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Abstract

Purpose Esophagojejunostomy is a challenging step in laparoscopic gastrectomy. Although the overlap method is a safe and
feasible approach for esophagojejunostomy, it has several technical limitations. We developed novel modifications for the
overlap method to overcome these disadvantages.

Methods Forty-eight consecutive gastric cancer patients underwent totally laparoscopic total gastrectomy or laparoscopic prox-
imal gastrectomy with double-tract reconstruction at our institution from January 2019 to April 2020 using the overlap method
with the following modifications. The esophagus was initially rotated by 90° counterclockwise, followed by transection of two-
thirds of the esophageal diameter. The unstapled esophagus was then transected with a harmonic ultrasonic scalpel to enable
esophagostomy at the posterior side of the esophagus. A side-to-side esophagojejunostomy was then formed at the posterior side
of the esophagus using an endoscopic linear stapler through the right lower trocar. The common entry hole was closed via hand
sewing method using V-Loc suture. This procedure was termed “esophagus two-step-cut overlap method.”

Results Only one patient suffered from esophagojejunal anastomotic leakage but subsequently recovered after conservative
treatment. Patients did not experience anastomotic bleeding or stricture.

Conclusion Our modified overlap method provides satisfactory surgical outcomes and overcomes several technical limitations,
such as entering the false lumen of the esophagus, unnecessary pollution caused by nasogastric tube, and unintended left crus
stapling during anastomosis.
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Introduction

Laparoscopy-assisted distal gastrectomy was first described in
1994, and laparoscopic surgery has since been increasingly
adopted for treating early and advanced gastric cancer [1, 2].
However, totally laparoscopic gastrectomy has been limited to
some medical centers and a few expert surgeons. Intracorporeal
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esophagojejunostomy is a challenging step in totally laparoscop-
ic total gastrectomy (TLTG) and laparoscopic proximal gastrec-
tomy with double-tract reconstruction (LPG-DTR). A range of
approaches for intracorporeal esophagojejunal reconstruction
utilizing linear or circular staplers has been described to over-
come challenges and limitations of overlap method [3, 4].
Circular staplers have been used in esophagojejunostomy, but
conducting purse-string suturing and anvil insertion under lapa-
roscopic conditions is challenging. Surgeons commonly use lin-
ear staplers because of their ease of use. Esophagojejunostomy
using linear staplers is increasingly performed due to technical
advancements and increased surgical proficiency in this
technique.

Linear staplers are commonly used in the overlap approach.
Inaba et al. [5] first proposed the overlap method in 2010 and
revealed that utilization of circular staplers is optimal for end-
to-side anastomosis procedures because these linear staplers
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can easily be used in confined settings; moreover, the esoph-
ageal diameter remains unaffected whether or not stapling is
performed. Compared with the functional end-to-end method,
the overlap approach offers key advantages, such as alteration
in jejunal directionality that can reduce anastomosis site ten-
sion [6]. Although many researchers have reported favorable
outcomes associated with the overlap method [7-9], its limi-
tations include difficulty in obtaining esophageal stump trac-
tion during anastomosis, increased risk of entering the false
lumen of the esophagus, and susceptibility to unintentional
left crus stapling during anastomosis. A modified technique
for overcoming these limitations is presented in this study.
Short-term outcomes of patients treated at our hospital via
the proposed “esophagus two-step-cut overlap method” are
presented in detail.

Material and methods
Patients

Forty-eight patients underwent TLTG or LPG-DTR using the
modified overlap method for gastric cancer under the same
surgeon (Yong-you Wu) at the Second Affiliated Hospital of
Soochow University from January 2019 to April 2020. This
study received approval from the institutional review board of
the hospital, and patient medical records were evaluated to as-
sess key clinicopathological parameters, such as sex, age, body
mass index (BMI), tumor size, tumor location, and depth of
invasion; TNM stage based on the eighth revision of the staging
system of American Joint Committee on Cancer [10]; time the
anastomosis was performed; time of oral intake; postoperative
hospitalization duration; and mortality. Patients underwent up-
per gastrointestinal angiography before discharge.

Surgical techniques

Patients were supine with legs spread and placed under gen-
eral anesthesia. After pneumoperitoneum was established at
the umbilicus, 2D laparoscope was inserted via this port with
four (5 or 12 mm) operating ports placed in two sides of the
upper abdomen (Fig. 1). Extended lymphadenectomy was
conducted with stomach mobilization, and the soft tissue
and vagus nerves around the esophagus were removed. The
esophagus was held with a blocking clamp above the
esophagogastric junction to avoid spillage of gastric juice
(Fig. 2a). The exposed esophagus was rotated by 90° counter-
clockwise and transected by two-thirds of the esophageal di-
ameter with a 60-mm Endo-Gia endoscopic linear stapler
(Ethicon Endo-Surgery, Norwalk, CO, USA), which enabled
esophagostomy at the posterior side of the esophagus (Fig.
2b). Esophageal stump retraction was achieved by placing
an intracorporeal suture (Ethicon Endosurgery, Cincinnati,
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OH, USA) at the end of the stapled line (Fig. 2¢). The
unstapled esophagus was transected with a harmonic ultrason-
ic scalpel (UltraCision Harmonic Scalpel®; Ethicon Endo-
Surgery, LLC, Guaynabo, Puerto Rico, USA) (Fig. 2d). The
resected stomach was transferred into a plastic specimen bag,
and this bag was retrieved via a small incision of 5 cm in the
upper abdomen before reconstruction. The esophageal resec-
tion margin was determined to assess for cancer cells in the
frozen biopsy. During the pathologic evaluation, jejunum was
transected 25-30 cm distal to the ligament of Treitz with an
endoscopic linear stapler. Jejunojejunal side-to-side anasto-
mosis was formed approximately 50 cm beneath the
esophagojejunostomy through the small incision.
Gastrojejunostomy was subsequently performed in LPG ap-
proximately 15 cm below the end of the jejunum. A small
enterotomy was performed on the antimesenteric side of the
efferent jejunum 4-5 cm from the end of the jejunum. After
temporarily closing the small incision using a protective
sleeve, the pneumoperitoneum was re-established. Cartilage
of a blue stapler was inserted through the enterostomy of the
jejunum, and the anvil was inserted into the esophagostomy.
An intracorporeal esophagojejunostomy was constructed with
half the length of a 60-mm-long linear stapler to achieve an
overlap of nearly 30 mm (Fig. 2¢). The common entry hole
was closed using hand sewing method with V-Loc suture
(Medtronic/Covidien; Minneapolis, MN, USA) (Fig. 2f).
Finally, we sutured mesenteric and Petersen defects to prevent
internal herniation.

Results

The present study included 14 female and 34 male patients with
a median age of 67 years and a median BMI of 23.9.
Approximately half of these patients had a tumor in the upper
third of the stomach, with a mean tumor size of 4.0 cm. Cancer
invaded the mucosa or submucosa in 8 (16.7%), proper muscle
in 9 (18.6%), and subserosa in 27 (56.3%) patients. Among the
48 patients, 30 (62.5%) and 18 (37.5%) participants underwent
TLTG and LPG-DTR, respectively. TNM stages Il and I1I were
the most common tumors among the patients (Table 1).

The majority of patients began drinking water 1 day
postoperation and were permitted to consume a liquid diet
gradually. Mean performing time of esophagojejunal anasto-
mosis was 22.5 min, and conversion to open laparotomy was
unnecessary for the patients. Patients were discharged
11.5 days postoperation on average (Table 2). With respect
to anastomosis-associated complications, only one patient ex-
perienced esophagojejunal anastomotic leakage but subse-
quently recovered after conservative treatment. Patients did
not suffer from postoperative anastomotic bleeding or stric-
ture, wound-related issues, pancreatic fistulae, or luminal
bleeding. Two patients experienced mechanical ileus
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Fig. 1 Placement of surgical ports
for laparoscopic gastrectomy
using the modified overlap
method

Fig. 2 The modified overlap method in laparoscopic gastrectomy. (a) The unstapled esophagus was transected with a harmonic ultrasonic scal-
The axis of the esophagus was rotated 90° counterclockwise held with a pel. (e) An intracorporeal esophagojejunostomy was constructed with
blocking clamp above the esophagogastric junction. (b) Nearly two-thirds half the length of a 60-mm-long linear stapler. (f) The common entry hole
of the esophageal diameter is transected using an endoscopic linear sta- was closed using hand sewing method with V-Loc suture

pler. (¢) Place an intracorporeal suture at the end of the stapled line. (d)
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Table1 Clinicopathologic characteristics of 48 patients who underwent Discussion
TLTG or LPG using the overlap method
Variable Value Similar to conventional open surgery, intracorporeal recon-
struction of digestive tract, especially esophagojejunostomy,
Age (years; median) 67 (30-78) is difficult in laparoscopic surgery. Mechanical
Sex esophagojejunostomy in TLTG or LPG-DTR can be per-
Male/female 34(70.8%)/14 (29.2%)  formed via circular and linear stapling. Characteristics of the
BMI (kg/m’; median) 23.9 (18-30) circular stapler remarkably limit its application in total lapa-
Surgical approach roscopic surgery. Linear staplers are commonly used by sur-
TLTG/LPG 30 (62.5%)/18 (37.5%)  geons due to their ease of completion under laparoscopy.
Tumor location Linear staplers increase the chances of preventing anastomotic
Upper third 27 (56.3%) complications than circular staplers [11, 12].
Middle third 18 (37.5%) The overlap method is a common linear stapler approach that
Lower third 3 (6.2%) was first introduced by Inaba et al. [5] in 2010; it offers sufficient
Tumor size (cm; mean + SD) 40+2.5 intraluminal area and easy handling of staplers even in narrow
Depth of invasion spaces [13]. Clinicians have gradually introduced improvements
Tl 8 (16.7%) to the overlap method due to its technical limitations. Petersen
T2 9 (18.6%) etal. [14] and Huang et al. [15, 16] have adopted the isoperistaltic
T3 27 (56.3%) jejunum-later-cut overlap method to simplify the procedure. The
T4 4 (8.3%) jejunum is first lifted and resected after the overlap anastomosis
TNM stage of the end of the esophagus. The procedure of dissociating the
I 13 (27.1%) jejunum mesentery is omitted in the postdisconnection method.
it 16 (33.3%) Kim et al. [17] applied two stitches with full-thickness suture at
1 18 (37.5%) the esophagostomy site of the esophageal stump to guide the
v 1 (2.1%) insertion of the stapler. The entry hole was then lifted with three

postoperation, which was successfully managed with conser-
vative treatment. Lung infection occurred in four patients but
was resolved with antibiotic treatment. Adjuvant chemother-
apy patients were treated postoperatively within 1 month, and
patient mortality was absent during hospitalization.

Table 2 Surgical outcomes of 48 patients using the overlap method
Variable Value
Time to perform anastomosis (min; mean + SD) 22.5+8.6
Conversion to open laparotomy 0
Time until start of oral intake (day; mean + SD) 1.5£0.9
Hospital stay after operation (day; mean + SD) 11.5+4.0
Complication
Anastomosis leakage 1 2.1%)
Anastomosis stricture 0
Anastomosis bleeding 0
Duodenal stump leakage 0
Pancreatitis/pancreatic fistula 0
Intra-abdominal bleeding 0
Mechanical ileus 2 (4.2%)
Wound problem 0
Lung infection 4 (8.3%)
Mortality 0
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sutures and closed with the endoscopic linear stapler. Yamamoto
et al. [18] reported the superiority of operating the linear stapler
with the surgeon’s right hand through the lower right port in the
overlap anastomosis. A 3-0 absorbable suture that continuously
closes the entry hole is turned clockwise by 90° while transecting
the esophagus to improve the visual field for suturing the entry
hole. Son et al. [19] demonstrated that the overlap method used at
the left esophageal opening had a risk of unintended stapling of
the left crus during the anastomosis; therefore, the researchers
opened the center of the esophagus stump and sutured one stitch
with a V-Loc suture on both sides of the opening. The entry hole
was closed bidirectionally using presutured threads. This method
was designated as the new modified overlap method that em-
ploys knotless barbed sutures (MOBS). Nagai et al. [20] modi-
fied the inverted T-shaped anastomosis in esophagojejunostomy
using a linear stapler device by performing esophagojejunostomy
in the jejunum vertical to the esophagus to improve the visual
field during the manual suturing of the entry hole.
Anastomosis-related complication is the most important as-
pect of evaluating an anastomotic method. In 2014, Morimoto
et al. [8] reported the surgical outcomes of 77 patients who
underwent the overlap method, and the only anastomotic com-
plication was a single case of stenosis. Similarly, in 2017, Son
et al. [19] reported the outcomes of 40 consecutive cases using
MOBS, and there were no anastomosis-related complications.
In the present study, only one patient experienced
esophagojejunal anastomotic leakage in our 48 cases, which
had no significant increase compared with other studies. In
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addition, our approach has its own advantages and operability
in many aspects. First, nearly two-thirds of the esophagus di-
ameter was transected with an endoscopic linear stapler after
rotating counterclockwise by 90°, and the unstapled esophagus
was transected with a harmonic ultrasonic scalpel. Application
of this technique can avoid unnecessary esophageal injury dur-
ing secondary opening on the stapled line of the esophageal
stump. At the same time, the opening of the esophagus was
sufficiently large for easy identification of the lumen. Hence,
avoiding the insertion of the endoscopic linear stapler into a
“pseudolumen” that formed between the submucosal and mus-
cular layers during esophagojejunostomy was crucial. The pri-
mary purpose of esophageal rotation was to improve the visual
field for suturing the common entry hole. Moderate rotation
helped the entry hole adopt the front position. A nasogastric
tube was not utilized as a guide to the lumen in the esophageal
stump to avoid unnecessary pollution and the risk of unintended
stapling of the nasogastric tube during the anastomosis. Second,
only half the length of the cartridge was used for the
esophagojejunostomy. Excessive exposure of the lower esoph-
agus was unnecessary. The esophagus typically has insufficient
blood supply, and dissecting in the appropriate area above the
mediastinum is crucial to devascularize the distal part of the
esophagus. We closed the common esophagojejunostomy entry
via suturing instead of using a linear stapler to avoid the prob-
lem of anastomotic stricture. Notably, stenosis was absent in the
esophagojejunostomy anastomosis. Third, using our modified
overlap method, esophagojejunostomy was performed on the
esophageal posterior side to adjust to the ovoid hiatal opening
shape easily. Accordingly, this overlap approach allowed easy
food passage with a reduced risk of obstruction by the crus
muscle. By using this approach, the common entry incision
opened upward for sufficient intraoperative view and easy clo-
sure via hand suturing.

The overlap method is safe and practicable. The technical
difficulties of the overlap method are the closure of the com-
mon entry, narrow space of esophagus and jejunum anasto-
mosis, and the risk of anastomotic stenosis caused by mechan-
ical anastomosis. At present, external knotting, application of
V-Loc suture, and 3D laparoscopy reduce the difficulty of
suturing under endoscopy and improve the feasibility of the
operation. In the present study, we modified the overlap meth-
od to prevent complications and improve the ease of proce-
dures. The proposed method can become a standard approach
for intracorporeal esophagojejunostomy for patients with up-
per third gastric cancer.

Conclusion

Our modified overlap method provides satisfactory surgical
outcomes and overcomes several technical limitations, such
as entering the false lumen of the esophagus, unnecessary

pollution caused by nasogastric tube, and unintended left crus
stapling during anastomosis.
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