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Abstract
With the gradual enhancement of public health literacy and advancements in gastroscopy technology, China 
has witnessed a steady increase in the detection rate of early-stage gastric cancer. Early-stage gastric cancer 
is characterized by favorable prognoses and prolonged survival times. In the treatment of early-stage gastric 
cancer, maintaining postoperative quality of life while ensuring curability without excessive intervention is 
crucial and remains a focal point in current therapeutic strategies. This can be addressed through minimally 
invasive, function-preserving gastrectomy. Laparoscopic proximal gastrectomy, pylorus-preserving gastrectomy, 
segmental gastrectomy, local gastrectomy, and laparoscopic-endoscopic combined surgery are all examples of 
function-preserving procedures. In proximal gastrectomy, reconstruction typically involves anti-reflux techniques 
such as esophagogastrostomy, double-tract reconstruction, and jejunal interposition. Currently, the Kamikawa 
anastomosis, as a method to prevent reflux esophagitis, has become the preferred reconstruction technique in 
Japan. However, a standardized reconstruction method following proximal gastrectomy has yet to be established. 
Additionally, sentinel lymph node navigation surgery is essential for maintaining the curability of early-stage 
gastric cancer through minimally invasive, function-preserving gastrectomy. It aids in intraoperative lymph node 
localization, assesses lymph node metastasis, and determines the extent of lymphadenectomy, thereby enhancing 
postoperative quality of life for early-stage gastric cancer patients. Internationally, sentinel lymph node navigation 
surgery has been established as a treatment option for specific early-stage gastric cancer patients, with its 
application expected to expand in the future. This article reviews the current research status of function-preserving 
gastrectomy for gastric cancer both domestically and internationally. It details various function-preserving surgical 
methods, analyzes and summarizes their clinical efficacy, aiming to provide valuable references for surgeons to 
better perform such surgeries. This, in turn, will promote the standardized application and further development of 
function-preserving gastrectomy for gastric cancer in clinical practice. 
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Introduction 
According to the 2022 Global Cancer Statistics released by the International Agency for Research on Cancer 

of the World Health Organization, GC ranks 5th in incidence and 4th in mortality globally [1]. Traditional surgical 

The current landscape and advances 
in functional-preserving gastric cancer 
surgery
Qiangzu Shao1,2, Yinghong Lin1,2, Fan Zhang1,2 and Zeping Huang1,2,3*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s12957-025-04037-0
http://crossmark.crossref.org/dialog/?doi=10.1186/s12957-025-04037-0&domain=pdf&date_stamp=2025-9-24


Page 2 of 14Shao et al. World Journal of Surgical Oncology          (2025) 23:366 

PG
Proximal gastric cancer refers to malignancies occurring 
in the upper third of the stomach, primarily including 
adenocarcinoma at the gastroesophageal junction, gas-
tric fundus cancer, and malignant tumors in the upper 
third of the gastric body. Surgical resection is the pri-
mary treatment for proximal GC, with the main surgi-
cal approaches being total gastrectomy(TG) and PG. PG, 
which preserves partial gastric function, demonstrates 
favorable long-term outcomes in terms of postoperative 
nutritional status, weight loss, and anemia compared to 
TG [3].

Indications for PG
PG is primarily indicated for early-stage cancers in the 
upper third of the stomach, with malignant tumors in 
the proximal gastric body and cardia being suitable can-
didates. For adenocarcinoma at the gastroesophageal 
junction, PG is chosen when the tumor diameter is ≤ 4 
cm, regardless of invasion depth; total gastrectomy is 
considered for larger tumors [4]. The key to PG lies in 
preserving sufficient functional gastric volume, with 
the principle being to retain at least half of the original 
volume.

Lymph node dissection scope in PG
The lymph node dissection scope in PG includes [5]: 
D1 lymph node dissection: No.1, No.2, No.3a, No.4sa, 
No.4sb, No.7; D1 + lymph node dissection: D1 + No.8a, 
No.9, No.11p; D2 lymph node dissection: D1 + No.8a, 
No.9, No.11p, and No.11d. During lymph node dissec-
tion, it is routine to preserve the right gastric artery, 
right gastroepiploic artery, inferior pyloric artery, and to 

protect the hepatic branches of the vagus nerve and the 
pyloric branches.

Postoperative gastrointestinal reconstruction methods 
and clinical outcomes
The incidence of major complications such as reflux 
esophagitis and anastomotic stricture after PG is signifi-
cantly higher than after total gastrectomy [6–8]. There-
fore, improvements in gastrointestinal reconstruction 
are necessary to minimize postoperative complications. 
However, there is currently a lack of high-level evidence-
based medical support for the optimal gastrointestinal 
reconstruction method after PG. The widely recognized 
methods of gastrointestinal reconstruction include 
esophagogastrostomy and esophagojejunostomy [9, 10].

Esophagogastrostomy with gastric remnant
Esophagogastrostomy with gastric remnant, a classical 
method of gastrointestinal reconstruction, is associated 
with a high incidence of postoperative reflux esophagi-
tis. Studies indicate that 60%−70% of patients undergo-
ing esophagogastrostomy exhibit reflux symptoms [11]. 
Therefore, preventing reflux esophagitis is crucial in 
postoperative gastrointestinal reconstruction. Current 
mainstream techniques include fundoplication, tubu-
lar gastreesophagostomy and its modifications, double-
flap anastomosis and its modifications, and side-overlap 
esophagogastrostomy (also known as SOFY anastomosis) 
and its modifications. These advancements have reduced 
postoperative complications to varying degrees in PG 
patients.

Fundoplication  Fundoplication involves wrapping the 
esophagus with the gastric remnant wall after esophago-

complications, such as postoperative malnutrition, anemia, and inadequate anti-reflux, significantly impact patients’ 
quality of life. Therefore, reconstructing the anti-reflux barrier and preserving the residual stomach’s function during 
surgical treatment are critical concerns. In recent years, functional preservation surgeries for GC have gained 
traction, aiming to retain part of the stomach’s anatomical and physiological functions while ensuring radical 
tumor resection, thereby enhancing postoperative quality of life [2]. In functional-preserving gastrectomy, precise 
assessment of lymph node metastasis status is crucial for determining surgical approaches, predicting prognosis, 
and guiding subsequent treatments, requiring a balance between tumor radicality and functional preservation. 
Lymph node metastasis is a pivotal biological behavior in malignant tumor progression, involving tumor cells 
detaching from the primary site, colonizing lymph nodes via the lymphatic circulation, and proliferating, resulting 
from interactions between tumor cells and the host microenvironment. The pathophysiological mechanisms 
involve complex multi-step, multi-factor regulation of tumor cell invasion, migration, and colonization. Diagnosis 
of lymph node metastasis necessitates clinical, imaging, and pathological methods, with pathological diagnosis 
serving as the “gold standard” ,including intraoperative frozen section biopsy of suspicious lymph nodes, 
postoperative paraffin-embedded cases, and sentinel lymph node biopsy. With advancements in molecular 
diagnostic technologies, future identification of micrometastases and potential metastatic risks will become 
more precise, providing stronger support for assessing lymph node metastasis. Currently, widely used functional-
preserving surgeries include proximal gastrectomy(PG), pylorus-preserving gastrectomy(PPG), segmental 
gastrectomy(SG), local gastrectomy(LG), and laparoscopic-endoscopic combined surgeries(LECS).
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gastrostomy, applying pressure from the gastric remnant 
wall on the esophagus to achieve anti-reflux effects (Fig. 
1). A retrospective study compared 44 patients under-
going fundoplication after PG with 17 undergoing con-
ventional anastomosis [12]. The fundoplication group 
showed significantly lower rates of grade B (Los Angeles 
classification) or worse reflux esophagitis compared to the 
conventional reconstruction group (0% vs. 58.8%). Addi-
tionally, the Post-Gastrectomy Symptom Assessment 
Scale-45 (PGSAS-45), a key tool for evaluating postop-
erative esophageal reflux, demonstrated significantly bet-
ter scores in the fundoplication group compared to the 
conventional reconstruction group (1.5 vs. 2.4). A portion 
of patients in both groups experienced varying degrees of 
anastomotic stricture postoperatively (22.7% vs. 23.5%), 
all of which were alleviated after endoscopic balloon dila-
tion. Ojima successfully performed fundoplication using 
the da Vinci robotic system in 15 patients after PG, with 
short-term follow-up showing no gastroesophageal reflux 
or anastomotic stricture [13].

Tubular gastroesophageal anastomosis and its modifi-
cations  Tubular gastroesophageal anastomosis was first 
proposed by Shiraishi [14], which involves reconstruction 
of the gastric fundus and partial resection of the gastric 
antrum to reduce gastric acid secretion, thereby decreas-
ing the incidence of reflux esophagitis (Fig. 2). Studies 
have shownthat PG combined with tubular gastroesopha-
geal anastomosis offers advantages in reflux prevention 
and nutritional outcomes compared to total gastrectomy 
[15]. Cheng modified the tubular gastroesophageal anas-
tomosis to propose the “Giraffe” anastomosis [16], which 
reconstructs the His angle and gastric fundus, achieving 
favorable anti-reflux effects (Fig. 3). Clinical outcomes 
of “Giraffe” anastomosis reconstruction in 100 cases 
have been reported [17], with assessments based on the 
Gastroesophageal Reflux Disease Questionnaire (RDQ) 
and postoperative endoscopic examinations to evaluate 
the occurrence and grading of reflux esophagitis. At six 
months postoperatively, the RDQ revealed reflux symp-
toms in eight patients, while endoscopy identified reflux 
esophagitis in 11 patients, including 6 cases of grade A, 
3 cases of grade B, and 2 cases of grade C. All patients 
were able to manage reflux symptoms through behav-
ioral guidance or oral proton pump inhibitor therapy. The 
“Giraffe” anastomosis demonstrates favorable outcomes 
in anti-reflux and gastric emptying; however, the long and 
narrow configuration of the tubular stomach may increase 
the risk of anastomotic leakage [18].

Double muscle flap anastomosis and its modifica-
tion  Kamikawa first introduced the double muscle flap 
anastomosis, also known as the Kamikawa anastomosis 
(Fig. 4), in 1998. Kuroda reported that among 33 patients 

Fig. 2  Tubular gastroesophageal anastomosis

 

Fig. 1  Fundoplication procedure
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who underwent double muscle flap anastomosis, none 
developed reflux esophagitis one year postoperatively, 
demonstrating excellent anti-reflux efficacy [19]. A mul-
ticenter study evaluated the clinical outcomes of 464 
patients following double muscle flap anastomosis, reveal-

ing a reflux esophagitis incidence of 10.6%, with 6% of 
these cases being grade B or above [20]. This indicates that 
the double muscle flap anastomosis effectively reduces 
the occurrence of reflux esophagitis. Additionally, 5.5% of 
patients experienced anastomotic stricture, possibly due 
to the higher pressure associated with double muscle flap 
anastomosis. Other researchers have found that only 4.2% 
of patients post-double muscle flap anastomosis exhibited 
symptoms of grade B or above reflux esophagitis, but 8.3% 
required balloon dilation due to anastomotic stricture 
[21]. This suggests that while the double muscle flap anas-
tomosis offers good anti-reflux effects, the incidence of 
anastomotic stricture is relatively high, potentially related 
to postoperative scar contraction at the anastomotic site.

Despite its excellent anti-reflux efficacy, the double 
muscle flap anastomosis is technically challenging, time-
consuming, and requires a high level of surgical skill, sig-
nificantly limiting its dissemination and adoption. The 
current focus is on simplifying surgical procedures and 
reducing complexity while maintaining anti-reflux effec-
tiveness. Ji Jiafu’s team at Peking Universityhas modified 
the double muscle flap anastomosis, proposing an “arch-
style” anastomosis method [22] (Fig. 5). Preliminary stud-
ies involving 15 patients demonstrated a 0% incidence 
of anastomotic leakage and good short-term anti-reflux 
effects. Long-term clinical outcomes require further fol-
low-up. The “arch-style” anastomosis offers significant 
advantages over the double muscle flap anastomosis, 

Fig. 5  “Arch Bridge” style anastomosis

 

Fig. 4  Kamikawa anastomosis

 

Fig. 3  Cheng's"Giraffe" anastomosis
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including simplicity of operation, controllable muscle 
flap quality, and good blood supply. It holds promise for 
significantly reducing surgical complexity and duration 
while maintaining anti-reflux efficacy. However, large-
scale clinical studies are currently lacking to validate 
these benefits.

SOFY anastomosis and its modification  In 2016, 
Yamashita pioneered the introduction of the SOFY anas-
tomosis technique—an anti-reflux reconstruction proce-
dure [23]. This method involves suturing and fixing both 
sides of the gastric remnant to the left and right diaphrag-
matic crura. The distal esophagus is then fully mobilized, 
pulled downward, and overlapped over the residual stom-
ach with an overlap length of at least 5 cm. The right wall 
of the esophageal stump is subsequently sutured and 
anchored to the anterior gastric wall to prevent retraction 
of the esophagus. Finally, a living flap is created using the 
dorsal esophageal segment to cover the anastomotic site.
This reconstruction design leverages biomechanical prin-
ciples to mitigate reflux: when intragastric pressure rises, 
the posterior esophageal wall is compressed against the 
flap, leading to closure of the anastomotic lumen and thus 
reducing the incidence of postoperative gastroesopha-
geal reflux. (Fig. 6). Among 14 patients who underwent 
SOFY anastomosis, none experienced anastomotic leak-
age or stricture. However, one patient developed severe 
reflux esophagitis, likely due to the anastomotic site shift-
ing towards the lesser curvature, misalignment between 
the left anastomotic line and the long axis of the remnant 
stomach, and insufficient rotation.

In 2022, Yamashita introduced a modified version of 
the SOFY anastomosis [24], termed the mSOFY anas-
tomosis (Fig. 7). The key refinement in this technique 
involves anastomosing the right wall of the esophagus 
to the anterior wall of the gastric remnant, followed by 
closure of the common opening. Subsequently, the left 
wall of the esophagus is sutured and fixed to the anterior 
gastric wall, ensuring it lies flush and adheres closely to 
the stomach. The anti-reflux mechanism of the mSOFY 
anastomosis remains fundamentally similar to that of the 
original SOFY procedure.Among 36 patients who under-
went the modified procedure (mSOFY), 10.7% exhibited 
reflux symptoms rated B or above, while only 2.8% expe-
rienced anastomotic stricture. The mSOFY anastomo-
sis not only effectively controls the occurrence of reflux 
esophagitis but also significantly reduces the complex-
ity of the surgical procedure and shortens the operative 
time. However, as a novel anti-reflux technique, the clini-
cal application of mSOFY anastomosis remains limited, 
and its anti-reflux efficacy and safety still need to be con-
firmed by higher-level evidence-based medical evidence. Fig. 7  mSOFY anastomosis

 

Fig. 6  SOFY anastomosis
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Esophagojejunostomy
In the reconstruction of the digestive tract following 
PG, esophagojejunostomy is widely employed, in addi-
tion to esophagogastrostomy, due to its more definitive 
anti-reflux effects. The primary methods of esophago-
jejunostomy currently include jejunal interposition, 
jejunal interposition with a reservoir, and double-tract 
anastomosis.

Jejunal interposition
PG combined with jejunal interposition involves recon-
structing the digestive tract by anastomosing both ends 
of a segment of well-vascularized jejunal loop to the 
remaining esophagus and remnant stomach. This method 
leverages the alkaline intestinal secretions produced 
by the interposed jejunum, along with the length gradi-
ent and peristalsis of the jejunal loop, to form an effec-
tive anti-reflux barrier between the remnant stomach 
and esophagus. This reduces symptoms of gastroesoph-
ageal reflux and improves postoperative quality of life 
for patients. Although this anastomotic method dem-
onstrates good clinical efficacy in anti-reflux, its exten-
sive surgical procedures and multiple anastomotic sites 
increase the incidence of anastomotic leakage and stric-
ture postoperatively, limiting its widespread application.

Jejunal Interposition with a Reservoir, first proposed by 
Kameyama [25], involves folding a segment of jejunum 
into a “P” or “U” shape to form a reservoir on the basis of 
jejunal interposition. Compared to simple jejunal inter-
position, this method offers superior anti-reflux effects 

and addresses the deficiency in food storage capac-
ity when the remnant stomach volume is insufficient. 
However, the critical factor remains the selection of the 
reservoir length; an excessively short length results in 
inadequate anti-reflux effects, while a longer length can 
lead to issues such as food retention. Additionally, the 
functional outcomes of this surgical approach have yet to 
be validated.

Double-tract anastomosis  Double-tract anastomosis 
is an extension of the esophagojejunostomy in the Roux-
en-Y configuration, where the distal remnant stomach is 
re-anastomosed to the jejunum at a distance of 10–15 cm 
from the esophagojejunostomy. This allows food to pass 
through both the remnant stomach and the jejunum into 
the distal digestive tract, hence the term double-tract 
anastomosis (Fig. 8).

Multiple studies have demonstrated that PG combined 
with double-tract anastomosis is a safe and effective 
method of gastrointestinal reconstruction. Ahn reported 
a postoperative incidence of reflux esophagitis of 4.6% 
with double-tract anastomosis [26]. Sato compared the 
nutritional status of patients after Roux-en-Y anastomo-
sis and double-tract anastomosis, finding that the lat-
ter performed well in terms of weight loss, hemoglobin 
reduction, and quality of life. In the Post-Gastrectomy 
Syndrome Assessment Scale 37 (PGSAS-37), the double-
tract group showed slightly better scores for diarrhea and 
intake quality [27]. Wang and Tian’s studies also indi-
cated that patients undergoing double-tract anastomosis 
had superior nutritional status compared to those under-
going total gastrectomy, making it a safe and effective 
method for gastrointestinal reconstruction following PG, 
potentially serving as a primary option for the surgical 
treatment of proximal GC [28]– [29]. Aburatani discov-
ered that double-tract anastomosis significantly reduced 
the incidence of postoperative reflux esophagitis (10.5% 
vs. 54.5%) and anastomotic stricture (0% vs. 27.0%) com-
pared to conventional esophagogastrostomy [30]. Kim 
found that patients after double-tract anastomosis had 
significantly higher levels of vitamin B12 compared to 
those after total gastrectomy [31], indicating a poten-
tial advantage in postoperative anti-anemia. Nomura’s 
prospective study revealed that, in terms of postopera-
tive nutrition, the jejunal interposition and double-tract 
anastomosis groups outperformed the total gastrectomy 
group; additionally, the food retention rate in the double-
tract reconstruction group was significantly lower than in 
the other two groups [32].

Compared to traditional simple esophagogastrostomy, 
double-tract anastomosis effectively prevents postopera-
tive reflux esophagitis, thereby enhancing the quality of 
life for patients undergoing PG. However, the drawback 
of this technique is the presence of multiple anastomotic Fig. 8  Double-tract anastomosis
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sites, which makes it difficult to maintain long-term food 
flow through the gastric channel. Despite requiring more 
anastomotic sites, double-tract anastomosis remains the 
optimal choice in terms of safety, reproducibility, and 
operational simplicity, particularly for elderly and high-
risk patients.

PPG
PPG is a type of SG that, compared to conventional SG, 
anatomically retains the upper one-third of the stom-
ach, the pylorus, the right gastric artery, the right gastro-
epiploic artery, the right gastroepiploic vein, the inferior 
pyloric artery, the inferior pyloric vein, and the hepatic 
and pyloric branches of the vagus nerve (Fig. 9). The deci-
sion to retain the right gastroepiploic vein depends on 
the branching pattern of the inferior pyloric vein. Due to 
the preservation of pyloric function, this procedure has 
significant advantages in preventing dumping syndrome 
and bile reflux.

Indications for PPG
PPG is primarily indicated for early-stage GC (without 
lymph node metastasis) located in the middle one-third 
of the stomach, with a tumor margin at least 4 cm from 
the pylorus [33]. Additionally, it requires preserving at 
least one-third of the proximal stomach. For early-stage 
GC involving the upper one-third of the stomach, when 
the upper boundary of the tumor is ≥ 3 cm from the 
esophagogastric junction and >4 cm from the pylorus, 
PPG can be considered [34].

Lymph node dissection in PPG
The scope of lymph node dissection in PPG includes: 
D1 lymphadenectomy (lymph nodes No.1, No.3, No.4sb, 
No.4d, No.6, and No.7), while D1 + lymphadenectomy 
additionally includes lymph nodes No.8a and No.9 [5]. 
Dissection of lymph nodes No.6 is one of the challenges 
during surgery; care must be taken to protect the infe-
rior pyloric vessels in this region. Lymph nodes No.6 are 
further divided into subgroups: No.6a, No.6i, and No.6v; 
among these, No.6i is where the inferior pyloric vessels 
are located and rarely shows lymph node metastasis; 
therefore, to ensure adequate blood supply to both sides 
of the distal antrum during dissection of lymph nodes 
No.6, it is necessary to preserve subgroup No.6i without 
complete dissection [3].

Exploration of optimal length for pyloric sleeve retention 
in PPG
In PPG, preventing postoperative functional disorders 
of the pylorus is crucial; key factors include selecting 
an appropriate length for retaining the pyloric sleeve. 
Studies have shown that compared to retaining 1.5 cm 
during surgery, retaining 2.5 cm significantly reduces 

postoperative gastric retention rates (35% vs. 10%). 
Retaining more than 3 cm does not affect long-term post-
operative gastric emptying dysfunction rates; thus, an 
optimal length for retaining the pyloric sleeve is between 
3 and 4 cm [35]– [36].

Gastrojejunostomy reconstruction and clinical outcomes 
of PPG
The gastrointestinal reconstruction following PPG typi-
cally involves gastro-gastro anastomosis, which can be 
performed either extracorporeally or intracorporeally. 
Extracorporeal anastomosis reduces the likelihood of 
postoperative anastomotic stricture [35], while the use of 
linear cutting staplers during intracorporeal anastomosis 
effectively lowers the incidence of postoperative compli-
cations, making it recommended for total laparoscopic 
PPG [37].

Compared to distal gastrectomy, PPG demonstrates 
significant advantages in surgical outcomes and long-
term nutritional status [38]. Postoperative dumping syn-
drome and bile reflux are less frequent, and nutritional 
outcomes are superior to those of distal gastrectomy, 
although the incidence of gastric emptying disorders is 
notably higher [39]. Additionally, the rate of postopera-
tive gallstone formation is significantly lower after PPG, 
likely due to the preservation of the hepatic branch of the 
vagus nerve, which reduces postoperative stone forma-
tion [40].

Fig. 9  Pylorus-preserving gastrectomy
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A recent multicenter prospective study by Tanaka eval-
uated the postoperative quality of life (QOL) in patients 
undergoing distal gastrectomy (DG) and PPG, using the 
European Organization for Research and Treatment 
of Cancer Quality of Life Questionnaire C30 (EORTC-
QLQ-C30) and thePGSAS-37 [41]. The study found that 
DG achieved superior scores for nausea and vomiting 
(EORTCQLQ-C30) and dietary distress, dyspepsia, and 
dumping (PGSAS-37) in the first month postoperatively. 
There were no significant differences in long-term QOL 
between DG and PPG, and both groups experienced sim-
ilar postoperative weight loss. This prospective observa-
tional study did not demonstrate that PPG was superior 
to DG in terms of postoperative weight change and QOL.

Morita conducted a follow-up study on 611 patients 
with early GC who underwent PPG, assessing short-term 
surgical outcomes and long-term survival [42]. The study 
found that 102 (16.7%) patients experienced complica-
tions, with 19 (3.1%) suffering major complications such 
as anastomotic leaks and abscesses. The most common 
complication was gastric emptying disorder, occurring in 
49 (8.0%) patients, with a 5-year survival rate of 96.3%.

In a prospective multicenter trial by Shibata [43], the 
early and late outcomes of PPG were compared with 
those of DG combined with Billroth I anastomosis for 
early GC. The study showed that the incidence of early 
dumping syndrome was lower in PPG than in DG (8% 
vs. 33%), with no significant difference in gallstone for-
mation between the two groups. These results indicate 
that PPG is as safe as DG and has an advantage in early 
dumping syndrome.

Saito followed up 26 patients (11 PPG, 15 DG) post-
operatively for 5 years and found that the proportion of 
weight change in the PPG group was significantly lower 
than in the DG group, but the gastric emptying effi-
ciency in the DG group was markedly superior to that 
in the PPG group [44]. There were no differences in 
clinical pathological characteristics, nutritional param-
eters, questionnaire responses, and endoscopic findings 
between the two groups. This suggests that PPG is supe-
rior to DG in maintaining body weight and preventing 
rapid gastric emptying in the long term.

Another multicenter randomized controlled study 
found no statistically significant difference in the inci-
dence of dumping syndrome between PPG and DG at 1 
year postoperatively (13.2% vs. 15.8%). The rate of gall-
stone formation was significantly lower after PPG than 
after DG (2.33% vs. 8.66%). Reflux esophagitis (17.8% vs. 
6.3%) and gastric emptying disorders (16.3% vs. 3.9%) 
were more common in PPG [45]. Park found that the 
incidence of pyloric stenosis after PPG was significantly 
higher than after DG (7.3% vs. 1.6%) [46]. Therefore, 
maintaining pyloric blood supply, preserving vagal nerve 
branches, and ensuring an adequate length of the pyloric 

sleeve are crucial for preventing gastric emptying disor-
ders after PPG.

PPG has certain advantages and limitations in the 
treatment of GC. While preserving the pylorus and antral 
regions contributes to improved postoperative quality of 
life, postoperative complications such as gastric emptying 
disorders cannot be overlooked. The choice of this sur-
gical approach should be carefully considered based on 
individual patient circumstances.

SG
SG refers to a circumferential gastric resection that pre-
serves the pylorus and cardia. Unlike PPG, SG is defined 
as a partial gastric resection that retains the inferior pan-
creaticoduodenal artery and vein, as well as the right 
gastroepiploic artery and vein, and their respective terri-
tories. Some scholars delineate the distinction based on 
the distance of the distal gastric resection margin from 
the pylorus: approximately 3 cm for PPG and more than 
4 cm for SG [47].

Indications for Surgery: SG is primarily indicated for 
early GCs located in the middle and upper stomach, 
characterized by tumor stage cT1N0 and a diameter of 
less than 4 cm. The resection margins should be at least 
2 cm, with the lower margin being more than 4 cm from 
the pylorus and the upper margin exceeding 2 cm from 
the esophagogastric junction.

A growing body of comparative evidence suggests that 
SG is associated with a more favorable postoperative 
symptom profile compared to conventional LG or DG. 
One study demonstrated a significant reduction in the 
incidence of reflux symptoms and reflux esophagitis fol-
lowing SG relative to LG [48]. Similarly, Koichi reported 
that SG was associated with markedly lower rates of early 
postoperative dumping syndrome and reflux gastritis 
compared to DG. Importantly, during a mean follow-up 
period of 54.7 months, no recurrence was observed in 
the SG cohort, and all patients remained alive [49]. These 
findings are corroborated by Takeru, who also noted sig-
nificantly fewer occurrences of reflux esophagitis and 
gastritis in SG patients relative to those undergoing DG. 
At a median follow-up of 32.8 months, neither recur-
rence nor mortality was documented in either group 
[50].More recently, a 2024 single-center retrospective 
analysis by Japanese investigators further reinforced 
the long-term oncologic safety of SG [51]. The 5- and 
10-year overall survival rates in SG patients were 96.6% 
and 92.5%, respectively, significantly higher than those 
in the control group. Additionally, when guided by sen-
tinel lymph node biopsy techniques, SG was associated 
with improved prognosis and reduced mortality from 
respiratory diseases compared to conventional surgical 
approaches. In conclusion, current evidence supports 
SG combined with sentinel lymph node navigation as a 
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viable function-preserving surgical option for early-stage 
gastric cancer, offering favorable reflux-related outcomes, 
acceptable oncological efficacy, and potential long-term 
survival benefits.

At present, SG remains in the exploratory phase of 
clinical research, with no unified industry standards 
established for surgical techniques or efficacy evalua-
tion. Further high-quality clinical data are needed to 
validate and refine these aspects. Regarding lymph node 
dissection, no clear and unified standards have been 
established. Different medical centers may adopt vary-
ing dissection strategies based on their own experiences 
and research findings, which could lead to differences in 
tumor eradication outcomes and patient prognosis. How-
ever, with the continuous development and maturation of 
sentinel lymph node navigation technology, this situation 
is expected to improve. This technology holds promise 
in ensuring tumor eradication while avoiding excessive 
trauma from over-dissection and reducing postoperative 
complications. It thus shows broad application potential 
in lymph node clearance during SG, with future clinical 
practice likely to further clarify its value and operational 
guidelines in SG.Given the current developmental stage 
of SG and clinical practice experiences, it is imperative 
to strictly adhere to the surgical indications. Only early 
GC patients meeting specific criteria, such as tumor size, 
location, and depth of invasion, should be considered 
for SG to ensure surgical safety and efficacy. Two special 
groups of early GC patients warrant cautious approach 
with SG: those with a family history of GC, as hereditary 
factors may increase the risk of tumor recurrence or pro-
gression, and those with poorly differentiated tumors, 
which often exhibit greater invasiveness and metastatic 
potential. Comprehensive and meticulous evaluation is 
necessary for these patients to balance the benefits and 
risks of SG surgery. Additionally, in clinical practice, it 
is crucial to fully respect the patient’s and family’s right 
to informed consent. Detailed explanations should be 
provided regarding the patient’s condition, the specifics 
of SG surgery, potential risks, expected outcomes, and 
alternative treatment options, ensuring that the family 
makes an informed choice based on full understanding.

LG
LG refers to the non-circumferential resection of the 
stomach, primarily applicable to patients with early-stage 
GC who have not developed lymph node metastasis. 
For patients at risk of lymph node metastasis, targeted 
regional lymph node dissection can be performed to 
achieve curative tumor removal.

Laparoscopic and endoscopic cooperative surgery 
(LECS) is a minimally invasive technique that integrates 
laparoscopic gastrectomy with endoscopic submuco-
sal dissection (ESD) to achieve local resection of gastric 

tumors with precise and minimal margins. Numerous 
studies have established that classical LECS is a safe 
and feasible approach for resecting gastric submuco-
sal tumors, including those located at the challenging 
esophagogastric junction. However, this method involves 
opening the gastric wall and exposing the lumen, which 
elevates the risk of abdominal infection, intra-abdominal 
tumor cell dissemination, and peritoneal implantation.
To address these limitations, several modified techniques 
have been developed. These include combined laparo-
scopic and endoscopic approach for neoplasia with a 
non-exposure technique(CLEAN-NET), laparoscopy-
assisted endoscopic full-thickness resection (LAEFR), 
non-exposed endoscopic wall-inversion surgery (NEWS), 
and closed LECS. These innovations effectively mitigate 
the risks associated with gastric cavity exposure and have 
expanded the indications for LECS to include selected 
cases of gastric epithelial tumors [52].LECS enables local-
ized gastric resection while preserving gastric function—
though it does not allow for lymph node dissection. The 
laparoscopic component contributes to reduced rates 
of postoperative perforation. As early as 2012, Nunobe 
emphasized that LECS allows for precise margin deter-
mination via detailed endoscopic assessment and ESD 
techniques, making it suitable for early gastric cancers 
that meet endoscopic resection criteria yet are techni-
cally challenging for ESD alone [53].In recent years, the 
incorporation of sentinel lymph node (SLN) navigation 
technology has further refined the application of LECS in 
early gastric cancer. Combining LECS with SLN mapping 
allows for minimally invasive resection with simultane-
ous assessment of nodal status, promoting a function-
preserving yet oncologically sound approach [54]– [55].
The Korean SENORITA study enrolled 527 early-stage 
patients who underwent laparoscopic sentinel lymph 
node navigation-guided local gastric resection (LSNNS) 
and laparoscopic standard gastrectomy (LSG). Short-
term results indicated that compared to the LSG group, 
the LSNNS group experienced fewer discomfort symp-
toms such as pain, dietary restrictions, anxiety, and taste 
disturbances, while maintaining better nutritional param-
eters [56]. Long-term outcomes revealed that although 
the 3-year disease-free survival rate in the LSNNS 
group was lower than that in the LSG group (91.8% vs. 
95.5%), the disease-specific and overall survival rates in 
the LSNNS group were comparable to those in the LSG 
group after salvage surgery for postoperative recurrence 
[57]. These findings suggest that under rigorous follow-
up, LG is safe and reliable, offering patients a superior 
long-term quality of life and nutritional status. Although 
LECS for early-stage GC has not yet been widely imple-
mented clinically, and its oncological safety requires fur-
ther validation through high-quality evidence, it holds 
significant potential as a valuable treatment modality for 
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early GC in the future. More clinical studies are antici-
pated to explore the safety of LECS for local full-thick-
ness resection in treating early-stage GC.

Sentinel lymph node navigation surgery
Sentinel Lymph Node Navigation represents an innova-
tive approach, serving as an auxiliary tool for lymph node 
localization during early-stage GC surgeries. It aids in 
assessing lymph node metastasis, delineating the extent 
of lymphadenectomy, and assisting surgeons in formulat-
ing individualized lymph node dissection plans, thereby 
conferring survival benefits to patients [58]. The applica-
tion of Sentinel Lymph Node Navigation in the treatment 
of early-stage GC has progressively matured, particularly 
in guiding lymph node dissection during additional sur-
geries [59]. However, clinical outcomes reveal that while 
high detection and accuracy rates are achieved through 
Sentinel Lymph Node Navigation in early-stage GC 
patients, similar results are not observed in advanced GC 
cases [60].

Despite its numerous advantages, only a limited num-
ber of centers directly employ Sentinel Lymph Node 
Navigation biopsy to determine the extent of lymph node 
resection.A multicenter retrospective study revealed 
that, in 132 patients with early GC undergoing sentinel 
lymph node navigation surgery, the detection rate of sen-
tinel lymph nodes was 98.5%, with lymph node metasta-
sis identified in 9 cases (6.8%). Among these, 8 cases had 
metastatic lymph nodes within the sentinel lymph node 
basin, and 1 case had non-sentinel lymph node metasta-
sis within the sentinel lymph node basin [61]. Aoyama’s 
research indicated that over 50% of early GC patients 
require sentinel lymph node navigation surgery, particu-
larly those with tumors in the upper third of the stomach, 
who are candidates for sentinel lymph node basin-pre-
serving functional surgery [62]. Takahashi’s study dem-
onstrated that the use of indocyanine green (ICG) and 
infrared laparoscopic systems (IRLS) in early GC patients 
achieved a 100% detection rate of sentinel lymph nodes 
and 100% accuracy in identifying metastatic lymph nodes, 
indicating that infrared ICG imaging can precisely detect 
sentinel lymph nodes and occult metastatic sentinel 
lymph nodes [63]. Eom assessed the QOL and nutritional 
outcomes between 194 patients undergoing LSNNS and 
257 patients undergoing LSG using the EORTCQLQ-
C30 and the Stomach Module Score (STO22) [64]. The 
study identified factors associated with poor QOL in 
patients undergoing gastric functional preservation sur-
gery. It found that the LSNNS group had better QOL 
scores in physical functioning, dyspnea, loss of appetite, 
dysphagia, dietary restrictions, anxiety, taste alteration, 
and body image at three months postoperatively. At one 
year postoperatively, the LSNNS group showed signifi-
cantly higher body mass index, hemoglobin, albumin, 

and protein levels compared to the LSG group. Multi-
variate analysis indicated that LSNNS was significantly 
associated with overall health status, reflux, and dietary 
restrictions at three months postoperatively, while LSG 
was significantly associated with the risk of diarrhea and 
dietary restrictions at three years postoperatively. These 
findings suggest that LSNNS offers superior long-term 
QOL and nutritional outcomes compared to LSG. In a 
retrospective cohort study by Kinami that enrolled 662 
patients (239 SNNSs and 423 controls), the incidence 
of pathological lymph node metastasis was comparable 
between the two groups (10.5% vs. 10.4%) [65]. Sentinel 
lymph node biopsy demonstrated a sensitivity of 84% 
and an accuracy of 98.6%. In the SNNS group, 81.6% of 
patients underwent modified function-preserving gas-
trectomies with tailored lymphadenectomy, wherein the 
extent of nodal dissection was further reduced than rec-
ommended by standard guidelines. The 5-year OS rate 
was significantly higher in the SNNS group than in the 
control group (96.8% vs. 91.3%; P < 0.05), although recur-
rence-free survival did not differ significantly between 
groups. After propensity score matching (231 patients 
per group), the 5-year cumulative recurrence rates were 
similar (1.30% in both groups), with no statistically sig-
nificant difference.In a multicenter prospective trial con-
ducted by Kitagawa [66], the SN concept was evaluated 
using a dual-tracer method involving blue dye and radio-
isotopes. Among 397 enrolled patients, the SN detection 
rate was 97.5% (387/397). Of the 57 patients with lymph 
node metastases confirmed by conventional hematoxy-
lin and eosin staining, 93% (53/57) had positive SNs. The 
overall accuracy of metastatic evaluation via SN biopsy 
was 99% (383/387). These findings support the feasibility 
of SNNS as a potential alternative to standard gastrec-
tomy in early gastric cancer. With continued refinement 
in SN biopsy techniques and treatment strategies, the 
application of SN navigation is expected to expand, facili-
tating more individualized and minimally invasive sur-
gical approaches.The aforementioned studies imply that 
sentinel lymph node navigation surgery can serve as an 
alternative to standard gastrectomy. With the advance-
ment of sentinel lymph node biopsy procedures and 
treatment modalities, the application of sentinel lymph 
node biopsy will expand, enabling personalized mini-
mally invasive surgery and aiding in the decision-making 
process for the treatment of early GC patients.

Additionally, some scholars argue that the high false-
negative rate of sentinel lymph node navigation biopsy 
may be related to the biopsy method and the occurrence 
of skip metastasis in lymph nodes [67]. Kim suggests 
that using paraffin pathological section examination can 
increase the sensitivity and specificity of sentinel lymph 
nodes to 93% and 99%, respectively, but the challenge lies 
in how to rapidly complete paraffin section examination 
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during surgery [68]. Moreover, there is ongoing debate 
regarding the choice of tracers and injection sites [69].

Application of dual-modality endoscopy in early-
stage patients
Currently, endoscopic therapy represents the predomi-
nant approach for the treatment of early-stage GC, with 
a lymph node metastasis rate ranging from 4.1% to 35.8% 
[70]. However, while endoscopic surgical treatment is 
performed, regional lymph node dissection cannot be 
concurrently conducted. Conversely, standalone lapa-
roscopic surgery carries the risk of excessive resection. 
Consequently, the advent of laparoscopic-endoscopic 
combined surgery has emerged. Hiki first proposed LECS 
in 2006 and successfully implemented it in over 200 
patients, ensuring safety [71]. This method maximizes the 
preservation of normal gastric tissue and gastric function 
while guaranteeing tumor safety and lymph node dissec-
tion. The integration of dual-modality endoscopy with 
sentinel lymph node navigation aids in determining the 
minimal extent of gastric resection, avoiding excessive 
lymph node dissection, and ensuring early postoperative 
recovery and improved quality of life for patients.

A prospective study, encompassing 258 cases of sentinel 
lymph node navigation surgery and 269 cases of standard 
gastric resection, revealed that sentinel lymph node navi-
gation surgery outperformed standard gastric resection 
in terms of 3-year disease-free survival, postoperative 
complications, and quality of life [57]. Research indicates 
that sentinel lymph node navigation surgery enhances 
lymph node detection rates while reducing surgical time, 
intraoperative blood loss, and postoperative complica-
tions [72]. Hur compared the 5-year survival outcomes 
of standard gastric resection and sentinel lymph node 
navigation surgery in early-stage GC patients, find-
ing no significant differences in disease-free survival 
and overall survival rates between the two groups [73]. 
Nonetheless, given the superior control of intraopera-
tive bleeding and postoperative complications in sentinel 
lymph node navigation surgery, it remains the preferred 
option. Another prospective study demonstrated that 
postoperative outcomes of local gastric resection with 
dual-modality endoscopy were superior to those of lapa-
roscopic distal gastric resection in terms of esophageal 
reflux and residual gastritis, as well as in nutritional sta-
tus and weight control [74]. Chen retrospectively ana-
lyzed the outcomes of 15 early-stage GC patients treated 
with dual-modality endoscopy [75]. Findings revealed 
that, during follow-up periods of 6–26 months, none of 
the patients experienced tumor recurrence or metastasis. 
Three patients received B-grade nutritional scores 3–6 
months postoperatively due to positive vertical margins, 
necessitating additional standard distal gastric resection 
and D2 lymph node dissection. Four patients developed 

gastric emptying disorders postoperatively, all of whom 
recovered well following symptomatic treatment. No 
cases of postoperative bleeding, abdominal infection, or 
incision infection were reported. Hashimoto’s follow-up 
of 201 patients found that one patient developed an anas-
tomotic fistula postoperatively, and another experienced 
gastric emptying disorder. No cases of anastomotic stric-
ture or dumping syndrome were reported. One patient 
experienced recurrence 18 months postoperatively and 
succumbed to the primary disease 86 months postop-
eratively. Another patient exhibited reduced oral intake 
and weight loss, shedding 10 kg in the first three months 
and 14 kg by the 14th month postoperatively, followed 
by gradual recovery. Multiple endoscopic examinations 
revealed no abnormalities, potentially attributable to 
psychological factors [76]. These research outcomes col-
lectively affirm the safety and feasibility of dual-modality 
endoscopy treatment, warranting further exploration.

The aforementioned studies, though focused on early-
stage GC patients, are equally applicable to those under-
going non-curative resections. The author posits that 
with the continuous refinement and improvement of 
lymph node navigation technology and the establish-
ment of more precise staging criteria, the next phase of 
research may involve multicenter prospective clinical 
trials. These trials would compare the efficacy of func-
tion-preserving gastrectomy with that of dual-modality 
combined therapy, focusing on long-term survival rates 
and postoperative quality of life.

Future prospects
In the surgical treatment of GC, ensuring tumor eradica-
tion while enhancing patient quality of life is paramount. 
Function-preserving surgery for GC not only addresses 
the urgent need for high-quality living among patients 
but also aligns with the inevitable trend of the future’s 
precision medicine concept. The key research focus for 
future surgical approaches will be how to further mini-
mize surgical scope while maximally preserving gastric 
function. Sentinel lymph node navigation, metastatic 
lymph node tracing technologies, and dual-modality 
combined treatments represent the future direction of 
development. Simultaneously, the establishment of more 
precise and individualized GC treatments will be a future 
trend. Currently, most function-preserving surgical tech-
niques for GC remain in the exploratory stage, requiring 
more high-level evidence-based medical data to validate 
their superiority and to refine operational methods and 
procedures.
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