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Abstract
Endoscopic ultrasonography (EUS) represents the com-
bination of endoscopy and intraluminal ultrasonogra-
phy. This allows use of a high-frequency transducer (5- 
20 MHz) that, due to the short distance to the target le-
sion, provides ultrasonographic images of higher resolu-
tion than those obtained from other imaging modalities, 
including multiple-detector-row-computed tomography, 
magnetic resonance imaging, and positron emission 
tomography. EUS is now a widely accepted modality for 
diagnosing pancreatic diseases. However, the most im-
portant limitation of EUS has been the lack of specificity 
in differentiating between benign and malignant chang-
es. In 1992, EUS-guided fine needle aspiration (FNA) of 
lesions in the pancreas head was introduced into clinical 
practice, using a curved linear-array echoendoscope. 

Since then, EUS has evolved from EUS imaging to EUS-
FNA and wider applications. Interventional EUS for pan-
creatic cancer includes EUS-FNA, EUS-guided fine needle 
injection, EUS-guided biliary drainage and anastomosis, 
EUS-guided celiac neurolysis, radiofrequency ablation, 
brachytherapy, and delivery of a growing number of 
anti-tumor agents. This review focuses on interventional 
EUS, including EUS-FNA and therapeutic EUS for pancre-
atic cancer.
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INTRODUCTION
Endoscopic ultrasonography (EUS) is a combination 
of  endoscopy and intraluminal ultrasonography, using a 
high-frequency transducer at 5-20 MHz. In addition, the 
short imaging distance to the target lesion through the en-
doscopic device allows high-resolution ultrasonographic 
images. EUS is now a widely accepted modality for the 
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diagnosis of  gastrointestinal and pancreatobiliary diseases. 
In 1992, Vilmann et al[1] published the first case report of  
EUS-guided fine needle aspiration (FNA) of  a lesion in the 
pancreas head using a curved linear-array echoendoscope. 
Since then, many researchers have expanded the indications 
for EUS-FNA to include various types of  lesions, and for 
therapeutic purposes[2]. EUS techniques have evolved from 
aspiration to EUS-guided fine needle injection (FNI), pro-
viding EUS with even wider applications. This advance has 
resulted in interventional EUS as an important modality 
for the diagnosis and treatment of  pancreatic cancer. Inter-
ventional EUS techniques include EUS-FNA, gene analysis 
from EUS-FNA specimens, drug delivery, biliary drainage, 
biliary anastomosis, celiac neurolysis, and brachytherapy. 
This review focuses on the present status of  interventional 
EUS for pancreatic cancer, including the specific roles of  
EUS-FNA and therapeutic EUS.

EUS-FNA
Indications and contraindications
A fundamental principle of  EUS-FNA is that the in-
formation obtained should have the potential to affect 
patient management[3]. In addition, indications for EUS-
FNA in patients with pancreatic cancer should be con-
sidered based on diagnostic accuracy, cost effectiveness, 
and patient comfort and safety. In Japan, the current 
indications for EUS-FNA include[4,5]: (1) differentiating 
between benign and malignant lesions; (2) staging of  
cancer; and (3) obtaining histological evidence of  ma-
lignancy before chemotherapy and/or radiotherapy, or 
even surgery. Such diagnoses are based on one or more 
of  cytological (Diff-Quik and Papanicolaou staining), 
histological (hematoxylin and eosin staining), immuno-
histochemical or genetic analyses.

Contraindications for EUS-FNA include situations in 
which FNA results would not affect management, inabil-
ity to clearly visualize a lesion, tumor mass or vessel inter-
posed in the path between the needle and target, bleeding 
diathesis, and high risk of  tumor seeding[3,6]. In Japan, 
use of  EUS-FNA for cystic tumor is considered to carry 
a high risk of  tumor seeding, particularly for intraductal 
papillary mucinous neoplasm (IPMN) and mucinous cyst 
neoplasm. However, only one case of  tumor seeding by 
EUS-FNA for IPMN has been reported to date[7].

Equipment for EUS-FNA
A curved linear-array echoendoscope (convex echoendo-
scope) is usually available for EUS-FNA. This instrument 
generates longitudinal sector images parallel to the axis 
of  the endoscope and is equipped with color Doppler 
functioning[8]. A forward-viewing curved linear-array echo
endoscope is sometimes useful in therapeutic EUS, espe-
cially for the purpose of  drainage. At present, the most 
important function of  the echoendoscope is as a large 
instrument channel to allow not only histological biopsies 
to be taken, but also therapeutic applications.

Several needles have been developed. Recent models 

for EUS-FNA can be lure-locked in a fixed position on 
the echoendoscope. The endoscopist can then advance the 
needle into the lesion independently under ultrasonograph-
ic guidance. With regard to needle technology, the shape 
of  the tip and diameter of  the needle have been continu-
ously developed and improved. Needles range in size from 
19 to 25 gauge. Sufficient specimens can be obtained to 
diagnose pancreatic cancer utilizing immunohistochemical 
and gene analysis, even with a 25-gauge needle[9].

Diagnostic accuracy and complications
High rates of  adequate tissue sampling and diagnostic ac-
curacy have been reported for EUS-FNA. In a study of  
nearly 1700 patients, DeWitt[10] reported 88% accuracy, 
85% sensitivity, and 98% specificity of  EUS-FNA for pan-
creatic tumors. EUS-FNA of  solid pancreatic masses pro-
vided 95% sensitivity, 92% specificity, 98% positive predic-
tive value, and 80% negative predictive value. The overall 
accuracy of  EUS-FNA was 94.1%[11]. The overall compli-
cation rate of  EUS-FNA appears to be 1%-2%. The major 
complications reported with EUS-FNA are infections, 
bleeding, pancreatitis, and duodenal perforation. Cystic 
pancreatic lesions appear to be associated with a greater 
risk of  infective complications and bleeding than solid 
pancreatic masses. Two deaths have been reported with 
EUS-FNA. One patient developed fulminant cholangitis 
following EUS-FNA of  a liver metastasis, while the other 
developed uncontrolled bleeding from a pseudoaneurysm 
after EUS-FNA of  the pancreas[12]. We have encountered 
severe EUS-FNA-related complications, including rupture 
of  a pancreatic pseudoaneurysm followed by massive gas-
trointestinal bleeding, and acute portal vein obstruction[13]. 
Both of  these cases might have been caused by acute focal 
pancreatitis. The risk of  acute pancreatitis after EUS-FNA 
of  pancreatic masses has been estimated in 19 centers, 
with reported frequencies of  0.29% in a retrospective 
analysis and 0.64% in prospective study[14].

EUS-GUIDED DRAINAGE AND 
ANASTOMOSIS
EUS-guided pancreatic pseudocyst drainage
Pancreatic cancer is sometimes associated with pancreatitis 
and pseudocyst. Pancreatic pseudocyst in association with 
infection or symptoms should be aspirated or drained. A 
single puncture and aspiration of  the cystic fluid with a 
19-gauge needle is a simple method to drain the cyst cavity 
without any complicated procedures. However, cysts tend 
to recur with this method alone. In most cases, persistent 
drainage is indispensable for complete reduction of  the 
cyst cavity.

In 1992, Grimm et al[15] provided the first report of  
EUS-guided cyst drainage with linear-array echoendoscope 
in a patient with chronic pancreatitis associated with pan-
creatic tail pseudocyst. EUS-guided pseudocyst drainage 
has some advantages for identifying pseudocysts that show 
no overt protrusion into the gastrointestinal lumen, and 
also for selecting the shortest puncture pathway under real-

Hara K et al . Interventional EUS for pancreatic cancer

109 February 10, 2011|Volume 2|Issue 2|WJCO|www.wjgnet.com



time scan, compared to endoscopy-guided drainage. Color 
Doppler images also help to avoid inadvertent puncture of  
blood vessels near the cyst puncture route. According to 
recent reports, EUS-guided pseudocyst drainage is feasible 
in more than 90% of  patients, with a complication rate be-
low 5%[16]. EUS-guided pancreatic pseudocyst drainage can 
now be considered a very effective treatment for patients 
with pancreatic pseudocyst.

EUS-guided biliary drainage
Wiersema et al[17] first described EUS-guided cholangiopan-
creatography in 1996 as a diagnostic alternative for two pa-
tients following failed ERCP. Recent reports have demon-
strated the feasibility of  EUS-guided cholangiography with 
biliary stent placement in patients with failed cannulation 
at ERCP. EUS-guided biliary drainage includes two meth-
ods, a rendezvous technique and a direct access technique, 
and two main approach routes, a transgastric approach and 
a transduodenal approach.

EUS-biliary drainage using the rendezvous technique:  
EUS-guided bile duct drainage with the rendezvous tech-
nique (Figure 1) was first described by Mallery et al[18]  
in 2004. Other researchers have since reported EUS-
biliary drainage (BD) using the rendezvous technique. Six 
reports[18-23] on EUS-guided rendezvous technique have 

been published, with a total of  45 patients. Both 19-gauge 
and 22-gauge EUS-FNA needles have been used. Site of  
puncture included the duodenum in 19 cases, stomach in 
18 cases, and esophagus in 1 case. The overall success rate 
was 80% (36/45) and the complication rate was 4% (2/45), 
including 1 case each of  pneumoperitoneum and bile leak-
age. Kim et al[23] reported moderately severe pancreatitis 
and bacteremia in each case as a complication, but unre-
lated to the EUS-guided rendezvous technique. According 
to the largest case series, reported by Maranki et al[24], the 
overall success rate of  trans-papillary stenting was 65% 
(32/49) among the 49 patients who underwent intra- and 
extrahepatic approaches using only the EUS-guided ren-
dezvous technique.

The rendezvous technique is feasible only when the en-
doscope can be advanced to the papillary orifice or site of  
surgical anastomosis for retrieval of  the guide wire. EUS-
rendezvous is used solely to puncture the obstructed bile 
duct and pass a guide wire in an antegrade manner through 
the native papilla to allow subsequent ERCP[23]. However, 
the guide wire cannot be advanced across the obstruction 
in some cases. Potential advantages of  EUS-rendezvous 
access are seen for patients with large amounts of  ascites. 

EUS-guided choledochoduodenostomy
EUS-choledochoduodenostomy (CDS) (Figure 2) was 

Figure 1  Endoscopic ultrasonography biliary drainage using the rendezvous technique. A: Intrahepatic approach: fluoroscopic image of the wire crossing the hilar 
stricture and advancing into the duodenum; B, C: Subsequent endoscopic retrograde cholangiopancreatography with bile duct access and plastic stent placement.

A B C

Figure 2  Endoscopic ultrasonography-guided choledochoduodenostomy. A: Cholangiography after puncture of extrahepatic bile duct by needle knife; B: Plastic 
stent was inserted from duodenum into extrahepatic bile duct.

A B
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first reported by Giovannini et al[25] in 2001. Recently, 
some studies have evaluated the role and technique of  
EUS-CDS[24-30]. A needle knife or fistulotome and/or 19- 
or 22-gauge EUS-FNA needles were used to access the 
extrahepatic bile duct. Although the procedure was unsuc-
cessful in a few patients, transduodenal stents (including 
a metal stent] were successfully inserted in almost all pa-
tients (> 95%). The rate of  treatment success was almost 
100% among patients with successful EUS-CDS access.

The advantage of  the EUS-CDS technique is that the 
puncture site is very close to the extrahepatic bile duct 
and away from the obstructing tumor[28]. Compared with 
approaches from the stomach, the duodenum is easily 
punctured to reach the bile duct and dilation of  the route 
is simple. To prevent dislocation of  the guide wire and di-
lator, an appropriate puncture site should be selected aim-
ing at the extrahepatic bile duct between the upper margin 
of  the pancreas and the hepatic hilum. Comparatively 
high complication rates (15%) have been reported, includ-
ing 2 cases of  small focal bile peritonitis[29,31] and 3 cases 
of  pneumoperitoneum[13,28,32]. The one-step method with 
direct puncture of  the extrahepatic bile duct may reduce 
the risk of  complications.

EUS-guided hepaticogastrostomy 
EUS-guided hepaticogastrostomy (Figure 3) was first 
reported by Burmester et al[29] in 2003. The technique is 
broadly similar to EUS-CDS. EUS-guided hepaticogas-
trostomy has been reported in some studies[29,30,33-35]. In 
all patients, 19- or 22-gauge fine needles, or fine needles 
followed by a needle knife or cystotome, were used to 
puncture the intrahepatic bile ducts. The procedure was 
successful in almost all patients (> 96%)[29,30,33-35]. Various 
types of  stents, including plastic stents, uncovered metallic 
stent (MS), and covered MS have been used for drainage. 
The rate of  treatment success was over 96% among pa-
tients with successful EUS-GHS access[29,30,33-35]. The rate 
of  procedure-related early complications was 14%, with 
no mortality, and included: 1 case of  ileus probably due to 
the use of  morphine during anesthesia, 1 case of  bilioma, 
and 2 cases of  cholangitis[33]. Stent migration has been re-
ported as a late complication in 1 case[35].

Kahaleh et al[30] noted that the advantages of  EUS-
guided hepaticogastrostomy over percutaneous transhe-
patic drainage included puncture of  the biliary tree with 
real-time US when using color-Doppler information to 
limit the possibility of  vascular injury, the lack of  ascites 
in the interventional field when present in the perito-
neum, and the lack of  an external drain. Based on their 
experience, they also pointed out that the extrahepatic 
approach has a greater risk of  complications compared 
to the intrahepatic approach. Itoi et al[31] reported the 
limitations of  this technique as follows: (1) certain dis-
placement between the puncture site of  the gastric wall 
and the intrahepatic bile duct, resulting in possible fail-
ure to carry out this procedure; (2) risk of  mediastinitis 
with a transesophageal approach; (3) difficulty achieving 
puncture in cases of  liver cirrhosis; (4) risk of  injury to 
the portal vein; and (5) necessity of  using small-caliber 
stents or MS with a small-diameter delivery device.

EUS-FNI THERAPY
EUS-guided celiac plexus neurolysis or block 
EUS-guided celiac plexus neurolysis (EUS-CPN) was first 
reported by Wiersema et al[36] in 1996. Since then, EUS-
CPN (Figure 4) has been applied for relief  of  intractable 
pain. Patients with significant abdominal pain and unre-
sectable pancreatic cancer may represent suitable candi-
dates for EUS-guided CPN. The technique of  EUS-CPN 
resembles that of  EUS-FNA, except for the injection. 
The procedure begins with identification of  the celiac 

Figure 3  Endoscopic ultrasonography-guided hepaticogastrostomy. A: 
Cholangiography after puncture of intrahepatic bile duct by 19G fine needle. B: 
Plastic stent was inserted from stomach into intrahepatic bile duct.

A B

Figure 4  Endoscopic ultrasonography-guided celiac plexus neurolysis. 
A: At first, we visualize the celiac trunk by linear array echoendoscope; B: 
Endoscopic ultrasonography image during ethanol injection.

A

B

Celiac

Aorta

Needle
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trunk. The celiac plexus is located anterior and lateral to 
the celiac trunk take-off  from the aorta. Bupivacaine (3- 
10 mL, 0.25%) is injected, followed by 10 mL of  (98%) 
dehydrated ethanol[37,38]. For EUS-guided celiac plexus 
block (EUS-CPB), a steroid (triamcinolone suspension, 
40 mg each side, bilaterally) is used instead of  alcohol. 
In a study of  30 patients, Wiersema et al[36] reported a 
79%-88% improvement in pain score at a median follow-
up of  10 wk, while Gress et al[39] reported reduced pain 
score and medication use in 55% patients with chronic 
pancreatitis treated using EUS-CPB. Levy et al[40] recently 
reported the utility of  EUS-guided direct injection of  
agents into the celiac ganglia as EUS-guided celiac gan-
glion neurolysis (EUS-CGN) in patients with pancreatic 
cancer and chronic pancreatitis. Use of  EUS-CPN to 
provide pain relief  from pancreatic cancer has substan-
tially increased initial response rates to over 90%, and no 
major complications were encountered in that study.

EUS-FNT
Intraoperative detection of  very small lesions already de-
tected on preoperative examination is sometimes difficult 
for surgeons. Endoscopic tattooing is a very useful method 
to identify such previously detected small lesions at sur-
gery. Gress et al[41] described the tattooing of  small pancre-
atic tumors using the technique of  EUS-FNI with Indian 
ink in 2002. As a number of  reports have noted side 
effects caused by Indian ink, we reported on EUS-FNT 
with indocyanine green for small pancreatic tumors[42]. 
We have now safely performed EUS-FNT in five cases 
of  small pancreatic tumors, including four cases of  endo-
crine tumor and one case of  multiple serous cystic tumors 
(unpublished data). EUS-FNT represents a safe and use-
ful method for preoperative marking of  small pancreatic 
tumors. This technique appears to not only reduce opera-
tive time, but also the total cost of  pre- and intraoperative 
tumor identification. Further trials are needed to confirm 
which substance provides the best efficacy and greatest 
safety for EUS-FNT to identify small pancreatic tumors.

EUS-guided delivery of anti-tumor agent
Injection of  materials into pancreatic cancer by EUS-
guided delivery appears to represent an attractive treat-
ment strategy. Materials with anti-tumor effects include 
ethanol and molecules with biological anti-tumor actions. 
EUS-guided ethanol injection has been used to ablate 
pancreatic tissue. In animal models, ethanol ablation of  
normal pancreatic tissue was found to be safe and re-
sulted in well-controlled ablation[43-45].

Some clinical trials of  EUS-guided anti-tumor injec-
tion therapy for pancreatic cancer have been reported. 
Anti-tumor agents that have already been reported include 
allogenic mixed lymphocyte culture (cytoimplants)[46], 
ONYX-015[47], TNFerade[48], immature dendritic cells, 
and oncolytic herpes simplex virus carrying the GM-CSF 
gene (Onco VEX)[49]. EUS-guided delivery of  anti-tumor 
agents seems likely to become popular and many other 
anti-tumor agents will be developed in the near future.

EUS-GUIDED BRACHYTHERAPY AND 
RADIOFREQUENCY ABLATION
EUS-guided brachytherapy was first reported by Maier 
et al[50] in 1999 for head and neck cancers. Brachytherapy 
is a relatively safe procedure in which radiation seeds 
are delivered directly to the target gland. Brachytherapy 
has been widely used for various malignancies, including 
pancreatic cancer.

Goldberg et al[51] reported EUS-guided radiofrequency 
ablation (RFA) in the pancreas of  a porcine model, using 
a modified EUS needle and a commercial RF needle. RFA 
could provide localized tissue ablation of  a 1-cm zone 
from the needle catheter. One of  13 pigs developed pan-
creatitis.

In 2008, Carrara et al[52] demonstrated the feasibility 
and efficacy of  EUS-guided RFA using a newly developed 
flexible bipolar ablation probe combining RFA and cryo-
technology in 14 pigs. The size of  the ablation area was 
related to the duration of  ablation. Complications were 
less common than for use of  conventional RFA needles.

CONCLUSION
EUS is now an indispensable imaging modality for pan-
creatic diseases. Interventional EUS includes EUS-FNA 
and therapeutic EUS. The clinical utility of  EUS-FNA has 
been widely accepted. EUS-FNA appears to offer a safe 
and reliable technique to obtain tissue from pancreatic 
masses with a low risk of  complications. Interventional 
EUS for pancreatic cancer has also been investigated in 
experimental studies and clinical trials, and some EUS-
guided techniques are now well established. Interventional 
EUS will play a more important role in the treatment of  
pancreatic cancer in the near future.
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