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Purpose: Various reconstruction methods have been proposed to reduce reflux after proximal gastrectomy, 
and we report here a double shouldering technique. The purpose of this study is to compare the novel 
double shouldering technique with conventional esophagogastrostomy in terms of short term and 3-year 
clinical outcome. 
Methods: A retrospective observational case control study was performed on 63 patients for cT1N0 upper 
third gastric cancer who underwent proximal gastrectomy from January 2012 to November 2016 at the 
National Cancer Center, Korea. There were 26 patients with conventional esophagogastrostomy, and 37 
patients with novel double shouldering technique. The primary outcome was endoscopic reflux esophagitis 
findings one and three year after surgery according to Los Angeles classification. Secondary outcomes were 
short term surgical outcome and reflux symptom.
Results: There was no significant difference in reflux esophagitis on endoscopic findings at 1 and 3 years 
after surgery between the two group. The double shouldering (DS) technique group showed significantly 
better postoperative outcomes with bile ref lux at one and three years via endoscopic findings versus 
conventional esophagogastrostomy (CEG). Operative time and hospital stay were significantly shorter in 
the CEG group than the DS group. There was no significant difference in terms of reflux symptoms and 
complications.
Conclusion: This novel DS technique is a reconstruction method for use after proximal gastrectomy. It did 
not show a significant clinical benefit. Development of surgical techniques and further study is needed to 
identify the optimal reconstruction method after proximal gastrectomy.

Keywords: Gastric cancer, Reconstructive surgical procedures, Gastrectomy

Received August 31, 2020
Revised  1st October 26, 2020 

2nd November 6, 2020
Accepted November 6, 2020

Corresponding author 
Young-Woo Kim
Department of Cancer Control and 
Population Health, National Cancer 
Center Graduate School of Cancer 
Science and Policy, 323 Ilsan-ro, 
Ilsandong-gu, Goyang 10408, Korea
Tel: +82-31-920-1635
Fax: +82-31-920-0696
E-mail: gskim@ncc.re.kr
ORCID:
https://orcid.org/0000-0002-1559-9672

Min Chul Kim and Amir Ben Yehuda 
contributed equally to this work. 

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

Copyright © 2020 The Journal of Minimally 
Invasive Surgery. All rights reserved.

Journal of Minimally Invasive SurgeryJournal of Minimally Invasive Surgery
pISSN 2234-778X • eISSN 2234-5248

J Minim Invasive Surg 2020;23(4):191-196

ORIGINAL ARTICLE

INTRODUCTION

For upper third early gastric cancer, total gastrectomy (TG) 
is still more frequently performed than proximal gastrectomy 
(PG). As of 2014, only 14.8% of patients with upper third early 
gastric cancer underwent proximal gastrectomy in Korea.1 Due 
to the national gastric cancer screening project, the frequency of 

early gastric cancer is increasing over time.2 Early gastric cancer 
is reported to have a 5-year survival rate of more than 90% with 
curative resection. Therefore, in recent years, the quality of life of 
patients after surgery has become an important issue, and laparo-
scopic surgery and function preserving surgery have been widely 
introduced in this regard.3 Total gastrectomy and proximal gas-
trectomy have not been shown to differ in long-term survival in 
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upper third early gastric cancer, and proximal gastrectomy leads 
to higher absorption of vitamin B12 and other nutrients, reduced 
anemia, and less weight loss than total gastrectomy.4-6

The only reason to prefer total gastrectomy is ref lux esopha-
gitis and anastomotic stricture.7 Due to these advantages of 
proximal gastrectomy, there are ongoing attempts to improve the 
disadvantages of ref lux esophagitis through the development of 
new reconstruction methods including modified esophagogas-
trostomy after proximal gastrectomy. 

The Korean practice guideline for gastric cancer announced 
in 2019 supports both proximal and total gastrectomy for up-
per third early gastric cancer in terms of survival, nutrition, 
and quality of life.8 Various reconstruction methods have been 
introduced after proximal gastrectomy to preserve physiological 
function with remnant stomach, but there are no general agree-
ments on which method is optimal.9 

The aim of this study is to compare modified esophagogas-
trostomy with a double shouldering technique (DS) and con-
ventional esophagogastrostomy (CEG) in terms of postoperative 
gastroesophageal ref lux and safety.

The hypothesis for the primary outcome of this study is that 
the double shouldering group shows better outcomes versus the 
conventional esophagogastrostomy group in terms of endoscopic 
findings based on Los Angeles (LA) classification at one and 
three years postoperatively.

MATERIALS AND METHODS 

The manuscript is written based on the STROBE guidelines 
for an accurate and complete report. The indication for proximal 
gastrectomy was clinical stage T1N0 and size less than 5 cm in 
the upper third of the stomach. More than 50% of the original 
stomach should remain after surgery.

This study is a retrospective observational case control study. 
From January 2012 to November 2016, 63 patients underwent 
proximal gastrectomy at the National Cancer Center, Korea. The 
patients consisted of 26 patients with conventional esophagogas-
trostomy, and 37 patients with double shouldering technique. Pa-
tients who were converted to total gastrectomy or follow-up loss 
were excluded. When comparing the postoperative 3-year endo-
scopic findings, 6 patients (2 patients in CEG group, 4 patients in 
DS group) were excluded because of missing data for the 3-year 
endoscopic findings.

After proximal gastrectomy, the anastomosis of the esophagus 
and the residual stomach is stitched. The two sides of the dia-
phragm and the remnant stomach are then sewn to create two 
artificial His angles to minimize the ref lux symptoms (Fig. 1).

The primary outcome of this study was endoscopic ref lux 
esophagitis findings at one and three years after surgery. The 
analysis was based on the LA classification results recorded on 

the endoscopic findings. Secondary outcomes were postoperative 
complications including mortality and ref lux symptoms. When 
analyzing endoscopic findings, data based on residue, gastritis, 
bile (RGB) classification was also included, which classified re-
sidual food and gastritis into five grades and bile ref lux into two 
grades. Data of ref lux symptoms were attained on electronic 
medical records (EMR) directly or indirectly from the prescrip-
tion of anti-ref lux medication (proton pump inhibitor (PPI), his-
tamine 2 receptor antagonist (H2 blocker), sucralfate, prokinetics) 
at outpatient clinic. We defined no complaints of ref lux symp-
tom as minimal ref lux symptom. Mild ref lux symptoms refer to 
occasional symptom occurrence, but self-limiting without hin-
drance to daily life. The disease was classified as moderate ref lux 
symptom when symptoms resolve with anti-ref lux medication 
and removal from pharmacotherapy is possible. Severe ref lux 
symptoms are defined as a case of ongoing ref lux symptoms and 
relapse of symptoms when discontinuing anti-ref lux medication.

The statistical analysis was performed using the SAS software, 
version 9.4 (SAS institute Inc., Cary, NC, US). A chi-squared test 
or Fisher’s exact test was conducted when comparing the nomi-
nal scale. The normality test was performed first in comparison 
of the two groups with a Kolmogorov Smirnov test and Shapiro-
Wilk test. We accepted the null hypothesis when the p value was 
above 0.05 assuming normality; the two groups were compared 
using student t-test. A comparative analysis was conducted with 
the non-parametric Mann-Whitney test. A Wilcoxon signed rank 
test was performed to see if there was a significant improvement 
in endoscopic findings over time. The study was approved by 
the institutional review board (NCC2015-0225) and followed the 
principles of Declaration of Helsinki for health research ethics.

RESULTS

There were no significant differences in sex, age, BMI, size of 

Conventional
esophagogastrostomy

after proximal
gastrectomy

Modified
esophagogastrostomy

with double
shouldering technique

Fig. 1.Fig. 1. Schematic of the double shouldering technique: Both sides of 
proximal part of remnant stomach are anchored to the diaphragm by 
simple sutures.
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tumor, location of tumor, and tumor stage between two groups 
(Table 1). The CEG group showed significantly less operative 
time and hospital stay than DS group (Table 2). Comparison re-
sults for severe complications of Clavien-Dindo classification III 
and IV showed no significant differences.

When we see a comparison of endoscopic findings at one and 
three years after surgery, there was no significant difference in 
LA classification between two groups (Table 3). A significant dif-
ference was found in bile ref lux at remnant stomach according 
to RGB classification. The Wilcoxon signed rank test was done 
to see if there was a significant improvement or aggravation over 
time, but only residual food was improved in the DS group from 
postoperative year one to year three. We compared the degree of 
ref lux symptoms based on medical records (Table 4). There was 
no significant difference between two groups.

DISCUSSION

We developed a novel reconstruction method after proximal 
gastrectomy and compared the samples with CEG. In the endo-
scopic findings, the DS group showed significantly better results 
than the CEG group only in terms of bile ref lux. It did not show 
better results in surgical outcome and gastroesophageal ref lux. 

While maintaining the advantages of esophagogastrostomy, 

the double shouldering technique is introduced to minimize the 
disadvantages of ref lux esophagitis and gastroesophageal ref lux 
symptoms. The DS technique is composed of the theoretical ba-
sis for preventing ref lux by securing both ends of the remnant 
stomach to the diaphragm to form an artificial neo-double His 
angle10 and allowing anastomosis to be placed in the abdominal 
cavity.11 However, the data confirmed that ref lux still exists in 
terms of endoscopic findings and ref lux symptoms. Although 
it was not a statistically significant difference, DS group tended 
to complain more severe ref lux symptom than CEG group. This 
is most likely due to differences in tumor location, where CEG 
groups are located more than half in high body and DS groups 
are often located in cardia. In order to secure proper surgical 
margin, more esophagus could be resected in the DS group, 
which may have prevented anastomosis from being located in 
the abdominal cavity, causing the ref lux symptom to be called 
out due to poor formation of the artificial His angle.

The longer operative time of DS group can be attributed to the 
addition of the process of fixing the remnant stomach to dia-
phragm after CEG. The longer hospital stay may be linked to the 
higher number of postoperative complications. Although there 
are no statistically significant differences, the greater number of 
anastomotic leakages in the DS group may have been associated 
with various early attempts, including the development of new 
surgical techniques, hand-sewn anastomosis, as well as the intro-
duction of the laparoscopic linear stapler and circular stapler.

To date, the most effective anti-ref lux procedure after proxi-
mal gastrectomy is double tract reconstruction. Initial studies at 

Table 1.Table 1. Patients demographics & clinicopathological characteristics

CEGCEG DSDS pp value value

Number of cases 26 37

Sex 0.723

   Male 20 27

   Female 6 10

Age 62.5 (9.7) 63.6 (12.4) 0.562

BMI 24.0 (2.1) 24.1 (3.2) 0.986

Size of tumor 2.5 (1.4) 2.9 (1.4) 0.244

Location 0.085

   High body 14 14

   Cardia 7 20

   Fundus 5 3

Pathological stage (AJCC 7th) 0.054

   Ia 23 25

   Ib 2 7

   IIa 1 3

   IIb 0 1

   IIIa 0 1

CEG = conventional esophagogastrostomy group; DS = double shoulder-
ing technique group; BMI = body mass index.

Table 2.Table 2. Short-term surgical outcomes

CEGCEG DSDS pp value value

Number of cases 26 37

Operative time (minute)* 196.7±83.2 230.5±106.0 0.009

EBL (cc)* 152.5±507.2 78.1±175.8 0.537

Hospital stay (day)* 8.5±13.4 10.1±13.0 0.005

Postoperative Complications 
(Clavien-Dindo Classification)

0.723

    I 0 1

    II 0 1

    IIIA 6 10

    IIIB 0 0

    IV 0 0

Anastomotic complications

    Anastomotic stricture 4 (15.4%) 4 (10.8%) 0.707

    Anastomotic leakage 1 (3.8%) 6 (16.2%) 0.224

CEG = conventional esophagogastrostomy group; DS = double shoulder-
ing technique group; EBL = estimated blood loss. *mean±2SD.
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hospitals that first introduced this procedure reported that the 
incidence of gastroesophageal ref lux symptoms decreased to the 
level of total gastrectomy.12 However, this method is relatively 
complicated, and the anastomosis occurs three times, and thus 
the operative time is longer. In addition, there are cases where the 
endoscope cannot observe the remnant stomach properly after 
the surgery. During the study period, there were 17 cases of dou-
ble tract reconstruction after proximal gastrectomy in National 

Cancer Center, Korea. Three out of the 17 patients failed their 
endoscopic observation of the remnant stomach. 

After gastrectomy, ref lux can be evaluated as symptomatic 
and endoscopically. Symptoms are subjective and may produce 
different results depending on how and when the data was col-
lected. The symptoms are also weakly correlated with endoscopic 
findings and pathologic findings.13 Therefore, it is important to 
confirm the endoscopic findings along with ref lux symptoms. 
Representative methods to objectively evaluate endoscopic find-
ings are the LA classification and residue, gastritis, and bile (RGB) 
classification. The LA classification was proposed at the World 
Congress of Gastroenterology in 1994 to classify grades from A 
to D according to the extent of esophagitis identified by endos-
copy.14 The RGB classification was proposed in 2002 by Kubo et 
al. for an easy and practical classification method that can be 
used for endoscopic findings after gastrectomy.15 They classi-
fied the amount of residual food into five grades, the degree and 
the extent of gastritis into five grades, and bile ref lux into two 
grades. LA classification and RGB classification were used in 
two of the eight papers analyzed in a review article on the recon-
struction method after proximal gastrectomy by Nakamura et 
al.16-22 Only one in eight papers reported results for all three: LA 
classification, RGB classification, and ref lux symptoms.17 Cai et 
al. reviewed the reconstruction method after distal gastrectomy, 
and LA classification was used in 3 of 8 papers, and 4 of 8 papers 

Table 4.Table 4. Reflux symptoms for postoperative 3 years

CEGCEG DSDS pp value value

Number of cases 26 37

Reflux Symptom 0.126

   Minimal 11 (42.3%) 11 (29.7%)

   Mild 3 (11.5%) 2 (5.4%)

   Moderate 4 (15.4%) 5 (13.5%)

   Severe 8 (30.8%) 19 (51.4%)

CEG = conventional esophagogastrostomy group, DS = double shoulder-
ing technique group. Minimal: no complaints of reflux symptom, Mild: 
symptom occurs sometimes, but self limited, without hindrance to daily 
life, Moderate: symptoms resolve with anti-reflux medication, deprescrib-
ing of medication is possible, Severe: ongoing reflux symptoms, relapse 
of symptoms when discontinuing anti-reflux medication.

Table 3.Table 3. Endoscopic findings on postoperative year one and three

CEGCEG DSDS
pp value* value*

1 year1 year 3 year3 year 1 year1 year 3 year3 year

Number of cases 26 24 37 33

Reflux esophagitis (LA classification) 0.348/0.892/0.931/0.288

   Normal 19 (73.1%) 19 (79.2%) 31 (83.8%) 26 (78.8%)

   A 3 (11.5%) 1 (4.2%) 2 (5.4%) 2 (6.1%)

   B 3 (11.5%) 4 (16.7%) 2 (5.4%) 2 (6.1%)

   C 1 (3.8%) 0 (0%) 2 (5.4%) 3 (9.1%)

Bile 0.036/0.039/0.317/1.000

   0 23 (88.5%) 21 (87.5%) 37 (100%) 33 (100%)

   1 3 (11.5%) 3 (12.5%) 0 (0%) 0 (0%)

Food 0.697/0.708/0.300/0.015

   0 16 (61.5%) 16 (66.7%) 20 (54.1%) 23 (69.7%)

   1 2 (7.7%) 1 (4.2%) 7 (18.9%) 3 (9.1%)

   2 3 (11.5%) 1 (4.2%) 2 (5.4%) 1 (3.0%)

   3 5 (19.2%) 6 (25.0%) 8 (21.6%) 6 (18.2%)

CEG = conventional esophagogastrostomy group, DS = double shouldering technique group, LA classification = Los Angeles classification. No data of 
postoperative 3-year endoscopic result: 2 patients in CEG group and 4 patients in DS group. *p value for comparison of postoperative 1-year result of 
CEG and DS group/postoperative 3-year result of CEG and DS group/CEG group of 1- and 3-year result/DS group of 1- and 3-year result.
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reported results according to RGB classification.23-28 Again, only 
one in eight papers reported results for all three: LA classifica-
tion, RGB classification, and ref lux symptom.26 

The limitations of this study are that it is a retrospective ob-
servational study, that only three surgeons in a single center par-
ticipated, and there was a small sample size as an observational 
study. Additionally, we did not find strong evidence to prove 
safety and effectiveness of the new surgical technique. We have 
experienced laparoscopy assisted total gastrectomy.29 Though 
clinically acceptable and better quality of life outcome than 
conventional open total gastrectomy in our assessment, partial 
gastrectomy preserving healthy part of distal stomach must be 
beneficial and preferred from most of patients.20 Ref lux is one 
of drawback of the proximal gastrectomy but it should not be 
a rationale for preferring total gastrectomy. Recently developed 
SPADE operation, devised version of double shouldering tech-
nique, showed potential to decrease gastroesophageal ref lux after 
proximal gastrectomy with fair short-term operative outcome.30 
A prospective clinical study is on planning for this novel pro-
cedure. Since proximal gastrectomy is a treatment for gastric 
cancer, it is necessary to confirm the data through long-term 
studies in terms of survival and oncologic safety. In addition, 
long-term studies that compare the nutritional aspects with total 
gastrectomy are needed. Future studies should compare modified 
esophagogastrostomy (EG) to total gastrectomy (TG) or double 
tract (DT) reconstruction method. Once the safety and feasibil-
ity of the new modified EG is secured, it is necessary to obtain 
a higher level of evidence through multicenter prospective con-
trolled studies. 

In conclusion, a novel double shouldering technique did not 
show better clinical outcomes versus conventional simple esoph-
agogastrostomy. Development of this surgical technique and fur-
ther study is needed to find the optimal reconstruction method 
after proximal gastrectomy.
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