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Abstract
The linear echoendoscope, introduced in the 1990s, 
opened the era of interventional endoscopic ultrasound 
(IEUS). The linear echoendoscope enabled EUS guided 
Fine Needle Aspiration (EUS-FNA) allowing the path of 
the needle to be traced during the puncture process. 
After EUS-FNA, other interventional procedures were 
introduced in clinical practice. Tissue acquisition was the 
first EUS-guided interventional procedure and its higher 
diagnostic quality has undoubtedly been established. 
After EUS-FNA, Celiac plexus neurolysis (CPN) and 
block (CPB), pancreatic pseudocyst drainage, abdominal 
and mediastinal collections/abscesses drainage, and 
in selected cases, pancreatic and biliary ductal system 
drainage, were introduced in clinical practice. EUS-guided 
fine needle injection with local delivery of antitumor 
agents is considered a promising modality. We have 
reviewed published data on EUS guided interventional 
procedures with the object of summarizing the diagnostic 
capability of endoscopic ultrasound and elaborates in 
detail its therapeutic capability and potential.
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INTRODUCTION
Linear echoendoscope, introduced in the 1990s, opened 
the era of  interventional endoscopic ultrasound (IEUS). 
The linear echoendoscope enabled EUS guided Fine 
Needle Aspiration (EUS-FNA) allowing the path of  the 
needle to be traced during the puncture process. Tissue 
acquisition was the first EUS-guided interventional 
procedure and the higher diagnostic quality of  EUS-
FNA has undoubtedly been established for other tissue 
acquisition modalities such as computed tomography (CT) 
or magnetic resonance imaging (MRI) guided biopsy. 
After EUS-FNA, other procedures, including celiac 
plexus neurolysis (CPN) and block (CPB), pancreatic 
pseudocyst drainage, abdominal and mediastinal 
collections/abscesses drainage, and, in selected cases, 
pancreatic and biliary ductal system drainage, were 
introduced in clinical practice. Recently, EUS-guided 
fine needle injection with local delivery of  antitumor 
agents (cellular therapy, gene therapy, alcohol injection, 
and radiofrequency ablation) has been considered a 
promising modality to treat solid and cystic tumors of  the 
pancreas or other abdominal or mediastinal malignancies. 
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This review summarizes the diagnostic capabilities 
of  endoscopic ultrasound and elaborates in detail its 
therapeutic capability and potential.

EUS-FNA
The diagnostic utility of  EUS-FNA has been clearly 
established. EUS-FNA is a simple, cost-effective, 
and versatile technique that has been adapted for the 
diagnosis of  gastrointestinal tract lesions as well as 
other organ sites[1]. Compared to other techniques, 
EUS-FNA has the advantage of  being able to detect 
lesions not clearly visualized by other imaging tests[2]. 

Indications for EUS-FNA are numerous: intra-abdominal 
and mediastinal lymph nodes[3], pancreatic masses[4], 
pancreatic cysts[5,6], and gastrointestinal sub-mucosal 
masses[7]. The major advantage is documented in case 
of  failure of  other biopsy techniques[1]: EUS-FNA 
performed after other unsuccessful diagnostic attempts 
can provide a diagnosis in 85%-95% of  cases[4,7,8]. Today, 
EUS-FNA is recommended as the primary modality 
in diagnosis of  pancreatic masses, pancreatic cysts, and 
posterior mediastinal lymph nodes. As mentioned above, 
FNA performed under EUS requires a linear array 
echoendoscope, because the full length of  the needle can 
be tracked in real time into the lesion. The use of  color-
Doppler avoids the accidental puncture of  intervening 
vessels. Needles are designed to have a tip visualized by 
ultrasound. The needle comprises a protective plastic 
cover of  the working channel, a handle at the proximal 
end allowing the needle to move out from the cover 
into the lesion, and a needle with a stylet that prevents 
contaminations with gut cells. Their are available in 
arrange of  sizes (e.g. 19G, 22G and 25G). Trucut needles 
(19G) are also available and used for gastric sub-mucosal 
tumors and solid and cystic lesion of  the pancreas[9]. 
The use of  trucut needles is limited in the stomach due 
its stiffness. The real value of  trucut needles is not well 
established, although in cases of  insufficient sample with 
the EUS-FNA alone, the use of  sequential trucut biopsy 
seems to improve the diagnostic power[10]. More recently, 
the echo-brush, a device that allows brushing on the EUS 
guide, has become available, although evidence of  its 
effectiveness has not been published.

EUS-FNA is performed by positioning the target 

lesion on top of  the ultrasound image. The correct 
positioning of  the needle in the lesion is monitored 
in real time, intervening vessels are also visualized to 
avoid accidental puncture. The stylet is withdrawn, 
aspiration with a 10 mL syringe applied, and the needle 
moved back and forward several times (Figure 1A). 
Many centers offer on-site cytopathological adequacy 
evaluation; the main reason being the reduction of  non-
diagnostic specimens. Apparently, on-site evaluation 
increases the diagnostic yield by 10%-15%[11]. In a recent 
comparison between trained endosonographers in 
sample adequacy assessment and cytotechnologists, there 
was a significant difference in favor of  cytotechnologists 
for adequacy assessment (P = 0.004) and preliminary 
diagnosis of  benign vs. malignant (P = 0.001)[12]. The 
endosonographer’s and pathologist’s expertise, the 
type of  lesion, the vascularization, and needle size 
all represent factors that impact on the diagnostic 
yield. However, the continuous feedback between the 
endosonographer and dedicated cytopathologist is 
mandatory to obtain diagnostic FNAs. Information on 
clinical condition and lesion characteristics are necessary 
for subsequent processing of  the specimen, as are 
performance of  ancillary studies to reach the definitive 
diagnosis, such as immunochemical staining, molecular 
analysis or genetic evaluation by PCR.

EUS-GUIDED CELIAC PLEXUS NEURO

LYSIS AND CELIAC PLEXUS BLOCK
In the same way as FNA, the close proximity between 
the tip of  the echoendoscope and the target organ allows 
therapeutic procedures, such as injection therapies, to 
be performed safely and effectively, when compared 
with radiologic or surgical procedures. The term CPN 
refers to the injection of  alcohol in the celiac ganglion 
to induce neurolysis in patients with pancreatic cancer or 
other malignancies. The term CPB refers to the injection 
of  steroids to inhibit celiac ganglion function in benign 
conditions, such as the chronic pancreatitis. However, 
many use the term without distinction. CPN has been 
established as an effective technique to improve pain 
control in patients with pancreatic carcinoma. The 
effectiveness of  surgical CPN with injection of  absolute 

Figure 1   Images of interventional EUS. A: EUS FNA with a 22G needle on a solid pancreatic mass; B: CPN: the needle (19G) is inserted immediately adjacent to 
the lateral aspect of the aorta at the level of the celiac trunk; C: Large pancreatic collection seen from the posterior gastric wall.
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alcohol in the celiac plexus was confirmed by prospective 
randomized trials[13]. Similar results were demonstrated 
for percutaneous injection guided by CT[14,15]. There 
are several advantages of  using EUS vs a CT-guided 
percutaneous approach: the proximity of  the posterior 
lesser curve of  the stomach to the celiac plexus, the use 
of  continuous real time visualization of  the target area, 
and the color-Doppler to avoid accidental puncture of  
vascular structures. The needle (19G or 20G) is inserted 
under EUS guidance immediately adjacent to the lateral 
aspect of  the aorta at the level of  the celiac trunk. For 
CPN, 10 mL of  bupivacaine (0.25%) followed by 10 
mL of  alcohol (98%) are injected. The process can 
be repeated in the other side of  the aorta. For CPB, 
a steroid (triamcinolone suspension 40 mL bilateral 
or 80ml unilateral) is used in place of  alcohol (Figure 
1B). Evidence suggest EUS-guided CPN is a safe and 
effective procedure with a significant response in term 
of  reduction of  pain and opioid intake[16]. The efficacy 
data for CPB in treating pain for chronic pancreatitis are 
less well established, with a transient response in about 
50% of  patients[17]. However, recent recognition that 
celiac ganglia can be visualized by EUS in almost 81%[18] 
of  patients, allows the performance of  direct CPN and 
CPB on the ganglia thus significantly improving results 
for both CPN and CPB[19]. Further studies are needed to 
establish the real efficacy of  CPB in chronic pancreatitis 
with this direct injection.

EUS-GUIDED PANCREATIC COLLECTIONS 
DRAINAGE
The therapeutic options for treating pancreatic 
pseudocysts, abscesses and necrosis, include surgery, 
percutaneous drainage, and trans-mural non-EUS-
guided or EUS-guided drainage. The success rates and 
complications of  these different approaches were analyzed 
in a review: the success rate for surgical, percutaneous, 
non EUS-guided and EUS-guided trans-mural drainage 
were 100%, 84%, 90%, and 94%, respectively. The rate 
of  complications were 28%-34% with 1%-8.5% mortality 
for surgery, 18% with 2% mortality for percutaneous 
drainage, 15% with 0% mortality for trans-mural non 
EUS-guided drainage, and 1.5% with 0% mortality 
for EUS-guided trans-mural drainage[20]. In the 1980s, 
reports by Sahel et al[21] and Cremer et al[22] showed the 
feasibility and efficacy of  trans-mural drainage for treating 
pancreatic fluid collection. The limitation of  trans-mural 

non-EUS-guided drainage is its relatively blind approach: 
in this way, no bulging collection can be drained due to 
the risk of  perforation, and hemorrhages take place in 
about 6% of  cases[23]. EUS-guided trans-mural drainage 
improves both the safety of  the trans-mural procedure 
and the number of  candidates for this treatment. Real time 
EUS visualization with Doppler allows the puncture of  
collection in patients without bulging and in patients with 
portal hypertension with multiple collateral vessels[24-28]. 
The positioning is also selected based on EUS evaluation 

of  the distance between the gastrointestinal wall and cyst 
wall that should be less of  one cm. EUS-guided drainages 
are performed with a linear array echoendoscope, the 
color Doppler used to identify regional vessels, the 
puncture is performed with a 19G needle and a guide-
wire introduced through the needle and coiled within 
the collection under fluoroscopic guidance. The tract is 
sequentially dilated and finally the stents are placed (double 
pigtail, nose-cystic tube, plastic stents) (Figure 1C). The 
higher technical quality of  EUS-guided over non-EUS-
guided trans-mural drainage of  pancreatic collections 
has been clearly demonstrated by two reports[28,29]. More 
recently, a randomized trial comparing EUS and EGD for 
trans-mural drainage showed a higher technical success 
rate of  EUS than EGD and a superior safety profile of  
EUS-guided drainage, although it was not statistically 
significant. Finally, major complications were observed in 
the group who underwent non-EUS-guided drainage[30].

With the same technique, other EUS-guided proce
dures, such as the trans-rectal drainage of  pelvic abscess, 
are considered useful and safe[31].  

EUS-GUIDED BILIARY/PANCREATIC 
DRAINAGE
Endoscopic Retrograde Cholangiopancreatography 
(ERCP) is the most appropriate technique for treating 
common bi le duct and pancreatic duct stenosis 
secondary to benign and malignant diseases. Biliary 
and/or pancreatic duct cannulation and visualization 
are successful with ERCP in a high percentage of  cases 
managed by experienced hands. Common causes of  
failure include complex peripapillary diverticula, prior 
surgery procedures (such as gastrectomy with Billroth Ⅱ 
anastomosis), tumor involvement of  the papilla, biliary 
sphincter stenosis, and impacted stones[32]. Percutaneous 
transhepatic cholangiography (PTC) and surgery are 
alternative approaches to access and drain obstructed 
ducts. Since 1996, when Wiersema et al[33] first described 
EUS-guided bile duct puncture, several case reports have 
been published on EUS-guided biliary and pancreatic duct 
puncture and drainage[34-42]. These case reports illustrate 
different techniques to approach bile and pancreatic ducts: 
transgastric or transduodenal puncture, rendezvous after 
positioning a guide wire through the papilla, or creating a 
new papilla by fistula formation. 

The puncture is performed with 19G or 22G needles 
and the positioning is selected based on EUS evaluation 
of  the distance between the gastrointestinal wall and 
the bile or pancreatic duct over the stricture (Figure 2). 
After puncture, bile or pancreatic juice is aspirated and 
iodine contrast injected to obtain a cholangiogram/
pancreatogram; a 0.018-inch guide wire is positioned in 
the duct and the rendezvous procedure is attempted. The 
wire is captured with a snare and pulled out of  the EUS-
scope, which is replaced with a standard duodenoscope. 
When the wire fails to pass through the papilla in the 
duodenal lumen, a new papilla can be created by precut, 
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and pneumatic dilatation is performed with a biliary 
balloon dilatation catheter. Finally, a plastic stent is 
placed. In all these reports, interventional EUS proved 
feasible and safe with a low complications rate; however, 
only few series have been published. Kahaleh et al[43] 
recently described a series of  23 patients treated with 
interventional endoscopic ultrasound cholangiography 
(IEUC). Biliary decompression was accomplished in 
over 90% of  the cases that had previously received 
ERCP without success. In one of  such case, bile leakage 
occurred using the extrahepatic approach. We describe a 
series of  consecutive patients in whom ERCP failed for 
different reasons and IEUC was applied instead of  the 
traditional percutaneous approach. Our series of  nine 
patients confirmed the feasibility and safety of  EUS-
assisted procedures[44]. In our opinion, in the extrahepatic 
approach, the stent placement prevents the bile leakage. 

Recently, EUS-guided transmural cholecystostomy 
was described in nine high-risk patients with severe 
acute cholecystitis at high operative risk for immediate 
cholecystectomy. The report showed that the procedure 
was feasible and safe as an initial, interim, or even 
definitive treatment of  patients[45]. 

These techniques however, are currently restricted to 
expertise centers dedicated to biliopancreatic therapy. 

EUS-GUIDED ANTI-TUMORAL THERAPY
EUS-guided FNI is emerging as an attractive delivery 
method for antitumor agents. This technique is the latest 
development in interventional ultrasound and seems 
particularly promising in the treatment of  cystic and 
solid pancreatic lesion. Two reports described this EUS-
guided treatment by alcohol injection on adrenal gland 
metastasis[46] and by TNFerade injection on metastatic 
lymph nodes[47]. The first study on the treatment of  solid 
pancreatic lesions assessed the feasibility and safety of  
EUS-direct injection of  allogenic mixed lymphocyte 
culture (cytoimplant) in locally advanced pancreatic 
adenocarcinoma[48]. The technique of  EUS-guided FNI 
was also applied to the delivery of  antitumor viral therapy 
using ONYX-015, a replication selective adenovirus, with 
a deletion in the E1B-55kDa gene, which preferentially 

replicates in and kills malignant cells[49]. These experimental 
studies showed the feasibility and safety of  these 
therapeutic procedures. More recent studies on TNFerade, 
used in combination with chemo-radiation in the treatment 
of  locally advanced pancreatic cancer[50] and in patients 
with locally advanced esophageal cancer[47], showed good 
tolerability and seem to optimize long-term outcomes. 

The ablation of  pancreatic tissue by EUS-guided 
ethanol injection was recently proposed as an effective 
therapy for cystic pancreatic lesions. Despite recent 
advances in diagnostic modalities and molecular studies, 
substantial morphological overlap restricts the accuracy 
of  differentiation of  each cystic lesion, and consequently 
drafting a management plan. To date, surgical resection 
is recommended for malignant and potentially malignant 
lesions. Surgical resection carries significant morbidity. 
A pilot study showed that the ethanol lavage on cystic 
lesions of  the pancreas allowed complete resolution in 
one third of  patients, but with complete epithelial lining 
ablation in all resected specimen[51]. In an experimental 
study on a porcine model, Matthes et al[52] showed how 
the efficacy of  the ethanol lavage is concentration-
dependent. Recently, a prospective study on EUS-guided 
ethanol lavage with paclitaxel injection indicated that this 
method is safe, feasible and effective to treat pancreatic 
cystic tumors of  the pancreas. This study found that 11 of  
14 patients showed complete resolution and highlighted 
no significant complications[53]. These promising results 
indicate further studies are warranted involving larger 
populations and longer follow up. Ablative modalities such 
as radiofrequency (RF), cryotechnology and brachytherapy 
are widely used in oncology and an EUS-guided approach 
has been proposed. Goldberg et al[54] investigated the 
feasibility and safety of  performing radiofrequency 
ablation in the normal pancreas of  pigs. The results were 
positive in term of  necrosis, and the authors concluded 
that management of  small neuroendocrine tumors and 
unresectable solid tumors might be potential indications 
of  this technique. More recently, Carrara et al [55,56] 
investigated the ability of  a new flexible ablation device 
that combines bipolar radiofrequency with cryotechnology, 
into the porcine pancreas, liver and spleen. These studies 
demonstrated the feasibility, efficacy, and safety of  EUS-
guided transgastric application of  the hybrid cryotherm 
probe in the porcine models. 

However, these posit ive results need fur ther 
systematic studies investigating the effect of  EUS-
guided RF in tumor tissues. Jin et al[57] evaluated the 
clinical efficacy and safety of  EUS-guided interstitial 
implantation of  radioactive iodine 125 seeds in twenty 
patients with advanced pancreatic cancer. There were no 
obvious complications following therapy, however, their 
preliminary data suggested improvement in pain, but no 
long-term survival benefit.

CONCLUSION
The role of  EUS in therapeutic procedures continues to 
expand. The principles behind endoscopic ultrasound-
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Figure 2  EUS-guided cholangiography through the duodenal wall.
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guided fine needle aspiration paved the way for the 
development of  therapeutic endoscopic ultrasound. 
The endoscopic ultrasound-guided puncture of  fluid 
collections, abscesses and obstructed biliary and 
pancreatic ductal systems facilitated the passage of  guide-
wires, thus allowing therapeutic drainage procedures to 
be performed. Substances can be delivered by endoscopic 
ultrasound into targeted areas; an example where the EUS 
has a clear and define role is the celiac plexus block and 
neurolysis. There is also a potentially important role for 
EUS FNI therapies as part of  the management strategy 
for unresectable cancer and for pancreatic cystic lesions. 

Finally, EUS-guided techniques, such as the radio
frequency ablation, might evolve into routine procedures 
as soon as the necessary basic tools become commercially 
available. 

REFERENCES
1	 Erickson RA. EUS-guided FNA. Gastrointest Endosc 2004; 

60: 267-279
2	 Bardales RH, Stelow EB, Mallery S, Lai R, Stanley MW. 

Review of endoscopic ultrasound-guided fine-needle 
aspiration cytology. Diagn Cytopathol 2006; 34: 140-175

3	 Chen VK, Eloubedi MA. Endoscopic ultrasound-guided fine 
needle aspiration is superior to lymph node echofeatures: 
a prospective evaluation of mediastinal and peri-intestinal 
lymphoadenopathy. Am J Gastroenterol 2004; 99: 628-633 

4	 Harewood GC, Wiersema MJ. Endosonography-guided 
fine needle aspiration biopsy in the evaluation of pancreatic 
masses. Am J Gastroenterol 2002; 97: 1386-1391

5	 Moparty B, Logrono R, Nealon WH, Waxman I, Raju GS, 
Pasricha PJ, Bhutani MS. The role of endoscopic ultrasound 
and endoscopic ultrasound-guided fine-needle aspiration 
in distinguishing pancreatic cystic lesions. Diagn Cytopathol 
2007; 35: 18-25

6	 Al-Haddad M, Raimondo M, Woodward T, Krishna M, 
Pungpapong S, Noh K, Wallace MB. Safety and efficacy of 
cytology brushings versus standard FNA in evaluating cystic 
lesions of the pancreas: a pilot study. Gastrointest Endosc 2007; 
65: 894-898

7	 Gress F, Gottlieb K, Sherman S, Lehman G. Endoscopic 
ultrasonography-guided fine-needle aspiration biopsy of 
suspected pancreatic cancer. Ann Intern Med 2001; 134: 
459-464

8	 Fritscher-Ravens A, Soehendra N, Schirrow L, Sriram PV, 
Meyer A, Hauber HP, Pforte A. Role of transesophageal 
endosonography-guided fine-needle aspiration in the 
diagnosis of lung cancer. Chest 2000; 117: 339-345

9	 Levy MJ , Wiersema MJ. EUS-guided Trucut biopsy. 
Gastrointest Endosc 2005; 62: 417-426

10	 Aithal GP, Anagnostopoulos GK, Tam W, Dean J, Zaitoun 
A, Kocjan G, Ragunath K, Pereira SP. EUS-guided tissue 
sampling: comparison of "dual sampling" (Trucut biopsy 
plus FNA) with "sequential sampling" (Trucut biopsy and 
then FNA as required). Endoscopy 2007; 39: 725-730

11	 Erickson RA , Sayage-Rabie L, Beissner RS. Factors 
predicting the number of EUS-guided fine-needle passes 
for diagnosis of pancreatic malignancies. Gastrointest Endosc 
2000; 51: 184-190

12	 Savoy AD , Ra imondo M, Woodward TA, Noh K, 
Pungpapong S, Jones AD, Crook J, Wallace MB. Can 
endosonographers evaluate on-site cytologic adequacy? A 
comparison with cytotechnologists. Gastrointest Endosc 2007; 
65: 953-957

13	 Lillemoe KD, Cameron JL, Kaufman HS, Yeo CJ, Pitt HA, 
Sauter PK. Chemical splanchnicectomy in patients with 

unresectable pancreatic cancer. A prospective randomized 
trial. Ann Surg 1993; 217: 447-455; discussion 456-457

14	 Ischia S, Ischia A, Polati E, Finco G. Three posterior 
percutaneous celiac plexus block techniques. A prospective, 
randomized study in 61 patients with pancreatic cancer 
pain. Anesthesiology 1992; 76: 534-540

15	 Lee MJ , Mueller PR, vanSonnenberg E, Dawson SL, 
D'Agostino H, Saini S, Cats AM. CT-guided celiac ganglion 
block with alcohol. AJR Am J Roentgenol 1993; 161: 633-636

16	 Gunaratnam NT, Sarma AV, Norton ID, Wiersema MJ. A 
prospective study of EUS-guided celiac plexus neurolysis 
for pancreatic cancer pain. Gastrointest Endosc 2001; 54: 
316-324

17	 Gress F, Schmitt C, Sherman S, Ciaccia D, Ikenberry S, 
Lehman G. Endoscopic ultrasound-guided celiac plexus 
block for managing abdominal pain associated with chronic 
pancreatitis: a prospective single center experience. Am J 
Gastroenterol 2001; 96: 409-416

18	 Gleeson FC, Levy MJ, Papachristou GI, Pelaez-Luna M, 
Rajan E, Clain JE, Topazian MD. Frequency of visualization 
of presumed celiac ganglia by endoscopic ultrasound. 
Endoscopy 2007; 39: 620-624

19	 Levy MJ, Topazian MD, Wiersema MJ, Clain JE, Rajan E, 
Wang KK, de la Mora JG, Gleeson FC, Pearson RK, Pelaez 
MC, Petersen BT, Vege SS, Chari ST. Initial evaluation of the 
efficacy and safety of endoscopic ultrasound-guided direct 
Ganglia neurolysis and block. Am J Gastroenterol 2008; 103: 
98-103

20	 Vosoghi M, Sial S, Garrett B, Feng J, Lee T, Stabile BE, 
Eysselein VE. EUS-guided pancreatic pseudocyst drainage: 
review and experience at Harbor-UCLA Medical Center. 
MedGenMed 2002; 4: 2

21	 Sahel J, Bastid C, Pellat B, Schurgers P, Sarles H. Endoscopic 
cystoduodenostomy of cysts of chronic calci fying 
pancreatitis: a report of 20 cases. Pancreas 1987; 2: 447-453

22	 Cremer M, Deviere J, Engelholm L. Endoscopic management 
of cysts and pseudocysts in chronic pancreatitis: long-term 
follow-up after 7 years of experience. Gastrointest Endosc 1989; 
35: 1-9

23	 Sharma SS, Bhargawa N, Govil A. Endoscopic management 
of pancreatic pseudocyst: a long-term follow-up. Endoscopy 
2002; 34: 203-207

24	 Giovannini M, Pesenti C, Rolland AL, Moutardier V, Delpe
ro JR. Endoscopic ultrasound-guided drainage of pancreatic 
pseudocysts or pancreatic abscesses using a therapeutic 
echo endoscope. Endoscopy 2001; 33: 473-477

25	 Seifert H, Faust D, Schmitt T, Dietrich C, Caspary W, W
ehrmann T. Transmural drainage of cystic peripancreatic 
lesions with a new large-channel echo endoscope. Endoscopy 
2001; 33: 1022-1026

26	 Antillon MR, Shah RJ, Stiegmann G, Chen YK. Single-step 
EUS-guided transmural drainage of simple and complicated 
pancreatic pseudocysts. Gastrointest Endosc 2006; 63: 797-803

27	 Kruger M, Schneider AS, Manns MP, Meier PN. Endoscopic 
management of pancreatic pseudocysts or abscesses after an 
EUS-guided 1-step procedure for initial access. Gastrointest 
Endosc 2006; 63: 409-416

28	 Kahaleh M, Shami VM, Conaway MR, Tokar J, Rockoff T, 
De La Rue SA, de Lange E, Bassignani M, Gay S, Adams 
RB, Yeaton P. Endoscopic ultrasound drainage of pancreatic 
pseudocyst: a prospective comparison with conventional 
endoscopic drainage. Endoscopy 2006; 38: 355-359

29	 Varadarajulu S , Wilcox CM, Tamhane A, Eloubeidi 
MA, Blakely J, Canon CL. Role of EUS in drainage of 
peripancreatic fluid collections not amenable for endoscopic 
transmural drainage. Gastrointest Endosc 2007; 66: 1107-1119

30	 Varadarajulu S, Christein JD, Tamhane A, Drelichman ER, 
Wilcox CM. Prospective randomized trial comparing EUS 
and EGD for transmural drainage of pancreatic pseudocysts 
(with videos). Gastrointest Endosc 2008; 68: 1102-1111

Tarantino I et al . Interventional endoscopic ultrasound

October 15, 2009|Volume 1|Number 1|43WJGE|www.wjgnet.com/WJGE



31	 Trevino JM, Drelichman ER, Varadarajulu S. Modified 
technique for EUS-guided drainage of pelvic abscess (with 
video). Gastrointest Endosc 2008; 68: 1215-1219

32	 Martin DF. Combined percutaneous and endoscopic 
procedures for bile duct obstruction. Gut 1994; 35: 1011-1012

33	 Wiersema MJ, Sandusky D, Carr R, Wiersema LM, Erdel 
WC, Frederick PK. Endosonography-guided cholangiopanc
reatography. Gastrointest Endosc 1996; 43: 102-106

34	 Giovannini M, Moutardier V, Pesenti C, Bories E, Lelong B, 
Delpero JR. Endoscopic ultrasound-guided bilioduodenal 
anastomosis: a new technique for biliary drainage. 
Endoscopy 2001; 33: 898-900

35	 Puspok A, Lomoschitz F, Dejaco C, Hejna M, Sautner T, 
Gangl A. Endoscopic ultrasound guided therapy of benign 
and malignant biliary obstruction: a case series. Am J 
Gastroenterol 2005; 100: 1743-1747

36	 Kahaleh M, Yoshida C, Yeaton P. EUS antegrade pancrea
tography with gastropancreatic duct stent placement: 
Review of two cases. Gastrointest Endosc 2003; 58: 919-923

37	 Burmester E, Niehaus J, Leineweber T, Huetteroth T. EUS-
cholangio-drainage of the bile duct: report of 4 cases. 
Gastrointest Endosc 2003; 57: 246-251

38	 Mallery S, Matlock J, Freeman ML. EUS-guided rendezvous 
drainage of obstructed biliary and pancreatic ducts: Report 
of 6 cases. Gastrointest Endosc 2004; 59: 100-107

39	 Kahaleh M, Yoshida C, Kane L, Yeaton P. Interventional 
EUS cholangiography: A report of five cases. Gastrointest 
Endosc 2004; 60: 138-142

40	 Will U , Meyer F, Manger T, Wanzar I . Endoscopic 
ultrasound-assisted rendezvous maneuver to achieve 
pancreatic duct drainage in obstructive chronic pancreatitis. 
Endoscopy 2005; 37: 171-173

41	 Lai R, Freeman ML. Endoscopic ultrasound-guided bile 
duct access for rendezvous ERCP drainage in the setting of 
intradiverticular papilla. Endoscopy 2005; 37: 487-489

42	 Kahaleh M, Wang P, Shami VM, Tokar J, Yeaton P. EUS-
guided transhepatic cholangiography: report of 6 cases. 
Gastrointest Endosc 2005; 61: 307-313

43	 Kahaleh M, Hernandez AJ, Tokar J, Adams RB, Shami VM, 
Yeaton P. Interventional EUS-guided cholangiography: 
evaluation of a technique in evolution. Gastrointest Endosc 
2006; 64: 52-59

44	 Tarantino I, Barresi L, Repici A, Traina M. EUS-guided 
biliary drainage: a case series. Endoscopy 2008; 40: 336-339

45	 Lee SS, Park do H, Hwang CY, Ahn CS, Lee TY, Seo DW, 
Lee SK, Kim MW. EUS-guided transmural cholecystostomy 
as rescue management for acute cholecystitis in elderly 
or high-risk patients: a prospective feasibility study. 
Gastrointest Endosc 2007; 66: 1008-1012

46	 Artifon EL, Lucon AM, Sakai P, Gerhardt R, Srougi M, 
Takagaki T, Ishioka S, Bhutani MS. EUS-guided alcohol 
ablation of left adrenal metastasis from non-small-cell lung 
carcinoma. Gastrointest Endosc 2007; 66: 1201-1205

47	 Chang KJ, Senzer N, Swisher S, Reid R, Mauer A, Posner M. 
Multicenter clinical trial using endoscopy and endoscopic 
ultrasound guided fine needle injection (FNI) of antitumor 
agent (TNFerade) in patients with locally advanced 
esophageal cancer. Gastrointest Endosc 2006; 63: AB84

48	 Chang KJ , Nguyen PT, Thompson JA, Kurosaki TT, 
Casey LR, Leung EC, Granger GA. Phase I clinical trial 
of allogeneic mixed lymphocyte culture (cytoimplant) 
delivered by endoscopic ultrasound-guided fine-needle 
injection in patients with advanced pancreatic carcinoma. 
Cancer 2000; 88: 1325-1335

49	 Hecht JR, Bedford R, Abbruzzese JL, Lahoti S, Reid TR, 
Soetikno RM, Kirn DH, Freeman SM. A phase I/II trial of 
intratumoral endoscopic ultrasound injection of ONYX-015 
with intravenous gemcitabine in unresectable pancreatic 
carcinoma. Clin Cancer Res 2003; 9: 555-561

50	 Farrell JJ , Senzer N, Hecht JR, Hanna N, Chung T, 
Nemunaitis J, Rosemurgy A, Javle M, Reid T, Posner 
M, Macko J, Chang KJ. Long term data for endoscopic 
ultrasound and percutaneous guided intratumoral 
TNFerade gene delivery combined with chemoradiation 
in the treatment of locally advanced pancreatic cancer. 
Gastrointest Endosc 2006; 63: AB93

51	 Gan SI, Thompson CC, Lauwers GY, Bounds BC, Brugge 
WR. Ethanol lavage of pancreatic cystic lesions: initial pilot 
study. Gastrointest Endosc 2005; 61: 746-752

52	 Matthes K, Mino-Kenudson M, Sahani DV, Holalkere N, 
Brugge WR. Concentration-dependent ablation of pancreatic 
tissue by EUS-guided ethanol injection. Gastrointest Endosc 
2007; 65: 272-277

53	 Oh HC, Seo DW, Lee TY, Kim JY, Lee SS, Lee SK, Kim MH. 
New treatment for cystic tumors of the pancreas: EUS-
guided ethanol lavage with paclitaxel injection. Gastrointest 
Endosc 2008; 67: 636-642

54	 Goldberg SN, Mallery S, Gazelle GS, Brugge WR. EUS-
guided radiofrequency ablation in the pancreas: results in a 
porcine model. Gastrointest Endosc 1999; 50: 392-401

55	 Carrara S, Arcidiacono PG, Albarello L, Addis A, Enderle 
MD, Boemo C, Campagnol M, Ambrosi A, Doglioni C, 
Testoni PA. Endoscopic ultrasound-guided application 
of a new hybrid cryotherm probe in porcine pancreas: a 
preliminary study. Endoscopy 2008; 40: 321-326

56	 Carrara S, Arcidiacono PG, Albarello L, Addis A, Enderle 
MD, Boemo C, Neugebauer A, Campagnol M, Doglioni C, 
Testoni PA. Endoscopic ultrasound-guided application of 
a new internally gas-cooled radiofrequency ablation probe 
in the liver and spleen of an animal model: a preliminary 
study. Endoscopy 2008; 40: 759-763

57	 Jin Z, Du Y, Li Z, Jiang Y, Chen J, Liu Y. Endoscopic 
ultrasonography-guided interstitial implantation of iodine 
125-seeds combined with chemotherapy in the treatment 
of unresectable pancreatic carcinoma: a prospective pilot 
study. Endoscopy 2008; 40: 314-320

S- Editor  Li JL    L- Editor  Stewart GJ    E- Editor  Ma WH

Tarantino I et al . Interventional endoscopic ultrasound

October 15, 2009|Volume 1|Number 1|44WJGE|www.wjgnet.com/WJGE


