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Introduction

In the search for the ideal approach for minimally invasive 
esophagectomy (MIE) there are two important developments. 
These are the systematic use of the transthoracic approach for 
an adequate oncological resection (1,2) and the description 
of the surgical anatomy of the esophagus based on findings 
gathered during MIE (3-5). 

For squamous cell cancer (SCC) the transthoracic approach 
has always been the chosen approach, but for intrathoracic 
located adenocarcinomas (Adcs) the systematic use of the 
transthoracic approach in the West is based on the findings 
of the HIVEX trial that have shown that the transthoracic 
approach has a better long-term survival than the transhiatal 
approach (6,7). Consequently, adopting the thoracoscopy as 
minimally invasive procedure, question arise which of the two 
approaches lateral decubitus or prone position will be chosen. 
Moreover, it seems that the prone position may offer advantages 
over the lateral approach (8,9), remaining as technical questions 
how extensive will be the supracarinal lymphadenectomy in the 
different types of esophageal cancer (EC) and the role of the 
semiprone position to accomplish this (10). 

Anatomical concepts

The anatomical definition of the mesoesophagus or peri-
esophageal connective layers—clinically and by magnetic 

resonance imaging (MRI)—has helped to standardize in many 
aspects the proper anatomy of the esophagus and the surgical 
planes for a standardized esophageal resection for cancer. 
The mesoesophagus has been described by using the findings 
gathered during MIE and confirmed by cadaver studies and 
MRI. It is a bi-layered connective tissue plane coursing from 
the aorta to the left lateral aspect of the esophagus. It divides 
the posterior mediastinum into two distinct compartments. 
The first is an anterior compartment containing the 
esophagus, infracarinal lymph nodes (LN) and vagus nerves; 
the second is a posterior compartment containing the azygos 
vein and thoracic duct. This “distal” mesoesophagus concept 
is especially useful for surgery of the esophagus up to the level 
of the carina (Figure 1) (3,4). Concerning the supracarinal 
anatomy, this is different than the infracarinal because of 
upper vascularization and locations of the vagal and recurrent 
laryngeal nerves are bilateral (5,11). This difference between 
the supracarinal and infracarinal areas probably has its origin 
in the embryological development of the esophagus. The 
esophagus develops from the foregut. This foregut develops 
the respiratory diverticulum that forms the two lung buds. 
In this way the foregut is the origin of the trachea and the 
lungs. After this, the trachea is separated from the pharynx 
and the esophagus. The place where the esophagus forms the 
two lung buds probably marks the difference between the 
infracarinal and supracarinal esophagus (12). Moreover, it 
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seems that the “proximal” mesoesophagus can also be traced 
at the supracarinal level on the left side of the esophagus. 
Japanese surgeons performing the lymphadenectomy of 
the left laryngeal recurrent nerve, by retraction of the 
divided proximal esophagus, have described an esophageal 
“mesenteriolum” on this side containing the left recurrent 
nerve and LN (13-16).

An adequate knowledge of the surgical anatomy of the 
thoracic esophagus is paramount in order to determine 
the adequate planes of the resection in order to achieve 
an adequate and sufficient oncological resection. In all 
oncological abdominal resections, optimal dissection is 
performed along adequate planes that help to define and fix 
the borders of the oncological resection. 

Different types of EC, extension of mediastinal 
lymphadenectomy and increased use of MIE

(I)	 Different types of EC can be distinguished, two by 
histopathological diagnosis: the esophageal SCC, and 
the Adc. Concerning its location in the esophagus, four 
locations can be differentiated: upper, middle, lower 
thoracic and gastroesophageal junction (EGJ) cancer 
(17,18). In the EGJ cancers only the types 1 and 2 of 
Siewert can be considered as ECs. 

	 As example of the regional differences, differences 
between two countries can be marked: Japan in Asia 
and the Netherlands in North Europe and these are 
relevant to know. The incidence of EC is higher in 
Asia (at least more than twofold) than in Europe. In 
Europe the incidence rate of esophageal Adc is steadily 
increasing to more than 80% of all EC, whereas in 
Asia the rate of SCC is more than 90%. Moreover, 
in Europe the distally located EC and EGJ tumors 
account for 86.5%, whereas in Japan tumors located in 
the upper and middle esophagus account for more than 
65% (19).

(II)	 Extension of the mediastinal lymphadenectomy.
	 In 1994 and following an update in 2003, the 

International Society for Diseases of the Esophagus 
(ISDE) defined different types of mediastinal 
lymphadenectomy currently still in use: (i) standard: 
lymphadenectomy up to the subcarinal LN; (ii) extended 
type: also includes paratracheal lymphadenectomy on 
the right side; (iii) total mediastinal: including both 
paratracheal and both recurrent nerves LN; and (iv) the 
three-field lymphadenectomy (10). 

	 In the Netherlands, the majority of esophageal surgeons 
carry out the so-called two-field lymphadenectomies 
in different extensions; they never—as in Japan—carry 
out the total mediastinal lymphadenectomy. Currently, 
in Japan, the three-field lymphadenectomy is used for 
upper and middle SCC (20).

(III)	Based on the potential advantages of MIE, there is an 
increasing use of MIE all over the world. All forms of 
esophageal resections have been performed by MIE. The 
most used are the transthoracic 2 stage Ivor Lewis, the 3 
stage McKeown and the transhiatal resection. Moreover, 
most surgeons use the total MIE by thoracoscopy and 
laparoscopy, but also the hybrid forms of MIE using 
laparoscopy in combination with thoracoscopy, or the 
thoracoscopy in combination with laparotomy are 
frequently performed and currently the robot assisted 
MIE (RAMIE) is increasingly introduced (2,21).

Based on these considerations and the knowledge 
acquired by using this concept we will try to standardize 
this MIE mesoesophageal resection.

Different types of minimally invasive 
mesoesophageal (MIME) resection based on the 
localization of the tumor

There are two types of MIME resection: the “total” 

Figure 1 General view of esophagus in prone position with the 
mesoesophagus. oe, esophagus; ao, aorta; az, azygos vein; ca, 
carina; meso-oe, mesoesophagus; vp, right pulmonal vein; lu, 
right lung; ps, pericard sac.
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mesoesophageal resection of the thoracic esophagus (the 
McKeown procedure) followed by cervical anastomosis and the 
“partial” mesoesophageal resection followed by intrathoracic 

anastomosis, the so-called Ivor Lewis procedure.
By thoracoscopy in prone position, three or four trocars 

can be used. In our practice, all the trocars are introduced 
between de scapula and the spine. A 30-grade thoracoscope 
is introduced at the point of the scapula. Insufflation of  
7 mmHg is used (2). 

Total mesoesophageal resection

Step by step:
(I)	 open the pleura along the right lung, the right 

bronchus, azygos vein and along the right vagal 
nerve (Figure 2);

(II)	 dissect the subcarinal LN (remains attached to the 
esophagus);

(III)	 division of the right vagal nerve distal of the level 
of the right bronchus;

(IV)	 division of the azygos vein by means of stapler and 
the right bronchial artery with a sealing device 
(Figure 3);

(V)	 the right recurrent laryngeal nerve (RRLN) is 
visualized over de right subclavian artery (gentle 
pulling of the stump of the right vagal nerve may 
help). Dissection of the RRLN LN (send them 
separately to pathology) (Figure 4);

(VI)	 open the pleura at the lateral edge of the upper 

Figure 2 Opening the pleura along the right lung, right bronchus, 
azygos vein and along the right vagal nerve. a, right bronchus; b, 
azygos vein; c, hiatus; d, apex thorax.

Figure 3 With retraction of the esophagus to the left, the azygos vein 
and right vagal nerve are divided and infracarinal lymphadenectomy 
is performed. a, divided azygos vein; b, divided right vagal nerve; c, 
esophagus; d: infracarinal LN. LN, lymph nodes.

Figure 4 Approach of the right recurrent laryngeal nerve and 
lymphadenectomy. a, right subclavian artery; b, right vagal nerve; c, 
right laryngeal recurrent nerve and LN. LN, lymph nodes.
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mediastinum along the azygos vein up to the 
hiatus (Figure 5);

(VII)	 put an external loop around the proximal 
esophagus and suspend it by traction. In this 
way, the proximal mesoesophagus will be tented 
and dissection of the left recurrent laryngeal 
nerve (LRLN) can adequately be performed (the 
LN may remain attached to the esophagus or 
send separately to pathology) (Figure 6). (Other 
possibility is to dissection between the esophagus 
and trachea to create an ample window, localize 
the LRLN and perform a lymphadenectomy);

(VIII)	 complete dissection of the esophagus at the upper 
mediastinum by traction of the esophagus to 
right. Visualize the LRLN up to the aorta arch. 
Lymphadenectomy of the aorta arch is performed;

(IX)	 dissection of the space between the thoracic aorta 
and the azygos vein to localize and resect the 
thoracic duct;

(X)	 by traction of the esophagus to the right, 
dissection between the descending aorta and the 
esophagus will show the “distal” mesoesophagus. 
Division of the distal mesoesophagus from 
proximal to distal (Figure 7);

(XI)	 complete de dissection of the esophagus from 

Figure 5 The pleura along the azygos vein is opened to distal. a, 
the whole incision in the mediastinal pleura is done around the 
esophagus covered by mediastinal pleura.

Figure 6 After dissection along the descending aorta and dissection 
and resection of the thoracic duct, the esophagus is retracted to 
right to expose and divide the lower mesoesophagus. a, azygos 
vein; b, aorta; c, mesoesophagus (distal); d, subaortic LN; e, left 
bronchus; f, esophagus. LN, lymph nodes.

Figure 7 The area of the left recurrent laryngeal nerve is exposed 
by suspending the proximal esophagus from the trachea. In 
this way the “upper mesoesophagus” is exposed, dissected and 
lymphadenectomy is performed. a, right vagal nerve; b, RRLN; 
c, esophagus; d, left recurrent laryngeal nerve; e, mesoesophagus 
(upper) under traction of the proximal esophagus; f, aorta arch; g, 
trachea; h, apex thorax. RRLN, right recurrent laryngeal nerve.
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upper thorax to hiatus. Periesophageal tissues, 
the mesoesophagus and the infracarinal LN are 
attached to the esophageal specimen.

Partial mesoesophageal resection

Step by step:
(I)	 open the pleura along the right lung following the 

right bronchus, azygos vein and along the right 
vagal nerve (Figure 2);

(II)	 dissect the infracarinal LN (remains attached to 
the esophagus);

(III)	 division of the right vagal nerve distal of the level 
of the right bronchus;

(IV)	 section of the azygos vein by means of stapler and 
the right bronchial artery (Figure 3);

(V)	 dissection of the paratracheal LN between the 
vagal nerve and the trachea (send them separately 
to pathology);

(VI)	 open the pleura at the lateral edge of the 
mediastinum along the azygos vein up to the 
hiatus (Figure 5);

(VII)	 dissection of the space between the descending 
thoracic aorta and the azygos vein to localize and 
resect the thoracic duct;

(VIII)	 dissection and division of the “distal” mesoesophagus 
(Figure 7);

(IX)	 complete de dissection of the esophagus and 
divide it at the level of the azygos vein.

I f  the  surgeon wants  to  sample  or  per form a 
lymphadenectomy of the RRLN and the LRLN this can be 
performed in the same way as in the total mesoesophageal 
resection, first the right side and then the left side. The 
only difference is that the dissection of the LRLN should 
be performed along the paratracheal groove without 
proximal mobilization of the esophagus without disturbing 
its vascularization. 

Discussion

The whole abdominal oncology follows the general 
principle of dissecting the affected organ along the planes as 
defined by embryology, in order to determine the adequate 
borders of the resection. A model serving for this has been 
the mesorectal excision for rectal cancer (22). 

Definition of the concept of mesoesophagus by the 
findings gathered during thoracoscopic esophageal 

resection and confirmed by MRI has helped to establish 
standardization of the esophageal  resection. The 
mesoesophagus is a clear bi-fascial structure located 
between the ventral side of the descending aorta and the 
esophagus. In this bi-fascial structures vessels and lymph 
vessels can be found going to and from the esophagus, such 
as the esophageal arteries and veins (3-5). 

In this review paper, we denote this mesoesophagus as 
the “distal” mesoesophagus. The “proximal” can be defined 
by traction of the proximal esophagus to posterior before 
the LRLN lymphadenectomy (14-16). 

The esophageal resection can be performed either by 
total (McKeown) or by the limited (Ivor Lewis) MIME. 
The choice is basically based on the type and location of the 
EC. There are important differences in EC, Adc or SCC as 
found in the Western and the Eastern world (19). The distal 
and EGJ Adcs account for more than 80% of all cancers in 
the West and usually are resected after neoadjuvant therapy 
by a MIE Ivor Lewis with intrathoracic anastomosis. 
During this intervention, some surgeons perform a 
limited form of mediastinal lymphadenectomy along the 
right paratracheal area. This involves the issue whether 
by extending the upper mediastinal lymphadenectomy 
they could damage the vascularization of the proximal 
esophagus that is necessary for an optimal anastomosis. 
Although this practice is not frequent, during the Ivor 
Lewis procedure they may upon indicate to perform a 
total mediastinal lymphadenectomy. It must be noted that 
regarding mediastinal lymphadenectomy consensus has not 
been established about the extent, and that the surgeons 
know that if the supracarinal LN are positive for cancer, 
after neoadjuvant therapy, the prognosis will be dismal (23). 
These factors probably form the main reasons for using 
this conservative approach towards these distal and EGJ 
Adcs. For the more proximal and middle located SCC—
as happens in Asia—it is clear that a total mesoesophageal 
resection with total mediastinal lymphadenectomy is the 
standard approach. 

In order to perform a standard MIE, the surgeon has to 
know what constitutes the standard oncological resection 
and its borders. Doing this standard resection in all 
situations she/he knows what to do and that doing it, she/he 
knows is acting properly for every patient. Consensus about 
the extension of lymphadenectomy in all cases of EC has to 
be reached. 

Furthermore, the use of neoadjuvant therapy is currently 
extended in stages 2 and 3 EC and there is evidence that 
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its use does not increase the number of postoperative 
complications (24,25).

Conclusions

According with the knowledge of the surgical anatomy 
of the esophagus, the concept of the mesoesophagus can 
help to define the plane of dissection during esophageal 
resection. Two types of mesoesophageal resection, the total 
and the partial will be defined. Consensus has to be reached 
concerning the extent of mediastinal lymphadenectomy in 
esophageal Adcs.
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