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ABSTRACT

Background: Secure transluminal closure remains the most fundamental barrier to 

safe translation of transgastric natural orifice transluminal endoscopic surgery (NOTES) 

procedures to humans. Obtaining optimal critical view of safety (CVS) is a prerequisite to 

perform cholecystectomy avoiding common bile duct injuries.

Objectives: 1) To evaluate feasibility and safety of hybrid transgastric NOTES 

cholecystectomy. 2) To evaluate feasibility and safety of gastrotomy closure using a novel 

Over-The-Scope-Clip (OTSC; Ovesco) in survival porcine experiments. 

Methods: Laparoscopic access to the abdominal cavity was obtained by two 2 mm and 

one umbilical optical trocar(s). Gastric access was created by balloon dilation of a needle 

knife puncture up to 18mm. Exposure of CVS was obtained and evaluated by aid of a 2 

mm device. Subsequently the cystic duct and artery were clipped endoscopically. After 

laparoscopic dissection, the specimen was extracted via the stomach. The gastrotomy 

was closed endoscopically using the OTSC. Necropsy was performed after 10 days with 

inspection of gastrotomy and peritoneal cavity for complications. Experiments were 

planned in 3 acute and 16 survival pigs. Main outcome parameters were documented 

exposure of CVS, successful cholecystectomy and closure, uncomplicated survival and 

histology-confirmed full-thickness closure.  

Results: In all 16 survival experiments CVS was obtained satisfactorily and hybrid 

cholecystectomy was successfully performed (100%; 95% CI: 81-100%). Transgastric 

closure was endoscopically successful in all experiments in a mean time of 7 minutes (SD 

3). At necropsy 10 days after surgery there were no signs of (infectious) complications. 

Histology-confirmed full-thickness healing with 100% success (95%-CI: 81-100%).

Conclusion: Hybrid transgastric NOTES cholecystectomy is feasible, safe and results in 

optimal CVS. Use of OTSC for gastrotomy closure is feasible, safe and results in histology-

proven full-thickness closure in survival porcine experiments.

Voermans.indb   120 14-4-2011   09:02:41



In vivo evaluation of gastric closure and hybrid cholecystectomy

121

INTRODUCTION 

In recent years, the borders between surgery and gastroenterology have become less 

clear through the development of Natural Orifice Transluminal Endoscopic Surgery 

(NOTES). NOTES is being developed with the aim of performing even less invasive surgery 

than laparoscopic surgery. In its ultimate form it will avoid abdominal incisions for trocar 

openings as well as extraction incisions necessary for specimen removal. Consequently, 

incision related complications, such as surgical-site infection and hernia, are avoided and 

patients potentially recover faster with less postoperative stress and pain.

Cholecystectomy is the most common elective surgical procedure and is one of the key 

procedures which is evaluated to identify its potential to become a NOTES procedure. 

NOTES cholecystectomy has been shown to be feasible in animal models(1-7) and 

human case reports(8-13). The vast majority of these human case studies have used the 

transvaginal route. This approach does not seem to be the ultimate solution as it could 

possibly cause dyspareunia and adhesion-related infertility and can only be used in 50% 

of the population.(14-16) 

There are at least two major technical challenges which need to be surmounted before 

transgastric NOTES cholecystectomy can be safely introduced in human clinical trials. 

First of all, endoscopic closure of the gastrotomy after the transgastric procedure needs 

to be safe and reliable. Considering the safety of laparoscopy, even a 1% leak rate from 

the gastrotomy closure site would not be acceptable. Any appreciable increase in patient 

morbidity due to post-NOTES leakage from the gastrointestinal tract would erase all 

possible patient advantages compared with conventional laparoscopy. A wide variety of 

NOTES closure modalities have been described in ex vivo experiments and (non-)survival 

animal studies.(3,4,17-24) We have reported an ex vivo experimental set-up in which 

majority of current NOTES closure modalities have been evaluated and compared with 

surgical handsuture.(23,25) In this model we also tested a new device, called the Over-The-

Scope-Clip (OTSC; Ovesco Endoscopy, Tuebingen, Germany). This resulted in adequate 

ex vivo closure in a relatively short amount of time.(25) The second major challenge 

concerns adequate exposure of the operative field. Exposure of the critical view of safety 

(CVS) before clipping the artery and duct has been shown to reduce bile duct injuries.

(26,27) It is therefore essential that CVS is obtained in any model investigating NOTES 

cholecystectomy.(27) Using current endoscopic technology, triangulation of instruments 

to achieve this CVS is not possible as endoscopic instruments can only move in and 

out the endoscopic working channels in one dimension. Therefore, a safe transgastric 

NOTES cholecystectomy cannot be ensured using endoscopic equipment only. A hybrid 

transgastric procedure using additional 2 mm laparoscopic instruments might overcome 

these problems, with the advantage of avoiding an abdominal incision because the 

gallbladder can be removed through the stomach. By using 2 mm instruments the risk 

on hernia formation is avoided and no remnant scars will be visible. Furthermore, safety 
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can be ensured by laparoscopic inspection of endoscopic closure. This minimally invasive 

procedure may lead to acceptable operating times, less postoperative pain, faster 

recovery than standard laparoscopic cholecystectomy and serve a safe and essential 

bridge to potential pure NOTES procedures. 

The above mentioned challenges have led to the following aims of the present study: 

1) to evaluate feasibility and safety of hybrid transgastric NOTES cholecystectomy using 

a double-channel gastroscope and 2 mm laparoscopic instruments and 2) to evaluate 

feasibility and safety of gastrotomy closure using the OTSC in acute and survival porcine 

experiments.

METHODS

Animals and preparation

Sixteen survival experiments were performed on 50-55 kg female pigs. IRB approval was 

obtained from the local animal ethics committee and animals were housed at the animal 

research facility at Academic Medical Hospital, University of Amsterdam, the Netherlands. 

The animals were prepared and anesthetised as previously described.(28) All endoscopes 

were disinfected with glutaraldehyde in an Olympus Thermo-desinfector (ETD2, Olympus 

Medical Systems Europe, Hamburg, Germany) and air-dried for high-level disinfection 

before each procedure. All used accessories were either sterile from manufacturer or 

were gas-sterilized before use. At the start of the procedure the stomach was lavaged 

endoscopically (GIF XTQ160; Olympus) with a 500 ml suspension of ceftriaxon 1000 mg 

in sterile 0.9% NaCl . After 5 minutes, the suspension was aspirated using endoscopic 

suction. All animals received ceftriaxon 1000 mg and metronidazol 10 mg/kg intravenous 

30 minutes before start of the procedure. 

Peritoneal access and trocar introduction

All experiments were performed with the animals in the supine position by one 

experienced surgeon (MvB and WB) and one experienced therapeutic endoscopist (PF). 

Prior to peritoneal access, CO2 pneumoperitoneum (10 mm Hg) was induced using a 

Veress needle, introduced just below the umbilicus. Access to the abdominal cavity was 

obtained by two 2 mm trocars (left and right upper abdomen) and one 2 or 5 mm trocar 

(optic port; umbilicus). A 2 mm, 0 degree needlescope (Storz Endoskope, Tuttlingen, 

Germany) or a 5 mm, 30 degree videoscope (Endo Eye, Olympus) was introduced 

through the umbilical trocar. In case the 2 mm videoscope was not available, a 5 mm 

was used instead. The 5 mm port was only used for visualisation and the procedures 

were not different apart from size of the videoscope.

Simultaneously, a sterile overtube and a second disinfected double-channel endoscope 

(Olympus GIF 2T160 or Storz 13806 PKS ) was introduced into the stomach. Endoscopic 
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access to the peritoneal cavity was performed under laparoscopic control. The anterior 

gastric wall was located endoscopically by internal indentation from abdominal palpation 

and/or installation of water. The gastrotomy was preferentially created at the anterior 

wall of the stomach, or if not possible at an acceptable spot on the posterior wall near the 

greater curvature. Access was created by a needle knife (HPC3, Cook Endoscopy, Winston-

Salem, NC, USA) puncture followed by introduction of an 0.035-inch guidewire (Jagwire, 

Boston Scientific, Natick, Mass, USA) and dilation with an 18 mm dilation balloon (CRE, 

Boston) after which the endoscope was introduced into the peritoneal cavity. 

Cholecystectomy 

After introduction of the endoscope and distal part of the overtube into the peritoneal 

cavity the fundus of the gallbladder was retracted endoscopically to expose the gallbladder 

bed to the laparoscopist (Fig. 1A). The neck of the gallbladder was dissected from the 

liverbed using a 2 mm electrocautery hook (Storz), and triangle of Calot was exposed 

and documented laparoscopically. After obtaining CVS laparoscopically (Fig. 1B), the 

cystic duct and artery were clipped simultaneous using endoscopic Resolution- (Boston), 

or Quick Clips (Olympus). The gallbladder was laparoscopically dissected from the liver 

bed using endoscopic assistance. After dissection, the specimen was grasped with an 

endoscopic snare. To facilitate transgastric removal, the bile was evacuated out of the 

gallbladder using 19-G EUS needle (Cook) through the second channel of the therapeutic 

gastroscope. After evacuation of the bile the gallbladder was retracted via the stomach, 

oesophagus and finally removed via the mouth. 

Gastrotomy closure

After removal of the specimen, the overtube was removed and the OTSC-cap (Ovesco) 

was mounted on the tip of the endoscope. The endoscope, with the OTSC installed 

on the applicator cap (Fig. 2A) was introduced into the stomach. To approximate both 

sites of the gastrotomy before closure, a twin grasper (Ovesco, Fig. 2B) was deployed 

through the working channel. The twin grasper has one fixed middle branch and two 

independently movable lateral claws, which enable grasping of the serosal layer of 

both incision edges separately. Consequently, the tissue was approximated and gently 

pulled into the OTSC application cap while applying continuous suctioning through the 

endoscope as well. The OTSC was then released by pulling on a wire that is led through 

the working channel of the endoscope (similar to endoscopic band-ligation). 

Gastrotomy closure was checked for airtightness by insufflating the stomach endoscopically 

and simultaneously spraying a water film laparoscopically onto the closed gastrotomy. 

In case of leakage, air bubbles could be visualized and the closure could be optimized 

endoscopically using another OTSC or additional endoclips. If the gastrotomy remained 

leaking after optimal endoscopic closure, the protocol obligated the laparoscopist to 

oversew the gastrotomy using 2 mm instruments.
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Follow up

The pigs were given a regular diet directly after recovery from general anaesthesia (about 

4 hours after procedure). Pigs were extensively monitored on a daily basis for signs of 

peritonitis or other distress by an experienced biotechnician. All pigs received intravenous 

antibiotics for 3 days: 10 mg/kg metronidazole divided over 3 doses and 1000 mg/

day ceftriaxone. After 10 days the animals were euthanized. Necropsy consisted of 

examination of the peritoneal cavity to identify signs of organ injury, adhesions or 

infectious complications. The closed access site was inspected in detail for macroscopic 

full thickness healing, adhesions or abscesses. The closed gastrotomy was excised and 

sent for histological examination to evaluate full thickness healing. If there was a suspicion 

of infectious complication at another site, it was excised and sent for histology as well. 

Statistics and outcome parameters

Primary outcome parameters were: uncomplicated follow up during 10 days survival 

(defined as the absence of clinical signs of peritonitis), histology confirmed full-thickness 

closure after 10 days survival, and adequate exposure of the CVS.

Secondary outcomes were procedural time (from introduction of the sterile endoscope 

until adequate closure), immediate successful closure, closure time (from introduction of 

the OTSC until adequate closure), successful cholecystectomy, bile leakage at necropsy, 

number of adhesions, number of (micro-)abscesses, and number of (peri)operative 

complications. Successful cholecystectomy was defined as the absence of the need to 

convert to larger laparoscopic instruments or open procedure. And immediate successful 

closure as absence of air bubbles after final endoscopic closure.

Experiments were first planned in 3 non-survival porcine experiments to optimize the 

procedure. Sample size for survival experiments was based on the fact that the lower 

end of the 95% confidence interval (CI) of successful closure must be at least above the 

80% to draw conclusions. With the assumption of a success rate of 100% for primary 

outcome parameters, 16 survival pigs needed to be included to finally achieve a lower 

end of the 95%-confidence interval (CI) of at least 80%. 

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 as mean plus standard deviation (SD) when 

appropriate. 

RESULTS 

Results are summarized in table 1. Peritoneal access was successfully achieved in all 

16 survival animals. In 6 experiments access was created at the posterior wall of the 

stomach in stead of the anterior wall. In one survival pig there was a small laceration 
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of the liver caused during needle knife insertion, which was managed conservatively. In 

the majority of the pigs (13/16) it was not possible to introduce the overtube through 

the gastrotomy into the peritoneal cavity (not enough length of the overtube). In all 

experiments CVS was obtained and documented satisfactorily (Fig. 1B). In all pigs the 

cystic duct and artery were successfully clipped endoscopically using a median of 3 clips 

(range 3-4). Hybrid cholecystectomy was successful in all 16 animals (100%; 95% CI: 

85-100%). Perioperative minor bleeding occurred in 3 cases: In 2 pigs it was managed 

endoscopically using endoclips (on the cystic artery and liverbed) and 1 case the bleeding 

(from the liverbed) was laparoscopically oversewn using 2 mm instruments. Retraction 

of the gallbladder through the gastrotomy and oesophagus was successful in all animals. 

Mean total procedural time was 73 minutes (SD 23). 

Table 1. Summary of main outcome parameters of survival experiments (n=16)

Outcome parameters Outcome 95%-Cl or SD

Cholecystectomy 

- Adequate exposure of CVS 16/16 (100%) 81-100%

- Successful cholecystectomy 16/16 (100%) 81-100%

Endoscopic closure

- Immediate successful endoscopic closure 16/16 (100%)  81-100%

- Histological proven full-thickness closure 16/16 (100%) 81-100%

Complications

- Access related complications 1/16 (6%) 1-28%

- Minor bleeding during cholecystectomy 2/16 (13%) 4-36%

Uncomplicated 10 days follow up 16/16 (100%) 81-100%

Closure time 7 minutes SD 3 minutes

Total procedural time 73 minutes SD 23 minutes

CI: Confidence Interval; SD: Standard Deviation; CVS: Critical View of Safety

Fig. 1 Laparoscopic images showing hybrid cholecystectomy.  A, fundus of the gallbladder being 
retracted endoscopically to expose the gallbladderbed; B, critical view of safety. In the lower half the 
endoscopic clip can be seen. (For color figures, see page 260)

A B
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Endoscopic gastrotomy closure was macroscopically successful in all 16 survival animals 

using one OTSC in all cases (Fig. 3A and 3B). In one case, leakage of airbubbles from 

the lateral site of the gastrotomy was laparoscopically visualized during endoscopic 

insufflation of the stomach. The leakage was successfully closed endoscopically with 

one Resolution clip. In none of the cases it was necessary to oversew the gastrotomy 

laparoscopically. Mean closure time was 7 minutes (SD 3). 

All survival animals had uncomplicated postoperative recovery and resumed oral intake 

within 4 hours postoperatively. All 16 pigs thrived during follow up, gaining a mean 

weight of 6.9 kg (SD 1) in 10 days . At necropsy after 10 days survival there were no 

macroscopic signs of intraperitoneal infection or bile leakage in the peritoneal cavity. 

In all 16 cases the clips were still present on the cystic duct and artery. The gastrotomy 

was macroscopically full-thickness closed in all cases. In 10/16 (63%) the OTSC was still 

present at the closure site and were not overgrown by mucosa. In one case the OTSC was 

found loose in the stomach, and in the remaining 5 animals the OTSC was not detected 

Fig. 3 Images showing endoscopic gastrotomy closure. A, Endoscopic image showing macroscopically 
adequately closed gastrotomy using the Over-The-Scope-Clip. B, Laparoscopic image showing leak 
testing of the gastrotomy after closure by insufflating the stomach endoscopically and simultaneously 
spraying a water film laparoscopically. No leakage of air bubbles could be visualized through the inverted 
closed gastrotomy. Note the inverted, serosa-to-serosa closure. (For color figures, see page 260)

Fig. 2 Images showing the Over-
The-Scope-Clip (OTSC)-system.  
A, the OTSC cap mounted on 
the tip of endoscope; B, the twin 
grasper with one fixed middle 
branch and two independently 
mobile lateral branches.

A B

A B
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at necropsy. Histology of the excised closed gastrotomy confirmed full-thickness, serosa 

to serosa healing in 100% of cases (95% CI: 81-100%) and showed no signs of local 

infection or abscesses. In 8/16 (50%) adhesions from the gastrotomy to omentum were 

found. In 6/8 (75%) cases with omentum related adhesions the gastrotomy was created 

at the posterior wall of the stomach. 

DISCUSSION 

Transgastric cholecystectomy might be one of the key procedures in the application of 

NOTES technology. Before broad application of NOTES cholecystectomy, the procedure 

must be completely safe with respect to closure of the access site. In addition, proper 

exposure of the CVS must be reached before clipping the cystic duct and artery, and overall 

procedural time must be acceptable. The present, animal study demonstrated that hybrid 

NOTES transgastric cholecystectomy with gastric closure using the OTSC guaranteed 

proper exposure of the CVS and safe gastric closure with acceptable procedural time. 

Using this hybrid technique, essential CVS was adequately visualised in all cases. 

Establishing the CVS before ligation and division of the artery and duct has been shown 

to reduce bile duct injuries associated with laparoscopic cholecystectomy.(26,27) Lessons 

could be learned from the introduction of laparoscopic cholecystectomy two decades 

ago. Laparoscopic cholecystectomy was introduced too fast, driven by the media, 

patient demand, industry, and physician competition. Initially, this led to relative high 

rate of bile duct injuries and consequently considerable patient disability.(29,26) If 

NOTES cholecystectomy is to become the even less invasive alternative to laparoscopic 

cholecystectomy it should be introduced safely and in a controlled fashion. 

However, using current endoscopic technology with working channels oriented parallel 

to optics, it is impossible to achieve the essential CVS. By using mini-instruments (2 mm) 

we attempted to be as minimal invasive as currently possible in combination with the 

maintenance of the ability to triangulate, which is necessary to adequately overview the 

triangle of Calot. Therefore, CVS could be obtained in each case. The current report is, 

to our knowledge, the first (hybrid) NOTES cholecystectomy report in which the CVS was 

obtained in all cases. Until the availability of dedicated NOTES endoscopes, we believe that 

a hybrid technique is the safest and only responsible way to introduce NOTES into human 

clinical trials. Furthermore, by translating laparoscopic-assisted NOTES cholecystectomy to 

humans, transgastric access and endoscopic closure could be evaluated and developed in 

a safe and controlled way as well, forming an excellent bridge to pure NOTES procedures. 

Secure transluminal closure remains the most fundamental barrier to safe introduction 

of transgastric NOTES procedures into human clinical trials. This relatively large, survival 

animal study showed feasibility and safety of gastrotomy closure using the OTSC. Although 

feasibility of a variety of gastric closure modalities has been described in survival animal 
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studies (4,20,24,30,31), this is, to our knowledge, the first survival animal study with 

100% success in combination with a 95% CI range narrow enough to draw conclusions. 

The optimal introduction of an experimental technique can be divided in three phases: 

first an ex vivo evaluation and comparison, secondly an in vivo animal evaluation, and 

finally, if these two phases are successfully completed, a human pilot study can be 

performed. We selected the OTSC for in vivo survival evaluation after first conducting 

an ex vivo comparison study.(23,25) In this ex vivo study a considerable part of these 

closure techniques appeared to be comparable with gold standard values and the 

endoscopic stapler, flexible endostitch and OTSC resulted in, respectively, the strongest 

closures.(23,25) However, the flexible endostitch and stapler are (still) relatively large 

in diameter and are limited in their manoeuvrability. Therefore, these modalities are 

challenging to apply in vivo in the confined space of the stomach. Additionally, the lack of 

adequate insufflation of the stomach due to air leakage through the gastrotomy impairs 

manoeuvring these closure modalities even more. In contrast, the OTSC closure technique 

resembles that of rubber band ligation which is a well-known and relative easy procedure 

for therapeutic endoscopists. Ease of the procedure was confirmed by the short mean 

closure time of 7 minutes. This is in contrast with a number of other closure modalities 

reported in literature (mean closure times ranging from 15-26 minutes).(4,24,30,32,33) 

Feasibility of gastrotomy closure using the OTSC has already been proven in nonsurvival 

porcine experiments and a small survival animal study.(19,24,34) Although the only 

survival animal study was a comparative trial, the different groups existed of only 5 

animals each. Consequently, 95% CI was 57-100% (in case of 100% success) and it his 

hard to draw conclusions.(34) 

Standard endoscopic clips were used for ligation of the cystic duct and artery. These 

clips are, however, not designed to clip thin structures as the pig cystic duct and 

artery, but need more tissue to stay in position. Therefore both structures were clipped 

simultaneously in these animal experiments. Flexible, through-the-scope instruments that 

deliver laparoscopic clips are currently being developed and should overcome this issue.

(35) Besides clipping, all principles of a state-of-the-art cholecystectomy were strictly 

respected and could therefore be used to translate to a human setting in the future.

Access to the peritoneal cavity was obtained via the stomach. The stomach seems to 

be the preferred route compared to the colon and vagina because of contamination 

risk with the colonic access and problems as lower pelvic scarring which can cause 

dyspareunia and infertility in the vaginal access.(14-16,36) Moreover, the transvaginal 

approach excludes half of the population. However, a problem of the transgastric 

approach is the necessity to work in retroflexion, which reduces endoscope stability.

(37) Due to reduced stability and relatively short bending section of current endoscope, 

reaching the gallbladder for intervention can be challenging with current endoscopic 

technology. During our experiments, access to the gallbladder appeared to be facilitated 

by: (1) creation of the access port near the antrum of the stomach and (2) reducing intra-

abdominal CO2 pressure. Reduction of intra-abdominal pressure reduced the distance 
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from the entry port of the endoscope to the gallbladder and improved endoscopic 

access to this region. In contrast to laparoscopy, visualisation remained adequate during 

pressure reduction, probably because the entrance of the instruments into the peritoneal 

cavity via the transgastric approach is parallel to the abdominal wall. 

Besides visualisation, reduction of CO2 pressure could also be of benefit for postoperative 

outcome, since most postoperative laparoscopic stress is related to CO2 pressure.(38,39) 

In combination with the avoidance of abdominal incisions, this approach may lead to a 

reduction of postoperative pain and stress. The greatest benefits of the NOTES approach 

may be achieved in morbid obese patients, since these patients have relatively high 

complications rates of abdominal incisions, such as wound infection and hernia formation, 

and are challenging to operate with standard laparoscopic instruments.(40,41) However, 

besides the absence of abdominals scars, the benefits of the NOTES approach have still 

to be proven in clinical trials. 

A transgastric approach brings additional risk as well. To reach the peritoneal cavity 

a hole has to be made in a healthy stomach. This may lead to bleeding or leakage of 

gastric contents into the peritoneal cavity during the procedure and there is a risk of 

post-procedural leakage in case the gastrotomy is not closed reliably. We tried to prevent 

infectious complications of leakage as much as possible by preoperatively rinsing the 

stomach with an antibiotic solution and by the introduction of a sterile overtube through 

the gastrotomy. However, in the majority of cases introduction of the sterile overtube was 

not successful because the overtube was too short for our relatively large pigs (> 50 kg). 

Despite the issues with the overtube we did not encounter any infectious complication 

in our survival experiments. Furthermore, at necropsy there were no signs of leakage of 

gastric contents through the closed gastrotomies. The first human NOTES case series and 

human studies concerning bacterial contamination after surgical gastrojejunostomies 

also indicate that a temporary open gastrotomy during intra-abdominal procedures does 

not lead to peritoneal infection.(42,43) 

A few limitations of the animal model need to be mentioned. A randomized comparison 

with laparoscopic closure, may have strengthened our conclusions. However, anticipating 

a success rate of almost 100% for relative easy laparoscopic closure, we should have 

included over 40 animals per group to show non-inferiority. Recognizing the need to 

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

cohort study seemed to be appropriate for this experimental study.

Performing a cholecystectomy on a patient with symptomatic gallbladder stones is a 

different situation than on a pig with a non-inflamed gallbladder that does not contains 

stones. Especially the removal of the gallbladder through the gastrostomy and esophagus 

may provide difficulties in case of a gallbladder that is inflamed or filled with stones. 

Secondly, the pig has a relative long cystic duct which could have been of influence on 

the procedure. To mimic the human situation as much as possible in the model used, 

we ensured preparation of not only the proximal part of the cystic duct but also the 

gallbladder neck from the liver bed. Finally, the gastric anatomy of the pig is slightly 
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different from the human stomach. For example, the porcine stomach tends to rotate 

ventrally during insufflation of the stomach, consequently, it was sometimes challenging 

to create the gastrotomy at the favourable anterior site of the stomach. In 6 experiments 

the gastrotomy was indeed created at the posterior wall. In humans the latter difficulty 

will probably not occur. 

In conclusion, hybrid transgastric NOTES cholecystectomy is feasible, safe and fast 

and results in optimal CVS in survival porcine experiments. Secondly, use of OTSC for 

gastrotomy closure is feasible and safe and results in histology-proven full-thickness 

closure. This procedure seems to be a safe candidate for translation into human clinical 

trials, serving as a bridge to true NOTES. 
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