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Abstract
AIM: To evaluate the feasibility of diagnostic and ther-
apeutic transgastric (TG) peritoneoscopic interventions 
with a forward-viewing endoscopic ultrasound (FV-EUS).

METHODS: This prospective endoscopic experimental 
study used an animal model. Combined TG peritoneo-
scopic interventions and EUS examination of the intra-
abdominal organs were performed using an FV-EUS 
on 10 animal models (1 porcine and 9 canine). The 
procedures carried out include EUS evaluation and en-
doscopic biopsy of intraperitoneal organs, EUS-guided 
fine needle aspiration (EUS-FNA), EUS-guided radiofre-
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quency ablation (EUS-RFA), and argon plasma coagu-
lation (APC) for hemostatic control. The animals were 
kept alive for 7 d, and then necropsy was performed to 
evaluate results and complications.

RESULTS: In all 10 animals, TG peritoneoscopy, fol-
lowed by endoscopic biopsy for the liver, spleen, ab-
dominal wall, and omentum, was performed success-
fully. APC helped control minor bleeding. Visualization 
of intra-abdominal solid organs with real-time EUS was 
accomplished with ease. Intraperitoneal EUS-FNA was 
successfully performed on the liver, spleen, and kidney. 
Similarly, a successful outcome was achieved with EUS-
RFA of the hepatic parenchyma. No adverse events 
were recorded during the study. 

CONCLUSION: Peritoneoscopic natural orifice trans-
luminal endoscopic surgery (NOTES) interventions 
through FV-EUS were feasible in providing evaluation 
and performing endoscopic procedures. It promises po-
tential as a platform for future EUS-based NOTES.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Recently, the forward-viewing endoscopic ul-
trasound (FV-EUS) was developed, however, peritoneo-
scopic natural orifice transluminal endoscopic surgery 
(NOTES) interventions with an FV-EUS has never been 
discussed. In this study, transgastric peritoneoscopy 
with FV-EUS, real-time EUS, EUS-guided fine needle 
aspiration, EUS-guided radiofrequency ablation, and 
bleeding control were successfully undertaken. FV-EUS 
will broaden the prospects of NOTES interventions to 
endoscopists, and the NOTES interventions with an FV-



interventions, a forward-viewing endoscopic ultrasound 
(FV-EUS) was developed. The FV-EUS simultaneously 
offers a straight endoscopic view and an ultrasound im-
age. In several studies, FV-EUS was successfully tested 
in EUS-interventions, such as the drainage of  pancreatic 
pseudocysts[14,15], EUS-guided fine needle aspiration (EUS-
FNA)[16], and celiac plexus neurolysis[17]. In addition, it is 
now possible to go beyond the gut wall with the FV-EUS 
for intraluminal to intraperitoneal EUS evaluation. Al-
though it showed advantages in other EUS-interventions, 
studies have yet to suggest the possibility of  FV-EUS in 
NOTES procedures. Hence, this study was conducted to 
evaluate the technical feasibility and safety profile of  the 
FV-EUS in a variety of  procedures related to diagnostic 
and therapeutic TG peritoneoscopic interventions.

MATERIALS AND METHODS
Animals 
A mini pig (40 kg) and 9 dogs (mean weight, 18 kg; 
weight range, 15-20 kg) were used. Approval of  the Insti-
tutional Animal Care and Use Committee was obtained 
before initiation of  the study. All animals were fasted for 
24 h but permitted water ad libitum. Anesthetic induction 
was achieved with a drug combination of  tiletamine and 
Zolazepam (7.5 mg/kg) (Zoletil 50, Virbac, South Korea) 
and Xylazine Hydrochloride (2 mg/kg) (Rompun: Bayer, 
South Korea) and maintained on 1.5% isoflurane (Forane, 
JW pharmaceutical, South Korea) following endotracheal 
intubation. Cardiopulmonary parameters were monitored 
throughout the procedure.

FV-EUS-guided transgastric access
Under general anesthesia, an FV-EUS (UCT 160J-AL5, 
Olympus, Tokyo, Japan) was advanced into the esophagus 
and stomach. The access site on the anterior gastric wall 
was first evaluated under real-time image and Doppler 
guidance to exclude adjacent organs and interfering ves-
sels. A single-lumen microknife needle (Boston Scientific, 
Natick, MA) was used to create and puncture a small hole 
in the anterior gastric wall. Through the puncture site, 
a standard 0.035-guidewire (Jagwire; Boston Scientific, 
Natick, MA) was advanced through the microknife into 
the abdominal cavity. The microknife was then with-
drawn with the guidewire left in situ. 

This portal of  access was then dilated with a 20-mm 
controlled radial expansion (CRE) balloon (Boston Sci-
entific, Natick, MA). The balloon was held in place for 1 
min. The radially expanded puncture formed a circular 
gastrotomy that granted passage of  the FV-EUS into the 
peritoneum. The resultant entry allowed air insufflation 
through the echoendoscope to expand the peritoneal cav-
ity for improved visualization.

Peritoneoscopic interventions
After access into the peritoneal cavity with the FV-EUS, 
the following procedures were performed: (1) Perito-
neoscopy and endoscopic biopsy of  the liver, spleen, 
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EUS might be performed in the various conditions.
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INTRODUCTION
Natural orifice transluminal endoscopic surgery (NOTES) 
reaches the target organ by inserting the endoscope 
through a natural orifice (e.g., mouth, anus, vagina, or 
urethra) and entering the peritoneal cavity by making an 
incision on the luminal wall. In the years after the first 
described NOTES by Kalloo et al[1] in 2004, a wide range 
of  NOTES procedures with a transgastric (TG) endo-
scopic approach to access the peritoneal cavity have been 
reported. Several studies, mainly performed using animal 
models, have been feasible for a variety of  procedures, 
including fallopian tube ligation[2], cholecystectomy[3], bili-
ary anastomosis[4], gastrojejunostomy[5], splenectomy[6], 
and partial hysterectomy[7]. NOTES with flexible peri-
toneoscopy enables the examination of  the peritoneal 
cavity with minimal invasiveness. By avoiding abdominal 
incisions, these successful NOTES procedures have the 
potential to offer less postoperative pain and reduced 
postoperative recovery time while avoiding hernia forma-
tion, adhesions, surface incision infection and scarring[8]. 
Primarily confined to the proponents of  NOTES in 
the surgical discipline, these procedures offered a viable 
alternative to laparoscopic surgery, especially in patients 
deemed at high risk for complications.

In assessing the peritoneal cavity, the anterior wall 
of  the stomach is usually the ideal incision site while the 
posterior wall may be selected to explore the retroperito-
neum[9-11]. However, the TG approach has inherent risks, 
such as access site bleeding, adjacent organ injury during 
gastrotomy creation, or gastric content leakage, giving 
rise to infection in the peritoneal cavity. Apart from in-
fection, bleeding is one of  the most common complica-
tions. Given these considerations, the endoscopic ultra-
sound (EUS) has been used to avoid and mitigate the risk 
of  injury to extraluminal structures, as well as to detect 
neighboring vessels by using color Doppler imaging[12,13]. 
In these studies, an oblique-viewing, curved, linear-array 
endoscopic ultrasound (OV-EUS) was used to acquire 
real-time images of  the vessels and structures outside 
the gastrointestinal tract during access into the peritoneal 
cavity. After making an incision on the gastric wall, the 
OV-EUS must be exchanged for endoscopy to perform 
the subsequent NOTES procedures, because it provides 
oblique-viewing images different from the direction of  
the echoendoscopic movement. 

To overcome several limitations of  OV-EUS in EUS-



abdominal wall, and omentum using a rat-tooth biopsy 
forceps (Olympus, Tokyo, Japan) (Figure 1); (2) Real-time 
FV-EUS examination of  the intraperitoneal solid organs 
(Figure 2); (3) EUS-FNA with a 19G (Cook Medical 
Inc., Winston-Salem, NC) aspiration needle on the liver, 
spleen, and kidney (Figure 2); (4) FV-EUS-guided radio-
frequency ablation (EUS-RFA) with the newly developed 
18G RFA needle (Starmed, Seoul, South Korea) on the 
hepatic parenchyma (Figure 3); and (5)Argon plasma 
coagulation (APC) for hemostatic control of  artificially 
induced bleeding at the liver and spleen (Figure 4).

Gastrotomy closure and post-procedure assessment
The gastrotomy site was closed with endoscopic hemo-
clips. After the procedure, antibiotics and analgesics were 

administered and the regular diet was introduced 24 h 
later. The animals were kept alive for 7 d and then sacri-
ficed. Necropsy was performed to evaluate macroscopi-
cally the EUS-FNA and EUS-RFA lesions, as well as any 
gross anatomical injuries to the intraperitoneal organs 
and infective complications.

RESULTS
Feasibility
This study was performed on 1 pig and 9 dogs. After gas-
trostomy, the FV-EUS, using forward optic view to enter 
the peritoneal cavity, and diagnostic TG peritoneoscopy 
for various intraperitoneal organs was undertaken safely 
and easily in all animals. Endoscopic biopsies of  the liver, 
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Figure 1  Peritonescopy and endoscopic biopsy of the intraperitoneal organs. A: Liver; B: Spleen; C: Abdominal wall; D: Omentum.

A B C

Figure 2  Forward-viewing endoscopic ultrasound image of the intraperitoneal organs and endoscopic ultrasound-guided fine needle aspiration using a 
19G aspiration needle (white arrow). A: Liver; B: Kidney; C: Spleen.
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APC was successfully used to control minor artificial 
bleeding caused by deliberate multiple-forceps biopsy and 

spleen, abdominal wall, and omentum were also com-
pleted successfully without complications in all 10 animals. 
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Ablation zone
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(1 cm)

A B

C

Figure 3  Endoscopic ultrasound-guided radio frequency ablation using an 18G radiofrequency ablation needle on the hepatic parenchyma. A: Radiofre-
quency ablation (RFA) needle (white arrow) in the hepatic parenchyma with echogenic ablation zone (red arrow); B: RFA needle tip with ablation zone (red arrow) 
echogenic marker (white arrow); C: Gross pathology of ablated tissue in the liver parenchyma.

Figure 4  Argon plasma coagulation for hemostatic control of artificially induced bleeding at the spleen. A: Bleeding induced by a biopsy forcep; B: Surface 
bleeding seen at the spleen; C: Argon plasma coagulation catheter introduced to achieve thermal coagulation; D: Hemostasis successfully achieved. 
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poking on the liver and spleen in 4 animals. Real-time EUS 
images were acquired with ample clarity and ease while 
observing the deeper portions of  the intra-abdominal 
organs. When the scope contacted the target organ, the 
endoscopic view was switched to the sonographic view, 
and EUS-FNA from the peritoneal cavity was successfully 
performed on the liver, spleen, and kidney in the 9 dogs. 

The EUS-RFA was undertaken when the equipment 
was made available. In the EUS-RFA, the power was set 
to 50 watts, and the duration was 1 min. The EUS-RFA 
of  the hepatic parenchyma was equally successful in 6 
animals by using the RFA needle (Table 1).

Evaluation of post-procedure outcomes
All the animals survived for 7 d without any obvious 
pattern of  behavioral distress. Necropsy revealed no ap-
parent or gross anatomical damage to the intraperitoneal 
organs related to these diagnostic and therapeutic proce-
dures. The closure of  the gastrotomy orifice was accom-
plished using 6 to 7 endoscopic hemoclips. No signifi-
cant peritoneal adhesions or peritonitis were seen in the 
necropsies. In addition, neither intraperitoneal infectious 
complications nor abscesses were detected in the animals.

DISCUSSION
EUS-guided therapeutic interventions are performed 
with the OV-EUS. The major disadvantage of  the OV-
EUS is that the echoendoscope occasionally accesses 
the targeted area at an acute angle. Because of  the acute 
angle, the force of  accessory advancement may cause 
the scope to push away from the target organ. Another 
limitation of  the OV-EUS is the lack of  forward-viewing 
endoscopy. It requires reorientation in switching from a 
sonographic to endoscopic view. As a result of  techno-
logical advances and a surge in new therapeutic modali-
ties for EUS-guided procedures, FV-EUS was developed 
to overcome the disadvantages of  OV-EUS. 

The FV-EUS facilitated needle or device insertion 
and deployment[18]. Unlike the OV-EUS an important 
advantage offered with the FV-EUS is that the axis and 
optics of  the echoendoscope is in line with the accessory 
channel. This straight alignment not only provides the 
operator easier deployment and manipulation of  needle 
and devices through the working channel but also renders 
better transmission of  force to the tip of  the accessory 

device or needle[17]. Furthermore, the FV-EUS could be 
manipulated to secure a perpendicular puncture trajectory 
instead of  the angulated puncture direction in OV-EUS, 
thereby, preventing the “pushback” phenomenon or 
moving away from the gut wall[19]. This ensures that the 
echoendoscope could be kept more easily in its intended 
position during therapeutic interventions. 

Of  course, the FV-EUS has disadvantages: narrow ul-
trasound scanning range, absence of  an elevator, and in-
capability of  using a balloon at the tip of  the echoendo-
scope. However, these disadvantages of  FV-EUS did not 
affect its maneuverability or outcomes[15,19,20]. Overall, the 
FV-EUS facilitates EUS-guided therapeutic procedures.

With the introduction of  the FV-EUS, its use in TG 
NOTES peritoneoscopy could mark the evolution from 
mainly a diagnostic modality to the prospect of  carrying 
out a wide range of  peritoneoscopic interventional pro-
cedures. This is possible because of  certain advantages 
afforded by the FV-EUS, namely, improved maneuver-
ability guided by forward optics, wider distal-end range 
of  angulation, a shorter and smaller distal tip in front of  
the view, the facility to deploy needles and other acces-
sory devices along the axis of  the scope, and the ability 
to switch readily between sonographic and endoscopic 
views without the need for frequent echoendoscope re-
orientation[14]. By using FV-EUS to identify and avoid ex-
traluminal organs and vessels, the gastrotomy site created 
on the anterior abdominal wall was accomplished without 
intra- or post-procedural complications. Neither bleeding 
from the gastric wall during its incision nor injury to the 
contiguous organs on entry into the peritoneal cavity was 
observed. FV-EUS enhanced safety by providing real-
time images of  the anticipated path of  the microknife 
puncture. Hence, with the advantages mentioned earlier, 
the transmural microknife puncture through the gastric 
layers, advancement of  the guidewire via the fistula into 
the peritoneal cavity, and fistula dilatation with the CRE 
balloon were successful in all 10 animal cases. In particu-
lar, the FV-EUS circumvents the need of  a second endo-
scopic procedure for peritoneal cavity entry and, thereby, 
reducing overall procedure time[12]. 

In the current animal study, biopsies were taken from 
the liver, spleen, anterior abdominal wall, and omentum 
successfully with the FV-EUS. This was exemplified in 
the minimal resistance and enhanced facility the opera-
tor encountered during the procedure. In the event of  

Table 1  Diagnostic and therapeutic peritoneoscopic procedures performed on the animals

Procedure 1 (pig) 2 (dog) 3 (dog) 4 (dog) 5 (dog) 6 (dog) 7 (dog) 8 (dog) 9 (dog) 10 (dog)

Peritoneoscopy + + + + + + + + + +
Multiple biopsies + + + + + + + + + +
EUS-FNA Liver Liver, kidney Liver, spleen Liver, spleen Liver, spleen Liver, spleen, 

kidney,
Liver, spleen, 

kidney
Liver, spleen, 

kidney
Liver, spleen, 

kidney
EUS-RFA Liver Liver Liver Liver Liver Liver
Argon plasma 
coagulation

+ + + +

EUS-FNA: Endoscopic ultrasound-guided fine needle aspiration; EUS-RFA: Endoscopic ultrasound-guided radiofrequency ablation.
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bleeding, APC was used to attain control. Hemostasis 
was achieved effectively for minor bleeding, which was 
deliberately induced by the forceps biopsy at the liver and 
spleen in 4 dogs. Electrocautery could also be used to 
prevent further bleeding from the biopsy sites[21]. These 
findings suggest that liver and splenic biopsies via the TG 
peritoneoscopic approach could be accomplished un-
eventfully and without major bleeding complications. 

The EUS-FNA and EUS-RFA needles were clearly 
visualized extruding from the working channel of  the 
FV-EUS and then they were inserted directly into the 
various organs under real-time EUS imaging. The FV-
EUS, with its ability to switch readily between endo-
scopic and sonographic views, diminished manipulative 
reorientation of  the echoendoscope during EUS-FNA 
or EUS-RFA, greatly improving technical performance. 
This translated into successful attempts at EUS-FNA 
with a 19G needle on the liver, spleen, and kidney in all 
9 dogs. Likewise, EUS-RFA with an 18G RFA needle at 
50W for 1 min to the hepatic parenchyma was success-
fully duplicated in 5 dogs and 1 pig. 

Necropsy findings revealed a well-demarcated RFA 
ablation zone in the hepatic parenchyma while FNA 
needle puncture marks were seen on the intra-abdominal 
organs. Therefore, the design of  the FV-EUS enabled 
the operator to target lesions within and external to the 
organs with relative ease, which greatly improved the 
ability to perform diagnostic and therapeutic procedures. 
This suggests that the new EUS-RFA method is able to 
treat the mass of  intraperitoneal solid organs by using the 
newly developed RFA-needle.

The improvement in intraperitoneal maneuverabil-
ity of  the FV-EUS results in adequate visualization of  
all four abdominal quadrants and intestinal loops[22]. As 
modern imaging techniques tend to understage around 
10%-40% of  GI malignancies[23,24], peritoneoscopy with 
intraperitoneal FV-EUS could provide adequate minimal-
ly invasive staging of  GI malignancies, especially for pan-
creatic and stomach cancers, prior to surgical resection. 
Therefore, by providing better diagnostic accuracy, the 
FV-EUS, with its extra ability to see through solid organs, 
might be a preferred substitute to staging laparoscopy in 
detecting peritoneal carcinomatosis and small metastatic 
tumors. In addition, endoscopic visualization of  the an-
terior abdominal wall could be easily achieved by looking 
up to the abdominal wall rather than looking back with 
angled laparoscopes.

Necropsy findings in this study did not reveal any 
organ injury or infective complications related to the 
TG peritoneoscopy. Nevertheless, bacterial contamina-
tion and infection in the abdomen is a genuine concern 
for a gastrotomy site. Donatsky et al[25] reported that in 
TG NOTES with over-the-scope-clip closure, intra-
abdominal chronic abscesses were discovered in 3 of  10 
pigs at necropsy, although all the animals survived during 
the study period. The study concluded that peritoneal 
contamination did occur, which warranted implementa-
tion other than the use of  single-dose prophylactic anti-

biotics to prevent infective complications. In contrast, a 
study by Narula et al[26] revealed that despite the presence 
of  contamination measured by an increase in the bacte-
rial colony-forming units, no clinically significant spillage 
into the peritoneum that resulted in abscess formation 
was seen. These conflicting results would require further 
evaluation to prevent post-gastrostomy septic complica-
tions, including peritonitis.

The effectiveness of  current suture techniques and 
the perforation risk following closure of  the gastrotomy 
site remain unsettled issues. Unsatisfactory closure of  the 
transluminal access site has resulted in several animal cas-
es of  microabscesses, peritonitis, and death[27]. Although 
the endoclips used in this study did not give rise to any 
adverse complications, mucosal closure with endoclips 
has been shown unreliable and it could result in substan-
tial air and gastric fluid leakage[28]. The presence of  tissue 
edema and widely opposing incisional edges consider-
ably impede satisfactory tissue approximation. Without 
achieving full thickness closure, the potential for gastric 
fluid leakage and spontaneous perforation risk definitely 
exist. Until now, the unavailability of  a simple and safe 
closure technique continued to impede the progress of  
NOTES procedure. 

This study was limited in its small number of  animal 
cases, as well the substantial difference in porcine and ca-
nine abdominal anatomy that may limit the relevance of  
the study findings in relation to clinical human applicabil-
ity. Despite the limitation, this animal study is the first re-
port that suggested the possibility of  FV-EUS in NOTES 
procedures and show that the FV-EUS was very efficient 
as a modality of  NOTE interventions. It is possible to go 
beyond the gut wall with the FV-EUS from intraluminal 
to intraperitoneal EUS evaluation, enabling freedom to 
assess many areas within the abdominal cavity, including 
the pelvic region. Armed with a sonographic window, ex-
traluminal peritoneoscopic evaluation with the FV-EUS 
would enable assessment beyond visual inspection by 
providing views and accessibility to lesions within solid 
intraperitoneal organs and structures, thereby, broaden-
ing the appeal of  NOTES peritoneoscopic interventional 
procedures to the endoscopist.

In conclusion, TG NOTES combined with EUS-
guided peritoneoscopic interventions and intraperitoneal, 
as well as intraluminal, EUS could be achieved with 
the FV-EUS. This study ably demonstrated the utility 
and success of  FV-EUS in both diagnostic and thera-
peutic peritoneoscopic interventions in animal models, 
which adds to the growing armamentarium available for 
NOTES procedures. Even though concerns remain, em-
bracing this strategy is essential for further development 
of  EUS-guided NOTES interventions.
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COMMENTS
Background
Natural orifice transluminal endoscopic surgery (NOTES) is a new surgical 
technique and it has the potential to offer less operation related complications. 
However, the therapeutic transgastric (TG) approach to access the peritoneal 
cavity has inherent risks, such as bleeding and adjacent organ injury. The en-
doscopic ultrasound (EUS) has been used to avoid the risk of injury to extralu-
minal structures and oblique-viewing, curved, linear-array echoendoscope (OV-
EUS) have been used in NOTES interventions. Recently, the forward-viewing 
endoscopic ultrasound (FV-EUS) was developed and successfully tested in 
EUS-guided interventions. The FV-EUS is regarded as an ergonomic and viable 
endoscopic modality to perform TG peritoneoscopic interventions via NOTES. 
However, peritoneoscopic NOTES interventions through FV-EUS have never 
been discussed.
Research frontiers
The FV-EUS was developed to overcome the limitations of OV-EUS which pro-
vides oblique-viewing images different from the direction of the echoendoscopic 
movement. Several experimental studies through FV-EUS have been feasible 
for a variety of EUS-interventions, such as the drainage of pancreatic pseudo-
cysts, EUS-FNA, and celiac plexus neurolysis.
Innovations and breakthroughs
FV-EUS has not been used previously for NOTES access. In their animal ex-
periments, the authors aim to investigate the use of the FV-EUS for the perfor-
mance of standard NOTES interventions. This study ably demonstrates the util-
ity and success of FV-EUS in both diagnostic and therapeutic peritoneoscopic 
interventions, and it suggests that FV-EUS can improve safety of the NOTES 
access to the peritoneal cavity. In conclusion, this animal study is the first report 
that suggested the possibility of FV-EUS in NOTES procedures and show that 
the FV-EUS was very efficient as a modality of NOTES interventions.
Applications
Armed with a sonographic window, extraluminal peritoneoscopic evaluation 
with the FV-EUS would enable assessment beyond visual inspection by provid-
ing views and accessibility to lesions within various intraperitoneal structures. 
Therefore, FV-EUS will broaden the prospects of NOTES interventions to 
endoscopists and gastroenterologists, and the NOTES interventions through a 
FV-EUS might be performed in the various conditions.
Terminology
NOTES: NOTES is an experimental surgical technique. NOTES reaches the 
target organ by inserting the endoscope through a natural orifice (e.g., mouth, 
anus, vagina, or urethra) and entering the peritoneal cavity by making an inci-
sion on the luminal wall, thus avoiding any external incisions. FV-EUS: FV-EUS 
has both an forward endoscopic view and a sonographic view, plus a working 
channel in alignment with the endoscope shaft. It is able to deploy needles and 
other accessory devices along the axis of the scope, and has a wider angula-
tion range of the tip.
Peer review
The authors performed the first animal study of NOTES procedures using 
forward view EUS guidiance. The study confirm the feasibility of FV-EUS guid-
edNOTES. It is an interesting study that provide important information on future 
studies of NOTES under FV-EUS guidance.
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