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Abstract

Background We have established a standard procedure

for Roux-en-Y (RY) reconstruction in laparoscopic total

gastrectomy (LTG) using esophagojejunostomy by the

overlap method (OL). We report on our RY reconstruction

technique and special approaches, and evaluate the use-

fulness of our reconstruction method based on the surgical

results of 100 patients we have experienced to date.

Methods We performed LTG in 100 patients with gastric

cancer. After total gastrectomy using five ports, the

resected stomach was extracted through a small laparo-

tomy. Through that, we performed sacrifice of the jejunum,

Y limb anastomosis, creation of the lifted jejunum. As the

OL, a side-to-side anastomosis of the lifted jejunum to the

esophageal stump was laparoscopically performed using a

linear stapler in an isoperistaltic direction, and the entry

hole was closed with full-thickness suturing. The lifted

jejunum was fixed with suture to the duodenal stump at a

location where the esophagojejunostomy site was made

linear, and the duodenal stump was buried. The mesenteric

gap was laparoscopically closed with suture.

Results The median operative time in 100 patients

undergoing LTG was 385 min, the median blood loss was

65 mL, and the median time required for the OL was

32 min. The mean hospitalization period was 10 days, and

postoperative complications included bleeding requiring

reoperation in one patient; other complications such as

pancreatic fistula in five patients (5 %) were treated

conservatively. No complication associated with anasto-

mosis occurred.

Conclusion In RY reconstruction using the OL, there

were no complications associated with the anastomosis site

in 100 consecutive patients, such as anastomotic leak or

stenosis, indicating that it is a very useful and safe recon-

struction method.

Keywords Overlap method � Roux-en-Y reconstruction �
Esophagojejunostomy � Laparoscopic total gastrectomy

Laparoscopic total gastrectomy (LTG) requires a high

degree of skill in gastrectomy with systematic lym-

phadenectomy as well as for postresection reconstruction,

and is difficult even for expert laparoscopic surgeons.

Therefore, it is not as widely used as laparoscopic distal

gastrectomy (LDG) [1–3]. Similar to laparotomy, Roux-en-

Y (RY) reconstruction is generally performed following

LTG, and various methods and approaches have been

reported for esophagojejunostomy [2, 4]. Esophagoje-

junostomy is largely performed by a circular stapler (CS)

or a linear stapler (LS) method. For the CS method, various

approaches have been employed for laparoscopic insertion

of an anvil and the main unit, and new tools such as

OrVilTM (Covidien, Mansfield, MA, USA) have been

developed based on experience with laparotomy [5–7].

Meanwhile, the LS method is a unique procedure devel-

oped for laparoscopic surgery [1, 8–11]. We selected the

LS method as appropriate for LTG because it can be used

regardless of the diameters of the esophagus and jejunum.

Furthermore, it can easily be inserted through a port for

laparoscopy, and it is slender and can easily secure a visual

field. However, despite advantages of using LS for

laparoscopic surgery, serious complications such as
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esophagojejunostomy leak, stenosis, internal hernia, and

duodenal stump fistula have been reported for RY recon-

struction using LS, similar to those for CS; therefore,

special approaches are required [2, 3]. We established a

standard method for RY reconstruction using the overlap

method (OL) with isoperistaltic side-to-side esophagoje-

junostomy by adding special approaches to prevent com-

plications, such as linear anastomosis, prevention of

excessive mobility of the lifted jejunum, duodenal stump

covering, and mesenteric gap closure. Herein, we report the

short-term results for 100 patients who underwent RY

reconstruction using the OL, and demonstrate the details of

the new anastomosis technique, which is an advancement

over the conventional OL.

Methods

Patients

The subjects were 100 patients who had undergone LTG

and RY reconstruction using the overlap method for the

diagnosis of gastric cancer at Kariya Toyota General

Hospital between April 2011 and April 2015. One surgeon

(HK) participated as an operator or a supervisory assistant.

The Japanese classification of gastric carcinoma, 14th

edition [12], was used for all patients; total gastrectomy

was indicated in all patients according to the Japanese

gastric cancer treatment guidelines [13].

Operative methods

Setting

Patients underwent surgery in an open-leg position under

general anesthesia. The same port arrangement, forceps,

and energy device (ultrasound incision device, electric

scalpel) were used in all surgeries. ECHELON FLEXTM

ENDOPATH� Stapler 45 mm (Ethicon Endo-Surgery,

LLC Guaynabo, Puerto Rico, USA) was used as the LS for

gastric resection and reconstruction. PDS�II and

PROLENE� (Ethicon, Inc., Somerville, New Jersey, USA)

were used as absorbable and non-absorbable suture threads,

respectively.

A 12 mm video port was inserted into the subumbilical

area. Two operator ports were placed: a 5 mm port in the

right hypochondrium, and a 12 mm lower right port medial

and caudal to the 5 mm port, with a fist-size distance

between them. One 5 mm assistant port was placed in the

left hypochondrium and another 5 mm port was placed at

the height of the umbilicus, caudal and medial to the first

port. A liver retractor was inserted from the right side

immediately below the manubrium to elevate the round

ligament and the lateral segment of the liver. Surgery with

CO2 pneumoperitoneum (8 mmHg) was performed

(Fig. 1).

Gastrectomy

D1? or D2 lymphadenectomy was performed with the

addition of splenectomy or pancreatic tail resection when

required. The LS used for cutting and reconstruction was

inserted through the lower right port, and was operated by

the surgeon’s right hand. The duodenum was resected

immediately below the pylorus, from the caudal side to the

cranial side with the LS (1.5 mm closed staple height

cartridge). The esophagus was transected from the right to

the left side with the LS (1.8 mm cartridge). The resected

stomach was collected in a bag and removed through the

small laparotomy (the extended umbilical port wound).

Reconstruction

Creation of the lifted jejunum, Y limb anastomosis

The jejunum was guided outside the abdominal cavity

through the small laparotomy, and transected 25 cm from

the ligament of Treitz with the LS (1.0 mm cartridge).

From there, the mesentery was transected along the jeju-

num to the anal side, and the distal side of the jejunum

(approximately 15 cm) to be sacrificed was prepared. The

prepared jejunum was resected with the LS (1.0 mm car-

tridge), and the jejunum of the anal side was lifted. The

staple line on the stump was buried with interrupted 4-0

absorbable suture. A 1 cm hole was made on the antime-

senteric side of the lifted jejunum, approximately 45 cm to

the anal side. Another 1 cm hole was made by resecting the

stapled site on the antimesenteric side of the oral side

Fig. 1 Arrangement of port sites. LR Liver retractor, black circle

12 mm trocar for the scope, gray circle 12-mm trocar for insert of

linear stapler, triangle 5 mm trocar
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jejunal stump. The forks of the LS (1.0 mm cartridge) were

inserted through each hole and fired side-to-side. The entry

hole, through which the LS was inserted, was opened

toward the direction where a V-shaped staple line was

created in the inner cavity, and closed with continuous 4-0

absorbable suture. The exposed staple line was buried and

sutured. To insert the anvil fork of the LS, a 1 cm hole was

made on the antimesenteric side, 5 cm to the anal side from

the apex of the lifted jejunum. The extracorporeally oper-

ated small intestine was returned to the abdominal cavity,

and a port was inserted through the small laparotomy,

which was sutured.

Overlap method of esophagojejunostomy

The left end of the stapled line on the cut-off stump of the

esophagus was transected by 1 cm, and a small hole was

made at the esophagus. The lifted jejunum was guided to

the left side of the esophagus via the antecolic route, and

the anvil fork was inserted through the small hole. A

transnasal gastric tube was inserted into the abdominal

cavity through the small hole made at the esophagus; using

this as a guide, the cartridge fork of the LS (1.5 mm car-

tridge) was inserted into the esophagus (Fig. 2A). The LS

was fired in an isoperistaltic direction with the esophagus

stump on the right side and the lifted jejunal stump on the

left side (Fig. 2B). A supporting thread was placed on both

ends of the entry hole to create a V-shaped staple line

between the esophagus and jejunum. Using 3-0 absorbable

suture, single-ligation full thickness suture with 11–13

stitches was performed using the extracorporeal slip knot

technique for closure (Fig. 2C).

Fixation of the lifted jejunum, mesenteric gap closure

The lifted jejunum was fixed to the duodenal stump at a

position where the esophagojejunostomy site was made

linear with 3 stitches and single ligation using 3-0

absorbable suture, and the staple line on the duodenum was

covered with the jejunal wall. The mesenteric gap created

between the lifted jejunum and the Y limb anastomosis site

and Petersen’s defect were respectively closed laparo-

scopically using 3-0 non-absorbable suture (Fig. 2D). A

closed-type drain was placed dorsal to the esophagoje-

junostomy site through the lower right port wound.

Postoperative management

All patients received the same postoperative management

according to a critical pathway. On the first postoperative

day, the transnasal gastric tube was removed and patients

started ambulation. Water was started on postoperative day

(POD) 1. On POD 3, all patients started a liquid diet after

undergoing gastrointestinal contrast-enhanced imaging to

check for leakage and passage at the anastomosis site.

Drains were removed on POD 5, with discharge on a soft

diet on POD 8–10. Patients were followed regularly in the

outpatient department.

Results

To date, RY reconstruction using the OL has been con-

ducted in 100 patients by 7 surgeons. In these continuous

100 cases of LTG indication, there were no cases of using

anastomosis method other than OL.There were 76 men and

24 women, with a median age of 69 years and body mass

index (BMI) 22.0 kg/m2. The median tumor diameter was

45 mm, and the clinical stages were Ia in 45 patients, Ib in

15, IIa in 6, IIIa in 13, IIIb in 4, IIIc in 7, and IV in 4

(Table 1). The types of surgery were total gastrectomy in

98 patients and total resection of the gastric remnant in 2

patients. The median operative time was 379 min, blood

loss was 65 mL, and the time required for the OL was

32 min. Concurrent resections included spleen resection in

10 patients, pancreatic tail/spleen resection in 5, and

cholecystectomy for concurrent gallstone in 5; descending

colon resection in 1, and transverse colon resection in 1

were performed for early-stage colorectal cancer. Postop-

erative complications were noted in 6 patients, including

postoperative bleeding (bleeding from short gastric artery

stump) in 1 patient, Grade B pancreatic fistula (based on

the criteria of the international study group on pancreatic

fistula [14]) in 3, and pseudomembranous enterocolitis in 2.

One patient with postoperative bleeding underwent reop-

eration, and others received conservative treatment. No

patients had complications associated with anastomosis or

reconstruction, such as anastomotic leak, stenosis, or stasis.

The median first day of food intake was day 3, and the

median hospitalization period was 10 days (Table 2). The

patients have been followed for up to 4 years in the out-

patient department; 1 patient had Petersen’s hernia 2 years

after surgery and 1 had strangulating intestinal obstruction

caused by band formation resulting from greater omentum

adhesion to the staple of the Y limb anastomosis site

9 months after surgery; both underwent surgery.

Discussion

Many techniques have been reported for RY reconstruction

after LTG, but it is not clear which anastomosis technique

is most useful, and no standard method has been estab-

lished [2, 4].

The OL was first reported by Inaba et al. [8] as a new

method for esophagojejunostomy in RY reconstruction
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Fig. 2 Schematic outline of the overlap anastomosis. A An anvil fork

is inserted into a small hole at the lifted jejunum, and using a

transnasal gastric tube as a guide, the cartridge fork of the LS is

inserted into the esophagus. B The LS is fired in an isoperistaltic

direction with the esophageal stump on the right side and the lifted

jejunal stump on the left side. C The entry hole is closed by single-

ligation full thickness suture to make a V-shaped staple line in the

inner cavity. D The lifted jejunum is fixed with suture to the duodenal

stump at a location where the esophagojejunostomy site is made

linear, and the duodenal stump is covered (black arrow). The

mesenteric gap and Petersen’s defect are closed with suture (white

arrow)

Table 1 Patient characteristics

Male/female 76/24

Age 69 (36–89)

BMI 22.0 kg/m2 (12.8–29.3)

Tumor size 45 mm (7–200)

Pathological findings stage IA 45

IB 15

IIA 6

IIB 6

IIIA 13

IIIB 4

IIIC 7

IV 4

( ): range

Table 2 Operative data

Operative time (min) 379 (248–649)

Anastomotic time (min) 32 (24–53)

Blood loss (mL) 65 (5–750)

Combined resection Splenectomy: 10

Pancreatosplenectomy: 5

Cholecystectomy: 5

Colectomy: 2

Complications Intra abdominal bleeding: 1

Pancreatic fistula: 3

pseudomembranous enterocolitis: 2

Length of hospital stay 10 (7–23)

Data are expressed as median

min minutes
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after LTG. Various approaches were recently added to the

OL, and surgical results with a few complications have

been reported [9, 10]. In order to stabilize the results of

LTG, we selected RY reconstruction using OL, and stan-

dardized the method by adding special approaches. These

include: (1) doing as much as possible through the small

laparotomy, through which the stomach is removed; (2)

operating the LS with the surgeon’s right hand through the

lower right port; (3) suturing the lifted jejunum to the

duodenum; thereby making the anastomosis site linear, and

covering the duodenal stump. The following were subse-

quently added: (4) burial and suturing of the staple line,

and (5) suturing and closing the mesenteric gap laparo-

scopically using non-absorbable suture after the comple-

tion of anastomosis. We were able to adapt this

reconstruction method in all LTG cases.

Operation through a small laparotomy interferes with a

good visual field and a wide operative field, which are the

advantages of laparoscopic surgery. However, using a

small laparotomy is advantageous for operations on the

small intestine, which can easily be guided outside the

abdominal cavity. We prepared the distal part of the jeju-

num to be sacrificed, created the lifted jejunum, performed

Y limb anastomosis, and buried and sutured the staple line

through an approximately 4 cm longitudinal laparotomy

crossing the umbilicus, which was created for the removal

of the resected stomach. In all of our patients, these pro-

cedures could be performed through the small laparotomy

without difficulty; a procedure under direct vision could

reduce the total operative time.

Yamamoto et al. [10] reported the superiority of oper-

ating the LS with the surgeon’s right hand through a lower

right port in the OL. Similarly, in our patients, the right

hand operated the LS through the lower right port. The

esophagus was vertically transected, and esophagoje-

junostomy was performed on the left side of the esophagus.

The esophageal stump was pulled to the right side with

forceps inserted through the upper right port, which made

the LS inserted through the lower right port and the axis of

the esophagus parallel, enabling easy insertion of the LS

fork into the inner cavity of the esophagus. In addition, the

entry hole was opened by placing a supporting thread on

both ends, making the entry hole linear and turned to the

right (surgeon’s) side, which made closure with suture

easy. Although the entry hole was closed with suture using

Roeder’s knots, as reported by Inaba et al. [8], the use of

continuous suture has also been reported, and should be

considered to further reduce operative time.

The incidence of post-LTG complications is high at

10–40 % [3]. Esophagojejunostomy leak is a complication

related to reconstruction, and accounts for 0.9–8.5 % of the

overall LTG complications; it is a serious complication

with a mortality rate of 50 % [5]. Excessive tension at the

anastomosis site causes bleeding and perforation by a

rupture of the esophageal mucosa, which is considered to

be a cause of anastomotic leak [6, 7]. We sutured the lifted

jejunum to the duodenal stump to make the esophagoje-

junal anastomosis site linear. This limits excessive mobility

of the lifted jejunum, resulting in decreased tension at the

anastomosis site. In addition, linear fixation should prevent

torsion of the lifted jejunum, which will prevent passage

disorders. Duodenal stump leakage was also noted in

1.0–3.4 % of the overall LTG complications [3]. Covering

with adequate tissue should be effective for prevention of

duodenal stump leakage; therefore, we performed suturing

to the lifted jejunum along with covering of the duodenal

stump in our technique.

Internal hernia is a complication unrelated to the anas-

tomosis site, and has been reported in LTG [3, 15]. One of

our patients developed Petersen’s hernia 2 years after

surgery; since we considered this partly associated with

gap closure with absorbable suture, we now use non-ab-

sorbable suture. Additionally, laparoscopic suturing for the

mesojejunum defect after completion of anastomosis

achieves appropriate closure with no tension at the anas-

tomosis or fixation site. One of our patients had a stran-

gulated ileus due to greater omentum adhesion to exposed

staples at the Y limb anastomosis site; therefore, staples

should be buried and sutured as much as possible.

We added special approaches to the OL to prevent

complications and to enable procedures through a small

laparotomy, thereby simplifying RY as much as possible

and establishing a standard method for RY reconstruction.

We have performed the procedure in 100 patients to date,

and none have had complications related to the anasto-

mosis site.

Limitations of this paper are in these. These include: (1)

the OL has not been compared to other anastomotic

methods; (2) this is a study of a single hospital of about 25

LTG cases per year; (3) one expert surgeon is involved as

operator or assistant in all operations. However, our series

demonstrated that a number of practicing surgeons was

able to perform this reconstruction for various state of

gastric cancer safely without complications under the

proper guidance of an expert surgeon.

Conclusion

The OL, which is known as safe and firm method, could be

the effective option for the reconstruction in RY.
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