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“Surgery, gaining much from the general advance of knowledge, 

will be rendered both knifeless and bloodless.” 

(John Hunter, 1762).
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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 
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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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INTRODUCTION

Pancreatic fluid collections may occur as a result of acute or chronic pancreatitis, surgery, 

trauma, or neoplasia. With the exception of cystic neoplasia, collections form as a 

consequence of either a disruption of the pancreatic duct, with subsequent fluid leakage, 

or maturation of peripancreatic necrosis. Indications for drainage of these collections 

consist of pain, gastric outlet obstruction, obstruction of the biliary tract, and infection. 

Therapeutic options include surgery1-7, endoscopy8-17, and/or percutaneous drainage18-20. 

There are no randomized trials that compare any of these approaches. Surgery, which 

has been the criterion standard for decades, is associated with significant morbidity and 

mortality rates.1, 2, 4, 6 Percutaneous drainage is attractive in that it appears to be the 

least invasive, but it does require the patient to have an external drain for an extended 

period of time and is associated with a significant rate of percutaneous fistulas.18-20 Since 

the first reports of endoscopic drainage of pancreatic fluid collections in the early 1980s, 

experience was widely gained, with compelling results.8-17, 21, 22 This article reviews the 

current status and the future of endoscopic treatment of pancreatic fluid collections. 

CLASSIFICATION OF (PERI)PANCREATIC FLUID 
COLLECTIONS

Before any drainage procedure, it is important to distinguish different types of pancreatic 

fluid collections, because each type of collection differs with respect to prognosis and 

management. However, classification of upper abdominal fluid collections that complicate 

pancreatitis has long been a controversial subject. In 1992, a panel of international 

experts produced a clinically based classification system that defined the severity 

and complications of acute pancreatitis: the Atlanta criteria.23 Despite the definitions 

provided by the Atlanta symposium, problems remained to exist in daily practice, because 

abandoned terms were still frequently used and new terms emerged that described 

manifestations in acute pancreatitis that were not specifically addressed during the 

Atlanta symposium.24 Combining the Atlanta criteria, frequently used abandoned and 

new terms, pancreatic fluid collections complicating acute and chronic pancreatitis can 

be subdivided in 3 groups: (1) acute peripancreatic fluid collections, (2) pseudocysts and 

(3) walled-off pancreatic necrosis.

Acute (peri)pancreatic fluid collections

These fluid collections occur early in the course of acute pancreatitis and contain no 

solid debris. They are predominantly located adjacent to the pancreas and always lack a 

well-defined wall. The majority of these collections remain sterile and are spontaneously 
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reabsorbed within the first several weeks after onset of acute pancreatitis; endoscopic 

drainage is almost never indicated. 

Pseudocysts

Pseudocysts complicating acute pancreatitis
Pseudocysts become defined >4 weeks after the onset of pancreatitis as a 

well-circumscribed, usually round or oval, homogeneous fluid collection surrounded by 

a well-defined wall, with no associated tissue necrosis within the fluid collection (Figs. 

1 and 2). The pseudocyst fluid contains high amylase levels, indicative of an ongoing 

communication with the pancreatic duct. However, the ductal disruption that leads to 

extravasation of amylase rich fluid and pseudocyst formation may spontaneously seal 

off, explaining the well-known phenomenon of spontaneous regression of pancreatic 

pseudocysts. Indications for endoscopic drainage of pseudocysts consist of intractable 

abdominal pain, inability to tolerate oral feeding, weight loss, progressive jaundice, and 

infection. The size of a pseudocyst is not an indication for endoscopic drainage per se. 

Asymptomatic patients with collections of ≥ 6 cm can be observed with little risk of 

complications such as rupture, infection, or bleeding.

Pseudocysts complicating chronic pancreatitis 
Pseudocysts that arise as a consequence of chronic pancreatitis are also well-circumscribed, 

homogeneous fluid collections surrounded by a well-defined wall, with no associated 

tissue necrosis within the fluid collection. In contrast with pseudocysts that arise after 

acute pancreatitis, the ductal disruption in chronic pancreatitis seldom spontaneously 

seals off. Consequently these pseudocysts rarely spontaneously regress. Indications for 

drainage are intractable abdominal pain, inability to tolerate oral feeding, weight loss, 

progressive jaundice and rarely infection.

Walled off pancreatic necrosis 

Several weeks after an episode of severe acute necrotizing pancreatitis, necrosis can 

become organized into well-circumscribed areas of necrosis. The term walled-off 

pancreatic necrosis (WOPN) was introduced to distinguish poorly demarcated acute tissue 

necrosis from an encapsulated, well defined collection of pancreatic juice and debris (Fig. 

3).15 In literature WOPN is previously described as organized pancreatic necrosis.17, 25, 26 

WOPN may be infected or sterile. The diagnosis of infected WOPN can be suspected on 

contrast enhanced computed tomography (CECT) by the presence of extraluminal gas or 

image-guided FNA with Gram stain and culture. Infected necrosis is generally accepted 

as an indication for intervention.1-4, 27-29  On the contrary, surgical treatment of sterile 

WOPN is controversial.1, 3, 4, 27-30 The majority of patients with sterile WOPN can be 

successfully treated without intervention.1, 4, 28, 29, 31 Indications for intervention in sterile 

WOPN are intractable abdominal pain, an inability to tolerate oral feeding, weight loss, 
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progressive jaundice, and subfebrile temperature or fever that persists despite several 

weeks of conservative treatment.32 

WOPN is often mistaken for a pseudocyst on CECT (Figs. 3 and 4). Therefore, magnetic 

resonance imaging (MRI) and EUS are valuable complementary tests to document the 

presence of solid debris within the collection.33  This differentiation is important, because 

endoscopic management is different for WOPN in contrast with fluid collections without 

debris. 

TECHNIQUES OF ENDOSCOPIC TRANSLUMINAL 
DRAINAGE

The first series of transluminal endoscopic drainage were performed by blind puncture at 

the site of maximum impression on the gastric or duodenal wall.21, 22 Since these initial 

descriptions, there have been numerous publications on blind transluminal endoscopic 

Fig. 1 Abdominal CECT, showing a pseudocyst. Fig. 2 EUS image by using a forward viewing 
echoendoscope showing a pseudocyst.

Fig. 3 Abdominal MR image, showing walled-off 
pancreatic necrosis.

Fig. 4 Abdominal CECT, showing the same 
collection as Fig. 3. Note the extensive debris 
identified by MR and missed by CECT. 
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drainage of pancreatic fluid collections.9, 11, 12, 14, 34 The pure endoscopic transluminal 

approach, however, requires an intraluminal bulge for safe entry into the collection. With 

the advent of EUS in the early 1990s, drainage could be performed in the absence of 

extrinsic compression as well.8, 13, 14, 17, 35 

There are two ways to use EUS in transluminal drainage of pancreatic fluid collections: 

EUS-assisted35, 36 and EUS-guided8, 14, 17, 37. During an EUS-assisted procedure EUS is 

used is to localize the collection in relationship to surrounding structures and endoscopic 

landmarks. The optimal location of entry into the gastric or duodenal wall is marked 

with contrast injection or mucosal biopsy. The echoendoscope is then removed, and a 

therapeutic endoscope is then used to perform transluminal drainage by puncturing the 

collection. It must be emphasized that the entry approach may not be the same with the 

standard endoscope, as was visualized with the echoendoscope because of, for example, 

different extent of insufflation. During an EUS-guided procedure, EUS is used for direct 

real-time visualization of the entry site. By avoiding changing the endoscope and real time-

visualisation during puncture, the latter approach seems to be more efficient and safe. 

Complications specifically related to transluminal drainage, such as bleeding, perforation, 

and misidentification of the collection as a pancreatic fluid collection, were expected 

to be reduced with EUS-guided or EUS-assisted drainage. However, in the only (non-

randomized) comparative trial the decrease in drainage related complications using EUS 

was not proven.34  However, in this study EUS-guided drainage was only performed 

if there was no intraluminal bulge visualized. Because of a selection bias, the more 

complicated cases could have been drained by EUS guidance. 

Although a variety of reports proof that blind transluminal drainage can be safely 

performed under optimal circumstances9, 11, 12, 14, 34, EUS-guided drainage seems to 

be vital in case of: (1) the existence of a small window of entry on the basis of CECT 

or MR, (2) the absence of an endoscopically defined area of extrinsic compression, (3) 

coagulopathy or thrombocytopenia, (4) intervening varices, and (5) failed transluminal 

entry by non-EUS-guided techniques.38 A final benefit of EUS concerns the situation that, 

based on the CECT, the collection to be drained may be diagnosed as a pseudocyst 

when, in fact, it contains solid debris. EUS 

could identify the solid material that is 

often not identified by CECT and change 

management (Fig. 5). 

At our center, drainage of pancreatic 

fluid collections starts with linear EUS to 

visualize whether debris is present and to 

determine the optimal puncture site. The 

optimal drainage site is chosen, which 

ensures a minimal distance and avoidance 

of vessel interposition by use of color-flow Fig. 5 EUS image, showing walled-off pancreatic 
necrosis.
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Doppler. The collection is punctured by using EUS guidance with either a 10Fr cystotome 

or a 19 Gauge needle. After withdrawal of the stylette, the cyst content is aspirated to 

confirm a correct position of the needle in the cavity and is sent for bacterial culture and 

measurement of amylase and carcinoembryonic antigen levels. Next, a standard 0.035-

inch guidewire is introduced into the collection after which the entry site is dilated with 

the 10Fr cystotome. According to the endoscopists preference, the tract, in addition, can 

be dilated with a CRE-balloon up to 6 to 8 mm. Multiple (2-3) 7F to 10F double-pigtail 

stents, 3 to 12 cm in length between tails, are inserted into the collection by using an 

intracystic wire-exchange technique.39 In the case of the presence of necrosis, a 7F or 

8.5F nasocystic catheters (NCC) is positioned in the fluid collection alongside the stents. 

The NCC is continually rinsed with 1 liter saline for 24 hours and additional manually 

flushed with 150 mL saline every 4 hours.

FOLLOW UP

Pseudocysts

The duration of stent placement has long been a controversial subject. A study of Cahen 

et al. showed that a drainage period of at least 6 weeks was associated with a more 

favourable outcome in collections that complicate acute as well as chronic pancreatitis.12 

Stenting for a much longer period, or even leaving the stents in situ indefinitely, seems 

to be especially important in patients with disruptions of the main pancreatic duct.40 

However, disruptions of the pancreatic duct caused by acute pancreatitis often seal off 

spontaneously after endoscopic drainage. Consequently long term stenting seems not 

to be indicated. This was confirmed by low recurrence rates after endoscopic treatment 

of WOPN with stent removal within 2 to 4 weeks of documented resolution.15, 17 At our 

center, we routinely perform abdominal imaging 10 weeks after the last endoscopic 

procedure for pancreatic fluid collections that complicate acute pancreatitis. If resolution 

of the collection is confirmed the stents are removed within 2 weeks. In case of recurrence 

of the fluid collection after stent removal, an endoscopic retrograde pancreatogram or 

MRCP is performed to evaluate the pancreatic duct. If a stricture or fistula is visualized, 

then stenting of the pancreatic duct is attempted. 

Pancreatic duct disruptions in chronic pancreatitis resolve spontaneously less often 

spontaneously resolve. In contrast with fluid collections complicating  acute pancreatitis, 

longer-term stent placement seems to be indicated in these patients.40  Further prospective 

cohort studies with longer follow-up should provide information regarding the safety of 

maintaining the stents in place indefinitely.
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Walled-off pancreatic necrosis

Standard endoscopic drainage of sterile and infected WOPN has been reported to be 

less successful and is often considered contraindicated.9, 11, 14 Thick necrotic material 

can not be evacuated through (multiple) 7F to 10F stents. Furthermore, the presence of 

necrotic debris and ineffective drainage both promote secondary infection. Endoscopic 

transluminal necrosectomy (ETN) added to standard endoscopic drainage intends to 

remove necrotic tissue to facilitate resolution of the collection and has been described 

with success rates ranging from 80-93% in a selected group of patients.15-17, 41 

At our center ETN is performed 24 to 48 hours after the first EUS-guided drainage 

procedure. Treatment starts with removal of the NCC and all but one of the transmural 

stents. The remaining stent is used as a visual guide to the opening of the cavity. Next, 

the track is dilated with a CRE balloon, under radiologic guidance, up to 18 mm, and the 

cavity is entered with a therapeutic gastroscope for inspection. A Dormia basket, a Roth 

net and/or a snare are used to remove necrotic tissue according to the endoscopists 

preference. The aim of each procedure is to remove as much necrotic tissue as possible 

until a vital, pink, easily bleeding wall becomes visible. At the end of each procedure, 

again, three 7F to10F double-pigtail stents, 3 to 10 cm in length between tails, and a 

NCC are inserted into the collection. If necrosis is still present, additional endoscopic 

debridement procedures are planned with 48-hours intervals until all necrotic material is 

removed. When all necrosis is evacuated, the patient can be discharged from the hospital 

if he or she is in good condition. Ten weeks after the last ETN procedure, abdominal 

imaging is performed and, in case of resolution, the stents are removed.

FUTURE

Transluminal endoscopic drainage has become the treatment of choice for uncomplicated 

pseudocysts.8, 9, 11-14 Although EUS-guided transluminal drainage is currently widely 

performed without complications in the majority of patients, improvements are still 

possible. For example, presently available therapeutic echoendoscopes are oblique-

viewing. In our experience, this sometimes results in technically demanding procedures, 

and may hamper successful completion of the procedure because the force that is 

applied while introducing instruments through the working channel is not fully exerted 

at the tip of the accessory and, instead, drives the scope away from the gut wall. This 

may be overcome by an endoscope in which the force is exerted in a straight line with 

the scope: a forward viewing echoendoscope (Fig. 2).37 Initial experience was promising, 

and large prospective series are eagerly awaited to further evaluate the potential benefits 

of this novel echoendoscope.   

Recently, several retrospective studies showed that ETN is an effective and relatively safe 

minimally invasive therapy in patients with WOPN.15-17, 41-44 However, these retrospective 
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studies were relatively small and/or described a heterogeneous group of patients, namely 

patients with infected as well as sterile WOPN.15-17, 41-44 The current standard for patients 

with sterile WOPN is non-operative management.1, 4, 27-30, 32 However some patients 

with sterile WOPN remain symptomatic, despite several weeks of conservative treatment. 

Because of the potential low morbidity rate of ETN, patients with persisting symptoms 

of sterile WOPN may benefit from relative early endoscopic intervention (6-8 weeks 

after onset).15, 17, 32 Randomized controlled trials comparing ETN versus conservative 

treatment in patients with symptomatic sterile WOPN are necessary to determine if ETN 

may be indicated in these patients. 

On the contrary, for the majority of patients with infected WOPN, intervention is 

indicated.1-4, 27-29 Currently, these patients are treated by laparotomy (necrosectomy), 

followed by continuous post-operative drainage45 or in selected expert centers by a 

minimal invasive step-up approach: percutaneous catheter drainage and, if necessary, 

followed by videoscopic assisted retroperitoneal debridement46. Randomized comparative 

trials with a homogenous patient population are necessary to point out if ETN can be a 

future minimal invasive alternative to surgery in patients with infected necrosis. 

In spite of the compelling results of ETN, there are potential limitations that should be 

mentioned. First of all, extension of the necrosis into the paracolic gutters is predictive 

for failure of endoscopic therapy because these areas, although usually in continuity 

with central necrosis, are not always adequately accessible from the transgastric or 

transduodenal entry areas.15 Another limitation of ETN, which hampers its efficiency, is 

the lack of specialized equipment for necrosectomy. The preference is that all necrotic 

material be evacuated in a single session; however, current devices are not optimally 

suited for this purpose. In some patients with extended WOPN, up to 12 endoscopic 

procedures were necessary to remove all necrosis.15 A high-frequency US debridement 

device or a modification of a waterjet47, which can pulverize necrosis, would be extremely 

welcome. In addition to better endoscopic devices, creation of larger cystogastrotomies 

could improve drainage and consequently outcomes. Placement of a removable metallic 

stent in the cystogastrotomy in combination with intensive lavage may be an effective 

and currently available option to facilitate drainage of WOPN in selected patients 

undergoing ETN.48

Endoscopic drainage of pancreatic-fluid collections has been the first endoscopic 

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

considered one of the first NOTES (natural orifices transluminal endoscopic surgery) 

procedures. The technique has developed at a steady pace, now incorporating US in

a majority of the procedures. Because of its rapid development, grade A scientific 

evidence is lacking and should now be collected in well-designed randomized controlled 

clinical trials. It should not be forgotten that this group of patients should always be 

treated by multidisciplinarygroups that consist of endoscopists,
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ABSTRACT

Background: Transmural endoscopic drainage has become treatment of first choice 

for uncomplicated pseudocysts. Drainage is mostly performed with presently available 

therapeutic oblique-viewing echoendoscopes. Puncturing at an angle sometimes 

hampers successful completion of the procedure, because the force that is applied while 

introducing instruments through the working channel is not fully exerted at the tip of the 

accessory but instead drives the endoscope away from the gut wall. A prototype forward 

viewing echoendoscope was developed to overcome this difficulty. 

Objective: Evaluation of initial experience with a novel prototype forward-viewing 

echoendoscope in endoscopic drainage of pancreatic fluid collections (PFC).

Design: Retrospective, observational study.

Setting: Two tertiary-referral centers.

Patients: Seven patients were treated.

Interventions: Endoscopic drainage of PFC’s with a novel forward viewing 

echoendoscope. 

Main outcome measurements: Successful endoscopic drainage.

Observations: In all cases drainage was successfully performed without complications. 

In 2 cases, the procedure was initially started with a conventional side-viewing 

echoendoscope, but it proved impossible to puncture the PFC. However, with the use of 

the forward-viewing echoendoscope both PFC’s were successfully punctured. 

Limitations: Small sample size

Conclusions: Initial clinical experience with this novel prototype forward-viewing 

echoendoscope for transmural drainage of PFC’s is favorable. It seems to provide better 

control during puncturing the cyst wall and creates a possibility to drain collections that 

are inaccessible with a conventional therapeutic side-viewing echoendoscope.
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INTRODUCTION

Transmural endoscopic drainage has gained widespread acceptance in the treatment 

of uncomplicated pseudocysts.1, 2 Preferably, drainage is done by using a therapeutic 

echoendoscope.3 Puncturing under direct EUS vision enables the endoscopist to 

avoid intervening vessels and to puncture cysts that do not bulge into the lumen of 

the stomach. Presently available therapeutic echoendoscopes are oblique-viewing. In 

our experience, this sometimes results in technically demanding procedures and may 

hamper successful completion of the procedure, because the force that is applied while 

introducing instruments through the working channel is not fully exerted at the tip of the 

accessory, but instead drives the scope away from the gut wall. This could be overcome 

by an endoscope in which the force is exerted in a straight line with the scope. This study 

evaluated initial experience with a novel prototype forward view echoendoscope. 

PATIENT AND METHODS

In 2 tertiary referral centers, during a period of 3 months (June to August 2006), endoscopic 

drainage of pancreatic fluid collections (PFC) was performed with a novel prototype 

therapeutic echoendoscope (XGiF-UCT160; Olympus Medical Systems Europe, Hamburg, 

Germany). This prototype is a modification of a commercially available therapeutic 

echoendoscope (GF-UCT140; Olympus). Its main modifications are forward viewing optics 

and ultrasound, plus a working channel in 

alignment with the endoscope shaft (Fig. 1). 

These modifications enable the endoscopist 

to create a cystogastrostomy guided by 

EUS without puncturing at an angle. 

Specifications of and differences between 

the conventional oblique-viewing EUS scope 

and the forward viewing EUS prototype 

are summarized in table 1. Procedural data 

were collected and stored in a database. 

Patient outcomes were evaluated by review 

of medical records and telephone contact 

with patients and/or referring physicians.  

Endoscopic procedures took place with 

the patient under conscious sedation or 

general anesthesia with propofol, based 

on the preferences of the center. Patients 

were placed in a prone position. After Fig. 1 Forward viewing echoendoscope
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introduction of the forward-viewing echoendoscope, the PFC was visualized. The 

feasibility of endoscopic drainage was assessed by EUS measurements of the distance 

between the PFC and the gastric wall. The optimal drainage site was chosen ensuring a 

minimum distance and by avoiding of vessel interposition by use of color-flow Doppler. 

The fluid collection was punctured under direct EUS imaging with a 19-gauge needle 

(prototype, Olympus) (Fig. 2, Video 1). After removal of the stylet, a guide wire was 

introduced under fluoroscopic guidance through the 19-gauge needle into the collection, 

after which the needle was removed (Fig 3A). Based on the endoscopists’s preference, 

the correct position inside the collection was either confirmed after removal of the stylet 

by aspiration of cyst fluid or after introduction of the guiding catheter by injection of 

contrast medium. Dilation of the opening was performed either with an 8-mm dilation 

balloon (Hurricane, Boston Scientific, Natick, Mass, USA) (Fig. 3B, Video 2) or a 10F 

Table 1. Novel prototype forward-viewing echoendoscope in comparison with conventional side-viewing 
echoendoscope.

Endoscope Functions Forward-viewing 
echoendoscope

Oblique-viewing 
echoendoscope 
(GF-UCT140-AL5)

Insertion tube

Distal end outer diameter (mm) 14.2 14.6 

Insertion tube outer diameter (mm) 11.8 12.6

Working length (mm) 1250 1250

Instrument

Channel inner diameter (mm) 3.7 3.7

Elevator - +

Channel bending section

Angulation range Up 180°, down 100° Up 130°, down 90°

Right 100°, left 100° right 90°, left 90°

Ultrasonic functions

Possible frequencies of ultrasound (MHz) 5, 6, 7.5 or 10 5, 6, 7.5 or 10

Scanning range 90° 180°

-, Not present; +, present

Fig. 2 EUS image showing puncturing of the PFC. 
The needle is seen exiting from the dot at the 
R-side of the image into the fluid collection.
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cystotome (Cook Endoscopy, Winston-Salem, NC, USA). Finally, 1 or more 7F or 8.5F, 

double pigtail stent(s) were inserted into the PFC.

RESULTS

Endoscopic drainage of a PFC with the novel prototype was attempted in 7 patients 

(2 women, 5 men) with a median age of 52 years (range 19-60 years). The median 

size of PFC’s was 8 cm (range 6 -20 cm); 1 was located in the area of the pancreatic 

head, 5 in the corpus, and 1 in the tail. The etiology was acute pancreatitis in 4, chronic 

pancreatitis in 2, and iatrogenic pancreatic injury after surgery in 1 patient. An indication 

for drainage was pain in 4, cyst size in 2 and suspected infection of the PFC in 1 case. In 

5 cases, endoscopic treatment was started with the prototype. In the 2 other patients, 

the procedure was initially started with a conventional oblique-viewing echoendoscope. 

In 1 case, it proved impossible to achieve a satisfactory position for puncture. In the 

other patient, the pseudocyst was located next to the cardia and with the conventional 

echoendoscope, it appeared to be only accessible through the esophageal wall. 

However, with the use of the forward viewing echoendoscope, it was possible to achieve 

a favorable position in both cases and the pseudocyst could be punctured from a more 

distal and perpendicular position to the cyst wall.

In all cases, drainage was attempted transgastrically. Puncturing of the PFC, subsequent 

dilation of the cystogastrostomy tract, and final placement of a median of 3 (range1-3) 

pigtail stents were performed successfully in all 7 patients. No complications occurred 

during the initial drainage procedures. One patient presented 3 weeks after the procedure 

Fig. 3 Endoscopic images. A, Catheter in place after puncture of the pancreatic pseudocyst. B, Balloon 
dilatation via a guide wire. (For color figures, see page 256)
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with melena, because of bleeding from the cystogastrostomy opening, which was treated 

conservatively. In 3 patients, the collection resolved without further intervention. Due to 

the presence of necrosis in 4 collections, endoscopic drainage with transmural stents 

only was not considered sufficient. Additional cystogastrostomy dilation up to 18 mm 

was performed, followed by endoscopic debridement. Two patients required 2 additional 

procedures to evacuate the debris. In the other 2 patients, 3 additional procedures were 

performed.

Patients were followed for a median of 76 days (range 31-120). In one patient the 

decreasing pseudocyst (1.7 x 3 cm) was still present after 31 days. In none of the other 

patients the PFC recurred. 

DISCUSSION

In the last decade, transmural endoscopic drainage therapy has evolved to include 

transgastric or transduodenal drainage of PFC’s and, in selected cases if ERCP fails, 

drainage of a dilated pancreatic duct or biliary tree. However, transmural therapeutic 

endoscopy is technically demanding. Technologic enhancements that provide an 

improved control of the endoscope and accessories, including extension of treatment 

possibilities, are desirable. 

Until now an oblique viewing (55°) therapeutic EUS-scope has been used for transmural 

drainage of PFC’s.1, 3-5 The main advantage of the forward-viewing echoendoscope is 

that the cyst wall is punctured in straight line with the endoscope. This way, instead of 

moving away from the gut wall, as often happens with the oblique-viewing instrument, 

the scope can be kept more easily in position, thus exerting all the force at the tip 

of the accessory to facilitate cyst puncture or introduction of accessories (e.g. dilation 

balloon) through the puncture opening. In addition, some pancreatic collections are not 

suitable for puncturing with an oblique viewing endoscope. In our cohort, 2 patients 

had a collection that was only accessible through the wall of the fundus of the stomach. 

Cyst puncture at such a location can be very challenging when using a conventional EUS 

scope but was easily and successfully performed with the prototype in inversion. 

Furthermore, after penetrating the cyst wall under direct EUS vision with a side-viewing 

echoendoscope, the endoscopist has to reorientate after switching to endoscopy; 

obtaining an adequate endoscopic view can be quite challenging. By using the forward 

viewing echoendoscope, however, it proved to be much easier to orient ourselves 

endoscopically. After only minimally pulling back the endoscope, the puncture site will 

be readily visible.  

In this series all collections were drained transgastrically and none transduodenally. In 

the latter case the forward-viewing therapeutic echoendoscope may not have an added 

value over the conventional side-viewing therapeutic echoendoscope, because the scope 
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position in the bulb and the duodenum was more fixed compared to a transgastric 

position.

The prototype echoendoscope has a narrower scanning range in comparison with the 

conventional echoendoscope (90° and 180°, respectively), which may limit visualization 

of near structures. However, we did not encounter any difficulties or complications 

because of the relatively narrow scanning range in endoscopic drainage of PFC’s. 

 

In conclusion, our initial clinical experience with this novel prototype forward viewing 

echoendoscope for transmural drainage of PFC’s is favorable, and its application in 

therapeutic endoscopy seems promising.  With this new instrument pancreatic collections 

can be punctured under direct EUS vision in a straight line with the endoscope. This 

seemed to provide improved control of both scope and accessories during puncturing 

the cyst wall. It also may create a possibility to drain collections that are inaccessible with 

a conventional therapeutic side-viewing echoendoscope. 
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ABSTRACT 

Background: EUS-guided drainage of pancreatic fluid collections (PFC’s) is commonly 

performed with oblique-viewing echoendoscopes. However, accessing the PFC under an 

oblique angle can make drainage difficult. These difficulties might be overcome by using 

a forward-viewing echoendoscope. 

Objective: To compare endoscopic PFC drainage with an oblique-, versus a forward-

viewing echoendoscope with emphasis on ease of endoscopic drainage.

Design: Multi-center randomized controlled trial.

Setting: Four tertiary referral centers.

Interventions: Patients with a PFC (>6cm) in whom drainage was indicated, were 

randomized to receive either EUS-guided drainage with a forward-, or oblique-viewing 

echoendoscope. In case of failed drainage, patients were crossed over to the other study-

arm.

Main outcome measurements: Ease of EUS-guided drainage measured by procedural 

time. Secondary endpoints included: Technical success, EUS-scope preference, clinical 

success, and adverse events. 

Results: 58 consecutive patients underwent randomization of which 52 were available 

for primary endpoint analysis. All 26 oblique-viewing, and 24 out of 26 forward-viewing 

EUS-guided procedures were technically successful. Mean procedural time was 24:55 

minutes (SD 9:58) in the forward-viewing, and 27:04 minutes (SD 9:58) in the oblique-

viewing group (p=0.44). Median overall procedural ease was graded equally (easy) in 

both groups. Drainage related adverse events occurred in 2 patients (8%) in the forward-, 

versus none in the oblique-viewing group (p=0.56). Overall clinical success was achieved 

in 82% of patients (95%-CI: 69-91%).

Limitations: Derived main outcome parameter, highly specialized endoscopists in tertiary 

referral centers.

Conclusions: This multicenter randomized controlled trial comparing performance of 

oblique-, and forward-viewing echoendoscopes in draining PFC’s did not show a difference 

in ease of EUS-guided drainage, procedural safety and efficacy between forward-, and 

oblique-viewing echoendoscope. Clinical success was achieved in 82% of patients.
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INTRODUCTION

Transluminal endoscopic drainage has gained widespread acceptance for treatment of 

selected patients with uncomplicated pancreatic fluid collections (PFC’s).1-10 Preferentially, 

drainage is performed by using a therapeutic echoendoscope.6-8 Endoscopic ultrasound 

(EUS) guided drainage enables the endoscopist to avoid intervening vessels and allows 

endoscopic drainage of fluid collections that do not bulge into the lumen of the 

gastrointestinal tract.6-8 Currently, EUS-guided PFC drainage is performed with curvilinear 

echoendoscopes, which provide an oblique access of the lesion (Fig. 1A).2, 4, 6-11 One 

of the most important disadvantages of this approach is that endoscopic accessories 

deployed through the biopsy channel, access the targeted area at 45° angle. This may 

result in technically demanding procedures and may hamper successful completion of the 

procedure because the tip of the echoendoscope must be maintained relatively straight to 

permit easy passage of accessories. Secondly, the force that is applied while introducing 

the instruments is not fully exerted in the direction of the target lesion, but instead pushes 

the endoscope away from the gut wall. Thirdly puncturing under an angle,  lengthen the 

track of the transmural drainage, increasing the necessary force to traverse the different 

layers and at the same time increasing the risk of tunneling between the gastric wall and 

the collection. The latter phenomenon may lead to intraperitoneal leakage of air and 

fluids. Finally a perpendicular approach allows the endoscopist to switch back and forth 

between the ultrasonographic and endoscopic views without the need for extensive 

reorientation of the echoendoscope.

To test the above mentioned assumptions, a prototype forward-viewing echoendoscope 

was developed (Fig 1B). In a small case-series we have earlier shown feasibility of 

transgastric PFC drainage with this prototype forward-viewing echoendoscope.12 To 

further evaluate the potential benefits we conducted a randomized controlled trial. The 

aim was to compare endoscopic transluminal PFC drainage using a standard oblique-

Figure 1: Drawing showing EUS-guided PFC drainage performed with an oblique viewing echoendoscope 
(A) and forward viewing echoendoscope (B).

A B
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viewing echoendoscope versus a forward-viewing echoendoscope with emphasis on 

ease of endoscopic drainage. 

METHODS

Study design

This was a prospective randomized controlled trial conducted at 4 tertiary referral 

endoscopy centers in Europe. The study was investigator-initiated and investigator-

driven and done in accordance with the principles of the Declaration of Helsinki. The 

medical ethics committee at each center approved the protocol. All patients or their 

legal representatives gave written informed consent. The trial was registered at www.

trialregister.nl (NTR1572). Data collection was done by local physicians, who completed 

case record forms.

We recruited patients of 18 years or older who suffered from a PFC larger than 6 cm 

for which drainage was clinically indicated. PFC’s which were more than one centimeter 

away from the gastric wall on CT-scan,and PFC’s that could only be approached via the 

duodenum, were excluded prior to randomization. PFC’s complicating acute pancreatitis 

in which drainage was indicated earlier than 28 days after onset of pancreatitis were 

excluded as well. Patients were randomly assigned to receive EUS-guided drainage using 

either a forward-, or oblique-viewing echoendoscope. Randomization was performed 

using an internet randomization, permuted-block sequence and balanced for participating 

center in blocks of four. If initial drainage failed, patients were crossed over to the other 

study-arm. For follow up analysis PFC’s were categorized into pseudocysts complicating 

chronic (PC-CP), and PFC’s complicating acute pancreatitis (including pseudocysts (PC-AP) 

and walled-off pancreatic necrosis (WOPN)).1, 13, 14 

Echoendoscopes

In the experimental arm, EUS-guided drainage was performed with a novel therapeutic 

echoendoscope (XGIF-UCT160; Olympus Medical Systems Europe, Hamburg, Germany). 

Its main aspects are forward viewing optics and ultrasound, plus a working channel in 

alignment with the endoscope shaft (Fig. 1B). This prototype has no elevator and is a 

modification of the commercially available oblique-viewing therapeutic echoendoscope 

(GF-UCT140; Olympus), which was used as the current standard. Specifications of and 

differences between the conventional and the forward-viewing echoendoscope are 

summarized in table 1.

EUS-guided drainage

After administration of a single dose of intravenous antibiotics, EUS-guided drainage 

was performed with the patient under conscious or deep sedation. All procedures were 
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performed by experienced interventional endoscopists (> 10 EUS-guided PFC drainages 

per year). The procedure was standardized until placement of the first double pigtail 

stent. Drainage of the PFC started by localization of the PFC with EUS, determination of 

the optimal access site, and visualization of the extent of necrosis inside the PFC. The 

optimal drainage site was chosen ensuring a minimal distance and avoidance of vessel 

interposition. The collection was punctured EUS-guided with a 19-gauge needle (Echotip, 

Cook Endoscopy, Winston-Salem, USA). After withdrawal of the stylet, the cyst content 

was aspirated to confirm a correct position of the needle in the cavity and sent for 

bacterial culture and chemical analysis (amylase and CEA). Next an 0.035-inch guidewire 

was introduced into the collection after which the access site was dilated with an 10F 

cystotome (Cook). The tract was additionally dilated with a balloon (CRE-balloon, Boston 

Scientific) up to 8-10 mm. One to three 7F to-10F double-pigtail stents, between 3 and 12 

cm in length were inserted into the collection. In case of presence of significant necrosis 

an 8.5F nasocystic catheter (NCC) was positioned in the fluid collection alongside the 

stents. The NCC was continuously rinsed with 1 liter saline per 24 hours and, in addition, 

manually flushed with 200 ml saline every 4-6 hours.

Follow up

Patients were observed during their hospital stay. In case of extended necrosis 

additional endoscopic transluminal necrosectomy (ETN) was performed as previously 

described.10, 15. Since the primary aim of our study was to compare ease of EUS-

guided drainage between the two types of echoendoscopes, ETN procedures, timing 

of follow up, stent removal, and indication for, and timing of endoscopic retrograde 

pancreatogram (ERP), were left at the local investigators preference. We did record 

all these items in case record forms. Consensus was to leave the stents in situ in case 

of chronic pancreatitis and/ or a proven disrupted duct. An ERP was not routinely 

performed prior to drainage. Only in case of a recurrent PFC after stent removal, or 

Table 1: Novel prototype forward viewing echoendoscope (XGiF-UCT160) in comparison with 
conventional oblique-viewing echoendoscope (GF-UCT140-AL5)

Endoscope details Forward-viewing 
echoendoscope

Oblique-viewing 
echoendoscope

Insertion tube Distal end outer diameter 14.2 mm 14.6 mm

Insertion tube outer diameter 11.8 mm 12.6 mm

Working length 1250 mm 1250 mm

Instrument Channel inner diameter 3.7 mm 3.7 mm

Elevator - +

Channel bending 
section

Angulation range Up:180°, Down: 100° 
Right: 100°, Left:100°

Up:130°, Down: 90°
Right: 90°, Left: 90°

Ultrasonic functions Possible frequencies of 
ultrasound

5, 6, 7.5 or 10 MHz 5, 6, 7.5 or 10 MHz

Scanning range 90° 180°
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a dilated pancreatic duct (> 5mm) at abdominal imaging, an ERP was performed. If a 

disrupted duct was visualized, stenting of the pancreatic duct was attempted. Patients 

were followed for a period of at least 10 months after initial drainage. Abdominal 

imaging was performed 10-12 months after randomization

Evaluation of outcomes

The primary outcome was ease of endoscopic drainage as measured by the procedural 

time. Procedural time was defined as time between passing the echoendoscope beyond 

GE-junction until placement of the first double pigtail stent into the collection.

Secondary outcomes were technical success, procedural time from puncture to stent 

placement, echoendoscope preference according to a standardized post-procedural 

questionnaire, clinical success (no treatment failure), EUS-guided drainage related adverse 

events, overall adverse events, and additional procedures needed for PFC resolution 

(endoscopic, surgical or percutaneous). Technical success was defined as the ability to 

drain the PFC by placement of at least one transgastric pigtail stent. Treatment failure was 

defined as severe procedure related complications resulting in death or a need for surgery, 

failure of the PFC to resolve, resulting in a need for additional treatment modalities, 

or recurrence of the PFC at follow up imaging (10-12 months after randomization). 

Elective ETN procedures during the same admission as the EUS-guided drainage were 

not considered an additional intervention, but part of the planned treatment. EUS-guided 

drainage related adverse events were defined as death, life threatening situations or any 

event that lead to prolonged hospital stay within 3 days after the EUS-guided procedure. 

Overall adverse events were defined as death, life threatening situations, or any event 

that lead to prolonged hospital stay within 30 days after the last endoscopic procedure. 

Standardized post-procedural questionnaires were filled out by the endoscopist after 

each EUS-guided procedure to assess ease of the procedure. Ease of the procedure was 

graded on a analog 5 point score (1: Very easy, 2: Easy, 3: Adequate, 4: Difficult, 5: 

Very difficult). Physicians were asked to judge ease of each of the following parts of the 

procedure: gaining access, dilation of the tract, stent placement, and overall procedure.

Statistical analysis

The principal analysis consisted of an intention-to-treat comparison of the procedural time 

of the two treatment groups. The goal was to test superiority of EUS-guided drainage 

using the forward-viewing as compared to using the oblique-viewing echoendoscope. 

Patients from our previous feasibility study12 were matched according to size and PFC 

location with patients from our endoscopy database to calculate required sample size. 

Assuming that the procedural time would be reduced from 40 to 32 minutes, we used a 

two-group large-sample normal approximation test of means to test the null hypothesis 

that forward viewing EUS-guided drainage would result in easier transgastric drainage as 

shown by a decrease in procedural time of 8 minutes as compared with oblique-viewing 

EUS. To attain a power of 80%, with a 2-sided significance level of 0.05 and common 
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estimated standard deviation (SD) of 10 minutes, 26 patients were needed in each 

group. Taking a 5% drop out into account 58 patients needed to be randomized in total. 

For continuous variables, differences between groups were tested with Student’s t test 

for normally distributed data and Mann-Whitney U test for non-normally distributed data. 

Fisher’s exact test was used for proportions. Uni-, and, if indicated, multivariate analysis 

was used to determine impact of different potential factors of influence on outcome. A 

2-sided p-value of less than 0.05 was deemed to be statistically significant. All statistical 

analyses were done with SPSS (version 16.0.2).

RESULTS

Patients

58 consecutive patients met inclusion criteria and underwent randomization between 

March 2008 and August 2009 (figure 2). Six patients were excluded from the final 

analysis: the PFC had spontaneously regressed at time of planned EUS-guided drainage 

in 3 cases; a spontaneous fistula into duodenum was discovered at the time of planned 

drainage in 2 cases; in 1 case the transduodenal route was preferred by the treating 

physician during EUS. Study groups were comparable for baseline characteristics (table 2).

Figure 2:  Enrollment and outcomes
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EUS-guided drainage

All 26 oblique-viewing procedures and 24 of 26 (92%) forward-viewing procedures were 

technically successful. In two bulging PFC’s , located at the level of the distal antrum, 

it was not possible to achieve a perpendicular position to puncture the PFC wall by 

using forward-viewing EUS. Both cases were successfully drained by using  the standard 

oblique-viewing echoendoscope. Mean procedural time was 24:55 minutes (SD 9:58) in 

the forward-viewing, and 27:04 minutes (SD 9:58) in the oblique-viewing group (p=0.44). 

Mean procedural time from puncture to stent placement was16:08 (SD 6:29) and 20:59 

(SD 8:31) minutes, respectively (p=0.04). Outcome of EUS-guided drainage is summarized 

in table 3. Median graded overall procedural ease, as well as ease of puncture, dilatation 

and stent placement was 2 (easy) for both groups. Drainage related adverse events 

occurred in 2 patients (8%) in the forward-viewing  versus none in the oblique-viewing 

Table 2: Demographic and clinical characteristics at baseline

Characteristic Forward-viewing 
echoendoscope (n=26)

Oblique-viewing 
echoendoscope (n=26)

Age – years (SD) 56 (13) 55 (14)

Sex – male (%) 17 (65) 16 (62)

Etiology PFC (%)

Pancreatitis 25 (96) 25 (96)

Acute 21 (84) 20 (80)

Chronic 4 (16) 5 (20)

Traumatic 1 (4) 0 (0)

Other 0 (0) 1 (4)

Etiology pancreatitis (%)

Biliary 7 (28) 10 (40)

Alcohol 10 (40) 8 (32)

Other/ idiopathic 8 (32) 7 (28)

Predominant location PFC

Head 9 (34) 7 (27)

Body 11 (42) 14 (54)

Tail 6 (23) 5 (19)

Size - long axis, cm (SD) 11.4 (3.49) 10.2 (3.43)

Predominant indication

Infection 6 (23) 5 (19)

Persistent pain 12 (46) 8 (31)

Persistent GOOS 6 (23) 9 (35)

Persistent biliary obstruction 2 (8) 4 (15)

Timing of intervention – days (IQR)* 97 (267) 133 (196)

*Median timing from onset symptoms until EUS-guided drainage in case of acute pancreatitis; PFC: 
Pancreatic fluid collection; GOOS: gastric outlet obstruction
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group (p=0.56). One patient suffered from a severe bleeding after balloon dilatation, 

which was successfully treated with angiographic coil embolization; another patient had 

post-drainage mediastinal emphysema which was successfully treated conservatively. 

Follow up

Forty-five of the 52 patients were available for long term follow up (Fig 2). Seven 

patients were excluded from follow up analysis: in 1 case  a mucinous cystadenoma 

was misdiagnosed as a pseudocyst after cyst fluid analysis; 2 patients died within 8 

months after initial drainage of unrelated cause; 1 patient with chronic pancreatitis 

suffered form persistent pain (despite successful pseudocyst resolution) and underwent 

a pancreaticojejunostomy 8 months after initial drainage; 1 traumatic pseudocyst was 

excluded from follow up analysis because of different etiology; 2 patients were lost to 

follow up. 

Outcome of follow up is summarized in table 4. Eight pseudocysts complicating chronic, 

and 37 PFC’s complicating acute pancreatitis were available for follow up. A median 

number of 2 transgastric double pigtail stents (IQR 2) were placed. In 8 cases (18%) 

one stent was placed of which 6 spontaneously migrated prior to planned stent removal 

(75%) versus 6 of 37 with multiple stents (16%; p= 0.001). 

Twenty-five of 37 PFC’s (68%) following acute pancreatitis, contained necrosis and 

were diagnosed as WOPN. In 12 of 25 patients (48%) with WOPN a median number 

of 2 (IQR 2) ETN procedures were performed. In 4 cases an additional intervention 

Table 3: Outcome EUS-guided drainage

Characteristic Forward-viewing 
echoendoscope

 (n=26)

Oblique-viewing 
echoendoscope 

(n=26)

p Value

Procedural time – minutes 24:55 ±9:58 27:04 ±9:58 0.439

Procedural time minus searching PFC – minutes 16:08 ±6:29 20:59 ±8:31 0.04*

Technical success (%) 24 (92) 26 (100) 0.153

After cross over 26 (100) 26 (100) NA

Number of stents (IQR) 3(2) 2 (1) 0.882

Nasocystic catheter drainage (%) 7 (27) 8 (31) 0.380

Median procedural ease (IQR)

Puncture 2 (1) 2 (0) 0.438

Dilatation 2 (1) 2 (2) 0.176

Stent placement 2 (0) 2 (1) 0.513

Overall 2 (0) 2 (1) 0.466

Adverse events (%)* 2 (8) 0 0.556

Bleeding 1 (4) 0 0.317

Suspected perforation 1 (4) 0 0.317

*EUS-guided drainage related adverse events; PFC: Pancreatic fluid collection
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was necessary to achieve resolution: 2 surgical necrosectomies (after failure of ETN), 

1 percutaneous drainage of a psoas abscess, and 1 endoscopic re-drainage after 7 

months. Because of visualization of a dilated pancreatic duct at follow up imaging, an 

ERP was performed in 6 cases. A disrupted pancreatic duct was visualized in all 6 cases, 

a pancreatic duct stent was placed in 4 of 6 cases and the transgastric stents were left 

in situ in all 6 PFC’s. In 4 patients imaging after 10-12 months showed an asymptomatic 

recurrent pseudocyst with a median size of 7 cm (IQR 4.5), which were all treated 

conservatively. Overall clinical success (successful resolution without additional surgical 

or endoscopic interventios) was achieved in 37 of 45 patients (82%; 95%-CI: 69-91%). 

Placement of multiple stents (>2) was associated with higher chance on clinical success 

(table 5). In 3 patients an adverse event occurred during follow up. One patient suffered 

from a delayed bleeding from the cyst-gastrostomy after an ETN procedure and was 

treated by a repeated endoscopy. A second patient suffered from a severe bleeding 

during ETN, which was successfully treated with angiographic coil embolization and 

one patient developed a pulmonary air embolism after an ETN procedure, which was 

successfully treated conservatively. 

Table 4: Outcome follow up

Characteristic PC-CP
(n= 8)

PFC-AP 
(n= 37)

Total
(n=45)

Proven necrosis during EUS (%) NA 25 (68) 25 (56)

ETN (%) NA 12 (32) 12 (27)

Number procedures (IQR)* NA          2 (2) 2 (2)

Number of stents (IQR) 3 (2) 2 (2) 2 (2)

Nasocystic catheter drainage (%) 0 15 (41) 15 (33)

Additional interventions (%) 0 4 (11) 4 (9)

Surgical necrosectomy NA 2 (5) 2 (5)

Percutaneous drainage 0 1 (3) 1 (2)

Endoscopic drainage 0 1 (3) 1 (2)

PFC resolution (%) 7 (88) 34 (92) 41 (91)

Clinical success (%) 7 (88) 30 (81) 37 (82)

Overall adverse events (%)† 0 5 (14) 5 (11)

Bleeding 0 3 (8) 3 (7)

Perforation 0 1 (3) 1 (2)

Pulmonary embolism 0 1 (3) 1 (2)

*If ETN was performed; †Including adverse events related to the EUS-guided drainage procedures. PFC: 
Pancreatic fluid collection; PC-CP: Pseudocyst complicating chronic pancreatitis; PFC-AP: Pancreatic fluid 
collection complicating acute pancreatitis.
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DISCUSSION

This multicenter randomized controlled trial  showed no benefit in overall procedural 

time of EUS-guided PFC drainage when using the novel forward-viewing echoendoscope. 

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 (90° versus 

180°) and the unusual orientation of the scanning plane. Time from puncture to stent 

placement ,however, was shortened when using the forward-viewing echoendoscope. 

in spite of the absence of an elevator which precludes locking of a guidewire exiting the 

instrumentation channel. This is in support of the theoretical advantages of the forward-

viewing echoendoscope described in the introduction, which are mainly achieved when 

using accessories. However, the benefits seem to be too small to be of clinical relevance. 

Despite the absence of a difference in procedural time, we showed that PFC drainage 

using forward-viewing EUS was feasible, safe and effective in a relatively large multi-

center  cohort of patients. The current study is to our knowledge the first prospective 

multi-center trial of EUS-guided drainage of symptomatic PFC’s. Since our primary 

outcome parameter was measured during initial EUS-guided drainage, we included all 

consecutive patients with symptomatic PFC’s in which drainage was indicated, including 

patients with PFC’s complicating acute as well as chronic pancreatitis. Overall clinical 

success (82%) was in concordance with current literature (ranging from 64-100%).1-11, 

16, 17 However, in addition to lack of randomized studies, heterogeneity of included PFC’s 

(including the current trial)2, 6, 11, differences in the definition of clinical success, lack of 

long term follow up7, 8, 17, or retrospective nature1, 3-5, 8, 10, 15, make extrapolation of 

current literature to daily clinical practice difficult. Only in case of uncomplicated, solitary 

pseudocyst (so without debris), endoscopic drainage has been proven to be superior to 

open surgery in a recent randomized controlled trial.18 Future (comparative) prospective 

studies should focus on long term outcome of endoscopic drainage of a homogenous 

population.

Table 5: Univariate logistic regression analysis of clinical success

Characteristic Odds ratio  (95%CI) p

Sex 0.542 (0.095-3.076) 0.489

Age 1.021 (0.955-1.0920 0.549

Acute vs. chronic pancreatitis 1.167 (0.117-11.628) 0.895

Diameter 1.034 (0.802-1.334) 0.794

Debris (WOPN vs PC) 1.167 (0.209-6.609) 0.854

Multiple stents (1 vs. >2) 10.333 (1.531- 69.730) 0.017*

WOPN: Walled-off pancreatic necrosis; PC: Pseudocyst
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The primary endpoint was reached after placement of the first stent and insertion of 

additional stents was left at the discretion of the local physician. Consequently, multiple 

stent (>2) placement was not attempted in all cases. Univariate analysis showed that 

insertion of multiple stents  is a predictor of successful outcome. Placement of more than 

one stent ensures a wider drainage opening and less risk of stent migration, and this 

appears to result in better outcome.3 Consensus was to leave the stents in situ in case 

of chronic pancreatitis and/or proven disrupted duct.11 However, included population 

was too heterogeneous and follow up was not standardized enough to state hard 

conclusions regarding number of stent placement, stent removal and their influence on 

PFC resolution and recurrence. . 

Surprisingly there is still no consensus whether the use of EUS is mandatory for endoscopic 

drainage of PFC’s.19 Although the blind approach may be successful when draining large 

bulging PFC’s, recent prospective cohort studies and randomized controlled trials have 

shown that the technical failure rate is  higher when a PFC is punctured blindly.6-8, 17 

Moreover the chance on bleeding, perforation and misdiagnosis, tend to be minimized if 

the drainage is performed under EUS-guidance.6-8, 17 Therefore EUS should be considered 

as the first-line treatment modality for endoscopic PFC drainage. 

Although participating endoscopists were highly experienced in EUS-guided drainage of 

PFC’s, their experience with the forward-viewing echoendoscope was limited. Therefore, 

a learning curve effect could have occurred, which may explain the relatively long time 

needed to find the collection and identify the optimal puncture site. However, in the 

relative small per center-subgroups, r no learning curve effect was identified(data not 

shown). Secondly, because we compared two different types of echoendoscopes, it was 

not possible to perform a blinded comparative study, which could have lead to a bias 

in favor of either one of the echoendoscopes. Furthermore, all participating endoscopic 

centers were highly specialized tertiary referral centers, benefits of the forward-viewing 

echoendoscope may be more present in less experienced hands. 

To show superiority of the forward-viewing echoendoscope in draining PFC’s, we chose 

procedural time as primary outcome parameter. Ideally, primary outcome would have 

been technical success, however, the number of potentially eligible patients is too small 

to acquire a sample size large enough to show a difference in technical success. Secondly, 

the study may have been underpowered to detect a difference in procedural time. A 

larger study indeed might have shown a significant reduction. It is, however, debatable 

if a reduction in procedural time smaller than 8 minutes, used for current sample size 

calculation, would be clinically relevant. 

Finally, we excluded the transduodenal route prior to randomization, because the 

endoscope position in the duodenum is more fixed in comparison with transgastric 

procedures, which theoretically makes achieving a perpendicular approach more 
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challenging using the forward-viewing instead of the standard oblique-viewing 

echoendoscope.  

In conclusion, this multicenter randomized controlled trial comparing performance of the 

oblique-, and forward-viewing echoendoscope in draining PFC’s, showed clinical success 

in 82% of patients. There was no difference in ease of EUS-guided drainage, procedural 

safety and efficacy between forward- and oblique-viewing echoendoscope.
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ABSTRACT

Background: Surgical management of pancreatic necrosis is associated with significant 

morbidity and mortality. Several weeks after an episode of a necrotizing pancreatitis, 

necrosis can become organized. By the time necrosis becomes organized, endoscopic 

therapy has the potential to offer an alternative treatment to surgery.

Objective: To evaluate safety and efficacy of endoscopic debridement of organized 

pancreatic necrosis.

Design: Retrospective cohort study. 

Setting: Tertiary referral center 

Patients: All consecutive patients between January 2003 and July 2006 who underwent 

this novel endoscopic approach were included. 

Interventions: Treatment started with a cystoenterostomy or a cystogastrostomy. The 

next steps consisted of balloon dilatation up to 18 mm, advancement of an endoscope 

into the retroperitoneal cavity; and endoscopic debridement of the collection under direct 

endoscopic vision. Debridement was repeated every two days until most necrotic material 

was evacuated. In addition, nasocystic catheter irrigation was performed manually with 

saline solution 6 to 8 times a day. 

Main outcome measurements: Clinical success, number of endoscopic procedures,  

and complications.

Results: Twenty-five patients were identified, who had undergone debridement of 

27 collections. In 11, 13, 2, and 1 collections 1, 2, 3, and 4 endoscopic debridement 

procedures , respectively,  were performed. There was no mortality. Severe complications 

that required surgery occurred in 2 patients: hemorrhage in 1 case and perforation of 

cyst wall in the other. During a median follow up of 16 months (range 3-38 months), the 

overall clinical success rate with resolution of the collection and related symptoms was 

93% (95%-CI: 77-98%). 

Limitations: Retrospective study.

Conclusion: In this study we showed that endoscopic debridement is an effective 

and relatively safe minimally invasive therapy in patients with symptomatic organized 

pancreatic necrosis. Further comparative studies are warranted to define its definitive 

role in the management of these patients.
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INTRODUCTION

Acute pancreatitis can be associated with a variety of complications. Pancreatic necrosis is 

among the most severe complications and is defined as diffuse or focal areas of nonviable 

pancreatic parenchyma, which is typically associated with peripancreatic fat necrosis.1, 2 

Infected necrosis is generally accepted as a strong indication for surgery.2-9 The aim of 

treatment in those with infected pancreatic necrosis is to remove all necrotic tissue and 

to provide drainage for the remaining debris to facilitate resolution of the collection. 

Surgical management of pancreatic necrosis is associated with high morbidity (19-62%) 

and mortality (6%-28%).3, 5-7, 10 Surgical treatment of sterile necrosis is controversial.3, 

4, 6-9, 11, 12 The majority of patients with sterile necrosis can be successfully treated 

without intervention.3, 4, 7-9, 11 Indications for intervention in sterile pancreatic necrosis 

are deteriorating organ failure despite maximal support, or symptoms as intractable 

abdominal pain, inability to tolerate oral feeding, weight loss, progressive jaundice, 

and subfebrile temperature or persistent fever despite several weeks of conservative 

treatment.3-9, 12, 13 Mortality and complication rates of surgical treatment are similar for 

infected and sterile necrosis. 5, 6 

Several weeks after an episode of severe acute necrotizing pancreatitis, necrosis can 

become organized.14 The term organized pancreatic necrosis was introduced to 

distinguish poorly demarcated acute tissue necrosis from an encapsulated, well-defined 

collection of pancreatic juice and debris.2, 3, 15 By the time necrosis becomes organized, 

endoscopic therapy has the potential to offer an alternative treatment for surgery. 

Another option is drainage with radiologically placed percutaneous catheters. This, 

however, is not effective when thick necrotic material is present within the cavity.16

Transmural endoscopic drainage has become the treatment of choice for uncomplicated 

pseudocysts.2, 17-21 However, standard endoscopic drainage of necrotic collections has 

been reported less successful and is often considered contraindicated.2, 18, 19 By adding 

endoscopic debridement to the standard technique of transmural drainage, we started to 

treat patients with symptomatic organized pancreatic necrosis endoscopically. Because 

few data have been published of endoscopic debridement of pancreatic necrosis,22-24 we 

have performed a retrospective study to evaluate safety and efficacy of this treatment. 

METHODS

Patients

After approval by the local medical ethics committee, all consecutive patients who 

underwent endoscopic debridement of organized pancreatic necrosis in our hospital 

between January 2003 and July 2006 were identified from our prospective endoscopy 

database (Endobase, Olympus Medical System Europe, Hamburg Germany). No 
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endoscopic debridement procedures had been performed before 2003. From the 

database we identified all pancreatic fluid collections that were transmurally entered with 

an endoscope. Procedural data and treatment outcome were collected from endoscopy 

and hospital records, and by telephone follow-up of patients. Data that were collected 

included information regarding the underlying disease, the size and location of the 

collections, the indication for drainage, drainage technique, complications, the number 

of endoscopic procedures, and follow-up of cyst resolution. 

Technique of initial EUS-guided drainage

Patients, under conscious sedation with midazolam and/or fentanyl, were examined 

in the prone position. Prophylactic antibiotics were routinely administered and were 

continued for at least 3 days after procedure. In all patients the treatment was started by 

creating a cystoenterostomy or cystogastrostomy (endoscopic or surgical). In the case of 

prior surgery, endoscopic treatment was started with dilatation of surgical anastomosis 

and endoscopic debridement .

The endoscopic drainage through the gastric or duodenal wall was EUS-guided by using a 

therapeutic EUS-scope (Olympus, GF-UCT140 or GIF-UCT160; Olympus). The feasibility of 

endoscopic drainage was assessed with EUS by measuring the distance between the fluid 

collection and gastric or duodenal wall. The optimal drainage site was chosen, ensuring 

a minimum distance and avoiding vessel interposition by use of color-flow Doppler. The 

collection was punctured with a 19-gauge EUS-needle (Cook Endoscopy, Winston-Salem, 

NC, USA) (Fig 1). After withdrawal of the stylette, the cyst content was aspirated to 

confirm the correct position of the needle in the cavity. Next, a standard 0.035-inch 

guidewire was introduced through the 19-gauge needle into the collection, after which 

the needle was removed (Fig. 2). An 8 mm biliary dilation balloon (Hurricane, Boston 

Scientific, Boston, Mass, USA) or a 10F cystotome (Cook) was introduced over the wire 

Figure 1: EUS-image, showing puncturing of organized 
pancreatic necrosis. The needle is seen exiting form the dot 
at the upper side of the image into the necrotic collection.

Figure 2: Fluoroscopy image, showing a 
guidewire placed into a large retroperi-
toneal collection.
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to enlarge the cystostomy opening. Multiple 7F, double-pigtail stents were inserted into 

the collection and a nasocystic catheter (NCC) was left in place alongside the stents. The 

NCC was manually flushed with a saline solution 6-8 times a day. 

Technique of endoscopic debridement

All debridement procedures started with removal of the NCC and all but 1 of the 

transmural stents. The remaining stent was used as a visual guide to the opening of the 

cavity. The next step consisted of balloon dilation of the track under radiologic guidance 

up to 18 mm and entering the cavity with a therapeutic gastroscope (GIF-1T160 or 

GIF-1T140; Olympus) for inspection (Fig. 3A). At the endoscopist’s discretion, a Dormia 

basket (Olympus), a Roth net (US Endoscopy, Mentor, Ohio, USA) or a polypectomy snare 

was used to remove necrotic tissue (Fig. 3B). As much necrotic tissue was removed as 

possible, until a vital, pink, easily bleeding wall became visible (Fig. 4). At the end of each 

procedure multiple 7F, double-pigtail stents were inserted into the collection. If necrosis 

was still present, but the procedure was terminated, because of patient discomfort, 

Figure 3: A, Endoscopic image, showing cavity with yellowish necrotic material. B, Endoscopic image 
showing, a large piece of necrotic material extracted by a Roth net. (For color figures, see page 256)

A B

Figure 4: Endoscopic image showing a vital, 
pink, easily bleeding wall after final endoscopic 
debridement procedure. (For color figures, see 
page 256)
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then an NCC was placed as well. Endoscopic debridement was repeated every 2 to 3 

days until all solid necrotic and purulent material had been evacuated. In case some 

residual necrosis was present, but not as a solid mass, no extra debridement procedure 

was planned, but after 2 to 6 days, the NCC was injected with contrast medium under 

radiography. If no residual debris was visualized, then the NCC was removed while at least 

3 transmural stents remained in place. After 6 weeks, abdominal imaging was performed 

to ensure that the collection had resolved before the transmural stents were removed. If 

a collection was still present, then the stents were exchanged electively and left in place 

for another 6 weeks. All the endoscopic drainage and debridement procedures were 

performed by 1 of 3 experienced interventional endoscopists (MB, ER, PF).

Follow up

Follow up data were obtained through chart review of outpatient clinic visits. The long-

term prospective outcome of all patients was obtained by telephone contact with each 

patient. Patients were questioned about the recurrence of symptoms of abdominal pain, 

difficulty eating, fever, and general lack of well being. At the same time, they were asked 

if any additional abdominal imaging investigations were performed outside our hospital; 

if so, then the images were acquired from the local hospital. 

Statistics

The primary outcome parameter is clinical success, defined as resolution of the collection 

and related symptoms. Secondary outcomes were the number of endoscopic debridement 

procedures, complications, and length of hospital stay. Complications were defined as 

any event leading to an additional surgical, radiological or endoscopic intervention within 

30 days after the endoscopic procedure (with exclusion of endoscopic debridement 

procedures). The duration of the follow up, hospital stay, stent placement, and NCC 

placement were calculated, starting from the first endoscopic debridement procedure. 

Quantitative data are expressed as median plus range. 

RESULTS

Patients

A total of 25 patients (13 women, 12 men), with a median age of 58 years, who had 

undergone endoscopic debridement of 27 collections, were identified from the database. 

The characteristics of patients are summarized in table 1.

All patients had acute necrotizing pancreatitis, and, in all, necrosis became organized 

after several weeks. The collections were drained a median of 84 days (21-385) after the 

onset of pancreatitis. When endoscopic debridement was performed, complaints were 

abdominal pain (88%), fever or subfebrile temperature (69%), nausea and vomiting 
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(27%), and progressive jaundice (22%). Organized pancreatic necrosis was diagnosed 

by contrast-enhanced computed tomography (CECT) (Figs. 5A and B) or magnetic 

resonance imaging (MRI) and confirmed with EUS. In 4 patients the necrosis had not 

been visualized on earlier CECT and was confirmed with EUS during intended standard 

endoscopic drainage. 

The indications for endoscopic debridement were persistent symptoms of sterile 

organized pancreatic necrosis despite several weeks of conservative treatment in 8 cases 

(29.6%); suspicion of primary infected necrosis in 5 (18.5%); and secondary infected 

necrosis after earlier standard endoscopic drainage in 14 cases (51.9%). In the latter 

Table 1. Patients and collections characteristics

Patients (n=25) and collections (n=27)

Age, median, y (range) 58 (31-77)

Sex, male, n (%) 12 (46)

Etiology pancreatitis, n (%)

Gallstones 10 (40)

Alcohol 5 (20)

Other 3 (12)

Idiopathic 7 (28)

Collection size, median, cm (range) 10 (4-20)

Collection  location, n (%)

Pancreatic head 10 (37)

Pancreatic body 11 (41)

Pancreatic tail 4 (15)

Bursa omentalis 2 (7)

Figure 5: A, Abdominal CECT, showing extensive pancreatic necrosis. B, Abdominal CECT scan of 
the same patient 6 weeks later, showing the pancreatic necrosis is organized during these weeks and 
suitable for endoscopic translumenal debridement. 

A B
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subgroup, 11 collections were secondary infected after endoscopic drainage and 3 after 

surgical drainage. Infection of organized pancreatic necrosis was suspected on clinical 

findings as fever, abdominal pain, and leukocytosis. 

Details of endoscopic procedures

In all cases, treatment was started with transmural drainage of the collection: endoscopic 

in 24 and surgical in 3 patients. Transgastric drainage was performed in 23 (85%) and 

transduodenal in 4 cases (15%). In 11 (41%), 13 (48%), 2 (7%), and 1 (4%) cases, 1, 

2, 3, and 4 endoscopic debridement procedures, respectively, were performed. Planned 

endoscopic debridement procedures were performed 1 to 2 days after first drainage; in 

case of secondary infected necrosis (after endoscopic drainage) after a median of 3 days 

(range 1-11 days). 

The median duration of stenting was 62 days (range 42-206 days) with a median of 

3 stents (range 2-10 stents). One patient did not require transmural stents, because a 

large spontaneous fistula and surgical cystoenterostomy were already present, and all 

necrotic debris was evacuated during the first endoscopic debridement procedure. Stent 

exchanges without endoscopic debridement were carried out once in 5 patients and 

twice in 1 patient. In 6 cases, the stents were changed electively when the collection 

had not resolved 6 weeks after the last endoscopic debridement procedure. Because of 

occluded stents, 1 patient developed fever 1 week after the last endoscopic debridement 

procedure for which stents were subsequently exchanged. The median duration of NCC 

placement after the first debridement procedure was 3 days (range 1-10 days). In 5 

patients, no NCC was placed because all necrotic material was already evacuated during 

the first endoscopic debridement procedure.

Complications

Severe complications were seen in 2 patients (7%) and both required surgery. In 1 patient, 

arterial hemorrhage occurred from the gastrocystostomy after balloon dilatation of the 

track up to 18 mm at the time of the second debridement procedure. The hemorrhage 

was successfully managed by surgical intervention. Because the collection was not 

palpable anymore at the time of surgery, the cavity was not surgically marsipulized, and 

the necrotic collection was successfully further treated endoscopically. Another patient 

suffered a perforation of the cyst wall during lavage of the cavity under endoscopic 

view; emergency surgery was necessary, and, during this procedure, the collection of 

organized necrosis was managed as well. 

Minor bleeding occurred in 8 patients (30%), in 6 cases during balloon dilatation and in 2 

during debridement. Six of the minor bleedings stopped spontaneously; in 2 patients, clips 

were placed endoscopically during the procedure (in 1 case, within the collection; in the 

other in the tract of the gastrocystostomy). None of these patient required transfusion. 

There was no mortality.
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Outcome

The median length of hospital stay was 5 days (range 1-45 days). During a median follow 

up of 16 months (range 3-38 months), the overall clinical success rate was 93% (95%-CI: 

77-98%). Two patients developed a recurrent symptomatic pseudocyst, without necrosis. 

Both were managed conservatively. In 1 patient, the recurrent pseudocyst and related 

symptoms resolved spontaneously after 4 months. The other case concerned the patient 

in whom a perforation of the cyst wall occurred during endoscopic lavage and who had 

undergone surgical management of the collection. In consultation with the patient, it was 

decided to manage the recurrent pseudocyst conservatively. The symptoms subsided, 

but, after 20 months’ follow up, the pseudocyst (diameter 5 cm) was still present.

DISCUSSION

In the last decade, endoscopic therapy has gained widespread acceptance in the 

treatment of pancreatic fluid collections. Transmural endoscopic drainage has become the 

treatment of choice for uncomplicated pseudocysts.2, 17-19 It is important to differentiate 

uncomplicated pseudocysts from acute peripancreatic fluid collections, pancreatic 

abscess, and organized pancreatic necrosis, because each requires a different modality 

and timing of treatment. Acute fluid collections frequently resolve spontaneously.14 

In most cases of primary pancreatic abscesses, standard endoscopic drainage suffices, 

because they lack significant amounts of necrotic debris.1, 2 In recent reports, success 

rates varies from 74%-91%.21, 25-27 The presence of septations within the abscesses 

might be an indication to add endoscopic debridement to standard drainage.27 In case 

of collections with necrotic debris, standard drainage is usually not sufficient.2, 18, 27, 28 

Thick necrotic material can not be evacuated through 1 or multiple transmural stents. 

Necrotic debris that is not removed from the collection may hamper drainage, because 

stents become easily occluded. The presence of necrotic debris and ineffective drainage 

both promote secondary infection.2, 15, 29 

In the literature, a distinction is usually made between early diffuse necrosis and late 

organized necrosis.6-8, 30 Late organized pancreatic necrosis is more suitable for treatment, 

because the necrotic tissue is better demarcated from the viable pancreas.7-9, 30-32 In case 

treatment of symptomatic necrosis is indicated, it is recommended to postpone intervention 

at least 4 weeks after the initial attack of necrotizing pancreatitis.5-7, 12, 13, 32 During this 

time period, it is not uncommon that collections resolve spontaneously. It also provides a 

time frame for peripancreatic fluid collections with necrosis to become organized.4, 12

Traditionally, pancreatic necrosis has been treated surgically. Surgical management of 

pancreatic necrosis is associated with high mortality (6%-28%) and morbidity (19-62%).3, 
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5-7, 10 In 1 study, no difference in mortality and morbidity between early (< 6 weeks) and 

late (> 6 weeks) surgery was observed.6  

The high clinical success rate (93%) and relatively low complication rate (7%) of our 

cohort confirm that endoscopic treatment of pancreatic necrosis seems an attractive less-

invasive treatment modality. It has the potential to provide effective internal drainage 

with a rapid recovery time. However, often, multiple endoscopic interventions are 

needed to remove all pancreatic necrosis. It seems that the timing of intervention, when 

pancreatic necrosis has become organized, is an important prerequisite for successful 

endoscopic treatment. Before endoscopic debridement is planned, it is important that a 

well-delineated organized collection is confirmed on CECT or MRI.

However, some caution is warranted when interpreting our results. Because of selection 

bias, more complicated cases might have been treated surgically. For example, in 

contrast to our cohort of patients, most surgical studies described intervention in infected 

pancreatic necrosis early in the course when necrosis is less organized. In our cohort of 

patients, primary infection was suspected in only 5 cases.

In other series, success of endoscopic drainage of infected, as well as sterile pancreatic 

necrosis varies from 25 to 72%.2, 18 Several investigators suggested a more aggressive 

approach, including that endoscopic debridement would result in a higher success rate.17, 

18, 25 Endoscopic debridement added to standard endoscopic drainage was intended 

to remove all necrotic tissue to facilitate resolution of the collection and was recently 

described in smaller series.22-24, 33

In 1 report, 13 patients with infected pancreatic necrosis were treated with a median of 

4 endoscopic procedures.22 Clearance of necrosis was not achieved by entering the cavity 

with an endoscope for debridement. Besides the fact that intervention was performed 

earlier in course of the disease and necrosis was infected in all cases, the difference in 

technique may explain the necessity of additional treatment modalities and their higher 

number of endoscopic procedures.

Seewald et al.23 used endoscopic debridement to treat infected pancreatic necrosis in 5 

patients with a success rate of 80%. Our report is, however, the largest cohort study of 

this endoscopic technique so far and the first that described a high clinical success rate 

with relatively few endoscopic procedures and without additional treatment modalities 

in all but two cases. 

The largest population (n=43) of standard endoscopic drainage of organized pancreatic 

necrosis was reported by Baron et al.2 The lack of tissue debridement may explain the 

lower success rate, higher recurrence and longer hospital stay. Initially 11 patients of our 

cohort underwent only standard endoscopic drainage, but developed secondary infected 

necrosis. We believe that if these patients were initially treated more aggressively 

including endoscopic debridement, they might have had a more rapid recovery. We are 

presently planning a prospective study to compare these two endoscopic techniques in 

the management of organized pancreatic necrosis.
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Outflow obstruction of the pancreatic duct (stricture, stone) and pancreatic fistulae 

are a potential cause of recurrence.34-36 In the literature, it is suggested that an 

endoscopic retrograde pancreatogram (ERP) be performed in all patients with pancreatic 

or peripancreatic collections to evaluate the pancreatic duct.23, 37 In our hospital we 

perform an an ERP before drainage if the pancreatic duct was dilated on abdominal 

imaging. In this series, 1 patient underwent an ERP, in which, despite of a pancreatic 

duct stricture, no fistula was visualized. This patient received a long-term stent placement 

of the pancreatic duct. The low percentage of recurrence (7%) confirms our clinical 

impression, which is in contrast with earlier studies37, that it is not mandatory to perform 

an ERP in all patients with organized pancreatic necrosis. 

The key to complete evacuation of necrotic material is the creation of a large access 

opening to the cavity. This allows insertion of a therapeutic gastroscope into the cavity to 

remove necrotic and purulent materials under direct endoscopic vision. There are multiple 

devices that can be used to remove tissue necrosis, including a flushing catheter, a polyp 

snare, a Dormia basket, or a Roth net. Although preferentially all necrotic material should 

be evacuated in a single session, current devices that are used for tissue debridement are 

not optimally suited for this purpose. A high frequency ultrasonic debridement device or 

a modification of a waterjet38 may be helpful. 

One or 2 days after the first stent placement, the tract was dilated up to 18 mm in 

diameter. We did not encounter any perforations during dilatation. Perforation did occur 

during lavage in 1 patient. Probably the endoscope was blocking the outflow tract of 

the cavity, as a consequence pressure became too high and the wall perforated. During 

surgery, a tear in the posterior cyst wall was observed. To prevent perforation, it is wise 

to remove all but 1 transmural stent; the remaining stent will function as a safety valve. 

The case mentioned was secondary to surgery, so no transmural stents were in situ. 

In this study, we showed that endoscopic debridement is an effective and relatively safe 

minimally invasive therapy in patients with symptomatic organized pancreatic necrosis. 

Beacuse randomized controlled trials comparing endoscopic and (minimally invasive) 

surgical management are not available, future studies are eagerly awaited to determine 

the definite role of endoscopic debridement. Although we showed that there seems 

to be an important role for endoscopy in the management of patients with organized 

pancreatic necrosis, it should not be forgotten that optimal treatment consists of an 

interdisciplinary approach by endoscopists, surgeons, and interventional radiologists. 
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ABSTRACT

Background & Aims: Secure transluminal closure is the most fundamental prerequisite 

for safe introduction of Natural Orifice Transluminal Endoscopic Surgery (NOTES).  The 

aim was to compare acute strength of various gastrotomy closure techniques in an ex 

vivo porcine stomach model by assessing leak pressures.

Methods: Standardized gastrotomies were created using fresh porcine stomach and 

subsequently closed on a bench. Besides surgical closure (gold standard), seven NOTES 

closure were included: (1) T-Tags; (2) Purse string modified T-tags; (3) Eagle Claw VIII; 

(4) Resolution clips; (5) Flexible stapler; (6) Purse string suturing device and (7) Flexible 

Endostitch. After closure, each specimen was fixed on the experimental apparatus and the 

pressure was gradually increased increased until air bubbles were seen. Leak pressure was 

the primary outcome parameter. Closure using the gold standard (first 15 experiments) 

resulted in a mean leak pressure of 206 mmHg (SD 59). Using a non-inferiority design 

with a margin of equivalence of -56 mmHg, a sample size of 11 specimens for each 

closure technique was determined. 

Results: Mean gastrotomy leak pressures in mmHg and difference (with 95% CI) 

between each technique and the gold standard were: T-tags, 138 mmHg (difference -68 

mmHg; 95% CI -120 to –17); Purse string T-tags, 73 mmHg (difference -133 mmHg; 95% 

CI -171 to -95); Eagle Claw VIII, 187 mmHg (difference -19 mmHg; 95% CI -56 to 17); 

Resolution clips, 202 mmHg (difference -4 mmHg; 95% CI -51 to 48); Flexible stapler, 244 

mmHg (difference 38 mmHg; 95% CI -9 to 85); Purse string suturing device, 102 mmHg 

(difference -104 mmHg; 95% CI: -130 to -78); Flexible Endostitch, 231 mmHg (difference 

25 mmHg; 95% CI -28 to 78).

Conclusions: The Eagle Claw VIII, Resolution clips, flexible stapler and flexible Endostitch 

produced non-inferior closures in comparison with surgical closure in this model. These 

techniques seem to be the prime candidates for further testing in animal experiments 

before human trials can be initiated. 
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INTRODUCTION

In the past few years, gastrointestinal endoscopy and minimally invasive surgery have 

been enriched by the novel concept of Natural Orifice Transluminal Endoscopic Surgery 

(NOTES). This innovative endoscopic method aims to approach abdominal organs through 

natural orifices (mouth, anus, vagina) for performance of intra-abdominal diagnostic and 

therapeutic procedures. Unlike open and laparoscopic surgical procedures, which require 

incisions in the abdominal wall, NOTES avoids the need for abdominal incisions and shows 

promise as a less invasive alternative. A wide variety of experimental surgical procedures 

has already been described in porcine models.[1-11] Recently, the first human (hybrid) 

NOTES case reports and case series have been published.[12-15] In these reports, the 

challenge of closing the peritoneal entry port endoscopically was eliminated by closure 

with rigid instruments. The use of rigid instruments was possible by approaching 

transvaginally [12,13,15] or by conversion to open surgery to close the gastrotomy after 

a NOTES peritoneoscopy [14]. The transvaginal approach is, however, not preferred due 

to the risk of dyspareunia and exclusion of half of the population.[16-18] 

Secure transluminal closure remains the most fundamental barrier to the safe introduction 

of NOTES for humans.[19] Considering the safety of laparoscopy, even a 1%-2% leak 

rate will not be acceptable, because of the expected severe morbidity related to such a 

leak. Any appreciable increase in patient morbidity following NOTES due to leakage from 

the gastrointestinal tract would nullify any patient advantage. 

Different endoscopic techniques for transluminal closure have been described in 

nonsurvival and survival animal studies, such as endoclips [5,8,11], T-tags [3,20,9,21], 

purse string modified T-tags [22], flexible stapler [23], and other prototype endoscopic 

suturing devices [24,25]. Until now no adequately powered, broad comparison of 

different endoscopic gastric closures modalities has been reported in the literature. A 

reproducible ex vivo closure model would provide an efficient method for evaluation and 

comparison of different transluminal closure techniques. This would facilitate selection of 

the most promising techniques for in vivo evaluation, thereby minimizing the necessity to 

perform animal experiments. 

An ex vivo porcine stomach experimental set-up was developed to assess acute strength 

of gastric closure by measuring leak pressures. The aim of this study was to evaluate and 

compare a wide range of NOTES closure modalities in this experimental set-up and to 

select methods for further testing in acute and chronic animal experiments.

METHODS

Whole stomachs were harvested from freshly slaughtered adult pigs weighing 50-70 

kg. All experiments were performed on the day of harvesting without freezing of the 
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specimen. The porcine stomachs were cut along the greater and lesser curvature, 

providing anterior and posterior specimens. A small central incision (2 mm) was created 

using a surgical knife. The gastric opening was then dilated in a standardized fashion 

using a 15-18 mm dilating balloon (CRE balloon, Boston Scientific Corp, Natick, Mass, 

USA). The balloon was inflated to a pressure of 7 atm, matching an outer diameter of 18 

mm, for exactly 60 seconds and was then deflated. 

Closure 

Once the gastrotomy was created and dilated, it was closed using one of the modalities 

listed below. Closures were performed by or under supervision of an experienced 

therapeutic endoscopist (PF) or senior surgeon (MvBH). Closure was performed manually 

on a bench, without the use of an endoscope (except for the Eagle Claw VIII device). This 

was done to create an optimal closure for each of the tested closure devices. Closure 

was achieved by placing sutures, clips, or staples until the gastrotomy appeared to be 

adequately closed at macroscopic inspection. The eight included closure modalities 

comprised:

Fig. 1 The closure devices. A Resolution clips. B, T-tags. C, Purse 
string modified T-tag. D, Eagle Claw VIII. E, Flexible endoscopic 
stapler. G,Purse string suturing device. G, Flexible Endostitch. (For 
color figures, see page 257)

A

D
B

F E

C

G
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1. Hand-sewn interrupted suture with 3.0 polydioxane (PDS) II (Ethicon Endo-Surgery, 

Cincinnati, OH, USA). The surgical suture was considered to be the gold standard.

2.  Resolution clips (Boston Scientific) (Fig. 1A). Nowadays, endoscopic clips are routinely 

used within the lumen of the gastrointestinal tract, mainly for the treatment of 

nonvariceal gastrointestinal bleeding. In many NOTES-related reports, endoclips have 

been used for endoscopic closure.[5,8,11] 

3.  T-tags (Ethicon Endo-Surgery) (Fig. 1B). This closure technique has frequently been 

applied in porcine NOTES experiments.[3,20,9,21] With this technique, a metal T 

bar and thread loaded are loaded into a 19- gauge hollow needle, which is passed 

through the tissue a few millimetres to the side of the defect. After the anchor has 

been ejected beyond the wall, another T-tag is placed on the opposite side of the 

incision. Subsequently the threads are tied together with a locking cinch. 

4.  Purse string modified T-tags (Cook Endoscopy, Winston-Salem, NC,USA) (Fig. 1C). 

The modification of these ‘purse string’ T-tags consists of an additional metal ring 

at the midpoint of the T bar. This loop allows four such fasteners to be deployed 

sequentially on the same suture, arrayed in a square around a gastrotomy site.[22] 

5. Eagle Claw VIII (Olympus Corporation, Tokyo, Japan) (Fig. 1D). The Eagle Claw VIII is 

a device attached to the tip of the endoscope. The device has 2 opposing jaws that 

move simultaneously, one fixing the target tissue and the other holding a curved 

needle to deliver the suture through the tissue. The penetrating needle tip is attached 

to the end of the curved needle and can detach and lock into the suture unit cartridge 

once the jaws are closed and the curved needle has penetrated the target tissue.[24] 

6. Flexible stapler (Power Medical Interventions, Langhorne, PA, USA) (Fig. 1E). The 

flexible stapler is a computer-mediated, electromechanically powered, cutting and 

stapling device delivered on a flexible working shaft. Staples were 1.7 mm in height 

and 75-mm in length, which were partially deployed.[23]

7. Purse string suturing device (LSI solutions, Victor, NY, USA) (Fig. 1F). This prototype 

device deploys a purse string suture. It utilizes vacuum suction to draw the gastric 

wall into a small chamber in which a 3-mm cutting blade can also be used to create 

an incision. After the sutures have been deployed, another device is used to tighten 

and secure the purse string with a titanium knot.[25] 

8. Flexible Endostitch (Covidien, North Haven, CT, USA) (Fig. 1G). The jaws of the flexible 

Endostitch hold a double-ended, sharp, taperpointed needle that has a suture swaged 

at its midsection. Opening and closing the jaws toggles the needle back and forth 

with the needle passes through tissue. The running sutures were secured without 

tying knots, using a prototype 3-0 barbed monofilament suture. The key element 

of the suture is that the barbs engage with the tissue, negating the difficulty of 

endoscopic knot tying. 
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Leak testing

After closure, the gastric explants were fixed between two equal-sized aluminium rings 

and clamped onto the experimental apparatus with the mucosa facing down, creating an 

airtight space within the jar (Fig. 2). The pressure in this airtight space was then raised in a 

controlled standardized manner, using a constant flow of water flowing into the glass jar 

below the specimen. As the volume of water increased, the pressure of the air entrapped 

within this base was gradually raised. A standardized layer of  water on top of the 

gastric explants showed air bubbles caused 

by leakage after pressurizing. A pressure 

gauge (AE Sensors BV, type ATM 1…6 

bar) was connected to the experimental 

apparatus and to a personal computer. 

The experiments were monitored using a 

system consisting of two camera views, one 

from above and one from beneath the fixed 

specimen, which recorded in synchrony with 

the analogue pressure data (VisionDAQ 

Video System). The three sources of 

information were displayed in one interface 

(Fig. 3, Video 1). After clear leakage the 

experiment was stopped and data were 

saved. The combination of the pressure 

gauge with two cameras meant that the 

leak pressure and location of the leakage 

were determined with great accuracy when 

the recorded data were reveiwed. 

Outcome parameters and statistics 

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

was defined as the first appearance of air bubbles. The secondary outcome parameter 

was leak location. All calculations were carried out using the Statistical Package for 

Social Sciences for Windows 12.0.1 software package (SPSS Inc, Chicago, IL, USA). Data 

were normally distributed and expressed as mean with standard deviation (SD). The leak 

pressure of each flexible closure modality was compared

with that of surgical closure by using the actual difference in leak pressure between the 

two techniques. The 95% confidence interval (CI) of this difference was used to test 

equivalence. A difference larger than 56 mmHg  (see below) was considered to show 

inferiority.

In the initial phase of this study we collected gold standard values by testing 15 

gastrotomies, closed with interrupted surgical suture with 3-0 PDS II. These showed a 

Fig. 2 Experimental apparatus, with glass-
top section (A),  clamp (B), glass jar (D), three 
junctions (C and E) and aluminium rings (F).
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mean leak pressure of 206 mmHg (SD 59). Using a non-inferiority design, with a margin 

of equivalence of -56, a power of 80% and alpha values of 0.05, a sample size of 11 

specimens for each closure technique 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.[26,27] 

RESULTS

All 77 incisions were successfully closed macroscopically with one of the seven different 

endoscopic techniques (Fig. 4A-G). The results showed no significant difference in Ieak 

pressures between the anterior and posterior stomach walls (p=0.152).  The mean 

pressures for air leakage from the gastrotomies closed using the different devices were 

as follows: T-tags, 138 mmHg (SD 68); purse string T-tags, 73 mmHg (SD 14); Eagle Claw 

VIII, 187 mmHg (SD 46); Resolution clips, 202 mmHg (SD 68); flexible stapler, 244 mmHg 

(SD 55); purse string suturing device, 102 mmHg (SD 32); and flexible Endostitch, 231 

mmHg (SD 71). The difference from the pressure with the gold standard was as follows 

Fig. 3 Digital interface showing two camera views and pressure curve. The fixed specimen with closed 
gastrotomy is seen from below (left upper image) and from above (right upper image). Air bubbles can 
be seen at the site of the closed gastrotomy. The leak pressure can be read from the graph. 
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(Fig. 5): T-tags, -68 mmHg (95% CI -120 to – 17 ); purse string T-tags, -133 mmHg, (95% 

CI -171 to -95); Eagle Claw VIII, -19 mmHg (95% CI -56 to 17 ); Resolution clips, -4 mmHg 

(95% CI -51 to 48); flexible stapler, 38 mmHg (95% CI -9 to 85); purse string suturing 

device, -104 mmHg (95% CI: -130 to -78) and flexible Endostitch, 25 mmHg, (95% CI 

-28 to 78). 

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

the breach site. In more than half of the experiments (54%) leakages occurred on the 

incision itself. In the majority of the experiments where pressures above 300 mmHg were 

reached, rupture of the gastric wall occurred elsewhere before the gastrotomy closure 

became disrupted. It should not be neglected that some of the leaks (16%) occurred 

through needle holes and not between the sutures. Leakage trough the needle holes 

Fig. 4 Closed incision using: A, Resolution clips. B, T-tags. C, Purse string modified T-tag. D, Eagle Claw 
VIII. E, Flexible endoscopic stapler. F, Purse string suturing device. G, Flexible Endostitch. (For color 
figures, see page 257)

A B C

D E GF

-200 -150 -100 -50 0 50 100

Resolution Clips
T-tags
Flexible stapler

Purse string suturing device
Purse string T-tags
Eagle Claw VIII

Endostitch

Difference in leak pressure, mmHg

Fig. 5 Difference in leak pressure between the gold standard (surgical suture) and each of the flexible 
closure modalities. The bars show the 95% confidence intervals (CI). The vertical line shows the predefined 
margin of equivalence (–56 mmHg). (For color figures, see page 258)
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occurred in 4/11 (36%) of experiments using the T-tags, in 3/11 (27%) cases using Eagle 

Claw VIII, in 3/11 (27%) with the Endostitch, and in 2/11 (18%) using the purse string 

T-tags. All the gastrotomies closed with the purse string suturing device and Resolution 

clips leaked at the incision itself. In case of the flexible stapler, all leakages occurred on 

the incision itself or through a rupture of gastric wall elsewhere.

DISCUSSION

Since the first report on NOTES in 2004, the closure of the gastrotomy has remained 

one of the main challenges in the development of this novel technique. Several methods 

of gastrotomy closure have been described in small porcine series with varying success.

[3,8,9,11, 20, 21, 23] However, no particular technique has demonstrated proven 

efficacy or has shown to be more reliable than other closure modalities. This lack of data 

could ultimately hamper the progression of NOTES. 

This report is the first to describe a comparison of a wide variety of NOTES gastric closure 

modalities. An ex vivo model was chosen, because it is the most efficient and ethical 

method for the primary evaluation and comparison of novel techniques. It also helps the 

selection of only the most promising for ex vivo evaluation. Moreover, detailed ex vivo 

evaluation of the closure technique itself seems most sensible in this emergent stage 

of NOTES. By applying the closure manually in an ex vivo model, optimal conditions 

were created to evaluate the technique itself and other variables, such as in vivo delivery 

problems of the technique, were avoided as much as possible. Surprisingly, apart from 

Ryou et al[25], an ex vivo phase of endoscopic gastric closure techniques for NOTES 

purposes has not been previously reported. The study of Ryou et al. included only two 

endoscopic techniques and was underpowered for detection of a significant difference. 

In the present study most of the currently used endoscopic closure modalities were tested 

and repeated in order to ensure adequate power.

The results of this study indicate that closing the gastric incision up to predetermined 

gold standard leak pressures can be achieved with endoscopic techniques. The closure 

techniques included can be classified into three different categories (Fig. 6). First, the gold 

standard surgical sutures provide a parallel closure of the gastric wall layers, including the 

serosa (Fig. 6A). The endoscopic devices mimicking a surgical suture (Eagle Claw VIII and 

Endostitch) also attempt to produce parallel closures. Closure of the gastrotomy using 

the flexible stapler and Resolution clips intended to result in inverted closures with serosa 

to serosa apposition (Fig. 6B). In case of the Resolution clips, the deep layers almost 

always slipped from the clips resulting in partially inverted closures. The T-tags, purse 

string modified T-tags, and the purse string suturing device effected in everted closures, 

with mucosa to mucosa apposition (Fig. 6C). 
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The Resolution clips, Eagle Claw 

VIII, flexible Endostitch and 

flexible stapler produced closures 

which were non inferior to the 

predetermined gold standard. 

Apart from the Resolution 

clips, the results of this study 

indicated the superiority of 

full thickness, serosa to serosa 

with either parallel or inverted 

wall layers. The flexible stapler 

and flexible Endostitch devices 

yielded the strongest closures. 

Furthermore, both endoscopic 

devices were relatively easy 

to use ex vivo and the stapler, 

especially, produced a fast and 

adequate closure. The use of the 

barbed suture in combination 

with the Endostitch appears 

to be promising, because the 

combination of these avoids the 

challenge of endoscopic knot 

tying. However, both Endostitch 

and stapler are still relatively large in diameter and may prove difficult to maneuver in 

vivo during a NOTES procedure in the small, confined space of the stomach. Additionally, 

in an in vivo model a small-caliber endoscope will be needed to provide vision. Similar 

drawbacks can be stated regarding the Eagle Claw device. 

The superiority of inverted, serosa to serosa apposition, in comparison with everted, 

mucosa to mucosa closure of the gastrotomy would also be expected as regards long-

term reliability. Namely, everted, mucosa to mucosa suturing does not induce permanent 

fusion between joined gastric folds.[28,29] However, serosal rather than mucosal 

juxtaposition induces local ischemia, foreign body reaction, and permanent contact 

between serosal surfaces by fibrinous adherence.[29-31] Resolution clips rarely provided 

serosa to serosa apposition but demonstrated a surprisingly strong closure under optimal 

ex vivo conditions. However, in an in vivo model with widely spaced incision edges 

and tissue edema, closing the incision with standard Resolution clips could prove to 

be challenging.[8] Even if the Resolution clips could be placed successfully, permanent 

fusion might be jeopardized due to lack of serosal juxtaposition and due to the risk of 

endoclips dislocation in the early phase of healing.  

Fig. 6 Closure types: A, parallel; B, inverted; C, everted.

A

B

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

closures that were significantly inferior to the predetermined gold standard. All three 

techniques were designed to produce full thickness sutures. However, with the sutures 

being tightened from the mucosal side without a suture crossing the incision at the 

serosal side, all three techniques resulted in mucosa to mucosa juxtaposition (Fig. 6C). 

Besides the lack of serosal juxtaposition, the relatively low leak pressures could also be 

caused by the resulting everted closure acted as a valve. The cone shape of the everted 

suture may converge the pressure to one central point, which allows relatively early 

leakage. If these sutures could be tightened from the peritoneal side, it would result in 

inverted closure and would possibly yield stronger closures. 

T-tags have frequently been used in porcine NOTES experiments[3,9,20,21] and even in 

a few human cases[32], but have not yet been compared with other closure modalities. 

Quite apart from the lack of serosal fusion, 36% of the leaks with T-tags occurred through 

needle holes and not between the sutures. This could be caused by generation of an 

excessive apposition force between each anchor pair, thereby encouraging a ‘cheese 

cutting’ or tissue pull-through effect.[33] Another important drawback of the in vivo use 

of T-tags, which was obviously not evaluated in this ex vivo model, is the blind puncture 

through the gut wall. This is potentially a dangerous technique, because it may lead to 

injury of adjacent organs.[20,34] Closure with the purse string modified T-tags may also 

be complicated by the ‘cheese cutting’ effect if higher pressures are reached. The failure 

may be explained by the difficulty in pulling both ends of the suture tight enough to 

ensure secure closure. The porcine tissue appeared to be too rigid to allow proper lacing.

In experiments using the automated purse string suturing device, the tissue tore at the 

end of the incision in 8 out of the 11 closed gastrotomies. The relatively long unidirectional 

purse string closure held in a rigid model might have led to a stress concentration in the 

direction of the shortened stomach wall. Decreasing the length of the purse string might 

lead to higher leak pressures. However, the lack of serosal juxtaposition will then still be 

a potential limitation. 

A few remarks could 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, the liquid-leak pressure would correspond better to the potential development 

of peritonitis, therefore the focus on air-leak pressure might be too stringent. In this study 

the gold standard was the leak pressure of surgically closed gastrotomies minus a margin 

of equivalence that was based on peak gastric pressures during coughing and vomiting.

[26,27] However, it may be the case that any method that produces strength of closure 

above a certain critical leak pressure threshold will be sufficient for maintaining gastric 

wall integrity. Nevertheless, in this nascent stage of NOTES, the goal of maximizing the 

strength of the gastrotomy closure seems most appropriate. 

As already mentioned, adequate closure using the tested techniques may be challenging 

and potentially result in a different outcome when applied in vivo rather than in the 
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optimal conditions of this ex vivo model. Secondly, acute strength may not be an absolute 

predictor for long-term reliable closure: for example the influence of blood supply and 

ischemia on midterm leakage was obviously not assessed. Survival experiments are 

necessary to determine accurately the reliability of the most promising techniques.  A 

final issue is to what extent fresh, but dead tissue can be compared with living tissue and 

to what extend porcine and human stomach are compareble. For example, the wall of 

the porcine stomach is thicker than that of the human stomach. 

In conclusion, 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, 

and the flexible stapler. The flexible Endostitch and flexible stapler yielded the strongest 

closures. In vivo acute and chronic animal experiments with adequate statistical power 

are needed to further evaluate the most secure gastric closure modalities. Only the best 

methods emerging from these studies should be considered for human indications. 
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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. 

Voermans.indb   94 14-4-2011   09:02:38



Ex vivo evaluation of novel OTSC-system for gastric closure

95

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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ABSTRACT

Background and study aim: Colonic perforation is a serious complication of colonoscopy, 

with surgical repair usually indicated. The aim was to compare acute strength of various 

endoscopic colonic closure techniques by assessing air leak pressures in a previously 

described ex vivo experimental apparatus. 

Methods: Standardized colonic perforations were created using fresh porcine colon and 

subsequently closed on a bench. Six techniques included surgical suture (gold standard), 

QuickClips, T-tags, over-the-scope-clip (OTSC) system, and two types of flexible stapler 

(Covidien). After closure, each specimen was fixed in the apparatus and pressure was 

gradually increased until air bubbles were seen. Leak pressure was the primary outcome 

parameter. Closure using the gold standard (first 15 experiments) resulted in a mean 

leak pressure of 86.9 mmHg (SD 7). Using a noninferiority design a sample size of 12 

specimens for each closure technique was determined. 

Results: Mean colotomy leak pressures in millimeters of mercury (mmHg) and difference 

(with 95% confidence intervals [CI]) between each technique and the gold standard 

were: QuickClips 85.1 (difference –1.8; 95%CI –7.0 to 3.9); T-tags 53.9 (difference 

–33.0; –39.0 to –27.0); OTSC 90.3 mmHg (difference 3.4; –6.1 to 12.9); 15-mm shaft 

stapler 98.5 mmHg (difference 9.7; 0.8 to 18.5) and 8-mm shaft stapler 96.6 mmHg 

(difference 11.6; 1.5 to 21.7). 

Conclusions: OTSCs, QuickClips, and both flexible staplers produced results comparable 

to hand-sewn colotomy closure in this ex vivo porcine colonic model. These devices seem 

to be prime candidates for further evaluation in survival animal studies.
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INTRODUCTION

Iatrogenic colonic perforation is a rare but severe complication of colonoscopy that is 

associated with a high morbidity and even mortality1. It occurs with an incidence of 

0.01% to 0.6% of all colonoscopies1–4. Despite this low incidence, the absolute numbers 

of perforations are substantial since the total numbers of colonoscopies performed are 

high and currently still increasing. For example, in the Netherlands with a population of 

16 million people, 72 012, 67 173, and 58 950 colonoscopies were performed in 2008, 

2007, and 2006, respectively5. These figures seem to imply that up to 432 iatrogenic 

colonic perforations could have occurred in 2008. Currently, the standard treatment 

consists of open or laparoscopic surgical repair1. In the past decade various endoscopic 

colonic closure modalities have been described in experimental animal studies 6–10 and 

a few human case reports 11–14. Secure endoluminal closure may avoid the need for 

surgery, decrease morbidity, and shorten the length of hospital stay. In parallel with 

endoluminal closure of perforations, secure transluminal closure also remains the 

fundamental barrier to the safe introduction of natural orifice transluminal endoscopic 

surgery (NOTES) into humans. The availability of a reliable, safe, and easy to handle 

flexible colonic closure modality may allow translation of transcolonic NOTES procedures 

into human pilot studies.

To our knowledge, no adequately powered comparison of different colotomy closure 

modalities has been reported. The aim of the current trial was to evaluate and compare 

the acute strength of various flexible colonic closure techniques using a previously 

described ex vivo experimental apparatus to assess air leak pressures, and to select the 

most promising closure devices for further in vivo evaluation15. 

METHODS

Whole colons were harvested from freshly slaughtered adult pigs weighing 55–65 kg. 

The specimens were refrigerated for a maximum of 24 hours but not deep-frozen. The 

porcine colons were cut into pieces of 10 cm in length and were cut along the entire length 

to create flattened colonic specimens. A small central puncture hole (2 mm) was created 

using a surgical knife. The colonic opening was then dilated in a standardized fashion 

using a 18-mm dilating balloon (CRE balloon; Boston Scientific, Natick, Massachusetts, 

USA). The balloon was inflated to a pressure of 7 atmospheres, matching with an outer 

diameter of 18 mm, for exactly 60 seconds and was then deflated.

Closure

Once the colotomy had been created, it was closed using one of the six closure modalities 

listed below (Fig. 1).
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Fig. 1 Closure of standardized 
colonic perforations in a 
porcine model. Flexible closure 
modalities investigated: A 
Quickclips; B T-tags; C over-
the-scope clip (OTSC) system; 
D flexible 15-mm stapler; 
E prototype flexible 8-mm 
stapler. (For color figures, see 
page 259)

A

B

C

D

E
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1 Hand-sewn interrupted suture with 3.0 polydioxane (PDS) II (Ethicon Endo-Surgery, 

Cincinnati, Ohio, USA). The surgical suture was considered to be the gold standard. 

2 QuickClips (Olympus Medical Systems, Hamburg, Europe; Fig. 1a). 

3 T-tags (Ethicon Endo-Surgery, Cincinnati, Ohio, USA; Fig. 1b). This system consists of 

a 3-0 polypropylene thread attached to a metal anchor bar, which is loaded into a 

plastic-covered needle, with a stylet to dislodge the bar. The needle, loaded with the 

T-tag, is passed through the tissue a few millimetres to the side of the perforation and 

the anchor is ejected beyond the colonic wall. Another T-tag is placed on the opposite 

side of the defect. Finally, the threads are tied together with a locking cinch.

4 Over-the-scope clip (OTSC) system (Ovesco Endoscopy GmbH, Tübingen, Germany; 

Fig. 1c). This device consists of a large nitinol clip preloaded onto a transparent plastic 

cap. The cap is mounted on the tip of an endoscope and the clip can be released by 

rotating a wheel, which is attached to the shaft of the endoscope. To approximate 

both sides of the perforation, a twin grasper is deployed through the working channel. 

The twin grasper has one fixed middle branch and two independently movable lateral 

branches, so that both perforation edges can be grasped separately. The tissue was 

approximated and gently pulled into the cap while continuous suction was applied. 

The OTSC was then released by pulling on a wire that was led through the working 

channel of the endoscope.

5 Flexible 15-mm stapler (Covidien, North Haven, Connecticut, USA; Fig. 1d). This flexible 

stapler (previously manufactured by Power Medical Interventions) is a computer-

mediated, electromechanically powered cutting and stapling device delivered on a 

flexible working shaft that is 15 mm in diameter. Staples were 60 mm in length and 

only partially deployed. Staple leg length was 3.8 mm.

6 Prototype flexible 8-mm stapler (Covidien; Fig. 1e). This prototype flexible cutter and 

stapler is also electromechanically powered. The motor of the stapler is located in the 

distal end of the device, just proximal to the cartridge. The flexible shaft is 8 mm in 

diameter. The rigid head is 14 mm in diameter and 8 cm long. The staples used were 

30 mm in length and the staple leg length was 3.5 mm. 

Closures were carried out manually on a bench without the use of an endoscope 

(except in the case of the OTSC system). This was done to eliminate the difficulties 

of an endoscopic approach in order to create optimal closures for each of the tested 

modalities. Closures were done by using sutures, clips, or staples until the colotomy 

appeared to be adequately closed at macroscopic inspection.

Leak testing

Leak testing was performed as previously described [15,16]. In brief, following closure 

the colonic explants were fixed on the experimental apparatus with the mucosa facing 

down, creating an airtight space within the pot. Subsequently, pressure within this 

airtight space was gradually raised. A standardized water film positioned upon the 

specimen showed air bubbles when leakage happened. The pressure gauge was linked 
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to two cameras, so that the leak location and pressure could be determined in great 

detail afterwards (Fig. 2).

Outcome parameters and statistics

The primary outcome parameter was the leak pressure of closed colotomies. Leak 

pressure was defined as the pressure at which the first air bubbles could be seen. The 

secondary outcome parameter was closure time. Closure time was defined as the time 

from first contact between the colonic tissue and the closure modality to adequate 

closure as assessed by macroscopic inspection. 

All calculations were carried out using the Statistical Package for Social Sciences for 

Windows 16.0.2 software (SPSS Inc, Chicago, Illinois, USA). Data are expressed as 

mean with standard deviation (SD) or as median with interquartile range (IQR) when 

appropriate. 

The leak pressure of each flexible closure modality was compared with that of surgical 

closure by using the actual difference in leak pressure between the two techniques. The 

95% confidence interval (CI) of this difference was used to test equivalence. A difference 

Fig. 2 Digital interface showing two camera views and pressure curve. Left upper panel: the fixed 
specimen from below. Right upper panel: fixed specimen from above; the air bubbles demonstrate 
leakage. Lower panel: the curve shows the leak pressure within the experimental apparatus. 
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larger than 1 SD (i.e. 7 mmHg; see section below on Sample size) was considered to 

show inferiority.

Sample size

By testing 15 colotomies closed with interrupted surgical sutures, we collected gold 

standard reference values. This gave a mean leak pressure of 86.9 mmHg (SD 7 mmHg). 

Using a two-group normal approximation test of means, a noninferiority design, a 

common SD of 7 mmHg, a one-sided significance level of 0.05, power of 80%, and 

margin of equivalence of 1 SD (7 mmHg), a sample size of 12 specimens for each closure 

technique was determined. 

RESULTS

All 60 colonic perforations were macroscopically successfully closed with one of the 

five different endoscopic techniques (Fig. 1a–e). The results for each closure device are 

summarized in Table 1. Colotomies closed with standard endoclips (QuickClips) showed 

air leakage at a mean pressure of 85.1 mmHg (SD 7.4); T-tag closure at 53.9 mmHg (SD 

8.1); OTSC closure at 90.3 mmHg (SD 16.1); 15-mm shaft flexible stapler at 98.5 mmHg 

(SD 17.3); and 8-mm shaft flexible stapler at 96.6 mmHg (SD 14.7). 

Table 1. Leak pressure and closure time for each modality used to close colonic perforations in an ex 
vivo porcine model

Leak pressure – mmHg Closure time, minutes

Closure modality Mean SD Mean 95% CI

Surgical suture 86.9 7.0 03:20 2:59  – 3:41

Quickclips 85.1 7.4 02:59 2:43 – 3:15

T-tags 53.9 8.1 10:33 8:55 – 12:11

OTSC 90.3 16.1 01:36 1:19 – 1:52

Flexible 15mm stapler 98.5 17.3 01:02 0:59 – 1:06

Flexible 8mm stapler 96.6 14.7 07:44 7:01 – 8:27

SD: Standard deviation; CI: Confidence interval

The difference from the pressure with the gold standard was as follows (Fig. 3): endoclip 

(QuickClip) closure, –1.8 mmHg (95%CI –7.0 to 3.9); T-tag closure, –33.0 mmHg (–39.0 

to –27.0); OTSC closure, +3.4 (–6.1 to 12.9); 15-mm flexible stapler, +11.6 (1.5 to 21.7); 

and 8-mm flexible stapler, +9.7 mmHg (0.8 to 18.5). Closure using the endoclips, the 

OTSC system, and both flexible staplers resulted in leak pressures comparable with that 

of the gold standard. Colotomy closures using the T-tag, on the other hand, were inferior 

to the surgical suture closure (Fig. 3). 
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Closure using the OTSC or the 15-mm flexible stapler was macroscopically successful with 

one clip or one staple line, respectively. In the case of the smaller 8-mm shaft flexible 

stapler two staple lines were necessary to achieve adequate closure in all cases. With 

the endoclips and T-tags, a median of 3 (range 3–4) clips or pairs of T-tags were placed.

The mean closure times were as follows: surgical suturing, 3.3 minutes (95%CI 3.0 to 3.7); 

QuickClips, 3.0 minutes (2.7 to 3.3); T-tags, 10.6 minutes (8.9 to 12.2); OTSC closure, 1.6 

minutes (1.3 to 1.9); 15-mm stapler, 1.0 minutes (1.0 to 1.1); and the prototype 8-mm 

stapler, 7.7 minutes (7.0 to 8.5) (Table 1).

DISCUSSION

Reliable endoluminal closure of iatrogenic perforations holds promise for widespread 

clinical use, since it may avoid the need for surgery and decrease subsequent morbidity 

and hospital stay. In this ex vivo comparative trial we evaluated five flexible colonic 

closure modalities. We found that colonic closure using the Quickclips, OTSC, and both 

Covidien staplers resulted in strength comparable to that of hand-sewn colotomy closure. 

An ex vivo model was chosen, because it was the most efficient and ethical means for 

the primary evaluation and comparison of novel techniques. Using this approach, only 

the most promising techniques would be selected for further in vivo evaluation, saving 

animals and costs. Moreover, an ex vivo evaluation allows detailed assessment of the 

closure technique itself, excluding other potential variables such as the delivery system. 

Fig. 3 Difference in leak pressure between the gold standard (surgical suture) and each of the flexible 
closure modalities. The bars show the 95% confidence intervals (CIs). The vertical line shows the 
predefined margin of equivalence of 1 SD (–7 mmHg). OTSC, over-the-scope clip. (For color figures, see 
page 260)
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Apart from the study of Ryou 

et al., no ex vivo comparison of 

colonic closure modalities had 

been reported 17. However, 

the latter report included only 

two endoscopic techniques and 

was underpowered for proving 

noninferiority to gold standard 

values. In the present study, the 

majority of the currently used 

endoscopic closure modalities 

were tested with sufficient 

repetition to ensure adequate 

power.

The techniques included can 

be grouped into three different 

categories (Fig. 4) 15. First, the 

gold standard surgical sutures 

provided a parallel closure of the 

colonic wall layers, including the 

serosal layer (Fig. 4a). Second, 

closure of the colotomy using 

both flexible staplers, OTSC, and 

Quickclips was intended to result 

in inverted closure with serosa 

to serosa apposition (Fig. 4b). Finally, the T-tag technique created everted closures, 

with mucosa to mucosa apposition (Fig. 4c). All techniques except the T-tags provided 

strength comparable to that of the gold standard. In line with surgical principles, we 

showed the superiority of full-thickness (serosa to serosa) closure. Although previous ex 

vivo gastrotomy closure experiments using comparable closure techniques have resulted 

in significantly higher leak pressures than those in the current report, serosa to serosa 

closure appeared to be superior for colotomy as well as gastrotomy closure 15,16. The 

superiority of serosa to serosa apposition, in comparison with everted mucosa to mucosa 

closure, is also expected with regard to long-term reliability; specifically, everted mucosa 

to mucosa suturing does not induce permanent fusion between joined folds [18,19]. 

Serosal rather than mucosal juxtaposition, however, induces local ischemia, foreign-

body reaction, and permanent contact between serosal surfaces by fibrinous adherence 

[19,20]. 

In many NOTES-related experimental studies, endoclips have been used for endoscopic 

closure of colonic perforations in the gastrointestinal tract, with varying success rates 

Fig. 4 Types of closure: a parallel; b inverted; c everted 
(adapted from Voermans et al. [14].

A

B

C
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6,9,21–23. In contrast to other techniques, which attempt to achieve inverted closure, 

endoclips have often achieved closure only of the mucosal layer because of slippage from 

the clip of deeper layers. Secondly, gaping perforations cannot be closed with standard 

endoscopic clips if the defect is larger than the wingspan of the open clip. These factors, 

which were partly excluded in this ex vivo study, could explain the relatively high number 

of infectious complications reported from in vivo survival animal studies in spite of the 

adequate strength shown in this study 6,22,24. 

Compared with standard endoclips, the OTSC has a much wider wingspan (12 mm). 

In combination with the use of a twin grasper to facilitate serosa to serosa apposition, 

this resulted in full-thickness closure in all specimens. Besides providing strength, closure 

with the OTSC was easy to perform, as shown by the very short mean closure time (1.6 

minutes). In vivo survival and nonsurvival experiments have confirmed the promising 

results regarding strength and ease of closure of perforations with the OTSC 8,10,25. 

The two flexible staplers produced the strongest closures. Furthermore, the 15-mm 

stapler, especially, was very easy to use (mean procedural time 1.0 minutes). However, 

the biggest challenge with the flexible staplers will be the safe maneuvering of these 

relatively bulky devices through the gastrointestinal tract and operating them within 

its confined lumen. Due to the short length of the staple line (30 mm) of the 8-mm 

shaft flexible stapler, it was necessary to reload it once for adequate closure of each 

colotomy, which caused the relatively long procedure time (mean 7.7 minutes). On 

the other hand, the reduction in length of the rigid stapler head in combination with 

the increased flexibility of the relatively small shaft may be beneficial in vivo, potentially 

allowing maneuvering around the colonic bends. In contrast with the other techniques 

studied here, stapling could also combine adequate closure with full-thickness resection 

of premalignant or malignant colonic lesions. 

The T-tags produced closures that were inferior to the predetermined gold standard. 

T-tags were designed to produce full-thickness sutures. However, when the sutures are 

tightened from the mucosal side without a suture crossing the incision at the serosal 

side, it results in mucosa to mucosa juxtaposition (Fig. 4c) 15. T-tags have already been 

used quite frequently in porcine NOTES experiments for colotomy closure with promising 

results in some studies 7,24,26,27. The largest (comparative) experimental trial using T-tags 

for colotomy closure was performed by Raju et al. 7. They concluded that there was 

no statistically significant difference between surgical and T-tag closure. However, their 

study was not designed (and therefore not adequately powered) as an equivalence trial. 

On the basis of their study it can only be concluded that outcome of T-tag-colotomy 

closure is not (significantly) different from that of surgical closure, but not that the two 

techniques are comparable. Secondly, 15% of the pigs in which the colotomies were 

closed using T-tags, did not survive the planned 2 weeks. Moreover, 10 out of 27 of these 

pigs (37%) had fibrinous deposits in their peritoneal cavity which is a sign of possible 

leakage. Such mortality and infectious complications rates will not be acceptable in 
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human clinical practice. Other in vivo survival experiments with colotomy closure using 

T-tags have been described, besides that of Raju et al. 7,9,24,27,28; infectious complication 

rates varied between 0% and 50%. Despite the fact that in vivo survival results with T-tag 

colotomy closure seem to be more promising than might have been expected based on 

the outcome of our study, nevertheless an unacceptable proportion of in vivo colotomies 

closed by T-tags seem to be associated with infectious complications. One explanation 

may be that in the majority of cases relatively little strength is enough to result in a 

good clinical outcome, but sometimes stronger closure is necessary in the case of peak 

pressures occurring, for example, during bowel spasms. 

Apart from the risk of leakage of bowel contents, another important drawback of using 

T-tags in vivo is the blind puncturing through the gut wall. This is a potentially dangerous 

feature, because it may lead to injury of adjacent organs7,29. 

In comparison with surgery, endoluminal closure has several advantages. The recognized 

perforation can be closed immediately, thereby limiting the extent of peritoneal soiling. 

There is the additional advantage of avoiding the risk, often associated with laparotomy 

and even laparoscopy, of adhesions that may develop from peritoneal incision and 

dissection 1,4,30. Lastly, closure can be completed with the patient under conscious 

sedation during the same session, thereby eliminating the need for general anesthesia 

and the costs associated with it. 

Alongside the endoluminal closure of perforations, the availability of a secure flexible 

closure technique may allow safe introduction of transcolonic NOTES into humans. NOTES 

shows promise as a less invasive alternative to laparoscopic and traditional surgery. Thanks 

to the theoretical and practical advantages of this concept, such as scarless surgery, 

less pain, lesser extent of wound complications, earlier mobility, and faster recovery, 

there is considerable interest in this approach among patients who need surgery. The 

majority of patients would prefer a NOTES over a laparoscopic cholecystectomy 31,32, 

with lack of “external pain” and of scarring as the most commonly cited reasons. Patients 

expressed this preference for NOTES provided that complication rates were comparable 

with current standards with laparoscopy. The availability of a reliable and easy to handle 

flexible colonic closure modality is therefore obviously vital. Adequately powered in vivo 

survival animal experiments with the most promising closure modalities (both types of 

flexible stapler and the OTSC system) are necessary before potential transference of the 

techniques into humans could be considered. 

Our experimental apparatus deserves some comment. Intracolonic pressures described 

in the literature range from 30 to 109 mmHg 33,34; however the optimal ex vivo acute 

strength of closure remains unknown. Secondly, the results regarding leak pressure as 

well as timing, from this ex vivo study may not be completely applicable to an in vivo 

model. An ex vivo leak pressure of above 80 mmHg may be an unnecessarily rigorous 

predictor for clinical success. The discrepancy between our ex vivo results for T-tag 
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colotomy closure and the results from in vivo survival experiments may indicate this 
7,9,24,27,28. However, as mentioned, infectious complication rates from different reports 

concerning T-tag colotomy closure vary between 0% and 50% 7,9,24,27,28. Consequently 

we still do not know which pressures are necessary to achieve adequate closure and a 

subsequent low infection rate. It may be the case that rarely occurring peak pressures 

make strong closure necessary. To address these issues, we did not use a fixed threshold 

pressure to test the reliability of each technique but compared all the experimental 

modalities with a technique of proven reliability, that is, the surgical suture. 

Furthermore, adequate closure using the tested techniques may be challenging and 

might result in a different outcome when applied in an in vivo model using an endoscope 

rather than in the optimal conditions of this ex vivo model. In addition, acute strength 

may not be the best predictor for long-term reliability of closure. Survival experiments are 

necessary to determine the actual reliability of the most promising techniques. Finally, 

the creation of the colonic perforation was carefully controlled. Closure of iatrogenic, less 

controlled colotomies might have had a different outcome. 

In conclusion, endoscopic closure of colonic incisions to predetermined gold standard 

leak pressures proved to be attainable with QuickClips, the OTSC system, and two 

different types of flexible stapler. The flexible staplers yielded the strongest closures. 

T-tag closure, on the other hand, was inferior to the gold standard. In vivo survival animal 

experiments with adequate statistical power are needed to further evaluate the most 

secure closure modalities. Only those modalities with the best results in these studies 

should be considered for human indications. 
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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.
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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

Voermans.indb   125 14-4-2011   09:02:42



Chapter 7

126

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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ABSTRACT

Background: If Natural Orifice Transluminal Endoscopic Surgery (NOTES) peritoneoscopy 

is to become an alternative to diagnostic laparoscopy, NOTES peritoneoscopy must be 

comparable to laparoscopy in its diagnostic accuracy. 

Objective: To assess feasibility of transgastric (TG) and transcolonic (TC) NOTES 

peritoneoscopy combined with intraperitoneal EUS. 

Design: Twelve nonsurvival experiments on 6 female pigs.

Setting: Animal laboratory

Interventions: Randomization was performed to determine order of approach (TG or 

TC as first procedure). After peritoneal access, systematic peritoneoscopy was performed 

according to a preassessed list of 12 locations considered clinically important. For each 

visualized location, 1 point was scored and 1 point added if touched as well, leading 

to a maximum score of 24 points. Subsequently, the endoscope was exchanged for 

linear echoendoscope. The percentage of visualization of the 4 sections of the liver was 

recorded (0: not visible; 1: 33%; 2: 66%; 3: 100%; maximum score, 12 points). After 

withdrawal the protocol was repeated using  the 2nd natural orifice (TG or TC). 

Main outcome measurements: Extent of adequate visualization of diagnostic 

peritoneoscopy and intraperitoneal EUS measured by a preassessed record form 

Results: Access was achieved without difficulties at all 12 sites. TG peritoneoscopy 

resulted in a median of 23 points (range 20-24), via the TC approach the maximum of 

24 points was recorded in all pigs (p=0.102). TG-EUS resulted in a median of 11 points 

(range 6-12) and TC-EUS in a median of 12 points (range 8-12) (p=0.317). 

Limitation: Lack of objective landmarks 

Conclusions: TG and TC NOTES peritoneoscopy combined with intraperitoneal EUS is 

technically feasible. Furthermore, NOTES peritoneoscopy and intraperitoneal EUS seems 

to result in adequate visualization of the peritoneal cavity and liver, respectively. 
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INTRODUCTION

Preoperative detection of peritoneal and other small intra-abdominal metastases of 

biliopancreatic and upper gastrointestinal malignancies can be difficult. Advances 

in preoperative imaging have improved detection and diagnosis of primary tumors, 

determination of Tumor (T) and lymph node (N) stage, and detection of metastases 

(M) as well.1, 2 However, small metastases and metastatic disease of the peritoneal 

surface are frequently missed and only detected at the time of surgery.3-8 Because the 

presence of metastatic disease is a contraindication for resection of the primary tumor 

in the majority of cases, laparoscopy and laparoscopic ultrasonography are frequently 

performed to exclude metastases before resection. 

Natural Orifice Transluminal Endoscopic Surgery (NOTES) peritoneoscopy may become an 

alternative to laparoscopy. By avoiding abdominal incisions, NOTES has the potential to 

offer significant benefits to patients, such as less postoperative pain, decreased suppression 

of the immune system and thus enhanced postoperative recovery.9, 10 Furthermore, it 

could be performed as an outpatient procedure. The transluminal approach could be 

particular important for morbidly obese patients and others at high risk for complications 

of open and laparoscopic surgery.

In certain groups of patients, such as patients with periampullary and liver malignancies, 

laparoscopic ultrasonography has been shown to have additional value over laparoscopy 

alone and increases the yield of laparoscopy.3, 4, 8 If NOTES is to become an alternative 

to diagnostic laparoscopy it must be comparable from a diagnostic standpoint. 

However, until now there have been no reports on the use of intraperitoneal endoscopic 

ultrasonography (EUS) during NOTES procedures. The primary aim of our study was to 

assess feasibility of transgastric and transcolonic endoscopic peritoneoscopy combined 

with intraperitoneal EUS in a nonsurvival porcine model. 

METHODS

Animals and preparation

Twelve nonsurvival experiments were performed on six 35- to 40-kg female pigs. 

Insitutional review board approval was obtained from the local animal ethics committee. 

Animals were housed at the animal research facility at Academic Medical Hospital, 

University of Amsterdam, the Netherlands. The animals were fasted for 24 hours prior to 

the procedure. Pre-anaesthesia sedation consisted of ketamine (10mg/kg), midazolam 

(1mg/kg) and atropine (1ml/25 kg). General anaesthesia was achieved using 1% to 3% 

isoflurane. Analgesia consisted of continuous infusion of continuous intravenous infusion 

of sufentanil (2-5 μg/kg/h) (and if necessary additional bolus), pancuronium (1 mL/h) 

and midazolam (0,5-1,5 mg/kg/h). 
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Four hours before the procedure multiple enemas were administered until the distal 

colon was cleared from all particulate fecal matter. All experiments began with the 

animals in the supine position. To facilitate safe transluminal access to the peritoneal 

cavity, a Veress needle was placed for continuous carbon dioxide insufflation to create 

pneumoperitoneum at a pressure of less than 14 mmHg. All animals underwent 

peritoneoscopy plus EUS via both the transgastric (TG) and the transcolonic (TC) approach 

during which the pneumoperitoneum was maintained. Randomization was performed 

picking 1 of the 6 sealed envelopes to determine order of approach (TG or TC as first 

procedure). 

Transgastric approach

After introduction of a double-channel endoscope (GIF 2T100; Olympus Corporation, 

Tokyo, Japan) into the stomach, internal indentation from abdominal palpation and/or 

installation of water was used to locate the anterior gastric wall. Two T−tags (Ethicon 

Endo-Surgery, Cincinnati, Ohio, USA) with attached sutures were placed flanking the 

margins of the planned incision site to facilitate subsequent closure. Gastric access was 

created by a needle knife (Cook Endoscopy, Winston-Salem, NC, USA) puncture followed 

by dilatation with an 18 mm CRE balloon (Boston Scientific, Natick, Mass, USA). 

Transcolonic approach

After introduction of the therapeutic endoscope into the colon, residual stool was removed 

with aggressive washing and suctioning. Internal indentation from abdominal palpation 

and/ or installation of water was used to locate the anterior colonic wall. At a distance of 

15 to 20 cm from the anal verge, 2 TSymboltags were placed flanking the margins of the 

planned incision site to facilitate later closure. A focal colonic incision (< 2 to 3 mm) was 

created by using a needle knife with a brief pulse of coagulation and the endoscope was 

then slowly manoeuvred through the incision, enlarging it while moving through.  

Diagnostic Peritoneoscopy

Systematic peritoneoscopy was performed according to a pre-assessed record form, 

which was based on locations considered clinically important. The 12 included locations 

were divided in 4 groups: Left and right peritoneal upper quadrants (2 structures), left and 

right hemidiaphragm (2 structures), liver and hepatoduodenal ligament (5 structures) and 

a miscellaneous group (3 structures: omentum, anterior stomach and duodenal curve). 

For each visualized location, 1 point was scored and 1 point added if the location had 

been touched with a biopsy forceps as well, resulting in a maximum score of 24 points. 

During the diagnostic procedure, the position of the animal was frequently changed to 

the Trendelenburg and anti-Trendelenburg to improve visualization. Endoscopic tools to 

improve visualization, such as an endoscopic forceps and application of a transparent 

cap, were used according to the endoscopists’ preference.
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After the diagnostic procedure a standard 0.035-guidewire (Jagwire; Boston Scientific) 

was left in the peritoneal cavity, and the endoscope was exchanged for linear EUS-scope 

(GF-UCT140, Olympus). The guidewire was only used to visually guide the endoscopist 

as he introduced the echo-endoscope into the abdominal cavity. To facilitate estimation 

of the percentage of visualization, the porcine liver was divided in 4 sections (left and 

right superior and left and right inferior parts) by using endoscopy. These sections were 

systematically visualized. The extent of visualization of each section was assessed by the 

extent of visualization of the other side of the liver surface. In case the other side of 

the liver surface of the particular section was visualized in total, the entire section was 

estimated to be visualized. In case 66% (Fig. 1) or 33% of the other side of the liver 

surface was visualized, 66% and 33% of the section was, respectively, estimated to be 

visualized. For visualization of the entire section 3 points were scored, for approximately 

66% of the section 2 (Fig. 1), and for approximately 33% 1 point, with a maximum 

score of 12 points. If it was not possible to adequately maneuver the EUS-scope on 

the section’s surface 0 points were scored. After withdrawal the entire protocol was 

repeated using the second natural orifice. 

The gastrotomy and colotomy were closed using multiple T-tags or Resolution Clips 

(Boston Scientific) until the incision was macroscopically adequately closed. These 

closure techniques have frequently been applied in porcine NOTES experiments and 

have been described by others.11-19 The T-tag technique consists of a metal T-bar and 

thread loaded in a 19 gauge hollow needle, which is passed through the tissue a few 

millimetres from the defect. After ejecting the anchor beyond the wall, another T-tag is 

placed on the opposite side of the incision. Consequently the threads are tied together 

with a locking cinch. 

After closure, the animals were euthanized and the abdominal cavity was grossly 

inspected post-mortem for signs of bleeding or perforation. The gastric and colonic 

closure sites were examined in detail and checked for air tightness. Air tightness was 

checked by clamping the duodenum or proximal part of the colon, respectively, and 

insufflation of air using a syringe. During this leak test the closed gastrotomy or colotomy 

was held submersed to visualize air bubbles in case of leakage. 

Fig. 1 EUS image showing an example of the 
EUS scoring system. In this case, the extent of 
visualization of a particular section was estimated 
at 66% based on the extent of visualization of 
the other side of the liver surface.
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Outcome parameters and statistics

The primary outcome parameters were the extent of adequate visualization of 

endoscopic diagnostic peritoneoscopy and extent of adequate visualization of the liver 

by intraperitoneal EUS measured by a preassessed record form. Secondary outcome 

parameters were safety of access, procedural time (starting from introduction of the 

(echo)endoscope into the peritoneal cavity until removal from the peritoneal cavity) 

and reliability of closure. Safety of access was defined as the absence of bleeding and 

laceration or perforation of visceral organs. Reliable closure was defined as the absence 

of air leakage during insufflation of the closed gastrotomy or colotomy. 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. Statistical significance was assessed by using the paired Wilcoxon signed rank 

tests. 

RESULTS

Peritoneal access was achieved without complications at all 12 sites (6 TG, 6 TC). In 3 

pigs, experiments started with the TG approach. The per-pig results are summarized in 

table 1. According to the preassessed record form, the TG peritoneoscopy resulted in 

a median score of 23 points (range 20-24); by using the TC approach, the maximum 

of 24 points was recorded in all pigs (p=0.102). In all 12 experiments (TG and TC), the 

peritoneal and diaphragm quadrants, omentum, anterior stomach and duodenal curve 

could be adequately visualized and touched with a biopsy forceps. In 3 of 6 TG and all 

TC experiments the whole liver surface and hepatoduodenal ligament were adequately 

visualized (Fig. 2). In all these experiments, a transparent cap was used to adequately 

visualize the inferior surface of the liver and the hepatoduodenal ligament (Fig. 3). In 

the remaining 3 experiments using the TG approach, despite the use of a transparent 

cap, it was not possible to adequately visualize the liver surface. In detail, in one TG 

Table 1: Diagnostic points scored per pig according to the preassessed record form

Pig Total TG 
peritoneoscopy 

(max 24)

Total TC 
peritoneoscopy 

(max 24)

Total TG 
intraperitoneal EUS 

(max 12)

Total TC 
intraperitoneal EUS 

(max 12)

1 24 24 12 12

2 22 24 8 8

3 22 24 6 10

4 20 24 12 12

5 24 24 12 12

6 24 24 12 12

TG: Transgastric; TC: Transcolonic; max: maximum
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experiment, the hepatoduodenal ligament was missed; in another the right inferior 

part of the liver was missed; and in a third TG experiment the right inferior part and the 

ligament were missed. 

TG-intraperitoneal EUS resulted in a median of 11 points (range 6-12) and TC 

intraperitoneal EUS in a median of 12 points (range 8-12) (p=0.317). In 4 of 6 pigs, 

the entire liver was estimated to be recorded in total by using the TG and TC approach 

(Fig. 2). In 2 pigs it was not possible to visualize the entire liver. In one pig 50% and in 

another 33% of the liver was estimated to be missed during TG EUS. TC intraperitoneal 

EUS resulted in missed areas of, respectively, 33% and 17% in the same 2 pigs (Table 1). 

In these 2 pigs, it was also not possible to visualize the inferior surface of the liver during 

TG peritoneoscopy. 

The median procedural time of the TG and TC peritoneoscopy from entering the 

peritoneal cavity was, 10 (range 7-15) and 10 minutes (range 4-12) respectively. Median 

TG intraperitoneal EUS time was 9 minutes (range 4-22) and TC intraperitoneal EUS 7 

(range 6-10). These differences were not significantly different (p=0.221 and p=0.655 

respectively). 

In the first 2 experiments the gastrotomy and colotomy closure was attempted using 

Resolution clips (median of 5 and 4 respectively). In 1 animal, the gastrotomy could not 

be completely closed with endoclips due to edema at the incision site. At necropsy 0/2 

gastrotomies and 1/2 colotomies were airtight. In latter 4 experiments the gastrotomy 

and colotomy were closed with a median of 6 (range 6-8) and 6 (range 4-8) T-tags, 

respectively. Closure of the gastrotomy and colotomy was achieved macroscopically 

successfully in all experiments (Fig. 4). At necropsy, 2 of 4 gastrotomies and 3 of 4 

colotomies were airtight. At necropsy, there were no signs of bleeding. In 2 cases injury 

Fig. 2 Endoscopic image showing the liver via the 
transgastric approach. (For color figures, see page 
261)

Fig. 3 Endoscopic image showing the inferior 
surface of the liver using a transparent cap. (For 
color figures, see page 261)
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of adjacent organs due to transluminal blind puncture of the T-tags was seen. In 1 case, 

the small bowel was attached to the closed colotomy, and in another case, the colotomy 

was fixed to the abdominal wall.  

DISCUSSION

Adequate staging of upper gastrointestinal tumors is crucial when determining the 

appropriate medical or surgical therapy. The main goal of laparoscopic staging for 

patients with gastrointestinal malignancies is to avoid laparotomy in patients with 

incurable disease. To minimize the invasiveness of peritoneal access further, the next 

step would be to avoid the anterior abdominal wall approach completely. Since the 

introduction of NOTES, the feasibility of NOTES peritoneoscopy has been demonstrated 

in several reports, including one human case series.14, 20-23

To cover the whole range of diagnostic possibilities of laparoscopy, we took this concept 

one step further and showed the feasibility of transluminal intraperitoneal EUS. In 8 

of 12 experiments, the entire liver was visualized with intraperitoneal EUS. Although 

intraluminal EUS has been shown to be a useful tool in visualizing the liver, it cannot reach 

all parts of the liver by intraluminal gastroduodenoscopy.24 Furthermore, considering 

the currently increasing indications for therapeutic intraluminal procedures under EUS 

guidance25-30, EUS could be useful for intraperitoneal therapeutic procedures as well. 

Fig. 4 Endoscopic image showing macroscopically 
adequately closed colotomy using T-tags. (For 
color figures, see page 261)

Voermans.indb   142 14-4-2011   09:02:44



Feasibility of transgastric and transcolonic NOTES peritoneoscopy

143

Besides the feasibility of intraperitoneal EUS, this study demonstrated compelling results 

of transluminal NOTES peritoneoscopy. All the predetermined abdominal structures 

could be visualized and touched during the TC NOTES peritoneoscopy, and 83% could 

be visualized via the TG approach. Because a scoring system to assess the capability of 

NOTES peritoneoscopy did, to our knowledge, not yet exist, it was constructed based on 

the clinical important locations. This report is the first to evaluate NOTES peritoneoscopy 

according to a predetermined standardized record form to improve objective analysis of 

the collected data. 

Until now, all studies reports in literature, except one, concerning diagnostic NOTES 

peritoneoscopy used the TG approach.14, 20, 22, 23, 31 The TG approach, however, often 

resulted in limited visualization of structures in the upper abdomen.23 Difficulties in 

visualizing the gallbladder and the right lobe of the liver via the TG approach were 

confirmed in the first human NOTES case series and are therefore not confined 

to pig anatomy.21 Therefore, the TG and TC approach were evaluated in this study. 

Furthermore, this is the first report in which the TG and TC approach were evaluated in 

a paired model. In all 12 experiments (TG and TC), all structures, apart from the liver, 

could be adequately visualized and touched during NOTES peritoneoscopy. Using the 

TG approach, it was not possible to visualize the inferior part of the liver in half (3 of 6) 

of the experiments. Because of the relatively short length of the bending section of the 

endoscope, the right lateral part of the liver was out of reach during maximal deflection 

of the endoscope. Improved endoscope design that allows a larger bending section or 

second bending section, such as the R-scope (Olympus), could improve this limitation.32 

A steerable overtube driving the scope in retroflexion may overcome this hurdle as well. 

However, the decreased stability and difficulty in orientation of working in retroflexion 

remain and may also present problems in a human setting (Fig. 2). 

In contrast, with the TC approach, all structures were adequately visualized, and 

structures in the upper abdomen could be easily reached en face. By avoiding the need 

for retroflexion, endoscope stability increased as well. Although this pilot study was 

underpowered to detect a difference in upper abdomen visualization between these 

two approaches, our results suggest superiority of the TC approach. The potential 

higher risk, however, of peritoneal contamination by using the TC approach should 

not be overlooked.33 In these nonsurvival experiments peritoneal contamination was 

not measured. Survival animal studies are required to further evaluate the potential 

advantages and risks of the TC approach.   

The 2 pigs, in which parts of the liver were missed during intraperitoneal EUS were the 

same 2 pigs in which the inferior surface was partially missed during TG peritoneoscopy 

(Table 1). This may be explained by per-animal variance in abdominal anatomy. In 

particular, the size of the spleen varied per animal; in one of these 2 pigs, the spleen 

covered a large part of the liver, making adequate visualization difficult. 
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By using a preassessed record form, objective interpretation of the collected data was 

attempted as much as possible. However, it remained difficult to measure whether 

the target structure was completely visualized. During intraperitoneal EUS especially, 

visualization was rather subjective since objective landmarks were missing. Studies with 

more objective endpoints, for example by prior placement of hyperdense markers, are 

required to further evaluate the diagnostic yield of intraperitoneal EUS. Comparative 

studies of NOTES peritoneoscopy and the gold standard, diagnostic laparoscopy, are 

required as well.  

Closure of the access site has been studied extensively in other reports13-15, 17-19, 28, 34-36 and 

was a secondary objective in this NOTES peritoneoscopy feasibility study. In the first 2 pigs, 

closure was attempted using Resolution clips. However, because of widely spaced incision 

edges and tissue edema, closing the incision with standard Resolution clips proved to be 

challenging.15 Therefore the other 8 access sites were closed using T-tags. Although T-tags 

have frequently been used in porcine NOTES experiments11-13, 16, 18 and even in a few 

human cases37, initial results in this relatively small nonsurvival study were unsatisfactory. 

A considerable part of the closed gastrotomies and colotomies using T-tags did not result 

in adequate insufflation without air leakage of the stomach and colon, respectively. 

Although we used a rough, non standardized method for leak testing and had relatively 

less experience with in vivo T-tag closure, these results match the results of an ex vivo burst 

pressure study evaluating different gastrotomy closure modalities.36 Furthermore, blind 

puncturing through the gut wall may lead to injury of adjacent organs.13, 38 In 2 cases, 

the colotomy was stitched to the abdominal wall and small bowel. Although it must be 

realized that outcome of T-tag closure may have been better in experienced hands11, 13, 16, 

18, 37, other NOTES closure modalities seem to result in more reliable and safe closure and 

seem to be better candidates for future survival studies.28, 35, 36, 39 

In conclusion, we have shown the feasibility of NOTES peritoneoscopy combined with 

intraperitoneal EUS. Furthermore, NOTES peritoneoscopy and intraperitoneal EUS seems 

to result in adequate visualization of the peritoneal cavity and liver, respectively. Survival 

and randomized studies comparing NOTES peritoneoscopy with diagnostic laparoscopy 

are required to further evaluate the potential of this novel technique. 
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ABSTRACT

Background: Transgastric peritoneoscopy (TGP) may be a future alternative to the 

diagnostic laparoscopy (LAP).

Objective: To create a model of peritoneal metastases for development of TGP and to 

employ this model to compare TGP to LAP.

Methods: Small beads were stapled in porcine peritoneal cavities to simulate metastases. 

Using a non-inferiority design a sample size of 64 beads was determined, which were 

divided over 12 animals. Randomization was performed for number and location of 

beads. LAP was performed by one of 2 blinded surgeons. TGP was then performed in 

the same pig using either standard endoscopic accessories (TGP-s) or a specially designed 

toolkit (TGP-t) in randomized order by one of 2 blinded endoscopists. Primary outcome 

was number of beads found and touched during peritoneoscopy.

Results: Locations of beads included: abdominal peritoneum (14 beads), diaphragm 

(11), surface of liver and hepatoduodenal ligament (32), and miscellaneous sites (7). 

LAP detected 61 beads (yield: 95%), TGP-s 40 beads (63%, difference to LAP -33%; 95% 

CI: -44 to -21) and TGP-t 40 beads( 63%, difference to LAP -33%; 95% CI: -44 to -21).  

TGP-s and TGP-t were similar in number, distribution and time to detect beads. TGP was 

superior for detecting beads on the abdominal and diaphragmatic peritoneum than for 

the liver, namely TGP-s: 23/25 (92%) vs. 12/32 (38%), respectively (p<0.001); TGP-t: 

25/25 (100%) vs. 11/32 (34%), respectively (p<0.001). 

Conclusion: In this first prospective, blinded, comparative trial TGP was inferior to LAP for 

the detection of simulated metastases. Future development for NOTES peritoneoscopy 

should focus on improved access to the region of the liver and enhanced endoscopic 

optics and performance.
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INTRODUCTION

The presence of peritoneal metastases is a frequent cause of unresectability for 

biliopancreatic and upper gastrointestinal malignancies. Preoperative detection of 

peritoneal and other small intra-abdominal metastases can be difficult. Advances 

in preoperative imaging include multidetector helical CT, PET, MRI and endoscopic 

ultrasound.1,2 These modalities have improved detection and diagnosis of primary tumors 

and detection of metastases. However, small metastases and metastatic disease of the 

peritoneal surface are still frequently missed, and only found at the time of surgery.3-6 

Because the presence of metastatic disease is a contraindication to resection of the 

primary tumor, this has lead to the common practice of a staging laparoscopy prior to 

laparotomy.3-6 

Diagnostic laparoscopy may either be performed as a completely separate procedure, or 

immediately prior to the planned primary tumor resection. Staging laparoscopy may have 

several disadvantages. It adds cost, especially when performed as a separate procedure. 

When performed separately from the planned resection it may add delay to care and 

also expose the patient to an additional procedure. When done in the same session, it 

may reduce operation room efficiency. This is a particular problem if metastatic disease 

is encountered, resulting in cancellation of the resection, and leaving the operation room 

unused. 

With the advent of natural orifice transluminal endoscopic surgery (NOTES), it may 

be possible to replace laparoscopy by transgastric NOTES peritoneoscopy. At many 

institutions endoscopic ultrasound is routinely performed in the evaluation of patients 

with biliopancreatic and upper gastrointestinal malignancies.7-9 As these patients are 

already undergoing an upper endoscopy, it could be efficient to perform a transgastric 

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 in stead of an operating room. This would provide expeditious, 

cost-effective care to these patients. Furthermore, patients may profit from the minimal 

invasive benefits of the NOTES approach.10-12 Finally, if transgastric peritoneoscopy 

appears to be safe and accurate it could serve as a platform for subsequent therapeutic 

NOTES procedures as well.

There are a number of challenges to the transgastric NOTES approach.13 These include 

safe entry into the peritoneal cavity and adequate closure of the gastrotomy, both 

challenges have been extensively studied.14-24 However, if NOTES peritoneoscopy is to 

become an alternative for laparoscopic staging, the transgastric approach must prove 

to be at least as accurate as the diagnostic laparoscopy. Until now, no comparative 

studies have been reported. The aim of this study was to create an animal model of 

peritoneal metastases for use in the development of NOTES peritoneoscopy and to 
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employ this model in a comparative study between transgastric peritoneoscopy (TGP) 

and laparoscopic peritoneoscopy (LAP)

METHODS

Thirty-six acute experiments were performed on twelve 35 to 40 kg female pigs. The 

experiments were housed at the animal facility of Ethicon Endo-Surgery (Cincinnati, OH, 

USA) in accordance with the standards in the Guide for the Care and Use of Laboratory 

Animals (NRC, 1996). These experiments were covered under existing IACUC approval 

for research in endoscopic/laparoscopic surgery that covers this laboratory. The animals 

were fasted for 24 hours prior to the procedure. All experiments were performed under 

general endotracheal anesthesia. All experiments were performed by experienced 

laparoscopic surgeons (BS, MvBH) and experienced therapeutic endoscopists (PF, DF). 

Peritoneal metastases model

Color-coded beads were stapled in the peritoneal cavity via triple port laparoscopy to 

simulate metastases. The 2.5 mm beads were laced with staples onto the peritoneal 

surface to simulate metastases. Beads were 1 of 7 standardized colors. Based on 

the most likely targets for metastatic disease of upper gastrointestinal, hepato, and 

biliopancreatic malignancies, beads were placed according to a preassessed list 

of locations (Table 1).3-6,25 Randomization was performed for number and location 

of beads using sealed opaque envelopes. The first randomization was performed 

Table 1. Potential areas of bead placement

First randomization

Diaphragm Left quadrant

Right quadrant

Peritoneum Left upper quadrant

Right upper quadrant

Liver Left superior

Left inferior

Right superior

Right inferior

Hepatoduodenal ligament

Second randomization

Miscellaneous Visceral peritoneum

Duodenal curve

Anterior surface stomach

Omentum

Lower quadrants of the peritoneum
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according to the most clinically important locations (second column, Table 1) If a bead 

was randomized for the miscellaneous group, a second randomization was performed 

to pick one of the less clinically significant locations (third column, Table 1). 

Laparoscopic peritoneoscopy

Following placement of the beads, a blinded laparoscopic surgeon (BS, MvBH) performed 

LAP to identify as many beads as possible. A CO2 pneumoperitoneum was induced using 

a Veress needle. Access to the abdominal cavity was obtained by three 10 mm trocars 

(umbilical and left and right upper abdomen). Systematic peritoneoscopy was performed 

using a 10 mm, 0 degree videoscope (Storz Endoskope, Tuttlingen, Germany). LAP was 

routinely performed prior to TGP so that if TGP would cause a complication that would 

end the experiment, the LAP data would still have been collected. The amount of time 

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

Locations of beads identified and touched with biopsy forceps were recorded. Touching 

beads was required to simulate biopsy, which would be necessary in human situations. 

Locations and color of missed beads were recorded as well. 

Transgastric peritoneoscopy 

Following LAP, TGP was performed 2 times in a randomized order by 1 of 2 blinded 

endoscopists (PF, DF) using the transoral route and standard 2-channel therapeutic 

upper endoscopes (GIF 2T-100, Olympus Medical). In one group the transgastric 

peritoneoscopy was performed using standard endoscopic accessories (TGP-s), such 

as biopsy and grasping forceps and transparent cap (Fig. 1). In the other group the 

procedures were performed by the other blinded endoscopist, using a specially designed 

toolbox for NOTES peritoneoscopy (TGP-t; Ethicon Endo-Surgery). The toolbox consisted 

of a flexible endoscopic steerable trocar (Fig. 2A), which was used to facilitate driving the 

scope in retroflexion for visualization of the upper abdomen, and manually articulating 

and rotating retractor (Fig.2B) and grasper (Fig. 2C) to, for example, lift the liver. All 

instruments could be used according to endoscopists’ preference. Duration of TGP was 

a maximum of 30 minutes after creating transgastric access.

Fig. 1 Endoscopic image showing a yellow bead located on the inferior 
surface of the liver detected using a transparent cap. The transparent 
cap pushes the liver lobes away while visualization is maintained. (For 
color figures, see page 262)
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To facilitate safe transluminal access to 

the peritoneal cavity, pneumoperitoneum 

was only partially released following 

LAP.26 Internal indentation from 

abdominal palpation and/or installation 

of water was used to locate the anterior 

gastric wall for peritoneal access. Gastric 

access was created by needle knife 

puncture. Consequently a 0.035-inch 

guidewire (Jagwire, Boston Scientific 

Corp, Natick, Mass, USA) was passed 

through the needle and then the needle 

was exchanged for an 18 mm dilating 

balloon (CRE-dilation balloon, Boston). 

The balloon was used to dilate the tract 

and gain entry into the abdominal cavity. 

When using the toolbox the steerable 

overtube was introduced into the 

peritoneal cavity. The second TGP was 

performed through the same access port. 

Examination of the abdominal cavity was 

performed and data collected as per LAP. 

Outcome parameters and 
statistics

Primary outcome parameter was the 

number of beads found and touched 

during peritoneoscopy. Secondary 

outcomes were the time until bead 

detection (exclusive of entry), safety of 

access and complications. Complications 

were defined as bleeding and laceration 

or perforation of  visceral organs requiring 

intervention. 

For the primary endpoint a 1-tailed non-

inferiority design was used to compare 

TGP to LAP.  Using a a=0.025 and 1-b=0.8, 

assuming LAP has a sensitivity of at least 

90% and rejecting TGP as inferior at a 

sensitivity of 75% (margin of equivalence 

of 15%), a sample size of at least 57 

Fig. 2 Laparoscopic images. A, Steerable trocar, 
designed to increase scope stability during 
retroflexion for visualization of a bead located on 
the surface of the liver. B, Manually articulating 
and rotating retractor. C, Manually articulating and 
rotating grasper touching a bead located at the 
surface of the liver. (For color figures, see page 262)

A

B

C
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beads in total was determined. Recognizing the need to balance with cost/efficiency 

and to minimize the animals needed as much as possible, a margin of equivalence of 

15% seems appropriate in this nascent stage of developing NOTES peritoneoscopy. To 

compensate for potential loss of a pig due to complications, an extra 7 beads (max beads 

per pig) were included. To assure a total of 64 beads were included, all 12 different 

quantities of beads were determined on beforehand (range 3-7). The number that was 

implanted in any given pig was determined randomly by picking one of the 12 sealed 

opaque envelopes. The LAP and TGP operators were blinded as to the number of beads 

implanted.  

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 mean plus standard deviation when appropriate. Yield 

of both NOTES approaches 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. Time spent performing the examination were compared with 

2-tailed Wilcoxon signed rank test. Per location differences in yields of TGP-t and TGP-s 

were compared with Mann-Whitney U test. A two sided p-value of less than 0.05 was 

deemed to be statistically significant. 

Table 2. Number of beads detected and touched per pig

Pig number Total beads placed LAP TGP-s TGP-t

1 4 3 2 2

2 6 5 4 2

3 3 3 2 2

4 5 5 4 3

5 6 6 3 4

6 5 5 4 4

7 7 7 3 3

8 6 5 4 3

9 7 7 4 4

10 4 4 2 4

11 6 6 5 5

12 5 5 3 4

Total 64 61 (95%) 40 (63%) 40 (63%)

LAP: laparoscopic peritoneoscopy; TGP-s: Transgastric peritoneoscopy using standard accessories; TGP-t: 
Transgastric peritoneoscopy using specially designed tools. 
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RESULTS

A total of 64 beads were successfully placed into 12 pigs. Eleven beads were placed onto 

the diaphragm, 14 beads onto the upper quadrants of the peritoneum, 32 beads onto 

the liver (including the hepatoduodenal ligament) and 7 beads were randomized into the 

miscellaneous group. There were no complications during bead-placement. 

LAP detected and touched 61 beads (yield=95%, 95% CI: 90-100%), TGP-s 40 beads 

(63%, 95% CI: 50-73%) and TGP-t detected and touched 40 beads (63%, 95% CI: 

50-73%). All beads that were visualized could also be touched in all 3 study groups. ). The 

difference in yield between TGP-s and the gold standard was -33% (95% CI: -44 to -21) 

and for TGP-t this difference was -33 (95% CI: -44  to -21). Both transgastric approaches  

were inferior to LAP (fig 3). 

TGP-s and TGP-t were similar in the number to detect beads. However both were better 

at detecting beads on the peritoneum than on the liver. TGP-s detected 23/25 (92%) of 

all beads placed on the abdominal and diaphragmatic peritoneum, but only 12/32 (38%) 

of the beads on the liver were detected via TGP-s (p<0.001) (Fig. 4). TGP-t detected 

25/25 (100%) of all beads placed on the abdominal and diaphragmatic peritoneum and 

only 11/32 (34%) of the beads on the liver (p<0.001) (Fig. 4). There was no difference 

in number of beads detected between the 2 endoscopists as well as the 2 surgeons. 

Median time after which no additional beads were detected was 9 minutes (range 2-11) 

for LAP, 11 (range 3-27, p=0.017 vs. LAP) for TGP-s and 10 minutes (range 3-21, p=0.040 

vs. LAP) for TGP-t. 

Peritoneal access was achieved without complications at 11/12 sites. In one animal 

access was complicated by a bleeding from the gastrotomy, which was managed 

laparoscopically, whereupon the transgastric experiments could be successfully completed 

without distortion of the anatomy. No other complications occurred. 
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Fig. 3 The difference in diagnostic yield plus 95% CI between the criterion standard and TGP-s and TGP-t. 
The vertical line depicts the predefined margin of equivalence of minus 15%. 
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DISCUSSION

Since the first report on NOTES in 2004, feasibility of NOTES peritoneoscopy has been 

demonstrated in several porcine studies16,27-30 and even in a human case series31. However, 

comparative trials with the gold standard, the diagnostic laparoscopy, are lacking. To 

facilitate such a trial a peritoneal metastases model was created by placement of small 

beads, mimicking metastases, in a porcine peritoneal cavity. This animal model was used 

to employ the first prospective, blinded, comparative study between transgastric NOTES 

and laparoscopic peritoneoscopy. In this paired model the transgastric peritoneoscopy 

appeared to be inferior to the diagnostic laparoscopy for the detection of simulated 

metastases. 

However, the results of our study also show that each transgastric NOTES peritoneoscopy 

detected at least two beads (Table 2). In clinical practice the presence of at least one 

distant metastasis is a contraindication to resection of the primary tumor. If these per 

pig results would be translated into human clinical situation, there would have been no 

unnecessary resections. Secondly, although the transgastric NOTES approach appeared 

to be inferior overall, it did prove to be adequate in detecting beads placed onto the 

peritoneum and diaphragm. If only the peritoneal and diaphragmatic beads were 

included for analysis diagnostic yield of TGP was almost 100% (Fig. 4). 

In contrast to the peritoneum, beads placed on the liver showed significantly lower 

detection rates (Fig. 4). Limited visualization could be explained by the reduced stability 

and reduced anatomical orientation due to working in retroflexion.30,32 However, the 

majority of beads on the upper quadrants of the peritoneum and diaphragm were 

successfully detected with the endoscope in retroflexion. The inability to lift and retract 

the liver lobes apart, essential for adequate triangulation, seems to be at least as an 

important limitation. The problem of limited triangulation stems from two issues: (1) 

force is necessarily diminished over the course of a long and floppy endoscope and may 

therefore be too little to retract or lift the liver lobe; (2) The fixed relationship between 

view and instrument axis since the instrument channels are oriented in parallel fashion. 

Standard endoscopic accessories such as a transparent cap were used during TGP-s to 

improve visualization of the inferior liver surface. The transparent cap pushes the liver 

lobes away while visualization is maintained (Fig. 1). Although the use of a transparent 

cap appeared to be helpful, the majority of beads on the liver were still missed using the 

cap. The difficulty of keeping overview during inspection of the inferior surface with a 

cap and the lack of triangulation, may explain high miss rate. 

The limitations using standard endoscopic accessories were expected. By development of 

specially designed endoscopic tools for NOTES purposes, it was attempted to overcome 

these challenges. A steerable trocar was designed to increase scope stability during 

retroflexion for visualization of the upper abdomen. To increase the ability to create 
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triangulation manually articulating retractors and graspers were developed. Although the 

use of these prototypes did not lead to higher detection rates, further development of 

extraluminal endoscopic instruments seems to be vital for further progression of NOTES. 

The integration of a transparent cap into the steerable overtube would be a first simple 

adoption that will combine best of both worlds.

Another potential hamper in the progression of NOTES are the current endoscopic 

optics. When comparing the images of NOTES peritoneoscopy with laparoscopy, the 

differences in quality of the images is clear (Fig. 5). Current endoscopes are designed 

for intraluminal use and to focus on structures close by. In the relatively large peritoneal 

cavity the light source seems to be too weak to create adequate overview. On the 

contrary, during diagnostic laparoscopy the surgeon has the opportunity to zoom in and 

to get overview by moving the videoscope in and out. In addition to improvement of 

endoscopic tools future research should focus on improved endoscopic optics and light 

source for intraperitoneal use. Potentially, the use of high definition endoscopes instead 

of standard endoscopes, which were used in this trial, may improve outcome. 

A few remarks could be made concerning our peritoneal metastases model. It should 

be mentioned that the investigators were aware of the fact that every pig had at least 3 

beads present. The lack of the inclusion of a sham placement may have influenced their 

diagnostic performance, but recognizing the need to balance with cost/efficiency and 

to minimize the animals needed as much as possible, exclusion of a sham placement 

seems appropriate in this nascent stage of developing NOTES peritoneoscopy. Another 

potential drawback to this design is that all beads were placed laparoscopically. Because 

LAP is the comparator as well, the study might be biased in favor of LAP. This bias 

may partially explain the diagnostic yield of 95%, which seems to be relatively high in 

comparison with current human literature concerning diagnostic laparoscopies.4,6,33 The 

fact that the 2 surgeons were well experienced in performing a staging peritoneoscopy 

may also have lead to a bias against the 2 interventional endoscopists who were relative 

novices within the intraperitoneal environment. 

A further remark concerns the fact that in certain groups of patients laparoscopic 

ultrasonography has been shown to have additional value over laparoscopy alone.25,34,35 

Furthermore, feasibility of NOTES peritoneoscopy combined with intraperitoneal 

endoscopic ultrasonography has recently been shown.32 However, because the influence 

of intraperitoneal ultrasonography on the detection of beads visible by standard 

laparoscopy would probably be limited, ultrasonography was not included in this study. 

Although pig anatomy has many similarities with human abdominal anatomy, differences 

may have influenced the results as well. Especially the anatomy of the porcine liver 

may have been of influence. Grossly, the porcine liver exists of a relatively large middle 

lobe, which partially covers the lateral right and left lobe. To adequately visualize the 

entire left and right liver lobe the middle lobe needs to be retracted, which appeared 

to be challenging using a flexible endoscope with coaxial working channels and optics. 
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Visualization of metastases on the human liver may be less challenging to detect by the 

absence of the middle lobe. A final comment on the transgastric NOTES approach is the 

fact that one should be aware not to violate the tumour in, for example, patients with 

advanced gastric cancer to prevent unnecessary dissemination. 

In conclusion, we created an animal model for peritoneal metastases. Using this model 

in the first prospective, blinded, comparative trial, transgastric NOTES peritoneoscopy 

appeared to be inferior to laparoscopic peritoneoscopy for the detection of simulated 

metastases. Secondly, the benchmark for LAP detection was established for future studies. 

This model will be useful for future development of NOTES peritoneoscopy, which should 

focus on improved access to the region of the liver and enhanced endoscope optics and 

performance.
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ABSTRACT

Background and aims: Peritoneoscopy by natural orifice transluminal endoscopic surgery 

(NOTES) could replace laparoscopic staging peritoneoscopy (LAP) if the yield were to that 

from LAP. In previously performed porcine experiments, transgastric peritoneoscopy was 

inferior to LAP due to limited visualization of the liver. The aim of the present study was 

to improve visualization of the liver by using a colonic approach and to compare the 

transcolonic peritoneoscopy (TCP) with the previously set LAP standard.  

Methods: Small beads were stapled into porcine peritoneal cavities to simulate 

metastases. Previously in the same model LAP had detected 95% of beads (95%-CI: 87%-

98%). Using a non-inferiority design, a sample size of 33 beads was determined; these 

were distributed over six animals with randomization for number and location. TCP was 

performed using either standard endoscopic accessories (TCP-s) or a specially designed 

toolkit (TCP-t) in randomized order by one of two blinded endoscopists. Primary outcome 

was number of beads found and touched during peritoneoscopy.

Results: Locations of beads included abdominal peritoneum (6 beads), diaphragm (8), 

liver (18), and miscellaneous sites (1). TCP-s found 25 beads (yield 76%; 95% CI: 59-87%). 

TCP-t found 19 beads (yield 58%; 95% CI: 41-71%). The majority of missed beads were 

located at the inferior liver surface: TCP-s detected 8/15 (53%) and TCP-t 5/15 (33%) of 

these simulated metastases.

Conclusions: In this prospective, experimental trial, transcolonic NOTES peritoneoscopy 

was inferior in comparison with the diagnostic laparoscopy done previously in the same 

model. 
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INTRODUCTION

With the introduction of laparoscopy two decades ago, access to the peritoneal cavity 

has become increasingly less invasive. In continuing efforts to develop novel techniques 

that are less invasive, the concept of using natural orifices to perform intraperitoneal 

diagnostic or therapeutic procedures has recently been introduced.[1] Natural orifice 

transluminal endoscopic surgery (NOTES) aims to approach abdominal organs without 

the need of external incisions. With the advent of NOTES it might become possible, 

for instance, to replace laparoscopic peritoneoscopy (LAP) for staging of biliopancreatic 

and upper gastrointestinal malignancies by NOTES peritoneoscopy.[1-7] A transluminal 

approach might decrease postoperative pain and reduce immune system suppression, 

and have the potential for performance outside the operating room without general 

anaesthesia. Furthermore, because the entrance of the instruments into the peritoneal 

cavity is parallel to the abdominal wall, it seems that the carbon dioxide pressure necessary 

to adequately visualize the intraperitoneal organs is lower. 

In a previously performed porcine study, we successfully created a porcine model for 

peritoneal metastases.[8] In this model we established the benchmark for LAP detection. 

However, transgastric peritoneoscopy appeared to be inferior to LAP mainly due to 

limited visualization of the liver.[8] Similar limitations of the transgastric approach have 

been described by others in porcine feasibility and human transgastric peritoneoscopy 

case series.[3-5,7] One of the explanations of limited visualization of the upper abdomen 

could be the reduced stability and anatomical orientation related to working with the 

endoscope in retroflexion.[5] A transcolonic route, with its direct approach from the 

lower abdomen, obviates the need for retroflexion to visualize the liver. Consequently, it 

might provide higher accuracy and, in contrast to the transgastric approach, match the 

results of the gold standard. The aim of the current study, therefore, was to compare 

the yield of transcolonic peritoneoscopy (TCP) with the LAP standard for peritoneal 

metastases that had already been set in a previously created porcine model.

METHODS

Experiments in this investigator- initiated protocol were performed on six 35-40 kg 

female pigs. The experiments were carried out at the animal facility of Ethicon Endo-

Surgery (Cincinnati, OH, USA) in accordance with the standards in the Guide for the 

Care and Use of Laboratory Animals (National Research Care, 1996). These experiments 

were covered under existing from the US Institutional Animal Care and Use Committee 

(IACUC) for research in endoscopic/ laparoscopic surgery that covers this lab. The 

animals were fasted for 24 hours prior to the procedure with unlimited access to water. 

All experiments were performed under general endotracheal anaesthesia. 
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Peritoneal metastases model

A pneumoperitoneum was induced using a Veress needle, introduced just below 

the umbilicus. Color-coded beads were stapled in the peritoneal cavity via triple-port 

laparoscopy to simulate metastases as previously described.[8] The 2.5 mm beads were 

laced with staples onto the peritoneal surface. Beads were one of seven standardised 

colors. Randomization was performed for number and location of beads using sealed 

opaque envelopes. To ensure that a total of 33 beads were included (see Outcome 

parameters and statistics section), the six different quantities of beads were determined 

beforehand (range 4-7). The number that were implanted in any given pig was determined 

randomly by picking one of six sealed opaque envelopes. Beads were placed according 

to a preassessed list of locations. Locations were based on the most likely targets for 

metastatic disease of upper gastrointestinal, hepato-, pancreatic and biliary malignancies.

Table 1 Transcolonic peritoneoscopy (TCP), using standard endoscopic equipment (TCP-s) and using a 
specially designed toolbox (TCP-t), in detection of simulated peritoneal metastases (beads) in a porcine 
model (n = 6 pigs): randomization procedure and results per location.

Location No of beads allocated as result 
of randomizations

No of beads detected, 
n (%)

First 
randomization

Second 
randomization

TCP-s TCP-t

Diaphragm

Left quadrant 3 3 (100%) 3 (100%)

Right quadrant 5 5 (100%) 5 (100%)

Peritoneum

Left upper quadrant 3 3 (100%) 3 (100%)

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

Liver

Left superior 1 1 (100%) 1 (100%)

Left inferior 4 3 (75%) 3 (0%)

Right superior 2 2 (100%) 1 (50%)

Right inferior 5 3 (60%) 0 (0%)

Hepatoduodenal ligament 6 2 (33%) 2 (33%)

Miscellaneous 1

Visceral peritoneum 0 - -

Duodenal curve 1 0 (0%) 0 (0%)

Anterior surface stomach 0 - -

Omentum 0 - -

Lower quadrants of 
peritoneum

0 - -

Overall (n=33) 33 1 25 (76%) 19 (58%)

First randomization: beads were randomly allocated according to the most clinically important locations 
plus a “miscellaneous” category. Second randomization: any bead that had been allocated to the 
miscellaneous group was then randomly allocated to one of the less clinically important locations.
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[9-12] Randomization for location was conducted in two steps. First the beads were 

randomly allocated according to the most clinically important locations plus an additional 

location category of ‘miscellaneous’ group, underwent a second randomization for 

allocation to one of the less clinically significant locations (Table 1). 

Transcolonic peritoneoscopy 

Peritoneoscopies were performed directly after laparoscopic bead placement. Each 

animal underwent two peritoenoscopies. In one procedure the transcolonic investigation 

was done using standard endoscopic accessories (TCP-s), such as biopsy and grasping 

forceps and a transparent cap (Fig. 1). The other procedure was carried out using a 

specially designed toolbox for NOTES peritoneoscopy (TCP-t). The toolbox (Ethicon 

Endo-Surgery) consisted of a flexible endoscopic steerable trocar, which was used to 

facilitate driving the scope in retroflexion, and a manually articulatable and rotatable 

grasper and retractor (Fig. 2), for lifting the liver for example. All instruments could 

be used according to endoscopist preference. Standard two-channel therapeutic 

upper endoscopes (GIF 2T-100, Olympus Medical Systems, Hamburg, Europe) were 

used. Each TCP was conducted by one of two endoscopists (PF, DF) who were blinded 

regarding color, actual number and location of beads. Besides randomization for number 

and location of beads, randomization was also performed for the order of the two 

endoscopists in blocks of two. The endoscopists were experienced in the procedure and 

had also carried out our previously reported transgastric peritoneoscopy examinations.[8] 

Internal indentation from abdominal 

palpation and/or installation of water 

was used to locate the anterior colonic 

wall for peritoneal access. To facilitate 

safe transluminal access to the peritoneal 

cavity, carbon dioxide pneumoperitoneum 

(10 mmHg) was reinstated just before 

transluminal access.[13] Colonic access 

was created by needle knife puncture at 

a distance of 15 to 20 cm from the anal 

verge. A 0.035-inch guidewire (Jagwire, 

Boston Scientific, Natick, Mass, USA) was 

passed through the needle and then the 

needle was exchanged for an 18 mm 

dilating balloon (CRE-dilation balloon, 

Boston Scientific). The balloon was used 

to dilate the tract and gain entry into 

the abdominal cavity. When the toolbox 

was used the steerable overtube was 

introduced into the peritoneal cavity. The 

Fig. 1 Endoscopic image showing a blue bead 
located on the inferior surface of the liver has been 
detected with the use of a transparent cap. The 
transparent cap adjoining liver lobes away while the 
bead is kept in view. (For color figures, see page 
263)
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second TCP was performed through the 

same access port. The locations of beads 

identified and touched with biopsy forceps 

were recorded. Touching of the beads was 

required to simulate biopsy, as would be 

necessary in human situations. Locations 

and color of missed beads were also 

recorded.Duration of TCP was a maximum 

of 30 minutes after creation of transcolonic 

access. The animals were euthanized after 

completion of both peritoneoscopies.

Outcome parameters and 
statistics

The primary outcome parameter was the 

number of beads found and touched during 

peritoneoscopy. Secondary outcomes 

were time until bead detection (exclusive 

of entry), safe access (defined as the 

absence of access related complications), 

and complications during the procedure. 

Complications were defined as bleeding 

and/ or perforation or laceration of visceral 

organs, and were assessed by immediate 

endoscopic observation and diagnostic 

laparoscopy after each peritoneoscopy. 

We had previously established the 

benchmark for LAP detection in the same 

model: LAP detected 95% of beads (95% 

CI: 87-98%).[8] Using a 1-tailed non-

inferiority design, an a=0.025, 1-b=0.8 

and considering a lower limit of 80% for TCP to be non-inferior, a sample size of at 

least 33 beads in total was determined (nQuery, Statistical Solutions Ltd, Cork, Ireland). 

Recognising the need for balance of cost and efficiency and to minimize the number of 

animals needed, a yield of 80% (margin of equivalence 15%) seemed appropriate in this 

nascent stage of developing NOTES peritoneoscopy. 

All calculations were carried out using the Statistical Package for Social Sciences for 

Windows 16.0.2 software package (SPSS Inc, Chicago, IL, USA). Quantative data are 

expressed as median plus interquartile range (IQR) or mean plus standard deviation (SD) 

when appropriate. The diagnostic yields and procedural time of TCP-s and TCP-t were 

compared using 2-tailed Wilcoxon matched-pairs signed ranks test. Yields of TCP and LAP 

Fig. 2 A, Laparoscopic image of manually 
articulated and rotated grasper touching a light 
blue bead (simulated metastasis) located at the 
superior surface of the liver. B, Endoscopic image 
showing manually articulated and rotated retractor 
lifting a part of liver to visualize the inferior liver 
surface. (For color figures, see page 263)

A

B
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were compared using the actual difference between both approaches. The 95% CI of 

this difference in yield between the gold standard and TCP-s and TCP-t was used to test 

equivalence. A difference larger than 15% was considered to show inferiority.

 A multivariate linear regression model was used to analyze the association between the 

percentage of beads detected per included pig (i.e. as a dependent variable) and the 

number of preceding pigs included (i.e. as independent variable) to detect a potential 

learning curve. All 12 transgastric experiments in our previous study were included as 

well.[8] Association was adjusted for the technique used (transgastric or transcolonic). 

Odds ratios (OR) plus 95%-CI were used to express the strength of the association.

RESULTS

Peritoneal access was achieved without complications in all 6 animals. A total of 33 beads 

were successfully placed into 6 pigs. The detailed results of randomization for location of 

beads are presented in table 1: Eight beads were randomized for the diaphragm, 6 for the 

upper quadrants of the peritoneum, 18 for the liver surface (including hepatoduodenal 

ligament), and 1 bead was randomized for the miscellaneous group (duodenal curve). 

There were no complications or anatomical distortions during laparoscopic bead 

placement. There were no complications during peritoneoscopy. 

All beads that were visualised could also be touched in both procedure groups. TCP-s 

detected 25 beads (yield 76%, 95% CI: 59-87%) and TCP-t detected 19 beads (58%; 95% 

CI: 41-71%). Both were inferior compared with the gold standard (Fig. 3). TCP-s seemed 

to be superior in detecting simulated metastases in comparison with TCP-t (p=0.034; 

Fig. 4A). All beads (14/14) placed on the peritoneum and abdominal diaphragm were 

visualised by TCP-s as well as TCP-t. In contrast, for beads placed on the liver surface, TCP-s 

was superior, detecting 11/18 (61%) compared with only 7/18 beads (39%; p=0.034) by 

TCP-t (Fig. 4A). If these liver surface beads are further categorized into superior (3) and 

inferior liver surface (15), TCP-s detected 3/3 (100%) on the superior surface and 8/15 

(53%) on the inferior surface, while TCP-t identified 2/3 (67%) on the superior surface 

and 5/15 (33%) on the inferior surface. Exclusion of the inferior liver beads resulted in an 

overall absence of difference between TCP-s and TCP-t (p=0.307; Fig. 4B). 

There was no learning curve for peritoneoscopy using standard equipment (OR 0.209 

percent; 95% CI: -1.86 to 2.28 per additional pig included) as well as using the toolbox 

(OR 3.39 percent; 95% CI: 0.78 to 5.99 per additional pig included). There was no 

difference in number of beads detected between the two endoscopists. Median time 

after which no additional beads were detected was 11 minutes (IQR 6) for TCP-s and 14 

minutes (IQR 11) for TCP-t (p=0.345). 
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DISCUSSION

The feasibility of transgastric NOTES peritoneoscopy has been demonstrated in several 

porcine studies and two small human case series.[3,1,14,4,5,6] However, in previous 

studies by our group it appeared to be difficult to accurately inspect the upper abdomen 

via the transgastric approach using current endoscopic technology, probably due to the 

need for working in retroflexion. [5,8] With a transcolonic approach, the endoscopist 
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Fig. 3 The difference in diagnostic yield 
plus 95% CI between the previous set 
criterion standard and transcolonic 
peritoneoscopy (TCP) using tools 
specially designed for NOTES (TCP-
t) and using standard endoscopic 
accessories (TCP-s). The vertical line 
depicts the predefined margin of 
equivalence of minus 15%. 
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Fig. 4 Detection of beads (simulated 
peritoneal metastases in a porcine 
model) by transcolonic peritoneoscopy 
(TCP), using tools specially designed 
for NOTES (TCP-t) and using standard 
endoscopic accessories (TCP-s). A, 
Overall detection (out of 33 beads); 
detection of beads located in abdominal 
and diaphragmatic peritoneum (out 
of 14 beads), and of those located on 
the surface of the liver including the 
hepatoduodenal ligament (out of 18 
beads). B, Detection of beads located 
in the abdominal and diaphragmatic 
peritoneum and on the superior liver 
surface (out of 17 beads), contrasted 
with detection of beads located on 
the inferior liver surface including the 
hepatoduodenal ligament (out of 15 
beads).
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would have a straight access to the upper abdomen and this might allow adequate 

inspection of the upper abdomen.[2,5] However, comparative trials with the gold 

standard, the diagnostic laparoscopy, were lacking. To facilitate such a trial we used 

a previously described porcine peritoneal metastases model in which metastases were 

simulated by small beads.[8] This animal model was used to compare the transcolonic 

NOTES with the previously determined yield for laparoscopic peritoneoscopy.[8] In this 

model, transcolonic peritoneoscopy appeared to inferior to diagnostic laparoscopy. 

Although the comparison was not the primary aim of the current trial, transcolonic 

peritoneoscopy using standard endoscopic accessories seemed to be superior in 

detecting simulated metastases to the peritoneoscopy using a specially designed toolkit. 

The difference was mainly accounted for by the simulated metastases on the inferior 

surface of the liver. Exclusion of these beads resulted in almost 100% detection rates 

for both approaches (Fig. 4B). To adequately visualize the inferior surface of the liver, 

it is necessary to lift or retract its lobes and look underneath. However, triangulation 

is impossible with current endoscopes because the viewing and instrument channels 

have a fixed parallel orientation. Although the articulating graspers and retractors were 

designed to increase the ability to triangulate, this did not result in a higher yield for 

beads on the inferior liver surface. During TCP-s, all beads on the inferior liver surface 

were detected with a transparent cap placed on the tip of the endoscope. With the use 

of this cap, the liver lobes could be pushed away while visualization was maintained 

(Fig. 1). Although the use of a transparent cap appeared to be helpful, 47% of beads on 

the inferior liver surface were still missed. The difficulty of keeping an overview during 

inspection of the inferior surface using a cap, may explain the relative high miss rate. This 

underlines the need for new endoscopic platforms, with a variable orientation between 

the viewing and instrument axes that allows essential triangulation and consequently 

optimal visualization of the inferior liver surface.[15,16] 

Lack of triangulation hampers transcolonic as well as transgastric peritoneoscopy. 

Nevertheless, although the study was designed to compare these two modalities, 

TCP-s seemed to result in a higher yield than found in our previous study of transgastric 

peritoneoscopy with standard endoscopic equipment (76% vs. 63%).[8] This difference 

in yield could not be explained by a learning curve effect. The major benefit of the 

transcolonic approach is the straight access to upper-abdominal structures avoiding the 

need to retroflex. Consequently, the compromised stability and awkwardness of working 

in retroflexion is avoided. Secondly, 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. In comparison with our prior reported transgastric experiments, 

the transcolonic approach seems to especially increase detection of simulated metastases 
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on the superior liver surface.[8] However, larger comparative trials are needed to confirm 

these findings. 

Another potential advantage of the transcolonic approach over a transgastric one concerns 

the relative larger orifice through which specimens can be retrieved and instruments 

with relatively large diameters can be introduced. Furthermore, the comparatively short 

distance between the peritoneal access site and the anus may allow procedures such as 

colotomy closure, to be performed with standard rigid surgical equipment.[17] 

A straight access to the liver can also be obtained via the transvaginal approach.[18] 

This approach has probably a lower chance of infectious complications but there might 

be a risk of dyspareunia and adhesion related infertility.[19,20,21] Moreover, half the 

population is excluded for this access route. 

The risks of the transcolonic route must not be underestimated. The main risk is the 

potential for insufficient procedural sterility and faecal contamination of the peritoneal 

cavity. Leakage of bowel contents into the peritoneal cavity could lead to peritonitis and 

would eliminate any potential advantage of the transcolonic approach. Wilhelm et al 

recently showed, however, that the application of innovative sterile guide tube provided 

sterile transcolonic access to the peritoneal cavity.[17] The use of an intracolonic occlusion 

balloon to prevent faecal contamination, in combination with luminal sterilisation, also 

seems to be promising.[22] Besides prevention of spillage from the proximal colon, the 

balloon also prevents excessive bowel distension which could hamper intraperitoneal 

view. Larger, survival animal trials are necessary to evaluate if human application of these 

techniques may be possible. 

As with transgastric procedures, safe and reliable closure will be critically important 

to prevent postoperative leakage. In the few published survival studies of transcolonic 

NOTES, most infectious complications that occurred were probably due to inadequate 

colotomy closure.[2,22-24] Colotomy closure was beyond the scope of the current study, 

but we recently performed an ex vivo comparison study in which we compared the 

acute strength of different NOTES closure modalities with surgical suture.[25] Flexible 

staplers and a novel over-the-scope-clip (OTSC) provided acute strength comparableto 

hand sewn colotomy closure and seem to be promising flexible colotomy closure devices.

[25] Feasibility of colotomy closure using the OTSC has already been successfully shown 

in acute and survival porcine experiments.[26,27] 

A few points could be made concerning our peritoneal metastases model. It should be 

noted that in this study, the TCP examiners were aware that every pig had at least 4 

beads present. The lack of the inclusion of a sham placement may have influenced their 

diagnostic performance. However, given the need for a balance of cost and efficiency 

and for minimizing the number of animals needed, the exclusion of a sham placement 

seems appropriate at this nascent stage in the development of NOTES peritoneoscopy. 

Another potential drawback of this design is that the gold standard was not established in 
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the same (paired) model, but based on historical data that had also involved laparoscopic 

placement of beads. Because the beads were placed laparoscopically and LAP had also 

been the comparator as well, the study might have been biased in favour of LAP. This bias 

may partially explain the diagnostic yield of 95% for LAP, which seems to be relatively 

high in comparison with current human literature concerning diagnostic laparoscopies.

[10,28,29] 

Although randomization for location was performed for all beads according to the same 

randomization table, a higher number of beads was randomly allocated to the inferior 

liver surface (n=9) and hepatoduodenal ligament (n=6) compared with the superior liver 

surface (n=3). The yield of TCP-s as well as TCP-t might have been higher if beads had 

been more equally divided between locations. A final comment concerns the porcine 

anatomy. Although there are many similarities between pig and human abdominal 

anatomy, differences, especially in the anatomy of the liver, may have influenced the 

results. Grossly, the porcine liver includes a relatively large and floppy middle lobe, that 

extends over the lateral lobes. To adequately visualize the entire left and right liver lobes, 

the middle lobe had to be retracted, and this seemed to be challenging when using a 

flexible endoscope with coaxial working channels and optics. Visualization of metastases 

on the human liver may be less difficult to detect by the absence of the middle lobe. 

In conclusion, in this prospective experimental trial, transcolonic peritoneoscopy, using 

either standard endoscopic accessories or instruments designed especially for NOTES, 

was inferior to diagnostic laparoscopy. Future endoscopic and device development should 

focus on the ability to create triangulation to improve access to the inferior surface of 

the liver.
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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)
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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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ABSTRACT

Background: Iatrogenic perforations of the gastrointestinal tract are rare but severe 

complications of endoscopy with significant morbidity and even mortality. Surgical repair 

is usually indicated. Secure endoluminal repair of perforations would obviate the need 

for a surgical intervention. The aim was to evaluate efficacy of endoscopic closure of 

iatrogenic perforations of the gastrointestinal tract using a new clip device.  

Methods: We conducted a prospective international multicenter trial in which all 

consecutive patients with acute iatrogenic perforations were included. Endoscopic 

perforation repair was performed using a novel endoscopic device (Over-the-Scope-

Clip) according to a standardized operating procedure. Primary endpoint was successful 

closure, determined as macroscopically adequate closure and absence of leakage on 

contrast X-ray within 24 hours without additional interventions to manage the perforation. 

Secondary endpoints included closure time and adverse events.

Findings: Thirty-six consecutive patients (15 male) were included. Five oesophageal, 6 

gastric, 12 duodenal, and 13 colonic perforations were included. Immediate endoscopic 

closure was macroscopically successful in 33 out of 36 patients (92%). In one patient 

with a duodenal perforation a deep oesophageal laceration occurred while introducing 

the device and in two other cases endoscopic closure failed. All three patients were 

successfully treated surgically. In none of the 33 endoscopically treated patients leakage 

was detected at contrast X-ray within 24 hours post endoscopic closure. One patient 

in whom a colonic perforation appeared to be adequately closed at endoscopy and 

post procedural X-ray, deteriorated clinically after 6 hours. Despite successful surgery, 

the patient died within 24 hours after the surgical procedure. Endoluminal closure was 

successful in the remaining 32 patients, leading to an overall success rate of 89% (95%-

CI: 75-96%). Mean endoscopic closure time was 5:44 minutes (SD 4:15). 

Interpretations: Endoluminal closure with the OTSC for closure of large iatrogenic 

perforations was shown to be relatively easy and resulted in adequate closure and 

avoidance of surgery in 89% of patients in this multicenter prospective human trial. 
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INTRODUCTION

Iatrogenic perforations of the gastrointestinal tract are rare but severe complications 

of diagnostic and, more commonly, therapeutic endoscopy. The incidence of iatrogenic 

endoscopic perforations is reported in the literature between 0.01% to 0.6% for 

diagnostic and 0.6 to 5.5% for therapeutic endoscopies.1-11 Despite the relatively low 

perforation rate, absolute numbers are significant since total number of diagnostic and 

therapeutic endoscopies are large and currently still increasing. In the Netherlands, 

with a population of 17 million people, more than 400.000 endoscopies are performed 

annually.12

The standard treatment of gastrointestinal perforations consists of surgical (open 

or laparoscopic) repair. Surgical management is however associated with significant 

morbidity and mortality, requires general anaesthesia, and may entail a prolonged 

recovery.1, 2, 4, 5, 10 Therefore management of endoscopic perforations is occasionally 

attempted with an endoscopic approach, such as repair by endoscopic clip application 

or endoscopic placement of covered self-expanding metal stents.3, 6, 7, 13-15 Small 

perforations (< 5 mm), for instance after polypectomy, are increasingly treated 

endoscopically with multiple small endoscopic clips.3, 6, 7, 16 However, outcome of 

endoscopic management is sometimes disappointing.17-19 Due to the small wingspan 

of standard endoclips, a repair requires multiple clips and often fails in case of larger 

perforation.17-19 Furthermore closure with endoscopic clips only results in approximation 

of  the mucosal layers instead of full thickness, serosa-to-serosa apposition.20, 21 

Endoscopic stent placement is often attempted in larger perforations in the oesophagus 

but may result in persistent leakage, stent migration or mucosal damage after stent 

removal in a considerable part of patients.13, 15, 22, 23 Moreover stent-assisted closure is 

only feasible in strait and relatively fixed tubular structures like the oesophagus and not 

an option in case of gastric, duodenal or colonic perforations. 

Recently a new device for endoscopic closure of perforations called the Over-The-

Scope-Clip (OTSC; Ovesco Endoscopy AG, Tübingen, Germany) has been introduced. 

In comparison to standard endoclips, the relative large wingspan of the OTSC with a 

diameter of 12 mm grasps much more tissue. Consequently larger perforations can 

be closed using only one OTSC. The clip is designed to create a full-thickness closure. 

We have previously reported ex vivo experimental studies in which acute strength of 

closed gastric, duodenal and colonic perforations using the OTSC were compared with 

surgical closure (gold standard).21, 24-27 Closure using the OTSC resulted in comparable 

leak pressures to the gold standard for each perforation location.21, 24-27 Thereafter, 

in vivo survival animal studies in which gastric and colonic perforations were closed 

with the OTSC, showed 100% success rates.28, 29 These promising ex vivo and in vivo 

animal data were the ideal preparation for a human clinical pilot study. The aim of 
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the current study was to evaluate feasibility and efficacy of endoscopic closure of 

iatrogenic perforations of the human gastrointestinal tract using the OTSC.  

METHODS

Study design

This was a prospective multi-center cohort study conducted at eleven tertiary-care 

medical centers in Europe. The study was investigator-initiated and investigator-driven 

and performed in accordance with the principles of the Declaration of Helsinki. The 

medical ethics committee at each center approved the protocol. Data collection was 

done by local physicians, who completed online case record forms. 

We recruited all consecutive patients from April 2009 with documented acute iatrogenic 

oesophageal, gastric, duodenal or colonic perforations smaller than 3 cm. Documented 

perforation was defined as an endoscopic image of extra-intestinal structures as proof 

of a full-thickness perforation and/or proof of air leakage outside the lumen on CT or 

plain X-Ray. Perforations detected more than 24 hours after the endoscopic procedure, 

duodenal perforations after ampullectomies or sphincterotomies, tumour perforations, 

and patients younger than 18 years of age were excluded. All participating endoscopists 

were trained on an ex-vivo animal model prior to participation.

Intervention

Immediately after inclusion, antibiotics were administered and endoscopic repair was 

attempted using a therapeutic endoscope, a twin grasper, and an OTSC. The clip is 

made of Nitinol, a superelastic alloy, and can approximate perforation margins of large 

defects like a surgical clamp. The OTSC is installed on a transparent applicator cap 

that is mounted onto the tip of the endoscope (fig 1). The clip is released from the 

applicator by pulling a wire threaded through the working channel of the endoscope 

Figure 1: A 12-mm transparent cap with the Over-the-
Scope-Clip mounted on the tip of the endoscope.

Voermans.indb   198 14-4-2011   09:02:50



Endoscopic closure of iatrogenic gastrointestinal perforations

199

similar to endoscopic band ligation. Once released from the cap, the OTSC returns to 

its original shape due to the elastic properties of the material. 

Endoscopic perforation repair was performed according to a standardized operating 

procedure. After switching to carbon dioxide insufflation instead of air, the endoscope 

preloaded with the OTSC was reintroduced and advanced to the perforation site. The 

twin grasper was used to estimate the size of the perforation and consequently to 

facilitate approximation of both perforation edges. The twin grasper has one fixed 

middle branch and two independently movable lateral branches, which enable 

grasping of both perforation edges separately (fig 2). The tissue was approximated 

and gently pulled into the cap while applying continuous suction as well. The clip was 

Figure 2: Figure showing a close-up of the twin 
grasper tip with both jaws opened individually 
(A, B) and the twin grasper handle with one jaw 
opened (C).

A B

C

then released by rotating the wheel on the shaft of the endoscope. After releasing the 

clip the acute closure result was inspected endoscopically. In case of the impression 

of inadequate closure further treatment was at endoscopists’ preference: additional 

OTSC, standard endoscopic clips, endoloops or surgery. 

Follow up

Water-soluble contrast X-ray study of the perforation site was performed within 24 

hours after endoscopic closure. In case of suspicion of persistent leakage or clinical 

deterioration, surgery was advised to oversew or resect the perforation site. Long-term 

follow up imaging (endoscopy or radiology) was scheduled 6 months after closure to 

verify presence or migration of the clip(s). 
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Evaluation of endpoints 

Primary endpoint was successful closure, defined as endoscopic adequate closure 

combined with absence of leakage on water soluble contrast X-ray plus absence of 

additional interventions to manage the perforation.

Secondary outcome included closure time (from introduction of the endoscope with the 

OTSC-system until adequate closure), day of successful resumed oral intake, hospital 

stay, adverse events, additional interventions, and presence of the OTSC at 6 months 

follow up imaging. Adverse event were defined as death, life-threatening situations or 

need for additional endoscopic or surgical intervention for perforation closure within 

30 days after the procedure to manage the perforation.

Sample size and statistical analysis

The goal was to evaluate closure efficacy of iatrogenic perforation using the OTSC. 

Based on the results of previous animal studies with the OTSC, the failure rate was 

expected to be low.28, 29 Assuming a successful closure rate of 95%, 36 patients were 

needed to achieve a lower end of the 95% confidence interval (CI) of at least 80%. A 

threshold of the 95% CI of 80% was considered adequate for translation into further 

human clinical studies. 

Endpoint analysis consisted of an intention-to-treat analysis (except closure time). Data 

are presented as mean plus SD and in case of skewed distributions as median plus 

interquartile range (IQR). All statistical analyses were done with SPSS (version 16.0.2)

RESULTS

Baseline characteristics

Between April 2009 and August 2010 thirty-six consecutive patients met inclusion 

criteria and were included. Baseline characteristics are summarized in table 1. Five 

perforations were located in the oesophagus (14%), 6 in the stomach (17%), 12 in 

the duodenum (33%), and 13 in the colon (36%). Eighteen patients (50%) suffered 

from a perforation during a therapeutic endoscopic procedure: 6 during endoscopic 

submucosal dissection, 8 during endoscopic mucosal resection, and 4 during 

polypectomy. In 13 cases (36%) a perforation occurred during a diagnostic endoscopy: 

eight at colonoscopy and 5 duodenal perforations during diagnostic endosonography. 

The remaining 5 perforations were not endoscopy related. One patient suffered from a 

gastric perforation due to post operative loss of suture line after a sleeve gastrectomy; 

A dislocated percutaneous endoscopic gastrostomy caused a gastric perforation in 

another case; An oesophageal perforation was caused by a dislocated tracheostomy 

tube post lung transplantation; In 1 case a migrated pancreatic duct stent caused 
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a duodenal perforation of the opposite duodenal wall; Finally, a colonic perforation 

occurred during percutaneous drainage of a paracolic fluid collection. 

Outcome

Primary outcome is summarized in table 2. Immediate endoscopic closure was 

macroscopically successful in 33 out of 36 patients (92%). Failures included 1 patient 

with a duodenal perforation in whom a deep oesophageal laceration occurred while 

introducing the endoscope with the OTSC-cap mounted on its tip. The patient was 

referred for immediate surgery to manage the oesophageal laceration as well as 

the duodenal perforation. In two other duodenal perforations it proved difficult to 

manoeuvre the endoscope in a proper position to place the OTSC. In both cases the 

endoscopic closure failed and the patients were immediately referred for surgical 

correction. 

In none of the 33 patients leakage of water-soluble contrast was visualized at X-ray 

within 24 hours post endoscopic closure. One patient in whom a colonic perforation 

after polypectomy appeared to be adequately closed at endoscopy and post procedural 

radiography, clinically deteriorated after 5 hours. The patient underwent a laparotomy 

which showed a detached clip and persistent perforation. Despite successful resection 

of the perforation site and construction of a colostomy, the patient died within 24 

hours after the surgical procedure of unknown cause. Obduction did not show an 

abdominal catastrophe. Overall endoluminal closure was successful in all remaining 32 

patients, leading to an overall success rate of 89% (95%-CI: 75-96%)

Table 1: Baseline characteristics

Characteristic Total (n=36)

Age – years (SD) 67 (11)

Male sex (%) 15 (42)

Perforation location (%)

Esophagus 5 (14)

Stomach 6 (17)

Duodenum 12 (33)

Colon 13 (36)

Etiology of perforation

Therapeutic (%) 18 (50)

ESD 6 (17)

EMR 8 (22)

Polypectomy 4 (11)

Diagnostic (%) 13 (36)

EUS 5 (14)

Colonoscopy 8 (22)

Other (%) 5 (14)
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Mean endoscopic closure time was 5:44 minutes (SD 4:15). In 28 patients a single OTSC 

was used, a single OTSC with additional endoclips were used in 3 cases, and 2 OTSC’s 

were needed to close the perforation in 2 patients. Besides the oesophageal laceration, 

no other adverse events occurred. Additional interventions were performed in the 4 cases 

mentioned above and concerned surgery in all. Median post procedural day of successfully 

resumed oral intake was at day 2 (IQR 2). Median hospital stay was 4 days (IQR 4).  

Twenty-eight of 36 patients were available for 6 months follow up imaging. Four 

patients were not included for follow up imaging because initial endoscopic closure 

failed. Two patients died over 30 days after successful endoscopic closure of unrelated 

cause: one patient suffered from end stage liver failure and another patient died due 

to bronchial leakage after lung transplantation. Two patients were lost to follow up. 

In 19 of the remaining 28 patients (68%), the OTSC was still in situ at 6 months follow 

up imaging. 

DISCUSSION

This multicenter prospective human trial, investigating a new endoscopic closure device 

called OTSC, resulted in a sustained successful endoscopic closure in 89% (32/36) of 

acute iatrogenic perforations of the gastrointestinal tract. Hence surgery, the current 

standard treatment of these gastrointestinal perforations, could be avoided nine out of 

ten cases. Consequently general anaesthesia, abdominal incisions, temporary ostomies 

and their associated morbidity were all avoided in these patients. The procedure was 

relatively quick and easy as represented by a mean procedural closure time of less than 

six minutes. 

Although we did not succeed to achieve the lower end of the 95% CI of success above 

the predetermined threshold of 80%, the promising findings may nevertheless lead 

to a paradigm shift with endoscopic closure using the OTSC replacing surgery as the 

first line of treatment in case of acute iatrogenic gastrointestinal perforations. It is 

important to realize that three out of the four failures were immediate failures with 

salvage surgery being performed without major delay. Using this minimal invasive step-

Table 2 : Primary Outcome

Outcome Total (n=36)

Succesfull endoscopic closure (%) 33 (92)

Esophageal perforation during introduction 1 (3)

Failed adequate placement of OTSC 2 (6)

Leakage of soluble contrast (%) 0 (0) 

Delayed leakage (%) 1 (3)

Successful closure (%) 32 (89)
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up approach, closure was successful in 34 of 36 patients (94%; 95%-CI: 82-98%) and 

surgery was avoided in 89% of cases.    

In one of our patients, however, initially successful endoscopic closure of a colonic 

perforation turned out to be inadequate a few hours later as the clip apparently had 

slipped off. In this case surgery was significantly delayed by the endoscopic procedure. 

Although the patient was successfully operated on within 12 hours after onset of the 

perforation, he died within 24 hours after successful surgery without a clear cause. 

Although obduction did not show a persistent perforation, this case underlines the 

need for thorough inspection after endoscopic closure, intensive clinical observation 

for 24 hours and immediate surgical intervention in case of clinical deterioration. 

Although after immediate endoscopic closure of a perforation, a patient may not even 

notice that a perforation occurred, iatrogenic perforations of the gastrointestinal tract 

still represent a severe complication. When looking at the surgical literature, the largest 

series (>30 perforations included) of surgical management of perforations shows a 

mortality rate over 7%.2, 4, 5 In comparison, a mortality rate of 3% in this series seems 

within the acceptable range. 

In one patient an oesophageal perforation occurred while introducing the endoscope 

with the OTSC cap mounted on the tip. Perforations are known, yet rare, complications 

during introduction of endoscopic devices mounted on the tip of the endoscope.30  The 

OTSC cap has blunt edges and is comparable in diameter, but has an protruding rim 

of 2 mm which may make it slightly more traumatic than standard plastic caps widely 

used for rubber band ligation. With standard precautions, such as only introducing the 

cap under vision and stop if any resistance is felt, we would expect this complication to 

be a rare event. However, larger numbers will be needed to confirm this assumption. 

In 2 cases immediate adequate endoscopic closure could not be achieved. Both cases 

concerned duodenal perforations. In the relatively confined space of the duodenum in 

combination with air leakage through the perforation it can be challenging to properly 

grasp both perforation edges for to secure closure. In the remaining 10 duodenal cases 

surgery was successfully avoided, leading to a success rate for duodenum perforations 

of 83%. 

Since the introduction of natural orifice transluminal endoscopic surgery (NOTES) less 

than a decade ago, there has been an enormous boost in the development of endoscopic 

closure techniques.31 Although NOTES procedures have not yet been translated into 

large human clinical trials, endoscopic closure of iatrogenic gastrointestinal perforations 

seems to represent a successful spin-off of NOTES research, from which patients benefit. 

A large number of flexible closure modalities have been developed and evaluated in 

ex-, and in vivo animal experiments.17,19,21,25,29 The OTSC is the first device to be safely 

introduced into a prospective multicenter human clinical trial. 

Although endoscopic closure using standard endoclips has been previously described, 

the current report is, to our knowledge, the first prospective human trial dealing with 
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endoscopic perforation closure. All currently published series are retrospective with 

the obvious drawback of a potential selection bias.3, 6, 7, 16 Pilot studies with OTSC 

closure of gastrointestinal perforations have also been described earlier, but were also 

retrospective in nature and included only limited patient numbers (< 5 perforations).32-34 

Due to the low incidence of iatrogenic perforations we decided to include all perforations 

of the gastrointestinal tract irrespective of their location. This is currently the largest 

prospective cohort of endoscopic closure of acute perforations. A randomized 

controlled trial could now become appropriate after this phase II trial has confirmed 

the promising results of small retrospective case series. A randomized study comparing 

endoscopic versus surgical management of acute perforations will however require 

many more patients and will be very difficult to perform in view of the rarity of these 

complications. A final caveat concerns the fact that participating study sites were all 

tertiary referral centers. Consequently, success rates in this series may not be applicable 

in arbitrary centers. 

Several factors must be considered when determining appropriate treatment of an 

acute gastrointestinal perforation. These factors including time of detection, size 

of perforation as well as the degree of contamination outside the gastrointestinal 

tract. We focused on acute, uncomplicated perforations under 3 centimetres without  

contamination. Late (>24 hours) recognition of a perforation with or without signs of 

peritonitis is regarded a contraindication for endoscopic treatment. Perforations larger 

(>3 cm) were excluded in this study and should be referred for surgery until evidence 

of successful endoscopic closure becomes available.

At 6 months follow up the majority of OTSCs were still present at the former perforation 

site. At endoscopic inspection of these patients, the groove behind the clip appeared to 

increase slowly, indicating that the OTSC may fall off after a couple of more months or 

years. However, this is speculative and longer follow up is needed. None of the patients 

suffered complications or complaints from the continued presence of the OTSC and 

there seems no indication that the clip will migrate through the gut wall. The OTSC 

is MRI-safe and therefore there does not seem to be an acute reason to mandate 

spontaneous or medical removal.

Endoluminal closure with the OTSC for closure of acute iatrogenic perforations of 

the gastrointestinal tract was shown to be relatively quick and easy and resulted in 

adequate closure and avoidance of surgery in 89% of patients in this multicenter 

prospective human trial. These results indicate that the preferred treatment strategy 

for patients with acute perforations is a step-up approach consisting of endoscopic 

OTSC closure followed, if indicated, by surgical treatment.
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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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FUTURE PERSPECTIVES

Transluminal endoscopic treatment of pancreatic fluid collections

During the last decade the technique of endoscopic drainage of pancreatic fluid collections 

(PFC) has rapidly developed but level A evidence is mostly lacking, probably because of its 

rapid ongoing development. Lack of randomized studies, heterogeneity of the included 

PFC’s (including our randomized controlled trial described in chapter 3), differences in 

the definition of clinical success, lack of long term follow up, and retrospective nature 

of the majority of studies, make it difficult to extrapolate these results from literature 

into daily clinical practice. 1-7, 11-13 Only in case of uncomplicated, solitary, “true” 

pseudocysts (without debris) endoscopic drainage has proven to be superior to open 

surgery in a recent randomized controlled trial.14 Improvements in EUS-guided drainage 

of uncomplicated pseudocysts are still possible and questions about optimal timing, type 

and length of drainage and necessity of pancreatic duct imaging and therapy remain 

open. In chapter 3 we showed that a newly developed forward-viewing echoendoscope 

does not seem to be of additional value in routine clinical practice. Future (comparative) 

prospective studies should focus on long term outcome of endoscopic drainage of a 

homogenous population. Preparations are underway for an international randomized 

controlled trial investigating removal versus leaving transluminal stents in place after 

endoscopic drainage of pancreatic fluid collections complicating acute pancreatitis based 

on pancreatic ductal anatomy (REMOVE trial).

During the last 5 years, we (chapter 4) and other groups showed that endoscopic 

transluminal necrosectomy (ETN) is an effective and safe minimally invasive therapy in 

selected groups of patients with walled-off pancreatic necrosis (WOPN). The retrospective 

nature of these studies makes implementation of this therapy into daily clinical practice 

difficult. It seems to be important to distinguish sterile and infected WOPN. The current 

standard for patients with sterile WOPN is conservative. However, some patients with sterile 

WOPN remain symptomatic, despite several weeks or months of conservative treatment. 

Because of the low morbidity rate of ETN, patients with persisting symptoms of sterile 

WOPN may benefit from relative early endoscopic intervention (6-8 weeks after onset). 

Prospective studies concerning patients with symptomatic sterile WOPN are necessary 

to determine if and when ETN may be indicated in these patients. On the contrary, for 

the majority of patients with infected WOPN, intervention is indicated but the role of 

endoscopic drainage is not completely clear yet. Currently, these patients are treated by a 

minimally invasive step-up approach starting with percutaneous catheter drainage and, if 

necessary, followed by videoscopic-assisted retroperitoneal debridement.15 A nationwide 

randomized controlled trial to compare this strategy with endoscopic therapy has just 

been funded by different sources and received Ethics committee approval: Transluminal 
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endoscopic versus surgical necrosectomy in patients with infected pancreatic necrosis: a 

randomised controlled multicentre trial (TENSION trial; ISRCTN09186711).

Natural Orifice Transluminal Endoscopic Surgery

Besides endoscopic therapy aimed at organs adjacent to the gastrointestinal tract, such 

as the pancreas, we and others have shown that it is technically feasible to perform 

intraperitoneal surgery via the natural orifices in animals. The current question is whether 

intraperitoneal pure NOTES procedures are ready for human randomized clinical trials. 

In our opinion, the answer should probably be ‘not yet’. There are still fundamental 

challenges that need to be surmounted before pure NOTES procedures are ready for 

randomized clinical trials.  

As described in chapter 9, 10 and 11, the NOTES peritoneoscopy in its current form is 

inferior to laparoscopic peritoneoscopy in detecting intraperitoneal metastases in animal 

and in human cadaver models. In all three chapters the majority of missed simulated 

metastases were located at the (inferior) surface of the liver. Limited visualization of the 

inferior liver surface is best explained by the inability to adequately lift and retract the 

liver lobes while maintaining an adequate overview. This lack of triangulation is mainly 

caused by the fixed parallel relationship between view and instrument axis. Secondly, 

the necessary force to retract or lift the liver lobe, cannot be exerted at the tip of a 

flexible endoscope as it diminishes over the course of a long and floppy endoscope and 

is therefore too small. Dedicated endoscopic platforms and/ or endoscopic accessories 

designed for transluminal instead of intraluminal use, need to be developed before the 

NOTES peritoneoscopy could be translated into human clinical trials. Such undertakings 

will require a large amount of effort to be taken on by investigators collaborating with 

technical universities and/ or industry. 

If these challenges can be overcome, the NOTES peritoneoscopy will represent a paradigm 

shift in gastrointestinal cancer staging. Imagine a patient presenting with obstructive 

jaundice secondary to, for example, a pancreatic neoplasm. After EUS and fine needle 

aspiration, if findings are positive, a transluminal peritoneoscopy for staging can be 

immediately be performed with the patient under simultaneous sedation during the 

entire procedure. When peritoneal metastases are identified, an ERCP with permanent 

biliary drainage can be performed, again in the same setting, thus avoiding further need 

for workup, surgical intervention, and general anesthesia. 

The earlier described limitations of the NOTES peritoneoscopy also hold true for other, 

more complex NOTES procedures, such as the endoscopic transluminal cholecystectomy. 

Although the majority of NOTES research worldwide focused on the transluminal 

cholecystectomy, current endoscopic technology hampers the development of a 

pure NOTES cholecystectomy as well. Due to the inability to triangulate, adequate 

exposure of the CVS cannot be reliably guaranteed. Consequently a safe pure NOTES 
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cholecystectomy cannot be ensured with current endoscopic technology.  By combining 

a transgastric approach with laparoscopic mini-instruments (2 mm) as described in 

chapter 7, cholecystectomy could successfully be performed as minimally invasive as 

currently possible in combination with maintenance of the ability to triangulate, and 

therefore maximal safety. In our opinion such a hybrid approach represents an essential 

safety bridge for all potential pure human NOTES procedures. This approach will also be 

studied in the AMC in a human protocol shortly.

Lessons should be learned from the introduction of laparoscopic cholecystectomy two 

decades ago. Laparoscopic cholecystectomy was introduced (too) fast, driven by media, 

patient demand, industry and physician competition. Initially, this led to an increased rate 

of bile duct injuries and consequently considerable morbidity. 20 If intraperitoneal NOTES 

procedures are to become the even less invasive alternative to laparoscopic surgery it 

should be introduced safely and in a more controlled fashion. Starting with extensive 

experimental (animal) studies and training prior to human pilot studies. 

At the start of the research presented in this thesis consensus existed that secure 

transluminal closure of the access site was the most fundamental challenge that needed 

to be surmounted before NOTES could be translated into human clinical trials. After 

thorough ex vivo and in vivo experiments by us (chapter 5, 6 and 7) and small human 

retrospective case series by others21-23, the OTSC-system was selected for a human phase 

II study. In chapter 12 we showed that the OTSC-system can achieve successful closure in 

the majority of patients with uncontrolled, unplanned, acute gastrointestinal perforations. 

These results can probably be extrapolated to planned, controlled perforations for 

endoscopic intraperitoneal NOTES procedures, starting with hybrid procedures under 

laparoscopic control. 

It seems that the fundamental challenge of safe transluminal closure has been overcome. 

However, a randomized controlled trial comparing OTSC closure with laparoscopic 

closure should be performed to confirm these results. A randomized study comparing 

endoscopic versus surgical management of acute perforations will, however, require 

many more patients and will be very difficult to perform in view of the rarity of these 

complications. Nevertheless, we are currently preparing a randomized controlled 

multicenter trial comparing perforation closure using the OTSC-system with laparoscopic 

closure (CLIPPER II-trial). 

The future of NOTES was uncertain at the start of the research presented in this thesis. 

In the past five years the NOTES-hype has gradually subsided and the future of NOTES 

may even be more uncertain than it was before. Pure intraperitoneal NOTES procedures 

are still not ready to be translated into human clinical trials. Nevertheless the quest for 

NOTES has brought surgeons and therapeutic endoscopists closer together and has 

been pivotal in delivering some technical advances in both endoscopy and surgery. 

Endoscopic closure of gastrointestinal perforations represents a successful spin-off of 
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NOTES research from which patients will benefit and may lead to a paradigm shift with 

endoscopy replacing surgery as the first line of treatment in case of acute iatrogenic 

gastrointestinal perforations. Even if NOTES will not make it to a clinical accepted 

alternative to laparoscopic surgery, the road to NOTES has been very much worthwhile.
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SAMENVATTING

Dit proefschrift bevat studies aangaande de alsmaar uitbreidende mogelijkheden van 

de flexibele endoscopie, namelijk transluminale endoscopie met als ultieme doel intra-

abdominale chirurgie via de natuurlijke openingen van het menselijk lichaam.

Deel 1 Transluminale endoscopische behandeling van 
vloeistofcollecties van het pancreas

In hoofdstuk 1 van dit proefschrift wordt een overzicht gegeven van de huidige status van 

de endoscopische behandeling van vloeistofcollecties van het pancreas. Endoscopische 

behandeling van vloeistofcollecties van het pancreas was de eerste transluminale 

procedure die algemeen geaccepteerd werd in de klinische praktijk en kan worden 

gezien als een van de eerste NOTES (Natural Orifice Transluminal Endoscopic Surgery) 

procedures. Alhoewel echo-endografisch geleide drainage reeds gezien wordt als de 

behandeling van eerste keuze van ongecompliceerde pseudocystes1-7, zijn procedurele 

verbetering nog altijd nodig om het succespercentage en makkelijkheid van de procedure 

te verbeteren. In hoofdstuk 2 beschrijven we de haalbaarheid van echo-endografische 

drainage middels een prototype voorwaartskijkende echo-endoscoop in 7 patiënten. 

Middels dit nieuwe instrument, konden alle 7 collecties endo-echogeleid aangeprikt 

worden in een rechte lijn met de echo-endoscoop in plaats van onder een hoek van 

45°. Hierdoor leek de procedure eenvoudiger te kunnen worden uitgevoerd dan met 

de conventionele zijwaartskijkende echo-endoscoop. Bovendien, leek met deze nieuwe 

echo-endoscoop collecties draineerbaar die niet bereikbaar waren met de standaard 

echo-endoscoop. Om deze veelbelovende resultaten te testen, hebben we vervolgens 

een multicenter gerandomiseerde studie verricht waarin we de twee echo-endoscopen 

hebben vergeleken wat betreft het gemak van de procedure, gemeten aan de hand van 

de proceduretijd. In deze studie, beschreven in hoofdstuk 3, hebben we geen verschil 

aangetoond in technische succes van echo-endogeleide drainage van vloeistofcollecties 

van het pancreas gebruikmakend van de voorwaartskijkende in vergelijking met de 

zijwaartskijkende echo-endoscoop (respectievelijk 92% vs. 100%; p=0.153). De procedure 

tijd, gedefinieerd als de tijd tussen het passeren van de gastro- oesophageale overgang 

tot en met plaatsing van de eerste transluminale stent in de collectie, liet eveneens 

geen verschil zien (respectievelijk 24:55 vs. 27:04 minuten: seconden; p=0.439). Het 

zoeken naar de optimale locatie om de collectie aan te prikken bleek met name meer 

tijd te kosten middels de nieuwe echo-endoscoop, wat zou kunnen worden uitgelegd 

door de kleinere scanning range (90° vs. 180°) en de ongewone oriëntatie. Tijd van 

het aanprikken zelf tot het plaatsen van de eerste transluminale stent was namelijk wel 

korter wanneer er gebruik werd gemaakt van de voorwaartskijkende echo-endoscoop, 

respectievelijk 16:08 vs. 20:59 minuten: seconden (p=0.04). Dit voordeel lijkt echter te 

klein om van enige klinische relevantie te zijn. 
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In tegenstelling tot endoscopische drainage van ongecompliceerde pseudocystes, was 

endoscopische transluminale necrosectomie (ETN) van pancreasnecrose ten tijde van het 

begin van het onderzoek leidend tot dit proefschrift, slechts beschreven in enkele case-

reports en kleine retrospectieve case series.8-10 ETN werd gezien als experimenteel en 

werd slechts toegepast in enkele gespecialiseerde centra op de wereld. In hoofdstuk 4 
beschrijven wij een retrospectieve studie waarin alle middels ETN behandelde patiënten 

in het AMC tussen januari 2003 en juli 2006 zijn geïncludeerd. ETN bleek  een effectieve 

minimaal invasieve therapie in deze geselecteerde groep patiënten met symptomatische 

georganiseerde pancreasnecrose (succespercentage 93%; 95% betrouwbaarheidsinterval 

(BI) 77-98%). Bovendien bleek ETN relatief veilig te zijn in deze geselecteerde groep 

patiënten; in 4% (95% BI 1-14%) van allen ETN procedures trad een ernstige complicatie 

op, waarvoor een additionele interventie noodzakelijk was in tot dan toe de grootste 

beschreven cohort van patiënten. 

Deel IIA Transluminale endoscopische chirurgie via de natuurlijke 
lichaamsopeningen: Experimentele studies

Het tweede deel van dit proefschrift start met experimentele studies gericht op de 

meest fundamentele te overwinnen barrière voor de verdere ontwikkeling van NOTES: 

het veilig endoscopisch sluiten van de toegangsincisie tot de peritoneaal holte. De 

optimale introductie van een nieuwe medische techniek kan worden onderverdeeld 

in drie verschillende fases: Eerst een ex vivo evaluatie, vervolgens een in vivo evaluatie 

in proefdieren, en als deze twee stappen succesvol kunnen worden volbracht, kan 

een humane pilot studie worden verricht. In hoofdstuk 5 wordt een ex vivo studie 

beschreven waarin de sterkte van gesloten gestandaardiseerde maagincisies middels 8 

verschillende endoscopische sluitingstechnieken is vergeleken met de gouden standaard: 

de chirurgische gesloten gastrotomie. De sterkte werd gemeten aan de hand van de 

lekdruk van de gesloten gastrotomie. Gesloten maagincisies middels Resolution clips, 

Eagle Claw VIII, flexibele Endostitch, flexibele stapler, en het Over-the-Scope-Clip (OTSC) 

systeem waren wat betreft lekdruk non-inferieur ten opzichte van de gouden standaard. 

T-tags, purse string modified T-tags, en een purse string suturing apparaat produceerden 

gesloten maagincisies, die inferieur in sterkte waren in vergelijking met de chirurgische 

hechting. De flexibele Endostitch, flexibele stapler en OTSC-systeem leverden de sterkste 

sluitingen en werden geselecteerd voor verdere in vivo evaluatie. De prototypes van 

de flexibele Endostitch en flexibele stapler bleken echter te moeilijk toepasbaar in in 

vivo experimenten, dientengevolge is alleen het OTSC-systeem geselecteerd voor verdere 

evaluatie in in vivo varkensexperimenten (hoofdstuk 7). Het endoscopisch sluiten van 

de maagincisies was succesvol in alle proefdieren met ongecompliceerde overleving 

in 100% van de gevallen (95% BI: 81-100%). Bovendien was de proceduretijd (van 

introductie van het systeem tot en met adequate sluiting) zeer acceptabel, namelijk 

gemiddeld 7 minuten (standaard deviatie (SD) 3 minuten). Naast het sluiten van de 

toegang tot de peritoneaal holte, was de studie, beschreven in hoofdstuk 7, tevens 
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gericht op de evaluatie van de haalbaarheid, veiligheid en het adequaat verkrijgen van 

de ‘critical view of safety’ (CVS) van een laparoscopisch geassisteerde transgastrische 

cholecystectomie. Deze hybride techniek bleek haalbaar en garandeerde een adequate 

CVS in alle hybride cholecystectomieën (100%; 95% BI: 81-100%). Door gebruik te 

maken van laparoscopisch mini-instrumentarium (2mm), was de procedure zo minimaal 

invasief als momenteel mogelijk, in combinatie met het behoud van de mogelijkheid tot 

triangulatie, noodzakelijk voor het verkrijgen van een optimale CVS.  

Een ex vivo vergelijkende studie waarin de sterkte van middels 5 verschillende endo-

scopische sluitingstechnieken gesloten gestandaardiseerde incisies in het colon wordt 

vergeleken met de chirurgische hechting wordt beschreven in hoofdstuk 6. Colotomieën 

gesloten middels endoclips, het OTSC-systeem, en twee verschillende types flexibele 

staplers resulteerden in een vergelijkbare sterkte met de gouden standaard. Sluiting 

middels T-tags bleek echter inferieur wat betreft sterkte ten opzichte van de chirurgische 

hechting. 

De laatste vier hoofdstukken van deel IIA richten zich op een potentiële eerste indicatie 

voor humane NOTES procedures: de transluminale diagnostische peritoneoscopie. 

In hoofdstuk 8 wordt allereerst de haalbaarheid van een transgastrische en een 

transcolonische peritoneoscopie aangetoond in een in vivo varkensmodel. Intraperitoneale 

endo-echografie werd tevens toegepast in dit model en bleek eveneens haalbaar. Als de 

NOTES peritoneoscopie echter het minimaal invasieve alternatief voor de diagnostische 

laparoscopie moet worden dan dient het allereerst bewezen vergelijkbaar te zijn wat 

betreft de detectie van metastasen. In hoofdstuk 9 beschrijven wij een experimenteel 

varkensmodel met gesimuleerde intraperitoneal metastasen waarin de transgastrische 

peritoneoscopie is vergeleken met de gouden standaard: de laparoscopische peritoneo-

scopie. In dit model bleek de transgastrische peritoneoscopie met een opbrengst van 

63% van alle gesimuleerde metastasen (95% BI: 50-73%) inferieur ten opzichte van 

de diagnostische laparoscopie met een opbrengst van 95% (95% BI: 90-100%). De 

meerderheid van de gemiste gesimuleerde intraperitoneal metastasen bevonden zich 

op de lever. Slechts 1 op de 3 metastasen op de lever werd gedetecteerd middels de 

transgastrische benadering. Een van de verklaringen voor deze matige visualisatie van de 

lever was mogelijk de afgenomen stabiliteit, en de moeilijkheid van oriëntatie, gerelateerd 

aan het noodzakelijke werken in retroflexie via de transgastrische benadering. Middels 

een transcolonische benadering met een directe toegang tot de bovenkwadranten van 

de intraperitoneaal holte, kan de noodzakelijkheid van retroflexie vermeden worden en 

mogelijkerwijs de visualisatie van de lever verbeteren. Daarom hebben we vervolgens 

in eenzelfde varkensmodel met gesimuleerde metastasen een studie verricht waarin 

we de transcolonische peritoneoscopie hebben vergeleken met de eerder vastgestelde 

gouden standaard (hoofdstuk 10). De transcolonische peritoneoscopie ,met een 

opbrengst van 76% (95% BI 59-87%), bleek echter eveneens inferieur ten opzichte van 

de laparoscopische peritoneoscopie. Het verschil bleek met name veroorzaakt door het 

relatief grote aantal gemiste gesimuleerde metastasen op de onderzijde van de lever; 
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meer dan 50% van deze metastasen zijn gemist middels de transcolonische benadering. 

Gezien het verschil in anatomie, in onder andere de lever, tussen mens en varken en 

de mogelijke invloed van dit verschil op de uitkomst, hebben we uiteindelijk tevens 

een vergelijkende studie verricht in een humaan kadaver model met gesimuleerde 

metastasen. In dit model, beschreven in hoofdstuk 11, hebben we de transgastrische, 

transcolonische en laparoscopische peritoneoscopie met elkaar vergeleken. De 

laparoscopische peritoneoscopie resulteerde in een opbrengst van 97% (95% BI 

85-99%), de transgastrische benadering in een opbrengst van 76% (95% BI 60-88%), 

en de transcolonische benadering in een opbrengst van 85% (95% BI 70-94%) van alle 

gesimuleerde metastasen. Het verschil tussen de NOTES benaderingen en de gouden 

standaard was (nog) te groot om de NOTES peritoneoscopie te vertalen in humane 

klinische studies. Ook in dit humane kadaver model bleek de meerderheid van de gemiste 

metastasen zich te bevinden op de onderzijde van de lever. Toekomstig onderzoek zal zich 

moeten focussen op verbeterde toegang en visualisatie van de onderzijde van de lever. 

Deel II B  Transluminale endoscopische chirurgie via de natuurlijke 
lichaamsopeningen: Humane studie

Zoals hierboven beschreven werd het veilig sluiten van de toegangsincisie gezien als 

de meest fundamentele te overwinnen barrière alvorens NOTES zou kunnen worden 

toegepast in humane klinische studies. Alvorens echter met opzet perforaties te maken 

in een intact humaan maag-darmkanaal voor intraperitoneale NOTES procedures, 

moet de endoscopische sluiting bewezen veilig zijn. Daarom hebben we onze eerste 

humane NOTES studie gericht op het sluiten van ‘reeds bestaande’ acute iatrogene 

gastro-intestinale perforaties. Na de succesvolle ex-, en in vivo experimenten, werd het 

OTSC-systeem geselecteerd voor deze humane studie. In hoofdstuk 12 beschrijven 

de resultaten van, zover wij weten, de eerste prospectieve multicenter cohort studie 

gericht op het endoscopisch sluiten van iatrogene perforaties van het maag-darmkanaal. 

Endoscopische sluiting was succesvol in 89% (95% BI 75-96%) van alle patiënten. Deze 

studie toonde aan dat chirurgie, de huidige standaard behandeling van perforaties, 

kon worden voorkomen in bijna 9 op de 10 patiënten. Dientengevolge kon algehele 

anesthesie, abdominale incisies, tijdelijke stoma’s en hun geassocieerde morbiditeit 

worden vermeden in deze patiënten. Bovendien was de procedure relatief eenvoudig 

gezien de gemiddelde procedure tijd van minder dan 6 minuten.
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Chapter 2: Fig. 3 Endoscopic images. A, Catheter in place after puncture of the pancreatic pseudocyst. 
B, Balloon dilatation via a guide wire.

Chapter 4: Figure 3: A, Endoscopic image, showing cavity with yellowish necrotic material. B, Endoscopic 
image showing, a large piece of necrotic material extracted by a Roth net.

A B

Chapter 4: Figure 4: Endoscopic image showing 
a vital, pink, easily bleeding wall after final 
endoscopic debridement procedure. 

Chapter 2

Chapter 4

A B
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Chapter 5: Fig. 1 The closure devices. A Resolution clips. B, T-tags. C, 
Purse string modified T-tag. D, Eagle Claw VIII. E, Flexible endoscopic 
stapler. G,Purse string suturing device. G, Flexible Endostitch. 

A

D
B

F E

C

G

Chapter 5: Fig. 4 Closed incision using: A, Resolution clips. B, T-tags. C, Purse string modified T-tag. D, 
Eagle Claw VIII. E, Flexible endoscopic stapler. F, Purse string suturing device. G, Flexible Endostitch.

A B C

D E GF

Chapter 5
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Chapter 5: Fig. 5 Difference in leak pressure between the gold standard (surgical suture) and each of the 
flexible closure modalities. The bars show the 95% confidence intervals (CI). The vertical line shows the 
predefined margin of equivalence (–56 mmHg).

Chapter 5 addendum
Fig. 2 Appearance of the mucosal and serosal 
sides after closure of the gastrotomy.

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). 
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Chapter 6
Fig. 1 Closure of 
standardized colonic 
perforations in a porcine 
model. Flexible closure 
modalities investigated: A 
Quickclips; B T-tags; C over-
the-scope clip (OTSC) system; 
D flexible 15-mm stapler; 
E prototype flexible 8-mm 
stapler. 

A

B

C

D

E
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Fig. 3 Difference in 
leak pressure between 
the gold standard 
(surgical suture) and 
each of the flexible 
closure modalities. 
The bars show the 
95% confidence 
intervals (CIs). The 
vertical line shows the 
predefined margin of 
equivalence of 1 SD 
(–7 mmHg). OTSC, 
over-the-scope clip.
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Chapter 7

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. 

A B

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.

A B

Voermans.indb   260 14-4-2011   09:03:01

creo




Color figures

261

Chapter 8

Fig. 2 Endoscopic image showing the liver via the 
transgastric approach. 

Fig. 3 Endoscopic image showing the inferior 
surface of the liver using a transparent cap.

Fig. 4 Endoscopic image showing macroscopically 
adequately closed colotomy using T-tags.
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Fig. 2 Laparoscopic images. A, Steerable trocar, 
designed to increase scope stability during 
retroflexion for visualization of a bead located on 
the surface of the liver. B, Manually articulating 
and rotating retractor. C, Manually articulating 
and rotating grasper touching a bead located at 
the surface of the liver.

A

B

C

Chapter 9
Fig. 1 Endoscopic image showing a yellow bead located on the inferior 
surface of the liver detected using a transparent cap. The transparent 
cap pushes the liver lobes away while visualization is maintained. 
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Fig. 1 Endoscopic image showing a blue bead 
located on the inferior surface of the liver has 
been detected with the use of a transparent cap. 
The transparent cap adjoining liver lobes away 
while the bead is kept in view.

Chapter 10

Fig. 2 A, Laparoscopic image of manually 
articulated and rotated grasper touching a light 
blue bead (simulated metastasis) located at 
the superior surface of the liver. B, Endoscopic 
image showing manually articulated and rotated 
retractor lifting a part of liver to visualize the 
inferior liver surface. 

A

B
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Figure 1: Endoscopic image showing a simulated 
metastasis: a yellow bead on the peritoneal 
surface detected via the transgastric approach. 

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.

Figure 3: Endoscopic images showing access to the liver via the transgastric (A) and transcolonic (B) 
approaches.

Chapter 11

A B
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