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SUMMARY

This thesis contains studies on the expanding capabilities of therapeutic flexible 

endoscopy, namely transluminal endoscopy ultimately leading to intra-abdominal surgery 

via natural orifices of the human body. 

Part I  Transluminal endoscopic treatment of pancreatic fluid 
collections

In chapter 1 of this thesis an overview of endoscopic treatment of pancreatic fluid 

collections (PFC) is described. Endoscopic drainage of PFC’s was the first endoscopic 

transluminal procedure to become widely accepted in clinical practice and can be 

considered as one of the first NOTES (Natural Orifice Transluminal Endoscopic Surgery) 

procedures. Although endoscopic ultrasound (EUS) guided transluminal drainage was 

already widely accepted as the first line treatment of uncomplicated pseudocysts1-7, 

procedural improvements to increase technical success rates and ease of the procedure 

were still necessary. In chapter 2 we describe feasibility of EUS-guided PFC drainage with 

a prototype forward-viewing echoendoscope in 7 patients. With this new instrument, 

we were able to puncture all 7 PFC’s under direct EUS vision in a straight line with the 

endoscope. This new instrument seemed to provide improved control of both endoscope 

and accessories during puncture of the cyst wall. Moreover, it seemed to create a 

possibility to drain collections that were inaccessible with the conventional therapeutic 

oblique-viewing echoendoscope. To test these initial promising benefits, we conducted a 

multicenter randomized controlled trial comparing the forward-viewing to the standard 

oblique-viewing echoendoscope with emphasis on ease of endoscopic drainage (chapter 
3). In this study we did not show a difference in technical success of EUS-guided PFC 

drainage when using the forward-viewing echoendoscope in comparison to the oblique-

viewing echoendoscope (92% vs. 100%; p=0.153). Procedural time, defined as time 

between passing the echoendoscope beyond gastro-esophageal junction until placement 

of the first double pigtail stent into the collection, did not show a benefit (24:55 vs. 27:04 

min: sec, p=0.439). Determination of the optimal access site appeared to be more time 

consuming using forward-viewing EUS, which may be explained by the smaller scanning 

range of the forward-viewing echoendoscope (90° vs. 180°) and the unusual orientation 

of the scanning plane. Time from puncture to stent placement was, however, shorter 

when using the forward-viewing echoendoscope (16:08 versus 20:59 min: sec, p=0.04). 

This was in support of the theoretical advantages of the forward-viewing echoendoscope, 

which were mainly achieved when using endoscopic accessories. However, the benefits 

seemed to be too limited to be of clinical relevance. 

In contrast with endoscopic drainage of uncomplicated pseudocysts, endoscopic 

transluminal necrosectomy (ETN) had, at the start of this research project, only been 

described in some case reports and small retrospective case series.8-10 ETN was still 
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considered an experimental technique and its use was limited to a few specialized 

centers around the globe. Our single centre retrospective study in chapter 4 including all 

consecutive patients who underwent ETN between January 2003 and July 2006,  showed 

that ETN was an effective (93%; 95%-CI: 77-98%) and relatively safe minimally invasive 

therapy for a selected group of patients with symptomatic walled-off pancreatic necrosis. 

Severe complications requiring an additional intervention occurred in 4% (95%-CI: 1-14%) 

of all ETN procedures in, at that time, the largest consecutive cohort of patients.

Part IIA  Natural Orifice Transluminal Endoscopic Surgery: 
Experimental trials 

The second part of the thesis starts with experimental studies focusing on the most 

fundamental barrier for NOTES development: safe endoscopic closure of the access 

site. The optimal introduction of a new medical technique should be divided into three 

different phases: First an ex vivo evaluation, second an in vivo animal evaluation, and once 

these two steps are successfully completed, a human pilot can be performed. Chapter 
5 describes an ex vivo study in which leak pressures of closed porcine gastrotomies 

using 8 different closure modalities were compared with the gold standard, consisting of 

handsutured closure. Closure of gastric incisions up to predetermined gold standard leak 

pressures proved to be attainable with Resolution clips, the Eagle Claw VIII, the flexible 

Endostitch, the flexible stapler, and the Over-the-Scope-Clip (OTSC) system. T-tags, purse 

string modified T-tags, and the purse string suturing device produced closures that 

were inferior to the criterion standard. The flexible Endostitch, flexible stapler and the 

OTSC-system yielded the strongest closures, and were selected for subsequent in vivo 

experiments. The prototypes flexible Endostitch and stapler appeared to be too difficult 

to maneuver in in vivo porcine experiments (data not shown). Consequently, only the 

OTSC-system was selected for in vivo survival porcine experiments, which is described in 

Chapter 7. Use of the OTSC-system for gastrotomy closure was successful in all animals 

with uncomplicated survival (success rate 100%; 95% CI: 81–100%). Moreover procedural 

time for closure was acceptable (mean 7 (SD 3) minutes). Besides secure endoscopic 

gastric closure, feasibility, safety, and visualization of the critical view of safety (CVS) of 

a laparoscopic assisted transgastric cholecystectomy was evaluated in chapter 7 as well. 

The hybrid cholecystectomy was feasible and guaranteed proper exposure of CVS in 

all survival porcine experiments (success rate 100%; 95% CI: 81–100%). By using mini-

laparoscopic instruments (2 mm), the procedure was as minimally invasive as currently 

possible in combination with maintenance of the ability to triangulate, necessary to 

obtain adequate exposure of CVS.

An ex vivo comparison of the acute strength of various flexible colonic closure techniques 

with handsutured closure is described in chapter 6. Endoscopic closure of colonic incisions 

to predetermined gold standard leak pressures proved to be attainable with endoclips, 
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the OTSC-system, and two different types of flexible staplers. T-tag closure, on the other 

hand, was inferior to the gold standard. 

The remaining four chapters of part II focus on a potential first indication for human 

NOTES, the diagnostic peritoneoscopy. First, the feasibility of a transgastric and a 

transcolonic peritoneoscopy was shown in a pig model (chapter 8). Intraperitoneal 

EUS was also attempted in this experiment and was shown to be feasible. If NOTES 

peritoneoscopy is supposed to become the less invasive alternative to laparoscopic 

staging, the NOTES approach should proof to be at least as accurate as the diagnostic 

laparoscopy. In chapter 9 we describe a comparative experiment between transgastric 

and laparoscopic peritoneoscopy in a pig model with simulated peritoneal metastases. In 

this model the transgastric peritoneoscopy (yield 63%; 95% CI: 50–73%) appeared to be 

inferior to the diagnostic laparoscopy (yield 95%; 95% CI: 90–100%) for the detection of 

simulated intraperitoneal metastases. The majority of missed simulated metastases were 

located on the liver surface; only one out of three simulated superficial liver metastases 

was detected using the transgastric approach. One of the explanations for the limited 

visualization of the upper abdomen could be the reduced stability and anatomical 

orientation related to working with a retroflexed endoscope. A transcolonic route, with its 

direct approach from the lower abdomen, obviates the need for retroflexion to visualize 

the liver and could provide higher accuracy. We therefore decided to conduct a similar 

study comparing the transcolonic peritoneoscopy with the previous set criterion standard 

in a similar experimental peritoneal metastases model (chapter 10). The transcolonic 

peritoneoscopy (yield 76%; 95% CI: 59%–87%), however, appeared to remain inferior 

to the laparoscopic peritoneoscopy. The difference was mainly accounted for by the 

simulated metastases located at the inferior surface of the liver, with a miss rate over 50%. 

Because differences between pig anatomy (including the liver) and human abdominal 

anatomy could have influenced the outcome, we finally conducted a comparative 

experiment in a human cadaver model to compare the yields of transgastric, transcolonic 

and laparoscopic peritoneoscopy, which is described in chapter 11. Laparoscopic 

peritoneoscopy resulted in a yield of 97% (95% CI: 85-99%), the transgastric approach 

in a yield of 76% (95% CI: 60-88%) and the transcolonic peritoneoscopy in a yield of 

85% (95% CI: 70-94%) of simulated metastases. The differences between the NOTES 

approaches and the gold standard were (still) too large to be translated into human 

clinical trials. Again the majority of missed metastases were located at the inferior surface 

of the liver. Future instrument development should focus on improved visualization of 

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

Part IIB  Natural Orifice Transluminal Endoscopic Surgery: Human 
study

As described above, safe endoscopic closure of the access site was considered the most 

fundamental barrier to safe introduction of NOTES into human clinical trials. Before 
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making intentional perforations to perform intraperitoneal NOTES procedures, endoscopic 

closure should be proven to be safe. We therefore aimed our first human NOTES study at 

closure of acute iatrogenic perforations of the gastrointestinal tract. After the successful 

experimental ex-, and in vivo animal evaluations, the OTSC-system was selected for this 

trial. In chapter 12 we describe the results of, to our knowledge, the first prospective 

multicenter cohort study investigating endoscopic closure of iatrogenic perforations of 

the gastrointestinal tract. Endoscopic closure was successful in 89% (95% CI: 75-96%) 

of cases. This study demonstrated that surgery, the current standard treatment of these 

gastrointestinal perforations, could be avoided in nine out of ten cases. Consequently 

general anaesthesia, abdominal incisions, temporary ostomies and their associated 

morbidity were all avoided in these patients. Moreover, the procedure was relatively easy 

as represented by a mean procedural closure time of less than six minutes. 
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