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Abstract Laparoscopy-assisted proximal gastrectomy (LAPG) with esophagogastrostomy using a novel Bopen-door^ technique
was introduced recently, with the aim of preventing gastroesophageal reflux. However, quantitate assessment of gastroesophageal
reflux after this surgery has not been performed till date. The aims of the current study were to investigate the safety and
feasibility of this operation and to elucidate the postoperative reflux status. Twenty consecutive patients (18 men) with
(y)cStage I gastric cancer in the upper third of the stomach who underwent LAPG at Kitasato University Hospital from
May 2015 through September 2016 were retrospectively reviewed. We performed 24-h impedance-pH monitoring 3 months
after surgery for the first eight patients and analyzed the postoperative reflux status. Median operation time was 333 min, while
median anastomotic time was 81 min. None of the 20 patients experienced anastomotic leakage while two patients experienced
anastomotic stricture requiring endoscopic balloon dilatation. No patient experienced heartburn without antacid drugs. During
the 24-h impedance-pH monitoring, all but one patient had normal gastroesophageal acid reflux with the acid percent time of
<1.1% and reflux percent time of <1.4%. One patient with marginally abnormal postoperative gastroesophageal reflux had a
normal DeMeester score of 3.0. Our results showed that esophagogastrostomy using the Bopen-door^ technique is a safe and
feasible procedure for LAPG. The degree of gastroesophageal reflux was acceptable using this technique. Randomized controlled
trials with long-term follow-ups are required to confirm that this technique would be superior to the others.
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Introduction

Proximal gastrectomy is recognized as an alternative
treatment to total gastrectomy for cT1 upper third gas-
tric cancer that is beyond the indication for endoscopic
submucosal dissection.1, 2 There are mainly three recon-
struction methods: esophagogastrostomy, double-tract re-
construction, and jejunal interposition. These methods
have both advantages and disadvantages, because of
which there is no standard reconstruction method for
this operation. In Japan, where almost half of the pa-
tients with gastric cancer are diagnosed with cT1
cancer,3 laparoscopic surgery is performed for these pa-
tients who are also beyond the scope of performing
endoscopic submucosal dissection. For patients with up-
per third cT1 gastric cancer, laparoscopy-assisted proxi-
mal gastrectomy (LAPG) is occasionally performed in
institutions that are well experienced in laparoscopic
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surgery. In such cases, esophagogastrostomy is preferred
because of its simplicity in anastomosis. However, the
procedure of esophagogastrostomy has an intrinsic dis-
advantage of reflux esophagitis caused by gastroesopha-
geal reflux. In fact, we had sometimes performed
esophagogastrostomy without any method of preventing
the reflux for technical reasons. Almost all these pa-
tients suffered from severe reflux esophagitis graded as
D in the Los Angeles classification with standard dose
administration of proton pump inhibitors. Therefore, a
method for preventing the reflux should be added to
this reconstruction procedure. We have actively per-
formed LAPG for cT1 upper third gastric cancer.4, 5

Furthermore, we previously reported that, although the
incidence rate of anastomotic stricture was higher in
LAPG, it might be superior to LATG in terms of post-
operative nutritional status such as hemoglobin levels.5

Thus, LAPG may be acceptable if anastomotic stricture
can be circumvented without the increase in gastro-
esophageal reflux.

More recently, Kamikawa procedure or the Bopen-door^
technique was introduced and performed at certain institutions
for esophagogastrostomy during LAPG.6, 7 It is technically
challenging, but gastroesophageal reflux was reported to be
nearly non-existent after this operation. However, functional
analysis of gastroesophageal reflux is yet to be adequately
performed using multichannel intraluminal impedance-pH
testing after this operation.

Therefore, we aimed to investigate the safety and feasibility
of this operation as well as elucidate the postoperative reflux
status.

Methods

This study was conducted in accordance with the 1995
Declaration of Helsinki (as revised in Edinburgh 2000) and
was approved by the of Kitasato University School of
Medicine Research Ethics Committee. The requirement for
informed consent was waived because of the study’s retro-
spective design.

Patients

Twenty consecutive patients (18 men) underwent LAPG at
Kitasato University Hospital from May 2015 through
September 2016. All patients were diagnosed with (y)cStage
I gastric cancer in the upper third of their stomach. The diag-
nosis was based on preoperative examinations including en-
doscopy, barium swallow, and computed tomography. All op-
erations were performed by KH or HM (qualified surgeons,
certified by Japanese society of endoscopic surgery).

Surgical Techniques

Proximal Gastrectomy

A 12-mm umbilical camera port was inserted. The abdominal
cavity was insufflated with carbon dioxide to maintain an
intra-abdominal pressure of 8 mmHg. A flexible 3D fiber
optic laparoscope with a 10-mm tip (OLYMPUS
ENDOEYE FLEX 3D; Olympus Optical Co., Ltd., Tokyo,
Japan) was inserted through this port. A suture placed around
the falciform ligament was pulled out of the abdomen to ele-
vate the liver. Trocars of size 12 mmwere placed in the upper-
left side and lower-right side of the abdomen, while 5-mm
trocars were placed in the lower-left side and upper-right side
of the abdomen. The Nathanson liver retractor was placed to
elevate the left lobe of liver (Fig. 1).

The extent of lymph node dissection was determined ac-
cording to the 2010 Japanese gastric cancer treatment
guidelines.8 The lymph nodes along the greater and lesser
curvatures of the stomach (the right pericardial lymph nodes,
left pericardial lymph nodes, lymph nodes along the lesser
curvature, lymph nodes along the short gastric vessels, and
the lymph nodes along the left gastroepiploic vessels) were
dissected. In addition, the lymph nodes along the left gastric
artery (No. 7), along the common hepatic artery (No. 8a),
around the celiac artery (No. 9), and along the proximal splen-
ic artery (No. 11p) were dissected to complete D1+ dissection.

After completing lymph node dissection, the esophagus
was transected with a linear stapler. A 4-cm mini-laparotomy
was performed in the umbilicus to remove the stomach. The
clips on the distal side of lesion were palpated, and the stom-
ach was transected perpendicularly to its long axis at about 2–
3 cm from the clips.

Esophagogastrostomy

Creating a Bdouble flap^ on a remnant stomach (Video 1)
After removal of the tumor, Bdouble door^ seromuscular flaps
were created at the anterior wall of the remnant stomach. The
dimensions of the Bwindow^ were 2.5 cm × 3.5 cm
(width × height) (Fig. 2a). The superior end of the mucosal
Bwindow^ was positioned 3 cm below the top of the remnant
stomach. Using an electric cautery, the submucosal layer was
carefully detached exposing the mucosa, which resulted in
creation of the seromuscular flaps (Fig. 2b).

Anastomosis (Video 2) At first, the remnant stomach was
pulled up to the esophageal hiatus to be positioned posteriorly
to the esophagus. The superior end of mucosal Bwindow^was
fixed to the esophagus at 4 cm above the cut end using four
stitches. Second, the staple line of resected esophagus was
removed to open the esophageal orifice following which; in-
ferior end of the mucosal Bwindow^ was opened. Third,
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continuous suturing was performed between the posterior wall
of the esophagus and superior opening of mucosa on the rem-
nant stomach using V-Loc™ 180 (Covidien Japan Co., Ltd.,
Tokyo, Japan) (Fig. 3a). For the suturing, we used a
CLICKline® KOH macro needle holder with axial handle in
length of 33 cm (26173KAL) (Karl Storz Co. Ltd., Tuttlingen,
Germany) and a CLICKline® KELLY Dissecting and
Grasping forceps, long, Maryland in length of 36 cm (Karl
Storz Co. Ltd., Tuttlingen, Germany) in right and left hands,
respectively. Subsequently, interrupted sutures were placed
between the anterior wall of esophageal mucosa and the infe-
rior opening of mucosa on the remnant stomach using 3-0
PDS® II (Ethicon Japan Co., Ltd., Tokyo, Japan).
Continuous suturing was performed between muscular layer
of the esophagus and seromuscular layer of the stomach using

V-Loc™ 180 (Fig. 3b). Finally, the inferior ends on both sides
of the seromuscular flaps were fixed at a position 1 cm below
the inferior end of the mucosal Bwindow .̂ Both side ends of
the lower third of flaps were sutured upwards. This allowed
the anastomosis to be completely covered by flaps. Next, both
ends of the flaps were separately sutured to the esophagus to
reduce tension between the flaps (Fig. 3c). Pyloroplasty was
not added in any of the cases.

Postoperative Management

An upper gastrointestinal swallow test was performed on post-
operative day 3. Water intake began on postoperative day 2
and oral feeding on postoperative day 3. A proton pump in-
hibitor (PPI) was administered for 3 months after surgery. The
first eight patients underwent 24-h impedance-pH monitoring
using ambulatory multichannel intraluminal impedance and a
pH monitoring system (Sleuth; Sandhill Scientific, Inc.,
Highland Ranch, CO, USA) and high resolution manometry
using Starlet HRM system (Star Medical, Inc, Tokyo, Japan)
at 3 months after the surgery. A DeMeester score9 which is a
global measure of esophageal acid exposure was calculated to
quantify gastroesophageal reflux after this operation.
Administration of PPI was terminated at 2 weeks before the
tests. The PPI administration was terminated if no abnormal
gastroesophageal acid reflux was detected.

Results

The patients’ characteristics and surgical outcomes are de-
scribed in Tables 1 and 2, respectively. The median operation
time was 333 min, while the median anastomotic time was
81min. None of the 20 patients experienced anastomotic leak-
age, while two patients experienced anastomotic stricture re-
quiring endoscopic balloon dilatation. Postoperative contrast
media swallow test showed no regurgitation into the

Fig. 2 Creation of Bdouble door^ seromuscular flaps on the anterior wall
of the remnant stomach. The dimensions of the Bwindow^ are
2.5 cm × 3.5 cm (width × height) and the superior end of mucosal

Bwindow^ is positioned 3 cm below the top of the remnant stomach (a).
The seromuscular flaps were created after dissection of the submucosal
layer (b)

Fig. 1 The location and sizes of the trocar sites
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esophagus when the patients lay down or even when they
were placed in the Trendelenburg position (Video 3). A
pseudofornix was formed after the operation via gastric en-
doscopy (Fig. 4).

Of the eight patients who underwent 24-h impedance-pH
monitoring at 3 months after surgery, no patient experienced
heartburn, while four experienced sticky feelings at the site of
anastomosis. Six patients maintained acid secretion capacity
in the stomach (Table 3). A representative waveform of a
patient (case 1) is shown in Fig. 5. All but one patient (case
3) had normal gastroesophageal acid reflux with the acid per-
cent time of <1.1% and all reflux percent time of <1.4%. One

patient (case 3) who had marginally abnormal, postoperative
gastroesophageal reflux had a normal DeMeester score of 3.0.
Six months after the surgery, no patient required antacid drugs
including PPIs in outpatient clinics. The median pressure at
the site of anastomosis was 20.5 mmHg (range, 13.5–
36.8mmHg) which is between the 5th and the 95th percentiles
of the resting EGJ pressure of normal subjects.10

Discussion

In this article, we present safety and feasibility of performing
LAPG with esophagogastrostomy using the Bopen-door^
technique. Moreover, to the best of our knowledge, we are
the first group to demonstrate satisfactory clinical outcomes
along with physiological functions using this technique.

Our study shows that esophagogastrostomy using the
Bopen-door^ technique for LAPG was safe and feasible.
However, the median operation time for this procedure was
as long as 333 min. We have previously reported that LAPG
with esophagogastrostomy using OrVil™ had a median oper-
ation time of 280 min, which is significantly shorter to the
Bopen-door technique (P = 0.002, data not shown). If surgeons

Table 1 Patient characteristics

n = 20

Age, median (range) 72.5 (38–88)

Male vs female 18 vs 2

BMI (kg/m2), median (range) 24.0 (19.2–29.3)

Past history of laparotomy 5

Appendectomy 2

APR 1

Open cholecystectomy 1

ATH 1

ASA-PS 1/2/3 2/14/4

Pathological size, median (range) 2.2 (0–5.5)

(y)pT

0/1a/1b/2 1/3/12/3

pN

0/1/2 16/2/1

pStage

0/IA/IB/IIB 1/14/3/1

Histology

Differentiated 18

Undifferentiated 2

BMI body mass index, APR abdominoperineal resection of the rectum,
ATH abdominal total hysterectomy, ASA American Society of
Anesthesiologists Physical Status

Fig. 3 Esophagogastrostomy using the Bopen-door^ technique.
Continuous suturing between posterior wall of the esophagus and
superior opening of the mucosa on the remnant stomach using V-Loc™
180 (Covidien Japan Co., Ltd., Tokyo, Japan) (a). Continuous suturing

between the muscular layer of esophagus and the seromuscular layer of
stomach using V-Loc™ 180 (b). Completion of esophagogastrostomy
using the Bopen-door^ technique (c)

Table 2 Surgical outcomes

n = 20

Operation time (min) 333 (247–614)

Anastomotic time (min) 81 (61–127)

Blood loss (ml) 100 (0–540)

No. of dissected lymph nodes 27 (5–54)

Complications

Anastomotic stricture 2

Pleural effusion 1

Small bowel obstruction 1

Days of postoperative hospital stay 9 (8–29)

Descriptive data from count and continuous variables are expressed as
median (range)
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who participated in this study had been more proficient in
laparoscopic suturing, operation time would not have been
so long. Improving surgeon’s skill in suturing could overcome
this drawback.

This procedure is not so easy for beginners in laparoscopic
surgery to perform properly. In this study, all surgeries were
performed by two qualified surgeons who were certified by
endoscopic surgical skill qualification system conducted by
Japan Society for Endoscopic Surgery.11 To become the qual-
ified surgeon, sufficient technique for suturing and knot tying
is mandatory. This surgery is not so difficult to perform by
surgeons who have the same level of skills as the qualified
surgeons. Indeed, we did not perform this surgery before the
20 patients.

There are some portions to be difficult to learn. First, when
raising the seromuscular flaps, we might put a hole in the
gastric mucosa. To avoid this, we injected normal saline into
submucosal layer to raise the seromuscular flaps safely.

Secondly, when performing continuous suturing between the
posterior wall of the esophagus and superior opening of mu-
cosa on the remnant stomach, it is difficult to confirm a mus-
cular layer of the posterior wall of the esophagus. To suture the
whole layer of the esophagus properly during the continuous
suturing, we put one stitch at the middle of the posterior cut
line of the esophagus to put esophageal mucosal and muscular
layers together. That could prevent us from suturing between
only the mucosal layers of the esophagus and the stomach
during continuous suturing.

We performed most of the anastomosis using running su-
tures with V-Loc™ 180. These sutures did not require liga-
tion, which contributed to saving the anastomotic time. On the
other hand, the more one pulls the thread, the shorter the
suture line becomes, which may result in the anastomotic
stricture. Indeed, two patients (10%) required endoscopic bal-
loon dilatation and four patients complained of sticky feelings
at the site of anastomosis at 3 months after the surgery.
Esophagogastrostomy in the proximal gastrectomy sometimes
induces anastomotic strictures.We have reported that the stric-
ture rate in esophagogastrostomy using OrVil™ is as high as
28%.5 We speculated that if the disadvantage of anastomotic
stricture in LAPG could be overcome, LAPG would be a
superior method compared to LATG. The Bopen-door^ tech-
niquemight make it possible for LAPG to be performedwith a
lesser rate of anastomotic stricture. Therefore, we believe that
LAPG with esophagogastrostomy using the Bopen-door^
technique could become the standard treatment for cT1N0
upper third gastric cancer.

In Japan, standard gastrectomy is recommended for gastric
cancer staged as more advanced than cT1N0 (cStage IA).8

Standard gastrectomy involves resection of at least two thirds
of the stomach, that is, distal gastrectomy or total gastrectomy,
with a D2 lymph node dissection. For upper third gastric can-
cer, standard gastrectomy is total gastrectomy, whereas prox-
imal gastrectomy is not recommended for gastric cancer

Table 3 Results of the 24-h impedance-pH monitoring test and symptoms 3 months after surgery

Age Sex HP
infection

Gastric pH%Time
pH <4.0

Acid percent time
(<1.1)

Non acid
percent time

All reflux percent
time (<1.4)

DeMeester score
(<14.7)

Heartburn Sticky
feelings

1 50 Male No 94.5 0 0.6 0.7 0.8 No Yes

2 65 Male No 62.1 0 0.3 0.3 0.8 No Yes

3 74 Male No 76.8 2.2 0.7 2.9 3 No No

4 76 Male No 91.2 0.5 0 0.5 6.4 No No

5 73 Male No 89.8 0.9 0.2 1.1 5.9 No Yes

6 85 Male Yes 52.8 0 0.5 0.5 0.8 No No

7 81 Male Yes 0 0 0.4 0.4 0.8 No No

8 81 Male Yes 0 0 0.4 0.4 0.8 No Yes

The values in parenthesis represent the normal range of each category

MII multichannel intraluminal impedance, HP Helicobacter pylori

Fig. 4 Endoscopic retroflex view of the remnant stomach 6 months after
the operation. A pseudofornix was created to prevent the
gastroesophageal reflux
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staged as more advanced than cT1N0. Therefore, we applied
this surgery only for patients with cT1N0.

The Bopen-door^ technique in open proximal gastrectomy
has been performed at a few institutions in Japan. With recent
advancements in laparoscopic surgery, gastrectomy has been
increasingly performed laparoscopically and reported to be
safe and feasible.12 However, there has been no report on
postoperative physiological functions including gastroesoph-
ageal reflux. Herein, we report satisfactory physiological
function after LAPG with the Bopen-door^ technique for the
first time. The reason behind prevention of the reflux may be
that the seromuscular double flaps together with the new fun-
dus (pseudofornix, Fig. 4) of remnant stomach and the resid-
ual food could shut the anastomotic orifice and work as a
backflow preventer, particularly when patients lie down. We
believe that this technique will prevail in institutions special-
ized in laparoscopic gastrectomy.

Our study has several limitations. First, this is a retrospec-
tive single-center study with short time follow-up, and number
of recruited patients is as small as 20 and only 8 patients
underwent 24-h impedance-pH monitoring test. Secondly, al-
though short-term outcomes of the Bopen-door^ technique
were fair, the long-term outcomes, in particular the gastro-
esophageal reflux are unknown. Thirdly, this surgery was per-
formed for the Japanese patients who had relatively small and
thin physique. In western countries, where most of the patients
are large and obese, the esophagus could not be brought suf-
ficiently into the abdomen. Indeed, we were unable to bring
the esophagus into the abdomen sufficiently for one relatively
obese patient. For this patient, we opened esophageal hiatus
widely by dissecting the left and right crus of the diaphragm
and performed anastomosis at the mediastinum. Though the
operation took a long time of 614 min, we were able to per-
form this technique successfully. Therefore, skilled surgeons
could perform this technique successfully in western
countries.

Conclusion

In conclusion, though esophagogastrostomy using the Bopen-
door^ technique takes a longer time, it is a safe and feasible
procedure for LAPG. The degree of gastroesophageal reflux
was acceptable in this technique. We believe that this anasto-
motic technique is promising for performing LAPG with
esophagogastrostomy. Randomized controlled trials with
long-term follow-up are required to confirm the superiority
of this technique over others.
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