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Abstract

Objectives: The incidence of distal gastric cancer has declined worldwide owing to success-
ful Helicobacter pylori eradication and improvements in environmental and dietary factors.
In contrast, adenocarcinoma of the esophagogastric junction (AEG) and proximal gastric
cancer have become increasingly prevalent, creating a growing need for function-preserving
surgical approaches. Proximal gastrectomy has emerged as an attractive alternative to total
gastrectomy because of its potential advantages in nutritional preservation and postoper-
ative quality of life. However, concerns regarding postoperative reflux esophagitis have
historically limited its widespread adoption. This review aimed to summarize the evolu-
tion of reconstruction after proximal gastrectomy and evaluate the advantages, limitations,
and clinical outcomes of contemporary reconstruction techniques. Methods: A narrative
review of the current literature was performed, focusing on reconstruction strategies fol-
lowing proximal gastrectomy. Major contemporary techniques, including double-tract
reconstruction (DTR), double-flap reconstruction (DFT; Kamikawa method), side-overlap
fundoplication by Yamashita (SOFY), and Toupet-like fundoplication reconstruction, were
reviewed. Comparative evidence regarding reflux control, nutritional outcomes, operative
complexity, anastomotic complications, and postoperative quality of life was examined.
Results: Substantial advances in reconstructive techniques have significantly improved
functional outcomes after proximal gastrectomy. DTR provides reliable reflux prevention,
reproducibility, and broad applicability in minimally invasive surgery. DFT achieves excel-
lent anti-reflux efficacy while preserving physiological food passage through the remnant
stomach. SOFY offers favorable functional outcomes with reduced technical complexity
and is particularly suited to laparoscopic and robotic surgery. Toupet-like reconstruction
represents a promising alternative with encouraging early clinical results. Comparative
studies indicate that all contemporary anti-reflux reconstruction methods substantially
reduce reflux esophagitis compared with conventional esophagogastrostomy. Although
each technique demonstrates specific advantages and limitations, no single reconstruc-
tion method has consistently shown superiority across all clinically relevant outcomes,
including reflux prevention, nutritional preservation, operative complexity, and quality
of life. Conclusions: Modern reconstruction techniques have expanded the role of prox-
imal gastrectomy as a function-preserving alternative to total gastrectomy for proximal
gastric cancer and AEG. Current evidence suggests that DTR, DFT, SOFY, and Toupet-like
reconstruction can all achieve satisfactory oncological and functional outcomes when appro-
priately applied. Rather than identifying a universally superior procedure, contemporary
practice should emphasize individualized reconstruction based on patient characteristics,
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surgeon expertise, and institutional experience. Future advances in robotic surgery, pe-
rioperative care, and standardized outcome assessment are expected to further optimize
long-term outcomes following proximal gastrectomy.

Keywords: proximal gastrectomy; esophagogastric junction cancer; upper gastric cancer;
double-tract reconstruction; double-flap reconstruction; SOFY; fundoplication; reflux
esophagitis; quality of life; function-preserving surgery

1. Introduction
The epidemiology of gastric cancer has changed substantially over recent decades.

The incidence of distal gastric cancer has steadily declined in many countries, largely owing
to successful eradication of Helicobacter pylori, improvements in food preservation, and
changes in dietary habits [1]. In contrast, adenocarcinoma of the esophagogastric junction
(AEG) has shown a continuous increase, particularly in Western populations, where obesity,
gastroesophageal reflux disease (GERD), and Barrett’s esophagus are recognized as major
etiological factors [2,3]. Similar epidemiological trends have recently been reported in
several Asian countries, including Japan, raising growing concerns regarding the optimal
management of proximal gastric and junctional tumors [4,5].

Historically, total gastrectomy (TG) has been regarded as the standard surgical treat-
ment for cancers located in the upper third of the stomach and the esophagogastric junction.
TG allows wide resection margins and comprehensive lymphadenectomy while avoiding
concerns regarding remnant gastric recurrence [6]. However, complete removal of the
stomach inevitably results in loss of gastric reservoir function and physiological digestive
processes, frequently leading to postoperative weight loss, malnutrition, vitamin B12 defi-
ciency, anemia, and impaired quality of life (QOL) [7,8]. As long-term survival after gastric
cancer surgery has improved, increasing attention has been directed toward postoperative
functional outcomes and patient-reported quality of life.

Against this background, proximal gastrectomy (PG) has re-emerged as an attractive
function-preserving procedure for selected patients with early-stage upper gastric cancer
and Siewert type II adenocarcinoma of the esophagogastric junction [9]. Several studies and
meta-analyses have demonstrated that PG can achieve oncological outcomes comparable
to those of TG while providing superior nutritional preservation, less body weight loss,
and improved postoperative quality of life [10–12]. Consequently, PG has been increasingly
adopted in East Asia, particularly in Japan and South Korea, where early detection of upper
gastric cancers has become more common.

Despite these advantages, widespread acceptance of PG was historically limited by
concerns regarding postoperative reflux esophagitis. Conventional esophagogastrostomy
disrupts the natural anti-reflux mechanisms, including the lower esophageal sphincter and
angle of His, resulting in a high incidence of reflux symptoms, esophagitis, and anastomotic
complications [13]. To overcome these limitations, numerous reconstructive techniques
have been developed, including double-tract reconstruction, double-flap reconstruction,
side-overlap fundoplication by Yamashita (SOFY), and Toupet-like fundoplication pro-
cedures [14–16]. Recent advances in minimally invasive surgery, robotic platforms, and
perioperative proton pump inhibitor therapy have further contributed to improved post-
operative outcomes [17]. Consequently, reconstruction following PG has evolved into
a critical component of surgical strategy, with current evidence suggesting that several
modern reconstructive approaches can effectively balance reflux prevention, nutritional
preservation, and quality of life. Unlike previous narrative reviews that primarily sum-
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marize individual reconstruction techniques, the present review provides a comparative
synthesis of contemporary anti-reflux procedures, incorporates an evidence-level assess-
ment framework, proposes a practical reconstruction-selection algorithm, and critically
discusses the limitations of current evidence and future research priorities.

2. Methods
This review was conducted as a structured narrative review of contemporary recon-

struction techniques following proximal gastrectomy for adenocarcinoma of the esopha-
gogastric junction (AEG) and proximal gastric cancer.

A literature search was performed using PubMed/MEDLINE, Scopus, and Web of
Science databases. Articles published between January 2000 and March 2026 were consid-
ered. Search terms included combinations of “proximal gastrectomy”, “adenocarcinoma of
the esophagogastric junction”, “proximal gastric cancer”, “double-tract reconstruction”,
“double-flap technique”, “Kamikawa reconstruction”, “SOFY”, “side overlap fundoplica-
tion by Yamashita”, “Toupet-like reconstruction”, “anti-reflux reconstruction”, “quality of
life”, “nutritional outcomes”, and “reflux esophagitis”.

Priority was given to systematic reviews, meta-analyses, multicenter studies, random-
ized clinical trials, and influential observational studies. Additional relevant publications
were identified through manual review of reference lists of selected articles.

The purpose of this review was not to perform a formal systematic review or meta-
analysis, but rather to provide a clinically focused synthesis of the contemporary literature
regarding anti-reflux reconstruction after proximal gastrectomy, with particular emphasis
on reflux control, nutritional preservation, postoperative quality of life, technical fea-
sibility, and future developments. Because of the heterogeneity of study designs, out-
come definitions, and reconstruction techniques, a quantitative meta-analysis was not
considered appropriate.

3. Evolution of Reconstruction After Proximal Gastrectomy
The fundamental objective of reconstruction following proximal gastrectomy (PG) is

to restore gastrointestinal continuity while preserving postoperative nutritional status and
quality of life, without compromising oncological outcomes. Unlike total gastrectomy, PG
preserves the distal stomach, allowing maintenance of gastric reservoir function, intrinsic
factor production, and more physiological digestion. However, the success of PG largely
depends on the reconstruction method employed, as postoperative reflux esophagitis has
historically represented the major obstacle limiting its widespread adoption [7,10,14]. The
evolution of reconstruction after proximal gastrectomy reflects continuous efforts to balance
oncological safety, physiological food passage, nutritional preservation, and effective reflux
prevention. As understanding of postgastrectomy functional outcomes has improved,
reconstructive strategies have progressively shifted from technically simple procedures
toward more sophisticated anti-reflux techniques. The major milestones in the development
of contemporary reconstruction methods are summarized in Table 1.

In the early era of PG, direct esophagogastrostomy (EG) was the most commonly
performed reconstruction because of its technical simplicity and relatively short operative
time. Nevertheless, removal of the cardia and disruption of the lower esophageal sphinc-
ter mechanism frequently resulted in severe gastroesophageal reflux. Reported rates of
reflux esophagitis often exceeded 30–40%, leading many surgeons to favor total gastrec-
tomy despite its inferior functional outcomes [18]. Furthermore, chronic reflux symptoms
negatively affected postoperative quality of life and occasionally resulted in anastomotic
strictures requiring repeated endoscopic intervention.
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Table 1. Evolution of reconstruction techniques after proximal gastrectomy.

Reconstruction
Method

Historical
Background

Anti-Reflux
Mechanism

Physiological
Food Passage Main Advantages Main

Limitations Current Role

Conventional
Esophagogastros-

tomy (EG)

Earliest and
technically

simplest
reconstruction

after PG

None Complete

Simple procedure,
shortest operative

time, direct
endoscopic access

to remnant stomach

High incidence
of reflux

esophagitis and
bile reflux, poor
long-term QOL

Largely
abandoned as a

standalone
procedure

Modified Esopha-
gogastrostomy
(tube stomach,
valvuloplasty,

fundoplication-
assisted EG)

Developed to
reduce reflux

associated with
conventional EG

Partial mechanical
anti-reflux barrier Complete

Preservation of
gastric physiology,
relatively simple

reconstruction

Variable efficacy,
lack of

standardization

Limited use in
selected centers

Double-Tract
Reconstruction

(DTR)

Introduced to
separate the

esophagus from
direct gastric
acid exposure

Esophagojejunostomy
reduces acid reflux Partial

Reliable reflux
prevention,

reproducible
technique, suitable

for minimally
invasive surgery

Multiple
anastomoses,

less
physiological
food transit

One of the most
widely adopted

procedures
worldwide

Double-Flap
Technique (DFT;

Kamikawa
Method)

Developed in
Japan to recreate
a physiological

anti-reflux valve

Seromuscular flap
functions as a
one-way valve

Complete

Excellent reflux
prevention,
favorable

nutritional
outcomes, direct

endoscopic
surveillance

Technically
demanding,

longer operative
time, risk of
anastomotic

stenosis

Considered the
benchmark
anti-reflux

reconstruction

SOFY (Side
Overlap

Fundoplication by
Yamashita)

Designed
specifically for
laparoscopic

proximal
gastrectomy

Side-overlap valve
mechanism

between esophagus
and remnant

stomach

Complete

Good reflux control,
technical simplicity,
minimally invasive

suitability

Limited
long-term
evidence,
ongoing

standardization

Rapidly
increasing

adoption in
high-volume

centers

Toupet-like
Fundoplication
Reconstruction

Adapted from
anti-reflux

surgery
principles

Posterior partial
fundoplication Complete

Physiological
reconstruction,

relatively simple
technique,

favorable early
outcomes

Limited
comparative

evidence, lack of
standardization

Emerging
alternative

reconstruction

Robotic-Assisted
Anti-Reflux

Reconstruction

Recent evolution
facilitated by

robotic
technology

Depends on
reconstruction type

(DFT, SOFY, etc.)

Depends on
reconstruction

type

Improved dexterity,
precise suturing,

enhanced
visualization

Cost, availability,
learning curve

Expected to
play an

increasing role
in future
practice

PG, proximal gastrectomy; EG, esophagogastrostomy; DTR, double-tract reconstruction; DFT, double-flap tech-
nique; SOFY, side overlap fundoplication by Yamashita; QOL, quality of life.

Recognizing these limitations, surgeons sought to develop anti-reflux reconstruc-
tion techniques capable of preserving the advantages of PG while minimizing postopera-
tive complications. Initial efforts focused on modifications of conventional esophagogas-
trostomy, including tube-shaped gastric reconstruction, valvuloplastic procedures, and
fundoplication-based techniques [19]. Although some of these approaches demonstrated
modest improvements, none achieved widespread acceptance because of inconsistent
efficacy and technical variability.

A major breakthrough occurred with the introduction of double-tract reconstruction
(DTR). Originally adapted from reconstruction methods used after total gastrectomy, DTR
involves esophagojejunostomy combined with jejunogastrostomy and jejunojejunostomy,
allowing food to pass through both the jejunal limb and the remnant stomach [20]. This
approach effectively separates the esophagojejunal anastomosis from gastric acid exposure,
thereby substantially reducing reflux. Several studies have reported favorable postoperative
nutritional outcomes and low rates of reflux esophagitis, contributing to the growing
popularity of DTR, particularly in laparoscopic surgery [15,17].
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Another important milestone was the development of double-flap reconstruction
(DFT), also known as the Kamikawa method. This technique utilizes a seromuscular
double flap created from the anterior wall of the remnant stomach to construct a valve-
like anti-reflux mechanism around the esophagogastric anastomosis [21]. The procedure
closely mimics physiological anti-reflux barriers and has demonstrated excellent long-term
outcomes regarding reflux prevention. Multiple Japanese studies have reported remarkably
low incidences of reflux esophagitis while preserving direct food passage through the
remnant stomach. However, the technical complexity of DFT and its associated learning
curve have limited universal adoption, particularly during the early phase of minimally
invasive surgery [14,21].

The rapid expansion of laparoscopic and robotic surgery further stimulated innovation
in reconstructive techniques. Surgeons increasingly sought procedures that combined
effective reflux prevention with technical feasibility under minimally invasive conditions.
This led to the development of Side Overlap Fundoplication by Yamashita (SOFY), a
novel reconstruction designed specifically for laparoscopic proximal gastrectomy [22].
SOFY creates a side-overlap esophagogastrostomy while utilizing the remnant stomach
to generate a functional anti-reflux mechanism. Early clinical reports have demonstrated
encouraging outcomes with low rates of reflux and anastomotic complications, making
SOFY an increasingly attractive option in high-volume centers [22,23].

More recently, fundoplication-based approaches inspired by anti-reflux surgery have
gained attention. Toupet-like partial fundoplication techniques attempt to recreate a poste-
rior anti-reflux valve by wrapping the remnant stomach around the distal esophagus [24].
These procedures offer a relatively simple reconstructive strategy while preserving phys-
iological food passage. Although long-term evidence remains limited compared with
DTR and DFT, early studies suggest that they may provide satisfactory reflux control with
acceptable functional outcomes.

Today, reconstruction after PG has evolved from a simple restoration of alimentary con-
tinuity into a sophisticated functional procedure aimed at optimizing postoperative quality
of life. Advances in surgical stapling devices, high-definition imaging systems, robotic tech-
nology, and perioperative proton pump inhibitor therapy have further improved the safety
and reproducibility of these reconstructions [16,17]. Consequently, multiple reconstructive
options are currently available, each with distinct advantages and limitations.

Importantly, contemporary evidence suggests that no single reconstruction technique
is universally superior in all clinical settings. Rather, the choice of reconstruction should
be individualized according to patient characteristics, tumor location, remnant stomach
size, surgeon expertise, and institutional experience. The evolution of reconstruction after
PG therefore reflects a broader shift in gastric cancer surgery—from an exclusive focus on
oncological radicality toward a more balanced emphasis on long-term function, nutritional
preservation, and patient-centered outcomes.

3.1. Double-Tract Reconstruction

Double-tract reconstruction (DTR) has emerged as one of the most widely accepted
and extensively investigated reconstruction methods following proximal gastrectomy. The
technique was originally developed to overcome the major limitation of conventional esoph-
agogastrostomy, namely postoperative reflux esophagitis, while preserving the nutritional
advantages associated with retention of the distal stomach [20].

In DTR, the esophagus is anastomosed to the jejunum through an esophagojejunos-
tomy. Subsequently, a jejunogastrostomy is created between the elevated jejunal limb and
the remnant stomach, followed by a jejunojejunostomy. This configuration allows ingested
food to pass through both the jejunal route and the remnant stomach. Consequently, the
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remnant stomach continues to participate in digestion and intrinsic factor production,
thereby contributing to nutritional maintenance [15,17,20].

One of the principal advantages of DTR is its excellent anti-reflux efficacy. Because
the esophagojejunal anastomosis is physically separated from the acid-producing remnant
stomach, reflux of gastric contents into the esophagus is markedly reduced. Multiple
studies have demonstrated significantly lower rates of reflux esophagitis compared with
conventional esophagogastrostomy [15,25]. Furthermore, DTR is technically familiar to sur-
geons experienced in Roux-en-Y reconstruction and can be readily adapted to laparoscopic
and robotic approaches [17].

Several comparative studies have also reported favorable long-term nutritional out-
comes. Although food passage through the remnant stomach is not completely phys-
iological, preservation of gastric secretion and partial food transit appear sufficient to
maintain body weight and nutritional parameters better than total gastrectomy [10,26]. In
addition, DTR generally demonstrates low rates of anastomotic stenosis and satisfactory
postoperative quality-of-life scores.

Nevertheless, DTR is associated with certain limitations. The procedure requires three
anastomoses and is therefore more technically complex than simple esophagogastrostomy.
Operative time may be prolonged, particularly during minimally invasive surgery. Fur-
thermore, because only a proportion of ingested food passes through the remnant stomach,
some investigators have questioned whether the nutritional benefits of gastric preserva-
tion are fully realized [26]. Endoscopic surveillance of the remnant stomach may also be
more challenging than after direct esophagogastrostomy. Despite these disadvantages,
contemporary evidence suggests that DTR remains one of the safest and most reproducible
reconstruction methods following PG [15,25].

3.2. Double-Flap (Kamikawa) Reconstruction

The double-flap technique (DFT), first described by Kamikawa and colleagues, repre-
sents one of the most sophisticated anti-reflux procedures currently available after proximal
gastrectomy [21]. The procedure involves creating an H-shaped seromuscular flap from
the anterior wall of the remnant stomach. The distal esophagus is then fixed beneath this
flap, generating a valve-like mechanism that functions similarly to the physiological lower
esophageal sphincter.

The primary advantage of DFT is its outstanding anti-reflux efficacy. By reconstruct-
ing a mechanical barrier at the esophagogastric junction, the technique effectively pre-
vents retrograde flow of gastric contents into the esophagus [21]. Numerous Japanese
studies have reported reflux esophagitis rates below 10%, and some series have demon-
strated rates below 5%, making DFT one of the most effective anti-reflux reconstructions
currently available [14,27].

Another important benefit of DFT is preservation of physiological food passage.
Unlike DTR, all ingested food passes through the remnant stomach, allowing maintenance
of more normal digestive physiology. Consequently, several studies have reported superior
nutritional outcomes, reduced body-weight loss, and improved postoperative quality of
life compared with total gastrectomy [7,10,27]. Direct endoscopic access to the remnant
stomach is also maintained, facilitating postoperative surveillance.

Despite these advantages, DFT remains technically demanding. Precise construction
of the seromuscular flap requires advanced laparoscopic suturing skills and substantial
surgical experience. The procedure is associated with a significant learning curve, and
operative times are generally longer than those observed with DTR [21,27]. Furthermore,
some studies have reported a higher incidence of anastomotic stenosis, potentially related
to excessive compression by the flap mechanism [28]. Nevertheless, as experience with
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robotic surgery continues to increase, DFT may become more widely applicable due to
enhanced dexterity and intracorporeal suturing capabilities.

3.3. Side-Overlap Fundoplication by Yamashita (SOFY)

Side Overlap Fundoplication by Yamashita (SOFY) is a relatively recent innovation
developed specifically to simplify anti-reflux reconstruction during laparoscopic proximal
gastrectomy [22]. The procedure creates a side-overlap esophagogastrostomy in which the
distal esophagus is positioned against the remnant stomach, generating a functional valve
mechanism that minimizes reflux.

SOFY was designed to address several shortcomings of the double-flap technique
while preserving effective reflux prevention. Compared with DFT, the procedure requires
less intracorporeal suturing and is generally considered easier to perform during minimally
invasive surgery [22]. This technical simplicity has contributed to its rapid adoption in
several high-volume Asian centers.

Early clinical studies have demonstrated promising outcomes. Reflux esophagitis rates
appear comparable to those reported for DTR and DFT, while postoperative nutritional
status remains favorable because physiological food passage through the remnant stomach
is preserved [22,23,29]. In addition, SOFY appears to be associated with a relatively low
incidence of anastomotic stenosis.

However, several limitations should be acknowledged. Long-term follow-up data
remain limited compared with those available for DTR and DFT. Furthermore, variations
in technical details among institutions have complicated direct comparisons between pub-
lished studies [29]. As a consequence, further multicenter investigations and standardiza-
tion efforts are needed before SOFY can be considered a universally established procedure.

3.4. Toupet-like Fundoplication Reconstruction

Toupet-like fundoplication reconstruction represents another attempt to recreate a
physiological anti-reflux mechanism following proximal gastrectomy. Drawing inspiration
from Toupet fundoplication used in anti-reflux surgery, this approach utilizes partial
posterior wrapping of the remnant stomach around the distal esophagus to generate
resistance against reflux [24].

One of the major advantages of Toupet-inspired reconstruction is its relative sim-
plicity. Compared with DFT, the procedure requires fewer complex maneuvers and can
be performed without extensive flap creation. Moreover, the technique maintains direct
food passage into the remnant stomach, preserving physiological digestive function and
facilitating postoperative endoscopic surveillance [24].

Early clinical reports have demonstrated encouraging results regarding reflux preven-
tion and postoperative quality of life [24,30]. The posterior fundoplication component may
also reduce tension at the anastomotic site, potentially lowering the risk of leakage and
promoting favorable healing.

Nevertheless, evidence supporting Toupet-like reconstruction remains less robust than
that available for DTR or DFT. Most published studies involve relatively small patient co-
horts, and substantial heterogeneity exists regarding technical modifications and evaluation
criteria [30,31]. Consequently, direct comparisons with other established reconstruction
methods remain challenging. Despite these limitations, Toupet-like reconstruction appears
to represent a promising alternative, particularly in institutions seeking a balance between
technical simplicity and effective reflux prevention.

Collectively, these four reconstruction methods represent the most widely utilized con-
temporary approaches following proximal gastrectomy. Although each technique possesses
unique advantages and limitations, current evidence suggests that all can achieve satisfac-
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tory oncological, functional, and nutritional outcomes when performed by experienced
surgeons in appropriately selected patients.

4. Comparative Outcomes of Reconstruction Methods After
Proximal Gastrectomy

An important limitation of the current evidence base is the predominance of retro-
spective observational studies. Although several multicenter investigations and recent
meta-analyses have provided valuable insights, high-quality randomized comparative trials
remain scarce. Consequently, reported advantages of individual reconstruction techniques
should be interpreted cautiously because institutional expertise and patient selection may
substantially influence outcomes. Numerous retrospective studies, multicenter analyses,
systematic reviews, and meta-analyses have attempted to determine the optimal recon-
struction strategy following proximal gastrectomy (PG). Despite increasing evidence, direct
comparisons among reconstruction methods remain challenging because of substantial
heterogeneity in patient populations, tumor characteristics, surgical indications, opera-
tive techniques, and outcome definitions [14,15,31]. Furthermore, many studies originate
from high-volume Asian centers, potentially limiting generalizability to other healthcare
systems. Consequently, no universal consensus has yet been established regarding the
ideal reconstructive procedure after PG. Although several multicenter investigations and
recent meta-analyses have provided valuable insights, high-quality randomized compar-
ative trials remain scarce. Consequently, the apparent advantages reported for specific
reconstruction techniques should be interpreted cautiously because institutional expertise,
patient selection, and procedural standardization may substantially influence outcomes.
Although numerous studies have evaluated individual reconstruction methods following
proximal gastrectomy, direct comparisons remain challenging because of variations in
study design, patient selection, and outcome assessment. Nevertheless, several consistent
trends have emerged from the contemporary literature. A practical comparison of the
major reconstruction techniques currently used after proximal gastrectomy is summarized
in Table 2.

Table 2 highlights several important observations. First, all contemporary reconstruc-
tion methods substantially improve reflux control compared with conventional esoph-
agogastrostomy and have enabled the broader adoption of proximal gastrectomy as a
function-preserving alternative to total gastrectomy. Second, procedures that preserve
direct food passage through the remnant stomach, including DFT, SOFY, and Toupet-like
reconstruction, may provide theoretical advantages in maintaining physiological diges-
tion and nutritional status. Third, no reconstruction method consistently demonstrates
superiority across all clinically relevant domains. DFT appears to provide the most robust
anti-reflux mechanism but is technically demanding and associated with a steeper learning
curve. DTR offers excellent reproducibility and remains one of the most widely utilized
approaches worldwide. SOFY has emerged as an attractive minimally invasive option
that balances technical feasibility with favorable functional outcomes, whereas Toupet-like
reconstruction represents a promising alternative requiring further validation. Collectively,
the available evidence supports an individualized approach in which reconstruction is
selected according to patient characteristics, surgeon expertise, and institutional experi-
ence rather than adherence to a single universal strategy. Nevertheless, several consistent
findings have emerged from the available literature. First, regardless of reconstruction
type, PG generally provides superior functional and nutritional outcomes compared with
total gastrectomy (TG). Preservation of the distal stomach allows maintenance of gastric
reservoir capacity, intrinsic factor secretion, and partial physiological digestion, resulting
in reduced body-weight loss, lower rates of vitamin B12 deficiency, and improved postop-
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erative quality of life [7,10–12,26]. Meta-analyses comparing PG and TG have consistently
demonstrated favorable nutritional outcomes after PG without compromising oncological
safety in appropriately selected patients [10,12,32].

Table 2. Comparative clinical outcomes of contemporary reconstruction methods after proximal gastrectomy.

Outcome Parameter Double-Tract
Reconstruction (DTR)

Double-Flap
Technique (DFT;

Kamikawa)
SOFY Toupet-Like

Reconstruction

Reflux prevention Excellent Excellent to
outstanding Excellent Good to excellent

Reported reflux esophagitis Low Lowest among
established procedures Low Low–moderate

Physiological food passage Partial Complete Complete Complete

Nutritional preservation Good–excellent Excellent Excellent Good–excellent

Body-weight maintenance Good Excellent Excellent Good

Vitamin B12/iron preservation Good Excellent Excellent Good

Remnant stomach utilization Partial Complete Complete Complete

Endoscopic surveillance of
remnant stomach

Possible but less
straightforward Excellent Excellent Excellent

Anastomotic stenosis risk Low Moderate Low Low

Anastomotic leakage risk Low Low Low Low

Number of anastomoses Three One One One

Operative complexity Moderate High Moderate Moderate

Learning curve Moderate Steep Moderate Moderate

Laparoscopic feasibility Excellent Moderate–good Excellent Excellent

Robotic suitability Excellent Excellent Excellent Excellent

Procedure standardization Well established Well established Developing Limited

Evidence level High High Moderate Low–moderate

Current worldwide adoption High High (particularly
in Japan) Increasing Limited

Ideal clinical scenario

Surgeons seeking
reliable anti-reflux

reconstruction with
reproducible outcomes

Patients in whom
maximal reflux
prevention and
physiological
reconstruction
are prioritized

Minimally
invasive surgery

requiring a balance
of efficacy and

technical
simplicity

Selected patients
when a simpler
physiological

anti-reflux
reconstruction

is preferred

DTR, double-tract reconstruction; DFT, double-flap technique; SOFY, side overlap fundoplication by Yamashita.
Reflux prevention, nutritional preservation, and procedural characteristics are summarized based on contemporary
evidence from representative multicenter studies, systematic reviews, meta-analyses, and randomized clinical tri-
als [8,15,17,21,22,25,31,33,34]. Evidence levels were assigned according to the quantity, methodological quality, and
consistency of available evidence: High = multiple multicenter studies and/or systematic reviews/meta-analyses;
Moderate = several comparative studies without high-level prospective evidence; Low–Moderate = limited evi-
dence derived primarily from single-center retrospective studies.

4.1. Reflux Control

Prevention of postoperative reflux esophagitis remains the most important determi-
nant of successful reconstruction after PG. Historically, conventional esophagogastrostomy
was associated with reflux rates exceeding 30–40%, substantially limiting the acceptance of
PG [18]. The development of modern anti-reflux procedures has dramatically improved
postoperative outcomes.
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Among contemporary techniques, double-flap reconstruction (DFT) consistently
demonstrates the lowest reported incidence of reflux esophagitis. Several studies have
reported endoscopic reflux rates below 10%, with some high-volume centers reporting
rates below 5% [21,27,33]. The anti-reflux efficacy of DFT is attributed to its sophisticated
valve mechanism, which recreates a functional barrier at the esophagogastric junction.

Double-tract reconstruction (DTR) also achieves excellent reflux control. Because the
esophagus is anastomosed directly to the jejunum, exposure of the distal esophagus to
gastric acid is minimized [20,25]. Most studies report reflux rates comparable to those
observed after Roux-en-Y reconstruction and substantially lower than those associated
with conventional esophagogastrostomy [15,25].

Similarly, SOFY reconstruction has demonstrated promising anti-reflux efficacy. Early
reports suggest reflux rates comparable to those of DTR and DFT, although long-term
follow-up data remain limited [22,29]. Toupet-like fundoplication reconstruction has also
shown encouraging results, but the evidence base remains relatively small and consists
primarily of single-center experiences [24,30]. Overall, DFT may provide the most effective
reflux prevention, whereas DTR, SOFY, and Toupet-like procedures appear capable of
achieving acceptable reflux control when performed appropriately [31].

4.2. Nutritional Outcomes

Nutritional preservation represents another major consideration when selecting a
reconstructive strategy. Unlike TG, all PG procedures retain some degree of gastric function;
however, differences exist among reconstruction methods.

DFT and SOFY preserve direct physiological food passage through the remnant
stomach. Consequently, these procedures may facilitate more efficient digestion, iron
absorption, and vitamin B12 utilization [27,29,35]. Several studies have demonstrated su-
perior body-weight preservation and favorable nutritional parameters after DFT compared
with TG [7,27].

DTR also provides nutritional advantages relative to TG, although only a proportion
of ingested food passes through the remnant stomach [20,26]. Some investigators have
suggested that nutritional outcomes after DFT may be slightly superior to those observed
after DTR because all food traverses the remnant stomach. However, available evidence
remains inconclusive, and most comparative studies have not demonstrated clinically
meaningful differences [34].

Toupet-like reconstruction theoretically preserves physiological digestion similarly to
DFT and SOFY, although robust nutritional data remain limited [24,30]. Therefore, current
evidence suggests that all modern PG reconstructions provide satisfactory nutritional
outcomes, with differences among procedures likely smaller than the differences observed
between PG and TG.

4.3. Anastomotic Complications

Anastomotic complications remain an important concern following PG. Among these,
anastomotic stenosis has received particular attention. Although DFT provides excellent
reflux prevention, several studies have reported relatively higher rates of anastomotic
stricture, potentially resulting from compression generated by the seromuscular flap [28,33].
Most strictures can be managed successfully with endoscopic balloon dilation; nevertheless,
they may negatively affect patient satisfaction and postoperative quality of life.

DTR generally demonstrates lower stenosis rates because the esophagojejunostomy
is performed using standardized techniques familiar to many surgeons [25]. Similarly,
SOFY reconstruction appears to be associated with relatively low rates of both stenosis
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and leakage [22,29]. Current data regarding Toupet-like reconstruction remain limited but
suggest acceptable complication profiles [30].

Importantly, the incidence of anastomotic complications is strongly influenced by
surgeon experience and institutional volume, highlighting the importance of technical
expertise regardless of the selected reconstruction method [31].

4.4. Operative Complexity and Learning Curve

From a technical perspective, significant differences exist among reconstruction meth-
ods. DFT is generally considered the most technically demanding procedure because
it requires meticulous intracorporeal suturing and precise creation of the seromuscular
flap [21,27]. Consequently, operative times are often longer, and the learning curve may
be substantial.

DTR occupies an intermediate position. Although it requires multiple anastomoses,
the individual reconstructive steps are familiar to surgeons experienced in Roux-en-Y
reconstruction [20]. Therefore, DTR has become one of the most reproducible and widely
adopted techniques worldwide.

SOFY was specifically developed to simplify anti-reflux reconstruction in minimally
invasive surgery [22]. Several studies have suggested that SOFY may achieve outcomes
comparable to DFT while reducing technical complexity [29,36]. Toupet-like reconstruction
may offer similar advantages, although further validation is required [24,30]. The increasing
adoption of robotic surgery may further influence procedure selection. Robotic systems
facilitate complex suturing and may reduce the technical barriers associated with DFT,
potentially expanding its applicability in the future [17,37].

4.5. Quality of Life and Patient-Reported Outcomes

Among available instruments, the Postgastrectomy Syndrome Assessment Scale-45
(PGSAS-45) is currently the most extensively validated tool for evaluating post-gastrectomy
symptoms, nutritional consequences, meal-related distress, and overall quality of life.
Future comparative studies should routinely incorporate standardized patient-reported
outcome measures such as PGSAS-45 to facilitate meaningful comparisons among recon-
struction techniques and to better capture outcomes that are important to patients. Ulti-
mately, the success of reconstruction should be evaluated not only by technical outcomes
but also by patient-reported quality of life. Studies utilizing the PGSAS-45 have consistently
demonstrated superior quality-of-life outcomes after PG compared with TG [7,38].

Although differences among reconstruction methods are less pronounced, procedures
associated with effective reflux prevention and preserved physiological food passage
generally produce more favorable patient-reported outcomes. Reduced reflux symptoms,
maintenance of body weight, and improved meal satisfaction appear to be the primary
drivers of postoperative quality of life [7,27,38].

Taken together, the available evidence suggests that DFT may provide the most ef-
fective reflux prevention among currently available techniques. However, superiority in
reflux control alone does not necessarily translate into overall clinical superiority because
operative complexity, learning curve, nutritional outcomes, anastomotic complications, and
institutional expertise must also be considered. DFT may provide the most powerful anti-
reflux mechanism, DTR offers excellent reproducibility and safety, SOFY combines effective
reflux prevention with technical simplicity, and Toupet-like reconstruction represents a
promising emerging alternative. Therefore, reconstruction following PG should be individ-
ualized according to patient characteristics, surgeon expertise, institutional experience, and
available technology. Rather than identifying a single “best” procedure, contemporary evi-
dence supports a tailored approach in which multiple reconstructive strategies can achieve
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excellent functional outcomes when applied appropriately. Furthermore, the external va-
lidity of the current literature remains uncertain. Most available evidence originates from
Japan and South Korea, where nationwide screening programs facilitate earlier diagnosis
and where function-preserving surgery is routinely performed in high-volume centers.
Differences in body mass index, disease stage, perioperative management, and institutional
experience may limit direct extrapolation of these results to Western populations. Addi-
tional validation in multinational and Western cohorts is therefore required. To facilitate
practical decision-making in daily clinical practice, a proposed reconstruction-selection
algorithm is presented in Figure 1. The algorithm integrates patient-related, technical, and
institutional factors that may influence reconstruction choice after proximal gastrectomy.
DFT appears to provide the most effective anti-reflux mechanism among currently available
techniques. However, superiority in reflux prevention alone does not necessarily translate
into overall clinical superiority because operative complexity, learning curve, nutritional
outcomes, anastomotic complications, and institutional expertise must also be considered.

 

Figure 1. Practical Algorithm for Reconstruction Selection After Proximal Gastrectomy.

This algorithm integrated key clinical factors to assist in selecting the most appropriate
reconstruction. When maximal reflux preventions is required, DFT is preferred in experi-
enced centers, particularly with robotic assistance; otherwise, DTR is recommended. When
physiological food passage and nutritional preservation are promised, SOFY is preferred
if the remnant stomach is adequate in size; otherwise, DTR is selected. Toupet-like recon-
struction may be considered for selected patients when a simpler procedure is preferred.
Final decisions should be individualized based on patient characteristics, surgeon expertise,
institutional experience, and technical feasibility.

AEG, adenocarcinoma of the esophagogastric junction; DFT, double-flap technique;
DTR, double-tract reconstruction; SOFY, side overlap fundoplication by Yamashita; GERD,
gastroesophageal reflux disease.

5. Future Perspectives
The role of proximal gastrectomy (PG) in the management of proximal gastric cancer

and adenocarcinoma of the esophagogastric junction is expected to continue expanding
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as surgical techniques, perioperative management, and postoperative supportive care
evolve. Despite substantial progress in reconstruction after proximal gastrectomy, several
important challenges remain unresolved. Future developments are expected to arise from
advances in surgical technology, perioperative management, outcome assessment, and
personalized treatment strategies. The major areas of ongoing innovation and future
research priorities are summarized in Table 3. Over the past two decades, the focus of
gastric cancer surgery has shifted from purely oncological considerations toward a more
comprehensive assessment of long-term functional outcomes and quality of life. As survival
rates improve and an increasing proportion of patients undergo surgery for early-stage
disease, preserving postoperative function has become a major priority. Consequently,
future developments in reconstruction after PG will likely emphasize not only technical
feasibility and oncological safety but also nutritional preservation, symptom control, and
patient-centered outcomes [7,10,38].

Table 3 highlights the multifactorial nature of future progress in reconstruction after
proximal gastrectomy. Although substantial advances have already been achieved in reflux
prevention and functional preservation, future improvements are unlikely to arise from
a single technical innovation. Rather, the next generation of progress will likely result
from the integration of advanced surgical technology, standardized outcome assessment,
personalized treatment strategies, and multidisciplinary perioperative care. Importantly,
future research should move beyond the search for a universally superior reconstruction
method and instead focus on identifying the most appropriate procedure for individual
patients. Such an approach aligns with the broader trend toward precision surgery and
has the potential to further optimize long-term oncological, nutritional, and quality-of-life
outcomes following proximal gastrectomy. One of the most important trends is the growing
adoption of minimally invasive surgery. Laparoscopic proximal gastrectomy has become
increasingly common in East Asia, particularly for early-stage upper gastric cancers. How-
ever, certain reconstruction methods, particularly double-flap reconstruction (DFT), remain
technically demanding because of the need for precise intracorporeal suturing and flap
creation [21,27]. The widespread implementation of robotic surgery may substantially alter
this landscape. Robotic platforms provide three-dimensional visualization, articulated
instruments, tremor filtration, and improved ergonomics, facilitating complex reconstruc-
tive procedures that were previously difficult to perform laparoscopically [17,37]. Several
early studies have reported favorable outcomes after robotic PG, suggesting that robotic
assistance may reduce technical barriers and improve the reproducibility of anti-reflux
reconstruction techniques [39,40]. As robotic technology becomes more accessible and
surgeons’ experience increases, procedures such as DFT may become more widely adopted.

To advance proximal gastrectomy outcomes, standardizing clinical endpoints is
paramount. Currently, heterogeneous definitions of reflux, nutrition, and complications
limit meaningful meta-analyses [15,31]. Future investigations must incorporate objective re-
porting systems and validated patient-reported outcome measures like the Postgastrectomy
Syndrome Assessment Scale-45 (PGSAS-45) [38]. Routinely integrating the PGSAS-45 facili-
tates reliable comparisons among reconstruction techniques, capturing multi-dimensional,
patient-centered outcomes crucial for evidence-based decisions.

Concurrently, the need for high-quality prospective data remains substantial. Most
current evidence originates from retrospective or single-center analyses inherently sus-
ceptible to selection bias [14,15]. Well-designed randomized controlled trials evaluating
long-term nutritional recovery, healthcare costs, and quality of life beyond five years are
urgently needed [41]. Furthermore, technological innovations like advanced stapling,
fluorescence-guided surgery, and artificial intelligence will refine surgical precision [42].
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Utilizing indocyanine green fluorescence for real-time perfusion assessment significantly
reduces anastomotic leakage risks during complex reconstructions [43].

Table 3. Future directions and research priorities in reconstruction after proximal gastrectomy.

Domain Current Challenges Emerging Strategies Expected Clinical Impact

Robotic surgery
Technical complexity of

anti-reflux reconstruction,
particularly DFT

Increasing adoption of robotic
platforms with enhanced

dexterity and visualization

Improved reproducibility,
reduced learning curve,
broader dissemination

of complex
reconstruction techniques

Procedure standardization
Significant variation in

reconstructive techniques
among institutions

Development of international
consensus guidelines and

technical standards

Improved comparability of
outcomes and wider adoption

of best practices

Outcome assessment
Heterogeneous definitions of
reflux, nutritional status, and

quality of life

Standardized reporting systems
and validated patient-reported

outcome measures
(e.g., PGSAS-45)

Higher-quality comparative
research and evidence-based

decision-making

Randomized clinical trials Predominance of retrospective
and single-center studies

Multicenter prospective
randomized trials comparing

DTR, DFT, SOFY, and
emerging techniques

Establishment of high-level
evidence to guide

reconstruction selection

Artificial intelligence (AI)
Limited ability to predict
optimal reconstruction for

individual patients

AI-assisted surgical planning
and predictive modeling

Personalized reconstruction
strategies and improved

patient selection

Fluorescence-guided
surgery

Intraoperative assessment of
tissue perfusion remains

subjective

Routine use of indocyanine
green fluorescence imaging

Reduced risk of anastomotic
leakage and ischemic

complications

Precision surgery
Reconstruction often selected

according to
surgeon preference

Integration of patient-specific
clinical and anatomical factors

into decision-making

Tailored reconstruction with
optimized functional

outcomes

Enhanced recovery after
surgery (ERAS)

Variable implementation of
perioperative care pathways PG-specific ERAS protocols

Faster recovery, shorter
hospital stay, and improved

patient experience

Nutritional intervention Persistent postoperative
weight loss and sarcopenia

Individualized nutritional
support, immunonutrition, and

rehabilitation programs

Improved nutritional recovery
and long-term quality of life

Digital health and
remote monitoring

Limited long-term follow-up
of functional outcomes

Telemedicine platforms and
digital symptom tracking

Earlier identification of
complications and improved

survivorship care

Global collaboration Evidence largely derived from
East Asian populations

International registries and
collaborative research networks

Development of globally
applicable recommendations

Novel anti-reflux
reconstruction

No universally accepted
optimal procedure

Refinement of existing
techniques and development of

hybrid procedures

Further reduction in reflux
while preserving

physiological function

DTR, double-tract reconstruction; DFT, double-flap technique; SOFY, side overlap fundoplication by Yamashita;
PGSAS-45, Postgastrectomy Syndrome Assessment Scale-45; ERAS, enhanced recovery after surgery.

Looking forward, research must shift toward personalized reconstructive strategies.
Tailoring procedure selection based on patient-specific variables—such as age, body mass
index, and preoperative symptoms—will optimize functional benefits while minimizing
complications [44]. Beyond surgery, enhanced perioperative care is vital. Proton pump
inhibitors remain a cornerstone for reflux management [16], while tailored Enhanced Recov-
ery After Surgery (ERAS) protocols accelerate overall functional recovery [45]. Multidisci-
plinary nutritional interventions, including immunonutrition and sarcopenia rehabilitation,
further maximize the advantages of function-preserving procedures [45].
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Since major screening data originate from Japan and South Korea [4,5], international
collaboration is crucial to validate these methods across Western populations. Integrating
technological innovation, standardized PGSAS-45 assessment, and personalized multidisci-
plinary care will ultimately maximize oncological safety, symptom control, and long-term
quality of life for patients undergoing proximal gastrectomy.

6. Conclusions
The epidemiology of gastric cancer has undergone a substantial transformation over

recent decades. While the incidence of distal gastric cancer has declined, adenocarcinoma
of the esophagogastric junction and proximal gastric cancer have become increasingly
prevalent worldwide. This shift has renewed interest in function-preserving surgical
strategies that maintain oncological safety while minimizing the long-term physiological
consequences associated with total gastrectomy.

Proximal gastrectomy has emerged as an attractive alternative to total gastrectomy for
appropriately selected patients with upper-third gastric cancer and adenocarcinoma of the
esophagogastric junction. Accumulating evidence indicates that proximal gastrectomy can
provide comparable oncological outcomes while offering important advantages in nutri-
tional preservation, body-weight maintenance, and postoperative quality of life. However,
the success of proximal gastrectomy is highly dependent on the reconstructive procedure
employed, as postoperative reflux esophagitis has historically represented the principal
limitation of this approach.

To address this challenge, several innovative reconstruction techniques have been
developed. Double-tract reconstruction provides reliable reflux prevention, reproducibility,
and broad applicability in minimally invasive surgery. Double-flap reconstruction offers
one of the most effective anti-reflux mechanisms currently available while preserving
physiological food passage through the remnant stomach. SOFY reconstruction represents
a promising evolution toward technically simplified yet functionally effective anti-reflux
reconstruction suitable for laparoscopic and robotic surgery. Similarly, Toupet-like fundo-
plication reconstruction has emerged as a potential alternative that combines physiological
reconstruction with satisfactory reflux control.

Comparative studies have consistently demonstrated that contemporary anti-reflux re-
construction methods substantially reduce reflux esophagitis compared with conventional
esophagogastrostomy. Nevertheless, no single reconstruction technique has consistently
demonstrated superiority across all clinically relevant outcome measures. Reflux preven-
tion, nutritional preservation, anastomotic complications, technical complexity, operative
time, and patient-reported quality of life all represent important considerations, and each
procedure possesses distinct advantages and limitations.

Future advances in robotic surgery, fluorescence-guided imaging, artificial intelligence-
assisted surgical planning, enhanced recovery pathways, and individualized nutritional
support are expected to further improve outcomes following proximal gastrectomy. Equally
important will be the establishment of standardized reporting systems and high-quality
prospective clinical trials capable of generating robust comparative evidence.

Reconstruction after proximal gastrectomy has evolved from a technical necessity into
a critical determinant of long-term functional outcomes. Current evidence suggests that
double-tract reconstruction, double-flap reconstruction, SOFY, and Toupet-like fundopli-
cation can all be performed safely and effectively when applied in appropriately selected
patients by experienced surgeons. Rather than identifying a universally superior procedure,
contemporary practice should focus on tailoring reconstruction to individual patient char-
acteristics, institutional expertise, and available technology. Such a personalized approach
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is likely to maximize oncological safety, nutritional preservation, symptom control, and
quality of life for patients undergoing proximal gastrectomy.
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