
Rezumat

Studiu de fezabilitate al procedurilor de chirurgie 
endoscopicã transluminalã prin orificii naturale (NOTES)
ghidate prin endoscopie ultrasonograficã (EUS) pentru 
efectuarea de colecisto-gastrostomii perorale

Introducere: Colecisto-gastrostomia ghidata prin endoscopie
ultrasonograficã (EUS) poate reprezenta o procedurã minim-
invazivã folositã pentru drenajul colecistului, fie la pacienåi
cu cancere pancreatico-biliare avansate, fie la pacienåi cu 
colecistitã acutã care nu sunt consideraåi candidaåi pentru o
posibilã intervenåie chirurgicalã laparoscopicã.
Obiectiv: Colecisto-gastrostomie directã ghidatã ecoendoscopic
prin plasarea unui stent metalic expandabil dublu.
Design: Studiu de fezabilitate pilot la un model experimental
animal. 
Material æi metode: Studiul a testat fezabilitatea colecisto-
gastrostomiei ghidate ecoendoscopic prin abord transgastric
la un model experimental porcin. Au fost folosite dispozitive

speciale pentru accesul transgastric al colecistului prin abord
ecoendoscopic prin canalul de biopsie, respectiv un stent
metalic expandabil cu capete proeminente.
Rezultate: Rezultatele au indicat cã procedura este dificilã dar
fezabilã, pe baza unor dispozitive prototip pentru accesul trans-
gastric al colecistului, prin plasarea transgastricã a unui stent 
metalic expandabil. 
Limitãri: Studiu de fezabilitate de supravieåuire folosind 
dispositive prototip pentru drenaj ecoendoscopic al colecistului
la un numãr mic de animale (5 porci). 
Concluzii: Colecisto-gastrostomia ghidatã ecoendoscopic
prin abord transgastric la un model experimental porcineste
o procedurã fezabilã, dar dificilã tehnic datoritã limitãrilor
anatomice ale modelului experimental porcin, dar în special
datoritã complexitãåii procedurii æi a stadiului preliminar de
dezvoltare al accesoriilor endoscopice. 

Cuvinte cheie: chirurgie endoscopicã transluminalã prin 
orificii naturale (NOTES), endoscopie ultrasonograficã (EUS),
colecisto-gastrostomie, anastomoze bilio-digestive

Abstract
Background: EUS-guided cholecysto-gastrostomy might be a
useful minimally invasive procedure used for salvage drainage in
advanced pancreaticobiliary cancers, but also for drainage of
the gallbladder in acute cholecystitis in patients deemed unfit
for laparoscopic surgery. 
Objective: Direct EUS-guided cholecysto-gastrostomy with
placement of a double flanged expandable metal stents. 
Design/Setting: This was an animal pilot/feasibility study.
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Interventions: The feasibility of EUS-guided cholecysto-
gastrostomy through a transgastric approach was tested in
five pigs. Specially designed EUS-guided devices for initial
access in the gallbladder and a double flanged expandable
metal stent were used in this study. 
Result: The results showed the feasibility of EUS-guided 
cholecysto-gastrostomy based on prototype devices for access in
the gallbladder and transgastric stent placement.
Limitations: Survival feasibility study with prototype devices in
a small number of animals. 
Conclusions: EUS guided cholecysto-gastrostomy in a porcine
model is feasible but technically demanding due to anatomical
limitations of the pig and/or complexity of the procedure and
the preliminary stage of development of the accessory devices.
Abbreviations: NOTES - Natural Orifice Translumenal
Endoscopic Surgery; EUS - Endoscopic Ultrasound; EUS-
FNA - Endoscopic Ultrasound Fine Needle Aspiration.

Key words: NOTES, EUS, cholecysto-gastrostomy, bilio-
digestive anastomoses

IntroductionIntroduction

Cholecysto-gastrostomy represents a surgical procedure 
performed for salvage biliary drainage in advanced pancreatico-
biliary cancers, where other methods of internal or external
drainage fail or are deemed too risky or relatively contra-
indicated. Thus, for locally unresectable or metastatic advanced
pancreatic cancer, treatment of bile duct or duodenal obstruc-
tion is an essential part of the palliative therapy algorithm.
Both endoscopic/percutaneous stenting procedures and surgical
bypass techniques constitute safe and highly effective therapeu-
tic alternatives in this context. The decision on a surgical 
versus an endoscopic procedure for palliation still depends 
considerably on the tumour stage and the estimated prognosis of
the patient. This has to be determined in an interdisciplinary
fashion and individually in each case, based also on local 
expertise and availability (1).

Surgical biliodigestive bypass procedures include among
others various choledoco-duodenal, cholecysto-gastric or
hepatico-jejuno anastomoses, being useful in patients with
advanced pancreatico-biliary cancers, with a relatively longer
survival predicted at the moment of initial diagnosis, thus
reducing the need of repeated endoscopic or percutaneous 
procedures (2,3).

Conventional endoscopic/percutaneous stenting procedures
performed through endoscopic retrograde cholangio-pancreato-
graphy (ERCP) or percutaneous transhepatic cholangiography
(PTC) are already established procedures, having excellent
results with minimal complications in expert hands. Based on
recent advances of endoscopic ultrasound (EUS), an antegrade
approach from the stomach / duodenum through the left 
hepatic liver lobe / common bile duct can be successfully used

to perform EUS-assisted rendez-vous procedures, followed
immediately by ERCP (4,5). Also, direct EUS-guided trans-
hepatic anterograde self-expandable metal stent placement
across malignant biliary obstruction has been employed in a
limited number of patients, treated in expert centers (6-8). 

EUS-guided or EUS-assisted procedures have been used for
the placement of covered expandable metallic stents directly
from the stomach or duodenum into the dilated bile ducts of
the left liver lobe or the dilated common bile duct, without
crossing the malignant obstruction. Most of the recent studies
used covered expandable metal stents, with an overall 
technical and functional success rate of approximately 90%,
but also with adverse events consisting of bile peritonitis,
bleeding and self-limited pneumoperitoneum. 

The aim of this study was to use EUS-guidance and natural
orifice transluminal endoscopic surgery (NOTES) techniques to
test and develop in a systematic approach, a direct peroral trans-
gastric method used for cholecysto-gastrostomy created by 
placement of a prototype covered expandable double flanged
metallic stent.

Material and MethodsMaterial and Methods

Five live animals were used in this pilot/feasibility study. This
number was based on the minimal number of animals needed
to obtain preliminary data. Swine models have been used in
many endoscopic preclinical studies due to the similarity to
human anatomy and ability to accommodate adult size 
endoscopic instruments that are used in humans, allowing
translation of animal results to human trials. The endoscopic
views and anatomy are well-described in the gastrointestinal
literature, and identical endoscopes and equipment are used as
in humans. The protocol for this study was approved by the
Institutional Animal Care and Use Committee of UT MD
Anderson Cancer Center. 

Live animal study

Five live Yorkshire cross pigs underwent general anesthesia for
upper gastrointestinal endoscopy (EGD) and EUS. Initial 
sedation was performed with ketamine (22-33 mg/kg) and
aceparomazine (0.22-1.1 mg/kg) IM. Anesthesia was 
maintained with isofluorane 1-3% inhalant. We subsequently
tested the feasibility of EUS-guided cholecysto-gastric 
anastomoses, performed with novel prototype accessories and
a double flanged covered expandable metallic stent (Xlumena).
Continuous video recordings of the procedures were obtained.
Specifically, the following parameters were measured: complete
time of procedure from sedation until gastrotomy closure, 
traumatic injuries during the procedure and intraoperative 
mortality before euthanasia.

EUS-guided cholecysto-gastrostomy

After anesthesia, an upper GI endoscopy was initially 
performed to clear the stomach. The gastroscope was then
removed and a therapeutic linear endoscopic ultrasound
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(EUS)scope (Olympus Medical Systems, Boston, MA, USA)
with a 3.7 mm channel was passed into the stomach. The
gallbladder was identified through the antrum by EUS and
a place devoid of vessels was identified at the level of the 
gastric wall by using the Doppler color flow mode. A 19G
EUS-FNA needle with stylet (Olympus Medical Systems,
Boston, MA, USA) was introduced through the biopsy
channel of the scope and a EUS-guided puncture into the 
gallbladder was performed (Fig. 1). The stylet was removed and
exchanged with a specially designed anchor wire (Xlumena,
Mountainview, CA, USA) loaded into the 19G needle. The
anchor wire was then pushed into the gall bladder (Fig. 2A),
and the 19G EUS needle was removed after confirming 
placement of the anchor wire inside the gallbladder. The EUS
scope was removed leaving theanchor wire in situ, but 
subsequently reinserted next to anchor wire. The puncture site
of the anchor wire was visualized endoscopically, while the
wire was pulled back until the anchor base was seen by direct
endoscopic vision (Fig. 2B). A special access device (Navix,
Xlumena, Mountainview, CA, USA) with a 20G trocar, a
small blade and anchor balloon catheter, was passed through
the biopsy channel. The trocar was used to puncture the stom-
ach and gallbladder which were kept into close apposition by 
gentle traction on the anchor wire (Fig. 3). The trocar was
removed and a 0.035 guide wire (Hydra Jagwire, Boston
Scientific, Natick, MA, USA) was placed in the gallbladder
via the trocar port. The access device was removed with the
guide wire kept in situ inside the gallbladder. An expandable
stent delivery system (Axios, Xlumena, Mountainview, CA,
USA) was loaded into the biopsy channel over the guide wire,
and the stent was further passed into gallbladder. The distal
flange of the stent was deployed (Fig. 4A), the flange was pulled
back and the proximal stent deployed after the stent sleeve was
seen in the stomach (Fig. 4B). The stent was further expanded
with a 10 mm biliary balloon dilator (Cook Endoscopy,
Winston-Salem, NC, USA) passed over guide wire into the
stent, with the balloon dilated at 6 atm pressure for one
minute. The EUS scope was then removed and replaced with a

pediatric gastroscope which allowed inspection of the stent and
the cholecysto-gastrostomy (Fig. 5). The pediatric gastroscope
was advanced through the cholecysto-gastrostomy into the 
gallbladder. Biopsies of the gallbladder mucosa were taken with
a biopsy forceps and sent to pathology for confirmation.

ResultsResults

A total number of five pigs were used for this initial pilot study
of cholecysto-gastrostomy. Details of the procedures are 
included in Table 1. EUS-guidance was used for the initial trans-
gastric access of the gallbladder using usual, commercially 
available, 19G EUS-FNA needles (Fig. 1). After initial access
and placement of a hydrophilic guide wire into the gallbladder,
different accessories (a special anchor wire or T-tags) were used
in order to keep the gallbladder in apposition with the stomach
wall (Fig. 2). A special access device (Navix, Xlumena,
Mountainview, CA, USA) was further used for initial puncture
and cutting / dilation of the stomach and gallbladder wall,
under direct EUS-guidance (Fig. 3). The special double-flanged

Figure 1. EUS-guided puncture of the gallbladder was performed
through the antrum in a place devoid of vessles, based
on color Doppler

Figure 2. (A) Insertion of a specially designed anchor wire, used to keep traction and apposition of the gallbladder and stomach wall.
(B) Re-insertion of the EUS scope near the anchor wire

AA BB
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Figure 3. (A) EUS-guided insertion of the special access device with a trocar, blade and anchor balloon. (B) Appearance of the access
device

AA BB

Figure 4. (A) Deployment of the distal flange of the expandable stent inside the galbladder, under direct EUS-guidance. (B) Deployment
of the proximal flange of the expandable stent inside the stomach, under direct endoscopic visualization. The anchor wire can
be also visualized

AA BB

Figure 5. (A) Visualization of the gallbladder mucosa through the stent and cholecysto-gastrostomy, which was confirmed by endoscopic
forceps biopsies and pathology analysis. (B) Appearance of the double flanged expandable stent

AA BB
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Figure 6. (A) Pathology examination after a survival of one month, showing a fibrotic tract developed between the gallbladder and stomach.
(B) Patent cholecysto-gastrostomy with the stent in place, visualized after opening of the stomach.

AA BB

Table 1. Succession of procedures performed during EUS-guided cholecysto-gastrostomy in each of the five pigs

Pig 19G Anchor 20G Navix Guide wire Stent Distal Proximal Salvage Obs.
no. EUS-guided wire / T-tag device + Navix catheter flange flange procedure

puncture insertion puncture removal insertion deployment deployment
1 Yes Yes (A) Yes Yes Yes Yes, Yes Not Distal flange

but outside (gastric wall successful deployed outside
gallbladder deployment) gallbladder

2 Yes Yes (A) Yes Yes Yes Yes Yes 10 mm balloon Successful
dilation of the procedure
stent

3 Yes Yes (A) Yes Yes Yes Yes, Yes Not successful Distal flange
but outside (gallbladder deployed outside
gallbladder re-inflation gallbladder

with water)

4 Yes Yes (A) Yes Yes, No, stent No No Pediatric scope Stent catheter
but access catheter with dilation impossible to be

device balloon not passed balloon, passed passed in the
could not be into peritoneum gallbladder
passed inside 

5 Yes Yes (T) Yes Yes No, stent No No Gastroscope Stent catheter
catheter with dilation impossible 

not passed balloon, passed to be passed in 
into peritoneum the gallbladder

expandable stent was further passed and deployed under 
EUS-guidance inside the gallbladder, but the procedure was
successful in only 3 out of 5 pigs (Fig. 4). Furthermore, the 
distal flange of the stent was not deployed correctly in one pig,
while the proximal flange deployed inappropriately at the level
of the gastric wall in another pig. None of the salvage 
procedures tried was useful; consequently the procedure was
completely successful in one out of five pigs.

The reason for failure was either due to difficulty to obtain
a correct apposition between the transducer and the 
gallbladder and stomach wall or technical problems related to
the complexity of the entire procedure including limitations of
accessories. These consisted in the inability to pass the 

relatively large catheter of the expandable stent through the
stomach and gallbladder wall (2 pigs), as well as an incorrect
opening of the stent, either in the distal (2 pigs) or proximal 
(1 pig) double flanged ends. Although the procedure was 
performed by experienced EUS operators with over 10 to 20
years of experience of therapeutic EUS, it was still regarded as
difficult due to the pig stomach anatomy (J-shaped stomach,
with a long and unstable position of the scope in the antrum
in order to access the gallbladder). The exchange of several
accessories with a large diameter was also considered cumber-
some and difficult, despite the combined ultrasound and 
radiological guidance, while a one-step system would have
been preferable.
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Only one animal survived the acute procedures prior to
euthanasia. Pathology examination after 1 month showed a
patent cholecysto-gastrostomy with the stent in place and a
fibrotic tract developed between the gallbladder and stomach
(Fig. 6 A,B).

DiscussionDiscussion

Recently, both EUS and NOTES have gained increased 
interest as minimal invasive procedures while many feasibility
studies and even randomized clinical trials of applications in
surgical procedures have already been performed in experimen-
tal porcine models or even in humans (18-22). EUS-guidance
has been the backbone of multiple therapeutic procedures,
starting with celiac plexus neurolysis and pancreatic pseudocyst
drainage, with a plethora of new applications that were 
recently described (23). Recently, expandable stents were used
for the drainage of pancreatic pseudocysts, with satisfactory
results and suggestions of a decreased rate of obstruction and
thus recurrence (24). Several technical improvements were 
further developed in order to prevent stent migration, including
placement of flared plastic stents inside the metallic stent (25),
as well as development of a lumen-apposing double flanged
metallic stent (26,27). Initial experience in 4 pigs (26) and 20
human patients (27), although still limited, showed that
expandable stents are feasible and can be safely used for both
the transluminal drainage of pseudocysts and the gallbladder.
The same group recently proposed the same approach with
endoscopic tools (including the lumen-apposing stent) 
for gastroenteric anastomoses, with the procedure being 
technically successful in 5 pigs (28). Nevertheless, we have tried
to replicate the same EUS-guided cholecysto-gastrostomy 
procedures in the pig model and we highlighted the technical 
problems and difficulties associated with a demanding 
procedure and prototype accessories. 

NOTES cholecystectomy has been the most studied 
application of natural orifice surgery. Several studies, including
human studies already proved the feasibility and safety of such
procedures (27-35). EUS-guided or EUS-assisted choledocho-
duodeno-anastomosis and hepatico-gastro-anastomosis have
already proven feasible and reasonably safe in expert hands
(36-37), although future randomized studies should clarify the
potential role and risks of these procedures compared with 
percutaneous transhepatic cholangiography (PTC) guided
access. Most of these EUS-guided procedures assume the 
placement of covered expandable stents in order to prevent
bile leakage. The most probable application of combined 
EUS-NOTES procedures might be the performance of 
cholecysto-gastrostomy, because EUS-guided access of the 
gallbladder is easy to be accomplished with 19G needles from
the antrum. After the apposition of the gallbladder and 
stomach wall (obtained for example with T-tags or special
anchors), the communication between both structures might
be easily obtained, followed by the placement of a covered
expandable stent, which should also prevent bile leakage.
Further randomized controlled trials are eagerly expected in this
field, mainly because palliative procedures might be more

tempting to be performed through EUS-NOTES, in a 
minimally invasive way, with minimal morbidity and mortality
as compared to open surgical procedures. 

Cholecysto-gastrostomy might represent a useful salvage
method used for the pancreatico-biliary cancer patients treated
initially by endoscopic methods that have ensuing recurrent
cholangitis or stent occlusion. Moreover, minimally invasive
laparoscopic surgical bypass procedures do not have an 
established role for the palliation of advanced cancer patients,
at least based on the currently available literature (2,3). One
distinct application of cholecysto-gastrostomy would be the
treatment of acute or chronic cholecystitis, with or without
removal of gallstones from the gallbladder inside the stomach
(27,29). This might be especially important in elderly patients
or patients with significant comorbidities where emergency
cholecystectomy for acute cholecystitis is accompanied with a
high risk of morbidity and mortality. These patients usually
receive percutaneous gallbladder drainage, with the consequent
discomfort of external drainage and complications induced by
incidental possible drain removal (38). Nevertheless, various
transgastric or transduodenal EUS-guided approaches have
been already described (39-44). More studies should be 
however conducted in the future in order to establish the 
feasibility and safety of these procedures. 

In conclusion, EUS guided cholecysto-gastrostomy in a
porcine model is feasible but technically demanding, due to
anatomical limitations of the pig and/or complexity of the 
procedure, as well as the preliminary stage of development of
the accessory devices.
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