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Introduction

Esophageal cancer is a lethiferous malignancy and a 
major cause of cancer-related deaths globally. It ranks the 
seventh in terms of incidence (572,000 new cases) and sixth 
in mortality (509,000 deaths) in 2018 world-widely (1).  
The 5-year overall survival rate is approximately 50% in 
some Japanese series (2) and about 25% in some western 
countries (3). Despite the advance of radiation and 
chemotherapy, surgery remains the main treatment of 
esophageal cancer. The most two important factors affecting 
the prognosis of esophageal cancer are depth of carcinoma 
invasion and lymph node metastasis. Lymph node dissection 
is an essential part of radical surgery as esophageal cancer 
correlate with a high rate of nodal and distant metastasis. 
With the development of high-definition surgical imaging 
systems and surgical instruments, minimally invasive 
esophagectomy (MIE) has gained much attention in the 

past two decades.
Since the introduction of robotic system in esophageal 

surgery in 2000, the number of robotic esophagectomies 
has been gradually increasing around the world. Studies 
comparing MIE and open surgery showed MIE patients had 
more lymph nodes retrieved and shorter hospital stays. But 
the exact impact and result of robotic system in the lymph 
node dissection for esophagectomy is still unclear. The 
aim of this review is to discuss issues with the intrathoracic 
lymph node dissection and the role of robotic system in the 
intrathoracic lymph node dissection for esophagectomy.

Thoracic lymph node metastasis pattern

The esophagus can be anatomically divided into three 
parts, which locate in three compartments of the body. 
The lymphatic drainage system of the esophagus is very 
complex and widely distributed in the neck, thorax and 
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upper abdominal region. The upper third of the esophagus 
drains into the deep cervical lymph nodes, the middle into 
the superior and posterior mediastinal lymph nodes, and the 
lower esophagus into the gastric and celiac lymph nodes. 
The lymphatic drainages are all connected by transverse 
transmural lymphatic vessels and longitudinal lymphatic 
vessels in the submucosa and lamina propria. So the unique 
pattern of the lymph node metastasis can happen in any 
lymph node from the neck to the abdomen (4). Studies 
show that lymph node metastasis is frequently seen in 
the lower neck, upper mediastinum, and perigastric area, 
even for early-stage thoracic esophageal cancer (5,6). The 
lymph node metastasis rate varies mainly depending on the 
location, size, and depth of invasion of the primary tumor. 
Lymph node metastasis is an independent prognostic factor 
for esophageal cancer, especially the number or ratio of 
involved nodes (7-9).

Since the 19th century,  the importance of  the 
clearance of the regional lymph nodes in the treatment 
of the esophageal cancer has been gradually realized by 
accumulation of practical experiences and knowledge. In the 
1960s, Logan (10) reported the role of the mediastinal node 
dissection in esophagectomy. Later in the 1970s, Sannohe 
et al. (11) first conducted the lymph node dissection of 36 
patients with the thoracic esophageal cancer in bilateral 
supraclavicular, right intrathoracic and abdominal regions. 

Minimally invasive mediastinal lymph node 
dissection 

According to the AJCC system, the mediastinal lymph 
nodes include the upper right and left paratracheal lymph 
nodes, upper thoracic paraesophageal lymph nodes, right 
and left lower paratracheal lymph nodes, subcarinal lymph 
nodes, middle and lower thoracic paraesophageal lymph 
nodes, right and left lower pulmonary ligament lymph 
nodes and paradiaphragmatic lymph nodes. 

The selection of the surgical approach largely impacts 
the number and extent of lymph nodes dissected in radical 
esophagectomy. Using traditional surgical approach with a 
left posterolateral thoracic incision, it is difficult to dissect 
the left and right recurrent laryngeal nerve (RLN) nodes 
because of the obstacles presented by the aortic arch, 
left common carotid artery and subclavian artery. While 
approaches through a right thoracic incision such as Ivor 
Lewis and McKeown procedures can help overcome this 
problem. Therefore, these two procedures have gradually 
become the preferred approaches for thoracic esophageal 

cancer (12-15). 
Due to the high complication rate of conventional 

esophageal cancer surgery, multiple minimally invasive 
approaches have been explored to reduce the surgical 
morbidity and mortality. Several studies showed minimally 
invasive esophageal surgery presents decreased rates of 
pneumonia, shorter length of stay, less pain while achieving 
an appropriate resection, lymph node dissection and similar 
short-term survival compared to open esophagectomy  
(16-18). However, MIE has several intrinsic limitations, 
such as 2-dimensional view, reduced eye-hand coordination 
and decreased degrees of freedom of movement, which 
impede the mediastinal dissection and anastomosis 
during thoracoscopic esophagectomy. Robotic systems 
can perfectly overcome these disadvantages of standard 
minimally invasive surgery. The first case of robot-assisted 
esophagectomy for esophageal carcinoma was reported in 
2003 by Dr. Horgan (19). In 2010, Dr. Kim reported 21 
cases of RAMIE to verify the feasibility and safety of the 
McKeown approach (20). The high-definition monitor 
and three-dimensional vision of the robotic system provide 
extreme detail and clarity. Moreover, the seven degrees 
of freedom from the articulating wrists largely facilitate 
circumferential dissection of the esophagus and surrounding 
structure. Furthermore, the robotic instruments are 7.5 cm 
longer than standard laparoscopic instruments, which make 
it possible to operate in places where most laparoscopic 
instruments and visualization are at their limits. 

Various studies have shown the superiority of robot-
assisted lymph node dissection in esophagectomy compared 
with thoracoscopic esophagectomy. In 2012, Suda et al.  
showed that robot assistance significantly reduced the 
incidence of vocal cord palsy and hoarseness (21). In 2016, 
Park et al. compared the short-term outcomes between 
RAILE and TAILE and found that the robotic system 
enabled a more radical lymphadenectomy, especially in 
the upper mediastinum (22). In 2017, a comparative study 
from the University of Pittsburgh with their early RAILE 
experience suggested increased number of LN harvested 
with RAILE compared with TAILE. 

Other studies showed similar results of RAMIE 
and TAMIE. In 2012, Weksler reported no significant 
differences in number of resected lymph nodes between the 
two surgical approaches (23). In 2018, He et al. reported 
comparable results between RAMIE and TAMIE in the 
number of total dissected lymph nodes as well as the 
incidence of RLN injury (24). 

We retrospectively analyzed data of 184 patients from 
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our hospital, 76 in the RAILE group and 108 in the TAILE 
group, who underwent minimally invasive Ivor-Lewis 
esophagectomy between December 2014 and June 2018. 
And preliminary results showed no significant difference in 
blood loss, rates of overall complications, number of total 
dissected lymph nodes and detailed categories of lymph 
nodes.

RLN lymph node dissection

Among all the mediastinal lymph nodes, the lymph nodes 
around RLN, which are located at the junction of the 
neck and chest, are important for thoracic esophageal 
cancer (25,26). Numerous studies have reported the high 
risk of metastasis to the lymph nodes near both sides of 
RLN. Ye et al. reported the rate of LN metastasis near the 
bilateral RLN was 34.2%, in which 15.8% involving the 
left LNs and 20.8% involving the right LNs (27). Kato  
et al. (28) found the right RLN lymph nodes were the most 
frequent site of lymph node metastasis. Fujita et al. (29) 
reported left RLN lymph nodes being the most frequent 
lymph node recurrence after operation. Therefore, it is 
necessary to perform a radical lymph node dissection on 
both RLN during thoracic surgery to achieve accurate 
pathological staging and complete tumor eradication. The 

RLN lymph node acts as a strong indicator of cervical 
lymph node metastasis and an important factor regarding 
the postoperative survival rate of patients with esophageal 
cancer (27,30).

Injuries to the RLNs are frequently seen and often 
result in recurrent laryngeal nerve palsy (RLNP). Careful 
exposure and avoidance of thermal injury, stretching and 
compression of the RLN can help prevent RLNP. It is 
suggested to start the dissection begin from where the 
right RLN branches off from the vagus nerve and the left 
recurrent nerve curves around the aortic arch. 

The robotic system provided great accessibility for the 
subtle manipulations, especially while dissecting lymph 
nodes around the RLNs. In 2012, a randomized controlled 
trial showed the rate of RLN injury was significantly lower 
in the MIE group (31). In 2018, Chao et al. showed that 
robotic esophagectomy resulted in a higher lymph node 
LN yield along the left RLN with similar results regarding 
mean number of dissected nodes and rates of RLNP (32). 
Kim et al. reported that robot-assisted skeletonization 
of the RLNs yields more lymph nodes, but also leads to 
more incidence of RLNP (33). In general, robot-assisted 
thoracoscopic lymphadenectomy along bilateral RLNs was 
technically feasible and safe. Table 1 shows the summary of 
the studies quoted in this review.

Table 1 Summary of the studies quoted in the review

Author
No. of 
cases

Operative time 
(min) Blood 

loss 
(mL)

Hospital 
stay 

(days)

No. of dissected 
lymph nodes

Complications (%) OCEBM 
level of 

evidence

Grade of 
recommendation

Total
Thoracic 

phase
Total Mediastinal

Vocal cord 
palsy

Pulmonary 
complications

Kim et al. 
(20)

21 410 NR 150 21 32.7 11.6 28.6 0 2b B

Suda et al. 
(21)

16 693 336 144.5 22 37.5 18.5 37.5 6.3 2b B

Park et al. 
(22)

62 490 185 462 NR 37.3 24.9 12.9 14.5 2b B

Weksler  
et al. (23)

11 439 NR 200 8.7 23.0 NR 9.1 27.3 2a B

He et al. 
(24)

27 349 NR 118 13.8 20.0 NR 14.8 18.5 2b B

Chao et al. 
(31)

37 NR 198 115 20.6 34.4 17.6 21.6 8.1 2b B

Kim et al. 
(32)

40 429 NR 157 14 42.6 25.5 20.0 12.5 2a B

NR, not reported.
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Videos of robot-assisted right RLN lymph node 
dissection (Figure 1) and left RLN lymph node dissection 
(Figure 2) for esophagectomy are present here. During the 
right RLN lymph node dissection, the mediastinal pleura 
were first divided to reveal the trachea and subclavian 
artery. Then we dissected along the right vagus nerve to 
find its right RLN branch at the dorsal of subclavian artery 
and obtain the lymph nodes. When dissecting the left RLN 
lymph nodes, the trachea was pushed aside by the assistant, 
and the esophagus was pulled upward to expose the surgical 
field. Then the left RLN was clearly seen by careful blunt 
dissection and the lymph nodes were harvested. It is 
considered that single lumen intubation can facilitate with a 
good exposure. 

The thoracic ports are shown in Figure 3. The approximate 
positions are described below. The observation port 

was placed on the right anterior axillary line at the 5th 
intercostal space, the #1 robotic arm was placed on the right 
midaxillary line at the 3th intercostal level, the #3 robotic 
arm was placed on the right posterior axillary line at 9th 
intercostal space, the #2 robotic arm was placed between #1 
and #3 robotic arm at 7th intercostal space, and the manual 
operative ports were placed at the 4th and 6th intercostal 
space. 

Lymphadenectomy-related complications

Mediastinal lymphadenectomy of esophageal cancer may 
lead to intensive trauma because of extensive surgical 
dissection. Some of the postoperative complications are 
associated with lymphadenectomy in esophagectomy (36). 
Meticulous dissection is required to avoid injury to the 
important organs such as the aorta, pulmonary vessels, 
trachea, RLN, and thoracic duct.

Damage to the membranous trachea or the main 
bronchus may occur when dissecting the paratracheal and 
subcarinal lymph nodes. Energy devices such as electric 
cautery or harmonic scalpel should be carefully used to 
avoid thermal damage to the tracheal membrane. It is better 
to employ the energy devices with intermittent cooling to 
avoid overheating.

Pulmonary complication such as pneumothorax, 
pneumonia and atelectasis, is a leading cause of mortality 
after esophagectomy. Overstretching or compressing of 
the lung parenchyma may lead to pulmonary injuries such 
as congestion or rupture of the lung. When dissecting 
the subcarinal lymph nodes, careful management of the 
bronchial arteries and the pulmonary branches of the vagus 
nerves may help prevent some complications associated 
with pulmonary injury. Postoperative management such as 

Figure 1 Robot-assisted Ivor-Lewis esophagectomy dissection of 
lymph nodes along right recurrent laryngeal nerve (34). 
Available online: http://www.asvide.com/article/view/32482

Figure 3 Position of thoracic ports.

Figure 2 Robot-assisted Ivor-Lewis esophagectomy dissection of 
lymph nodes along left recurrent laryngeal nerve (35). 
Available online: http://www.asvide.com/article/view/32483

Video 1. Robot-assisted Ivor-Lewis 
esophagectomy dissection of lymph nodes 

along right recurrent laryngeal nerve
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Video 2. Robot-assisted Ivor-Lewis 
esophagectomy dissection of lymph nodes 

along left recurrent laryngeal nerve

Qinyi Gan, Dingpei Han, Hecheng Li*
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Shanghai Jiaotong University School of Medicine, 
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transfusion volume and use of antibiotics is also crucial in 
the development of pulmonary complications.

Chylothorax is another potentially lethal complication 
which might be caused by extensive lymphadenectomy 
(37,38). Injuries to large lymphatic tributaries or the 
thoracic duct may cause refractory chylothorax. Some 
researchers claim it is better to dissect and expose the 
thoracic duct clearly during mediastinal lymphadenectomy. 
Thoracic duct ligation near the hiatus should be performed 
if injury is suspected.

The initial intent of MIE is to reduce the high incidence 
of complications. Review of the literature shows a 
substantial decrease in postoperative complications with 
comparable oncologic results (39,40). In 2016, a meta-
analysis of 1,549 cases by Guo et al. found that MIE led to 
fewer postoperative complications and a similar survival rate 
when compared to open surgery (41). Biere et al. showed 
MIE resulted in a lower incidence of in-hospital pulmonary 
infections, a shorter hospital stay and better short-term 
quality of life than open esophagectomy (31).

Conclusions

Intrathoracic lymph node dissection is crucial in radical 
treatment of esophageal cancer. The application of robotic 
technology in intrathoracic lymph node dissection for 
esophagectomy has proven to be at least comparable 
and to some extent, superior to open or video assisted 
thoracoscopic techniques. By virtue of the 3D camera, 
articulating wrists and improved dexterity of the robotic 
system, surgeons are capable of performing delicate 
esophagectomy and lymph node dissection, especially 
around the RLNs. It is reported that robotic surgery 
can achieve more satisfactory outcomes of local lymph 
node dissection in the superior mediastinum with less 
perioperative complications. However, definitive evidence 
supporting the superiority of robotic esophagectomy 
regarding morbidity and mortality is still  lacking. 
Moreover, the current results may be influenced by the 
choice of surgical techniques and the learning curve of 
surgeons. The high cost of robot surgery may also hinder 
its popularity. More studies with larger cohorts and higher 
levels of evidence are needed to assess the long term 
results of robot-assisted esophagectomy in the future. 
Overall, the application of robotic system in intrathoracic 
lymph node dissection of esophagectomy is reliable and 
satisfactory. With the advance of surgical instruments and 
the development of training programs, patients will benefit 

more from robot-assisted esophagectomy. 
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