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versus laparoscopic subtotal gastrectomy for proximal early
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Background: Laparoscopic proximal gastrectomy with double-flap technique (LPG-DFT) and laparo-
scopic subtotal gastrectomy (LSTG) may replace laparoscopic total gastrectomy (LTG) for proximal early
gastric cancer. The aim of this study was to evaluate short- and long-term outcomes after LPG-DFT
and LSTG.
Methods: Patients who underwent LPG-DFT or LSTG at the Cancer Institute Hospital in Tokyo
between January 2006 and April 2015 were included in this retrospective study. Operative procedures were
selected based on the distance from the cardia to the proximal boundary of the tumour, tumour location
and predicted remnant stomach volume. Patient characteristics, surgical data, markers of postoperative
nutritional status, such as blood chemistry and bodyweight loss, and endoscopic findings were compared
between procedures. The main study outcome was nutritional status.
Results: A total of 161 patients (LPG-DFT 51, LSTG 110) were included. Types of postoperative
complication occurring more than 30 days after surgery differed between the two procedures. Remnant
stomach ulcers, including anastomotic ulcers, were observed only after LPG-DFT, whereas complications
involving the small intestine, such as internal hernia or small bowel obstruction, occurred more frequently
after LSTG. Values for total protein, albumin, prealbumin and bodyweight loss were comparable between
the two procedures at 36 months after surgery. Haemoglobin concentrations were higher after LPG-DFT
than after LSTG at 24 months (13⋅4 versus 12⋅8 g/dl respectively; P =0⋅045) and 36 months (13⋅5 versus

12⋅8 g/dl; P =0⋅007) after surgery. The rate of Los Angeles grade B or more severe reflux oesophagitis
was comparable.
Conclusion: LPG-DFT and LSTG for proximal early gastric cancer have similar outcomes, but different
types of complication.
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Introduction

The incidence of upper-third gastric cancer, including
early gastric cancers, is increasing in Korea, China and
Japan1–3. Laparoscopic total gastrectomy (LTG), laparo-
scopic proximal gastrectomy (LPG) and laparoscopic
subtotal gastrectomy (LSTG) are all technically feasible
operative procedures for such lesions. In recent studies4–6,
better surgical outcomes, including nutritional status,
bodyweight loss and quality of life were reported after

LPG compared with LTG. The mechanism, however,
is unclear.

Surgical outcomes of LPG may depend on the type of
reconstruction, as reflux oesophagitis is one of the most
important determinants of long-term outcome7–10. The
size of the remnant stomach may influence other long-term
outcomes, such as haemoglobin concentration.

LPG with double-flap technique (LPG-DFT) is cur-
rently one of the preferred reconstruction techniques
for LPG in Japan. LPG-DFT has better outcomes
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Fig. 1 Resection and reconstruction in laparoscopic subtotal gastrectomy and laparoscopic proximal gastrectomy with double-flap
technique

Laparoscopic proximal gastrectomy Double-flap technique

Laparoscopic subtotal gastrectomy Roux-en-Y

than LTG in terms of morbidity, postoperative hospital
stay, reflux oesophagitis and postoperative nutritional
status11. Although LPG-DFT requires a more complex
intracorporeal suturing technique and longer duration of
surgery12,13, good physiological function is maintained
because of the relatively large remnant stomach and dis-
tinctive anastomotic technique for oesophagogastrostomy.
This minimizes subsequent reflux oesophagitis, which
may influence food intake, bodyweight, haemoglobin
concentration and nutritional status. With previously
reported comparable survival14, LPG-DFT may be
superior to LSTG.

The aim of the present study was to assess short- and
long-term outcomes of LPG-DFT versus LSTG to deter-
mine the preferred procedure for resection of early gastric
cancer in the proximal stomach.

Methods

This was a retrospective study of consecutive patients who
underwent LPG-DFT or LSTG for cT1 N0 M0 gastric
cancer in the upper third of the stomach at the Cancer
Institute Hospital, Tokyo, Japan, between January 2006
and April 2015. Data were retrieved from a prospectively
developed database. DFT reconstruction has been applied
to LPG since January 2013. Before 2013, LTG had often
been performed in patients with this disease, rather than
LPG. Patients undergoing additional surgery after endo-
scopic mucosal dissection (ESD) were included in the
study. Those who had tumours involving the oesophagus,
synchronous cancer, metachronous cancer after surgery,
or relapse were excluded. Clinical stage was classified
according to the 14th edition of the Japanese Classification
of Gastric Carcinoma15.
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Fig. 2 Flow diagram for the study

Gastrectomy for cT1 N0 M0 gastric cancer in
upper third of stomach

n= 377

LSTG
n= 113

LPG
n= 69

LPG-DFT
n= 61

LPG-DFT
n= 51

LSTG
n= 110

Excluded n= 8
 LPG-JI n= 6
 LPG-OG n= 2

Excluded n= 10
 Oesophageal invasion n= 6
 Synchronous cancer n= 2

 Metachronous cancer after surgery n= 1
 Relapse n= 1

Excluded n= 3
 Metachronous cancer after surgery n= 1
 Relapse n= 2

LTG
n= 195

LPG, laparoscopic proximal gastrectomy; LSTG, laparoscopic subtotal gastrectomy; LTG, laparoscopic total gastrectomy; LPG-JI, laparoscopic proximal
gastrectomy with jejunal interposition reconstruction; LPG-OG, laparoscopic proximal gastrectomy with oesophagogastric anastomosis; LPG-DFT,
laparoscopic proximal gastrectomy with double-flap technique.

The study was approved by the Institutional Review
Board of the Cancer Institute Hospital.

Selection of surgical procedure

LSTG was initially intended to be performed in patients
who fulfilled the following criteria: early gastric cancer
diagnosed as cT1 N0; tumour located in or involving the
upper third of the stomach, but not the fornix; and oral side
of the tumour more than 3 cm (2 cm if tumour was located
at the lesser curvature) from the oesophagogastric junction.
If tumour located in the upper third of the stomach was
not eligible for LSTG, an LTG or LPG-DFT procedure
was alternatively planned according to the treatment era.
LPG-DFT was planned when the size of the remnant
stomach was estimated to be more than half that of the
original stomach.

Surgical procedures

Laparoscopic proximal gastrectomy with double-flap
technique (Fig. 1)
In LPG-DFT, D1+ lymphadenectomy was performed
according to version 4 of the Japanese Gastric Cancer

Treatment Guidelines16. After lymph node dissection, the
oesophagus and stomach were transected under intraoper-
ative endoscopic guidance using an endoscopic linear sta-
pler. Intraoperative frozen-section analysis of the distal, or
sometimes proximal, surgical margin was performed in all
patients except those who had undergone ESD. After tran-
section of the oesophagus and stomach, oesophagogastros-
tomy was performed, based on Kamikawa’s open surgical
method17 and modified laparoscopic procedures reported
previously11.

Briefly, double flaps were created extracorporeally by
dissecting between the submucosal and muscular layers on
the anterior wall of the remnant stomach. After creating the
seromuscular double flaps, the walls of the oesophagus and
gastric mucosa were sutured under laparoscopic view and
an oesophagogastrostomy was created. The hinged flaps
were used laparoscopically to cover the anastomosis and
lower oesophagus.

Laparoscopic subtotal gastrectomy (Fig. 1)
D1+ lymphadenectomy was performed in LSTG16; details
of this surgical procedure have been described previously18.
During lymph node dissection, several distal branches of
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Table 1 Patient characteristics according to surgical procedure

LPG-DFT (n=51) LSTG (n=110) P†

Age (years)* 71 (61–77) 63 (55–69) 0⋅002‡
Sex ratio (M : F) 36 : 15 77 : 33 1⋅000

BMI (kg/m2)* 23⋅2 (21⋅0–25⋅2) 22⋅7 (20⋅6–24⋅7) 0⋅328‡
Additional surgery after ESD 19 (37) 20 (18⋅2) 0⋅011

Tumour size (mm)* 25 (17⋅5–38⋅5) 25 (18–38⋅7) 0⋅996‡
Pathological margin (mm)* 26 (20⋅5–36⋅0) 13 (8⋅3–18⋅0) <0⋅001‡
Pathological stage 0⋅204

IA 38 (75) 92 (83⋅6)

IB 8 (16) 14 (12⋅7)

IIA 2 (4) 3 (2⋅7)

IIB 3 (6) 1 (0⋅9)

Adjuvant chemotherapy 3 (6) 1 (0⋅9) 0⋅092

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.). LPG-DFT, laparoscopic proximal gastrectomy with double-flap
technique; LSTG, laparoscopic subtotal gastrectomy; ESD, endoscopic submucosal dissection. †Fisher’s exact test, except ‡Mann–Whitney U test.

the short gastric artery were divided, preserving at least one
branch near the cardia. Depending on tumour location, the
posterior gastric artery was sometimes divided. Intraoper-
ative gastroscopy was performed to confirm the location of
the tumour and marking clips were placed before surgery.
In some patients in whom the boundary of the tumour was
very close to the cardia and/or fornix, cautery markings
were made by endoscopy on the day before surgery for use
as landmarks instead of clips19. The stomach was transected
with an endoscopic linear stapler, leaving a very small rem-
nant stomach. Intraoperative frozen-section analysis of the
proximal surgical margin was performed in all patients.
After lymph node dissection, a Roux-en-Y reconstruction
was created via an antecolic route. Gastrojejunostomy was
performed using an endoscopic linear stapler or a 25-mm
circular stapler with a perorally inserted anvil (Orvil®;
Covidien, Mansfield, Massachusetts, USA). A side-to-side
jejunostomy was performed approximately 30–40 cm dis-
tal from the gastrojejunal anastomosis. Since 2010, after
creation of the anastomosis the Petersen defect has been
closed with a non-absorbable suture.

Outcomes

Clinical, surgical and pathological variables were recorded.
The severity of postoperative complications was evalu-
ated according to the Clavien–Dindo classification20,21.
Early postoperative complications were defined as
Clavien–Dindo grade II or above, occurring within
30 days of surgery. Late postoperative complications that
required surgical or radiological intervention, or drug
treatment, more than 30 days after surgery were regarded
as an adverse event. Indicators of nutritional status,

such as total protein, serum albumin, prealbumin and
haemoglobin levels, were evaluated at 1, 3, 6, 12, 24 and
36 months after surgery. Bodyweight loss was evaluated at
12, 24 and 36 months. Reflux oesophagitis was assessed by
endoscopic examination at 12 and 36 months, according to
the Los Angeles classification22; that of grade B or above
was recorded. The degree of food residue was evaluated
according to the RGB (residue, gastritis, bile) classification,
and the rate of residue of grade 2 or above calculated23.

Survival outcomes were not evaluated in this study. The
main outcome was nutritional status.

Statistical analysis

Baseline characteristics and outcomes of LPG-DFT and
LSTG were compared. Categorical variables were ana-
lysed using Fisher’s exact test. Continuous variables were
analysed with the Mann–Whitney U test. All statistical
analyses were performed with SPSS® version 25 (IBM,
Armonk, New York, USA). P < 0⋅050 was considered to
denote statistical significance.

Results

A total of 377 patients with cT1 N0 M0 gastric cancer
in the upper third of the stomach underwent LPG (69
patients), LSTG (113) or LTG (195) between January
2006 and April 2015. After exclusions, of patients who had
undergone LPG or LSTG, 51 who had LPG-DFT and 110
who underwent LSTG were eligible for inclusion in the
study (Fig. 2).

Patient characteristics are summarized in Table 1.
Patients who had LSTG were significantly younger
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Table 2 Surgical outcomes and postoperative complications according to operative procedure

LPG-DFT (n=51) LSTG (n=110) P†

Duration of surgery (min)* 404 (339–446) 289 (233–325) <0⋅001‡
Blood loss (ml)* 68 (29–120) 30 (20–70) 0⋅007‡
Early postoperative complications

≥Grade III 3 (6) 9 (8⋅2) 0⋅754

≥Grade II 5 (10) 25 (22⋅7) 0⋅053

Anastomotic leakage 0 (0) 0 (0)

Anastomotic bleeding 0 (0) 3 (2⋅7)

Abdominal abscess 2 (4) 6 (5⋅5)

Pancreatic fistula 0 (0) 1 (0⋅9)

Intra-abdominal infection 0 (0) 3 (2⋅7)

Small bowel obstruction 1 (2) 2 (1⋅8)

Enteritis 1 (2) 4 (3⋅6)

Other 1 (2) 6 (5⋅5)

Mortality 0 (0) 0 (0) 1⋅000

Late postoperative complications 8 (16) 15 (13⋅6) 1⋅000

Anastomotic stricture 4 (8) 3 (2⋅7)

Anastomotic ulcer 1 (2) 0 (0)

Remnant stomach ulcer 3 (6) 0 (0)

Internal hernia 0 (0) 4 (3⋅6)

Cholecystitis 0 (0) 4 (3⋅6)

Small bowel obstruction 0 (0) 3 (2⋅7)

Abscess 0 (0) 1 (0⋅9)

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.). LPG-DFT, laparoscopic proximal gastrectomy with double-flap
technique; LSTG, laparoscopic subtotal gastrectomy. †Fisher’s exact test, except ‡Mann–Whitney U test.

than those in the LPG-DFT cohort. The pathological
margin was greater for LPG-DFT than for LSTG. More
patients in the LPG-DFT than in the LSTG group
required additional surgery after ESD. No significant
differences were observed between the groups regarding
sex, BMI, tumour size, pathological stage or adjuvant
chemotherapy.

Surgical data and postoperative complications

Surgical data and postoperative complications are shown in
Table 2. The median duration of surgery was significantly
shorter and intraoperative blood loss lower for LSTG ver-
sus LPG-DFT. No difference in early postoperative com-
plications was observed between the groups. Longer-term
complications varied between LPG-DFT and LSTG:
complications involving the remnant stomach were more
common after LPG-DFT, whereas those not involving the
remnant stomach occurred more frequently after LSTG.
Remnant stomach ulcers, including anastomotic ulcers,
were observed only after LPG-DFT. In contrast, internal
hernia, small bowel obstruction and cholecystitis were
seen only after LSTG. Anastomotic stricture developed in
four patients (8 per cent) who had undergone LPG-DFT

and in three (2⋅7 per cent) who had undergone LSTG.
All such strictures were treated successfully by endo-
scopic balloon dilatation. All patients who developed an
anastomotic stricture after LSTG had undergone gastro-
jejunostomy using a circular stapler, whereas no strictures
developed in side-to-side anastomoses created with a
linear stapler.

Postoperative nutritional status

Nutritional status after surgery after LPG-DFT and
LSTG is shown in Fig. 3. Indicators of nutritional status,
such as total protein, albumin and prealbumin concentra-
tions, did not differ significantly between LPG-DFT and
LSTG groups. The albumin concentration at 36 months
after surgery was higher after LPG-DFT than after
LSTG (4⋅3 versus 4⋅2 g/dl respectively; P = 0⋅028).
Haemoglobin concentration was significantly higher
after LPG-DFT than after LSTG at 1 month (12⋅9 versus
12⋅3 g/dl; P = 0⋅009), 24 months (13⋅4 versus 12⋅8 g/dl;
P = 0⋅045) and 36 months (13⋅5 versus 12⋅8 g/dl; P = 0⋅007)
after surgery (Fig. 3). In contrast, bodyweight loss
did not differ between LPG-DFT and LSTG groups
(Fig. 4).

© 2019 The Authors. www.bjsopen.com BJS Open 2020; 4: 252–259
BJS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd



Laparoscopic proximal versus subtotal gastrectomy in early gastric cancer 257

Fig. 3 Comparison of nutritional status after laparoscopic proximal gastrectomy with double-flap technique and laparoscopic subtotal
gastrectomy with a very small remnant stomach
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Fig. 4 Bodyweight loss after surgery
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Table 3 Endoscopic findings 12 and 36 months after surgery
according to operative procedure

LPG-DFT (n=51) LSTG (n=110) P‡

Reflux oesophagitis

At 12 months 1 (2) 0 of 100 (0)* 0⋅317

At 36 months 2 (4) 1 of 104 (1⋅0)† 0⋅236

Residual foods

At 12 months 1 (2) 0 (0) 0⋅317

At 36 months 1 (2) 0 (0) 0⋅317

Values in parentheses are percentages. Endoscopy was not performed in
*ten and †six patients. LPG-DFT, laparoscopic proximal gastrectomy with
double-flap technique; LSTG, laparoscopic subtotal gastrectomy. ‡Fisher’s
exact test.

Endoscopic findings

Endoscopic findings 12 and 36 months after surgery are
shown in Table 3. Reflux oesophagitis of Los Angeles
grade B or higher was observed in one and two patients
at 12 and 36 months respectively after LPG-DFT. Reflux
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oesophagitis improved after administration of a proton
pump inhibitor. One patient had reflux oesophagitis
12 months after LSTG.

Discussion

Although LPG-DFT and LSTG are opposing procedures
for early gastric cancer in the proximal stomach, short- and
long-term outcomes are similar, with some differences in
terms of late postoperative complications and postgastrec-
tomy anaemia.

LPG-DFT incorporates a simple reconstruction that
does not involve the small intestine. Therefore, small
intestine-related complications, such as internal hernia or
small bowel obstruction, are rare. This is an advantage
of LPG-DFT, because complications associated with the
small intestine may be problematic after laparoscopic
gastrectomy4,7. Postoperative anastomotic stricture is
another possible complication of proximal gastrectomy,
especially after oesophagogastrostomy. Oesophagogastric
anastomotic stricture occurred in 8 per cent of the patients,
a lower rate than that reported in most other studies (range
8⋅2–28⋅0 per cent)7,24–27.

The size and location of the remnant stomach do not
seem to influence the absorption of amino acids, but may
significantly influence iron absorption, which requires ion-
ization of iron by gastric acid secreted by the parietal cells.
Almost all of the gastric body, in which many parietal and
chief cells are located, and the area where the fundic glands
are densely located, are resected in the LSTG procedure,
whereas the LPG-DFT procedure preserves more of the
gastric body. Ingested food that is stored in the remnant
stomach is mixed with acid more after LPG-DFT than
after the LSTG procedure, because food passes through
the stomach in LSTG where there is no reservoir function.
Haemoglobin concentrations in patients who had under-
gone LSTG decreased over time because of decreased iron
uptake, iron storage or decreased vitamin B12 concen-
tration. Iron absorption occurs mainly while food passes
through the duodenum28,29. Food passes through the duo-
denum in LPG-DFT, but not in LSTG. All parietal cells,
which are necessary for uptake of vitamin B12 in the termi-
nal ileum, are resected in LSTG. Because iron and vitamin
B12 concentrations were not measured in all patients, it is
not clear what most influenced development of anaemia in
the patients who had LSTG. The main problem following
proximal gastrectomy is reflux oesophagitis, which was rare
in both groups.

The present study has several limitations, including its
retrospective nature and limited generalizability, as data
are from a single centre. Symptoms were not assessed,

although they are important in evaluating outcomes after
gastrectomy. To evaluate postgastrectomy outcomes more
precisely and compare outcomes between different proce-
dures, assessment of symptoms using a questionnaire such
as the Postgastrectomy Syndrome Assessment Scale 45 or
the European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire C30 should be con-
sidered in prospective studies30,31. Indications for perform-
ing LPG-DFT and LSTG were different. No patient with
disease located in the fundus or oesophagogastric junction
had LSTG, although patients with disease in the proxi-
mal stomach could potentially undergo either LPG-DFT
or LPG.
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