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ABSTRACT

Background and aims: Peritoneoscopy by natural orifice transluminal endoscopic surgery 

(NOTES) could replace laparoscopic staging peritoneoscopy (LAP) if the yield were to that 

from LAP. In previously performed porcine experiments, transgastric peritoneoscopy was 

inferior to LAP due to limited visualization of the liver. The aim of the present study was 

to improve visualization of the liver by using a colonic approach and to compare the 

transcolonic peritoneoscopy (TCP) with the previously set LAP standard.  

Methods: Small beads were stapled into porcine peritoneal cavities to simulate 

metastases. Previously in the same model LAP had detected 95% of beads (95%-CI: 87%-

98%). Using a non-inferiority design, a sample size of 33 beads was determined; these 

were distributed over six animals with randomization for number and location. TCP was 

performed using either standard endoscopic accessories (TCP-s) or a specially designed 

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

was number of beads found and touched during peritoneoscopy.

Results: Locations of beads included abdominal peritoneum (6 beads), diaphragm (8), 

liver (18), and miscellaneous sites (1). TCP-s found 25 beads (yield 76%; 95% CI: 59-87%). 

TCP-t found 19 beads (yield 58%; 95% CI: 41-71%). The majority of missed beads were 

located at the inferior liver surface: TCP-s detected 8/15 (53%) and TCP-t 5/15 (33%) of 

these simulated metastases.

Conclusions: In this prospective, experimental trial, transcolonic NOTES peritoneoscopy 

was inferior in comparison with the diagnostic laparoscopy done previously in the same 

model. 
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INTRODUCTION

With the introduction of laparoscopy two decades ago, access to the peritoneal cavity 

has become increasingly less invasive. In continuing efforts to develop novel techniques 

that are less invasive, the concept of using natural orifices to perform intraperitoneal 

diagnostic or therapeutic procedures has recently been introduced.[1] Natural orifice 

transluminal endoscopic surgery (NOTES) aims to approach abdominal organs without 

the need of external incisions. With the advent of NOTES it might become possible, 

for instance, to replace laparoscopic peritoneoscopy (LAP) for staging of biliopancreatic 

and upper gastrointestinal malignancies by NOTES peritoneoscopy.[1-7] A transluminal 

approach might decrease postoperative pain and reduce immune system suppression, 

and have the potential for performance outside the operating room without general 

anaesthesia. Furthermore, because the entrance of the instruments into the peritoneal 

cavity is parallel to the abdominal wall, it seems that the carbon dioxide pressure necessary 

to adequately visualize the intraperitoneal organs is lower. 

In a previously performed porcine study, we successfully created a porcine model for 

peritoneal metastases.[8] In this model we established the benchmark for LAP detection. 

However, transgastric peritoneoscopy appeared to be inferior to LAP mainly due to 

limited visualization of the liver.[8] Similar limitations of the transgastric approach have 

been described by others in porcine feasibility and human transgastric peritoneoscopy 

case series.[3-5,7] One of the explanations of limited visualization of the upper abdomen 

could be the reduced stability and anatomical orientation related to working with the 

endoscope in retroflexion.[5] A transcolonic route, with its direct approach from the 

lower abdomen, obviates the need for retroflexion to visualize the liver. Consequently, it 

might provide higher accuracy and, in contrast to the transgastric approach, match the 

results of the gold standard. The aim of the current study, therefore, was to compare 

the yield of transcolonic peritoneoscopy (TCP) with the LAP standard for peritoneal 

metastases that had already been set in a previously created porcine model.

METHODS

Experiments in this investigator- initiated protocol were performed on six 35-40 kg 

female pigs. The experiments were carried out 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 (National Research Care, 1996). These experiments 

were covered under existing from the US Institutional Animal Care and Use Committee 

(IACUC) for research in endoscopic/ laparoscopic surgery that covers this lab. The 

animals were fasted for 24 hours prior to the procedure with unlimited access to water. 

All experiments were performed under general endotracheal anaesthesia. 
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Peritoneal metastases model

A pneumoperitoneum was induced using a Veress needle, introduced just below 

the umbilicus. Color-coded beads were stapled in the peritoneal cavity via triple-port 

laparoscopy to simulate metastases as previously described.[8] The 2.5 mm beads were 

laced with staples onto the peritoneal surface. Beads were one of seven standardised 

colors. Randomization was performed for number and location of beads using sealed 

opaque envelopes. To ensure that a total of 33 beads were included (see Outcome 

parameters and statistics section), the six different quantities of beads were determined 

beforehand (range 4-7). The number that were implanted in any given pig was determined 

randomly by picking one of six sealed opaque envelopes. Beads were placed according 

to a preassessed list of locations. Locations were based on the most likely targets for 

metastatic disease of upper gastrointestinal, hepato-, pancreatic and biliary malignancies.

Table 1 Transcolonic peritoneoscopy (TCP), using standard endoscopic equipment (TCP-s) and using a 
specially designed toolbox (TCP-t), in detection of simulated peritoneal metastases (beads) in a porcine 
model (n = 6 pigs): randomization procedure and results per location.

Location No of beads allocated as result 
of randomizations

No of beads detected, 
n (%)

First 
randomization

Second 
randomization

TCP-s TCP-t

Diaphragm

Left quadrant 3 3 (100%) 3 (100%)

Right quadrant 5 5 (100%) 5 (100%)

Peritoneum

Left upper quadrant 3 3 (100%) 3 (100%)

Right upper quadrant 3 3 (100%) 3 (100%)

Liver

Left superior 1 1 (100%) 1 (100%)

Left inferior 4 3 (75%) 3 (0%)

Right superior 2 2 (100%) 1 (50%)

Right inferior 5 3 (60%) 0 (0%)

Hepatoduodenal ligament 6 2 (33%) 2 (33%)

Miscellaneous 1

Visceral peritoneum 0 - -

Duodenal curve 1 0 (0%) 0 (0%)

Anterior surface stomach 0 - -

Omentum 0 - -

Lower quadrants of 
peritoneum

0 - -

Overall (n=33) 33 1 25 (76%) 19 (58%)

First randomization: beads were randomly allocated according to the most clinically important locations 
plus a “miscellaneous” category. Second randomization: any bead that had been allocated to the 
miscellaneous group was then randomly allocated to one of the less clinically important locations.
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[9-12] Randomization for location was conducted in two steps. First the beads were 

randomly allocated according to the most clinically important locations plus an additional 

location category of ‘miscellaneous’ group, underwent a second randomization for 

allocation to one of the less clinically significant locations (Table 1). 

Transcolonic peritoneoscopy 

Peritoneoscopies were performed directly after laparoscopic bead placement. Each 

animal underwent two peritoenoscopies. In one procedure the transcolonic investigation 

was done using standard endoscopic accessories (TCP-s), such as biopsy and grasping 

forceps and a transparent cap (Fig. 1). The other procedure was carried out using a 

specially designed toolbox for NOTES peritoneoscopy (TCP-t). The toolbox (Ethicon 

Endo-Surgery) consisted of a flexible endoscopic steerable trocar, which was used to 

facilitate driving the scope in retroflexion, and a manually articulatable and rotatable 

grasper and retractor (Fig. 2), for lifting the liver for example. All instruments could 

be used according to endoscopist preference. Standard two-channel therapeutic 

upper endoscopes (GIF 2T-100, Olympus Medical Systems, Hamburg, Europe) were 

used. Each TCP was conducted by one of two endoscopists (PF, DF) who were blinded 

regarding color, actual number and location of beads. Besides randomization for number 

and location of beads, randomization was also performed for the order of the two 

endoscopists in blocks of two. The endoscopists were experienced in the procedure and 

had also carried out our previously reported transgastric peritoneoscopy examinations.[8] 

Internal indentation from abdominal 

palpation and/or installation of water 

was used to locate the anterior colonic 

wall for peritoneal access. To facilitate 

safe transluminal access to the peritoneal 

cavity, carbon dioxide pneumoperitoneum 

(10 mmHg) was reinstated just before 

transluminal access.[13] Colonic access 

was created by needle knife puncture at 

a distance of 15 to 20 cm from the anal 

verge. A 0.035-inch guidewire (Jagwire, 

Boston Scientific, Natick, Mass, USA) was 

passed through the needle and then the 

needle was exchanged for an 18 mm 

dilating balloon (CRE-dilation balloon, 

Boston Scientific). The balloon was used 

to dilate the tract and gain entry into 

the abdominal cavity. When the toolbox 

was used the steerable overtube was 

introduced into the peritoneal cavity. The 

Fig. 1 Endoscopic image showing a blue bead 
located on the inferior surface of the liver has been 
detected with the use of a transparent cap. The 
transparent cap adjoining liver lobes away while the 
bead is kept in view. (For color figures, see page 
263)
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second TCP was performed through the 

same access port. The locations of beads 

identified and touched with biopsy forceps 

were recorded. Touching of the beads was 

required to simulate biopsy, as would be 

necessary in human situations. Locations 

and color of missed beads were also 

recorded.Duration of TCP was a maximum 

of 30 minutes after creation of transcolonic 

access. The animals were euthanized after 

completion of both peritoneoscopies.

Outcome parameters and 
statistics

The primary outcome parameter was the 

number of beads found and touched during 

peritoneoscopy. Secondary outcomes 

were time until bead detection (exclusive 

of entry), safe access (defined as the 

absence of access related complications), 

and complications during the procedure. 

Complications were defined as bleeding 

and/ or perforation or laceration of visceral 

organs, and were assessed by immediate 

endoscopic observation and diagnostic 

laparoscopy after each peritoneoscopy. 

We had previously established the 

benchmark for LAP detection in the same 

model: LAP detected 95% of beads (95% 

CI: 87-98%).[8] Using a 1-tailed non-

inferiority design, an a=0.025, 1-b=0.8 

and considering a lower limit of 80% for TCP to be non-inferior, a sample size of at 

least 33 beads in total was determined (nQuery, Statistical Solutions Ltd, Cork, Ireland). 

Recognising the need for balance of cost and efficiency and to minimize the number of 

animals needed, a yield of 80% (margin of equivalence 15%) seemed appropriate in this 

nascent stage of developing NOTES peritoneoscopy. 

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

Windows 16.0.2 software package (SPSS Inc, Chicago, IL, USA). Quantative data are 

expressed as median plus interquartile range (IQR) or mean plus standard deviation (SD) 

when appropriate. The diagnostic yields and procedural time of TCP-s and TCP-t were 

compared using 2-tailed Wilcoxon matched-pairs signed ranks test. Yields of TCP and LAP 

Fig. 2 A, Laparoscopic image of manually 
articulated and rotated grasper touching a light 
blue bead (simulated metastasis) located at the 
superior surface of the liver. B, Endoscopic image 
showing manually articulated and rotated retractor 
lifting a part of liver to visualize the inferior liver 
surface. (For color figures, see page 263)

A

B
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were compared using the actual difference between both approaches. The 95% CI of 

this difference in yield between the gold standard and TCP-s and TCP-t was used to test 

equivalence. A difference larger than 15% was considered to show inferiority.

 A multivariate linear regression model was used to analyze the association between the 

percentage of beads detected per included pig (i.e. as a dependent variable) and the 

number of preceding pigs included (i.e. as independent variable) to detect a potential 

learning curve. All 12 transgastric experiments in our previous study were included as 

well.[8] Association was adjusted for the technique used (transgastric or transcolonic). 

Odds ratios (OR) plus 95%-CI were used to express the strength of the association.

RESULTS

Peritoneal access was achieved without complications in all 6 animals. A total of 33 beads 

were successfully placed into 6 pigs. The detailed results of randomization for location of 

beads are presented in table 1: Eight beads were randomized for the diaphragm, 6 for the 

upper quadrants of the peritoneum, 18 for the liver surface (including hepatoduodenal 

ligament), and 1 bead was randomized for the miscellaneous group (duodenal curve). 

There were no complications or anatomical distortions during laparoscopic bead 

placement. There were no complications during peritoneoscopy. 

All beads that were visualised could also be touched in both procedure groups. TCP-s 

detected 25 beads (yield 76%, 95% CI: 59-87%) and TCP-t detected 19 beads (58%; 95% 

CI: 41-71%). Both were inferior compared with the gold standard (Fig. 3). TCP-s seemed 

to be superior in detecting simulated metastases in comparison with TCP-t (p=0.034; 

Fig. 4A). All beads (14/14) placed on the peritoneum and abdominal diaphragm were 

visualised by TCP-s as well as TCP-t. In contrast, for beads placed on the liver surface, TCP-s 

was superior, detecting 11/18 (61%) compared with only 7/18 beads (39%; p=0.034) by 

TCP-t (Fig. 4A). If these liver surface beads are further categorized into superior (3) and 

inferior liver surface (15), TCP-s detected 3/3 (100%) on the superior surface and 8/15 

(53%) on the inferior surface, while TCP-t identified 2/3 (67%) on the superior surface 

and 5/15 (33%) on the inferior surface. Exclusion of the inferior liver beads resulted in an 

overall absence of difference between TCP-s and TCP-t (p=0.307; Fig. 4B). 

There was no learning curve for peritoneoscopy using standard equipment (OR 0.209 

percent; 95% CI: -1.86 to 2.28 per additional pig included) as well as using the toolbox 

(OR 3.39 percent; 95% CI: 0.78 to 5.99 per additional pig included). There was no 

difference in number of beads detected between the two endoscopists. Median time 

after which no additional beads were detected was 11 minutes (IQR 6) for TCP-s and 14 

minutes (IQR 11) for TCP-t (p=0.345). 
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DISCUSSION

The feasibility of transgastric NOTES peritoneoscopy has been demonstrated in several 

porcine studies and two small human case series.[3,1,14,4,5,6] However, in previous 

studies by our group it appeared to be difficult to accurately inspect the upper abdomen 

via the transgastric approach using current endoscopic technology, probably due to the 

need for working in retroflexion. [5,8] With a transcolonic approach, the endoscopist 
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Fig. 3 The difference in diagnostic yield 
plus 95% CI between the previous set 
criterion standard and transcolonic 
peritoneoscopy (TCP) using tools 
specially designed for NOTES (TCP-
t) and using standard endoscopic 
accessories (TCP-s). The vertical line 
depicts the predefined margin of 
equivalence of minus 15%. 
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Fig. 4 Detection of beads (simulated 
peritoneal metastases in a porcine 
model) by transcolonic peritoneoscopy 
(TCP), using tools specially designed 
for NOTES (TCP-t) and using standard 
endoscopic accessories (TCP-s). A, 
Overall detection (out of 33 beads); 
detection of beads located in abdominal 
and diaphragmatic peritoneum (out 
of 14 beads), and of those located on 
the surface of the liver including the 
hepatoduodenal ligament (out of 18 
beads). B, Detection of beads located 
in the abdominal and diaphragmatic 
peritoneum and on the superior liver 
surface (out of 17 beads), contrasted 
with detection of beads located on 
the inferior liver surface including the 
hepatoduodenal ligament (out of 15 
beads).
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would have a straight access to the upper abdomen and this might allow adequate 

inspection of the upper abdomen.[2,5] However, comparative trials with the gold 

standard, the diagnostic laparoscopy, were lacking. To facilitate such a trial we used 

a previously described porcine peritoneal metastases model in which metastases were 

simulated by small beads.[8] This animal model was used to compare the transcolonic 

NOTES with the previously determined yield for laparoscopic peritoneoscopy.[8] In this 

model, transcolonic peritoneoscopy appeared to inferior to diagnostic laparoscopy. 

Although the comparison was not the primary aim of the current trial, transcolonic 

peritoneoscopy using standard endoscopic accessories seemed to be superior in 

detecting simulated metastases to the peritoneoscopy using a specially designed toolkit. 

The difference was mainly accounted for by the simulated metastases on the inferior 

surface of the liver. Exclusion of these beads resulted in almost 100% detection rates 

for both approaches (Fig. 4B). To adequately visualize the inferior surface of the liver, 

it is necessary to lift or retract its lobes and look underneath. However, triangulation 

is impossible with current endoscopes because the viewing and instrument channels 

have a fixed parallel orientation. Although the articulating graspers and retractors were 

designed to increase the ability to triangulate, this did not result in a higher yield for 

beads on the inferior liver surface. During TCP-s, all beads on the inferior liver surface 

were detected with a transparent cap placed on the tip of the endoscope. With the use 

of this cap, the liver lobes could be pushed away while visualization was maintained 

(Fig. 1). Although the use of a transparent cap appeared to be helpful, 47% of beads on 

the inferior liver surface were still missed. The difficulty of keeping an overview during 

inspection of the inferior surface using a cap, may explain the relative high miss rate. This 

underlines the need for new endoscopic platforms, with a variable orientation between 

the viewing and instrument axes that allows essential triangulation and consequently 

optimal visualization of the inferior liver surface.[15,16] 

Lack of triangulation hampers transcolonic as well as transgastric peritoneoscopy. 

Nevertheless, although the study was designed to compare these two modalities, 

TCP-s seemed to result in a higher yield than found in our previous study of transgastric 

peritoneoscopy with standard endoscopic equipment (76% vs. 63%).[8] This difference 

in yield could not be explained by a learning curve effect. The major benefit of the 

transcolonic approach is the straight access to upper-abdominal structures avoiding the 

need to retroflex. Consequently, the compromised stability and awkwardness of working 

in retroflexion is avoided. Secondly, with the current endoscopes in full retroflexion, the 

length of the endoscope from the point of maximal deflection to the tip is limited (about 

4 cm). Therefore, a particular target in the upper abdomen may be beyond the effective 

reach of the endoscope. In comparison with our prior reported transgastric experiments, 

the transcolonic approach seems to especially increase detection of simulated metastases 
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on the superior liver surface.[8] However, larger comparative trials are needed to confirm 

these findings. 

Another potential advantage of the transcolonic approach over a transgastric one concerns 

the relative larger orifice through which specimens can be retrieved and instruments 

with relatively large diameters can be introduced. Furthermore, the comparatively short 

distance between the peritoneal access site and the anus may allow procedures such as 

colotomy closure, to be performed with standard rigid surgical equipment.[17] 

A straight access to the liver can also be obtained via the transvaginal approach.[18] 

This approach has probably a lower chance of infectious complications but there might 

be a risk of dyspareunia and adhesion related infertility.[19,20,21] Moreover, half the 

population is excluded for this access route. 

The risks of the transcolonic route must not be underestimated. The main risk is the 

potential for insufficient procedural sterility and faecal contamination of the peritoneal 

cavity. Leakage of bowel contents into the peritoneal cavity could lead to peritonitis and 

would eliminate any potential advantage of the transcolonic approach. Wilhelm et al 

recently showed, however, that the application of innovative sterile guide tube provided 

sterile transcolonic access to the peritoneal cavity.[17] The use of an intracolonic occlusion 

balloon to prevent faecal contamination, in combination with luminal sterilisation, also 

seems to be promising.[22] Besides prevention of spillage from the proximal colon, the 

balloon also prevents excessive bowel distension which could hamper intraperitoneal 

view. Larger, survival animal trials are necessary to evaluate if human application of these 

techniques may be possible. 

As with transgastric procedures, safe and reliable closure will be critically important 

to prevent postoperative leakage. In the few published survival studies of transcolonic 

NOTES, most infectious complications that occurred were probably due to inadequate 

colotomy closure.[2,22-24] Colotomy closure was beyond the scope of the current study, 

but we recently performed an ex vivo comparison study in which we compared the 

acute strength of different NOTES closure modalities with surgical suture.[25] Flexible 

staplers and a novel over-the-scope-clip (OTSC) provided acute strength comparableto 

hand sewn colotomy closure and seem to be promising flexible colotomy closure devices.

[25] Feasibility of colotomy closure using the OTSC has already been successfully shown 

in acute and survival porcine experiments.[26,27] 

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

noted that in this study, the TCP examiners were aware that every pig had at least 4 

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

diagnostic performance. However, given the need for a balance of cost and efficiency 

and for minimizing the number of animals needed, the exclusion of a sham placement 

seems appropriate at this nascent stage in the development of NOTES peritoneoscopy. 

Another potential drawback of this design is that the gold standard was not established in 
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the same (paired) model, but based on historical data that had also involved laparoscopic 

placement of beads. Because the beads were placed laparoscopically and LAP had also 

been the comparator as well, the study might have been biased in favour of LAP. This bias 

may partially explain the diagnostic yield of 95% for LAP, which seems to be relatively 

high in comparison with current human literature concerning diagnostic laparoscopies.

[10,28,29] 

Although randomization for location was performed for all beads according to the same 

randomization table, a higher number of beads was randomly allocated to the inferior 

liver surface (n=9) and hepatoduodenal ligament (n=6) compared with the superior liver 

surface (n=3). The yield of TCP-s as well as TCP-t might have been higher if beads had 

been more equally divided between locations. A final comment concerns the porcine 

anatomy. Although there are many similarities between pig and human abdominal 

anatomy, differences, especially in the anatomy of the liver, may have influenced the 

results. Grossly, the porcine liver includes a relatively large and floppy middle lobe, that 

extends over the lateral lobes. To adequately visualize the entire left and right liver lobes, 

the middle lobe had to be retracted, and this seemed to be challenging when using a 

flexible endoscope with coaxial working channels and optics. Visualization of metastases 

on the human liver may be less difficult to detect by the absence of the middle lobe. 

In conclusion, in this prospective experimental trial, transcolonic peritoneoscopy, using 

either standard endoscopic accessories or instruments designed especially for NOTES, 

was inferior to diagnostic laparoscopy. Future endoscopic and device development should 

focus on the ability to create triangulation to improve access to the inferior surface of 

the liver.
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