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Abstract

Background Valvuloplastic esophagogastrostomy (VEG) using the double flap technique (DFT) after proximal gastrectomy
(PG) represents a promising procedure for the prevention of reflux oesophagitis. We aimed to retrospectively investigate
the efficacy of minimally invasive PG followed by VEG-DFT in preventing reflux oesophagitis among patients who require
intra-mediastinal anastomosis.

Methods A total of 80 patients who underwent reconstruction with DFT after LPG from November 2013 to January 2021
were enrolled in the present study. Data were obtained through a review of our prospectively maintained database. At 1 year
after surgery, multivariate analyses were performed to identify risk factors for gastroesophageal reflux disease of Los Angeles
(LA) classification grade B or higher.

Results The incidence of LA grade B or higher reflux oesophagitis 1 year after surgery was 10%. Multivariate analyses
revealed that the longitudinal length of the resected oesophagus of >20 mm was the only significant risk factor for reflux
oesophagitis. Patients with a longitudinal length of the resected oesophagus > 20 mm (group-L, n=35) had a significantly
longer total operative time and a higher rate of complications within 30 days of surgery than those with a length of <20 mm
(group-S, n=45). LA grade B or higher reflux oesophagitis was significantly higher in group-L than in group-S (20% vs.
2.2%; P=0.011).

Conclusions There is a need for surgical procedures with improved efficacy for the prevention of reflux oesophagitis in
patients requiring oesophageal resection of > 20-mm.

Keywords Minimally invasive surgical procedure - Gastrectomy - Postoperative complications - Gastroesophageal reflux

Proximal gastrectomy (PG) has recently been adopted as a  sphincter and the acute angle of His are lost, increasing
function-preserving surgery for selected patients with early ~ the postoperative risk of reflux oesophagitis [2]. There-
proximal gastric cancer or adenocarcinoma of the oesoph-  fore, reconstruction with preservation of the anti-reflux
agogastric junction [1]. After PG, the lower oesophageal = mechanism should be emphasised after PG. Valvuloplastic
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esophagogastrostomy (VEG) using the double flap technique
(DFT) represents a promising procedure for the prevention
of gastroesophageal reflux [3]. Several studies have dem-
onstrated the efficacy of VEG using DFT, with reported
incidences of reflux oesophagitis at 1 year postoperatively
ranging between 0 and 6% [4-6]. In addition, studies using
24 h impedance—pH monitoring have demonstrated the anti-
reflux efficacy of this procedure [7]. However, the use of
minimally invasive surgery (MIS) for this procedure is tech-
nically demanding due to the presence of an anastomotic
leakage and/or stricture [4—6].

In cases of oesophagogastric junction (EGJ) can-
cer<6 cm in diameter, lower oesophagectomy (LE) and
PG are currently regarded as the most suitable surgical
procedures due to the need for lymph node dissection [8].
However, optimal reconstructive procedures after LE and
PG have yet to be established. In addition to the loss of the
lower oesophageal sphincter and the acute angle of His, the
negative thoracic pressure of the mediastinal space increases
the postoperative risk of reflux oesophagitis [4]. A recent
multicentre retrospective study reported deteriorated clinical
efficacy of intra-mediastinal VEG-DFT in preventing reflux
oesophagitis compared to intra-abdominal VEG-DFT among
patients with EGJ cancer [4].

At our institute, MIS is the standard radical procedure
for GC and EGIJ cancer [9, 10]. We previously demonstrated
comparable short- and long-term outcomes between laparo-
scopic D2 gastrectomy and open D2 gastrectomy [11, 12].
Minimally invasive PG followed by VEG-DFT was intro-
duced in 2013, with the feasibility of robotic VEG-DFT
previously demonstrated [13]. However, studies on the effi-
cacy of these approaches in preventing reflux oesophagitis
have been limited, particularly regarding intra-mediastinal
VEG-DFT. In the present study, we aimed to investigate the
efficacy of minimally invasive PG followed by VEG-DFT
in preventing reflux oesophagitis in patients requiring intra-
mediastinal anastomosis.

Materials and methods
Patients

The present study comprised 1256 consecutive patients
who underwent gastrectomy for primary gastric malignan-
cies including gastric cancer, gastric gastrointestinal stro-
mal tumour (GIST) and adenocarcinoma of the EGJ with
oesophageal invasion of less than 3 cm at Fujita Health
University Hospital between November 2013 and January
2021. During the present study period, 123 patients under-
went PG. A total of 80 patients were enrolled in the present
study after the exclusion of 43 patients for the following rea-
sons: open surgery (n=1); other reconstructive procedures,

including the overlap method (n=16), double tract recon-
struction (n=9) or modified side overlap with fundoplica-
tion by Yamashita (n=11) [14]; gastric GIST (n=1) and
follow-up period of < 1 year (n=35). The patient selection
process is summarised in Fig. 1. Clinical tumour staging
was determined according to the 15th edition of the Japanese
Classification of Gastric Carcinoma [1]. Adenocarcinoma of
the EGJ was diagnosed according to the Nishi classification
[1]. Cancer staging was performed based on the findings of
contrast-enhanced computed tomography, oesophago-gas-
trography, esophagogastroduodenoscopy and endosonog-
raphy prior to the initiation of treatment and, when appli-
cable, after the completion of chemotherapy as previously
described [10, 13]. Neoadjuvant chemotherapy (80-mg/m>
S~! on days 1-21 4 60-mg/m? cisplatin on day 8 or 80-mg/
m? S~! on days 1-14 + 100-mg/m? oxaliplatin on day 1) was
performed in patients with clinical 7> 2, tumour size >5 cm,
and/or swollen locoregional lymph nodes > 1.5 cm [15].
The extent of systematic lymph node (LN) dissection was
determined based on the Japanese Gastric Cancer Treat-
ment Guidelines [1, 8, 16]. Standard clinical procedures
at our institution including detailed indications for radical
gastrectomy, assessment of physical function, perioperative
management of radical gastrectomy, extent of gastric resec-
tion and LN dissection and postoperative chemotherapy in
addition to oncologic follow-up are described elsewhere
[10, 13, 15, 17, 18]. We routinely perform the preoperative

Gastrectomy for primary gastric malignancies: 1256
(2013.11-2021.01)

PG: 123

*  Open:1

*  Other reconstruction 36
*  Overlap: 16
*  Double tract: 9
+ SOFY: 11

Minimally invasive PG followed by VEG-DFT: 86

*  Follow-up period <ly: 5
+ GIST1

80

Fig. 1 Flow diagram of the study selection process. PG proximal gas-
trectomy, SOFY side overlap with fundoplication by Yamashita, VEG-
DFT valvuloplastic esophagogastrostomy using the double flap tech-
nique, GIST gastrointestinal stromal tumour
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nutritional screening, using the serum albumin levels from
the initial visit to our department. When the serum albumin
levels are < 3.5 g/dl, the nutritional support team initiates
nutritional guidance and dietary counselling. The present
study was approved by the Institutional Review Board of the
Fujita Health University. Patients were fully involved in the
decision-making process regarding their surgical procedures,
and informed consent was obtained from all patients.

Decisions regarding procedure selection

Patients were involved in all stages of decision-making pro-
cess and informed consent was obtained from all patients.
However, decision-making regarding patient procedures
during the study period was affected by the chronologi-
cally changed circumstances surrounding national medical
insurance coverage. RG was not included in national medi-
cal insurance coverage in Japan between January 2009 and
March 2018, during which period patients were charged
2,200,000 JPY upon admission for RG [19]. All patients
were equally offered robotic surgery regardless of back-
ground, including physical and oncological status. Hence,
26 patients who agreed to uninsured use of the da Vinci Sur-
gical System (DVSS) underwent RG, whereas the remaining
33 patients who refused uninsured use of the DVSS under-
went LG with health insurance coverage. Between October
2014 and January 2017, we conducted a multi-institutional,
single-arm prospective clinical study approved for Advanced
Medical Technology (‘Senshiniryo’) B [20]. Accordingly,
two patients with cStage I/II GC who were enrolled in our
institution’s Senshiniryo B trial were also included in the
present analysis. Since its approval for national medical
insurance coverage based on the outcomes of the Senshin-
iryo B trial in April 2018 [20], RG has been the first choice
as the standard radical gastrectomy for GC at our institution
[22]. Insured RPG has been performed in all patients (19
patients) requiring PG.

Surgical operator selection

Criteria for selecting the surgical operator were determined
according to our basic policy as previously described [21].
All surgeons performing the minimally invasive PG proce-
dure had qualifications from the Endoscopic Surgical Skill
Qualification System (ESSQS), which was launched in 2004
by the Japan Society for Endoscopic Surgery (JSES) to
assess surgical skill by two separate judges using an unedited
operative video in a double-blinded fashion according to
strict criteria. In addition, applicants must fulfil the follow-
ing requirements: certification by the Japan Surgical Society
Board; attendance at a JSES scientific meeting, educational
seminars or workshops using animals (> 14 points); con-
ducted > 50 simple laparoscopic surgical procedures or > 20
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complex laparoscopic procedures; have recommendations
from two instructors; and have authorship on more than two
original studies in endoscopic surgery and have presented
more than three reports at scientific meetings [22]. I.U.,
who had performed over 1500 LG and 500 RG procedures,
selected surgical operators based on the skill level of the
surgical operator and patient condition and supervised all
LG and RG procedures.

Surgical procedure

The entire process of laparoscopic or robotic PG with nodal
dissection was performed using a five-port system with
Nathanson hook liver retractors (Yufu Itonaga, Tokyo,
Japan) as previously described [13]. To further widen the
operative field around the oesophageal hiatus, the hepatic
left lateral segment was mobilised and the oesophageal hia-
tus was dissected if necessary [23]. PG was performed as
previously described [13].

Trans-hiatal lower mediastinal dissection
and oesophageal resection

After the PG procedure, trans-hiatal lower mediastinal
dissection was performed in patients diagnosed with EGJ
cancer according to the Japanese Gastric Cancer Treat-
ment Guidelines [1, 8, 16]. After circumferentially dis-
secting around the oesophagus, the central tendon of the
diaphragm and bilateral crura were divided. Then, adipose
tissues containing the no. 111 LNs of the anterior side of
the oesophagus were dissected until the pericardium was
revealed (Fig. 2a). The adipose tissue of the dorsal side of
oesophagus (no. 112ao LNs) was dissected from the muscle
fibres of the oesophageal hiatus along the surface layer of the
aorta while ensuring preservation of the thoracic duct and
azygous vein (Fig. 2b). The adipose tissue containing the no.
110+ 112pulR LNs was dissected along the right parietal
pleura, which was preserved as much as possible (Fig. 2¢).
Then, the left parietal pleura was intentionally incised and
the left thoracic cavity was widely opened to the mediastinal
space. After then, the left pulmonary ligament was incised
and the adipose tissue containing the no. 112pullL LNs was
dissected (Fig. 2d). After the dissected adipose tissue was
separated from the oesophagus, the tumour location was
confirmed by intraoperative plain radiography to detect
the endoscopic clip marking the oral margin of the tumour.
Finally, the lower oesophagus was transected using a linear
stapler through the right lower abdominal port (Fig. 2e) or
the additional port inserted into the left 7th intercostal space
(at the level of the xiphoid process; Fig. 2f). The tumour-
negative status was confirmed in the cut end of a frozen
Section [24].
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Fig.2 a-d Landmarks and representative findings for trans-hiatal
lower mediastinal dissection. a The ventral border was the pericar-
dium. b The dorsal border was the surface layer of the aorta. ¢ The
right border was the parietal pleura. d The left border was the left

VEG-DFT reconstruction

After PG, VEG-DFT reconstruction was performed
according to our previous report [13]. Briefly, transverse
H-shaped seromuscular flaps with 2.5 cm width and 3.5 cm
height were extracorporeally created at the anterior wall
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pulmonary ligament. e—f Transection of the oesophagus by a linear
stapler. e Transection through the right lower abdominal port. f Tran-
section through the intercostal port

of the remnant stomach. After the seromuscular flap was
created, a mucosal window was opened 1 cm above the
caudal end of the seromuscular flap. Then, the stomach
was inserted into the abdomen and the posterior aspect
of the oesophagus 4 cm above the cut end was fixed to
the cranial end of the mucosal window (Fig. 3a). Next,
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Fig. 3 Intra-mediastinal VEG using the double flap technique. a Fixa-
tion of the posterior wall of the oesophagus and the superior end of
the mucosal window. b Full-thickness sutures between the oesopha-

the staple line at the cut end was removed and continuous
suturing using an absorbable barbed suture was performed
between the posterior wall of the oesophagus and the cra-
nial opening of the mucosa of the remnant stomach. Then,
continuous full-thickness sutures were placed between the
anterior wall of the oesophagus and the caudal opening of
the remnant stomach (Fig. 3b). Finally, the anastomosis
was covered by the seromuscular flaps (Fig. 3c). After
completion of the anastomosis, the oesophagus was fixed
firmly to the hiatus. When the anastomosis had been cre-
ated in the mediastinum, the diaphragm was closed with
the body of the stomach fixed circumferentially to the hia-
tus using the nonabsorbable sutures to avoid postopera-
tive artificial hiatal hernia (Fig. 3d). To avoid postopera-
tive artificial hiatal hernia, A closed drain was routinely
inserted near the anastomosis. Additional pyloroplasty was
not performed in any cases included in the present study.
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gus and the remnant stomach. ¢ Coverage by the seromuscular flaps.
d Circumferential fixation of the anastomotic site into the hiatus

Postoperative management

A nasogastric tube was kept overnight in patients who had
intra-mediastinal anastomosis but not in patients who had
intra-abdominal anastomosis. Postoperative care was pro-
vided to all patients according to the same clinical proto-
col. Walking and drinking water were resumed on postop-
erative day (POD) 1, soft meals were resumed on POD 3
after examination of the anastomosis using a water-soluble
contrast (50 mL of meglumine sodium amidotrizoate), the
closed drain was removed on POD 4 and hospital discharge
was permitted on POD 7 for patients with a favourable post-
operative course. All patients who underwent VEG-DFT
were routinely administered an oral proton pump inhibitor
(PPI) for several months after surgery. Discontinuation of
PPI administration was determined according to symptoms
related to reflux oesophagitis and at patient request.
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Postoperative endoscopic follow-up

Postoperative esophagogastroduodenoscopy was performed
at 6-month intervals for the first year after surgery and every
year thereafter to evaluate the anastomotic passage and the
grade of reflux oesophagitis and to monitor for local recur-
rence and metachronous multicentre or multiple cancers.
Patients complaining of dysphagia or heartburn were offered
additional esophagogastroduodenoscopy. The severity of
reflux oesophagitis was determined according to the modi-
fied Los Angeles (LA) Classification System. [25].

Retrospective video review

To identify surgical risk factors for reflux oesophagitis, non-
edited videos were retrospectively reviewed by two surgeons
(K.M. and S.S.). The following parameters were investi-
gated: (1) incision of the pleura; (2) success rate of fixation
at 4 cm from the distal oesophageal stump; and (3) success
rate for insertion of a sufficient volume of the remnant stom-
ach into the opened intra-mediastinal space for formation
of the pseudo-fornix to stabilise the His angle. Two expert
ESSQS-qualified surgeons (I.U. and K.S.) supervised these
investigations.

Measurements

Data were obtained by review of our prospectively main-
tained database. The primary outcome of this single-centre
retrospective analysis was the incidence of gastroesophageal
reflux disease LA grade B or severer at one year postop-
eratively. Clinicopathological characteristics and surgical
outcomes, including operative time, estimated blood loss,
LN dissection extent, number of dissected lymph nodes, rate
of conversion to laparotomy, mortality rate, complication
rate within 30 days and over 30 days after surgery, length
of postoperative hospitalisation and symptoms at one year
postoperatively, were evaluated as secondary endpoints. All
postoperative complications of grade Illa or higher based
on the Clavien—-Dindo classification were recorded [26] and
were classified in accordance with the Japan Clinical Oncol-
ogy Group Postoperative Complication Criteria [27]. The
total operative time was defined as the time from the first
abdominal incision until complete wound closure. Blood
loss was estimated by weighing suctioned blood and gauze
pieces with absorbed blood. The longitudinal length of the
resected oesophagus was measured from intraoperative vid-
eos and resected specimens.

Statistical analyses

All analyses were performed using IBM SPSS Statistics 26
(IBM Corporation, Armonk, NY, USA). Between-group

comparisons were performed using the y” test for categorial
variables or the Mann—Whitney U test for continuous vari-
ables. Univariate analysis using the y? test was performed,
followed by multivariate logistic regression of factors with
a P value of <0.05 during univariate analysis, to identify
factors contributing to the occurrence of reflux oesophagitis
and postoperative anastomotic stricture. The median value
was used to define the cutoff values for each factor during
univariate and multivariate analyses. There were more than
seven events per confounder variable to avoid the problem
of overfitting. Data were expressed as medians with ranges
or odds ratios (OR) with 95% confidence intervals unless
otherwise noted. Two-tailed P-values <0.05 were considered
statistically significant.

Results

Clinicopathological features and surgical outcomes
after minimally invasive proximal gastrectomy,
followed by VEG-DFT

Table 1 shows the patient characteristics and surgical out-
comes for the entire cohort of this study and the compari-
son of robotic and laparoscopic procedures. In this cohort,
56 patients have comorbid conditions; hypertension in 28
(35%), diabetes mellitus in 23 (28.7%), hyperlipidemia in
12 (15%), ischemic heart disease in 11 (13.7%), arrythmia
in 6 (7.5%), pulmonary disease in 8 (10%), and cerebrovas-
cular disease in 5 (6.2%). Five (6.2%) patients with preop-
erative serum albumin levels < 3.5 g/dl received preopera-
tive nutritional support from the nutritional support team.
All patients completed RO resection. There were no sta-
tistically significant differences in clinicopathological fea-
tures between the two groups, including the longitudinal
length of the resected oesophagus (entire cohort, 20 [0-80]
mm; robotic vs. laparoscopic, 20 [0—60] vs. 20 [0-40],
P=0.074; Fig. 4). The total operative time in the robotic
group was significantly higher (448 [285-736] vs. 358
[284-566], P =0.001), whereas there were no significant
differences in other surgical outcomes (Table 1), includ-
ing early and late complications (Table 2). The incidence
of LA grade B or higher reflux oesophagitis 1 year after
the surgery was 10%. Univariate and multivariate analyses
were performed to determine the risk factors for LA grade
B or higher reflux oesophagitis 1 year after the surgery.
The resected oesophagus of > 20 mm was the only signifi-
cant risk factor for LA grade B or higher reflux oesophagi-
tis 1 year after the surgery (OR=11.000, 1.284-94.263;
P=0.011, Table 3). Accordingly, we divided patients into
two groups according to a cutoff value for the longitudi-
nal length of the resected oesophagus of 20 mm. Among
the 80 patients, 45 and 35 were assigned to the short
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Table 1 The patient backgrounds and surgical outcomes (n=380)

Entire (n=80) Robotic (n=47) Laparoscopic (n=33) P-value Group-S (n=45) Group-L (n=35) P-value

Patient demographics

Age (years) 69 (38-87) 66 (38-87) 74 (44-86) 0.097 70 (38-87) 64 (41-81) 0.080

Sex (M:F) 63:17 35:12 28:5 0.264  33:12 30:5 0.179

Body mass index (kg/m?) 23 (15.8-32.3) 23.1 (15.8-32.2) 23.0(18.7-29.8) 0.736  22.8 (18.1-29.8) 23.5(15.8-32.3) 0.072

Comorbidity, n (%) 56 (80) 29 (61.7) 27 (81.8) 0.053  35(77.7) 21 (60) 0.085

ASA grade (1:2:3) 31:41:8 20:22:5 11:19:3 0.634  18:22:5 13:19:3 0.869

History of laparotomy, 21 (26.2) 13 (27.6) 8(24.2) 0.732 16 (35.5) 5(14.2) 0.032
n (%)

Neoadjuvant chemother- 4 (5) 3(6.3) 13) 0.451 0 4(11.4) 0.033
apy, n (%)

Tumour location (E=Gor 11 (13.8) 9(19.1) 2 (6) 0.087 1(2) 10 (28.5) <0.001
higher)?, n (%)

Histology (adenoca: squa- 79:1 46:1 33:0 0.587  45:0 34:1 0.437
mous cell ca)

Longitudinal length of 20 (10-40) 20 (10-60) 20 (10-40) 0.074
resected oesophagus
(mm)

Tumour size (mm) 26.5 (4-90) 30 (4-90) 20 (6-60) 0.102 22 (7-75) 30 (4-90) 0.072

Clinical stage (LILIID)? 56:17:7 29:12:6 27:5:1 0.122  38:7:0 18:10:7 0.001

Approach 47:33 23:22 24:11 0.116
(robotic:laparoscopic)

Surgical outcomes

Number of operators 10 7 10 10 7

Total operative time (min) 419 (284-736) 448 (285-736) 358 (284-566) 0.001 370 (284-663) 491 (307-736) <0.001

Estimated blood loss (mL) 37 (0-431) 48 (0-431) 34 (5-176) 0.384 30 (1-154) 51 (0-431) 0.246

Number of dissected 27 (4-65) 29 (14-65) 29 (4-44) 0.050 24 (4-48) 29 (14-65) 0.171
lymph nodes

The proximal margin 25 (15-70) 25 (15-70) 25 (15-70) 0.496 30 (15-70) 25 (15-30) <0.001
from the tumour (mm)

Reoperation, n (%) 2 (2.5) 1(2.1) 1(3) 0.658 0 2(5.7) 0.188

Early complications 4(5) 1(2.1) 309 0.188 0 4(11.4) 0.033
(within 30 days)®, n (%)

Late complications (over 23 (28.8) 13 (27.7) 10 (30.3) 0.797 10 (22.2) 13 (37.1) 0.144
30 days)®, n (%)

Length of postoperative 12 (9-68) 12 (9-68) 13 (9-52) 0.428 12 (9-25) 12 (9-68) 0.681

hospital stay (days)

#Japanese classification of gastric carcinoma, 15th edition

bClavien-Dindo grade IIla<. ASA American society of anesthesiologist. Data are shown as median with range unless otherwise specified. The
4 test was used for between-group comparisons of categorial variables. The Mann—Whitney U test was applied for between-group comparisons

of continuous variables

longitudinal length of resected oesophagus (0—20 mm,
group-S) and long longitudinal length of resected oesopha-
gus (>20 mm, group-L) groups, respectively. Although
no differences in age, sex, BMI, comorbidity, ASA grade,
tumour size or surgical procedure approach were observed
between group-S and group-L, significant differences were
observed in history of laparotomy, use of neoadjuvant
chemotherapy, tumour location, and clinical and patho-
logical stage (Table 1). Group-L had a significantly greater
total operative time (group-S, 370 [284-663] min; group-
L, 491 [307-736] min; P <0.001) and a greater rate of
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complications within 30 days of surgery (group-S, 0%;
group-L, 11.4%; P=0.033; Tables 1, 2). No significant
differences were observed in estimated blood loss, number
of dissected lymph nodes, reoperation rate or length of
postoperative hospital stay (Table 1). No patients required
conversion to an open procedure, and no mortality within
30 days after surgery was observed. There were no signifi-
cant differences in the rate of complications within 30 days
of surgery, including anastomotic stricture, between the
two groups (Table 2).
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Table 2 Details of early and late complications (Clavien—Dindo grade IIla or higher)

Entire (n=80) Robotic (n=47) Laparo-

P-value Group-S (n=45) Group-L (n=35) P-value

scopic
(n=33)
Early complications (within 30 days), 4 (5) 12.1) 309 0.188 0 4(11.4) 0.033
n (%)
Anastomotic leakage, n (%) 1(1.3) 0 1(3) 0.412 0 1(2.8) 0.437
Intra-abdominal haemorrhage, n (%) 1 (1.3) 0 1(3) 0412 0 1(2.8) 0.437
Intra-thoracic abscess, n (%) 1(1.3) 121 0 0.587 0 1(2.8) 0.437
Cardiac tamponade, n (%) 1(1.3) 0 1(3) 0412 0 1(2.8) 0.437
Pulmonary complications, n (%) 0 0 0 - 0 0 -
Late complications (over 30 days), n 23 (28.8) 13 (27.6) 10 (30.3)  0.797 10 (22.2) 13 (37.1) 0.144
(%)
Adhesive small bowel obstruction, 1(1.3) 0 1(3) 0412 0 1(2.8) 0.437
n (%)
Internal hernia, n (%) 1(1.3) 12.1) 0 0587 0 1(2.8) 0.437
Delayed empyema, n (%) 1(1.3) 12.1) 0 0587 0 1(2.8) 0.437
Anastomotic stricture, n (%) 21(26.3) 12 (25.5) 9 (27.3) 0.862 10 (22.2) 11 (31.4) 0.353

The 4 test was used for between-group comparisons

Endoscopic findings and clinical symptoms at one
year postoperatively

The results of endoscopic evaluations and clinical symp-
toms at one year postoperatively are shown in Table 4. Eight
(10%) patients had a grade B or higher reflux oesophagitis.
The incidence of grade B or higher reflux oesophagitis in
the robotic group was significantly higher than in the lapa-
roscopic group (10% vs. 0%; P=0.011). Furthermore, the
incidence of LA grade B or higher reflux oesophagitis in
group-L was significantly higher than in group-S (20 vs.
2.2%; P=0.011). The rate of PPI use (group-S, 22.2%;
group-L, 48.5%; P=0.013) and symptoms related to reflux

oesophagitis such as acid swallowing and heartburn (group-
S, 4.4%; group-L, 22.8%; P=0.016) were significantly
higher in group-L than in group-S. In addition, body weight
loss was significantly greater in group-L than in group-S
(group-S, 11.0%; group-L, 13.0%; P=0.006, Table 4). A
total of 21 (26.2%) patients underwent endoscopic dilation
due to an anastomotic stricture in the present study. Anasto-
motic stricture occurred at a median interval of 60 (34-112)
days after the surgery. Most patients required repeated endo-
scopic dilation, with a median of two dilation procedures
(1-8, Table 4). There were no significant differences in LA
grade B or higher reflux oesophagitis, PPI use, and symp-
toms related to reflux oesophagitis after endoscopic dilation
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Table 3 The risk factors for

. Univariate analysis OR (95%CI) P-value Multivari- P-value
Grade B or higher reflux ate analysis
oesophagitis at one year OR
postoperatively (95%CT)
Age>70 yr. 0.600 (0.133-2.700) 0.385
Male 1.145 (1.043-1.259) 0.134
Body mass index > 25 kg/m2 1.674 (0.364-7.685) 0.383
Comorbidity 0.686 (0.150-3.134) 0.450
ASA score 2 or higher 0.978 (0.216-4.424) 0.646
History of laparotomy 1.800 (0.391-8.292) 0.350
Tumor location > EG?* 2.429 (0.237-24.844) 0.418
cStage II* or more 2.600 (0.593-11.407) 0.183
pStage II* or more 1.674 (0.364-7.685) 0.383
Use of neoadjuvant chemotherapy 3.286 (0.300-35.966) 0.350
Use of adjuvant chemotherapy 3.000 (0.631-14.273) 0.166
Anastomotic stricture 0.371 (0.043-3.214) 0.324
Length of resected oesophagus>20 mm 11.000 (1.284-94.263) 0.011 11.000 0.011
(1.284—
94.263)

ASA American society of anesthesiologist. OR odds ratio, CI confidence interval. The y* test was used for
univariate analysis. Multivariate logistic regression was used for multivariate analyses of factors having a P
value of <0.05 during univariate analysis

4Japanese classification of gastric carcinoma, 15th edition

between the robotic and laparoscopic groups and between
group-S and group-L (Table 4). On the other hand, body
weight loss did not differ significantly between group-S and
group-L, but it was significantly lower in the robotic group
than in the laparoscopic group (Table 4). Among patients
who did not develop anastomotic stricture, LA grade B or
higher reflux oesophagitis was significantly higher in the
robotic group than in the laparoscopic group, whereas there
were no significant differences in PPI use, symptoms related
to reflux oesophagitis, and body weight loss (Table 4). PPIs
and body weight loss, on the other hand, were significantly
higher in group-L than in group-S (Table 4). There was a
trend toward higher rates of LA grade > B reflux oesophagi-
tis and symptoms related to reflux oesophagitis in group-
L compared to group-S; however, this difference did not
achieve statistical significance (Table 4). In terms of adju-
vant chemotherapy, a total of 15 patients received it, with
three receiving the SP regimen, six receiving the SOX regi-
men, six receiving S1 alone, and two receiving others. There
was no significant difference in the rate of LA grade B reflux
esophagitis between patients who did (3/15; 20%) and did
not (5/65; 7.6%) receive adjuvant chemotherapy (P =0.166).

Surgical risk factors for anastomotic stricture
The incidence of anastomotic stricture was significantly

higher in each operator’s initial five procedures performed
than in subsequent procedures (initial five procedures,

@ Springer

41.6%; subsequent procedures, 13.6%; P=0.005). Univari-
ate analysis identified three significant risk factors for anas-
tomotic stricture, including male, ASA score 2 or higher,
and initial five cases of each operator. Multivariate analysis
demonstrated that the initial five cases of each operator were
a significant independent risk factor for anastomotic stricture
(OR 4.388, 1.325-14.529; P=0.015; Table 5).

Surgical risk factors for reflux oesophagitis

To identify surgical risk factors for LA grade B or higher
reflux oesophagitis, we performed univariate analysis of fac-
tors related to patient background and surgical procedure
in group-L (Table 4). Univariate and multivariate analyses
identified incomplete pseudo-fornix formation as the only
significant risk factor for LA grade > B reflux oesophagitis
(OR, 20.833; CI, 2.735-158.715; P=0.003; Table 6).

Discussion

The results of this retrospective, single-centre study exam-
ined the safety and anti-reflux effect of minimally invasive
PG followed by VEG-DFT in 80 patients. The rates of early
complications and LA grade B or higher reflux oesophagi-
tis were 5% and 10%, respectively. These findings appear
comparable with the previous studies [4, 5, 28]. There-
fore, we consider that minimally invasive PG followed by
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Table 4 Endoscopic findings and clinical symptoms at POY-1
Entire Robotic Laparoscopic ~ P-value Group-S Group-L P-value
All patients (n=80) n=80 n=47 n=33 n=45 n=35
Reflux oesophagitis (> Grade B), 8 (10) 8 (10) 0 0.011 12.2) 7 (20) 0.011
n (%)
Use of a proton pump inhibitor, n 27 (33.7) 19 (40.4) 8(24.2) 0.132 10(22.2) 17 (48.5) 0.013
(%)
Symptoms related to reflux 10 (12.5) 8 (17) 2 (6) 0.131 2(4.4) 8 (22.8) 0.016
oesophagitis, n (%)
Body weight loss (%) 12.15(2.5-32.2) 12.0(2.5-32.2) 123 (2.6-22.1) 0.938  11.0(2.5-26.8) 13.0 (4.3-32.2) 0.006
Serum albumin levels (g/dL) 4.1 (2.4-5.0) 4.1(2.4-5.0) 4.1 (2.8-4.6) 0.738  4.2(2.8-5.0) 4.1(2.4-4.8) 0.211
Patients performed dilation (n=21) n=21 n=12 n=9 n=10 n=11
Onset of stricture after surgery 60 (34-112) 62.5 (37-93) 57 (34-112) 0.219  58.5(37-112) 62 (34-91) 0.705
(days)
Number of dilation procedures 2 (1-8) 3(1-8) 2 (1-7) 0.754 4 (2-8) 2 (1-6) 0.024
Reflux oesophagitis (> Grade B), 14.7) 1(8.3) 0 0.571 0 1(9.1) 0.524
n (%)
Use of a proton pump inhibitor, n 7(33.3) 5(41.6) 2(22.2) 0.324 4 (40) 3(27.2) 0.438
(%)
Symptoms related to reflux 2(9.5) 2 (16.6) 0 0314 O 2 (18.1) 0.262
oesophagitis, n (%)
Body weight loss (%) 11.1 (2.6-32.2) 12.5(8-32.2) 9.5(2.6-19.6) 0.041 10.5 (2.6-19.6) 12.0(8.0-32.2) 0.114
Serum albumin levels (g/dL) 4.1(2.8-4.8) 4.3 (3.6-4.8) 39(2.84.2) 0.028 4.2(2.8-4.4) 3.9 (3.6-4.8) 0.918
Patients not performed dilation n=59 n=35 n=24 n=35 n=24
(n=59)
Reflux oesophagitis (> Grade B), 7(11.8) 7 (20) 0 0.020 1(2.9) 6 (25) 0.074
n (%)
Use of a proton pump inhibitor, n 20 (33.8) 14 (40) 6 (25) 0.232  7(20.0) 13 (54.2) 0.004
(%)
Symptoms related to reflux 8 (13.5) 6(17.1) 2 (8.3) 0.285 3 (8.6) 5(20.8) 0.141
oesophagitis, n (%)
Body weight loss (%) 12.7 (2.5-29.9) 11.4(2.5-29.9) 13.3(5.3-22.1) 0.283  11.1(2.5-26.8) 14.6 (4.3-29.9) 0.021
Serum albumin levels (g/dL) 4.1 (2.4-5.0) 4.1(24-5.00 4.2(3.54.6) 0.284 4.1 (3.5-5.0) 4.1 (2.4-4.8) 0.267

POY postoperative year. Data are shown as medians with ranges unless otherwise specified

The 4 test was used for between-group comparisons. Data are presented as odds ratios with 95% confidence intervals in parentheses. The y test
was used for between-group comparisons of categorial variables. The Mann—Whitney U test was applied for between-group comparisons of con-

tinuous variables

VEG-DFT could be performed safely and effectively for
reflux oesophagitis. In contrast, the anastomotic stricture
rate was 26.3%, suggesting that it was higher than in previ-
ous studies [4, 5, 28]. Therefore, this is still a problem to be
solved. The present study has four major findings.

First, limited to patients with resection length of the
oesophagus <20 mm, the incidence of LA grade > B reflux
oesophagitis was only 2.2%, irrespective of the presence or
absence of anastomotic stricture. This finding indicates that
the clinical efficacy of minimally invasive PG followed by
VEG-DFT to prevent reflux oesophagitis was excellent when
limited to patients who required resection of <20 mm of the
oesophagus. These finding appears to corroborate a previous
multicentre retrospective study reported by Kuroda et al. that
observed LA grade > B reflux oesophagitis in 6.0% (28/464)
of patients [4], and the combined rate of LA grade > B reflux

oesophagitis among all previous DFT studies is reportedly
2.7% (3/112) [4]. Simple EG without additional anti-reflux
procedures has been reported to cause reflux oesophagitis
in 9.1%-35.3% of patients [29]. The efficacy of other EG
reconstruction procedures with additional fundoplication
has been limited or insufficient [30-33]. In addition, the
incidence of reflux oesophagitis following jejunal interpo-
sition, jejunal pouch interposition and double tract method is
reportedly 0%—33.3%, 4%—27.8% and 0%—25%, respectively
[29, 34], which appears to be considerable. Accordingly,
we believe that the anti-reflux effect of VEG-DFT is highly
reliable in patients undergoing PG with oesophageal resec-
tion of <20 mm.

Second, in patients with resection of >20 mm of the
oesophagus, incidence of LA grade > B reflux oesophagitis
at one year postoperatively was considerable at 20%. This
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Table 5 The risk factors for anastomotic stricture (n=_380)

Univariate analysis OR (95%CI) P-value Multivariate analysis OR P-value
(95%CI)
Age>70 yr. 0.940 (0.347-2.549) 0.904
Male 7.442 (0.922-60.093) 0.025 5.696 (0.656-49.437) 0.115
Body mass index > 25 kg/m? 2.654 (0.918-7.669) 0.066
Comorbidity 0.810 (0.278-2.355) 0.698
ASA score 2 or higher 2.807 (1.010-7.803) 0.044 2.248 (0.757-6.679) 0.145
History of laparotomy 0.840 (0.264-2.670) 0.767
Initial 5 cases of each operator 4.524 (1.526-13.407) 0.005 3.590 (1.166-11.058) 0.026
Anastomotic orifice ratio of oesophagus/stomach > 1 5.106 (0.622-41.952) 0.087
Tumor location > EG* 0.688 (0.072-6.525) 0.606
cStage II* or more 2.200 (0.774-6.250) 0.134
pStage II* or more 1.467 (0.498-4.319) 0.486
Laparoscopic surgery 1.094 (0.399-2.998) 0.862
Length of resected oesophagus >20 mm 1.604 (0.589-4.368) 0.353

The 5 test was used for univariate analysis. Multivariate logistic regression was used for multivariate analyses of factors having a P value

of <0.05 during univariate analysis

4Japanese Classification of Gastric Carcinoma, 15th edition. ASA American Society of Anesthesiologist. OR Odds ratio, CI Confidence interval

Table 6 Surgical risk factors
for postoperative reflux
oesophagitis (> grade B) in
group-L (n=35)

Factors Univariate analysis OR (95% CI) P-value Multivariate P-value
analysis OR
(95% CI)
Longitudinal length of resected 0.352 (0.037-3.374) 0.335
oesophagus >4 cm
Left pleural incision>2 cm 3.864 (0.634-23.531) 0.135
Right pleural incision>2 cm 1.467 (0.226-9.534) 0.516
Bilateral pleural incision>2 cm 1.778 (0.333-9.478) 0.398
Inadequate fixation of 4 cm of the 2.815 (0.517-15.317) 0.214
posterior oesophageal wall
Incomplete pseudo-fornix formation  20.833 (2.735-158.715) 0.003 20.833 0.003
(2.735-
158.715)

OR 0dds ratio, CI Confidence interval . The »° test was used for univariate analysis. Multivariate logistic
regression was used for multivariate analyses of factors having a P value of <0.05 during univariate analy-

sis

finding corroborates the results of a previous multicentre
retrospective study that reported an anastomotic site located
in the mediastinum or intra-thorax was an independent
risk factor for reflux oesophagitis [4]. When the resected
oesophagus was over 20 mm in longitudinal length, the
need for intra-mediastinal anastomosis or insertion of the
remnant stomach into the narrow intra-mediastinal space
may increase. However, retrospective video review to iden-
tify surgical risk factors for reflux oesophagitis indicated
that pseudo-fornix formation to stabilise the His angle was
incompletely performed in patients with LA grade > B reflux
oesophagitis due to failure to insert a sufficient volume of the
remnant stomach into the opened intra-mediastinal space.
The main mechanism by which VEG-DFT prevents reflux
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oesophagitis is that the anterior side of the anastomotic site
is fully covered by the seromuscular double flap under intra-
gastric pressure to create a pressure gradient between the
oesophagus and stomach, thereby acting as a one-way valve
[13]. In cases where creation of a pseudo-fornix is incom-
plete, the optimal intragastric pressure may not be achieved,
thereby reducing the clinical efficacy of VEG-DFT in pre-
venting reflux oesophagitis. In addition, the negative intra-
thoracic pressure may further worsen the regurgitation of
gastric secretions into the thoracic oesophagus. In this study,
we may not have paid enough attention to the lower medias-
tinal space suitable for insertion of the sufficient volume of
the remnant stomach to form the pseudo-fornix, especially in
the craniocaudal direction, while we opened the hiatus based
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on the width of the short axis of the remnant stomach. We
consider that this might lead to a relatively high incidence of
reflux oesophagitis in Group-L. Therefore, we consider that
it’s crucial to both widely open the hiatus and slightly more
extensively mobilize the dorsal part of the lower esophagus
in the direction of the head so that enough remnant stom-
ach can be introduced to construct the pseudo-fornix dur-
ing intra-mediastinal VEG-DFT. Further, we would like to
continue working on improving the anti-reflux mechanisms
of intra-mediastinal VEG-DFT.

Third, anastomotic stricture occurred in 26.3% of the
patients examined in this study, which is greater than the
previous study, indicating an 8.3% (12/147) incidence of
anastomotic stricture after laparoscopic VEG-DFT [5]. In
the present study, the incidence of anastomotic stricture was
significantly higher in the first five cases performed by each
operator. This was the only significant risk factor for anas-
tomotic stricture. Previously, we reported that six cases are
required to achieve a learning plateau for VEG-DFT; how-
ever, this finding was limited to robotic surgery [13]. There-
fore, we posit that the number of procedures performed by
an individual operator may be a risk factor for anastomotic
stricture. On the other hand, anastomotic leakage occurred
in only one (1.3%) patient in the present study. In addition,
we previously reported that a greater number of stitches were
used in patients with anastomotic stricture than in patients
who did not develop anastomotic stricture [13]. Therefore,
we postulate that inexperienced operators tend to perform
hand-sewn anastomosis too tightly with an excessive number
of stitches. The anastomotic orifice ratio of the oesophagus/
stomach may also contribute to anastomotic stricture. The
reason is that the ratio > 1 tended to be higher in the anas-
tomotic stricture group (OR: 5.106, P=0.087), although
not significantly different. As a result, we hypothesize that
making the anastomotic aperture in the stomach larger than
the one in the oesophagus may avoid anastomotic stricture.
To determine the anastomotic stricture’s technical weak-
ness, more research is necessary. Conversely, the severity
of reflux oesophagitis was not worsened even after repeated
balloon dilation procedures in either group in the present
study. Hence, endoscopic balloon dilatation may preserve
the anti-reflux mechanism created by the seromuscular dou-
ble flap and intragastric pressure.

Fourth, the rate of early complications was significantly
higher (11.2% vs. 0%) and operative duration was signifi-
cantly longer in group-L compared to group-S. We believe
this difference is predominantly attributable to an increased
requirement for trans-hiatal procedures during both dis-
section and reconstruction among patients in group-L.
Trans-hiatal procedures are considered to be technically
demanding, predominantly due to an inadequate operative
view, narrow working space and risk of injury to impor-
tant visceral organs including the aorta, inferior vena cava,

pericardium and pulmonary veins during dissection. In
fact, a previous prospective, nationwide, multicentre study
reported the rate of grade-III or higher complications follow-
ing trans-hiatal gastrectomy for EGJ cancers was 18.7% [35],
although approximately 90% of patients underwent open sur-
gery in this study. Although it has not been clarified whether
dissection or reconstruction procedures are most associated
with the risk of complications, at least three out of four
(75%) early complications in group-L appeared to be asso-
ciated with reconstruction procedures in the present study.
Accordingly, when trans-hiatal VEG-DFT is performed, we
consider it to be important to enhance the precision of each
procedure and avoid adjacent organ injury by securing a
wide and stable operative view and widening the working
space, thereby decreasing the risk of complications.

The present study had several limitations that need
consideration. First, the present study employed a single-
centre, retrospective, small-scaled, and non-randomised
design. Therefore, several sources of patient bias, particu-
larly patient selection bias, could not be excluded. This
study included laparoscopic and robotic procedures, and
there were significant differences in patient characteristics,
particularly tumour location. In contrast to the previous
report [36], the advantages of robotic procedures for tech-
nically demanding procedures are unknown despite com-
paring clinical outcomes between these two procedures
in this study. In addition, the robotic group had a higher
rate of LA grade B or higher than the laparoscopic group.
We speculate on two possible reasons. First, as shown in
Fig. 4, robotic surgery was more favourably performed
in patients who required a greater longitudinal length of
the resected esophagus. Second, more working space is
required for laparoscopic surgery to compensate for its
ergonomic limitations when performing hand-sawn anasto-
mosis with straight forceps with a limited range of motion.
As a result, laparoscopic surgery may have succeeded in
creating enough space to insert a sufficient volume of the
remnant stomach to form the pseudo-fornix, resulting in
a reduced incidence of reflux oesophagitis. However, we
were unable to perform multivariate analysis using the
robotic versus laparoscopic factor because no patients
in the laparoscopic group had grade B or higher reflux
oesophagitis. This is an important limitation. Further stud-
ies, including prospective trials and large-scaled studies,
are required to determine the impact of robotic surgery
in this procedure. Second, this study may have included
operator bias. In particular, all procedures were performed
by ESSQS-qualified surgeons with extensive experience
of laparoscopic gastrectomy. In addition, this procedure
is considered to be technically demanding. Therefore,
the safety and anti-reflux efficacy of minimally invasive
VEG-DFT performed by non-ESSQS-qualified surgeons
or inexperienced surgeons have yet to be demonstrated. A
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large-scale study is required to determine the association
between surgical experience and the anti-reflux efficacy
of VEG-DFT. Third, we did not compare VEG-DFT with
other reconstruction techniques after PG, such as double
tract reconstruction [37] and SOFY [14], as we performed
other reconstruction procedures for initial experience
only. Thus, further studies comprising a larger number
of patients and prospective randomised controlled studies
comparing VEG-DFT with other procedures are required
to confirm the advantages of VEG-DFT. Fourth, the focus
of this study was on the incidence of postoperative reflux
oesophagitis, which we evaluated based on endoscopic
findings, patient symptoms, and use or nonuse of PPIs.
We did not, however, perform oesophageal manometry or
pH monitoring, which are important objective indicators
of reflux oesophagitis.

In conclusion, minimally invasive PG followed by
VEG-DFT represents a promising procedure with efficacy
in preventing reflux oesophagitis in patients with oesopha-
geal resection of 20 mm or less. In contrast, the clinical
efficacy of VEG-DFT in preventing reflux oesophagitis
in patients requiring oesophageal resection of more than
20 mm remains unclear. The confirmation of complete
pseudo-fornix formation may improve the anti-reflux effi-
cacy of VEG-DFT.
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