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Abstract

Purpose Laparoscopic proximal gastrectomy (LPG) is a function-preserving surgery performed on patients with
cancer of the upper third of the stomach. However, if much of the ingested food passes through the jejunum, LPG
might function broadly like a total gastrectomy. We devised a jejunogastrostomy with double-tract reconstruction
(DTR) to ensure that most food flows easily to the remnant stomach.

Methods A side-to-side jejunogastrostomy was created between the remnant stomach’s posterior wall and the
jejunum 10 cm below the esophagojejunostomy, and the common stab incision was also closed with a linear stapler.
The jejunogastrostomy was created as a delta-shaped anastomosis by using only linear staplers. The 15 patients who
underwent delta-shaped anastomosis from 2017 to 2018 were retrospectively reviewed to collect and analyze their
surgical and postoperative outcomes, including nutritive conditions, in comparison to the reconstruction that was
performed before then.

Results Operative times and postoperative complications were not significantly different compared to the previous
reconstruction. We confirmed significant differences in operative bleeding and passage of food through the remnant
stomach. The level of nutritional indicators at the end of postoperative year one did not tend to be lower, but total
weight loss (TWL) and %TWL were significantly lower. As expected, there was a correlation between differences in
jejunogastrostomy type and postoperative malnutrition.

Conclusions This method devised for intracorporeal DTR provided patients with improved postoperative nutritional

status by directing more food through the remnant stomach after LPG.

Introduction

Current studies have reported that upper-third gastric can-
cer, including early-stage cancer, is on the rise in East Asia
[1]. Previously, total gastrectomy (TG) with extensive
dissection of lymph node was performed even for relatively
early disease, but recent reports have shown that proximal
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gastrectomy (PG) with lymph node dissection achieves an
oncological outcome similar to that of TG, at least in
patients with cancer of the upper third of the stomach
[2, 3], and an equivalent procedure can be performed with a
laparoscope. Takiguchi et al. [4] indicated that PG excelled
in the prevention of disorders after surgery like dumping
syndrome, diarrhea, and weight loss compared with TG. As
a result, PG would likely be conducted more frequently to
preserve function with oncological safety in patients with
cancer of the upper third of the stomach.

When using PG as a surgery to preserve gastric function,
the reconstructions performed after PG are important in
offsetting lost gastric function. Several reconstructions can
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be performed after PG: esophagogastrostomy, jejunal
pouch interposition, jejunal interposition, and double-tract
reconstruction (DTR). The benefits of every procedure
have been shown, but there is no consensus on the appro-
priate reconstruction after PG [5]. After PG with DTR, the
influx of physiological food that can pass through the
remnant stomach to the duodenum is reported to be very
important for the prevention of postoperative malnutrition
in the patient [6].

Various factors cause weight loss following gastrectomy
for gastric cancer [7, 8]. Weight loss is an important factor
related to nutritional status and quality of life (QOL) of
patients following gastrectomy for gastric cancer and has
been reported to be a prognostic factor after gastrectomy
[8, 9]. The above findings indicate that it is important to
reduce the amount of weight loss after this procedure. From
2014 to 2016, we performed DTR according to the method
of Ahn et al. [10] after laparoscopic proximal gastrectomy
(LPG) previously, but we experienced cases in which the
flow of contrast agent into the remnant stomach was not
good on postoperative fluoroscopy. Therefore, we made a
minor modification to the jejunogastrostomy to allow food
to flow to the remnant stomach to reduce weight loss after
LPG and assessed postoperative malnutrition compared
with that of the previous method.

Methods and patients
Procedures
Laparoscopic proximal gastrectomy

The patient was placed in a reverse Trendelenburg position
with legs spread apart under general anesthesia. The sur-
geon stood on the right side of the patient, the assistant
stood on the other side, and the endoscopist stood between
the patient’s legs. The endoscope was inserted via the
umbilical port, and PG was performed using four working
ports that were placed in the upper abdominal area. Then,
LPG with D14 lymph node dissection, as determined in
the Japanese gastric cancer treatment guidelines [2], was
done for every patient. No. 4d and 6 lymph nodes with the
right gastroepiploic vessels and No. 5 lymph nodes with the
right gastric vessels were preserved for the distal remnant
stomach. The abdominal esophagus and the distal half of
the stomach were then individually divided with a linear
stapler to ensure a surgical margin from the tumor.

Reconstructions

In the first half of the study period, from January 2014 to
December 2016 (defined as the first group), we performed

DTR after LPG as reported by Ahn et al. [10]. The jejunum
was transected by a linear stapler at a location 20 cm from
the Treitz ligament. The distal length of the jejunum (ap-
proximately 20 cm) was removed to avoid excessive ten-
sion at the esophagojejunostomy. An end-to-side
esophagojejunostomy was created by intracorporeal anas-
tomosis with 21-mm OrVil™ so that the mesentery of the
jejunal limb was on the patient’s right side. A side-to-side
jejunogastrostomy of 6 cm in diameter was created 10 cm
below the esophagojejunostomy using extracorporeal hand-
sewn suture, and then an end-to-side jejunojejunostomy
was created about 20 cm below the jejunogastrostomy, also
with extracorporeal hand-sewn suture. From January 2017
to December 2018, (defined as the second group), DTR was
performed under totally laparoscopic surgery. The jejunum
was transected by a linear stapler at a location 20 cm from
the Treitz ligament. Esophagojejunostomy was created in
the same manner as in the first group. A side-to-side
jejunogastrostomy was created between the remnant
stomach’s posterior wall and the antimesenteric side of the
jejunum 10 cm below the esophagojejunostomy. The
common stab incision was also closed with a linear stapler.
The jejunogastrostomy was created as a delta-shaped
anastomosis by a linear stapler (Fig. la, b). The jejunal
limb was pulled downward due to the weight of the rem-
nant stomach and was twisted in the ventral direction with
respect to its long axis (Figs. 2d and 3). Then, a side-to-side
jejunojejunostomy was created approximately 20 cm
below the jejunogastrostomy with a linear stapler.

Patients

In this retrospective study, LPG with DTR was performed
in 32 patients at Teikyo University Hospital, Mizonokuchi.
We excluded the following patients: patients with liver
cirrhosis of Child grade B or C, diabetic patients with
HbA,C of 7% or more, patients with chronic kidney dis-
ease and eGFR <40 ml/min/1.73 mz, patients with COPD
and predicted FEV; <80%, and patients with heart failure
with symptoms appearing during light work. The 32
patients were divided into two groups according to the
difference in the jejunogastrostomy mentioned above. In
the first group, 17 patients underwent LPG with DTR that
performed with a side-to-side jejunogastrostomy created
with extracorporeal hand-sewn suture. In the second group,
15 patients underwent LPG with DTR in which a similar
type of jejunogastrostomy with delta-shaped anastomosis
was created under totally laparoscopic surgery. The pre-
operative diagnosis was made with the aid of endoscopy,
ultrasonography, and contrast-enhanced CT. The indica-
tions for surgery were gastric cancer in a clinically early
stage and esophageal—gastric junction cancer, including
additional resections performed after the endoscopic
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Fig. 1 a Intraoperative image
showing the linear stapler
positioned to join the jejunal
limb and the posterior wall of
the remnant stomach. b The
image shows the completed
jejunogastrostomy

Fig. 2 Schematic illustration of jejunogastrostomy. a The remnant
stomach is twisted, then a side-to-side jejunogastrostomy is created
between the jejunal limb and the posterior wall of the remnant
stomach. b After the linear stapler is fired, a V-shaped anastomosis is
made between the jejunal limb and the remnant stomach. ¢ Closure of
the common stab incision. d The jejunal limb rides on the remnant
stomach because of the twisting jejunum to the ventral side. And, the
exit route of the jejunum is a narrow and slight bend (black arrow)

submucosal dissection, and the ability to preserve more
than half of the distal stomach. This study procedures were
approved by the institutional review board of Teikyo
University (No  18-207). Characteristics, surgical
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conditions, and postoperative outcomes were acquired
from the patients’ medical records. Preoperative clinical
data were acquired within 2 weeks before gastrectomy, and
postoperative data were acquired at 1 year after surgery.
The pathological diagnosis of the tumor was made in
accordance with the Japanese Classification of Gastric
Carcinoma. The Clavien—Dindo classification was used to
judge postoperative complications. Postoperative malnu-
trition was classified according to the following diagnostic
criteria for malnutrition option 2 in the ESPEN guideline:
weight loss > 10% and reduced body mass index (BMI)
of <20 kg/m” in patients younger than 70 years or < 22
kg/m2 in those older than 70 [11].

Postoperative fluoroscopic examination

The postoperative fluoroscopic examination was performed
on postoperative day (POD) 4 or 5 to determine whether
anastomotic leakage or stenosis was absent. The patients
were divided into two groups based on whether contrast
medium passed through the remnant stomach (PRS group;
Fig. 4a, b) or did not pass through the remnant stomach
(non-PRS group; Fig. 4c).

Statistical analysis

Clinicopathological findings and clinical outcomes in the
two groups were compared with ¢ tests, Fisher’s exact test,
and the Mann—Whitney test. A value of p < 0.05 was
considered to indicate statistical significance. All statistical
analyses were performed with SPSS® version 26 software
(IBM, Chicago IL).

Results

Patient characteristics and clinicopathological features are
given in Table 1. The study cohort included 17 patients in
the first-half group and 15 patients in the second-half
group. Between these two groups, only age was higher in
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Fig. 3 Intraoperative image showing completion of the double-tract
reconstruction. The white arrow indicates the ventral twist of the
jejunal limb

the second group, but no significant differences were found
for sex, weight, BMI, the final-stage cancer, and hemato-
logical nutritional indicators.

The results of the differences in jejunogastrostomy are
given in Table 2. Operative time and postoperative com-
plications were not significantly different, but we did
confirm significant differences in operative bleeding and
PRS. At 1 year postoperatively, nutritional indicators like
hemoglobin and serum albumin level were not lower in the
first group than the second group. But, TWL and %TWL
were significantly greater in the first group than the second
group. As expected, there was a correlation between dif-
ferences in jejunogastrostomy technique and postoperative
malnutrition.

The univariate analysis of factors related to postopera-
tive malnutrition is given in Table 3. No significant dif-
ferences in age, sex, operative time, operative bleeding,
postoperative complication, and the final-stage cancer were
observed between the two groups. However, the PRS group
was less likely to experience postoperative malnutrition
than the non-PRS group. Serum albumin and hemoglobin

Fig. 4 Postoperative
fluoroscopic images. In a, the
contrast agent passed only
through the remnant stomach,
whereas in b it passed through
both the remnant stomach and
the jejunum. These images were
classified as “passing through
the remnant stomach (PRS)”. In
¢, the contrast agent passed only
through the jejunum. This
image was classified as “non-
PRS”

level at postoperative year 1 in the postoperative malnu-
trition group were not lower than the postoperative non-
malnutrition group. However, TWL and %TWL in the
postoperative malnutrition group were significantly greater
than the postoperative non-malnutrition group.

Discussion

In this cohort study, we showed that the jejunogastrostomy
we devised to allow increased food flow into the remnant
stomach after LPG with DTR was effective in preventing
postoperative malnutrition. The %TWL 1 year after LPG
was 15.4% in the first group and 9.4% in the second group.
Bodyweight change was related to postoperative malnu-
trition, and postoperative malnutrition was related to food
flow as indicated by the passage of contrast agent through
the remnant stomach on postoperative fluoroscopy.

As the detection rate of early gastric cancer has
increased, so has the number of long-term survivors after
gastrectomy [12, 13]. Thus, it has become necessary to
devise a gastrectomy method to reduce post-gastrectomy
functional disorder and provide patients with better QOL.
A variety of options are available when performing gas-
trectomy for gastric cancer, such as function-preserving
surgery that leaves the pylorus, functional reconstruction
that creates a substitute stomach, and the reconstruction
route, depending on the location, size, and progression of
the cancer. The basic concepts in the choice of options are
not to impair the curability that should be secured by a
standard gastrectomy and to minimize problems in post-
surgical life including postoperative nutritional status. LPG
is one of the limited surgeries that preserves function and
offers several benefits by maintaining gastric hormones and
gastric acid production that results from preserving the
gastric antrum [14].

Several reconstructions can be created after LPG:
esophagogastrostomy, jejunal interposition, jejunal pouch
interposition, and DTR [15]. The benefits of each
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Table 1 Clinicopathological findings of the patients

Anastomotic procedure p value

First group 2014-1016 (n = 17) Second group 2017-2018 (n = 15)

Age 60.4 (31-78) 73.8 (62-89) 0.005
Sex 0.0759

Male 8 12

Female 9 3
Weight (kg) 56.6 (38.0-83.3) 61.5 (41.1-77.0) 0.417
BMI (kg/m?) 22.2 (19.3-32.4) 21.7 (18.8-27.7) 0.758
Albumin (mg/dl) 3.8 (2.54.7) 3.7 (2.34.7) 0.427
Hemoglobin (mg/dl) 12.2 (8.2-14.9) 12.1 (6.6-15.2) 0.891
Final stage 0.857

1 13 11

I 3 2

il 1 2

Data were represented by the number of cases or mean number (range). Weight, BMI, serum albumin and hemoglobin were measured within

2 weeks before the operation
BMI body mass index

Table 2 Comparison between the first group and the second group

Anastomotic procedure p value
First group (n = 17) Second group (n = 15)
Operative time (min) 329 (190-532) 357 (212-523) 0.863
Bleeding (ml) 163.5 (5-1180) 69.6 (5-268) 0.006
Postoperative fluoroscopy 0.015
PRS 3 13
Non-PRS 14 2
Complication (=CD grade III) 0.486
Presence 2 0
Absence 15 15
Postoperative nutrition status
TWL (kg) 9.6 (0-32.8) 5.9 (0-14.9) < 0.001
%TWL 15.4 (0-39.5) 9.4 (0-22.3) 0.005
Albumin (mg/dl) 3.8 (3.1-4.6) 3.9 (2.34.7) 0.653
Hemoglobin (mg/dl) 12.6 (9.3-14.1) 12.8 (9.8-14.2) 0.53
Postoperative malnutrition 0.004

Presence

Absence

13
4

12

Data were expressed by the number of cases or mean number (range)

PRS passing through the remnant stomach, TWL total weight loss, CD Clavien—Dindo classification

The values were measured a year postoperatively

reconstruction have been shown, and in any reconstruction,
the most important thing is to prevent reflux esophagitis,
which can significantly decrease the postoperative QOL
[16]. Although only studies with small sample sizes show

@ Springer

these results, DTR, as a simpler reconstruction procedure,
results in comparatively low reflux symptoms [17]. Fur-
thermore, DTR may be advantageous in terms of digestion
and absorption, because it preserves the passage of food
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Table 3 Univariate analysis for postoperative malnutrition
Postoperative malnutrition p value
Presence (n = 16) Absence (n = 16)
Age (years) 63.0 (39-81) 70.4 (31-89) 0.358
Sex 0.716
Male 9 11
Female 7 5
Operative time (min) 374 (190-532 323 (212-523) 0.464
Bleeding (ml) 174.6 (5-1180) 64.4 (5-250) 0.295
Postoperative fluoroscopy 0.0009
PRS 2 14
Non-PRS 14 2
Complication (=CD grade III) 0.484
Presence 2 0
Absence 14 16
Final stage 1.0
Stage 1 12 12
Stage 11 3 2
Stage 111 1 2
Postoperative nutrition status
TWL (kg) 11.9 (3.7-32.8) 3.24 (0-9.1) < 0.001
%TWL 19.0 (7.7-39.5) 5.2 (0-12.8) 0.002
Albumin (mg/dl) 3.7 (3.1-4.6) 3.9 (2.34.7) 0.402
Hemoglobin 12.6 (9.8-14.2) 12.2 (9.3-14.1) 0.639

Data were expressed by the number of cases or mean number (range)

PRS passing through the remnant stomach, TWL total weight loss, CD Clavien—Dindo classification

The values were measured a year postoperatively

through the remnant stomach and duodenum. In fact, pas-
sage of a stable isotope '>C-labeled lipid compound
through the duodenum in patients who underwent gas-
trectomy showed better absorption ability and physiologi-
cal state in these patients [18]. Further, even in DTR after
PG, a large inflow of food into the remnant stomach will
prevent malnutrition after gastrectomy [6]. In contrast, if
most of the ingested food passes via the escape route of the
jejunum, the functional benefits offered by PG might
resemble those experienced after total gastrectomy. Thus,
we devised an anastomosis between the jejunal limb and
the remnant stomach so that more food flows through the
remnant stomach into the duodenum. As a result, intraab-
dominal jejunogastrostomy-like delta-shape allowed more
food inflow into the remnant stomach and less postopera-
tive malnutrition than a hand-sewn jejunogastrostomy.
We consider that the following two reasons for the
increased flow to the remnant stomach. First, the jejunal
limb was directed to the patient’s left side, because the
esophagojejunostomy was performed such that the
mesentery of the jejunal limb was on the patient’s right

side, which allowed the remnant stomach to be relatively
free to move with lymph node dissection. The jejunogas-
trostomy was performed by lateral anastomosis between
the jejunal limb and the remnant stomach’s posterior wall.
The remnant stomach pulls the jejunogastrostomy in a
downward vector by its own weight with the patient in a
sitting or standing position. However, a leftward force is
always applied to the jejunal limb. Due to the resulting
balance between the jejunal limb vector and the remnant
stomach vector, the meal flows linearly from the jejunal
limb into the remnant stomach (Fig. 5a). Second, as a result
of forming the jejunogastrostomy into delta-like shape, the
exit route of the jejunum became narrow and the outflow
towards the exit route was less flexible after closing the
entry hole with a linear stapler. We think this method of
closing the entry hole was the cause of the slight bend in
the jejunum that allows more flow into the remnant stom-
ach (Fig. 5b). We thus considered that the flow from the
jejunal limb in the direction of the remnant stomach and
not in that of the exit route of the jejunum was linearized so
that the meal would flow easily to the remnant stomach.
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Fig. 5 Right anterior oblique images showing a, contrast agent
passing only through the remnant stomach (arrow shows the vector
from the jejunal limb to the remnant stomach), and b, contrast agent
passing through both the remnant stomach and distant jejunum
(arrowheads indicate the slight bend in the exit route of the jejunum)

Moreover, even if the linear flow to the remnant stomach is
not sufficient, it is easy for food to flow to the remnant
stomach due to the narrow and slight bend in the exit route
of the jejunum (Figs. 2d and 5b).

DTR is one of the jejunal interpositions for PG and is
thought to be a better method that contributes to the pre-
vention of body weight loss after gastrectomy. Jejunal
interposition for proximal gastrectomy (PG-JI), which
reduces postoperative body weight loss compared to the
Roux-en-Y reconstruction for TG, contributes to better
patient QOL and thus has been well embraced [17]. Eso-
phageal reflux is reported to be significantly less frequent
after PG-JI [19, 20]. In addition, mesentery division is not
necessary with DTR and continuity of the jejunum is
maintained. Further, there is no issue with delayed gastric
emptying, because even if it does occur, an alternative
route exists for the passage of food, contrary to other types
of jejunal interposition [10]. These characteristics of DTR
help to ensure a certain amount of oral intake after gas-
trectomy, thus preventing weight loss in patients who
undergo DTR.

This study has limitations. First, it is a retrospective,
single-center study with a comparatively small sample size.
On the basis of the present results, we are planning a
multicenter study with an adequate sample size and will
conduct multivariate logistic regression analysis to exam-
ine independent factors. Second, the route of food passage
was evaluated with fluoroscopy, which is performed in the
first week after the gastrectomy, but it is not known whe-
ther this reflects the evaluation of the route long term after
the gastrectomy. In addition to evaluating liquid flow, it is
also necessary to evaluate solid flow, such as by cine
magnetic resonance imaging [21]. Only five patients in the
second group underwent fluoroscopy 1 year later, and all
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Fig. 6 Fluoroscopic images 1 year later. In a, frontal and right
anterior oblique images show contrast agent passing through only the
remnant stomach. In b, frontal and right anterior oblique images show
contrast agent passing through both the remnant stomach and exit
route. Inflow into the remnant stomach is as good as that shown in the
fluoroscopic images obtained immediately postoperatively

five had meal flow to the remnant stomach similar to that
found on fluoroscopic examination 1 week after the oper-
ation (Fig. 6a, b). There is still room for improvement, and
further research is needed to prevent postoperative mal-
nutrition after LPG. In particular, changing the esophago-
jejunostomy from a circular stapler method to a linear
method as a means of increasing oral intake may provide
better results in the prevention of postoperative malnutri-
tion [22].

Conclusion

We have developed a jejunogastrostomy that stabilizes the
flow of food to the remnant stomach to help prevent the
postoperative malnutrition that can occur after DTR in
LPG.

Author’s contribution DF and KT were responsible for the study
design and for the acquisition, analysis and interpretation of the data.
HK critically revised the manuscript.
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