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Comparison of short-term efficacy

of laparoscopic proximal gastrectomy
with modified side overlap anastomosis
and laparoscopic total gastrectomy
with Roux-en-Y anastomosis

Chu-Ying Wu'", Yue-Jia Zhu'" and Kai Ye"”

Abstract

Background To investigate the short-term efficacy of laparoscopic proximal gastrectomy (LPG) with modified side
overlap anastomosis in comparison with laparoscopic total gastrectomy (LTG) with Roux-en-Y anastomosis.

Methods A retrospective cohort study was conducted. The clinicopathological data of 262 patients who underwent
LPG or LTG for upper gastric adenocarcinoma from January 2016 to December 2022 were collected. Among 262
patients, 20 who underwent LPG with a modified side overlap anastomosis were assigned to the side overlap group,
and 242 who underwent LTG with Roux-en-Y anastomosis were assigned to the Roux-en-Y group. After 1:1 matching
of patients in the side overlap and Roux-en-Y groups via the propensity score matching method, 15 patients were
included in this study. The outcome measures included the following: (1) intraoperative conditions, (2) postoperative
recovery and (3) follow-up information.

Results (1) Intraoperative conditions. Compared with the Roux-en-Y group, the side overlap group had a longer
digestive tract reconstruction time. No significant difference was observed in the total operation time or amount of
intraoperative blood loss. (2) Postoperative recovery. No statistically significant difference was detected between the
side overlap and Roux-en-Y groups in terms of indicators, such as first anal exhaust time, first postoperative liquid
intake time, postoperative hospitalization time and postoperative complications. (3) Follow-up information. The body
mass index, haemoglobin, albumin, and Nutritional Risk Screening 2002 scores of the side overlap group were better
than those of the Roux-en-Y group at 12 and 18 months after surgery. No significant difference was observed in the
gastroesophageal reflux disease scale score or occurrence of > Grade B reflux oesophagitis at 12 and 18 months after
surgery between the side overlap and Roux-en-Y groups.
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Conclusions L[PG with a modified side overlap anastomosis is safe and feasible for the treatment of upper
gastric adenocarcinoma and can achieve good antireflux effects. In addition, compared with traditional LTG, the

postoperative nutritional status after LTG is better.

Keywords Upper gastric adenocarcinoma, Laparoscopy, Proximal gastrectomy, Side overlap anastomosis, Roux-en-Y

anastomosis

Introduction

Current evidence indicates that the prevalence of gas-
tric cancer affecting the upper stomach is increasing [1].
Numerous clinical trials conducted in China, Japan, and
South Korea, such as CLASS 02 [2], JCOG 1401 [3], and
CLASSE 03 [4], have demonstrated that laparoscopic
total gastrectomy (LTG) and laparoscopic proximal gas-
trectomy (LPG) are viable surgical interventions for
early-stage gastric tumours located in the upper region
of the stomach. Nevertheless, extensive clinical investiga-
tions have highlighted an increasing emphasis on main-
taining the functional integrity of the digestive tract [5].
The recommendations of new guidelines have further
contributed to a growing preference for laparoscopic
approaches as methods that preserve essential functions.
Compared with LTG, these laparoscopic techniques offer
enhanced preservation of gastric capabilities, which play
a significant role in improving postoperative nutritional
well-being for patients.

However, there remains a notable incidence of reflux
oesophagitis following conventional oesophagogastric
reconnection, which is associated with an elevated risk of
anastomotic narrowing [6]. The technique of side overlap
anastomosis, developed by Yamashita et al. [7] in 2017, is
relatively straightforward to implement and plays a cru-
cial role in minimizing the risk of postoperative gastro-
esophageal reflux. This technique facilitates anastomosis
between the lateral wall of the oesophagus and the ante-
rior wall of the residual stomach through the rotation of
a linear stapler.

Unfortunately, the effectiveness of this method is sig-
nificantly influenced by the surgeon’s expertise and
individual assessment, which can lead to variability in
outcomes. Consequently, Yamashita et al. [7] continued
to refine the procedure to increase both its accuracy
and stability at the anastomotic site while improving its
mechanism for preventing reflux. Although studies have
compared double-tract reconstruction via LPG with con-
ventional LTG, few studies have addressed modified side
overlap anastomosis in LPG versus LTG.

This study conducted a retrospective analysis of clini-
cal and pathological data from 268 cancer patients diag-
nosed with tumours at the oesophagogastric junction or
upper stomach who were treated at our institution from
January 2016 to December 2022. The objective of this
study was to evaluate the short-term clinical outcomes

associated with modified side overlap anastomosis in
LPG compared with Roux-en-Y reconstruction in LTG.

Materials and methods

Patients

This work is a retrospective cohort study involving the
clinical and pathological data of patients with adenocar-
cinoma of the oesophagogastric junction or upper part
of the stomach who were admitted to our centre between
January 2016 and December 2022. This study was
approved by the Ethics Committee of the Second Affili-
ated Hospital of Fujian Medical University (No. 2024062)
and was conducted in accordance with the Declaration
of Helsinki. Informed consent was waived by the Ethics
Committee considering the retrospective design of the
study. Among the initial 268 patients identified in our
medical records, 20 had undergone LPG with a modi-
fied side overlap anastomosis, and the remaining 242
had undergone LTG with Roux-en-Y anastomosis. Sig-
nificant differences were initially observed between the
two groups in terms of preoperative albumin, maximum
tumour diameter and pathological stage (all P<0.05)
(Table 1). To ameliorate this condition, we matched
patients in the side overlap and Roux-en-Y groups at a
ratio of 1:1 via propensity score matching. The match tol-
erance was set to 0.08. Finally, 15 patients from the side
overlap group and 15 patients from the Roux-en-Y group
were included in this work. The baseline data of these
groups were comparable (Table 2).

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) patients diag-
nosed with cancer of the upper part of the stomach
through preoperative pathological examination of gas-
troscopy biopsy samples; (2) patients at clinical stage
cT1-2NOMO after preoperative enhanced computed
tomography and endoscopic ultrasonography; (3)
patients without preoperative distant metastasis; and (4)
patients without a history of abdominal surgery.

The exclusion criteria were as follows: (1) patients who
received preoperative neoadjuvant therapy; (2) patients
with severe cardiopulmonary dysfunction or poor nutri-
tional status and who displayed poor tolerance of sur-
gery; (3) patients with concomitant malignant tumours;
and (4) patients whose clinical and pathological data
were incomplete.
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Table 1 Comparison of baseline data comparison

Side Roux-en- Statistical P
overlap  Ygroup value value
group

Sex x*=2568  0.109

Male 17 164

Female 3 78

Age (y) 65.5(34.0- 64.0270- Z=-1234 0217
79.0) 83.0)

BMI (kg/m2) 213(144- 220014.2- 7=-0302 0.762
30.0) 80.0)

Preoperative albumin 432+47 388+£52 t=3536 0.000

(9/L)

Maximum tumour diam-  2.5(0.5-3.8) 4.5(0.5- 7=-5.100 0.000

eter (cm) 15.0)

Tumor differentiation x?=4222 0121

grade

High 4 20

Moderate 10 101

Poor 6 122

Pathological stage x*=51300 0.000

| 16 28

Il 4 82

Il 0 132

BMI: Body mass index

Table 2 Comparison of baseline data after propensity score

matching
Side Roux-en- Statisti- P
overlap  Ygroup calvalue value
group

Sex x*=0.745 0.195

Male 13 10

Female 2 5

Age (y) 65.0(34.0- 69.0(50.0- Z7=-0332 0.740
79.0) 81.0)

BMI (kg/m?2) 221436 214+22 t=0608 0.548

Preoperative albumin (g/L) 42.6+48 405+51 t=1.114 0275

Maximum tumour diam-  3.0(1.0-3.8) 2.5(0.5— 7=-0313 0.755

eter (cm) 15.0)

Tumor differentiation x*=1235 0539

grade

High 3 2

Moderate 7 5

Poor 5 8

Pathological stage x*=2964 0227

| 11 10

Il 4 3

Il 0 2

BMI: Body mass index

Surgical procedures

The same group of surgeons performed all surgeries in
this study. Under intravenous and inhaled general anaes-
thesia, the patients were placed in a supine split-leg posi-
tion with the head slightly raised, and the surgical site
was disinfected routinely. The surgeon stood on the left
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side of the patient, the surgical assistant stood on the
right, and the laparoscope holder was placed between
the patient’s legs. The five-port method was performed
to place a 12 mm trocar under the umbilicus as the
observation port from which pneumoperitoneum was
established, with pressure being maintained at 12-15
mmHg (1 mmHg=0.133 kPa). Next, a 12 mm trocar was
installed 2 cm below the costal margin of the left anterior
axillary line, and another 5 mm trocar was placed 2 cm
above the level of the umbilicus at the left midclavicular
line to establish the operating ports. The 5 mm trocars
placed at the corresponding sites on the right side served
as additional operating ports.

Laparoscopic exploration was performed to identify
the tumour location, size, degree of infiltration and rela-
tionship with the surrounding organ tissue. The patients
in the side overlap group underwent free resection of the
proximal stomach along with D1+or D2 lymphadenec-
tomy. The surgical procedure was performed according
to our previous research [8]. In contrast, the Roux-en-
Y group received complete free resection of the entire
stomach and Dl+or D2 lymphadenectomy. No. 10
lymph node dissection was not routinely performed and
was conducted only for patients with enlargement of the
No. 10 lymph nodes.

1. Roux-en-Y group.

The oesophagus was transected, and the entire stomach
was removed. The jejunum was cut 15-20 cm from Tre-
itz’s ligament, and jejunal oesophageal anastomosis was
performed using the distal end of the jejunal stump. Jeju-
nojejunostomy was carried out using the proximal end
of the jejunum 30-40 cm from the jejunal oesophageal
anastomosis (Fig. 1).

2. Side overlap group.

The lower segment of the oesophagus was exposed to
a length of 25 c¢m, and the oesophagus was transected
near the cardia via an endoscopic linear stapler. Intraop-
erative gastroscopy or rapid frozen pathological examina-
tion was performed to ensure safe surgical margins. The
abdominal segment of the oesophagus was preserved as
much as possible, and a thread was placed in the middle
of the lower edge of the oesophageal stump to facilitate
subsequent traction. The bilateral diaphragmatic cruses
were opened to expand the operating space. Subsequent
suturing and fixation of the oesophageal stump were
guided by marking the dorsal side 5 cm from the oesoph-
ageal stump with gentian violet.

A small median incision (5 cm) was made under the
xiphoid process, and the stomach was removed to deter-
mine the tumour location. The stomach was dissected at
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Fig. 1 Roux-en-Y anastomosis

the proximal end with a linear stapler 3 cm away from
the distal end of the tumour, and the stump was fortified
via intermittent suture. The cutting line was ensured to
be perpendicular to the long axis of the stomach as much
as possible to preserve the remaining stomach volume. A
5 cm longitudinal mark was made with gentian violet at
the median of the anterior wall of the remnant stomach
to be anastomosed with the oesophagus. The pneumo-
peritoneum was reestablished by returning the remnant
stomach to the abdominal cavity.

At the gentian violet mark, the centre of the upper edge
of the remnant stomach was fixed via a continuous suture
of the dorsal side of the lower oesophagus. A barbed
suture ensured that the lower oesophagus accurately
overlapped and was fixed at the centre of the anterior
wall of the remnant stomach during subsequent oesopha-
gogastric anastomosis. A gastric tube served as a guide
to make a small incision on the right wall of the lower
oesophageal stump via an electric hook and another at
the lower end of the gentian violet mark on the anterior
wall of the remnant stomach (Fig. 2a). The left side of the
oesophageal stump was lifted and rotated counterclock-
wise by 90°. With the gentian violet mark on the anterior
wall of the remnant stomach as a guide, the long axis of
the oesophagus was made parallel and overlapping with
the long axis of the stomach. A 45 mm linear stapler was
inserted through the opening of the oesophagus and
remnant stomach to conduct a side-to-side anastomosis
between them (Fig. 2b). The entry hole was closed with
a longitudinal continuous barbed suture (Fig. 2c). Blue
staplers were used, and a thicker staple cartridge was
applied on the thick parts of the stomach or oesopha-
geal wall. The lower margin of the oesophageal stump
was continuously fixed by sutures to the anterior wall
of the remnant stomach from the left side of the lower
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oesophagus, using a barbed suture to embed the cut edge
of the lower oesophagus. The left and right ends of the
remnant stomach were suture-fixed to the left and right
diaphragmatic cruses to reconstruct an artificial gastric
fundus. The left and right sides of the lower oesophagus
were continuously suture-fixed with the anterior wall
of the remnant stomach for 270° embedding to ensure
a tight fit between the lower oesophagus and the ante-
rior wall of the remnant stomach. Reconstruction of the
digestive tract was completed (Fig. 2d).

Finally, the anastomotic site was carefully examined for
bleeding, stricture or incomplete closure through intra-
operative gastroscopy, and a narrow and elongated pos-
terior wall of the oesophagus on the anastomosis adhered
to the anterior wall to prevent gastroesophageal reflux
(Fig. 2e).

Outcome measures and evaluation criteria

The outcome measures were as follows: (1) intraopera-
tive data, including total surgery duration, intraopera-
tive blood loss volume and digestive tract reconstruction
duration; (2) postoperative recovery period, measured as
the time to first postoperative anal exhaust, time to first
postoperative liquid food intake, length of postoperative
hospital stay and postoperative complications, including
intestinal obstructions, lymphatic stenosis, abdominal
bleeding, anastomotic fistula and pulmonary infections;
and (4) follow-up data, including the number of patients
followed up, follow-up duration, nutritional status after
discharge, presence of reflux oesophagitis and anasto-
motic condition.

The evaluation criteria were as follows: (1) nutritional
status assessment comprising body mass index (BMI)
haemoglobin, albumin, and Nutritional Risk Screen-
ing 2002 (NRS 2002) score [9]; (2) oesophageal reflux
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Fig. 2 (a) A gastric tube served as a guide to make a small incision on the right wall of the lower oesophageal stump via an electric hook and another
at the lower end of the gentian violet mark on the anterior wall of the remnant stomach. Figure 2(b) A 45 mm linear stapler was inserted through the
opening of the oesophagus and remnant stomach to conduct a side-to-side anastomosis between them. Figure 2(c) The entry hole was closed with a
longitudinal continuous barbed suture. Figure 2(d) The left and right sides of the lower oesophagus were continuously suture-fixed with the anterior
wall of the remnant stomach for 270° embedding to ensure a tight fit between the lower oesophagus and the anterior wall of the remnant stomach. The
reconstruction of the digestive tract was completed. Figure 2(e) The narrow and elongated posterior wall of the oesophagus on the anastomosis adhered
to the anterior wall to prevent gastroesophageal reflux
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Table 3 Comparison of intraoperative data Table 4 Comparison of postoperative recovery
Side overlap Roux-en-Y Statistical P Side Roux-  Statistical P
group group value value overlap en-Y value value
Total surgery  83.0(77.0-116.0) 394(375- Z=-4672  0.000 group group
duration 46.2) Time to first postoperative 1.0(1.0- 20(1.0- Z=-1907 0.057
(min) anal exhaust (d) 3.0) 3.0)
Diges- 196.4+95 2249+588 t=-1.851 0.075 Time to first postoperative 1.0(2.0- 3020- Z=1946 0052
tive tract liquid food intake (d) 40) 5.0)
reconstruc- Length of postoperative 70(70-  80(70- Z=-1619 0.106
tion duration hospital stay (d) 9.0) 9.0)
(min) Postoperative complications 2 1 x2=0.000 1.000
Intraoperative  21.0(17.0-27.0) 31.0(12.0- 7=-0603 0.546 Intestinal obstruction 0 0
blood loss 48.0) . )
Anastomotic stenosis 0 0
volume (ml)
Anastomotic bleeding 1 0
Anastomotic fistula 0 0
1 1

symptom score on the gastroesophageal reflux disease
questionnaire (GerdQ) scale [10]; (3) reflux oesopha-
gitis diagnosed through gastroscopy and the severity of
lesions assessed via the Los Angeles grading system [11];
and (4) the condition of the anastomotic site determined
via upper gastrointestinal angiography.

Follow-up

All patients were followed up for a minimum of 18
months, with the follow-up period ending in June 2024.
Follow-ups were conducted during outpatient vis-
its, through telephone consultations and/or online via
WeChat to evaluate the patients’ nutritional status, reflux
oesophagitis and the condition of the anastomotic site.

Statistical analysis

Normally distributed data are expressed as x+s and were
analysed through t tests for intergroup comparisons.
Data with skewed distributions are expressed as median
values (ranges), and the results of the intergroup com-
parisons were analysed via Mann—Whitney U tests. The
grade data were analysed via the nonparametric rank-
sum test. Count data are expressed as absolute numbers,
and intergroup comparisons were conducted via X2 tests
or Fisher’s exact tests. A P value <0.05 was considered to
indicate statistical significance.

Results

Surgical conditions

All patients underwent successful LPG and LTG, with no
conversions to open surgery occurring during the pro-
cedures. The digestive tract reconstruction times for the
patients in the side overlap and Roux-en-Y groups were
83.0 (77.0-116.0) and 39.4 (37.5-46.2) min, respectively.
The between-group differences at these times were sta-
tistically significant (P<0.05). The mean surgery dura-
tions for the side overlap and Roux-en-Y groups were
196.4+9.5 and 224.9+58.8 min, respectively, with no
significant difference between the two groups. The intra-
operative blood loss volumes were 21.0 (17.0-27.0) and

Pulmonary infection

31.0 (12.0-48.0) mL for the side overlap and Roux-en-
Y groups, respectively, with no significant difference.
Table 3 summarizes the surgical outcome data.

Postoperative recovery

The time to first postoperative anal exhaust, time to first
postoperative liquid food intake and length of postopera-
tive hospital stay were 1.0 (1.0-3.0), 1.0 (2.0-4.0) and 7.0
(7.0-9.0) days, respectively, for the side overlap group
and 2.0 (1.0-3.0), 3.0 (2.0-5.0), and 8.0 (7.0-9.0) days,
respectively, for the Roux-en-Y group. No statistically
significant differences were found between the groups
(all P>0.05). The incidence of postoperative compli-
cations in the side overlap group included one case of
anastomotic bleeding and one case of pulmonary infec-
tion. In contrast, the Roux-en-Y group had one case of
pulmonary infection. No statistically significant differ-
ences were detected in these indicators between the two
groups (all P>0.05). The postoperative recovery data are
presented in Table 4. All complications in both groups
improved after conservative treatment, and all patients
achieved a state of tumour-free survival following surgi-
cal intervention.

Follow-up outcomes

All patients were followed up at 12 and 18 months after
surgery. Table 5 shows the follow-up data for the two
groups. The BMI at 12 and 18 months reached 22.0+3.6
and 19.8+1.8 kg/m2 for the side overlap group and
21.8+3.3 and 19.5+ 1.6 kg/m2 for the Roux-en-Y group,
respectively. The haemoglobin levels at 12 and 18 months
were 124.5+11.2 and 126.3 +13.5 g/L for the side overlap
group and 113.3+17.8 and 115.7 + 14.6 g/L for the Roux-
en-Y group, respectively. The albumin concentrations at
12 and 18 months were 41.3+3.9 and 41.9+3.7 g/L for
the side overlap group and 36.5+7.0 and 36.4+7.1 g/L for
the Roux-en-Y group, respectively. The NRS 2002 scores
at 12 and 18 months after surgery were 2 (1-2) and 2
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Table 5 Comparison of follow-up data

Side over- Roux-en-Y Statistical P

lap group  group value value
BMIat 12 months(kg/  22.0+3.6 19.8+1.8 t=2059  0.049
m?)
BMI at 18 months(kg/  21.8+33 195+16 t=2458  0.020
m?)
Hemoglobin at 12 1245+112 1133+178 t=2070 0.048
months(g/L)
Hemoglobin at 18 1263+135 1157+£146 t=2076 0.047
months(g/L)
Albumin at 12 413+39 36.5+70 t=2296  0.032
months(g/L)
Albumin at 18 419437 364+7.1 t=2657 0.015
months(g/L)
NRS 2002 scoresat 12 2(1-2) 2(1-3) 7/=-2249 0.025
months
NRS 2002 scores at 18 2(1-2) 2(1-3) 7=-3023 0.003
months
GerdQ scale scoresat  3(2-4) 3(2-4) 7=-0207 0.836
12 months
GerdQ scale scoresat  3(2-4) 3(2-4) 7=-0.115  0.909
18 months
> grade B reflux 0 1 x2=0.000 1.000
esophagitis at 12
months

BMI: Body mass index
NRS 2002: Nutritional Risk Screening 2002

GerdQ: Gastroesophageal reflux disease questionnaire

(1-3) points, respectively, for the side overlap group. For
the Roux-en-Y group, the scores were 2 (1-2) points at
6 months and 2 (1-3) points at 12 months after surgery.
At both follow-up times, the between-group differences
in the above data were statistically significant (P<0.05).
Furthermore, the GerdQ scale scores of the side overlap
group reached 3 (2—4) and 3 (2—4) points at 12 and 18
months, respectively, and those of the Roux-en-Y group
were 3 (2—4) points and 3 (2—4) points, respectively. One
year after surgery, the Roux-en-Y group had one case of
>grade B reflux oesophagitis. The occurrence of reflux
oesophagitis in this particular patient may be attributed
to his previous cholecystectomy, which led to a continu-
ous flow of bile into the small intestine without any stor-
age capacity. This condition was further exacerbated by
obesity, which compromised the antireflux mechanism.
Except for this patient, who exhibited reflux oesopha-
gitis and subsequently received oral PPI treatment until
the end of our follow-up period, the other patients did
not routinely use PPIs. No cases of anastomotic steno-
sis were found via postoperative upper gastrointestinal
angiography in any of the patients. Table 5 summarizes
the follow-up outcome data. Figure 3 presents the post-
operative upper gastrointestinal angiography results for
the modified side overlap anastomosis. Postoperative
endoscopic examination revealed a narrow and elongated
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Fig. 3 Postoperative upper gastrointestinal angiography image of the
modified side overlap anastomosis

anastomotic site after the modified side overlap anasto-
mosis (Fig. 4).

Discussion

An increasing trend in the incidence of gastric can-
cer, particularly in the upper gastric region, has led to
increased attention being given to this health issue. A
national study conducted in South Korea revealed an
increase in cases of proximal gastric cancer, with rates
increasing from 11.2 to 16% by 2014 [12]. Until recently,
the conventional approach for treating gastric cancer
located in the upper stomach involved total gastrec-
tomy. However, advancements in medical practices and
improved early detection rates have enabled physicians
to enhance the preservation of gastric functionality dur-
ing comprehensive tumour excision. Therefore, research-
ers have developed innovative techniques for proximal
gastrectomy aimed at preserving stomach function.
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Fig. 4 Postoperative endoscopic examination showing a narrow and
elongated anastomotic site after the modified side was overlapped with
the anastomosis

Recent advancements in these techniques for treating
early-stage gastric cancer have demonstrated the ability
to improve patients’ nutritional recovery after surgery
while maintaining long-term survival rates. Nevertheless,
this procedure may disrupt the reflux prevention mecha-
nism of the cardia; studies indicate that the occurrence of
reflux oesophagitis following standard oesophagogastric
anastomosis ranges between 21.8% and 71.6% [13]. This
situation significantly diminishes patients’ quality of life
after surgery.

In 2017, Yamashita et al. [7] introduced the technique
of side overlap anastomosis, which has demonstrated
significant effectiveness in preventing reflux. The con-
ventional side overlap anastomosis technique, which
uses only a linear stapler, is generally straightforward
and cost-effective. A critical aspect of this procedure
involves counterclockwise rotation, followed by activa-
tion of the linear stapler to perform a side-to-side anasto-
mosis between the lateral wall of the oesophagus and the
anterior wall of the remnant stomach. Notably, the ante-
rior wall of the remnant stomach closely adheres to the
adjacent lateral surface of the oesophagus. Subsequently,
anchoring is performed on both the left and right crus of
the diaphragm to create an artificial fundus. As pressure
within this newly formed gastric fundus increases, the
distal portion of the oesophagus closes to prevent reflux.

However, Yamashita et al. reported instances of an
anastomotic shift towards the lesser curvature of the
remnant stomach in a subset comprising 27 patients
treated with this modified side overlap anastomosis
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technique. This phenomenon results in inadequate over-
lap between the lower oesophagus and anterior wall of
the remnant stomach, ultimately leading to ineffective
closure as pressure within the artificial gastric fundus
escalates. This observation can be attributed to alignment
discrepancies among three key components: the long axis
of the oesophagus, the long axis of the remnant stom-
ach, and the rotational axis of the linear stapler at that
moment of activation.

On this basis, Yamashita et al. [7] modified the side
overlap method to increase the stability of the antire-
flux mechanism. In the present study, we employed the
revised technique of side overlap in laparoscopic gas-
tric procedures. Initial observations associated with
this revised technique included the following: (1) Com-
pared with the conventional side overlap anastomosis
technique, a significant modification in our technique
involved replacing the initial side-to-side anastomo-
sis between the left lateral wall of the lower oesophagus
and the anterior wall of the remnant stomach with one
performed between the right lateral wall of the lower
oesophagus and the anterior wall of the remnant stom-
ach. The conventional side overlap anastomosis proce-
dure primarily depends on subjective assessment and
surgeon expertise, which have been linked to complica-
tions such as anastomotic shift and suboptimal treatment
outcomes. In contrast, during our modified side overlap
anastomosis, we rotated the oesophagus 90° counter-
clockwise to align its long axis with the middle long axis
of the remnant stomach. A preestablished mark facili-
tated alignment for subsequent connection between both
structures, ensuring precise fitting while significantly
minimizing misalignment risks in their axes during anas-
tomosis via a linear stapler. (2) The left and right cruses of
the diaphragm were incised to expand the surgical work-
space and create an artificial gastric fundus by elevat-
ing the remnant stomach. This technique enhances the
exposure length of the oesophagus, effectively addressing
challenges associated with retraction following oesopha-
geal resection and facilitating the anastomosis process
after significant resection; consequently, this laid a solid
foundation for future anastomosis and the establishment
of an antireflux mechanism. (3) In a manner analogous to
fundoplication, 270° embedding was executed by sutur-
ing both sides of the lower oesophagus to the anterior
wall of the remnant stomach. This technique enhances
pressure within the gastric fundus and establishes mech-
anisms that prevent reflux. (4) The margin of the lower
oesophageal incision was meticulously embedded to pre-
vent leakage at the anastomosis site postsurgery.

This reconstructed anastomotic stoma exhibited a
valve-like appearance. As the pressure within the arti-
ficial gastric fundus increased, the posterior wall of the
oesophagus at the anastomosis adhered to its anterior
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wall, effectively preventing gastroesophageal reflux.
Compared with the 25 mm circular stapler, the side-to-
side overlap anastomosis facilitated the establishment of
a broad and lengthy anastomosis. To mitigate complica-
tions such as anastomosis stricture postoperatively, it is
essential to avoid shifts in the long axis of the oesopha-
gus, the remnant stomach and the linear stapler. Should
any shifts occur, intraoperative widening of the anasto-
mosis can be achieved by adjusting the suture direction
at the common opening.

In the present study, the modified side overlap group
required a longer duration for reconstruction of the
digestive tract than did the Roux-en-Y group; this may
be attributed to the intricate and challenging nature of
the surgical technique employed. Conversely, the time
needed for lymph node dissection was reduced in the
former group. Consequently, there was no significant
difference in overall surgical duration between the two
patient cohorts.

This technique is recommended for patients with early-
stage tumours in which the dentate line is not compro-
mised. This technique can facilitate execution of the
surgical procedure while enhancing safety during inter-
vention. Furthermore, no significant differences were
identified between patients in the modified side over-
lap group and those in the Roux-en-Y group regarding
the time to first postoperative anal exhaust, time to first
postoperative liquid food intake, length of postoperative
hospital stay or incidence or types of postoperative com-
plications. These findings suggest that both LPG and con-
ventional LTG are comparable in terms of surgical safety
and recovery outcomes following surgery.

Our comparative analysis revealed that the modified
side overlap group presented greater BMI, haemoglobin,
albumin, and NRS 2002 scores than did the Roux-en-
Y group at both 12 and 18 months postoperatively. This
outcome can be attributed to the preservation of the dis-
tal part of the stomach following LPG, which facilitates
a certain amount of food consumption. Furthermore,
this technique enhances the stomach’s capacity for diges-
tion, secretion, and storage of food, leading to substan-
tial enhancements in nutritional status following surgery
[14-16]. These findings are consistent with studies con-
ducted in Japan and South Korea, further corroborating
the advantages of LPG for patients’ postoperative nutri-
tional outcomes [17-20]. In both groups, comparable
incidences of oesophageal reflux were observed through-
out the follow-up period. This finding indicates that the
antireflux mechanism established by the modified side
overlap anastomosis is effective in preventing reflux
while still facilitating normal food consumption.

This study has several limitations. First, the patient
cohort analysed was relatively small, and the group of
individuals who underwent LPG was also modest in size.
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In the context of digestive tract reconstruction following
LPG, our centre not only employed this modified side
overlap anastomosis technique but also explored various
other methods, including oesophagogastric tube anasto-
mosis, double-tract anastomosis, and Kamikawa anasto-
mosis. Future research will focus on further investigating
the comparative clinical effectiveness of various tech-
niques for digestive reconstruction following LPG. These
investigations will contrast these techniques with Roux-
en-Y anastomosis, which is commonly employed in LTG.
Additionally, we will analyse the clinical outcomes associ-
ated with different reconstruction methods used in LPG.

Second, our centre has previously adopted LTG com-
bined with Roux-en-Y anastomosis as a standard treat-
ment protocol for early upper gastric cancer. With
increasing emphasis on functional preservation and
nutritional enhancement, the number of patients under-
going LPG for early upper gastric cancer has gradually
increased. Consequently, the follow-up period for assess-
ments within the modified side overlap group was nota-
bly limited. Therefore, extending the follow-up duration
is crucial to adequately evaluate the clinical outcomes,
nutritional health status, and survival rates associated
with these techniques.

Ultimately, this study was conducted at a single cen-
tre; thus, its findings may have limited generalizability.
To achieve a more comprehensive assessment of surgi-
cal techniques for upper gastric cancer, it is imperative to
conduct additional prospective multicentre clinical trials
to validate these results.

In addition, we employed modified side overlap anasto-
mosis performed ex vivo to create the remnant stomach.
Not all procedures were conducted within the abdominal
cavity; thus, they can be characterized as laparoscopy-
assisted surgeries. Previous reports indicate that total
laparoscopic surgery offers superior postoperative recov-
ery compared with that of laparoscopy-assisted surgery
[21-22]. However, in our study, the modified side over-
lap anastomosis was not executed entirely under lapa-
roscopic conditions. The rationale for this approach is
that performing proximal gastrectomy and embedding
the stump under direct vision ex vivo is both faster and
safer than doing so via laparoscopy; moreover, the length
of the abdominal incision does not exceed that of the
Roux-en-Y group. Consequently, conducting proximal
gastrectomy externally has emerged as a mainstream
surgical method for LPG at present. For future research
endeavours, we plan to perform proximal gastrectomy
with modified side overlap anastomosis under total lapa-
roscopy to further explore the advantages associated with
total laparoscopic surgery versus laparoscopy-assisted
surgery.
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Conclusions

The use of a modified side overlap anastomosis during
laparoscopic procedures for resection of early gastric
cancer located in the upper stomach is distinguished by
its safety and practicality. The effectiveness of this tech-
nique is comparable to that of the Roux-en-Y anastomo-
sis employed during LTG, but it also offers the additional
advantage of improved nutritional outcomes for patients
in the postoperative period. Therefore, this surgical tech-
nique not only demonstrates safety and efficacy but also
significantly contributes to improving the nutritional
well-being of patients following surgery, rendering it a
valuable option for the treatment of upper gastric cancer.
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