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Abstract
Background Gastric tube reconstruction is a form of esophagogastrostomy performed after laparoscopic proximal gastrectomy
(LPG). It is a simple and safe technique, but it may cause reflux esophagitis (RE) and impair postsurgical QOL. For several years,
we have developed the gastric tube reconstruction and performed it on more than 100 patients. This study aimed to determine
whether gastric tube reconstruction can be a feasible choice after LPG in regard to surgical safety and postoperative nutritional
status.
Methods The subjects consisted of 171 patients who underwent LPG (n = 102) or laparoscopic total gastrectomy (LTG) (n = 69).
We compared the two groups in terms of surgical outcomes, incidence rate of RE, and nutritional status including postoperative
weight loss and hemoglobin levels.
Results There were no significant differences with regard to the surgical duration and blood loss between the two groups. The
incidence of RE was not significantly higher with LPG than with LTG (16.7% vs. 10.1%, respectively; P = 0.07). Later than 2
years and 6 months after surgery, the body weight percentage of preoperative body weight in the LPG group was significantly
higher than that in the LTG group. Hemoglobin and ferritin levels in the LPG group were significantly higher than those in the
LTG group, later than one after surgery. The overall survival rates were similar between the two groups (5-year survival rates:
97.1% vs. 94.2% in the LPG and LTG groups, respectively; P = 0.69).
Conclusions Gastric tube reconstruction after LPG is simple and had better outcomes than LTG in terms of postoperative
nutritional status.
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Introduction

The incidence of upper third gastric cancer has gradually in-
creased [1, 2]. Total gastrectomy (TG) including extensive

lymph node dissection is traditional treatment in Japan and
considered the standard operation for gastric cancer invading
the upper third of the stomach [3]. Proximal gastrectomy (PG)
is indicated for early gastric cancer (EGC) in the upper third of
the stomach for cases in which at least half of the remnant
stomach can be preserved. Although, some reports suggested
that PG has advantages in regard to postoperative nutritional
status compared with TG [4–6], recent studies have indicated
that there was no significant difference in terms of hematolog-
ic and nutritional outcomes between PG and TG [7, 8]. With
the increasingly widespread application of laparoscopic sur-
gery, laparoscopic proximal gastrectomy (LPG) has been
adaptable for EGC in the upper third of the stomach.
However, LPG destroys anatomic anti-reflux barriers, which
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is composed of the lower esophageal sphincter (LES) and the
angle of His. It can lead up to reflux esophagitis (RE) easily by
regurgitation of acid. Esophagogastrostomy, one of the sim-
plest reconstructions after PG, sometimes causes severe RE.
We previously reported gastric tube reconstruction as a mod-
ified esophagogastrostomy following LPG in 2010 [9]. We
have developed it for several years and performed it on more
than 100 patients. Furthermore, our group presented that RE
after gastric tube reconstruction following LPG gradually im-
proved, as gastrointestinal motility recovered [10]. To prevent
RE, several reconstructive procedures after LPG have been
reported such as double-flap [11], double-tract [12, 13], and
jejunal interposition [14], but these techniques are complicat-
ed, time-consuming, and sometimes unsatisfactory. This study
aimed to determine whether gastric tube reconstruction can be
a feasible choice after LPG in regard to surgical safety and
postoperative nutritional status.

Subjects and methods

This retrospective study was approved by the Institutional
Review Board and the local ethics committee of the Saitama
Medical Center of Saitama Medical University (approval
number 2280) and Gunma University and was performed in
accordance with the ethical standards of the responsible com-
mittee on human experimentation and with the Declaration of
Helsinki. Informed consent was obtained from all patients
prior to participation for inclusion in the study.

Patients

We retrospectively reviewed a database of 171 patients with
EGC in the upper third of the stomach who underwent gastric
tube reconstruction following LPG or laparoscopic total gas-
trectomy (LTG) at Saitama Medical Center of Saitama
Medical University or Gunma University Graduate School
of Medicine from April 2006 to January 2017. The enrolled
patients were diagnosed with clinical stage I gastric cancer in
the upper stomach with no lymph node involvement (cT1-
2N0M0), based on the Japanese Classification of Gastric
Carcinoma [15]. The indications for LPG at our institutes
are (1) gastric cancer in the upper third stomach with no lymph
node involvement and (2) more than half of the distal stomach
can be preserved.

Surgical techniques for gastric tube reconstruction
and LPG

Five ports were introduced as shown in Fig. 1a. Before recon-
struction, lymph nodes dissection was completed according to
the Japanese guidelines [16]. The esophagus was transected
with a Powered ECHELON 45mm stapler (Ethicon endo-

surgery, Tokyo, Japan). An incision in the umbilical region
was extended, and the stomach was extruded through it. The
upper part of the stomach was excised along a dashed line to
make a gastric tube (20 cm long, 4 cm wide) (Fig. 1b). An
entry hole was made on the posterior side of the esophagus
stump and on the anterior wall of the gastric tube 40mm distal
from the proximal stump laparoscopically. Then, the linear
stapler was applied between the anterior wall of the gastric
tube and the posterior wall of the esophagus laparoscopically
(Fig. 1c). After anastomosis was performed, the entry hole
was closed with barbed suture or the linear stapler. The greater
curvature side of the proximal stump of the gastric tube was
folded over the anterior aspect of the esophagus. The wall of
the gastric tube was secured to the right margin of the esoph-
agus with two or three sutures, so that it was wrapped to the
anterior aspect of the esophagus (around 180 degree of cir-
cumference of the esophagus) to prevent RE. The gastric tube
was anchored with the right and left crus of the diaphragm by
one stitch each to prevent hiatus hernia (Fig. 1d). Vagus nerve
was not preserved.

Follow-up

Patients’ medical records were reviewed to analyze patholog-
ical variables and clinical outcomes including early complica-
tions. Pathological variables were classified based on the
Japanese classification of gastric carcinoma [15]. Early post-
operative complications were defined as any event requiring
surgical, endoscopic, or radiological intervention. Patients
were followed up every 3 months for 2 years after surgery, 6
months up to 5 years. Patients received laboratory tests, mea-
surement of body weight, and assessment of clinical signs.
Endoscopic examinations were performed annually after sur-
gery. The degree of RE was classified according to the Los
Angeles classification [17].

Statistical analysis

All statistical analyses were carried out using the JMP® ver-
sion 13 software for Windows. Student’s t test was used to
compare continuous variables, while Chi-square test or
Fisher’s exact test was used to compare categorical variables.
Kaplan–Meier method and log-rank test were used to compare
the survival curves (in months) between the two groups. A P
value < 0.05 was considered statistically significant.

Results

Patient clinical characteristics and operative results

The clinical and pathological characteristics were shown in
Table 1. With regard to age (P = 0.335), gender (P = 0.986),
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body mass index (BMI; P = 0.291), and American Society of
Anesthesiologists physical status (ASA-PS; P = 0.264), the
two groups were comparable. There were no significant dif-
ferences in terms of tumor histological type (P = 0.132). The
number of patients with prior endoscopic submucosal dissec-
tion (ESD) in the gastric tube group was significantly larger
than that in the LTG group (P = 0.031). The median tumor
size in the gastric tube group was significantly smaller than
that in the LTG group (29.0 vs. 41.1 mm, respectively; P =
0.01). No significant differences were observed in T factor, N
factor, or pathological stage (P = 0.745, 0.121, and 0.543,
respectively).

Mean duration of surgery was shorter with the gastric tube
group than with the LTG group, but the difference was not
significant (199.4 vs. 214.0 min, respectively; P = 0.345).
Mean blood loss was less with the gastric tube group than with
the LTG group, but the difference was not significant (120.2
vs. 132.3 mL, respectively; P = 0.643) (Table 2).

Postoperative complications

There was no case of mortality among the 171 study partici-
pants in the early stage. Three patients (2.9%) in the gastric
tube group and one patient (1.4%) in the LTG group

developed an anastomotic leakage (P = 0.322), but they were
treated conservatively (Table 2).

Ten patients (9.8%) in the gastric tube group and two pa-
tients (2.9%) in the LTG group experienced anastomotic stric-
ture (P = 0.08) that was treated by balloon dilatation under
endoscopy. Two patients (1.9%) in the gastric tube group
suffered from abdominal abscess and were treated conserva-
tively. In the gastric tube group, one patient (0.9%) developed
a pulmonary thromboembol ism and was trea ted
conservatively.

Seventeen patients (16.7%) in the gastric tube group and
seven patients (10.1%) in the LTG group were diagnosed as
RE (≥ Los Angeles grade A) at 1 year after surgery (P = 0.07).

Nutritional status

We compared postoperative weight loss and hemoglobin
levels between the two groups. To calculate the percentage
of preoperative value of each nutritional indicator after sur-
gery, postoperative values were divided by preoperative
values. After that, they were multiplied by 100. Figure 2a
showed that the percentage of preoperative body weight in
both groups declined steadily until 1 year and 6 months after
surgery. However, the percentage in the gastric tube group
started to increase at 1 year and 6 months after surgery.

Fig. 1 Surgical procedure. (a)
Port sites for LPG. (b) After the
esophagus was transected, the
upper part of the stomach was
excised along a dashed line to
create a gastric tube. (c) Under
laparoscopy, the anterior wall of
the gastric tube and the posterior
wall of the esophagus were
anastomosed with a 45-mm linear
stapler. (d) After anastomosis was
performed, the entry hole was
closed with barbed suture or a
linear stapler. The greater
curvature side of the proximal
stump of the gastric tube was
folded over the anterior aspect of
the esophagus. The wall of the
gastric tube was secured to the
right margin of the esophagus
with two or three sutures, so that it
was wrapped to the anterior
aspect of the esophagus (around
180 degree of circumference of
the esophagus) to prevent RE.
The gastric tube was anchored
with the right and left crus of the
diaphragm by one stitch each to
prevent hiatus hernia
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Later than 2 years and 6months after surgery, the body weight
percentage of preoperative body weight in the gastric tube
group was significantly higher than that in the LTG group.

Hemoglobin and ferritin levels in the gastric tube group
were significantly higher than those in the LTG group later
than 1 year after surgery (Figs. 2b and 3a). No significant
differences between the two groups were observed in the
levels of serum iron, total protein, and serum albumin at any
time point (Fig. 3b, c, and d) .

Survival data

One patient (0.9%) in the gastric tube group and two patients
(2.9%) in the LTG group experienced recurrence. One patient
after LPG died from meningeal dissemination recurrence.
Two patients after LTG died from peritoneal dissemination.
The overall survival rates were similar between the two
groups. The overall 5-year survival rate of the gastric tube

group and the LTG group were 97.1% and 94.2%, respective-
ly, and not statistically different (P = 0.69) (Fig. 4).

Discussion

Our study showed that gastric tube reconstruction with LPG
has advantages over LTG in regard to less postoperative ane-
mia and less postsurgical weight loss. We believe that the
gastric tube reconstruction could become a feasible choice
after LPG for proximal EGC based on its safety and
simplicity.

The utilization of a gastric tube provides a simple and safe
anastomosis for LPG because it is a single anastomosis.
Kitano et al. introduced a reconstruction method to use a gas-
tric tube following LPG [18]. They suggested that the tech-
nique was simple and less invasive for EGC in the upper third
of the stomach. The usefulness of the gastric tube reconstruc-
tion was evaluated to prevent RE after open PG [19]. They

Table 1 Characteristics of the
patients Gastric tube (n=102) LTG (n=69) P value

Age (years) 67.7±9.9 69.8±10.9 0.335

Gender (male/female) 78/24 55/14 0.986

BMI (kg/m2) 21.5±3.7 22.2±3.5 0.291

ASA-PS (1/2/3) 53/47/2 38/29/2 0.264

Previous treatment with ESD 11 3 0.031*

Tumor size (mm) 29.0±16.8 41.1±20.8 0.010*

Histologic type 0.132

Differentiated 82 41

Undifferentiated 20 28

Pathological T stage 0.745

T1 86 56

T2 11 6

T3 4 5

T4 1 2

Pathological N stage 0.121

N0 90 55

N1 7 9

N2 5 5

Pathological stage 0.543

IA 82 50

IB 10 9

IIA 4 4

IIB 4 2

IIIA 2 3

IIIB 0 1

LTG laparoscopic total gastrectomy, BMI body mass index, ASA-PS American Society of Anesthesiologists
physical status, ESD endoscopic submucosal dissection

Values are expressed as n (%), mean ± standard deviation

*P < 0.05 was considered statistically significant
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demonstrated that the gastric tube reconstruction was superior
to jejunal interposition in terms of simplicity, safety, and less
complexity. In 2017, we reported that the gastric tube recon-
struction had advantages compared with jejunal interposition
in terms of being less invasive, including shorter duration of
surgery and less amount of operative blood loss and maintain-
ing postoperative nutritional status [6]. Thus, we suggested
that the gastric tube reconstruction is a feasible method from
the perspective of low invasiveness. Although the differences
were not significant, the shorter surgical duration and lesser
intraoperative blood loss with gastric tube reconstruction were
due to the number of anastomoses and the extent of lymph
node dissection.

Some previous reports showed different types of compli-
cations of LPG. RE and anastomotic stenosis have been
known as common complications after PG. In the present
study, RE with symptoms was diagnosed in 17 (16.7%) of
102 patients. All of the patients with oral proton pump inhib-
itors achieved excellent or good response. This result was
almost compatible with previous reports [20–23]. On the other
hand, the incidence of anastomotic stenosis was also consis-
tent with that of previous reports [20–22]. Balloon dilatation
was found to be effective in the treatment of gastroesophageal
anastomotic stenosis. Esophagogastrostomy is most conve-
nient and simplest reconstruction, but the rate of RE (≥ Los
Angeles grade A) has been reported to be over 30% [24, 25].
Some reports showed that the rate of anastomotic stenosis was
around 20% [20, 25, 26]. Shoji et al. reported that the rate of
RE (≥ Los Angeles grade B) after double-flap technique was
4.2% [11]. Moreover, several studies indicated that the rate of
anastomotic stricture after double-flap technique was 4.7–
17.5% [11, 27, 28]. Although the double-flap technique after
PG seems an excellent reconstruction method, it was a com-
plicated technique. They reported that the mean operation

Table 2 Surgical outcomes and
postoperative complications Gastric tube (n=102) LTG (n=69) P value

Mean operation time (min) 199.4±50.5 214.0±53.4 0.345
Mean blood loss (mL) 120.2±114.0 132.3±171.9 0.643
Number of retrieved lymph nodes 25.9±12.1 41.9±21.5 0.04*
Morbidity (CD ≥ 3)
Anastomotic leakage 3 (2.9%) 1 (1.4%) 0.322
Anastomotic stricture 10 (9.8%) 2 (2.9%) 0.08
Anastomotic bleeding 0 0
Intra-abdominal abscess 2 (1.9%) 0 1
Pancreatic fistula 1 (0.9%) 1 (1.4%) 1
Atelectasis 2 (1.9%) 1 (1.4%) 1
Pulmonary thromboembolism 1 (0.9%) 0 1
Ileus 1 (0.9%) 1 (1.4%) 1
Wound infection 1 (0.9%) 1 (1.4%) 1

Reflux esophagitis (≥ Los Angeles grade A) 17 (16.7%) 7 (10.1%) 0.07
Mortality 0 0 1

LTG laparoscopic total gastrectomy, CD Clavien-Dindo grading system

Values are expressed as n (%), mean ± standard deviation

*P < 0.05 was considered statistically significant

Fig. 2 Comparison of the percentage change of the body weight and
hemoglobin between the gastric tube group and the LTG group. All
postoperative values are represented as mean ± standard deviation (SD).
(a) There were significant differences between the two groups later than 2
years and 6 months after surgery. *P < 0.05. (b) There were significant
differences between the two groups later than 1 year after surgery. *P <
0.05
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time of the double-flap technique with PG was over 350 min
[11, 27, 28]. Even though the gastric tube reconstruction in-
dicated higher rates of anastomotic stricture and RE compared
with double-flap technique, we consider that the gastric tube
reconstruction could be an acceptable method after LPG, be-
cause the procedure is simple.

We demonstrated that the hemoglobin and ferritin levels in
the gastric tube group were significantly higher than those in
the LTG group later than 1 year after surgery. This result was
compatible with the previous reports [27, 29]. Some studies
have reported that PG with double-tract reconstruction does
not have any advantages postoperative anemia [7, 8, 30]. We
think that food passage through the duodenum may be impor-
tant to absorb dietary iron, because the duodenal mucosa pri-
mary plays a significant role to absorb dietary iron in mam-
mals. Our data showed no significant difference in total

Fig. 3 (a) Ferritin levels in the gastric tube group were significantly
higher than those in the LTG group later than 1 year after surgery. *P <
0.05. (b) No significant differences between the two groups were
observed in the levels of serum iron at any time point. (c) No
significant differences between the two groups were observed in the

levels of total protein at any time point. (d) No significant differences
between the two groups were observed in the levels of serum albumin at
any time point. All postoperative values are represented as mean ±
standard deviation (SD)

p = 0.696 (Log-rank test)

Fig. 4 Comparison of overall survival rates between the gastric tube
group and the LTG group. The 5-year overall survival rates were 97.1%
and 94.2% for the gastric tube group and the LTG group, respectively
(log-rank test, P = 0.69)
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protein and serum albumin. This result was consistent with the
previous reports [25, 29, 31].

In our study, the body weight loss within 1.5 year after
surgery is more obvious in the gastric tube group. Aoyama
et al. reported that bodyweight loss can lead to discontin-
uous of S-1 adjuvant chemotherapy [32]. The rapid weight
loss after surgery could be weakness in the patients who
needs S-1 adjuvant chemotherapy. However, the body
weight percentage of preoperative body weight in the gas-
tric tube group started to increase at 1 year and 6 months
after surgery, and it was significantly higher than that in
the LTG group later than 2 years and 6 months after sur-
gery. Our data is aligned with several previous studies [26,
29]. We investigated survival rates as oncological out-
comes. The overall survival rate of the gastric tube group
was similar to that of the LTG group. This result was com-
patible with the previous reports [4, 5, 29].

Our study has several limitations. First, the present study
was a retrospective study with a small sample size. Second,
we did not use a validated questionnaire to evaluate quality of
life. Third, the comparison of outcomes did not include other
reconstructions, such as the double-flap technique and double-
tract reconstruction after LPG. However, we consider it is
important for food to pass through the remnant stomach and
the duodenum in order to preserve postoperative nutritional
status after PG. We believe that esophagogastrostomy is a
feasible reconstruction in terms of simple procedure and rea-
sonable method from the viewpoint of physiology. Several
reports showed that simple esophagogastrostomy led to higher
rates of RE and anastomotic stenosis [20, 24–26]. Two reports
showed that esophagogastrostomy plus fundoplication indi-
cated higher incidence of RE (over 20%) despite time-
consuming procedure [33, 34]. Yamashita et al. reported that
side overlap esophagogastrostomy was a simple method and
led to lower rate of RE [35], but long-term outcomes have not
been reported yet. Although the gastric tube reconstruction
showed higher rates of RE and anastomotic stenosis than
double-flap technique, it could be an acceptable method be-
cause of simplicity. For better clinical outcomes of gastric tube
reconstruction, further ingenuity and investigation will be
needed.

In conclusion, we found that gastric tube reconstruction
after LPG is simple and had better outcomes than LTG in
regard to postoperative nutritional status. We suggest that gas-
tric tube reconstruction might be a feasible choice following
LPG for proximal EGC based on its safety and simplicity.
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