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Abstract
Surgical resection is the main treatment for proximal gastric cancer, but there is no consensus on its reconstruction. We 
carried out a meta-analysis to evaluate the effects of double-tract reconstruction (DTR) and double-flap technique (DFT) 
on postoperative quality of life in patients with proximal gastric cancer. Systematic searches of PubMed, Web of Science, 
EBSCO, and the Cochrane Library were performed. Literature for the last 5 years was searched without language restric-
tions. The cutoff date for the search was 12 April 2023. Literature and research searches were conducted independently by 
two researchers and data were extracted. Statistical analyses were performed using Review Manager (Revman) 5.4 software. 
Fixed models were used when heterogeneity was small and random-effects models were used for meta-analysis when hetero-
geneity was large. The study was registered with PROSPERO, CRD 42023418520. Surgical time was significantly shorter 
in the DTR group than in the DFT group (P = 0.03). There were no significant differences between DFT and DTR in terms 
of age, gender, pathological stage, preoperative body mass index, surgical bleeding, and perioperative complications. There 
was no statistically significant difference between the two groups in terms of reflux esophagitis and PPI intake, but DFT 
was superior to DTR in weight improvement at 1 year after surgery (P < 0.0001). Compared with DTR, DFT reconstruction 
is more demanding and time-consuming, but its postoperative nutritional status is better, so it should be the first choice for 
GI reconstruction in most patients with early proximal gastric cancer. However, DTR should be the best choice for patients 
who have difficulty operating.
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Introduction

Gastric cancer is one of the top five cancers in the world. 
Although the overall incidence of gastric cancer has been 
decreasing in recent decades, the incidence of proximal 
gastric cancer is on the rise, especially in Asian countries 
[1]. Surgery is the main treatment for early proximal gas-
tric cancer [2]. Total gastrectomy (TG) was once consid-
ered the standard surgical procedure for the treatment of 
proximal gastric cancer, but it may lead to poorer long-
term nutritional problems [3]. As the survival rate of gas-
tric cancer gradually improves, more and more surgeons 
are focusing on the quality of life of postoperative patients. 
Proximal gastrectomy (PG) preserves the physiological 
and storage functions of the stomach and has advantages 
in maintaining postoperative nutritional status and body 
weight [4, 5]. Currently, the main types of digestive tract 
reconstruction are double-tract reconstruction (DTR), 
jejunal implantation, jejunal pouch implantation, double-
flap anastomosis (DFT), and fundoplication. Each of these 
reconstruction methods has advantages and disadvantages. 
Due to the lack of multi-center, large-sample studies, there 
is no evidence as to which reconstruction method is the 
best reconstruction strategy [6]. Reflux esophagitis and 
anastomotic stenosis after PG are important factors affect-
ing patients’ postoperative quality of life. How to mini-
mize these two complications is also a future endeavor for 
surgeons [7].

DFT is an anastomosis method with anti-reflux mecha-
nism, but anastomotic stenosis is one of its main com-
plications [8]. DTR is effective for reconstruction after 
proximal gastrectomy and has a low incidence of reflux 
esophagitis [3]. DTR and DFT can reduce the incidence 
of postoperative complications to some extent [9, 10]. The 
aim of this study was to compare the clinical efficacy and 

postoperative quality of life of DTR and DFT, and to pro-
vide guidance for the choice of digestive tract reconstruc-
tion after PG.

Materials and methods

The diagram of digestive tract reconstruction after PG is 
shown (Fig. 1).

Search strategy

This study was based on the PRISMA 2020 Statement: 
Guidelines for Updating Systematic Review Reports [11]. 
A systematic search of PubMed, Web of science, EBSCO, 
and the Cochrane Library was conducted on April 12, 
2023. Literature from the last 5 years was searched with-
out language restrictions. Terms in the title and abstract 
were searched (‘proximal gastrectomy’ OR ‘partial gas-
trectomy’ OR ‘PG’ OR ‘cancer of the cardia’ OR ‘adeno-
carcinoma of esophagogastric junction’ OR ‘AEG’) AND 
(‘double flap technique’ OR ‘Kamikawa’ OR ‘Double-tract 
reconstruction’). We screened the titles and abstracts of 
all articles to select articles describing PG reconstruc-
tion methods for proximal gastric cancer and adenocar-
cinoma of the esophagogastric junction (AEG). To avoid 
missing any potential studies, we manually reviewed the 
references included in the literature. Full-text articles 
initially included in the study were screened. Literature 
retrieval and research selected two authors to indepen-
dently review and extract data from each study, compare 
the search results, and resolve any differences through fur-
ther discussion.

Fig. 1  Digestive tract recon-
struction after PG and image. 
A Proximal gastrectomy with 
double-flap technique; B proxi-
mal gastrectomy with double-
tract reconstruction
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Inclusion and exclusion criteria

Inclusion criteria: (1) clinically and pathologically con-
firmed as upper gastric cancer or Siwet II/III AEG; (2) 
cTNM stage I or II; (3) comparative studies of PG-DTR 
and PG-DFT; (4) the outcomes including basic information, 
perioperative status, and 1-year follow-up.

Exclusion criteria: (1) PG-DFT and PG-DTR reconstruc-
tion methods were not included in this study; (2) conference 
abstracts, case reports, reviews, commentaries, letters, meta-
analyses, or animal studies; (3) patients with serious under-
lying medical conditions that may affect treatment selection 
and outcomes.

Study selection

A total of 1646 articles were retrieved from PubMed, 
Embase, and Cochrane Library. Five studies that met the 
inclusion criteria were finally included in this study. The 
flow screening process is shown in Fig. 1. The character-
istics of the included studies are shown in Table 1. A total 
of 409 patients were included in our analysis: 196 patients 
were treated with PG-DFT; 213 patients were treated with 
PG-DTR. Data extraction was performed independently by 
two authors (WPC and HQZ). When there was a difference 
of opinion, the problem was solved by a third researcher 
(CYX).

Data extraction

Data refinement included: (1) research background (first 
author’s surname, publication year, research design, nation-
ality and number of patients in each group); (2) cohort 
characteristics (reconstruction method, average age of sub-
jects, sex ratio); (3) perioperative outcomes (operation time, 
surgical bleeding); (4) postoperative complications (reflux 
esophagitis, PPI intake); (5) nutritional status 1 year after 
operation (BMI, hemoglobin (Hb) level).

The primary outcomes of this study were postoperative 
nutritional status, defined primarily as BMI or Hb level 
at 12  months postoperatively and reflux esophagitis at 
12 months postoperatively. Secondary outcomes were sur-
gical outcome, including operation time, surgical bleeding, 
and total perioperative complications.

Study quality assessment

The assessment for inclusion in this study was done inde-
pendently by two researchers. In case of disagreement, 
the decision will be made after discussion. The Newcas-
tle–Ottawa Scale (NOS) was used to evaluate the quality of 
the controlled clinical trial (CCT). The scale consisted of 
study population selection (4 items), comparability between 
groups (2 items), and outcome indicators (3 items). Each 
score is 1 point, more than 6 points for a high-quality CCT, 
and up to 9 points [12].

Assessment of publication bias across the included 
studies

The funnel plot of the standard error of the total complica-
tion rate was used to evaluate the publication bias of this 
map. In the absence of publication bias, it is assumed that 
high-precision studies will be drawn near the average (verti-
cal line), and low-precision studies will be evenly distributed 
on both sides of the vertical line to form a funnel-shaped 
distribution.

Statistical analysis

Statistical analyses were performed using Review Man-
ager 5.4 software. Continuous variables were expressed 
as mean ± standard deviation (SD), or median and normal 
range. Categorical variables were expressed as number and 
percentage. A p value less than 0.05 was considered signifi-
cant. Clinical outcomes and complications were analyzed 

Table 1  The characteristics and NOS scored of the included five studies

L laparoscope, NOS Newcastle–Ottawa Scale, O open, DTR double-tract reconstruction, DFT double-flap technique

References Country Total cases 
(DFT/
DTR)

Tumor location Stage Operative 
proce-
dures

Gender (M/F) NOS scores

Yu et al. [17] Korea 18/51 Upper-third stomach I L and O 50/19 8
Nishimura et al. [13] Japan 35/8 Upper third of the stomach or gastroesophageal 

cancer located within 2 cm above the esoph-
agogastric junction

I L 39/4 9

Wei et al. [15] China 35/33 Upper third of the stomach or Siewert II/III 
AEG

I, II L 57/11 8

Li et al. [16] China 72/107 Siewert II/III AEG I, II L and O 138/41 8
Saze et al. [14] Japan 36/14 Upper third of the stomach I, II L and O 37/13 9
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using mean weight difference (WMDs), odds ratio (ORs), 
and 95% confidence interval (CI). P 0.1, I2 ≤ 50%. If there 
was no heterogeneity between studies, a fixed-effect model 
was used. If heterogeneity existed, a random-effects model 
was used.

Result

Basic information of included studies

A total of 1646 studies were retrieved, with 926 studies 
remaining after eliminating duplicate results. In addition, 
a total of 720 unrelated studies, 35 case reports, 60 meta-
analyses, 34 reviews and commentaries, and 77 remaining 
studies were identified by searching the titles and abstracts 
of articles. Full-text retrieval, excluding 41 comparative 
studies with TG and 31 data studies that did not meet the 
requirements of this study, the remaining 5 were all included 
in the study (Fig. 2).

Study characteristics

Two of the included studies were from Japan, Nishimura 
et al. [13] and Saze et al. [14], two studies from China, Wei 
et al. [15] and Li et al. [16], 1 study from Korea, Yu et al. 
[17] (Table 1). These studies included 409 patients (196 
patients who received DFT and 213 patients who received 
DRT). The characteristics and NOS scores of the included 
studies are shown in Table 1.

Preoperative situation

In the analysis of the basic patient profile, there were no sig-
nificant differences in age, gender, and tumor stage between 
the two different surgical treatments. The results are listed 
in Table 2.

Surgical features

Four studies [13, 15–17] recorded operative time in patients 
with DFT (n = 160) and in patients with DTR (n = 199). The 
DTR group was shorter than the DFT group, and operative 
time was recorded in four of five studies, including DFT 
(n = 160), and DTR (n = 199). The difference was not statisti-
cally significant (P = 0.03) according to the random-effects 
model test (χ2 = 53.69, P < 0.00001; I2 = 94%) [Z = 1.22 
(P = 0.03)]. (Fig. 3A).

Three papers [13, 15, 17] described surgical bleeding in 
patients with DFT (n = 88) and DTR (n = 92). There was 
no significant difference between DFT and DTR in terms 
of surgical bleeding. A random-effects model (χ2 = 46.06, 
P < 0.00001; I2 = 96%) [Z = 1.22 (P = 0.22)] was used 
(Fig. 3B).

All articles [13–17] reported perioperative complica-
tions, including DFT (n = 196) patients and DTR (n = 213) 
patients. A fixed-effects model [Z = 0.77 (P = 0.44)] was 
used because of strong homogeneity [χ2 = 1.80, P = 0.77; 
I2 = 0%)], and the results showed no significant difference 
between the two (Fig. 3C).

Fig. 2  Flowchart of the study
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Long‑term complications

All studies [13–17] reported due to reflux esophagitis 
(χ2 = 13.08, P = 0.01; I2 = 69%), so we used random effect 
model for the study [Z = 0.06 (P = 0.95)]. The results 
showed no significant difference between DFT and DTR 
(Fig. 4A).

Three studies [13, 14, 17] reported PPI intake in patients 
with DFT (n = 89) and in patients with DTR (n = 73). A 
fixed-effects model was chosen for the analysis, because 
of (χ2 = 1.43, P = 0.49; I2 = 0%) [Z = 1.05 (P = 0.30)], and 
it showed no statistical significance in PPI intake between 
DFT and DTR (Fig. 4B).

Table 2  Meta-analysis of preoperative basic data, perioperative situation, and partial nutritional status

Factor No. of stud-
ies

No. of patients Heterogeneity test OR, WMD (95% CI) P

I2 (%) P

Age 5 409 17 0.31 0.53 (− 0.14 to 1.20) 0.12
Gender 5 409 0 0.70 0.87 (0.53 to 1.45) 0.60
Preoperative BMI 5 409 0 0.88 0.12 (− 0.10 to 0.35) 0.29
Preoperative Hb 3 298 19 0.29 5.92 (4.63 to 7.20) < 0.0001
Perioperative complications 5 409 0 0.77 0.79 (0.44 to 1.42) 0.44
Operation time 4 359 94 < 0.0001 50.12 (5.70 to 94.53) 0.03
Surgical bleeding 3 180 96  < 0.0001 − 25.40 (− 66.37 to 15.56) 0.22
Pathological stage I 4 341 79 0.03 1.79 (0.25 to 12.84) 0.56
Reflux esophagitis 5 409 69 0.01 0.94 (0.13 to 6.67) 0.95
PPI intake 3 162 0 0.49 0.59 (0.22 to 1.59) 0.30
BMI after operation 1 year 2 248 0 0.75 2.01 (1.76 to 2.27) < 0.0001
Hb after operation 1 year 3 298 58 0.09 4.26 (1.50 to 7.01) 0.002

Fig. 3  Forest plot of surgical features. A Operative time, B surgical bleeding, C perioperative complications
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Partial nutritional status

All the studies [13–17] recorded preoperative BMI in 
patients with DFT (n = 196) and DTR (n = 213). However, 
only two studies [16, 17] included BMI at 1 year postopera-
tively. We observed no significant difference in preoperative 
BMI between DFT and DTR. We used fixed-effect model 
because of the strong homogeneity (χ2 = 1.16, P = 0.88; 
I2 = 0%) [Z = 1.06 (P = 0.29)] (Fig. 5A). However, the differ-
ence between DFT and DTR in BMI after operation 1 year 
was significantly (P < 0.0001). Fixed-effect model was 
selected for this meta-analysis (χ2 = 0.10, P = 0.75; I2 = 0%) 
[Z = 15.44 (P < 0.0001)] (Fig. 5B).

Only three studies [14, 16, 17] recorded both preopera-
tive Hb and 1-year postoperative Hb, including patients with 
DFT (n = 126) and DTR (n = 172). Both were significantly 
different between DFT and DTR. Preoperative Hb was 
modeled using a fixed-effects model (CH2 = 2.46, P = 0.29; 
I2 = 19%) [Z = 9.02 (P < 0.0001)] (Figs. 2, 5c). In preopera-
tive Hb, fixed-effect model was used (χ2 = 2.46, P = 0.29; 
I2 = 19%) [Z = 9.02 (P < 0.0001)] (Fig. 5C). In Hb after 
operation 1-year, random effect model was used (χ2 = 4.81, 
P = 0.09; I2 = 58%] [Z = 3.03 (P = 0.002)] (Fig. 5D).

Publication bias assessment

The symmetry of the funnel plot (Fig. 6) with the majority 
of the studies present near the straight vertical line in the 
plot indicated no significant publication bias in the stud-
ies reviewed. According to the Egger’s regression test, the 
standard error was 0.34 and a two-tailed P value was 0.73 
indicating no significant publication bias.

Discussion

In this study, we systematically reviewed the studies of DFT 
and DTR, and performed a meta-analysis of five retrospec-
tive controlled clinical trials of DFT and DTR. As we know, 
this study is the first meta-analysis comparing the outcomes 
of DFT and DTR after PG. The focus was on the surgical 
outcome, the incidence of postoperative reflux esophagitis, 
and the postoperative nutritional status of the two recon-
struction methods. We concluded that there was no signif-
icant difference between DFT and DTR in terms of age, 
gender, pathological stage, preoperative body mass index, 
intraoperative blood loss, and perioperative complications. 
However, the difference in operative time between the DFT 
and DTR groups was statistically significant (P = 0.03). This 
is because DFT anastomotic embedding requires manual 
suturing, whereas DTR has three anastomoses but is now 
basically anastomosed with an anastomosis and then manu-
ally reinforced. In our study, there was no significant differ-
ence between DFT and DTR in terms of reflux esophagitis 
and PPI uptake. The difference in Hb levels between preop-
erative and 1-year postoperative was not statistically signifi-
cant, but the 1-year postoperative BMI results suggested that 
the nutritional status of DFT may be better than that of DTR 
1-year postoperatively.

From the above results, DFT and DTR are similar and 
acceptable in terms of the feasibility and safety of surgery. 
However, postoperative nutritional status, especially post-
operative weight changes, showed better results with DFT. 
Nishimura et al. [13] showed that DFT could protect subcu-
taneous and visceral fat even better than DTR, with even less 
need for anti-reflux medication. The results of Li et al. [16] 
and Saze et al. [14] also showed that the decrease in BMI at 

Fig. 4  Forest plot of long-term complications. A Reflux esophagitis, B PPI intake
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1 year postoperatively in the DFT group was less than that 
of the DTR group, with a statistically significant difference. 
Yu et al. [17] found that the DTR group was more inclined 
to take anti-reflux medication for reflux symptoms than the 
DFT group (DTR 13.7% vs. DFT 0.0%, P = 0.177). The DTR 
group had a significantly lower body weight (P = 0.038) and 
body fat (P = 0.009). Although postoperative nutritional 
indicators were different and could not be compared by data, 
four of the five studies considered DFT to be associated with 
better postoperative nutritional status, apart from one of the 
five studies that lacked comparative data.

To parse these results, it is possible that all food in the 
postprandial DFT passes through the remnant gastroduo-
denal pathway into the jejunum, whereas in the DTR only 
part of the food passes through the remnant gastroduodenal 
pathway and the rest of the food passes through the mid-
dle jejunum pathway into the jejunum. Food that passes 

Fig. 5  Forest plot of partial nutritional status. A Preoperative BMI, B BMI after operation 1 year, C preoperative Hb, D Hb after operation 1 year

Fig. 6  Symmetrical funnel plot with the majority of the studies pre-
sent near the straight vertical line in the plot indicating no significant 
publication bias in the studies reviewed
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exclusively through the gastroduodenal route may have 
advantages in digestion and absorption. Takase et al. [34] 
concluded that the passage of food through the duodenal 
chyme helps to regulate the coordinated movement of the 
bile ducts and intestines, thereby stimulating the secretion 
of cholecystokinin and secretin, so that a variety of digestive 
fluids can enter the digestive tract and fully interact with 
each other to promote the absorption of nutrients. In sum-
mary, we believe that the most appropriate digestive tract 
reconstruction method should be selected according to the 
patient's specific situation. Compared with DTR, DFT recon-
struction is technically demanding and time-consuming, but 
with better postoperative nutritional status, it should be used 
as the preferred GI reconstruction method for most patients 
with early proximal gastric cancer. However, DTR should be 
the best choice for patients with difficult surgery, intolerance 
to long-term surgery, and abnormal glucose tolerance [3].

The incidence of gastric cancer is among the top five in 
the world and mortality rate is among the top three [18]. 
Although the incidence of gastric cancer seems to be 
decreasing year by year, proximal gastric cancer is increas-
ing year by year [19]. Proximal gastric cancer mainly 
includes gastroesophageal junction cancer or upper gastric 
cancer. Surgery is the main treatment for proximal gastric 
cancer, but the surgical strategy is still controversial. TG 
allows for more adequate tumor resection and lymphatic 
clearance. However, due to the removal of the entire stom-
ach, the storage, mechanical grinding, and secretion func-
tions of the stomach are lost, resulting in poor nutritional 
status and a high incidence of weight loss after surgery 
[20]. PG preserves the function of the remnant stomach 
and promotes the absorption of nutrients such as iron and 
vitamin B12. Compared with TG [21], PG improved the 
nutritional status and quality of life (QOL) of postoperative 
patients. Similarly, there is a high incidence of postopera-
tive reflux esophagitis after PG due to retention of residual 
stomach. There have been many studies comparing PG and 
TG. Postoperative patients are well nourished and postopera-
tive digestive tract reconstruction is relatively simple. The 
addition of anti-reflux measures during reconstruction can 
significantly reduce the incidence of postoperative reflux 
esophagitis in PG. TG is thought to have a better oncologic 
safety profile, but recent trials have reported no significant 
difference in overall survival between patients with early 
upper gastric cancer who underwent total and proximal gas-
trectomy [22]. Some studies have even shown that PG is 
superior to TG in terms of 5-year survival [21, 23]. In addi-
tion, PG is increasingly used in patients with PGC because it 
preserves some gastric function and the postoperative qual-
ity of life of patients is better than that of TG [24]. In 2018, 
the Japanese GC guidelines recommended PG as a surgical 
approach for early gastric tumors in the upper third [25]. 

According to the “Korea GC Practice Guide 2018” [26], PG 
is feasible for patients with type II and type III early AEG.

The anti-reflux anatomy of the esophagogastric junction 
consists mainly of the cardia and angle of His, but separation 
of the vagus nerve during proximal gastrectomy increases 
the incidence of pyloric spasm and impaired emptying of 
the remnant stomach [27]. Some patients may have post-
operative reflux esophagitis with severe reduction in qual-
ity of life. Relevant studies suggest that the incidence of 
reflux esophagitis after PG may reach 50% [28]. To prevent 
the development of reflux esophagitis, several reconstruc-
tive procedures after PG have been reported, such as simple 
esophagogastrostomy, esophagogastrostomy with anti-reflux 
procedure, gastric tube formation, jejunal interposition, 
jejunal pouch interposition [29], DTR [30], and DFT [31]. 
DFT and DTR are the most used methods of digestive tract 
reconstruction after PG. The DTR reconstruction process 
is complex and requires three anastomoses so that food 
passes directly into the jejunum except through the remnant 
stomach, preventing reflux through the juxtaposition of the 
jejunum between the remnant stomach and the esophagus. 
In 2001, Kamikawa et al. [32] introduced DFT to prevent 
gastric acid reflux after PG. By encasing the muscle flap, 
a pseudo-cardia is formed to alleviate the reflux of gastric 
contents. Many previous studies have reported that double-
serum muscle flap-enhanced anastomosis can reduce reflux 
esophagitis and anastomotic leakage after DFT [33]. How-
ever, DFT anastomosis requires manual suturing, which 
is a challenge for clinicians and adds much uncertainty. 
At present, several studies have reported that both surgi-
cal approaches have better postoperative nutritional status 
than TG with the same oncologic outcome. Meanwhile, both 
anti-reflux methods have achieved better results. There have 
been many studies comparing the prognosis of the two dif-
ferent reconstruction methods, but the current sample size is 
relatively small, multi-center, prospective comparisons are 
lacking, and the conclusions are controversial.

Although our results show that DFT may be the first 
choice for GI reconstruction in most patients with early 
proximal gastric cancer, there are still some limitations. 
First, only five studies were included in this meta-analysis, 
with a small total sample size. Second, the main comparative 
indicators, such as the selection and comparison of post-
operative nutritional indicators, were different, resulting in 
less comparative data available for this study. The studies 
included in this study were retrospective studies with poor 
quality evidence. Finally, when comparing different surgi-
cal approaches, tumor safety is a priority. However, none of 
the included studies had long-term follow-up of survival. 
Future large multi-center prospective randomized controlled 
studies are needed to compare the role of DTR and DFT in 
long-term follow-up.



2125Updates in Surgery (2023) 75:2117–2126 

1 3

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s13304- 023- 01638-w.

Author contributions PW, YC, and QH: contribution to the conception 
and design of the meta-analysis. PW and QH: acquisition, analysis, or 
interpretation of data and finalization of the manuscript. YC: admin-
istrative, technical, or material support, and study supervision. KY 
and SL: revision of the manuscript and provided critical advice on 
the content of the manuscript. All authors contributed to the article 
and approved the submitted version. QH and PW are coauthors and 
contributed equally to this work.

Funding This work was financially supported by the Science 
and Technology Project of Fujian Provincial Health Commission 
(2021CXA028) and The Second Affiliated Hospital of Fujian Medi-
cal University Doctor Hospital special funds project (2022BD1601) 
and Science and Technology Bureau of QuanZhou (Grant number 
2020CT003).

Data sharing The analytic dataset is available on request by contacting 
the corresponding author.

Declarations 

Conflict of interest There are no conflicts of interest to declare.

Ethical approval The Research Ethics Committee of The Affiliated 
Second Hospital of Fujian Medical University has confirmed that no 
ethical approval is required, since it is a secondary research.

Informed consent For this type of study, formal consent is no required.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Nishizaki D, Ganeko R, Hoshino N, Hida K, Obama K, Furukawa 
TA et al (2021) Roux-en-Y versus Billroth-I reconstruction after 
distal gastrectomy for gastric cancer. Cochrane Database Syst Rev 
9(9):Cd012998

 2. Yura M, Yoshikawa T, Otsuki S, Yamagata Y, Morita S, Katai H 
et al (2019) Oncological safety of proximal gastrectomy for T2/T3 
proximal gastric cancer. Gastric Cancer Off J Int Gastric Cancer 
Assoc Jpn Gastric Cancer Assoc 22(5):1029–1035

 3. Lu S, Ma F, Yang W, Peng L, Hua Y (2023) Is single tract jejunal 
interposition better than double tract reconstruction after proximal 
gastrectomy? Updat Surg 75(1):53–63

 4. Lewis TS, Feng Y (2022) A review on double tract reconstruction 
after proximal gastrectomy for proximal gastric cancer. Ann Med 
Surg 79:103879

 5. (2021) Japanese gastric cancer treatment guidelines 2018 (5th edi-
tion). Gastric Cancer: Off J Int Gastric Cancer Assoc Jpn Gastric 
Cancer Assoc 24(1):1–21

 6. Lu S, Ma F, Zhang Z, Peng L, Yang W, Chai J et al (2021) Various 
kinds of functional digestive tract reconstruction methods after 
proximal gastrectomy. Front Oncol 11:685717

 7. Trung LV, Loc NVV, Tien TPD, Vuong NL (2021) Laparoscopic 
proximal gastrectomy with jejunal interposition for early proximal 
gastric cancer. J Gastrointest Cancer 52(2):536–541

 8. Kuroda S, Choda Y, Otsuka S, Ueyama S, Tanaka N, Muraoka A 
et al (2019) Multicenter retrospective study to evaluate the effi-
cacy and safety of the double-flap technique as antireflux esoph-
agogastrostomy after proximal gastrectomy (rD-FLAP Study). 
Ann Gastroenterol Surg 3(1):96–103

 9. Ji X, Jin C, Ji K, Zhang J, Wu X, Jia Z et al (2021) Double tract 
reconstruction reduces reflux esophagitis and improves quality 
of life after radical proximal gastrectomy for patients with upper 
gastric or esophagogastric adenocarcinoma. Cancer Res Treat 
53(3):784–794

 10. Long VD, Hai NV, Thong DQ, Dat TQ, Quoc HLM, Minh TA 
et al (2022) Clinical outcomes of laparoscopic proximal gastrec-
tomy with double-flap reconstruction for tumors in the upper 
third of the stomach. Surg Laparosc Endosc Percutaneous Tech 
32(3):409–414

 11. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD et al (2021) The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ 372:n71

 12. Lo CK, Mertz D, Loeb M (2014) Newcastle–Ottawa Scale: com-
paring reviewers’ to authors’ assessments. BMC Med Res Meth-
odol 14:45

 13. Nishimura E, Irino T, Matsuda S, Fukuda K, Nakamura R, 
Kawakubo H et al (2023) Comparison of changes in body-fat mass 
and reflux esophagitis among reconstruction methods for proximal 
gastrectomy. Asian J Surg 46(1):394–398

 14. Saze Z, Kase K, Nakano H, Yamauchi N, Kaneta A, Watanabe Y 
et al (2021) Functional benefits of the double flap technique after 
proximal gastrectomy for gastric cancer. BMC Surg 21(1):392

 15. Wei W, Linguang F, Peng C (2022) Short-term clinical efficacy 
of Kamikawa anastomosis and jejunal interposed double channel 
anastomosis in laparoscopic proximal gastrectomy. Chin J Dig 
Surg 21(9):1218–1224

 16. Li Y, Jianzhang W, Jun Y (2022) A multicenter retrospective 
study on the efficacy of different anti-reflux reconstruction meth-
ods after proximal gastrectomy for gastric cancer. Chin J Surg 
60(9):838–845

 17. Yu B, Park KB, Park JY, Lee SS, Kwon OK, Chung HY et al 
(2022) Double tract reconstruction versus double flap technique: 
short-term clinical outcomes after laparoscopic proximal gastrec-
tomy for early gastric cancer. Surg Endosc 36(7):5243–5256

 18. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A 
(2018) Global cancer statistics 2018: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin 68(6):394–424

 19. Buas MF, Vaughan TL (2013) Epidemiology and risk factors for 
gastroesophageal junction tumors: understanding the rising inci-
dence of this disease. Semin Radiat Oncol 23(1):3–9

 20. Bergh C, Sjostedt S, Hellers G, Zandian M, Sodersten P (2003) 
Meal size, satiety and cholecystokinin in gastrectomized humans. 
Physiol Behav 78(1):143–147

 21. Xu Y, Tan Y, Wang Y, Xi C, Ye N, Xu X (2019) Proximal versus 
total gastrectomy for proximal early gastric cancer: a systematic 
review and meta-analysis. Medicine 98(19):e15663

 22. Hayami M, Hiki N, Nunobe S, Mine S, Ohashi M, Kumagai K 
et al (2017) Clinical outcomes and evaluation of laparoscopic 

https://doi.org/10.1007/s13304-023-01638-w
http://creativecommons.org/licenses/by/4.0/


2126 Updates in Surgery (2023) 75:2117–2126

1 3

proximal gastrectomy with double-flap technique for early gas-
tric cancer in the upper third of the stomach. Ann Surg Oncol 
24(6):1635–1642

 23. Zhao L, Ling R, Chen J, Shi A, Chai C, Ma F et al (2021) Clinical 
outcomes of proximal gastrectomy versus total gastrectomy for 
proximal gastric cancer: a systematic review and meta-analysis. 
Dig Surg 38(1):1–13

 24. Yamasaki M, Takiguchi S, Omori T, Hirao M, Imamura H, Fuji-
tani K et al (2021) Multicenter prospective trial of total gastrec-
tomy versus proximal gastrectomy for upper third cT1 gastric 
cancer. Gastric Cancer 24(2):535–543

 25. Japanese Gastric Cancer A (2021) Japanese gastric cancer treat-
ment guidelines 2018 (5th edition). Gastric Cancer 24(1):1–21

 26. Guideline Committee of the Korean Gastric Cancer Association 
DWG, Review P (2019) Korean Practice Guideline for Gastric 
Cancer 2018: an evidence-based, multi-disciplinary approach. J 
Gastric Cancer 19(1):1–48

 27. Shi M, Hu Z, Wu K, Yang D, Fu H, Zhang J et al (2022) Compara-
tive study of pyloromyotomy and H-M pyloroplasty in proximal 
gastrectomy for adenocarcinoma of esophageal-gastric junction. 
J Gastrointest Surg 26(8):1585–1595

 28. Jung DH, Ahn SH, Park DJ, Kim HH (2015) Proximal gastrec-
tomy for gastric cancer. J Gastric Cancer 15(2):77–86

 29. Kinoshita T, Gotohda N, Kato Y, Takahashi S, Konishi M, 
Kinoshita T (2013) Laparoscopic proximal gastrectomy with 
jejunal interposition for gastric cancer in the proximal third of 
the stomach: a retrospective comparison with open surgery. Surg 
Endosc 27(1):146–153

 30. Sato R, Kinoshita T, Akimoto E, Yoshida M, Nishiguchi Y, 
Harada J (2021) Feasibility and quality of life assessment of lapa-
roscopic proximal gastrectomy using double-tract reconstruction. 
Langenbecks Arch Surg 406(2):479–489

 31. Shoji Y, Nunobe S, Ida S, Kumagai K, Ohashi M, Sano T et al 
(2019) Surgical outcomes and risk assessment for anastomotic 
complications after laparoscopic proximal gastrectomy with dou-
ble-flap technique for upper-third gastric cancer. Gastric Cancer 
22(5):1036–1043

 32. Hayami M, Hiki N, Nunobe S, Mine S, Ohashi M, Kumagai K 
et al (2018) Correction to: Clinical outcomes and evaluation of 
laparoscopic proximal gastrectomy with double-flap technique for 
early gastric cancer in the upper third of the stomach. Ann Surg 
Oncol 25(Suppl 3):990

 33. Shaibu Z, Chen Z, Mzee SAS, Theophilus A, Danbala IA (2020) 
Effects of reconstruction techniques after proximal gastrectomy: 
a systematic review and meta-analysis. World J Surg Oncol 
18(1):171

 34. Takase M, Sumiyama Y, Nagao J (2003) Quantitative evaluation 
of reconstruction methods after gastrectomy using a new type 
of examination: digestion and absorption test with stable isotope 
13C-labeled lipid compound. Gastric Cancer 6(3):134–141

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Comparison of proximal gastrectomy with double-flap technique and double-tract reconstruction for proximal early gastric cancer: a meta-analysis
	Abstract
	Introduction
	Materials and methods
	Search strategy
	Inclusion and exclusion criteria
	Study selection
	Data extraction
	Study quality assessment
	Assessment of publication bias across the included studies
	Statistical analysis

	Result
	Basic information of included studies
	Study characteristics
	Preoperative situation
	Surgical features
	Long-term complications
	Partial nutritional status
	Publication bias assessment

	Discussion
	Anchor 21
	References




