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Abstract
With the development of technology and accessories, 
the role of endoscopic ultrasound (EUS) has evolved 
from diagnostics to therapeutics. In order to characterise 
the therapeutic role of EUS, we searched Web of 
Knowledge database and reviewed articles associated 
with therapeutic EUS. There are two modalities for the 
therapeutic purpose: drainage and fine-needle injection. 
EUS-guided drainage is a promising procedure for the 
treatment of peripancreatic fluid collection and biliary 
obstruction; EUS-guided fine-needle injections such as 
celiac plexus neurolysis, for the purpose of pain relief for 
pancreatic cancer and chronic pancreatitis, has emerged 
as a promising procedure. The aim of the study was to 
perform a comprehensive and conscientious review on 
the techniques, complications and clinical outcomes of 
those EUS-based procedures.
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Core tip: Endoscopic ultrasound (EUS)-guided inter-
ventions have gained popularity in recent years. In 
this review, EUS-guided peripancreatic fluid collection 
drainage and biliary drainage are discussed. EUS-guided 
fine-needle injections, including celiac plexus neurolysis, 
photodynamic therapy, stereotactic body radiation 
therapy and ethanol ablation, are also discussed.
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endoscopic ultrasound-Guided 
drainaGe
endoscopic ultrasound-guided peripancreatic fluid 
collection drainage 
background: Peripancreatic fluid collections (PFCs) 
are the result of different types of pathophysiological 
processes, such as acute and chronic pancreatitis, 
trauma, surgery and malignancy, that can damage 
the pancreatic ducts[1,2]. The different types of PFCs, 
which are defined by the Atlanta Classification, 
include acute fluid collection, pancreatic pseudocyst 
(PPC), pancreatic abscess and walled-off necrosis 
(WON)[3]. These local complications have traditionally 
been managed surgically. However, surgery is often 
associated with higher morbidity and mortality[4]. 
Percutaneous drainage is also effective in managing 
all types of PFCs but it has disadvantages, including 
the need for external catheters and the potential 
development of pancreatico-cutaneous fistulas[5]. The 
advantages of endoscopic ultrasound (EUS)-guided 
drainage include the following: (1) it is minimally 
invasive; (2) it avoids local complications related to 
percutaneous drainage; and (3) it enables real-time 
visualization of PFCs and a decreased bleeding rate by 
avoiding the interposition of blood vessels with the use 
of Doppler ultrasound[6,7]. 

The traditional indications for drainage have been 
largely neglected[8,9]; only those with symptoms, 
for example, abdominal pain, weight loss, gastric 
outlet obstruction, and adverse cyst-related events 
(biliary obstruction, infection), require medical 
intervention[10,11]. Patients with asymptomatic PFCs are 
usually only followed. 

Technique: The PFC may be drained through either 
the transpapillary duct, or the transmural duct, or using 
a combination of the two routes[12,13]. The decision to 
choose one approach over the other depends on the 
size of PFC, its proximity to the wall of the stomach 
or duodenum, and the accessibility of the pancreatic 
duct and/or the area of disruption[4]. Transpapillary 
drainage is effective if the PFC communicates with the 
main pancreatic duct and is less than 6 cm in size[13]. 
Transpapillary drainage alone is not recommended 
in patients with pancreatic necrosis because of the 
high risk of secondary infection[13]. Because the body 
of the pancreas is near the stomach and duodenum, 
patients with central pancreatic necrosis are suitable 
candidates for transmural drainage. The advantage of 
the transpapillary approach over transmural drainage 
is the avoidance of the bleeding or perforation that 
may occur during transmural drainage[4,14]. The 

disadvantages are the risks involved in performing 
endoscopic retrograde cholangiopancreatography 
(ERCP). It may also have a lower success rate if the 
disruption is unable to be bridged, and there is a risk 
of retroperitoneal perforation and guidewire/stent-
induced ductal damage[15].

A 19-gauge puncture needle is preferred under EUS 
guidance[16]. Before puncture, the PFC morphology 
should be evaluated by EUS, and color Doppler 
ultrasound is used to identify the regional vessels. 
A 0.025- or 0.03-inch guidewire is then introduced 
through the needle and coiled within the PFC under 
fluoroscopic guidance (Figure 1), and the tract is 
sequentially dilated (Figure 2). For pseudocysts, 
the procedure entails balloon dilation to 10 mm, 
generally followed by placement of two plastic pigtail 
stents (usually 7Fr or 8.5Fr) (Figure 3). For WON, 
we use progressive balloon dilation to 18-20 mm, 
followed by placement of two plastic pigtail stents (7 
or 8.5Fr and 10Fr) or a fully-covered, self-expanding 
metal stent (FCSEMS) (Figure 4). Then a naso-cystic 
drainage tube for intermittent flushing of the WON 
collection is placed, or, occasionally, direct endoscopic 
necrosectomy is performed by inserting a gastroscope 
into the collection through the dilated cyst-gastrostomy 
or cyst-duodenostomy fistula tract, followed by careful 
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Figure 1  Fluoroscopic image showing a 0.035-inch guidewire coiling 
within a pancreatic pseudocyst. Courtesy of Prof. Lee[18] with permission.

Figure 2  Fluoroscopic image showing dilation of the fistula tract with a 
balloon dilator. Courtesy of Prof. Kahaleh[16] with permission.



debridement of the necrotic content[17].
After the guidewire has been placed, it is sometimes 

difficult to dilate the fistula tract. In such cases, a 
tapered dilator, cystotome and needle knife may be 
used instead of a balloon dilator and dilation catheter.

Technical and clinical outcomes: EUS-guided 
drainage has shown a technical success rate of more 
than 90% and a clinical success rate of 75% to 
90%[18]. A recent study reported a treatment success 
rate of 93.5% for pseudocysts, but only 63.2% for 
WON, suggesting that treatment outcome is related 
to type of collection[19]. Two randomized trials that 
compared EUS-guided PPC drainage and conventional 
endoscopy-guided PPC drainage demonstrated that 
EUS-guided transmural approach is superior to 
conventional endoscopy-guided drainage in terms 
of technical success and complications[20,21]. Several 
observational studies have investigated the efficacy of 
EUS-guided drainage of pseudocysts and abscesses. 
They all resulted in high technical and clinical success 
rates, ranging from 89% to 100% and 82% to 100%, 
respectively[22-24]. However, these techniques were 
performed by experienced endoscopists. Ng et al[25] 
recently demonstrated that, although EUS-guided 
drainage of pseudocysts was technically successful in 
93% of patients, the treatment success rate was 75% 
and the complication rate was 5%. Varadarajulu et 
al[21], in a comparison of the efficacy of EUS-guided 
and non-EUS-guided pseudocyst drainage, found that 
the technical success rate was 100% with EUS, but 
only 33% with the non-EUS-based approach. 

A recent randomized, controlled trial of EUS-guided 
vs surgical cystgastrostomy for pseudocyst drainage 
determined that there were no differences in terms of 
treatment success rate, complications, or recurrence, 
but there was a significantly shorter hospital stay 
(median, 2 d vs 6 d; P < 0.001) and lower costs in 
the endoscopic group[26]. An earlier randomized study 
by the same group yielded similar conclusions[27]. 
Therefore, the endoscopic approaches seem to be the 

preferable strategy for uncomplicated pseudocysts 
because there is no apparent advantage to surgery, 
and it seems to require prolonged hospitalization and 
higher cost. 

Complications: The complication rate for EUS-
guided drainage of PFCs varies widely among centers, 
ranging from 5% to 16%, and complications are 
more frequent in PFC patients with solid necrotic 
debris[12]. Bleeding, the most common complication 
of transmural drainage, has been observed in 8% 
to 10% of patients[4]. The bleeding may be caused 
by splenic artery pseudoaneurysms. Varadarajulu et 
al[28] reported a complication rate for transpapillary 
drainage of 6.2%. Hookey et al[12] found no difference 
in the complication rate between the transmural and 
transpapillary approaches.

eUS-guided biliary drainage
background: ERCP has become the standard 
procedure for the management of both benign and 
malignant biliary obstructions. Although its success 
rate has been reported to be as high as 95%, biliary 
cannulation cannot be achieved in certain cases[29]. 
Therefore, EUS-guided biliary drainage (EUS-BD) 
has been introduced as an effective alternative for 
biliary decompression. Advantages of EUS-BD over 
percutaneous and surgical biliary drainage include a 
one-stage procedure, internal drainage, the avoidance 
of long-term external drainage, logistical and economic 
benefits, and a faster recovery as compared with 
percutaneous drainage. These advantages can sig-
nificantly improve the quality of life of terminally ill 
patients and possibly result in lower morbidity than that 
with percutaneous drainage or surgery[30,31]. 

The widely accepted indications for EUS-BD include 
failed ERCP despite maximal efforts by experienced 
operators, altered anatomy, tumor preventing access 
to the biliary tree, and contraindication to percutaneous 
access, such as large ascites[32]. 

Technique: EUS-BD utilizes a variety of access 
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Figure 3  Fluoroscopic image showing placement of a 10-Fr double pig-
tail plastic stent and a nasocystic catheter into a pancreatic pseudocyst. 
Courtesy of Prof. Itoi[37] with permission.

Figure 4  Endoscopic image of placement of a fully-covered metal stent 
into a pancreatic pseudocyst. Courtesy of Prof. Lee[18] with permission.
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al[37] compared EUS-guided choledochoduodenostomy 
(EUS-CDS) and PTBD in 25 patients with distal biliary 
malignant obstructions. The two procedures were 
technically and clinically successful in both groups. 
The study concluded that EUS-CDS is an effective 
and safe alternative to PTBD, with similar success and 
complication rates, cost, and quality of life.

A Japanese multicenter study of EUS-BD (44 cases 
of EUS-CDS and 20 cases of EUS-HGS ) conducted 
by Kawakubo et al[38] found that the technical success 
rates for both EUS-CDS and EUS-HGS were 95%. The 
complication rate was 19%.

Complications: The overall complication rate ranges 
from 16% to 35%[29]. Complications associated 
with EUS-BD include (1) bile leakage; (2) infection 
(peritonitis, cholangitis, and cholecystitis); (3) 
pancreatitis; (4) pneumoperitoneum; (5) bleeding, 
(6) abdominal pain; and (7) stent migration. The 
most common complications are bile leakage and 
pneumoperitoneum[39].

Other applications of eUS-guided drainage
EUS-guided drainage can also be used in the 
management of pelvic and hepatic abscesses, and 
acute cholecystitis. 

Hadithi et al[40] reported the use of EUS-guided 
drainage for pelvic abscesses in eight patients. The 
technical success rate was 100% and the clinical 
success rate was 100%, and no recurrence was 
observed in any of the patients. 

EUS-guided gallbladder drainage (EUS-GBD) can 
be carried out through the gastric or duodenal wall, 
thus avoiding puncture of the liver, which is more 
vascular. It is therefore a safer technique for patients 
with coagulopathy. Widmer et al[41] analyzed published 
studies of EUS-GBD and found that the overall 
technical success rate was 96.7%. All the patients with 
technical successes were clinically successful as well. 
A total of 12.2% of the patients had complications, 
including pneumoperitoneum, bile peritonitis and stent 
migration, indicating that EUS-GBD is very challenging 

approaches (intrahepatic or extrahepatic), direction of 
stent insertion (antegrade or retrograde), and drainage 
routes (transmural, transpapillary or rendezvous). 
The extrahepatic (EH) approach involves a needle 
puncture from the transduodenal (CDS) (Figure 5) 
or transenteral route directly into the common bile 
duct[29]. The intrahepatic (IH) approach involves 
gaining access to the left hepatic biliary system with 
either transesophageal or transgastric (HGS) (Figure 6) 
EUS guidance.

A 19-gauge EUS-FNA needle is preferred for 
the initial puncture, which permits easier wire 
manipulation. Biliary access can be confirmed with the 
aspiration of bile. Contrast medium is subsequently 
injected to perform a cholangiogram, and a 0.025- or 
0.035-inch guidewire is then inserted through the FNA 
needle into the biliary system.

Once biliary access has been obtained, the options 
for drainage include rendezvous, transpapillary, or 
transmural decompression. In EUS-guided biliary 
rendezvous technique, the guidewire is placed into the 
intrahepatic or extrahepatic biliary duct, then passed 
through the papilla and retrieved by a duodenoscope 
for biliary intervention. The rendezvous approach is 
preferred if the duodenoscope can be advanced to the 
papilla when the guidewire has traversed the papilla in 
an antegrade way[33,34].

The transmural approach, which leaves a stent in 
the stomach or duodenum lumen, is performed when 
the duodenoscope cannot be advanced to the ampulla 
to perform the rendezvous drainage[35]. A plastic or 
metallic stent is subsequently deployed.

Technical and clinical outcomes: The overall 
cumulative success rate for EUS-BD is 84%-93%[32,36]. 
Gupta et al[36] reviewed studies from six experienced 
international centers, comparing techniques, 
outcomes, and complications. The success rates were 
similar between the EH and IH approaches (84.3% 
vs 90.4%, P = 0.15). No significant difference in the 
complication rate was noted between the EH and IH 
approaches (35.6% vs 32.6%, P = 0.64). Artifon et 

Figure 5  Flouroscopic image of the choledochoduodenal tract dilation 
with a balloon dilator. Courtesy of Prof. Altonbary[33] with permission.

Figure 6  Flouroscopic image of placement of a metal stent into the hepatic 
biliary system. Courtesy of Prof. Kahaleh[31] with permission.
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technically. 
Singhal et al[42] reviewed seven published case 

series, comprising a total of seven patients, on 
EUS-guided drainage for hepatic abscesses. They 
determined that the technical and clinical success rates 
were both 100%; no complications were observed.

eus-Guided Fine-needle inJection
EUS-guided fine-needle injection (EUS-FNI) is a 
modified technique based on the concept of needle 
guidance to deliver a therapeutic agent, radiation 
source or immune-related cells into a targeted lesion. 
The technique is utilized to accomplish localized 
therapy rather than systemic chemotherapy, which 
may reduce systemic toxicity, and also the cost[43,44]. 
EUS-FNI also includes neurolysis. Experience with this 
technique is still limited and intensive investigation 
efforts are needed.

eUS-guided celiac plexus/ganglion neurolysis
background: The incidence of pancreatic cancer 
has increased over the past decade[45], and the 
standardized net survival at 5 years is 6% for men and 
10% for women[46]. Because it frequently presents at 
an inoperable stage so that palliation of symptoms is a 
primary goal. In these situations, interventional pain-
relief techniques, such as celiac plexus neurolysis (CPN) 
or celiac ganglion neurolysis (CGN), may be indicated.

The celiac plexus surrounds the celiac artery and 
the root of the mesenteric artery. Pain originating from 
the liver, pancreas, diaphragm, spleen, and stomach 
spreads through the celiac plexus and is further 
transmitted to the central nervous system. 

The posterior approach using a fluoroscope is 
associated with severe side effects, such as pneumo-
thorax and paraplegia[47]. Therefore, the anterior 
approach is considered a better option for CPN/CGN. 

Technique: 22-G or 19-G needles are used. For a 
central injection, the needle is advanced above the 
celiac trunk, in the space between the aorta and the 
origin of the celiac axis. If a bilateral injection into the 
plexus is chosen, the echo-endoscope, which is placed 
above the celiac axis, should be rotated to one side 
until the origin of the celiac axis is no longer seen, 
and the procedure is repeated on the other side. If 
injections into the ganglia are chosen, the solution 
should be injected into the central part of the ganglia 
for those less than 1 cm in diameter or, for larger 
ganglia, into the deepest part[48]. 

Before injection, aspiration should be performed to 
ascertain that the needle has not been placed inside 
a vessel, and 3-10 mL of a local analgesic is injected 
initially to prevent exacerbation of transient pain by 
the neurolytic agent. Subsequently, 10-20 mL of 
98%dehydrated alcohol is injected[45].

Clinical outcomes: Two randomized controlled trials 

have demonstrated improvement in quality-of-life 
parameters[48,49]. In a recently published retrospective 
study conducted by Iwata et al[50], EUS-CPN was 
performed in 47 patients with unresectable pancreatic 
cancer or non-pancreatic abdominal cancer. EUS-CPN 
was successful in 68.1% of the patients. Of these, 14 
patients obtained complete pain relief. Wyse et al[49] 
found that pain relief was slightly higher in the EUS-
CPN group than in the control group at 1 mo and 
significantly higher at 3 mo.

In a meta-analysis of these EUS-CPN studies, pain 
relief was observed in approximately 80% of 289 
patients with pancreatic cancer[51]. Although EUS-CPN 
can be delivered on either or both sides of the aorta, 
a recent study showed that bilateral injection was 
more effective than a central injection[52]. In a recent 
randomized controlled study, CGN was more effective 
than CPN in pain relief (73.5% vs 45.5%, respectively, 
P = 0.026)[53]. A randomized, controlled trial 
demonstrated that CPN was effective in pain relief at 
1-mo and 3-mo follow-up, but opioid usage persisted, 
although it was higher in the control group[49].

Complications: Complications associated with EUS-
CPN, including transient diarrhea and hypotension, were 
observed in 9% and 10%-15% of cases, respectively, 
and both complications were self-limiting in most 
cases[54]. Recently, more serious complications, including 
paralysis due to spinal cord infarction[55,56], death from 
gastric perforation[57] and celiac artery thrombosis-
induced infarction[58,59], have been observed. 

eUS-guided photodynamic therapy
EUS-guided needle injection is also applied to deliver 
photosensitizing medication. photodynamic therapy 
(PDT) uses light to produce localized tissue necrosis 
after administration of a photosensitizing agent in the 
presence of oxygen. Studies have shown that PDT 
can induce apoptosis and necrosis by regulating the 
pancreatic cellular signaling pathways or modulating 
the structures of plasma membrane proteins[60].

eUS-guided stereotactic body radiation therapy and 
brachytherapy
Fiduciary markers, or fiducials, are used as reference 
points to target radiation beams. After identification of 
a tumor, a 19-G fine-needle is inserted into the target 
lesion, and the fiducials are deployed through the 
needle lumen. The position of the fiducials is confirmed 
via EUS and fluoroscopy[61,62]. In recent years, fiducial 
placement has been reported to facilitate stereo-
tactic body radiation therapy (SBRT) in patients with 
pancreatic cancer[63-65]. Prospective phase Ⅰ and phase 
Ⅱ studies[66,67] and two retrospective studies[68,69] have 
indicated that SBRT is a safe and effective approach for 
treatment of patients with pancreatic cancer. 

Brachytherapy involves the placement of a radio-
active seed directly into the pancreatic tumor for 
localized therapy. Currently, the most commonly used 
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radioactive seed is iodine-125. Studies have shown 
that brachytherapy is effective for the local control of 
malignant pancreatic tumors[70,71].

eUS-guided ethanol ablation 
EUS-guided ethanol ablation is a recently developed 
method that has been successfully applied as a treatment 
for pancreatic cysts, pancreatic neuroendocrine tumors, 
and abdominal metastatic lesions. 

A multicenter, randomized study indicated that EUS-
guided ethanol injection resulted in a greater reduction 
in the size of pancreatic cystic tumors compared with a 
saline-solution injection, and the overall resolution rate 
of the pancreatic cystic tumors was 33.3%[72]. EUS-
guided ethanol lavage with a paclitaxel injection has 
been introduced to improve the effect of the ethanol 
ablation. An initial study found that complete resolution 
of pancreatic cystic neoplasms was achieved in 11 of 
14 patients after treatment with ethanol and paclitaxel 
injection[73].

A case series on EUS-guided ethanol ablation in 
pancreatic neuroendocrine tumors showed complete 
resolution after the ethanol ablation[74].

This technique has also been used for the ablation 
of other abdominal tumors, such as gastrointestinal 
stromal tumors and intra-abdominal metastatic 
lesions[75].

Other techniques involving EUS-FNI for the treat-
ment of pancreatic cancer include immunotherapy and 
radiofrequency ablation[60].

conclusion
EUS-guided drainage and fine-needle injection are 
promising therapeutic techniques that have shown 
benefits in patients with PFC, biliary obstruction 
or pancreatic cancer because they are minimally 
invasive, require only a short hospital stay, and are 
less costly. However, there is currently no consensus 
on these techniques. Participants of a 2011 consortium 
agreed that EUS-BD should be performed by trained 
pancreaticobiliary endoscopists who complete between 
200 and 300 EUS and ERCP procedures annually, and 
have appropriate interventional radiology and surgical 
backup[76]. These techniques are highly challenging, 
which has constrained their use. To date, the data are 
limited because of the retrospective aspect and the 
small number of trials; therefore, a larger number of 
multicenter trials are required.
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