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Abstract 

Background: Recently, due to increasing reports of stenosis after esophagojejunostomy created using circular 
staplers and a transorally inserted anvil (OrVil™) following laparoscopic proximal gastrectomy (LPG) and total gastrec‑
tomy (LTG), linear staplers are being used instead. We investigated our preventive procedure for esophagojejunos‑
tomy stenosis following use of circular staplers.

Methods: Since the anastomotic stenosis is considered to be mainly caused by tension in the esophageal and 
jejunal stumps at the anastomotic site, we have been performing procedures to relieve this tension, by cutting off the 
rubber band and pushing the shaft of the circular stapler toward the esophageal side, since July 2015. We retrospec‑
tively compared the incidence of anastomotic stenosis in cases of LPG and LTG performed before July 2015 (early 
phase, 30 cases) versus those performed after this period (later phase, 22 cases).

Results: Comparison of the incidence of anastomotic stenosis according to the type of surgery, LPG or LTG, and 
between the two time periods versus all cases, indicated a significantly lower incidence in the later phase than in the 
early phase (4.5 vs. 26.7%, p < 0.05), especially for LPG (0 vs. 38.5%, p < 0.05).

Conclusions: It is possible to use a circular stapler during laparoscopic esophagojejunostomy, as with open surgery, 
if steps to reduce tension on the anastomotic site are undertaken. These procedures will contribute to the spread of 
safe and simple laparoscopic anastomotic techniques.
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Background
Although the incidence of gastric cancer is expected to 
decrease in the future due to the decrease in H. pylori 
infection, the number of gastric cancer patients has 
been increasing or leveling in Japan due to the aging of 
patients [1]. Furthermore, an increase in cancers at the 
upper third of the stomach and the esophagogastric junc-
tion (EGJ) has been observed [2, 3], and the incidence of 
performance of total and/or proximal gastrectomy, which 
is more difficult than distal gastrectomy, is increasing. 
With a focus on minimally invasive surgery, laparoscopic 
gastrectomy has become common for early gastric cancer 
[4, 5]. Hence, there is demand for a technique that can be 
safely performed even with more difficult operations and 
in high-risk patients.

For early gastric cancer limited to the upper third of 
the stomach, we typically perform laparoscopic proximal 
gastrectomy (LPG), with reconstruction by the double 
tract (DT) method or jejunal interposition (JIP) method 
[5]. For extensive early gastric cancer not localized to the 
upper third of the stomach or multiple early gastric can-
cers, laparoscopic total gastrectomy (LTG) with Roux en 
Y reconstruction is performed [6]. Both of these surgi-
cal procedures involve the important step of esophago-
jejunostomy, which has the potential to cause problems 
related to the anastomotic site, which have a great impact 
on postoperative quality of life (QOL) since they can 
delay oral intake and prolong the duration of hospital stay 
[7]. Although we perform esophagojejunostomy using 
a circular stapler (CS) and a transorally inserted anvil 
(OrVil™, Covidien, Mansfield, MA, USA), many surgeons 
use a linear stapler and perform reconstruction using 
functional end to end anastomosis [8, 9] or an overlap 
method [10, 11] because of the high incidence of occur-
rence of anastomotic stenosis with laparoscopic surgery 
[12–14]. On the other hand, esophagojejunostomy using 
a CS is still commonly used in open total gastrectomy 
[15, 16]. In this study, we aimed to resolve the uncertain-
ties related to laparoscopic use of a CS.

In terms of the difference between open surgery and 
laparoscopic surgery, the former provides an adequate 
field of view, while the latter requires certain special 
measures to obtain an adequate surgical field. Further, a 
single stapling technique (SST) using CS is used in open 
surgery, while the latter uses a hemi-double stapling tech-
nique (HDST) with an OrVil™ anvil delivery system. We 
investigated whether the occurrence of anastomotic ste-
nosis is reduced by minimizing these differences and per-
forming a near-open procedure that reduces anastomotic 
tension.

Methods
Study design and patient selection
This retrospective cohort study was conducted at Tokai 
University Hachioji Hospital after being approved by the 
Institutional Review Board for Clinical Research at Tokai 
University. In this study, we retrospectively evaluated 
22 patients who underwent LPG (DT: 16 patients, JIP: 6 
patients) and 30 patients who underwent LTG from April 
2013 to March 2019. All of these cases were followed 
up at our outpatient clinic, and upper gastrointestinal 
endoscopy (UGE) was performed within one year after 
surgery. If the patient complained of dysphagia, UGE 
was performed as quickly as possible using a 9.9-mm-
diameter endoscope (GIF-Q260J; OLYMPUS Co., Ltd., 
Tokyo, Japan). In this study, if passage of the GIF-Q260J 
endoscope was unsuccessful at the first attempt, the 
esophagojejunostomy orifice was deemed to have devel-
oped anastomotic stenosis. In such cases, endoscopic 
balloon dilatation (EBD) was performed. Briefly, a bal-
loon catheter (CRE wire-guided balloon dilation cath-
eter; Boston Scientific, Natick, MA, USA) was inserted 
through the endoscope, and the 15/18-mm diameter bal-
loon was gradually filled with water and maintained at 
an adequate pressure for 1–2  min. After the dilatation, 
the endoscope was confirmed to easily pass through the 
anastomotic site without force. If restenosis was recog-
nized, balloon dilatation was repeated until the stenosis 
was adequately treated.

Since we opined that the anastomotic stricture is 
caused by tension on the esophageal and jejunal walls, 
in July 2015 we decided to perform an additional intra-
operative procedure to release this tension. The period 
before we started performing our tension-relieving pro-
cedure was considered as the early phase, and the subse-
quent period was regarded as the later phase. In addition, 
as described below, since JIP only crimps the jejunum on 
the caudal side of the gastrojejunostomy during DT, with 
the procedure for esophagojejunostomy being the same, 
we compared cases of LPG reconstructed using both JIP 
or DT versus cases of LTG alone. Anastomotic leakage as 
a complication related to anastomosis and pancreatic fis-
tula as a complication related to lymph node dissection 
were also investigated.

Although neoadjuvant chemotherapy (NAC) has been 
recommended for stage IB-III gastric cancer accord-
ing to European Society for Medical Oncology (ESMO) 
Clinical Practice Guidelines [17] and National Compre-
hensive Cancer Network (NCCN) Guidelines [18], we do 
not administer it in all cases because the latest Japanese 
Gastric Cancer Treatment Guideline (JGCTG 2018; ver. 
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5) recommends NAC only for resectable gastric cancer 
cases with bulky lymph node metastasis. On the other 
hand, since postoperative adjuvant chemotherapy with 
oral tegafur / gimeracil / oteracil (S-1) is recommended 
for stage II and S-1 ± Oxaliplatin for stage III cases, all 
such patients were treated in accordance with the guide-
lines after receiving their consent.

Our surgical procedures and the study protocol were 
approved by the Human Ethics Review Committees 
of Tokai University School of Medicine (Institutional 
Review Board number 14R043). Written, informed con-
sent was obtained from each enrolled patient before the 
surgery, in accordance with the Declaration of Helsinki.

Laparoscopic procedure
Patients were placed in the reverse Trendelenburg posi-
tion with their legs apart. The surgeon stood between the 
patient’s legs, the first assistant (standing on the left side) 
handled the laparoscope with the left hand and assisted 
the operator with his right hand. The second assistant 
(standing on the right side) assisted the operator with 
his right hand. A vertical incision about 2  cm in length 
was made at the umbilicus for insertion of a 12 mm port, 
and the laparoscope was inserted into the port after crea-
tion of the pneumoperitoneum. Next, a 5 mm port was 
inserted on the right and a 12 mm port was inserted on 
the left, at a position about 6–8 cm lateral to the navel. 
In addition, a 5 mm port was inserted on the right and a 
12 mm port on the left slightly above and 12–14 cm lat-
eral to the navel. Nathanson’s retractor inserted just cau-
dal to the xiphoid process was used to elevate the round 
ligament and the lateral segment of the liver. In all our 
cases, LPG and LTG were performed with D1 + lymph 
node dissection according to Japanese treatment guide-
lines [19]. In principle, D2 lymphadenectomy is indicated 
for cN + or ≥ cT2 tumors and D1 or D1 + lymphadenec-
tomy is recommended for cT1N0 tumors, according to 
NCCN guidelines [18]. However, D2 lymph node dissec-
tion with total gastrectomy requires additional resection 
of the spleen in cases needing hilar lymph node dissec-
tion according to the JGCTG 2010 guidelines (ver. 3) 
(English edition), although this procedure is no longer 
recommended except in cases of total gastrectomy for 
proximal gastric cancer that does not invade the greater 
curvature, according to the latest JGCTG guidelines (ver. 
5). Following this guideline, our strategy for lymph node 
dissection in LTG cases is equivalent to the current D2 
lymph node dissection.

LPG
DT method
In order to resect half to one-third of the proximal stom-
ach, gastric transection was performed using a linear 

stapler, with the line of dissection extending orally from 
the pylorus to 10–12 cm along the lesser curvature and 
15–17  cm along the greater curvature. The esophagus 
was transected slightly obliquely from the right to the left 
side with a linear stapler. At this time, proximal gastrec-
tomy was completed. The umbilical wound was extended 
longitudinally to a length of 4 cm, and a wound retractor 
(Alexis Wound Retractor M, Applied Medical, Rancho 
Santa Margarita, CA, USA) was inserted. The gastrec-
tomy specimen was pulled out extracorporeally through 
the minilaparotomy and the proximal margin was evalu-
ated. A surgical glove was attached to the wound protec-
tor, and pneumoperitoneum was re-established. Next, 
the OrVil™ system (DST EEA 25; Covidien) was inserted 
orally toward the right edge of the esophageal stump 
along with its anvil. Further, the mesentery supporting 
a section of the jejunum between 20–30  cm from the 
ligament of Treitz was dissected along with the corre-
sponding jejunum (Fig. 1a), using a linear stapler for the 
distal jejunal dissection. The jejunum was then pulled 
out through the minilaparotomy. Next, the head of the 
shaft of the CS (DST EEA XL™ shaft (Covidien)) passing 
through a surgical glove was inserted orally through the 
incised jejunum that had been pulled out from the abdo-
men, 10–15 cm from the oral end of the jejunal stump, 
and the central rod was introduced from just at the cau-
dal side of the jejunal stump (Fig. 1b). At this time, a rub-
ber band was used to secure the jejunum to the head of 
the shaft, to prevent slippage of the jejunal stump from 
the shaft. A surgical glove was attached to the wound 
protector, and pneumoperitoneum was re-established. 
The jejunal stump and the head of the shaft were simul-
taneously re-inserted into the abdominal cavity (at this 
time, these were observed using a laparoscope inserted 
via the 12  mm port on the left flank), and anastomosis 
was performed under a good visual field (HDST, Fig. 1c). 
Further, anastomosis was performed using Albert-Lem-
bert sutures between the insertion hole of the CS and 
the oral edge of the remnant stomach to complete the 
jejunogastrostomy under direct vision. The resultant 
anastomotic diameter was approximately 6  cm. Finally, 
a side-to-side jejunojejunostomy 20 cm from the caudal 
end of the jejunogastrostomy was performed extracor-
poreally (Fig.  1d). Petersen’s defect and the mesenteric 
gap were closed intracorporeally.

JIP method
After the DT reconstruction was completed, the jeju-
num on the caudal side of the jejunogastrostomy was 
crimped with a knifeless linear stapler to achieve recon-
struction by the JIP method.
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LTG
Roux en Y method
After the procedures on the side of the greater curvature 
along with D1 + lymph node dissection were performed, 
transection of the duodenum 1 cm away from the pyloric 
ring was performed using a linear stapler. After perform-
ing the procedures on the side of the lesser curvature 
along with D1 + lymph node dissection, the esophagus 
was slightly obliquely transected from the right to the 
left side with a linear stapler. At this time, total gastrec-
tomy was completed. The umbilical wound was extended 
longitudinally to a length of 4  cm, and a wound retrac-
tor was inserted. The specimen was pulled out extracor-
poreally through the minilaparotomy and the proximal 
margin was evaluated. A surgical glove was attached to 
the wound protector, and pneumoperitoneum was re-
established. Then, the OrVil™ system (DST EEA 25; 
Covidien) was inserted orally toward the right edge of 
the esophageal stump and its anvil was positioned. Fur-
ther, the mesentery supporting a section of the jejunum 

between 20 and 30  cm away from the ligament of Tre-
itz was dissected along with the corresponding jejunum 
(Fig.  1e), and the jejunum was pulled out through the 
minilaparotomy. Then, the jejunum was dissected with 
a linear stapler at the oral end of the jejunum of which 
the mesentery was dissected, to obtain the part of the 
jejunum that connected with the esophageal stump. The 
head of the shaft of the CS was inserted by incising the 
oral edge of the caudal side of the jejunum of which the 
mesentery was dissected, and the center rod of the CS 
was introduced from the jejunum while maintaining its 
blood flow (Fig. 1f ). As with LPG, to prevent slippage of 
the jejunal stump from the shaft, a rubber band was used 
to secure the sacrificed jejunum to the head of the shaft. 
Next, a pneumoperitoneum was created using surgical 
gloves, and the jejunum and the head of the shaft were 
simultaneously inserted into the abdominal cavity (at this 
time, these were observed with a laparoscope inserted 
via the 12  mm port in the left flank of the abdomen). 
Anastomosis was performed under a good visual field 

Fig. 1 Schematic illustration of the steps of intracorporeal esophagojejunostomy in laparoscopic proximal and total gastrectomy. Laparoscopic 
proximal gastrectomy: a The mesentery supporting the section of the jejunum between 20–30 cm from the ligament of Treitz was dissected 
along with the jejunum. b The head of the shaft of the CS [DST EEA XL™ shaft (Covidien)] was inserted in the cranial direction through the incised 
jejunum, 10–15 cm from the oral end of the jejunal stump, and the central rod was introduced from just at the caudal side of the jejunal stump. c 
The jejunal stump and the head of the shaft were simultaneously inserted into the abdominal cavity, and anastomosis was performed under a good 
visual field. d Completed reconstruction following laparoscopic proximal gastrectomy. Laparoscopic total gastrectomy: e The mesentery supporting 
the section of the jejunum between 20–30 cm from the ligament of Treitz was dissected along with the jejunum to harvest the jejunum for 
anastomosis. f The head of the shaft of the CS was inserted by incising the oral edge of the caudal part of the jejunum of which the mesentery was 
dissected, and the center rod of the CS was introduced from the jejunum while maintaining its blood flow. g Anastomosis was performed under a 
good visual field. h Completed reconstruction following laparoscopic total gastrectomy
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(HDST, Fig. 1g). Then, the shaft of the CS was removed, 
and the jejunum into which the shaft of the CS had been 
inserted was transected with a linear stapler to complete 
the esophagojejunostomy. In addition, a side-to-side 
jejunojejunostomy with a linear stapler was performed 
extracorporeally to create a Roux-en-Y limb (Fig.  1h). 
Petersen’s defect and the mesenteric gap were closed 
intracorporeally.

Technique to avoid anastomotic stenosis
Since it is thought that the rubber band used to fix the 
jejunum to the shaft of the CS (DST EEA XL™ shaft) 
causes tension on the jejunum, and hauling the shaft 
of the CS toward the caudal side causes tension on 
the esophagus, when the esophagus and jejunum were 
brought close to each other, the rubber band was cut 
and the jejunum on the caudal side was pushed toward 
the cranial side to reduce jejunal tension, and the shaft 
of the CS was pushed toward the cranial side to reduce 
esophageal tension (Fig.  2a) for both LPG (Fig.  3a) 
and LTG (Fig. 3b). At this time, it was necessary to be 

careful that the surrounding tissues were not sand-
wiched between the esophageal stump and the lifted 
jejunum. As a result, the anastomotic diameter became 
wider (Fig. 2a). If this step was not performed, it would 
result in a narrower anastomotic diameter (Fig.  2b). 
Since we believed that performing this procedure 
would eliminate the tension between the esophagus and 
jejunum and prevent anastomotic stenosis, we decided 
to perform this procedure with all three reconstructive 
methods in cases performed after July 2015.

We retrospectively compared the incidence of anasto-
motic stenosis, anastomotic leakage and pancreatic fis-
tula in cases of LPG (with DT, JIP) and LTG performed 
before July 2015 (early phase, 30 cases) versus those 
performed after this period (later phase, 22 cases). 
Anastomotic stenosis and leakage were assessed using 
the Clavien-Dindo classification [20]. Furthermore, 
postoperative pancreatic fistula was assessed according 
to the International Study Group on Pancreatic Fistula 
(ISGPF) grading 2016 [21].

Fig. 2 Schematic illustration of our technique to avoid anastomotic stenosis. a When the esophagus and jejunum were brought close to each 
other, the rubber band was cut and the jejunum on the caudal side was pushed toward the cranial side to reduce jejunal tension, and the shaft of 
the CS was pushed toward the cranial side to reduce esophageal tension. This resulted in a wider anastomotic diameter. b If this was not done, the 
anastomotic diameter was likely to be narrower
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Statistical analysis
Statistical analysis was performed using the χ2 test, 
Fisher’s exact test, and Student’s t-test. Mann–Whit-
ney’s U test was used for multiple comparisons. All 
statistical analyses were performed using the JMP® 
software program, ver. 13 (SAS Institute Inc., Cary, 
NC, USA). A p value of less than 0.05 was considered 
significant.

Results
The patients’ characteristics and operative findings 
stratified according to the operative period are shown 
in Table  1. A total of 52 patients underwent gastrec-
tomy, either LPG or LTG, 30 patients in the early 
phase and 22 patients in the later phase. In the LTG 
group, the median follow-up period was 58.2 ± 12.7 
(35–73) months in the early phase and 23.6 ± 6.5 
(14–34) months in the later phase. In the LPG group, 

Fig. 3 Intracorporeal esophagojejunostomy to avoid anastomotic stenosis. a During laparoscopic proximal gastrectomy, the anastomosis is 
performed after completely connecting the esophageal and jejunal stumps, while reducing the tension on them. b The anastomosis is similarly 
performed after laparoscopic total gastrectomy

Table 1 Characteristics of patients stratified according to operative period

LPG Laparoscopic proximal gastrectomy, DT Double tract method, JIP Jejunal interposition method, LTG Laparoscopic total gastrectomy, N.S. not significant

Early phase (n = 30) Later phase (n = 22) P value

Age (years) 69.1 ± 9.0 68.3 ± 9.6 N.S

Sex (Male: Female) 24:6 15:7 N.S

Body mass index (kg/m2) 22.7 ± 2.9 22.8 ± 3.4 N.S

Operative time (min) 354.9 ± 48.7 362.0 ± 47.5 N.S

Blood loss (mL) 102.8 ± 118.9 104.5 ± 105.6 N.S

LPG, DT 8 8 N.S

LPG, JIP 5 1

LTG (no. of cases) 17 13

Time to liquid diet (days) 7.9 ± 7.7 7.2 ± 5.3 N.S

Hospital stay (days) 17.3 ± 12.5 16.7 ± 12.2 N.S

LPG

 Stage IA 8 6 N.S

 IB 3 2

 IIA 0 1

 IIB 2 0

LTG

 Stage IA 11 3 N.S

 IB 1 3

 IIA 2 3

 IIB 2 3

 IIIA 1 1
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the median follow-up period was 54.8 ± 14.3 (37–74) 
months in the early phase and 23.8 ± 8.3 (14–35) 
months in the later phase. There were no clinical drop-
outs in this patient series, except for two patients, one 
each in the LTG and LPG groups, who died of diseases 
unrelated to the gastric cancer. There was no signifi-
cant difference in background factors between these 
two groups. Among the complications related to the 
anastomosis, one patient (4.5%) in the LPG group had 
Grade IIIb anastomotic leakage (Table 2). Six patients 
had grade B pancreatic fistula according to the ISGPF 
grading 2016, constituting 20.0% (6/30) of all patients. 
Pancreatic fistula might have been common only in 
the LTG group because of the presence of relatively 
advanced cancer cases in this group. Grade IIIa anas-
tomotic stenosis was observed in five patients in the 
LPG group and four patients in the LTG group. When 
the incidence of anastomotic stenosis was compared 
in cases of LPG and LTG performed in the early phase 
(30 cases) versus those performed in the later phase 
(22 cases), it was significantly lower in the later phase 
(4.5%) than in the early phase (26.7%) (p < 0.05). Subse-
quently, when LPG and LTG were examined separately, 
the incidence of anastomotic stenosis in the later 
phase was significantly reduced in the LPG group (0 
vs. 38.5%, p < 0.05). In the LTG group, although there 
was no significant difference between the two phases, 
anastomotic stenosis in the later phase was found in 
only one case (7.7% vs. 17.6%). EBD was performed for 
all these cases as soon as the stenosis was diagnosed 
endoscopically. EBDs were performed 7.2 ± 6.3 (1–15) 
times in LPG cases, and 2.3 ± 1.5 (1–4) times in LTG 
cases. There was one patient in the LPG group with 
grade IIIb anastomotic leakage that resulted in severe 
postoperative anastomotic stenosis, in whom EBD was 
repeated 15 times.

Discussion
With the increase in the number of patients with gastric 
cancer in the upper third of the stomach and at the EGJ, 
LPG and LTG have been more frequently performed as 
minimally invasive surgery for maintenance of postop-
erative QOL [6, 22, 23]. Furthermore, the procedures 
allow performance of a safe reconstruction method with 
less complications. With proximal gastrectomy in par-
ticular, the JIP and DT reconstruction methods, in which 
the jejunum is placed between the lower esophagus and 
remnant stomach, have been actively performed in order 
to prevent reflux esophagitis. At some institutes, esoph-
agogastrostomy is performed by the double flap tech-
nique to prevent reflux [24, 25], although if the remnant 
stomach is too small, the JIP method or DT method is 
used instead of reconstruction. In esophagojejunostomy, 
anastomosis using the OrVil™ system was previously fre-
quently reported [26, 27]. However, due to the high inci-
dence of anastomotic stenosis that has been reported, a 
number of institutes have recently been performing the 
overlap method or functional end-to-end method using 
a linear stapler. On the other hand, at the time of open 
surgery, esophagojejunostomy using a CS is commonly 
and usually used, with subsequent anastomotic stenosis 
occurring only very rarely [15]. So, why is stenosis of the 
esophagojejunostomy more of a problem in laparoscopic 
surgery? Generally, anastomotic stenosis occurs second-
ary to scar contracture or anastomotic leakage-induced 
stricture [28]. Stenosis after use of the OrVil™ system is 
mostly due to scar contracture and usually improves with 
balloon dilatation. However, the scar contracture usually 
occurs following specific steps of the anastomotic proce-
dure. The cause of the anastomotic stenosis in esophago-
jejunostomy using DST or HDST is thought to be tension 
at the anastomotic site due to traction on the Roux limb 
[14, 22], or ischemia at the site where the staple lines 
meet, both of which might lead to fibrosis [14]. How-
ever, since we believe that tension on the anastomotic site 

Table 2 Incidence rate of postoperative complications according to the operative method and study period

a vs.b and cvs.d, p < 0.05 (Fisher’s exact test), LPG Laparoscopic proximal gastrectomy, LTG Laparoscopic total gastrectomy

Anastomotic stenosis and leakage were assessed according to the Clavien-Dindo classification, and postoperative pancreatic fistula was assessed according to the 
ISGPF grading 2016

Op. method Period Complications

Anastomotic stenosis Anastomotic leakage Pancreatic fistula

LPG + LTG Early phase
Later phase

8/30 (26.7)a

1/22 (4.5)b
1/30 (3.3)
0/22 (0)

4/30 (13.3)
2/22 (9.1)

LPG Early phase
Later phase

5/13 (38.5)c

0/9 (0)d
1/13 (7.7)
0/9 (0)

0/13 (0)
0/9 (0)

LTG Early phase
Later phase

3/17 (17.6)
1/13 (7.7)

0/17 (0)
0/13 (0)

4/17 (23.5)
2/13 (15.4)
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during anastomotic procedures might be the main cause 
of fibrosis, as shown in Fig. 2a, we devised procedures to 
reduce tension at the anastomotic site at the time of anas-
tomosis. This resulted in complete absence of anasto-
motic stenosis after LPG, with a decrease in the tendency 
to anastomotic stenosis after LTG, although there was no 
significant difference as compared to the early period.

Fukagawa et  al. [15] described an incidence rate of 
4.1% for stenosis of the esophagojejunostomy after open 
gastrectomy, which was more common in women, with 
proximal gastrectomy, and with the use of a narrow-sized 
stapler. In our study, anastomotic stenosis with LTG was 
observed in two males and two females, although all 
cases of anastomotic stenosis following LPG occurred 
in males. Since we used a 25  mm OrVil™ system in all 
cases, we could not compare the results in terms of the 
size of the stapler. Comparison of postoperative com-
plications showed that the incidence of pancreatic fis-
tulas was higher in LTG cases, probably because cancer 
stage was slightly higher in patients who underwent LTG 
rather than LPG. On the other hand, the incidence of 
anastomotic stenosis was 22.7% (5/22) in patients who 
underwent LPG, and was slightly higher than the inci-
dence of 13.3% (4/30) in LTG patients. Fukagawa et  al. 
[15] reported that the incidence rates of anastomotic 
stenosis were 7.8% in open proximal gastrectomy, and 
3.4% in open total gastrectomy. This suggests that anas-
tomotic stenosis might be observed in both laparoscopic 
and open proximal gastrectomy. On the other hand, it 
is worth noting that the procedure for avoiding anasto-
motic stenosis was particularly effective in LPG cases. 
However, we cannot make a simple comparison in our 
study because the insertion site in the jejunum into 
which the CS was inserted was different between LTG 
and LPG, although it is possible that anastomotic steno-
sis was reduced by reducing anastomotic tension in both 
types of surgeries.

Shim et  al. [29] performed and compared four types 
of intracorporeal esophagojejunostomy: conventional 
anvil head method (the anvil was retrogradely inserted 
into the esophageal stump), the OrVil™ system method, a 
hemi-double stapling technique with anvil head (the anvil 
head is inserted after making a small hole in the anterior 
wall of the stomach) and side to side esophagojejunos-
tomy with a linear stapler for esophagojejunostomy after 
LTG. The former two methods might be preferable when 
the tumor is close to the EGJ, and the latter two meth-
ods might be preferable when the tumor is at least 3 cm 
caudal to the EGJ. Although this indication might not 
be currently applicable due to recent advances in surgi-
cal procedures at the inferior mediastinum [30], it is cer-
tainly possible that the esophagojejunostomy procedure 
that we usually follow for LPG allows easy anastomosis 

higher in the mediastinum. However, due to the reported 
risk of contamination by oral bacteria during insertion 
of the anvil head, it seems necessary to consider the 
cleanliness of the oral cavity and perform careful device 
insertion.

Our study has several limitations. This was a single-
institution study that involved only a small number 
of cases. However, the most important limitation was 
related to the learning curve [10]. Since the incidence of 
anastomotic stenosis was divided between early and later 
periods for comparison, we cannot rule out the fact that 
improvement in technical skills had significant influence 
on the results. However, it is worth noting that the inci-
dence of anastomotic stenosis dramatically decreased 
before and after taking measures to relieve anastomotic 
tension. Certainly, since there were many cases of anas-
tomotic stenosis in the early phase, although we initially 
thought of switching from anastomosis with a CS to that 
with a linear stapler, we no longer felt the need to do so 
in the later period. Hence, we believe our anastomotic 
technique allowed esophagojejunostomy, which is the 
most stressful part of the latter half of the operation, to 
be easily performed using the CS, as in open gastrectomy. 
However, further randomized clinical trials comparing 
groups with and without techniques to reduce tension 
will be needed to verify the procedures that might be 
effective in avoiding anastomotic stenosis.

Conclusions
It is possible to use a CS for esophagojejunostomy dur-
ing laparoscopic gastrectomy, as in open surgery, if pro-
cedures to reduce tension on the anastomotic site are 
undertaken. These procedures will likely contribute to 
the spread of safe and simple anastomotic techniques.

Abbreviations
LPG: Laparoscopic proximal gastrectomy; DT: Double tract method; JIP: Jejunal 
interposition method; LTG: Laparoscopic total gastrectomy; QOL: Quality of 
life; CS: Circular stapler; SST: Single stapling technique; HDST: Hemi‑double 
stapling technique; UGE: Upper gastrointestinal endoscopy; EBD: Endoscopic 
balloon dilatation; NAC: Neoadjuvant chemotherapy; ESMO: European Society 
for Medical Oncology; NCCN: National Comprehensive Cancer Network; 
JGCTG : Japanese gastric cancer treatment guideline; ISGPF: International 
Study Group on Pancreatic Fistula.

Acknowledgements
Not applicable

Authors’ contributions
EN and HK conceived the study concept and design, analyzed the data and 
wrote the manuscript. EN, HK, AK and SY performed the operations. TS, RA, HY, 
SU and HI collected and analyzed the patient data. MM and HM revised the 
draft. All authors read and approved the final manuscript.

Funding
This research received no specific grant from any funding agency in the pub‑
lic, commercial, or not‑for‑profit sectors.



Page 9 of 9Nomura et al. BMC Surg           (2021) 21:47  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
Our surgical procedures and the study protocol were approved by the Insti‑
tutional Review Board for Clinical Research, Tokai University (approval number 
14R043). Written, informed consent was obtained from each enrolled patient 
before the surgery, in accordance with the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 25 October 2020   Accepted: 6 January 2021

References
 1. Inoue M. Changing epidemiology of helicobacter pylori in Japan. Gastric 

Cancer. 2017;20:S3–7.
 2. Blaser MJ, Saito D. Trends in reported adenocarcinomas of the 

oesophagus and gastric cardia in Japan. Eur J Gastroenterol Hepatol. 
2002;14:107–13.

 3. DeMeester SR. Adenocarcinoma of the esophagus and cardia: a review of 
the disease and its treatment. Ann Surg Oncol. 2006;13:12–30.

 4. Katai H, Mizusawa J, Katayama H, Kunisaki C, Sakuramoto S, Inakai N, 
et al. Single‑arm confirmatory trial of laparoscopy‑assisted total or 
proximal gastrectomy with nodal dissection for clinical stage1 gastric 
cancer: Japan Clinical Oncology Group study JCOG1401. Gastric Cancer. 
2019;22:999–1008.

 5. Nomura E, Kayano H, Lee SW, Kawai M, Machida T, Yamamoto S, et al. 
Functional evaluations comparing the double‑tract method and jejunal 
interposition method following laparoscopic proximal gastrectomy for 
gastric cancer: an investigation including laparoscopic total gastrectomy. 
Surg Today. 2019;49:38–48.

 6. Tokuhara T, Nakata E, Tenjyo T, Kawai I, Kondo K, Ueda H, et al. Stenosis 
after esophagojejunostomy with the hemi‑double‑staplingtechnique 
using the transorally inserted anvil  (OeVilTM) in Roux‑en‑Y reconstruction 
with its efferent located on the patient’s left side following laparoscopic 
total gastrectomy. Surg Endosc. 2019;33:2128–34.

 7. Tanaka R, Lee SW, Kawai M, Tashiro K, Kawashima S, Kagota S, et al. Proto‑
col for enhanced recovery after surgery improves short‑term outcomes 
for patients with gastric cancer: a randomized clinical trial. Gastric Cancer. 
2017;20:861–71.

 8. Ebihara Y, Okushiba S, Kawarada Y, Kitashiro S, Katoh H. Outcome of 
functional end‑to‑end esophagojejunostomy in totally laparoscopic total 
gastrectomy. Langenbecks Arch Surg. 2013;398:475–9.

 9. Gong CS, Kim BS, Kim HS. Comparison of totally laparoscopic total gas‑
trectomy using an endoscopic linear stapler with laparoscopic‑assissted 
total gastrectomy using a circular stapler in patients with gastric cancer: a 
single‑center experience. World J Gastroenterol. 2017;23:8553–61.

 10. Inaba K, Satoh S, Ishida Y, Taniguchi K, Isogaki J, Kanaya S. Overlap 
method: novel intracorporeal esophagojejunostomy after laparoscopic 
total gastrectomy. J Am Coll Surg. 2010;211:e25–9.

 11. Kunisaki C, Makino H, Takagawa R, Kimura J, Ota M, Ichikawa Y, et al. A 
systematic review of laparoscopic total gastrectomy for gastric cancer. 
Gastric Cancer. 2015;18:218–26.

 12. Umemura A, Koeda K, Sasaki A, Fujiwara H, Kimura Y, Iwaya T, et al. Totally 
laparoscopic total gastrectomy for gastric cancer: Literature review and 
comparison of the procedure of esophagojejunostomy. Asian J Surg. 
2014;38:102–12.

 13. Inokuchi M, Otsuki S, Fujimori Y, Sato Y, Nakagawa M, Kojima K. Systematic 
review of anastomotic complications of esophagojejunostomy after 
laparoscopic total gastrectomy. World J Gastroenterol. 2015;21:9656–65.

 14. Zuiki T, Hosoya Y, Kaneda Y, Kurashina K, Saito S, Ui T, et al. Stenosis after 
use of the double‑stapling technique for reconstruction after laparos‑
copy assisted total gastrectomy. Surg Endosc. 2013;27:3683–9.

 15. Fukagawa T, Gotoda T, Oda I, Deguchi Y, Saka M, Morita S, et al. Stenosis 
of esophago‑jejuno anastomosis after gastric surgery. World J Surg. 
2010;34:1859–63.

 16. Hosogi H, Kanaya S. Intracorporeal anastomosis in laparoscopic gastric 
cancer surgery. J Gastric Cancer. 2012;12:133–9.

 17. Smyth EC, Verheij M, Allum W, Cunningham D, Cervantes A, Arnold D. 
Gastric cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment 
and follow‑up. Ann Oncol. 2016;27:v38‑49.

 18. Ajani JA, Bentrem DJ, Besh S, D’Amico TA, Das P, Denlinger C, et al. Gastric 
cancer, version2.2013, featured updates to the NCCN guidelines. Jnccn. 
2013;11:531–46.

 19. Japanese Gastric Cancer Association. Japanese gastric cancer treatment 
guidelines 2014 (ver.4). Gastric Cancer. 2017;20:1–19.

 20. Dindo D, Demartines N, Clavien PA. Classification of surgical complica‑
tions. A new proposal with evaluation in a cohort of 6336 patients and 
results of a survey. Ann Surg. 2004;240:205–13.

 21. Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, et al. 
The 2016 update of the International Study Group (ISGPS) definition 
and grading of postoperative pancreatic fistula: 11 years after. Surgery. 
2017;161:584–91.

 22. Kinoshita T, Gotohda N, Kato Y, Takahashi S, Konishi M, Kinoshita T. Laparo‑
scopic proximal gastrectomy with jejunal interposition for gastric cancer 
in the proximal third of the stomach: a retrospective cpmparison with 
open surgery. Surg Endosc. 2013;27:146–53.

 23. Nomura E, Okajima K. Function‑preserving gastrectomy for gastric cancer 
in Japan. World J Gastroenterol. 2016;22:5888–95.

 24. Kuroda S, Nishizaku M, Kikuchi S, Noma K, Tanabe S, Kagawa S, et al. 
Double‑flap technique as an antireflux procedure in esophagogastros‑
tomy after proximal gastrectomy. J Am Coll Surg. 2016;223:e7‑13.

 25. Hayami M, Hiki N, Nunobe S, Mine S, Ohhashi M, Kumagai K, et al. Clinical 
outcomes and evaluation of laparoscopic proximal gastrectomy with 
double‑flap technique for early gastric cancer in the upper third of the 
stomach. Ann Sur Oncol. 2017;24:1635–42.

 26. Jeong O, Park YK. Intracorporeal circular stapling esophagojejunostomy 
using the tranorally inserted anvil(OrVilTM) after laparoscopic total gas‑
trectomy. Surg Endosc. 2009;23:2624–30.

 27. Hirahara N, Monnma H, Shimojo Y, Matsubara T, Hyakudomi R, Seiji Y, et al. 
Reconstruction of the esophagojejunostomy by double stapling method 
using  EEATM  OrVilTM in lapsroscopic total gastrectomy and proximal 
gastrectomy. World J Surg Oncol. 2011;9:55.

 28. Chen KN. Managing complications I: leaks, strictures, emptying, reflux, 
chylothorax. J Thoracic Dis. 2014;6:S355–63.

 29. Shim JH, Yoo HM, Oh SI, Nam MJ, Jeon HM, Park CH, et al. Various types of 
intracorporeal esophagojejunostomy after laparoscopic total gastrec‑
tomy for gastric cancer. Gastric Cancer. 2013;16:420–7.

 30. Noshiro H, Miyasaka Y, Akashi M, Iwasaki H, Ikeda O, Uchiyama A. Mini‑
mally invasive esophagogastrectomy for esophagogastric junctional 
cancer. Ann Thorac Surg. 2012;93:214–20.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Preventive procedure for stenosis after esophagojejunostomy using a circular stapler and transorally inserted anvil (OrVil™) following laparoscopic proximal gastrectomy and total gastrectomy involving reduction of anastomotic tension
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and patient selection
	Laparoscopic procedure
	LPG
	DT method
	JIP method

	LTG
	Roux en Y method
	Technique to avoid anastomotic stenosis

	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


