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Abstract 

AIM: To study a new safe and simple technique for circular-stapled esophagojejunostomy in laparoscopic total gastrectomy (LATG). 
METHODS: We selected a total of 26 patients with gastric cancer who underwent LATG and Roux-en-Y gastrointestinal reconstruction with semi-end-to-side esophagojejunal anastomosis. 
RESULTS: LATG with semi-end-to-side esophagojejunal anastomosis was successfully performed in all 26 patients. The average operation time was 257 ± 36 min, with an average anastomosis time of 51 ± 17 min and an average intraoperative blood loss of 88 ± 46 mL. The average postoperative hospital stay was 8 ± 3 d. There were no complications and no mortality in this series. 
CONCLUSION: The application of semi-end-to-end esophagojejunal anastomosis after LATG is a safe and feasible procedure, which can be easily performed and has a short operation time for anastomosis. 
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Digestive tract reconstruction after laparoscopic total gastrectomy is always one challenge for surgeons. Traditional Roux-en-Y anastomosis is difficult through the small incision in laparoscopic gastrectomy and severe complications such as anastomotic stenosis often occur when the operation is performed improperly. The method of semi-end-to-end esophagojejunal anastomosis that we developed is easy to operate and can also effectively prevent anastomotic stenosis and other complications.
Zhao YL, Su CY, Li TF, Qian F, Luo HX, Yu PW. Novel method for esophagojejunal anastomosis after laparoscopic total gastrectomy: Semi-end-to-end anastomosis. World J Gastroenterol 2014; In press 
INTRODUCTION
Compared to conventional open radical gastrectomy (OG), laparoscopic radical gastrectomy (LG) is a minimally invasive surgical approach with the significant advantages of a short recovery time and fewer postoperative complications. Therefore, LG has been gradually adopted worldwide and has achieved a relatively good clinical efficacy1-ꠁ

[ ADDIN EN.CITE 
4]. With improved operative experience of the surgeons, the laparoscopy-assisted gastric radical total gastrectomy has also been more commonly performed in clinical practice[5-7]. Because esophagojejunal Roux-en-Y anastomosis can maintain a relatively good nutritional status and ideal body weight after surgery, it has been widely used in gastrointestinal reconstruction after total gastrectomy[8,9], consisting of end-to-side esophagojejunal anastomosis combined with side-to-side jejunojejunal anastomosis. However, it is difficult to perform laparoscopic anastomosis, especially if the end-to-side esophagojejunal anastomosis is at a high level, which requires a longer operating time. In addition, severe complications such as anastomotic stenosis can occur if the operation is improperly performed[10]. Therefore, we developed a simple and safe method of laparoscopic semi-end-to-end esophagojejunal anastomosis that can be easily performed and requires a short operative time for anastomosis. This method can also effectively prevent anastomotic stenosis and other complications.  
MATERIALS AND METHODS
Patients

This group included 26 patients with gastric cancer, consisting of 15 men and 11 women. The age of the patients ranged from 43 to 79 yr, with an average of 58.6 yr. The mean body mass index was 23.5 kg/m2 (18.6-28.5 kg/m2). All patients underwent preoperative routine examinations, including upper gastrointestinal tract X-ray (barium-meal), electronic gastroscopy or endoscopic ultrasonography, in order to identify the tumor location and pathological type. The diagnosis of gastric cancer was confirmed by pathological exam. The tumor was located at the gastric cardia in 7 cases, at the bottom of the stomach in 10 cases, and in the body of the stomach in 9 cases. No hepatic, pulmonary, or other distant metastases were found in the preoperative examinations. 
Surgical technique
The patients were placed in the supine position with their legs spread. A total of 5 trocars were used routinely. The surgeon stood on the left side of the patient, the surgeon assistant stood on the right side, and the laparoscopic-holder assistant stood between the patient’s legs. After a pneumoperitoneum was established and a lymphadenectomy was performed under the laparoscopy. The esophagus was isolated for at least 5 cm over the upper edge of the tumor mass to ensure the edge of the dissection was tumor tissue-free. After a complete isolation, the duodenum was dissected using an intracorporeal linear cutter stapler2


[ ADDIN EN.CITE 
]. 

Prior to gastrointestinal reconstruction, a small incision of 5-7 cm was made at the subxiphoid. A 21- or 25-mm circular stapler (DST EEA, Covidien) was selected, and a thread was passed through the small hole of the center rod tip of the anvil as the retraction thread. The anastomosis anvil, with the thread attached, was inserted into the abdominal cavity for future use. After the incision wound was protected by the incision closure device, the pneumoperitoneum was re-established. Under laparoscopy, the stomach was pulled down. The longitudinal incision of the esophagus was made 3 cm above the tumor with an ultrasonic harmonic scalpel, and the anvil with the thread was completely inserted into the proximal end of the esophagus. The retraction thread was then lifted close to the esophagus incision edge, and a linear cutter stapler was used to dissect the esophagus. Then, the center rod of the anvil was pulled out to complete the anvil placement (Figures 1A, B, C; Figure 2A, B, C). 
The jejunum was extracted through a small incision of the abdominal wall. A small mesenteric incision was made at approximately 20 cm to the ligament of Treitz. Without the isolation of small intestinal mesentery, the jejunum was dissected with the linear stapler. A 3-cm longitudinal incision was made at the contralateral side of mesentery, which was approximately 10-15 cm from the distal jejunum end. The circular stapler was then inserted through this incision, and the center puncture rod of the circular stapler was passed through the contralateral side of the jejunal mesentery (Figure 1D, E; Figure 2D, E). The circular stapler was placed into the abdominal cavity. After the abdominal cavity was closed with the incision closure device, the pneumoperitoneum was re-established. The center cone of the anvil and the circular stapler were connected and rotated to approach each other to complete the semi-end-to-end esophagojejunal anastomosis under laparoscopic view (Figure 1F, G; Figure 2F, G). The jejunum was again brought out of the abdominal cavity, and the longitudinal incision of the distal jejunum was closed with a linear cutter stapler transversely (Figure 2H). Then, a similar approach was used to perform side-to-side anastomosis of the proximal and distal end of the jejunum. The linear cutter stapler was used 40-50 cm adjacent to the esophagojejunal anastomosis site to complete the Roux-en-Y anastomosis (Figure 1H). 

RESULTS
A total of 26 patients successfully underwent LATG without the need for conversion to open abdominal surgery during the operation (Table 1). The semi-end-to-end esophagojejunal anastomosis was also successfully performed. No residual tumor was detected at the margin of anastomosis. The average operation time was 257 ± 36 min (range, 217-356 min), with an average anastomosis time of 51 ± 17 min and an average intraoperative blood loss of 88 ± 46 mL. A liquid diet was administered on postoperative d3, and a semi-liquid diet was administered on postoperative d5. The average hospital stay was 8 ± 3 d after surgery. No postoperative complications, such as anastomotic bleeding or leakage, were found. Barium meal examination performed after the surgery demonstrated normal perfusion, without anastomosis-site stenosis (Figure 3). 

DISCUSSION
Esophagojejunal Roux-en-Y anastomosis is generally performed for digestive tract reconstruction after total gastrectomy, and the circular stapler is routinely used for end-to-side esophagojejunal anastomosis[11-14]. In conventional open abdominal surgery, it is relatively easy to complete esophagojejunal anastomosis because of the large incision and hand-guided assistance. However, it is much more difficult to perform this procedure through a small incision with the assistance of laparoscopy. Therefore, laparoscopic esophagojejunal anastomosis after LATG has become one of the challenges for surgeons in laparoscopic surgery[15-18].
There are generally two aspects technical difficulties in esophagojejunal anastomosis after LATG: anvil insertion, which has been successfully resolved using various placement methods[8,19-22], and esophagojejunal anastomosis. One method for end-to-side esophagojejunal anastomosis has been commonly applied in the literature, although this approach has several disadvantages. First, if end-to-side esophagojejunal anastomosis is performed through an incision window, the assisting incision should be selected below the subxiphoid, which requires an incision with a sufficient length because it is difficult to safely complete anastomosis through a small incision[23]. Second, because the circular stapler is inserted from the distal end of jejunum to perform end-to-side esophagojejunal anastomosis, the wall of the distal jejunum has the potential risk of being stapled during anastomosis if the operation is not performed properly; this can also cause subsequent anastomosis-site stenosisꠁ

[24,25 ADDIN EN.CITE ]. The above incident is more likely to occur when the anastomosis procedure is performed through a small incision or under laparoscopy due to the occlusion of the liver and intestine. In addition, the operation time for this procedure is relatively long. Third, when the esophagojejunal anastomosis must be performed at a higher position, the anastomotic site will be above the diaphragmatic hiatus. In that case, there is a greater risk of anastomosis leaks due to high anastomosis tension when the jejunum and mesentery near the anastomotic site can block the esophagus hiatus, resulting in postoperative symptoms such as obstruction-like sensations during eating and other discomforts. Furthermore, all of the above-mentioned disadvantages are more likely to present in obese patients, patients with narrow costal arch, and patients receiving esophageal dissection at a high plane. 
For these reasons, we developed a method for semi-end-to-end anastomosis. The key concept in this surgical operation is that the circular stapler is inserted through a small incision of the jejunum, which is located 10-15 cm from the distal end on the contralateral side of the mesentery. In addition, the center puncture rod of the circular stapler must pass through to the jejunal end, which is also on contralateral side of the mesentery. In such an anastomosis procedure, the anastomosis at the jejunum side is connected between the side wall of the jejunum and the jejunal end. We therefore termed this procedure semi-end-to-end anastomosis. The anastomosis at the esophagojejunal site is at some distance from the jejunal mesentery, which can reduce the risk of anastomotic bleeding. We have also attempted to perform complete end-to-end esophagojejunal anastomosis, although if the isolated jejunal end is relatively long, a complete end-to-end anastomosis can lead to poor anastomotic vascular circulation, thereby increasing the risk of anastomotic leaks. If the mesentery is not isolated, anastomotic bleeding can easily occur after the anastomosis is completed. In our operation procedure, the jejunal mesentery is not isolated when the jejunum is dissected; however, the anastomotic site remains a certain distance from the mesentery, and it therefore does not cause anastomotic bleeding.

There are 3 main advantages to this semi-end-to-end esophagojejunal anastomosis. First, the operation procedure is simple, and the anastomosis time is significantly reduced. The entire procedure only requires a small incision, and the semi-end-to-end esophagojejunal anastomosis can be performed either through a small incision opening or under laparoscopy. As long as the stapler is connected to the center rod of the anvil, the anastomosis can be completed through rotation and tightening, which does not require repeated adjusting of the intestinal or mesenterial location under the operation window, and have no risk of anastomosis-site stenosis. The small incision in the distal jejunum can be brought out of the abdominal cavity for easy closure. Compared to the conventional end-to-side anastomosis operation, the semi-end-to-end esophagojejunal anastomosis is easy to perform and significantly reduces the anastomosis time, and the whole procedure can be successfully completed through a small incision. Second, the semi-end-to-end esophagojejunal anastomosis can effectively reduce the risk of anastomosis-site stenosis. In conventional esophagojejunal anastomosis, a stapler is required for insertion through the jejunal end, and the size of the anastomosis-site does not reflect the size of the channel for food passage after esophagojejunal anastomosis. As a result, anastomotic stenosis frequently occurs. However, by performing semi-end-to-end esophagojejunal anastomosis, the size of the anastomosis-site is equivalent to the size of the channel for food passage, which is also the actual size of the stapler. Therefore, anastomotic stenosis will not occur as long as the anastomosis is completed successfully. Third, semi-end-to-end esophagojejunal anastomosis reduces the anastomotic tension, which reduces the risk of anastomotic leaks. The anastomosis-site can also be easily retracted to the esophagus hiatus after the esophagojejunal anastomosis. Therefore, this method of semi-end-to-end esophagojejunal anastomosis can effectively reduce the anastomotic tension in obese patients and patients receiving esophageal dissection at a high plane, thereby reducing the risk of anastomotic leaks. However, our study also has some limitations. This study enrolls a relatively few patients and it lacks a proper control group to assess the clinical efficacy of this new method. Despite these, we still believe this is an important foundation of the subsequent researches and large-scaled, prospective, randomized, controlled trials are needed to evaluate the short-term and long-term outcome of this new method.    

In conclusion, the application of semi-end-to-end esophagojejunal anastomosis after LATG is a safe and feasible procedure, which can be easily performed and has a short operation time for anastomosis. In addition, this procedure can effectively reduce the incidence of anastomotic stenosis and other postoperative complications.
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Figure 1  A diagram of gastrointestinal reconstruction after laparoscopic total gastrectomy. A: The anvil was inserted into the esophagus; B: The esophagus was dissected; C: The anvil was pulled out from the esophagus; D: The jejunum was transected, and a 3-cm longitudinal incision was made at 10-15 cm from the jejunum distal end; E: The circular stapler was inserted into the jejunum; F: Esophagojejunal anastomosis was performed; G: Semi-end-to-end esophagojejunal anastomosis was completed; H: Roux-en-Y anastomosis was completed. 

Fig 2

[image: image2.jpg]



Figure 2  Surgical diagram of esophagojejunal anastomosis after laparoscopic total gastrectomy. A: The anvil was inserted into the esophagus; B: The esophagus was dissected; C: The anvil was pulled out from the esophagus; D: The jejunum was transected, and a 3-cm longitudinal incision was made at 10-15 cm from the jejunum distal end; E: The circular stapler was inserted into the distal jejunum; F: Esophagojejunal anastomosis was performed; G: Semi-end-to-end esophagojejunal anastomosis was completed; H: The jejunum incision was closed transversely.
Fig 3
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Figure 3  Postoperative Barium meal examination demonstrates normal perfusion after semi-end-to-end esophagojejunal anastomosis. The anastomosis site is noted by the open arrow.
Table 1  Characteristics and operative data of patients undergoing laparoscopic total

Gastrectomy reconstructed with semi-end-to-end anastomosis.
	Characteristic
	Data

	Gender (Male/Female)
	15/11

	Age (yr)
	58.6 ± 13.4

	Body mass index (kg/m2)
	23.5 ± 5.1

	Operation time (min)
	257 ± 36

	Anastomotic time (min)
	51 ± 17

	Blood loss (mL)
	88 ± 46

	Postoperative hospital stay (d)
	8 ± 3

	Complication
	0


