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Abstract
Background In theory, proximal gastrectomy with double-tract reconstruction (PG-DT) was superior to
total gastrectomy (TG) in hematologic and nutritional outcomes. However, its clinical effects in proximal
early gastric cancer (EGC) have been controversial. Methods The purpose of this study was to investigate
the outcomes of laparoscopic proximal gastrectomy with double-tract reconstruction (LPG-DT) for
proximal EGC. For this systematic review and meta-analysis, we searched for articles published before
December of 2018 in the following databases: PubMed, Web of Science, EBSCO, Medline, and Cochrane
Library. Results The results showed no signi�cant difference in the anastomotic stenosis (OR=0.91,
95%CI=0.33-2.50, p=0.85) and re�ux esophagitis (OR=1.87, 95%CI=0.62-5.65, p=0.27) between LPG-DT
and laparoscopic total gastrectomy (LTG). The vitamin B12 supplementation rate in the LPG-DT group
was lower than the LTG group (OR=0.06, 95%Cl=0.01-0.59, p=0.02). Conclusions Due to comparable
clinical effect, PG-DT is comparable to TG for patients with proximal EGC. In addition, LPG-DT not only
appears superior to TG in terms of preventing vitamin B12 de�ciency, but also does not increase the risk
of anastomotic stricture and re�ux esophagitis.

Introduction
Recently, with the prevalence of endoscopic techniques, the incidence of proximal gastric cancer (lesion
located in the upper third of the stomach), especially proximal early gastric cancer (EGC) has been
increasing in worldwide[1]. So far, for patients with proximal EGC who have lesions unsuitable for
endoscopic treatment, total gastrectomy (TG) is the most major surgical procedure for the radical
treatment. However, TG has many potential disadvantages, especially in hematological and nutritional
status[2]. Thus, some researchers have suggested the proximal gastrectomy (PG) as an alternative to TG
for proximal EGC[3]. Unfortunately, severe re�ux esophagitis and anastomotic stenosis are the major
factors that limit the clinical application of this surgery. Besides, the operation procedure needs to be
further standardized[4, 5].

Some scholars suggested that patients with proximal EGC could be treated with proximal gastrectomy
with double-tract reconstruction (PG-DT), to avoid anastomotic complications[6, 7]. It was reported that
the incidences of re�ux symptoms, usage of proton pump inhibitors, and anastomotic strictures were
signi�cantly lower in the double-tract anastomosis group as compared to the esophagogastrostomy
group[6]. However, a recent multicenter study from the western experience showed that patients who
underwent PG have an increased mortality rate and a higher risk of re�ux esophagitis and anastomotic
stricture[8].

In addition, in view of the prognosis of EGC is excellent, the improvement of postoperative quality of life
and the safe application of minimally invasive surgery have become the research hotspot in recent years.
There is no doubt that laparoscopic proximal gastrectomy (LPG) is one of the most promising treatments
for patients with proximal EGC[9]. But LPG has remained controversial mainly due to a lack of evidence
from large-scale studies. And there were few meta-analyses about this problem in comparison of
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laparoscopic proximal gastrectomy with double-tract reconstruction (LPG-DT) and laparoscopic total
gastrectomy (LTG) for treatment effects. So, this meta-analysis is a comparison of the short-term and
long-term outcomes of LPG-DT and LTG for proximal EGC through comprehensive retrieval and pooled
analysis.

Methods
In the electronic databases of PubMed, Web of science, EBSCO and the Cochrane library, a
comprehensive literature search strategy was performed by retrieving the keywords “proximal
gastrectomy” and “total gastrectomy” until December 2018. To avoid omitting any potential studies, we
manually reviewed the references of included literature. Non-English studies will be excluded. Institutional
review board approval of our hospital was obtained for this study.

Study selection

Two authors individually conducted the search and independently reviewed and extracted data from each
study. The search results were compared, and any disagreement in opinions were resolved by further
discussion. This meta-analysis included studies that met the following criteria: (1) studies focusing on
patients with early gastric cancer; (2) comparative studies between PG-DT and TG; (3) having reported
detailed/available data of the surgical results, including short- and/or long-term outcomes. But these
studies were excluded if they were (1) non-original articles; (2) not comparing PG-DT and TG; (3) not
relevant outcome or detailed data.

Data extraction

Data extracted included study characteristics (such as author, region, study period, design, case number),
patient demographics (such as age, gender, body mass index), tumor stage, surgical results (such as
operation time, the number of retrieved lymph nodes, perioperative complication and resection margin),
long-term outcomes (hematological and nutritional outcomes), and oncological outcome. Corresponding
authors were contacted if further information was needed.

Evaluation of quality of the studies

This meta-analysis was conducted on the recommendation of guidelines of the Preferred Reporting Items
for Systematic Review and Meta-Analysis (PRISMA) 2009 Checklist (Supplementary Table 1)[10]. Two
authors independently assessed the quality of the included researches, according to the Newcastle-
Ottawa Quality Assessment Scale (NOS) checklist, which consisted of eight items, divided into three
aspects (selection, comparability and outcome) with a maximum number of 9 stars [11].

Statistical methods

RevMan 5.3.5 software for Windows® was used to analyze the data. According to data characteristics,
dichotomous variables and continuous variables were pooled analyzed using estimation of odds ratios
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(OR) and weighted mean difference (WMD) with a 95% Con�dence interval (CI), respectively.
Heterogeneity across studies was evaluated by Cochrane Q-test and p-values. We considered
heterogeneity to be present if the p<0.1. The �xed-effect model was used for meta-analysis in cases of
nonsigni�cant heterogeneity. On the contrary, if there was a signi�cant heterogeneity, the random-effect
model was used. Publication bias was evaluated by Egger’s test. Egger’s test was not suitable for
subgroup analysis, if less than ten studies were included due to low sensitivity of qualitative and
quantitative tests. All statistical tests were performed two-sided, and p<0.05 was considered statistically
signi�cant.

Results
Literature search

A total of 1451 studies were identi�ed after the initial search. After deletion of 631 duplicates, 771 studies
were additionally excluded by careful review of the title and/or abstract. After screening the title and
abstract, 49 studies were evaluated via full-text articles. At last, seven articles[7, 12-17] published were
included for quantitative synthesis from 2016 to 2018. The �ow diagram were summarized is shown in
Fig. 1.

Study characteristics

Based on the inclusion and exclusion criteria, seven retrospective studies were included for this review.
The characteristics of each study were shown in Table 1. The seven studies included a total of 592
patients: PG-DT was performed in 347 patients and TG was performed in 245 patients. The sample size
of each study varied from 30 to 248 patients. All patients received laparoscopic or robotic surgery, of
which 533 cases (90.0%) of belonged to stage I proximal gastric cancer. In the PG-DT group, 331 patients
(95.4%) were stage I proximal gastric cancer, and in the TG group, 202 cases (82.4%) were stage I
proximal gastric cancer.

Patient's clinicopathologic features

In the analysis of patients' basic conditions, there were differences in gender (OR=1.89, 95%CI=1.26-2.84,
p=0.002, �xed-effects model) and American Society of Anesthesiologist (ASA) (OR=0.43, 95%CI=0.22-
0.83, p=0.01, �xed-effects model) between both groups of patients underwent surgical treatment (LPG-DT
vs. LTG). In terms of tumor lesion, patients with LPG-DT had smaller tumor sizes than those with LTG
(WMD=-0.94, 95%CI=-1.26-(-0.62), p<0.001, �xed-effects model). The T stage (OR=2.21, 95%CI=1.17-4.17,
p=0.01, �xed-effects model) and tumor stage (OR=2.70, 95%CI=1.35-5.39, p=0.005, �xed-effects model)
were earlier in the LPG-DT group. However, there was no signi�cant difference in N Stage between both
groups (OR=0.77, 95%CI=0.34-1.71, p=0.52, �xed-effects model) (Table 2).

Surgical conditions and Short-term outcomes
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In terms of surgical conditions, patients in the LTG group had longer proximal (WMD=-0.97, 95%CI=-1.80-
(-0.14), p=0.02, random-effects model) and distal resection margins (WMD=-8.30, 95%CI=-9.57-(-7.03),
p<0.001, random-effects model) and more retrieved lymph nodes (WMD=-11.28, 95%CI =-13.52-(-9.04),
p<0.001, �xed-effects model). However, there was no signi�cant difference in operative time
(WMD=-10.43, 95%CI=-25.64-4.77, p=0.18, random-effects model) and intraoperative blood loss
(WMD=3.74, 95%CI = -57.37-64.84, p=0.90, random-effects model) between both groups (Table 2).

Besides, there was no signi�cant difference in short-term outcomes between both groups, including
postoperative the length of hospital stay (WMD=-0.21, 95%CI=-1.21-0.80, p=0.68, �xed-effects model), all
complications (Clavien-Dindo Grade I or more) (OR=0.87, 95%CI=0.36-2.13, p= 0.76, random-effects
model), severe complications (Clavien-Dindo Grade III or more) (OR=0.35, 95%CI=0.12-1.07, p=0.07, �xed-
effects model), and anastomotic leakage (OR=0.81, 95%CI=0.34-1.94, p=0.64, �xed-effects model) (Table
2).

Long-term outcomes

The long-term results including anastomotic stenosis, re�ux, hematological status, vitamin B12, and
oncological outcomes were analyzed. There was also no statistically signi�cant difference between
anastomotic stenosis (OR=0.91, 95%CI=0.33-2.50, p=0.85, �xed-effects model) and re�ux (OR=1.87,
95%CI=0.62-5.65, p=0.27, �xed-effects model) (Fig. 2). By comparing the hematological and nutritional
outcomes between both groups, body mass index (BMI) was mentioned in �ve studies, among which
three showed statistical difference and two showed no statistical difference. Hemoglobin was
investigated in six studies, among which only one showed statistical difference, while the other �ve
showed no statistical difference. Ferritin was mentioned in two studies, they all showed no statistical
difference. In addition, there were many studies investigated total protein, albumin, total cholesterol and
total lymphocyte count, none of the results were statistically signi�cant (Supplementary Table 2). Four of
these studies reported postoperative vitamin B12. The vitamin B12 supplementation rate in the LPG-DT
group was lower than the LTG group (OR=0.06, 95%Cl=0.01-0.59, p=0.02, random-effects model) (Fig. 2).
At the end of follow-up, no patients underwent LPG-DT had recurrence or death. In the LTG group, a total
of 4 patients relapsed.

Discussion
PG is theoretically the ideal treatment option for proximal EGC[18]. However, the risk of re�ux esophagitis
and anastomotic stenosis is a huge challenge for the widespread use of PG. To improvement these
disadvantages, several modi�ed reconstruction procedures, including jejunal interposition, jejunal pounch
interposition, double-�ap, and double-tract anastomosis, have been attempted[6, 19-21]. According to
previous studies, PG-DT is one of the most promising procedures, in reducing anastomotic complications
(re�ux esophagitis and anastomotic stenosis) and improving operative quality of life[7, 12]. Thus, the
purpose of this meta-analysis is to compare the safety and feasibility of LPG-DT with LTG for patients
with clinical stage I proximal gastric cancer.
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In this study, the tumor size of the LTG group was signi�cantly larger than that of the LPG-DT group.
Although tumor depth and tumor staging was signi�cantly earlier in the LPG-DT group than in the LTG
group, there was no difference in lymph node metastasis. It seems that the size and depth of the tumor
are factors in the choice of surgical procedure. Masuzawa et al.[22] reported that tumor size and
histology could in�uence the size of the remnant stomach, which was an important factor in choosing
the procedure. So, we believed that LPG-DT was appropriate for proximal EGC, and the tumor size was
small. In terms of operation time and blood loss, no signi�cant difference was found between the two
groups. Thus, LPG-DT is not a complicated procedure, compared LTG. Although resection margins were
shorter for LPG-DT, intraoperative frozen biopsies con�rm disease-free resection margins (R0 resection).
In other words, PG can maximize the retention of gastric stump. In addition, consistent with previous
�ndings[20, 23], this study showed that fewer lymph nodes were retrieved every patient in the LPG-DT
group because of different lymph node metastasis dissection extent. The TNM staging system
recommends that no less than 16 lymph nodes should be resected for radical gastrectomy[3]. And several
studies have shown that the number of lymph nodes retrieved is closely associated with postoperative
pathologic staging and prognostic assessment[24, 25]. Gholami et al[26]. demonstrated that dissection
of 16 or more lymph nodes was associated with better survival in all patients. However, some studies
suggested that dissection of more than 16 LNs did not show improvement in the prognosis in stage I
patients[27, 28]. In our previous study[29], there was a low incidence of lymph node metastasis in EGC.
So, we believed that LPG-DT with less than D2 lymph node dissection appears to be reasonable.

An et al.[30] and Rosa et al.[8] reported that PG with esophagogastrostomy resulted in a higher
complication rate than TG and that PG with esophagogastrostomy led to a higher frequency of stenosis
and re�ux than did TG. Nishigori et al.[23] also demonstrated that PG with esophagogastrostomy had a
higher probability of anastomotic stenosis. There was no signi�cant difference in the short-term
outcomes between the two groups (LPG-DT versus LTG) in this article. Whether in all complications or
severe complications, the present study showed that LPG-DT was a feasible and safe technique. Most
importantly, the results of this study showed that LPG-DT did not increase the incidences of re�ux
esophagitis and anastomotic stenosis, compared LTG. Besides, Aburatani et al.[6] suggested that the
incidence of both re�ux esophagitis and anastomotic stenosis was lower in the PG-DT group than in the
PG with esophagogastrostomy group. We could conclude that LPG-DT was a good alternative to LTG,
because of similar complication rate.

There is no doubt that the long-term quality of life is one of the important factors to evaluate the value of
surgery, especially for patients with EGC. Several previous studies had reported hematological and
nutritional outcomes in patients underwent PG. Cho et al.[12] reported that postoperative hematologic
indexes, including hemoglobin, ferritin, transferrin saturation, and anemia, showed no signi�cant
difference between minimally invasive PG-DT and minimally invasive TG. Protein, albumin, cholesterol,
and other nutritional parameters were also comparable between the two groups. They also concluded
that although the proportion of patients who requiring vitamin B12 supplements was smaller in the PG-DT
group, the cumulative incidence of vitamin B12 de�ciency after PG-DT was similar to that after TG. Jung
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et al.[14] thought that the change rate of body weight in LPG-DT group was signi�cantly lower than in
LTG group. The serum vitamin B12 level in the LPG-DT group was signi�cantly higher than in the LTG
group. Research by Kim and his colleagues[15] observed that LPG-DT was bene�cial with regards to the
absorption of iron and vitamin B12 compared to LTG. A recent study has shown that body weight and
skeletal muscle index reduction rates were lower in the LPG-DT group than in the LTG group[17].

In this present study, a signi�cantly smaller proportion of the LPG-DT patients required vitamin B12

supplementation compared to the LTG group. PG-DT preserves the gastric antrum and part of the gastric
body, allowing for food reserve, which indicates that these areas of the stomach are potential sources of
intrinsic factors. TG is known to have a risk of leading to vitamin B12 de�ciency compared to distal
gastrectomy[31]. Because the main source of intrinsic factors in the stomach is parietal cells, which are
mainly located in the body and fundus, the ability of PG to prevent vitamin B12 de�ciency is questionable.
Our analysis showed that retention of the distal stomach assists in the absorption of the vitamin B12,
possibly due to retention of a partial gastric body.

This systematic review and meta-analysis incorporated seven articles that compared the long-term
hematological and nutritional indicators, including postoperative BMI, hemoglobin, ferritin, total protein,
albumin, to patients with LPG-DT and LTG. Unfortunately, the analysis of forest plots with related
indicators could not be obtained due to the inability to obtain the original data. However, no study showed
that the hematological and nutritional status of patients who underwent LPG-DT was worse than that of
patients underwent LTG.

Finally, in terms of oncology prognosis, the two groups had similar outcomes. Yoo et al.[4] reported that
PG might increase the likelihood of local recurrence, although it would not affect long-terms in terms of
survival and mortality. But the study included many patients with advanced gastric cancer. In this study,
almost all the patients included had EGC. There was no recurrence or death in the patients with con�rmed
stage I proximal gastric cancer after LPG-DT. Therefore, we believed that LPG did not negatively in�uence
the prognosis compared to LTG in EGC.

To our knowledge, this is the �rst meta-analysis investigates the short-term and long-term results of LPG-
DT versus LTG. Some limitations of this study need to be emphasized. All included articles were the small
sample retrospective studies, which inevitably led to a decline in the level of evidence in this paper. No
prospective studies or clinical trials were found through systematic and comprehensive retrieval.
Meanwhile, Egger’s test of publication bias was not performed on this analysis due to the insu�cient
number of included studies. Finally, the participants were all from Asian countries with high incidence of
gastric cancer (South Korea and Japan). The conclusions of this study cannot be directly applied to other
countries. Thus, a prospective randomized trial that compare LPG-DT with LTG should be performed to
con�rm these observations.

Conclusion
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This review showed that due to comparable clinical effect, LPG-DT is comparable to LTG for patients with
proximal EGC. In addition, LPG-DT not only appears superior in preventing vitamin B12 de�ciency, but also
does not increase a risk of anastomotic stricture and re�ux esophagitis compared to LTG.
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Fig. 1 Flow chart of study selection.
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Fig. 2 Forest plot describing the association between surgery and long-term outcomes of patients with
proximal EGC. (A) anastomotic stricture, (B) re�ux esophagitis, (C) vitamin B12 de�ciency rate.

 

Tables in the main manuscript

Table 1. Characteristics of studies included in the meta-analysis.

Table 2. Subgroup analysis of comparison between LPG-DT and LTG.
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Supplementary Table 2. Comparison of hematological and nutritional outcomes between both groups.
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Figure 1

Flow chart of study selection.
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Figure 2

Forest plot describing the association between surgery and long-term outcomes of patients with proximal
EGC. (A) anastomotic stricture, (B) re�ux esophagitis, (C) vitamin B12 de�ciency rate.
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