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Abstract

Background The double-tract reconstruction (DTR) could be a preferable option in avoiding the postoperative esophageal
reflux and anastomotic stenosis during totally laparoscopic proximal gastrectomy (TLPG). An optimal procedure to achieve
the DTR in TLPG remains to be established.

Methods During March 2018 to April 2019, 15 consecutive patients with gastric cancer in the upper third of the stomach
underwent intracorporeal DTR after TLPG at our hospital. The intracorporeal esophagojejunostomy (E-J), gastrojejunos-
tomy (G-J) and jejunojejunostomy (J-J) were, respectively, performed using circular staplers by the Self-Pulling and Holding
Purse-String Suture Technique, Intraluminal Poke Technique and U-shaped Parallel Purse-string Suture Technique (Technical
Tie-Up). Demographic and clinicopathologic characteristics, perioperative details and postoperative outcomes were analyzed.
Results The mean operating time was 216.1 + 18.2 min. Total time for three anastomoses was 49.8 + 6.1 min, and the time
for E-J, G-J, J-J was 22.4+5.0 min, 13 (range 11-16) min, 14.2 +2.8 min, respectively. The median proximal and distal
resection margins were 2.5 (range 2-4) cm and 6 (range 5-7) cm, respectively, which were all tumor-free in 15 patients. No
major complications and mortality occurred. During the median follow-up period of 14 months (range 7 to 20.5 months),
there were no postoperative anastomosis-related complications observed, such as anastomotic bleeding, leakage or stenosis.
No patients complained the symptoms indicating esophageal reflux and remnant gastritis.

Conclusions Predominant classic circular-stapled double-tract reconstruction is safe, feasible and time-saving in TLPG by
the technical tie-up.
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The incidence of cancer in the upper third of the stomach  For these cases of proximal gastric cancer, both laparoscopic
has been steadily increasing over the last half century [1, 2].  total gastrectomy (LTG) and laparoscopic proximal gastrec-
tomy (LPG) are the current surgical approaches, while the
LPG provides a series of advantages such as more food
Jian Hu and Lizhi Zhao have equally contributed to this work and intake volume and better postoperative nutrition status [3, 4].
should be considered as co-first authors. As for the digestive reconstruction after LPG, the dou-
ble-tract reconstruction (DTR) could be a preferable option
considering its more priority in avoiding the postoperative
esophageal reflux and anastomotic stenosis than esophago-
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due to their own inherent disadvantages and limitations, such
as the closure of the irregular or large common openings
and the higher requirement for laparoscopic suture skill,
although several recent studies reported the procedures of
DTR in TLPG using the both [9-12]. Therefore, an opti-
mal technique to achieve the DTR in TLPG remains to be
established.

Herein, we introduce the safe, feasible and time-saving
integrated procedures to intracorporeally achieve the three
anastomoses of DTR in TLPG using only circular staplers.
In this study, we, respectively, performed the intracorpor-
eal esophagojejunostomy (E-J), gastrojejunostomy (G-J)
and jejunojejunostomy (J-J) using circular staplers within
a mean of 49.8 +6.1 min by the Self-Pulling and Holding
Purse-String Suture Technique, Intraluminal Poke Technique
and U-shaped Parallel Purse-string Suture Technique (tech-
nical tie-up), which all were previously reported by our team
[13—15]. The technical tie-up could create the complete three
circular-stapled anastomoses and produce more comfort to
surgeons because of its safety and time-saving instead of
tiredness or fear of anastomotic leakage and stenosis than
using others. To the best of our knowledge, this is the first
report that all the three anastomoses of DTR in TLPG were
completed by the pure classic circular-stapled approaches
with their own obvious advantages. The surgical process
and preliminary outcomes are shown in the present study.

Methods
Patients and techniques

In our study, 15 consecutive patients with gastric cancer
in the upper third of the stomach underwent intracorporeal
DTR after TLPG from March 2018 to April 2019 at our
hospital. The intracorporeal E-J, G-J and J-J anastomosis of
the DTR were all achieved with the circular-stapled man-
ners in all patients. Patients selection criteria included (1)
histologically confirmed gastric adenocarcinoma, and lesion
invasion within submucosal layer with no suspected positive
LN and no distant metastasis by preoperative endoscopy,
endoscopic ultrasonography and computed tomography; (2)
tumor located in the upper third of the stomach with tumor
diameter no larger than 4 cm; (3) no contraindication for lap-
aroscopic surgery. The type of operation was selected based
on the patient’s individual decision after being informed of
the advantages and disadvantages of each method, and the
written informed consent was obtained from all patients.

Operative procedures

Patients were placed in the supine position with the two
legs split under general anesthesia. Pneumoperitoneum was
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established at about 10-12 mmHg, and five percutaneous
ports were placed on the umbilicus and the bilateral upper
abdominal regions (Fig. 1). Subsequently, abdominal cav-
ity exploration, D1 lymphadenectomy (the dissections of
No.1, No.2, No.3a, No.4sa, No.4sb, No.7, No.8a, No.9,
and No.11p) based on the Japanese guidelines for proximal
gastric cancer were carried out under laparoscopy [16]. A
2.5 cm abdominal incision on the left middle clavicular line
was made for putting into anvils, specimen extraction and
circular staplers introduction (Fig. 1). Two 25 mm anvils
(DST Series, EEA; Medtronic, Minneapolis, MN) secured
with a 2-0 suture loop of approximately 3—-5 cm (Braided
Nylon, Surgilon; Medtronic Minneapolis, MN) at its cen-
tral rod, were pushed into the abdominal cavity through
the abdominal incision for their following placement at the
esophagus and stomach after the stomach was fully divided.

For double-tract reconstruction, G-J and E-J were first
performed, respectively. At first, the distal esophageal wall
was sub-totally transected in approximately 90% circumfer-
ence from the left side using the electrocautery, remaining
approximately 10% circumference uncut at the right side.
Using the Self-pulling and Holding Purse-String Suture
Technique [15], the laparoscopic hand-sewn purse-string
suture and anvil placement were completed (Fig. 2A). Next,
using the Intraluminal Poke Technique (Fig. 2B) [14], the
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Fig.1 Trocar placement for TLPG with double-tract reconstruction.
(A) Camera port for laparoscopy; (B) main manipulation port for the
surgeon; (C-E) assisted ports; (F) abdominal incision approximately
2.5 cm on the left middle clavicular line for the specimen extraction,
putting into anvil and circular stapler introduction
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Fig.2 Schematic illustration of the Technical Tie-Up. A The purse-
string suture at the esophagus stump is completed for the anvil
placement using the Self-Pulling and Holding Purse-String Suture
Technique. 7, tumor. B Anvil placement at the great curvature of
approximately 1/2 stomach using the Intraluminal Poke Technique.
The laparoscopic needle holder holding the suture loop secured at the
central rod of the anvil is poked out and the electrocautery is applied
at the protruding gastric wall to generate a small opening. 7 tumor.
C Schematic illustration of the circular-stapled gastrojejunostomy.
The 25 mm circular stapler is put into the distal jejunal lumen about

other 25 mm anvil secured with a suture loop was introduced
into the stomach through an anterior gastrotomy approxi-
mately 2.5 cm on the middle-upper stomach. The laparo-
scopic needle holder which carried the suture loop and anvil
was advanced to the tentative anastomosis position of the
greater curvature of approximately 1/2 stomach, and pushed
out by its head to generate a small opening for pulling out
the central rod of the anvil after electrocautery was applied
at the protruding gastric wall. Approximately half stomach
was divided using another one following the cutting of one
endoscopic linear stapler (Endo-GIA; Medtronic, Minneapo-
lis, MN) close to the root of the suture loop attached to the
anvil and pulling out the central rod of the anvil. The speci-
men was extracted by one plastic protection bag through the
abdominal incision. The jejunum was divided about 25 cm
distal to the Treitz ligament. A 25 mm circular stapler was
put into the abdominal cavity through the abdominal inci-
sion. The circular stapler lubricated by paraffin oil was
inserted into jejunum through the jejunal end with the trac-
tion of three graspers from the assistant and surgeon (left
hand), and then pushed it to the tentative anastomosis posi-
tion in forward direction by against count pressure of one
grasper that the surgeon applied on the jejunum and the two
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20 cm from the distal jejunal end for being coupled with the anvil
at stomach. D Schematic illustration of the circular-stapled esophago-
jejunostomy. The 25 mm circular stapler is inserted into the distal
jejunal lumen about 5 cm from the distal jejunal end to be connected
to the anvil along the esophageal stump. E The purse-string suture at
the jejunum is completed for the anvil placement using the U-Shaped
Parallel Purse-String Suture Technique. F Schematic illustration of
circular-stapled jejunojejunostomy. The 25 mm circular stapler is
inserted into 5 cm of the proximal jejunal lumen to be coupled with
the anvil along the distal jejunum

graspers from the assistant. The constant opposite traction
was applied on the jejunal end by the left hand of surgeon to
properly keep the jejunum on the circular stapler from slip-
ping off without the fixation. Subsequently, the central rod of
the circular stapler was pierced out the jejunal wall to con-
nect with anvil at the distal half stomach (Fig. 2C). The G-J
anastomosis was completed in an anti-colic manner after the
circular stapler was fired. Afterward, another 25 mm circular
stapler was inserted into the distal jejunal lumen about 5 cm
from the distal jejunal for the formation of E-J (Fig. 2D).
An end-to-side E-J anastomosis was obtained after the shaft
of the circular stapler was coupled with the anvil along the
proximal esophageal stump and fired. The distal limb of the
jejunal stumps was closed by an endoscopic linear stapler.
Finally, the last 25 mm anvil secured with a 2-0 suture loop
was pushed into abdomen through the abdominal incision for
the creation of J-J as the last anastomosis of DTR in TLPG.
The purse-string suture was placed along the distal intestine
approximately 20 cm distal to the G-J anastomosis by four
forehand seromuscular stitches of two unidirectional paral-
lel suturing along the jejunum using the U-shaped Parallel
Purse-String Suture Technique (Fig. 2E) [13], and then the
25 mm anvil was placed in position at the intestine segment.
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A 25 mm circular stapler was inserted into the proximal
jejunal lumen about 5 cm, then a completed side-to-side J-J
was created after coupling and firing of the circular stapler
(Fig. 2F). The proximal jejunal end was closed using an
endoscopic linear stapler, and the mesenteric defect was
closed by laparoscopic hand-sewn manner. Afterward, the
complete DTR after TLPG was formed (Fig. 3).

Postoperative management

For all patients, a water-soluble contrast media study was
applied for evaluations of anastomoses on postoperative day
3. After their first bowel movement, 15 patients were given
liquid diet, and soft diet was given if there’s no any anasto-
mosis-related complication observed. All these patients were
uneventfully discharged with a median of 7 (range 6-10)
days after operation.

Results

Patient clinicopathological characteristics and opera-
tive results are shown in Table 1. The mean operating
time was 216.1 + 18.2 min. Total time for three anasto-
moses was 49.8 + 6.1 min, and the time for E-J, G-J, J-J

Fig.3 Schematic illustration

of completed double-tract
reconstruction in TLPG. The
jejunal length between E-J and
G-J is about 15 cm, G-J and J-J
is about 20 cm. E-J esophago-
jejunostomy, G-J gastrojejunos-
tomy; J-J jejunojejunostomy
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was 22.4+ 5.0 min, 13 (range 11-16) min, 14.2 +2.8 min,
respectively (the time for each of esophagojejunostomy and
jejunojejunostomy was the total required time of the purse-
string suture, anvil placement, the coupling with the anvil
and firing of the circular stapler. The time for gastrojejunos-
tomy was the total required time of the Intraluminal Poke
procedure, the coupling and firing of the circular stapler).
The average estimated blood loss was 177.3+78.4 mL.
The median proximal and distal resection margins were 2.5
(range 2—4) cm and 6 (range 5-7) cm from the tumor, which
were all tumor-free in 15 patients. No patients underwent
conversion to other intracorporeal anastomosis techniques
or open surgery. There were 4 postoperative complications
and morbidities including atelectasis (n=2), pleural effu-
sion (n=1), and pulmonary infection (n=1). All the four
patients recovered after conservative treatment. No surgi-
cal site infection occurred. There was no mortality. Dur-
ing the median follow-up period of 14 months (range 7
to 20.5 months), there were no instances of postoperative
anastomosis-related complications, such as anastomotic
bleeding, leakage or stenosis. No patients complained the
symptoms indicating esophageal reflux and remnant gastri-
tis. There were no any sign of reflux esophagitis and remnant
gastritis for five patients underwent an endoscopic evalua-
tion after surgery.
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Table 1 Clinicopathologic characteristics and operative results of the
patients

Variables TLPG (N=15)

Demographic data

Male, female, 1 (%) 8(53.3), 7 (46.7)

Age (years), mean+ SD 64.3+9.1
Body mass index (kg/m?), mean +SD 23.5+2.1
Operative results
Total operation time (min), mean+ SD 216.1+18.2
Total time for anastomosis (min), mean + SD 49.8 +6.1
Time for E-J* anastomosis, min, mean + SD 22.4+5.0
Time for G-J* anastomosis, min, median (range) 13 (11-16)
Time for J-J* anastomosis, min, mean +SD 142+2.8
Blood loss (mL), mean + SD 177.3+78.4
Postoperative recovery
Mortality, n 0
Complications, n (%) 4(26.7)
Atelectasis 2(13.3)
Pleural effusion 1(6.7)
Pulmonary infection 1(6.7)
Postoperative hospital stay, d, median (range) 7 (6-10)
First flatus, 4, mean+ SD 74.8+22.2
Pathologic results
No. of retrieved lymph nodes, median (range) 22 (19-44)
Proximal margin (cm), median (range) 2.502-4)
Distal margin (cm), median (range) 6 (5-7)
Depth of invasion® T1/T2, n (%) 11 (73.3)/4 (26.7)
Follow-up, month, median (range) 14 (7-20.5)

E-J esophagojejunostomy; G-J gastrojejunostomy, J-J jejunojejunos-
tomy

#According to the 7th edition Cancer Staging, American Joint Com-
mittee on Cancer

Discussion

In this article, we have described the technical tie-up (Self-
Pulling and Holding Purse-String Suture Technique, Intra-
luminal Poke Technique, U-shaped Parallel Purse-String
Suture Technique) for intracorporeal DTR in TLPG, during
which the E-J, G-J and J-J of the DTR were all completed
with pure circular staplers. Within our 15 cases in this study,
the total time for the three anastomoses was 49.8 +6.1 min,
and the time for E-J, G-J, J-J was 22.4+5.0 min, 13 (range
11-16) min, 14.2 +2.8 min, respectively, and no anasto-
mosis-related complications occurred. The technical tie-up
could be safe, feasible and time-saving, and provided rea-
sonable complication incidence and satisfactory outcomes.

Since the first performance in 1995 [17], the LPG has
been increasingly performed for gastric cancer cases
located at the upper third portion of stomach. In fact,
TLPG has been being considered to be less invasive and
more function-preserving than LPG or totally laparoscopic

total gastrectomy (TLTG) since the physiological function
of the distal part of the stomach is preserved to reduce
postoperative weight loss or decrease the incidence of
gastric symptoms and nutritional deficiencies [3, 18,
19]. Given the great priority in avoiding the incidence of
esophageal reflux and anastomotic stenosis [5, 20], the
DTR could be a better choice in TLPG.

Currently, to achieve the DTR in TLPG, various tech-
niques such as linear-stapled and laparoscopic hand-sewn
techniques have been proposed. As for the linear-stapled
techniques, they still present some deficiencies of their own
[9, 10, 20]. On one hand, no matter of the E-J, G-J or J-J,
the common incision was unavoidable if the linear stapler
was applied, and sometimes it may be skill-demanding and
time-consuming to close an irregular or a large common
incision adequately by linear- stapled or hand-sewn man-
ner. On the other hand, the linear-stapled procedure always
necessitates sufficient length of esophagus, and the E-J
would be created in chest cavity or mediastinum where the
negative intrathoracic pressure may increase esophageal
reflux; even more, it would be more troublesome and dan-
gerous once there’s anastomotic leakage in the mediastinum.
Some surgeons also tried applying laparoscopic hand-sewn
techniques to perform some anastomoses of DTR in TLPG.
As one of the most conventional laparoscopic surgical
technique, the laparoscopic hand-sewn technique has some
advantages like saving the cost of the surgery and making
the operation not restricted by the available surgical instru-
ments [21]. However, even for the surgeons with advanced
laparoscopic suturing skill, it should not be the first choice
to finish the three anastomoses of DTR in TLPG by lapa-
roscopic hand-sewn manner because of the long operation
time. Furthermore, although circular-stapled anastomosis is
the popular and time-tested procedure to accomplish diges-
tive reconstruction in conventional open gastrectomy, it has
been never reported that all the intracorporeal E-J, G-J and
J-J of the DTR were performed using circular staplers during
TLPG. It may attribute to the difficulties of the performance
of intracorporeal purse-string suture and anvil placement
along esophagus, stomach and intestine under laparoscopy.
Therefore, the safe, feasible and time-saving procedures of
intracorporeal purse-string suture and anvil placement along
these organs can be crucial to apply the classic circular sta-
pler to the DTR during TLPG.

To address the problems, we introduced the integrated
applications of our reported three unique techniques (the
technical tie-up) in predominant circular-stapled anasto-
moses of DTR in TLPG. During this approach, three anvil
placements along esophagus, stomach and intestine were
successively obtained by the Self-Pulling and Holding
Purse-String Suture Technique, Intraluminal Poke Tech-
nique and U-shaped Parallel Purse-String Suture Tech-
nique. As a result, the E-J, G-J and J-J of DTR in TLPG

@ Springer



5186

Surgical Endoscopy (2020) 34:5181-5187

were created in safety, feasibility and time-saving using
pure circular staplers.

These procedures are of many advantages in the fol-
lowing several aspects. First, it is the first report about
performing all the three anastomoses of the DTR in TLPG
using the pure classic circular-stapled anastomoses as
open surgery. Second, it is the integrated and ingenious
applications of the three unique techniques concerning
predominant circular-stapled anastomoses during TLPG
to make sufficient use of their advantages, such as the
prevention of esophageal shortening or retracting into the
mediastinum and great mobility, free purse-string suture
at stomach and the simplest paralleled purse-string suture
along intestine in safety and time-saving. Third, the three
classic circular-stapled anastomoses were completely and
finally formed without any opening left after each cou-
pling and firing of circular stapler, which is so familiar to
our surgeons. Fourth, the time-saving procedures with the
complete three circular-stapled anastomoses by the tech-
nical tie-up would produce more comfort to the surgeons
instead of tiredness or fear of anastomotic leakage and
stenosis using others, which is different from the com-
fort of patients who underwent totally laparoscopic gas-
trectomy because of the smaller incision, less pain, and
earlier ambulation, etc. Fifth, the classic circular-stapled
E-J could especially lower the height of anastomosis or
decrease the risk of fatal anastomotic leakage in mediasti-
num than linear-stapled E-J of DTR in TLPG. Sixth, the
procedures could drive the DTR in TLPG wider applica-
tion for patients with gastric cancer in the upper third of
the stomach by surgeons with basic laparoscopic skills
because of these own merits.

However, the surgical limitation using the procedure
is the proximal gastric cancer with invasion to the intra-
abdominal esophagus of no more than 1 cm. Moreover, some
limitations of our study are the amount of the small cases
and no comparative data with other intracorporeal double-
tract reconstruction methods. Therefore, it is further required
for long-term follow-up data to confirm the long-term nutri-
tional, functional and oncological outcomes, and compara-
tive studies with other intracorporeal anastomosing methods
to assess which is better among them.

Conclusions

In conclusion, our results suggest that the predominant
classic circular-stapled double-tract reconstruction after
TLPG is safe, feasible, time-saving by the technical tie-up.
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