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Abstract
After the first report by Kalloo et al  on transgastric 
peritoneoscopy in pigs, it rapidly became apparent that 
there was no room for an under-evaluated concept and 
blind adoption of an appealing (r)evolution in minimal 
access surgery. Systematic experimental work became 
mandatory before any translation to the clinical setting.  
Choice and management of the access site, techniques of 
dissection, exposure, retraction and tissue approximation-
sealing were the basics that needed to be evaluated 
before considering any surgical procedure or study of 
the relevance of natural orifice transluminal endoscopic 
surgery (NOTES). After several years of testing in experi-
mental labs, the revolutionary concept of NOTES, is now 
progressively being experimented on in clinical settings. 
In this paper the authors analyse the challenges, lim-
itations and solutions to assess how to move from the 
lab to clinical implementation of transgastric endoscopic 
cholecystectomy.
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INTRODUCTION
Breaching the lumen of  a healthy organ to perform an 
operation without surgical incision raises several scientific 
and ethical concerns. Preservation of  the abdominal wall 
is the single obvious inherent advantage. Complications 
related to the breach in organs can be disastrous. After the 
first report by Kalloo et al[1] on transgastric peritoneoscopy 
in pigs, it rapidly became apparent that there was no room 
for an under-evaluated concept and blind adoption of  an 
appealing (r)evolution in minimal access surgery. Systematic 
experimental work became mandatory before any tran-
slation to the clinical setting. Choice and management 
of  the access site, techniques of  dissection, exposure, 
retraction and tissue approximation-sealing were the basics 
that needed to be evaluated before considering any surgical 
procedure or study of  the relevance of  natural orifice 
transluminal endoscopic surgery (NOTES). The second 
step was to identify the surgical procedures that would 
benefit the most from this new approach in terms of  
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outcome and acceptance by the surgical community. The 
third step was to analyze the physiological consequences of  
NOTES and compare it to open and laparoscopic similar 
operations. Then, once all these issues were overcome, 
translation to the clinical setting was considered.

In parallel, each of  these challenges stimulated techn-
ological innovation to overcome the inherent difficulties 
associated with the utilization of  instruments that were 
originally developed to work inside and not outside the 
lumen of  hollow organs.

In 2005, IRCAD strasbourg established an intensive 
research program on NOTES. A step by step analysis 
of  the challenges of  NOTES was performed. The value 
and adequacy of  the different natural orifices and various 
surgical procedures were studied. This experimental work 
provided essential information about the feasibility and 
potentialities of  NOTES and extensive surgical training. 

Between 2005 and 2008, over 400 experimental proc-
edures were performed on inanimate models, ex-vivo tis-
sues, animal models and human cadavers. A systematic 
analysis of  the steps of  the transgastric route was carried 
out from the introduction of  the endoscope into the oro-
pharynx to the closure of  the stomach after various surgical 
procedures. Transgastric cholecystectomy was identified as 
the procedure that would initiate the translation to humans. 
Translation from the laboratory to human application is 
reported.

TRANSGASTRIC ACCESS AND CLOSURE 
TECHNIQUES
Although most believe that the transgastric route will dom-
inate NOTES in the future, a factor limiting the transgas-
tric route is the lack of  a secure and reliable method for 
creating and closing the gastrotomy required by the proce-
dure. Indeed, creating a gastrotomy from within the stom-
ach requires a blind entry to the peritoneal cavity making it 
hard to avoid damage to neighbouring structures[2] and to 
ensure the gastrotomy is sited in the best possible position. 

Several gastrotomy techniques were evaluated and the 
most used method is based on the established safety of  
percutaneous endoscopic gastrotomy placement with bal-
loon dilatation[3]. A flexible wire is passed through the ante-

rior abdominal wall and guides the stomach incision at the 
level of  the antrum and dilatation of  the gastrotomy. This 
method was used extensively in the experimental setting 
and provided efficient, reliable and reproducible access to 
the peritoneal cavity.

In the clinical setting, this method of  small gastrotomy 
with guided balloon dilatation was elected. At this point, 
gastric incision was still a blind manoeuvre and the clinical 
protocol imposed a visual control of  this step. Therefore, 
transgastric access was obtained under laparoscopic visual 
control by means of  a 5-mm rigid laparoscope introduced 
in an umbilical trocar[4]. An endoscopic monopolar needle-
knife was used to create a 0.5-cm gastrotomy on the an-
terior gastric wall in the antrum of  the stomach. A guide-
wire was passed through the gastrotomy to guide a 18 mm  
balloon dilator which expanded the gastrotomy and al-
lowed for the passage of  the 12 mm gastroscope (KARL 
STORZ® Endoskope, Germany) (Figure 1). This method 
was successfully utilized in a series of  11 transgastric chole-
cystectomies. No bleeding or injuries to adjacent organs 
were observed.

Closure of  the gastrotomy is crucial. There is general 
agreement that there must be near-zero tolerance for leaks. 
The ideal closure should be rapid, reproducible and safe, 
ideally performed under vision to avoid any injury to the 
adjacent organs and should grant a full thickness bite. 

Different methods have been tested in the laborat-
ory[5-14]. The simple application of  current endoclips enables 
only a single-layer mucosal approximation. In addition, their 
application might sometimes be difficult due to tangential 
orientation of  the tissue or because of  tissue edema. Using 
two endoscopes to provide layer-by-layer endoscopic clip 
closure was another alternative that uses current endoscopic 
instruments[15]. An original technique using a cardiac septal 
occluder has demonstrated a zero leak rate[16]. The system 
was widely used for survival studies on animal models 
but it was not transferable to the clinical setting for cost 
issues and concerns about the long term outcome of  the 
intraperitoneal, non absorbable part of  the mechanism 
made with nitinol. 

In patients, the gastrotomy was closed with extracor-
poreal interrupted 3/0 Vicryl stitches by means of  a 2-mm 
laparoscope and a 3-mm needle holder that were inserted 

Figure 1  Balloon dilatation of the gastrotomy in the animal model (A) and in a patient (B). 
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side by side into the 5 mm umbilical port. Gastroscopy was 
carried out in order to inspect the closure and to confirm 
an airtight seal by the attainment of  a satisfactory pneu-
mogastrium.

This method of  creation and closure of  the gastrotomy 
was successfully used in a series of  transgastric cholecy-
stectomies. Neither bleeding nor injuries to adjacent organs 
were observed. No gastric or biliary leaks occurred.

EXPOSURE AND RETRACTION
Dissection of  the critical view of  safety is a basic rule for 
laparoscopic cholecystectomy. This requires retraction 
of  the gallbladder and exposure of  the triangle of  Calot 
which cannot be offered by current flexible endoscopes 
and instrumentation. The different methods experimented 
with in the laboratory such as retracting needle, suspension 
thread and T-tags provided adequate exposure thanks to 
a transparietal element. Magnetic retraction eliminates this 
necessity but poses several problems in bringing the internal 
part of  the system in the peritoneal cavity and grabbing the 
gallbladder[17,18]. The transoral dual scope technique brings 
more instruments in the peritoneal cavity. A single chan-
nel endoscope serves as a surgical assistant and provides 
retraction of  the gallbladder. Another scope performs 
the dissection and clipping of  the pedicle. This method 
raises several problems in terms of  manoeuvrability and 
tolerance of  the oesophagus to the movements of  the two 
endoscopes.

Whilst a transvaginal grasper can be used in a transv-
aginal cholecystectomy to provide retraction[19], this is not 
possible in the transgastric route. Transparietal assistance is 
obligatory and a micro-laparoscopic grasper was inserted 
alternatively through the umbilicus or the right hypoch-
ondrium in patients (Figure 2). 

DISSECTION
Once exposure of  the gallbladder is obtained, the dissection 
can be carried out using exclusively flexible instruments 
inserted via the two working channels of  the endoscope 
(Figure 3). Feasibility of  this method has been extensively 

studied in the animal model[17] (Figure 4). However, these 
instruments are obviously not designed or adapted to 
perform such tasks and, as a result, the dissection becomes 
time consuming. 

As a laparoscopic trocar was inserted systematically at 
the umbilicus to monitor the creation of  the gastrotomy, 
the operating time improved dramatically by using standard 
laparoscopic instruments such as a hook inserted through 
this trocar which was also necessary for the clip applier.

TISSUE SEALING
Currently there is no flexible device that can be introduced 
orally to seal vessels or biliary structures. This is one of  the 
major current limitations of  NOTES. Although flexible 
endoclips have been used successfully in the laboratory, 
postoperative bleeding was observed in one patient after 
the description of  transvaginal cholecystectomy[20]. At 
this point, sealing the cystic duct and artery necessitates 
a laparoscopic clip applier introduced through a 5-mm 
laparoscopic trocar. An alternative is the flexible endoloop 
whose development was not intended to sealing these 
elements.

CONTROLLING CONTAMINATION
Controlling contamination is a rather contentious issue. One 
of  the biggest concerns associated with NOTES surgery  
is the risk of  intra-abdominal infection due to intraoperative 
spillage or via inadequate closure of  the gastrointestinal 

Figure 2  Retraction of the gallbladder with a laparoscopic micro-instrument 
introduced in the right hypochondrium. 

Figure 3  Dissection of the cystic pedicle with a flexible endoscope: “four 
hands” technique. Extrernal view (A) and endoscopic view (B). 
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tract. Perforation may occur inadvertently during abdominal 
surgery as well as endoscopic procedures. This issue has 
been addressed in studies that investigate the bacterial 
load and contamination in patients during laparoscopic 
Roux-en-Y gastric bypass and transgastric staging periton-
eoscopy[21,22]. These findings demonstrated that while tr-
ansgastric access does contaminate the abdominal cavity, 
introduced pathogens are clinically insignificant due to 
species or bacterial load. A systematic study of  the bacteria 
content of  peritoneal fluid samples before and after transg
astric cholecystectomy confirmed these findings. 

EXTRACTION OF SPECIMEN
Extraction of  a specimen such as the gallbladder is a minor 
concern in the animal model. The gallbladder is normal 
and thin and is passed easily through the gastrotomy and 
esophagus. In humans, an unexpected limitation of  the 
transgastric access was the size of  the gallbladder stones. 
Indeed, if  passage inside the stomach is not a real problem, 
large stones may cause esophageal laceration when the gall-
bladder is extracted through the mouth. A maximum size 
of  20 mm seems to be the upper limit and fragmentation 
of  large stones may be challenging in a NOTES setting.

TRANSGASTRIC CHOLECYSTECTOMY IN 
HUMAN BEINGS

From September 2007 to June 2009, 11 patients (7 men 

and 4 women) with a mean age of  48.5 years (range 
28-65 years) and a mean BMI of  23.3 (range: 21-31) were 
enrolled in the study. Three patients had a past surgical 
history of  appendectomy and one of  hysterectomy. 

All procedures were completed using a hybrid approach 
with a 5-mm umbilical trocar. In one patient, there was a 
need to switch to a laparoscopic procedure (conversion) 
because of  lack of  exposure of  the triangle of  calot.

Transgastric peritoneal access was achieved without 
complication or injury to adjacent organs. The site chosen 
for the creation of  the gastrotomy was the gastric antrum 
in all patients to facilitate access to the right hypochondri-
um and the gallbladder. Additional transparietal assistance 
was mandatory in all patients to retract the gallbladder and 
to achieve a safe exposure of  Calot’s triangle. Dissection 
of  the gallbladder was completely achieved with flexible 
endoscopic instruments in 2 patients while a combination 
with laparoscopic hook dissector was used in the other pa-
tients. A 5-mm laparoscopic clip applier was systematically 
used to secure the cystic pedicle. Single port gastric closure 
was successfully achieved in 10/11 patients. One patient 
required an additional 5 mm trocar because of  technical 
failure of  the instrumentation.

No trauma, vascular or biliary injury to the adjacent 
organs occurred during the procedure. 

The mean operative time was 132 min (range 90-180 min)  
and this was mainly due to the longer time needed to 
accomplish the dissection of  the gallbladder and closure 
of  the gastrotomy without any new dedicated technology. 

All patients recovered promptly. Postoperative pain 
evaluated using the VAS, Visual Analog Scale, a tool that 
allows to objectify pain intensity on a 0-10 scale (0 being no 
pain, 10 being extreme pain), was 2/10 at 24 h and 0/10 at 
48 h under usual immediate postoperative analgesia with 
paracetamol. One patient required additional analgesia 
with morphine on day 1. They were allowed fluids the very 
evening of  the procedure and resumed a normal diet on the 
first postoperative day. No gastric or biliary leaks occurred. 
Mean hospital stay was 2 d (range 2-3 d). The bacteriological 
analysis of  the peritoneal aspirates showed no significant 
contamination of  the peritoneal cavity for both aerobic 
and non-aerobic species. One patient was readmitted 8 d 
after the operation for epigastric pain. Workup, including 
gastroscopy, did not reveal any complications.

PERSPECTIVE AND FUTURE PROSPECTS
One of  the most frequent criticisms of  laparoscopy in the 
early 1990s was the absence of  scientific background based 
on experimental work and the fact that the majority of  
surgeons entered this new surgical approach without any 
previous training. One of  the most popular and frequent 
operations, cholecystectomy, rapidly became the procedure 
to be done laparoscopically. There was no scientific evide
nce of  the superiority of  the laparoscopic approach over 
the open operation but every single surgeon thought that 
if  he was not performing laparoscopic surgery he would 
be brought off  a market driven and largely supported by 
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Figure 4  Dissection of the cystic pedicle with a flexible endoscope in the 
animal model (A) and in a patient (B). 
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the industry. Some years later, it became evident that the 
rate of  iatrogenic injuries of  the biliary tract had more 
than doubled compared to open surgery. This finding 
stimulated the surgical scientific community and teaching 
programs were started all over the world. Scientific so-
cieties were created to drive education and training and 
stimulate scientific support and criticism. Guidelines were 
established.

Twenty years later, after the first report on transgastric 
peritoneoscopy using a flexible endoscope, the lesson was  
learned. There was no question about starting this new 
technique in a clinical setting without a strong and syst-
ematic evaluation of  the feasibility and safety of  the 
technique and consistent training in the laboratory. Scie-
ntific societies reacted immediately and organized joint 
associations between gastroenterologists and laparoscopic 
surgeons which proposed prerequisites and guidelines for 
experimental development and clinical implementation[23].

An extensive research program was developed in IR-
CAD Strasbourg to evaluate the feasibility and potential of  
NOTES. The numerous challenges generated an impressive 
number of  experiments that provided endoscopic and surg-
ical training to gastroenterologists and surgeons involved in 
the program. All natural orifice access and potential surgical 
procedures were reviewed and studied[24-31]. Transgastric 
access was the most widely used and several surgical 
applications were tested. Cholecystectomy was then defined 
as the application that would be transferred to human 
application. 

Various transgastric surgical procedures via natural ori-
fices have proven to be feasible in animal models. Survival 
studies on cholecystectomy were a prerequisite before 
clinical implementation[17]. These procedures are technically 
challenging given the current instrumentation that is avail-
able. The choice of  the adequate gastric exit site and the 
creation and closure of  the gastrotomy are all parameters 
that still need to be standardized. An additional challenge is 
obtaining adequate spatial orientation and retraction with 
the endoscope in a retroflexed position when the image is 
upside down and an off-axis manipulation is required[32]. 
Although some of  this spatial incongruity can be over-
come with experience and exposure, interpretation of  the 
anatomy and identification of  the structural landmarks 
are still quite challenging. In cholecystectomy, one of  the 
major limitations is to obtain satisfactory exposure of  the 
gallbladder and Calot’s triangle. Research programs have 
identified possible solutions but none is currently available 
for clinical application[18]. So transparietal assistance is still 
mandatory. These “hybrid” techniques are a cross between 
NOTES and laparoscopy.

The passage to the clinical setting relied on the expe-
rimental work and the surgical steps reproduced closely 
the techniques that were performed many times in the 
laboratory: creation of  the gastrotomy, introduction of  
the endoscope in the peritoneal cavity, exposure of  the 
gallbladder and technique of  dissection with the flexible 
double channel endoscope[4]. For obvious safety reasons, 
all these steps were completed under the surveillance and 

assistance of  a 5-mm umbilical trocar. Indeed, clipping of  
the cystic elements and closure of  the gastrotomy were 
achieved with laparoscopic instruments. In two of  our 
patients, a laparoscopic view was necessary to verify the 
biliary anatomy that was not clearly understood. One of  
the lessons of  this experience is that there can be some 
distortion of  the anatomical landmarks related to a different 
angle of  view. 

Bacterial contamination of  the abdomen was also of  
great concern. The peritoneal fluid samples taken before 
and after the gastrotomy’s closure did not reveal any signi-
ficant contamination of  the peritoneal cavity and no clinical 
infection occurred. These findings confirm the results 
reported by Narula et al[21,22] who investigated the bacterial 
load and contamination in patients during laparoscopic 
Roux-en-Y gastric bypass and transgastric diagnostic perit-
oneoscopy. 

Finally, an unsuspected limitation of  the transgastric 
cholecystectomy technique may be related to the size of  
the gallstone which should not be over 20 mm in diameter. 
Retrieval of  larger stones, although feasible by enlarging 
the gastrotomy, could result in impaction and/or injury of  
the oesophagus and oro-pharynx. In one patient we had 
to change the 5 mm umbilical trocar to a 10-mm one to 
extract the gallbladder containing a 25-mm stone. In all but 
this patient, the gallbladder was extracted orally through 
the gastrotomy. No complications occurred during our 
initial clinical series and this is more than probably related 
to the intensive training program in the laboratory. 

CONCLUSION
Although NOTES hybrid techniques seem to diverge 
from the philosophy pursued at the beginning in the lab, 
they have the great merit of  allowing the application of  
this revolutionary approach in clinical settings to explore 
the potential benefits for patients waiting for technological 
development that will facilitate the performance of  pure 
NOTES “no scar surgery”.
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