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Abstract
Background  This study presents a novel laparoscopic modified overlapping oesophagojejunostomy anastomosis method 
which consists of self-pulling and latter transection to perform a safer anastomosis, describes the anastomosis technique in 
detail and reveals its short-term outcomes.
Methods  Forty-five patients underwent totally laparoscopic total gastrectomy using the self-pulling and oesophagus latter-
cut overlap method anastomosis for gastric cancer from January 2019–2022. During the self-pulling phase, the oesophagus 
was ligated at the level of the gastroesophageal junction or above and dragged down by a ligature rope to mobilise up to 
5–6 cm. An entry hole was created on the right side of the oesophagus, and a nasogastric tube was taken out through the 
hole and tip of the tube was used as a guide for the endoscopic linear stapler to decrease the risk of entering the false lumen 
and creating a side-to-side anastomosis. The oesophagus was then latter-transected by a second endoscopic linear stapler. 
The common entry hole was closed using a hand-sewing method. Clinicopathological characteristics and surgical outcomes 
were collected and retrospectively evaluated.
Results  The mean anastomosis duration was 27 min. The morbidity rate was 4.4%. Only two patients experienced postopera-
tive complications but subsequently recovered conservatively. None of the patients suffered anastomotic leak or stricture.
Conclusions  Self-pulling and latter transection-based overlapping anastomosis is a simple and reliable approach that over-
comes most of the limitations of standard overlap method and provides satisfactory surgical outcomes.

Keywords  Oesophagojejunostomy · Laparoscopy · Self-pulling · Latter transection · Overlap

Intracorporeal oesophagojejunostomy (EJ) is a challenging 
step in totally laparoscopic total gastrectomy (TLTG) [1, 
2]. A range of approaches have been described to facilitate 
oesophagojejunal reconstruction [3, 4]. The use of linear 
staplers is becoming increasingly common due to its techni-
cal ease of application.

Therefore, overlap and functional end-to-end (FETE) 
methods have become more preferred among surgeons when 
performing EJ anastomosis. Compared with this method, the 
overlap method offers a larger sized and reduced tensioned 

anastomosis [5]. Although favourable outcomes have been 
reported with this approach [6, 7], there are still some limi-
tations in overlap methods, such as difficulties obtaining 
oesophageal stump traction, technical difficulties when 
closing the common entry hole within the mediastinum, an 
increased risk of entering the false lumen of the oesopha-
gus and unintentional diaphragmatic crus stapling during 
anastomosis.

We presented a modified overlap method of self-pulling 
and latter transection to overcome these major limitations 
and perform a safer anastomosis. In this report, we aim to 
describe the anastomosis technique in detail and reveal its 
short-term outcomes.
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Materials and methods

Patients

Forty-five patients underwent TLTG using the Self-Pulling 
and Oesophagus Latter-Cut Overlap Method (SPLCOM) 
anastomosis for gastric cancer by the same surgeon from 
January 2019 to 2022. All subjects provided written 
informed consent. This study aimed to reveal the tech-
nical details of the modified EJ anastomosis. The local 
ethics committee approved the study; the Unique Iden-
tifying Number is 2022-20. The treatment approach for 
the patients was planned in accordance with the Enhanced 
Recovery after Surgery (ERAS) protocol recommenda-
tions. Preoperative assessments were conducted through 
endoscopy and contrast-enhanced computed tomography 
(CT). Gastroscopy was reapplied by the surgeon prior to 
surgery to evaluate the exact location of the tumour and 
to decide the level of oesophageal transection to obtain 
sufficient negative surgical margins.

The indications for SPLCOM-TLTG were as follows: 
(1) histologically confirmed gastric adenocarcinoma; (2) 
tumour located in the middle or upper part of the stomach, 
no more than 2 cm above the gastroesophageal junction; 
(3) no peritoneal involvement observed by laparoscopy; 
and (4) no distant metastasis detected.

Clinicopathological characteristics and surgical outcomes 
such as age, sex, body mass index (BMI), tumour size, TNM 
stage based on the American Joint Committee on Cancer 
staging system, surgical margin status, anastomosis duration, 
time to start oral intake, anastomosis-related complications, 
morbidity, and mortality were evaluated.

The data of 43 patients who also underwent TLTG for 
gastric cancer by the same surgical team and different EJ 
anastomosis techniques for reconstruction were retrospec-
tively scanned. Clinicopathological features and surgical 
outcomes of these patients were analysed, and the data 
were compared with the results of the SPLCOM anasto-
mosis technique.

Statistical analysis

Data were analysed by using SPSS version 22.00. Kol-
mogorov Smirnov and Levene tests were performed for 
homogeneity and normality analysis of the scaled data. 
The Pearson chi-square and Fisher exact tests were used 
in the evaluation of categorical data. One-way analysis of 
variance (ANOVA) and Kruskal–Wallis tests were used in 
the analysis of multi-group scale (Scale) data, and Posthoc 
multiple comparison (Bonferroni) tests were used in the 
analysis of the relationship between groups.

Operative procedure of SPLCOM

Patients were placed in a 15-degree reverse Trendelenburg 
position with their legs spread. The primary operator was 
positioned on the right side of the patient, and the first 
assistant was on the left side and the cameraman stood 
between the legs of the patient. After pneumoperitoneum 
was established at the umbilicus, four additional ports 
and a liver retractor were placed in two sides of the upper 
abdomen (Fig. 1). The liver retractor was placed from the 
epigastric area. Right upper quadrant ports were used by 
the surgeon and left upper quadrant ports were used for 
assistance. During the procedure, the 5 mm upper left port 
was used to drag down the oesophagus, the endoscopic 
linear stapler device was inserted through the 12–15 mm 
lower left port to perform the side-to-side EJ anastomo-
sis, and oesophageal latter transection was performed 
via the 12–15 mm lower right port. A standard D2 lym-
phadenectomy was conducted with stomach mobilisation. 
Vagus nerves were removed around the oesophagus and 
the oesophagus was ligated at the level of gastroesopha-
geal junction (or above the upper margin of the tumour) 
to avoid the spillage of gastric juice. The assistant held 
a ligature rope to drag down the oesophagus and allow 
easier detachment from the hiatal and mediastinal struc-
tures before the oesophagus was routinely mobilised up 
to 5–6 cm. An entry hole was created on the right side of 
the oesophagus, 2 cm above the ligature rope (Fig. 2a, b). 

Fig. 1   Port placement
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Oesophageal contents were aspirated. A nasogastric tube 
was inserted and taken out through the hole opened on 
the oesophagus into the abdomen for later use (Fig. 3a, 
b). The jejunum was transected 20–25 cm distal to the 
ligament of Trietz with a 60 mm endoscopic linear stapler 
(Covidien™ Endo GIA™ Ultra Universal Stapler). Jeju-
nojejunal side-to-side anastomosis was formed 40–50 cm 
beneath the planned EJ anastomosis. A small enterotomy 
was performed on the antimesenteric side of the effer-
ent jejunum 5–6 cm from the end of the jejunum to serve 
as the entrance of the 60 mm endoscopic linear stapler 
(Covidien™ Endo GIA™ Ultra Universal Stapler). The 
thick blade of the endoscopic linear stapler was inserted 
into the jejunum to avoid unintentional perforation dur-
ing the anastomosis. The assistant held the ligature rope 
to drag down the oesophagus to allow easy intraabdomi-
nal reconstruction. The tip of the nasogastric tube was 
used as a guide for the thin blade of the endoscopic linear 

stapler to decrease the risk of entering the false lumen of 
the oesophagus (Fig. 4a, b). After removing the nasogas-
tric tube to decrease the risk of unintended stapling during 
the anastomosis, a length of 4–5 cm side-to-side EJ was 
performed through two holes, forming a common entry 
hole. Overlap method was modified in a latter-transected 
fashion, which means the oesophagus was transected by 
a second endoscopic linear stapler (Covidien™ Endo 
GIA™ Ultra Universal Stapler) at the level of the com-
mon hole margin on the side of oesophagus (Fig. 5a, b). 
The common entry hole was closed using the hand-sewing 
method (Fig. 6a, b). An air leak test was performed to 
ensure sufficient closure. The umbilical port site incision 
was extended up to 30–40 mm (according to the size of 
the tumour). The specimen was finally removed using a 
specimen bag through the extended umbilical port site. 
A drainage tube was placed behind the EJ anastomosis. 
Nasogastric drainage was not routinely necessary.

Fig. 2   a, b An entry hole was created on the right side of the oesophagus

Fig. 3   a, b A nasogastric tube was inserted and taken out through the hole opened in the oesophagus
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Fig. 4   a, b Tip of the nasogastric tube was used as a guide for the EJ anastomosis

Fig. 5   a, b The oesophagus was latter-transected at the level of the common hole margin

Fig. 6   a, b The common entry hole was closed using the hand-sewing method
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Postoperative management

On postoperative day one, patients were allowed to consume 
a clear liquid diet and then gradually advanced to a soft diet. 
An upper gastrointestinal water-soluble contrast radiograph 
was performed to identify anastomosis leakage (on post-
operative day 3). The abdominal drainage tube was mostly 
removed on postoperative day four unless the drainage char-
acter was abnormal. Patients were discharged when they 
were able to ingest sufficient soft diet without discomfort.

Results

The demographic and clinicopathological characteristics of 
the 88 patients are presented in Table 1. The cohort con-
sisted of 48 (54.5%) males and 40 (45.5%) females with a 
mean age of 63.13 ± 10.9 years (range: 37–89 years). Anas-
tomosis techniques applied to the patients were as follows: 
SPLCOM 51.1%, Overlap 35.2%, Orvil 13.6%. The distribu-
tion of clinicopathological characteristics of patients accord-
ing to anastomosis techniques groups is shown in Table 2. 

SPLCOM anastomosis

Of the patients who underwent SPLCOM anastomosis, 
28 were male and 17 were female, with a median age of 
64 years and a median BMI of 25.7. Clinical staging of the 
patients was as follows: Stage 1 disease 15.5%, Stage 2 dis-
ease 37.7% and Stage 3 disease 46.6%. The mean tumour 
size was 4 cm and the mean distance from the proximal 
surgical margin to tumour was 1.9 cm.

Other anastomosis techniques

Of the 42 patients who had different EJ anastomosis tech-
niques to SPLCOM, 31 had traditional overlap and 12 had 
circular anastomosis with a DST Series™ EEA™ OrVil™ 
Device. In the overlap anastomosis group, the median age 
was 61 years and the median BMI was 25.4. In the DST 
Series™ EEA™ OrVil™ Device anastomosis group, the 
median age was 65 years and the median BMI was 25.5. The 
mean distance to the proximal surgical margin was 2.2 cm in 

Table 1   Demographic and clinicopathological distribution of the 
patients

Age, year, mean ± SD, range 63.13 ± 10.95 (37–89)

Gender: n (%)
Male 48 (54.5%)
Female 40 (45.5%)
BMI, kg/m2, mean ± SD, range 25.47 ± 2.61 (19–33.3)
Clinical staging: n (%)
Stage 1 14 (15.9%)
Stage 2 34 (38.6%)
Stage 3 40 (45.5%)
Anastomosis techniques groups: n (%)
SPLCOM 45 (51.1%)
Overlap 31 (35.2%)
Orvil 12 (13.6%)
Tumour size, cm, mean ± SD, range 3.73 ± 1.29 (0.5–7)
Anastomosis duration, minutes, mean ± SD, 

range
35.68 ± 11.6 (17–68)

Surgical margin, cm, mean ± SD, range 2.37 ± 1.40 (0–7)

Table 2   Distribution of clinicopathological characteristics of patients according to anastomosis techniques groups

Bold values indicate the statistically significant difference in the distribution of anastomosis time according to the groups of anastomosis tech-
niques (p < 0.001)
X2: χ2 tests, F: One-Way Anova Test, H: Kruskal–Wallis Test

Characteristics Anastomosis groups (n, %) p value

SPLCOM (45, 51.1%) Overlap (31, 35.2%) Orvil (12, 13.6%)

Age, year, mean ± SD 63.16 ± 11.04 61.81 ± 10.66 66.42 ± 11.57 0.469F

Gender, n (%) 0.249X2

Male 28 13 7
Female 17 18 5
BMI, kg/m2, median, range 25.7 (19–33.2) 25.4 (22.7–33.3) 25.5 (20.6–29) 0.737H

Clinical Staging, (n: %) 0.999X2

Stage 1 7 5 2
Stage 2 17 12 5
Stage 3 21 14 5
Tumour Size, cm, mean ± SD 2.45 ± 1.57 3.27 ± 1.17 3.55 ± 1.36 0.023F

Anastomosis Duration, minutes, median, range 27 (17–43) 48 (36–68) 38 (24–64)  < 0.001H

Surgical Margin, cm, median, range 1.9 (0.5–7) 2.2 (0.2–5.2) 2.05 (0.7–4.2) 0.877H
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the overlap group and 2.05 cm in the DST Series™ EEA™ 
OrVil™ Device group.

We found a statistically significant difference in the distri-
bution of anastomosis time according to the groups of anas-
tomosis techniques (p < 0.001). This significant difference 
is due to the relationship of the SPLCOM group with the 
overlap anastomosis and circular anastomosis with the DST 
Series™ EEA™ OrVil™ Device groups, according to the 
post hoc Bonferroni analysis. The median anastomosis time 
was 27 min in the SPLCOM group, 48 min in the Overlap 
group and 38 min in the circular group.

Anastomosis‑related complications

The distribution of anastomosis-related complications 
according to anastomosis technique groups is listed in 
Table 3. There was no statistically significant difference in 
the distribution of postoperative anastomosis-related compli-
cation rates according to the anastomosis technique groups 
(p = 0.299). The morbidity rates of anastomosis techniques 
were as follows: SPLCOM 4.4%, Overlap 6.4%, Orvil 8.3%. 
Complications occurred in 2 of the 45 patients who under-
went TLTG using SPLCOM anastomosis. One patient expe-
rienced decreased oral intake on postoperative day seven, 
and the other patient was re-hospitalised 10 days after sur-
gery due to mechanical bowel obstruction.

Two patients experienced complications in the overlap 
anastomosis group; one patient experienced bleeding from 
the anastomotic stapler line and the other patient experi-
enced decreased oral intake. One patient in the circular anas-
tomosis group was readmitted to the hospital due to stenosis 
in the anastomosis and treated endoscopically.

Discussion

TLTG is more widely used in the treatment of proximal gas-
tric cancers. The technical difficulties of the intracorporeal 
EJ anastomosis are still a challenge. This anastomosis can be 
performed via circular and linear stapling. Endoscopic linear 

staplers are less likely to have anastomotic complications 
than circular staplers [8, 9]. Overlap and FETE methods 
are the most common linear stapler approaches that have 
become more preferred among surgeons when performing 
EJ anastomosis.

Inaba et al. introduced overlap method for EJ anastomosis 
in 2010 [10]. Although the method offers wide, tension-free 
and easy-to-apply anastomosis, it still has some limitations. 
The main limitations include (1) retraction of the oesopha-
geal stump towards the mediastinum after oesophageal tran-
section, (2) difficulty in obtaining oesophageal stump trac-
tion which may result in unnecessary oesophageal injury, 
(3) mis-insertion of the linear stapler into the false lumen 
of the oesophagus, (4) striving for tension-free delivery of 
the efferent jejunum to the EJ anastomosis, (5) the risk of 
unintended diaphragmatic crus stapling during the high level 
EJ anastomosis, (6) technical difficulties during the closure 
of the common entry hole and (7) the risk of anastomotic 
stenosis.

In this context, surgeons have suggested many modifica-
tions to make the overlap method more feasible. Kim et al. 
applied two stitches at the oesophagostomy site of the stump 
to guide the insertion of the linear stapler [11]. Sun et al. 
transected the oesophagus in two consecutive steps with an 
endoscopic linear stapler and harmonic ultrasonic scalpel to 
avoid unnecessary oesophageal injury during latter opening 
on the stapled line of the oesophageal stump. The common 
entry hole closure was performed via suturing instead of 
using a linear stapler to avoid anastomotic stricture [12]. 
Yamamoto et al. transected the oesophagus while being 
rotated by 90 degrees in a clockwise direction to improve 
the visualisation during the closure of the common entry 
hole [13]. Son et al. demonstrated that opening the left side 
of the oesophageal stump for linear stapler insertion had a 
risk of unintended left crus stapling during the anastomosis 
and therefore preferred to create an entry hole at the centre 
of the oesophageal stump [14].

In the present study, we described a modified overlap 
anastomosis technique with recommendations focussed 
on overcoming technical difficulties. The oesophagus was 

Table 3   Distribution 
of anastomosis-related 
complications according to 
anastomosis technique groups

X2: χ2 tests

Characteristics Anastomosis groups (n, %) p value

SPLCOM 
(45, 51.1%)

Overlap (31, 35.2%) Orvil (12, 13.6%)

Mortality, n (%) – – – 0.299X2

Morbidity, n (%) 2 (4.4%) 2 (6.4%) 1 (8.3%)
Haemorrhage – 1 –
Mechanical bowel obstruction 1 – –
Anastomosis stricture – – 1
Decreased Oral Intake 1 1 -
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ligated by a rope at the level of gastroesophageal junction (or 
above the upper margin of the tumour) to avoid the spillage 
of gastric juice and tumour spread-out. The ligature rope 
was held by the assistant to drag down the oesophagus to 
allow easy mobilisation of the oesophagus by 4–6 cm. Hong 
et al. similarly stated that the ligated rope can block gastric 
fluid spillage and tumour spread-out and mobilisation of the 
oesophagus from the posterior mediastinum is easier with 
the self-pulling method [15]. This manoeuvre also allowed 
the avoidance of technical difficulties associated with the 
oesophageal stump mentioned above. An entry hole was 
created on the right side of the oesophagus 2 cm above 
the ligated rope to have a sufficient clear surgical margin. 
Despite the perspective that utilising a nasogastric tube as 
a guide to the lumen in the oesophagus increases the risk 
of pollution [12], we inserted a nasogastric tube and the tip 
of the tube was taken out through the entry hole into the 
abdomen to decrease the risk of entering the false lumen 
of the oesophagus during anastomosis. We did not observe 
any increase in infectious complications in our postoperative 
results. A side-to side EJ anastomosis was performed on the 
right side of the oesophagus under direct visualisation of the 
right diaphragmatic crus. Self-pulling and latter transection 
manner provided by a rope facilitates this phase and short-
ens the procedure. Similarly, it has been demonstrated that 
EJ anastomosis performed with the self-pulling and latter 
transection methods reduce surgical difficulties by creating 
a wider working space and shorten the anastomosis time [15, 
16]. The oesophagus is transected after anastomosis by the 
endoscopic linear stapler at the level of the common entry 
hole margin on the side of the oesophagus. The common 
entry hole was closed using hand-sewing to avoid stenosis.

In the Japanese gastric cancer treatment guidelines 2021 
(sixth edition), a proximal resection margin of at least 
3–5 cm is recommended. A resection margin > 5 cm is not 
necessarily required, but frozen section examination of 
the resection line is preferable to ensure an R0 resection, 
especially for tumours invading the oesophagus [17]. Due 
to the lack of an intraoperative frozen section to determine 
the resection margin, oncological safety remains a concern 
in self-pulling and latter transection reconstruction because 
the specimen can be obtained after the entire anastomosis 
process is completed. For this reason, surgeons who perform 
self-pulling latter transection reconstruction have made dif-
ferent attempts to determine the proximal margin. Jun Hong 
et al. ligated the pulling rope above the clamped margin and 
made a larger oesophageal hole above to identify the true 
lumen; a safe surgical margin was then checked through the 
hole [15]. Xian-tu Qui et al. believed that mobilisation of the 
lower oesophagus up to 8–10 cm above the cardia and liga-
tion of the rope above the tumour provide an adequate safe 
distance for anastomosis. They also compared the length of 
proximal resection margins in tumours located in the cardia 

with oesophageal invasion of less than 2 cm between the 
conventional and self-pulling group. The data showed no 
significant difference between the two groups, indicating the 
oncological safety of self-pulling reconstruction [18]. Con-
sidering the importance of the resection margin, we also had 
some attempts to provide oncologically safe anastomosis. 
Gastroscopy was reapplied by the surgeon prior to surgery 
to evaluate the location of the tumour and to decide the level 
of oesophageal transection. The lower oesophagus was rou-
tinely mobilised up to 5–6 cm, the oesophagus was ligated 
above the upper margin of the tumour and the oesophageal 
hole was made at least 2 cm above the ligatured rope to have 
a sufficient result. In the present study, the mean distance 
from the proximal surgical margin to the tumour was 1.9 cm. 
Proximal resection margin positivity was not observed in 
any patients. Similarly, studies providing safe surgical mar-
gins with self-pulling latter transection reconstruction have 
been previously reported [15, 18–21]. We believe that SPL-
COM can be applied with rational patient selection in gastric 
tumours even with limited oesophageal invasion. However, 
we do not recommend SPLCOM when frozen section exami-
nation is indispensable to determine the proximal resection 
margin, especially for tumours invading the oesophagus.

Anastomosis-related complications should be evaluated 
to measure the reliability of an anastomotic method. It has 
been shown that the TLTG overlap method is a reliable 
approach with a low anastomosis-related complication rate 
[5–7]. With the self-pulling approach, which reduces sur-
gical difficulties and provides a stable anastomosis vision, 
the applicability of overlap or FETE anastomosis becomes 
easier. In a study comparing self-pulling anastomosis with 
laparoscopic-assisted total gastrectomy, the self-pulling 
group had a lower mean operative time, blood loss and hos-
pital stay than the laparoscopic-assisted total gastrectomy 
group. There were no significant differences in overall and 
anastomosis-related complications between the two groups 
[18]. Jun Hong et al. compared the self-pulling method with 
conventional methods to clarify the clinical benefits. The 
mean duration of the operation and the anastomosis were 
significantly shorter in the self-pulling group. Self-pulling 
latter-cut anastomosis developed no complications beyond 
the conventional methods [15]. Similar favourable results 
were obtained in another study comparing half-transected 
and self-pulling oesophagojejunostomy with standard end-
to-end and overlap oesophagojejunostomy [21]. Jianjun 
Du et al. described a simplified and feasible self-pulling 
intracorporeal circular stapled EJ anastomosis and men-
tioned its benefits [20]. Moreover, a recent study presented 
the DaVinci Xi-assisted minimally invasive technique of 
total gastrectomy and intracorporal reconstruction using 
the self-pulling latter-transected method [22]. Consider-
ing the previous studies, self-pulling has often been used to 
facilitate FETE anastomosis. We described a novel method 
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of self-pulling latter-transected overlapping anastomosis. 
Moreover, we compared this anastomosis with other anas-
tomosis techniques used by our group for reconstruction 
after TLTG. According to our experience, the SPLCOM 
technique is easier to apply than other anastomosis tech-
niques that we have used in the past. Moreover, this method 
does not result in an increase in anastomosis-related com-
plications. In the present study, the median duration of the 
whole SPLCOM anastomosis was 27 min, which was sig-
nificantly shorter than the conventional overlap (48 min) and 
DST Series™ EEA™ OrVil™ Device (38 min) anastomosis 
duration. Postoperative complications of SPLCOM anasto-
mosis were observed in two patients. One patient experi-
enced decreased oral intake. Endoscopic examination and 
oral contrast-enhanced CT were performed on postopera-
tive day seven. No mechanical obstruction or anastomotic 
stricture was observed and conservatively managed. The 
other patient was re-hospitalised 10 days after surgery due 
to mechanical bowel obstruction. No anastomotic stenosis 
was observed in endoscopic examination and conservatively 
managed. Postoperative results of the present study were 
similar when compared to other self-pulling studies.

In conclusion, SPLCOM is a simple and reliable approach 
that provides satisfactory surgical outcomes. The self-pull-
ing method overcomes most of the limitations of the stand-
ard overlap method, such as difficulty in obtaining oesopha-
geal stump traction, the increased risk of entering the false 
lumen of the oesophagus and unintentional diaphragmatic 
crus stapling during anastomosis.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00464-​023-​09992-x.
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