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Abstract

AIM: To introduce a simple and safe anvil insertion technique to esophagus during laparoscopic total gastrectomy (LTG).

METHODS: Between July 2010 and December 2012, 58 consecutive patients with early gastric cancer underwent LTG were enrolled. We performed a simple and safe Roux-en-Y esophagojejunostomy using the double stapling technique to all patients. Then patients’ characteristics, perioperative outcome and histopathologic data were analyzed retrospectively.

RESULTS: The mean age and body mass index were 59.3 ± 9.7 years and 22.7 ± 2.6 kg/m2. The mean operation, reconstruction and anvil insertion times (from gastric incision to linear stapling) were 251.8 ± 57.0, 43.1 ± 2.8 and 4.2 ± 1.9 min, respectively. Intraoperative blood loss was 204.6 ± 156.3 mL and there was no open conversion. The postoperative complications were in 8 cases (delayed gastric emptying in 4 cases, pulmonary complication in 2 cases, pancreatitis in 1 case, anastomotic stricture in 1 case). Anastomotic stricture occurred after discharge and was recovered by endoscopic intervention. The patients were discharged at a mean of 9.6 ± 2.0 d after surgery. Neither leakage nor bleeding from the esophagojejunostomy occurred postoperatively. The mean proximal margin of specimen was 2.7 ± 2.8 cm

CONCLUSION: Roux-en Y esophagojejunostomy using the double stapling technique is simple and rapid, and it may offer a solid, alternative reconstruction method for LTG or proximal gastrectomy.
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Core tip: Although laparoscopic total gastrectomy for upper gastric cancer has become popular in Korea, esophagojejunostomy remains a difficult procedure. Recently introduced intracorporeal esophagojejunostomy methods facilitate more convenient anastomosis. We describe the modified double stapling technique (which has been used in colorectal surgery) for esophagojejunostomy after laparoscopic total gastrectomy (LTG). Although it cannot be used for all patients undergoing LTG because of the lack of long-term survival data, this double stapling technique can provide easy and safe anastomosis after LTG. In particular, it may be a considerable option for inexperienced surgeons.
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INTRODUCTION

In the last decade, laparoscopic gastrectomy after laparoscopic surgery for early gastric cancer has been increasingly used worldwide. Laparoscopic-assisted distal gastrectomy and even totally laparoscopic distal gastrectomy are now commonly performed to treat early gastric cancer in Korea. 

D1+ lymph node dissection and Roux-en-Y esophagojejunostomy are generally accepted as standard laparoscopic total gastrectomy (LTG) procedures for treating early gastric cancer. LTG has become as common as laparoscopic distal gastrectomy; however, LTG is still technically challenging when dissecting short gastric arteries (lymph node 4sa), as well as when performing esophagojejunostomy[1,2]. With improved surgical skills and the development of laparoscopic instruments, LTG with lymph node dissection is less complicated, and stapling devices provide excellent anastomosis, with low failure or leakage rates. Nevertheless, purse-string sutures and anvil insertions are still problematic due to the narrow operation field or the need for more experienced manipulations[3,4].

Various techniques and instruments for intracorporeal esophagojejunostomy have been reported, and intracorporeal suture is no longer a specialized procedure. However, some techniques, such as OrVilTM or overlap methods, might still be little complicated and time consuming for inexperienced surgeons. Therefore, we have devised a simple, rapid anvil insertion technique (i.e., the double stapling technique for Roux-en-Y esophagojejunostomy) that can be used after performing LTG. Despite its simplicity, it has rarely been reported in large LTG cohorts. The details of this technique are described herein.

MATERIALS AND METHODS
Patients

Between July 2010 and December 2012, 58 consecutive patients (42 men and 16 women) with early gastric cancer underwent LTG using this double stapling esophagogastrostomy technique at Pusan National University Hospital. Patients with early gastric cancer invading the upper third part of the stomach without lymph node metastasis were included in the study. Patients with tumors located within 2 cm of the esophagogastric junction were excluded from this study because of the possibility of tumor spillage during anastomosis. Patient selection was based on preoperative examinations, including endoscopic ultrasonography, esophagogastroduodenoscopy and abdominal computed tomography. We also retrospectively analyzed the patients’ characteristics, as well as their intraoperative and postoperative outcomes.

Surgical techniques

Each patient was placed in the lithotomy position. The operator stood on the right side of the patient. The first assistant stood on the left side, and the scopist stood between the patient’s legs. Then, a CO2 pneumoperitoneum was established through a 10 mm umbilical port, with pressure maintained at < 15 mmHg. Five ports were inserted in the abdomen, same to conventional laparoscopic gastrectomy (Figure 1). After completing the resection procedure, including D1+ lymph node dissection (except for the esophageal transection), Roux-en-Y reconstruction was performed using modified double-stapling esophagojejunostomy, as follows. 

Firstly, anvil preparation: A 5-cm length of stay-suture was applied to the tip of the anvil (Premium Plus CEEA 25, US Surgical, Norwalk, CT, United States), and a 3- to 4-cm mini-laparotomy was performed at the site of the left lower port (Figure 2A). The mini-laparotomy wound was retracted and protected with a laparotomy wound retractor (Alexis Wound Retractor; Applied Medical, CA, United States). The anvil was inserted into the abdominal cavity through the mini-laparotomy, and the pneumoperitoneum was re-established by sealing off the laparotomy wound retractor with a surgical glove (Figure 2B).

Secondly, anvil insertion: Gastrotomy was performed approximately 1 to 2 cm below the esophagogastric junction (away from the tumor mass), and it could be extended approximately 3 cm across the esophagogastric junction using a harmonic scalpel (Ethicon Endo-Surgery, Cincinnati, OH, United States) (Figure 3A). The prepared anvil was inserted into the esophagus through the gastrotomy and then placed in the thoracic esophagus (Figure 3B). Subsequently, the distal esophagus was transected with an Endo GIA linear stapler (Endo GIA 60, US Surgical, Norwalk, CT, United States). Then, to avoid disrupting the stay-suture during the linear stapling, the stay-suture was cranially lifted while dividing the distal esophagus (Figure 3C). The stay-suture was pulled through the remaining hole until the anvil reached the esophageal stump (Figure 3D). The gastrotomy site was grasped with forceps, or a laparoscopic bulldog clamp was used to prevent spillage of the gastric contents. The resected specimen was delivered through the mini-laparotomy.

Thirdly, jejunojejunostomy: The jejunum was brought out through the mini-laparotomy and divided 15 to 20 cm distal to the ligament of Treitz. An extracorporeal end-to-side jejunojejunostomy was manually performed 45 cm below the site at which the esophagojejunostomy would be performed (Figure 4A).

Lastly, esophagojejunostomy: For intracorporeal use, a surgical glove was attached to the circular stapler. The circular stapler was inserted into the Roux limb, which was tied to the body of the circular stapler to prevent separation from the jejunum (Figure 4B). Then, the body of the circular stapler was introduced into the abdominal cavity, and the pneumoperitoneum was re-established using the attached surgical glove. Esophagojejunostomy was performed under laparoscopic view (Figure 5). Finally, the jejunal stump of the Roux limb was closed with an Endo GIA linear stapler.

Statistical analysis

Statistical analyses were performed using SPSS software (version 18; SPSS Inc., Chicago, IL, United States). For continuous variables, the one sample t-test was used to identify the mean value and for categorical data, frequency analysis was used. Quantitative data was expressed as mean ± SD.

The statistical methods of this study were reviewed by Professor Jin Mi Kim, who is biomedical statistician from Pusan National University Hospital.
RESULTS

A total of 58 consecutive patients underwent LTG with Roux-en-Y esophagojejunostomy using this double-stapling technique at our institute. Preoperative patient data are shown in Table 1. 

The mean operation time was 251.8 ± 57.0 min. The mean reconstruction time was 43.1 ± 2.8 min, and the mean anvil insertion time was 4.2 ± 1.9 min. There were no cases of intraoperative complications or open conversion. An upper gastrointestinal study using water-soluble contrast medium was routinely performed on the 4th postoperative day to evaluate for anastomotic leaks and strictures. In all patients, the contrast medium passed into the jejunum easily and without resistance; however, anastomotic stricture was observed in 1 patient after discharge. There was no sign of leakage at the esophagojejunostomy in any patient. Oral feeding was started at a mean of 4.9 ± 0.6 d after surgery. The mean hospital stay after surgery was 9.6 ± 2.0 d. The mean follow-up period was 26.8 ± 10.8 mo, and there were no local recurrences or cancer-related deaths (Table 2).

Advanced gastric cancer (i.e., invading beyond the submucosal layer of the gastric wall) was confirmed in 8 cases. The mean total resected lymph node number was 55.1 ± 22.0, and the mean length of the proximal margin was 2.8 ± 2.1 cm (Table 3). 

DISCUSSION

A nationwide survey in Korea by Yang et al and the Information Committee of the Korean Gastric Cancer Association reported that in 2004, laparoscopic assisted total gastrectomy was performed in only 20 patients compared with laparoscopic assisted distal gastrectomy (344 patients)[1]. In addition, the major obstacles to performing laparoscopic gastrectomy were medical insurance problems and technical difficulties. In recent years, laparoscopic gastrectomy has become a more popular and standard treatment option for early gastric cancer in most medical institutions in Korea. According to a 2009 Korea nationwide survey of gastric cancer reported by Jeong et al[5], 3783 patients (25.8% of total patients) underwent laparoscopic gastric resection. In addition, the popularity of laparoscopic gastric surgery is increasing annually due to improvements in instruments and surgical skill. Until now, however, many surgeons have been hesitant to perform LTG due to its technical difficulties, particularly the difficulties with anastomosis compared to lymph node dissection[6-8].

Since a circular stapler was first utilized in esophagojejunostomy, most esophagojejunostomies have been performed using a circular stapler in open total gastrectomy. Esophagojejunostomy during open total gastrectomy is easy and safe because open laparotomy allows for a sufficient operative field for performing the anastomosis. However, extracorporeal end-to-side esophagojejunostomy, which is generally used after LTG (in the same manner as esophagojejunostomy after open gastrectomy), cannot provide an adequate operative field for anastomosis[9,10]. Therefore, a larger incision, similar to that for open total gastrectomy, is necessary for both esophagojejunostomy and jejunojejunostomy, particularly in obese patients with a thick abdominal wall; such an incision could diminish the merits of laparoscopic surgery[11]. Various intracorporeal anastomosis techniques have been developed for this reason, thereby simplifying esophagojejunostomy. However, there is still some debate about the optimal reconstruction procedure.

Intracorporeal reconstruction can be divided into side-to-side anastomosis using a linear stapler and end-to-side anastomosis using a circular stapler. After side-to-side anastomosis was first introduced by Walther et al[12], simpler and safer (modified) methods of side-to-side anastomosis for esophagojejunostomy have been reported[13-16]. Side-to-side anastomosis has two advantages: no injury to the esophagus and no need for purse-string sutures. However, in cases of patients with a short abdominal esophagus, side-to-side anastomosis using a linear stapler would still be a difficult and complex procedure, although some length for anastomosis could be obtained through crural dissection. These methods require an expert surgeon and an assistant skilled in laparoscopic surgery. 

Various end-to-side anastomosis techniques have also been consistently reported[17-19]. The key to this anastomosis is performing the purse-string suture and inserting the anvil into a fragile/contracted esophagus. Experienced surgeons can perform manual intracorporeal purse-string suturing, which facilitates simpler and safer purse-string suturing. In addition, the development of laparoscopic instruments such as Endostich® (Autosuture, Tyco Healthcare, Mansfield, MA, United States) or Endo-PSI (Ⅱ) (Hope Electronics, Chiba, Japan) has reduced the difficulty of this procedure. However, there is still the inconvenience of manipulating the instruments in a narrow surgical space[20,21]. To overcome these problems, a method using an orally inserted anvil was first reported by Parker et al[22], followed by the double stapling technique using OrVilTM, which is designed for safer insertion through the esophagus[23]. In addition, Kunisaki et al[24] reported the feasibility of the OrvilTM method in their study of 30 patients. However, the method for using OrVilTM requires the cooperation of the anesthesiologist, and the esophagus can be damaged during anvil insertion. Although each technique has some disadvantages, the aforementioned techniques are useful when performing esophagojejunostomy after total gastrectomy if the operators are experienced.

Our double stapling technique allows for easy and safe anvil insertion because the anvil is introduced through the wide gastrotomy site, and the stomach becomes an inverted funnel-shape when the anvil is inserted into the esophagus. Furthermore, this technique reduces the operation time because anvil placement is completed with transection of the esophagus by the linear stapler, without performing a purse-string suture. In addition, a surgeon always needs to exercise caution to ensure that the linear stapler does not cut the stay-suture of the anvil. “Dog ear” formation can occur on the edge of the remaining esophagus after placing the anvil; however, it was not problematic for anastomosis in our experience. 

Similar to our method, Omori et al[25] reported another novel double stapling technique in distal gastrectomy. The authors made an anterior incision in the residual stomach, and after inserting the anvil into the stomach, they extracted the anvil tip via the greater curvature of the stomach, with a suture at the anvil tip. Furthermore, as in our study, their technique does not require purse-string sutures for tightening the anvil. Their anvil insertion time in their study was approximately 5 min, which is not significantly different from our result (4.2 ± 1.9 min).

This technique has a weakness, the oncological safety. Because there is some risk of cancer cell spillage to the peritoneal cavity through the small gastrotomy made for this technique, careful patient selection is essential. To provide a sufficiently safe margin, we excluded patients with tumors located within 2 cm of the esophagogastric junction. In this study, the mean proximal margin of the specimen was 2.8 ± 2.1 cm, which is an acceptable result. Additionally, there was no local recurrence during the 26.8-mo follow-up period, although the long-term survival rate is unknown. 

This double stapling technique was first introduced in colorectal surgery (particularly rectal cancer) for use in a narrow operative field, and its safety in colorectal surgery has already been reported and demonstrated in many studies[26-29]. Thus, the double stapling technique can be useful and time-saving for esophagojejunostomy after LTG, and recent studies have reported on its safety[23,30,31]. There was only one anastomotic stricture after discharge (a late complication), and there were no major complications, such as anastomotic leak, in the present study. The anastomotic stricture was easily managed with interventional endoscopic ballooning (Figure 6). 

There may have been some selection bias because of the retrospective nature of the study; however, we tried to obtain reliable results by collecting consecutive data. Because of oncological safety, our methods cannot be applied to all patients for whom LTG is planned; however, this double stapling technique can provide easy and safe anastomosis after LTG. In particular, it can be considerable options for inexperienced surgeons, we think.

COMMENTS

Background

Laparoscopic gastrectomy for early gastric cancer has been accepted as the standard treatment. Although laparoscopic instrument and skill has improved in the last decade, esophagojejunostomy is still technically challenging during laparoscopic total gastrectomy.
Research frontiers

Totally laparoscopic gastrectomy technique has been reported and these have a lot of advantages. In using circular stapler, anvil insertion is important point for safe anastomosis. But, the surgeon who has not wide experiences in laparoscopic surgery has some difficulties to perform anvil insertion to esophagus through the methods such as Orvil technique or manual purse-string suture.

Innovations and breakthroughs

The double stapling technique allows for easy and safe anvil insertion because the anvil is introduced through the wide gastrotomy site. Furthermore, this technique reduces the operation time because anvil placement is completed with transection of the esophagus by the linear stapler, without performing a purse-string suture. It can make the operative process simpler and provide more convenience to surgeon. 

Applications

As mentioned above, the double stapling technique by Kim et al can provide easy and safe anastomosis during laparoscopic total gastrectomy. Consequently, it can lower the barrier to entry of laparoscopic total gastrectomy because the technique is not difficult even inexperience surgeon.

Terminology

Full term of several abbreviations was described in the manuscript. Intracorporeal anastomosis is performing the anastomosis in the abdominal cavity and extracorporeal anastomosis is outside abdominal cavity. 

Peer-review

This is an interesting, relatively simple and cost-effective approach. And the authors compliment the authors for the clear explanation of their technique and for the honest comments about the potentials and limits of this technique of esophagojejunostomy. As authors state though, it cannot be applied in tumors located very close to esophagogastric junction. The number of cases is considerable.
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FIGURE LEGENDS

Figure 1  Placement of the surgical ports and mini-laparotomy. A: 5 mm; B: 5 mm; C: 12 mm (the working port); D: 10 mm (the camera port); E: 5 mm (the site of the mini-laparotomy, dotted line).
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Figure 2  Anvil preparation. A: The stay-suture is applied to the tip of the anvil; B: The anvil is inserted into the abdominal cavity through the mini-laparotomy.
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Figure 3  Anvil insertion. A: A small gastrotomy (approximately 3 cm) is performed across the esophagogastric junction using a harmonic scalpel; B: the prepared anvil is inserted into the esophagus through the gastrotomy until it reaches the thoracic esophagus; C: The distal esophagus is transected with a linear stapling. To avoid disrupting the stay-suture, the stay-suture is lifted cranially; D: The anvil is completely placed in the esophageal stump after the stay-suture is pulled out.
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Figure 4  Jejunojejunostomy. A: An extracorporeal end-to-side jejunojejunostomy is manually performed 45 cm below the site at which the esophagojejunostomy will be performed; B: For intracorporeal use, a surgical glove is attached to the circular stapler. The circular stapler is inserted into the Roux limb, and the Roux limb is tied to the body of the circular stapler to prevent separation from the circular stapler.
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Figure 5  Intracorporeal end-to-side esophagojejunostomy.
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Figure 6  Anastomotic stricture present after discharge. A: Before intervention; B: Interventional endoscopic ballooning; C: Immediate state after intervention; D: Appearance after 4 mo.
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Table 1  Patient characteristics


Variables�
�
�
Sex�
�
�
   Male�
42 (72.4)�
�
   Female�
16 (27.6)�
�
Age (yr)�
59.3 ± 9.7 (39-78)�
�
BMI (kg/m2)�
      22.7 ± 2.6 (16.6-28.1)�
�
ASA score�
�
�
   1�
25 (43.1)�
�
   2�
31 (53.4)�
�
   3�
2 (3.4)�
�
Data are expressed as mean ± SD (range) or n (%). BMI: Body mass index; ASA: American society of anesthesiologists.





Table 2  Operative and postoperative data


Variables�
�
�
Operation time (min)�
251.8 ± 57.0�
�
Reconstruction time (min)�
43.1 ± 2.8�
�
Anvil insertion time (min)�
  4.2 ± 1.9�
�
Intraoperative blood loss (mL)�
  204.6 ± 156.3�
�
Open conversion�
0�
�
Postoperative complications�
  8 (13.8)�
�
Dumping syndrome�
4 (6.9)�
�
Pulmonary complication�
2 (3.4)�
�
Anastomotic stricture�
1 (1.7)�
�
Pancreatitis �
1 (1.7)�
�
Oral intake (d)�
4.9 ± 0.6�
�
Hospital stay (d)�
9.6 ± 2.0�
�
Mean follow-up period (mo)�
26.8 ± 10.8�
�
Data are expressed as mean ± SD or n (%).





Table 3  Histopathologic data


Variables�
n (%)�
�
Tumor invasion depth�
�
�
   Mucosa (T1a)�
19 (32.8)�
�
   Submucosa (T1b)�
31 (53.4)�
�
   Muscle propria (T2)�
4 (6.9)�
�
   Subserosa (T3)�
1 (1.7)�
�
   Serosa exposed (T4)�
3 (5.2)�
�
Nodal metastasis �
�
�
   0 (N0)�
52 (89.7)�
�
   1-2 (N1)�
3 (5.2)�
�
   3-7 (N2)�
2 (3.4)�
�
   > 8 (N3)�
1 (1.7)�
�
TNM1 stage�
�
�
   IA�
46 (79.3)�
�
   IB�
4 (6.9)�
�
   IIA�
3 (5.2)�
�
   IIB�
5 (8.6)�
�
Total number of resected lymph nodes�
55.1 ± 22.0�
�
Proximal margin (cm)�
2.7 ± 2.8�
�
1TNM staging was performed according to the AJCC/UICC 7th edition. TNM: Tumor node metastasis.
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