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ABSTRACT

Background: NOTES peritoneoscopy may be able to replace laparoscopic peritoneoscopy 

(LAP) for staging of gastrointestinal malignancies if it is proven to be equally accurate 

and safe. 

Objective: To compare transgastric (TGP) and transcolonic peritoneoscopy (TCP) to LAP, 

pairwise, in a randomized, blinded (to location and number of beads) human cadaver 

model with simulated peritoneal metastases. 

Design: Metastases were simulated by 2.5-mm color-coded beads, which were placed 

into the peritoneal cavity via an open approach. In previous porcine experiments LAP 

resulted in a yield of 95%. Using a non-inferiority design with a margin of equivalence 

of 15%, a sample size of 34 beads was needed for 80% power. Randomization was 

performed for number and location of beads. Eighteen experiments were performed on 

6 fresh-frozen human cadavers.

Setting: Experimental surgical laboratory.

Interventions: LAP, TGP and TCP were performed in randomized order by one of two 

surgeons/endoscopists blinded for location and number of beads. 

Main outcome measurements: Number of beads detected and touched.

Results: LAP found and touched 33 beads (yield 97%), TGP 26 beads (76%; difference in 

yield vs. LAP was -20.5 (95%-CI: -26.3 to -9.27)), TCP 29 beads (85%; difference in yield 

vs. LAP was -11.8 (95%-CI: -14.6 to 4.98)). Beads that were missed, were mostly located 

at the inferior liver surface: TGP missed 6 of 9 of these beads (67%),TCP 4 of 9 (44%). 

Limitations: Cadaver model

Conclusions: In this prospective, blinded, comparative trial in a human cadaver model 

TCP was comparable to LAP in detecting simulated metastases. TGP was inferior to LAP. 

Future development should focus on improved visualization of the inferior surface of the 

liver. 
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INTRODUCTION

The growing capabilities of therapeutic flexible endoscopy have ushered in a new era in 

the treatment of gastrointestinal conditions. It now seems possible that intraperitoneal 

surgery may one day be performed without skin incisions. The natural orifices (anus, 

vagina or mouth) may provide the entry point for surgical interventions in the peritoneal 

cavity, thereby avoiding abdominal wall incisions, minimizing trauma and enhancing 

postoperative recovery. 

With the introduction of natural orifice transluminal endoscopic surgery (NOTES), one 

of the first indications could be a NOTES peritoneoscopy.1-8 Endoscopic ultrasound is 

almost routinely performed in the evaluation of patients with biliopancreatic and 

upper gastrointestinal malignancies.9-11 Because these patients are already undergoing 

an endoscopy under sedation, it could, if indicated, be efficient to perform a 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 instead of an operating room. This would provide cost-

effective care with minimized burden for these patients. 

However, if NOTES peritoneoscopy is to become a true alternative to laparoscopic 

staging, the NOTES approach must prove to be at least as accurate. In previously 

performed porcine experiments, we successfully created a porcine model for peritoneal 

metastases.12 In this model the transgastric (TGP) as well as the transcolonic (TCP) 

peritoneoscopy appeared to be inferior to the laparoscopic peritoneoscopy (LAP).12, 13 

However, differences between pig anatomy and human abdominal anatomy may have 

influenced outcome. The aim of this study was to employ the same model of peritoneal 

metastases in a paired human cadaver model to compare yield of TGP, TCP and LAP.

METHODS

Eighteen experiments were performed on 6 human cadavers (4 female). All human cadavers 

were freshly frozen, which assures well preservation. All persons had signed consent forms 

leaving their bodies to the division of anatomy at the University of Amsterdam for teaching 

and research purposes. Institutional review board approval was obtained from the local 

ethical committee from the division of anatomy. No data, such as medical history, age, or 

cause of death were available. All experiments were performed by experienced laparoscopic 

surgeons (MBH, GA) and experienced therapeutic endoscopists (PF, RT). 

Peritoneal metastases model

Color-coded beads, 2.5mm in diameter, were stitched in the peritoneal cavity via an 

open approach to simulate metastases (fig 1). Beads were 1 of 7 standardized colors. 
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Beads were placed according to a preassessed list of locations, based on the most likely 

targets for metastatic disease of upper gastrointestinal, hepatic, and biliopancreatic 

malignancies.14-16 Randomization was performed for number and location of beads. The 

first randomization was performed according to the clinically most important locations 

Figure 1: Endoscopic image showing a simulated 
metastasis: a yellow bead on the peritoneal 
surface detected via the transgastric approach. 
(For color figures, see page 262)

Table 1 showing a potential areas of beads placement, results of randomization and yield per location 
for LAP, TGP and TCP

First randomization
No of beads 

placed 
No of beads 

found LAP (%)
No of beads 

found  TGP (%)
No of beads 

found  TCP (%)

Diaphragm Left quadrant 4 4 (100%) 4 (100%) 4 (100%)

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

Peritoneum Left upper quadrant 3 2 (67%) 2 (67%) 3 (100%)

Right upper quadrant 5 5 (100%) 4 (80%) 5 (100%)

Liver Left superior 4 4 (100%) 4 (100%) 4 (100%)

Left inferior 3 3 (100%) 1 (33%) 2 (66%)

Right superior 4 4 (100%) 4 (100%) 4 (100%)

Right inferior 3 3 (100%) 1 (33%) 2 (67%)

Hepatoduodenal ligament 3 3 (100%) 1 (33%) 1 (33%)

Miscellaneous Second randomization

Visceral peritoneum - - - -

Duodenal curve - - - -

Anterior surface stomach - - - -

Omentum - - - -

Lower quadrants of the peritoneum 2 2 (100%) 2 (100%) 1 (50%)

TOTAL 34 33 (97%) 26 (76%) 29 (85%)

Beads were first randomized according to the most clinically important locations depicted in the 2nd 
column. If a bead was randomized for the miscellaneous group a second randomization was performed 
(3rd column). In the right three columns the results of the randomization and yield of the two transcolonic 
approaches are shown per location. No: Number; LAP: Laparoscopic peritoneoscopy ; TGP: Transgastric 
peritoneoscopy; TCP: Transcolonic peritoneoscopy.
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Table 1 showing a potential areas of beads placement, results of randomization and yield per location 
for LAP, TGP and TCP

First randomization
No of beads 

placed 
No of beads 

found LAP (%)
No of beads 

found  TGP (%)
No of beads 

found  TCP (%)

Diaphragm Left quadrant 4 4 (100%) 4 (100%) 4 (100%)

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

Peritoneum Left upper quadrant 3 2 (67%) 2 (67%) 3 (100%)

Right upper quadrant 5 5 (100%) 4 (80%) 5 (100%)

Liver Left superior 4 4 (100%) 4 (100%) 4 (100%)

Left inferior 3 3 (100%) 1 (33%) 2 (66%)

Right superior 4 4 (100%) 4 (100%) 4 (100%)

Right inferior 3 3 (100%) 1 (33%) 2 (67%)

Hepatoduodenal ligament 3 3 (100%) 1 (33%) 1 (33%)

Miscellaneous Second randomization

Visceral peritoneum - - - -

Duodenal curve - - - -

Anterior surface stomach - - - -

Omentum - - - -

Lower quadrants of the peritoneum 2 2 (100%) 2 (100%) 1 (50%)

TOTAL 34 33 (97%) 26 (76%) 29 (85%)

(table 1). If a bead was randomized for the miscellaneous group, a second randomization 

was performed to pick one of the less clinically prevalent locations (table 1). After 

placement of beads, we performed LAP, TGP and TCP in randomized order. The amount 

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

minutes after peritoneal access was created.

Laparoscopic peritoneoscopy

LAP was performed by one of the two laparoscopic surgeons (MBH, GA), blinded for 

location and number of beads. A CO2 pneumoperitoneum (12 mm Hg) was induced using 

a Veress needle. Access to the abdominal cavity was obtained by use of three 10-mm 

trocars (umbilical, left and right upper abdomen). 

Systematic peritoneoscopy was performed using a 

10-mm, 0 degree laparoscope (EndoEye-Olympus 

Medical Systems Europe, Hamburg, Germany) 

introduced via the umbilical trocar. Locations of 

beads identified and touched with biopsy forceps 

were recorded. Touching beads was required to 

simulate biopsy. Locations and color of missed 

beads were recorded as well. 

Transgastric and transcolonic 
peritoneoscopy 

To facilitate safe transluminal access to the 

peritoneal cavity, a CO2 pneumoperitoneum (8 

mm Hg) was induced by using a Veress needle or 

the pneumoperitoneum was partially released 

after LAP.17 Internal indentation from abdominal 

palpation and/or installation of water was used 

to locate the anterior gastric or colonic wall for 

peritoneal access. Access was created by needle 

knife puncture using endocut. Consequently a 

0.035-inch guidewire (Jagwire; Boston Scientific, 

Natick, Mass, USA) was passed through the needle and thereafter the needle was 

exchanged for an 18-mm CRE-dilation balloon (Boston Scientific). The balloon was used 

to dilate the tract and facilitate entry into the abdominal cavity. 

All endoscopic procedures were performed by one of the two blinded endoscopists 

(PF, RT) by using a double-channel therapeutic upper endoscope (Olympus GIF-2T160 

or Storz Endoskope 13806-PKS). The peritoneoscopy was performed using standard 

endoscopic accessories, such as a biopsy and grasping forceps and a transparent cap 

(fig 2). All instruments could be used according to endoscopists’ preference. To exclude 

potential influence of lack of experience in performing intraperitoneal procedures, 
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systematic thorough examination was supervised by a blinded (to location and number 

of beads) surgeon or surgical resident. The abdominal cavity was inspected and data 

collected as per LAP.

Outcome parameters and statistics

The primary outcome parameter was the number of beads found and touched during 

peritoneoscopy. Secondary outcomes were the time until bead detection (exclusive of 

entry) and access-related or peritoneoscopy-related complications. Complications were 

defined as laceration or perforation of visceral organs. 

The goal was to test non-inferiority of TGP and TCP as compared with LAP. In a similar 

porcine model we previously established the benchmark for LAP detection: yield 95% of 

beads (95%-CI: 90-100%).12 Assuming LAP would result in a equal yield in this human 

cadaver model, power calculations were performed using an 1-tailed equivalence 

design, for non-inferiority testing with an alpha of 0.025 (consistent with two-sided 

95% confidence intervals for the difference in yields) and a margin of equivalence of 

15%. It was found that to attain 80% power, 34 beads were needed in total in order 

to examine whether TGP and TCP would have equivalent yields to LAP in pairwise 

comparisons with LAP. In other words, under the alternative hypothesis of equality, 

this study was powered to have 80% probability of rejecting the null hypothesis that 

a method of peritoneoscopy is more than 15% worse in yield than LAP; whereupon 

significant rejection of the null hypothesis would allow inference that the method was 

non-inferior in that it was within the prescribed 15% margin of equivalence. To assure 

a total of 34 beads, all 6 different quantities of beads were determined beforehand 

(range 3-7). The number that was implanted in any cadaver was determined randomly 

by picking 1 of 6 sealed opaque envelopes. 

All calculations were carried out using SPSS (version 16.0.2). For the purpose of 

using statistical techniques, individual beads were the units of analysis and outcomes 

of different experiments, even involving the same bead, were taken as statistically 

independent. Quantative data are expressed as median with interquartile range (IQR) or 

mean with standard deviation (SD) when appropriate. Yield of both NOTES approaches 

Figure 2: Endoscopic image showing a white bead 
located on the inferior surface of the liver detected 
by using a transparent cap. The transparent cap 
pushes the liver lobes away while visualization is 
maintained. (For color figures, see page 264)
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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. It is 

noted that the key statistical comparisons were made with uncorrected 95% confidence 

intervals of differences in diagnostic yield. As making a correction in the confidence 

intervals to adjust for multiple comparisons would have widened those intervals, the 

choice of using uncorrected 95% confidence intervals allowed us to highlight potential 

differences in order to strengthen inference of non-inferiority, in the sense of being within 

the prescribed 15% margin of equivalence. Time of peritoneoscopies were compared 

using 2-tailed Wilcoxon matched-pairs signed ranks test. A two sided p-value of less than 

0.05 was deemed to be statistically significant. 

RESULTS

Tissue quality of the fresh-frozen cadavers was almost similar to that seen during live 

surgery. Two cadavers needed adhesiolysis during bead placement to obtain access to 

all potential areas for bead placement. In one cadaver with widely present adhesions, 

peritoneoscopy was hampered by large bowel loops filled with air prior to the endoscopic 

procedures. In the same case it was hard to locate the anterior wall of the colon due 

to residual stools and rigidity of the colon. As a consequence peritoneal access was 

achieved via the retroperitoneal cavity. In the other transcolonic cases and all transgastric 

approaches peritoneal access was achieved without difficulties or complications. 

A total of 34 beads were randomly divided over the 6 cadavers (table 1). Eight beads 

were randomized for the upper quadrants of the peritoneum, 7 for the diaphragm, 17 for 

the surface of the liver (including the hepatoduodenal ligament) and 2 for miscellaneous 

sites. After a second randomization, both miscellaneous beads were placed on the lower 

Figure 3: Endoscopic images showing access to the liver via the transgastric (A) and transcolonic (B) 
approaches. (For color figures, see page 264)

Voermans.indb   183 14-4-2011   09:02:49



Chapter 11

184

quadrants of the peritoneum. There were no complications or anatomical distortions 

during bead placement. 

All beads that were visualized could be touched as well in all 3 study groups. LAP detected 

33 beads (yield 97%; 95%-CI: 85-99%). The only missed bead was located on the left 

upper quadrant of the peritoneum. TGP found 26 beads (yield 76%; 95%-CI: 60-88%; 

Table 2: Number of beads detected and touched per cadaver

Cadaver Number of beads 
placed

LAP TGP TCP

1 6 5 5 6

2 7 7 4 6

3 4 4 3 3

4 5 5 4 3

5 7 7 6 6

6 5 5 4 5

Total 34 33 (97%) 26 (76%) 29 (85%)

LAP: laparoscopic peritoneoscopy; TCP: Transgastric peritoneoscopy; TCP: Transcolonic peritoneoscopy. 

95%-CI difference in diagnostic yield

-30 -25 -20 -15 -10 -5 0 5 10

TCP

TGP

Difference in diagnostic yield

-30 -25 -20 -15 -10 -5 0 5 10

Difference in diagnostic yield

Figure 4: The difference in diagnostic 
yield plus 95% CI between the 
criterion standard and transgastric 
(dark grey)  and transcolonic (light 
grey) peritoneoscopy. The vertical 
line depicts the predefined margin 
of equivalence of minus 15%. A. The 
overall results. B. The difference in yield 
with exclusion of beads located at the 
inferior liver surface. TGP: transgastric 
peritoneoscopy; TCP: transcolonic 
peritoneoscopy. 

A

B
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fig 3A) and TCP 29 beads (yield 85%; 95%-CI: 70-94%; fig 3B). Each transluminal 

peritoneoscopy detected at least 57% of beads (per-cadaver results are summarized in 

table 2). The difference in yield between TGP and the gold standard was -20.5 (95%-CI: 

-26.3 to -9.27) and for TCP this difference was -11.8 (95%-CI: -14.6 to 4.98). TCP was 

comparable to LAP in that it was within the prescribed 15% margin of equivalence. TGP 

was inferior to the criterion standard (fig 4A). 

Yield per location is summarized in table 1. All 7 simulated metastases placed at the 

diaphragm and all 8 beads located at the superior surface of the liver were detected by 

TGP as well by TCP (fig 5). TGP detected 80% (8/10) of beads placed on the peritoneal 

surface and TCP 90% (9/10). Most of the missed beads were located at the inferior 

surface of the liver (including the hepatoduodenal ligament): TGP detected only 3 (33%) 

and TCP 5 (56%) of these simulated metastases (fig 5). Exclusion of the inferior liver 

beads would have resulted in non-inferiority of TGP as well as TCP in comparison with the 

criterion standard (fig. 4B). There were no complications during all 18 peritoneoscopies. 

There was no significant difference in number of beads detected between the two 

endoscopists (82% vs 79% of all beads detected, p=0.782). The median time after which 

no additional beads were detected was 8 minutes (IQR 2) for LAP, 13 minutes (IQR 9; 

p=0.046 versus LAP) for TGP and 14 minutes (IQR 16; p=0.028 versus LAP)  for TCP.

DISCUSSION

The main goal of laparoscopic staging of upper gastrointestinal, hepatic, and biliopancreatic 

malignancies is to detect incurable disease to avoid unnecessary explorative laparotomy. 
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Figure 5: Overall yield (total of 34 beads); yield of beads located at the peritoneum, diaphragm and 
superior surface of the liver (25 beads); and yield of beads located at the inferior surface of the liver 
including the hepatoduodenal ligament (9 beads). LAP: laparoscopic peritoneoscopy; TGP: transgastric 
peritoneoscopy; TCP: transcolonic peritoneoscopy. 
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To minimize the invasiveness of peritoneal access even further, the next step could be to 

avoid the abdominal wall incisions completely by approaching via the natural orifices. The 

feasibility of NOTES peritoneoscopy has been demonstrated in several porcine studies1, 

3, 7, 18, 19 and even in a human case series2. However, in two recent comparative 

porcine studies, we showed that TGP and TCP were inferior to diagnostic laparoscopy 

with respect to diagnostic yield, and this is of major concern for the eventual introduction 

of NOTES peritoneoscopy.12, 13 Pig anatomy may have influenced outcome, and, 

therefore, we created a human cadaver model for peritoneal metastases. In this model 

we performed a blinded, comparative study between TGP, TCP and LAP, which has, 

to our knowledge, not been reported earlier. In this paired study TCP was comparable 

to the criterion standard for the detection of simulated metastases. The transgastric 

approach, on the other hand, appeared to be inferior to diagnostic laparoscopy. 

We have based our calculations on a per-bead analysis. If we would consider a per-

patient analysis, no patient would have undergone an unnecessary laparotomy (table 2). 

However, our study was not powered for such an analysis. Furthermore, TCP and TGP 

detected almost all beads located at diaphragm, peritoneum, and superior liver surface, 

96% and 92% respectively (fig. 5). If only these beads (total 25) are included for analysis, 

the diagnostic yield of TGP as well as TCP would have been non-inferior to the criterion 

standard (fig. 4B). 

Most of the missed beads were located on the inferior liver surface (fig. 5). Limited 

visualization of the inferior liver surface probably could be explained by the inability to 

adequately lift and retract the liver lobes. This is mainly caused by the fixed parallel 

relationship between view and instrument axis. This underlines the need for new 

endoscopic platforms to make triangulation possible and consequently optimize 

visualization of the inferior liver surface.20, 21 

As mentioned earlier, TCP was, in contrast with TGP, non-inferior to LAP in the sense 

of being within the prescribed 15% margin of equivalence. The major benefit of a 

transcolonic approach over a transgastric one is the straight access to upper-abdominal 

structures, avoiding the need to retroflex.2, 6, 12, 19 Consequently, the compromised 

stability and awkwardness of working in retroflexion is avoided (fig 3). Second, 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 via a transgastric 

access.

A major concern of all NOTES procedures is the risk of contaminating the peritoneal cavity. 

Any appreciable increase in patient morbidity due to leakage from the gastrointestinal 

tract would almost instantly erase all possible advantages. The risk of bacterial spread and 

consequently peritonitis is particularly a concern in transcolonic procedures. Infectious 

complications after transcolonic procedures have indeed been reported in small initial 
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experimental porcine studies.1, 22, 23 However, others showed that proper bowel 

preparation in combination with sterile access and adequate closure results in absence of 

infectious complications in survival porcine experiments.24, 25 

The benefit of the transgastric approach over the transcolonic route is the theoretically 

decreased risk of severe infectious complications. Proper preparation with topical and 

intravenous antibiotics in combination with adequate closure leads to avoidance of 

infectious complications in survival porcine experiments and human case series.26-29 

Additionally, via the transgastric approach burdensome bowel preparation is avoided. 

These findings make translation of pure transgastric NOTES procedures into human pilot 

studies possible. It seems though that TGP is not a valid option at this moment in time, 

because with current endoscopic technology yield of TGP is inferior to that of the current 

standard of care. 

In the current study yields of TGP as well as TCP were higher than in our previous 

porcine experiments, namely 76% versus 63% for TGP and 85% versus 76% for TCP, 

respectively.12, 13 Although the pig abdominal anatomy shows many similarities to 

human abdominal anatomy, differences, especially between the porcine and human 

liver, probably have influenced this outcome. The porcine liver consists of a large, floppy 

middle lobe that partially covers the lateral left and right part of the liver, which hampers 

thorough inspection of the whole liver surface. In the mentioned porcine studies TGP 

detected only 38% of beads placed on the liver and TCP detected 61%;12, 13 In the 

current study yield of simulated liver metastases was 65% for TGP and 76% for TCP. This 

difference can not be explained by a learning curve effect because one of the endoscopists 

(RT) had no previous experience in performing intraperitoneal endoscopic procedures. 

The second endoscopist (PF), on the other hand, did participate in three prior porcine 

peritoneoscopy studies (over 40 diagnostic peritoneoscopies).6, 12, 13 In spite of this 

difference in experience, yield between the two endoscopists did not differ. In contrast 

with our prior experiments, in the current study systematic endoscopic peritoneoscopy 

was supervised by a surgeon or surgical resident. Besides differences in anatomy this also 

could explain higher yield. 

Although pigs are a good model for feasibility and logically essential for survival studies, 

human cadaver studies seems to be a vital additional step for a responsible translation 

into human clinical trials. To our knowledge this is the first comparative NOTES trial in 

a human model. Besides the fact that the TGP and TCP could be compared to LAP in 

a real human cadaver model, we also could test and gain necessary experience with 

transluminal access in humans. Transluminal access was without difficulties in 92% of 

cases. Only in one cadaver with multiple intra-abdominal adhesions, the transcolonic 

access was complicated, underlining the importance of selecting uncomplicated patients 

for potential human pilot studies. 
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A few remarks could be made concerning our peritoneal metastases model. It should be 

mentioned that the investigators were aware of the fact that in this study every human 

cadaver had at least 4 beads present. The lack of the inclusion of a sham placement 

may have influenced their diagnostic performance. Second, although TCP appeared to 

be comparable with the criterion standard, a difference of 15% (margin of equivalence) 

could be considered too large for clinical practice. However, recognizing the need to 

balance with cost/efficiency and to minimize the animals needed as much as possible, 

exclusion of a sham placement and a margin of 15% seems appropriate in this nascent 

stage of developing NOTES peritoneoscopy. 

In conclusion, in this prospective, blinded, comparative trial in a human cadaver model 

TCP was comparable to LAP in detecting simulated metastases. TGP appeared to be 

inferior to LAP. Future (instrument) development should focus on improved visualization  

of the inferior surface of the liver to improve diagnostic yield of NOTES peritoneoscopy. 
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