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 Background: This study aimed to compare the efficacy of antrum-preserving double tract gastric interposition reconstruc-
tion (ADGR) versus antrum-preserving double tract jejunal interposition reconstruction (ADJR) after proximal 
gastrectomy (PG).

 Material/Methods: In a retrospective study, 62 cases of proximal gastric cancer undergoing proximal gastrectomy were divided 
into an ADJR group (n=32) and an ADGR group (n=30) according to reconstruction methods. Perioperative out-
comes and postoperative complications were compared between the 2 groups, and the changes in hemoglo-
bin (Hb), total protein (TP), body weight, and quality of life (QOL) were observed at 1, 3, 6, and 12 months post-
operatively. Endoscopy was given at 12 months postoperatively for assessing reflux esophagitis and residual 
food.

 Results: Differences were indistinct in the 2 groups regarding the operation time, intraoperative blood loss, postopera-
tive length of stay (LOS), first flatus time, and postoperative complications (P>0.05). At 1, 3, 6, and 12 months 
after operation, no evident differences were shown between the 2 groups regarding weight loss and Visick 
scores (P>0.05). Compared with the ADJR group, the Hb level at 6 and 12 months after operation and TP lev-
el at 12 months after operation were increased markedly in the ADGR group (P<0.05). No apparent difference 
was detected between the 2 groups in reflux esophagitis (P=0.467). The incidence of residual food in the ADGR 
group was significantly lower than that in the ADJR group (6.67% versus 31.25%, P=0.014).

 Conclusions: ADGR was superior to ADJR in improving nutritional status and preventing residual food of patients with prox-
imal gastric cancer after proximal gastrectomy.
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Background

To date, gastric cancer is still the third leading cause of can-
cer-related deaths globally [1]. It was estimated there were 
1 033 701 new cases of gastric cancer and 782 685 deaths 
in 2018 [2]. Despite an overall decline in its incidence, that of 
proximal (cardia/gastro-esophageal) gastric cancer, which re-
fers to a tumor located within the proximal third of the stom-
ach, has persistently increased over past 2 decades [3,4]. By 
comparison to distal (corpus and antrum) gastric cancer, the 
prognosis of proximal gastric cancer is usually worse because 
it is more aggressive and more likely to be at an advanced 
stage at the time of diagnosis [5,6].

Total gastrectomy and proximal gastrectomy, the major resec-
tion types for proximal gastric cancer, can both induce multi-
ple postoperative complications like dyspepsia, malnutrition, 
and anemia, thus influencing the quality of life (QOL) [7–9]. 
Digestive tract reconstruction is one of the common proce-
dures after gastrectomy, such as esophagogastrostomy and 
Roux-en-Y anastomosis [10–12]. Among these reconstruction 
methods, an esophagogastrostomy is most prevalent due to 
its simple operation, less operation time and blood loss, but 
esophageal reflux easily occurs [12,13]. Compared with jejunal 
interposition, both short- and mid-term outcomes were better 
in patients with early proximal gastric cancer who received je-
junal pouch interposition after proximal gastrectomy [14]. In 
one study patients treated with jejunal interposition recon-
struction after total gastrectomy were shown to have an as-
sociation with a reduced risk of long-term complications and 
improved QOL by comparison to Roux-en-Y anastomosis [15]. 
There is as yet, no consensus about the optimal reconstruc-
tion method after gastrectomy.

In our study, we tried to develop a method of double tract re-
construction (DTR) for proximal gastrectomy, namely antrum-
preserving double tract gastric interposition reconstruction 
(ADGR), and compared its efficacy with antrum-preserving 
double tract jejunal interposition reconstruction (ADJR) after 
proximal gastrectomy, with the purpose of identifying the op-
timal surgical technique for QOL improvement.

Material and Methods

Patients

The clinical data of 62 patients undergoing proximal gastrec-
tomy at Jiangsu Cancer Hospital were retrospectively analyzed 
between December 2015 and December 2017. According to dif-
ferent reconstruction methods, the patients were divided into 
an ADJR group (n=32) and an ADGR group (n=30). All of the 
study participants provided informed consent. The Institutional 

Review Board of Jiangsu Cancer Hospital approved this study, 
and the approval number was 2019-010.

Inclusion criteria were as follows: 1) patients with gastric 
adenocarcinoma; 2) primary tumors located within the upper 
one-third of the stomach; 3) no macroscopic presence of lym-
phatic metastasis at stations #4d, #5, and #6 during opera-
tion; 4) patients who underwent either ADJR or ADGR along 
with D1+ lymphadenectomy following open surgery; 5) patients 
undergoing ADGR who were older and had poor physical con-
dition, or those with shorter mesentery of small intestine and 
difficulties in anastomosis between jejunum and esophagus, 
or those incomplete obstruction of cardia preoperatively and 
obvious dilatation of distal esophagus. Exclusion criteria were 
as follows: 1) patients with distant metastasis, remnant gastric 
cancer, hematological diseases or previous neoplastic diseases; 
2) patients undergoing emergency procedures, neoadjuvant 
treatments, or those requiring a transthoracic esophagectomy.

Surgical techniques

Japanese gastric cancer treatment guidelines were used to de-
termine the range of lymph node dissection [16]. D1+ or D2 
lymphadenectomy was performed, in which the lymph nodes 
at stations of 1, 2, 3a, 4a, 4sb, 7, 8a, 9, and 11p were dissected. 
For the remnant distal stomach, the lymph nodes along the 
infra-pyloric area and right gastric artery were preserved to 
keep the blood supply. It was not mandatory to preserve va-
gal nerves. In addition, antecolic anastomosis was performed 
on the patients in both the ADGR group and the ADJR group.

ADGR surgical procedures are shown in Figures 1 and 2. Firstly, 
the proximal gastrectomy was performed at least 3 cm distance 
to the inferior tumor margin, and the remnant gastric antrum 
was kept. Secondly, a circular stapler was used to mechani-
cally perform end-to-side esophagogastrostomy (E-Gstomy), 
and the jejunum was separated approximately 15 cm distance 
to Treitz ligament. The distal jejunal limb was brought via the 
transverse mesocolon along the antecolic route. Thirdly, end-
to-side G-Jstomy, which was 5 cm from the pylorus tube and 
about 10 to 15 cm below the E-Gstomy, was carried out me-
chanically with a 25-mm-diameter circular stapler. At last, end-
to-side J-Jstomy, 30 cm below the G-Jstomy, was carried out 
with a circular stapler. Meanwhile, 1 to 2 drainage tubes were 
put around the E-Gstomy, and incisions were closed.

ADJR surgical procedures (Figure 1) were as follows: first, 
the remnant gastric antrum was preserved at least 3 cm far 
from the inferior tumor margin and closed using a linear sta-
pler after proximal gastrectomy. The jejunum was mobilized 
and separated 15 cm distance approximately to Treitz ligament. 
Secondly, end-to-side esophagojejunostomy (E-Jstomy) was 
implemented between the stump closing of the distal jejunal 
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ADGR ADJR

Figure 1.  The surgical diagram of antrum-
preserving double tract gastric 
interposition reconstruction (ADGR) 
and antrum-preserving double tract 
jejunal interposition reconstruction 
(ADJR).

Residual gastric antrum

Residual gastric body

Distal esophageal

Gastroesophageal anastomosis

Gastrojejunal anastomosis

Figure 2.  The gastroscopic diagram of antrum-preserving double tract gastric interposition reconstruction (ADGR).
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limb and esophagus using a circular stapler, and a linear sta-
pler was employed to close the jejunal stump. Thirdly, end-to-
side gastrojejunostomy (G-Jstomy), 15 cm below the E-Jstomy, 
was conducted using linear staplers. Finally, circular staplers 
were selected to mechanically conduct end-to-side jejunojeju-
nostomy (J-Jstomy), 20 cm below the G-Jstomy. After checking 
the abdominal cavity and placing 1 to 2 drainage tubes around 
the E-Jstomy, incisions were closed. Postoperatively, the pa-
tients in both the ADGR group and the ADJR group routinely 
took omeprazole enteric-coated capsules (20 mg, twice daily).

Outcome measures

In the perioperative period, the operation time, intraoperative 
blood loss, postoperative length of stay (LOS), and the first 
flatus time were recorded. The occurrence of postoperative 
complications was closely observed, including wound infec-
tion, pleural effusion, lymphorrhagia, and so on. At 1, 3, 6, and 
12 months after operation, the changes of hemoglobin (Hb), 
total protein (TP), body weight, and QOL were observed in the 
2 groups. The QOL was assessed using Visick scores. At 12 
months after operation, endoscopy was given for assessing 
reflux esophagitis and residual food, in which reflux esophagi-
tis was described using Los-Angeles classification. Additionally, 
the survival data were also recorded.

Statistical analysis

SPSS 18.0 software (IBM, Chicago, IL, USA) was used. Categorical 
variables described as n (%) were compared by chi-square 
test or Fisher’s exact test, while continuous variables mani-
fested as mean±standard deviation (c

_
±s) were assessed using 

paired-samples t-test or Mann-Whitney U test. P<0.05 was re-
garded statistically significant.

Results

Baseline characteristics of patients

Between December 2015 and December 2017, 62 cases of 
proximal gastric cancer underwent proximal gastrectomy; 
patient mean age was 65.53±7.74 years old. There were 44 
males and 18 females. As shown in Table 1, there was no sta-
tistical significance between the ADJR group and the ADGR 
group regarding age, gender, body mass index (BMI), and TNM 
stage (all P>0.05).

Perioperative outcomes

The perioperative outcomes of patients in the ADJR group and 
the ADGR group are compared in Table 2. No evidence differ-
ences were presented between the 2 groups in operation time, 
intraoperative blood loss, postoperative LOS, and first flatus 
time (all P>0.05; Table 2).

Changes of body weight, Hb, TP, and QOL at different time 
points

No statistical significance was identified between the ADJR 
group and the ADGR group in the preoperative Hb and TP 
levels, body weight, and Visick scores (P>0.05, Table 3). At 1, 
3, 6, and 12 months after operation, the weight loss in the 2 
groups showed no significant difference (Figure 3A, Table 3). 

Variables ADJR (n=32) ADGR (n=30) P

Age (years, c
_
±s)  64.87±6.72  66.23±8.75 0.064

Gender (Male/Female) 21/11 23/7 0.338

BMI (kg/m2, c
_
±s)  21.19±2.10  20.67±2.56 0.384

TNM stage, n (%) 0.455

 Ia  23 (71.88%)  24 (80.00%)

 Ib  4 (12.50%)  3 (10.00%)

 IIa  3 (9.38%)  1 (3.33%)

 IIb  1 (3.13%)  1 (3.33%)

 IIIa  1 (3.13%)  0 (0.00%)

 IIIb  0 (0.00%)  1 (3.33%)

Hb (g/dL, c
_
±s)  12.30±0.70  12.10±0.80 0.296

TP (g/dL, c
_
±s)  6.78±0.20  6.70±0.18 0.097

Table 1. Baseline characteristics of patients in ADJR group and ADGR group.

ADGR – antrum-preserving double tract gastric interposition reconstruction; ADJR – antrum-preserving double tract jejunal 
interposition reconstruction; BMI – body mass index; Hb – hemoglobin; TP – total protein.
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Both Hb and TP levels exhibited a gradual decrease in the 2 
groups during the first 3 months, but at 6 and 12 months af-
ter operation, the Hb level was markedly higher in the ADGR 
group than in the ADJR group (Figure 3B, Table 3); the TP level 
was notably increased in the ADGR group at 12 months post-
operatively compared with the ADJR group (Figure 3C, Table 3). 
During 1-month post operation, the Visick scores exhibited an 
obvious upward tendency. The Visick scores in the ADGR group 
were slightly higher than in the ADJR group at 6 months and 
12 months after operation, but no significant difference was 
shown (Figure 3D, Table 3).

Postoperative complications

Table 2 shows the primary postoperative complications in the 
2 groups. As shown, no significant differences were detect-
ed between the 2 groups in postoperative complications (all 
P>0.05). At 12 months postoperatively, the endoscopic exam-
ination revealed that 1 case (3.33%) in the ADGR group and 
1 case (3.13%) in the ADJR group respectively suffered from 
reflux esophagitis of grade C and grade B, but no apparent 
difference was detected in incidence of reflux esophagitis 
(P=0.467). Residual food was found in 2 cases (6.67%) in the 
ADGR group and 10 cases (31.25%) in the ADJR group. The in-
cidence of residual food in the ADGR group was decreased ob-
viously in comparison to the ADJR group (P=0.014).

Variables ADJR (n=32) ADGR (n=30) P

Perioperative 
outcomes

Operation time (min, c
_
±s)  147.44±16.54  142.60±18.36 0.280

Intraoperative blood loss (mL, c
_
±s)  90.62±33.49  79.33±40.08 0.232

Postoperative LOS (d, c
_
±s)  11.75±1.70  10.9±1.82 0.063

First flatus time (d, c
_
±s)  3.47±0.98  3.63±0.96 0.509

Postoperative 
complications

Wound infection, n (%)  2 (6.25%)  3 (10.00%) 0.940

Respiratory infection, n (%)  1 (3.13%)  1 (3.33%) 0.963

Pleural effusion, n (%)  3 (9.38%)  2 (6.67%) 0.696

Lymphorrhagia, n (%)  0 (0.00%)  1 (3.33%) 0.484

Anastomotic leakage, n (%)  1 (3.13%)  0 (0.00%) 0.329

Table 2. Perioperative outcomes and postoperative complications of patients in ADJR group and ADGR group.

ADGR – antrum-preserving double tract gastric interposition reconstruction; ADJR – antrum-preserving double tract jejunal 
interposition reconstruction; LOS – length of stay.

Groups Time 
Weight loss 

(%)
Hb 

(g/dL)
TP 

(g/dL)
Visick scores 

(points)

ADGR group
(n=30)

Pre-operation 100.00 12.10±0.80 6.70±0.18 0.26±0.08

1 month after operation 90.10±7.30 11.50±1.00 6.40±0.24 1.38±0.14

3 months after operation 83.60±6.80 10.90±0.80 6.38±0.28 1.40±0.13

6 months after operation 91.00±8.30 11.80±1.30* 6.55±0.23 1.46±0.12

12 months after operation 92.30±9.50 13.30±1.10* 6.99±0.21* 1.53±0.12

ADJR group
(n=32)

Pre-operation 100.00 12.30±0.70 6.78±0.20 0.22±0.09

1 month after operation 89.20±5.90 11.30±0.90 6.50±0.21 1.29±0.12

3 months after operation 85.00±6.70 11.00±1.00 6.32±0.19 1.39±0.12

6 months after operation 90.00±9.20 11.20±1.20 6.52±0.22 1.33±0.12

12 months after operation 91.50±7.90 12.20±1.20 6.73±0.25 1.37±0.14

Table 3. Changes of weight loss, Hb, TP, and QOL in 2 groups at different time points (c
_
±s).

* P<0.05 versus ADJR. ADGR – antrum-preserving double tract gastric interposition reconstruction; ADJR – antrum-preserving double 
tract jejunal interposition reconstruction; Hb – hemoglobin; TP – total protein; QOL – quality of life.
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During the 12-month follow-up, 1 case (3.33%) in the ADGR 
group and 1 case (3.13%) in the ADJR group were respective-
ly subjected to recurrence and metastasis; the case in the 
ADGR group died.

Discussion

As a function-preserving procedure, proximal gastrectomy is 
valuable for proximal gastric cancer, superior to total gastrec-
tomy [17–19]. Recently, proximal gastrectomy has been report-
ed to be related to a high probability of anastomotic stricture, 
reflux esophagitis, and mortality despite good results in sur-
vival [20]. Although there are various reconstruction meth-
ods after gastrectomy, it remains controversial about the op-
timal reconstruction method. In this study, we developed a 
technique of ADGR, and compared its efficacy with ADJR after 
proximal gastrectomy. The results showed compared with the 
ADJR group, the Hb level at 6 and 12 months after operation 
and TP level at 12 months after operation were increased ob-
viously in the ADGR group, and the incidence of residual food 
was notably lower at 12 months after operation. These find-
ings suggest that ADGR can effectively improve the patients’ 

nutritional status and prevent the occurrence of residual food, 
superior to ADJR.

As a classical reconstruction approach after proximal gastrec-
tomy, esophagogastrostomy has simple and safe operations. It 
is considered as the best reconstruction approach due to low 
invasiveness and better surgical outcomes [21]. Nevertheless, 
direct operations can easily induce severe gastroesophageal 
reflux, leading to different degrees of esophagitis [22]. To 
avoid this, a variety of anti-reflux procedures, such as gastric 
tube reconstruction [23], valvuloplasty plus fundoplasty [24], 
and esophagojejunostomy [25,26] have been used, in which 
esophagojejunostomy is considered a better alternative after 
proximal gastrectomy [27]. Study evidence suggested that the 
incidence of reflux esophagitis was lower in patients undergo-
ing proximal gastrectomy with jejunal interposition than those 
with esophagogastrostomy [28], but the subjective symptoms 
like abdominal discomfort after meals were more common [29]. 
DTR, an approach which respectively makes end-to-side and 
side-to-side anastomoses between esophagus and proximal je-
junum, as well as jejunum and remnant stomach, can prevent 
the emptying dysfunction by adding an outlet in the stomach. 
Although both jejunal interposition and DTR can maintain the 
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Figure 3.  Comparison on the weight loss (A), Hb (B), TP (C) and QOL (D) in the ADGR group and the ADJR group at different time 
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gradual intestinal absorption and improve the QOL, DTR may 
achieve more stable results in intestinal absorption and hor-
monal secretion [30]. Additionally, Xiao et al. found that an-
trum preserving DTR contributed to improving the short-term 
QOL (lowering reflux esophagitis and promoting early recov-
ery) of patients with esophagogastric junction adenocarcinoma 
after gastrectomy [31].

In the present study, we developed a novel method of ADGR 
after proximal gastrectomy. It is more natural than ADJR be-
cause it can maintain the physiological continuity of the ali-
mentary tract, and the small intestine is not elevated greatly. 
This method is suitable for the older patients or those with 
shorter mesenteries. The patients in our study had a mean age 
of 65.53±7.74 years, and no statistical significance was shown 
between the ADGR group and the ADJR group in surgical out-
comes and postoperative complications. Although ADGR added 
a gastrojejunal anastomosis, its efficacy and safety were not 
affected. At 12 months postoperatively, the endoscopic exam-
ination exhibited no apparent difference in reflux esophagitis 
between the 2 groups, but the frequency of residual food was 
decreased obviously in the ADGR group by comparison to the 
ADJR group. This may be ascribed to the fact that compared 
with ADJR, ADGR relatively corresponds with physiological sta-
tus because it mostly keeps the original esophagus-stomach-
duodenum-jejunum passage, and the remnant gastrojejunos-
tomy corresponds to an additional food passage, thus leading 
to a lower risk for residual food. However, for ADJR, a segment 
of interposed jejunum between esophagus and remnant stom-
ach may cause obstruction during food intake, consequently 
increasing the risk of residual food.

Body weight is usually used to measure the nutritional sta-
tus [32]. Postoperatively, the weight loss in the first year showed 
no apparent difference between the 2 groups, suggesting that 
the 2 groups had the same effect in body weight maintenance. 
There may be various mechanisms that can influence body 
weight, such as decreased gastric acid levels and alteration 
of intestinal flora, but reduction of food intake is the most re-
liable explanation for weight loss [33]. Other nutritional indi-
cators like Hb and TP were observed in our study. We found 
that Hb level at 6 at 12 months after operation and TP level 
at 12 months after operation were both increased markedly in 
the ADGR group in comparison to the ADJR group, suggesting 
a superiority of ADGR in improving nutritional status. During 
the actual surgical operation, the size of remnant stomach in 

patients undergoing ADGR was slightly larger than that those 
undergoing ADJR, which may be associated with a better nu-
tritional status. In addition, there may be other reasons which 
need further studies to confirm.

At the time of performing a function-preserving gastrectomy, 
postoperative QOL is another key outcome. In comparison to 
Roux-en-Y reconstruction, proximal gastrectomy with jejunal 
pouch interposition reconstruction could result in a better short-
term QOL (at 1 year postoperatively), but this positive influ-
ence has been shown to decline over time (at 5 years postop-
eratively) [34]. Regarding the necessity for additional meals, 
Takiguchi et al. found proximal gastrectomy was better than 
total gastrectomy for early upper-third gastric cancer [35]. In 
terms of QOL, our results showed no difference between the 
ADGR group and the ADJR group in the postoperative first year. 
This finding might be explained by a similar DTR involved in 
ADGR and ADJR probably had a notable impact on postoper-
ative dietary habit and overall QOL.

The superiority of the present study was that it was the first 
study to explore the ADGR procedure after proximal gastrec-
tomy, which provided an overview of the procedure for ADGR 
in the field of function-preserving surgeries. However, ADGR 
is a complicated procedure only for open surgery, which is a 
major limitation of the procedure because most proximal gas-
trectomy cases undergo laparoscopic surgery. Second, only 
some nutritional indicators were selected in this study, which 
might affect the completeness of results. Third, some differ-
ences might not be shown due to the short follow-up visit. In 
the future, more large-scale prospective studies are required 
to be carried out to further confirm the efficacy of ADGR.

Conclusions

ADGR can effectively improve the nutritional status and pre-
vent the occurrence of residual food in patients with proximal 
gastric cancer after proximal gastrectomy, superior to ADJR. 
However, more large-scale prospective studies are required to 
be performed to further verify ADGR efficacy.
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