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Abstract

Recent case series and meta-analyses have 
suggested that robot-assisted minimally inva-
sive esophagectomy (RAMIE) could be a use-
ful alternative to video-assisted thoracic 
surgery esophagectomy. The advantages of 
RAMIE are a three-dimensional view, 7 
degrees of freedom, and tremor filtering, 
which enable more meticulous lymph node 
dissection with a lower incidence of complica-
tions. However, in radical esophagectomy, 
understanding the concepts of the fascia and 
compartment is crucial for successful and reli-
able dissection. The first RAMIE in Korea was 
performed by our team in July 2006, and since 
then, we have developed related techniques to 
achieve better short- and long-term outcomes. 
The key step in RAMIE for esophageal squa-
mous cell carcinoma is dissection of the upper 
mediastinum due to the difficulty of lymph 
node dissection and the high incidence of 
nodal metastasis in the area. Herein, we 
describe the technique of fascial plane dissec-
tion with esophageal suspension during 
RAMIE.
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12.1	� Introduction

Since robot-assisted minimally invasive esopha-
gectomy (RAMIE) was introduced in the mid-
2000s, numerous case series and meta-analyses 
have suggested that it could be a useful alterna-
tive to video-assisted thoracic surgery esopha-
gectomy (VATS-E). The currently used da Vinci 
Surgical System provides key functions such as 
three-dimensional vision, tremor filtering, motion 
scaling, and the endo-wrist function, which are 
expected to decrease the incidence of morbidity 
after RAMIE compared to that after VATS-E [1–
4]. Since the first RAMIE in Korea, performed by 
our team (Severance Hospital) in July 2006, we 
have developed useful techniques for radical 
esophagectomy with favorable postoperative and 
oncologic outcomes [5–9]. Although novel 
devices and technologies have been introduced in 
the past decade, understanding the microanatomy 
of the esophagus and related structures is a pre-
requisite for the success of RAMIE.  Here, we 
present in detail a systematic approach to RAMIE 
using fascial plane dissection.
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12.2	� Port Placement and Patient 
Position

After general endotracheal anesthesia with a 
bronchial blocker, the patient is turned to the 
semi-prone position (Fig.  12.1). An 8-mm port 
(P2) is placed at the sixth intercostal space (ICS), 
just below the inferior scapula tip, and a 30° tho-
racoscope is inserted. After an assessment for 
pleural seeding or adhesion, CO2 gas is insuf-
flated at a pressure of 8–10 mmHg. An 8-mm port 
(P1) is placed at the third or fourth ICS on the 
posterior axillary line (PAL). In the case illus-
trated here, the target area was the thoracic inlet; 
thus, a mark was drawn on a straight line from the 
camera port towards it. Then, an 8-mm port (P3) 
was inserted at the eighth or ninth ICS on the 
PAL, and another 8-mm port (P4) was inserted at 
the 11th ICS on the scapular tip line. A 12-mm 
accessory port (PA) was inserted at the fifth or 
sixth ICS on the anterior axillary line. The robotic 
cart (da Vinci Xi) was positioned at the patient’s 
left side. A green target from a laser-guided sys-
tem was aligned with P2, and the camera was 
inserted through P2, targeted at the thoracic inlet. 
The cart then automatically adjusted its boom in 
the optimized configuration, the remaining 
robotic arms were docked, and the rest of the 
instruments were inserted.

12.3	� Dissection of the Upper 
Mediastinum

�Practical Anatomy of the Upper 
Mediastinum

Figure 12.2 shows a schematic diagram of the 
upper mediastinum, superior to the aortic arch. 
The visceral compartment contains the esopha-
gus and trachea, while the vascular compartment 
contains the major arteries and veins. Each com-
partment is surrounded by thin connective tissue 
layers (the visceral and vascular fascia). The 
vagus nerve descends along the carotid artery in 
the vascular compartment. The recurrent laryn-
geal nerve (RLN) branches from the vagus nerve 
penetrate the visceral fascia and run upward 
along the trachea in the visceral compartment. 
The cardiac branch of the sympathetic nerve is in 
the vascular compartment, and the thoracic duct 
travels between the visceral and vascular fascia. 
To clear all the lymph nodes around the RLN 
without nerve injury, attention should be focused 
on the relationship between the visceral fascia 
and the RLN at the left side, as most cases of 
RLN palsy occur in this area.

There are two major routes of lymphatic 
metastasis in esophageal cancer [10–13]. 
Intramural metastasis mainly occurs through the 
longitudinal lymphatic channels in the submuco-
sal layer, whereas extramural metastasis occurs 
through peri-esophageal lymphatics. Thus, it is 
essential to dissect all lymphatic tissues in the 
visceral compartment to achieve excellent 
locoregional control. Another route of metastasis 
is the thoracic duct and its surrounding nodes. 
The thoracic duct receives lymphatic flow from 
abdominal lymph nodes and direct drainage 
from the esophagus with a nodal relay. This sug-
gests the possibility of rapid lymph drainage into 
the systemic circulation via the thoracic duct in 
esophageal cancer. Although the effect of tho-
racic duct resection has yet to be established, we 
routinely dissect the thoracic duct en bloc with 
the esophagus.

Fig. 12.1  Port placement and patient position for robot-
assisted thoracoscopic esophagectomy: P1–P4 (8-mm 
port) and PA (12-mm accessory port)
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Fig. 12.2  Schematic 
drawing of the upper 
mediastinum superior to 
the aortic arch. Yellow 
line, visceral fascia; pink 
line, vascular fascia; 
yellow oval cross-
section structures, nerve; 
green oval cross-section 
structure, thoracic duct; 
E esophagus, T trachea, 
J jugular vein, S 
subclavian artery, C 
common carotid artery; 
numbers and the red 
dotted line, dissection 
order
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Fig. 12.3  Dissection of the dorsal part of the upper medi-
astinum. The thoracic duct is identified and resected after 
clipping. (a) Azygos vein (AV) division after applying 
Hem-o-lok clips. (b) Right bronchial artery division with 

vessel sealer extension. (c) Identification of the thoracic 
duct. (d) Dissection of the dorsal mediastinal pleura. (e, f) 
Resection of the thoracic duct. Eso esophagus, L lung; red 
arrow, right bronchial artery; blue arrow, thoracic duct

�Dorsal Part Dissection

A ProGrasp forceps is inserted through P3 to 
compress the lung while pulling the esophagus 
down. Dissection is begun with a curved bipolar 

dissector (through P4) and monopolar curved 
scissors (through P1). The azygos vein is cut after 
applying Hem-o-lok clips (Fig. 12.3a); then, the 
right bronchial artery is identified and cut with a 
vessel sealer (Fig.  12.3b). For routine resection 
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of the thoracic duct, identification of the duct 
below the azygos vein is the next step (Fig. 12.3c). 
The dorsal side of the mediastinal pleura is 
opened (Fig. 12.3d). The thoracic duct is resected 
from its cranial part (Fig. 12.3e) to the most cau-
dal part, and the caudal end is cut after clipping to 
prevent chylothorax (Fig. 12.3f). The dorsal side 
of the esophagus is subsequently dissected with 
monopolar curved scissors, and the dorsolateral 
part of the esophagus is mobilized. The left sub-
clavian artery need not be identified, as it is 
located outside the visceral compartment and its 
dissection with the energy device may cause ther-
mal injury to the left RLN.

�Ventral Part Dissection

A ProGrasp forceps is inserted through P4 to lift 
the esophagus, and a curved bipolar dissector is 
moved to P3. After lifting the esophagus, the 
right vagus nerve is identified, and the mediasti-
nal pleura is opened towards the level of the sub-
clavian artery (Fig.  12.4a). The vascular sheath 
over the right vagus nerve is opened, which 
allows identification of the right RLN, as it pen-
etrates the visceral compartment in most patients 
(Fig.  12.4b). The visceral sheath over the right 
RLN is cut using curved scissors, along with the 
identified esophageal branches of the RLN 

a b

c d

Fig. 12.4  Dissection of the ventral part of the upper 
mediastinum. Lymph nodes along the right recurrent 
laryngeal nerve (RLN) are dissected. (a) The mediastinal 
pleura above the vagus nerve is opened. (b) Identification 
of the right RLN penetrating into the visceral compart-

ment. (c) Identification and incision of the esophageal 
branches of the RLN. (d) Mobilization of the esophagus 
from the trachea. R right RLN lymph nodes, S subclavian 
artery, E esophagus, T trachea; green arrow, vagus nerve; 
fluorescent green arrow, right RLN
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(Fig. 12.4c). The lymphoadipose tissue posterior 
to the RLN is then dissected carefully.

The next step is to mobilize the esophagus 
from the trachea. The esophagus is lifted using a 
ProGrasp forceps (through P4), and the trachea is 
retracted to the right side with a grasper or a pea-
nut dissector by an assistant (through PA) 
(Fig. 12.4d). The loose connective tissue between 
the esophageal muscle and the trachealis muscle 
is dissected, with careful avoidance of airway 
injury in the process. After the esophagus is 
completely mobilized from the trachea, the lym-
phoadipose tissue along the left lateral border of 
the trachea is dissected, and small vessels from 
the tracheoesophageal artery are cauterized with 
monopolar curved scissors. The visceral fascia, a 
shiny, glossy membrane-like structure that is the 
boundary of lymph node dissection in the upper 
mediastinum, can be identified underneath the 
lymphoadipose tissue.

�Dissection Along the Left Recurrent 
Laryngeal Nerve

After identification of the visceral fascia, a single 
strand of nylon tape is applied to encircle the 
esophagus and tie it at three points (Figs. 12.5a 
and 12.6a). This maneuver, termed esophageal 
suspension, provides a wider operating space in 
the left paratracheal space while preventing nerve 
injury from excessive stretching or kinking dur-
ing the procedure. Identification of the left RLN 
at the level of the tracheobronchial angle is the 
next step. After identification of the visceral fas-
cia layer, the nerve can easily be identified as it is 
located just over the fascia, which appears like a 
curtain on a wall (Figs. 12.5b and 12.6b). Once 
the nerve is identified, the lymphoadipose tissue 
in the medial part is sharply dissected out from 
the nerve. At this point, the esophageal branches 
of the left RLN should not be cut to maintain 
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Fig. 12.5  Dissection along the left recurrent laryngeal 
nerve (RLN). (a) The esophagus is tied at 3 points using 
a single strand of nylon tape. (b) The left RLN is identi-
fied. (c, d) Left RLN lymph nodes are dissected. (e) The 
esophageal branches of the left RLN are cut. (f) Lymph 
nodes at the tracheobronchial angle and the infra-aortic 

area are dissected. Eso esophagus, T trachea, S subcla-
vian artery, V superior vena cava, L left RLN lymph 
nodes, AA aortic arch, P left pulmonary artery; white 
arrow, nylon tape; green arrow, vagus nerve; fluorescent 
green arrow, left RLN
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Fig. 12.6  Schematic drawing of dissection along the left 
recurrent laryngeal nerve (RLN). (a) Lateral view of the 
left RLN and lymph node station after the esophagus is 

retracted to the right side. (b) Transection view of the left 
RLN and lymph node station after the esophagus is 
retracted to the right side

esophageal suspension (Fig. 12.5c). All lymphatic 
tissues within the visceral fascia are carefully 
removed (Fig.  12.5d). Then, the esophageal 
branches of the left RLN are cut with scissors 
(Fig. 12.5e), and the visceral fascia between the 
nerve and the esophagus is cut to fully mobilize 
the esophagus. Lymph nodes at the tracheobron-
chial angle and the infra-aortic area are dissected 
completely until the left pulmonary artery is 
identifiable (Fig. 12.5f).

12.4	� Middle to Lower 
Mediastinum Dissection

The dorsal side of the mediastinal pleura is opened 
along the ventral margin of the azygous vein. The 
next step is to dissect the duct (Fig.  12.7a) and 

lymphoadipose tissue along the ventral border of 
the descending aorta. The esophagus is retracted 
towards the ventral side and dissected along the 
ventral margin of the descending aorta until the 
left mediastinal pleura (Fig. 12.7b). The left medi-
astinal pleural and lymphoadipose tissues of the 
left pulmonary ligament are dissected en bloc 
with the esophagus. Subsequently, all lymphoadi-
pose tissue adjacent to the esophagus is dissected 
from the pericardium (Fig. 12.7c). The esophagus 
is pulled up to the right dorsal side. The right 
mediastinal pleural and lymphoadipose tissues of 
the right pulmonary ligament are concurrently 
dissected with the esophagus (Fig. 12.7d). After 
the subcarinal lymph nodes and both hilar lymph 
nodes are detached, the esophagus is completely 
mobilized. A chest tube is inserted into the right 
pleural cavity.
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Fig. 12.7  Middle to lower mediastinum dissection. (a) 
Dissection of the thoracic duct. (b) Dissection of the dor-
sal side of the esophagus. (c) Dissection of the esophagus 
from the pericardium. (d) Dissection of right mediastinal 

pleural and lymphoadipose tissue of the right pulmonary 
ligament. AV azygos vein, Eso esophagus, T trachea, L 
lung, DA descending aorta, MP left mediastinal pleura, P 
pericardium; blue arrow, thoracic duct

12.5	� Bilateral Selective Neck 
Dissection

The patient is repositioned in the supine position. 
A soft gel roll is placed at the level of the acro-
mion process to aid neck extension. At our insti-
tution, a collar incision is performed by transverse 

incision within a skin crease of approximately 
2 cm or 2 fingerbreadths above the superior edge 
of the clavicle and sternal notch in a curvilinear 
fashion. The supraclavicular lymph nodes 
(Fig. 12.8a) and cervical paraesophageal lymph 
nodes (Fig. 12.8b) are routinely dissected in all 
patients (Fig. 12.8c).
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Fig. 12.8  Bilateral selective neck dissection. (a) Post-
dissection of supraclavicular lymph nodes. (b) Post-
dissection of cervical paraesophageal lymph nodes. (c) 
Post-bilateral selective neck dissection. J jugular vein, M 
sternocleidomastoid, C common carotid artery, E esopha-

gus, T trachea; red arrow, transverse cervical artery; green 
arrow, phrenic nerve; fluorescent yellow arrow, right 
recurrent laryngeal nerve; fluorescent green arrow, left 
recurrent laryngeal nerve

12.6	� Gastric Mobilization 
and Anastomosis

For gastric mobilization, robot-assisted laparos-
copy or open laparotomy is performed according 
to the patient’s physical characteristics and pref-

erences. At our institution, both paracardial 
lymph nodes, lesser curvature lymph nodes, 
lymph nodes along the left gastric artery, lymph 
nodes along the common hepatic artery, lymph 
nodes along the celiac artery, and lymph nodes 
along the proximal splenic artery are routinely 
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dissected. In most patients, a narrow gastric tube 
is created along the greater curvature of the stom-
ach using linear staplers, and the staple line is 
then covered with seromuscular sutures. 
Pyloroplasty is not performed because we use a 
narrow gastric tube. The gastric tube is wrapped 
with a vinyl sheet and pulled up to the neck via a 
retrosternal route.

At our institution, cervical hand-sewn, double-
layered end-to-side esophagogastrostomy is rou-
tine. For this procedure, the esophageal wall is 
divided into a muscular layer and a submucosal 
layer. The anterior wall of the gastric tube is 
incised. Interrupted suturing of the muscular layer 
of the esophagus and the seromuscular layer of 
the gastric tube is performed, and continuous 
suturing of the mucosal layers is performed from 
the posterior side to the anterior side.

12.7	� Discussion

McKeown esophagectomy with cervical esopha-
gogastrostomy is the standard surgical approach 
at our institution. The traditional McKeown 
approach includes thoracic esophageal dissection 
via right thoracotomy, gastric mobilization via 
laparotomy, cervical lymph node dissection, and 
cervical anastomosis [14]. There are several 
advantages of the McKeown approach over the 
Ivor Lewis approach; the former (1) allows more 
comprehensive lymph node dissection and (2) 
avoids morbidities associated with intrathoracic 
anastomosis leakage [15]. However, thoracotomy 
can lead to increased pulmonary complications, 
especially in patients with poor pulmonary func-
tion. With the goal of decreasing complication 
rates from such an invasive procedure, various 
minimally invasive approaches have been devel-
oped, including a robot-assisted approach. The 
advantageous robotic surgery platform provides 
superior visualization with three-dimensional 
vision, more degrees of freedom with the endo-
wrist function, and more precise motion with 
tremor filtering and motion scaling.

It is challenging to completely clear all lymph 
nodes around the RLN because traction, com-

pression, or thermal injury at any single point 
leads to nerve palsy. Robot-assisted thoraco-
scopic surgery has been reported to help reduce 
these complications. We have previously reported 
that robot-assisted thoracoscopic surgery has 
favorable outcomes in terms of left RLN lymph 
node chain dissections [6, 7]. In a prospective 
study by Suda et al. [16], robot-assisted thoraco-
scopic surgery significantly reduced the inci-
dence of vocal cord palsy, hoarseness, and time 
on the ventilator.

In addition to the application of robot-
assisted thoracoscopic surgery, the fascial plane 
dissection technique helps reduce surgical mor-
bidity. It is based on a specific anatomic concept 
regarding the relationship between lymphatic 
structures and the esophagus. This concept is 
crucial for minimizing the risk of nerve injury 
during radical lymph node dissection along the 
RLN.  In general, multiple factors affect the 
occurrence of RLN palsy, including (1) anatom-
ical factors (e.g., the diameter of the nerve and 
vascular anomaly), (2) patient factors (e.g., a T3 
or deeper tumor in the retrotracheal area, a 
bulky metastatic node along the RLN, a previ-
ous history of surgery or irradiation, or high 
body mass index), and (3) procedural factors 
(e.g., traction, compression, or thermal injuries 
to the RLN during dissection). Applying the fas-
cial plane dissection technique in RAMIE elimi-
nates procedural factors, reducing the incidence 
of RLN palsy to <10%.

In conclusion, the fascial plane dissection 
technique based on microanatomy could be a 
reliable method for radical esophagectomy using 
RAMIE.
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