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ABSTRACT

Purpose: Intracorporeal esophagojejunostomy during reduced-port gastrectomy for proximal
gastric cancer is a technically challenging technique. No study has yet reported a robotic
technique for anastomosis. Therefore, to address this gap, we describe our reduced-port
technique and the short-term outcomes of intracorporeal esophagojejunostomy.

Materials and Methods: We conducted a retrospective review of patients who underwent a
totally robotic reduced-port total or proximal gastrectomy between August 2016 and March
2020. We used an infra-umbilical Single-Site® port with two additional ports on both sides
of the abdomen. To transect the esophagus, a 45-mm endolinear stapler was inserted via
the right abdominal port. The common channel of the esophagojejunostomy was created
between the apertures in the esophagus and proximal jejunum using a 45-mm linear stapler.
The entry hole was closed with a 45-mm linear stapler or robot-sewn continuous suture. All
anastomoses were performed without the aid of an assistant or placement of stay sutures.
Results: Among the 40 patients, there were no conversions to open, laparoscopic, or
conventional 5-port robotic surgery. The median operation time and blood loss were 254
min and 50 mL, respectively. The median number of retrieved lymph nodes was 40.5. The
median time to first flatus, soft diet intake, and length of hospital stay were 3, 5, and 7

days, respectively. Three (7.5%) major complications, including two anastomosis-related
complications and a case of small bowel obstruction, were treated with an endoscopic
procedure and re-operation, respectively. No mortality occurred during the study period.
Conclusions: Intracorporeal esophagojejunostomy during reduced-port gastrectomy can be
safely performed and is feasible with acceptable surgical outcomes.

Keywords: Roux-en-Y anastomosis; Stomach cancer; Robot surgery
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INTRODUCTION

In recent years, minimally invasive surgery for gastric cancer has been widely adopted,
particularly in East Asia. According to several studies, laparoscopic distal gastrectomy
for early gastric cancer is technically feasible and as safe as open distal gastrectomy [1,2].
Currently, large-scale multicenter studies have reported comparable long-term outcomes
between laparoscopic and open distal gastrectomy [3,4].

As laparoscopic techniques continue to develop, experienced surgeons have successfully
performed reduced-port laparoscopic gastrectomy for gastric cancer to reduce postoperative
pain and improve cosmetic outcomes [5,6]. However, technical difficulties related to image
instability, suboptimal movement of the energy device, and instrument collision within a
limited space have hindered the widespread use of reduced-port laparoscopic gastrectomy.
Some surgeons have tried to overcome these technical limitations by introducing robotic
surgical systems, such as Single-Site® [7,8]. We previously reported the conduction of
reduced-port totally robotic distal gastrectomy using the Single-Site and an additional 2 ports
for gastric cancer [9,10].

Total or proximal gastrectomy using reduced-port surgery for upper gastric cancer is still
rarely performed. This is partly because of the technical difficulty in performing lymph
node (LN) dissection around the splenic vessels and splenic hilum, due to the presence

of complex vascular structures. Additionally, intracorporeal esophagojejunostomy, which
has not yet been proven as safe, is considerably challenging with limited access. A few
studies have reported the safety of reduced- or single-port laparoscopic total gastrectomy
[11-14]; however, there have been no studies on the use of reduced-port robotic gastrectomy
for proximal gastric cancer. Herein, we demonstrated a safe and feasible intracorporeal
esophagojejunostomy technique to facilitate reduced-port totally robotic total or proximal
gastrectomy using the current da Vinci surgical system.

MATERIALS AND METHODS

Patients

We retrospectively reviewed the data of patients with gastric cancer who underwent reduced-
port totally robotic total, completion total, or proximal gastrectomy with intracorporeal
esophagojejunostomy between August 2016 and March 2020. All patients were diagnosed
with gastric adenocarcinoma located in the upper part of the stomach or the remnant
stomach. Indications for total gastrectomy included patients who had early gastric cancer
but were ineligible for endoscopic submucosal dissection, or patients who had advanced
cancer without definite serosal exposure based on the preoperative evaluation. Indications
for proximal gastrectomy included a diagnosis of early gastric cancer located in the upper
part of the stomach, without evidence of LN metastasis. If minimally invasive surgery was
applicable, patients were provided with a detailed description of each procedure, including
a reduced-port robotic or conventional 5-port laparoscopic gastrectomy. Patients could
then choose one of the two operative methods. All patients provided written informed
consent for the procedure they elected to undergo. The work described here was carried
out in accordance with the Code of Ethics of the World Medical Association (Declaration of
Helsinki) for experiments involving humans. This study was approved by the Institutional
Review Board of Severance Hospital, Yonsei University College of Medicine (4-2020-0011).
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Port placement during reduced-port totally robotic gastrectomy

Details on the procedure for reduced-port robotic gastrectomy at our institution have been
previously published [9,10]. The port placements for total or proximal gastrectomy are
similar to those for reduced-port robotic distal gastrectomy. The reduced-port approach
used a Single-Site® (Intuitive Surgical, Sunnyvale, CA, USA) below the umbilicus and two
additional ports for rigid instruments on both sides of the abdomen. An infra-umbilical 25
mm vertical incision was made, and a Single-Site® was inserted. An 8.5-mm camera port, a
10-mm assistant port, and a 5-mm curved cannula for semi-rigid Cadiere forceps (Intuitive
Surgical) was inserted via the Single-Site®. An 8-mm cannula was placed on the right upper
abdomen for ultrasonic shears (Harmonic®, Ethicon Endo-surgery, Cincinnati, OH, USA),
with another 8-mm cannula on the left lower abdomen for Maryland bipolar forceps (Intuitive
Surgical). The two ports were placed in a port-in-port fashion via 12-mm laparoscopic
balloon ports (Kii Balloon Blunt Tip System, Applied Medical, Rancho Santa Margarita, CA,
USA), which were used to access the endolinear stapler during anastomosis.

Total gastrectomy

We adopted the overlap method for intracorporeal esophagojejunostomy during minimally
invasive surgery, as described by Inaba et al. [15]. After the abdominal esophagus was fully
mobilized, it was partially transected to make an aperture for the entry of an articulating
45-mm linear stapler (anvil side) via the 12-mm port on the right side of the abdomen. The
esophageal stump was completely transected using an ultrasound device or endo scissors,
leaving a small entry hole (Fig. 1A). The proximal jejunum, which is a tension-free area for
anastomosis, was brought to the transected esophagus. Subsequently, the posterolateral
side of the esophagus and the antimesenteric side of the jejunum, 20 cm below the Treitz
ligament, were anastomosed intracorporeally using the overlap method [15], with a 45-mm
linear stapler through the right-sided abdominal port (Fig. 1B). The common entry hole was
usually closed using the same linear stapler; however, we occasionally performed a robot-
sewn technique using a running, continuous, barbed absorbable suture when the entry hole
was large or the level of the anastomosis was too high to adequately apply the linear stapler
(Fig. 1C) (Supplementary Video 1). The retrocolic route is used in obese patients depending
on the tension in the mesentery. The biliary limb of the jejunal loop was intracorporeally
transected 2-3 cm proximal to the esophagojejunal anastomosis, without mesenteric division
using a 45-mm linear stapler via a 12-mm port on the right side of the abdomen (Fig. 1D).

At the Roux-limb, 45 cm below the esophagojejunostomy, a side-to-side jejunojejunostomy
was created using a 45-mm linear stapler through the right-sided abdominal port, and the
entry holes were closed using a 45-mm linear stapler (Fig. 1E). In our institute, an assistant
surgeon standing beside the patient's side is needed to control the endolinear stapler

during the procedure with a laparoscopic endolinear stapler. However, it is noteworthy

that recently, a robot-controlled stapler for robotic surgical systems (ENDOWRIST Stapler,
Intuitive Surgical) has been used to enable intracorporeal anastomosis by the surgeon on the
console. The Peterson's and mesenteric defects were closed during the procedure using a 3-0
nonabsorbable v-loc suture.

Proximal gastrectomy with double-tract reconstruction

The stomach was transected above the gastric angle using two or three linear staplers
through the left-sided abdominal port. Esophagojejunostomy was performed in the same
manner as described above using a 45-mm linear stapler. The gastrojejunostomy was created
with a 45-mm linear stapler 15 cm below the esophagojejunostomy through the left-sided
abdominal port, and then the entry hole was closed using a 45-mm linear stapler (Fig. 1F). A
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Fig. 1. Steps of intracorporeal anastomosis, including esophagojejunostomy during reduced-port totally robotic
total or proximal gastrectomy. During anastomosis, 8-mm rigid Maryland forceps and 5-mm semi-rigid Cadiere
forceps inserted through the curved cannula in the Single-Site® are used in coordination with each other to
retract the intestines.

(A) The esophagus is partially transected from the right lateral side of the esophagus. An entry hole for
esophagojejunostomy was made at the left lateral side of the esophageal stump. (B) The lateral wall of the
esophageal stump and jejunum are approximated with a 45-mm robotic or laparoscopic endolinear stapler
through the right cannula. (C) The common entry hole was closed using a 45-mm endolinear stapler. If

the entry hole is too large, it is closed with a 3-0 barbed suture using the robot-sewn technique. (D) The
biliopancreatic limbs of the jejunum were transected with a 45-mm stapler through the right cannula. (E) Side-
to-side jejunojejunostomy was created 45 cm below the esophagojejunostomy with a 45-mm stapler, and the
entry hole was closed with another 45-mm stapler. (F) In the case of proximal gastrectomy with double-tract
reconstruction, a gastrojejunostomy was created using a 45-mm stapler through the left cannula.
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side-to-side jejunojejunostomy was designed with a 45-mm linear stapler 20 cm below the
gastrojejunostomy through the right-sided abdominal port [16].

Measurement of short-term operative outcomes

Short-term operative outcomes, including operation time, estimated blood loss, operation
type, extent of LN dissection, pathologic stage, and number of metastatic/retrieved LNs
were assessed. Readmission was assessed 30 days postoperatively. Postoperative in-hospital
complications and complications requiring readmission were stratified using the Clavien-
Dindo classification [17].

RESULTS

During the study period, intracorporeal esophagojejunostomy following reduced-port
robotic total or proximal gastrectomy was performed in 40 consecutive patients. The patient
characteristics are shown in Table 1. Twenty-one patients (52.5%) were men. The median age
and body mass indices were 58 years (range, 35-82 years) and 22.8 kg/m? (range, 18-29 kg/
m?), respectively. Clinical early cancer (c¢T1) was present in 30 (75%) patients and advanced
cancer (cT2 or higher) in 10 (25%) patients. Clinically suspected LN involvement was noted
in 6 (17.5%) patients. The operative outcomes are summarized in Table 2. The median
operation time was 254 min (range, 185-432 min), and the estimated blood loss was 50 mL
(range, 20-900 mL). Nineteen patients underwent total gastrectomy, 19 underwent proximal
gastrectomy, and 2 underwent complete gastrectomy. The median number of retrieved LNs
was 40.5 (range, 12-98). D2 LN dissection was performed in 11 patients (27.5%). The median
postoperative hospital stay was 7 days (range, 5-35 days). All robotic gastrectomies were
successfully completed without conversion to open or laparoscopic surgery and without any
additional port insertion. Anastomosis-related complications were observed in 2 patients.
The patient was discharged on POD 6 after proximal gastrectomy and was re-admitted 14
days after discharge. The patient developed esophagojejunostomy leakage, which was treated
with endoscopic stent insertion. Another patient developed esophagojejunostomy site

Table 1. Preoperative patient characteristics (n=40)

Variables Values
Age (yr) 58 (35-82)
Sex

Male 21 (52.5)

Female 19 (47.5)
Body mass index (kg/m?) 22.8 (18-29)
ASA class

1 11 (27.5)

2 93 (57.5)

3 6 (15)
Previous abdominal surgery 15 (37.5)
Depth of invasion, clinical

cT 30 (75)

cT2 6 (15)

cT3 3(7.5)

cT4a 1(2.5)
Lymph node metastasis, clinical

cNO 33 (82.5)

cN+ 6 (17.5)

All data are shown as the median and range or number (%).
ASA = American Society of Anesthesiologists.
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Table 2. Operative and pathologic outcomes (n=40)

Variables Values
Operative time (min) 254 (185-432)
Estimated blood loss (mL) 50 (20-900)
Transfusion 1(2.5)
Operation type

Total gastrectomy 19 (47.5)

Proximal gastrectomy 19 (47.5)

Completion total gastrectomy 2 (5)
Extent of lymph node dissection

D1+ 29 (72.5)

D2 11 (27.5)
Conversion to conventional robotic or open surgery 0
Combined operation® 3(7.5)
Pathological stage, AJCC 8" edition

I 30 (75)

Il 6 (15)

1 3(7.5)
Number of metastatic lymph nodes 0 (0-32)
Number of retrieved lymph nodes 40.5 (12-98)
Resumption of soft diet, POD 5 (4-32)
Hospital stay, POD 7 (5-35)
Grade >3 complications’ 3(7.5)

Anastomosis-related complications 2 (5.0)

All data are shown as the median and range or number (%).
AJCC = American Joint Committee on Cancer; POD = postoperative day.

*Combined operation: splenectomy, appendectomy, and cholecystectomy. TClavien-Dindo classification.

stenosis that required endoscopic dilatation during hospitalization, after which the patient
was discharged on postoperative day (POD) 29. The other patient who underwent completion
total gastrectomy developed an intestinal obstruction that required additional surgery
(laparoscopic segmental resection of the small bowel), after which the patient was discharged

on POD 35. No mortality occurred during the study period.

DISCUSSION

In this report, we describe a novel intracorporeal anastomosis technique for
esophagojejunostomy during reduced-port totally robotic gastrectomy. The major in-

hospital complication rate during the study period was 7.5%, which is comparable with

that reported in previous studies on conventional minimally invasive gastrectomy [18]. The
observed operative outcomes, including operation time, hospital stay, and estimated blood
loss, were acceptable. We did not encounter any cases of conversion to open or laparoscopic
procedures or a requirement for additional port insertion. We found that intracorporeal
esophagojejunostomy was technically feasible and safe to perform during reduced-port
robotic gastrectomy.

Intracorporeal esophagojejunostomy is regarded as a technically demanding procedure
during laparoscopic total or proximal gastrectomy. An international cross-sectional survey
on the surgical treatment of gastric cancer revealed that minimally invasive surgery was the
preferred method for distal gastrectomy in cases of early gastric cancer in Asia (82% for distal
gastrectomy and 64% for total gastrectomy for early gastric cancer) [19]. Minimally invasive
surgery was favored by 49% of international gastric surgeons for early gastric cancer, but only
by 6% of surgeons for advanced gastric cancer regarding total gastrectomy. This presumably
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reflects the technical difficulties in performing total gastrectomy for proximal gastric cancer.
Furthermore, differences in the type and incidence of complications between laparoscopic
total and distal gastrectomy can arise from difficulties in performing intracorporeal
esophagojejunostomy and cause anastomosis-related complications such as leakage, bleeding,
and stenosis [18,20]. The incidence of anastomosis-related complications after laparoscopic
distal gastrectomy was 1.6% in the Korean Laparoendoscopic Gastrointestinal Surgery Study
Group (KLASS)-01 trial [21] and 3.2% in the KLASS-03 trial for laparoscopic total gastrectomy
[18]. Thus, safe esophagojejunostomy is crucial to reduce complications related to the
procedure associated with higher morbidity and mortality, as well as a worse prognosis.

Reduced-port laparoscopic total gastrectomy is rarely performed due to difficulties in
performing intracorporeal esophagojejunostomy using conventional devices and techniques.
Because of the risk of collision between the surgeon and the assistants, reduced-port
laparoscopic total gastrectomy would require special equipment, such as an articulating
instrument or scope holder [14]. Previously published studies on laparoscopic reduced-
port and conventional total gastrectomy are shown in Supplementary Table 1. Several
retrospective studies comparing surgical outcomes with those of conventional 5-port
surgery have reported the feasibility and safety of reduced-port total gastrectomy [12,13],
and demonstrated that the number of retrieved LNs and blood loss did not differ between
the two groups. However, the limitations of these studies were that they included only early
gastric cancer patients and that reduced-port gastrectomy was more commonly performed
in less obese or female patients. In addition, Kim et al. [22] reported that postoperative
anastomosis-related complications were more common in reduced-port laparoscopic

total gastrectomy than in conventional laparoscopic total gastrectomy (6/34 patients vs.
0/23 patients, P=0.020), although overall complications were comparable. Surgeons with
extensive experience in laparoscopic gastrectomy stated that a prolonged learning period
was essential to gain expertise in performing a secure intracorporeal anastomosis during
reduced-port gastrectomy [22,23].

To overcome the difficulties of reduced-port laparoscopic total gastrectomy, we used a
robotic surgical system that could provide a technically superior operative environment, such
as tremor filtration and articulated function of wristed instruments. In addition, the robotic
system helped surgeons dissect LNs around the splenic vessels and splenic hilum, which

are difficult to reach with current laparoscopic instruments and camera systems [24]. We
previously reported the short-term outcomes of reduced-port robotic distal gastrectomy and
demonstrated the feasibility and safety of the procedure. As in the previous study, reduced-
port robotic gastrectomy in this study was designed to utilize the same rigid instruments as
those used in conventional robotic gastrectomy [25]. This procedure involved the use of five
ports through three incisions, in contrast to conventional 5-port robotic gastrectomy, but was
able to be used in similar operative procedures and achieved acceptable surgical outcomes.
In conventional robotic gastrectomy, adequate retraction in the required direction can be
achieved using Maryland and Cadiere forceps through both side ports of the abdomen. In
reduced-port robotic gastrectomy, the staplers were inserted in the same direction as in
conventional robotic gastrectomy, and adequate retraction was obtained using the flexible
semi-rigid Cadiere forceps through the Single-Site and Maryland forceps through the left-
sided abdominal port, leading to fewer intra- and extra-abdominal collisions. Consequently,
operations in all cases could be performed without stay sutures or additional retraction by
bedside assistant surgeons. A bedside assistant surgeon who had sufficient training and
experience in intracorporeal anastomosis participated in using the laparoscopic endolinear
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stapler. However, using this technique, the robotic stapler could allow surgeons to perform
secure intracorporeal anastomosis without the help of a skilled assistant surgeon. Moreover,
the robotic system facilitated easier hand-sewn suturing for the closure of the entry hole or
reinforcement of the anastomosis line, especially when the entry hole was too large or the
level of the anastomosis was too high to adequately apply the stapler.

In this study, we did not observe any intraoperative robotic procedure-related complications.
Grade III or higher complications related to esophagojejunostomy occurred in a patient

who developed esophagojejunostomy site stenosis during the early days of our experience
with the technique. The patient was a 64-year-old woman who underwent reduced-port
total gastrectomy and was found to have proximal margin involvement by frozen section
during the operation and thus underwent additional esophageal resection. However,

during esophagojejunostomy, one fork of the linear stapler (anvil side) was inserted into

the submucosal layer of the esophagus, creating a false lumen in the submucosal plane of
the esophagus. The operation was completed without the recognition of the false lumen.

On postoperative day 3, the patient experienced nausea and vomiting, and abdominal
computed tomography demonstrated partial obstruction at the site of the anastomosis. After
confirmation of esophageal stenosis, endoscopic dilatation was performed on postoperative
day 7. The patient was discharged on postoperative day 29 without any other complications.

This is the first description of an intracorporeal esophagojejunostomy in reduced-port
robotic gastrectomy for proximal gastric cancer. Moreover, in this study, we found that

D2 LN dissection and intracorporeal anastomosis including esophagojejunostomy,
gastrojejunostomy, and jejunojejunostomy, which are regarded as highly challenging
procedures when using a reduced-port technique, could be successfully performed. However,
this study has some limitations. First, our results were based on a retrospective analysis of
the initial experience at a single high-volume institution. Second, we could not compare
reduced-port totally robotic gastrectomy with other procedures, such as reduced-port
laparoscopic or conventional robotic gastrectomy. Third, we did not assess patient benefits,
including postoperative pain, recovery, surgical stress, cosmetic effects, and quality of life.
Further studies regarding the safety and patient benefits of reduced-port intracorporeal
esophagojejunostomy compared to those of other procedures should be conducted.

In conclusion, we have described a technique for intracorporeal esophagojejunostomy

during reduced-port totally robotic gastrectomy, and discussed its short-term outcomes.
Intracorporeal esophagojejunostomy during reduced-port totally robotic gastrectomy is feasible
and safe. Moreover, it shows acceptable surgical outcomes, including in the number of retrieved
LNs, blood loss, and operation time. We believe that this novel technique using the current
robotic system could facilitate the use of reduced-port gastrectomy for proximal gastric cancer.
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SUPPLEMENTARY MATERIALS

Supplementary Table 1
Previously published studies of laparoscopic reduced-port and conventional total gastrectomy

Click here to view

Supplementary Video 1
Representative view of intracorporeal esophagojejunostomy using endolinear staplers during
reduced-port totally robotic total gastrectomy.

Click here to view
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