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Abstract
AIM: To explore the technique for laparoendoscopic single-site distal pancreatectomy.
METHODS: The surgical technique for laparoendoscopic single-site spleen-preserving distal pancreatectomy was performed in pigs using a novel flexible multichannel port, a curved laparoscopic multifunctional operative device and a fish hook retractor, providing a favorable operative field. 
RESULTS: Six pigs were involved in this study, and five survived the procedure. The first animal died following injury to the superior mesenteric vein and uncontrolled intraoperative bleeding. Except for this failure, the mean operative time was 155 min (range: 102-236 min). A steep learning curve was observed in the study, with a mean operative time of 177 min in the first two operations versus 134 min in the last three operations. The mean blood loss was 50 mL, and the postoperative course was uneventful. The animals were sacrificed three weeks after the procedures, and no pancreatic leakage or abdominal infection was found macroscopically.

CONCLUSION: Laparoendoscopic single-site distal pancreatectomy is a safe and feasible procedure and can be implemented in humans in selected cases at qualified surgical centers.
(2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Laparoendoscopic single-site surgery (LESS) is a rapidly evolving field in minimally invasive surgery. LESS requires specialized instruments and is a technically demanding procedure that is particularly challenging for pancreatic surgery. We present our surgical technique for laparoendoscopic single-site distal pancreatectomy in pigs using a novel flexible multichannel port, a curved laparoscopic multifunctional operative device and a fish hook retractor, providing a favorable operative field. It is a safe and feasible procedure and can be implemented in humans in selected cases. To our knowledge, this is the first surgical series of laparoendoscopic single-site distal pancreatectomy in pigs reported in the literature.
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INTRODUCTION

Laparoendoscopic single-site surgery (LESS) is an emerging technique that has been suggested as a promising alternative to conventional laparoscopic surgery for the management of many common diseases[1,2]. LESS requires specialized instruments and is a technically demanding procedure that is particularly challenging for sophisticated operations, such as pancreatic surgery[3-6]. In this study, we present a surgical technique for laparoendoscopic single-site spleen-preserving distal pancreatectomy (LESS-SPDP) in pigs using articulating instruments and specially designed devices. This is the first report of this procedure in pigs and may provide a basis for performing advanced LESS in human beings.
MATERIALS AND DEVICES
A self-made single port with multiple channels

A novel flexible multichannel port (designed by us, and manufactured by Kang Mei Sci and Tech, Jiangsu, China) was introduced in this study. The port consists of a wound retractor and a valve component as well as trocars. The retractor is a cylindrical sleeve of silicon material with distal and proximal rings. The distance between the two rings is approximately 3 cm and can extend to approximately 4.5 cm with increasing abdominal wall thickness. The valve component acts like a cap and has four channels that allow the laparoscope and instruments of different sizes (5-10 mm) to pass through. The remarkable advantages of the cap component are the wide distance between the channels and the flexible characteristics, that provide a broad operative fulcrum and are particularly suitable for articulated instruments (Figure 1A and B).
A curved laparoscopic multifunctional operative device 
A laparoscopic multifunctional operative device (LMOD or Ji-rod) was built, according to the author’s patent, and had already been used in laparoscopic surgery[7]. We modified the standard LMOD to a curved LMOD (C-LMOD). It is a combination of an electric coagulation device and irrigation equipment, with a curve of approximately 20-30° near the handle to avoid extraperitoneal counteraction and improve ergonomic maneuvering in LESS (Figure 1C-E). The C-LMOD has the same functions as the LMOD for intraoperatively cutting, coagulation, curettage, dissection, irrigation and aspiration.
A fish hook retractor
Transabdominal stay sutures by fish hooks were introduced in this study. A midsized fish hook has an eye on the tail, and the barb at the tip was removed. A straight needle with a 2-0 Prolene was tied on the fish hook eye (Figure 1F). The fish hook retractor is effective and reliable for traction. There are two methods to release the fish hook. One method is by introducing a Prolene straight needle stay suture, tying the hook through the port. The straight needle punctures the abdominal wall with a grasper from the abdominal cavity to the exterior. The hook is placed in the organ or peritoneum, and pulling the suture provides enough operating space. The second method is to insert the straight needle from the planned skin incision site into the abdominal cavity, using a grasper to pull the needle out through the port; the suture is then tied to the hook eye on the exterior. Finally, the hook is introduced into the abdominal cavity for retraction. 

Other materials and devices
To avoid collisions and to rebuild the operative triangulation, articulating instruments were utilized in the procedure, including graspers and scissors (YouShi, ZheJiang, China), ENDO GIA staplers (Covidien, MA, United States) and a 5-mm flexible EndoEyeTM laparoscope (Olympus, Center Valley, United States).
Animals 
Six domestic pigs (range: 25-31 kg) were included in this study to explore the feasibility of LESS-SPDP. The protocol was approved and recorded by the Ethics Committee of Southeast University Medical School.

Surgical technique
A pig was placed in a supine and reverse Trendelenburg position, with the right side rotated down, after the induction of general anesthesia. The surgeon stood on the pig’s tail side; the cameraman and assistant were on the surgeon’s right and left side, respectively. After skin preparation, an approximately 2.5 cm longitudinal incision was made in the abdominal wall near umbilicus. The Hasson method[8] was applied to enter the abdominal cavity, and a wound retractor was inserted into the incision. The valve component covered the outer ring of the retractor, and the trocars were passed through the valve. The gas tube was connected to the port, and a pneumoperitoneum was established at 6-8 mmHg. 
The EndoEyeTM laparoscope, articulating graspers and C-LMOD were inserted into the abdominal cavity through the port. To obtain a convenient operative triangulation and avoid extraperitoneal clashing, instruments were inserted into the abdomen in an inverted-pyramid position on the valve, i.e., the laparoscope was at the bottom and the articulating instrument and the C-LMOD were on the top channels (Figure 2A). The gastrocolic ligament was divided to expose the pancreas, as in the conventional technique. To obtain a sufficient operating space and ensure an adequate laparoscopic view, the greater curvature of the stomach and the pancreatic capsule were suspended towards the xiphoid using two fish hook retractors (Figure 2B). The suspending position was identified by palpating the abdominal wall, and the suspending distance depended on the exposure. The gastric epithelium and pancreatic capsule were strong enough to be retracted with the fish hooks. At the point where transection of the pancreas would be carried out, the inferior edge of the pancreatic capsule was incised and a tunnel was created beneath the body of the pancreas from the caudal to cephalad using the C-LMOD; thus, the pancreatic parenchyma was freed from the retroperitoneal and splenic vessels (Figure 2C). The superior mesenteric and splenic vessels were important during the procedure, and the C-LMOD was used to dissect the pancreatic parenchyma away from these vessels, using blunt dissection with the slope on the tip. A flexible sling was passed through the tunnel by an articulating grasper to lift the pancreas ventrally, and the pancreas was transected by using a 60-mm ENDO GIA stapler (Figure 2D). The distal pancreas was removed using a medial-to-lateral method, i.e., the resection was performed from the body of the pancreas to the tail. The short transverse branches of the splenic vessels were individually isolated and sealed by titanium clips. After the distal pancreas was completely freed from the retroperitoneum, it was extracted through the wound retractor as an intact piece (Figure 2E). If the proximal pancreatic stump was not satisfying, it was reinforced by fibrin glue. The fish hook retractors were removed, and a drainage catheter was placed in the pancreatic bed through the sol incision. The incision was closed with absorbable sutures (Figure 2F).

RESULTS

Six pigs were involved in this study, and five survived the procedure. The first animal died following injury to the superior mesenteric vein and uncontrolled intraoperative bleeding. Except for this failure, the mean operative time was 155 min (range: 102-236 min). A steep learning curve was observed in the study, with a mean operative time of 177 min in the first two operations versus 134 min in the last three operations. The mean blood loss was 50 mL, and the postoperative course was uneventful. A liquid diet was begun on the second postoperative day after fasting for 24 h. A normal diet was begun on the third day, and the weight of the pigs began to increase after 10.6 d (range: 6-15 d). The animals were sacrificed three weeks after the procedures, and no pancreatic leakage or abdominal infection was found macroscopically.
DISCUSSION

LESS is a positive development in the field of minimally invasive surgery, requiring only one incision that is disguised within the umbilical folds, which is in contrast to the, at least three, necessary incisions for conventional laparoscopic surgery. The potential advantages of LESS are its comparable safety, improved cosmetic results, decreased complications, reduced postoperative pain and shorter postoperative stay[9,10]. Given the complexity of this novel technique, LESS is performed mostly in common procedures, such as appendectomy and cholecystectomy. For complicated pancreatic surgery, dedicated instruments and advanced skills are necessary to compensate for the shortcomings of LESS.

A number of multichannel access ports have been introduced for use in LESS[11,12]. From the literature, we can conclude that a wide distance between the channels of the multichannel port provides a broad fulcrum, which is important for LESS[13,14]. This is the main characteristic of our novel port. The distance between the channels is wider than most of the available multichannel devices and has been demonstrated to reduce instrumental collision in our procedures. Another advantage of the novel multichannel cannula is the flexible characteristics that are especially suitable for articulated instruments and devices with larger diameters, such as the 12-mm ENDO GIA stapler used in this study, while maintaining the pneumoperitoneum perfectly without the trocars.
To avoid the frequent replacement of instruments, we redesigned the LMOD to the C-LMOD. As described previously[7], the LMOD has many functions, including scraping, dissecting, cutting, coagulating, irrigating and aspirating. By using this device, we can perform many types of manipulations without instrumental substitution. The C-LMOD can evacuate smoke quickly to maintain clear laparoscopic vision, while the electrocautery is in use. This is useful in LESS. In our experience, articulating devices are necessary to provide intraperitoneal triangulation and avoid extraperitoneal collisions. The next step for the development of the C-LMOD is to cooperate with a medical device manufacture to design an articulating laparoscopic multifunctional operative device.
The introducation of two working instruments and a laparoscope parallel to one another through one incision results in extraperitoneal collisions and a lack of intraperitoneal triangulation[11]. Specially designed articulating instruments and laparoscopes can reestablish the triangulation and provide a favorable laparoscopic view[15]. There are only four such case reports in Pubmed[3-6]. Consistent with our technique, articulating instruments were involved in all of these studies. The changes in the operative manner produce a significant learning curve for both the surgeon and the camera operator[16]. In our surgical series, the operative time decreases as more cases are performed. It is worth noting that LESS should be performed by experienced laparoscopic surgeons, and it is better for the camera operator to have experience operating a flexible endoscope before operating the articulating flexible EndoEyeTM laparoscope. For novices, adequate training on a simulator is necessary to become familiar with rules of LESS and the specially designed devices. 
Retraction is another key point in our technique. Although articulating graspers could perform some retraction, a suitable operative field should be provided by another device at a more favorable angle. In the studies by Barbaros et al[3] and Kuroki et al[4], the body of the stomach was taped using a loop to maintain the exposure of the pancreas. In the technique of Chang et al[5], three Prolene straight needle stay sutures were placed superficial to the posterior gastric wall and were slung to the anterior abdominal wall to expose the pancreas. Several other retractors have been described in the literature, such as EndograbTM (Virtual Ports, Misgav, Israel) and a magnetic anchoring and guidance system (MAGS)[17,18]. In our experience, suture retractions are simple and easy and are the most frequently used retractors in LESS. There is a problem with the release of suture retractors, i.e., there must be suitable space to pass through the tissue using a straight needle. In the pancreatectomy procedure, suture retractors are very difficult to release because of the limited operative field. The fish hook retractor is a refinement of the suture retractor, and can be released in a narrow space. In our technique, the pancreatic capsule is retracted toward the anterior abdominal wall to dissect the tunnel beneath the body of the pancreas. This cannot be achieved with straight needle stay sutures. Another advantage of the fish hook retractor is that the straight needle only passes through the abdominal wall once when releasing a retractor, compared to twice when releasing a suture retractor[19]. Unintentional injuries to other organs must be avoided during the procedure.
To our knowledge, this is the first surgical series of LESS-SPDP in pigs reported in the literature. Consistent with the sporadic case reports, we verified the critical technique involved in LESS-SPDP, reestablishing operative triangulation and generating a favorable operative field. It is a safe and feasible procedure and can be implemented in humans in selected cases at qualified surgical centers. 
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COMMENTS

Background

Laparoendoscopic single-site surgery (LESS) is an emerging technique that has been suggested as a promising alternative to conventional laparoscopic surgery for the management of many common diseases. The potential advantages of LESS are its comparable safety, improved cosmetic results, decreased complications, reduced postoperative pain and shorter postoperative stay. Given the complexity of this novel technique, LESS is performed mostly in common procedures, such as appendectomy and cholecystectomy. 
Research frontiers

For complicated surgery, dedicated instruments and advanced skills are necessary to compensate for the shortcomings of LESS. In the area of LESS, the research hotspot is to design and develop multichannel access cannula platform, intraoperative retractions and functional integration of commonly used instruments. 
Innovations and breakthroughs
The Curved laparoscopic multifunctional operative device (C-LMOD) can evacuate smoke quickly to maintain clear laparoscopic vision, while the electrocautery is in use. Although articulating graspers could perform some retraction, a suitable operative field should be provided by another device at a more favorable angle. The fish hook retractor is a refinement of the suture retractor, and can be released in a narrow space. Another advantage of the fish hook retractor is that the straight needle only passes through the abdominal wall once when releasing a retractor, compared to twice when releasing a suture retractor.
Applications

Using the novel flexible multichannel port, C-LMOD and fish hook retractors, surgeons can obtain a favorable operative field, and can try some complicated operations.
Terminology

LESS is a positive development in the field of minimally invasive surgery, requiring only one incision that is disguised within the umbilical folds, which is in contrast to the, at least three, necessary incisions for conventional laparoscopic surgery. Articulating instruments: The articulating design of the instruments is a revolutionary development for LESS, enabling surgeon to obtain the best angle for retraction and dissection. The two articulating instruments in both hands must be crossed over at the fulcrum, with the instrument in the right hand operating at the left side and vice versa, conflicting with the existing operating rules.
Peer review

This is a well written manuscript presenting a technique for single-port distal pancreatectomy. Clearly, single-port surgery of the pancreas is in an experimental phase, and careful assessment is mandatory before its application in humans.
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Figure 1 Special instruments used in this study. A: The novel flexible multichannel port set (KangMei, JiangSu, China) includes three components, a wound retractor and valve as well as trocars; B: The valve component has four channels, with approximately 4.5 cm (black line) between the two 10-mm channels and 3.5 cm (red line) between the two 5-mm channels; C: The curved laparoscopic multifunctional operative device (C-LMOD) bent near the handle at an angle of 20-30°; D: The handle of the C-LMOD controlling the douching and absorbing conduits by a triplet, with an electrocautery touch-point connected to the C-LMOD lumen; E: The tip of the C-LMOD with a slope; F: The fish hook retractor with a straight needle to penetrate the abdominal wall and a fish hook to retract the target.
Figure 2 An example operation of laparoendoscopic single-site spleen-preserving distal pancreatectomy. A: An inverted-pyramid operative status with an articulating grasper, an EndoEyeTM laparoscope and a curved laparoscopic multifunctional operative device (C-LMOD); B: Exposure of the pancreas by fish hook retractors suspending the greater curvature of the stomach and the pancreatic capsule; C: Dissection of a tunnel beneath the body of the pancreas and lift it by a flexible sling; D: Transection of the pancreas by using a 60-mm ENDO GIA stapler; E: Extraction of the distal pancreas through the cannula; F: Closure of the incision. a: C-LMOD; b: Stomach; c: Fish hook retraction; d: Pancreas.
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