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ANATOMIC VARIATIONS IN THE SURGICAL ANATOMY OF THE 
THORACIC ESOPHAGUS AND ITS SURROUNDING STRUCTURES

Variações anatômicas na anatomia cirúrgica do esôfago torácico e suas estruturas circundantes
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ABSTRACT - Background: Esophagectomy is a challenging procedure due to: a) it 
is a complex operation; b) it is linked to very high morbidity and mortality rates; c) 
surgical anatomy of the esophagus is very peculiar. The anatomic variations that can be 
unexpectedly found during an operation may cause complications and influence the 
outcome. Aim: To review the anatomic basis for esophagectomy focusing on anatomic 
variations found in the mediastinal structures based on literature review and cadaver 
dissection. Methods: Literature related to the surgical anatomy of the esophagus and 
mediastinal structures was reviewed. Also, a total of 20 fresh (non-embalmed, non-
preserved, time of death under 12 h) human cadavers were dissected. There were 16 male 
and mean age was 53 ± 23 years. Results: Anatomic variations for aorta, azygos system, 
pleura, vagus nerve, lymph nodes and thoracic duct were documented. Conclusions: The 
organs and structures of the mediastinum may frequently present anatomic variations. 
Some of these may be clinically significant during an esophagectomy.  Because only 
a part of them may be identified before the operation with the current imaging tools, 
surgeons must be aware of these anatomic variations. 

RESUMO – Racional: A esofagectomia é procedimento difícil, devido a: a) ser operação 
complexa; b) apresentar alta morbidade e mortalidade; c) a anatomia cirúrgica do esôfago 
é muito peculiar. As variações anatômicas que podem ser encontradas inesperadamente 
durante uma operação podem causar complicações e influenciar os resultados. Objetivo: 
Revisar a base anatômica para esofagectomia destacando as variações encontradas nas 
estruturas mediastinais através de revisão de literatura e dissecção de cadáveres. Métodos: 
A literatura relacionada com a anatomia cirúrgica das estruturas esôfago e mediastino foi 
revista. Além disso, um total de 20 cadáveres humanos frescos (não embalsamados, não 
preservados e com tempo de morte com menos de 12 h) foram dissecados. Dezesseis 
eram do sexo masculino com idade média de 53±23 anos. Resultados: Variações 
anatômicas de aorta, sistema ázigos, pleura, nervo vago, linfonodos e ducto torácico 
foram documentadas. Conclusões: Os órgãos e estruturas do mediastino podem, 
frequentemente, apresentar variações anatômicas. Algumas delas podem ser clinicamente 
significativas durante esofagectomia. Devido a que apenas uma parte dessas variações 
são identificadas antes da operação com os meios de imagens atuais, os cirurgiões devem 
estar cientes da possibilidade dessas variações anatômicas.
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DESCRITORES -  Esôfago. Nervo vago. 
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INTRODUCTION

Surgical resection is a key component in the treatment of esophageal 
cancer and is the only modality associated with a real chance to 
cure the disease5. Furthermore, surgical resection of the esophagus 

is also an option in the treatment of benign diseases, such as esophageal 
perforations and achalasia.

Esophagectomy is a challenging procedure due to: a) it is a complex 
operation; b) it is linked to very high morbidity and mortality rates; c) surgical 
anatomy of the esophagus is very peculiar. Structures such as the recurrent 
laryngeal nerve must be carefully preserved to avoid an increase in the 
complications rate. Furthermore, the knowledge of the distribution of the lymph 
nodes in the neck, mediastinum and upper abdomen is mandatory since lymph 
node metastases are common in patients with cancer of the esophagus.
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Previous studies reviewed the basic surgical anatomy 
of the esophagus 20. However, it is believed that the specialist 
must have knowledge of the anatomic variations that can 
be unexpectedly found during an esophagectomy. 

This study aims to review the anatomic basis for 
esophagectomy focusing on anatomic variations found 
in the mediastinal structures based on a review of the 
literature and cadaver dissection.

METHODS

Literature review
Literature related to the surgical anatomy of the 

esophagus and mediastinal structures was reviewed. 
Papers concerning clinical series and anatomic 
dissections were considered. A PubMed search was 
conducted limiting the search to English language. 
Emphasis was given on anatomic variations. A formal 
systematic review was not performed.

Cadaver dissection
A total of 20 fresh (non-embalmed, non-preserved 

and with time of death under 12 h) human cadavers 
were studied. There were 16 male cadavers and mean 
age was 53 ± 23 years. Victims of trauma to the neck or 
torso, or those likely to have esophageal diseases were 
excluded from the study. The esophagus and anatomic 
structures were dissected in loco and assessed through 
an ample incision with sternectomy and removal of the 
heart and pericardium.

RESULTS

Esophagus
The esophagus enters the thorax at the level of the 

sternal notch and leaves to the abdomen at the level of 
T10 or T11. It is located in the posterior mediastinum 
whose boundaries are the pericardium and trachea 
anteriorly, the pleuras laterally, and the vertebrae 
posteriorly. The axis of the esophagus is slightly curved 
to the right in the thorax.

There is no variation in this normal anatomy. 
However, the axis of the esophagus may be altered 
in pathological condition such as advanced achalasia, 
leading to a higher chance of pleural damage during 
an esophagectomy, especially in the right side11. 
Recently, some studies have also shown a change in 
the esophageal posterior-anterior axis with esophageal 
shortening in advanced kyphosis 22.

Pleura
The parietal pleura lines both thoracic cavities 

and reflects medially isolating the mediastinum and 
comprising its lateral wall. 

An elongated recess of pleura intervenes between 
the esophagus and the azygos vein on the right side 
below the pulmonary veins, contacting the right side of 

the esophagus, as noticed in high resolution magnetic 
resonance images. This recess has clinical implications as it 
might be associated with a higher chance of pleural damage 
during the dissection of the mid-thoracic esophagus. 

Distally the left pleura is closer to the esophagus. 
As such, distal esophageal perforations commonly 
drain to the left pleural and the left pleura is more 
frequently injured during operations involving the 
distal esophagus 15.

No important anatomic variations are noteworthy. 

Aorta
The esophagus has a close relationship with 

the descending aorta and its arch. The esophagus, 
which spirals around the aorta, is located in a right 
anterolateral position superiorly, becomes anterior in 
the lower chest, and goes to a left anterolateral position 
at the level of the diaphragm.

The esophageal arteries (four or five in number), 
arise from anterior wall of the aorta 8. These arteries 
divide into small branches before entering the 
esophageal wall so that minimal blood loss during a 
transhiatal esophagectomy can be achieved as long as 
they are interrupted close to the esophageal wall 18.

Variations of the branches of the aortic arch are not too 
rare and may be present in the adult population and found 
during clinical series of esophageal resections (Figure 1). 
A right aortic arch may render the esophagectomy more 
difficult, especially the dissection of the right paratracheal 
lymph nodes 29. Patients with esophageal cancer undergo 
a routine thoracic computerized tomography and the 
aortic branches variations can be diagnosed before the 
operation. In that case, a left thoracotomy, not a right one, 
is the route of choice 29, sometimes associated to a median 
sternotomy 16. Aberrant subclavian arteries are also at risk 
of injury during an esophagectomy 19. 

FIGURE 1 - Anatomic variations of the aorta and mediastinal 
branches found in esophagectomy series
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Dysphagia lusoria is caused by vascular 
compression of the esophagus. It has been described 
after the following anatomic variations: right or left 
aberrant subclavian arteries that crosses between the 
esophagus and the vertebral column in 80% of cases, 
in 15% of cases it runs between the esophagus and the 
trachea, and in 5% of cases it passes anterior to both 
the trachea and esophagus; or vascular rings as in a left 
ligamentum arteriosum 17.

Were found no anatomic variations in the 
cadavers dissected. 

 
Azygos vein
The azygos vein originates in the abdomen and 

it enters the thorax through the aortic hiatus in the 
diaphragm, and passes along the right side of the 
vertebral column to the fourth thoracic vertebra, where 
it arches forward over the esophagus and the root of 
the right lung, and ends in the superior vena cava. In 
the aortic hiatus, it lies with the thoracic duct on the 
right side of the aorta; in the thorax it lies upon the 
intercostal arteries, on the right side of the aorta and 
thoracic duct, and is partly covered by pleura 8.

The hemiazygos vein also begins in the abdomen. 
It enters the thorax, through the left crus of the 
diaphragm, and, ascending on the left side of the 
vertebral column, as high as the 9th thoracic vertebra, 
passes across the column, behind the aorta, esophagus, 
and thoracic duct, to end in the azygos vein 8.

The accessory hemiazygos vein descends on the 
left side of the vertebral column, and varies inversely 
in size with the highest left intercostal vein. It either 
crosses the body of the eighth thoracic vertebra to join 
the azygos vein or ends in the hemiazygos 8.

The azygos system anatomy is of interest during 
an esophagectomy since it is resected in an en-bloc 
esophagectomy 26.  Some authors, however, believe 
the resection of the azygos system is not considered 
essential during a radical esophagectomy. The arch of 
the azygos is divided even for benign cases to allow a 
better exposure of the proximal mediastinal esophagus.

Variations of the azygos system are uncountable and 
related to the origin of the veins or the communication 
between the left and right side system 24(Figure 2). 
However, the clinical importance of these variations is 
negligible since they can be promptly recognized during 
an esophagectomy and comprise small caliber vessels 
that can be easily ligated without any consequences. Most 
of the clinical important variations occur in the setting 
of the vena cava (either superior or inferior) anomalies 
such as duplication7 and total or partial agenesia 2  when 
a grossly dilatation of the azygos system can be present.  

Vagus nerve
Traditionally, the surgical anatomy of the vagus was 

of interest for peptic ulcer surgery. Currently, esophageal 
surgeons are worried about preserving the vagus during 
an esophagectomy, since part of the postoperative 

comorbidities may be linked to the vagotomy 1.
Classic anatomy textbooks describe the vagus in the 

mediastinum as a plexus surrounding the esophagus 8. 
Our group showed in a previous paper one or more vagal 
trunks bilaterally in 30 dissections13 (Figure 3). Interestingly, 
the vagal trunks were preserved after a vagal-sparing 
esophagectomy was performed in the cadavers 13.

Recurrent laryngeal nerve 
The recurrent laryngeal nerve is the most significant 

branch of the vagus during an esophagectomy. The right 
recurrent nerve originates at the origin of the right subclavian 
artery behind the sternoclavicular joint, loops around the 
artery and ascends to the neck 28. The left recurrent nerve 
originates at the inferior border of the aortic arch, them it 
loops around the aorta and ascends to the neck 28. The nerve 
on either side ascends in the groove between the trachea 
and esophagus, passes under the lower border of the inferior 

FIGURE 2 - Anatomic variations of the azygos system according to 
Sieb 1934. D - double column type; T - transitional 
type; S - single column type 

FIGURE 3 - Anatomic variations of the mediastinal vagus nerves 
according Herbella et al. 2006: type I: two distinct 
trunks without communicating branches; type II: two 
distinct trunks with communicating branches; type III: 
one or more bifurcated trunk; type IV: crossing trunks
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constrictor of the pharynx, and enters the larynx behind the 
articulation of the inferior cornu of the thyroid cartilage with 
the cricoid8.

The recurrent nerve can easily be damaged at his 
course in the neck due to the proximity of the esophagus. 
In the mediastinum, the left nerve is at risk at the level of 
the aortic arch during the thoracic lymphadenectomy in 
the aortopulmonary window or along the left paratracheal 
groove. The right nerve is usually not in the operative field.

Several studies have described the surgical anatomy of the 
laryngeal recurrent nerve in the neck, since it is a major concern 
during thyroid surgery. There is a paucity of studies dealing with 
the anatomy of the laryngeal nerve in the thorax. Anatomic 
variations, however, are uncommon. Non-recurrence has been 
reported in less than 1% of the cases 3, and in these cases the 
nerve does not have a thoracic course and is automatically 
protect from injury. It maybe associated to aberrant subclavian 
artery or aorta abnormalities. The recurrent laryngeal nerve 
may exist as two bundles on one side 2.

In all 20 cases dissected, the left laryngeal recurrent 
nerve arises from the vagus trunk and loops around the 
aortic arch near the ligamentum arteriosum. On the right 
side, the authors found four patterns of anatomic variations 
(Figure 4): type 1: no recurrence - two cases (10%), laryngeal 
nerve arises from vagus trunk and have no recurrence; 
type 2: recurrence at the subclavian artery – three cases 
(15%), laryngeal nerve arises from vagus trunk and loops 
around the subclavian artery; type 3: recurrence at the 
brachiocephalic trunk - 12 cases (60%), laryngeal nerve 
arises from vagus trunk and loops around brachiocephalic 
trunk; type 4: doubling or tripling - two cases (10%) laryngeal 
nerve arises from vagus trunk and have two branches, one 
loops around brachiocephalic trunk another loops around 
subclavian artery and one case (5%) laryngeal nerve arises 
from vagus trunk and have three branches, one loops around 
the brachiocephalic trunk and two loops around subclavian 
artery.

Lymph nodes
Anatomy textbooks show a regular disposition 

of nodes not seen by surgeons, but very few studies 
describe a surgically-oriented mediastinal lymph node 
distribution. Moreover, there is no standardization of 
the classification and nomenclature of mediastinal 
lymph nodes. Although various classifications have 
been developed by societies and individual authors 12, 
none has gained unanimous acceptance. 

Different anatomical studies, including a previous 
study by our group 12, showed an inconstant and variable 
distribution in the number and location of lymph nodes. 
Clinical studies also show an outstanding variance in 
the number of nodes resected in the mediastinum 
during an esophagectomy and lymphadenectomy for 
cancer, an average per patient ranging from 13 to 38 23. 
According to Skinner in 1983 26, the number of lymph 
nodes in each patient varied from 24 to 127. 

Some authors and medical societies proposed a 
minimum number of lymph nodes to be resected in 
an adequate lymphadenectomy. While the Union for 
International Cancer Control (UICC) and some authors 
propose a minimum of six lymph nodes22, others raised 
this number to 12 6 or even 23 21. Our previous study 
showed an average of 16 lymph nodes per case in 
cadavers without cancer supporting a figure higher 
than six (Figure 5).

RVN: right vagus nerve. LVN: left vagus nerve. Arrow: recurrent laryngeal 
nerves

FIGURE 4 - Anatomic variation of the mediastinal laryngeal 
recurrent nerves. type 1: no recurrence;type; 
2: recurrence at the subclavian artery; type; 3: 
recurrence at the brachiocephalic trunk; type 4: 
doubling or tripling

FIGURE 5 - Anatomic distribution and number of mediastinal 
lymph nodes of drainage of the esophagus 
following the Japanese Society for Esophageal 
Diseases according to Herbella et al. 2003 - Group 
105: upper thoracic paraesophageal lymph nodes; 
Group 106: thoracic paratracheal lymph nodes; 
Group 107: bifurcation lymph nodes; Group 108: 
middle thoracic paraesophageal lymph nodes; 
Group 109: pulmonal hilar lymph nodes; Group 
110: lower thoracic paraesophageal lymph nodes; 
Group 111: diaphragmatic lymph nodes
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Thoracic duct
The thoracic duct originates from the cranial part of 

the cisterna chili in the abdomen. With the aorta on its left 
and the azygos vein on its right, the thoracic duct passes 
through the aortic hiatus of the diaphragm. It maintains 
this relationship as it passes through the posterior 
mediastinum. The thoracic vertebrae, right intercostal 
arteries, and terminal portions of the hemiazygos and 
accessory hemiazygos veins are posterior to the thoracic 
duct; the esophagus, diaphragm and pericardium are 
anterior to it. At the level of T7, the thoracic duct travels 
obliquely behind the esophagus to the level of the fifth 
thoracic vertebra. At T5, it reappears from behind the 
esophagus to continue its upward journey on the left of 
the esophagus and medial to the pleura up to the neck 8. 
Variations are very common in its end in the neck25.

Jacobsson in 1972 14 investigated 122 autopsy cases 
to study the anatomy and pathology of the thoracic duct. 
The thoracic duct always started below the diaphragm, 
passing through the posterior mediastinum. In 1%, the 
duct had a completely plexiform structure.

Major variations of the thoracic duct (Figure 6) include 
doubling, tripling, left-sidedness, and right or bilateral 
termination, as well as the rare azygos vein termination. In 
a few instances, the abdominal components of the trunk 
may pass upward to both sides or only to the left of the 
aorta. In fact, more than half of the cases do not have a 
typical presentation of the duct 10.

The major interest in the surgical anatomy of the 
thoracic duct during an esophagectomy is the possibility of 

inadvertent injury to the duct and subsequent chylothorax. 
The intraoperative identification of the injury and the duct 
itself may be difficult. Mass ligation of the duct including 
all tissue between the aorta, spine, esophagus and 
pericardium is recommended by some authors in cases of 
suspect lesion of the duct or even routinely. The ligation of 
the duct is safe and a randomized trial showed a significant 
decrease in postoperative chylothorax with routine ligation. 
Mass ligation is preferred over identification and individual 
ligation since duplication or a plexiform duct is found in a 
very significant number of individuals 4.

DISCUSSION

Some peculiar characteristics of the surgical 
anatomy of the esophagus must be summarized: (1) 
important organs surround the esophagus, (2) the 
esophagus crosses the neck, the chest, and the abdomen, 
(3) the lymphatic distribution is abundant, (4) the organs 
and structures of the mediastinum may frequently 
present anatomic variations, and (5) the classic anatomic 
description of some organs and structures is different 
from clinical presentation. Halsted can be quoted 
regarding the view provided by the dissection of a 
patient during an operation: There is a gap between the 
surgeon and pathologist which can be filled only by the 
surgeon. The pathologist seldom has the opportunity 
to see diseased conditions as the surgeon sees them 9. 
Moreover, there is no standardization of the classification 
and nomenclature of some structures.

Most of the variations reviewed may be clinically 
significant during an esophagectomy especially that 
only a part of them may be identified before the 
operation with imaging tools. This is very true in regards 
to the lymph nodes, thoracic duct and recurrent nerve. 
As previously stressed, a complete lymphadenectomy is 
advocated by some authors. The search for lymphnodes 
must be careful since lymph nodes distribution is erratic 
and they may be located within areas close to other 
important organs susceptible to anatomic variations 
themselves. Thoracic duct injury may be fatal. Again, a 
careful and planned identification and dissection of the 
duct is necessary and the same principles should be 
adopted to the recurrent nerve in order to avoid surgical 
technique-related morbidity during an esophagectomy.

We conclude that surgeons must be aware of the 
anatomic variations of the organs and structures of the 
mediastinum when performing an esophagectomy.

CONCLUSION

The organs and structures of the mediastinum 
may frequently present anatomic variations. Some of 
these variations may be clinically significant during 
an esophagectomy; however, only a part of them may 
be identified before the operation with imaging tools. 
Surgeons must be aware of these anatomic variations.

FIGURE 6 - Anatomic variations of the mediastinal thoracic duct 
adapted from Davis 1915 - types I-III: persistence of 
the right duct concomitant with the left duct with 
left, right or bilateral termination; types IV, VI and 
VIII: presence of the right duct alone with left, right 
or bilateral termination; types V, VII and IX: thoracic 
duct with left, right or bilateral termination; type X: 
plexiform presentation (non-classified by Davis); type 
XI: doubling (non-classified by Davis) 
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