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ABSTRACT

Background: Transgastric peritoneoscopy (TGP) may be a future alternative to the 

diagnostic laparoscopy (LAP).

Objective: To create a model of peritoneal metastases for development of TGP and to 

employ this model to compare TGP to LAP.

Methods: Small beads were stapled in porcine peritoneal cavities to simulate metastases. 

Using a non-inferiority design a sample size of 64 beads was determined, which were 

divided over 12 animals. Randomization was performed for number and location of 

beads. LAP was performed by one of 2 blinded surgeons. TGP was then performed in 

the same pig using either standard endoscopic accessories (TGP-s) or a specially designed 

toolkit (TGP-t) in randomized order by one of 2 blinded endoscopists. Primary outcome 

was number of beads found and touched during peritoneoscopy.

Results: Locations of beads included: abdominal peritoneum (14 beads), diaphragm 

(11), surface of liver and hepatoduodenal ligament (32), and miscellaneous sites (7). 

LAP detected 61 beads (yield: 95%), TGP-s 40 beads (63%, difference to LAP -33%; 95% 

CI: -44 to -21) and TGP-t 40 beads( 63%, difference to LAP -33%; 95% CI: -44 to -21).  

TGP-s and TGP-t were similar in number, distribution and time to detect beads. TGP was 

superior for detecting beads on the abdominal and diaphragmatic peritoneum than for 

the liver, namely TGP-s: 23/25 (92%) vs. 12/32 (38%), respectively (p<0.001); TGP-t: 

25/25 (100%) vs. 11/32 (34%), respectively (p<0.001). 

Conclusion: In this first prospective, blinded, comparative trial TGP was inferior to LAP for 

the detection of simulated metastases. Future development for NOTES peritoneoscopy 

should focus on improved access to the region of the liver and enhanced endoscopic 

optics and performance.
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INTRODUCTION

The presence of peritoneal metastases is a frequent cause of unresectability for 

biliopancreatic and upper gastrointestinal malignancies. Preoperative detection of 

peritoneal and other small intra-abdominal metastases can be difficult. Advances 

in preoperative imaging include multidetector helical CT, PET, MRI and endoscopic 

ultrasound.1,2 These modalities have improved detection and diagnosis of primary tumors 

and detection of metastases. However, small metastases and metastatic disease of the 

peritoneal surface are still frequently missed, and only found at the time of surgery.3-6 

Because the presence of metastatic disease is a contraindication to resection of the 

primary tumor, this has lead to the common practice of a staging laparoscopy prior to 

laparotomy.3-6 

Diagnostic laparoscopy may either be performed as a completely separate procedure, or 

immediately prior to the planned primary tumor resection. Staging laparoscopy may have 

several disadvantages. It adds cost, especially when performed as a separate procedure. 

When performed separately from the planned resection it may add delay to care and 

also expose the patient to an additional procedure. When done in the same session, it 

may reduce operation room efficiency. This is a particular problem if metastatic disease 

is encountered, resulting in cancellation of the resection, and leaving the operation room 

unused. 

With the advent of natural orifice transluminal endoscopic surgery (NOTES), it may 

be possible to replace laparoscopy by transgastric NOTES peritoneoscopy. At many 

institutions endoscopic ultrasound is routinely performed in the evaluation of patients 

with biliopancreatic and upper gastrointestinal malignancies.7-9 As these patients are 

already undergoing an upper endoscopy, it could be efficient to perform a transgastric 

NOTES peritoneoscopy in the same setting. This would allow complete local and distant 

endoscopic staging in a single session, which could potentially be performed in an 

outpatient endoscopy unit in stead of an operating room. This would provide expeditious, 

cost-effective care to these patients. Furthermore, patients may profit from the minimal 

invasive benefits of the NOTES approach.10-12 Finally, if transgastric peritoneoscopy 

appears to be safe and accurate it could serve as a platform for subsequent therapeutic 

NOTES procedures as well.

There are a number of challenges to the transgastric NOTES approach.13 These include 

safe entry into the peritoneal cavity and adequate closure of the gastrotomy, both 

challenges have been extensively studied.14-24 However, if NOTES peritoneoscopy is to 

become an alternative for laparoscopic staging, the transgastric approach must prove 

to be at least as accurate as the diagnostic laparoscopy. Until now, no comparative 

studies have been reported. The aim of this study was to create an animal model of 

peritoneal metastases for use in the development of NOTES peritoneoscopy and to 
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employ this model in a comparative study between transgastric peritoneoscopy (TGP) 

and laparoscopic peritoneoscopy (LAP)

METHODS

Thirty-six acute experiments were performed on twelve 35 to 40 kg female pigs. The 

experiments were housed at the animal facility of Ethicon Endo-Surgery (Cincinnati, OH, 

USA) in accordance with the standards in the Guide for the Care and Use of Laboratory 

Animals (NRC, 1996). These experiments were covered under existing IACUC approval 

for research in endoscopic/laparoscopic surgery that covers this laboratory. The animals 

were fasted for 24 hours prior to the procedure. All experiments were performed under 

general endotracheal anesthesia. All experiments were performed by experienced 

laparoscopic surgeons (BS, MvBH) and experienced therapeutic endoscopists (PF, DF). 

Peritoneal metastases model

Color-coded beads were stapled in the peritoneal cavity via triple port laparoscopy to 

simulate metastases. The 2.5 mm beads were laced with staples onto the peritoneal 

surface to simulate metastases. Beads were 1 of 7 standardized colors. Based on 

the most likely targets for metastatic disease of upper gastrointestinal, hepato, and 

biliopancreatic malignancies, beads were placed according to a preassessed list 

of locations (Table 1).3-6,25 Randomization was performed for number and location 

of beads using sealed opaque envelopes. The first randomization was performed 

Table 1. Potential areas of bead placement

First randomization

Diaphragm Left quadrant

Right quadrant

Peritoneum Left upper quadrant

Right upper quadrant

Liver Left superior

Left inferior

Right superior

Right inferior

Hepatoduodenal ligament

Second randomization

Miscellaneous Visceral peritoneum

Duodenal curve

Anterior surface stomach

Omentum

Lower quadrants of the peritoneum
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according to the most clinically important locations (second column, Table 1) If a bead 

was randomized for the miscellaneous group, a second randomization was performed 

to pick one of the less clinically significant locations (third column, Table 1). 

Laparoscopic peritoneoscopy

Following placement of the beads, a blinded laparoscopic surgeon (BS, MvBH) performed 

LAP to identify as many beads as possible. A CO2 pneumoperitoneum was induced using 

a Veress needle. Access to the abdominal cavity was obtained by three 10 mm trocars 

(umbilical and left and right upper abdomen). Systematic peritoneoscopy was performed 

using a 10 mm, 0 degree videoscope (Storz Endoskope, Tuttlingen, Germany). LAP was 

routinely performed prior to TGP so that if TGP would cause a complication that would 

end the experiment, the LAP data would still have been collected. The amount of time 

spent during the examination was recorded with a maximum duration of 30 minutes. 

Locations of beads identified and touched with biopsy forceps were recorded. Touching 

beads was required to simulate biopsy, which would be necessary in human situations. 

Locations and color of missed beads were recorded as well. 

Transgastric peritoneoscopy 

Following LAP, TGP was performed 2 times in a randomized order by 1 of 2 blinded 

endoscopists (PF, DF) using the transoral route and standard 2-channel therapeutic 

upper endoscopes (GIF 2T-100, Olympus Medical). In one group the transgastric 

peritoneoscopy was performed using standard endoscopic accessories (TGP-s), such 

as biopsy and grasping forceps and transparent cap (Fig. 1). In the other group the 

procedures were performed by the other blinded endoscopist, using a specially designed 

toolbox for NOTES peritoneoscopy (TGP-t; Ethicon Endo-Surgery). The toolbox consisted 

of a flexible endoscopic steerable trocar (Fig. 2A), which was used to facilitate driving the 

scope in retroflexion for visualization of the upper abdomen, and manually articulating 

and rotating retractor (Fig.2B) and grasper (Fig. 2C) to, for example, lift the liver. All 

instruments could be used according to endoscopists’ preference. Duration of TGP was 

a maximum of 30 minutes after creating transgastric access.

Fig. 1 Endoscopic image showing a yellow bead located on the inferior 
surface of the liver detected using a transparent cap. The transparent 
cap pushes the liver lobes away while visualization is maintained. (For 
color figures, see page 262)
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To facilitate safe transluminal access to 

the peritoneal cavity, pneumoperitoneum 

was only partially released following 

LAP.26 Internal indentation from 

abdominal palpation and/or installation 

of water was used to locate the anterior 

gastric wall for peritoneal access. Gastric 

access was created by needle knife 

puncture. Consequently a 0.035-inch 

guidewire (Jagwire, Boston Scientific 

Corp, Natick, Mass, USA) was passed 

through the needle and then the needle 

was exchanged for an 18 mm dilating 

balloon (CRE-dilation balloon, Boston). 

The balloon was used to dilate the tract 

and gain entry into the abdominal cavity. 

When using the toolbox the steerable 

overtube was introduced into the 

peritoneal cavity. The second TGP was 

performed through the same access port. 

Examination of the abdominal cavity was 

performed and data collected as per LAP. 

Outcome parameters and 
statistics

Primary outcome parameter was the 

number of beads found and touched 

during peritoneoscopy. Secondary 

outcomes were the time until bead 

detection (exclusive of entry), safety of 

access and complications. Complications 

were defined as bleeding and laceration 

or perforation of  visceral organs requiring 

intervention. 

For the primary endpoint a 1-tailed non-

inferiority design was used to compare 

TGP to LAP.  Using a a=0.025 and 1-b=0.8, 

assuming LAP has a sensitivity of at least 

90% and rejecting TGP as inferior at a 

sensitivity of 75% (margin of equivalence 

of 15%), a sample size of at least 57 

Fig. 2 Laparoscopic images. A, Steerable trocar, 
designed to increase scope stability during 
retroflexion for visualization of a bead located on 
the surface of the liver. B, Manually articulating 
and rotating retractor. C, Manually articulating and 
rotating grasper touching a bead located at the 
surface of the liver. (For color figures, see page 262)

A

B

C
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beads in total was determined. Recognizing the need to balance with cost/efficiency 

and to minimize the animals needed as much as possible, a margin of equivalence of 

15% seems appropriate in this nascent stage of developing NOTES peritoneoscopy. To 

compensate for potential loss of a pig due to complications, an extra 7 beads (max beads 

per pig) were included. To assure a total of 64 beads were included, all 12 different 

quantities of beads were determined on beforehand (range 3-7). The number that was 

implanted in any given pig was determined randomly by picking one of the 12 sealed 

opaque envelopes. The LAP and TGP operators were blinded as to the number of beads 

implanted.  

All calculations were carried out using the Statistical Package for Social Sciences for 

Windows 12.0.1 software package (SPSS Inc, Chicago, IL, USA). Quantative data are 

expressed as median plus range or mean plus standard deviation when appropriate. Yield 

of both NOTES approaches and LAP were compared using the actual difference between 

both approaches. The 95% CI of this difference in yield was used to test equivalence. 

A difference larger than 15% (margin of equivalence) was considered to be inferior. It 

is recognized that there were multiple comparisons of summary data from individual 

observations of beads. Time spent performing the examination were compared with 

2-tailed Wilcoxon signed rank test. Per location differences in yields of TGP-t and TGP-s 

were compared with Mann-Whitney U test. A two sided p-value of less than 0.05 was 

deemed to be statistically significant. 

Table 2. Number of beads detected and touched per pig

Pig number Total beads placed LAP TGP-s TGP-t

1 4 3 2 2

2 6 5 4 2

3 3 3 2 2

4 5 5 4 3

5 6 6 3 4

6 5 5 4 4

7 7 7 3 3

8 6 5 4 3

9 7 7 4 4

10 4 4 2 4

11 6 6 5 5

12 5 5 3 4

Total 64 61 (95%) 40 (63%) 40 (63%)

LAP: laparoscopic peritoneoscopy; TGP-s: Transgastric peritoneoscopy using standard accessories; TGP-t: 
Transgastric peritoneoscopy using specially designed tools. 
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RESULTS

A total of 64 beads were successfully placed into 12 pigs. Eleven beads were placed onto 

the diaphragm, 14 beads onto the upper quadrants of the peritoneum, 32 beads onto 

the liver (including the hepatoduodenal ligament) and 7 beads were randomized into the 

miscellaneous group. There were no complications during bead-placement. 

LAP detected and touched 61 beads (yield=95%, 95% CI: 90-100%), TGP-s 40 beads 

(63%, 95% CI: 50-73%) and TGP-t detected and touched 40 beads (63%, 95% CI: 

50-73%). All beads that were visualized could also be touched in all 3 study groups. ). The 

difference in yield between TGP-s and the gold standard was -33% (95% CI: -44 to -21) 

and for TGP-t this difference was -33 (95% CI: -44  to -21). Both transgastric approaches  

were inferior to LAP (fig 3). 

TGP-s and TGP-t were similar in the number to detect beads. However both were better 

at detecting beads on the peritoneum than on the liver. TGP-s detected 23/25 (92%) of 

all beads placed on the abdominal and diaphragmatic peritoneum, but only 12/32 (38%) 

of the beads on the liver were detected via TGP-s (p<0.001) (Fig. 4). TGP-t detected 

25/25 (100%) of all beads placed on the abdominal and diaphragmatic peritoneum and 

only 11/32 (34%) of the beads on the liver (p<0.001) (Fig. 4). There was no difference 

in number of beads detected between the 2 endoscopists as well as the 2 surgeons. 

Median time after which no additional beads were detected was 9 minutes (range 2-11) 

for LAP, 11 (range 3-27, p=0.017 vs. LAP) for TGP-s and 10 minutes (range 3-21, p=0.040 

vs. LAP) for TGP-t. 

Peritoneal access was achieved without complications at 11/12 sites. In one animal 

access was complicated by a bleeding from the gastrotomy, which was managed 

laparoscopically, whereupon the transgastric experiments could be successfully completed 

without distortion of the anatomy. No other complications occurred. 
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Fig. 3 The difference in diagnostic yield plus 95% CI between the criterion standard and TGP-s and TGP-t. 
The vertical line depicts the predefined margin of equivalence of minus 15%. 

Voermans.indb   156 14-4-2011   09:02:46



Transgastric vs. laparoscopic peritoneoscopy 

157

DISCUSSION

Since the first report on NOTES in 2004, feasibility of NOTES peritoneoscopy has been 

demonstrated in several porcine studies16,27-30 and even in a human case series31. However, 

comparative trials with the gold standard, the diagnostic laparoscopy, are lacking. To 

facilitate such a trial a peritoneal metastases model was created by placement of small 

beads, mimicking metastases, in a porcine peritoneal cavity. This animal model was used 

to employ the first prospective, blinded, comparative study between transgastric NOTES 

and laparoscopic peritoneoscopy. In this paired model the transgastric peritoneoscopy 

appeared to be inferior to the diagnostic laparoscopy for the detection of simulated 

metastases. 

However, the results of our study also show that each transgastric NOTES peritoneoscopy 

detected at least two beads (Table 2). In clinical practice the presence of at least one 

distant metastasis is a contraindication to resection of the primary tumor. If these per 

pig results would be translated into human clinical situation, there would have been no 

unnecessary resections. Secondly, although the transgastric NOTES approach appeared 

to be inferior overall, it did prove to be adequate in detecting beads placed onto the 

peritoneum and diaphragm. If only the peritoneal and diaphragmatic beads were 

included for analysis diagnostic yield of TGP was almost 100% (Fig. 4). 

In contrast to the peritoneum, beads placed on the liver showed significantly lower 

detection rates (Fig. 4). Limited visualization could be explained by the reduced stability 

and reduced anatomical orientation due to working in retroflexion.30,32 However, the 

majority of beads on the upper quadrants of the peritoneum and diaphragm were 

successfully detected with the endoscope in retroflexion. The inability to lift and retract 

the liver lobes apart, essential for adequate triangulation, seems to be at least as an 

important limitation. The problem of limited triangulation stems from two issues: (1) 

force is necessarily diminished over the course of a long and floppy endoscope and may 

therefore be too little to retract or lift the liver lobe; (2) The fixed relationship between 

view and instrument axis since the instrument channels are oriented in parallel fashion. 

Standard endoscopic accessories such as a transparent cap were used during TGP-s to 

improve visualization of the inferior liver surface. The transparent cap pushes the liver 

lobes away while visualization is maintained (Fig. 1). Although the use of a transparent 

cap appeared to be helpful, the majority of beads on the liver were still missed using the 

cap. The difficulty of keeping overview during inspection of the inferior surface with a 

cap and the lack of triangulation, may explain high miss rate. 

The limitations using standard endoscopic accessories were expected. By development of 

specially designed endoscopic tools for NOTES purposes, it was attempted to overcome 

these challenges. A steerable trocar was designed to increase scope stability during 

retroflexion for visualization of the upper abdomen. To increase the ability to create 
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triangulation manually articulating retractors and graspers were developed. Although the 

use of these prototypes did not lead to higher detection rates, further development of 

extraluminal endoscopic instruments seems to be vital for further progression of NOTES. 

The integration of a transparent cap into the steerable overtube would be a first simple 

adoption that will combine best of both worlds.

Another potential hamper in the progression of NOTES are the current endoscopic 

optics. When comparing the images of NOTES peritoneoscopy with laparoscopy, the 

differences in quality of the images is clear (Fig. 5). Current endoscopes are designed 

for intraluminal use and to focus on structures close by. In the relatively large peritoneal 

cavity the light source seems to be too weak to create adequate overview. On the 

contrary, during diagnostic laparoscopy the surgeon has the opportunity to zoom in and 

to get overview by moving the videoscope in and out. In addition to improvement of 

endoscopic tools future research should focus on improved endoscopic optics and light 

source for intraperitoneal use. Potentially, the use of high definition endoscopes instead 

of standard endoscopes, which were used in this trial, may improve outcome. 

A few remarks could be made concerning our peritoneal metastases model. It should 

be mentioned that the investigators were aware of the fact that every pig had at least 3 

beads present. The lack of the inclusion of a sham placement may have influenced their 

diagnostic performance, but recognizing the need to balance with cost/efficiency and 

to minimize the animals needed as much as possible, exclusion of a sham placement 

seems appropriate in this nascent stage of developing NOTES peritoneoscopy. Another 

potential drawback to this design is that all beads were placed laparoscopically. Because 

LAP is the comparator as well, the study might be biased in favor of LAP. This bias 

may partially explain the diagnostic yield of 95%, which seems to be relatively high in 

comparison with current human literature concerning diagnostic laparoscopies.4,6,33 The 

fact that the 2 surgeons were well experienced in performing a staging peritoneoscopy 

may also have lead to a bias against the 2 interventional endoscopists who were relative 

novices within the intraperitoneal environment. 

A further remark concerns the fact that in certain groups of patients laparoscopic 

ultrasonography has been shown to have additional value over laparoscopy alone.25,34,35 

Furthermore, feasibility of NOTES peritoneoscopy combined with intraperitoneal 

endoscopic ultrasonography has recently been shown.32 However, because the influence 

of intraperitoneal ultrasonography on the detection of beads visible by standard 

laparoscopy would probably be limited, ultrasonography was not included in this study. 

Although pig anatomy has many similarities with human abdominal anatomy, differences 

may have influenced the results as well. Especially the anatomy of the porcine liver 

may have been of influence. Grossly, the porcine liver exists of a relatively large middle 

lobe, which partially covers the lateral right and left lobe. To adequately visualize the 

entire left and right liver lobe the middle lobe needs to be retracted, which appeared 

to be challenging using a flexible endoscope with coaxial working channels and optics. 
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Visualization of metastases on the human liver may be less challenging to detect by the 

absence of the middle lobe. A final comment on the transgastric NOTES approach is the 

fact that one should be aware not to violate the tumour in, for example, patients with 

advanced gastric cancer to prevent unnecessary dissemination. 

In conclusion, we created an animal model for peritoneal metastases. Using this model 

in the first prospective, blinded, comparative trial, transgastric NOTES peritoneoscopy 

appeared to be inferior to laparoscopic peritoneoscopy for the detection of simulated 

metastases. Secondly, the benchmark for LAP detection was established for future studies. 

This model will be useful for future development of NOTES peritoneoscopy, which should 

focus on improved access to the region of the liver and enhanced endoscope optics and 

performance.

Voermans.indb   159 14-4-2011   09:02:46



Chapter 9

160

REFERENCES
 1.  Mertz HR, Sechopoulos P, Delbeke D et al. EUS, PET, and CT scanning for evaluation of pancreatic 

adenocarcinoma. Gastrointest Endosc 2000; 52:367-371.

 2.  Phoa SS, Reeders JW, Rauws EA et al. Spiral computed tomography for preoperative staging of 
potentially resectable carcinoma of the pancreatic head. Br J Surg 1999; 86:789-794.

 3.  de Graaf GW, Ayantunde AA, Parsons SL et al. The role of staging laparoscopy in oesophagogastric 
cancers. Eur J Surg Oncol 2007.

 4.  Nieveen van Dijkum EJ, de Wit LT, van Delden OM et al. Staging laparoscopy and laparoscopic 
ultrasonography in more than 400 patients with upper gastrointestinal carcinoma. J Am Coll Surg 
1999; 189:459-465.

 5.  Thomson BN, Parks RW, Redhead DN et al. Refining the role of laparoscopy and laparoscopic 
ultrasound in the staging of presumed pancreatic head and ampullary tumours. Br J Cancer 
2006; 94:213-217.

 6.  Vollmer CM, Drebin JA, Middleton WD et al. Utility of staging laparoscopy in subsets of 
peripancreatic and biliary malignancies. Ann Surg 2002; 235:1-7.

 7.  Baron TH, Mallery JS, Hirota WK et al. The role of endoscopy in the evaluation and treatment of 
patients with pancreaticobiliary malignancy. Gastrointest Endosc 2003; 58:643-649.

 8.  Kelly S, Harris KM, Berry E et al. A systematic review of the staging performance of endoscopic 
ultrasound in gastro-oesophageal carcinoma. Gut 2001; 49:534-539.

 9.  Marsman WA, Fockens P. State of the art lecture: EUS for esophageal tumors. Endoscopy 2006; 
38 Suppl 1:S17-S21.

 10.  Giday SA, Kantsevoy SV, Kalloo AN. Principle and history of Natural Orifice Translumenal 
Endoscopic Surgery (NOTES). Minim Invasive Ther Allied Technol 2006; 15:373-377.

 11.  McGee MF, Rosen MJ, Marks J et al. A primer on natural orifice transluminal endoscopic surgery: 
building a new paradigm. Surg Innov 2006; 13:86-93.

 12.  Voermans R, van Berge Henegouwen MI, Bemelman WA et al. [Natural orifice translumenal 
endoscopic surgery]. Ned Tijdschr Geneeskd 2008; 152:1091-1096.

 13.  Rattner D, Kalloo A. ASGE/SAGES Working Group on Natural Orifice Translumenal Endoscopic 
Surgery. October 2005. Surg Endosc 2006; 20:329-333.

 14.  Fritscher-Ravens A, Mosse CA, Ikeda K et al. Endoscopic transgastric lymphadenectomy by using 
EUS for selection and guidance. Gastrointest Endosc 2006; 63:302-306.

 15.  Ikeda K, Fritscher-Ravens A, Mosse CA et al. Endoscopic full-thickness resection with sutured 
closure in a porcine model. Gastrointest Endosc 2005; 62:122-129.

 16.  Kalloo AN, Singh VK, Jagannath SB et al. Flexible transgastric peritoneoscopy: a novel approach 
to diagnostic and therapeutic interventions in the peritoneal cavity. Gastrointest Endosc 2004; 
60:114-117.

 17.  Kantsevoy SV, Jagannath SB, Niiyama H et al. A novel safe approach to the peritoneal cavity for 
per-oral transgastric endoscopic procedures. Gastrointest Endosc 2007; 65:497-500.

 18.  Magno P, Giday SA, Dray X et al. A new stapler-based full-thickness transgastric access closure: 
results from an animal pilot trial. Endoscopy 2007; 39:876-880.

 19.  Merrifield BF, Wagh MS, Thompson CC. Peroral transgastric organ resection: a feasibility study in 
pigs. Gastrointest Endosc 2006; 63:693-697.

 20.  Park PO, Bergstrom M, Ikeda K et al. Experimental studies of transgastric gallbladder surgery: 
cholecystectomy and cholecystogastric anastomosis (videos). Gastrointest Endosc 2005; 61:601-
606.

Voermans.indb   160 14-4-2011   09:02:46



Transgastric vs. laparoscopic peritoneoscopy 

161

 21.  Pauli EM, Moyer MT, Haluck RS et al. Self-approximating transluminal access technique for 
natural orifice transluminal endoscopic surgery: a porcine survival study (with video). Gastrointest 
Endosc 2008; 67:690-697.

 22.  Ryou M, Pai R, Sauer J et al. Evaluating an optimal gastric closure method for transgastric surgery. 
Surg Endosc 2006.

 23.  Sumiyama K, Gostout CJ, Rajan E et al. Endoscopic full-thickness closure of large gastric 
perforations by use of tissue anchors. Gastrointest Endosc 2007; 65:134-139.

 24.  Voermans RP, Worm AM, van Berge Henegouwen MI et al. In vitro comparison and evaluation 
of seven gastric closure modalities for natural orifice transluminal endoscopic surgery (NOTES). 
Endoscopy 2008; 40:595-601.

 25.  John TG, Wright A, Allan PL et al. Laparoscopy with laparoscopic ultrasonography in the TNM 
staging of pancreatic carcinoma. World J Surg 1999; 23:870-881.

 26.  Ko CW, Shin EJ, Buscaglia JM et al. Preliminary pneumoperitoneum facilitates transgastric access 
into the peritoneal cavity for natural orifice transluminal endoscopic surgery: a pilot study in a live 
porcine model. Endoscopy 2007; 39:849-853.

 27.  Feretis C, Kalantzopoulos D, Koulouris P et al. Endoscopic transgastric procedures in anesthetized 
pigs: technical challenges, complications, and survival. Endoscopy 2007; 39:394-400.

 28.  Fong DG, Pai RD, Thompson CC. Transcolonic endoscopic abdominal exploration: a NOTES 
survival study in a porcine model. Gastrointest Endosc 2006.

 29.  von Delius S., Feussner H, Wilhelm D et al. Transgastric in vivo histology in the peritoneal cavity 
using miniprobe-based confocal fluorescence microscopy in an acute porcine model. Endoscopy 
2007; 39:407-411.

 30.  Wagh MS, Merrifield BF, Thompson CC. Endoscopic transgastric abdominal exploration and 
organ resection: initial experience in a porcine model. Clin Gastroenterol Hepatol 2005; 3:892-
896.

 31.  Hazey JW, Narula VK, Renton DB et al. Natural-orifice transgastric endoscopic peritoneoscopy in 
humans: Initial clinical trial. Surg Endosc 2007.

 32.  Voermans RP, van Berge Henegouwen MI, Bemelman WA et al. Feasibility of Transgastric and 
Transcolonic NOTES Peritoneoscopy Combined with Intraperitoneal Endoscopic Ultrasonography. 
Gastrointest Endosc 2008; 67:AB114.

 33.  Nieveen van Dijkum EJ, Romijn MG, Terwee CB et al. Laparoscopic staging and subsequent 
palliation in patients with peripancreatic carcinoma. Ann Surg 2003; 237:66-73.

 34.  de Castro SM, Tilleman EH, Busch OR et al. Diagnostic laparoscopy for primary and secondary 
liver malignancies: impact of improved imaging and changed criteria for resection. Ann Surg 
Oncol 2004; 11:522-529.

 35.  Thomson BN, Parks RW, Redhead DN et al. Refining the role of laparoscopy and laparoscopic 
ultrasound in the staging of presumed pancreatic head and ampullary tumours. Br J Cancer 
2006; 94:213-217.

Voermans.indb   161 14-4-2011   09:02:46




