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INTRODUCTION

Flexible endoscopy has been the cornerstone of diagnosing gastrointestinal diseases since 

its introduction in 1958. In the past decades gastrointestinal endoscopy has shifted slowly 

but surely from a pure diagnostic into a therapeutic method. In spite of the increasing 

number of endoscopic therapeutic interventions, respect for the gut wall has always 

been one of the basic principles for the endoscopist. Damage to the wall could result in a 

perforation, one of the most feared complications of gastrointestinal endoscopy, usually 

requiring surgical intervention. This tenet has defined the limits of endoscopy since its 

introduction. In the 1980s and 1990s, endoscopic ultrasound (EUS) was introduced 

which allowed the endoscopist to stretch those limits and to peek and poke at structures 

outside the gut wall. The long respected idea that gastroenterologists should not violate 

the integrity of the gastrointestinal wall, was being challenged. EUS-guided fine needle 

aspiration and transluminal pancreatic fluid collection (PFC) drainage were among the first 

careful steps of transluminal endoscopy.1, 2 During these procedures a small perforation 

in the stomach wall was created on purpose, something that gastroenterologists had 

feared and tried to prevent for decades.

In line with this ongoing development of flexible gastrointestinal endoscopy, this thesis 

presents basic and clinical research focusing on endoscopic transluminal diagnostics and 

therapy. Two main topics regarding transluminal endoscopy have been addressed:

I Transluminal endoscopic treatment of pancreatic fluid collections

II Natural Orifice Transluminal Endoscopic Surgery (NOTES)

Part I Transluminal endoscopic treatment of pancreatic fluid 
collections

This part of the thesis starts with a critical review of the literature on transluminal endoscopic 

treatment of PFC’s until the beginning of 2008 (chapter 1). At the start of the research 

project leading to this thesis, transluminal EUS-guided drainage had already gained 

wide acceptance for treatment of selected patients with uncomplicated pseudocysts in 

tertiary care medical centers.3-9 However, procedural  improvements to increase technical 

success and ease of the procedure were still necessary. For example, EUS-guided PFC 

drainage was performed with curvilinear echoendoscopes, which provided an oblique 

access of a lesion. One of the most important disadvantages of this approach was that 

endoscopic accessories deployed through the biopsy channel, accessed the target area 

at an angle. This resulted in technically demanding procedures and hampered successful 

completion of the procedure.  These challenges could theoretically be overcome by the 

use of a new design of the echoendoscope, such as a forward-, instead of oblique-

viewing echoendoscope. Feasibility of EUS-guided drainage of PFC’s by using a prototype 
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forward-viewing echoendoscope is evaluated in chapter 2. Following this feasibility 

study, we performed a randomized controlled multicenter trial comparing the forward-

viewing, versus the oblique-viewing echoendoscope for EUS-guided drainage of PFC’s 

with emphasis on ease of endoscopic drainage (chapter 3).    

About a decade ago, the ongoing development of transluminal endoscopic treatment 

continued even further. The small perforation needed for PFC drainage, was dilated up 

to almost 2 centimetres creating an access route for the endoscope itself to perform 

a necrosectomy of pancreatic necrosis within the pancreatic collection.10 In contrast 

with endoscopic pseudocyst drainage, endoscopic transluminal necrosectomy was only 

described in case reports and small retrospective case series at the start of this research 

project.10-12 It was still regarded as highly experimental and was only performed in a few 

specialized centers around the globe. We therefore performed a retrospective study to 

evaluate efficacy and safety of endoscopic transluminal necrosectomy in a consecutive 

cohort of patients with walled-off pancreatic necrosis, which is described in chapter 4.

 

Part IIA Natural Orifice Transluminal Endoscopic Surgery: 
Experimental trials

In 2004, the growing capabilities of therapeutic flexible endoscopy pushed back 

frontiers even further by approaching intraperitoneal organs through natural orifices 

(anus, vagina or mouth) and accomplishing intra-abdominal surgical procedures with 

flexible endoscopes. In the first published report in 2004, Kalloo et al.13 demonstrated 

the feasibility of a per-oral transgastric endoscopic approach to the peritoneal cavity in 

a porcine model. Natural orifice transluminal endoscopic surgery (NOTES) represented 

an innovative minimal invasive concept for intra-abdominal operations, that offered the 

potential for a revolutionary advance and paradigm shift in patient care. Theoretically, 

operations that currently require an open or laparoscopic approach could be performed 

without skin and abdominal wall incisions, eliminating the associated pain, complications 

and scars. Moreover, it was conceived that the need for general anesthesia could possibly 

be avoided in some procedures. Consequently, NOTES could lead to a faster recovery and 

reduced hospital stay in comparison with conventional surgery, including laparoscopy.   

At the start of the research project leading to this thesis, the NOTES concept had just 

been introduced and a wide variety of barriers existed that needed to be surmounted 

for the further development of NOTES.14 One of the most fundamental barrier to 

the safe introduction of NOTES into clinical studies concerned secure closure of the 

peritoneal access site. Considering the safety of conventional surgery, even a 1%–2% 

leak rate seemed not to be acceptable. Any appreciable increase in patient morbidity 

following NOTES due to leakage from the gastrointestinal tract would nullify possible 

patient advantage. Besides its value for potential NOTES procedures, a safe and reliable 

Voermans.indb   12 14-4-2011   09:02:27



Introduction and outline of the thesis

13

endoscopic closure method would allow endoscopists to immediately close iatrogenic 

perforations during endoscopy, avoiding relative invasive surgical correction. 

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

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

once these two steps are successfully completed, a human pilot can be performed. We 

therefore started with two ex vivo studies (chapter 5 and 6) in which we compared 

leak-pressures of closed porcine gastrotomies and colotomies using majority of available 

flexible closure modalities with the gold standard: surgical handsutured closure. The most 

promising gastric closure modalities were selected for further in vivo evaluation in a 

survival porcine study (chapter 7). 

The next research question was which procedures would be potential candidates for 

translation into human clinical (pilot) studies, once the challenge of secure closure of 

the transluminal access site had been overcome. Cholecystectomy is one of the most 

common elective surgical procedure and was selected as the key NOTES procedure by 

the majority of NOTES research groups around the world.15-23 Besides safe closure of the 

access site, the major challenge of a NOTES cholecystectomy concerned the adequate 

exposure of the operative field. Exposure of the critical view of safety (CVS) before 

clipping the cystic artery and cystic duct has been shown to reduce bile duct injuries 

and consequently reduce considerable patient disability.24, 25 It is therefore essential that 

the CVS is obtained in any model investigating NOTES cholecystectomy. This has, to 

our knowledge, not been obtained in studies focusing on NOTES cholecystectomy. We 

therefore evaluated feasibility and safety, including visualization of CVS, of a transgastric 

laparoscopic assisted cholecystectomy in chapter 7 as well.    

Although the majority of NOTES research worldwide focused on the transluminal 

cholecystectomy, it was in our opinion debatable whether it would be possible to 

achieve a safe and successful pure NOTES cholecystectomy in the foreseeable future. 

Secondly, it is uncertain what the benefit of the NOTES approach for patients undergoing 

cholecystectomy would be. Laparoscopic cholecystectomy has become an outpatient, 

one-hour surgery with a return to full activity usually after a week. 

In our opinion it was better to primarily focus on ‘less complex’, potential NOTES 

procedures, which could, if successful, serve as a platform for subsequent therapeutic 

NOTES procedures. We therefore decided to focus our research on the diagnostic 

peritoneoscopy as a potential NOTES indication. 

The main goal of laparoscopic staging for patients with gastrointestinal malignancies 

is to avoid laparotomy in patients with incurable disease, not detected by non-invasive 

imaging. To minimize the invasiveness of peritoneal access further, the next logical 

step seemed to be the avoidance of  the abdominal wall approach completely. First, 

feasibility of transgastric as well as transcolonic peritoneoscopy was investigated in 

chapter 8. If the NOTES peritoneoscopy would become an alternative for laparoscopic 

staging, the NOTES approach should, however, first proof to be at least as accurate 
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as the diagnostic laparoscopy. We therefore performed a  comparative trial between 

transgastric and laparoscopic peritoneoscopy in a pig model with simulated peritoneal 

metastases (chapter 9). Secondly, we performed a similar study comparing transcolonic 

peritoneoscopy and the previously set criterion standard (chapter 10). However, 

differences in pig and human abdominal anatomy may have influenced the outcome. 

Therefore, we finally decided to conduct a similar study in a human cadaver model with 

simulated intraperitoneal metastases to compare the yields of transgastric, transcolonic 

and laparoscopic peritoneoscopy, which is described in chapter 11. 

Part IIB Natural Orifice Transluminal Endoscopic Surgery: 

 Human study
After the ex-, and in vivo animal evaluations (chapter 5, 6 and 7), a novel endoscopic 

closure device was selected for a human cohort study. However, before making 

perforations intentionally to perform intraperitoneal procedures in humans, it was 

decided to first proof the efficacy and safety of endoscopic closure of iatrogenic 

perforations. We therefore aimed our first human study at closure of acute perforations 

of the gastrointestinal tract complicating diagnostic and therapeutic endoscopy. Results 

of our prospective international multicenter cohort study conducted at eleven tertiary-

care medical centers in Europe are described in chapter 12. 
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