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Endoscopic Ultrasound  (EUS) has undergone a 
marked evolution since the initial report in 1980 of 
the attachment of a transducer to a duodenoscope 

in a dog model.1 The piezoelectric crystals that generate 
the sonographic image in radial array echoendoscopes 
provide 360-degree images of the gastrointestinal 
tract and were initially the only instruments available. 
Curved linear-array echoendoscopes (CLA-EUS) 
provide a plane of imaging parallel to the long axis of 
the instrument, allowing real-time imaging for EUS-
guided fine needle aspiration (FNA), which was first 
described in 1992.2,3,17-21 The diagnostic role of EUS in 
pancreatico-biliary disorders and in the local staging of 
esophageal and rectal malignancy is well established. 2-5 

EUS-FNA is currently the preferred method for tissue 
sampling of pancreas lesions.

Endosonographers have been eager to have a 
therapeutic as well as diagnostic role. With the advent 
of EUS-guided celiac plexus block it was demonstrated 
that the EUS-FNA needle can deliver injection therapy 
with similar technical difficulty to FNA. In this review, 
we aim to provide an update of the current status of 
interventional EUS.

EUS-Guided Injection and Needle 
Based Therapy
EUS-Guided Celiac Plexus Block (CPB) 
and Celiac Plexus Neurolysis (EUS-CPN)

Pancreatic cancer and chronic pancreatitis cause 
abdominal pain which is often difficult to control 
effectively with oral pain medications.6,7 Trans-gastric 
EUS well visualizes the region of the celiac plexus, and 
EUS-guided CPN can be easily and safely performed 
with lower complications versus a posterior approach.  
(See Fig.1) Celiac plexus blockade (CPB) typically 
involves the injection of a local anesthetic and a steroid 
while CPN utilizes a local anesthetic combined with an 
alcohol injection. These procedures are, without doubt, 
the most widely performed and accepted interventional 
EUS procedure. 

EUS-guided CPN achieves significant pain relief in 
approximately three-fourths of patients with pancreas 
malignancy.8,9 A lesser response has been achieved in 
patients with pain due to chronic pancreatitis and many 
no longer utilize this therapy for non-malignant pain.  
In a pooled analysis of data from 8 studies, EUS-CPN 
provided pain relief of 80% and 59% in pancreas cancer 
and chronic pancreatitis respectively.10 A meta-analysis 
identified the efficacy of EUS-CPN in pancreas cancer 
as 72% and EUS-CPB for chronic pancreatitis as 51%.11 
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A prospective Canadian study of 580 pancreas cancer 
patients showed that opiate consumption markedly 
decreased at 3 months after EUS-CPN.12 Influence of 
CPB on survival and QoL has not been demonstrated.13

Technical variations include injection at a central 
single site, bilateral injections lateral to the celiac 
ganglia, injection over the SMA14 and/or injection 
directly into celiac ganglia. 

A prospective study of 50 patients identified no 
difference in onset or duration of pain between a single 
or bilateral injection.15 Sahai et al. compared unilateral 
with bilateral injection in a mixed population of patients 
with pancreatic cancer or chronic pancreatitis and found 
bilateral injection to be more effective.16 A meta-analysis 
by Puli et al. also identified bilateral CPN to provide 
better pain relief.10 Direct invasion of the celiac plexus 
by tumor may limit pain control.17  Early EUS-CPN at 
the time of diagnosis and staging was found to be more 
effective than performance at the time of development 
of refractory pain.12  

EUS has been found to have the capacity to visualize 
the celiac ganglia 18 in up to 81-89% of patients,19 20 
allowing for the performance of direct celiac ganglia 
injection..21  Direct celiac ganglia injection has been 
found to provide better pain relief in pancreas cancer.22, 
including a prospective comparison with conventional 
EUS-guided CPN.23 Ascunce et al., in a retrospective 
analysis of 64 patients, found that visualization of the 
ganglia was the best predictor of pain response and 
patients with visible ganglia were 15 times more likely 
to respond (odds ratio 15.7; P<.001) 22,24 (See Fig.2) 

In a series of 189 patients, the overall complication 
rate for EUS CPN was noted to be 1.8% 25   In a pooled 
data analysis from five randomized trials, Yan and Myers 
reported a low rate of serious adverse events: diarrhea 
(9%), transient hypotension (8%), constipation (40%), 
nausea and vomiting (41%), and lethargy (49%) .13 Rare 
reports of retroperitoneal abscess have prompted the 
use of antibiotics when performing CPB.26,27 

Botulinum Injection in Achalasia
The lower esophageal sphincter can be accurately 
visualized by EUS. Case reports and small series have 
utilized EUS-guided injection of botulinum selectively 
into the LES. 28-30 A randomized trial comparing EUS-
guided injection to a traditional endoscopic approach 
has not been performed. 

EUS-Guided Therapy and Ablation 
of Cystic and Solid Tumors
EUS-Guided Fiducial Placement

Stereotactic body radiotherapy has been approved for 
the treatment of locally advanced pancreatic cancer. 
Cyber Knife uses 3-Dimensional target localization 
and enables precise high dose radiation therapy to the 
tumor with minimal surrounding tissue damage. Cyber 
Knife requires fixed radiographic reference points to 
target radiation beams.This is accomplished with the 
placement of small metal objects called ‘fiducials’. 
Traditionally, gold fiducials have been placed either 
intraoperatively or percutaneously. (See Fig.3)

Figure 1.  EUS-guided Celiac Plexus Neurolysis: CLA EUSvisualization 
of the aorta, celiac artery and superior mesenteric artery 
from the gastric fundus.141

Figure 2.  EUS-guided Celiac Ganglia Neurolysis:  Under EUS guidance, 
the needle is inserted directly into a celiac ganglion.141
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In 2006, Pishvaian and colleagues, successfully 
demonstrated EUS-guided placement of fiducials in 11 
of 13 patients who were scheduled for CyberKnife.31 
EUS-guided fiducial placement has been reported at 
various centers with high success rates (90% to 100%) 
and with low complication rates.32-35  Fiducials may 
rarely migrate from the original site of placement.33 

EUS Fiducial for Surgical Localization
EUS fiducial placement, or ink injection36,37 may also 
aid intra-operative tumor localization of small tumors 
such as insulinomas.38 

EUS Fine Needle Injection (Eus-FNI) 
of Anti-Tumor Agents and Brachytherapy
EUS-guided FNI is an attractive delivery system because 
of its minimal invasiveness, similar technical difficulty 
to FNA and its emergence as a method of delivery 
of antitumor agents in patients with locally advanced 
pancreas cancer.39,40 To date, an effective therapeutic 
agent has not been identified. Injection of a cytoimplant 
into pancreas tumors, was one of the first EUS-guided 
therapies.41 Injection of a biologic to deliver tumor 
necrosis factor alpha to tumor cells by gene transfer 
(TNFerade) did not demonstrate a survival advantage 
despite early results that were encouraging.42 Injection 
of an oncolytic attenuated adenovirus was performed 
in conjunction with systemic gemcitabine therapy and 
no significant anti-tumor response was seen.43

Similar to fiducial placement, brachytherapy seeds 
may be delivered via the EUS needle, and have been 
utilized in patients with pancreas cancer32,44malignant 
nodes 45and prostate cancer. 46 

EUS-Guided Pancreatic Cyst Ablation
EUS-guided ethanol lavage offers a potential therapeutic 
alternative to surgical resection of pancreatic cystic 
neoplasms.47 Ethanol causes fibrosis and necrosis 
of pancreatic tissue.48 Thin-walled, unilocular cysts 
with a diameter ranging from 1 to 4 cm and with 
no communication with the main pancreas duct are 
suggested to be candidates for EUS-guided therapy. 
If the cyst size is not restored after injection of the 
ablative agent, it may suggest a communication with 

Figure 3.  EUS image of gold fiducials placed within a pancreas mass 
identified by the ring-down artifact, creating a hyperechoic 
comet tail.32

EUS-guided injection therapy

- CPB, CPN, Botox for achalasia, Anti-tumor therapy

EUS-guided therapy and ablation of cystic and solid tumors 

- Fiducial placement, Ethanol injection, Needle guided ablation: RFA, PDT, Cryotherapy

EUS-guided therapy of GI bleeding

- Sclerotherapy and coil embolization

EUS-guided pancreatic and biliary access

- Rendezvous access, Trans- lumenal stenting

EUS-guided drainage procedures

- Drainage of pancreatic fluid collections and pelvic collections

Table 1. Interventional EUS Procedures
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lavage. 62% of patients had complete cyst resolution 
after a median follow up of 20 months.52 The same 
group in an earlier study with shorter follow up (9 
months) showed complete resolution in 79% lesions.53 
Septated cysts with three or more locules were found 
to require more than one injection site for sufficient 
drug delivery.54 

Low rates of mild pancreatitis have been reported 
following EUS- guided cyst ablation, even with side-
branch IPMNs, possibly due to thick mucin blocking 
communication with the main duct.51 Self-limited, 
non-specific abdominal pain was the most frequent 
complication.49 Portal venous thrombosis and splenic 

the main pancreas duct. Using a 22G needle, the cyst 
fluid is aspirated. 80% ethanol is injected for a period 
of 5 minutes and then evacuated.

DeWitt et al. achieved CT scan documented cyst 
resolution after one or two injections in one-third 
of patients. Ethanol was shown to achieve a greater 
decrease in cyst size versus saline injection49,50 In 
patients with cyst resolution, cyst recurrence was not 
seen with a median follow up of 26 months (range 13-39 
months).50 DiMaio et al. found a second ethanol lavage 
therapy to provide superior resolution of side-branch 
IPMNs versus a single therapy.51

A Korean study of 47 patients utilized Paclitaxel 
(a chemotherapeutic agent) injection following ethanol (continued on page 16)

Figure 4.  EUS views (FV-CLA echoendoscope) showing fundal varix (arrow) (A) deployment of coil (arrows) through the 19G needle 
(B) injection of 1 mL of cyanoacrylate glue through the 19G needle (C) eradication of fundal varices (conventional CLA echoendoscope) 
(D) C, crus muscle; F, fundus; MP, muscularis propria of stomach wall 73
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conventional endoscopic sclerotherapy for esophageal 
varices in 48 patients, it was concluded that EUS-guided 
therapy was safe, equally effective and with lesser and 
late recurrences.71 Cyanoacrylate injection via EUS has 
been reported to be safe and effective for isolated gastric 
varices.72 Binmoeller et al have utilized a combination 
of coils and injection therapy to treat gastric varices.73  
(See Fig.4)

EUS-Guided Drainage Procedures
EUS-guided drainage of Pancreatic Fluid Collections

Pancreatic fluid collections include acute fluid 
collections, pancreatic pseudocysts, pancreatic 
abscesses and walled off pancreatic necrosis (WOPN). 
Endoscopic drainage of pancreatic fluid collections 
has become an established alternative to surgical 
treatment. Endoscopic drainage has a potential risk 
of hemorrhage of approximately 6% and this risk 
further increases when there is no visible bulge seen 
intraluminally.74,75 EUS has an important role in the 
drainage of pancreatic fluid collections (PFCs), altering 
the endoscopic approach in approximately one-third 
of patients, frequently due to the identification of 
interposed vessels and unappreciated debris within the 
collection 76,77 78 A meta-analysis by Panamonta et al. 
including 229 patients found EUS-guided drainage to 
be similar to a conventional endoscopic approach in 
terms of short-term success and complication rates for 
bulging pseudocysts. EUS-guided drainage, however, 
was noted to be the treatment of choice for non-bulging 
pseudocysts, and in the setting of portal hypertension, 
or coagulopathy.79 EUS allows accurate measurement 
of the distance between the gut lumen and the cyst 
cavity; a distance of more than 1 cm is considered a 
contraindication to drainage.80 Transmural EUS-GD 
may be safely performed even in the absence of a visible 
intraluminal bulge, if the cyst is adherent to the intestinal 
wall81,82 Potential complications of pancreatic fluid 
collection drainage include hemorrhage, perforation, 
infection, stent migration and incomplete drainage.83 
EUS may also aid in the identification of previously 
unappreciated cystic neoplasms in approximately 5% 
of cases, assumed to be pseudocysts.84 85

EUS-guided drainage has been compared to surgical 
cystgastrostomy in a retrospective case-control study 
and found to have similar success and complication 
rates. (See Fig.5) The length of hospital stay and 
overall cost was significantly less in the EUS group 

vein obliteration have been reported.55 EUS-guided 
cyst ablation is still felt to be experimental, although 
studies are ongoing.

EUS-Guided Tumor Ablation
Surgical resection is the standard management for 
insulinomas. EUS-guided ethanol ablation of pancreas 
insulinomas has been shown in small case series to 
be an effective and safe, minimally invasive alternate 
for patients who are not suitable for surgery.56-59 EUS-
guided ethanol injection has also been utilized to treat 
hepatocellular carcinoma.60,61

Ablative therapies utilizing radiofrequency 
probes62 or a PDT probe passed through a 19 gage 
needle have been reported.63 A hybrid probe combining 
radiofrequency (RF) with cryotechnology has also been 
developed.64,65 Further experience to define techniques 
to achieve optimal parameters of safety, and control 
of ablation  are required. Identification of patient sub-
groups that may achieve the greatest benefit from tumor 
ablation is also needed.

EUS in GI Bleeding
EUS may play a role in detecting and treating various 
causes of refractory gastrointestinal bleeding utilizing 
injection sclerotherapy and vessel embolization. EUS 
may be particularly useful when active bleeding or 
vessels are not visible endoscopically. EUS-guided 
vascular therapy was initially demonstrated in 
Dieulafoy’s lesions.66 In 1998, Lahoti and colleagues 
reported EUS-guided sclerotherapy with color flow 
Doppler for the treatment of esophageal varices.67 

Gonazalez et al used EUS-guided injection therapy 
with sclerosants (Cyanoacrylate and Polidocanol 2) to 
successfully treat seven of eight (87.5%) patients with 
refractory bleeding. One patient was noted to have 
diffusion of cyanoacrylate into the hepatic artery. None of 
the patients had recurrence with a median of nine month 
follow-up.  Loss of Doppler signal within the target 
vessel at the conclusion of therapy predicted successful 
treatment.68 . Levy and colleagues successfully used 
EUS-guided alcohol and cyanoacrylate vessel injection 
after conventional therapies failed in 5 cases of severe 
refractory bleeding.69  

EUS-guided therapy of variceal bleeding has been 
described with injection therapy and/or embolization 
coils deployed through 22 or 19 gage EUS needle.70 
In a study comparing EUS-guided sclerotherapy and 

(continued from page 14)
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bile. Subsequently, contrast is injected through the 
needle and a cholangiogram is performed after which 
a guidewire is inserted through needle to advance 
beyond the ampulla. The EUS scope is then exchanged 
out under fluoroscopic guidance, leaving the wire in 
place. Utilizing ERCP techniques, retrograde, deep 
cannulation of the bile duct is achieved over or next to 
the guide-wire to permit biliary drainage.

 Alternatively, a transenteric fistula tract can 
be created into the bile duct by dilating over the 
guidewire followed by stent placement.104 (See Fig 6) 
Wire manipulation, tract dilation and stent placement 
are frequently technically challenging and most 
accessories were originally designed for use during 
ERCP. Expertise in both ERCP and EUS is required.105  
If EUS-guided drainage fails, urgent availability of 
percutaneous drainage is important to minimize 
potential complications of bile leakage and infection 
from the punctured biliary duct.

Maranki and collegues used an intra-hepatic route 
in 35/47 patients and achieved successful biliary 
decompression in 86%.106 Kahaleh et al. utilized an 
intrahepatic approach in 13 patients and an extrahepatic 
approach in 10 cases, with successful biliary drainage 
in greater than 90%.104 

Overall, the success rates of an intra-hepatic104,106-112 
and extra-hepatic approach98,104,108-110,112-120 have been 

when compared to surgical drainage.86 Varadarjulu 
compared EUS-guided drainage to surgical drainage 
in a prospective, randomized study and found similar 
results.86

WOPN is important to recognize, requires more 
aggressive intervention and is aided by EUS. Several 
approaches have been advocated. EUS has been used 
to create multiple drainage sites, followed by multiple 
transmural tracts between the necrotic tissue and 
stomach lumen along with saline flushing through 
a nasocystic catheter.87 Endoscopic necrosectomy, 
possibly with utilization of hydrogen peroxide lavage, 
has been advocated.88 Kozarek et al have demonstrated 
a high success rate of combined endoscopic and 
percutaneous drainage.89

The entire procedure, including wire placement 
within the PFC, tract dilation and stent deployment may 
be performed through the linear echoendoscope.90-93  
Plastic pigtail stents have been typically utilized to 
achieve drainage. Covered self-expanding metal stents, 
with or without anchoring with a double-pigtail stent are 
used in this context as well with good efficacy.94,95 The 
development of a self expanding metal stent which can 
appose non-adherent structures (AXIOS, Xlumena, 
Mountain View, California, USA) has shown promise 
for pancreas fluid collection drainage and also creates 
the potential for new applications, including EUS-
guided gallbladder drainage, although this device is not 
widely available at this time.96 Standard stents and EUS-
guided techniques have been shown to be successful 
for pelvic fluid collections drained via the rectum 97 

EUS in Pancreatic and Biliary Ductal Drainage
Due to tumor invasion or altered anatomy, it may 
not be possible to access the main pancreatic duct 
or common bile duct via ERCP and EUS-guided 
drainage has emerged as an effective alternative. The 
performance of EUS-guided transpapillary rendezvous,  
choledochoduodenostomy or hepatogastrostomy.98-101 
101,102 may be a promising alternative to Percutaneous 
Transhepatic Cholangiography (PTC).103

EUS Rendezvous and EUS 
Choledochoduodenostomy Techniques 
for Biliary Access
Under EUS guidance, a 19 or 22 gauge needle is 
inserted into the intrahepatic bile ducts of the left 
lobe from the stomach or the extrahepatic bile duct 
from the duodenum. The duct is aspirated to confirm 

Figure 5.  EUS-guided cystgastrostomy with pigtail stent placed 
within a fully covered metal stent
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as an important tool in the evaluation of pancreatic 
and biliary disorders. Beginning with the performance 
of EUS-guided celiac plexus neurolysis, EUS has 
moved from the diagnostic to the therapeutic realm. 
The progression that interventional EUS has made 

in the range of 80 to 100%, although there may be 
a significant publication bias. For exapmle, centers 
with poor outcomes and high complications may be 
less inclined to publish their results. A prospective, 
randomized study comparing EUS-guided 
choledochoduodenostomy versus needle-knife biliary 
access after failed ERCP identified favorable results for 
EUS access.121 The complication rates of EUS-guided 
biliary and pancreatic drainage have been high, often 
25% or greater. Complication rates have consistently 
been higher with pancreatic procedures, and these 
complications may be severe.122,123,124 Complications 
of EUS-guided hepatogastrostomy include a risk 
of mediastinitis with a transesophageal approach, 
risk of injuring the portal vein, and stent failure or 
migration with the use of small-caliber stents.125 Further 
randomized studies in comparison with percutaneous 
drainage and development of EUS specific accessories 
and technique refinements are required.

EUS-Guided Pancreatic Duct Drainage
EUS access of the pancreas duct utilizes similar 
techniques as the bile duct and may be useful in settings 
where retrograde access is not possible due to prior 
surgery, malignancy or obstruction of the main pancreas 
duct due to stones, strictures or duct disruption.126 The 
pancreatic parenchyma is often fibrotic and cautery 
assisted tract dilation may be required. Ergun et.al 
reported a series of 20 patients. Transluminal stenting 
was performed in 15 patients and a rendezvous 
approach was utilized in five patients. Technical 
success was achieved in 90% and clinical long-term pain 
improvement was achieved in 72 %.127 Stent dysfunction 
(occlusion or migration) was noted in 50% in this study 
and several others.128-130

Forward–Viewing Echoendoscope
A forward-viewing CLA echoendoscope has been 
developed with the potential advantages of improved 
endoscopic visualization and manipulation of 
accessories in the plane of the scope head providing 
greater penetrative force131-133 Potential utilities include 
colonic interventions,134-136 pseudocyst drainage, 
pancreatic and biliary access procedures101,137,138 and 
improved visualization of the porta hepatis.139,140

SUmmary
The development of EUS has markedly progressed over 
the past three decades and is currently well-established (continued on page 20)

Figure 6 (A).  EUS-guided choledochoduodenostomy with 
transduodenal wire access of the common bile duct 
in a patient with an obstructing ampullary mass.

Figure 6 (B). A fully covered metal stent is placed over the wire.
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transporting techniques and tools from the arenas of 
interventional radiology and ERCP has been remarkable, 
but is still a developing field overall. We anticipate that 
with advances in the science of tumor therapy and the 
development of EUS specific tools and techniques, we 
may be poised for a period of exponential growth in 
interventional EUS. n
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