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Abstract

OBJECTIVES: With the gradual acceptance of robotic-assisted surgery to treat oesophageal cancer and the application of a single-port ap-
proach in several abdominal procedures, we adopted a single-port technique in robotic-assisted minimally invasive oesophagectomy dur-
ing the abdominal phase for gastric mobilization and abdominal lymph node dissection.

METHODS: Robotic-assisted oesophagectomy and mediastinal lymph node dissection in the chest were followed by robotic-assisted gas-
tric mobilization and conduit creation with abdominal lymph node dissection, which were performed via a periumbilicus single incision.
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The oesophagogastrostomy was accomplished either in the chest (Ivor Lewis procedure) or neck (McKeown procedure) depending on the
status of the proximal resection margin.

RESULTS: The procedure was successfully performed on 11 patients with oesophageal cancer from January 2017 to December 2018 in
our institute. No surgical or in-hospital deaths occurred, though we had one case each of anastomotic leakage, pneumonia and hiatal her-
nia (9%).

CONCLUSIONS: Robotic single-incision gastric mobilization for minimally invasive oesophagectomy for treating oesophageal cancer
seems feasible. Its value in terms of perioperative outcome and long-term survival results awaits future evaluation.
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ABBREVIATIONS

CT Computed tomography
ICS Intercostal space
MIE Minimally invasive oesophagectomy

INTRODUCTION

The incidence of oesophageal cancer is increasing worldwide, es-
pecially in the White population [1, 2], thereby increasing the im-
portance of technical issues in performing oesophagectomy, the
mainstay treatment for the disease. Confronting the complexity
and the substantial risk of surgical-related morbidity and mortal-
ity, minimally invasive oesophagectomy (MIE) that incorporates
thoracoscopic and/or laparoscopic procedures has gradually
emerged as a clinical practice that effectively helps reduce the
risk of postoperative pain and pulmonary complications without
compromising survival outcome [3–11]. However, the literature
on this minimally invasive approach shows a continuous evolu-
tion, including the adoption of robotic systems and a single-port
surgical approach [12–14]. Using robotic systems for the MIE pro-
cedure can help achieve a more precise dissection of the import-
ant deeply seated targets, such as the lymphadenectomy along
the bilateral recurrent laryngeal region, with less risk of injury to
the adjacent tissue [15]. We previously reported our results per-
forming MIE with a single-incision approach using thoracoscopic
and laparoscopic procedures, showing perioperative outcomes
equivalent to those obtained without a multiple-incision ap-
proach [16, 17]. Encouraged by recent successful reports using
robotic-assisted single-incision laparoscopic procedures in treat-
ing various hepatobiliary, pancreatic or obstetric and gynaeco-
logical diseases [18–20], we report our preliminary experience
performing single-incision, robotic-assisted laparoscopic gastric
mobilization for oesophageal reconstruction during MIE to treat
oesophageal cancer.

PATIENTS AND METHODS

Patient selection

This study presents a retrospective analysis of patients with oe-
sophageal cancer who had an oesophagectomy via robotic-
assisted oesophagectomy and oesophageal reconstruction from
January 2017 to December 2018 at the National Taiwan
University Hospital, a 3200-bed tertiary medical centre. The
oesophagectomy was performed via a four-arm robotic-assisted
technique in the chest, whereas gastric mobilization in the

abdominal phase was performed with a single-port robotic-
assisted technique. The patient selection criteria included no pre-
vious operations in the chest or abdomen and the ability to toler-
ate one-lung ventilation and pneumoperitoneum during surgery.
An oesophageal anastomosis with a gastric conduit was per-
formed either in the neck (McKeown procedure) or chest (Ivor
Lewis procedure) depending on the location of the tumour. All
patients received computed tomography (CT), endoscopic ultra-
sound and positron emission tomography for staging studies. For
patients with advanced disease (T3–T4 or N+), neoadjuvant con-
current chemoradiation therapy was followed by surgery 4–
8 weeks later. The study was approved by the research ethics
committee of the National Taiwan University Hospital (No:
201911091RINB).

Robotic-assisted oesophagectomy and mediastinal
lymph node dissection

The patient was placed in a semi-prone position with the right
upper extremity extended above the head. A four-port da Vinci
robotic system (Intuitive Surgical Inc., Sunnyvale, CA, USA) was
fitted with an 8-mm EndoWrist Grasper (Intuitive Surgical Inc.)
for the left hand and an EndoWrist Scalpel (Intuitive Surgical Inc.)
or Harmonic Scalpel (Ethicon Endo-Surgery, Inc., Cincinnati, OH,
USA) for the right hand. These instruments were inserted, re-
spectively, through the 9th or 10th intercostal space (ICS) in the
posterior axillary line and in the 4th ICS in the midaxillary line,
under an alternative use of 0� and 30� thoracoscopic cameras
inserted through the 5th or 6th ICS in the posterior axillary line
during the operation. A 2-cm assistant port was created over the
8th or 9th ICS in the posterior axillary line. Oesophageal mobil-
ization was performed with lymph node dissection along the par-
aoesophageal and mediastinal lymph nodes including the
bilateral recurrent laryngeal nerve and the pretracheal regions as
proposed by the Japanese Society for Oesophageal Disease [21].
After oesophageal mobilization, the oesophagogastrostomy was
performed either in the neck (McKeown oesophagectomy) or
chest (Ivor Lewis oesophagectomy). As described below, the two
procedures require different sequences for the abdominal phase
of gastric mobilization, which is performed after the thoracic
phase in the McKeown procedure and before it in the Ivor Lewis
procedure. For the intrathoracic oesophagogastrostomy (Ivor
Lewis), an OrVil transoral delivery system (DST PCEEA, 21 or
25 mm, Medtronic, Minneapolis, MN, USA) was used.

Robotic single-incision gastric mobilization

The gastric mobilization (Video 1) was performed with a Glove
Port (Nelis Corp., Seongnam, Korea) inserted into a single 5-cm
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incision near the umbilicus, which could be moved upwards for
1–3 fingerbreadths according to the patient’s body height to
allow the instrument to easily approach the diaphragmatic hiatus.
A 30� downwards scope was placed at the 12 o’clock position,
and the two robotic arms were fitted with an EndoWrist Grasper
and a Harmonic Scalpel at the 4 and 8 o’clock positions, respect-
ively (Fig. 1). The assistant port was introduced at the 6 o’clock
position. By using the multiportal design of the Glove Port, the
procedure only required one single-wound area around the um-
bilicus. The liver was elevated with a self-retaining stitch placed
through the hiatus and fixed with an extracorporeal tie [16].
Dissection and mobilization of the stomach were performed with
the EndoWrist Grasper and Harmonic Scalpel ultrasonic coagu-
lating shears (Intuitive Surgical Inc.) along the greater and lesser

curvature of the stomach, thus preserving the right gastric and
gastroepiploic arteries. To facilitate movement of the robotic
arms, the position of the robotic arm trocars was advanced
somewhat when the procedures were performed near the hiatus.
The lymph nodes along the left gastric and coeliac trifurcation
were dissected during mobilization of the stomach. A gastric
tube 5–7 cm in width was made by proximal gastrectomy with a
linear stapler (EndoGIA 60 mm � 3.5 mm, Valleylab, Boulder, CO,
USA or Ethicon Endosurgery, Cincinnati, OH, USA) using the
single-port laparoscopic approach.

Statistical analyses

The continuous clinical variables are presented as means and
standard deviations. The statistical software package SPSS (SPSS
Software, IBM Corp., Armonk, NY, USA) was used for analysis.

RESULTS

Table 1 displays the clinical characteristics of the 11 patients,
including age, gender, tumour stage, concurrent chemoradiation
therapy status and surgical treatment received. Table 2 shows the
perioperative outcomes and surgical complications: leakage (one
patient), pneumonia (one), cardiac arrhythmia (one), myocardial
ischaemia (one), hiatal hernia (one) and vocal cord palsy
(one).One patient incurred a left main bronchial laceration within
the hemithorax during the oesophagectomy, which was repaired
immediately during the operation without any sequelae. The pa-
tient with anastomotic leakage who had undergone a McKeown

Video 1: Single port robotic assisted gastric mobilization.

Table 1: Clinical characteristics of patients undergoing ro-
botic-assisted single-incision gastric mobilization for minimal-
ly invasive oesophagectomy for oesophageal cancer

Single-incision
RAMIE (n = 11)

Gender, n (%)
Male 10 (90.9)
Female 1 (9.1)

Age (years) 57.09
Cell type, n

SQCC 9
ADC 1
Other 1

Tumour site, n
Upper 2
Middle 5
Lower 1
Multiple 3

Neoadjuvant CCRT, n
No 2
Yes 9

Tumour stage, n
0 1
I 2
II 6
III 2
IV 0

ADC: adenocarcinoma; CCRT: concurrent chemoradiation therapy; RAMIE:
single-incision robotic-assisted minimally invasive oesophagectomy; SQCC:
squamous cell carcinoma.

Figure 1: Placement of robotic instruments through the periumbilical single-in-
cision wound. A 30�-downwards laparoscope was placed at the 12 o’clock pos-
ition. The two robotic arms fitted with the EndoWrist Grasper and the
Harmonic Scalpel were placed at the 8 and 4 o’clock positions, respectively; the
assistant port was introduced at the 6 o’clock position.
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oesophagectomy recovered after regular wet dressings were
applied to the neck and was discharged 37 days after surgery. One
patient had asymptomatic transient ST changes in the electrocar-
diogram and recovered after medication. One patient who under-
went an Ivor Lewis oesophagectomy had a hiatal hernia noted on
a CT follow-up scan 3 months after surgery, which was repaired
laparoscopically. No surgical or hospital deaths occurred in our
series. One patient was converted to open laparotomy due to
bleeding near the left gastric artery during the MIE procedure.

DISCUSSION

MIE incorporating a robotic system has been gradually adopted in
treating patients with oesophageal cancer because it offers an ad-
vantage over open surgery in lessening perioperative complica-
tions [22]. In addition, an oncological outcome equivalent to that
with other surgical approaches can be achieved with robotic-
assisted MIE [23]. Our preliminary experience demonstrates that a
single-port robotic-assisted surgical technique can be effectively
applied to the abdominal procedure in performing robotic-
assisted gastric mobilization for oesophageal reconstruction.

Robotic-assisted single-site surgery with the da Vinci robotic
single-site system has been used to perform cholecystectomy and
various surgical procedures in obstetrics/gynaecology or prostec-
tomy [18–20]. Instead of using the da Vinci robotic single-site sys-
tem, robotic single-port procedures have been performed using a
regular laparoscopic single-port device for distal pancreatectomy
[24]. The results of the current study indicate that a similar tech-
nique can be effectively applied to gastric mobilization during
robotic-assisted MIE. During the use of the regular da Vinci robotic
surgical EndoWrist instruments and endoscope through a perium-
bilicus single-port device, the robotic endoscope was introduced
at the 12 o’clock position with the scope turned upward 30�. The
two robotic EndoWrist surgical arms were introduced at the 4 and
8 o’clock positions. The triangular space formed by the three ro-
botic surgical arms provides adequate room for gastric mobiliza-
tion and lymph node dissection. The assistant port was created at

the 6 o’clock position with an elongated suction tube used for
most of the procedure. When the procedures occurred near the
gastric cardia, all surgical ports had to be moved slightly forwards
to alleviate difficulty in surgical instrument manipulation due to
the limited length of the robotic arm. In our series, one patient
had a hiatal hernia that was discovered during post-surgical CT
and repaired laparoscopically. Special care must be taken at the
completion of the procedure near the hiatus where all the robotic
arms and the scope have reached the limits of robotic manipula-
tion. However, by adjusting the robotic trocars, the procedure can
be performed with the robotic EndoWrist instrument under this
setting without having to cross the two robotic arms. One patient
in the initial period of our study underwent conversion to open
laparotomy due to bleeding near the left gastric artery during the
MIE procedure. The da Vinci robotic single-port system has previ-
ously been used to perform prostectomy [25]. Whether this new
system can be effectively applied to the current procedure in the
future after FDA approval needs further study.

Using a laparoscopic approach in MIE has been shown to help
reduce surgical complications after oesophagectomy [26]. We also
found that using a single-port procedure in MIE helped reduce
wound pain following MIE [17]. Our preliminary experience shows
the feasibility of adopting a single-port technique in robotic-
assisted laparoscopic gastric mobilization. By adaptation of a tri-
angular positioning of the robotic scope and the EndoWrists, a suf-
ficient space for robotic manipulation can be maintained during
the gastric mobilization procedure. However, this approach
requires further evaluation to determine how well its immediate
advantages translate into long-term clinical benefits for patients
with oesophageal cancer. A recent European audit reported that
the uniportal robotic approach for the abdominal step of the oeso-
phagectomy is not being performed [27]. The situation was similar
to ours in early days. We evolved gradually from laparotomy to
multiportal laparoscopic gastric mobilization about 12 years ago,
and, since 2012, we have adopted single-incision laparoscopy or
multiportal robotic-assisted gastric mobilization. Following the ac-
cumulation of considerable experience with both approaches, this
study presents single-incision robotic-assisted gastric mobilization.
There are many ways to perform gastric mobilization for recon-
struction after MIE. We think they are good methods as long as the
surgeons feel confident about performing them. Although the audit
in Europe found that the current operative method is not per-
formed, it does provide an alternative approach that may benefit
the patients. The audit could be expanded to a prospective
randomized trial to compare different MIE techniques.

Moreover, the resection margins are of great importance. We
evaluated the longitudinal margin by preoperative endoscopic clip
localization. Regarding the circumferential margin, we performed
meso-oesophagus en bloc resection for those cases, evaluating the
circumferential margin by direct view with a three-dimensional
magnificent view in the da Vinci system [28]. Postoperatively, we
cut the resected specimen open and checked the localizing clip to
confirm the longitudinal margin. If the margin was in doubt, we
sent it for frozen section and cut additional margin as needed. At
the end of the operation, we ensured that all margins were clear.

CONCLUSION

In conclusion, preliminary clinical results have demonstrated that a
single-incision approach can be effectively applied to robotic-
assisted gastric mobilization and abdominal lymph node dissection

Table 2: Perioperative outcomes of patients undergoing ro-
botic-assisted single-incision gastric mobilization for minimal-
ly invasive oesophagectomy for oesophageal cancer

Single-incision
RAMIE (n = 11)

Lymph node dissection, n
2 fields 1
3 fields 10

Surgical complications, n
Left main bronchus laceration 1
Haemorrhagic shock 1
Hiatal hernia 1
Pneumothorax 1
Pneumonia 1
Leakage 1

LN dissected, number, mean ± SD 38.64 ± 14.35
Ventilator use (days), mean ± SD 1.91 ± 6.33
ICU stay (days) 6.55 ± 5.41
Hospital stay (days) 23.45 ± 17.37
Blood loss (ml) 598.18 ± 1014.54

ICU: intensive care unit; LN: lymph node; RAMIE: single-incision robotic-
assisted minimally invasive oesophagectomy; SD: standard deviation.
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in treating oesophageal cancer. Special care must be taken, espe-
cially during the procedure near the left gastric artery and when
repairing the hiatus of the diaphragm after oesophagectomy, to
lessen the risk of bleeding and hiatal hernia. Given the potential
for incorporating robotic systems in minimally invasive surgery, fu-
ture investigation of the clinical value of single and reduced-port
techniques in performing robotic-assisted surgery for oesophagec-
tomy and oesophageal reconstruction is warranted.
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