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ABSTRACT

Background and study aims: Secure transluminal closure remains a fundamental barrier 

to clinical introduction of natural orifice transluminal endoscopic surgery (NOTES). Current 

NOTES closure modalities either do not provide secure closure or are too challenging to 

apply in vivo. The aim of this study were to evaluate gastric closure using the over-the-

scope-clip (OTSC) system in a previously described experimental setup, comparing the 

acute strength with a gold standard (hand surgical suturing).

 

Methods: Comparison was done using an ex vivo porcine stomach experimental setup. 

The gastric opening was created by needle knife puncture followed by dilation with 

18 mm balloon. Control gastrotomies (n=15; surgical suture) showed a mean leak 

pressure of 206 mmHg (SD 59). Using a non-inferiority design required a sample size 

of 11 specimens for the OTSC group. Closure comprised: 1. Approximation of muscular 

layers using a flexible twin grasper; 2. Pulling the tissue into the OTSC cap at the tip of 

the scope; 3. Releasing the clip. Main outcome measures were leak pressure of closed 

gastrotomies, leak location. and time until adequate closure.

Results: Closure was successful in all specimens in a median of 3 minutes. Closed 

gastrotomies showed air leakage at a mean pressure of 233 mmHg (SD 47). The 

difference from the pressure with the gold standard was 27 mmHg (95% CI -18 to 72).

Conclusions: Closure of gastric incisions up to meet a predetermined leak pressure 

criterion was attainable and easy with the OTSC system. In vivo survival animal experiments 

are needed to further evaluate this promising closure modality. 
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INTRODUCTION

Natural orifice transluminal endoscopic surgery (NOTES) is a novel concept for intra-

abdominal operations that offers the potential for a revolutionary advance in patient 

care. Simple and reliable endoscopic closure of the gastric incision is a sine qua non for 

the progression of transgastric NOTES procedures into human clinical trials.1 Recently, 

we described an ex vivo experimental setup in which a wide variety of current NOTES 

closure modalities were evaluated and compared with surgical suturing.2 Although a 

considerable number of the closure techniques included appeared to be comparable to 

gold standard methods, the in vivo application of the majority of these techniques may 

be challenging. A new over-the-scope clip (OTSC) system (Ovesco Endoscopy, Tuebingen, 

Germany) has recently been developed, designed to create full-thickness closure.3-5 In 

contrast to previously described NOTES closure techniques, this new system resembles 

that of rubber band ligation which is a well known procedure in therapeutic endoscopy.  

The aim of the current study was to evaluate gastric closure using the OTSC system 

in a previously described experimental set-up and to compare the acute strength with 

previously set gold criteria. 

METHODS

Whole stomachs were harvested from freshly slaughtered pigs weighing 50-70 kg. All 

experiments were performed on the day of harvesting without freezing of the specimen. 

Standardized gastrotomies were created by a small (2 mm) incision followed by dilation 

with a 18 mm balloon (CRE; Boston Scientific, Natick, Mass, USA). 

Closure

The OTSC, made from a nitinol alloy, was installed on an applicator that was mounted 

onto the tip of the endoscope (GIF2T60, Olympus, Tokyo, Japan) (Fig. 1). To provide 

optimal closure, the gastrotomy was closed on a bench.  A twin grasper (Ovesco) (Fig. 1), 

deployed through the working channel, was used to facilitate approximation of the tissue 

before closure. The twin grasper has one fixed middle branch and two independently 

movable lateral claws; thus all layers of both incision edges can be grasped separately. The 

tissue, in particular the serosal layer, was approximated and gently pulled into the OTSC 

application cap. The OTSC was then released by pulling on a wire that passes through 

the working channel of the endoscope, as with endoscopic band-ligation. Clipping was 

done, using one or more clips, until on macroscopic inspection the gastrotomy appeared 

adequately closed (Figs. 2 and 3).

Leak testing was done as previously described.2 Briefly, following closure, the gastric 

explants were fixed over a jar in the experimental apparatus, with the mucosa facing 
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down, to create an airtight space within the jar. The pressure within this airtight space 

was gradually raised. Any leakage of air through the specimen would be shown by air 

bubbles in a standardized layer of water over the specimen. The gauge for the pressure 

in the jar was connected with two cameras, allowing leak location and pressure to be 

determined in great detail afterwards (Fig. 4).

Outcome parameters and statistics 

The primary outcome parameter was the leak pressure of the closed gastrotomies. 

Secondary outcome parameters were leak location and time till adequate closure 

(starting from introduction of the twin grasper). In a previous study we had collected 

gold standard values by testing 15 gastrostomies that had been closed using interrupted 

surgical sutures.2 These had shown a mean leak pressure of 206 mmHg (SD 59). Using 

a non-inferiority design, margin of equivalence of -56, power of 80% and alpha of 0.05, 

a sample size of 11 specimens was determined for the second phase of our study. The 

margin of equivalence was based on data showing peak gastric pressures between 125-

180 mmHg during coughing and vomiting.6 

Fig. 1 The over-the-scope-clip (OTSC) cap 
mounted on the tip of endoscope, and the twin 
grasper with one fixed middle branch and two 
independently movable lateral claws.

Fig. 2 Appearance of the mucosal and serosal 
sides after closure of the gastrotomy. (For color 
figures, see page 258)

Fig. 3 Ideal everted serosa-to-serosa apposition.
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RESULTS

All incisions except one were successfully closed macroscopically with one clip; in the 

exceptional case a second clip was necessary for optimal closure. In 10/11 cases (91%) 

there was full-thickness closure on both sides. In one specimen (8%), the serosal layer 

of one incision side slipped from the grasper during closure; consequently closure was 

full-thickness for only one side. Closure was successful in all specimens in a median of 

3 minutes (range 2-7 minutes). The closed gastrotomies showed air leakage at a mean 

pressure of 233 mmHg (SD 47). The difference from the pressure with the gold standard 

was 27 mmHg (95% CI -18 to 72; Fig. 5).

After leak testing, each gastric closure and corresponding video was examined to assess 

the breach site. In the majority of cases, namely 8 (73%), the serosa ruptured in line with 

the incision. The closure in which did there had been full-thickness tissue approximation 

leaked at the incision at a pressure of 150 mmHg. The experimental apparatus itself 

leaked in the remaining two experiments (18%) at a pressure above 300 mmHg. None 

of the 12 clips were deformed after leak testing.  

Fig. 4 Digital interface showing two camera views and pressure curve. Left upper image: the fixed 
specimen, with closed gastrotomy, from below. Right upper image: specimen from above; air bubbles 
can be seen at the site of the closed gastrotomy. Lower panel: the leak pressure can be read. 
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DISCUSSION

The implementation of NOTES in human clinical trials seems to be held back by the lack of 

a reliable and easy to apply NOTES closure device. Several closure methods were proved 

to be comparable to gold standard values in a previously described ex vivo experimental 

setup.2 However, the devices involved are still relatively large in diameter and/or limited 

manoeuvrability, and therefore application of the methods in vivo, in the confined space 

of the stomach, may be challenging. Additionally, the lack of adequate insufflation of 

the stomach due to air leakage through the gastrotomy is an even greater hindrance to 

manipulation of these closure devices.  

The OTSC system is a new method for closure of gastric incisions for NOTES purposes. In 

contrast to most NOTES closure techniques, the clip-based system is familiar to therapeutic 

endoscopists. The feasibility of gastrotomy closure has already been shown in nonsurvival 

animal investigation and a small human case study.3-5 However, a systematic evaluation 

and comparison with surgical closure is, to our knowledge, still lacking. In this ex vivo 

experimental study, gastric closure using the OTSC system resulted in leak pressures 

comparable to predetermined gold standard values. Furthermore, the closure device was 

easy to apply as shown by the short closure time with a median of 3 minutes only. Ease 

of gastrotomy closure has been confirmed by Kratt et al. by in vivo porvine experiments 

with a mean closure time of 12 minutes4. 

Using the twin grasper, full-thickness layers from both incision edges could be 

grasped separately, resulting in ideal inverted, serosa to serosa apposition (Fig. 3). The 

superiority of inverted closure in comparison with everted, mucosa-to-mucosa closure 

Fig. 5 Difference in leak pressure between the gold standard (surgical suture) and the OTSC system. 
The bars show the 95% confidence intervals (CI). The vertical line shows the predefined margin of 
equivalence (–56 mmHg). The thinner bars depict our previous data (adapted from Voermans et al.2). 
(For color figures, see page 258)
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was demonstrated in our earlier ex vivo experiments.2 Furthermore, the superiority of 

inverted, serosa-to-serosa closure of gastrotomy is also expected with regard to long-

term reliability: serosal rather than mucosal juxtaposition induces local ischemia, foreign 

body reaction and permanent contact between serosal surfaces by fibrinous adherence.7 

Compared with standard endoclips, the OTSC grasps much more tissue and results in full-

thickness closure rather than mucosal approximation. Furthermore, in an in vivo model 

with widely spaced incision edges, closure of the incision with standard endoclips could 

prove to be challenging because the opening of the endoclip could be too small.8 The 

opening of the OTSC is, on the other hand, much wider, and the twin grasper with its two 

independent movable claws, allows both sides of the incision to be grasped separately. 

Besides closure of gastrotomies, the OTSC system seems to be promising for closing 

iatrogenic colon perforations. The feasibility of colotomy closure using the OTSC has 

already been demonstrated in survival porcine experiments.5

A few remarks should be made concerning our experimental setup. The leak pressures 

recorded in this ex vivo study may not be completely applicable to an in vivo model. For 

example, adequate closure, especially grasping the serosal layers, may be challenging, 

and there might be a different outcome with in vivo application rather than the optimal 

conditions of this ex vivo model. Secondly, acute strength may not be an absolute 

predictor for long term reliable closure. Survival experiments are necessary to determine 

the actual reliability of this promising technique. 

In conclusion, closure of gastric incisions that could withstand predetermined gold 

standard leak pressures proved to be attainable and easy with the OTSC system. In vivo 

survival animal experiments with adequate statistical power will be needed to further 

evaluate this promising closure modality. If those experiments are successful, the OTSC 

system could be considered for human indications. 
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