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Abstract 

AIM: To investigate the feasibility and safety of Natural orifice trans-umbilical endoscopic cholecystectomy with a water-jet hybrid-knife in a non-survival porcine model.
METHODS: Pure natural orifice transluminal endoscopic surgery (NOTES) cholecystectomy was performed on three non-survival pigs, by transumbilical approach, using a water-jet hybrid-knife. Under general anesthesia, the following steps detailed the procedure: (1) incision of the umbilicus followed by the passage of a double-channel flexible endsocope through an overtube into the peritoneal cavity; (2) establishment of pneumoperitoneum; (3) abdominal exploration; (4) endoscopic cholecystectomy: dissection of the gallbladder performed using water jet equipment, ligation of the cystic artery and duct conducted using nylon loops; and (5) necropsy with macroscopic evaluation.
RESULTS: Transumbilical endoscopic cholecystectomy was successfully completed in the first and third pig, with minor bleedings. The dissection times were 137 and 42 min, respectively. The total operation times were 167 and 69 min, respectively. And the lengths of resected specimen were 6.5 and 6.1 cm, respectively. Instillation of the fluid into the gallbladder bed produced edematous, distended tissue making separation safe and easy. Reliable ligation using double nylon loops insured the safety of cutting between the loops. There were no intraoperative complications or hemodynamic instability. Uncontrolled introperative bleeding occurred in the second case, leading to the operation failure.
CONCLUSION: Pure NOTES trans-umbilical cholecystectomy with a water-jet hybrid-knife appears to be feasible and safe. Further investigation of this technique with long-term follow-up in animals is needed to confirm the preliminary observation.
© 2013 Baishideng. All rights reserved.
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Core tip:  Flexibile single-incision surgery (FSIS), one of recent advances in endoscopic surgery, is a promising single-incision approach, which has exploited the advantages of single-incision laparoscopy and narrow sense of natural orifice transluminal endoscopic surgery (NOTES). Compared to NOTES, FSIS uses the navel to faciliate the extraction of the specimen and the umbilical closure is quick and easy. Compared to SILS, FSIS does not need any specialized device for the entry ports. Furthermore, water-jet hybrid knife technology enables a quick switch between blunt and sharp dissection. This study assessed the feasibility and safety of endoscopic cholecystectomy using transumbilical approach and water jet hybrid knife technology.
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INTRODUCTION 

Laparoscopic cholecystectomy (LC) [1] remains the gold standard for the treatment of benign gallbladder diseases, showing superiority such as better cosmetic results, less postoperative pain, and shorter recovery time compared with open cholecystectomy. Under the guidance of the Holy Grail of minmal invasive surgery, namely, scarless surgery, natural orifice transluminal endoscopic surgery (NOTES) has made substaintial progress. However, it is also technically difficult due to lack of appropriate devices and loss of triangulation. To achieve both minimal invasiveness and effectiveness, we proposed the following technique for pure NOTES cholecystectomy, by transumbilical approach, using an endoscopic water jet system applied to perform blunt and sharp dissection without accessory switch.  
MATERIALS AND METHODS

Animals 
Natural Orifice Trans-umbilical Cholecystectomy with a new water-jet dissector Erbejet 2 was performed on three non-survival TiBet experimental pigs (two were female weighing 30 kg, the other was male weighing 35 kg). 
Experimental site

Experimental site: Olympus training center for animal experimental study in Peking, china.

Animal preparation and post-operative management

Animal preparation and post-operative management: fasting 48 h pre-operation and took polyethylene glycol 4 g/kg orally for intestinal preparation before procedure. Preoperative intramuscular ketamine 20 mg/kg and Xylazine 2 mg/kg mixture induced anesthesia, retaining animal on the operating table in a supine position and performing endotracheal intubation, connecting anaesthesia apparatus following inhalational anesthesia by 4%-5% isoflurane. When the animals entered into complete general anesthesia condition, regulating gas concentration to 1%-2% for anesthesia maintenance and intraoperative intravenous management with 5% glucose-saline. After the operation ended, intravenous pentobarbital sodium 100 mg/kg was injected to the porcine, along with the autopsy to observe the wound and adjacent organs for any damages.
Instruments and devices

Instruments and devices: forward-looking double channel gastroscope(GIF-2TQ260M, olympus), non-invasive forceps (FQ-46L-1, olympus), thermal hemostatic forceps (endoscopic hemostatic forceps FD-410LR, olympus), nylon cord snare (MAJ-340, olympus) and ligation device (HX-20L-1, olympus), overtube (overtubeMD48618, Sumitomo Bakelite, Tokyo Japan), Trocar, co2 air pump, digestive endoscopic surgery workstation (ERBE VIO-300D, Germany), T-type Erbejet2 (ERBEjet2; ERBE Elektromedizin, Germany), endoscopic clips and trip gear (endoclips, HX-610-135OLYMPUS, olympus), methylene blue, normal saline.

Experimental procedure

Establishment of pneumoperitoneum: Porcines were placed under supine position, routine preoperative skin disinfection, spread towel, making a 1.5 cm longitudinal incision through the umbilicus, puncturing into abdominal cavity with trocar then overtube was inserted. Surrounding skin was clamped by using towel clamp in order to avoid air leakage, kin with towel clamping solid to avoid air leakage,ilical





































































so endoscope can be inserted into peritoneal cavity through overtube, (being unable to gear co2 air pump directly), the latter is connected to endoscopic air supply device to maintain pneumoperitoneum which can be adjusted by endoscopic inspiration button.

Abdominal exploration: After the establishment of pneumoperitoneum, exploration of intra-abdominal visceras from epigastrium to hypogastrium was done. Stomach, diaphragm, gallbladder, spleen, small intestine and large intestine can be viewed meanwhile retroperitoneal organs kidney, pancreas for instance cannot be explored. A swollen light blue gallbladder can be seen from endoscope due to abrosia. Sometimes gallbladder is covered by the lobes of liver that requires removing the lobes of liver to reveal cholecyst by operating endoscope.
Cholecystectomy: The assistant manipulated overtube to advance the endoscope to the surgery field and to reveal cholecyst and liver bed. High-pressure injection of methylene blue solution dyed normal saline by using T-type ERBEjet2 through endoscopic work channel into fibrous tissue between gallbladder and liver bed. The water-injection pressure was set to 30-50 bar. Blue cushion formation taking place following the local injection (Figure 1A), demarcates the liver parenchyma. Then the dissection of fibrous tissue was done between gallbladder’s serous membrane and liver parenchyma by T-type ERBEjet2 (coagulation-cut hybrid model, power 45w, effect 2) starting from fundus or neck of gallbladder from left to right side. Every separation was done following the cushion formation and was operated in the raised or lift cushion. Once catching the sight of small blood vessels or encountering haemorrhage, prophylactic hemostasis with electrotome or hemostatic forceps would be required. The gallbladder would fall off liver bed while dissected carefully up to the neck or fundus of gallbladder (Figure 1B). Dissected clearly and completely to reveal calot’s triangle and cystic duct, cystic artery, hepatic duct and common bile duct has been identified. Ligationof cystic duct and cystic artery with nylon cord snare instead of endoclips for fast ligation. During the procedure, noninvasive forceps and ligation device were introduced into abdominal cavity through endoscopic double channels respectively. Cholecyst was clamped and empocketed into nylon cord snare and then ligature of the cystic duct and cystic artery together was done on the distal end of cystic duct, three snares placed in all; the proximal and distal end of cystic duct and then cut in the middle of snares (Figure 1C). Confirmed no active haemorrhage and no biliary fistula. Consequently, cholecyst retracted through overtube applying forceps or basket (Figure1D). Ultimately, autopsy was performed to check the dissection wound and adjacent visceras for injury.
RESULTS  
Transumbilical endoscopic cholecystectomy was successfully completed in the first and third pig, with minor bleedings (Tables 1, 2). The dissection times were 137 and 42 min, respectively. The total operation times were 167 and 69 min, respectively. The time required decreased with experience. And the lengths of resected specimen were 6.5 and 6.1 cm, respectively. Instillation of the fluid into the gallbladder bed produced edematous, distended tissue making separation safe and easy. Reliable ligation using double nylon loops insured the safety of cutting between the loops. There were no intraoperative complications or hemodynamic instability. At necropsy, the loops on the cystic duct and artery were secure and that neither bile nor blood leakage was observed from this site. Both the gallbladder bed and the liver bed were dry (Figure 1E).
During the dissection in the second pig (Tables 1 and 2), unexpected gallbladder rupture occurred, and the perforation site was quickly clipped (Figure 1) after being identified. Subsequently, uncontrolled introperative bleeding occurred in the second case, leading to the operation failure. 
DISCUSSION 
To date, most of pure NOTES procedures are still performed only in animals[2-4] due to several technical barriers. NOTES cholecystectomy has been successfully introduced into clinical application based on preliminary animal experimental researches. Several approaches has been reported in the literatures such as transgastric , transvaginal and transcolonic route, but most finished cholecystectomy with the assistance of laparoscopic instruments in humans[5-7]. Meanwhile, pure NOTES only has several case reports[8-10]. Transvaginal approach is the most widely used in the clinical practices and is considered[5] to be the best approach for NOTES surgery. However, it only apply to females with underlying complications like dyspareunia、infertility and pelvic adhesions[11,12]. Pugliese et al[5] showed no above-mentioned discomfort and incision related complications. Transgastric approach was originally studied [13,14], but rarely applied to clinical practices  because of technical difficulties [13,15,16], to overcome these difficulties, the innovation of new technology and use of new devices has been reported in several literatures [9]. Furthermore, Marescaux et al[16] considered this approach for NOTES surgery would be the major route in future. Transcolonic NOTES similar to transvaginal approach has an advantage for upper abdominal organs, however, its major problem lies in potential contamination as a result of bacterial colonization. In this study, we performed cholecystectomy through umbilicus similar to single-port laparoscopic surgery. Truely speaking, to some extent it does not follow the true concept of NOTES. This approach compared to other approaches has no blind region in enterocoelia, in the other hand, it cannot support stable platform due to soft abdominal wall resulting in difficulties in manipulating endoscope[18]. Perforation occurred in our study owing to unstable platform. Therefore, experienced surgeon and endoscopist would be needed to cooperate with each other to complete cholecystectomy by using endoscope via umbilical approach. Any surgery require an appropriate and clear operative field vision achieved by manipulating overtube. We realized in practice that overtube was easy to displace because of its smoothness and flexibility which results in the lost operative field and had to re-reveal the gallbladder. So operator and assistant must keep tacit cooperation, the latter also plays a very important role who needs to regulate overtube from time to time in accordance with the procedure to support clear vision for operator which is significant in reducing operation time, avoiding accidental injury involving visceras, blood vessels and smoothly completing surgery. In a sentence, not a single perfect approach for the NOTES has been established till now. The development of endoscopic instruments and the evolution of technology have to be explored. Whether pure NOTES achieves full approval and advocation from clinical practice depends on how the related challenges can be resolved practically. 
The mechanism of water-jet is to employ high-pressure jet of water to cut materials fine, primarily used in manufacture. In 1982, water-jet was firstly introduced to medical application and performed liver resection[19]. German RAU firstly introduced professional designed water-jet into clinical application in 1990. From then on, its applications gradually extended to maxillofacial surgery, plastic surgery, urinary surgery, ophthalmosurgery, etc [20]. To date, its use is limited to the dissection of mesenchymal tissue and parenchymal organs[21,22]. In this field, German company ERBE is always ahead. Its Helix-Hydro-jet device can perform precise, controllable tissue-selective (indicating water-rich tissue such as liver parenchyma) with minimal injury to the surrounding fibrous structures and has achieved favorable results in open and laparoscopic operations[18,23,24]. However, the above-mentioned Helix-Hydro-jet device cannot be passed through a standard working channel of the current flexible endoscope because its outer-diameter is larger than endoscopic operative channel, so do not match with NOTES procedures. ERBEJet2 water-jet system incorporates high-pressure water-jet with high-frequency electrocautery function with the characteristics of more flexibility, smaller size, easier handling, more precision and less foam formation compared with the precursor model Helix-Hydro-jet[25]. This new technology is mainly used to perform endoscopic submucosal dissection for gastrointestinal tumors. Studies showed that water-jet hybrid- knife could effectively shorten operation time and avoid endoscopic accessory-switch with lower haemorrhage and perforation rate, consequently improve the safety and efficiency of resection compared with conventional endoscopic knife[26-30]. Isayama et al[29] reported that transgastric pure NOTES successfully performed cholecystectomy using injection-dissection technology in the animal experiment with long operation time because the procedure of injection and dissection required the need of different instruments and keeps on frequently changing.
The work pressure of water-jet ranges from 30 to 80 bar. If lower than 30 bar, it cannot produce valid cushion, acting on mucous layer when more than 70 bar. While exceeding 100 bar may cause injury to deeper layer such as muscular layer[24,31]. Selective-tissue injection results in a selective deposition of mixed solution in the submucosa followed by mucosal elevation when the dissector placed directly on the mucous layer. High-pressure injection of solution into loose connective tissue between gallbladder and liver bed can produce a fluid lift cushion avoid the thermal damage to surrounding tissuess, making dissection easier and safer[29]. In our study, neither uncontrolled hemorrhage of the liver fossa nor perforation of the gallbladder occurred, indicating the superiority of the ERBEjet2 water-jet system. What is worth mentioning, the lack of surgical triangulation, an important adjunct for pure NOTES procedure, becomes less important, since the fluid lift cushion produced by the ERBEjet2 water-jet system faciliates dissection even there is no satisfactory traction or countertraction.
Refer to the selection of injecting Solution, perfect solution should have following advantages of being nontoxic to health, no injury to the injection site, low dispersion velocity, easy to access and cheap. Currently, normal saline solution is the most commonly employed with the drawback of being fast absorption, other selective solutions include hyaluronic acid, plasma expanders, gelatin, etc. Among them, hyaluronic acid is considered to be the best selection but most expensive[21,31,32]. Adding optimal adrenaline can delay solution absorption speed, prolong elevation time and decrease injection times. In our study, injection solution we used was saline solution that is easy to get and cheap. Furthermore, we had added methylene blue dye into saline solution in order to make the solution blue. Furthermore, it had helped clearing the boundaries between gallbladder’s serosal layer and liver parenchyma by using high pressure injection with more precise and safe dissection along with maintaining prophylactic hemostasis. This can be seen from blood loss during the operation in our study. 

In the functional cholecystectomy performed by Liu et al[33], the cystic duct was isolated and closed with an endoscopic clip. Since standard endoscopic clip may not be safe for use on the cystic duct as it has a hinge gap between the arms of the clip when deployed, in our study, the Olympus ligating device (Polyloop- detachable loop ligating device) was used to tie off the base of the gallbladder once exposed and isolated, and then the gallbladder was cut between the loops using the endoscopic polypectomy snare. 
Calot’s triangle complete exposure is very important for both the ligation of cystic duct, cystic artery and the avoidance of damage to biliary duct. Although double-channel endoscope has elevator, parallel correlation of double-channel cannot produce surgical triangulation resulting in limited orientation to manipulate. It is still difficult to ligate the cystic duct and cystic artery for pure NOTES that need more attention during the operation. The exposure of CVS (critical view of safety) can decrease the possibility of bile duct injury before ligating the cyst duct and artery[6]. We successfully performed pure NOTES cholecystectomy without laparoscopic support.

In conclusion, this study demonstrated the feasibility and safety of trans-umbilical NOTES cholecystectomy using the water-jet hybrid-knife. Due to absence of control study, the advantages of ERBEjet2 cannot be highlighted but possesses potential superiority. Therefore, further study will be designed to compare this new dissector with other endoscopic knife. 
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This is the first study evaluating feasibility and safety of a new method of cholecystectomy using NOTES transumbilical approach and water jet hybrid knife technology. The study demonstrated that the endoscopic water jet system can create a fine stream of unidirectional high-pressure saline solution to penetrate tissue, and instillation of the fluid into the gallbladder bed can produce edematous, distended tissue making separation safe and easy.
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Generally, transumbilical endoscopic cholecystectomy using a water-jet hybrid-knife is feasible and safe. How to avoid the injury of the cystic artery requires further investigation.
Terminology

Hydraulic energy from pressurized fluid has been widely used in medical procedures. Instillation of fluid under high pressure into closed spaces can produce edematous, distended tissue, and the resulting increased weight and gravity force is enough to separate filmy avascular tissue without sharp dissection (electrosurgery).
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Figure 1 Picture demonstrating a concept of a novel method of cholecystectomy. A: Methylene blue mixed with normal saline solution injected into fibrous tissues between gallbladder and liver bed; B: The gallbladder falling off liver bed; C: Cystic duct and artery cut using the water-jet hybrid-knife between loops; D: The resected gallbladder grasped by forceps; E: Macroscopic view of the liver fossa on necropsy; F: Clipped gallbladder perforation.

Table 1 Transumbilical endoscopic cholecystectomy was successfully completed in the first and third pig, with minor bleedings
	Animal
	Sex
	Weight (kg)
	Time of pneumoperitoneum (min)
	Time of dissection (min)
	Time of ligation and resection (min)
	Total time (min)

	1
	female
	30
	2 
	137 
	28
	167 

	2
	male
	35
	2 
	61(incomplete)
	-
	-

	3
	female
	33
	2 
	42 
	25
	69


Table 2 Experimental indicators in transumbilical endoscopic cholecystectomy
	Animal
	Blood loss (mL)
	Perforation
	Adjacent viscera injury
	Size of specimen
	Postoperative management

	1
	10
	no
	no
	6.5 cm × 3.4 cm × 1.2 cm
	autopsy

	2
	50
	yes
	Vascular injury
	-
	autopsy

	3
	5
	no
	no
	6.1 cm × 3.3 cm × 1.8 cm
	autopsy


