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Abstract 
AIM: To demonstrate a new surgical technique of lower mediastinal lymphadenectomy and intrathoracic anastomosis of esophagojejunostomy using OrVilTM. 

METHODS: After a total median phrenotomy, the supradiaphragmatic and lower thoracic paraesophageal lymph nodes were transhiatally dissected. The esophagus was cut off using a liner stapler and OrVilTM was inserted. Finally, end-to-side esophagojejunostomy was created by using a circular stapler. From July 2009, we adopted this surgical technique for five patients with gastric cancer involving the lower esophagus. 

RESULTS: The median operation time was 314 min. (range; 210-367 min.), and median blood loss was 210 mL (range; 100-838 mL). The median numbers of dissected lower mediastinal nodes were 3 (range; 1-10). None of the patients had postoperative complications including anastomotic leakage and stenosis. The median hospital stay was 16 days (range: 15-20 d). The median length of esophageal involvement was 14 mm (range: 6-48 mm) and that of the resected esophagus was 40 mm (range: 35-55 mm); all resected specimens had tumor-free margins.

CONCLUSION: This surgical technique is easy and safe intrathoracic anastomosis for the patients with gastric adenocarcinoma involving the lower esophagus. 
[bookmark: OLE_LINK475]
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INTODUCTION
Adenocarcinoma of the esophagogastric junction (EGJ) is still uncommon in Japan although the number of patients with this disease has tended to increase[1-6]. For gastric cancer surgery, ensuring safe cancer-free margins and dedicated systematic lymphadenectomy are both important; however, it is sometimes difficult to achieve these two surgical principles in surgery for gastric adenocarcinoma involving the lower esophagus because of the anatomical complexity of the EGJ. Surgical approach for adenocarcinoma of the EGJ includes transhiatal, transthoracic, and left thoracoabdominal approach. 
On the basis of the results of a randomized controlled trial by the Japan Clinical Oncology Group (JCOG 9502) comparing the transhiatal with the left thoracoabdominal approach on the prognosis of patients with Siewert type II or III adenocarcinoma that extended 3 cm or less to the esophagus[7], the Japan Gastric Cancer Guideline recommends the transhiatal approach for patients with this disease[8]. Resection of the long esophageal segment through the transhiatal approach is relatively easy; however, anastomosis becomes increasingly difficult as the resected esophagus is long because the remnant esophagus has shrunk and is hidden behind the heart. The conventional method using purse-string sutures is unstable in a deep and narrow working space. Insertion of an anvil into the distal esophagus is technically difficult and stressful.
Recently, a double stapling technique with a transoral anvil delivery system (EEATM OrVilTM, Covidien Japan, Tokyo, Japan) has been used for enteral anastomoses in laparoscopy-assisted gastrectomy[9-18]. With steady insertion of the anvil, the trans-oral anvil delivery system enables safe anastomosis in surgeries that permit only small working spaces.
This is a preliminary case series of five patients with gastric adenocarcinoma involving the esophagus who underwent lower intrathoracic anastomosis through the transhiatal approach using EEATM OrVilTM.

MATERIALS AND METHODS
Patients
Between July 2009 and December 2012, five consecutive patients with gastric adenocarcinoma involving the esophagus underwent esophagojejunostomy using a transoral delivery system following total gastrectomy combined with lower esophagectomy. Patients’ clinical backgrounds are shown in Table 1. Preoperative staging was based on upper gastrointestinal endoscopy, fluoroscopy, and thoracic-abdominal computed tomography (CT) scans. All the patients had histologically confirmed gastric adenocarcinoma, of which esophageal involvement was clinically evaluated as 3 cm or shorter. No patients had any evidence of lymph node metastasis in the middle or upper mediastinum. Tumor details were described according to the Japanese classification of gastric carcinoma, 3rd English edition[19]. 

Surgical technique
All patients underwent lower mediastinal lymphadenectomy through transhiatal approach, details of which were described elsewhere[20]. After completion of lymphadenectomy, the mobilized esophagus was transected 2 cm above the tumor margin using an Endo GIA (60 mm, purple; Covidien Japan) linear stapler (Figure 1A). The OrVilTM tube was then introduced transorally into the esophagus. As the surgeon identified the OrVil tube reaching the esophageal stump, a small hole was created in the esophageal stump (Figure 1B). The tube was carefully pulled out and then the transoral anvil was positioned at the esophageal stump. Esophagojejunostomy was performed using the Roux-en-Y method. A jejunal loop was pulled-up retrocolically after dividing the jejunum approximately 20 cm from the ligament of Treitz. A circular stapler (DST Series EEATM Stapler 25; Covidien Japan) was inserted into the jejunal stump and the anvil was connected to the circular stapler (Figure 1C). After an end-to-side anastomosis was performed using the stapler, the jejunal stump was closed with Endo GIA (60 mm, purple), completing the lower intrathoracic esophagojejunostomy. A drainage tube (Salem Sump dual lumen stomach tube, 16 Fr; Covidien Japan) was inserted from the anterior chest wall through the space between the pericardium and diaphragm and positioned in the left-side chest cavity (Figure 1D). The drainage was suctioned continuously with low pressure (12 cm H2O) after the surgery. The schema of the figures were showed below of the Figure 1.

RESULTS
Surgical outcomes of the five patients are shown in Table 2. All patients successfully underwent this surgical technique with no intraoperative complications. The median operation time was 314 min (range: 210-367 min), and median blood loss was 210 mL (range: 100-838 mL). The median interval to water intake was 2 d (range: 1-3 d) and that to oral intake was 7 d (range: 6-10 d). None of the patients had postoperative surgical complications. Postoperative fluorography demonstrated no leakage or stenosis of the esophagojejunal anastomosis in all five patients. Figure 2 shows representative fluorography of the esophagojejunal anastomosis. The median hospital stay was 16 days (range: 15-20 d). 
The median length of esophageal involvement was 14 mm (range: 6-48 mm) and that of the resected esophagus was 40 mm (range: 35-55 mm); all resected specimens had tumor-free margins. 

DISCUSSION
We have herein reported the use of the EEATM OrVilTM stapler in end-to-side anastomosis for esophagojejunostomy for patients with gastric adenocarcinoma involving the esophagus. To the best of our knowledge, this is the first report of the use of a transoral anvil in lower intrathoracic esophagojejunostomy and our preliminary results showed that this technique was feasible and safe.
By literature review of PubMed database using the keywords “OrVilTM”, “gastric cancer”, and “esophagojejunostomy”, there were ten original reports describing the outcomes of esophagojejunostomy using a transoral anvil (EEATM OrVilTM) so far. However, all five reports addressed the issues of esophagojejunostomy after laparoscopic total gastrectomy for gastric cancer[9-18]. Jeong et al[9] reported that of the 16 patients who underwent esophagojejunostomy using OrVilTM in laparoscopy-assisted total gastrectomy, no patient had intraoperative complications or anastomotic complications, including leakage and stenosis. Liao et al[11] also supported the safety of esophagojejunostomy using a transoral anvil: anastomotic leakage and anastomotic stenosis occurred in one patient in their series of 21 patients undergoing laparoscopy-assisted total gastrectomy. From these reports, gastrojejunostomy using OrVilTM was acceptable in terms of fewer anastomotic complications. We successfully performed intrathoracic anastomosis with Roux-en-Y reconstruction in five patients without any anastomotic complications. 
Complete resection with no residual tumor remains the only treatment that can lead to cure in gastric cancer[21]. Obtaining a safe free margin of the distal esophagus is one of the most important problems, especially in patients with junctional cancer invading the esophagus. On the other hand, the correlation between the length of esophageal resection and free surgical margin has not been well described. In the JCOG9502 trial, the median length of the resected esophagus was 4.2 cm in the transhiatal approach, with two having positive proximal margin[7]. In the present study, the median length of the resected esophagus was 40 mm and all patients had a negative proximal margin. In our technique exposing the lower mediastinum by dissection using a lower mediastinal lymphadenectomy, a wide and good view was obtained. Using this space, we could easily cut the esophagus and insert the anvil head transorally with a sufficient tumor-free margin. 
Insertion of an anvil into the distal esophagus is technically difficult and stressful for the esophagojejunostomy. Kunisaki et al[10] and Liao et al[11] reported that total operation time and time of reconstruction were signiﬁcantly shortened when comparing mini-laparotomy and a transorally inserted anvil in laparoscopy-assisted total gastrectomy esophagojejunostomy using OrVilTM. At the same way, OrVilTM might decrease the time of reconstruction also in conventional open gastrectomy when intrathoracic anastomosis. In our series, unfortunately, the time of anastomosis was not measured, there were no trouble concerning the insertion of the OrVil and anastomosis using EEATM during surgery. In our experience, lower intrathoracic esophagojejunostomy using OrVilTM was less stressful technique.
In conclusion, we report the surgical techniques of the EEATM OrVilTM stapler in end-to-side anastomosis for esophagojejunostomy. We believe that this technique is especially useful for patients with lower intrathoracic anastomosis, in whom conventional anastomosis is difficult. 

COMMENTS
Background
For gastric cancer surgery, ensuring safe cancer-free margins and dedicated systematic lymphadenectomy are both important; however, it is sometimes difficult to achieve these two surgical principles in surgery for gastric adenocarcinoma involving the lower esophagus because of the anatomical complexity of the esophagogastric junction. 

Research frontiers
A double stapling technique with a transoral anvil delivery system (EEATM OrVilTM, Covidien Japan, Tokyo, Japan) has been used for enteral anastomoses in laparoscopy-assisted gastrectomy. With steady insertion of the anvil, the trans-oral anvil delivery system enables safe anastomosis in surgeries that permit only small working spaces.

Innovations and breakthroughs
We demonstrate a new surgical technique of lower mediastinal lymphadenectomy and intrathoracic anastomosis of esophagojejunostomy using OrVilTM. This is the first report of the use of a transoral anvil in lower intrathoracic esophagojejunostomy and our preliminary results showed that this technique was feasible and safe.

Applications
By understanding surgical procedures, this study demonstrates the photographs during the surgery and the schema of the photographs.

Terminology
A transoral anvil delivery system (EEATM OrVilTM) is one of the surgical items of anvil placement for circler stapling technique. 

Peer review
The authors preliminarily demonstrated the use of the EEATM OrVilTM stapler in end-to-side anastomosis for esophagojejunostomy and usefulness and safely in five patients.  This surgical technique is easy and safe intrathoracic anastomosis for the patients with gastric adenocarcinoma involving the lower esophagus.
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Figure 1 Intraabdominal findings of an esophagojejunostomy using a circular stapler. A: Transection of the esophagus was performed approximately 2 cm proximal to the tumor margin using an Endo GIA (60 purple; Covidien, Tokyo, Japan) linear stapler; B: The OrVilTM tube was then introduced transorally into the esophagus; C: A circular stapler (DST Series EEA Stapler 25; Covidien Japan) was inserted into the jejunal stump and the anvil was connected to the circular stapler; D: After the anastomosis, a Salem Sump Dual Lumen Stomach Tube (16 Fr; Covidien Japan) for the anastomotic site was inserted from the anterior chest wall through the space between the pericardium and diaphragm and positioned in the left-sided chest cavity (white arrowhead). Eso: Esophagus; DH: Diaphragm.
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Figure 2 Postoperative fluoroscopy. Anastomosis of the esophagojejunostomy was 6.4 cm above the diaphragm (black arrowhead) with no anastomotic leakage or stenosis.
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	Table 1  Patients’ clinical background

	
Case
	
Age
(yr)
	
Sex
	
Tumor location
	
Siewert
classification
	
c-length
(mm)
	
c-Stage
	
Co-morbidity
	
Neoadjuvant chemotherapy

	
1
	
73
	
M
	
EU
	
	
Type I
	
30
	
T3(SS)N0M0
	
DM
	
N

	2
	52
	M
	UME
	
	Others
	14
	T3(SS)N1M0
	DM
	N

	3
	80
	M
	EU
	
	Type II
	21
	T3(SS)N1M0
	CI
	N

	4
	67
	M
	UE
	
	Type II
	10
	T1b(SM)N0M0
	DM, COPD
	N

	5
	55
	M
	UE
	
	Type III
	12
	T3(SS)N2M0
	COPD
	S-1+CDDP

	
c-Stage: Clinical Stage; c-length: Clinical length of the esophageal involvement according to preoperative fluoroscopy; DM: Diabetes mellitus; CI: Cerebral infarction; COPD: Chronic obstructive Pulmonary disease; N: Not performed; M: Male.





	Table 2 Surgical outcomes

	
Case
	
Surgical procedures
	
Lymph-
adenectomy
	
Residual tumor
	
Operation time (min)
	
Blood loss (mL)
	
Start of foods
(d)
	
Hospital stay
(d)
	
e-length
(mm)
	
p-length
(mm)

	
1
	
Total GR, RY
	
	
D2
	
R0
	
367
	
838
	
10
	
	
20
	
55
	
48
	

	2
	Total GR, RY
	
	D2
	R0
	314
	270
	10
	
	16
	40
	14
	

	3
	Total GR, RY 
	
	D2
	R0
	210
	210
	7
	
	15
	52
	22
	

	4
	Proximal GR, JI
	
	D1+
	R0
	314
	100
	7
	
	18
	36
	6
	

	5
	Total GR, RY
	
	D2
	R0
	277
	140
	6
	
	15
	35
	10
	

	
Total GR: Total gastrectomy; Proximal GR: Proximal gastrectomy; RY: Roux-en Y reconstruction; JI: Jejunal interposition; R0: No residual tumor; e-length: Length of resected esophagus; p-length: Pathological length of esophageal involvement;  E: Esophagus; U: upper third of the stomach; M: middle third of the stomach; CDDP: Cisplatin, cis-diamminedichloroplatinum.
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