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Introduction

During the last  two decades ,  minimal ly  invas ive 
esophagectomy (MIE) via thoracoscopy and laparoscopy 
has been implemented extensively to reduce perioperative 
morbidity and mortality (1-4). Most surgeons prefer the 

McKeown approach to obviate the creation of intrathoracic 
anastomosis with non-ergonomic instruments using 
traditional endoscopy (5). However, as the patients with 
the esophagogastric junction cancer are more eligible for 
Ivor Lewis esophagectomy, it seems necessary to simplify 
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Background: Although the incidence of esophagogastric junction cancer has increased considerably in 
recent years, the application of minimally invasive Ivor Lewis esophagectomy, especially in East Asia, is still 
much rarer than the McKeown approach. The reconstruction of the alimentary tract is one of the main 
technical challenges under traditional endoscopy. The robotic surgical system with high-resolution 3D 
images and multiarticulate instruments may help simplify this procedure. Here, we describe our experience 
in the gastric tube and esophagogastric anastomosis construction, and the initial clinical results for Ivor 
Lewis robot-assisted minimally invasive esophagectomy (RAMIE).
Methods: A retrospective study of all patients undergoing Ivor Lewis RAMIE with circular stapled 
anastomosis at a single institution from December 2016 to June 2018 was performed. Operative and 
postoperative outcomes were recorded.
Results: Twenty-four patients [median age, 63 years (range, 49–77 years)] underwent Ivor Lewis RAMIE 
during the study period with a four-arm robotic platform. Four patients (16.7%) received neoadjuvant 
therapy. The median estimated blood loss was 120 mL (range, 50–210 mL). The median operating time was 
352.5 min (range, 259–485 min). There was no conversion to an open surgical procedure. Postoperative 
complications occurred in 3 (12.5%) patients. Complications included pneumonia in two patients (8.3%) and 
mediastinitis in 1 (4.2%). The median stay in the intensive care unit was 1 d (range, 0–8 d) and the median 
postoperative hospital stay was 11 d (range, 8–30 d). All patients had an R0 resection. The median number of 
nodes removed was 19 (range, 11–30) and the median number of positive nodes removed was 1 (range, 0–8).
Conclusions: Our initial results indicate that Ivor Lewis RAMIE may be a safe and feasible alternative to 
open and endoscopic Ivor Lewis esophagectomy.

Keywords: Esophageal cancer; robotic surgical procedures; minimally invasive surgery; Ivor Lewis; 

esophagectomy

Submitted Nov 22, 2018. Accepted for publication Apr 24, 2019.

doi: 10.21037/jtd.2019.05.29

View this article at: http://dx.doi.org/10.21037/jtd.2019.05.29

1866

https://crossmark.crossref.org/dialog/?doi=10.21037/jtd.2019.05.29


1861Journal of Thoracic Disease, Vol 11, No 5 May 2019

© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2019;11(5):1860-1866 | http://dx.doi.org/10.21037/jtd.2019.05.29

the endoscopic anastomosis through the application of 
improved techniques and advanced equipment.

In contrast to classic endoscopy, the robotic surgical 
system can provide high-resolution 3D images and 
multiarticulate instruments with tremor filtration, which 
can facilitate sophisticated surgical manipulation such as 
stitching and knotting (6,7). Therefore, performing robotic 
Ivor Levis esophagectomy is potentially more practical as it 
can overcome the difficulties of the endoscopic anastomosis. 
Considering this advantage, in December 2016, we began 
performing Ivor Lewis MIE with a surgical robot instead 
of classic endoscopy (8). At this time, more than 70 cases of 
McKeown robot-assisted minimally invasive esophagectomy 
(RAMIE) had been completed before we began the Ivor 
Lewis RAMIE (9).

The purpose of this article is to introduce our initial 
experience of Ivor Lewis RAMIE, a technique which focuses 
on the intracorporeal reconstruction of the alimentary tract 
using a surgical robot. The perioperative data were analyzed 
to explore the safety and feasibility of this approach.

Methods

Study population

The study population was a consecutive series of patients 
undergoing Ivor Lewis RAMIE with curative intent for 
esophageal cancer in the Thoracic Surgery Department 
at West China Hospital of Sichuan University between 
December 2016 and June 2018. Demographic and 
perioperative data were retrieved from electronic medical 
records, and intraoperative data were collected in real time. 
There was no missing data. This study was approved by 
the Ethics Committee of West China Hospital, Sichuan 

University (No. 2017-239). Each patient gave consent 
before the operation. All patients underwent a preoperative 
evaluation, including history and physical examination, 
upper gastrointestinal endoscopy and biopsy, and thoracic 
and abdominal computed tomography.

Operative technique

Ivor Lewis RAMIE was performed in two stages. During 
the first stage (abdominal phase), the patients were placed in 
the supine position for gastric mobilization and construction 
of the tubular stomach. In the second stage (thoracic 
phase), the patients were repositioned in a left semi-prone 
position for esophageal mobilization with mediastinal 
lymphadenectomy and performance of the intrathoracic 
anastomosis.

Abdominal phase

The patient was placed in the reverse Trendelenburg 
position, and artificial CO2 pneumoperitoneum was 
established to a pressure of 12 mmHg. Five ports were 
introduced in the upper abdomen. A12-mm port was 
located at the lower edge of the umbilicus for the camera, 
and another 12-mm port for the assistant was placed at the 
right anterior axillary line, about 2 cm below the costal arch. 
Three 8-mm ports were used for the robotic instrument 
arms: the arm 3 port was symmetrical with the assistant 
port at the left upper abdomen; the arm 1 and 2 ports were 
located at the right and left midclavicular line, respectively, 
about 2 cm above the umbilicus (Figure 1).

After completing gastric mobilization and abdominal 
lymph node dissection as previously described (10), the 
robot-assisted creation of the gastric tube was started at 
the angular notch. With the robotic instrument arms 3 and 
2 grasping the lesser curve at the sites approximating the 
cardia and incisura, respectively, the stomach was lifted. 
The linear stapler (ENDOPATH® ETS 60 articulating 
linear cutters; Ethicon Endo-Surgery) was inserted through 
the assistant port to complete the first fire with the gastric 
antrum cut into two parts: the lesser curvature to be 
resected and the greater curvature to be tubular. To protect 
the tabularized portion of the stomach from grasping, it was 
encircled with a polyester tape. Position adjustment of the 
stomach was achieved by grasping this tape and resected 
lesser curvature with the robotic instruments (Figure 2).

After the tubularization of the gastric antrum was 
completed, robotic arm 1 was withdrawn, the 8-mm robotic 

Figure 1 Port placement for abdominal phase.

Assistant port

1# port
3# port

Camera port

2# port



1862

© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2019;11(5):1860-1866 | http://dx.doi.org/10.21037/jtd.2019.05.29

Wang et al. Robot-assisted Ivor Lewis esophagectomy

cannula was replaced with a 12-mm trocar, and the stapler 
was introduced into the abdomen through this trocar 
to accommodate the orientation of the greater gastric 
curvature. Construction of the gastric conduit proceeded 
along the greater gastric curvature with a width of ~4 cm. 
The gastroesophageal junction was left untransected, in 
order to facilitate delivery of the gastric conduit into the 
chest. The staple line was reinforced using a 3/0 self-locking 
barbed suture (Stratafix™ 3-0; Ethicon).

Thoracic phase

The patients were placed in the left semi-prone position 

with left-lung ventilation through a double-lumen 
endotracheal tube. Five ports were introduced for 
esophageal mobilization. One 12-mm port was placed 
below the scapular tip in the sixth intercostal space to hold 
the camera. Three 8-mm robotic ports were placed as 
follows: robotic arms 1 and 2 ports were placed at the fifth 
and eighth intercostal space of the posterior axillary line 
respectively, and robotic arm 3 port was placed at the third 
intercostal space of the anterior margin of the scapula. A 
fifth 12-mm supplementary port for assistance was placed 
at the seventh intercostal space of the posterior axillary line 
(Figure 3). The robotic cart comes over the patient’s right 
shoulder posteriorly.

After completion of esophageal mobilization and lymph 
node dissection, a 4-cm mini-thoracotomy was created at 
the tenth intercostal space posterior to the scapular line, 
and a wound protector was placed for the passage of the 
circular stapler and surgical specimen. With a polyester tape 
through this incision, the esophagus was retracted from the 
esophageal bed to facilitate the anastomotic procedure. A 
2-cm longitudinal esophagectomy was performed below the 
predetermined anastomotic level with a monopolar hook 
cautery, through which a 25-mm EEA anvil was placed 
in the proximal esophagus. The anvil was secured with 
robotically sewn purse-string sutures (3-0 Prolene, W8977; 
Ethicon), and the esophagus was transected.

The stomach was delivered into the right hemithorax and 

Figure 2 Fist fire from gastric antrum (A), adjustment of angle with the help of polyester tape (B,C), gastric conduit formation using linear 
stapler put in through number 1 port (D).
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Figure 3 Port placement for thoracic phase.
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transected at the tip of the gastric tube with the ultrasonic 
scalpel. After removing the separated lesser curvature and 
esophageal specimen, the circular stapler was introduced 
into the gastric tube through this incision. Under direct 
surveillance of the robotic 3D view, the stapler spike pierced 
the greater curvature and was docked with the anvil with 
the aid of robotic graspers. After the completion of the 
anastomosis, the gastrostomy was closed using a linear 
stapler, and the redundant gastric tip was simultaneously 
removed (Figure 4).

Results

Twenty-four patients (21 males and 3 females) underwent 
Ivor Lewis RAMIE from December 2016 to June 2018. The 
median age at operation was 63 years (range, 49–77 years).  

Other characteristics are summarized in Table 1.
The perioperative outcomes are shown in Table 2. The 

median estimated blood loss was 120 mL (range, 50–210 mL).  
The median operating time (from incision to wound 
closure, inclusive of docking and repositioning time) was 
352.5 min (range, 259–485 min). There was no conversion 
to an open surgical procedure.

Postoperative complications occurred in 3 patients 
(12.5%). Complications included pneumonia in 2 patients 
(8.3%) and mediastinitis in 1 (4.2%). The median stay in 
the intensive care unit was 1 d (range, 0–8 d), whereas the 
median postoperative hospital stay was 11 d (range, 8–30 d). 
There were no in-hospital mortalities.

According to final pathology reports, all patients had 
complete macroscopic and microscopic (R0) resection. The 
pathological stages are listed in Table 3. The median number 

Figure 4 Performing the purse-string suture around the esophageal stump (A), creating a 2-cm longitudinal esophagectomy to introduce the 
stapler anvil (B,C), knotting the purse-string suture to anchor the anvil (D), docking the anvil and firing (E), closing the gastrostomy with 
linear stapler (F).
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of nodes removed was 19 (range, 11–30).

Discussion

Due to the significant reduction in cardiopulmonary 
complications (11,12), endoscopy-based MIE has seen 
widespread application in recent years. It is technically 

challenging to construct the tubular stomach and create 
an intrathoracic anastomosis under traditional endoscopy. 
To reduce the incidence of thoracic gastric fistula and 
anastomotic leaks, many surgeons choose to operate under 
open surgical conditions, such as with small incisions for 
the tubular stomach and gastroesophageal anastomosis 
in the neck. During recent years, the incidence of 
esophagogastric junction tumor has increased significantly. 
For these patients, cervical anastomosis may encounter 
many problems such as excessive anastomotic tension 
or insufficient gastrectomy. Therefore, it is necessary to 
explore more safe, maneuverable, and ergonomic techniques 
for minimally invasive Ivor Lewis surgery.

The intrinsic limitations, including a 2D view, reduced 
eye-hand coordination, and the restricted freedom 
of instruments, are critical difficulties for MIE in 
accomplishing tubular stomach production and intrathoracic 
anastomosis. By overcoming many of these disadvantages, 
the robotic surgical system can provide a viable alternative 
for performing this procedure.

In contrast with open surgery, conventional laparoscopy 

Table 1 Patient characteristics (n=24)

Characteristic n (%)

Age, yr, median [range] 63 [49–77]

Sex

Male 21

Female 3

BMI, kg/m2, mean [range] 22.9 [18.0–30.8]

Neoadjuvant therapy

Radiotherapy 2 (8.3)

Chemotherapy 1 (4.2)

Chemoradiotherapy 1 (4.2)

Comorbidity

COPD 1 (4.2)

Hypertension 7 (29.2)

Diabetes 3 (12.5)

ASA classification

II 11 (45.8)

III 13 (54.2)

BMI, body mass index; COPD, chronic obstructive pulmonary 
disease.

Table 2 Surgical outcomes

Outcome n (%)

Estimated blood loss, mL, median [range] 120 [50–210]

Operative time, min, median [range] 352.5 [259–485]

Conversions 0

Postoperative hospital stay, d, median [range] 11 [8–30]

ICU stay, d, median [range] 1 [0–8]

Morbidity

Pneumonitis 2 (8.3)

Mediastinitis 1 (4.2)

Table 3 Pathological characteristics

Variable n (%)

Stage

TisN0MO 1 (4.2)

T1NOMO 2 (8.3)

T2NOMO 2 (8.3)

T3NOMO 6 (25.0)

T3N1MO 4 (16.7)

T2N2MO 1 (4.2)

T3N2MO 7 (29.2)

T3N3MO 1 (4.2)

Histology

Adenocarcinoma 3 (12.5)

Squamous cell carcinoma 20 (83.3)

Small-cell carcinoma 1 (4.2)

Extent of resection

R0 24 (100)

Lymph nodes removed, median [range] 19 [11–30]

Positive nodes removed, median [range] 1 [0–8]

R0, gross and microscopic margins negative.
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has two main difficulties in making a tubular stomach. First, 
the suturing is technically demanding and time-consuming, 
and robotic surgery can largely overcome this difficulty. 
The second difficulty is that trimming the stomach along 
the C-shaped greater curvature inside the abdomen is more 
difficult than achieving the equivalent operation along 
the stretched curvature in open procedures. We used two 
techniques to adjust the direction of the stapler to keep 
the cutting edge parallel to the greater curvature during 
tubularization of the stomach. One was to use polyester 
tape to pull the stomach without damage, and then carefully 
adjust the relative position of the stapler and stomach 
to obtain a tubular stomach with the desired width. The 
second was to select the assistant port under the right costal 
margin and robotic arm 1 port in the left abdomen as the 
entrance of the linear stapler to ensure that the cutting 
direction was the same as the direction of the greater gastric 
curve.

According to the literature, robotic intrathoracic 
anastomosis can be completed by hand-sewn, linear, and 
circular staplers (13-17). In the early stage of the Ivor Lewis 
RAMIE learning curve, we mainly used the linear stapler to 
perform a semi-mechanical side-to-side anastomosis. After 
trying 12 cases, we changed to use the circular stapler for 
two reasons. One was that the patients we included were 
diagnosed with lower esophageal cancer or esophagogastric 
junction tumor, which needed partial proximal gastrectomy, 
while the side-to-side anastomosis required a longer tubular 
stomach than the end-to-side anastomosis required. The 
second reason was that anastomotic leakage occurred in 
two of our 12 patients. We believe that this may have been 
due to the need for a longer length of the esophageal end 
in the side-to-side anastomosis, which may result in the 
poor blood supply of the anastomosis. Moreover, after end-
to-side anastomosis with a circular stapler, the tissues that 
underwent purse-string suturing and gastrostomy were 
all removed, thereby reducing the risk of anastomotic 
complications caused by complicated operations.

The site of the small incision that introduced the 
stapler was also an important consideration to facilitate 
anastomosis construction. According to our experience, it is 
more convenient to adjust the angle between the stapler and 
the anvil when the stapler is introduced at a lower position 
in the chest. So, we chose the floating rib to make the small 
incision, which had a larger gap between the ribs to allow 
for smooth placement of the stapler. Also, the small incision 
was generally selected posterior to the scapular line. If 
located too far forward, it would be liable to collide with 

the robotic arms; if located too far backward, it would only 
allow for a limited range of motion due to the vertebrae.

In brief,  we described our initial  experience in 
reconstruction of the alimentary tract in the Ivor Lewis 
RAMIE. Our clinical data indicate that robot-assisted 
surgery may be a safe and feasible alternative to open and 
endoscopic Ivor Lewis Esophagectomy, partly owing to the 
accuracy in manipulation and ergonomic advantage in the 
robotic surgeries. Nevertheless, because of the limitations 
in our study, which included a small sample size and short 
follow-up time, it is advisable that larger comparative 
studies be conducted to further analyze the role of Ivor 
Lewis RAMIE on safety, effectiveness, and long-term 
survival.
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