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Objectives: Laparoscopic proximal gastrectomy has been a common treatment strategy for proximal early gastric cancer. The conventional double-flap technique (DFT), also called Kamikawa method, does not require vagus nerve preservation, which is precisely crucial to maintain quality of life and prevent postoperative reflux esophagitis.



Methods: A single-center retrospective analysis was conducted on 37 gastric cancer patients undergoing laparoscopic proximal gastrectomy with vagus nerve preservation and double-flap technique. The hepatic and celiac branches were both preserved. A seromuscular double-flap was created through the auxiliary incision, and the anastomosis between the oesophagus and the remnant stomach was performed under laparoscopy.



Results: 2.7% of the patients suffered from slight anastomotic stricture but subsequently recovered after conservative treatment. No patients experienced anastomotic bleeding or leakage. No food residue and GERD (Los Angeles classification grade B or higher) were observed in any patients 6 months later. Ultrasonography showed that the gallbladder contractile function was normal in all patients.



Conclusion: Although long-term follow-up and a larger number of patients are required to evaluate the functional outcomes, our technique provides a minimally invasive surgical option for proximal early gastric cancer, especially in the prevention of postoperative reflux esophagitis.
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Introduction

The Japanese gastric cancer treatment guidelines (JGCG) defined standard gastrectomy as the adequate stomach resection and D2 lymph node dissection (1). Due to a low incidence of lymph node metastasis and excellent long-term survival in early gastric cancer (EGC), function-preserving gastrectomy (FPG) was started for EGC to reduce surgical invasiveness and address the postoperative quality of life (QOL) (2–4). The primary aim of FPG involved the preservation of the autonomic nerves as well as the maintenance of the physiological gastrointestinal hormonal secretion. Thus, apart from reducing the extent of gastrectomy, the surgeons aimed to preserve the pylorus and the perigastric vagus nerve during the surgical procedure (5). Actualy, pylorus-preserving gastrectomy (PPG) and proximal gastrectomy (PG), which were thought to be the ideal methods to fulfill the three elements of FPG, were generally performed in EGC according to limited indications.

The prevalence of proximal EGC has been increasing continuously during the past two decades in Western and Asian countries (6, 7). Accompanying this trend, PG was labeled as FPG and preferred over total gastrectomy (TG) as it could mitigate the nutritional deterioration and weight loss associated with the latter (8, 9). It was expected that PG would preserve the remaining functioning of the remnant distal stomach, including the pyloric ring function that prevented biliary reflux as well as a lower rate of dumping syndrome (10, 11). However, patients who undergo PG might also suffer from esophageal reflux, which could lead to poor QOL (12–14). JGCG proposed three types of reconstructions, namely, esophagogastrostomy (EG), double-tract reconstruction (DTR), and jejunal interposition (JI) (1). EG is simplified by its requirement of a single anastomosis and conforms to physiological structure, and it is usually performed with another anti-reflux procedure, such as gastric tube (15), side overlap (16) or double-flap reconstruction (DFR) (17). The perigastric vagus nerve mainly refers to the hepatic branches and the celiac branches. The preservation of the hepatic branches could prevente postoperative gallstones formation and facilitated gastric motility (18). The celiac branches were related to the motility of the duodenum and the proximal jejunum, as well as the regulation of gastrointestinal hormone secretion (19). In the present study, laparoscopic PG with VNP and double-flap technique (DFT) was successfully performed in 37 patients, representing a novel technique for proximal EGC. The preliminary results and technical aspects of the surgical technique were discussed.



Materials and methods


Patients

From March 2020 to May 2022, 37 patients underwent laparoscopic PG with VNP and DFT. Our research strictly followed the guidelines of the Helsinki Declaration, and received ethical approval from The Second Affiliated Hospital of Soochow University. In addition, all study subjects provided informed consents prior to the initiation of the study. Indications for this surgery included the tumor being located in the upper third of the stomach without esophageal invasion, the depth of tumor invasion confined to T1, no lymph node involvement, and lesions that could not be treated by endoscopic mucosal resection or local resection. Patients underwent upper gastrointestinal angiography before discharge. The six-month follow-up visit involved a postoperative interview regarding gastroesophageal reflux disease (GERD Q scoring systems). All patients received endoscopic and ultrasonic examination 6 months later to determine GERD (Los Angeles classification grade B or higher) and gallbladder contraction function. Demographic and clinicopathological characteristics were summarized using descriptive analysis (mean ± SD).



Surgical techniques

The patients received general anesthesia and were positioned supine. The surgeon and assistant stayed on each side of the patient, while the scopist stayed in the middle. After creating a pneumoperitoneum at the umbilicus, we inserted a 2D laparoscope into one of the four (5 or 12 mm) ports on each side of the patient's upper abdomen.

Firstly, the omentum was dissected from the mesocolon around the transition zone of lymph node station 4d whilst preserving the right gastroepiploic vessels. Any posterior adhesion of the stomach was dissected. Next, the retroperitoneum was proximally dissected away along the spleen till the left gastroepiploic vessels were recognized and they were then divided using hemoclips (station 4sb). The short gastric arteries were dissected close to the upper spleen pole (station 4sa). Lymph nodes stations 11d and 10 were not routinely dissected. Then, the gastric fundus was isolated by separating the gastrodiaphragmatic ligament. To prevent injury to the hepatic branches that emerge from the anterior trunk of the vagus nerve, they were located after a midline incision was made to fenestrate the gastrohepatic ligament (Figure 1a). The anterior gastric branches were identified and dissected by following the vagus nerve's hepatic branches to their proximal sides. Afterwards, Laparoscopic proximal gastrectomy was accomplished using vagus nerve preservation and the double-flap approach in patients who had their stomachs preserved to a two-thirds level (Figure 1b). The surrounding tissue of the abdominal oesophagus was shifted to the actinal side, exposing the front of the abdominal oesophagus (Figure 1c). Dissecting the retroperitoneum involves opening the anterior crus of the right diaphragm and taping the trunk of the posterior vagus nerve by exfoliating the oesophagus. When the posterior vagus nerve was traced, the posterior gastric branches could be located and dissected (Figure 1d). When the left gastric artery was close to the celiac ganglia, it was contacted by celiac branches that had branched off from the posterior trunk. They proceeded to split and cut the left gastric vein. The distal celiac branches were used to cut and divide the left gastric artery (Figure 1e). Retracting the posterior trunk of the vagus nerve toward the surgeon allowed for the dissection of lymph node along the left gastric artery (Figure 1f). The posterior gastric artery was severed and dissection continued through the spleen (station 11p) and lymph node stations 8a and 9. A 60-mm Endo-Gia endoscopic linear stapler was used to transect the exposed oesophagus. A 5-cm incision was made in the patient's upper abdominal region, through which the stomach was removed. The surgeon observed the lesions and transected the stomach with a linear stapler whilst maintaining an adequate surgical margin and retaining two-thirds of the stomach.
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FIGURE 1
Preservation of hepatic branches and celiac branches. (a) The hepatogastric ligament was separated below the hepatic division to retain the hepatic branches. (b) The second branch of the right gastric artery was dissected. (c) The front of the abdominal oesophagus was exposed. (d) The posterior vagus nerve trunk was excised between the oesophagus and diaphragmatic crus. (e) The left gastric artery was separated just distal to the celiac division junction and left gastric artery to preserve the celiac branches. (f) The lymph node was dissected whilst preserving the celiac branches.


By making a further incision around 1–2 cm from the proximal resection stump, a seromuscular double-flap (2.5 cm × 3.5 cm) was created on the front surface of the remaining stomach. The connective tissue between the muscle and the mucosa was cut under proper tension. The gastric mucosa was exposed for anastomosis, keeping a 1 cm gap from the lower flap end. Anastomotic stricture was prevented by keeping this gap slightly greater than the width of the oesophagus. At the flap's upper edge, the posterior side of the oesophagus was attached to the remaining stomach using three-point sutures (Figure 2a). Hand sewing method was used to anastomosize the oesophagus to the stomach remnant using a V-Loc suture (Figure 2b). For the posterior wall, a continuous single-layer suture was used between all layers of the oesophagus and gastric mucosa. The anterior wall was sutured using a layer-to-layer technique, with one continuous suture connecting the oesophagus and stomach mucosa, and another interrupted suture connecting the stomach seromuscular and oesophageal muscular layers (Figure 2c). The Y-shaped flap was then secured in place along the midline to encompass the biggest feasible region of the anastomosis (Figure 2d).
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FIGURE 2
Double-flap technique of the oesophagus and gastric remnant. (a) Three-point sutures were made between the posterior side of the oesophagus and the upper edge of the seromuscular flap on the remnant stomach. (b) The posterior wall was anastomosed using a V-Loc continuous suture. (c) The anterior wall was anastomosed using a layer-to-layer suture. (d) The anastomotic site was covered with the seromuscular double-flap.





Results

The present study included 11 female and 26 male patients with a median age of 68 years and a median BMI of 23.2. Cancer invaded the mucosa in 17, and submucosa in 20 patients. A median of 270 min (245–320 min) and 70 mL of blood was lost during surgery (range of 40–130 mL). All patients were provided a liquid diet on the second day after operation. The x-rays taken one week after operation. One patient suffered from slight anastomotic stricture but subsequently recovered after conservative treatment. The contrast media passed smoothly through the anastomosis into the duodenum, resulting in no marked regurgitation into the oesophagus in all the patients. Patients did not suffer from postoperative anastomotic bleeding or leakage, wound-related issues, pancreatic fistulae, or luminal bleeding. Lung infection occurred in 2 patients but was resolved with antibiotic treatment. The mean postsurgical hospitalization was 9.6 ± 4.1 days. Symptoms of gastroesophageal reflux were noted in 3 patients and these symptoms were relieved by antacids 6 months later. All patients received endoscopic and ultrasonic examination. No food residue and GERD (Los Angeles classification grade B or higher) were observed in any patients. B-mode ultrasonography showed that the volume of the gallbladder was large in 2 patients and the contractile function was normal in all patients (Table 1).



TABLE 1 Clinicopathologic characteristics and surgical outcomes of 37 patients who underwent LPG with VNP and DFT.



	Variable
	Value





	Age (years; median)
	68 (35–81)



	Sex



	 Male/female
	26/11



	 BMI (kg/m2; median)
	23.2 (20.8–28.3)



	 Tumor size (cm; mean ± SD)
	2.0 ± 1.5



	Depth of invasion



	 pT1a/ pT1b
	17/20



	pN stage



	 N0/N1/N2/N3
	35/2/0/0



	Resected lymph nodes (number; median)
	31.1 (23–45)



	Time of surgery (min; mean ± SD)
	270 ± 45



	Conversion to open laparotomy
	0



	Hospital-stay post-operation (day; mean ± SD)
	9.6 ± 4.1



	Complication



	 Anastomosis leakage
	0



	 Anastomosis stricture
	1 (2.7%)



	 Anastomosis bleeding
	0



	 Pancreatitis/Pancreatic fistula
	0



	 Intra-abdominal bleeding
	0



	 Wound problem
	0



	 Lung infection
	2 (5.4%)



	 Gallbladder contractile dysfunction
	0



	 Food residue and reflux esophagitis
	0



	 Symptoms of gastroesophageal reflux
	3 (8.1%)



	 Mortality
	0









Discussion

The increase in the incidence rate of proximal EGC has attracted attention to study the long-term prognosis as well as improved postoperative QOL. Compared with TG, PG has been found to result in reduced supplemental feeding, decreased incidences of vomiting and diarrhea, as well as improved ability to maintain weight loss (8). EG requires a single anastomosis and conforms to a physiological structure. However, the major concern for EG is reflux esophagitis, which adversely affects the post-operative QOL. Two reasons can explain this result, i.e., the resection of the cardia and the injury of the vagus nerve. Thus, ideal reconstruction methods were investigated to prevent reflux esophagitis. Kamikawa described an anti-reflux procedure based on EG, which was also called DFR (17). A multicenter retrospective study has provided evidence supporting the feasibility and utility of this method (20). The critical parts of this reconstruction involved the creation of the seromuscular double flap and the implanted length of the esophagus, which affected esophageal reflux symptoms as the flap would provide a one-way valve function. Although DFR was effective for treating gastroesophageal reflux, it could not resolve the anastomoses. Therefore, a routine intraoperative gastroscopy was performed during the operation to check the size and patency of the anastomosis (21). Furthermore, it was found that the diameter of the esophagus <18 mm was an independent risk factor for postoperative anastomotic stenosis with DFR (22, 23). In our series, we did not perform this reconstruction for patients with the diameter of the esophagus <2 cm. Intraoperative gastroscopy was not routinely performed, and none of the patients developed anastomotic stricture. Preserving as much remnant stomach as possible is another important factor in maintaining postoperative QOL. Nomura et al. (24) found that EGC patients benefited from half gastrectomy rather than the typical two-thirds gastrectomy in laparoscopic distal gastrectomy (DG). Under the premise of ensuring sufficient margin, it was recommended to preserve two-thirds of the stomach in our surgical procedure.

On the other hand, the vagus nerve plays an important role in the functional integrality of abdominal organs. The perigastric vagus nerve mainly refers to the hepatic branches and the celiac branches. It has been previously reported that the hepatic branches correlated with the function of the liver and biliary system, facilitated bile excretion, and prevented postoperative gallstone formation, which might reduce the incidence of cholecystolithiasis (18, 25, 26). Moreover, the hepatic branches have been shown to facilitate gastric motility post-gastrectomy (19). The celiac branches were known to associate with the motility of the upper gastrointestinal tract in dogs (27). Similar results were seen in humans, and the celiac branches were related to the motility of the duodenum and the proximal jejunum (19). Furthermore, the celiac branches were also related to the regulation of gastrointestinal hormone secretion. Takiguchi et al. (28) reported that the celiac branches were essential in postprandial ghrelin reduction, which was considered necessary for maintaining homeostasis and controlling energy balance. However, the vagus nerve was usually resected during radical gastrectomy, which caused post-gastrectomy syndromes, such as diarrhea, delayed gastric emptying, and gallstone. It has been reported that preserving the hepatic branches could prevent postoperative gallstone formation and maintain gastric motility after laparoscopic DG and PPG (18, 29). Nunobe et al. (30) reported that preserving the celiac branches decreased the delayed emptying as compared to the previous results of PPG. A randomized controlled trial revealed that preservation of the vagus nerve could significantly reduce diarrhea and appetite loss at 12 months postoperation compared with conventional distal gastrectomy (31). Although some studies about vagus nerve preservation on gastric motility and diarrhea were controversial (32), these contradictory results could be explained by possible unnoticed injuries to the vagus nerve during surgical procedure. Since PG preserves the distal stomach and pylorus, preservation of the vagus nerve is theoretically more meaningful. A limited number of studies were designed to investigate the value of vagus nerve preserving in PG with lower esophageal sphincter preserved (33–36). However, under the premise of ensuring sufficient margin, the lower esophageal sphincter resection is inevitable in most cases.

Considering the role of gastric motility and cardia sphincter in anti-reflux, we performed LPG with vagus nerve preservation and DFR in the present study. The hepatic and celiac branches were routinely preserved in our surgical procedure. In fact, the hepatic branches were very thin in most cases, which were usually resected inadvertently during surgery. Compared with open surgery, the laparoscopic view allows magnified visualization, which made it easier to perform this delicate operation with accuracy. We located the hepatic branches in laparoscopic view. After fenestration of the gastrohepatic ligament via an upper midline incision, the hepatic branches bifurcating from the anterior trunk of the vagus nerve were identified and were fastened to protect them from damage. After dissecting the retroperitoneum, we opened the anterior surface of the right crus of the diaphragm and taped the trunk of the posterior vagus nerve by exfoliating the esophagus. The celiac branches splitting from the posterior trunk approached the left gastric artery as it neared the celiac ganglion. The left gastric artery was clipped and divided at the point distal to the celiac branches. Retraction of the posterior trunk of the vagus nerve toward the surgeon enabled the lymph node dissection along the left gastric artery. Although there were many variations in the relationship between the celiac branches and the left gastric artery (37), we consider that preserving the celiac branches did not affect the dissection of the stations 7 lymph node in most cases.

In the present study, we successfully performed LPG with VNP and DFT in 37 patients. All patients received endoscopic and ultrasonic examination. No food residue and reflux esophagitis occurred in any of the patients. B-mode ultrasonography showed that the gallbladder contractile function was normal in all patients. The present study has some limitations. First, this was a retrospective study with a small sample size at a single institution. Second, quality of life was not evaluated in these patients because it was not fully followed-up using a validated questionnaire. Third, the comparison of outcomes did not include other reconstructions, including esophagogastrostomy, jejunal interposition, and double-tract reconstruction, after LPG. A randomized clinical trial with equivalent background characteristics among the reconstructions after LPG is required to further analyze the advantages of our method.



Conclusion

Although long-term follow up and a larger number of patients are required to evaluate functional outcomes, our new technique provides a minimally invasive surgical option for proximal EGC, especially in the cardiac area. A randomized clinical trial with equivalent background characteristics among the reconstructions after LPG is required to further analyze the advantages of our method.
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