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Abstract
AIM: To demonstrate the feasibility and reproducibility 
of a pure natural orifice transluminal endoscopic surgery 
(NOTES) gastrojejunostomy using holing followed by 
interrupted suture technique using a single endoloop 
matched with a pair of clips in a non-survival porcine 
model.

METHODS: NOTES gastrojejunostomy was performed 
on three female domestic pigs as follows: Gastrostomy, 
selection and retrieval of a free-floating loop of the 
small bowel into the stomach pouch, hold and exposure 
of the loop in the gastric cavity using a submucosal 
inflation technique, execution of a gastro-jejunal 
mucosal-seromuscular layer approximation using holing 
followed by interrupted suture technique with endoloop/
clips, and full-thickness incision of the loop with a Dual 
knife.
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RESULTS: Pure NOTES side-to-side gastrojejunostomy 
was successfully performed in all three animals. No 
leakage was identified via  methylene blue evaluation 
following surgery.

CONCLUSION: This novel technique for preforming a 
gastrointestinal anastomosis exclusively by NOTES is 
technically feasible and reproducible in an animal model 
but warrants further improvement.
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Endoscopic clips; Natural orifice transluminal endoscopic 
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Core tip: A pure natural orifice transluminal endoscopic 
surgery gastrojejunostomy procedure may be success
fully performed in a non-survival porcine model using 
holing followed by interrupted suture technique using 
one endoloop matched with a pair of clips, without the 
need of any additional devices.
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INTRODUCTION
Gastro-jejunal side-to-side anastomosis is clinically 
designed for palliation of malignant gastric outlet 
obstruction (GOO)[1], performed primarily via open[2] 
and laparoscopic surgery[3]. Natural orifice translu
minal endoscopic surgery (NOTES) may represent an 
alternative for the execution of gastro-jejunostomy 
procedures[4-10] due to less invasiveness and postope
rative pain compared with the above-mentioned two 
procedures. To date, dozens of successful gastric 
bypass procedures by pure or hybrid NOTES have been 
reported, however, these methods are associated with 
some limitations, including being time-consuming, 
technically demanding and requiring specialized suturing 
devices. 

Our experimental study aimed to demonstrate 
the feasibility and reproducibility of a pure NOTES 
gastrojejunostomy procedure using holing[11] followed 
by interrupted suture technique using a single endoloop 
matched with a pair of clips[12] in a non-survival porcine 
model.

MATERIALS AND METHODS
Animal model
Our study involved three healthy female domestic 

pigs weighing between 15 and 20 kg. All animals 
were fasted for 24 h prior to surgery. Induction of 
anesthesia was achieved via an intramuscular injection of 
100 mg ketamine, 10 mg droperidol and 1 mg atropine, 
and anesthesia was maintained by intravenous drip 
of propofol at a rate of 10 mL/h with endotracheal 
intubation. Heart rate and oxygen saturation were 
monitored during the operation. Animals were kept in a 
supine position to allow for the best access and optimal 
peritoneal exploration. This study was approved by the 
Institutional Animal Use and Care Committee of Fujian 
Provincial Tumor Hospital, Teaching Hospital of Fujian 
Medical University, Fuzhou, China.

NOTES gastrojejunostomy
Gastrostomy: A small incision was created in the 
horizontal portion of the anterior pre-antral zone, which 
was determined via finger indentations of the abdominal 
wall, away from the small and large curvature, using 
a Dual knife (KD650L Olympus), followed by dilation 
using an 18-mm CRE balloon. The dual-channel 
therapeutic endoscope (GIF2TQ260M, Olympus Tokyo 
Japan) was subsequently advanced into the peritoneal 
cavity through the gastrostomy site.

Selection and retrieval of a free-floating loop 
of the small bowel into the stomach pouch: 
Loop selection was guided by loop proximity to the 
gastrostomy site to minimize the risk of tension and 
possible ischemia. An appropriate segment of the 
upper small intestine on its anti-mesenteric side was 
grasped by an endoscopic alligator forceps (FQ-46L-1, 
Olympus) through one channel of the endoscope and 
dragged through the incision into the stomach for the 
intra-gastric anastomosis, taking care not to include 
the mesenteric vascular supply to avoid unexpected 
incarceration.

Hold and exposure of the loop in the gastric cavity 
via submucosal inflation: An endoscopic injector 
(NM-400L-0423 Olympus) was passed through the 
other channel of the endoscope. Five to ten mL ml of 
saline solution mixed with 0.1 ml of 2% methylene blue 
was immediately injected into the submucosal layer 
circumferentially along the periphery of the gastrostomy 
site. Submucosal inflation temporarily decreased the 
size of the orifice of the gastrostomy to prevent the loop 
from falling back to the peritoneal cavity. 

Execution of a gastro-jejunal mucosal-seromu
scular layer approximation using holing followed 
by interrupted suture technique with endoloop/
clips: First, a total of five to seven holes were made 
circumferentially along the periphery of the gastrostomy 
by using the Dual knife. An endoloop followed by an 
endoclip delivery system was inserted into the gastric 
cavity through the double-channel endoscope and 
placed at the side of one hole. One prong of the clip 
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was then inserted in the hole of the stomach wall 
and clipped to anchor the endoloop. The second clip 
was used to anchor the same endoloop to the serosal 
surface of the small intestine. The gastric mucosal layer 
and the intestinal serosal layer were approximated 
by tightening of the endoloop. Briefly, gastro-jejunal 
mucosal-seromuscular layer anastomosis was created 
in pairs through the mucosa of the stomach and the 
serosa of small intestine to join the tissues based on the 
cooperation between one loop and a pair of clips. Five to 
seven pairs of interrupted sutures were placed to secure 
the anastomosis.

Full-thickness incision of the loop with the Dual 
knife: Jejunal loop incision was made longitudinally on 
its anti-mesenteric aspect to turn the inside mucosa 
out.

Euthanasia and necropsy
Euthanasia was performed immediately after the 
procedure. Necropsy results including injuries to adjacent 
organs, vascular bleeding, anastomotic patency and 
leakage evaluation were recorded. 

RESULTS
Detailed data of pure NOTES side-to-side gastroje
junostomy performed on the three animals are shown 
in Table 1 and Figure 1. The procedure was technically 
successful in all cases. The duration of the procedure 
ranged from 1.0 to 1.5 h. Minor bleeding occurred 
from the right gastroepiploic artery during gastrostomy 
in 2 pigs and treated efficiently with the endoscopic 
hemostatic forceps (FD-410LR, Olympus) (80 W/soft-
coagulation). On the postmortem examination, the 
immediate patency of the anastomosis was satisfactory, 
and no evidence of anastomotic leakage was identified 
via methylene blue evaluation[13] (Figure 2).

DISCUSSION
The advent of NOTES has made a minimally invasive 
endoscopic technique possible for creation of gastro
jejunal anastomosis, being faced with opportunities and 
challenges at the same time.

Previous studies[4,7,8-10] have reported three full-
thickness suturing methods summarized as the small 
intestine being pulled into the stomach lumen and 
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Observation parameters Pig 1 Pig 2 Pig 3

Time required to enter the peritoneal cavity and pull the loop intro the stomach (min) 35 19 18
Time required to suture the anastomosis (min) 58 44 47
Number of the stitched pairs  5  6  7
Complications
  Minor bleeding + + -
  Anastomotic leak - - -

Table 1  Summary of the procedures and outcomes following creation of pure natural orifice transluminal endoscopic surgery side-
to-side gastrojejunostomy in three female pigs

A B C D

E F G H

Figure 1  Step-by-step procedure of pure natural orifice transluminal endoscopic surgery side-to-side gastrojejunostomy. A: Endoscopic view of a loop of the 
small bowel in the stomach grasped by an endoscopic alligator forceps on its anti-mesenteric side; B: Image taken during submucosal injection around the loop; C: 
Endoscopic view of one hole made on gastric mucosal surface; D: Endoscopic view of an endoloop placed around the hole; E: Endoscopic view of one clip clipped to 
anchor the endoloop on the side of the stomach after the prong of the clip was inserted in the hole of the stomach wall; F: Endoscopic view of the second clip clipped 
to anchor the endoloop on the side of the small intestine; G: Endoscopic view of the endoloop tightened to approximate the gastric mucosal layer and the intestinal 
serosal layer; H: Endoscopic view of gasto-jejunal mucosal-seromuscular layer anastomosis followed by the loop full-thickness incision.
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not incised until the anastomosis was complete.
Our pilot study had several limitations, however. 

First, endoscopic selection of an appropriate loop of the 
small bowel and secure fixation of the small bowel to 
the gastric wall without intra-peritoneal manipulation 
remains challenging[14]. In our current study, the app
ropriate portion of the small bowel was identified based 
on its proximity to the gastrostomy site and the left 
upper abdominal anatomical landmarks such as the 
spleen. For clinical studies, EUS guidance could be 
used to direct the targeted jejunal segment near the 
ligament of Treitz in non-altered anatomy patients[1,15]. 
Second, both of the endoscopic endoloop/clips utilized 
in our study, as well as the sewing devices (such as T-bar 
sutures) predominantly approximate the mucosa, and 
the reliability and durability of the anastomosis under 
gastric pressure should be estimated in the porcine 
model of GOO. Ryou et al[16] demonstrated that gastric 
mucosal closure with endoscopic clips may result in 
significant air and fluid leakage via the line of clips, 
however, this was not observed in our study.

In conclusion, this novel technique of performing 
gastrointestinal anastomosis exclusively by NOTES 
is technically feasible and reproducible in an animal 
model, although further improvement is warranted.

COMMENTS
Background
Gastro-jejunal side-to-side anastomosis is clinically designed for palliation of 
malignant gastric outlet obstruction (GOO), mostly performed via open and 

then sutured to the stomach wall using newly designed 
endoscopic suturing devices as follows: (1) a prototype 
endoscopic suturing device (Eagle Claw; Olympus)[7]; 
(2) a prototype “T-tag” suture system (BraceBar; 
Olympus)[4,9,10]; and (3) an EndoGIA stapler (Covidien)[8]. 
Here we reported for the first time, the use of interrupted 
suture technique using one endoloop matched with a 
pair of clips in a non-survival porcine model. This new 
technique resembles T-tag suture system, one of the 
aforementioned three methods, with its own unique 
characteristics. First, submucosal saline solution injection 
around the gastrostomy site made a slight cushion that 
prevented unexpected perforation by electric knives and 
allowed space to create holes deep enough to insert the 
prongs of the clip and to facilitate the subsequent secure 
clipping. Furthermore, submucosal inflation temporarily 
decreased the size of the orifice, and the smaller orifice 
allowed us to manipulate the loop of the small intestine in 
place more easily. Second, creating several holes at the 
edge of gastrostomy provided strong anchoring points for 
one prong of a clip in order to avoid clip slippage during 
grasping gastric thick mucosal surface. Third, interrupted 
suture method using one endoloop matched with a pair 
of clips was derived from the principle of “sewing” using 
a pair of T-tags with a single puncture needle, which 
may be done successfully by using only endoscopes and 
common endoscopic accessories, without the need of 
any extra devices. 

In particular, if the small intestine was inadvertently 
dropped during the procedure, no leakage of small 
bowel contents occurred because the bowel wall was 
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C D

Figure 2  Postmortem appearances of anastomosis. A: Macroscopic appearance showing that the intestinal wall had been joined to the stomach wall; B: 
Macroscopic appearance of gastrointestinal side-to-side anastomosis; C: Methylene blue instilled into the anastomotic lumen; D: No methylene blue observed on the 
surface of gastric serosa around the anastomosis.

 COMMENTS
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laparoscopic surgery. Natural orifice transluminal endoscopic surgery may 
represent an alternative method of performing gastro-jejunostomy procedures 

due to its less invasiveness and lower incidence of postoperative pain 
compared with the above-mentioned two methods.

Research frontiers
To date, dozens of successful gastric bypass procedures via either pure or 
hybrid natural orifice transluminal endoscopic surgery (NOTES) have been 
described, however, these methods are associated with some limitations, 
as they are time-consuming, technically demanding and require specialized 
suturing devices.

Innovations and breakthroughs
A pure NOTES gastrojejunostomy procedure may be successfully performed 
in a non-survival porcine model using holing followed by interrupted suture 
technique using one endoloop matched with a pair of clips, without the need of 
any additional devices.

Applications
This study demonstrates the potential application of pure NOTES gastroje
junostomy using holing followed by interrupted suture technique using one 
endoloop matched with a pair of clips for palliation of malignant GOO.

Terminology
A NOTES gastrojejunostomy using interrupted suture technique with a single 
endoloop matched with a pair of clips resembles the technical principle of T-tag 
suture system, without the need of any additional devices.

Peer-review
The advent of NOTES has made a minimally invasive endoscopic technique 
possible for creation of gastrojejunal anastomosis, being faced with oppo
rtunities and challenges at the same time. A pure NOTES gastrojejunostomy 
procedure may be successfully performed in a non-survival porcine model using 
holing followed by interrupted suture technique using one endoloop matched 
with a pair of clips.
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