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Abstract
This study aims to compare the nutritional outcomes and quality of life between patients who underwent esophagogastrostomy (EG)
and those who underwent the double-tract reconstruction (DTR) after laparoscopic proximal gastrectomy for early gastric cancer.
We retrospectively reviewed the prospectively established database of 45 patients who underwent EG with anti-reflux procedure

and 58 patients who underwent the DTR after laparoscopic proximal gastrectomy between December 2013 and June 2017. Then,
we compared the baseline characteristics, clinical outcomes, postoperative nutritional parameters, and quality of life (QOL) using
European Organization for Research and Treatment of Cancer (EORTC) QLQ STO-22 between the EG and DTR groups.
In the postoperative 1-year endoscopic findings, the incidence of esophageal reflux was higher in the EG group (17.8% vs 3.4%,

P= .041) and there was no significant difference in anastomotic stricture. Nutritional status was evaluated via body mass index,
serum albumin, protein, hemoglobin, and ferritin; we found no significant differences. The incidences of iron deficiency anemia and
vitamin B12 deficiency also showed no significant difference between the 2 groups. With regards to the quality of life, the difference
values between preoperative and postoperative 1-year were evaluated; there was no significant difference between the EG with anti-
reflux procedure and DTR groups.
EG had higher incidence of esophageal reflux and similar nutritional outcomes and QOL compared with the double-tract

reconstruction after laparoscopic proximal gastrectomy. Additional large-scale research is needed to evaluate the long-term
functional outcomes of EG and the double-tract reconstruction.

Abbreviations: ANOVA = one-way analysis of variance, ASA = American Society of Anesthesiologists, BMI = body mass index,
DTR = double-tract reconstruction, EG = esophagogastrostomy, EORTC = European Organization for Research and Treatment of
Cancer, LA = Los Angeles, QOL = quality of life, TNM = Tumor-Node-Metastasis, WHO = World Health Organization.
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1. Introduction

In recent decades, the worldwide incidence of proximal gastric
cancers has increased steadily.[1–3] In cases where the proximal
gastric cancer was resectable, either total or proximal gastrectomy
has been performed. Theoretically, proximal gastrectomy had
advantages in nutritional and functional aspects. However, high
incidences of reflux esophagitis and anastomotic stenosis were
problematic in proximal gastrectomy and the recurrence rate was
also higher in proximal gastrectomy compared with total
gastrectomy. Total gastrectomy has become a standard procedure
currentlyperformed for the treatmentof proximal gastric cancer.[4]

On the other hand, the incidence of early gastric cancer has
increased due to the nationwide mass screening program in East
Asia, especially in Korea and Japan.[3,5,6] Early gastric cancer has
an excellent prognosis, and surgeons questioned whether total
gastrectomy for small-sized early proximal gastric cancer is the
best treatment option.While total gastrectomy has a lower risk of
reflux esophagitis and anastomotic stenosis compared with
proximal gastrectomy, it also leads to severe weight loss and long-
term nutritional deficiencies. Thus, surgeons reconsidered
proximal gastrectomy as the treatment for early proximal gastric
cancer and tried to overcome the anastomotic complications by
additional anti-reflux procedures or structural modification such
as jejunal interposition and double-tract method.[7–11]

After proximal gastrectomy, there are 2 types of reconstruction
methods according to the organ connected to the esophagus;
esophagogastrostomy (EG) and esophagojejunostomy. Since
conventional EG has a high risk of anastomotic complications,
several new techniques were developed by adding preceding anti-
reflux procedures.[7–9] In the other approaches using esophago-
jejunostomy, including jejunal interposition and the double-tract
reconstruction, the esophagus is connected to the jejunum, which
prevents reflux of gastric acid directly into the esophagus.[10,11]

Many studies have evaluated the feasibility and technical safety of
these novel procedures and demonstrated the favorable results of
proximal gastrectomy. In particular, nutritional outcomes were
better in proximal gastrectomy compared with total gastrecto-
my.[8,12,13] However, few studies have compared functional
outcomes between the 2 types of reconstruction (EG vs
esophagojejunostomy) after laparoscopic proximal gastrectomy.
Therefore, in this study, we aim to compare the clinical and

nutritional outcomes and quality of life between patients who
underwent EG and those who underwent the double-tract
method after laparoscopic proximal gastrectomy for early gastric
cancer.
2. Methods

2.1. Patients

We retrospectively reviewed the prospective database of patients
who underwent laparoscopic proximal gastrectomy for clinical
stage I gastric cancer located in the upper one-third of the
stomach from 2 large-volume hospitals in Korea. FromDecember
2013 to June 2017, a total of 67 and 50 patients underwent
laparoscopic proximal gastrectomy in the National Cancer
Center and the Kyungpook National University Chilgok
Hospital, respectively. Among them, we excluded 14 patients
who were diagnosed as stage II or more in the pathological
reports, and 103 patients were finally included in the analysis. No
patients included in this study received adjuvant chemotherapy
after operation.
2

The Institutional Review Board of the National Cancer Center
(NCC2017-0120) and the Kyungpook National University
Chilgok Hospital (2019-07-004) approved this study and waived
the need for patient informed consent due to the retrospective
nature of the study.
2.2. Surgical procedure

In the laparoscopic proximal gastrectomy, 5 working ports
were inserted into the umbilicus (12mm), right upper quadrant
(5mm), right lower quadrant (12mm), left upper quadrant
(5mm), and left lower quadrant (5mm). D1+ lymph node
dissection was performed according to the Japanese gastric
cancer treatment guidelines, including lymph node stations 1, 2,
3a, 4sa, 4sb, 7, 8a, 9, and 11p. The right gastroepiploic artery and
right gastric artery were saved to preserve blood supply to the
remnant distal stomach. The hepatic branch of the vagus nerve
was also preserved to maintain pyloric function. After confirming
the tumor-negative resection margins in the frozen examination,
reconstruction was performed.
In EG, we had 2 types of anti-reflux procedures in consecutive

order. In the initial period (2013–2016), anchoring the gastric
wall to the diaphragm was added to the conventional EG to
create a neo-His angle and fundus. In the last period (2017), 2
interrupted sutures were performed to make an artificial His
angle between the distal part of the esophagus’s posterior wall
and the proximal portion of the stomach’s anterior wall. Then,
the esophageal stump and stomach wall were opened, and
anastomosis was performed with continuous hand-sewn sutures
between the esophagus and stomach.
In the double-tract reconstruction, the linear-stapled jejuno-

jejunal and gastrojejunal anastomoses were performed extracor-
poreally via mini-laparotomy. Then, intracorporeal esophagoje-
junostomy was performed using an endo-linear stapler via the
overlap method.[13,14] The distances between the esophagojeju-
nostomy and both the gastrojejunostomy and the jejunojejunos-
tomy were estimated at 15cm and 20cm, respectively.
2.3. Baseline data collection

We reviewed medical records to collect data on patient
demographics and pathological characteristics. Comorbidity
was evaluated using the American Society of Anesthesiologists
physical status classification system, and histological types were
classified according to the 2010 World Health Organization
(WHO) classification.[15,16] When a tumor consisted of 2 or more
histological types, the quantitative predominance was recorded
as the histological type. The pathological stage was categorized
according to the 8th American Joint Committee on Tumor-Node-
Metastasis (TNM) classification system.[17]
2.4. Outcomes assessment

Patients followed up every 6months after surgery for 5years.
Each follow-up visit included measurement of body weight,
laboratory tests, and a quality of life (QOL) assessment.
Esophagogastroduodenoscopy was performed annually follow-
ing surgery.
Laboratory tests included complete blood cell count, blood

chemistry, and liver function testing. Serum ferritin, iron, and
vitamin B12 levels have been checked periodically since 2015 and
are tested annually to monitor for the development of iron
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deficiency anemia and vitamin B12 deficiency. Anemia
was defined as a hemoglobin level<13g/dL in men and
<12g/dL in women, based on World Health Organization
criteria.[18] Iron deficiency was defined as a serum ferritin
level<30ng/mL, and vitamin B12 deficiency as a serum vitamin
B12 level<200pg/mL.[19,20]

The presence of esophageal reflux was evaluated at the 1-year
follow-up via endoscopic examination, and the severity was
classified according to the Los Angeles (LA) classification: LA
grade A, one or several erosions limited to the mucosal folds and
no larger than 5mm in size; LA grade B, one or several erosions
limited to the mucosal folds and larger than 5mm in size; LA
grade C, erosion extending over mucosal folds, but over less than
three-quarters of the circumference; and LA grade D, confluent
erosions extending over more than three-quarters of the
circumference.[21] Esophageal stricture usually occurs within
several months after surgery, and patients experience dysphagia.
We reviewed all endoscopic examination results performed
postoperatively within 1-year and divided the patients into 3
groups: patients without any stricture, patients with mild
stricture but no need for intervention, and patients who
underwent endoscopic interventions such as balloon dilatation
for severe stricture.
A QOL survey was performed in patients who visited the

outpatient clinic for routine check-ups. QOL was assessed using
the validated Korean version of the gastric cancer-specific
module of the European Organization for Research and
Treatment of Cancer (EORTCQLQ-STO22).[22,23] The EORTC
QLQ-STO22 is composed of 9 symptom scales, and each scale
is represented by a score ranging from 0 to 100; a higher score
indicates a poorer QOL.[24] The results of the QOL survey
obtained preoperatively and 1-year postoperatively were
included in the analyses.

2.5. Statistical analysis

Descriptive statistics for continuous variables were shown as the
means± standard deviations or the medians with interquartile
ranges, and the categorical variables are presented as propor-
tions. Differences between 2 groups were tested using a t test or
Table 1

Patient demographic and pathological characteristics.

Factors Subgroup

Age (median, IQR) (yr)
Sex Male

Female
BMI (mean±SD) (kg/m2)
ASA I

II
III

Tumor size (median, IQR) (cm)
Number of positive lymph node (median, IQR)
Number of harvested lymph node (median, IQR)
pT 1

2
pN 0

1

ASA=American Society of Anesthesiologists physical status classification system, BMI=body mass in
standard deviation.

3

theWilcoxon rank-sum test for continuous variables and the one-
way analysis of variance (ANOVA) or Kruskal–Wallis test was
used for differences among 3 groups. The chi-square test or
Fisher’s exact test was used for categorical variables. A mixed-
effect model was performed to analyze changes in the nutritional
outcomes over time between the 2 groups.[25]

In the QOL analysis, each subscale or item is presented as the
median and the interquartile range. Nonparametric statistics (i.e.,
the Willcoxon rank-sum test) were used to evaluate their
statistical significance because the distribution of QOL scores
did not follow a normal distribution.
Data analyses were conducted using SAS version 9.4 (SAS

Institute Inc., Cary, NC). P-values less than .05 were considered
significant.
3. Results

3.1. Patient characteristics

In the patients’ demographics, age, sex, and American Society of
Anesthesiologists (ASA) classification showed no significant
differences among the 3 groups, and body mass index (BMI) was
highest in the EG group (25.0 vs 23.5, P= .018) (Table 1). In
pathological characteristics, the double-tract reconstruction
(DTR) group had the largest number of harvested lymph nodes
(28.4 vs 34.0; P= .022). One and 7 patients had tumor-invaded
proper muscle (T2) in the EG without and with anti-reflux
procedure groups, respectively, and there was no significant
difference in the N classification.
3.2. Anastomotic complications

The presence of esophageal reflux was evaluated by endoscopic
examination performed 1-year postoperatively. Incidence of
esophageal reflux (LA classification B or C) was higher in the EG
group than the DTR group (11.1% vs 1.7%, P= .041) (Table 2).
Incidence of severe anastomotic stricture seemed to be higher in

the EG groups (11.1% vs 5.2%), but not significant (P= .068).
All patients with severe anastomotic stricture underwent one or
more balloon dilatations.
EG
(n=45) (%)

DTR
(n=58) (%) P

63.0 (53.5, 72.5) 65.5 (52.8, 72.0) .833
33 (73.3) 47 (81.0) .475
12 (26.7) 11 (19.0)
25.0±3.3 23.5±3.1 .018
13 (28.9) 21 (36.2) .131
29 (64.4) 37 (63.8)
3 (6.7) 0 (0)
2.4 (1.6, 3.9)) 2.0 (1.3, 2.8) .043
0 (0, 0) 0 (0, 0) .996
26.0 (20.5, 36.5) 34.0 (24.6, 40.3) .022
38 (84.4) 58 (100) .02
7 (15.6) 0 (0)
41 (91.1) 57 (98.3) .165
4 (8.9) 1 (1.7)

dex, DTR=double-tract reconstruction, EG= esophagogastrostomy, IQR= interquartile range, SD=

http://www.md-journal.com


Table 2

Anastomotic complications in endoscopic evaluation within 1yr
after surgery.

EG
(n=45)

DTR
(n=58) P

Esophageal reflux
Absence 37 (82.2) 56 (96.6) .041
LA-A

∗
3 (6.7) 1 (1.7)

LA-B/C
∗

5 (11.1) 1 (1.7)
Anastomotic stricture
No 34 (75.6) 53 (91.4) .068
Mild 6 (13.3) 2 (3.4)
Severe 5 (11.1) 3 (5.2)

DTR=double-tract reconstruction, EG= esophagogastrostomy.
∗
Los Angeles classification.

Table 3

Incidence of nutritional deficiencies within 1yr after surgery.

EG DTR P

Iron deficiency anemia
Absence 38 (90.5) 51 (87.9) .757
Present 4 (9.5) 7 (12.1)

Vitamin B12 deficiency
Absence 30 (85.7) 41 (82.0) .771
Present 5 (14.3) 9 (18.0)

DTR=double-tract reconstruction, EG= esophagogastrostomy.
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3.3. Nutritional outcomes

Nutritional parameter changes were evaluated, including BMI,
serum albumin, protein, hemoglobin, and ferritin in both groups
(Fig. 1). There was no significant difference in the changes in
nutritional parameters between the EG and DTR groups
(P= .152, .918, .777, .152, and .450).
Development of iron deficiency anemia and vitamin B12

deficiency were evaluated based on the laboratory findings of
serum hemoglobin, ferritin, and vitamin B12 (Table 3). The
percentage of iron deficiency anemia within postoperative year-1
were 9.5% and 12.1% in the EG and DTR groups, respectively,
and there was no significant difference (P= .757). There was no
significant difference in the incidence of vitamin B12 deficiency
either (P= .771).
Figure 1. Comparison of changes in nutritional parameters between the esoph
gastrectomy. Levels of (A) body mass index, (B) serum albumin, (C) serum protein
double-tract reconstruction, EG=esophagogastrostomy, Hb=hemoglobin.

∗
Sign

4

3.4. QOL outcomes

There were considerable missing data, and finally 22 and 36
patients’ QOL data were evaluated in this study. Table 4 shows
differences between preoperative and postoperative 1-year values
in each subscale of EORTC QLQ STO-22. Positive values were
observed in all subscales, which indicate deterioration of QOL
symptoms in postoperative year-1 compared with that in the
preoperative period. Some differences were noted in reflux,
anxiety, and body image (11.1 vs 0, 16.7 vs 0, and 0 vs 33.3,
respectively), but there was no significant difference in QOL
changes between the 2 groups.
4. Discussion

In this study, we compared clinical and nutritional outcomes and
QOL among the EG with and without anti-reflux procedure and
DTR groups. EG and DTR have different structure in terms of
food passage and some differences in nutritional outcomes and
agogastrostomy and double-tract reconstruction after laparoscopic proximal
, (D) serum hemoglobin, and (E) serum ferritin. BMI=body mass index, DTR=
ificantly different at a specific time point (P< .05).



Table 4

Differences between the preoperative and postoperative quality of
life assessed by the EORTC QLQ STO-22.

Subscale

EG
(n=22)

median (IQR)

DTR
(n=36)

median (IQR)
P

(Mann–Whitney U)

Dysphagia 11.1 (0, 22.2) 11.1 (�8.3, 22.2) .396
Pain 8.3 (0, 18.8) 8.3 (0, 22.9) .520
Reflux 11.1 (0, 25.0) 0 (0, 19.4) .350
Eating restrictions 20.8 (6.2, 25.0) 16.7 (2.1, 25.0) .728
Anxiety 16.7 (0, 33.3) 0 (0, 11.1) .103
Dry mouth 0 (0, 0) 0 (0, 33.3) .280
Taste 0 (0, 33.3) 0 (0, 33.3) .412
Body image 0 (0, 33.3) 33.3 (0, 33.3) .072
Hair loss 0 (0,0) 0 (0,0) .355

DTR=double-tract reconstruction, EG= esophagogastrostomy.
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QOL were expected. However, we found that there was no
significant difference in the clinical and nutritional outcomes and
quality of life among the groups.
The advantage of EG is its resembling physiologic structure.

Food passes through the stomach and duodenum and most
nutrients, including iron and vitamin B12, can be absorbed into
the duodenum and proximal jejunum after EG. Moreover, the
conserved pyloric ring could reduce dumping syndrome, which
might result in less body weight loss. Although the same distal
part of the stomach is preserved in both the EG and DTR groups,
the EG group is suggested to have better nutritional outcomes
because all food does not pass through stomach and duodenum in
the DTR group. Unlike this proposal, we found that EG is not
superior with regards to nutritional parameters, even BMI. These
results are similar with those of the study by Toyomasu et al[8]

which showed no significant difference in the blood tests,
including serum hemoglobin, ferritin, albumin, and protein
levels, between the gastric tube and jejunal interposition groups.
ThedisadvantageofEG ishigh incidenceofpostoperative reflux.

To date, various anti-reflux procedures have been developed to
reduce anastomotic complications and showed an acceptable
incidence of anastomotic complications.[7,9,26] In this study, we
similarly added the performance of anti-reflux techniques such as a
tagging suture between the stomach and diaphragm or fixation
between the stomach and esophageal stump to make an artificial
His angle. However, the EG group still had higher incidence of
postoperative esophageal reflux compared to the DTR group.
Therefore, further advanced procedures such as fundoplication
and double flap method could be considered rather than simple
tagging or fixation in the future.[7,9]

In Korea, the double-tract reconstruction is the most common
reconstruction method after proximal gastrectomy to avoid
anastomotic complications.[3] The double-tract reconstruction is
suggested to have some nutritional advantages compared to total
gastrectomy because the distal part of the stomach remains. In
previous studies, the double-tract reconstruction had better
outcomes in laboratory findings related to iron deficiency anemia
and vitamin B12 deficiency compared to total gastrectomy.[13,27]

Moreover, the nutritional outcomesof theDTRgroupwere similar
to those of the EG group in this study. Therefore, DTR can be a
favorable option after laparoscopic proximal gastrectomy.
QOL is another important outcome of proximal gastrectomy

as a function-preserving gastrectomy. To date, a limited number
of studies have been reported, and none have compared EG and
5

theDTRso far. Inprevious studies, EGwasassociatedwith abetter
QOL in terms of weight loss and diarrhea compared to total
gastrectomy.[28,29] On the other hand, the EG method, including
jejunal interposition and double-tract reconstruction, had no long-
termbenefit inQOLcomparedwith total gastrectomy.[13,30] In this
study, we expected some differences in the reflux and dysphagia
subscales related to anastomotic complications; however, there
was no significant difference between the 2 groups. It is possible
that somepatientswith reflux esophagitis in theEGgrouponly had
mild symptoms, or their symptoms were well controlled by a
proton-pump inhibitor. In many previous studies, the endoscopic
findings of reflux esophagitis were not consistent with the patients’
symptoms.[31] Regarding anastomotic stenosis, the treatment of
anastomotic stenosis is generally performed within 1-year after
surgery, and the symptoms might improve by the time point of the
QOL survey (1year postoperatively). Moreover, it should be
considered that approximately half of the patients completed the
QOL questionnaire and non-responder bias cannot be excluded.
Therefore, additional large-scale prospective studies are needed to
confirm the difference of QOL between the EG and DTR groups.
There are several limitations to this study. First, data collection

was from 2 institutions, but there was no standardization of
surgical procedures and managements. Some surgical procedures
and postoperative management might have been different
between the institutes. Second, this study was retrospectively
performed, and there were some missing data in nutritional
parameters and QOL answers. The laboratory tests for iron
deficiency anemia and vitamin B12 deficiency have been
conducted routinely since 2015 and selectively performed in
high-risk patients before 2015. Thus, laboratory findings for iron
deficiency anemia were collected in 100 (97.1%) of 103 patients
and those for vitamin B12 deficiency in 85 (82.5%) patients. The
QOL data were collected by a simple survey request in the
outpatient clinic, and only 58 patients completed the answers
both preoperatively and 1-year postoperatively. Therefore, this
study might include selection bias. Third, only postoperative 1
year nutritional and QOL data was shown in this study due to
insufficient long-term data. Fourth, overall the number of
patients is small.
5. Conclusion

EG had higher incidence of esophageal reflux and similar
nutritional outcomes and QOL compared with the double-tract
reconstruction after laparoscopic proximal gastrectomy for early
proximal gastric cancer. Further large-scale research is needed to
evaluate the long-term functional outcomes of EG and the DTR.
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