventional EUS 
techniques. The development of  new tools designed for 
EUS-guided intervention is eagerly awaited.
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