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Abstract

BACKGROUND

The incidence of gastric cancer has significantly increased in recent years. Surgical
resection is the main treatment, but the method of digestive tract reconstruction after
gastric cancer surgery remains controversial. In the current study, we sought to explore
a reasonable method of digestive tract reconstruction and improve the quality of life
and nutritional status of patients after surgery. To this end, we statistically analyzed the
clinical results of patients with gastric cancer who underwent jejunal interposition
double-tract reconstruction (DTR) and esophageal jejunum Roux-en-Y reconstruction

RY).

AIM
To explore the application effect of DTR in total laparoscopic radical total gastrectomy
(TLTG) and evaluate its safety and efficacy.

METHODS

We collected the relevant data of 77 patients who underwent TLTG at the Fourth
Hospital of Hebei Medical University from October 2021 to January 2023. Among them,
35 cases were treated with DTR, and the remaining 42 cases were treated with
traditional RY. After 1:1 propensity score matching, the cases were grouped into 31
cases per group, with evenly distributed data. The clinical characteristics and short- and

long-term clinical outcomes of the two groups were statistically analyzed.

RESULTS

The two groups showed no significant differences in basic data, intraoperative blood
loss, number of lymph node dissections, first defecation time after operation,
postoperative hospital stay, postoperative complications, and laboratory examination
results on the 1, 3rd, and 5t days after operation. The operation time of the DTR group
was longer than that of the RY group [(307.58 + 65.14) min vs (272.45 + 62.09) min, P =
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0.016], but the first intake of liquid food in the DTR group was shorter than that in the
RY group [(4.45 +1.18) d vs (6.0 £ 5.18) d, P = 0.028]. The incidence of reflux heartburn
(Visick grade) and postoperative gallbladder disease in the DTR group was lower than
that in the RY group (P = 0.033 and P = 0.038). Although there was no significant
difference in body weight, hemoglobin, prealbumin, and albumin between the two
groups at 1,3 and 6 months after surgery, the diet of patients in the DTR group was
better than that in the RY group (P = 0.031).

CONCLUSION
The clinical effect of DTR in TLTG is better than that of RY, indicating that it is a more

valuable digestive tract reconstruction method in laparoscopic gastric cancer surgery.

Key Words: Gastric cancer; Jejunal interposition double-tract reconstruction; Roux-en-Y

reconstruction; Laparoscope
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Core Tip: We statistically analyzed the clinical results of patients with gastric cancer
who underwent jejunal interposition double-tract reconstruction (DTR) and esophageal
jejunum Roux-en-Y reconstruction (RY). Finally, it was found that compared to RY,
DTR can improve postoperative life treatment, improve postoperative nutritional
status, and reduce the incidence of gallbladder disease. It can also provide a duodenal
pathway for endoscopic retrograde cholangio pancreatography, representing a better

digestive tract reconstruction method than traditional Roux-en-Y esophagojejunostomy.

INTRODUCTION
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Gastric cancer is the fourth most common malignant tumor worldwide and is one of the
leading causes of cancer-related deathlll. Surgical resection of the entire tumor and
complete lymph node dissection are the main treatments for gastric cancerl?l. With the
development of laparoscope technology and equipment, radical laparoscopic surgery
for gastric cancer has been widely performed in clinical practicel’l. Currently, the
incidence of proximal gastric cancer and esophagogastric junction cancer is increasing
annually, and the proportion of laparoscopic total gastrectomy in gastric cancer surgery
is also increasing. However, compared to laparoscopic distal gastrectomy, laparoscopic
total gastrectomy lacks the results of prospective randomized clinical trials to confirm
its safety and effectivenessil. Although some retrospective and cohort studies have
confirmed that the safety and short- and long-term efficacy of laparoscopic total
gastrectomy are not inferior to open total gastrectomyl5%l, laparoscopic total
gastrectomy is only performed in some experienced and large medical centers in China.

Esophageal jejunum Roux-en-Y reconstruction (RY) is the main method of digestive
tract reconstruction after laparoscopic total gastrectomy because it is simple, safe, and
has an acceptable probability of serious complications after surgery. However, RY has
the disadvantages of a high incidence of reflux esophagitis and postoperative
gallstones, and it is difficult for endoscopy to examine or treat biliary and pancreatic
diseasesl’l. To address these shortcomings, Kajitani and Sato first described jejunal
interposition double-tract reconstruction (DTR) after gastrectomy in 1965[8l. Compared
to RY, DTR has the advantage of retaining the duodenal pathway. Moreover, the
passage of food can stimulate the secretion of digestive juice and enhance the digestion
and absorption of food by the gastrointestinal system of patients, thus ensuring good
nutritional status. Simultaneously, it c& also reduce the incidence of reflux esophagitis
and dumping syndrome and improve the quality of life of patients after surgeryl2.

At that time, the operation of the DTR was too complicated and the operation time
was too long and technically challenging. Therefore, there have been few reports on the
completion of DTR under total laparoscopy by domestic and foreign researchers.

However, with the iterative update of anastomosis instruments and barbed sutures, a
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good platform has been built for completing DTR under total laparoscopy. In the
process of laparoscopic reconstruction of digestive tract anastomosis, the volume of the
circular stapler is larger than that of the linear cutting stapler; therefore, it is necessary
to close and reconstruct the pneumoperitoneum and complete the anastomosis
repeatedly with the help of the abdominal small incision, which increases the
complexity of the operation to some extent. In our center, we use a linear cutting stapler
to complete the laparoscopic DTR, avoiding the cumbersome steps of circular stapler
anvil and operating rod placement, duodenal purse-string suture, and posterior wall
reinforcement Slﬁre, thereby reducing the operation time and improving the safety of
the operation(?l. The purpose of this study was to explore the application effect of DTR
in total laparoscopic radical total gastrectomy (TLTG) and to evaluate its safety and

effectiveness.

MATERIALS AND METHODS

Participant recruitment, inclusion criteria, and exclusion criteria

We retrospectively analyzed the data of 77 patients who underwent TLTG at the Fourth
Hospital of Hebei Medical University from October 2021 to January 2023, comprising 35
cases undergoing DTR and 42 cases of RY. After propensity score matching (PSM), the
patients were grouped into 31 cases per group. The inclusion criteria were as follows:
(1) Patients undergoing TLTG; and (2) postoperative pathological diagnosis of gastric
cancer. The exclusion criteria were as follows: (1) Combined organ resection; (2) other
surgical problems that should be dealt with during the operation (e.g., hernia repair,
cholecystectomy, intestinal adhesion lysis); (3) history of other cancers; (4) confirmed
distant metastases; and (5) history of gastric or esophageal surgery or gastric stump

cancer. All patients signed informed consent.

Surgical procedure
DTR: (1) D2 Lymph node dissection and total gastrectomy were performed under

laparoscopy. The pneumoperitoneum was closed, and the specimen was removed from
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the supraumbilical median incision (approximately 4 cm in length). After confirming
the safety of the upper residual distance of the specimen, it was sent for
histopathological examination. The upper jejunum was lifted outside the abdominal
cavity. An ultrasonic scalpel was used to open the jejunal mesenteric avascular area at
approximately 20 cm from the Treitz ligament, and the vascular arch was ligated and
cut off. The jejunum was then severed using a linear cutting stapler. Jejunal side-to-side
anastomosis was performed at a distance of 60 cm from the distal jejunum blind loop,
and the mesenteric hiatus was closed (Figure 1A-C); (2) After reconstructing the
pneumoperitoneum, it was confirmed that the distal jejunum (jejunal food loop) could
be easily lifted to the site of the esophageal stump. The area 35 cm away from the jejunal
blind loop was fixed with the descending duodenum using an absorbable suture. Then,
the ultrasonic scalpel was used to open the above two positions (Figure 1D); (3) A linear
cutting stapler (white nail) with a length of 60 or 45 mm was inserted into the
abdominal cavity through the left upper Trocar orifice. The two arms of the linear
cutting stapler were placed at the above two openings to complete the side-to-side
anastomosis of the duodenum-jejunum (the width of the anastomosis was 40-45 mm)
(Figure 1E); (4) The duodenum-jejunum side-to-side anastomosis was continuously
sutured using a 3-0 barbed suture (Figure 1F); (5) The duodenal stump was sutured
with a 3-0 barbed suture (Figure 1G); (6) The esophageal stump and the distal jejunum
blind loop were fixed together with absorbable sutures. The esophageal stump and the
distal jejunum blind loop were opened using an ultrasonic scalpel. The esophageal-
jejunum side-to-side anastomosis (overlap anastomosis) was completed using a linear
cutting stapler. Subsequently, a barbed suture was used for continuous suture to close

the common opening and complete the DTR (Figure 1H and I)°L.

RY: (1) D2 Lymph node dissection and total gastrectomy were performed under
laparoscopy. The pneumoperitoneum was closed and the specimen was removed from
the supraumbilical median incision (approximately 4 cm in length). After confirming

the safety of the upper residual distance of the specimen, it was sent for
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histopathological examination. The upper jejunum was lifted outside the abdominal
cavity. An ultrasonic scalpel was used to open the jejunal mesenteric avascular area at
approximately 20 cm from the Treitz ligament, and the vascular arch was ligated and
cut off. The jejunum was then severed using a linear cutting stapler. Jejunal side-to-side
anastomosis was performed at a distance of 60 cm from the distal jejunum blind loop,
and the mesenteric hiatus was closed; (2) The duodenal stump was sutured with a 3-0
barbed suture; and (3) The esophageal stump and the distal jejunum blind loop were
fixed together with absorbable sutures. The esophageal stump and the distal jejunum
blind loop were opened using an ultrasonic scalpel. The esophageal-jejunum side-to-
side anastomosis (overlap anastomosis) was completed using a linear cutting stapler.
Subsequently, a barbed suture was used for continuous suture to close the common

opening and complete the RY.

Observed indices

According to the medical and anesthesia records, we obtained the sex, age, body mass
index (BMI), tumor location, pathological stage, tumor size, operation time,
intraoperative blood loss, number of lymph node dissections, postoperative first
defecation time, first feeding time, and postoperative hospital stay of 77 patients.
Laboratory tests were performed on all patients on the 1<, 3, and 5% days after
surgery, and the levels of white blood cells, neutrophils, and platelets were recorded.
Postoperative complications were graded according to the Clavien-Dindo classification.
The incidence of gallbladder diseases (including cholecystitis, gallstones, bile salt
deposition) was determined according to the CT examination results of the patients at 6
months after surgery. Laboratory tests were performed on the patients at 1, 3, and 6
months after surgery to obtain the patient’'s hemoglobin, prealbumin, and albumin
levels and record the patient’s weight. The patients were followed up 6 months after the
operation. Reflux heartburn symptoms were graded according to the Visick
classification, and the patient’s food intake ratio (postoperative total daily

intake/ preoperative total daily intake) was determined.
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Statistical analysis

Statistical analyses were performed using SPSS 26.0. A two-sample Student’s f-test or
rank sum test was used to compare continuous variables, and the y? test or Fisher’s
exact test was performed for categorical variables. The rank sum test was used for grade
data. P-values < 0.05 were considered statistically significant. All observed factors were
subjected to PSM, and the matching caliper value was 0.2. Continuous variables are

represented as the mean + SD, and categorical variables are represented as 1 (%).

RESULTS

Clinical characteristics of the patients

A total of 77 patients with gaﬁic cancer were included in our study, including 60 males
and 17 females; the average age of the patients was (58.49 + 11.10) years, ranging from
Ej to 77 years; and the average BMI was (24.79 + 3.54). In terms of the tumor location, 44
cases were in the upper part of the gastric body, 15 cases were in the middle part of the
gastric body, and 18 cases were in the lower part of the gastric body. Regrading
postoperative pathological staging, 20 cases were stage I, 21 cases were stage II, and 36
cases were stage III. The mean longest tumor diameter was (4.40 + 2.33) cm.

Additionally, there were 35 cases of DTR and 42 cases of RY.

Baseline levels before and after PSM

The following six covariates were selected for PSM: sex, age, BMI, tumor location,
postoperative pathological stage, and longest tumor dieter. After 1:1 PSM, 62
patients were finally included in the study (Table 1), with no significant differences in

sex, age, BMI, tumor location, pathological stage, and longest tumor diameter between

the two groups.

The short-term clinical outcomes of the two groups of patients, including the

intraoperative conditions, postoperative recovery, surgical complications, white blood
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cells, neutrophils, and platelet levels on the 1, 3*9, and 5" days after surgery, were
evaluated

The two groups showed no significant difference in intraoperative 1Eod loss, number
of lymph node dissections, postoperative first defecation time, and postoperative
hospital stay. The operation time of the DTR group was longer than that of the RY
groupJ(307.58 + 65.14) min vs (272.45 £ 62.09) min, P = 0.016]. The first intake of liquid
food in the DTR group was shorter than that in the ]%group [(4.45+1.18) d vs (6.0 +
5.18) d, P =0.028]. In terms of surgical complications, there was no significant statistical
difference between the two groups. There were 21 cases of type II complications in the
DTR group, without abdominal infecﬁm or anastomotic-related complications. There
were 25 cases of type II complications and two cases of type III complications ig the RY
group. In the RY group, one patient had abdominal infection and anastomotic bleeding
and one patient had esophagojejunal anastomotic leakage. The two patients were cured
and discharged after conservative treatment. There were no cases of death between the
two groupﬁ)f patients, and they were discharged smoothly (Table 2). Additionally,
there Waﬁlo significant difference in the levels of white blood cells, neutrophils, and

platelets between the two groups on the 1st, 3rd, and 5th days after surgery (Figure 2).

The long-term clinical outcomes of the two groups of patients, including the
postoperative body weight, postoperative hemoglobin, postoperative albunin,
postoperative prealbumin level, food intake ratio, gallbladder disease incidence, and
postoperative quality of life, were evaluated
The nutritional status between the two groups was compared by assessing body weight,
diet recovery, and hemoglobin, prealbumin, and albumin levels. There was no
ignificant difference in body weight, hemoglobin, prealbumin, and albumin levels
between the two groups before surgery. At 1, 3, and 6 months after surgery, the body
eight, hemoglobin, albumin, and prealbumin levels of the two groups decreased, with
ﬁa significant difference between the two groups (Figure 3). The ratio of food intake in
the DTR group was higher than that in the RY group at 6 months after surgery [(89.61 +
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14.75)% wvs (80.06 + 17.60)%, P = 0.031]. According to the CT results of the two groups of
patients at 6 months after the operation, the incidence of gallbladder disease (including
cholecystitis, gallstones, bile salt deposition) was determined. The incidence of
gallbladder disease in the DTR group was 6.5%. The probability of gallbladder disease
in the RY group was 25.8%, with a significant statistical difference (P = 0.038). Duri
the 6-month follow-up, the postoperative reflux heartburn symptoms (Visick grade) of
patients with DTR were significantly lower than those of the RY group (P = 0.033), see
Table 3.

Postoperative gastrointestinal imaging results of the two groups of patients

The two groups of patients completed upper gastroilaestinal angiography
approximately 1 wk after surgery. Angiography confirmed that all patients in the DTR
group had no complications such as anastomotic leakage and anastomotic stenosis, and
the contrast agent could pass smoothly through the esophagojejunal and duodenal
jejunum anastomoses. Angiography demonstrated that one patient in the RY group had
an esophagojejunal anastomotic fistula, while no anastomotic complications occurred in

the remaining patients. The results of the two groups of patients are shown in Figure 4.

Patients’ gastroscopy results at 6 months after surgery

The patients completed gastroscopy 6 months after the operation. For the patients in the
DTR group, it was possible to see the duodenal jejunum anastomosis under
gastroscopy, and the width of the anastomosis was approximately 45 mm. No
anastomotic ulcer, stenosis, bleeding, or canceration were found in the two groups
under gastroscopy. The gastroscopy results of the DTR and RY groups are shown in

Figure 5.

DISCUSSION
Total laparoscopic total gastrectomy has been increasingly used since Uyama et allll

first reported the study of total laparoscopic total gastrectomy in 1999. Compared to

10 /13




open surgery, laparoscopic gastric cancer surgery has the advantages of clear vision,

less bleeding, less postoperative pain and faster recoveryl!2l. However, similar to open
total gatrectomy, patients undergoing total laparoscopic total gastrectomy cannot
avoid postgastrectomy syndromes, such as malnytrition, weight loss, dumping
syndrome, gallstones, and alkaline reflux esophagitis, all of which can seriously reduce
the quality of life of patients after surgery 3. The selection of appropriate digestive tract
reconstruction during surgery plays a vital role in reducing postoperative
complications!'4. Recently, DTR, as a new type of digestive tract reconstruction method,
has been gradually valued by some surgeons. This procedure retains the physiological
function of the duodenal pathway, fully integrates the digestive fluid with food, and is
conducive to improving the postoperative nutritional status of patients. DTR can also
reduce the reflux of alkaline digestive fluid and improve the quality of life of
patients(2'4151, In 2000, the Japanese scholar Uyama et all'®l first reported the study of
total laparoscopic proximal gastrectomy + jejunal interposition double-channel
anastomosis, indicating that the operation of DTR under laparoscopy is both safe and
feasible. Our center also uses a linear cutting stapler to anastomose the anastomosis,
thereby reducing the operation process and shortening the operation time to ensure the
safety of the operation.

The results showed no significant difference in intraoperative blood loss, number of
lymph node dissections, first postoperative defecation time, postoperative hospital stay,
surgical complicatigns, and postoperative laboratory test results between the two
groups of patients. %5

group [(307,38 + 65.14) min vs (272.45 + 62.09) min, P = 0.016], but the first intake of

e operation time of the DTR group was longer than that of the RY

liquid food in the DTR group was shorter than that in the RY group [(4.45 £ 1.18) d vs
(6.0 £ 5.18) d, P = 0.028]. These results confirm the safety and feasibility of DTR, which
has the same satisfactory postoperative recovery effect as RY. In general, the risk of
DTR is the increase in the number of anastomotic stomas, which increases the
probability of postoperative anastomotic complications(®!7l. However, in this study, the

DTR group showed no anastomotic complications, whereas one patient in the RY group
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experienced duodenal stump leakage. Upper gastrointestinal angiography revealed an
abnormal bile pancreatic branch intestinal loop, resulting in reverse peristalsis. This
may have been caused by the food and digestive juice being unable to enter the jejunum
food branch through the duodenal jejunum anastomosis, as well as the high pressure of
the duodenal stump. Additionally, when postoperative input loop obstruction occurs
because the duodenal stump is connected to the jejunum food branch, the digestive
fluid can pass through the duodenal jejunum anastomosis, thereby reducing the
pressure in the biliary and pancreatic branches and theoretically reducing the
probability oférious complications of input loop obstruction/8l.

Although there was no significant difference in body weight, hemoglobin,
prealbumin, and albumin between the two groups at 1, 3, and 6 months after operation,
the hemoglobin, prealbumin, and albumin levels in the DTR group were higher than
those in the RY group at 1, 3, and 6 months after the operation. During the 6-month
follow-up, the food intake ratio of the DTR group was also significantly better than that
of the RY group (P = 0.031). Some studies have suggested that DTR has better food
reserve function after gastrectomy, which may influence food intake, which is
consistent with our resultsl®18l. Additionally, there was no significant difference in body
weight, hemoglobin, prealbumin, and albumin levels, which may be related to our short
follow-up time and small sample size.

In this study, the symptoms of acid reflux and heartburn in the DTR group were
significantly lower than those in the RY group (P = 0.033). Previous reports have
confirmed that RY can effectively prevent reflux esophagitis(20], but some patients still
exhibit severe reflux heartburn symptoms after surgery. In our follow-up of 31 patients
with RY, 20 (64.5%) had reflux heartburn symptoms, including six (19.3%) that were
Visick grade III, which is similar to the results of Chen et al’s study!2!l. Reflux heartburn
symptoms not only affect the quality of life of patients after surgery but also affect the
patient’s food intake, indirectly leading to a decline in patient weight/’l. In the DTR
group, alkaline digestive juice can flow into the jejunum food branch when reflux

occurs due to the presence of dual pathway. Moreover, the length of our interposed
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small intestine is approximately 35 cm, which will also effectively reduce the occurrence
of this complication(!422],

The incidence of gallbladder disease in patients after RY is generally higher than that
in other patients because food does not pass through the duodenum and lacks the
stimulation of food to bile secretion??l. In our study, the incidence of postoperative
gallbladder disease in patients with DTR was 6.5%, while the probability of gallbladder
disease in the RY group was 25.8%. Additionally, there was a significant difference
between the two groups, which was consistent with previous research results!?l. Once
gallbladder disease occurs in patients undergoing RY, due to the exclusion of the
duodenal pathway, it will be difficult for the endoscope to enter the biliary system for
examination or treatment; at this point, only invas'% operation or surgery can be used
for treatment(2224l. Therefore, when performing digestive tract reconstruction, it is
important to consider the needs of endoscopy, and DTR meets this requirement!®l. Some
studies have shown that the preservation of the duodenal pathway also has a positive

effect on the long-term prognosis of patientsl1925-27],

CONCLUSION

In summary, although DTR has a slight increase in operation time, this does not impact
the patient’s postoperative recovery and the incidence of anastomotic-related
complications. It can also improve the quality of life of patients after surgery, improve
postoperative nutritional status, and reduce the incidence of gallbladder disease.
Simultaneously, it can also provide a duodenal pathway for endoscopic retrograde
cholangio pancreatography. Although we demonstrate that DTR is a better digestive
tract reconstruction method than traditional RY, the limitations of this study include the
small sample size, the short postoperative follow-up time, and the lack of further
analysis of anemia indicators such as vitamin B12 and ferritin. In addition, prospective

studies are still needed for comparative analysis.
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