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esophagogastrostomy over total gastrectomy in improving
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Abstract

Background Proximal gastrectomy is not widely per-
formed because the procedure is complicated, particularly
under laparoscopy. We developed a simple laparoscopic
technique of hand-sewn esophagogastrostomy with an anti-
reflux mechanism. This study aimed to evaluate and
compare the postoperative body weight loss (BWL) and
quality of life (QOL) following laparoscopic proximal
gastrectomy (LPG) and laparoscopic total gastrectomy
(LTG) in patients with upper gastric cancer.

Methods We retrospectively analyzed patients with stage I
upper gastric cancer undergoing LPG or LTG at Kyoto
University Hospital between March 2006 and June 2014.
The main outcome measures were the % BWL 1 year after
gastrectomy, postoperative anastomotic stricture, and
reflux esophagitis. Additionally, patient-reported outcomes
were evaluated using the Post-Gastrectomy Syndrome
Assessment Scale (PGSAS)-45 in patients presenting at the
outpatient clinic and exhibiting no recurrence.

Results A total of 62 patients were included in this study
(LTG, n=42 vs. LPG, n=20). The % BWL at
12 months in the LPG group was less than that in the LTG
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group (—16.3 vs. —10.7%). Multivariate analysis revealed
that LPG was associated with less BWL (P = 0.003).
Anastomotic stricture occurred more frequently in the LPG
group than in the LTG group (0 vs. 25%). One patient in
each group exhibited grade B severity of reflux esophagitis
(based on the Los Angeles classification). In the ques-
tionnaire survey, LPG was better than LTG in terms of
diarrhea and dissatisfaction with symptoms. In terms of
reflux symptoms, patients in the LPG group experienced
less acid and bile regurgitation symptoms compared with
those in the LTG group.

Conclusions LPG with hand-sewn esophagogastrostomy
results in less postoperative BWL and better QOL than
LTG despite higher rates of anastomotic stricture.

Keywords Laparoscopy - Stomach neoplasms - Proximal
gastrectomy - Total gastrectomy - Body weight changes -
Quality of life

The incidence of gastric cancer in the upper third of the
stomach has been increasing [1-3], and the current stan-
dard therapy for it is a total gastrectomy. However, patients
who have undergone this procedure experience diminished
appetite, severe body weight loss (BWL), and symptoms
such as heart burn, nausea, and vomiting (known as post-
gastrectomy syndrome) [4-6]. Proximal gastrectomy has
been suggested as a function-preserving surgical option for
early-stage upper gastric cancer to improve the patients’
postoperative condition. However, the major concern fol-
lowing this procedure is postoperative gastroesophageal
reflux following esophagogastric anastomosis [7-11].
Several types of procedures have been suggested to prevent
postoperative reflux, including esophagogastric anastomo-
sis with anti-reflux mechanism, jejunal interposition, and
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double-tract reconstruction. However, proximal gastrec-
tomy is not widely performed as the procedure is compli-
cated, particularly under laparoscopy, which has become a
standard approach for patients with early gastric cancer
[12].

We previously developed a simple laparoscopic tech-
nique for esophagogastrostomy with an anti-reflux mech-
anism [13]. In this method, fixation of the esophagus to the
anterior wall of the stomach using a knifeless linear stapler
allows easier creation of a hand-sewn esophagogastric
anastomosis with posterior fundoplication. Although the
technique and short-term outcomes have been reported
elsewhere [13], the clinical benefits of laparoscopic prox-
imal gastrectomy (LPG) using our technique have yet to be
comprehensively evaluated. This study aimed to retro-
spectively evaluate and compare the short-term surgical
outcomes, postoperative BWL, and quality of life (QOL)
following LPG with hand-sewn esophagogastrostomy and
laparoscopic total gastrectomy (LTG) for clinical stage I
upper gastric cancer.

Materials and methods
Setting

This cohort study was conducted at the Department of
Surgery, Kyoto University Hospital, in accordance with the
Declaration of Helsinki and was approved by the ethics
committee of Kyoto University.

Eligible patients

All consecutive patients with histologically diagnosed
gastric adenocarcinoma undergoing gastrectomy between
March 2006 and June 2014 were identified using a
prospectively maintained database. Patients underwent
gastrointestinal endoscopy, upper gastrointestinal X-rays,
and multi-detector-row computed tomography of the chest
and abdomen to determine the clinical stage. Patients who
were diagnosed with clinical stage I cancer limited to the
upper third of the stomach with no lymph node involve-
ment (TINO or T2NO) and did not receive endoscopic
treatment were included. Indication for endoscopic resec-
tion was determined according to the Japanese gastric
cancer treatment guidelines [14, 15]. Proximal gastrectomy
with hand-sewn esophagogastrostomy was indicated for
patients with tumors that did not invade the esophagus,
allowing preservation of two-thirds of the stomach. Those
with tumors invading the esophagus, those with multiple
primary cancers, or those undergoing laparotomy or LPG
with different reconstructions were excluded from this
study.

Outcomes

The primary outcome was the % BWL 1 year after gas-
trectomy. Changes from preoperative baseline were com-
pared on the basis of the type of resection (LTG or LPG).
The secondary outcomes were as follows: (1) operative
time, (2) intraoperative estimated blood loss, (3) early
complications, (4) late complications (i.e., anastomotic
stenosis and reflux esophagitis), (5) overall survival, and
(6) postoperative patient-reported outcomes including
QOL.

Data collection

Detailed information on the patients, including preopera-
tive examinations, surgical procedures, and early compli-
cations, was extracted from the database. Tumors were
staged in accordance with the third English Edition of the
Japanese Classification of Gastric Carcinoma [16]. Early
complications were diagnosed and graded according to the
Clavien—Dindo classification [17]. Patients who developed
grade II or higher complications within 30 days or during
the postoperative hospital stay were identified as having
early complications.

Postoperative body weight, date of death or the last
follow-up, and endoscopic findings were obtained from the
original medical records. Anastomotic stricture and reflux
esophagitis were diagnosed on the basis of the endoscopic
findings. Patients requiring endoscopic balloon dilations
were identified as having anastomotic stenosis. The number
of dilations was also recorded. Reflux esophagitis was
diagnosed according to the Los Angeles classification [18].
The necessity for medications for esophageal reflux was
also evaluated.

Assessment of patient-reported outcomes

In cooperation with an expert in QOL measurement (K.
M.), postoperative patient-reported outcomes were asses-
sed using a questionnaire, the Post-Gastrectomy Syndrome
Assessment Scale (PGSAS)-45 [19], which comprises the
PGSAS-37 and the eight-item Short-Form Health Survey
(SE-8) [20]. Permission to use the PGSAS-37 and SF-8 was
obtained from the Japan Post-Gastrectomy Syndrome
Working Party and iHope International Inc., respectively.

Patients who presented at the outpatient clinic at least
1 year after the operation were approached consecutively
between November 2014 and July 2015. The following
patients were excluded: patients currently receiving or
received chemotherapy or radiotherapy within 1 year and
patients with recurrence or other malignant diseases.
Written informed consent was obtained from all
participants.
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The PGSAS-45 comprises 45 questions classified into
the symptom, QOL, and living status domains. The
symptom domains comprise seven symptom subscales,
including esophageal reflux, abdominal pain, meal-related
distress, indigestion, diarrhea, constipation, and dumping
symptoms. Total symptom score was calculated as the
mean of the seven symptom subscales. The QOL domain
consisted of general QOL from the SF-8 and dissatisfaction
items. Physical and mental component summary measures
were calculated by weighting each SF-8 item using a norm-
based scoring method given in the instrument guidelines
[20]. The dissatisfaction items consisted of three measures,
i.e., dissatisfaction with symptoms, dissatisfaction at the
meal, and dissatisfaction at working. Additionally, dissat-
isfaction with daily life was calculated as the mean of the
three dissatisfaction scores. The living status domain con-
sisted of changes in body weight, quality of ingestion,
amount of food ingested per meal, necessity for additional
meals, and ability to work.

Surgical procedures and follow-up

Surgical procedures for LTG and LPG have been reported
elsewhere in detail [13, 21-24]. We selected the extent of
lymphadenectomy according to the Japanese guidelines:
D1+ for cT1 tumors and D2 for ¢T2 tumors [15]. However,
for T2 tumors that did not invade the greater curvature, the
dissection of splenic hilar lymph nodes was omitted; thus,
lymphadenectomy was recorded as D1+. After January
2012, the da Vinci Surgical System was used for lymph
node dissection in patients who met the requirements of the
protocol by evaluating feasibility. In LPG, the pyloric and
celiac branches of the vagal trunk were preserved.

After total gastrectomy, a Roux-en-Y reconstruction was
performed with functional end-to-end esophagojejunal
anastomosis using a 45-mm endoscopic linear stapler. The
entry hole was also closed using the stapler [24]. After
proximal gastrectomy, following fixation of the esophagus
to the anterior wall of the remaining stomach using a
knifeless stapler, a hand-sewn esophagogastrostomy with
posterior fundoplication was created [13].

All patients received outpatient follow-up at least once
every 6 months, and their body weights were recorded
longitudinally. Patients who underwent LPG had a routine
endoscopic examination 6 months after surgery and then
once a year. Those who underwent LTG had an endoscopy
only when they exhibited symptoms or requested the
examination.

Sample size calculation

The sample size calculation was based on the primary
outcome of the % BWL at 12 months. The following
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parameters were used: power of 80%, alpha error of 5%, a
standard deviation of 6%, and LTG/LPG ratio of 2:1. To
detect a difference of 5% in the % BWL between the two
groups, 34 patients undergoing LTG and 17 patients
undergoing LPG were required for this study.

Statistical analysis

Continuous variables have been expressed either as means
and standard deviations and compared using the ¢ test, or as
medians and ranges or interquartile ranges and compared
using the Mann—Whitney U test, as appropriate. Categori-
cal data have been expressed as numbers and proportions
and were compared using Fisher’s exact test. Survival
curves were estimated for each group using the Kaplan—
Meier method and compared statistically using the log-rank
test.

To adjust for confounding factors, multiple regression
analyses were performed. Preoperative factors [age, gen-
der, body mass index, American Society of Anesthesiolo-
gists (ASA) physical status, history of smoking, serum
albumin, serum creatinine, forced expiratory volume in one
second (FEV1.0%), and clinical T factor] with P values
<0.2 in the univariate analysis were included in the mul-
tivariate analyses. To assess patient-reported outcomes, the
period from surgery to the date of the questionnaire survey
was also considered as an explanatory variable. Results
have been presented as regression coefficient () and 95%
confidence interval (CI). Two-tailed P values <0.05 were
considered statistically significant. All statistical analyses
were performed using STATA statistical software, version
12.1 (Stata Corp., College Station, TX, USA).

Results
Clinical characteristics

Figure 1 shows a flowchart depicting the patient selection
process. A total of 62 patients met all the protocol
requirements and were included in this study. The patients
were classified into an LTG group (n = 42) and an LPG
group (n = 20). Table 1 presents the clinical characteris-
tics of the patients in the two groups. The LPG group had a
greater proportion of patients with high ASA physical
status than the LTG group. After obtaining informed con-
sent, four patients with small T2 tumors located near the
esophagogastric junction underwent LPG.

Operative features and outcomes

The operative features and outcomes are listed in Table 2.
As no patients had T2 tumors that invaded the greater
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Fig. 1 Flow diagram for
selecting patients. A total of 62

Upper gastric cancer (cT1/2,N0) (n=71)

patients were enrolled in this
study, and the operative
outcomes were compared
between the laparoscopic total

Open surgery (n=4)
1 Multiple primary cancer (n=4)
LPG with the different reconstruction (n =1)

gastrectomy (LTG) and

laparoscopic proximal Operative outcomes

gastrectomy (LPG) groups.

With regard to assessment of LTG (n=42) VS. LPG (n=20)

body weight loss, body weight

data were unavailable in four Died (n=1)

patients, leaving 50 patients to Relapsed (1= 1 . Relapsed (n=1)
be analyzed. With regard to C:n::;d((": _ ’)) BOd_V welght loss Censored (n = 3)
postoperative patient-reported - one year after surgery

outcomes, 28 patients were

analyzed LTG (n=38) VS. LPG (n=16)

Lack of weight data (n=4)

Died (n=1)

Five-year follow-up (n= 18)

Censored (n=2) —

Died (n=1)

Relapsed (n=2)

Censored (n=1)

Five-year follow-up (n=1)

Patient-reported outcomes

LTG (n=17) Vs.

LPG (n=11)

Table 1 Patient background

LTG(n=42) LPG(n =20 P

Age (year) 64.4 + 122 66.2 + 134 0.61
Gender

Male 28 (67%) 15 (75%) 0.57

Female 14 (33%) 5 (25%)
ASA physical status

1 14 (33%) 4 (20%) 0.03

2 26 (62%) 10 (50%)

3 2 (5%) 6 (30%)
Body mass index (kg/m?)  22.8 + 3.6 234 + 38 0.53
History of smoking 26 (62%) 15 (75%) 0.40
FEV1.0% 77.0 £ 12.0 78.6 £ 7.6 0.60
Serum albumin (g/dl) 41 +03 40+ 04 0.13
Serum creatinine (mg/dD)* 0.8 (0.7-0.9) 0.8 (0.7-0.9) 0.64
Clinical T factor

Tla (M) 8 (19%) 2 (10%) 0.32

T1b (SM) 20 (48%) 14 (70%)

T2 (MP) 14 (33%) 4 (20%)

LTG laparoscopic total gastrectomy, LPG laparoscopic proximal
gastrectomy, ASA American Society of Anesthesiologists, FEVI1.0%
forced expiratory volume in 1 s

* Variables expressed as medians and interquartile ranges, and the
P values were calculated using the Mann—Whitney U test

curvature, splenic hilar lymph node dissection was omitted,
except in one patient. Laparoscopic gastrectomy was
completed in all patients undergoing LPG, but open con-
version was required in one patient undergoing LTG. A

positive surgical margin was seen on pathological exami-
nation (R1 resection) in one patient in the LPG group, and
laparoscopic completion gastrectomy was performed
21 days after the initial surgery. The estimated blood loss
in the LPG group was significantly lower than that in the
LTG group. The operative time and the incidence of
morbidity were also less in the LPG group, but this was not
statistically significant. Surgical complications such as
pancreatic fistula, anastomotic leakage, or intra-abdominal
abscess occurred in seven patients (16%) in the LTG group
and 1 patient (5%) in the LPG group.

The median follow-up period was 50 months (range
2-98). There was no difference in overall survival between
the groups (P = 0.90). The 3-year survival rates were
similar between the two groups (92%) (Supplemental fig-
ure). During follow-up, 28 patients (67%) in the LTG
group and 19 patients (95%) in the LPG group underwent
at least one endoscopic examination. Five patients (25%) in
the LPG group and zero patients in the LTG group
exhibited anastomotic stenosis. Of the five patients in the
LPG group, three experienced occasional vomiting and one
required in-hospital treatment. All patients were relieved of
their symptoms after serial endoscopic dilation, and none
of the patients required any long-term interventions or
surgery. The median number of dilations required was 3
(range 1-5).

During the follow-up period, endoscopic examination
revealed reflux esophagitis in three patients (7%) in the
LTG group and five patients (25%) in the LPG group
(P = 0.10). The severity of the reflux esophagitis was

@ Springer



3668

Surg Endosc (2017) 31:3664-3672

Table 2 Operative features and

outcomes LTG (n = 42) LPG (n = 20) P
Robot assisted 3 (7%) 2 (10%) 0.65
Lymph node dissection 0.03

D1 0 3 (15%)
D1+ 41 (98%) 17 (85%)
D2 1 2%) 0
Open conversion rate 1 (2%) 0 1.00
Residual tumor 0.32
RO 42 (100%) 19 (95%)
R1 0 1 (5%)
R2 0 0
Operative time (min)* 340 (285-393) 300 (257-345) 0.08
Amount of blood loss (ml)* 103 (40-272) 30 (0-68) 0.003
Early complications®
Grade III < 2 (5%) 1 (5%) 1.00
Grade 11 < 9 21%) 3 (15%) 0.74
Pancreatic fistula 3 (7%) 0
Anastomotic leakage 1 2%) 1 (5%)
Intra-abdominal abscess 6 (14%) 1 (5%)
Peripheral venous catheter infection 0 1 (5%)
Atelectasis 0 1 (5%)
Stasis 2 (5%) 0
Pseudoaneurysm 2 (5%) 0
Others 3 (7% 0
Late complications
Anastomotic stricture 0 5 (25%) 0.002
Esophageal reflux® 3 (7%) 5 (25%) 0.10
Grade A 2 (5%) 4 (20%)
Grade B 1 2%) 1 (5%)
Grade C or D 0 0

LTG laparoscopic total gastrectomy; LPG laparoscopic proximal gastrectomy

* Variables expressed as medians and interquartile ranges, and the P values were calculated using the

Mann—Whitney U test

# According to the Clavien-Dindo classification

> According to the Los Angeles classification

mostly grade A, except for one patient in each group with
grade B esophagitis. In the LPG group, 18 patients (90%)
received proton pump inhibitor therapy after surgery for a
median period of 9 months (range 1-50). All five inci-
dences of reflux esophagitis in the LPG group were
observed in patients who had stopped proton pump inhi-
bitor therapy. However, as they did not complain of any
reflux-related symptoms, proton pump inhibitors were not
readministered. Grade B esophagitis in the LPG group
healed spontaneously, and grade C or D esophagitis was
not observed in either group.

@ Springer

Postoperative BWL

As shown in Fig. 1, 50 patients were analyzed for post-
operative body weight. Changes in the % BWL over time
after surgery are shown in Fig. 2. The % BWL at
12 months in the LPG group was significantly lower than
that in the LTG group (LTG —16.3% vs. LPG —10.7%;
P = 0.034). To adjust for confounding factors, multivari-
ate regression analysis was performed (Table 3). In the
univariate analysis, the P values of body mass index and a
history of smoking were <0.2. In the multivariate analysis,
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Fig. 2 Changes in the % body weight loss after surgery over time.
Value at 12 months in the LPG group was less than that in the LTG
group (P = 0.032). LTG laparoscopic total gastrectomy, LPG
laparoscopic proximal gastrectomy

after including these factors, LPG was seen to be associated
with lower BWL at 12 months (f = 7.23; 95% CI
2.61-11.83; P = 0.003).

Assessment score with the PGSAS-45

As shown in Fig. 1, 28 patients were analyzed for patient-
reported outcomes. The median period from operation to
the survey was 23 months (range 13—66) in the LPG group
and 37 months (range 13-64) in the LTG group
(P = 0.07). All results of the outcome measures are given
in Table 4. The scores for diarrhea and dissatisfaction with
symptoms were significantly lower (i.e., better condition)
in the LPG group than in the LTG group. Except for these
measures, no differences were observed in the assessment
scores of the PGSAS-45 between the groups.

To adjust for confounding factors, multiple regression
analyses were performed (Table 5). In the univariate

analysis of the diarrhea subscale, serum creatinine exhib-
ited P < 0.2. However, even after adjustment for this fac-
tor, LPG was significantly associated with lower score for
diarrhea (f = —0.90; 95% CI —1.68 to —0.13; P = 0.024,
i.e., better condition). In the univariate analysis of dissat-
isfaction with symptoms, gender, serum albumin, and a
history of smoking presented P value <0.2. In the multi-
variate analysis including these factors, LPG was the only
significant factor associated with lower score for dissatis-
faction with symptoms (f = —1.02; 95% CI —1.88 to
—0.17; P = 0.021; i.e., better condition).

Acid or bile regurgitation score, which is a part of the
esophageal reflux subscale, indicates how troublesome the
symptom is to a patient. In the LTG group, nine (53%) and
eight (47%) patients experienced at least mildly (a score of
greater than or equal to 3) troublesome acid and bile
regurgitation, respectively. On the other hand, zero and two
(18%) patients in the LPG group experienced these trou-
blesome symptoms, respectively (P = 0.002 and 0.09).

Discussion

The incidence of upper gastric cancer and the percentage of
the aged population are increasing in Japan. They have
resulted in the need for a less invasive and function-pre-
serving surgical treatment option. For patients with early-
stage upper gastric cancer, LPG is theoretically the ideal
treatment option [25]. However, the application of this
procedure is still limited due to technical difficulties,
anastomosis-related complications, and uncertainty of
long-term QOLs. To solve these problems, we previously
developed a simple laparoscopic technique of hand-sewn
esophagogastrostomy with a rigorous anti-reflux mecha-
nism [13]. This study clearly demonstrated that LPG using

Table 3 % BWL one year after

surgery Variable Categories Number of patients  Univariate analysis ~ Multivariate analysis
B P B P

Procedure LPG 16 5.57 0.034 7.23 0.003
Body mass index 23 kg/m2 > 24 6.60 0.006 7.31 0.001
History of smoking  No 17 3.62 0.17 4.00 0.08
Gender Male 36 —-2.99 0.28

Age 65 years > 18 —1.46 0.58

ASA physical status 1, 2 44 —4.77 0.21

Serum albumin 4.0 g/dl < 36 1.92 0.49

Serum creatinine 1.0 mg/dl > 41 2.42 0.46

FEV1.0% 70% < 43 0.48 0.89

Clinical T factor cT1 34 —0.04 0.99

BWL body weight loss, LPG laparoscopic proximal gastrectomy, ASA American Society of Anesthesiol-
ogists, FEV1.0% forced expiratory volume in one second, f regression coefficient
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Table 4 Postoperative assessment score with PGSAS-45

Domains Measures LTG (n = 17) LPG (n = 11) P
Median IQR Median IQR
Symptoms Esophageal reflux 23 (1.5 to 2.8) 1.5 (1.0 to 2.5) 0.15
Abdominal pain 1.7 (1.3 to 2.0) 1.3 (1.0 to 2.0) 0.46
Meal-related distress 23 (1.8 to 3.5) 2.7 (2.0 to 3.3) 0.94
Indigestion 2.5 (1.5 to 3.0) 2.0 (1.3 t0 2.5) 0.08
Diarrhea 2.7 (2.0 to 3.0) 2.0 (1.0 to 2.3) 0.02
Constipation 2.0 (1.7 to 3.0) 2.0 (1.0 to 3.0) 0.94
Dumping 3.0 (1.7 to 3.3) 1.7 (1.0 to 2.7) 0.12
Total symptom 2.5 (1.8 to 2.9) 1.8 (1.5 to 2.6) 0.15
QOL Physical component summary* 47.6 (43.8 to 52.6) 444 (37.3 to 51.3) 0.50
Mental component summary* 50.0 (46.5 to 53.9) 47.0 (41.8 to 54.1) 0.47
Dissatisfaction with symptoms 2 (2to3) 1 (1to?2) 0.02
Dissatisfaction at the meal 2 (2to4) 2 (2 to 3) 0.40
Dissatisfaction at working 3 (2to 3) 3 (1to3) 0.96
Dissatisfaction for daily life 2.7 (2.3 t0 3.0) 2.3 (1.3 t0 2.7) 0.24
Living status Ingested amount of food per meal* 60% (40 to 80) 70% (60 to 70) 0.74
Necessity of additional meals 2 (2to 3) 2 2t02) 0.44
Quality of ingestion* 4.0 (3.7 t0 4.3) 2.7 (2.7 to 4.3) 0.43
Ability for working 1 (1to2) 2 (1to3) 0.25
Change in body weight* —15.5 (—=21.7 to —7.4) —-8.3 (—14.7 to =5.1) 0.21
Variables expressed as medians and interquartile ranges (IQR), and the P values were calculated using the Mann—Whitney U test
Except for outcome measures indicated with *, higher scale represents worse conditions
LTG laparoscopic total gastrectomy, LPG laparoscopic proximal gastrectomy
Table 5 Diarrhea and dissatisfaction with symptoms
Variable Categories ~ Number of patients Diarrhea Dissatisfaction with symptoms
Univariate Multivariate Univariate Multivariate
analysis analysis analysis analysis
B I i P B I B I
Procedure LPG 11 —-0.93 0.023 —0.90 0.024 —1.01 0.032 —1.02 0.021
Serum creatinine 1.0 mg/dl > 25 —-094  0.16 —0.88 0.15 —-0.47 0.55
Gender Male 20 0.30 0.52 —1.23 0.015 —1.04 0.09
Serum albumin 4.0 g/dl < 19 0.23 0.60 0.70 0.17 0.51 0.26
History of smoking No 20 —0.30 0.52 1.05 0.04 0.03 0.96
Age 65 years > 10 0.29 0.51 0.39 0.44
Body mass index 23 kg/m* > 13 —0.47 0.26 0.39 0.41
ASA physical status 1, 2 25 0.43 0.53 0.65 0.40
FEV1.0% 70% < 25 0.43 0.53 —0.09 0.90
Clinical T factor cT1 20 0.11 0.82 0.18 0.74
Postoperative term 2 years < 18 0.33 0.44 0.54 0.27

LPG laparoscopic proximal gastrectomy, ASA American

p regression coefficient
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our method was independently associated with less BWL
compared with LTG 1 year after surgery. Further post hoc
analysis revealed that the difference in the % BWL per-
sisted at 2 years after gastrectomy (LTG —15.6% vs. LPG
—9.2%; P = 0.032). Since an underweight individual is
associated with a higher risk of mortality and poorer QOL
[26, 27], the significant difference in BWL between LTG
and LPG is not negligible for patients with early-stage
gastric cancer.

With regard to reflux esophagitis, which is the major
concern associated with LPG with esophagogastrostomy,
endoscopic examination revealed no severe esophagitis
(grade C/D) after LPG, although mild endoscopic findings
were observed in 25% of the patients (grade A in 20% and
grade B in 5%). Importantly, no patient in the LPG group
complained of any clinical symptoms of regurgitation. In
the postoperative assessment with PGSAS-45, LPG caused
less troublesome symptoms of regurgitation than LTG.
These results suggest that LPG with esophagogastrostomy
may be clinically superior to LTG with regard to reflux
symptoms.

Moreover, LPG was also seen to be associated with
fewer diarrhea symptoms. A previous Japanese nationwide
study using PGSAS-45 comparing proximal gastrectomy
with total gastrectomy confirmed the same results [28]. The
remnant stomach and pyloric sphincter may play an
important role in the control of ingested food. The
preservation of the celiac branch of the vagus nerve, which
was performed only in the LPG group, may also be bene-
ficial for preventing diarrhea [29, 30], although the effect
of nerve preservation remains controversial. In addition,
the dissatisfaction with symptoms score in patients under-
going LPG was less than in those undergoing LTG. LTG
did not have any advantages over LPG with regard to the
assessment score of PGSAS-45. Better QOL after LPG
observed in this study may have resulted from proper
selection of patients. We did not perform LPG when more
than two-thirds of the stomach could not be preserved.

The only potential disadvantage of LPG with hand-sewn
esophagogastrostomy was the frequent occurrence of
postoperative  anastomotic stricture. The hand-sewn
method was chosen, as we believe that it creates a softer
anastomosis that can be completely shut by the pressure of
the pseudofornix, thus ensuring an anti-reflux mechanism.
However, there are some technical considerations with
regard to creation of a sufficiently sized stoma using this
method. Since the length of the incision on the remnant
stomach determines the size of the stoma, an incision
longer than 3 cm should be made and over-tightening of
the running sutures should be avoided. We believe that
careful adherence to these technical tips can decrease the
risk of anastomotic stricture.

Recently, Kuroda et al. [31] reported favorable results
with regard to endoscopic reflux esophagitis in 13 patients
undergoing LPG and valvuloplastic esophagogastrostomy
using the double-flap technique. However, this procedure
appears to be technically more complex than the method of
reconstruction proposed by us. The operation time is likely
to be longer, and similar to this study, anastomotic stenosis
was identified as a potential complication that requires
careful attention. However, the use of a validated ques-
tionnaire and adjustment for patient background are
required to compare these reconstruction techniques
accurately.

This study has several limitations. First, the study design
made it difficult to avoid selection and information biases
completely. However, laparoscopic gastrectomy has been
our standard treatment option for early-stage gastric cancer
since 2006. As shown in Fig. 1, this allows us to enroll
consecutive patients diagnosed with clinical stage I upper
gastric cancer using the prospective database, which also
includes perioperative information. We believe that this
allows us to minimize these biases to a certain extent.
Second, the questionnaire survey was performed at a single
point in time. As baseline assessment with PGSAS-45 was
lacking, we could not compare changes from baseline
status between the two procedures. Third, the sample size
of this study was limited, making it difficult to detect small
differences between LTG and LPG. A sample size was not
calculated for the secondary outcomes, and confidence
intervals for the significant effects were also wide. How-
ever, we believe that the results of this study revealed
important differences in outcomes that are relevant to the
patient’s daily life.

In conclusion, LPG with a hand-sewn esophagogastric
anastomosis using a knifeless endoscopic linear stapler has
several advantages over LTG in terms of less postoperative
loss of body weight, fewer diarrhea symptom, and better
QOL despite higher rates of anastomotic stenosis. From a
patient-centered viewpoint, LPG using our method of
reconstruction can be considered as a suitable treatment
option for early upper gastric cancer.
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