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Esophageal Anatomy

Mariano A. Menezes, Francisco Schlottmann  
and Fernando A. M. Herbella

Abstract

The esophagus has a peculiar anatomy: (a) 
it is surrounded by important organs and 
structures, (b) it crosses three cavities: neck, 
thorax and abdomen, (c) its lymphatic distri-
bution is abundant and erratic, (d) the organs 
and structures of the mediastinum frequently 
present anatomic variations, and (e) the clas-
sic anatomic description is different from 
clinical presentation. In addition, minimally 
invasive surgery also brought a restricted but 
magnified view of the esophagus, and avail-
able imaging technology forces the under-
standing of sectional and regional anatomy. 
For all these reasons, the knowledge of 
the surgical anatomy of the esophagus is 
essential for surgeons before performing 
an esophagectomy. This chapter reviews 

the surgical anatomy of the esophagus and 
neighbor structures of interest to perform an 
esophagectomy.

Keywords

Esophagus · Anatomy · Esophagectomy · 
Lymph nodes · Radiology

Introduction

The esophagus has a peculiar anatomy. It is 
the only digestive organ that does not digest or 
absorb nutrients and lacks a serosa layer. From 
a surgical anatomy point of view, the esopha-
gus has an exuberant lymphatic drainage able to 
spread metastasis quickly and far but is short of 
vascularization without a single artery bearing 
its name. The esophagus crosses three cavities 
(neck, thorax and abdomen) and it is surrounded 
by vital organs in a small container called medi-
astinum [1]. All these characteristics make the 
resection of the esophagus and the subsequent 
alimentary tract reconstruction a challenging 
procedure.

Anatomists frequently portrait the esopha-
gus in didactic books in a stylized fashion com-
monly not useful for surgeons. In addition, 
minimally invasive surgery also brought a 
restricted but magnified view of the esopha-
gus, and available imaging technology forces 
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outlet at the level of the manubrium and the dia-
phragm). The cervical esophagus lies left of the 
midline and posterior to the larynx and trachea. 
The thoracic portion may also be subdivided in: 
(a) Upper thoracic esophagus—from the ster-
nal notch to the tracheal bifurcation; (b) Middle 
thoracic esophagus—the proximal half of the 
two equal portions between the tracheal bifur-
cation and the esophagogastric junction; and (c) 
Lower thoracic esophagus—the thoracic part of 
the distal half of the two equal portions between 
the tracheal bifurcation and the esophagogastric 
junction (Fig. 1). The upper thoracic esophagus 
passes behind the trachea and tracheal bifur-
cation, while the middle and lower thoracic 
esophagus passes behind the left atrium and 
then enters the abdomen through the esophageal 
hiatus of the diaphragm. The abdominal portion 
may be absent in the case of a hiatal hernia.

Vascularization and Lymphatic 
Drainage

Esophageal vascularization is shared by small 
branches from adjacent organs. Arterial blood 
supply comes from branches of the inferior 
thyroid arteries, unnamed vessels originating 
directly from the thoracic aorta, bronchial arter-
ies, inferior phrenic arteries, and left gastric 
artery. Blood is drained into the inferior thyroid, 
hemiazygos, azygos and left gastric vein [6].

Anatomy textbooks rarely describe a specific 
lymphatic drainage of the esophagus. Abundant 
lymphatics form a dense submucosal plexus. 
Thoracic lymph nodes are shown in a regular 
disposition seldom seen in an operation. Gray’s 
anatomy textbook simply describes esophageal 
lymphatic drainage as “a plexus around that 
tube, and the collecting vessels from the plexus 
drain into the posterior mediastinal glands” [7]. 
Lymph from the cervical and upper-mid thoracic 
esophagus drains mostly into the cervical, para-
tracheal and subcarinal lymph nodes, whereas 
the lower thoracic and abdominal esophagus 
drains preferentially into the diaphragmatic, par-
acardial, left gastric, and celiac nodes [8].

the understanding of sectional and regional 
anatomy. Thus, a strong knowledge of the anat-
omy of the esophagus is essential to all esoph-
ageal surgeons interested in performing an 
esophagectomy.

Esophageal Anatomy

The esophagus is a hollow organ with a four-
layer structure: mucosa, submucosa, muscu-
laris propria, and adventitia [2]. The mucosa 
is made of squamous epithelium overlying a 
lamina propria and a muscularis mucosa. The 
submucosa is made of elastic and fibrous tis-
sue and is the strongest layer of the esophageal 
wall. The esophageal muscle is composed of an 
inner circular and outer longitudinal layer. The 
upper third of the esophageal musculature con-
sists of skeletal muscle and the lower two thirds 
consist of smooth muscle. The adventitia con-
sists in connective tissue that merges with con-
nective tissue of surrounding structures. Unlike 
the remainder of the gastrointestinal tract, the 
esophagus does not have a serosal layer.

The upper esophageal sphincter is formed by 
the cricopharyngeus muscle along with the infe-
rior constrictors of the pharynx and fibers of the 
esophageal wall. The lower esophageal sphincter 
is not a distinct anatomic structure.

Microscopic anatomy of the esophageal wall is 
further divided for diagnostic and therapeutic pur-
poses to allow a more refined staging and guide 
endoscopic resection in early esophageal cancer 
[3, 4]. Thus, mucosa layer is subdivided in: (a) 
M1—epithelium (defining a carcinoma in situ); 
(b) M2—lamina propria mucosae; and (c) M3—
muscularis mucosae. Submucosal layer is also 
subdivided in three layers: (a) SM1—upper third 
of the submucosa; (b) SM2—middle third of the 
submucosa; and (c) SM3—lower third of the sub-
mucosa. Endoscopic resection is suitable for early 
cancers invading up to the SM1 [5].

Macroscopically, the esophagus is divided 
in three portions: cervical, thoracic/mediasti-
nal, and abdominal, according to the boundaries 
of the cavities that it crosses (i.e. the thoracic 



3Esophageal Anatomy

Esophageal Surgical Anatomy

Cervical Esophagus

The access to the cervical esophagus may be 
obtained through an oblique incision parallel to 
the medial border of the left sternocleidomas-
toid muscle or a necklace incision. The former is 
simpler and the latter allows bilateral access if a 

complete lymphadenectomy is anticipated. The 
oblique incision allows access to the esophagus 
after dividing the platysma muscle (in the subcu-
taneous) and the deep cervical fascia which will 
expose the infrahyoide muscles (sternothyroid 
muscle mainly) that are retracted or divided. 
These muscles are responsible for larynx depres-
sion and its division may impair swallowing and 
fonation thus preservation is preferred [9]. The 

COMMON
CAROTID ARTERY

CERVICAL PART
OF ESOPHAGUS

THYROCERVICAL
TRUNK

FROM INCISORS

SUBCLAVIAN
ARTERY

VERTEBRAL
ARTERY

AZIGUS
VEIN

COMMON
CAROTID ARTERY

THORACIC
AORTA

DIAPHRAGM

STOMACH ESOPHAGEAL
BRANCH OF LEFT
GASTRIC ARTERY

LEFT GASTRIC
ARTERY

42 cm

40 cm

30 cm

25 cm

20 cm

15 cm

SUBCLAVIAN
ARTERY

TRACHEA

BRACHIOCEPHALIC
TRUNK

ARCH OF
AORTA

THORACIC PART
OF ESOPHAGUS

ABDOMINAL PART
OF ESOPHAGUS

INFERIOR PHRENIC
ARTERIES

CELIAC TRUNK

Fig. 1  Esophageal anatomy: the three portions of the esophagus and surrounding structures in the posterior 
mediastinum
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Thoracic Esophagus

The access to the thoracic esophagus may be 
accomplished through a thoracotomy or thora-
coscopy. A right approach allows access to 
the whole esophagus while a left approach is 
reserved when the interest is in the distal esoph-
agus only. A thoracotomy is usually performed 
in the lateral position with the surgeon stand-
ing in the right side of the patient that allows a 
panoramic view of the posterior mediastinum 
after the lung is retracted (Fig. 3). A minimally 
invasive approach brings a restricted view but 

esophagus will then be found between the tra-
chea and the carotid sheath [10]. The anterior 
jugular vein and inferior thyroid vein may occa-
sionally be ligated without consequences. The 
left recurrent laryngeal nerve lies in the groove 
between the trachea and esophagus where it is 
prone to be damaged [11].

A complete cervical lymphadenectomy is best 
accomplished through a collar incision. This bilat-
eral access allows the resection of the internal jug-
ular nodes below the level of the cricoid cartilage, 
supraclavicular nodes, and cervical paraesophageal 
nodes [12] (Fig. 2). Muscles are usually spared.

RIGHT RECURRENT
LYMPHNODES

LEFT RECURRENT
LYMPHNODES

ESOPHAGUS

INTERNAL
JUGULAR VEIN

VAGUS NERVE

COMMON
CAROTID ARTERY

Fig. 2  Cervical lymph nodes of interest for esophagectomy and lymphadenectomy
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on the right side below the pulmonary veins. 
However, the pleura is more commonly injured 
during the dissection of the distal left esophagus 
where they are in close contact [11].

The azygos system anatomy is of interest 
during an esophagectomy since the arch of the 
azygos vein is divided to allow a better exposure 
of the upper thoracic esophagus, and these veins 
are resected during an en-bloc esophagectomy 
[17]. Some authors, on the other side, believe 
the resection of the azygos system is not consid-
ered essential since it does not affect the num-
ber of retrieved lymph nodes [18]. Variations of 
the azygos system are uncountable and related 
to the origin of the veins or the communica-
tion between the left and right-side systems. 
However, the clinical importance of these vari-
ations is negligible since they can be promptly 
recognized during an esophagectomy and com-
prise small caliber vessels that can be easily 
ligated without any consequences [11].

The recurrent laryngeal nerve has a thoracic 
course and can be injured during the dissection 

with a magnified image (Fig. 4). Some surgeons 
advocate the operation to be performed in prone 
position with putative advantages of lower pul-
monary complications and increased number of 
resected lymph nodes [13] (Fig. 5).

The important structures that are intimately 
related to the thoracic esophagus are the trachea 
and pericardium ventrally; the azygos vein and 
right pleura on the right laterally, the spine and 
thoracic duct dorsally, and the aorta and left 
pleura left laterally [14].

The anatomy of the vagus had some relevance 
at the time when vagal-sparing esophagectomy 
was attempted in order to prevent morbidity 
related to vagotomy [15]. Currently, this procedure 
is seldom performed but a selective preservation of 
pulmonary vagal branches is proposed [16].

Pleural preservation is desired during a tran-
shiatal esophagectomy to minimize the con-
sequences of thoracic drainage. Pleural lesion 
may occur during dissection of the mid-thoracic 
esophagus if a recess of the pleura intervenes 
between the esophagus and the azygos vein 

Carina

Subcarinal
Lymphnode

Esophagus

Right Lung

Fig. 3  Right thoracotomy. The access through the intercostal space limits the view and access to the esophagus in the 
posterior mediastinum. An adequate retraction of the lungs medially is mandatory

Esophageal Anatomy
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of the lymph nodes present along its course 
(node stations 2 and 4) [19]. The right recurrent 
nerve originates at the origin of the right sub-
clavian artery behind the sternoclavicular joint, 
loops around the artery and ascends to the neck. 
The left recurrent nerve originates at the inferior 
border of the aortic arch, them it loops around 
the aorta and ascends to the neck [20]. Anatomic 
variations are uncommon. Non-recurrence may 
occur in 10% of the cases but since the nerve 
does not have a thoracic course in these cases, it 
is automatically protected from injury [11].

The thoracic duct origins in the cisterna chyli 
in the abdomen, ascends to the posterior medi-
astinum, to the right of the midline, between 

A

DC

B

Fig. 4  Right thoracoscopy in lateral position. Minimally 
invasive surgery allows a magnified but restricted opera-
tive view but camera freedom of movement allows vis-
ualization of the complete thoracic cavity: upper part 

where the azigos vein crosses the esophagus (A) area of 
the aortic arch where left laryngeal nerve lymph nodes 
are located (B), trachea (C), the whole extension of the 
esophagus (D)

Fig. 5  Right thoracoscopy in prone position. Minimally 
invasive surgery allows a magnified but restricted opera-
tive view. The prone position has the advantage of 
removing the lungs from the operative view and allows 
good access to the respiratory tract to perform lymphad-
enectomy of peritracheal lymph nodes. The laryngeal 
recurrent nerves are; however, in an obstructed view



7

pericardium is recommended in cases of suspect 
lesion of the duct [22]. Mass ligation is pre-
ferred over identification and individual ligation 
since duplication or plexiform ducts are com-
mon [11].

A proper lymphadenectomy is an essential 
part of an oncologic esophagectomy [23]. Thus, 
the knowledge of the anatomy of the lymph 
nodes that drain the esophagus is mandatory. 
Unfortunately, anatomy textbooks frequently 
show a regular disposition of nodes not use-
ful for surgeons (Fig. 6). In addition, there is 
no standard classification and nomenclature of 

the descending thoracic aorta on the left and 
the azygos vein on the right. The duct inclines 
to the left, enters the superior mediastinum, and 
ascends toward the thoracic inlet along the left 
edge of the esophagus. The thoracic duct usually 
ends at the junction of the left subclavian and 
internal jugular veins [21]. There are commonly 
major anatomical variations that may lead to 
intraoperative injury during an esophagec-
tomy [11]. The intraoperative identification of 
the injury and the duct itself may be difficult. 
Therefore, mass ligation of the duct including all 
tissue between the aorta, spine, esophagus, and 

HILAR
LYMPHNODES**

SUBCARINAL
LYMPHNODES**

DIAPHRAGMATIC
LYMPHNODES***

PARACARDICAL
LYMPHNODES***

PARAESOPHAGEAL
LYMPHNODES***

PARA-AORTIC
LYMPHNODES**

PARATRACHEAL
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CERVICAL
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LESSER CURVATURE
LYMPHNODES***

SPLENIC
LYMPHNODES***

CELIAC
LYMPHNODES***

COMMON HEPATIC
LYMPHNODES***

Fig. 6  Lymph nodes of interest to esophagectomy and lymphadenectomy. The exuberant lymphatic drainage of the 
esophagus may lead to metastasis in cervical (*), thoracic (**) and abdominal (***) periesophageal lymph nodes
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Abdominal Esophagus

The esophagus has a constant and short course 
in the abdomen that is familiar to surgeons used 
to laparoscopic surgery of benign esophageal 
disorders at the esophagogastric junction [25].

A 2 or 3-field lymphadenectomy will include 
the lymph nodes of the upper abdomen in a sim-
ilar fashion to the D2 lymphadenectomy of the 
gastric cancer [26, 27] (Fig. 6).

Anatomy for Esophageal 
Replacement

Alimentary tract reconstruction after an 
esophagectomy is regularly accomplished with a 
gastric tube as a graft. However, the colon may 
be used in particular situations [28, 29]. The 
vascular anatomy of these organs is therefore 
important to establish an adequate blood supply 
to the replacing organ.

For a gastric tube, the left gastric artery and 
coronary vein are divided, as well as the short 
gastric vessels. The blood supply will be pro-
vided by the right gastric artery and the right 
gastroepiploic artery [30] (Fig. 7).

For a colonic interposition, diverse seg-
ments of the colon can be used (Table 2). The 
most common reconstruction options are the left 

mediastinal lymph nodes, and the number and 
location of lymph nodes is commonly erratic 
(Table 1) [24].

Table 1  Mediastinal Lymph Nodes Classification 
according to a Japanese society of esophageal disease 
and American joint committee for cancer and their 
correlations

Japanese society for esophageal 
disease

American joint 
committee for 
cancer

102—Deep cervical 1—Highest 
mediastinal

105—Upper thoracic esophaggeal 2—Upper parat-
racheal

106—Thoracic paratracheal 2—Upper parat-
racheal
4—Lower parat-
racheal

107—Bifurcation 7—Subcarinal

108—Middle thoracic paraesopha-
geal

8M/8Lo—
Paraesophageal

109—Pulmonary hilar 8M—Paraeso-
phageal

110—Lower thoracic paraesophageal 8Lo—Paraeso-
phageal

111—Diaphragmatic 15—Diaphrag-
matic

112—Posterior mediastinal 9—Pulmonary 
ligament

LEFT GASTRIC
ARTERY

RIGHT GASTRIC
ARTERY

GASTRODUDENAL
ARTERY

RIGHT GASTROEPIPLOIC
ARTERY

LEFT GASTROEPIPLOIC
ARTERY

SPLEEN

SHORT GASTRIC
VESSELS

SPLENIC ARTERY

BA

Fig. 7  Vascular anatomy of the stomach of interest to esophageal replacement (A). The greater curvature gastric tube 
is supplied by the right vessels (B)
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The replacing organ may reach the neck 
through different routes: posterior mediasti-
num, anterior mediastinum, transpleural (rare) 
and subcutaneous (rare). There are controversial 
results on the length of the anterior (retrosternal) 
as compared to the posterior route [39, 40]. The 
anterior path, however, is more constricted at the 
level of thoracic inlet [41].

Esophageal Radiologic Anatomy

The development of clinical imaging has 
allowed surgeons to better stage patients 
with esophageal cancer and plan the surgical 
approach. The old barium esophagram has been 
replaced by newer studies.

Endoscopic Ultrasound

Endoscopic ultrasound allows visualization of 
the esophageal wall and adjacent structures. The 
sonographic image distinguishes 5 distinct lay-
ers (Fig. 9): the innermost layer with increased 
echogenicity and a thin hypoechoic layer imme-
diately deep to it correspond mainly to the 
mucosa and partly to the muscularis mucosae, 
and the next echogenic layer corresponds to 
the submucosa. The fourth hypoechoic layer 
is the muscularis propria layer and the outer-
most echogenic layer is the adventitia with fat 
appendage [42]. Lymph nodes can also be iden-
tified by endoscopic ultrasound [43].

colon, with the ascending branch of the left colic 
vessels, and the right colon with the middle 
colic vessels or even with the left colic vessels 
[29–33] (Fig. 8). Since a segment of transverse 
colon is need irrespective if right or left colon is 
used, vascularization of the graft is dependent 
on anastomosis between the different colic pedi-
cles. In a series of mesenteric arteriograms, the 
marginal artery in the right colon was present 
in only 30% of the cases, while in the left colon 
it was present in all cases [34]. Thus, the blood 
supply of the right colon is less reliable than that 
of the stomach and left colon [35]. Some sur-
geons prefer to have a preoperative angiography 
in order to identify the anatomy of the arteries 
and the continuity of the marginal artery [36] 
while others do not consider it necessary [37].

Table 2  Relationship between blood supply, the seg-
ment of the colon used for esophageal replacement and 
type of peristalsis

Arterial supply Colon conduit Peristalsis

Ileocolic artery Ascending + trans-
verse

Antiperis-
talsis

Right colic artery Cecum + ascen-
ding

Isoperis-
talsis

Ascending + trans-
verse

Antiperis-
talsis

Middle colic artery Cecum + ascen-
ding + transverse

Isoperis-
talsis

Ascending + trans-
verse

Antiperis-
talsis

Left colic artery Trans-
verse + descen-
ding

Isoperis-
talsis
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The detection of lymph nodes by computed 
tomography correlates well to anatomic findings 
[24–45].

Magnetic Resonance

Dedicated techniques of magnetic resonance 
protocols increased esophageal anatomy visu-
alization as compared to computed tomography. 
Magnetic resonance is able to detect individual 
layers of the esophageal wall, the thoracic duct, 
a connective tissue layer attaching the esopha-
gus to the anterior wall of the aorta, and a fas-
cial plane passing between layers of the right 
and left parietal pleura posterior to the esopha-
gus [46]. Some surgeons believe the study of 
these planes and layers allow a more detailed 
dissection of the esophagus in order to preserve 
nerves and retrieve lymph nodes more effi-
ciently [14].Computed Tomography

Computed tomography of the neck, chest and 
abdomen allows high quality imaging of the 
esophagus and 3D reconstruction [44] (Fig. 10). 

Fig. 9  Endoscopic ultrasound of the esophagus with 
five distinct layers: A) mucosa, B) muscularis mucosae, 
C) submucosa, D) muscularis propria, and E) adventitia
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Fig. 10  Computerized tomography scans of the esopha-
gus and surrounding structures. Tomography has a lim-
ited differentiation of tissues in the mediastinum as 

compared to magnetic resonance but the visualization of 
the esophagus and lymph nodes are adequate for clinical 
decisions
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Esophageal Squamous 
Cell Cancer: Pathogenesis 
and Epidemiology

Claudia Wong and Simon Law

Abstract

Esophageal cancer is a highly lethal disease. 
Despite an increasing incidence of adenocar-
cinoma in last decades, squamous cell car-
cinoma remains the predominant cell type 
worldwide. The majority of squamous cell 
cancers are from the East. Risk factors for 
the development of esophageal squamous cell 
carcinoma differ between high- and low-inci-
dence regions. Tobacco and alcohol intake 
are the two major risks factors for esopha-
geal squamous cell carcinoma. They also 
have a synergistic effect; the mechanism of 
which is now better understood. Other dietary 
factors include lack of certain micronutri-
ents, consumption of food with carcinogenic 
ingredients, eating habits and food preserva-
tion methods. Genetic factors, viral infection 
and other premalignant conditions also play 
a role. Studying epidemiology and patho-
genesis of the disease allows policymakers 
to enact public health policies to prevent the 
disease through health education and risk 
factors avoidance. Screening for early dis-
ease detection in high-risk populations could 
improve overall outcome.
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Introduction

Esophageal cancer is a disease of dismal prog-
nosis. The two major histologic types of tumors, 
squamous cell carcinoma and adenocarcinoma, 
differ substantially in epidemiology, and patho-
genesis. Squamous cell carcinoma remains the 
main cell type worldwide and most are found in 
Eastern populations. The cancer is characterized 
by late presentation and rapidly fatal course. 
This makes study on modifiable risk factors for 
esophageal cancer particularly important in the 
context of disease prevention. The present chap-
ter addresses the epidemiology and pathogenesis 
with emphasis on esophageal squamous cell car-
cinoma (ESCC).

Epidemiology

Esophageal cancer is the 8th most common can-
cer globally and the 6th most common cause of 
cancer-related deaths [1]. Despite advances in 
diagnostic methods and multimodal therapy in 
high-income countries, survival rate at 5 years 
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commonly presents in the sixth and seventh dec-
ades of life and is rare before the fourth decade. 
About 70% of the patients in Japan are in their 
60 s and 70 s at the time of diagnosis accord-
ing to the Population-Based Cancer Registry. 
Similarly, the incidence of ESCC peaks at 
70–80 years of age according to National 
Central Cancer Registry of China [9, 10].

Pathogenesis

Several etiological factors are in association 
with ESCC, of which, consumption of tobacco, 
alcohol, hot beverages and nitrosamines, genetic 
factors, and personal history of squamous cell 
carcinoma in the head and neck region and the 
esophagus are most studied (Table 1).

Alcohol and Smoking

Tobacco and alcohol consumption are the 
two major risks factors for ESCC. Smoking 
is regarded by the International Agency for 
Research on Cancer (IARC) as a cause of 
esophageal cancer [11]. Compared to non-
alcohol drinkers, the risk of ESCC increases by 
38%, 260% and 550% among those who drink 
alcohol 1–1.5 L/day, 1.5–6 L/day and > 6L/day, 
respectively [12, 13]. Alcohol and smoking 
have synergistic effect on the risk of ESCC. The 
mechanism is well studied. Alcohol damages 
cellular DNA by decreasing metabolic activ-
ity within cells, thereby reduces detoxification 
function and promotes oxidation [14]. It acts 
as a solvent for fat-soluble carcinogens such as 
aromatic amines, nitrosamines, polycyclic aro-
matic hydrocarbons, phenols, and aldehyde. 
Therefore, these substances from tobacco can 
easily diffuse to the esophageal tissue. A meta-
analysis showed that the combined effect of 
drinking and smoking doubled the sum of their 
effects individually [15]. In low- or medium-
incidence populations like in Europe and the 
United States, ESCC is largely attributed to 

from esophageal cancer remains low. The 
reported five-year survival rates for esophageal 
cancer are 21% in China [2], 20% in the United 
States [3], 9.8% in Europe [4], and < 5% in 
places where resources are limited [5, 6]. There 
were an estimated 512,500 new cases of ESCC 
in 2020, representing 85% of all esophageal can-
cers [7, 8]. Although there has been a decline 
in the incidence of ESCC in certain parts of the 
world, probably related to improvement in living 
standard and lifestyle habits, ESCC remains the 
predominant histologic type worldwide.

ESCC is a male-predominant disease and 
is the most common histological type for both 
men and women. There is significant varia-
tion of incidence among different geographic 
regions and various ethnic groups. The inci-
dence rates of ESCC are highest in Eastern and 
South-Central Asia and South Africa. In Asian 
countries, it is commonly found in the “Asian 
esophageal cancer belt”, bounded by eastern 
Turkey and east of Caspian Sea through north-
ern Iran, northern Afghanistan, and south-
ern areas of the former Soviet Union, such as 
Turkmenistan, Uzbekistan, and Tajikistan, to 
northern China and India. In high-incidence 
areas worldwide, including Linxian province 
in China, Golestan province in Iran, Western 
Kenya south to Malawi, the Eastern Cape 
province of South Africa, Calvados in France, 
Southern Brazil and Uruguay, the occurrence of 
esophageal cancer is 50–100-fold higher than 
that in the rest of the world.

In China, ESCC is the 4th most frequently 
diagnosed cancer and the 4th leading cause of 
cancer deaths. The age-standardized incidence 
rate of ESCC in China is 12.5 per 100,000 
person-years, compared to 5.6 in the rest of 
the Eastern Asia, 1.8 in Northern Europe, 2.3 
in Western Europe, 0.9 in North America, and 
1.2 in Australia/New Zealand. The crude age-
adjusted mortality is up to 12.7 per 100,000 
person-years [1]. Incidence is generally higher 
in rural areas, of which provinces like Henan, 
Hebei and Shanxi have the highest incidence 
rates in the world. Esophageal cancer most 
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smoking and alcohol [16, 17]. In the United 
States, United Kingdom, and France, population 
attributable risks of 57–73% have been reported 
for squamous cell carcinoma, based on reduc-
tion of smoking and alcohol use, and consump-
tion of fruits and vegetables [17–20]. Similarly, 
studies in high incidence countries in Asia such 
as China estimated that 48.5% of esophageal 
cancers were attributable to the combined effect 
of alcohol, smoking and low fruit and vegetable 
intake [21].

Genetic Factors

Genetic predisposition may be related to the 
pathogenesis of ESCC. Genome-wide asso-
ciation studies have demonstrated a high 

heritability of ESCC when compared to other 
cancers [22], and there is an increased risk of 
ESCC in people who have a positive family his-
tory [23–25]. Mitochondrial studies have proved 
historical population migrations from central 
/ northern to southern-eastern China; the two 
regions share the same high risk of ESCC and 
yet environmentally they are quite different [26].

Tylosis, characterized by hyperkeratosis of 
palms and soles, is a familial esophageal cancer 
syndrome inherited as an autosomal dominant 
trait. It has been reported to be associated with 
genetic mutations in RHBDF2 [27].

Genetic polymorphism is important in indi-
viduals with chronic alcohol consumption. 
Polymorphisms in alcohol dehydrogenase 1B 
(ADH1B), alcohol dehydrogenase (ADH7), and 
aldehyde dehydrogenase 2 (ALDH2) are known 
to alter ethanol metabolism. Approximately 36% 
of East Asians show a physiologic response 
to drinking that includes facial flushing, nau-
sea, and tachycardia [28]. This facial flushing 
response is predominantly related to an inher-
ited deficiency in the enzyme ALDH2. Alcohol 
is metabolized to acetaldehyde by alcohol 
dehydrogenase and the acetaldehyde is in turn 
metabolized by ALDH2 to acetate. Two main 
variants for ALDH2 exist, resulting from the 
replacement of glutamate with lysine at posi-
tion 487. Only individuals homozygous with 
the glutamate allele have normal catalytic activ-
ity. Homozygotes with the lysine alleles have 
no detectable activity, while heterozygotes with 
Glu/Lys alleles have much reduced ALDH2 
activity. The inability to fully metabolize acet-
aldehyde results in its accumulation in the 
body leading to the facial flushing and unpleas-
ant side effects. Lys/Lys homozygotes cannot 
tolerate much alcohol because of the intensity 
of the side effects, and so paradoxically they 
do not have increased risk because they sim-
ply would not consume a significant amount of 
alcohol. Individuals who are Glu/Lys heterozy-
gotes may become habitual drinkers because 
they could become tolerant to the side effects 
of alcohol and yet they had suboptimal catalytic 
activity and thus the acetaldehyde accumulates. 
These are the individuals most susceptible to the 

Table 1  Etiology factors for esophageal squamous cell 
cancer

Factor Contribu-
tion

Alcohol +++

Smoking +++

Diet related

Deficiencies of fresh green vegetables, 
fruits and vitamins

+

N-nitroso containing food (e.g. pickled 
vegetables)

+

Chewing betel nut and mate drinking +

Hot beverages +

Fungal toxin +

Infection

Human papilloma virus ±
Pre-malignant conditions

History of aerodigestive malignancy +++

History of radiation to mediastinum +

Achalasia +

Lye corrosive stricture +

Genetic factors

Aldehyde dehydrogenase deficiency ++

Tylosis +

Plummer-Vinson syndrome +

Others

Low socioeconomic class +

Esophageal Squamous Cell Cancer: Pathogenesis and Epidemiology



18 C. Wong and S. Law

to non-drinkers in South American countries 
[41, 42].

Change in specific dietary habits, such as 
replacing traditional methods of food preser-
vation and storage with refrigeration, together 
with consumption of vitamin-rich food, may 
have produced a reduction in incidence rates in 
certain areas of China, especially in urban cit-
ies such as Shanghai [43, 44]. Consumption of 
hot food and beverages is associated with an 
increased risk of esophageal cancer, particularly 
squamous cell cancer [45, 46].

Infection

Infective pathogens including human papilloma-
virus (HPV), Fusarium, Alternaria, Geotrichum, 
Aspergillus, Cladosporium, and Penicillium 
species are found to be associated with esopha-
geal cancer in some studies. The role of HPV, 
debated in more recent studies, is now contro-
versial. Therefore, HPV vaccines may not be 
beneficial in ESCC prevention [47–51].

Premalignant/Neoplastic Condition

Patients with other aerodigestive malignan-
cies have a particularly high risk of develop-
ing ESCC, presumably because of exposure to 
similar environmental carcinogens and “field 
cancerization”. This concept was introduced by 
Slaughter and colleagues. It was postulated that 
clonal expansion develops in mucosa adjacent to 
an initial area of genetic and epigenetic alterna-
tions. This results in a proliferating field of early 
genetic changes that is at risk of future cancer 
development [52–54]. Using esophageal can-
cer as the index tumor, multiple primary cancers 
were found in 9.5% of patients, of whom 70% 
were in the aerodigestive tract [55]. The over-
all incidence of synchronous or metachronous 
esophageal cancer in patients with primary head 
and neck cancer is estimated to be 3–6% [56, 57].

Diseases that are known to predispose 
to esophageal cancer are few. The risk from 

carcinogenic effects of alcohol consumption, 
which is related to acetaldehyde causing DNA 
damage and other cancer-promoting effects [29]. 
A simple questionnaire that elicits the history of 
a flushing response can be useful in identifying 
at-risk individuals, who could be advised against 
drinking or to undergo screening endoscopy. 
The risk of developing cancer may be reduced, 
or an earlier diagnosis could be possible [30].

Diet and Environment

In Asian countries, dietary and environmental 
factors certainly play a role in the development 
of ESCC. Studies have investigated the effects 
of dietary patterns, specific food and nutrients 
on the disease [31, 32]. Nitrosamines and their 
precursors such as nitrate, nitrite, and secondary 
amines, are found in pickled vegetables, which 
in turn have been shown to increase risk [33]. 
Nutritional depletion of certain micronutrients, 
particularly vitamins A, C, E, niacin, ribofla-
vin, molybdenum, manganese, zinc, magnesium 
selenium, as well as fresh fruits and vegetables, 
together with an inadequate protein intake, pre-
disposes the esophageal epithelium to neoplastic 
transformation [34]. While the lack of fresh fruit 
and vegetables is associated with increased risk 
of ESCC [35], meta-analyses showed that eat-
ing fruits and vegetables significantly reduced 
ESCC risk [36, 37]. The Nutrition Intervention 
Trial conducted in Linxian county in China 
showed that consumption of vitamin B2 and 
nicotinic acid decreased the incidence of esoph-
ageal cancer by 14%, while beta-carotene, 
vitamin E, and selenium intake could reduce 
esophageal cancer mortality by 17% in patients 
less than 55 years old [38].

Consumption of red meat, processed meat, 
and hot mate were shown to be associated with 
increased risk of ESCC [39, 40]. A meta-analy-
sis showed that the cancer risk was 57% higher 
in people who consumed a large amount of red 
meat and 55% higher in people who took a large 
amount of processed meat [40]. Mate drinkers 
have a 60–260% increased ESCC risk compared 
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prevalence and concerns on cost-effectiveness. 
Chromoendoscopic examination using Lugol’s 
iodine solution has been shown to be effec-
tive in Korea, Japan and China for screening of 
esophageal cancer. Magnifying endoscopy with 
narrow-band imaging (NBI) enables detection of 
superficial, early-stage cancers with high sensi-
tivity but requires specialized training [63, 64]. 
These screening strategies and techniques are 
less applicable in low incidence regions.

Conclusion

ESCC is a fatal disease and a significant bur-
den to the healthcare system especially in 
regions of high prevalence. Public health educa-
tion, nutritional intervention and risk-stratified 
screening potentially reduce incidence rate and 
cancer-related deaths in high-incidence areas. 
Understanding of the epidemiology and patho-
genesis of ESCC is essential for policymakers 
and stakeholders of healthcare systems to imple-
ment appropriate measures to improve the out-
look of this lethal disease.
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Abstract

Over the past 40 years, the incidence of 
esophageal adenocarcinoma (EAC) has 
increased more than six-fold in Western 
countries. The increase incidence of EAC 
has been attributed to the rising prevalence of 
obesity and gastroesophageal reflux disease 
(GERD). GERD affects an estimated 20% 
of the population in the US, and its preva-
lence is increasing worldwide. About 10% 
of patients with GERD will develop Barrett’s 
esophagus (BE). This metaplastic lesion due 
to the chronic injury produced by repeated 
reflux episodes involves genetic mutations 
that can lead to a malignant transformation. 
The development of EAC is characterized by 
the progression from BE metaplasia to dys-
plasia, and ultimately invasive carcinoma.
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Epidemiology

Esophageal cancer is the 8th most common 
cancer worldwide, with an estimated 604,000 
new cases and 544,000 deaths in 2020 [1]. 
About 85% of all esophageal cancers globally 
are squamous cell carcinomas (SCC), with the 
highest incidence rates in populations within 
South-Eastern and Central Asia, Eastern Africa, 
and South America. Although only 14% of 
all esophageal cancers are esophageal adeno-
carcinomas (EAC), it is the dominant subtype 
particularly in male individuals in 21 mostly 
developed countries, with an elevated burden 
seen in Northern and Western Europe, Oceania, 
and Northern America (Fig. 1) [1, 2]. In these 
regions, the continuing declines in incidence 
rates of SCC are offset by rapid increases in the 
incidence of EAC since the late 1980s, surpass-
ing the rate of SCC since the early 1990s [3]. 
Over the past 40 years, the incidence of EAC 
has increased more than six-fold in Western 
countries. EAC rates are substantially higher in 
men than in women, with a male to female ratio 
of 8.5 in Northern America [4].
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urbanization may contribute to increased preva-
lence of GERD, such as in North America and 
Europe, compared to regions where rural areas 
predominate, such as in Asia, Latin America and 
the Caribbean [6]. While medical therapy has 
shown excellent results in controlling GERD 
symptoms, it has not averted the malignant com-
plications of this disease. Increases in the preva-
lence of overweight and obesity have paralleled 
rises in the incidence of EAC in most countries. 
Although obesity also favors the development 

The increase incidence of EAC has been 
attributed to the rising prevalence of obesity 
and gastroesophageal reflux disease (GERD). In 
fact, the strongest known risk factor for EAC is 
GERD, together with its more severe manifesta-
tion, Barrett’s esophagus (BE). Although the real 
incidence of GERD is unknown due to its under-
diagnosis, it is estimated that this disease affects 
around 20% of the adult population in the US, 
and its prevalence is increasing worldwide 
[5, 6]. It has been reported that high levels of 

Fig. 1  Worldwide incidence of esophageal adenocar-
cinoma and squamous cell carcinoma in 2020 (age-
adjusted according to the world standard population, 

per 100,000). Obtained with permission from the 
International Agency for Research on Cancer/World 
Health Organization (IARC/WHO)
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and severity of GERD, it has been shown to act 
as an independent risk factor for EAC, with a 
52% increase in risk for every five units in body 
mass index [2, 4, 7, 8].

The total number of new EAC cases is 
expected to increase substantially. The United 
States and The United Kingdom are predicted 
to have the largest annual number of EAC diag-
noses by 2030, with about 15,000 new cases 
in the US and about 8600 cases in The United 
Kingdom. By 2030, one in 100 men may be diag-
nosed with EAC in The United Kingdom and The 
Netherlands (Table 1). Globally, the estimated 
number of cases of esophageal cancer is expected 
to scale to 957,000 by 2040, with deaths uprising 
to 880,000 in the same year [1, 9].

Pathophysiology: From GERD 
to Barrett’s Esophagus

About 10% of patients with GERD will develop 
BE. BE has been traditionally defined as the 
presence of at least 1 cm of metaplastic colum-
nar epithelium that replaces the stratified squa-
mous epithelium normally lining the distal 
esophagus. Currently, the presence of intestinal 
metaplasia (i.e. columnar epithelium with gob-
let cells) is also needed for the diagnosis of BE 
in the US [10]. The reason why intestinal meta-
plasia is mandated in the definition of BE is 
related to the higher risk of developing cancer in 

columnar epithelium containing goblet cells, as 
compared to columnar epithelium without intes-
tinal metaplasia [11, 12].

The transformation of normal esophageal 
squamous mucosa into a simple columnar epi-
thelium is thought to be due to the chronic 
injury produced by repeated reflux episodes. 
In fact, in patients with GERD, symptom dura-
tion has been shown to be a risk factor for the 
presence of BE. Lieberman [13] showed that 
compared with patients with GERD symptoms 
for less than one year, the odds ratio for BE in 
patients with GERD symptoms for 5 years was 
3.0 and increased to 6.4 in patients with symp-
toms for more than 10 years. Interestingly, 
columnar mucosal metaplasia is also seen in 
the esophageal remnant in patients with a gas-
tric pull-up following an esophagectomy, where 
the reflux of gastric contents into the residual 
esophagus is common because there is no lower 
esophageal sphincter. Oberg et al. [14] reported 
that 46.9% of patients had metaplastic columnar 
mucosa within their cervical esophagus follow-
ing an esophagectomy, and the length of that 
metaplastic mucosa was significantly correlated 
with the degree of esophageal acid exposure. 
O’Riordan et al. [15] reported similar findings 
with 50% of patients developing columnar meta-
plasia in the remnant esophagus, with the dura-
tion of reflux being the most important factor 
influencing that transformation. Similarly, Dunn 
et al. [16] in a series of 134 patients, reported an 

Table 1  Estimated number of new esophageal cancer cases in 2030, as compared to 2005 (Data extracted from “Pred
icting the Future Burden of Esophageal Cancer by Histological Subtype: International Trends in Incidence up to 2030. 
Am J Gastroenterol 2017”)

EAC Esophageal adenocarcinoma, SCC Squamous cell carcinoma, UK The United Kingdom, US The United States

Country Population (million) EAC SCC Total

2005 2030 2005 2030 2005 2030 2005 2030

Australia 19.9 28.5 537 1420 486 706 1023 2126

Canada 32.2 40.4 770 2043 462 379 1233 2423

France 61.1 68.0 1193 2863 3116 1930 4309 4793

Japan 126.8 120.1 670 1037 13,646 20,084 14,316 21,121

Netherlands 16.3 17.6 875 2652 514 714 1389 3366

UK 60.1 70.1 4278 8603 2708 3773 6986 12,376

US 277.5 316.8 8167 15,081 4736 4976 12,903 20,057

Esophageal Adenocarcinoma: Pathogenesis and Epidemiology
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While the transition between squamous and 
columnar epithelium likely occurs within a few 
years, the development of intestinal metapla-
sia may take over 5–10 years [21]. Once the 
columnar epithelium is established, two possible 
pathways are observed. The first one, “gastric 
differentiation”, implies the formation of parietal 
cells within glands and may represent a favora-
ble change, as this mucosa is not thought to be 
premalignant. The second one, “intestinal dif-
ferentiation”, induces the expression of intesti-
nalizing genes, causing the formation of goblet 
cells within the columnar epithelium. The devel-
opment of intestinal metaplasia is considered a 
detrimental change because this mucosa is capa-
ble of further progression to epithelial dysplasia 
and adenocarcinoma.

The specific cellular event(s) that induce the 
“intestinalization” of the columnar epithelium 
is unknown. However, it is likely to occur in 
response to multiple noxious luminal contents 
rather than to acid reflux only. In fact, previ-
ous studies have demonstrated the association 
between BE and the exposure of a mixture of 
acid and bile salts on the esophagus [22–24]. 
The role of refluxed bile in the development of 
intestinal metaplasia was suggested by Oberg 
et al. [25] as patients with intestinal metapla-
sia had similar esophageal acid exposure to 
those with GERD and no BE, but significantly 
higher frequency of abnormal bilirubin expo-
sure. It has been hypothesized that in a weakly 
acidic environment (pH 3–5), certain bile acids 
become non-ionized and are able to cross the 
cell membrane. Once inside the cell (pH 7) 
they become ionized and remain trapped caus-
ing mitochondrial injury, cellular toxicity, and 
mutagenesis [26]. The molecular mechanism 
by which bile acids promote the development 
of goblet cells may be related to the activation 
of the Caudal-related homeobox 2 (Cdx2) pro-
moter via nuclear factor kappa B (NF-κB) with 
the consequent production of Cdx2 protein in 
esophageal immature keratinocytes, resulting in 
the production of MUC2 (intestinal-type pro-
tein found in Barrett’s metaplasia) [27]. Further, 

incidence of 36% without any cases of progres-
sion to dysplasia.

The molecular pathway by which the nor-
mal squamous mucosa of the distal esophagus 
is transformed into a columnar mucosa remains 
uncertain. Tobey and colleagues [17] showed 
that acid damage of the esophageal epithelium 
produces dilated intercellular spaces, which in 
turn reduces the trans-epithelial resistance and 
increases trans-epithelial permeability. This 
change in permeability permits molecules as 
large as 20 kD to diffuse across the epithelium, 
exposing stem cells in the basal layer to reflux-
ate. The intercellular acidification exposes the 
squamous basolateral membrane to acid, initi-
ating a cascade of events leading to loss of cell 
osmoregulation, cell edema, and ultimately cell 
death [18]. Cell death is counterbalanced by tis-
sue reparative processes, including restitution 
and replication. It is worth mentioning that dur-
ing the normal growth process of the embryo, 
the esophageal cells undergo a columnar to 
squamous transition under the influence of a 
combination of active prosquamous and inacti-
vated procolumnar homeobox genes. The cel-
lular phenotype may reverse if the opposite set 
of cell patterning genes is reactivated. An acidic 
milieu, combined with other components of 
refluxate, may induce phenotypic transforma-
tion of squamous cells into columnar mucosal 
cells. The reason why pluripotent esophageal 
stem cells turn into columnar cells in this “acid 
environment” may be related to the better adapt-
ability of this epithelium due to its acid resist-
ance. Nevertheless, the origin of BE remains 
obscure. There are several hypotheses regarding 
the origin of stem cells that will give rise to BE 
[18–20]:

(1) Migration and differentiation of stem cells 
from the gastric cardia.

(2) Differentiation of stem cells residing in the 
crypts of the esophageal mucosal glands.

(3) Migration of stem cells from the bone mar-
row (circulating stem cells that can hone in to 
areas of injury to repair damaged tissue).
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than those with dysplasia (62 ± 0.8 years vs. 
67 ± 1.7 years, p = 0.02), and the risk of dys-
plasia increased by 3.3%/year of age. Patients 
with BE length ≥ 3 cm also had a significantly 
greater prevalence of dysplasia compared to 
length < 3 cm (23% vs 9%, p  =  0.0001), and 
the risk of dysplasia increased by 14% per cm 
of increased length. Hampel et al. [35] reported 
that obesity was associated with a significant 
increase of GERD complications and EAC. 
Interestingly, Singh et al. [36] found that, com-
pared with patients with normal body habitus, 
patients with central adiposity had a higher risk 
of BE, even after adjusting for body mass index 
and presence of GERD, suggesting a reflux-
independent association between truncal obe-
sity and BE. Added to this, central adiposity was 
associated with higher risk of adenocarcinoma 
(OR 2.5, 95% CI 1.54–4.06) compared with nor-
mal body habitus. The relationship between BE 
and cigarette smoking was reported by Andrici 
and colleagues [37] who found that having ever 
smoked was associated with an increased risk 
of BE compared with non-GERD controls but 
not when compared with patients with chronic 
GERD, suggesting that the increased risk of BE 
associated with tobacco usage may be due to 
the increased incidence of GERD in cigarette 
smokers.

The presence of colonic adenomas and caf-
feine intake have been recently described as 
risk factors for high grade dysplasia in patients 
with BE. This could be explained by common 
genetic alterations between BE, EAC, colonic 
adenomas, and colonic adenocarcinomas such as 
a higher expression of COX-2 and other inflam-
mation-mediators that can induce dysplasia. 
Additionally, the presence of a colonic adenoma 
may represent a genetic predisposition to the 
development of dysplasia. Caffeine intake stim-
ulates gastric acid secretion and relaxes the LES, 
which ultimately aggravates GERD [33].

Some medications have shown to reduce 
the risk of progression to dysplasia or esopha-
geal cancer in patients with BE. Singh and col-
leagues described that PPI use was associated 
with a substantial reduction in risk of high-grade 
dysplasia and/or esophageal adenocarcinoma 

bile acids have shown to enhance cytoplasmic 
expression of the signaling ligand Delta-like 1 
(Dll1) which facilitates the intestinal metapla-
sia in conjunction with Cdx2 expression [28]. It 
was found that COX-2, an enzyme that plays a 
major role in inflammatory responses, has a sub-
stantially higher expression in human BE tissues 
than that in adjacent squamous cells and con-
trol tissues. Also, its presence was considerably 
higher in EAC tissues. Inhibition of NF-κB in 
esophageal squamous cells inhibits cell prolifer-
ation, followed by decreased COX-2 expression. 
Inhibition of NF-κB expression in EAC cells 
reduces the expression of COX-2 and CDX-2, 
and improves apoptosis of EAC cells. This sug-
gests that COX-2 may be involved in the devel-
opment of BE [29].

Pathophysiology: From Barrett’s 
Esophagus to Esophageal 
Adenocarcinoma

BE is a premalignant mucosa with increased 
proliferation rates and decreased apoptosis rates 
compared to normal epithelium [30]. In fact, it 
is the only known precursor of EAC. However, 
only a small percentage of patients with BE will 
develop cancer, and more than 90% of patients 
with diagnosis of EAC have no prior history of 
BE [31, 32]. The question as to why some cases 
of BE progress to EAC and some do not remains 
unanswered. Currently, the presence and grad-
ing of dysplasia is the most important predictive 
factor for the development of adenocarcinoma. 
Known risk factors for development of dysplasia 
in BE include: increasing length of BE, advanc-
ing age, central obesity, tobacco usage, lack of 
nonsteroidal anti-inflammatory agent use, lack 
of proton-pump inhibitors (PPI) use, and lack 
of statin use [11]. Recently, caffeine intake and 
presence of colonic adenomas have been also 
described as risk factors for progression of BE 
to high grade dysplasia [33].

Gopal and colleagues [34] showed that the 
prevalence of dysplasia was strongly asso-
ciated with age and length of BE. Patients 
with BE without dysplasia were younger 
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cancer-specific mortality and all-cause mortal-
ity (39% and 37%, respectively) in patients with 
EAC taking statins [42]. In line with these find-
ings, a multicenter retrospective study including 
308,793 patients showed that the use of COX-2 
inhibitors, statins, metformin, and PPIs may 
help preventing EAC [43].

There are four categories to stratify the dys-
plastic process: (1) no dysplasia; (2) indefi-
nite for dysplasia; (3) low-grade dysplasia; (4) 
high-grade dysplasia. The development of EAC 
is characterized by the progression from BE 
metaplasia to dysplasia, and ultimately invasive 
adenocarcinoma (Fig. 2). Patients with non-dys-
plastic BE have very low risk for malignant pro-
gression and a meta-analysis of 24 studies and 
2694 patients reported that the pooled annual 
incidence of adenocarcinoma was 0.2–0.5%. 
For patients with low-grade dysplasia, they 
described a pooled annual incidence of 0.5% for 
adenocarcinoma (95% CI 0.3–0.8). The annual 
incidence of either EAC or high-grade dysplasia 
was 1.73% (95% CI, 0.99–2.47%) [44]. Patients 
with high-grade dysplasia present an annual 
incidence of adenocarcinoma of 7% (95% CI 
5–8) [10, 45, 46].

in patients with BE (OR 0.29 95% CI 0.12–
0.79) [38]. There was also a trend towards 
a dose–response relationship with PPI use 
for > 2–3 years. On the contrary, a population-
based study from Sweden showed an increased 
risk of esophageal carcinoma among PPI users, 
reporting that 5.4% of the esophageal cancer in 
the population could be attributed to PPI use. 
This could correlate with a disruption in the gas-
trointestinal microbiome, bacterial colonization 
and increase production of nitrosamines, which 
are all well-known gastric (and probably esoph-
ageal) cancer risk factors [39]. Albeit these find-
ings, the relationship between esophageal cancer 
and PPIs intake remains controversial and needs 
further investigation.

Another meta-analysis reported that aspi-
rin use also reduced the risk of high-grade dys-
plasia/adenocarcinoma, as well as non-aspirin 
cyclooxygenase inhibitors in patients with BE 
[40]. The chemopreventive effect seemed to 
be independent of duration of therapy. Finally, 
statin usage was also associated with a signifi-
cant (41%) decrease in the risk of EAC within 
patients with BE [41]. Alexandre et al. also 
reported a meaningful reduction in esophageal 

Fig. 2  Pathological progression from normal esophageal squamous epithelium to adenocarcinoma
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Conclusions

The increase incidence of EAC has been attrib-
uted to the rising prevalence of obesity and 
GERD. The latter is considered the strong-
est risk factor for EAC, together with its more 
severe manifestation, Barrett’s esophagus. This 
metaplastic lesion due to chronic injury pro-
duced by repeated reflux episodes involves 
genetic mutations that can lead to a malignant 
transformation. Therefore, the pathophysiology 
of EAC can be depicted by the progression from 
Barrett’s esophagus metaplasia to dysplasia, and 
ultimately invasive adenocarcinoma.
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Endoscopy and Endoscopic 
Ultrasound for Esophageal 
Cancer

Stephen Gowing

Abstract

Esophageal cancer is a serious malignancy 
and cause of cancer death worldwide with an 
ever-increasing incidence. The initial man-
agement and staging of esophageal cancer 
are crucial to determine optimal treatment 
and potential for cure. Optical endoscopy 
and endoscopic ultrasound (EUS) are key 
components of this, enabling tissue diagno-
sis, tumor localization, tumor characteriza-
tion, and locoregional staging. Endoscopy 
is also employed in the treatment of dys-
plastic Barrett’s esophagus and the resec-
tion of early-stage esophageal malignancies. 
Additionally, endoscopy can be utilized as a 
bridge for enteral nutrition as well as for pal-
liation for unresectable disease.

Keywords
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submucosal resection

Introduction

Esophageal cancer remains one of the major 
causes of cancer death worldwide and its inci-
dence is continuing to increase. While squa-
mous cell carcinoma (SCC) remains a common 
diagnosis in Asia, in North America and Europe 
esophageal adenocarcinoma (EAC) remains 
the most common presentation [1]. Treatment 
of this aggressive cancer in its most common 
presentation requires multimodality treatments 
including chemotherapy, potential radiation 
therapy and esophagectomy. Tissue diagnosis, 
tumor location and clinical stage are paramount 
in determining potential therapies and often rely 
on an initial upper gastrointestinal endoscopy.

Initial Endoscopic Assessment 
for Esophageal Malignancy

The initial diagnosis and treatment of esopha-
geal cancer most often begins with a traditional 
optical endoscopic assessment of the esophagus 
in response to patient clinical concerns such 
as dysphagia, odynophagia, esophageal stasis, 
regurgitation, weight loss, anemia, gastrointes-
tinal bleeding, esophageal food bolus impac-
tion or symptoms as benign as gastroesophageal 
reflux disease. Alternatively, upper gastrointes-
tinal contrast swallow examination under fluor-
oscopy or computed tomography (CT) scanning 

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
F. Schlottmann et al. (eds.), Esophageal Cancer,  
https://doi.org/10.1007/978-3-031-39086-9_4

S. Gowing (*) 
Thoracic Surgery, The University of Manitoba, 
Manitoba, Canada 
e-mail: stephendonaldgowing@gmail.com

https://doi.org/10.1007/978-3-031-39086-9_4
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-39086-9_4&domain=pdf


32 S. Gowing

the standard approach for diagnosis of mucosal 
based esophageal malignancies. Care must be 
taken to sample tissue from multiple areas of 
tumor to avoid non-diagnostic results in the 
event of necrotic tumor specimen. EUS lin-
ear fine needle aspiration (FNA) or core needle 
biopsy can be helpful as adjunct in assisting 
with tissue diagnosis sampling nodal metasta-
ses or through biopsying submucosal lesions. 
Tunneling deep endoscopic forceps biopsy in 
a bite-on-bite fashion with endoscopic clip 
mucosal closure remains an additional biopsy 
technique for submucosal lesions when linear 
EUS is not available or possible [3].

Barrett’s Esophagus, Dysplasia 
and Early-Stage Esophageal 
Cancers

Barrett’s esophagus (BE) (also known as intes-
tinal metaplasia of the esophagus) is the con-
version of the pale salmon pink squamous 
esophagus mucosa to a reddish columnar epi-
thelium in response to chronic acid exposure to 
the esophagus. Unfortunately, these changes are 
known to predispose patients to the development 
of dysplastic Barrett’s epithelium and eventually 
EAC. Thankfully, the incidence of progression 
of Barrett’s epithelium to cancer remains low at 
a rate of 0.33% per year. However, the diagnosis 
of BE necessitates lifelong surveillance or the 
eradication of BE in event of the development 
of dysplasia or cancer [4]. Newer research has 
demonstrated that patients with higher aneu-
ploidy (genomic copy number) in their Barrett’s 
epithelium are at higher risk for progression to 
dysplasia and malignancy [5].

Barrett’s esophagus is classified endoscopi-
cally according to the Prague Classification [6] 
denoting the circumferential extent (C) and the 
maximal extent (M) of BE. This measurement 
commences from the top of the gastric mucosal 
folds to denote the gastroesophageal junction. 
For example: Barrett’s epithelium that is 4 cm 
in circumferential extent and 6 cm in maxi-
mal length (from non-circumferential tongues 
of Barrett’s) would be classified as C4M6. 

may point towards this diagnosis and direct the 
clinician to perform endoscopy.

Initial assessment with an optical gastroscope 
begins with examining the entirety of the upper 
gastrointestinal tract from the upper esophageal 
sphincter/cricopharyngeal muscle passing into 
the esophagus, stomach and ending in the sec-
ond or third stage of the duodenum. Retroflexion 
is performed in the stomach to assess the gastro-
intestinal junction for proximal gastric or distal 
esophageal tumors as well as hiatus hernia. Care 
must be taken on withdrawing the endoscope to 
examine for the presence of Zenker’s diverticu-
lum and the rare potential for esophageal cancer 
within.

Specific endoscopic findings alert the clini-
cian to the potential for esophageal malignancy 
and will direct further sampling or investiga-
tions. These include but are not necessarily 
limited to: Barrett’s esophagus, endoluminal 
nodules or masses, and mucosal or submucosal 
strictures that may prevent or hinder passage 
of the endoscope requiring esophageal dilation 
or stenting. Submucosal bulging or masses can 
alert to metastatic adenopathy or submucosal 
tumors to be further assessed with endoscopic 
ultrasound (EUS) or cross-sectional imaging.

When esophageal endoluminal masses sug-
gestive of cancer are identified, the proximal and 
distal aspect of the lesion from the incisors are 
noted as well as the circumferential extent of 
the lesion. For lesions present close to the gas-
troesophageal junction (GEJ) the Siewert-Stein 
classification of GEJ adenocarcinomas (com-
monly denoted as Siewert) is additionally noted 
as follows:

• Siewert 1: epicentre 1–5 cm above the GEJ
• Siewert 2: epicenter up to 1 cm above and 

2 cm below the GEJ
• Siewert 3: epicenter 2–5 cm below the GEJ

Siewert 3 lesions are most often referred to as 
gastric cancers and may treated with esophagec-
tomy or total gastrectomy depending on patient 
and tumor characteristics [2].

High definition white light endoscopy 
(WLE) with targeted forceps biopsy remains 
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BE greater than or equal to 3 cm in length is 
referred to as long segment BE and has an 
increased risk of harboring dysplasia and malig-
nancy. Short segment BE is consequently classi-
fied as less than 3 cm in maximal length [7].

High Definition WLE with 4 quadrant biop-
sies every one to two cm, according to the 
Seattle protocol [8], remains the standard method 
of assessment for dysplasia in Barrett’s epithe-
lium and for biopsy of endoluminal masses. 
Current recommendations for non-dysplastic BE 
surveillance are once every 3 years [9].

Optical Chromoendoscopy: Optical 
Chromoendoscopy works based on the princi-
ples of longer wavelengths of light such as red 
having deeper tissue penetration than shorter 
wavelengths of light such as green (540–
560 nm) and blue (440–460 nm). Narrow-band 
imaging (NBI) utilizes green and blue wave-
lengths of light to improve visualization of 
mucosal patterns of capillaries and veins. NBI 
is easy to switch to and from WLE examination 
modes and does not require special staining for 
visualization. Mucosal bleeding, however, can 
quickly overwhelm NBI viewing models due to 
hemoglobin preferentially absorbing blue light 
[10]. Due to it’s ease of use optical chromoen-
doscopy is strongly recommended to be com-
bined with WLE and Seattle protocol biopsies 
for BE surveillance. Additionally, it is strongly 
beneficial for planning resection margins for 
endoscopic resection [9]. NBI classification 
schema exist for Barrett’s esophagus indicating 
the presence of dysplasia and malignancy based 
on the presence or absence of mucosal pits and 
regularity/irregularity of vasculature. Similarly, 
classification schema exist for early esophageal 
squamous cell carcinoma regarding degree of 
vascular irregularity and presence/absence of 
vascular loop-like formations [11].

Chemical Chromoendoscopy: The addition of 
chemical washes to the esophagus and Barrett’s 
epithelium can optically enhance malignant 
and dysplastic lesions to aid in their detection. 
Various washes and stains have been utilized in 

the detection of foregut malignancy including 
methylene blue (now replaced primarily by NBI 
techniques), crystal violet [12], Lugol’s iodine 
and acetic acid [13].

The diagnosis of Barrett’s esophagus as well 
as the detection of dysplasia and intramucosal 
adenocarcinoma in Barrett’s epithelium are 
enhanced using a dilute acetic acid solution. A 
2–3% acetic acid solution is sprayed onto the 
esophageal epithelium leading to acetowhitening 
of Barrett’s epithelium. Combined with magni-
fication endoscopy villous patterns of intestinal 
metaplasia characteristic of BE can be visual-
ized versus the reticular mucosa characteristic 
of cardiac epithelium. With time the acetow-
hitening effect is lost and Barrett’s epithelium 
returns to its characteristic reddish colour [14]. 
Importantly, dysplastic BE and intramucosal 
carcinoma demonstrates early loss of acetow-
hitening (LAW) compared to non-dysplastic 
BE resulting in the transient appearance of red-
dish lesions within whitened Barrett’s epithe-
lium allowing for the detection of dysplasia and 
malignancy [13].

For the detection of esophageal SCC, a 
dilute 2–3% Lugol’s iodine solution can be 
used. Lugol’s iodine stains normal mucosa 
brown or green–brown. Conditions that deplete 
cellular glycogen such as dysplasia and early 
squamous malignancy limit’s Lugol’s staining 
resulting in whitish appearing lesions. Lugol’s 
staining is contraindicated in patients with 
iodine allergy [15].

Confocal Laser Endomicroscopy: Confocal 
laser endomicroscopy utilizes a catheter-based 
laser fluorescent probe allowing for microscopic 
real time imaging of live patient mucosal tis-
sues. This technique allows for imaging for 
mucosal tissue only, unable to visualize the sub-
mucosa and deeper layers. Cellular architecture 
of squamous and Barrett’s epithelium can be 
visualized allowing for the detection of mucosal 
dysplasia and malignancy. Currently, the wide-
spread application of this emerging technology 
is limited by cost and expertise is only present in 
ultra-specialized centers [16].

Endoscopy and Endoscopic Ultrasound for Esophageal Cancer
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is to be expected and managed afterwards [22, 
23]. Although less commonly performed today, 
esophagectomy can still be performed for oper-
able patients with dysplastic BE where endo-
scopic management has failed or is not available.

Endoscopic Resection of Early-
Stage Esophageal Cancer

Early-stage esophageal cancers localized to the 
mucosa and upper submucosal space can be 
treated with endoscopic resection. Once esopha-
geal cancers invade the submucosal space, they 
access the esophageal lymphatics, and are at sig-
nificantly higher risk for lymph node metastases 
[24]. EMR remains an option for small mucosal 
only lesions less than 2 cm, however for larger 
lesions ESD is favored due its ability to obtain 
en bloc resection as well as deeper resection mar-
gins than EMR. ESD is also superior for resec-
tion of lesions that span across the GEJ (Fig. 1). 
Piecemeal EMR for lesions larger than 2 cm can 
be performed, however caution must be taken due 
to the inability to determine accurate lateral mar-
gins, as well as higher rates of R1 resection [20].

Determination of the suitability of solid 
esophageal lesions for endoscopic resection is 
dependent on tumor factors, clinical staging, 
as well as patient factors including operability. 
Various tumor characteristics including tumor 
size, differentiation, presence of lymphovascu-
lar invasion and depth of invasion are key for 
determination of the risks of lymph node metas-
tasis [24]. Submucosal invasion is divided into 
three levels (SM1, SM2 and SM3) with increas-
ing risk of lymph node metastases the deeper 
the tumor invades [25]. For comparable lesions 
based on size, depth of invasion, and degree 
of differentiation, SCC is noted to have much 
higher rates of lymph node metastasis compared 
to adenocarcinoma [24, 26]. Expert analysis 
of ESD specimens by specialized pathologists 
is critical as for patients with elevated risk of 
lymph node metastasis based on final pathology 
endoscopic resection alone is likely not suffi-
cient for cure of disease.

Endoscopic Treatment of Dysplastic 
Barrett’s Esophagus

In the event of the development of dysplastic 
BE, (either low-grade dysplasia (LGD) or high-
grade dysplasia (HGD)) eradication of BE is 
recommended. An alternative to eradication of 
Barrett’s remains intensive surveillance, elected 
for most commonly in cases of LGD where 
access to endoscopic eradication therapies 
such as radiofrequency ablation (RFA) are con-
strained by cost and reserved for HGD BE. For 
LGD BE, surveillance endoscopy once a year is 
commonly employed when endoscopic Barrett’s 
eradication is not available [9].

Currently, BE with LGD or HGD is routinely 
treated with RFA. Any nodular Barrett’s mucosa 
is excised by cap-based endoscopic mucosal 
resection (EMR) prior to RFA treatment to rule 
out invasive malignancy. Alternatively, short seg-
ment BE can also be treated with multiple EMRs, 
albeit with a higher rate of esophageal stricture 
post-resection [17]. Photodynamic therapy (PDT) 
and cryotherapy are alternative treatments for 
dysplastic BE. PDT has largely been abandoned 
due to high rates of esophageal stricture forma-
tion and the need for patients to take photosensi-
tizing agents [18]. Cryotherapy appears to be less 
efficacious than RFA for eradicating dysplastic 
BE, however remains an alternative therapy when 
RFA fails or is contraindicated [19].

Extensive nodular HGD BE where suspi-
cion of intramucosal carcinoma (IMC) is high 
is becoming more commonly treated with endo-
scopic submucosal dissection (ESD). With ESD 
the BE of concern is resected en bloc as a single 
specimen with dissection down to the level of the 
muscularis propria. This is accomplished through 
injection of a methylene blue saline solution 
into the submucosal space, thereby separat-
ing the mucosa from submucosa, allowing for 
resection via needle knife. Most commonly the 
high-risk areas of BE are excised with ESD fol-
lowed by RFA treatment of the residual Barrett’s 
epithelium [20, 21]. Circumferential ESD is 
performed in selected cases, often for salvage 
therapy, however significant stricture formation 
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ESD routinely proceed with esophagectomy to 
excise the esophagus and surrounding lymphatic 
tissues. In our centre, despite elevated risks 
of lymph node metastases on final pathology, 
patients who are not otherwise operative candi-
dates are often considered for adjuvant therapies 
including chemotherapy, radiation therapy and 
immunotherapy following ESD. Furthermore, 
patients with residual local mucosal disease only 
following induction chemotherapy or chemora-
diation, and who are not found to be candidates 
for esophagectomy, may be considered for ESD 
to resect their residual mucosal disease.

Clinical staging investigations including CT 
scan, PET scan and EUS are preferred for solid 
luminal tumors prior to ESD whenever possi-
ble, however ultimately the determination of the 
risk of systemic metastasis is determined by the 
final pathology of the resection specimen. ESD 
functions as an excellent excisional biopsy and 
prognosticator in this regard. We often reserve 
staging investigations for patients with larger 
solid lesions whereas smaller superficial lesions 
are often selected for upfront ESD.

Operable patients who are found to be at ele-
vated risk for lymph node metastasis following 

Fig. 1  Endoscopic Submucosal Dissection for Esophageal Cancer. (A, B) Pinned resection specimen (A) and resec-
tion bed (B) for T1a esophageal adenocarcinoma. (C, D) Resection bed for T1b Adenocarcinoma of the distal esopha-
gus and gastroesophageal junction

Endoscopy and Endoscopic Ultrasound for Esophageal Cancer
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Solid tumors are visualized and their inter-
face with the various mucosal layers allows for 
sonographic determination of depth of inva-
sion [27]. Depth of esophageal tumor invasion 
is referred to as T-stage and is described as fol-
lowsaccording to the TNM 8th edition: Tis—
carcinoma in situ, T1a—mucosal lesion only 
invading lamina propria or muscularis mucosa, 
T1b—invading submucosa, T2—invading into 
but not through muscularis (Fig. 3), T3—invad-
ing through muscularis propria into adventitia 
(Fig. 4), T4—invasion of adjacent structures 
(T4a—invasion of azygous vein, pericardium, 
peritoneum or diaphragm (Fig. 5), T4b—inva-
sion of other adjacent structures such as aorta, 
vertebral body or airway) [28].

Regarding T1 tumors, high frequency radial 
EUS can be used to differentiate T1a from T1b 
lesions, however, the most reliable assessment 
for depth of invasion remains complete mucosal 
resection with EMR or ESD. In this regard, ESD 
remains the superior determinant of T stage due 
to its en bloc dissection down to the level of the 
muscularis propria. EUS remains more reliable 

Endoscopic Ultrasound 
for Esophageal Cancer

Initial Clinical Staging

The assessment of esophageal cancers often 
includes EUS for clinical staging. Initial assess-
ment with radial endoscopic ultrasound often 
accompanies standard esophagogastroduoden-
oscopy and can provide important information 
for tumor staging including depth of invasion 
and presence of locoregional nodal metastases 
(Table 1).

Tumor (T) Stage: Using a 360° radial EUS 
scope depth of tumor invasion can be directly 
assessed. The layers of the esophagus on radial 
EUS are visualized as follows: mucosa (first 
hyperechoic layer), muscularis mucosa (first 
hypoechoic layer), submucosa (second hyper-
echoic layer), muscularis propria (second hypo-
echoic layer), adventitia (esophageal) or serosa 
(gastric) (third hyperechoic layer) (Fig. 2).

Table 1  Esophageal TNM staging 8th edition [28]

Tumor invasion (T)

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1a Tumor invades the mucosa (lamina propria or muscularis mucosa)

T1b Tumor invades the submucosa

T2 Tumor invades into but not through muscularis propria

T3 Tumor invades adventitia

T4a Tumor invades pericardium, diaphragm, pleura, peritoneum, azygous 
vein

T4b Tumor invades aorta, vertebral body, trachea

Lymph Nodes (N)

N0 No lymph nodes metastases

N1 Metastases in ≤ 2 lymph nodes

N2 Metastases in 3–6 lymph nodes

N3 Metastases in ≥ 7 lymph nodes

Distant Metastases (M)

M0 No evidence of distant metastases

M1 Distant metastases
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Metastasis (M) Staging: EUS can occasion-
ally be utilized to provide information regarding 
local metastatic disease to solid organs, predom-
inantly the liver. However, this information is 
most commonly obtained from the complemen-
tary staging imaging investigations of CT and 
PET imaging [29].

Accuracy of EUS

The overall accuracy of radial EUS for T and 
N staging of esophageal cancer is approxi-
mately 90%, however there is significant vari-
ation according to stage [30]. EUS accuracy 
for T staging increases for more advanced 
compared to early disease, particularly for dif-
ferentiating T1a from T1b tumors [31]. EUS 
restaging following chemoradiation is reported 
to be decreased potentially from radiation 

for differentiation between numerical T stages 
(T1 from T2, T2 from T3, T3 from T4) [27].

Nodal (N) Staging: EUS allows for the 
assessment of locoregional lymph nodes for 
nodal staging. For esophageal cancer lymph 
nodal basins in the periesophageal, subcarinal, 
perigastric, celiac, splenic artery and hilum, 
left gastric artery and common hepatic artery 
are visualized and assessed for potential meta-
static involvement. Sonographic features of 
nodal metastases include: size greater than 1 cm, 
round shape, hypoechoic, discrete borders, and 
absence of lymphatic hilar structures or intran-
odal vessels [27]. TNM 8th edition nodal stag-
ing is described as: NX—lymph node status 
cannot be assessed, N0—no nodal metastases, 
N1—metastases in ≤ 2 regional nodes, N2—
metastases in 3–6 regional nodes, N3—metasta-
ses in ≥ 7 regional nodes [28] (Fig. 6).

Fig. 2  Sonographic layers of the esophageal wall

Endoscopy and Endoscopic Ultrasound for Esophageal Cancer
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their high frequencies diminish depth of tissue 
penetration. Unfortunately, this often prevents 
accurate EUS nodal assessment of the stomach 
and retroperitoneal lymph node basins beyond 
the malignant stricture [27]. It is often argued 
however, that given the high risk of nodal metas-
tases from T3 lesions, and the supplemental 
staging information for nodal metastases given 
by CT/PET imaging, that once a T3 lesion is 
visualized, passage of the EUS scope beyond the 
cancer provides minimal treatment-plan impact-
ing information. Other patient factors that can 
prevent EUS staging include benign esophageal 
strictures or patient factors that prevent the pas-
sage of the large EUS scope beyond the upper 
esophageal sphincter. Thankfully next-genera-
tion EUS scopes are slimmer in diameter reduc-
ing the incidence of these problems [33].

induced changes in periesophageal tissues [32]. 
However, in our centre we perform routine EUS 
surveillance in the addition to cross-sectional 
CT imaging in higher risk patients follow-
ing ESD resection or definitive chemoradiation 
therapy.

Limitations of EUS

EUS has limitations in staging for esophageal 
cancer in the presence of malignant strictures 
that prevent the passage of the echoendoscope 
beyond the lesion. This can necessitate endo-
scopic dilation to assist in endoscope passage or 
the use of EUS miniprobe as staging adjuncts. 
While EUS miniprobe can assist in the sono-
graphic assessment of small mucosal lesions, 

Fig. 3  Radial EUS example of T2 esophageal adenocarcinoma
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Linear EUS and Linear Endobronchial 
Ultrasound (EBUS)

Mediastinal, periesophageal, hilar, pulmonary, 
perigastric and retroperitoneal adenopathy may 
be detected in patients during clinical staging 
for esophageal cancer. Occasionally lymph node 
enlargement may be secondary to infection and 
inflammation, autoimmune conditions such as 
sarcoidosis or low-grade malignancies unrelated 
to the patient’s esophageal cancer. In this setting 
enlarged lymph nodes on CT or EUS or meta-
bolically active lymph nodes on PET scan may 
require nodal sampling with linear EUS or linear 
EBUS guided FNA to determine the presence 
of esophageal cancer nodal metastases. While 
EBUS can biopsy pulmonary, hilar and medias-
tinal lymph nodes surrounding the airway, EUS 
can biopsy mediastinal, periesophageal, per-
igastric and retroperitoneal lymph nodes. Linear 
EUS and EBUS needles are offered in sizes 

EUS for Other Benign and Malignant 
Esophageal Tumors

Radial EUS is routinely utilized for the char-
acterization and identification of benign and 
malignant lesions of the submucosal and mus-
cularis propria. These most commonly include 
esophageal leiomyoma and gastrointestinal 
stromal tumors (GIST) but may also include 
other rarer benign and malignant tumor vari-
eties. Additionally, congenital lesions such 
as esophageal duplication and bronchogenic 
cysts can be identified and characterized. 
EUS image characterization and esophageal 
layer localization are key components for 
lesion identification. Linear EUS FNA or Core 
Needle biopsy becomes a useful adjunct for 
tissue sampling when the diagnosis is not 
clear based on EUS and CT imaging charac-
teristics alone and clinical management will be 
impacted [34] (Fig. 7).

Fig. 4  Radial EUS example of T3 esophageal adenocarcinoma
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advocated to look for early signs of locore-
gional nodal metastases. Surveillance EUS 
performed at intervals of every six months fol-
lowing resection can result in earlier detection of 
disease recurrence. It remains unclear however 
if earlier detection of disease recurrence results 
in any improvement in long-term survival [37, 
38]. Regarding the need for EUS surveillance 

between 19 and 25 gauge depending on the clin-
ical application suspected [35, 36].

EUS for Surveillance

Following endoscopic or surgical resection of 
esophageal cancer, surveillance EUS has been 

Fig. 5  Radial EUS example of T4a esophageal adenocarcinoma invading diaphragmatic crura

Fig. 6  Examples of Nodal Stations Evaluated for Radial EUS Nodal Staging. (A) Subcarinal lymph node (B) 
Periesophageal Lymph Node (C) Celiac Trunk location of Celiac lymph nodes
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direct endoscopic vision through proximal or dis-
tal release mechanisms. Fluoroscopy-guided stent 
insertion is also possible after endoscopic guide-
wire placement and marking with radio-opaque 
materials on the patient’s skin [40].

Fully covered stents have a silicone mem-
brane covering and take longer for tissue 
ingrowth and are removable up to 4–6 weeks 
following insertion. Partially covered stents have 
coverage of most of the stent with proximal and 
distal ends uncovered and exposed to allow for 
tissue ingrowth. Once inserted for greater than 
2 weeks times tissue ingrowth occurs and fol-
lowing this removal may not be possible or may 
cause significant mucosal injury with removal. 
Therefore, the use of partially covered esopha-
geal stents are often reserved for patients with 
unresectable cancers [41].

following ESD tumor resection, when tumors 
resected are T1a or greater surveillance EUS 
in addition to cross-sectional imaging CT scan 
is suggested to monitor for locoregional nodal 
recurrence.[39] If suspicious enlarged lymph 
nodes are identified, linear EUS FNA biopsy can 
be performed for tissue diagnosis (Fig. 8).

Endoluminal Stenting

Esophageal Cancer 
and Endoluminal Stenting

A variety of partially and fully covered self-expand-
ing metal (SEM) esophageal stents are available for 
the treatment of luminal stenosis induced by esoph-
ageal cancers. Stents are routinely inserted under 

Fig. 7  Esophageal Leiomyoma arising from muscularis propria
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covered esophageal stent placement following 
resection to reduce severity of stricturing [43].

Complications of endoluminal stenting for 
esophageal cancer include retrosternal chest 
pain, tissue ingrowth, tumor overgrowth, stent 
migration, stent food bolus obstruction and 
aspiration pneumonia (particularly when stents 
are placed across the GEJ). Rare complications 
include tracheoesophageal fistula formation, 
bleeding, and esophageal perforation. Incidence 
of complications from stenting is estimated to be 
between 40 and 50% [44].

Endoscopy and Enteral Nutrition

Endoscopy is important for the support of 
enteral nutrition in patients with resectable 
and non-resectable esophageal cancers. While 
esophageal stenting routinely allows for pas-
sage of orally ingested food into the stomach 

Treatment of Esophageal 
Perforations Related to Cancer

Perforated esophageal cancers induced by 
retching or iatrogenically through endoscopy 
by scope passage or dilation can be similarly 
treated with endoluminal esophageal stent-
ing. Often, once perforation occurs related to 
a malignancy, esophageal stents may require 
permanent placement [42]. ESD of esophageal 
superficial mucosal cancers results in exposure 
of esophageal muscularis propria. Occasionally 
full thickness perforation occurs secondary 
todissection of submucosal fibrosis or injury. If 
these injuries are present in the esophagus and 
do not involve the gastroesophageal junction, 
fully covered esophageal stenting can be per-
formed to allow for healing and stentremoval in 
approximately 4 weeks. In similar fashion, fol-
lowing fully circumferential ESD stricture for-
mation can occur, leading to prophylactic fully 

Fig. 8  An enlarging periesophageal lymph node detected by surveillance radial EUS. Sampled with 22-gauge linear 
EUS FNA. Note the size greater than 1 cm, sharp borders and lack of central hilar/vascular structures suggestive of 
malignant involvement



43Endoscopy and Endoscopic Ultrasound for Esophageal Cancer

Am. 2015;44(2):299–315. https://doi.org/10.1016/j.
gtc.2015.02.005.

 5. Killcoyne S, Gregson E, Wedge DC, Woodcock DJ, 
Eldridge MD, de la Rue R, Miremadi A, Abbas S, 
Blasko A, Kosmidou C, Januszewicz W, Jenkins AV, 
Gerstung M, Fitzgerald RC. Genomic copy number 
predicts esophageal cancer years before transforma-
tion. Nat Med. 2020;26(11):1726–32. https://doi.
org/10.1038/s41591-020-1033-y.

 6. Sharma P, Dent J, Armstrong D, Bergman JJ, 
Gossner L, Hoshihara Y, Jankowski JA, Junghard O, 
Lundell L, Tytgat GN, Vieth M. The development 
and validation of an endoscopic grading system for 
Barrett’s esophagus: the Prague C & M criteria. 
Gastroenterology. 2006;131(5):1392–9. https://doi.
org/10.1053/j.gastro.2006.08.032.

 7. Sharma P, Morales TG, Sampliner RE. Short seg-
ment Barrett’s esophagus–the need for standardi-
zation of the definition and of endoscopic criteria. 
Am J Gastroenterol. 1998;93(7):1033–6. https://doi.
org/10.1111/j.1572-0241.1998.00324.x.

 8. Spechler SJ, Sharma P, Souza RF, Inadomi JM, 
Shaheen NJ. American Gastroenterological 
Association technical review on the management 
of Barrett’s esophagus. Gastroenterology. 2011;140 
(3):e18–52; quiz e13. https://doi.org/10.1053/j.
gastro.2011.01.031

 9. Qumseya B, Sultan S, Bain P, Jamil L, Jacobson 
B, Anandasabapathy S, Agrawal D, Buxbaum JL, 
Fishman DS, Gurudu SR, Jue TL, Kripalani S, Lee 
JK, Khashab MA, Naveed M, Thosani NC, Yang 
J, DeWitt J, Wani S. ASGE guideline on screening 
and surveillance of Barrett’s esophagus. Gastrointest 
Endosc. 2019;90(3):335–59.e332. https://doi.
org/10.1016/j.gie.2019.05.012.

 10. Gono K, Obi T, Yamaguchi M, Ohyama N, 
Machida H, Sano Y, Yoshida S, Hamamoto Y, 
Endo T. Appearance of enhanced tissue fea-
tures in narrow-band endoscopic imaging. J 
Biomed Opt. 2004;9(3):568–77. https://doi.
org/10.1117/1.1695563.

 11. Chiam KH, Shin SH, Choi KC, Leiria F, Militz 
M, Singh R. Current status of mucosal imaging 
with narrow-band imaging in the esophagus. Gut 
Liver. 2021;15(4):492–9. https://doi.org/10.5009/
gnl20031.

 12. Amano Y, Kushiyama Y, Ishihara S, Yuki T, 
Miyaoka Y, Yoshino N, Ishimura N, Fujishiro H, 
Adachi K, Maruyama R, Rumi MA, Kinoshita 
Y. Crystal violet chromoendoscopy with mucosal 
pit pattern diagnosis is useful for surveillance 
of short-segment Barrett’s esophagus. Am J 
Gastroenterol. 2005;100(1):21–6. https://doi.
org/10.1111/j.1572-0241.2005.40028.x.

 13. Chedgy FJ, Subramaniam S, Kandiah K, 
Thayalasekaran S, Bhandari P. Acetic acid chro-
moendoscopy: improving neoplasia detection 
in Barrett’s esophagus. World J Gastroenterol. 

and small bowel, stenting is not always possible. 
This can commonly occur for proximal esopha-
geal cancers involving the UES, esophageal col-
lapse secondary to external compression from 
nodal metastases, or lengthy tumors that prevent 
esophageal stenting [41].

Upper gastrointestinal nutritional support can 
be re-established using endoscopy. Nasojejunal 
feeding tubes can be directed endoscopically 
with the potential addition of fluoroscopy to 
enter the proximal jejunum. Nasojejunal feed-
ing tubes are problematic however as they can 
routinely be removed accidentally through trac-
tion. Percutaneous endoscopic gastrostomy 
(PEG) tubes can be placed with the aid for a 
gastro-scope or fluoroscopy as a palliative sup-
port for patients with unresectable cancers or for 
patients requiring neoadjuvant therapy with goal 
of curative intent esophagectomy. Care must be 
maintained to not injure the right gastroepiploic 
artery for any potential esophagectomy candi-
dates. PEG tubes can also be modified to direct 
feeding tubes into thejejunum beyond the stom-
ach. While PEG tubes have advantages, for-
eign body site infections can necessitate their 
removal. Insertion of PEG tubes can be compli-
cated by gastric perforation necessitating endo-
scopic or surgical closure [45].
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Abstract

Various methods are currently employed for 
esophageal cancer staging, including com-
puted tomography (CT), positron emission 
tomography (PET), endoscopic ultrasound 
(EUS), magnetic resonance imaging (MRI), 
and histopathologic based staging, which 
encompasses endoscopic mucosal resection 
(EMR) and endoscopic submucosal dissec-
tion (ESD). However, no single modality can 
accurately stage every patient with esopha-
geal cancer on its own. Given the crucial role 
of accurate staging in devising an optimal 
therapeutic approach, the use of a combina-
tion of these modalities is often necessary.

Keywords

Esophageal cancer · Radiology · CT · 
PET-CT · Endoscopic ultrasound

Introduction

Esophageal cancer staging remains a comple-
mentary mix of multiple diagnostic modalities 
including computed tomography (CT), 18 FDG 
positron emission tomography (18 FDG PET), 
magnetic resonance imaging (MRI), endoscopic 
ultrasound (EUS) and esophagogastroduodenos-
copy (EGD), being its approach multi-discipli-
nary and highly complex. As imaging remains 
the cornerstone of diagnosis, radiologists play an 
essential role in esophageal cancer staging [1].

Current treatment strategies range from organ 
preserving modalities to multimodality therapy 
combining surgery with chemotherapy with or 
without radiation [2, 3]. Organ sparing tech-
niques, including endoscopic mucosal resection 
(EMR) and endoscopic submucosal resection 
(ESR) have shown optimal results in patients 
with node negative—T1a tumors (tumor con-
fined to the mucosa), proving survival rates of 
80–90% in properly selected cases [4].

Patients with deeper tumors such as T1b-T2 
without clinical suspicion of nodal involvement 
are candidates for upfront radical surgical treat-
ment, being esophagectomy with lymphadenec-
tomy the pillar of curative intent therapy [5].

In cases of extended locally advanced disease 
and/or lymph node compromise (T3-N+), sev-
eral randomized studies have reported improved 
overall and disease-free survival with multimo-
dality therapy, including chemotherapy with or 
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adequate combination of the studies will help 
obtaining an accurate staging.

Tumor “T” Staging

CT Scan and T Staging

CT remains the most commonly used study 
for preoperative T staging of esophageal can-
cer. CT scanners can provide volumetric data 
on the primary tumor, demonstrating an over-
all accuracy of 80% in the determination of T 
stage. However, as CT is unable to accurately 
differentiate the layers of the esophageal wall 
and the depth of tumor invasion, accuracy and 
specificity of the study decreases in early stages 
such as T1 and T2. Recently, multi-detector row 
CT with dynamic enhanced images has shown 
improved accuracy for T staging [8, 11, 12].

According to the literature, the accuracy of 
CT with respect to T-stage as compared to final 
histology is around 60% for T1 lesions and 75% 
for T3 lesions, acknowledging its lower specific-
ity in earlier tumors [11, 12]. As proper staging 
of T1 against T2 tumors is required to consider 
a curative endoscopic treatment, these cases 
may be aided by EUS. On the other hand, CT 
scan seems to be more accurate on advanced 
tumors. For example, T3 stage is detected on 
multi-detector CT as periesophageal fat infiltra-
tion with 75% sensitivity and 78% specificity, 
and T4 stage is identified with loss of fat planes 
between the tumor and adjacent mediastinal 
structure with 75% sensitivity and 86% specific-
ity (Fig. 1) [13].

Local invasion of tracheobronchial tree, 
aorta and/or heart can be assessed with almost 
100% of sensitivity, however its specificity 
ranges from 52 to 97%. Loss of the fat plane 
between the esophagus and airway, visualiza-
tion of a tracheoesophageal fistula and/or tumor 
contact > 90º with the aorta represent very poor 
prognostic factors. Similarly, abutment of the 
tumor against the pericardium with associated 
pericardial effusion are concerning features 
(Fig. 2) [8, 12–15].

without radiation followed by radical surgery. 
In any case, a proper patient selection and accu-
rate staging will help to determine the optimal 
therapy in order to achieve the best oncological 
outcome [2, 3, 6–9].

The globally used TNM classification system 
maintained by the American Joint Committee on 
Cancer (AJCC) and the Union for International 
Cancer Control (UICC) includes the depth of 
local invasion by the primary tumor (T), the 
extent of regional lymph node involvement (N), 
and the presence or absence of distant metasta-
sis (M), providing a stage grouping on the basis 
of T, N, and M [10]. Furthermore, separate stage 
groupings are described for the two main histo-
logic subtypes, squamous cell carcinoma (SCC) 
and adenocarcinoma (EAC).

For both EAC and SCC, T0 disease denotes 
high-grade dysplasia; T1 disease is divided into 
T1a and b and denotes absence or presence of 
invasion through the muscularis mucosa into 
the submucosa, respectively. T2 denotes inva-
sion into the muscularis propria, T3 denotes 
invasion to the adventitia, and T4 denotes inva-
sion into surrounding structures. This is further 
subdivided in T4a, defined as resectable disease 
(including diaphragm, pleura, and pericardium) 
and T4b, defined as unresectable (including tra-
chea, aorta and, vertebral body).

Nodal disease is classified as N1 if fewer than 
three nodes are involved, as N2 if 3–6 nodes are 
involved, and N3 if 7 or more are involved. Any 
extra nodal metastases are classified as M1 [10] 
(Table 1).

The available techniques for accurate staging 
include both imaging and invasive studies. The 
aforementioned comprises mainly endoscopic 
ultrasound (EUS), CT and PET-CT. More inva-
sive methods such as EMR, ESD or even laparos-
copy can also help staging esophageal cancer [9].

This chapter provides a detailed review of 
the different imaging methods describing their 
applications, strengths and weaknesses for 
esophageal cancer staging. As no radiologic 
study will obtain the diagnosis and staging by 
itself, all of them should be considered as com-
plimentary to one another. Consequently, the 
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Despite its high level of accuracy, diagnosis 
of T4 stage may represent a challenge in some 
cases, particularly in patients who had received 
surgery or radiotherapy or with cachexia due to 
the loss of fat planes [13].

MRI and “T” Staging

Currently, the use of magnetic resonance imag-
ing (MRI) in patients with esophageal cancer is 
limited. This may be explained by the lack of 
uniform techniques for image acquisition and 
differences in image quality observed over time 
related to diverse MRI technologies. However, 
the quality of MRI continues to improve and is 
gaining ground for esophageal cancer staging, 
with encouraging results comparable with CT 
and EUS. Technical developments that diminish 

Table 1  AJCC 8th edition staging of esophageal cancer

Clinical criteria

T stage

Tx Cannot be assessed

T0 High-grade dysplasia—confined by 
basement membrane

T1a Invades lamina propria or muscula-
ris mucosa

T1b Invades into submucosa

T2 Invades muscularis propria

T3 Invades adventitia

T4a Invades pleura, pericardium, azy-
gous vein, diaphragm, peritoneum

T4b Invades adjacent structures such as 
aorta and vertebral body

N stage

NX Cannot be assessed

N0 0 involved nodes

N1 1–2 involved regional nodes

N2 3–6 involved regional nodes

N3 7 or more involved regional nodes

M stage

MX Cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

ADC Grade

GX Cannot be assessed

G1 Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated

SCC Grade

GX Cannot be assessed

G1 Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated

SCC Location

LX Cannot be assessed

Upper Cervical esophagus to azygous 
vein

Middle Lower border of azygous vein to 
inferior pulmonary vein

Lower Inferior pulmonary vein to stomach

 ADC Adenocarcinoma, SCC Squamous cell carcinoma

Table 1  (continued)

Clinical (c) stage T N M

ADC

0 Tis N0 M0

I T1 N0 M0

IIA T1 N1 M0

IIB T2 0 0

III T2
T3-4a

N1
N0-1

M0
M0

IVA T1-4a
T4b
T1-4

N2
N0-2
N3

M0
M0
M0

IVB T1-4 N0-3 M1

SCC

0 Tis N0 M0

I T1 N0-1 M0

II T2
T3

N0-1
N0

M0
M0

III T3
T1-3

N1
N2

M0
M0

IVA T4
T1-4

N0-2
N3

M0
M0

IVB T1-4 N0-3 M1

(continued)
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Endoscopic Ultrasound and “T” 
Staging

Endoscopic ultrasound (EUS) represents one of 
the preferred imaging modalities for the assess-
ment of loco-regional disease in esophageal 
cancer. EUS has the ability to identify the depth 
of tumor invasion and pathologic regional lym-
phadenopathies. In addition, it has the possibil-
ity to obtain nodal biopsies with fine-needle 
aspiration (FNA) [8, 20–22].

According to its echogenicity, echoendo-
scopes can identify 5 layers of the esophageal 
wall: mucosa (first hyperechoic layer), muscula-
ris mucosa (first hypoechoic layer), submucosa 
(second hyperechoic layer), muscularis propria 
(second hypoechoic layer), adventitia (esopha-
geal) or serosa (gastric) (third hyperechoic 
layer) (Fig. 3).

The overall reported sensitivity and accuracy 
for assessing the T stage with EUS is 85–90% 

motion artifact and optimizes MRI image qual-
ity, such as application of high-resolution and 
ECG-triggered 1.5 T MRI are allowing this 
method to become increasingly used [16, 17].

With respect to T staging, a previous study 
showed that with the application of faster imag-
ing sequence and ECG gated technique, accu-
racy of 1.5 T MRI was 33%, 58%, 96%, and 
100% for T1, T2, T3 and T4 stage, respectively 
[18]. More recently, a study confirmed that 
high-resolution T2-weighted imaging (T2WI) 
provides meticulous imaging of the anatomical 
layers of the esophageal wall and surrounding 
tissues with an accuracy of 81% for T-staging 
(according to the signal intensity obtained in 
each esophageal layer) [19].

Overall, although the diagnostic value of 
MRI for T staging has significantly improved 
in recent years, further evidence and standardi-
zation of the technique are needed to broadly 
adopt this imaging method [17].

Fig. 1  CT scan showing esophageal tumor with intimal contact with the pericardium (T4a)
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unrecognized nodal disease). All these studies 
suggest that EMR or ESD might be necessary for 
accurate staging of early superficial tumors [27].

A previous study showed a significant increase 
in the utilization of neoadjuvant therapy in 
patients who underwent EUS staging as com-
pared to those that only had a CT as staging 
modality (32.7% versus 15%). Consequently, an 
improved overall survival was seen in EUS-staged 
patients (58.9%) versus CT alone (47.7%) [28].

Overall, current data confirms that EUS is 
critical for adequate staging in most patients 
with esophageal cancer, mainly due to its abil-
ity to select patients for multimodal therapy and 
predict patient outcomes.

and 70–80%, respectively [23]. For early 
tumors, however, accuracy is decreased. Bianco 
et al. reported that EUS accurately staged 39% 
of T1a lesions and 70% of T1b lesions [24]. 
Similarly, another study reported that lesions 
diagnosed as cT1aN0 by EUS, turned out to 
be deeper or even pN1 in 15% of patients [25]. 
Shridhar and colleagues in a series of 1840 
patients with T2N0M0 esophageal cancer (EAC 
or SCC) showed that clinical staging was accu-
rate in only 30.7% of patients, describing tumor 
length > 3 cm and poor differentiation as risk 
factors for pathologic upstaging [26]. Likewise, 
Luu et al. reported understaging by EUS in 
21% of patients with stage I or II (14% with 

Fig. 2  CT scan showing esophageal tumor in direct contact with the aorta (A) and with the trachea (B)

Fig. 3  Esophageal layers (Drawing by Tomás Pascual MD and Endoscopic Ultrasound Image from Stephen Gowing 
MD)

Radiologic Evaluation of Esophageal Cancer
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of the study, this study is less precise for early 
T1 disease and limited for differentiating 
between T1 or T2 lesions. Stage specific accu-
racy is thereby higher for T3 and T4 tumors. In 
addition, PET-TC provides valuable information 
regarding T stage in patients with obstructive 
tumors in whom endoscopy or EUS are not fea-
sible [8, 29, 30] (Fig. 6).

Node “N” Staging

Currently, endoscopic ultrasound, CT and PET 
CT are commonly used to determine N stage. 
These modalities have low or moderate sensitiv-
ity and moderate-high specificity for assessment 
of lymph node status.

Lymph node involvement is critical for 
selecting patients for multimodal therapy. 
Regional lymph nodes include any paraesopha-
geal lymph nodes from the cervical nodes to 
the celiac nodes. The N classification comprises 
N0 (no cancer-positive nodes), N1 (one or two 
cancer-positive nodes), N2 (three to six cancer-
positive nodes), and N3 (seven or more cancer-
positive nodes).

PET-CT and T Staging

Positron emission tomography (PET) plays a 
critical role in the staging of esophageal can-
cer. The study relies on the expression of the 
GLUT-1 glucose transporter on neoplastic cells 
for the uptake of fluorodeoxyglucose (FDG). 
Therefore, it provides information regarding 
the metabolic activity of the tumor in addition 
to anatomic features. Currently, PET images 
are often fused with CT images to more effec-
tively localize sites of abnormal glucose uptake 
(PET-TC) (Figs. 4 and 5).

The majority of both esophageal squamous 
cell carcinoma (ESCC) and esophageal adeno-
carcinoma (EAC) are PET avid. ESCC, how-
ever, tends to be more PET avid and around 
20% of EAC show little or no FDG avidity. 
Lack of avidity is more common in poorly dif-
ferentiated tumors and signet cell lesions [29, 
30].

With respect to differentiating between T 
stages, PET-CT cannot accurately differentiate 
the depth of invasion of the primary tumor, and 
thereby has a limited role in T staging. Given the 
relatively low resolution and detection threshold 

Fig. 4  Squamous cell carcinoma in upper third of the 
esophagus (T3N1M0). A) PET-CT coronal reconstruc-
tion demonstrates esophageal hypermetabolic wall 
thickening preserving peripheral fat (T3, arrow) and two 

hypermetabolic infracentimetric nodes to the right (N1, 
arrow heads). B) PET-CT sagittal reconstruction showing 
same findings
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The detection of metastatic lymph nodes with 
CT depends primarily on size criteria. In general, 
intrathoracic and abdominal lymph nodes greater 
than 1 cm in diameter are considered to be 
enlarged, and supraclavicular lymph nodes with 
a short axis greater than 5 mm are considered 
to be pathologic. However, most studies use the 

CT Scan and N Staging

In CT scan, non-pathologic lymph nodes are 
usually smaller than 1 cm in short-axis diam-
eter with a smooth well-defined border, uniform 
homogeneous attenuation, and a central fatty 
hilum [8].

Fig. 5  Adenocarcinoma in lower third of the esophagus 
(T3N2M0). A) PET-CT coronal reconstruction dem-
onstrates esophageal hypermetabolic wall thickening 

preserving peripheral fat (T3, arrow) and multiple 
regional hypermetabolic nodes (N2, arrow heads). B) 
PET-CT sagittal reconstruction showing same findings

Fig. 6  Adenocarcinoma in middle third of the esopha-
gus (T4N3M0). A) PET-CT coronal reconstruction 
demonstrates esophageal hypermetabolic wall thicken-
ing with periesophageal fat infiltration (T4, arrow) with 

a maximum SUV of 29.5 and multiple hypermetabolic 
mediastinal nodes (N3, arrow heads). B) PET-CT sagittal 
reconstruction showing same findings

Radiologic Evaluation of Esophageal Cancer
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typically identified as round, hypoechoic with 
smooth borders that may be enlarged (> 10 mm) 
and are usually located near the tumor [1, 32]. 
The sensitivity and specificity of EUS range 
from 59.5%–100% to 40%–100%, respectively. 
However, more precise estimates have indicated 
that EUS can differentiate positive from nega-
tive nodes with a sensitivity and specificity of 
85%–97% and 85%–96%, respectively, and an 
accuracy of 75%. Nonetheless, the false negative 
rate for EUS is 18%, while the false positive rate 
is 9% [8, 9, 20, 21, 31, 33].

Despite the accuracy of EUS, understaging of 
patients with micro metastatic disease is possi-
ble, [34]. FNA is a useful adjunct of the study 
for sampling suspicious nodes. Furthermore, 
EUS-CT has been shown to be more accurate 
than either modality alone for N staging, with 
EUS-CT even outperforming PET, as the sensi-
tivity of combined EUS-CT was 83% compared 
to 22% for PET [27, 32].

PET-CT and N Staging

PET-CT is more sensitive than CT for detecting 
lymph node involvement because alterations in 
tissue metabolism measured by PET generally 
precede anatomic changes of affected nodes.

The uptake of the primary tumor, however, 
might sometimes hamper the identification of 
peri-lesional nodes.

Tumor metabolic activity might also predict 
the risk of lymphatic involvement. A previous 
study included patients with seemingly resectable 
esophageal cancer and analyzed their standard-
ized uptake value (SUV) max on PET-CT with 
respect to pathologic stage and survival. Patients 
in the low SUV group (< 4.5) had earlier T stage 
tumors and lower incidence of nodal metastasis 
(8%). On the other hand, 48% of patients with 
SUV max > 4.5 had nodal involvement and this 
was correlated with poor survival [35].

Overall, one of the main benefits of PET-TC 
is its improved specificity in detecting lymph 
node involvement as compared to CT scan 

common size criteria of 1 cm to define a patho-
logical lymph node [8, 9]. Sensitivity and speci-
ficity CT for detecting metastatic lymph nodes 
is somehow limited, with an overall accuracy 
reported of at best 66% in nodal staging [8, 9].

Unfortunately, even normal-sized lymph 
node might contain microscopic metastatic foci 
that are beyond the level of detection offered by 
CT. Moreover, the presence of reactive enlarged 
and inflammatory lymph nodes reduces the 
specificity of the study. Additionally, peritu-
moral nodes contacting directly with the mass 
can be indistinguishable from the primary tumor 
and may induce false-negative results [1, 12].

Luketich and colleagues reported a sensitivity 
and specificity of CT of the chest and abdomen 
for lymph node metastasis of 33% and 88%, 
respectively, proving to be inaccurate in more 
than 40% of patients [31].

MRI and N Staging

As mentioned above, MRI is not yet widely 
adopted for esophageal cancer staging. Studies 
exploring the effectiveness of MRI for N stag-
ing have shown heterogenous results. The esti-
mated sensitivity and specificity currently range 
between 38%–70% and 67%–93%, respectively, 
owing this variation to diverse methods of image 
acquisition and threshold size for suspicious 
lymph nodes [30].

At present, MRI presents some drawbacks as 
compared to CT, such as higher cost and limited 
availability. Therefore, its use should be based 
on institutional experience or equivocal findings 
from CT.

Endoscopic Ultrasound and N 
Staging

Endoscopic ultrasound (EUS) is used to deter-
mine nodal involvement based on factors such 
as size, shape, borders, and internal character-
istics of the nodes. Malignant lymph nodes are 
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(9%), adrenal glands (5%), and, rarely, peri-
toneum and brain. CT, MRI and PET-CT are 
useful for determining the M status. EUS has 
limited value for assessing distant metastases 
because of the small field of view. This study 
can only detect distant metastases in direct con-
tact with the upper gastrointestinal tract and 
ascites as an indirect sign of intraperitoneal 
metastases.

CT Scan and “M” Staging

CT imaging is highly effective in detecting dis-
tant metastases in organs such as the liver or 
lung. In particular, liver metastases are best seen 
in the portal venous phase as hypoattenuating 

(mainly by detecting abnormal metabolic activ-
ity even in normal-sized lymph nodes). The PET 
SUV max of the primary tumor appears also to 
predict pathologic stage and overall survival. In 
addition, PET-CT it is a valuable tool to deter-
mine response to preoperative therapy (Fig. 7).

“M” Staging

The M classification designates M0 or M1 
according to absence or presence of distant 
metastasis, respectively.

Distant metastases have been detected at ini-
tial presentation in 20–30% of patients with 
esophageal cancer and are most commonly 
reported in the liver (35%), lungs (20%), bones 

Fig. 7  PET-CT maximum intensity projection (MIP) 
maps showing tumor downsizing of a patient after neoad-
juvant treatment. A) Baseline. Esophageal hypermetabolic 
wall thickening with periesophageal fat infiltration (T4) 

with a maximum SUV of 29, 5 and multiple hypermeta-
bolic mediastinal nodes (N3). B) Restaging with partial 
response. Morphologic and metabolic reduction of the 
tumor (maximum SUV 8, 8, arrow) and nodal involvement
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MRI and “M” Staging

Currently, there is scarce data evaluating the 
efficacy of MRI in detecting distant metastases. 
Consequently, the precise contribution of MRI 
for M staging remains uncertain.

PET-CT and “M” Staging

PET-CT is the most accurate imaging method to 
detect distant metastases. The study covers the 
entire body and its primary role is to detect dis-
tant sites of metastatic disease.

lesions. While metastatic lung nodules are usu-
ally round and smooth-bordered, they might be 
difficult to diagnose, specially in the absence of 
prior imaging. In such cases, biopsy by interven-
tional radiology may be helpful.

Compared to PET, CT imaging has reduced 
sensitivity in detecting bone metastases. 
Additionally, CT has relatively poor accuracy in 
identifying peritoneal disease [1, 8, 9, 31, 36].

Accurate determination of M stage with com-
plementary staging modalities such as PET-CT 
and even diagnostic laparoscopy is needed in 
some cases [8, 9, 37].

Fig. 8  PET-CT maximum intensity projection (MIP) 
map of a stage IV esophageal adenocarcinoma of the 
gastroesophagic junction. Esophageal hypermetabolic 

wall thickening with a maximum SUV of 22, 2 and mul-
tiple sites of distant metastases
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PET-CT is superior to CT scan in identifying 
disease in liver and bones and it is also capable 
of detecting metastases in unusual locations (e.g. 
skeletal muscles, subcutaneous tissues, thyroid 
gland or pancreas). The detection of metastatic 
disease is critical during the initial evaluation of 
patients because it will direct patients to a pallia-
tive treatment pathway rather to an esophagec-
tomy. During treatment, particularly after 
neoadjuvant therapy (chemotherapy or chemo-
radiotherapy), PET-CT is also valuable because 
it provides information regarding response but 
more importantly it can detect metastases that 
have developed since the induction therapy 
(Figs. 7 and 8) [38] (Table 2).

Conclusions

Effective management of esophageal cancer 
requires a precise staging. An accurate and thor-
ough methodology during the staging process is 
indispensable for appropriate treatment selec-
tion. Each diagnostic method possesses its own 
distinct benefits and limitations that should be 
acknowledged when staging esophageal cancer 
patients.
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Staging of Esophageal Cancer: 
Implications for Therapy

Camila Bras Harriott, Manuela Monrabal Lezama, 
Marco G. Patti and Francisco Schlottmann

Abstract

Different diagnostic tools are used for esopha-
geal cancer staging. The clinical presentation 
of patients will guide the sequence and type of 
staging modalities. Currently, endoscopy, endo-
scopic ultrasound, computed tomography, and 
positron emission tomography are used for stag-
ing in most patients. Accurate staging ultimately 
helps defining the optimal treatment approach.

Keywords

Esophageal cancer · Staging · CT · PET-CT · 
Endoscopic ultrasound

Introduction

Diagnostic and staging modalities have evolved 
over the past years. Current staging modali-
ties include endoscopy, endoscopic ultrasound 
(EUS), computed tomography (CT), and posi-
tron emission tomography (PET). Endoscopic 
mucosal resection (EMR) and/or endoscopic 
submucosal resection (ESD) can also eventu-
ally help staging patients (histopathologic based 
staging). Accurate staging through the combina-
tion of all these methods is critical for appropri-
ate treatment and follow up.

Esophageal cancer staging is defined by the 
American Joint Committee on Cancer (AJCC) 
staging system that establishes tumor-node-
metastasis (TNM) and it is based on the most 
recent, 8th edition of the AJCC cancer stag-
ing manual for esophagus and esophagogastric 
junction cancers [1]. Table 1 shows the classifi-
cations based on the depth of invasion of the pri-
mary tumor (T), lymph node involvement (N), 
and extent of metastatic disease (M).

Non-anatomic factors also play a role in 
prognosis, including histologic subtype and 
tumor grade. Squamous cell carcinoma (SCC) 
carries a poorer stage specific prognosis, as 
compared to esophageal adenocarcinoma 
(EAC). Well and moderately differentiated 
tumors (G1-2) are associated with improved 
survival in both SCC and EAC, as compared 
to poorly differentiated tumors. For SCC, 
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Overview of Staging Modalities

The esophagus crosses the neck, thorax and 
abdomen and is surrounded by important organs 
and structures (Fig. 1). Lymphatic drainage is 

prognosis is also affected by tumor location, 
with upper and middle third tumors carrying 
worse prognosis than tumors of the distal third 
of the esophagus [1, 2]. Table 2 shows the differ-
ent clinical staging for EAC and SCC.

Table 1  Definitions for T, N, M. AJCC 8th edition staging of esophageal cancer

T Primary tumor

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

TIS High-grade dysplasia, defined as malignant cells confined to the epithelium by the basement mem-
brane

T1 Tumor invades the lamina propria, muscularis mucosae, or submucosa

T1a Tumor invades the lamina propria or muscularis mucosae

T1b Tumor invades the submucosa

T2 Tumor invades the muscularis propria

T3 Tumor invades adventitia

T4 Tumor invades adjacent structures

T4a Tumor invades the pleura, pericardium, azygos vein, diaphragm or peritoneum

T4b Tumor invades other adjacent structures, such as the aorta, vertebral body or airway

N Regional lymph nodes

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in one or two regional lymph nodes

N2 Metastasis in three to six regional lymph nodes

N3 Metastasis in seven or more regional lymph nodes

M Distant metastasis

M0 No distant metastasis

M1 Distant metastasis

G Histologic grade

GX Grade cannot be assessed

G1 Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated, undifferentiated
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abundant and somehow erratic (Fig. 2). Staging 
modalities should be wisely used to determine 
location, locoregional invasion and potential 
sites of distant metastases.

Endoscopy

Endoscopy helps to determine the location of 
the tumor and to obtain tissue sample for his-
topathologic assessment. The location of the 
tumor relative to the teeth and esophagogastric 
junction, the length of the tumor, the degree 
of obstruction and the extent of circumferen-
tial involvement should be carefully assessed 
to define the treatment planning. For suspected 
early staged tumors, an endoscopic resection 
provides more accurate information on the 
depth of tumor invasion. Endoscopic mucosal 

Table 2  Clinical staging for esophageal adenocarci-
noma (EAC) and esophageal squamous cell carcinoma 
(ESCC). AJCC 8th edition staging of esophageal cancer

T N M

EAC

STAGE 0 Tis N0 M0

STAGE I T1 N0 M0

STAGE IIa T1 N1 M0

STAGE IIb T2 N0 M0

STAGE III T2
T3
T4a

N1
N0-1
N0-1

M0
M0
M0

STAGE IVa T1-T4a
T4b
Any T

N2
N0-2
N3

M0
M0
M0

STAGE IVb Any T Any N M1

ESCC

STAGE 0 Tis N0 M0

STAGE I T1 N0-1 M0

STAGE II T2 N0-1 M0

T3 N0 M0

STAGE III T3 N1 M0

T1-T3 N2 M0

STAGE IVa T4 N0-2 M0

Any T N3 M0

STAGE IVb Any T Any N M1

Fig. 1  Esophageal anatomy (Drawing by Tomás Pascual 
MD)

Fig. 2  Regional lymph node stations of the esophagus 
(Drawing by Tomás Pascual MD)

Staging of Esophageal Cancer: Implications for Therapy
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central nervous system or other infrequent sites 
of metastasis might be harder to diagnose [7].

PET-CT

This imaging modality is the best method for 
detecting distant metastases as it is more sensi-
tive than CT alone. SCC tends to be more PET 
avid than EAC. Furthermore, poorly differenti-
ated EAC or signet ring lesions are more likely 
to demonstrate low or no PET avidity [10].

In patients with early staged disease, PET-CT 
has limited value. The study cannot differenti-
ate the depth of invasion of the primary tumor 
and there is a high likelihood that early (Tis, T1) 
lesions will be missed given the resolution of 
this modality [10, 11].

Laparoscopy

The principal role of staging laparoscopy is to 
identify peritoneal metastases [12]. It is rec-
ommended for patients with locally advanced 
esophagogastric junction tumors, particularly 
Siewert III tumors. Staging laparoscopy is criti-
cal in these patients to ensure that a curative 
intent surgery is possible and to spare palliative 
patients the morbidity of an unnecessary opera-
tion [13].

Staging and Treatment Algorithm

The appropriate diagnostic workup depends on 
patient presentation as to suspect early, moder-
ate or advanced stage. In patients who present 
asymptomatic and the lesion is discovered inci-
dentally or in the context of surveillance for gas-
troesophageal reflux, early disease is likely to be 
found. In these cases, EUS (with FNA if neces-
sary) is used to determine T and N stage, com-
bined with CT to rule out occult metastases.

In patients presenting with dysphagia, locally 
advanced disease is suspected and PET-CT 
serves as an appropriate starting point. Patients 

resection (EMR) and endoscopic submucosal 
dissection (ESD) can be used to accurately stage 
and even treat early tumors [3].

EUS

Locoregional staging with EUS provides the 
most accurate cT staging because is the only 
method capable of delineating all the layers of 
the esophageal wall. For early tumors, how-
ever, the EUS is limited for distinguishing the 
extension to the mucosa (T1a) or submucosa 
(T1b) [4, 5]. For this reason, in these cases an 
endoscopic resection (EMR or ESD) might be 
needed for accurate staging [3, 6].

Pathological periesophageal, perigastric or 
mediastinal lymph nodes can also be identified 
with this method. The addition of fine-needle 
aspiration (FNA) of suspected nodes might also 
help for nodal staging.

Operator dependency and impossibility to 
perform the study in obstructive tumors are the 
main limitations of EUS.

CT Scan

CT scan is the most commonly employed stag-
ing modality at the time of diagnosis. A CT scan 
of chest and abdomen with oral and endovenous 
contrast should be performed. For advanced 
stages (i.e. obstructed tumors causing dyspha-
gia), a CT scan should be promptly performed. 
For early asymptomatic tumors, the study will 
not be able to accurately assess the depth of 
invasion through the layers of the esophageal 
wall (EUS plays a more important role in these 
patients) [7, 8].

Regarding nodal staging, CT scan provides 
limited information because reactive lymph 
nodes are difficult to differentiate from meta-
static nodes. In addition, peritumoral metastatic 
lymph nodes can be missed due to the impos-
sibility to differentiate them from the primary 
tumor. Distant metastases in liver or lungs are 
well assessed with a high sensitivity [9]. Bone, 
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found to be free of occult metastases or node 
negative should proceed to endoscopy and EUS 
to further characterize the T stage and obtain tis-
sue for diagnosis.

Patients with bulky abdominal nodal dis-
ease, particularly those with esophagogastric 
junction adenocarcinoma Siewert III, should 
undergo diagnostic laparoscopy to rule out peri-
toneal metastasis and further assess resectability 
(Fig. 3).

For most patients with locally advanced 
esophageal cancer, minimally invasive 
esophagectomy remains the cornerstone of cura-
tive treatment (Figs. 4, 5, 6, 7, and 8).

Fig. 3  Staging and treatment algorithm for esophageal 
cancer. EUS: endoscopic ultrasound. FNA: fine needle 
aspiration. CT: computed tomography. PET: positron 

emission tomography. EMR: endoscopic mucosal resec-
tion ESD: endoscopic submucosal dissection

Fig. 4  Creation of gastric conduit

Staging of Esophageal Cancer: Implications for Therapy
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Fig. 5  The gastric conduit will be pulled up to chest

Fig. 6  Dissection of intrathoracic esophagus

Fig. 7  Esophagogastric anastomosis with circular 
stapler

Gastric
conduit

Fig. 8  Final anatomy after reconstruction with gastric 
conduit
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Endoscopic Management of Early 
Esophageal Cancer

Noel E. Donlon and Lorenzo Ferri

Abstract

Although esophagectomy is an effective 
treatment of early esophageal cancer, due to 
high rates of morbidity and potential mor-
tality, and also, importantly, the potentially 
reduced quality of life, endoscopic therapy 
represents a favorable approach where appro-
priate. Endoscopic resection therapies have 
been successfully applied to selected patients 
with early tumors of the esophagus with 
equivalent oncological outcomes. This chap-
ter will address the selection of tumors appro-
priate for endoscopic resection and review 
the technical approaches and outcomes of 
the two main technical approaches, including 
Endoscopic Mucosal Resection (EMR) and 
Endoscopic Submucosal Dissection (ESD).

Keywords

Esophageal cancer · Early esophageal 
cancer · EMR · ESD

Introduction

Esophageal cancer has exponentially increased 
annually in the contemporary era, with a shift in 
anatomical and histological subtype from esoph-
ageal squamous cell carcinoma to adenocarci-
noma in North America and Western Europe 
[1]. Although the overall 5-year relative survival 
rate is only approximately 20%, patients with 
early-stage disease have a better chance of sur-
vival, and cure rates of successfully treated early 
esophageal cancer approach 90%.

The conventional treatment of localized dis-
ease consists of esophagectomy, open initially 
and currently minimally invasively. Although 
traditional surgical resection is an effective treat-
ment of early esophageal cancer, due to high 
rates of morbidity 50–60%, and potential mor-
tality of 1–3%, and also, importantly, the poten-
tially reduced quality of life, endoscopic therapy 
represents a favorable approach where appro-
priate [2]. Indeed, endoscopic resection thera-
pies have been successfully applied to selected 
patients with early tumors of the esophagus with 
equivalent oncological outcomes. This chapter 
will address the selection of tumors appropriate 
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Meissner’s plexus. The submucosa connects 
the mucosa to the muscularis propria, made of 
inner circular and outer longitudinal muscle lay-
ers along with the Auerbach plexus. The deepest 
level comprised of connective tissue is called the 
adventitia.

The incidence of nodal metastases directly 
correlates to the subclassification of T1a and 
T1b disease, with invasion confined to the epi-
thelium (m1), laminal propria (m2), or muscu-
laris propria (m3) for T1a disease, and lesions 
infiltrating the submucosa (T1b) can be further 
categorized into sm1 (inner third), sm2 (middle 
third) and sm3 (outer third) (Table 1 and Fig. 1).

For decades, oncological surgical resection 
was the conventional curative therapy for malig-
nancies of the esophagus. Endoscopic therapy 
of early carcinomas is now increasingly estab-
lished as the gold standard, with the main chal-
lenge still to diagnose and carry out endoscopic 
therapy in good time before metastasis. It is also 
important to note that tumors over 2 cm with 
adverse features of tumor biology, such as poor 
differentiation, have higher incidences of metas-
tases, with late diagnosis still common due to 
the indolent nature of the disease. Some scoring 
algorithms have been devised as simple metrics 
to predict those at risk of lymph node metasta-
sis (LNM) to aid decision-making in patients 
with T1 esophageal adenocarcinoma undergoing 
endoscopic resection [3].

for endoscopic resection and review the techni-
cal approaches and outcomes of the two main 
technical approaches, including Endoscopic 
Mucosal Resection (EMR) and Endoscopic 
Submucosal Dissection (ESD).

Selecting the Appropriate Tumors 
for Endoscopic Resection

To justify an organ-sparing endoscopic resection 
approach for cure, two main criteria must be met: 
(1) negligible rate of occult lymph node metasta-
sis and (2) ability to resect the lesion completely 
en bloc with negative margins, particularly the 
deep margin. Staging investigations are often 
required to eliminate clinically apparent regional/
distant disease, including cross-sectional imag-
ing, endoscopic ultrasound, and PET scans.

There is an exponentially increased inci-
dence of nodal disease with advancing T stage. 
Consequently, it is essential to appropriately 
stage the patient ab initio to delineate patients 
suitable for endotherapy versus those necessi-
tating a formal resection. The esophageal wall 
comprises four layers, with the mucosa being 
the most superficial layer. The mucosa encom-
passes the epithelium, lamina propria, and 
muscularis mucosa. Immediately beyond is the 
submucosa, which is made of connective tis-
sue, including blood vessels, lymphatics, and 

Table 1  Incidence of lymph node metastases by depth of invasion into mucosa and submucosal layers (from Araki 
et al., Endo et al., Westerterp et al., Leers et al., Bollschweiler et al., and Leers et al.)

Tumors Depth of invasion (AJCC staging) Rate of lymph node metas-
tasis adenocarcinoma %

Rate of lymph node 
metastasis squamous cell 
cancer %

Mucosal M1 Limited to the epithelial layer (Tis) 0 0

M2 Invades the lamina propria (T1a) 0 0

M3 Invades into, but not through, the 
muscularis mucosae (T1a)

0–6 0–8

Submucosal SM1 Penetrates the shallowest one-third 
of the submucosa (T1b)

0–22 8–33

SM2 Penetrates into the intermediate one-
third of the submucosa (T1b)

0–35 17–30

SM3 Penetrates the deepest one-third of 
the submucosa (T1b)

26–78 36–69
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Diagnostic and Staging Work-Up

To facilitate patient stratification, pre-treatment 
evaluation of esophageal cancer consists of 
locoregional staging and evaluation for distant 
metastases. Locoregional staging assesses both 
the degree of extension of the tumor into the 
esophageal wall and the nodal status. As already 
alluded to, as tumor depth progresses, so does 
the risk of LNM. From older surgical series, the 
rate of LNM in treatment-naive resected esopha-
geal adenocarcinoma ranges between 0 and 7%. 
Most series have a clinically negligible rate of 
regional disease on pathology for pathology T1a 
tumors [4]. In comparison, this risk increases to 
up to 27% for T1b adenocarcinoma.

The Society of Thoracic Surgeons has pub-
lished guidelines on staging patients with esoph-
ageal cancer [5]. Fluorodeoxyglucose (FDG) 
positron-emission tomography (PET) scans can 
improve overall staging by detecting metastatic 
disease in up to 15–20% of patients and should 
complement conventional CT imaging to iden-
tify metastatic disease [6]. In addition, FDG-
PET has also been shown to have prognostic 
value that can be applied to patient management 
and aid in developing emerging therapies.

EUS aids locoregional staging and can guide 
treatment planning of esophageal cancer in the 

absence of distant metastases. In early esopha-
geal cancer, T staging may help select appropri-
ate cases for minimally invasive treatment using 
EMR and ESD techniques. Puli and colleagues 
reported the sensitivity and specificity of EUS 
for staging esophageal cancer to be 81.6 and 
99.4% in T1 tumors [7]. The specificity and the 
sensitivity for identifying lymph node disease 
are better when EUS is combined with fine-
needle aspiration (FNA) or fine needle biopsy 
(FNB) compared to EUS alone [8].

There are occasions where additional stud-
ies may be worthwhile before therapies are ini-
tiated, such as bronchoscopy considered for 
tumors in the upper and middle esophagus to 
rule out airway invasion. Although staging lapa-
roscopy has been suggested for locally advanced 
esophagogastric junction adenocarcinoma, in 
early esophageal disease, the risk of peritoneal 
involvement is nominal, and thus this diagnostic 
test can be avoided.

Chromoendoscopy and advanced endo-
scopic imaging techniques have the potential 
to improve the workup of patients with early 
esophageal neoplastic lesions. It involves using 
dye stains such as Lugol’s iodine for squamous 
cell cancer, acetic acid for Barrett’s esophagus, 
and Narrow Band Imaging (NBI), enabling 
detailed lesion assessment and extent (Figs. 2 
and 3).

Lugol’s solution highlights glycogen-rich 
nonkeratinized squamous epithelium. An abnor-
mal staining pattern is present in conditions that 
deplete glycogen in squamous cells, including 
dysplastic and early neoplastic lesions. Lugol’s 
iodine has a sensitivity of 91–100% and a speci-
ficity of 40–95% for detecting squamous neopla-
sia in the esophagus.

Acetic acid improves the diagnostic yield 
for identifying Barrett’s esophagus specialized 
columnar epithelium in comparison to random 
biopsies (57% vs. 26%, P = 0.12) [9, 10].

NBI has been combined with magnifica-
tion endoscopy to predict the invasion depth of 
superficial squamous cell cancer [11]. Lugol’s 
chromoendoscopy is a simple technique in 
which the liquid is sprayed into the mucosa 

Fig. 1  Risk of nodal metastases increases exponentially 
with submucosal invasion

Endoscopic Management of Early Esophageal Cancer
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endoscopic techniques have replaced the tradi-
tional process of esophagectomy as the preferred 
treatment modality for high-grade dysplastic 
Barrett’s, intramucosal cancer [13], and in cases 
of early invasive cancer, with the decision influ-
enced by the risk of LNM.

“Early carcinoma of the esophagus” is not 
uniformly defined and refers in the following to 
in situ and T1 tumors in non-metastatic disease. 
Notwithstanding higher cure rates are achieved 
with esophagectomy, the decision on treatment 
strategy must be borne in mind with the signifi-
cant treatment-related morbidity and mortality, 
even in very experienced high volume tertiary 
referral centers, between 2 and 7% and up to 
20% in others [14, 15]. In addition to this, high-
risk cardiovascular patients may not be able to 
tolerate the anesthesia or esophagectomy itself, 
leaving very few options available for these 
patients.

through an injection spray catheter via the endo-
scope’s working channel. The iodine-potassium 
iodide forms a dark brown complex with the 
physiological squamous epithelium, which 
allows the delineation of dysplastic carcinoma 
cells that do not stain, and this helps with the 
sometimes-difficult differentiation from healthy 
tissue, which is essential for R0 resection. NBI 
can also enhance the mucosa and the underlying 
vascular pattern, providing greater convenience 
for evaluation.

Endoscopic Mucosal Resection 
(EMR)

Endoscopic mucosal resection (EMR) is a 
technique that was originally pioneered and 
introduced in 1978 in Japan for early gas-
tric cancer [12]. In the contemporary era, 

Fig. 2  Mid esophageal squamous cell carcinoma under white light, NBI, and Lugol’s Iodine

Fig. 3  Esophageal adenocarcinoma in field of Barrett’s esophagus under white light and NBI
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risk for recurrence and facilitating precise his-
tologic staging. Ultimately, the optimal endo-
scopic technique should be selected based on 
organ location, type of neoplastic lesion, and 
local expertise. The role of ESD has expanded 
in Eastern regions beyond squamous cell lesions 
in the esophagus and gastric cancer to include 
superficial Barrett’s esophagus (BE). However, 
there is controversy in Western regions over the 
use of ESD for BE. Thus, focusing on practical 
considerations for formulating the most appro-
priate endoscopic resection approach for each 
patient must be applied.

Although there are several approaches for 
EMR, we prefer the band ligation technique 
(Fig. 4). After a lesion is sucked into the over-
tube, a rubber band is released to form a pseu-
dopolyp. Once the ligation device is detached, 
the pseudopolyp is removed at the base with a 
diathermy snare under or above the rubber band. 
The standard multi-bander ligation devices 
necessitate the removal of the endoscope to dis-
assemble the ligation device and reintroduce 
the endoscope to remove the pseudopolyp with 
a standard polypectomy snare. Although some 
endoscopists recommend a prior submucosal 

Curative endoscopic resection for mucosal 
carcinomas is possible in adenocarcinoma, 
analogous to early squamous cell carcinoma. 
Consequently, endoscopic resection has evolved 
to become the first-line therapy for managing 
superficial early esophageal neoplasia. The term 
superficial, however, is in some ways confusing, 
because it is not directly related to histology or 
invasiveness of a GI cancer but simply describes 
the endoscopic appearance of a lesion, which 
looks to be restricted to superficial layers of 
the GI tract. EMR is an established simpler and 
faster technique compared to endoscopic submu-
cosal dissection (ESD) but is limited by its ina-
bility to resect large lesions en bloc. In essence, 
piecemeal EMR of large lesions includes a high 
rate of recurrence and arduous tissue specimen 
histologic evaluation for accurate staging and 
margin assessment for R0 resections.

There is a significant risk of leaving disease 
behind with up to 30% local recurrence with 
EMR of lesions > 1 cm [16]. Alternatively, ESD, 
on the other hand, is technically more com-
plex, and traditionally has been associated with 
a higher rate of adverse events but facilitates en 
bloc resection regardless of lesion size, reducing 

Fig. 4  Steps of endoscopic mucosal resection (EMR) of an early esophageal adenocarcinoma

Endoscopic Management of Early Esophageal Cancer
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To ensure the correct patient cohort is 
selected, tumor morphology should be employed 
to predict tumor depth. Paris classification 
lesions 0-IIa, 0-IIb, and 0-IIc are typically intra-
mucosal and the Japan Esophageal Society 
guidelines have advocated Paris 0-II lesions with 
m1–m2 invasion and < 2/3 circumferential extent 
as absolute indications for endoscopic resection. 
The rationale for this recommendation is based 
on the negligible risk of LNM for M1 and M2 
disease as well as the morbidity and mortality of 
esophagectomy.

The role of ESD in Barrett’s esophagus-
related adenocarcinoma is limited due to the 
high efficacy of EMR. Endoscopic ablation of 
Barrett’s esophagus is a gold standard treatment 
for patients with high-grade dysplasia in the 
absence of visible lesions. Endoscopic resection 
is the treatment of choice for patients with vis-
ible or flat neoplasia. EMR is a technically lim-
ited resection as it is piecemeal resection which 
hinders determination of negative margins. A 
systematic review compared outcomes of ESD 
and EMR and there were no significant differ-
ences in local recurrence rates, positive margins, 
lymph node positivity, complications, or patients 
requiring surgery [23, 24].

ESD is performed with a standard, single 
accessory-channel endoscope. Carbon dioxide 
is used for insufflation. Special equipment nec-
essary for ESD is a transparent cap, submucosal 
injection needle and solutions, ESD knives, 
coagulation devices, and endoclips. Typical ESD 
is accomplished in a stepwise manner, includ-
ing marking the lesion, incision and submucosal 
dissection with simultaneous hemostasis. Pre-
resection definition of the border of esophageal 
neoplasms is essential to avoid compromising 
the margins. Chromoendoscopy or NBI, as illus-
trated above, can be useful for pre-procedural 
assessment. An argon plasma coagulation (APC) 
or ESD knife using a soft coagulation current 
can be applied to mark the resection borders with 
dots around the lesion (Fig. 5). This should be at 
least 1 mm away from the margin of the invasive 
component of the tumor. If resecting early can-
cer within a field of Barrett’s esophagus, it is 
not necessary to resect all of the flat columnar 

injection to facilitate elevation of the mucosa 
[17], we have found that this is not necessary 
in the vast majority of cases and do not perform 
this technical step routinely. The specimen is 
then fixed for the pathologist. For larger lesions, 
several sequential EMRs are required, com-
plicating accurate pathological assessment of 
mucosal margin status.

The recommendation for endoscopic resec-
tion for m1 to m3 adenocarcinoma remains 
steadfast and is made based on patient factors 
and the risk of metastatic disease with high-
risk disease or poor prognostic factors such as 
adverse biology [17, 18]. In the case of sm1 
carcinomas, a deep infiltration of < 500 μm is 
required for endoscopic resection, otherwise, 
there is a borderline case between surgical and 
endoscopic therapy [19]. The Japan Esophageal 
Society provides primary endoscopic resection 
for m1/m2 carcinomas. In the case of m3 carci-
nomas, the general condition essentially deter-
mines whether surgical, endoscopic, or radio/
chemotherapy is indicated. The recommenda-
tions apply regardless of the histopathological 
typing/grading [20].

Endoscopic Submucosal Dissection 
(ESD)

Endoscopic submucosal dissection (ESD) was 
developed in Japan as an alternative to the limi-
tations of the well-established modality of EMR 
for the curative treatment for early GI cancer 
facilitating en bloc resection and, therefore, his-
topathologic assessment [21].

The European Society of Gastrointestinal 
Endoscopy (ESGE) guidelines which have been 
updated as of June 2022 advocate ESD as the 
first option for superficial esophageal squamous 
cell carcinoma (SCC) with a series of 15 stud-
ies on ESD for superficial SCC finding en bloc 
resection rates of 83–100%, complete resection 
rates of 78–100%, and low rates of local recur-
rence of 0–2.6% [22]. Consequently, ESD is the 
preferred treatment modality for M1 (intraepi-
thelial) and M2 (invasion into the lamina pro-
pria) disease.
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readily available intravenous starched-based vol-
ume expander (Fig. 6).

A circumferential incision is made along the 
marginal markings. For esophageal ESDs we 
usually mark the distal extent of the lesion first 
to define the end point (Fig. 7), followed by the 
proximal incision (Fig. 8). Then, the mucosal 
incision is imitated with an uncovered needle 
knife or a short blunt-tip knife prior to generat-
ing a submucosal tunnel.

mucosa, which can be addressed by subsequent 
ablative therapies at a separate setting.

After the resection borders are marked, an 
injectable liquid can be injected beneath the 
mucosa and submucosa off of the muscularis 
propria by an injection needle through the endo-
scopic channel to create a cushion. Although 
several elevating liquids have been proposed, 
such as hyaluronic acid, we have generally 
used cheaper options, such as glycerol 10% or a 

Fig. 5  Marking margins of resection with argon plasma coagulation (APC)/dual knife in a patient with C4M5 
Barrett’s in a cT1b lesion

Fig. 6  Submucosa injected with Glycerol 10% (displayed) or commercially available intravenous starch volume 
expander

Endoscopic Management of Early Esophageal Cancer



76 N. E. Donlon and L. Ferri

the submucosal space. During this step, the sub-
mucosal injection needle and ESD knives are 
used interchangeably to lift the lesion and dis-
sect the submucosal tissue (Fig. 10).

Starting at the proximal cut, we begin a sub-
mucosal tunnel to cut the distal mucosal margin 
(Fig. 9). The entire lesion is stripped or peeled 
from the muscularis propria by ESD knives in 

Fig. 7  Initiating the distal margin mucosal incision

Fig. 8  Identifying and defining the proximal margin

Fig. 9  Sequential imaging of the submucosal tunnel during dissection from proximal to end of the tunnel
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Perforation

There is also an increased risk of perforation 
with ESD compared to EMR. Risk estimates 
range from 0 to 6.9% in esophageal ESD, and 
2.4 to 9.6% in gastric ESD [27, 28]. Perforation 
may be visualized as a definite defect during the 
procedure or delayed after the procedure is diag-
nosed clinically or on radiograph or CT demon-
strating pneumoperitoneum.

The use of conservative decompression with 
nasogastric or nasoduodenal tubes to divert gastro-
intestinal fluid and nutritional support during heal-
ing post-repair is also advocated for the successful 
management of these complications. A chest drain 
may also be warranted for pneumothoraxes or 
defects in the pleura resulting in effusions. Small 
defects of approximately 1 cm can generally be 
treated by through the scope clips, while over-
the-scope clips may be considered for holes less 
than 2 cm [29], and fully covered self-expanding 
metallic stents are always a salvage option.

Strictures

Strictures are common after any esophageal 
resection, with the phenomenon more frequently 
encountered post esophageal ESD than other 

EMR/ESD Complications

Bleeding

A potential complication of ESD is bleeding, 
which can occur during the procedure or as a 
delayed phenomenon. Therefore, meticulous 
and prophylactic coagulation and prompt iden-
tification and treatment are essential for suc-
cessful patient outcomes, with various tools 
available to do so. All ESD knives have at least a 
limited capacity for hemostasis on small bleed-
ing points. The ball tip knives typically have 
improved hemostatic efficiency compared with 
standard needle knives [25]. Hybrid knives have 
been demonstrated to reduce the need for hemo-
static devices and regular hemostasis compared 
with conventional knives [26]. It is important 
to balance the use of these coagulation devices 
with potential thermal injury.

For larger vessels and associated bleeds, 
specific hemostatic devices may be neces-
sary. The Coagrasper (Olympus, Tokyo, Japan) 
is a monopolar forceps which is commonly 
used during ESD. Clips are not widely used 
for bleeding intraprocedural as they can inter-
fere with continued dissection. They are thus 
reserved for uncontrolled bleeding or at the end 
of dissection.

Fig. 10  Submucosal dissection lifting mucosa/submucosal (blue) off of the muscularis propria with the distal cap 
and dissection submucosa-MP junction with IT2 or Dual knife
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treatment decisions, include histologic type, the 
size of the lesion, depth of invasion, association 
conditions (ulcer/scar), lymphovascular/venous 
invasion, and cut margin status (horizontal and 
vertical), which should always be carefully eval-
uated and reported.

After careful analysis by an appropriately 
experienced pathologist and discussion at the 
tumor board, any cases with positive margins 
should be considered for an esophagectomy 
[30]. There is no robust data available on sur-
veillance endoscopy for such cases [31, 32].  
However, mitigating circumstances such as 
those who are heavily co-morbid may be more 
appropriately managed with a watch and wait 
approach.

Conclusions

Endoscopic resection of early esophageal can-
cer is a feasible and safe treatment strategy in 
appropriately selected early esophageal lesions. 
EMR and ESD are acceptable endoscopic treat-
ment modalities for these early esophageal can-
cer lesions. ESD requires technical expertise but 
is associated with higher rates of en bloc, R0, 
and curative resections and lower recurrence 

GI tract areas. Esophageal strictures occur in 
patients who undergo more than a 75% circum-
ference ESD resection of the esophagus. The 
multimodal treatment of strictures includes one 
or more sessions of endoscopic balloon dilata-
tion which may be combined with local injec-
tion of steroids (triamcinolone, betamethasone) 
or implantation of a temporal esophageal stent.

Specimen Processing 
and Histological Evaluation

After specimen retrieval, it is placed on the cork 
board and orientated. After fixation and section-
ing, it is essential to critically assess pathology 
for (a) mucosal and deep margins, and (b) his-
tological features predicting occult lymph node 
metastasis to provide a consistent and accurate 
diagnosis (Fig. 11).

Several factors, such as maintenance of 
proper orientation, meticulous macroscopic 
examination, accurate mapping of the lesion, 
and appropriate morphologic diagnosis are 
the main concerns. It is important to mention 
that the maintenance of orientation is crucial 
in slicing, histological analysis, and reporting. 
The factors relevant to prognosis and further 

Fig. 11  Orientating the specimen of an early esophago-gastric junctional tumor with histological analysis for assess-
ment of deep and circumferential (mucosal) margins
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rates compared to EMR. It is paramount to 
ensure sufficient training and institutional sup-
port for obtaining safe and high-quality resec-
tions. Ultimately, the choice of resection 
technique is made individually and not least 
depending on the circumstances of the treating 
center. Hybrid techniques are being evaluated 
to provide an optimal approach to combine the 
advantages of ESD and EMR.
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Multimodal Therapy for Locally 
Advanced Esophageal Cancer

James Tankel and Lorenzo Ferri

Abstract

The differences in EAC and ESCC as diseases 
processes has been highlighted by the advance-
ments in neoadjuvant treatment regimens. In 
our opinion, these two diseases entities should 
be treated differently. It is clear that chemo-
therapy or chemoradiotherapy should be given 
before surgery; however, perioperative sys-
temic regimens have taken over the landscape 
for patients with EAC in many centers around 
the world. Although significant regional differ-
ences exist, the data suggest that for EAC doc-
etaxel-based therapy given in a perioperative 
fashion followed by en bloc surgical should be 
considered the standard of care for this histo-
logical subtype. Successful identification of 
the agent, and patients, who will benefit from 
immunotherapy or biological agents to the 
neoadjuvant setting will likely influence future 
recommendations. For patients with locally 
advanced ESCC, nCRT followed by surgery 
seems to be the best treatment option available. 
The addition of adjuvant checkpoint inhibition 
in the presence of residual disease seems to be 
the best augment for this approach. However, 
significant regional differences exist in this 
setting as well with docetaxel-based therapy 

emerging as a viable alternative based on 
several trials. Finally, selective surgery after 
induction chemoradiation is also on the hori-
zon for both ESCC and EAC and future stud-
ies may provide a foundation for treating 
certain patients definitively.

Keywords

Esophageal cancer · Neoadjuvant therapy · 
Chemotherapy · Immunotherapy

Introduction

Early experiences with neoadjuvant treatment of 
esophageal cancer were marred by high levels of 
toxicity, treatment related mortality and marginal 
survival benefits. However, drastic improve-
ments in neoadjuvant chemotherapy (nCT) and 
chemoradiotherapy (nCRT) regimens has led to 
multiple randomized studies demonstrating the 
survival benefit of this approach compared with 
upfront surgery. However, the ideal regimen has 
yet to be elucidated and treatment paradigms are 
likely to change in the face of immunotherapy, 
the role of which has yet to be clearly defined.

Although a transthoracic en bloc esophago-
gastrectomy with extended lymphadenectomy 
forms the cornerstone of the management of 
patients with esophageal cancer, the nature of 
surgical intervention is beyond the scope of this 
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could be elucidated when compared to upfront 
surgery [2]. Therefore, nRT should not be used 
in treating locally advanced esophageal cancer 
and we suggest that radiation as a monotherapy 
should be offered in the palliative setting only.

Neoadjuvant Chemoradiotherapy 
or Upfront Surgery

By combining systemic chemotherapy with radi-
otherapy micrometastatic disease lying beyond 
the radiation field is treated. In addition, sev-
eral chemotherapy agents act as radiosensitizers 
including 5FU, cisplatin and paclitaxel. Finally, 
ESCC seems more sensitive to the effects of 
radiotherapy making this an attractive treatment 
option for this histological subtype.

A summary of recent randomized trials of 
nCRT versus upfront surgery is presented in 
Table 1. Early studies demonstrated that higher 

chapter. Rather, we will present the evidence 
base on which neoadjuvant treatment decisions 
should be made and highlight ongoing studies 
that may alter the way locally advanced esopha-
geal cancer is managed in the future.

Neoadjuvant Radiotherapy

Historic studies published in the 1950’s explored 
the role of neoadjuvant radiotherapy (nRT) for 
locally advanced esophageal squamous cell car-
cinoma (ESCC). Summarized by a Cochrane 
review, the addition of nRT engendered little 
benefit over surgery alone with a 5-year overall 
survival of just 6–10% [1]. However, the dose 
of radiotherapy given in these early studies was 
considerably lower than modern regimens and 
was not combined with concurrent chemotherapy. 
Nevertheless, even when a higher radiation dose 
of 40 Gy was used, no sustained survival benefit 

Table 1  Selection of randomized studies that compare neoadjuvant chemoradiotherapy with surgery

Sx Upfront surgery, nCRT Neoadjuvant chemoradiotherapy, EAC esophageal adenocarcinoma, ESCC esophageal 
squamous cell carcinoma, * statistically significant difference

Trial Year Histology Neoadjuvant regimen N Survival outcomes

Le Prise [4] 1994 ESCC Cisplatin, 5 FU, 20 Gy Sx 45
nCRT 41

3 year overall survival
14%
19%

Walsh [6] 1996 EAC Cisplatin, 5 FU, 40 Gy Sx 55
nCRT 58

3 year overall survival
6%
32%*

Burmeister [5] 2005 EAC/ESCC Cisplatin, 5 FU, 35 Gy Sx 128
nCRT 128

Median survival 
(months)
19.3
22.2

Cao [2] 2009 ESCC Cisplatin, mitomycin, 5 FU, 40 Gy Sx 118
nCRT 118

3 year overall survival
53.4%
73.3%*

CROSS [7] 2012 EAC/ESCC Carboplatin, paclitaxel, 41.4 Gy Sx 188
nCRT 178

Median survival 
(months)
24.0
49.4*

Mariette [11] 2014 ESCC Cisplatin, 5 FU, 45 Gy Sx 97
nCRT 98

Median survival 
(months)
31.8
41.2

Yang [10] 2018 ESCC Vinorelbine, cisplatin, 40 Gy Sx 227
nCRT 224

Median survival 
(months)
66.1
100.1*
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doses of ionizing radiation are associated with 
greater treatment toxicity. In one study of nCRT 
based upon 64.8Gy, 9% of patients died due to 
treatment related complications [3]. Therefore, 
finding the balance between toxicity and thera-
peutic benefit is a common theme throughout 
older studies of nCRT as lower doses of radio-
therapy failed to engender a survival benefit. 
In the study by La Prise, only 20Gy of exter-
nal beam radiotherapy was used and although 
downstaging of the primary lesion was found, 
the rate of pathological complete response was 
low and the R0 resection rate not improved 
[4]. Overall survival was also no better among 
recipients of nCRT. Conversely, in a study by 
Burmeister in which 35Gy of radiotherapy 

was utilized, although significant pathological 
improvement with nCRT was demonstrated, this 
was not associated with a survival benefit [5] 
(Tables 2 and 3).

These studies either included solely, or pre-
dominantly, patients with ESCC. The study 
by Walsh et al. randomized 113 patients with 
locally advanced esophageal adenocarcinoma 
(EAC) to be treated either with neoadjuvant 
5FU, cisplatin and 40Gy of radiation or sur-
gery alone [6]. Pathological complete response 
occurred in 25% of patients treated with nCRT, 
and 42% had metastatic lymph nodes compared 
to 82% treated with upfront surgery (p < 0.001). 
The 3-year overall survival was 32% versus 6% 
respectively. Limitations of this study concern 

Table 2  Selection of randomized trials that compare neoadjuvant chemotherapy with surgery

Sx upfront surgery, nCT neoadjuvant chemotherapy, EAC esophageal adenocarcinoma, ESCC esophageal squamous 
cell carcinoma, * statistically significant difference

Trial Year Histology Neoadjuvant chemothe-
rapy regimen

N Survival 
outcomes

Kelsen [15] 1998 EAC, ESCC Cisplatin, 5 FU Sx 213
nCT 227

Median 
survival 
(months):
16.1
14.9

MRC OEO2 [18] 2002 EAC, ESCC Cisplatin, 5 FU Sx 402
nCT 400

Median 
survival 
(months)
13.3
16.8

MAGIC [19] 2006 EAC Epirubicin, Cisplatin, 
5 FU

Sx 253
nCT 250

5-year 
overall 
survival:
23%
36%*

Schuhmacher [17] 2010 EAC Cisplatin, 5 FU Sx 72
nCT 72

Median 
survival 
(months):
52.3
64.6

Boonstra [24] 2011 ESCC Cisplatin, etoposide Sx 84
nCT 85

Median 
survival 
(months):
12.0
16.0*

FNCLCC/FFCD [20] 2011 EAC Cisplatin, 5 FU Sx 111
nCT 113

5 year over-
all survival:
24%
38%*

Multimodal Therapy for Locally Advanced Esophageal Cancer
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nodes (31% vs. 75%). This translated into a 
significantly lower incidence of locoregional 
recurrence in patients allocated to the trimodal-
ity arm (22% vs. 38%, hazard ratio 0.45, 95% 
CI 0.3–0.66, p ≤ 0.001). Long-term follow up of 
the original cohort supports the durability of this 
benefit but highlighted that the median survival 
was higher among ESCC patients compared to 
EAC patients (81.6 months vs. just 43.2 months) 
[8]. This demonstrates how the differing histol-
ogy is affected by the neoadjuvant treatment 
modality which ultimately impacts survival.

Beyond the histological subtype, the surgi-
cal approach utilized after nCRT also affects 
survival outcomes. Whilst a persistent benefit of 
nCRT for patients who underwent a trans-hiatal 
resection has been shown, for those treated 
with a transthoracic esophagectomy this benefit 

the poor surgical technique with studies of the 
same era incorporating a greater number of 
oncological resections describing better survival 
outcomes following upfront surgery.

Considering the heterogenicity of data, the 
seminal CROSS study aimed to provide greater 
clarity regarding the role of nCRT in treating 
esophageal cancer [7]. By demonstrating a sur-
vival benefit following systemic paclitaxel and 
carboplatin in conjunction with 41.4 Gy of con-
current radiation versus surgery alone, this trial 
was responsible for establishing nCRT as the 
standard of care for both ESCC and EAC in the 
Western world. Pathological complete response 
was found in 25% of patients with EAC and 
49% in patients with ESCC. Furthermore, nCRT 
was associated with greater rates of R0 resec-
tion (92% vs. 69%) and fewer metastatic lymph 

Table 3  A selection of studies comparing neoadjuvant chemotherapy with neoadjuvant chemoradiotherapy

nCT neoadjuvant chemotherapy, nCRT neoadjuvant chemoradiotherapy, EAC esophageal adenocarcinoma, ESCC eso-
phageal squamous cell carcinoma, * statistically significant difference

Name Year Histology Neoadjuvant regimen N Survival 
outcomes

Cao [2] 2009 ESCC nCT—Cisplatin, mitomycin, 
5FU
nCRT—Cisplatin, mitomycin, 
5FU, 40Gy

237 3 year 
overall 
survival
57.1%
73.3%*

Klevebro [29] 2016 EAC/ESCC nCT—Cisplatin, 5FU
nCRT- Cisplatin, 5FU, 40Gy

181 3 year 
overall 
survival
49%
47%

Stahl [28] 2017 EAC nCT—Cisplatin, leucovorin, 
5FU
nCRT—Cisplatin, leucovorin, 
5FU, etoposide, 50Gy

119 3 year 
overall 
survival
27.7%
47.4%*

Reynolds [30] 2021 EAC nCT—Epirubicin, cisplatin/
oxaliplatin, 5FU/capecitabine 
or 5FU, leucovorin, oxaliplatin, 
docetaxel
nCRT—Carboplatin, paclitaxel, 
41.4Gy

377 3 year 
estimated 
survival:
57%
56%

Wang [27] 2021 ESCC nCT—Cisplatin, paclitaxel
nCRT—Cisplatin, paclitaxel, 
40Gy

264 1 year 
overall 
survival
82.6%
87.1%
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Can Neoadjuvant 
Chemoradiotherapy Be Used 
in Early Esophageal Cancer?

In the French FFCD9901 study, Mariette et al. 
randomized 195 patients with stage I and II 
esophageal cancer to receive nCRT or upfront 
surgery [11]. The standard of surgical resection 
was high with all patients receiving a transtho-
racic two-field lymphadenectomy. Impressive 
pathological downstaging was noted in those 
treated with nCRT which translated into a 
lower rate of locoregional recurrence (28.6% 
vs. 44.3%, p = 0.002). However, no difference 
was observed in terms of distal disease relapse 
(22.5% vs. 28.9% p = 0.31) or survival (median 
overall survival 31.8 vs. 41.1 months). In hospi-
tal mortality was significantly higher in patients 
receiving nCRT (11.1% vs. 3.4% p = 0.049). 
These results suggest that the oncologic ben-
efit of nCRT in patients with locally advanced 
esophageal cancer is not maintained in patients 
with earlier stage disease. Data is conflicting as 
a survival benefit was found in a retrospective 
study of 382 patients with cT3N0 ESCC and 
EAC amalgamated from more than 30 European 
centers (38.4 vs. 29.9 months, p = 0.007) [12].

The sensitivity of ESCC to radiotherapy has 
led some to question whether surgery improves 
survival in the setting of early disease in this 
specific histological subtype. In a large reg-
istry study, a survival benefit was only noted 
in patients with stage IIA and above [13]. 
Similarly, JCOG0502 trial with randomized 
patients with cT1bN0 ESCC to either definitive 
chemoradiotherapy or upfront surgery found 
similar survival in the surgery and non-surgery 
groups (86.5 and 85.5% respectively) [14]. More 
data regarding the benefit of surgery after chem-
oradiation will be provided by several ongoing 
trials including the NEEDS and SANO trials.

appears limited [9]. This suggests, albeit contro-
versially, that additional local therapy may not 
be needed if the surgical approach includes an 
en bloc esophagectomy.

Considering the data of the more recent 
NEOCRTEC5010 study, the role and safety of 
nCRT becomes somewhat clearer [10]. Of the 
451 patients with locally advanced but resect-
able ESCC randomized to receive vinorelbine, 
cisplatin and 40Gy of concurrent radiotherapy 
an improvement in median overall survival was 
found (100.1 months vs. 66.5 months, p = 0.002) 
with a similar incidence of postoperative com-
plications compared to the upfront surgery arm.

With regards to disease recurrence, when 
comparing nCRT with surgery alone the former 
seems to provide better local disease control. 
Conversely, distal relapse rates in the CROSS 
study were similar between the trimodality and 
upfront surgery arms. However, patients with 
ESCC may derive an attenuate systemic benefit 
in comparison to patients with EAC following 
treatment with nCRT. A subset analysis of the 
CROSS cohort suggested that some systemic 
benefit may be derived from nCRT at 5 years 
among patients with ESCC. Furthermore, in the 
NEOCRETC5010 study, recipients of trimodal-
ity care also had lower distal disease recurrence 
in comparison to those treated with surgical 
monotherapy.

In summary, when comparing nCRT with 
surgery alone, the former is associated with 
a significantly higher pathologic complete 
response rate, reduction in lymph node disease 
burden, improved rates of R0 resection and 
improved local and distal disease control. Each 
of these factors correlate with improved survival 
and highlights the excellent local disease control 
achieved with nCRT. Considering that nCRT 
has a less impressive impact on EAC in terms of 
these metrics, we suggest that trimodality ther-
apy be reserved for those with ESCC.

Multimodal Therapy for Locally Advanced Esophageal Cancer
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nCT for locally advanced esophagogastric can-
cer in the United Kingdom. Of note, histological 
subtype did not affect the pathological response 
to perioperative treatment and no long-term sur-
vival differences between ESCC and EAC were 
noted.

Reflecting on these benefits, the British 
MAGIC [19] and French FNLCC/FFCD [20] 
trials were performed to assess the role of perio-
perative chemotherapy versus upfront surgery. 
In the former perioperative epirubicin, cisplatin 
and 5FU was found to be particularly effective 
in patients with EAC. Whilst esophageal lesions 
were underrepresented in the study, periop-
erative chemotherapy was associated with an 
improvement in the rate of R0 resections (79.3% 
vs. 70.3% p = 0.03), smaller tumours and fewer 
metastatic lymph nodes. Improved overall sur-
vival was also noted in those receiving systemic 
treatment with a 5-year survival of 36.3% versus 
23% (HR 0.75 95CI (0.6–0.93 p = 0.009). This 
improvement was despite only 55% of patients 
being able to receive the adjuvant part of their 
systemic treatment.

Due to the poor patient tolerance of the adju-
vant arm of the perioperative regimens described 
above, efforts shifted to identifying regimens 
that may be less toxic with an equivalent, or 
even better, oncological profile. Based on the 
observation that metastatic gastric cancer could 
be effectively treated with to docetaxel-based 
triplet therapy and acceptable toxicity, our center 
was one of the first to explore the role of doc-
etaxel, cisplatin and 5FU (DCF) in the perioper-
ative setting [21]. An investigator-initiated phase 
II single-arm trial was undertaken for patients 
with EAC and, despite a heavy tumour burden, 
an exceptional 5-year survival of over 50% was 
found. The subsequent landmark study by Al 
Batran formalized the use of FLOT (5FU, leu-
covorin, oxaliplatin and docetaxel) as the stand-
ard of care for perioperative chemotherapy for 
the treatment of gastro-esophageal adenocar-
cinoma [22]. In the FLOT4 trial, 716 patients 
were randomized to receive either FLOT or the 
ECF regimen given in the MAGIC trial. With 
an equivalent toxicity profile and incidence of 

The Benefit of Neoadjuvant 
and Perioperative Chemotherapy

Effective systemic chemotherapy has several 
benefits. By treating micrometastatic disease, 
survivability is improved. Dysphagia is also 
reduced affording patients a better nutritional 
intake before surgery. Furthermore, non-resect-
able lesions may be down-staged and rendered 
resectable. Finally, the administration of nCT 
provides an opportunity to observe the clinical 
efficacy of the drug regimen being used. Whilst 
this has a prognostic benefit, alternate treatment 
strategies can be initiated depending on treat-
ment response and, rarely, futile surgery avoided 
in the presence of disease progression during 
nCT.

Early data including mixed histologies failed 
to show a survival benefit of nCT versus upfront 
surgery [15]. However, it seems that patients 
who responded to nCT had significantly bet-
ter survival than those who did not response 
(response vs. no response HR 2.83 1.84–4.35 
p < 0.001). Similar data exists for patients with 
ESCC found to have a pathological response to 
nCT (median survival 20 months vs. 6 months 
p = 0.008) [16].

With regards to EAC, the European EORTC 
40,954 study, found that nCT was associated 
with a lower incidence of lymph node metasta-
ses (61.4% vs. 76.5%, p = 0.018) and higher rate 
of R0 resection (81.9% vs. 66.7%, p = 0.036). 
Nevertheless, there was no survival differ-
ence noted between the treatment arms [17]. 
However, few esophageal cancers were included 
and the study was based on an outdated triplet 
therapy regimen (cisplatin, 5FU and leucovorin).

Building on these results, the Medicine 
Research Council OEO2 study included patients 
with both EAC and ESCC and gave preoperative 
cisplatin and 5FU [18]. Preoperative systemic 
treatment was associated with significant patho-
logical downstaging and, in comparison to those 
treated with surgery alone, the five-year survival 
increased significantly from 17 to 23% (HR 0.79 
95%CI 0.67–0.93 p = 0.004). This study was 
responsible for firmly establishing the role of 
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Neoadjuvant Chemotherapy 
or Chemoradiotherapy

Data comparing nCRT with nCT for patients 
with ESCC varies. A randomized trial showed 
fewer cancer related deaths among patients 
with ESCC patients who received nCRT (40Gy, 
paclitaxel, cisplatin) in comparison to nCT 
(paclitaxel and cisplatin) [27]. However, there 
was no difference in overall survival when com-
paring both treatment arms (3-year overall 64% 
vs. 55%). An additional randomized 4 arm study 
(nCT, nCRT, upfront sugery, nRT) found that all 
neoadjuvant regimens had similar survival out-
comes at 5 years [2]. The NeXT trial, by Kato 
et al. also failed to find a difference in survival 
outcomes among patients allocated to the nCT 
and nCRT arms despite progression free survival 
being longer in the latter [26].

Data comparing nCT with nCRT in patients 
with adenocarcinoma is available from several 
randomized trials. The PreOperative therapy in 
Esophagogastric adenocarcinoma Trial (POET) 
study randomized 119 patients with Siewert 
I-III adenocarcinoma to receive wither nCT or 
nCRT [28]. Survival among recipients of nCRT 
was higher (5-year overall survival or 39.5% 
vs. 24.4%). Whilst the results may suggest that 
nCRT is superior to nCT in terms of survival, 
the survival in the nCT arm is lower when com-
pared with modern neoadjuvant regimens. The 
surgical approach may be the cause of this out-
come as only 47% of patients in the nCT arm 
underwent thransthoracic esophagectomy.

The NeoRes study randomized 181 patients 
with EAC and ESCC [29]. Whilst pathologi-
cal complete response rate and incidence of R0 
resections was higher in the nCRT arm irrespec-
tive of histological type, survival was similar 
between the two arms. Whilst the long-term data 
supports the non-inferiority of nCT, it should 
be noted that the study protocol used a dose of 

postoperative complications, the median over-
all survival improved from 35 to 50 months in 
patients treated with FLOT. Real world data has 
confirmed these results and whilst true esopha-
geal adenocarcinomas were excluded from these 
studies, a recently published multicentre obser-
vational cohort study demonstrated excellent 
results of FLOT in patients with esophageal can-
cer with a 5-year overall survival of 60% [23].

The role of perioperative chemotherapy (cis-
platin and etoposide) was also explored in the 
setting of ESCC by Boontra [24]. Pathological 
complete response occurred in just 7% of 
patients although no difference in the R0 
resection rate or number of metastatic lymph 
nodes was found between the treatment arms. 
Nevertheless, a significant survival advantage in 
patients receiving perioperative chemotherapy 
was noted (median overall survival 16 months 
vs. 12 months). The survival advantage of neo-
adjuvant cisplatin and 5FU was also demon-
strated in the JCOG9907 trial [25]. In this study, 
neoadjuvant as opposed to adjuvant chemother-
apy was associated with an increase in 5-year 
overall survival by 12–55%.

Similar to EAC, the addition of docetaxel to 
nCT regimens for ESCC is also being explored. 
Preliminary results from the NeXT trial suggest 
that neoadjuvant DCF significantly improves 
survival in comparison CF alone in patients with 
ESCC (3-year overall survival 62.6% vs. 72.1%) 
[26].

In summary, neoadjuvant and perioperative 
regimens are safe and have been clear demon-
stration of a survival advantage for both ESCC 
and EAC in comparison to surgery alone. Older 
treatments have made way for docetaxel-based 
therapies which have demonstrated excellent 
oncological profiles. As such, docetaxel-based 
triplet therapy can be considered acceptable 
standards of care for both of these histological 
subtypes of esophageal cancer.

Multimodal Therapy for Locally Advanced Esophageal Cancer
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Safety of Neoadjuvant 
Chemotherapy 
and Chemoradiotherapy

Data regarding this topic also varies with mor-
bidity and mortality improving significantly 
in comparison to historical studies. The post-
operative mortality of 10.2% in the study by 
Stahl is considerably higher than the 1% of 
more recent studies, even in patients who 
received neoadjuvant therapy [28]. For exam-
ple, in recent retrospective multi-institutional 
study of 2944 patients, nCRT was not associ-
ated with an increased risk of anastomotic leak 
or pneumonia, although was associated with an 
increased risk of chylothorax, cardiovascular 
complications and thromboembolic events [33]. 
Similarly, in a randomized trial of minimally 
invasive esophagectomy following nCT or nCRT 
in patients with ESCC, the incidence of morbid-
ity and mortality was the same irrespective the 
neoadjuvant treatment received (morbidity fol-
lowing nCRT and nCT 47.4% vs. 42.6% and 
mortality 3.5% vs. 2.2%, respectively) [34].

Conversely, whilst safety data from the 
NeoAEGIS trial was similar, significantly more 
patients treated with nCRT had Clavien Dindo 
grade III complications and above (30% vs. 
17%, p = 0.05) as well as a higher mean com-
prehensive complication index [30].

Immunotherapy and Biological 
Agents

Whilst several studies have demonstrated the 
efficacy of either immunotherapy or biological 
agents for patients with advanced or metastatic 
esophageal cancer, the role of these agents in 
the neoadjuvant setting has yet to be established. 
Using neoadjuvant trastuzamab in patients 
with Her2 + EAC after nCRT failed to improve 

radiotherapy below that which is commonly 
used (40 Gy) and a non-standard of care chemo-
therapy regimen (cisplatin, 5FU).

The NeoAEGIS study aims to address these 
limitations [30]. In total, 362 patients with ade-
nocarcinoma of the esophagus and esophagogas-
tric junction were randomized to receive either 
the CROSS or MAGIC regimens. The recently 
released results also failed to show inferiority 
of either regimen with a 3-year overall survival 
of 57% versus 55% respectively (HR 1.03, 95% 
CI 0.77–1.38). Only 15% of patients in the nCT 
arm received FLOT and considering the supe-
riority of this regimen over ECF, it may be that 
the nCT arms survival outcomes were under-
powered. The results of the ESOPEC study, that 
compares FLOT versus CROSS, are eagerly 
awaited, as are the results from the TOPGEAR 
and RACE studies which also compare ECF 
with CROSS.

Pending the release of this data, a retrospec-
tive analysis of 2367 patients of 11,167 EAC 
and 2,367 ESCC patients found that overall 
survival was similar when comparing nCT with 
nCRT (37% vs. 36%, p = 0.123) [31]. However, 
when stratified by histological subtype, patients 
with ESCC fared significantly better in terms of 
survival after being treated with nCRT (5-year 
overall survival 45% vs. 38%, p = 0.026).

It is noteworthy that survival following path-
ological complete response is inferior when 
achieved following nCRT as compared with 
nCT (odds ratio 2.50, 95% CI 1.25–4.99) [32]. 
This highlights the fundamental role of effec-
tive systemic disease control in disease survival. 
Therefore, the current data supports an approach 
that nCT is not inferior to nCRT for the treat-
ment of EAC. With regards to ESCC, whilst 
nCRT achieves local control compared to nCT, 
it seems that equivalent survival can be achieved 
with nCT. As such, both modalities are accepted 
standards of care.
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guidelines exist regarding the provision of addi-
tional therapy although practice varies between 
institutions based on retrospective data the sug-
gests a survival benefit if residual disease is 
present [41]. The Checkmate 577 study rand-
omized 532 patients with both ESCC and EAC 
with residual disease after nCRT and surgical 
resection to receive nivolumab or placebo. A 
significant improvement in disease free survival 
was noted (22.4 vs. 11.0 months, HR 0.69, 95% 
CI 0.56–0.86) [42]. Whilst these benefits were 
attenuated among patients with ESCC, this land-
scape is changing and recommendations may 
change as more evidence becomes available.
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Abstract

Esophagectomy is associated with signifi-
cant morbidity and mortality, especially in 
small volume centers. Current data suggest 
that definitive chemoradiotherapy (dCRT) 
is at least equivalent to trimodality therapy 
in terms of long-term survival for patients 
with esophageal squamous cell carcinoma 
(ESCC). Frail patients with ESCC who are 
not fit for surgery should receive dCRT. For 
those who are considered fit for esophagec-
tomy, decision between dCRT and trimodal-
ity therapy should be taken on a case-by-case 
basis. The use of dCRT in patients with 
esophageal adenocarcinoma is not supported 
by data.
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Introduction

Management of patients with esophageal can-
cer is challenging and requires a multimodal 
approach. Endoscopic or surgical treatment is 
recommended for carcinoma in situ and stage IA 
esophageal cancer. For locally advanced disease, 
surgical treatment with perioperative chemo-
therapy or preoperative chemoradiotherapy is 
recommended for most patients who are fit for 
surgery.

Definitive chemoradiotherapy (dCRT) is a 
reasonable option for poor surgical candidates, 
and might even have comparable results in those 
with locally-advanced non-metastatic esopha-
geal squamous cell carcinoma (ESCC), as com-
pared to multimodality therapy. Esophagectomy 
is associated with significant morbidity (e.g. pul-
monary complications, anastomotic dehiscence, 
cardiac arrhythmias) and mortality, especially in 
small volume centers. While dCRT also presents 
toxicity and side effects, this approach is less 
invasive than surgical resection and might result 
in reduced mortality and shorter hospital stay. 
Therefore, current NCCN and ESMO guidelines 
include dCRT as a treatment option for esopha-
geal cancer patients [1, 2].

Most studies on dCRT for esophageal can-
cer include ESCC patients. These patients often 
have many comorbidities, which increase the 
risk for postoperative complications. Even in 
experienced centers surgical mortality is high 
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incidence of local/regional failure was 47% at 
12 months.

Subsequent randomized studies confirmed 
these findings and showed survival rates of 
35–40% at 2 years and around 20% at 5 years 
after dCRT [12–14]. The issue of the unac-
ceptably high locoregional failure rate was 
addressed in the INT 0123 trial [14]. In this trial, 
236 patients with non-metastatic ESCC or EAC 
who received dCRT (RTOG 85-01-scheme) 
were randomly assigned to one of two differ-
ent RT doses: 50.4 Gy (28 fractions over 5.5 
weeks) or 64.8 Gy (36 fractions over 7 weeks). 
After a 2-year follow-up, locoregional control 
was moderately improved by 52–56% (not sig-
nificant) in the high-dose group, but there was a 
trend towards worse overall survival (OS) (31% 
vs. 40%). High-dose RT was significantly more 
toxic, and during radiotherapy, 11 deaths were 
observed in the high-dose arm vs. 2 deaths in 
the low-dose arm (p < 0.01). Interestingly, 7 of 
the 11 deaths occurred at total doses ≤ 50.4 Gy. 
During subsequent follow-up, 13 non-index 
cancer-related deaths were observed in the high-
dose arm vs. 3 in the low-dose arm (P < 0.01). 
The results of INT 0123 are still inconclusive 
and do not exclude a benefit of radiation with 
doses higher than 50.4 Gy in conventional frac-
tionation. In addition, this study was conducted 
between 1995 and 1999 (i.e. before the era of 
3D-CRT).

At present, 50.4 Gy of RT plus concurrent 
cisplatin and FU remains the standard approach.

In most trials, improved locoregional tumor 
control was associated with higher total radia-
tion doses, concurrent chemotherapy, lower 
tumor volume and SCC histology [15, 16]. 
In locally advanced esophageal cancer, how-
ever, improved locoregional tumor control after 
higher radiation doses does not appear to trans-
late into improved OS. Long-term (5-year) 
locoregional control rates after radiotherapy and 
CRT vary between 32 and 75%.

Overall, the optimal radiation dose remains 
elusive. Investigators in Japan and China consider 
total doses of 59.4–66 Gy in 30–33 fractions to 
be standard radiation therapy [17, 18]. Modern 

(1–7%) after an esophagectomy [3]. For this rea-
son, it is important to weigh risks and benefits 
before deciding  therapy.

The RTOG 85-01 trial established dCRT as 
standard non-operative therapy for localized 
esophageal cancer [4]. More recent investiga-
tions identified prognostic factors for long term 
survival. For instance, a population-based study 
showed survival rates at 2 years of 29 and 17% 
in patients with ESCC and esophageal adenocar-
cinoma (EAC), respectively, showing histology 
as an independent prognostic factor after dCRT 
[5]. In other study, the 3-year survival of ESCC 
patients dropped down from 42% in stage I to 
25 and 16% in stage II and III, respectively [6]. 
Initial T-category and response to dCRT (evalu-
ated by PET-TC and biopsy) are also prognostic 
factors for long term survival after dCRT [7, 8].

Definitive CRT Versus RT Alone

The addition of cisplatin-based chemotherapy to 
RT has significantly improved survival over RT 
alone [4, 9–11]. Unfortunately, available data 
are almost exclusively in patients with ESCC, 
and none of the trials have performed adequate 
pretreatment staging to reliably correlate out-
come with locoregional tumor extent. Based on 
the results of the phase III RTOG 85-01trial, 
the standard therapy for patients with local-
ized esophageal cancer selected for non-surgi-
cal treatment is dCRT [4]. In this trial (ESCC, 
n = 106 and EAC, n = 15), patients were ran-
domly assigned to receive four cycles of fluo-
rouracil (5-FU 1000 mg/m2 per day, days 1–4, 
weeks 1 and 5] plus cisplatin [75 mg/m2 day 
1 of weeks 1 and 5]) with radiation therapy 
(50 Gy in 25 fractions over five weeks) deliv-
ered concurrently with the first cycle of chemo-
therapy or to radiation therapy alone (64 Gy in 
32 fractions over 6.5 weeks). The study showed 
a significant survival advantage in patients with 
the combined modality and was finished prema-
turely, when an interim analysis showed a signif-
icant survival advantage for CRT (5-year overall 
survival 26% vs. 0%). Despite this benefit, the 
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radiation techniques such as intensity-modulated 
radiation (IMRT) and volumetric modulated arc 
therapy (VMAT), which use simultaneous inte-
grated boost radiotherapy, have shown to sig-
nificantly decrease the radiation dose to critical 
organs such as the heart and lungs [19, 20].

Excellent results have been reported in a 
phase II trial (n = 60) in which modern technolo-
gies were used to deliver 66 Gy in 30 fractions 
in combination with 2 cycles of cisplatin and 
5-FU [21]. A Chinese trial suggested that defini-
tive CRT using the combination of IMRT plus 
concurrent cisplatin plus docetaxel improves 
local control and prolongs survival over IMRT 
alone, but with more prominent side effects [22].

Definitive CRT: Which 
Chemotherapy?

Several study groups have investigated CRT 
with different combinations of cisplatin and 
5-FU in order to decrease toxicity and improve 
compliance, and potentially improve treatment 
efficacy.

The RTOG 85-01 trial established two cycles 
of cisplatin and 5-FU combined with radiother-
apy followed by another two cycles of chemo-
therapy alone for standard CRT in esophageal 
cancer. However, the toxicity of this treatment 
was relatively high. In the study, 20% of patients 
had life-threatening side effects and 2% died 
from treatment-related toxicity. In a subsequent 
RTOG study (94-05, INT 0123) with the same 
regimen, more than 70% of patients developed 
side effects of grade 3 or higher [4, 12].

A sequential phase II/III study (PRODIGE 
5/ACCORD17) involving 267 patients com-
pared FOLFOX4 chemotherapy scheduled for 
6 cycles, 3 of them combined with RT 50 Gy, 
with the standard RTOG regimen. The relative 
dose intensity of 5-FU and platinum was com-
parable in both treatment groups, as well as the 
percentage of patients with premature discon-
tinuation of chemotherapy and overall toxicity. 
Similar progression-free survival (median sur-
vival 20.2 vs. 17.5 months), OS (3-year survival 
rate 19.9% vs. 26.9%, HR = 0.94, P = 0.70) and 

clinical complete response rates (44% vs. 43%) 
were also observed. However, fewer toxic deaths 
occurred in the FOLFOX4 group compared to 
dCRT with cisplatin and 5-FU (1% vs. 6%) [17].

In Europe, the CROSS regimen with weekly 
carboplatin and paclitaxel chemotherapy sched-
uled in preoperative combined CRT gained wide 
acceptance due to its very good tolerability and 
sparked interest in investigating taxane-based 
chemotherapy for dCRT [23]. A group from the 
Netherlands reported their experience with the 
adaptation of the CROSS regimen for dCRT 
[19]. Patients with locally advanced esophageal 
or junctional cancer who had received dCRT at 
a total dose of 46.8–70 Gy combined with four 
cycles of cisplatin and 5-FU (RTOG 8501 regi-
men) or with 5–6 weekly applications of carbo-
platin (AUC 2) and Paclitaxel (50 mg/m2) were 
analyzed. Overall survival was similar in both 
groups (cisplatin/FU: median OS 16.1 months, 
carboplatin/paclitaxel: median OS 13.8 months, 
P = 0.97). However, the probability of complet-
ing planned dCRT was significantly higher in 
the carboplatin/paclitaxel group (82% vs. 57%, 
P = 0.01) and treatment-related mortality was 
lower (1.8% vs. 4.3%).

A propensity-matched analysis compared 
survival of dCRT with either cisplatin/5-fluo-
rouracil (PF group) or docetaxel/cisplatin (DP 
group). PF group patients received two cycles 
of cisplatin (60 mg/m2) and 5-fluorouracil 
(300 mg/m2) at 4-week intervals during radio-
therapy. DP group patients received a concurrent 
three-weekly schedule of docetaxel (60 mg/m2) 
and cisplatin (80 mg/m2) or cisplatin (25 mg/
m2) and docetaxel (25 mg/m2) weekly. A signifi-
cant improvement in progression-free survival 
and OS in favor of DP regimen was observed. 
It is unclear, however, if the results were related 
to the inclusion of a taxane in the experimental 
group or to the reduced dose of cisplatin and the 
unusual dose of 5-FU in the so-called standard 
group of this analysis [20].

The SCOPE1 study investigated the role of 
adding the epidermal growth factor receptor 
(EGFR) inhibitor cetuximab to dCRT in resect-
able esophageal cancer. Treatment consisted of 
induction chemotherapy (two cycles of cisplatin 

Definitive Chemoradiotherapy for Esophageal Cancer
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therapy (3 studies). Most patients had thoracic 
ESCC (810/929). Local tumor progression 
was more common in patients receiving dCRT 
(P < 0.001) and distant metastases were more 
often in patients undergoing surgery (P = 0.06). 
Overall survival was equivalent between dCRT 
and surgery. The study suggests that dCRT is 
equivalent to surgery (with or without preopera-
tive therapy) in patients with locally advanced 
ESCC [28].

Definitive CRT Versus Trimodality 
Therapy

The addition of surgery increases morbidity 
and mortality, but at the same time it might also 
favor local control of the disease.

A German study included patients with 
locally advanced ESCC and randomized 172 
patients to induction chemotherapy followed by 
chemoradiotheray (40 Gy) and surgery or induc-
tion chemotherapy followed by dCRT (at least 
65 Gy). This study reported equivalent OS in 
both groups with a 2-year survival rate of 39.9% 
vs. 35.4% (p = 0.007), and an updated long-
term survival at 10 years of 19.2% vs. 12.2% 
(p = 0.36) [12, 29]. Although the addition of 
surgery significantly increased treatment-related 
mortality (12.8% vs. 3.5%, p = 0.03), local 
tumor progression was significantly worse after 
dCRT (at 2 years 63.3% vs. 40.7%, p = 0.003).

The FFCD 9102 trial included resect-
able T3N0-1M0 esophageal cancer patients 
(88.8% ESCC) and randomized those who had 
response to induction CRT (46 Gy/4.5 weeks 
or 30 Gy/4 weeks combined with cisplatin and 
5-FU) to either surgery or further CRT (total 
radiation dose of 66 Gy or 45 Gy). The rate 
of early death was significantly higher after 
surgery (3-month mortality 9.3% vs. 0.8%, 
p = 0.002). Two-year survival rate was similar 
in both groups (34% vs. 40%, p = 0.90) [13]. 
These results suggested that in patients with 
locally advanced ESCC who respond to chemo-
radiation, there is no benefit for the addition of 
surgery compared to continuing with additional 
chemoradiation.

and capecitabine) followed by CRT (50 Gy com-
bined with two cycles of cisplatin and capecit-
abine) with or without weekly cetuximab. The 
study was stopped prematurely; OS was sig-
nificantly worse in the cetuximab group (2-year 
OS 41.3% vs. 56.0%, HR = 1.45 (1.01–2.09), 
P = 0.04) and subgroup analysis favored CRT 
alone, particularly in patients with ESCC [24]. 
Thus, EGFR inhibition combined with dCRT 
cannot be recommended in unselected patients 
with esophageal cancer.

Overall, carboplatin/paclitaxel might be an 
alternative chemotherapy in dCRT. Further stud-
ies comparing standard dCRT and dCRT includ-
ing weekly carboplatin/paclitaxel are needed.

Definitive CRT Versus Surgery 
Alone

A Japanese study compared results between 
esophagectomy and dCRT (RT 50–60 Gy with 
cisplatin and 5-FU) in patients with T1bN0M0 
ESCC (n = 173). The 5-year survival was 
similar in both groups (77.7% vs. 68.6%, 
p = 0.12). Treatment-related mortality was 0%. 
Progression-free survival, however, was sig-
nificantly improved in patients undergoing 
esophagectomy [25].

Another study compared esophageal cancer 
patients receiving dCRT (n-173), surgery alone 
(n = 126) or neoadjuvant chemotherapy fol-
lowed by surgery (n = 118). Patients deemed 
unsuitable for surgery or with bulky local dis-
ease received dCRT. Overall 2-year survival 
rates were 44.3, 56.2 and 42.4% (p = 0.42) [26].

A study from China randomized patients with 
ESCC of the mid- or lower thoracic esophagus 
to dCRT (n = 36) or esophagectomy (n = 45). 
The overall 5-year survival favored dCRT but 
this was not statiscally significant (50% vs. 
29.4%, p = 0.147). A trend to improved 5-year 
survival with dCRT was noted in patients 
with node-positive disease (47.4% vs. 11.8%, 
P = 0.06) [27].

A previous meta-analysis included 6 rand-
omized studies comparing dCRT with either sur-
gery alone (3 studies) or surgery plus induction 
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2007;25:1160–8.

 14. Minsky BD, Pajak TF, Ginsberg RJ, et al. INT 0123 
(radiation therapy oncology group 94–05) phase III 
trial of combined-modality therapy for esophageal 
cancer: high dose versus standard-dose radiation 
therapy. J Clin Oncol. 2002;20:1167–74.

 15. Crehange G, Maingon P, Peignaux K, et al. Phase 
III trial of protracted compared with split-course 
chemoradiation for esophageal carcinoma: fed-
eration Francophone de Cancerologie Digestive 
9102. J Clin Oncol. 2007;25:4895–901. https://doi.
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 16. Shridhar R, Almhanna K, Meredith KL, et al. 
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 17. Conroy T, Galais MP, Raoul JL, et al. Definitive 
chemoradiotherapy with FOLFOX versus fluoro-
uracil and cisplatin in patients with oesophageal 

A Cochrane database systemic review com-
pared non-surgical versus surgical treatment 
for esophageal cancer [30]. Long-term mortal-
ity was similar between chemoradiotherapy and 
surgery (HR 0.88, 95% CI 0.76–1.03; 602 par-
ticipants; four studies; low quality evidence). In 
addition, there was no difference in long-term 
recurrence between non-surgical treatment and 
surgery (HR 0.96, 95% CI 0.80–1.16; 349 par-
ticipants; two studies; low quality evidence). 
The study concluded that dCRT is at least equiv-
alent to surgery in short- and long-term survival 
in patients with ESCC who are fit for surgery 
and are responsive to induction chemoradiother-
apy. There is uncertainty in the comparison of 
dCRT versus surgery for patients with EAC [30].

Conclusions

Current data suggest that dCRT is at least equiv-
alent to trimodality therapy in terms of long-
term survival for patients with ESCC. Frail 
patients with ESCC who are not fit for surgery 
should receive dCRT. For those who are consid-
ered fit for esophagectomy, decision between 
dCRT and trimodality therapy should be taken 
on a case-by-case basis. The use of dCRT in 
patients with EAC is not supported by data.
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Immunotherapy in Esophageal 
Cancer

Federico Esteso and Berenice Freile

Abstract

This chapter provides an overview of the 
latest advances in the use of immunother-
apy for the treatment of esophageal cancer. 
This chapter highlights the biology and the 
potential role of identifying biomarkers of 
response, and offers a comprehensive over-
view of the clinical trials that have evaluated 
the use of immunotherapy in different set-
tings of the treatment of esophageal cancer.
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Introduction

Esophageal cancer is the 6th malignant tumor in 
incidence and the 5th leading cause of cancer-
related mortality worldwide [1]. Esophageal 
and gastric cancer are often grouped together 
in systemic therapy clinical trials, given their 
similarities in underlying risk factors, biology, 
and overlapping management strategies. The 

two main esophageal cancer histologic subtypes 
include esophageal squamous cell carcinoma 
(ESCC) and esophageal adenocarcinoma (EAC). 
ESCC and EAC are two completely different 
diseases, with different risk factors, molecu-
lar profiles and prognosis. Although being his-
torically treated as the same entity, current data 
suggest that both diseases should be considered 
separately.

While surgery remains the mainstay for 
the treatment of esophageal cancer, neoad-
juvant chemoradiotherapy (nCRT) or perio-
perative chemotherapy have significantly 
improved survival compared to surgery alone 
in patients with locally advanced disease [2, 3]. 
However, despite all the available treatments, 
survival remains poor. Therefore, it is neces-
sary to explore novel and effective treatments 
to improve survival. Luckily, the management 
of esophageal cancer has experienced changes 
during the last decades due to the deeper knowl-
edge of its biology [4]. Consequently, the type 
of systemic therapy now depends on multiple 
variables such as tumor location, histology, and 
several biomarkers (e.g. microsatellite instability 
(MSI), HER2, and programmed death-1 ligand 
(PD-L1) expression) [5].

The results of recent clinical trials have 
shown benefits with regards to the use of immu-
notherapy and targeted therapy. The rationale 
to develop immunotherapy comes from the rec-
ognized link between esophageal cancer and 
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protein expressed exclusively on activated 
T-cells. When CTLA-4 bounds to proteins, it 
prevents T cells from destroying other cells.

Immunotherapy includes all biologic/targeted 
agents that aim to obtain the balance back by 
modifying and/or blocking co-stimulatory sig-
nals, and therefore restoring the immune sys-
tem’s ability to detect and destroy cancer cells, 
known as immune-checkpoint inhibitors (ICIs) 
[4]. Different molecules that inhibit the link 
between PD-1 and PD-L1 are currently used 
for the treatment of gastrointestinal tumors and 
specifically for esophageal cancer: anti-PD-1 
agents such as nivolumab, pembrolizumab, sin-
tilimab and camrelizumab, or anti-PD-L1-agents 
such as atezolizumab and avelumab. The mono-
clonal antibodies used to inhibit upregulation of 
CTLA-4 are ipilimumab and tremelimumab.

Molecular Biomarkers for 
Immunotherapy

The selection of patients who will benefit from 
ICIs (“responders”) is critical [9]. The role of 
predictive and prognostic molecular biomarkers 
has been investigated. PD-L1 expression is the 
most studied and used in previous trails and its 
overexpression can be found in up to 40–50% of 
ESCC [10]. Considering PD-L1 as a prognostic 
factor, various studies have focused on this mat-
ter, yet the results have been inconsistent. In the 
bulk of these studies, PD-L1 overexpression has 
been linked to unfavorable clinical outcomes. 
Nevertheless, it has been reported by others a 
better prognosis in PD-L1-positive patients over 
PD-L1-negtive [11, 12]. PD-L1 testing may be 
considered in patients with locally advanced, 
recurrent, or metastatic esophageal and gastroe-
sophageal junction (GEJ) who are candidates for 
treatment with PD-1 inhibitors [13].

Research on others prognostic factors such 
as gene signatures have been done. However, 
the relationship between the expression of these 
genes and the response of patients receiving 
ICIs is not still clarified [14, 15]. Despite the 
promising prognostic value of gene-signatures 

precursor chronic inflammatory lesions and high 
mutational rates [6]. The main risk factors for 
ESCC tumorigenesis are smoking and alcohol 
consumption, whereas chronic gastroesophageal 
reflux and obesity are risk factors for EAC [7].

Immunity and Microenvironment 
of Esophageal Cancer

Understanding the Complex 
Tumor Environment

One of the established hallmarks of cancer is 
the escape or evasion of the immune system 
[8]. This capacity to escape immunologic sur-
veillance is related to the disruption of tumor 
microenvironment (TME), which as we known, 
has a complex composition (i.e. immune cells, 
fibroblasts, endothelial cells and extracellular 
matrix). Once the balance of the TME is dis-
rupted, the tumor can develop by blocking apop-
tosis, granting immune evasion and promoting 
angiogenesis, proliferation and distant metasta-
ses [4].

One of the pathways used by tumor cells 
to proliferate is the PD-1/PD-L1, by overex-
pressing PD-L1 on the cancer cell surface or 
by inducing PD-L1 expression on the host’s 
immune cells. Once activated, PD-L1 has 
the ability to exhaust and inhibit host T-cell 
response, allowing the tumor to escape immune 
surveillance. This is why the PD-1/PD-L1 com-
plex is consider an ideal target for immuno-
therapeutic agents. There are different ways to 
quantify the expression of this complex; one is 
the combined positive score (CPS), which repre-
sents the percentage of PD-L1 expressing tumor 
and infiltrating immune cells within the total 
number of tumor cells. Another one is the tumor 
proportion score (TPS), which is the percentage 
of PD-L1 positive tumor cells. These scores can 
be used to identify possible responders to anti-
PD-1 therapy.

Another pathway to escape and promote 
tumor growth is through CTLA-4. This homo-
logue of the CD28 protein is a transmembrane 
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for esophageal cancer, prospective studies are 
needed to validate and recommend their use. 
Regarding the predictive role of biomarkers, 
immunotherapy has shown to improve survival 
outcomes (HR: 0.71), mainly in patients with 
ESCC and PD-L1 CPS ≥ 10 [16].

Unfortunately, the prognostic significance 
of PD-L1 is unclear and diversity exists in the 
PD-L1 assessment, score and cut-off values. 
Figure 1 shows assessment and cut-off points of 
PD-L1 in different trials.

Non-metastatic Esophageal 
Cancer. Adjuvant and Neoadjuvant 
Scenario

Early stage ESCC and EAC are treated with 
upfront surgical resection. Patients with locally 
advanced disease are now managed with either 
preoperative chemoradiation or perioperative 
chemotherapy [2, 3]. Despite the improvement 
provided these systemic therapies, up to 30% 
of patients will present early recurrence within 
12 months of surgery. As ICIs became a use-
ful treatment strategy in the metastatic setting, 
research has recently moved to the non-meta-
static scenario.

CheckMate 577 is the milestone trial that 
has changed the treatment paradigm, leading 
to the acceptance of adjuvant Nivolumab. This 
phase III trial enrolled patients with resected 
esophageal and GEJ tumors, who had received 
neoadjuvant chemoradiation and had evidence 
of residual pathological disease, and evalu-
ated the safety and efficacy of adding of one 
year of adjuvant treatment with the anti-PD-1 
nivolumab (N: 532) versus placebo (N: 262). 
The trial met its primary endpoint, by dou-
bling the median disease-free survival (DFS) 
in the experimental arm compared to placebo 
(22.4 vs. 11 months, respectively; HR 0.69, 
p < 0.001) [17]. The study design did not used 
the tumor location as a stratification crite-
rion. That being said, no significant benefit for 

adjuvant nivolumab was shown for patients with 
GEJ tumors (HR 0.87). Another point to con-
sider is that 71% of patients had EAC and only 
29% ESCC. Although improvement was seen in 
both groups, the ESCC subgroup had a higher 
DFS benefit from nivolumab (HR, 0.61) than the 
EAC subgroup (HR, 0.75). In addition, the trial 
first studied and stratified patients with PD-L1 
expression by TPS. When presenting the post 
hoc analysis, data regarding PD-L1 expression 
was shown with CPS, and 57% of patients in the 
nivolumab arm and 54% in the placebo arm had 
PD-L1 positive (CPS ≥ 5), and these patients 
presented a clear benefit over the negative ones 
(HR 0.62 and 0.89, respectively). Nivolumab 
was well tolerated, grade 3–4 adverse events 
occurred in 13% of patients in the nivolumab 
group and 6% in the placebo group. Overall, 
postoperative nivolumab is a new effective and 
recommended treatment option for patients at 
high risk for recurrence due to the presence of 
residual pathologic disease following preopera-
tive chemoradiation and R0 resection [7, 13].

Data regarding neoadjuvant immunother-
apy is scarce. In a recent systemic review and 
meta-analysis of 27 clinical trials with 815 
patients the pooled rate of pathological com-
plete response (pCR) was 31.4% (95% CI, 
27.6–35.3%) with promising clinical and safety 
outcomes [18]. It is expected that in the near 
future many clinical trials will evaluate the role 
of neoadjuvant immunotherapy.

Advanced Esophageal Cancer

Platinum-based chemotherapy has been the 
standard treatment for advanced or unresect-
able esophageal cancer for more than 10 years 
[19]. The introduction of targeted therapy 
agents, mainly directed against human epider-
mal growth factor receptor 2 (HER2) [20] and 
PD-L1, represented a significant advance in 
esophageal cancer, as these agents improved 
survivals beyond one year for the first time.

Immunotherapy in Esophageal Cancer
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Fig. 1  First line trials of immunotherapy for advanced esophageal cancer (OS: Overall survival; ORR: Overall 
response rate; GEJ: Gastroesophageal Junction; AC: Adenocarcinoma; SCC: Squamous cell carcinoma)
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endpoint. While in the USA the recommen-
dation for nivolumab plus chemotherapy or 
nivolumab plus ipilimumab in metastatic ESCC 
is regardless of the PD-L1 tumor expression, in 
Europe is restricted for PD-L1 ≥ 1 [7, 13].

KeyNote-062 randomized 763 patients with 
locally advanced/unresectable or metastatic 
gastric and GEJ adenocarcinoma with PD-L1 
CPS ≥ 1 to pembrolizumab, pembrolizumab 
plus chemotherapy or chemotherapy alone [24]. 
Pembrolizumab showed no benefit compared 
to chemotherapy for OS (10.6 vs. 11.1 months; 
HR 0.91; 99.2% CI, 0.69–1.18). Although a ben-
efit was seen in patients with CPS ≥ 10 (17.4 vs. 
10.8 months; HR, 0.69; 95% CI, 0.49–0.97), this 
difference was not statistically tested.

The phase III KeyNote-590 trial evalu-
ated addition of pembrolizumab to cisplatine 
plus 5FU in patients with untreated, advanced 
esophageal cancer or GEJ tumors (Siewert type 
I) [25]. The majority of patients in the study 
(73%) had ESCC. The greatest OS improve-
ment was observed in patients with ESCC and 
elevated PD-L1 expression (CPS ≥ 10; HR 0.59; 
p < 0.0001), while in all randomized patients 
the median OS was 12.4 months (HR 0.73; 
p < 0.0001). A post hoc analysis suggested no ben-
efit in patients with a PD-L1 CPS < 10. The FDA 
approved Pembrolizumab as a first-line option for 
patients with advanced and metastatic esophageal 
cancer independent of histological subtype and 
PD-L1 status. On the other hand, EMA approved 
it only for patients expressing PD-L1 CPS ≥ 10.

The KeyNote 859 phase III trial assessed the 
benefit of pembrolizumab plus chemotherapy 
versus chemotherapy alone in GEJ tumors and 
gastric cancer [26]. The combination of fluoro-
uracil (5FU) and cisplatin or capecitabine plus 
oxalipaltin (CAPOX) were the chemotherapy 
choices (86% of patients received CAPOX). 
This trial showed a statistical benefit in OS for 
all the intention to treat, with a median benefit 
of 1.4 months (12.9 for pembrolizumab vs. 11.5 
for chemotherapy, HR 0.78; p < 0.0001). When 
describing subgroups, the PD-L1 < 1 population 
only showed a HR 0.90 (0.701–1.148) and the 
CPS ≥ 10 a HR 0.62 (0.51–0.75).

First Line

The CheckMate-649 is a phase III study that 
restructured the first line treatment algorithm 
for GEJ tumors and EAC HER-2 negative [21]. 
It showed improvement in overall survival (OS) 
with the addition of nivolumab to standard 
chemotherapy (either capecitabine-oxaliplatin 
or 5-FU-leucovorin-oxaliplatin) in all randomly 
assigned patients (HR, 0.79; 95% CI 0.71–0.88) 
versus chemotherapy alone. The study also 
showed benefits in progression free survival 
(PFS) (HR, 0.79; 0.70–0.89). Even though 
the approval is regardless the PD-L1 expres-
sion, the greatest improvement in OS and PFS 
was shown in patients with a PD-L1 CPS ≥ 5 
(HR 0.71; p < 0.0001 and HR 0.68; p < 0.0001, 
respectively).Therefore, this new therapeutic 
strategy was approved by the FDA, independ-
ent of PD-L1 expression and is currently rec-
ommended by NCCN as category 1 for patients 
with PD-L1 expression levels by CPS ≥ 5 or as 
category 2B when CPS < 5  [13]. It has also been 
approved by EMA and recommended by ESMO 
only when PD-L1 positive [22].

The phase III CheckMate 648 study rand-
omized patients with treatment naive advanced 
ESCC to 3 arms: chemotherapy (cispla-
tine-5 FU), nivolumab plus chemotherapy or 
nivolumab plus ipilimumab, regardless the 
PD-L1 expression [23]. Patients treated with 
nivolumab plus chemotherapy had improved 
OS compared with patients treated with chem-
otherapy alone in the entire study population 
(13.2, 12.7 and 10.7 months in the nivolumab 
plus chemotherapy (HR: 0.74), nivolumab plus 
ipilimumab (HR: 0.78) and chemotherapy arm, 
respectively). This benefit was most pronounced 
in patients with PD-L1 ≥ 1%, with a 6-month 
improvement (HR 0.54; p < 0.001). PFS was 
also significantly improved by nivolumab plus 
chemotherapy in PD-L1 positive population 
(HR 0.65; p: 0.0023). But in all-randomized 
population, the benefit was a nonstatistical 
trend (HR = 0.81). Despite nivolumab plus ipili-
mumab improved OS compared with chemo-
therapy alone, this arm did not meet the PFS 

Immunotherapy in Esophageal Cancer
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phase III ORIENT-15 (97.1% of 659 patients 
randomized were Asian) [29] which investigated 
the benefit of adding sintilimab to chemotherapy 
versus chemotherapy alone as a first-line treat-
ment for metastatic ESCC. Although patients 
were included regardless of PD-L1 status, the 
trial assessed PD-L1 positivity (by TPS and CPS 
scores). At the interim analysis, sintilimab with 
chemotherapy showed better OS and PFS com-
pared with standard arm in all patients (median 
16.7 vs. 12.5 months, HR 0.63, P < 0.001; 7.2 
vs. 5.7 months, 0.56, P < 0.001, respectively). 
This improvement was higher in patients with 
CPS ≥ 10.

The JUPITER-06 trial is a phase III trial 
that is evaluating the efficacy and safety of 
toripalimab as a first-line treatment for meta-
static ESCC in Asian patients [30]. The trial 
randomized 514 patients to receive toripalimab 
plus chemotherapy (paclitaxel and cisplatin) or 
chemotherapy alone and continued with tori-
palimab as a maintenance treatment or placebo, 
regardless of PD-L1 expression. With the first 
results of PFS and OS, a significant improve-
ment was observed by the addition of tori-
palimab to chemotherapy over the placebo arm 
(HR 0.58, p < 0.0001 and HR 0.58, p: 0.0004, 
respectively). An East Asian phase II/III trial, 
ATTRACTION-4, enrolled 724 patients with 
previously untreated HER2-negative, unresecta-
ble, advanced or recurrent gastric or GEJ cancer 
(regardless of PD-L1 expression) and randomly 
assigned them to chemotherapy (oxaliplatin with 
either S-1 (SOX) or capecitabine (CAPOX) plus 
nivolumab or SOX/CAPOX with placebo [31]. 
They met their primary endpoint, with a median 
PFS of 10.4 versus 8.3 months (HR 0.68; p: 
0.0007) favoring the IO arm. However, no ben-
efit was observed in OS (17.45 months with 
nivolumab vs. 17.15 months with chemotherapy, 
HR 0.90; 95% CI 0·75–1·08; p: 0.26).

A new biomarker has emerged for the treat-
ment of unresectable or metastatic GEJ and 
gastric adenocarcinomas as the SPOTLIGHT 
trial has recently presented [32]. It compared 
chemotherapy (FOLFOX) with chemotherapy 
plus zolbetuximab in HER2 negative popula-
tion. Zolbetuximab is an antibody that targets 

In the advanced setting is also mandatory 
to investigate for other biomarkers. HER2 is a 
known marker for pathogenesis and poor out-
comes. The ToGA trial showed that targeted 
treatment with trastuzumab improved survival 
when combined with chemotherapy in the first 
line setting in patients with gastric and GEJ 
adenocarcinoma [20]. Although this trial did 
not included patients with esophageal cancer, 
patients with HER2-positive EAC are usually 
treated based on the data of this trial.

The possibility of survival improvement 
in HER-2 positive patients not only with 
chemotherapy and trastuzumab but also with 
immunotherapy was firstly assessed with an 
investigator-initiated phase II trial. The study 
investigated the addition of pembrolizumab 
to the modified ToGA regimen with promis-
ing results. Thus, the phase III KEYNOTE-811 
trial enrolled patients with metastatic HER2-
positive gastric and GEJ adenocarcinoma (31% 
GEJ tumors) [27]. This trial demonstrated a sig-
nificant benefit in objective response rate (ORR) 
with the combination of immunotherapy plus 
targeted therapy plus chemotherapy compared 
to targeted therapy plus chemotherapy (74.4% 
vs. 51.9%; p: 0.00006). These promising results 
led to the FDA to approve the addition of pem-
brolizumab to a backbone of FU/platinum with 
HER2-targeted therapy for HER2-positive gas-
tric and GEJ adenocarcinoma, regardless of CPS 
score. This is also noted in the NCCN guidelines 
with the addition of pembrolizumab as a recom-
mended first-line therapy.

Other phase III trials assessed the efficacy 
of immunotherapy in the first line setting in the 
Asian population. ESCORT-1 trial randomized 
595 Chinese patients without previous treatment 
metastatic ESCC to receive chemotherapy (cis-
platin plus paclitaxel) alone or in combination 
with camrelizumab [28]. The addition of cam-
relizumab to standard chemotherapy improved 
OS (HR: 0.70, p: 0.001) and PFS (HR: 0.56, p: 
0.001) with a reasonable safety profile. Of note, 
the benefit in survival (OS, 3 months and PFS, 
1.3 months improvement) is quite low consid-
ering this setting and there was no selection 
according to PD-L1 status. Another trial was the 
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(10.9 vs. 8.4 months, respectively; HR 0.77, p: 
0.019). Despite the lack of improvement on PFS 
with nivolumab, when analyzing, the Kaplan-
Meyer plot, the crossing of the curves exposed 
the need of selecting patients correctly in order to 
improve outcomes. And so, when looking at the 
responders’ curves, they tend to have a plateau, 
interpreted as a maintenance of the response. 
While the objective response was higher in the 
chemotherapy arm rather than the nivolumab 
arm (22% vs. 19%, respectively), the duration 
of response was better in the nivolumab group. 
Based on these results, nivolumab received the 
approval from both USA and Europe as the new 
standard of care in the second-line treatment for 
metastatic ESCC after a fluoropyrimidine-based 
chemotherapy, regardless of PD-L1 status.

KEYNOTE-181 studied the benefit of pem-
brolizumab in the second line setting regard-
less of the histologic subtype [35]. Patients 
were randomly assigned to treatment with 
pembrolizumab or chemotherapy (paclitaxel, 
irinotecan or docetaxel). OS was higher with 
pembrolizumab in the Asian population, in 
those for patients with CPS ≥ 10, regardless of 
the histology (9.3 months vs. 6.7 months, HR: 
0.69, p = 0.0074) and in ESCC tumors (8.2 vs. 
7.1 months, HR: 0.78, p: 0.0095). In all ran-
domly assigned patients, OS was equal for both 
arms, regardless of PD-L1 and histology. The 
results in the ESCC cohort did not reach the 
preplanned boundaries and thereby the trial did 
not meet the co-primary endpoint in median OS. 
Thus, pembrolizumab was only approved by the 
FDA in patients with ESCC whose tumors had 
PD-L1 CPS ≥ 10 expression as a second and fur-
ther line therapy.

One novel immunotherapeutic agent was 
studied in the RATIONALE 302, a global 
phase III trial that investigated tislelizumab 
versus chemotherapy (paclitaxel, docetaxel, or 
irinotecan) in patients with ESCC [36]. This 
study found a significantly improved OS (8.6 
vs. 6.3 months; HR 0.70; p: 0.0001) and ORR 
(20.3% vs. 9.8%), regardless PD-L1.

A phase III trial with only Asian population 
is the ESCORT [37]. This study randomized 457 
patients with ESCC in the second line scenario 

claudin 18.2 (CLDN18.2), a tight junction pro-
tein present in approximately 30% of adeno-
carcinomas. The primary end point of PFS was 
met with a median of 10,6 vs. 8.76 months 
(HR 0.751, 0.58–0.94) with the addition of 
zolbetuximab. OS was also improved, median 
18.23 vs. 15.54 months (HR 0.75, 0.61–0.93). 
Other potential biomarkers are currently been 
tested in clinical trials as FGFR with the drug 
bemarituzumab.

Overall, the addition of immunotherapy to a 
chemotherapy backbone should be considered 
for patients with advanced esophageal tumors. 
An increasing magnitude of benefit is noted in 
patients with higher levels of PDL1 (different 
cut off values regarding the drug and study) In 
ESCC patients who are unable to tolerate chem-
otherapy, nivolumab plus ipilimumab could be 
an option (Table 1 and Fig. 1).

Second and Subsequent Lines

As expected, the initial trials with immuno-
therapy agents evaluated its use in later lines of 
therapy. The trial KEYNOTE-059 was a global, 
phase II, single-arm, that studied pembrolizumab 
monotherapy in the third line setting for patients 
with advanced gastric or GEJ adenocarcinoma 
[33]. ORR was 11.6% with complete response in 
2.3% of all patients. When stratified by PD-L1, 
ORR was 15.5% for PD-L1 positive versus 6.4% 
for PD-L1–negative tumors. Any-grade adverse 
events were reported in 95.8% of patients, with 
61.4% experiencing one or more grade 3 to 
grade 5 adverse events, being the most common 
fatigue and anemia. This trial initiated the era 
on immunotherapy in esophageal cancer. Time 
then showed that benefits of immunotherapy are 
greater when using it in earlier lines.

The ATTRACTION-3 trial randomized 419 
patients with ESCC to receive nivolumab or 
chemotherapy (paclitaxel or docetaxel) in the 
second line setting after failure of a fluoropy-
rimidine based treatment [34]. Even though this 
trial was global, only 18 patients (4%) were not 
Asian. It showed significantly superior OS for 
nivolumab when compared to chemotherapy 

Immunotherapy in Esophageal Cancer
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Table 1  First line trials of immunotherapy for advanced esophageal cancer

Study (date) Regimens N PD-L1 
assess-
ment 
for end 
points

Tumor 
Histo-
logy

Location Ethnicity OS 
(months) 
outcomes

ORR

AE
G ≥ 3

KeyNote062 a. Pembrolizumab 256 IHC 
22C3

AC 
100%

Gastric 
69%
GEJ 31%

Assian 
24.5%
Not 
Assian 
75.5%

(a vs. c)
10.6 vs. 
11.1
(HR 0.91)

57.1% 17.3%

b. Pembrolizu-
mab + Chemothe-
rapy

257 64.7% 73.2%

36.8% 69.3%

c. Chemotherapy 250

CheckMate 649
(2021)

a. Nivolu-
mab + Chemo-
terapy

789 IHC 
28.8

AC 
100%

Gastric 
70%
GEJ 
16.5%
Esopha-
gous 
13.5%

Assian 
24%
Not 
Assian 
76%

13.8 vs. 
11.6 (HR 
0.8)

58% 59% 
vs. 
44%

c. Placebo + Che-
motherapy

792

KeyNote 590
(2021)

a. Pembrolizu-
mab + Chemothe-
rapy

373 IHC 
22C3

AC 27%
SCC 
73%

GEJ 
12.2%
Esopha-
gous 
87.8%

Assian 
54%
Not 
Assian 
46%

12.4 vs. 9·8
(HR 0.73)

45% 72% 
vs. 
68%

b. Placebo + Che-
motherapy

376

Escort-1
(2021)

a. Camrelizu-
mab + Chemothe-
rapy

298 IHC 
6E8

SCC 
100%

Esopha-
gous 
100%

Assian 
100%

15.3 vs. 
12.0 (HR 
0.70)

72.1% 63.4% 
vs. 
67.7%

b. Placebo + Che-
motherapy

298

Orient-15
(2022)

a. Sintili-
mab + Chemothe-
rapy

327 IHC 
22C3

SCC 
100%

Esopha-
gous 
100%

Assian 
97.3%
Not 
Assian 
2.7%

16.7 vs. 11 
(HR 0.63)

66% 60% 
vs. 
55%

b. Chemothe-
rapy + Placebo

332

Jupiter-06
(2022)

a. Toripali-
mab + Chemothe-
rapy

257 JS311 SCC 
100%

GEJ 3%
Esopha-
gous 97%

Assian 
100%

17 vs. 11 
(HR 0.58)

69.3% 73.2% 
vs. 
70%

b. Chemothe-
rapy + Placebo

257

CheckMate 648
(2022)

a. Nivolu-
mab + Chemo-
terapy

321 IHC 
28.8

SCC 
100%

Esopha-
gous 
100%

Assian 
70.6%
Not 
Assian 
29.4%

(a vs. c)
13.2 vs. 
10.7
(HR 0.74)

47% (a vs. 
c)
47% 
vs. 
36%

b. Nivolu-
mab + Ipilimumab

325

c. Placebo + Che-
motherapy

324

ATTRACTION-4
(2022)

a. Nivolu-
mab + Chemothe-
rapy

362 No 
selec-
tion

AC 
100%

GEJ 
18.56%
Gastric 
65.6%

Assian 
100%

17.45 vs. 
17.15
(HR 0.90)

57.5% 57.9% 
vs. 
49.2%

b. Chemothe-
rapy + placebo

362

(continued)
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reported for PFS, showing the same median PFS 
in both groups (1.9 vs. 1.9 months, respectively, 
HR 0.69, p: 0.00063). Camrelizumab appears to 
be a good therapeutic option in the second-line 
treatment for ESCC, regardless of the PDL1 
expression. We should consider, however, that 
the trial included only Asian population.

A treatment algorithm for advanced esopha-
geal cancer is presented in Fig. 2.

to receive camrelizumab or chemotherapy (doc-
etaxel), regardless of PD-L1 status. The immu-
notherapy arm showed improvement in the 
median OS in the study population (8.3 vs. 6.2 
months, HR 0.71, p: 0.001) with an acceptable 
safety profile (grade 3–5 adverse events: 19% 
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tumors (≥ 1% assessed by TPS) had the great-
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OS overall survival, ORR overall response rate, AE adverse effect, G grade, ICH immunohistochemistry, AC adenocar-
cinoma, SCC squamous cell carcinoma, GEJ gastroesophageal junction, HR hazard ratio

Table 1  (continued)

Study (date) Regimens N PD-L1 
assess-
ment 
for end 
points

Tumor 
Histo-
logy

Location Ethnicity OS 
(months) 
outcomes

ORR

AE
G ≥ 3

KeyNote 589
(2023)

a. Pembrolizu-
mab + Chemothe-
rapy

790 IHC 
22C3

AC 
100%

GEJ 
21.15%
Gastric 
78.85%

Assian 
70.6%%
Not 
Assian 
29.4%

12.9 vs. 
11.5
(HR 0.70)

51.3% 59.4% 
vs. 
51.1%

b. Chemothe-
rapy + placebo

789

Fig. 2  Algorithm for the management of advanced esophageal cancer
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Anesthesia for Esophageal 
Surgery

Jacob Jackson and Alessia Pedoto

Abstract

Esophageal surgery for cancer can be cura-
tive but is associated with significant mor-
bidity and mortality. Scrutinizing the 
perioperative anesthetic management for 
the procedure seeks to understand its impact 
on outcomes and discover opportunities for 
improvement. Moreover, surgical approaches 
to esophagectomy continue to evolve with the 
advent of minimally invasive techniques and 
robotic surgery, and anesthetic methods and 
concerns must evolve in parallel.
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Introduction

Esophageal surgery for cancer can be cura-
tive but is associated with significant morbid-
ity and mortality. Scrutinizing the perioperative 
anesthetic management seeks to understand its 
impact on outcomes and discover opportunities 
for improvement. Moreover, surgical approaches 
to esophagectomy continue to evolve with the 
increased adoption of minimally invasive tech-
niques and robotic surgery, and anesthetic meth-
ods and concerns must evolve in parallel.

The anesthesiologist plays a crucial role 
throughout the perioperative period, ensuring an 
appropriate preoperative evaluation and optimi-
zation of modifiable conditions, intraoperative 
management, and recovery. As esophagectomy 
care further develops through research and inno-
vation, the role of the anesthesia provider during 
the perioperative period will likely become even 
more pronounced.

Preoperative Evaluation

Initial Assessment and Testing

Patients presenting for esophagectomy may have 
several comorbidities pertinent to their anes-
thetic management in addition to their esopha-
geal pathology. Appropriate patient selection 
and evaluation is necessary to mitigate potential 
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smoking and alcohol use may be reversible, 
depending on the duration of smoking and the 
interval of abstinence [5].

Poor nutritional status, resulting from the 
disease state, poor oral intake, or chemoradia-
tion toxicity, decreases physiologic tolerance to 
the procedure and impairs healing and recovery 
[6]. Electrolyte impairment and coagulopathy 
can develop, as well as hypoalbuminemia with 
an effect on drug binding. A poor preoperative 
nutritional status has been associated with a 
worse postoperative outcome. Parameters used 
to assess nutrition include albumin, cholesterol, 
and total lymphocyte count [7].

Neoadjuvant chemoradiation is often used 
in the preoperative period to decrease tumor 
size, increase the curative success of surgery, 
and decrease distant micrometastases [8, 9]. 
Chemotherapeutic agents can cause bone mar-
row suppression with anemia and thrombocy-
topenia. Anemia increases the chances of red 
blood cell transfusion with its associated com-
plications. Thrombocytopenia may exacerbate 
intraoperative bleeding or preclude neuraxial 
blockade. Platinum derivatives can cause renal 
dysfunction or impaired hearing [10], while 
fluorouracil is associated in rare cases with car-
diomyopathy, hyperammonemia and encepha-
lopathy [11]. Immunotherapy, a successful 
treatment for melanoma and lung cancer, is 
being investigated in patients with esophageal 
tumors, showing some promising results [12]. 
These drugs specifically target T-cells and their 
receptors, re-activating the immune system 
against cancer cells. Their potency seems to be 
increased after exposure to radiation treatment 
and because of their mechanism of action, they 
can activate several immune-related side effects 
within 3–6 months of exposure. The severity 
is variable and, in most cases, transient. Skin 
rashes and diarrhea are the most common side 
effects. Hypophysitis, hypothyroidism, dia-
betes mellitus, and adrenal insufficiency with 
secondary hyponatremia have been reported. 
Hypoparathyroidism with hypocalcemia has also 
been observed but is extremely rare. Mild cases 
are usually monitored and managed conserva-
tively, while for severe cases, steroid treatment 

complications of what is already a highly mor-
bid procedure.

Gastroesophageal reflux disease (GERD) 
and dysphagia are commonly associated with 
esophageal lesions and predispose to pulmonary 
aspiration. Severe GERD can cause pharyngo-
laryngitis, chronic cough, or asthma-like symp-
toms; chronic aspiration can lead to pulmonary 
fibrosis.

Smoking and alcohol use should be assessed 
with consideration for presence of chronic 
obstructive pulmonary disease (COPD) and 
hepatic dysfunction, respectively. Active smok-
ing at the time of surgery, especially if combined 
with excessive alcohol use, is associated with 
an increase in postoperative complications after 
esophagectomy, such as decreased wound heal-
ing and increased cardiovascular and respira-
tory adverse events [1]. Tobacco smokers should 
quit at least 30 days prior to surgery. Electronic 
cigarette (e-cigarette) or vaping use has been 
associated with lung injury, which, if present, 
can place patients at increased morbidity risk. 
However, there are currently no evidence-based 
guidelines for perioperative management or 
cessation [2]. Perioperative medical or rec-
reational cannabis use may have implications 
for airway reactivity, altered drug metabolism, 
unpredictable effects of anesthetics, and postop-
erative withdrawal symptoms—intoxication may 
prompt a delay in the procedure. Cannabis with-
drawal syndrome has been described 24–72 h 
post cessation in heavy marijuana users (> 1.5 g/
day inhales or > 20 mg/day PO) as irritability 
or anger, anxiety, insomnia, decreased appe-
tite, restlessness, altered mood, and discomfort. 
Symptoms peak at one week and can last for 
two weeks [3]. Heavy alcohol users (more than 
24 gm/day in women, 35 gm/day in men) are at 
increased risk for general morbidity, infections, 
pulmonary complications, increased hospital 
length of stay, intensive care unit admission and 
30-day mortality. Acute alcohol withdrawal can 
occur within 6–8 h of abstinence, manifesting as 
hallucinations, seizures, and status epilepticus. 
Delirium tremens is observed after 48–96 h and 
can last up to two weeks. Cognitive dysfunc-
tion is common in this phase [4]. Risks from 
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with thyroid replacement is recommended [13, 
14]. Immunotherapy is usually continued unless 
severe symptoms are present.

After completing a thorough history and 
physical exam, appropriate laboratory stud-
ies should include a comprehensive metabolic 
panel to analyze electrolytes, renal function, 
and hepatic function, and a complete blood 
count to quantify anemia and thrombocytope-
nia, if present. Coagulation studies are relevant 
for patients with a bleeding diathesis or who are 
taking anticoagulants but also serve to evaluate 
hepatic function and safety of neuraxial block-
ade. Severe malnutrition may be associated with 
abnormal coagulation studies.

Comorbid cardiovascular disease can 
significantly increase patient mortality risk 
and should be evaluated in accordance with 
American College of Cardiology/American 
Heart Association guidelines (ACC/AHA) [15]. 
Twelve-lead electrocardiogram is performed 
as indicated for patients with known coronary 
heart disease, significant arrhythmia, periph-
eral arterial disease, cerebrovascular disease, 
or other significant structural heart disease, or 
may be performed as screening for myocardial 
ischemia or arrhythmia. More invasive cardiac 
testing (e.g., stress test, angiogram) is indi-
cated in patients at high risk, such as those with 
unstable angina, decompensated chronic heart 
failure, arrhythmias, and severe valvular dis-
ease [15]. Preoperative angina in patients with 
previous myocardial infarction (MI) is associ-
ated with a higher incidence of postoperative 
adverse cardiac events, such as MI and/or car-
diac arrest [16]. If patients require revasculari-
zation, elective surgery needs to be postponed. 
The dilemma of how long to wait needs to be 
discussed with the surgeon and oncologist due 
to the concern for potential disease progression 
[17]. Cardiac stents, especially drug-eluting 
ones, represent a significant problem due to the 
prolonged need for anticoagulation. Stopping 
dual antiplatelet therapy (DAPT) (aspirin plus 
a P2Y12 inhibitor) is associated with increased 
risk of stent thrombosis, while continuing DAPT 
leads to increased risk of intra- and postopera-
tive bleeding and precludes neuraxial anesthetic 

techniques [18]. The duration of DAPT prior to 
undergoing elective noncardiac surgery is based 
upon the type of stent: bare metal stents require 
30 days after implantation, while drug-eluting 
stents require 6 months for purely elective pro-
cedures and 3 months for cases in which the risk 
of further delay in surgery is greater than the 
expected risks of stent thrombosis. If the P2Y12 
inhibitor therapy is stopped prior to surgery, 
it is recommended that aspirin be continued if 
possible and the P2Y12 platelet receptor inhibi-
tor (clopidogrel, prasugrel, or ticagrelor) be 
restarted as soon as possible after surgery [19].

Patients with a history of COPD, prior lung 
resection, chronic lung disease or morbid obe-
sity should undergo pulmonary function testing 
(PFTs) in anticipation of one-lung ventilation 
(OLV). A computed tomography (CT) scan or 
positron emission tomography (PET) scan of 
the chest done for cancer staging or to assess 
chemotherapeutic treatment response may also 
be used by the anesthesiologist to evaluate air-
way abnormalities or lung disease. Poor PFTs 
are associated with an increased incidence of 
respiratory complications, with potential ben-
efits from preoperative pulmonary rehabilitation 
or training (i.e., incentive spirometry, deep dia-
phragmatic breathing, coughing). Respiratory 
rehabilitation has been proposed as part of a 
multidisciplinary approach to improve respira-
tory mechanics and decrease complications [20].

Preoperative staging involves cross-sectional 
imaging and endoscopic ultrasound (EUS) eval-
uation, the latter of which is done as an outpa-
tient procedure and requires an anesthetic [21]. 
The decision between sedation versus general 
anesthesia is based on the severity of symptoms 
and the experience of the provider.

Patient Selection

Predicting which patients are going to have a 
complicated recovery or increased mortality fol-
lowing esophagectomy is valuable information 
for all involved. In general, poor overall health 
and preexisting organ system dysfunction nega-
tively impact esophagectomy outcomes [22].

Anesthesia for Esophageal Surgery
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(AT) of < 11 ml/kg/min predicted postopera-
tive cardiopulmonary deaths [28]. The utility of 
CPET for assessment of preoperative exercise 
capacity and as a tool for risk stratification for 
esophagectomy patients was previously studied 
and shown to correlate well with postoperative 
cardiopulmonary morbidity; however, CPET did 
not previously demonstrate adequate discrimi-
natory ability [29, 30]. The topic was revisited 
by Patel et al. in 2019, who found that patients 
with V̇O2peak < 17 mL/kg/min (V̇O2peak is the 
highest volume of oxygen use achieved during 
the final 30 s of the test) and AT < 10.5 ml/kg/
min were over twice as likely to develop major 
morbidity after esophagectomy [32]. The results 
have renewed interest in CPET, though in the 
setting of cost and resource limitations, simpler 
ergometric testing (e.g., shuttle walk test or stair 
climb test) or assessment of functional status by 
metabolic equivalents may be favored.

In sum, patient assessment for surgery based 
on scoring systems and assessment of functional 
status can help with patient selection and risk 
stratification, but should not be used in isolation 
for clinical decision-making. Experienced judg-
ment of the surgeon and anesthesiologist, who 
consider multiple factors, still takes precedent.

Optimization

Reduction of modifiable risk factors is the main 
focus in preparation for surgery, with an empha-
sis on smoking cessation, correction of anemia, 
and improved nutritional state.

1. In a retrospective analysis, the incidence of 
pneumonia decreased with a longer duration 
of smoking cessation prior to esophagec-
tomy. It is unclear how long is needed to 
decrease postoperative complications, with 
some providers suggesting at least 4–8 weeks 
[33]. Another study showed smoking ces-
sation ≤ 30 days was an independent risk 
factor for pneumonia and smoking cessa-
tion ≤ 90 days was an independent risk fac-
tor for other severe morbidities [34]. It is 
strongly recommended that the perioperative 

The use of scoring algorithms can add objec-
tivity to the selection criteria.

• The Glasgow Prognostic Score (GPS) and 
modified GPS (mGPS) combine elevated 
C-Reactive protein and hypoalbuminemia 
as markers of systemic inflammation. Seven 
studies of the GPS and mGPS in esophageal 
cancer have shown prognostic value inde-
pendent of tumor stage and pathological 
features [23]. While GPS for squamous cell 
carcinoma correlates strongly with mortality 
after esophagectomy [24], mGPS for adeno-
carcinoma correlates with disease severity but 
not mortality [25].

• The Physiological and Operative Severity 
Score for the enumeration of Mortality 
and Morbidity (POSSUM), Portsmouth (P) 
POSSUM and upper gastrointestinal (O) 
POSSUM models were developed for cal-
culating risk-adjusted mortality using a 
two-part scoring system: a 12-factor physio-
logical score and a six-factor operative sever-
ity score. A comparison of the three models 
showed that P-POSSUM provided the most 
accurate prediction of in-hospital mortality 
after esophagectomy [26]. A comparison of 
POSSUM models with mGPS showed that 
the POSSUM physiology score was useful 
in predicting postoperative morbidity, while 
mGPS was the best predictor of cancer-spe-
cific survival [27].

Cardiopulmonary exercise testing (CPET) is a 
method for determining a patient’s physiological 
capacity to tolerate the stress of surgery. The test 
involves exercising against increasing levels of 
known resistance in the form of a cycle ergome-
ter, treadmill, or a hand crank for approximately 
ten minutes while recording ventilatory param-
eters, inspiratory and expiratory gases, blood 
pressure, and electrocardiogram. From this data, 
the body’s maximum oxygen uptake and the 
anaerobic threshold (the point at which anaero-
bic metabolism exceeds aerobic metabolism) are 
determined [28]. In elderly patients undergoing 
major abdominal or thoracic surgery, results of 
CPET have shown that an anaerobic threshold 
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addition to smoke cessation programs and 
dietary assessment especially in malnourished 
patients, have the theoretical advantage to 
improve fitness and provide a faster return to 
baseline preoperative functional status [43]. The 
literature has yet to demonstrate a convincing 
relationship between prehabilitation and onco-
logical outcomes [44]. In addition, many pro-
grams require 2–4 weeks for success, potentially 
delaying a curative operation.

Intraoperative Management

Surgical Approach

The anesthetic preparation must consider the 
planned surgical approach, as each has its own 
considerations. Independent of the technique 
(open versus minimally invasive) and the type 
of operation (Ivor Lewis, McKeown, transhiatal, 
etc.), patients undergoing esophagectomy are at 
risk of aspiration on induction and emergence 
and require optimal analgesia. Invasive m 
onitoring is commonly used independently of 
the technique, due to the potential arrhythmias 
during the thoracic dissection or in the postoper-
ative period. Proper positioning to avoid neurop-
athy is essential for cases of long duration [45]. 
Extubation at the end of the case is recommended 
to avoid ventilation associated respiratory injury 
and hemodynamic instability as a consequence of 
the sedation required to tolerate the ventilator.

Open approaches involve large incisions and 
violate both the peritoneal and pleural cavities, 
making it a painful procedure for the patient. 
Inadequate pain control can complicate extuba-
tion and impair effective pulmonary toilet and 
ambulation during recovery without a multi-
modal analgesic plan in place. Proper analgesia 
is important, usually in the form of epidural or 
paravertebral catheters, removed within 2–3 days 
if the patient is enrolled in an enhanced recovery 
after surgery (ERAS) pathway.

Minimally invasive esophagectomy (MIE) 
has become more popular since the early 2000s, 
particularly at high-volume academic centers, 

provider counsel patients at the preoperative 
visit and may suggest behavioral and phar-
macological interventions [5]. Respiratory 
physiotherapy has been studied (i.e., inspira-
tory muscle training) and shown to improve 
respiratory function but not incidence of 
postoperative pneumonia after esophagec-
tomy [35].

2. Anemia is commonly found with esophageal 
cancer and increases the likelihood of red 
blood cell transfusion, which is significantly 
associated with higher overall complications 
and increased risk of surgical site infections 
[36]. Iron deficiency anemia may be corrected 
preoperatively with oral or intravenous iron 
supplementation; oral iron takes two weeks 
to increase the serum hemoglobin level and 
two months to normalize it [37]. Intravenous 
iron infusions can correct anemia faster—
a dose of 1000–1500 mg has 50% effect in 
five days and full effect in three weeks. It is 
unclear if the use of iron supplements with or 
without erythropoietin decrease the need for 
transfusion [38] or have beneficial effect with 
respect to outcomes after major upper gastro-
intestinal surgery [39].

3. Malnutrition is likely to predispose to post-
operative complications and is exacerbated 
by surgical stress and metabolic demands 
of recovery. While nutrition is not easily 
improved in patients with dysphagia, a nutri-
tional assessment should be performed and 
attempts to improve nutrient intake should be 
made. Carbohydrate loading prior to appro-
priate preoperative fasting may attenuate the 
surgical stress response, insulin resistance 
and subsequent hyperglycemia, as well as 
muscle breakdown of the patient [40, 41]. In 
severe cases of malnutrition, feeding tubes 
can be placed prior to surgery. However, elec-
tive enteral nutrition has not been shown to 
improve outcome prior to neoadjuvant treat-
ment and therefore should not be recom-
mended unless deemed necessary [42].

Prehabilitation has been suggested to improve 
outcome. Supervised exercise programs, in 

Anesthesia for Esophageal Surgery
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of hemoglobin level, electrolyte balance, acid–
base status, arterial oxygenation and lactic acid 
concentration. Central venous access is usu-
ally unnecessary except in cases of difficult 
intravenous access or if desired for vasopres-
sor infusion. If a cervical surgical incision is 
being employed, left internal or external jugu-
lar venous cannulation should be avoided and 
implanted ports in the left chest wall should not 
be used. A temperature probe can be placed in 
the oropharynx, nasopharynx, external auditory 
canal, bladder, or rectum. However, care should 
be taken to avoid placement of temperature 
probes or other devices in the esophagus except 
in conjunction with the surgical team.

Induction and Airway Management

Induction of anesthesia for esophagectomy 
should be done with comorbid conditions in 
mind—particularly  that of aspiration risk. While 
some patients may be able to swallow normally 
with minimal or no GERD, or have complete 
resolution of dysphagia after neoadjuvant chemo-
therapy, anesthesiologists must be vigilant for 
this risk and take precautions when appropri-
ate. The head-of-bed should be kept elevated at 
30 degrees until the airway is secured. A rapid 
sequence induction is advocated using an intra-
venous induction agent, such as propofol, and 
succinylcholine or rocuronium for rapid-onset 
neuromuscular blockade. A double lumen tube 
(DLT) or single lumen tube (SLT) with bronchial 
blocker may be used to provide OLV during tran-
sthoracic procedures, especially for minimally 
invasive techniques [51]. Fiberoptic bronchos-
copy confirms the correct placement of either 
device after intubation and after the change in 
patient position. If the surgical team is planning 
an initial flexible bronchoscopy for evaluation of 
airway involvement or if the patient has disadvan-
tageous anatomy, a SLT may be placed and sub-
sequently exchanged for a DLT or kept in place 
for use with a bronchial blocker. Attempting a 
rapid sequence induction for placement of a DLT 
can be challenging even for experienced pro-
viders and should be approached thoughtfully 

with the goal of decreasing risk and improving 
outcomes by decreasing surgical stress, induc-
ing less postoperative pain, and easing recovery 
overall. All forms of dissections can be per-
formed minimally invasively [45], with similar 
morbidity and mortality to the open approach 
[46–48]. The main concerns for these cases are 
related to the positioning, the creation of pneu-
moperitoneum and pneumothorax, and arrhyth-
mias during the thoracic phase. In most cases, 
patients are first in reverse Trendelenburg fol-
lowed by the lateral decubitus. However, the 
prone position is used in some centers for the 
thoracoscopic dissection [49]. Steep reverse 
Trendelenburg requires a secured patient to pre-
vent falls and padding of the feet to avoid pres-
sure sores. Hypotension can occur soon after 
positioning, it is exacerbated by decreased 
venous return from abdominal insufflation, and 
may require intravascular volume loading, vaso-
pressors, or inotropes. At the time of the crural 
dissection, a left pneumothorax may develop and 
require desufflation of the peritoneal cavity, fluid 
and vasopressor/inotrope administration, leveling 
of the operating room table, and decompression 
of the pleural cavity with chest tube placement in 
severe cases [50].

Intraoperative Monitoring

The duration and complexity of esophagectomy 
require the ability to monitor patient hemody-
namics and metabolic state comprehensively 
and expeditiously. Standard monitoring should 
include pulse oximetry, noninvasive blood pres-
sure monitoring, electrocardiography, and tem-
perature monitoring. Placement of an arterial 
line for continuous blood pressure monitoring 
is commonly used to guide hemodynamic sup-
port and ventilator settings, especially for OLV. 
Furthermore, surgical dissection in the tho-
rax and manipulation of the mediastinum has 
the potential for large vessel compression or 
injury and stimulation of cardiac dysrhythmias 
that need to be detected and intervened upon 
quickly. Arterial blood samples from the arte-
rial line may be used for point-of-care analysis 
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Analgesia

Effective pain control for esophagectomy can 
have widespread benefits for the patient, and it 
is an important component of many enhanced 
recovery pathways. Thoracic epidural analge-
sia (TEA) remains the gold standard for open 
esophagectomy, reducing the systemic inflam-
matory response and providing better pain relief 
than parenteral opioids [56, 57]. Epidural cath-
eters are usually placed preoperatively at a tho-
racic level that allow coverage from T4 to L1. 
Commonly used medications include a diluted 
local anesthetic with or without opioid—typi-
cally bupivacaine or ropivacaine with fentanyl 
or hydromorphone. There is some evidence 
that preemptive analgesia with TEA reduces 
acute postoperative pain for thoracotomy when 
compared to TEA initiated at completion of 
surgery [58], but there are no studies dedicated 
to esophagectomy. In addition to effective pain 
control, demonstrated benefits of TEA include 
facilitation of early extubation, better anal-
gesia for postoperative mobility, and reduced 
incidence of pneumonia and anastomotic leak 
[57, 59]. TEA can have complications, such as 
urinary retention, hypotension, and failed or 
incomplete block [59].

Paravertebral block (PVB) or catheters 
are an alternative to TEA, providing equiva-
lent analgesia with fewer pulmonary compli-
cations and more favorable overall side effect 
profile when used for thoracotomy [60]. PVB 
is a more challenging procedure than epidural 
placement, as it requires injection or catheter 
placement in a deep space. With the advent 
of ultrasound guidance the success rate has 
improved. Paravertebral catheters can be placed 
intraoperatively under direct vision by the sur-
geon before chest closure. The main advantage 
for PVB is its unilaterality; the main disadvan-
tage is the lack of coverage for the abdominal 
incision. To date, there are no prospective stud-
ies that have compared PVB versus TEA for 

and with a plan in case of difficult intubation. 
Videolaryngoscopy or fiberoptic bronchoscopy 
can greatly improve glottic view for easier DLT 
placement and can be part of the primary or 
backup plan [52]. A supraglottic airway device 
may be placed for rescue of failed intubation, 
though it is not ideal for patients at risk for aspira-
tion. Once in place, it may be exchanged for an 
endotracheal tube. Finally, awake intubation may 
be necessary for patients who have an anticipated 
difficult airway.

Ventilator Management

Protective lung strategies have been advo-
cated intraoperatively due to the potential for 
lung injury that can be more pronounced after 
OLV. Postoperative pulmonary complications 
remain the most common type of complica-
tion after esophagectomy, with a prevalence of 
20–40% according to National Surgical Quality 
Improvement Program (NSQIP) data [53]. 
Perioperative acute lung injury is multifacto-
rial, resulting from surgical trauma, alveolar 
inflammation, and ventilator-induced lung injury 
(VILI). Protective strategies include maintain-
ing low tidal volumes based on predicted body 
weight, optimizing end expiratory positive pres-
sure (PEEP), performing routine recruitment 
maneuvers, reducing inspired oxygen concentra-
tion, avoiding high peak inspiratory and plateau 
airway pressures, and limiting the duration of 
OLV [54, 55]. Precise guidelines for ventilation 
parameters are yet to be elucidated. For patients 
with difficulty oxygenating during OLV, con-
tinuous positive airway pressure (CPAP) can be 
a useful technique to apply to the lung on the 
operative side of transthoracic surgery when 
performed in agreement with the surgical team. 
However, due to the potential of lung expansion, 
CPAP is usually only adopted after changes in 
the ventilator parameters and confirmation that 
the lung isolation device is still in good position.

Anesthesia for Esophageal Surgery
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or allergy to opioids, poor respiratory function, 
propensity for delirium, or other conditions that 
make opioid use less effective or desirable will 
also likely benefit from TEA for MIE. Truncal 
fascial plane blocks with or without catheter 
techniques may be implemented as part of a mul-
timodal, opioid-sparing analgesic approach.

Fluid Management

There is still a lack of evidence on the appropri-
ate amount of intravenous fluid needed during 
esophagectomy. As for any other surgery, fluid 
management should target euvolemia, homeo-
stasis and normal physiology. The volume 
and the type of fluid used should be custom-
ized to the patient and the type of surgery [68]. 
Fluid restriction to the point of hypovolemia 
could decrease cardiac output and tissue oxy-
gen delivery, compromising renal function and 
perfusion of the esophagogastric anastomosis. 
Conversely, liberal fluid administration to the 
point of excess could cause shifts into the inter-
stitial space, impairing anastomotic healing and 
bowel function and contributing to pulmonary 
complications [69]. Balanced crystalloids are 
recommended. Colloids may be added given a 
lack of evidence that they increase morbidity or 
mortality in various types of shock. Moreover, 
unfavorable outcome data from prolonged use 
of colloids may not be applicable to the surgi-
cal population, which is exposed for limited 
time intervals. Based on data extrapolated from 
existing studies on fluid administration and 
complication rates after thoracic surgery and 
esophagectomy, one review has suggested total 
intraoperative fluid volume should be between 
3 ml/kg/hr and 10 ml/kg/hr [70]. However, 
emphasis should be made that individual fluid 
requirements vary widely, and there is no strong 
evidence for fixed fluid replacement recommen-
dations by total volume or by rate on outcomes.

A more tailored approach to fluid replace-
ment is based on goal directed fluid ther-
apy (GDFT), which focuses on objective 
measures or estimates of volume status and 
responsiveness. The challenge for using GDFT 

thoracolaparotomy or esophagectomy, though a 
Cochrane review of PVB versus TEA for thora-
cotomy supported PVB use to reduce the risks 
of developing minor complications and sup-
ported its efficacy as noninferior to TEA in con-
trolling acute pain [61].

Peripheral nerve blocks may be used 
when neuraxial techniques are contraindi-
cated. Intercostal nerve blocks and transversus 
abdominis plane blocks are viable opioid-spar-
ing regional techniques. Early reports show the 
serratus plane block and erector spinae plane 
block may also be effective for thoracotomy pain 
with low-risk profiles [62, 63]. Even so, periph-
eral nerve blocks provide suboptimal analgesia 
alone; opioids and adjuvants are still needed. 
Various intravenous and oral medications may 
be added to the analgesic regimen, such as aceta-
minophen, nonsteroidal anti-inflammatory drugs 
(NSAIDs), alpha-2 agonists (e.g., dexmedeto-
midine), NMDA antagonists (e.g., ketamine), 
and gabapentinoids (e.g., gabapentin and prega-
balin). Studies specific to the efficacy of these 
analgesic adjuvants for esophagectomy are lack-
ing. Of note, concern has risen with the use of 
NSAIDs for colorectal surgery because of an 
association with impaired anastomotic heal-
ing and increased rate of leakage, and their use 
in esophagectomy patients may be unfavorable 
[64, 65]. Gabapentin has been associated with 
sedation and respiratory depression after laparo-
scopic surgery especially in the elderly patients 
and when combined with long-acting opioids 
and benzodiazepines [66]. Gabapentinoids as 
a class have fallen out of favor for widespread 
analgesic use in the perioperative setting [67].

Currently, there is no gold standard analgesic 
for MIE. Unlike for open esophagectomy, use of 
TEA for minimally invasive procedures is vari-
able and mostly dependent on patient respiratory 
comorbidities. Multiple port sites and fields of 
operation still cause enough pain that multimodal 
analgesia is required for patient comfort and 
recovery. If not contraindicated for the patient, a 
thoracic epidural should be placed preoperatively 
for MIE if there is a high likelihood of conver-
sion to an open procedure. Patients with chronic 
opioid use and tolerance, history of side effects 
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of ligating arteries for gastric mobilization. Thus, 
blood flow to the anastomosis is heavily reli-
ant on the local microvascular network within 
the fundus ventriculi. For the anesthesiologist, 
avoidance of hypotension is important for per-
fusion, though supranormal mean arterial pres-
sures do not improve gastric conduit perfusion 
in experimental models [72]. Hypotension due to 
anesthesia or TEA can be readily corrected with 
vasopressor or inotrope administration [73]. The 
belief that vasopressors should be completely 
avoided during esophagectomy is not supported 
by the literature. A study using laser speckle con-
trast imaging to intraoperatively assess microcir-
culation 1 mm below the tissue surface showed 
that changes in perfusion were related more to 
the operative procedure than to TEA-use or phe-
nylephrine support [74]. Moreover, a 2021 ret-
rospective study of vasopressor use in open and 
minimally invasive esophagectomies did not 
find an association between vasopressor admin-
istration and anastomotic leak rates [75]. New 
modalities are needed to ensure healing of the 
esophagogastric anastomosis, and some promise 
has been shown with intraoperative use of indo-
cyanine green fluorescein imaging to forewarn of 
areas of poor perfusion [76].

Postoperative Recovery

Complications

Adverse outcomes can occur postoperatively in 
up to 60% of esophagectomy patients [77].

Pulmonary complications are the most com-
mon, and primarily include pneumonia, aspi-
ration pneumonitis, acute lung injury (ALI), 
acute respiratory distress syndrome (ARDS), 
bronchopleural fistula, atelectasis, and pulmo-
nary embolism. ARDS is the most critical pul-
monary complication with mortality rates up to 
50% [78]. There are a multitude of factors that 
contribute to these adverse pulmonary outcomes 
[79]. Intraoperative mechanical ventilation may 
be a significant component especially when 
combined with surgical manipulation and lung 

in esophagectomy is that flow-related hemody-
namic endpoints (e.g., stroke volume variation 
and pulse pressure variation) may be inaccu-
rate with an open hemithorax or in the presence 
of pneumoperitoneum. They are also affected 
by the presence of arrhythmias, mechanical 
ventilation with low tidal volumes (< 8 cc/kg 
IBW), and decreased chest wall compliance. 
Unfortunately, neither esophageal Doppler 
nor transesophageal echocardiography can be 
used for GDFT during surgery on the esopha-
gus. Some advanced hemodynamic parameters 
(and trends in more conventional hemodynamic 
parameters) provide valid information related to 
preload, afterload, and contractility during the 
procedure and can help dynamically guide fluid 
and vasopressor administration. A decrease in 
the incidence of pneumonia has been observed 
in the GDFT arm of an observational quality 
improvement project where GDFT with a nonin-
vasive cardiac output monitor was compared to 
standard treatment in patients undergoing either 
MIE or open esophagectomy [71].

NPO status guidelines have changed, espe-
cially with the advent of ERAS pathways, 
allowing patients to have clears until 2 h preop-
eratively. Thus, preoperative intravascular vol-
ume depletion is minimal (200–400 cc) with no 
need for replacement. Bowel preparation is also 
not used routinely, contributing to less preop-
erative volume deficit [68]. Intraoperative blood 
loss for open and minimally invasive procedures 
is also usually minimal; insensible losses during 
open esophagectomy may be consequential but 
are negligible during MIE.

Perfusion of the Esophagogastric 
Anastomosis

Anastomotic leak due to ischemia of the esoph-
agogastric anastomosis is a devastating com-
plication after esophagectomy. Preservation of 
perfusion of the gastric conduit for adequate tis-
sue oxygenation of the anastomotic site is key. 
Blood supply to the gastric fundus, which is used 
to construct the conduit, is reduced in the process 
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in outcomes. The general focus of an ERAS 
pathway is on five categories of care: (1) pre-
operative assessment, planning, and preparation 
before admission; (2) reducing the physiologic 
stress of the operation; (3) a structured approach 
to immediate postoperative and perioperative 
management, including pain relief; (4) early 
mobilization; and (5) early enteral feeding [83]. 
In 2019, ERAS guideline recommendations 
were published specific to esophagectomy [84].

Currently, there is minimal evidence for 
individual interventions for esophagectomy, 
with many recommendations derived from non-
esophageal thoracoabdominal surgery. Yet, 
adapting existing ERAS protocols to esophagec-
tomy is a logical approach and has promise to 
make surgical treatment of esophageal can-
cer safer for the patient thanks in part to better 
teamwork and education.

Conclusions

Anesthetic perspectives on esophagectomy care 
continue to evolve with increasing focus on mul-
tidisciplinary teams, multimodal monitoring and 
analgesia, and minimally invasive techniques. 
As enhanced recovery pathways further develop, 
the role of the anesthesiologist will become 
more active in the coordination of care from the 
time of prehabilitation through the continuum 
of surgery, recovery, and follow-up. Optimizing 
the functional status in the preoperative period, 
planning each aspect of the anesthetic, and pre-
venting medical complications in the postopera-
tive period are all goals for a successful patient 
experience. Achieving these goals will require 
continued efforts to research and implement best 
practices specific to esophageal cancer patients.
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Abstract

Transhiatal esophagectomy with cervi-
cal anastomosis is an established procedure 
for the treatment of esophageal cancer. It 
is important to select the proper patients for 
this procedure. For instance, this approach is 
not ideal for patients with severe mediastinal 
adhesions secondary to prior operations or 
radiotherapy or those with T4 tumors. Cancer 
of the distal esophagus and esophago-gastric 
junction are well suited for this procedure, as 
most of the dissection of the area involved by 
the cancer can be done under direct vision.

Keywords

Esophageal cancer · Transhiatal 
esophagectomy · Mediastinal dissection · 
Cervical anastomosis · Laparotomy

Introduction

Transhiatal esophagectomy (THE) with cervical 
anastomosis is an established procedure for the 
treatment of esophageal cancer. It is important 
to select the proper patients for this procedure, 
mostly avoiding patients with severe mediasti-
nal adhesions secondary to prior operations or 
radiotherapy, or those with a T4 tumor. Cancers 
of the distal esophagus are well suited for this 
procedure, as most of the dissection of the area 
involved by the cancer can be done under direct 
vision. The advantages of THE include reduc-
tion of respiratory morbidity as a thoracotomy 
is not performed, and avoidance of mediastinitis 
in case an anastomotic leak occurs (i.e. a leak at 
the cervical level is often less complex to treat). 
The oncologic properties of THE have been 
questioned because, contrary to a transthoracic 
esophagectomy (TTE), it does not allow dissec-
tion of lymph nodes in the posterior mediasti-
num. However, previous studies have shown no 
significant differences in survival between THE 
and TTE. This suggests that the key determinant 
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gastro-hepatic ligament and the esophageal hia-
tus. The gastro-hepatic ligament is incised all 
the way to the right pillar of the crus. The right 
gastric artery is usually preserved. The phreno-
esophageal membrane overlying the esophagus 
is divided. A window is opened between the 
right pillar of the crus and the esophagus, and 
the posterior mediastinum is entered. Gentle dis-
section will determine if the tumor can be freed 
from the surrounding structures.

After identification of the right gastroepip-
loic artery, the gastro-colic omentum is opened 
initially towards the pylorus and then along the 
greater curvature. The short gastric vessels are 
then divided all the way to the left pillar of the 
crus. During this phase of the dissection it is 
of paramount importance to avoid injury to the 
spleen. This problem is usually caused by trac-
tion exerted in order to provide exposure, par-
ticularly to the upper short gastric vessels. It 
can be minimized by using a long 5 mm lapa-
roscopic bipolar instrument to coagulate and 
divide these vessels, avoiding the use of liga-
tures. If a small splenic capsule tear occurs, use 
of the cautery and gentle packing will frequently 
stop the bleeding. Dissection is then continued 
between the esophagus and the left pillar of the 
crus, and a Penrose drain is passed around the 
esophagus. Particularly when dealing with dis-
tal or esophago-gastric junction tumors, it is 
possible to determine under direct vision if the 
tumor is mobile and can be separated from the 
surrounding structures. After this determination 
is made, the coronary vein, the left gastric artery 
and the surrounding nodal tissue are dissected. 
The vessels are transected at their base with 
an Endo-GIA stapler with a vascular cartridge. 
Posterior gastric adhesions are divided.

The duodenum is often mobilized in order to 
obtain a tension-free gastric conduit (sometimes 
a Kocher maneuver is needed). Adhesions with 
the gallbladder and the porta hepatis are divided. 
A loop of jejunum 30–40 cm distal to the liga-
ment of Treitz is chosen for the placement of a 
feeding jejunostomy. A Weitzel tunnel is created 
with interrupted 3–0 silk sutures, and the jejunal 
loop is then fixed to the abdominal wall.

of survival is mostly related to the stage of the 
disease at diagnosis and the biological behavior 
of the cancer [1–8].

In this chapter, we will focus on the tech-
nique of THE and the prevention and treatment 
of the most common complications related to 
the procedure.

Surgical Technique

Patients are admitted the morning of the opera-
tion. A thoracic epidural catheter is inserted 
in the pre-operative area. Heparin, 5000 units 
subcutaneously, and intravenous antibiotics are 
given before induction, and pneumatic compres-
sion devices are applied to the lower extremi-
ties. A single lumen endotracheal tube and a 
nasogastric tube are inserted. A radial artery 
catheter is essential for monitoring of the blood 
pressure, particularly during the blunt medias-
tinal dissection. The patient is placed supine on 
the operating room table with a blanket between 
the shoulders. The arms are secured at the side 
of the table, and the patient’s head is turned 
towards the right. The operating field extends 
from the left ear to the pubis, and laterally all 
the way to the posterior axillary line so that 
chest tubes can be inserted if the pleural cavities 
are entered during the mediastinal dissection.

The THE has three components: abdominal, 
mediastinal and cervical.

Abdominal Phase

The abdominal cavity is entered through a 
midline incision extending from the xiphoid 
process to the umbilicus. A self-retained retrac-
tor is used, particularly to lift the right and left 
costal margins and provide exposure to the sub-
diaphragmatic area. The abdomen is inspected 
carefully to rule out metastases in the liver, car-
cinomatosis or ascites.

The left triangular ligament is incised in 
order to retract the left lateral segment of 
the liver towards the right and expose the 
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Cervical Phase

A 6 cm incision is made along the anterior 
border of the left sternocleidomastoid muscle 
(Fig. 1). The platysma is divided, the omohy-
oid muscle is exposed and divided. The carotid 
sheath is retracted laterally, and the preverte-
bral fascia is exposed by blunt dissection. The 
inferior thyroid artery is ligated: the recurrent 
laryngeal nerve is usually visible just deep and 
medial to this vessel. The trachea and the lar-
ynx are gently retracted medially with a finger; 
metal retractors are not recommended to retract 
the trachea in order to avoid injuring the recur-
rent laryngeal nerve. The esophagus is then 
encircled with a right-angle clamp and a narrow 
Penrose drain is passed around the esophagus. 
The esophagus is then dissected bluntly until the 
upper mediastinum is reached (Figs. 2 and 3).

Mediastinal Phase

The initial part of the mediastinal dissection can 
be performed under direct vision. This is facili-
tated by the division of 1 or 2 cm of the rim of 
the esophageal hiatus anterior to the esophagus, 
in between sutures. The anterior and posterior 
vagus nerves are divided. Most of the dissection 
can be performed with the same instrument used 
for the division of the gastro-colic omentum and 
the short gastric vessels (e.g. Ligasure), usually 
reaching all the way to the carina. The remain-
ing mediastinal dissection is done blindly, and 
some rules must be followed to avoid damage to 
mediastinal structures. It is very useful to have a 
large nasogastric tube inside the esophagus and 
feel it with your hand all the way up during the 
dissection. Initially, the posterior plane is devel-
oped along the prevertebral fascia, separating 

Fig. 1  Cervical incision (yellow dotted line)
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the esophagus from the spine. Then the ante-
rior plane is developed with the surgeon’s hand 
turned down so that the palm is in contact with 
the anterior aspect of the esophagus (Fig. 4). 
This maneuver displaces the airway anteriorly. 
At this point, the esophagus is quite mobile, and 
the lateral attachments of the middle and upper 
esophagus can be easily divided, reaching the 
dissection started in the neck.

The blind mediastinal dissection of the 
esophagus is the most delicate and risky portion 
of the operation. It is important to be aware of 
the following potential complications:

• Hypotension. This is caused by mechanical 
compression of the surgeon’s hand. It can be 
prevented by having good filling pressures 

Omohyoid
muscle

Esophagus

Sternocleidomastoid
muscle

Fig. 2  The tracheoesophageal groove and recurrent nerve are constantly protected with the surgeon’s finger, and a 
Penrose drain is used to encircle the esophagus

Fig. 3  The middle thyroid vein and inferior thyroid 
artery divided
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the left mainstem bronchus to prevent sig-
nificant loss of insufflated tidal volume. 
Tears just above the carina are best repaired 
through a right thoracotomy. Higher tears can 
be approached through the cervical incision 
or require a partial sternal split.

The conduit is then prepared using multiple 
fires of a stapler, in order to create a gastric tube 
whose blood supply is based on the right gastro-
epiploic artery and the right gastric artery. The 
nasogastric tube is pulled back all the way to 
the oro-pharynx and the esophagus is transected 
in the neck. A wide Penrose drain is attached 
to the distal esophagus. When the esophagus is 
delivered through the abdominal incision, the 
Penrose drain is attached to the tip of the gas-
tric fundus with interrupted sutures and using a 
combination of pushing and gentle pulling, the 
gastric conduit is delivered into the neck inci-
sion. The stomach must be oriented so that the 
greater curvature is toward the patient’s left. 
The esophageal hiatus is then narrowed with 

before the dissection is started, and is usu-
ally treated by simply withdrawing the hand, 
allowing the blood pressure to normalize.

• Cardiac arrhythmias. Usually self-lim-
ited, and caused by the irritation of the 
pericardium.

• Violation of one or both pleural spaces. If it 
occurs, it requires placement of chest tubes.

• Bleeding. It is key to keep the dissecting 
hand in continuous contact with the esopha-
gus so that the feeding blood vessels are tran-
sected when they enter the esophageal wall 
and then contract. Massive bleeding is usu-
ally secondary to a torn azygos vein. If this 
occurs, the mediastinum should be immedi-
ately packed tightly and a thoracotomy is per-
formed to control the bleeding.

• Tracheal laceration. Lacerations of the mem-
branous portion of the trachea are quite rare. 
They manifest with loss of large volumes of 
the insufflated gas and inadequate patient’s 
ventilation. In these cases, the single lumen 
endotracheal tube should be advanced into 

Penrose drain
encircles cervical
esophagus

Trachea
L.bronchus

Fundus of
stomach

Hiatus
(enlarged at
midline)

Thoracic
esophagus

Liver

Sternocleidomastoid m.
retracted

Fig. 4  Transhiatal dissection of the esophagus
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to reach the mediastinum when the patient is in 
the upright position).

The abdominal incision is then closed and the 
operation is completed. Extubation is done if all 
the respiratory and hemodynamic parameters are 
satisfactory.

Postoperative Course

We usually obtain an imaging study (i.e. upper 
GI) on postoperative day three. If no leak is 
detected, the nasogastric tube is removed and a 
liquid diet is initiated. The diet is then advanced 
as per tolerance. If a complication occurs or 
the patient is unable to take enough calories by 
mouth, tube feedings are started. Patients are 
often discharged on postoperative day 7–10.
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interrupted sutures in order to avoid herniation 
of viscera such as the colon. However, compres-
sion of the gastric vessels must be avoided.

Cervical Anastomosis

We usually perform a side-to-side, semi-stapled 
anastomosis (4–5 cm of gastric conduit should 
lay above the left clavicle without tension for 
this anastomosis). The transected esophagus 
is placed over the anterior wall of the stomach 
and stay sutures are placed between the anterior 
wall of the stomach and the right and left side 
of the esophagus. Additional 4–0 silk sutures 
are placed anteriorly and laterally including all 
the esophageal layers in order to avoiding proxi-
mal sliding of the mucosa. A 2 cm gastrotomy 
is then made next to the cut edge of the esoph-
agus, and a 30 mm Endo-GIA stapler with a 
vascular cartridge is inserted, with one arm in 
the stomach and one in the esophagus. By fir-
ing the stapling device, an anastomosis is made 
between the posterior wall of the esophagus and 
the anterior wall of the stomach. The staple line 
is inspected for bleeding, and minor oozing can 
be stopped using cautery. The nasogastric tube 
is then advanced down the esophagus into the 
stomach. The anterior opening is closed in two 
layers, an inner layer of running 3–0 absorbable 
suture and an outer layer of interrupted 3–0 silk 
sero-muscular Lembert sutures.

If a side-to-side anastomosis would be under 
tension, it is preferable to perform a hand 
sutured end-to-end anastomosis, using an inner 
layer of running absorbable 3–0 sutures, and 
an outer layer of interrupted 3–0 silk Lembert 
sutures.

Before closing the cervical incision in layers, 
a Jackson-Pratt drain (exteriorized lateral to the 
upper portion of the incision) is placed next to 
the anastomosis and in the upper mediastinum. 
Because of its suction action, this type of drain 
is more effective than a Penrose drain in case of 
a leak (the Penrose does not prevent the leakage 
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McKeown Esophagectomy
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Abstract

The classical three-phase esophagectomy 
was described by McKeown in 1976. It is 
widely adopted in centers worldwide for the 
treatment of esophageal carcinoma. Since its 
inception, surgeons have modified the proce-
dure based on new technologies and experi-
ences. Morbidity and mortality rates have also 
improved. Nonetheless, the procedure itself 
is technically demanding. In this chapter, the 
technical steps of the procedure are detailed.

Keywords

Esophagectomy · Esophageal cancer · 
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Laparotomy · Recurrent laryngeal nerve 
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Introduction

For squamous cell carcinoma, the majority of  
intrathoracic esophageal carcinomas are located  
at the middle and lower esophagus. For 

adenocarcinoma, 75% are located at distal 
esophagus or around the gastroesophageal 
junction. Two-phase esophagectomy with 
laparotomy and right thoracotomy was first 
described independently by Lewis and Tanner 
in 1946 and 1947 respectively. McKeown, in 
1976, described a three-phase esophagectomy 
which began with the abdominal approach, fol-
lowed by right thoracotomy and cervical phase. 
Three-phase esophagectomy has its advocates. 
It provides maximal proximal margin from 
the primary tumor. When superior mediastinal 
lymph node dissection is performed (especially 
indicated for squamous cell cancers), it makes 
sense to perform the anastomosis in the neck 
since the upper esophagus has been mobilized. 
Although leak rates are generally reported to be 
higher for a cervical anastomosis as compared 
to an intrathoracic anastomosis, it is easier to 
manage as drainage via the neck wound is gen-
erally effective. When a neck anastomosis is 
chosen, the conduit for esophageal replacement 
can be brought up via the posterior mediastinal, 
retrosternal as well as subcutaneous route. The 
ability to choose different routes are important, 
e.g. when colonic interposition is required, or in 
cases of palliative resection or when postopera-
tive radiotherapy to the mediastinum is planned, 
the retrosternal route is often preferred. Other 
advantages of the retrosternal route include the 
avoidance of conduit infiltration by recurrent 
tumors in the posterior mediastinum, and in 
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Thoracic Phase

The authors perform the procedure through a 
right thoracotomy in the left lateral decubitus 
position. A single-lumen endotracheal tube with 
right bronchial blocker is preferred over a dou-
ble lumen tube for one-lung ventilation. A sin-
gle lumen tube is less traumatic and stiff, and 
allows easier retraction of the trachea and left 
main bronchus during superior mediastinal lym-
phadenectomy. However, the blocker is often 
displaced by retraction and needs close coopera-
tion and communication with the anaesthetist. If 
superior mediastinal dissection is not planned, 
a double-lumen tube ensures more certain lung 
collapse.

An anterolateral thoracotomy is usually made 
at the fifth intercostal space. Depending on the 
site of tumour, extent of (superior mediasti-
nal) lymphadenectomy and the anatomy of the 
patient, the fourth space can be chosen for the 
thoracotomy. A controlled fracture of the poste-
rior fifth or sixth rib is made, after careful dis-
section to avoid injury of the intercostal pedicle. 
Bleeding at the bony cut end is controlled with 
bone wax. The intercostal space can be fur-
ther enlarged by gradual retraction using two 
rib spreaders, placed diagonally to each other. 
Sometimes extensive adhesions are encountered, 
and may be time-consuming to free.

Starting at the lower esophagus, the inferior 
pulmonary ligament is divided. The dissection 
plane proceeds along the posterior surface of 
the pericardium, superiorly towards the root of 
inferior pulmonary vein and posteriorly towards 
the left side of the pleura. In case of locally 
advanced tumour, the left side pleura and part of 
the pericardium can be resected en-bloc. A sepa-
rate incision is made at the mediastinal pleura 
posterior to the esophagus, joining the dissec-
tion plane anteriorly behind the pericardium, 
to encircle the lower esophagus. The lower 
esophagus can now be slung with a suture for 

the authors’ experience, delayed gastric emp-
tying occurs less frequently compared to the 
posterior mediastinal route, provided that there 
is no conduit mal-rotation. In this chapter, the 
important points in open surgical technique, 
available adjuncts, and tips on intraoperative 
trouble-shooting are described. Video assisted 
thoracoscopy and laparoscopic techniques are 
not described here, although the dissection 
should be the same, only carried out in a mini-
mally invasive manner.

Surgical Technique

The McKeown operation (three-phase 
esophagectomy) involves thoracic esophageal 
mobilization and lymphadenectomy; abdominal 
exploration, gastric mobilization and lymphad-
enectomy; and cervical incision for anastomo-
sis. Modifications of the initial publication in 
1976 are many, depending on: (1) The approach: 
open, video-assisted thoracoscopic (VATS), lap-
aroscopic, hybrid or robotics; (2) The sequence: 
the initial Mc Keown operation started with 
abdominal phase, followed by thoracic and right 
cervical incision. Most centers now start with 
thoracic phase followed by abdominal and cer-
vical phase in a supine position and the patient 
would only need to change position once. (3) 
The construction of gastric conduit: The original 
approach used the whole stomach. A narrower 
gastric tube of around 3–4 cm in diameter is 
more commonly utilized; the conduit is length-
ened and there is also less chance of delayed 
gastric emptying. (4) The technique of anasto-
mosis: different centers favor different methods 
in terms of suture material, number of layers 
of sutures, and use of linear or circular stapler. 
Regardless of the modification, the fundamen-
tal steps of the operation include the abdomi-
nal, thoracic and the cervical phase which are 
described in detail below.
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retraction. The mediastinal pleural incision is 
continued inferiorly to circumscribe the hiatus, 
exposing both crura and removing the supradia-
phragmatic lymph nodes en-bloc. The thoracic 
duct is identified close to the hiatus by isolating 
the tissue between the azygos vein and the sur-
face of the aorta. The duct is ligated to prevent 
chylothorax and is marked with metal clip as a 
radiological guide in case of leakage. The inci-
sion at the posterior mediastinal pleura is con-
tinued proximally along the azygos vein until 
the arch of azygos is reached. The arch of azy-
gos vein is isolated and divided between liga-
ture, or a linear stapler can be used. The right 
bronchial artery beneath the azygos vein can be 
sacrificed. Lymphadenectomy is performed by 
removing the tissue on the surface of the aorta 
together with the thoracic duct. Anteriorly, along 
the plane of the posterior pericardium, the dis-
section should reach the right main bronchus 
and the tracheal bifurcation. Careful lymphad-
enectomy is performed at the subcarina and 
bilateral bronchi. Bleeding may be encountered 
but is usually self-limiting and can be controlled 
by gauze packing with or without hemostatic 
material. Sharp or thermal injury to the airway 
should be prevented. This concludes the dis-
section of the middle and lower esophagus. In 
case of bulky tumour with difficult retraction, 
the lower end of the thoracic esophagus can 
be divided with a stapler and the stump can be 
retracted cranially to aid exposure.

In the superior mediastinum, the plane 
between the trachea and esophagus is entered 
posterior to the right vagus nerve. Posteriorly, 
the pleura opening is extended from inferiorly 
at the arch of the azygos vein up to the apex 
superiorly. The aortic arch is exposed and the 
esophagus is dissected away from the spine and 
left side pleura. Another suture can be used to 
sling the esophagus. The superior mediastinal 
and recurrent laryngeal nerve lymphadenec-
tomy is essential for squamous cell cancers. 
The pleura on the tracheoesophageal groove is 
incised along the right vagus nerve and traced 
upwards to the lower surface of the right sub-
clavian artery. With gentle blunt dissection, the 
right recurrent laryngeal nerve should be found 

as a thin glistering white structure branching off 
from the right vagus nerve, travelling postero-
inferior to the right subclavian artery within 
the fatty tissue. The location and integrity of 
the nerve can be checked by nerve stimulator. 
Sizable lymph nodes are often found next to 
the right recurrent nerve (Fig. 1). These lymph 
nodes are contiguous with the cervical chain of 
paratracheal and para-esophageal lymph nodes. 
Dissection around the nerve has to be carefully 
performed, avoiding excessive heat energy from 
instruments such as diathermy and ultrasonic 
energy sources.

The esophagus is dissected away from the 
membranous part of the trachea until the left side 
of the cartilaginous trachea C-ring is reached. 
The trachea is rotated in a clockwise direction 
and retracted anteriorly and the esophagus is 
pulled posteriorly by the sling to expose the left 
tracheoesophageal groove. With blunt dissec-
tion, the left recurrent laryngeal nerve should be 
identified along the left side of the trachea. The 
sympathetic nerve runs in parallel to and some-
times mimics the left recurrent laryngeal nerve. 
The integrity and location of the nerve can be 
checked by nerve stimulator (Fig. 2). Extra care 
should be taken in the subaortic lymph node 
dissection to prevent injury to the pulmonary 
artery, which is potentially lethal. The whole 
thoracic esophageal dissection is now com-
pleted. A Fr 24 chest drain is inserted towards 
the apex. The authors prefer a Fr 19 round fluted 

Fig. 1  Right recurrent laryngeal nerve lymphadenec-
tomy. SA Subclavian artery, E esophagus, LN lymph 
node. Black arrow: right vagus nerve. White arrow: right 
recurrent laryngeal nerve

McKeown Esophagectomy
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bulky and make delivery of the stomach to the 
neck difficult. The anastomosis between left and 
right gastroepiploic vessels is often incomplete. 
The pancreatic tail acts as a landmark for the ori-
gin of the left gastroepiploic vessels, where they 
should be divided. Short gastric vessels should be 
ligated or divided with energy device. One should 
be cautious to prevent injury to the spleen. Small 
lacerations of the spleen can be controlled by 
simple packing or haemostatic agents. An easier 
way to prevent splenic injury is to dissect close 
to the gastric wall. The gastric fundus is rotated 
medially, after dividing the attachment to the dia-
phragm to expose the left crus. The dissection of 
the right side of the gastrocolic ligament contin-
ued until the right gastroepiploic origin is reached. 
Posterior adhesions between the stomach and the 
pancreatic capsule is divided until the gastroduo-
denal artery is visualized.

The gastrohepatic ligament is incised to 
expose the right crus, celiac trifurcation and 
supra-pancreatic region. Aberrant left hepatic 
artery, which originates from left gastric artery, 
is not uncommon. A sizable vessel, if sacri-
ficed, can result in deranged liver function or 
even liver necrosis. It can be preserved by dis-
secting from the origin of the left gastric artery 
to remove any surrounding lymph nodes, and 
divide distally on the stomach side after branch-
ing off the aberrant left hepatic artery. For dis-
section of the celiac axis, the lesser curve of the 
stomach should be retracted anteriorly, and the 
pancreas should be retracted downwards. The 
dissection should begin at the superior border 
of the pancreas, to the right, along the anterior 
surface of the hepatic artery proper, limit by 
the hepatoduodenal ligament. Attention should 
be made to prevent injury to the right gastric 
artery which is branching off from the com-
mon hepatic artery. To the left, dissection is 
performed along the splenic artery which is 
often tortuous. The left gastric (coronary) vein 
is found draining either anteriorly to the splenic 
vein or posteriorly to the portal vein. It should 
be isolated and divided. A lot of lymphatic chan-
nels are running through this area, large lym-
phatics should be ligated, clipped or cauterized 
by energy source to prevent chyle leakage. With 

drain connected to vacuum drainage. This tube 
is much softer and smaller, and without the 
need of an underwater seal device is much more 
comfortable and allows easy ambulation. A for-
mal chest tube is only inserted when extensive 
adhesiolysis has been performed since air leak 
is more efficiently drained by a conventional 
chest tube with underwater seal. After confirm-
ing lungs expansion, ribs are approximated with 
suture. Muscle and skin are closed in layers.

Abdominal Phase

Patient is placed in a supine and reversed 
Trendelenburg position. Upper midline or a bilat-
eral subcostal incision is usually used. The authors 
prefer the bilateral subcostal incision as it gives 
excellent exposure to the upper abdomen, hia-
tus and the left subphrenic region, which may be 
difficult especially in obese patients. The spleen 
is brought forward by placing a piece of gauze 
posteriorly to prevent traction injury. The mobili-
zation of stomach begins by dividing the gastro-
colic ligament away from the right gastroepiploic 
arcade. Care is taken during manipulation and 
retraction of the stomach to prevent injury to the 
arcade. Once the lesser sac is reached, dissec-
tion can be continued towards the direction of the 
spleen. Complete omentectomy is not needed. 
Large pieces of omentum will make the conduit 

Fig. 2  Left recurrent laryngeal nerve lymphadenectomy. 
E Esophagus (retracted posteriorly), T Trachea (retracted 
anteriorly), L Left lung. White arrow: left recurrent 
laryngeal nerve (after lymphadenectomy). The integrity 
of the left recurrent laryngeal nerve is checked by the 
ball-tip intermittent nerve stimulator
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sutures. The distal stump is closed and tagged to 
a chest tube. The esophageal specimen together 
with the distal end of the chest tube is retrieved 
through the abdomen. An alternative method is 
to divide the abdominal esophagus and retrieved 
the specimen via the neck. This is the authors’ 
preferred technique. The reason for this is to 
maximise the preservation of esophageal length 
in preparation for the esophago-gastric anasto-
mosis. In case the gastric conduit’s blood supply 
is suboptimal and resection of part of the stom-
ach is required, this allows an adequate length 
of the esophagus. In some cases, the chest could 
be re-opened and an intrathoracic anastomosis 
performed. This is only possible if esophageal 
length is preserved.

Creation of Gastric Conduit 
and Anastomosis

After delivering the esophageal specimen and 
the mobilized stomach outside the abdomen, 
the gastric conduit is created. On the lesser cur-
vature, the right and left gastric arcade anas-
tomosis is divided at a point distal to the third 

the upward retraction of the stomach, the left 
gastric artery should be clearly running verti-
cally, and it should be divided at its origin. The 
lymphadenectomy is continued along the sur-
face of the aorta towards the hiatus. With careful 
dissection, the whole procedure can be a blood-
less exercise. The phreno-esophageal ligament 
between the right crus and abdominal esophagus 
is divided, meeting the dissection plane on the 
left. The whole hiatus and abdominal esopha-
gus should now be mobilized. For advanced 
lower esophageal tumour that have transmural 
involvement at this level, part of the crural mus-
cle can be resected en-bloc. A sling, such as a 
cotton tape, Pen-rose drain or latex tube can be 
looped around the abdominal esophagus for bet-
ter retraction. The mobilization of stomach is 
complete and is ready for gastric conduit crea-
tion after retrieval of the specimen.

Cervical Phase

The author opts for a left supraclavicular inci-
sion because the esophagus is more inclined 
to the left side at this level. The incision is 
extended medially from midline to just beyond 
the sternocleidomastoid muscle laterally. The 
strap muscles are divided with electrocautery, 
exposing the thyroid gland underneath. The thy-
roid and trachea are retracted to the right side, 
exposing the carotid sheath. The middle thyroid 
vein is now visible and should be divided to gain 
exposure. Along the dissection plane medial 
to the carotid sheath and prevertebral fascia 
posteriorly, signs of apical dissection from the 
thoracic phase should be evident. The esopha-
gus can easily be slung by a finger or a cotton 
tape, where it is identified anterior to the spine 
and posterior to the trachea. One should be extra 
cautious with the recurrent laryngeal nerves as 
they are unprotected after extensive dissection at 
the thoracic phase (Fig. 3). The detail of cervical 
lymphadenectomy will not be discussed here. 
The cervical esophagus can now be divided at a 
desirable location with an adequate margin from 
the tumour. The proximal esophageal stump is 
opened and anchored at four directions with stay 

Fig. 3  Left recurrent laryngeal nerve after dissection at 
cervical phase. T Trachea, E proximal esophageal stump 
(transected and retracted cranially). White arrow: left 
recurrent laryngeal nerve tested by a ball-tip intermit-
tent nerve stimulator. Chest drain is attached to the distal 
esophageal stump and delivered to the abdomen via the 
posterior mediastinal route

McKeown Esophagectomy
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adequate perfusion of the conduit, and is avail-
able with laparoscopic or open instruments. 
If the retrosternal route is chosen, dissection 
begins just below the xiphoid. The substernal 
plane is entered, blunt dissection with a wide 
metal blade is usually sufficient. Dissection 
stays in the midline to avoid too big a tunnel in 
order not to breach the mediastinal pleurae on 
either side. Dissection of the tunnel in the neck 
begins by opening the plane just posterior to the 
insertion of the strap muscles. By insertion 3 fin-
gers into the substernal space, the metal blade 
inserted via the abdomen is guided to the neck. 
This dissection should be a relatively blood-
less exercise as the retrosternal tunnel is avas-
cular. Two long gauzes can be introduced into 
the tunnel for transient packing for hemostasis. 
The conduit is then delivered to the neck via the 
posterior mediastinal or retrosternal route inside 
a transparent plastic bag. One should pay extra 
attention to the axis of the lesser curve and the 
staple line to ensure that there is no rotation. 

branch of the left gastric artery. This point is 
chosen for oncological reasons. It has been 
documented that the majority of lymph node 
metastases are found in proximity to the origin 
of the left gastric artery and the risk is relatively 
negligible distal to its third branch. The stomach 
is then straightened and gently stretched, and 
the highest point is marked at the fundus. The 
lesser curvature is transected with linear sta-
plers from the arcade division point towards the 
tip of the fundus to create a narrow gastric tube 
(Figs. 4 and 5). A narrow gastric tube theoreti-
cally has better gastric emptying than a whole 
stomach. A Heineke-Mikulicz pyloroplasty is 
performed in two layers with continuous absorb-
able monofilament sutures to further enhance 
the drainage. Pyloromyotomy, as advocated 
by Mc Keown, is equally effective. The perfu-
sion of the gastric conduit is checked, and the 
tip of the fundus is tagged to the distal end of 
the chest tube. Indocyanine green fluorescence 
angiography is a very useful adjunct to ensure 

Fig. 4  Gastric conduit construction. Serial linear sta-
plers are applied from the tip of the fundus along the pre-
designed path towards lesser curvature (the third branch 

distal to the origin of the left gastric artery). It would 
result in a narrow gastric tube of around 3–4 cm in width
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the gastric fundus is opened up for anastomo-
sis (Fig. 6). The anastomosis is performed in a 
single-layer continuous manner with a double 
needle monofilament absorbable sutures. It starts 
with the distal angle of the esophagus and stom-
ach. The posterior layer is first completed in a 
continuous manner, across the proximal angle to 
the anterior wall at the proximal end. The other 
end of the needle is then used to complete the 
anterior layer from distally, incorporating and 
inverting the staple line (T-Junction) into the 
anastomosis until it reaches the suture at the 
proximal end. Before completion of the anasto-
mosis, a Fr 16 nasogastric tube is inserted into 
the gastric lumen under direct vision. The two 
ends of the needle are tied, and the anastomosis 
is complete. A metal clip is applied near the knot 
for a radiological guide in case of postoperative 
leakage. A Fr 15 round fluted drain is inserted 
close to the anastomosis. The platysmas and skin 
are closed in layers. The method of anastomosis 
is probably less important than its proper appli-
cation. The surgeon’s experience and preference 
are important, as long as it adheres to the prin-
ciple of avoiding tension, adequate perfusion of 
the conduit, and its meticulous construction.

After haemostasis, the abdomen is closed in lay-
ers without drainage.

Esophago-gastric anastomosis can be per-
formed with handsewn technique, circular or 
linear staplers. Stricture rate tends to be higher 
when a small-sized circular stapler is used. 
There is no difference in leakage rate across 
different methods of anastomosis. The authors 
prefer handsewn anastomosis as it is more eco-
nomical, less dependent on length and position 
of the conduit, and more controllable. The tip of 

Fig. 5  Gastric conduit construction. White arrow: 
Division of the lesser curvature arcade at the third branch 
distal to the origin of the left gastric artery. Linear sta-
plers can also be applied from this point towards the tip 
of the fundus. Adequate length of the conduit is checked 
by bringing up the tip of the conduit extracorporeally, 
which should be able to reach the neck without tension

Fig. 6  Esophagogastric anastomosis. E Proximal esoph-
ageal stump opened up with stay sutures, anchoring at 
4 corners at 3, 6, 9, 12 o’clock position. Extra suture in 
blue is the temporary anchoring stitch for the nasogas-
tric tube. G Tip of gastric conduit connected to a chest 
tube that has been pulled up via the posterior mediastinal 
route. White arrows: the staple line along the lesser cur-
vature which is now facing anteriorly

McKeown Esophagectomy
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as the defect is usually small and can be tem-
porarily controlled with digital compression. 
Communication with the anaesthetist is impor-
tant for potential heavy blood loss and the need 
for blood product replacement. After confirming 
the anatomy and site of injury, smaller defects 
can be repaired by pledged sutures. Tight control 
of blood pressure intraoperative and postopera-
tively is important. For larger defect, cardiovas-
cular surgeons should be consulted for repair. 
Staged procedure with delayed reconstruction 
should be considered if the patient is unstable.

Recurrent Laryngeal Nerve Injury

The importance of lymphadenectomy around the 
recurrent nerves cannot be overstated. On the 
other hand, the risk of vocal cord paralysis after 
esophagectomy can be as high as 60–70%. Due 
to the variability of the anatomy of the recur-
rent nerves and their high sensitivity to thermal 
and traction injury, technology has helped us 
to confidently identify the nerves and poten-
tially prevent the injury. Intermittent recurrent 
nerve monitoring has been well documented 
in thyroid surgery. The same can be applied to 
esophagectomy with a longer probe and a ball 
tip to accustom to the deep thoracic cavity. The 
newer continuous nerve monitoring system 
works through autonomic periodic stimulation 
of the vagus nerve to ensure the completeness 
of the circuit. Any drop in the amplitude of the 
electromyography of the vocalis muscle or the 
latency of nerve conduction beyond the thresh-
old will trigger an alarm to notify the surgeon of 
potential nerve injury. The authors have demon-
strated that nerve monitoring can help improve 
the quality of lymph node dissection and prevent 
potential complications (Fig. 7).

Adjuncts, Pitfalls 
and Intraoperative Complications

For every surgical complication, prevention is 
better than cure. However, when intraoperative 
complications occur, one should react promptly 
and calmly.

Lung Parenchyma and Airway 
Injury

In patients with previous pulmonary insults, 
e.g. tuberculosis or other inflammatory condi-
tions, extensive adhesiolysis is expected. Lung 
parenchymal injury may result in significant air 
leak, subsequent pneumothorax, and surgical 
emphysema postoperatively. One should actively 
check for such injury by communicating with 
the anaesthetist in terms of ventilator readings 
and search for any active air leak under positive 
ventilation. Small injuries can be managed con-
servatively or by commercially available tissue 
glue or fibrin sealant patch. Larger air leak may 
require wedge resection of the diseased lung. A 
formal chest drain should be inserted and put on 
low suction postoperatively.

Aortic or Major Vascular Injury

During lymphadenectomy along the surface 
of the aorta, we usually work on an avascular 
plane. However, in advanced tumour or a tumour 
with previous neoadjuvant therapy, desmoplastic 
or fibrotic changes may occur and make the dis-
section plane less well-defined. Thinning of the 
aortic adventitia or tearing of small intercostal 
or bronchial branches from the aorta may cause 
torrential bleeding. One should remain calm 
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reliable. Indocyanine green fluorescence angi-
ography has gained its popularity in recent years 
to provide a real-time quantitative assessment 
of conduit vascularity. Depending on the differ-
ent hardware and software available, some may 
give fluorescence or superimposed coloured 
images for surgeons to determine the cut-off 
for satisfactory blood supply. Data analysis can 
show detailed inflow and outflow velocity of 
Indocyanine green at a particular site of the con-
duit. The intraoperative decision can be altered 
and the site for anastomosis with satisfactory 
perfusion can be determined with confidence 
(Fig. 8).

Gastric Conduit Ischaemia

Conduit ischaemia although rare, is a poten-
tially lethal complication. Patients surviving 
the initial sepsis would have prolonged hospi-
talization, repeated operations, delayed adjuvant 
treatment, and significant residual morbidity. 
Traditionally, determination of conduit vascu-
larity relies mostly on naked eyes assessment 
on its colour, turgor and back bleeding at cut 
edges. Various methods have been utilized to 
enhance the detection rate (e.g. laser doppler 
flowmetry, transmural oxygen saturation, spec-
trophotometry, etc.) but none has shown to be 
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Fig. 7  Continuous intraoperative left recurrent laryngeal 
nerve monitoring—autonomic periodic stimulation read-
ing. White arrow: a transient drop in amplitude for more 
than 50% of baseline in left vocalis electromyography. 

It can be due to minor traction. Black arrow: permanent 
drop in both latency and amplitude to minimal reading. It 
can be due to transection of the nerve or dislodgement of 
vagus nerve probe
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prevention of complication, and vigilance in the 
management of potential complications. New 
technology on energy device, stapling device, and 
other adjuncts has helped the surgeon to perform 
a safer and better surgery.

Conclusions

The surgical technique on three-phase esophagec-
tomy has evolved throughout the years but the 
basic concept persists. A good surgical outcome 
depends on patient selection, surgical skills, 
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Hybrid (Laparoscopy—
Thoracotomy) Esophagectomy

Francisco Schlottmann, Manuela Monrabal Lezama, 
Fernando A. M. Herbella and Marco G. Patti

Abstract

The hybrid esophagectomy combines a lapa-
roscopic approach for preparation of the gas-
tric conduit and lymphadenectomy, followed 
by a right muscle sparing thoracotomy for 
resection of the esophagus, gastric pull-up, 
and esophago-gastric anastomosis. In this 
chapter, we will review the critical surgical 
steps for the operation.

Keywords

Esophageal cancer · Esophagectomy · 
Laparoscopy · Thoracotomy · Hybrid 
esophagectomy

Introduction

The hybrid esophagectomy combines a laparo-
scopic approach for preparation of the gastric 
conduit and lymphadenectomy, followed by a 
right muscle sparing thoracotomy for resection 
of the esophagus, gastric pull-up, and esophago-
gastric anastomosis. This technique offers a safe 
and effective approach for the surgical treatment 
of esophageal cancer [1–8].

Surgical Technique

The hybrid esophagectomy combines a laparo-
scopic approach for preparation of the gastric 
conduit and lymphadenectomy, followed by a 
right muscle sparing thoracotomy for resection 
of the esophagus, gastric pull-up, and esophago-
gastric anastomosis. Before starting the opera-
tion, the anesthesiologist places an epidural 
catheter, a double lumen endotracheal tube, and 
an arterial catheter.

Laparoscopic Phase

The patient is placed over an inflated beanbag 
and the legs are extended on stirrups with the 
knee flexed 20 to 30°. Pneumatic compressions 
stockings are used as prophylaxis against deep 
vein thrombosis. The surgeon stands between 
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laparoscopic stapler with a vascular cartridge 
(Fig. 5). Upon completion of this step, the blood 
supply of the stomach is based on the right gas-
tric and right gastroepiploic arteries. Posterior 
adhesions between the posterior wall of the 
stomach and the pancreas are then taken down 
using the cautery. We do not perform a Kocher 
maneuver.

After a final inspection, the trocars are 
removed, the trocars sites are closed, local anes-
thesia is injected, and sterile dressings are applied.

Thoracic Phase

After the laparoscopic component of the opera-
tion is completed, the patient is positioned in 
a left lateral decubitus. The chest is entered 
through a muscle sparing thoracotomy in the 
fifth intercostal space (Fig. 6). Resection of a 
1.5-cm long segment of the posterior portion of 
the 6th rib facilitates the positioning of a retrac-
tor to achieve the optimal exposure of the sur-
gical field. Initially, the inferior pulmonary 
ligament is divided, and the pleura is opened 
above and below the azygous vein. An Endo-
GIA linear stapler with a vascular cartridge is 
used to divide the azygous vein (Fig. 7). Then, 
the dissection of the esophagus and surround-
ing lymph nodes is performed beginning about 
3 cm above the azygous vein all the way down 
to the gastroesophageal junction, thus joining 
the mediastinal dissection previously performed 
by laparoscopy. The stomach is pulled up into 
the chest, a window is opened along the lesser 
curvature about 8 cm below the gastroesopha-
geal junction, and transection of the upper por-
tion of the stomach along the lesser curvature is 
performed with multiple fires of an Endo-GIA 
stapler. After the gastric conduit is created, 5 mg 
of indocyanine green (ICG) are injected intrave-
nously as a bolus in order to assess the adequate 
perfusion of the conduit with fluorescence imag-
ing (Fig. 8).

the patient’s legs, with one assistant on the 
patient’s right side and another on the patient’s 
left side. If the surgeon is right-handed, the 
scrub nurse will stand over the patient’s left foot 
(Fig. 1).

Five trocars are used for the operation. Port A 
is placed in the midline, about 18 cm below the 
xiphoid process, and it is used for the insertion 
of a 30° scope. Ports B and C are placed about 
1 inch below the right and left costal margins 
(forming an angle of about 120°) and are used 
for dissection. Port D is placed at the level of 
port A in the right mid-clavicular line, and it is 
used for the liver retractor. Port E is placed at 
the level of port A in the left mid-clavicular line, 
and it is used for a Babcock clamp, for insertion 
of a bipolar instrument to take down the short 
gastric vessels, and for insertion of a stapling 
device to transect the coronary vein and the left 
gastric artery. If a pyloroplasty is performed, an 
additional port is placed in between ports A and 
D, usually about 2 inches below them (Fig. 2).

The dissection is started by identifying the 
right gastroepiploic artery and opening the gas-
tro-colic omentum (Fig. 3). The dissection is 
then continued taking down all the short gastric 
vessels all the way to the left pillar of the crus, 
which is then separated from the esophagus. The 
gastro-hepatic ligament is then divided respect-
ing the right gastric artery. The esophagus is 
separated from the right pillar of the crus. The 
phreno-esophageal membrane is then divided, 
and dissection of the esophagus is performed in 
the posterior mediastinum for about 2 inches. 
A window is created between the esophagus, 
the left pillar of the crus and the stomach, and 
a Penrose drain is passed around the esophagus 
and pushed as high as possible. The drain will 
help with the thoracic dissection, and it will be 
retrieved from the chest.

The coronary vein and the left gastric artery 
are dissected all the way to their base in order 
to retrieve as many lymph nodes as possi-
ble (Fig. 4), and then are transected using a 
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Anesthesiologist

MonitorMonitor

1st assistant

2nd assistant

Surgeon

Scrub nurse

Fig. 1  Position of the operating team. Reproduced with permission from Atlas of Esophageal Surgery, P. Marco 
Fisichella, Marco G. Patti editors, Springer
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Fig. 2  Placement of abdominal ports

Fig. 3  Dissection along the greater curvature of the 
stomach

Fig. 4  The coronary vein and left gastric artery are dis-
sected all the way to their base

Fig. 5  An Endo GIA™ stapler (Covidien, Minneapolis 
MN) with a 45-mm vascular cartridge is used for the 
transection of the coronary vein and left gastric artery

A

B

C

D

Fig. 6  Position of patient for right thoracotomy. a 
Thoracotomy in 5th intercostal space. b Inferior angle 
of scapula. c Posterior axillary line. d Port for Ligasure 
dissection and chest tube in 8th or 9th intercostal space, 
anterior to anterior iliac spine
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is opened just distal to the esophageal transec-
tion line and interrupted 3-0 silk stiches are used 
to fix the gastrotomy to the posterior wall of the 
esophagus. After inserting the thinner branch of 
a 45 mm Endo-GIA stapler into the stomach and 
the thicker branch into the esophagus, the stapler 
is fired, thus constructing a 4 cm long side-to-
side anastomosis between the posterior wall of 
the esophagus and the anterior wall of the stom-
ach (Fig. 11). A nasogastric tube is passed under 
direct vision into the stomach so that the tip is 
above the diaphragm. The closure of the ante-
rior aspect of the anastomosis is obtained in two 
layers: an inner layer of running 3-0 absorbable 
suture, followed by an outer layer of interrupted 
3-0 silk sutures (Fig. 12).

One chest tube is placed, and after direct vis-
ual evaluation of the expansion of the lung, the 
thoracotomy is closed in layers.

Postoperative Course

The patient is extubated in the operating room 
and transferred to the intensive care unit. Liquid 
diet is often started on postoperative day 4 and 
advanced as per tolerance. Patients are usually 
discharged on postoperative day 7–10.

Intrathoracic Anastomosis

The esophagus is placed over the anterior wall 
of the stomach, clamped with a Satinsky clamp 
to avoid separation of the mucosa from the mus-
cular layers, and transected about 3 cm above 
the azygous vein (Fig. 9). Full-thickness 3-0 silk 
stay sutures are placed to keep the posterior wall 
of the esophagus aligned with the anterior wall 
of the gastric fundus. Sliding of the esophageal 
mucosa when the stapler is inserted is avoided 
by placing 3-0 silk stay sutures at the four edges 
of the esophageal opening that keep together the 
mucosa with the other layers of the esophageal 
wall (Fig. 10). The anterior wall of the stomach 

Fig. 7  Division of azygous vein with an Endo GIA™ 
stapler (Covidien, Minneapolis MN) with a 45-mm vas-
cular cartridge

Fig. 8  Perfusion assessment of the gastric conduit with ICG fluorescence imaging

Hybrid (Laparoscopy—Thoracotomy) Esophagectomy
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Laparoscopic and Thoracoscopic 
Ivor Lewis Esophagectomy

Simon R. Turner and Daniela Molena

Abstract

Esophagectomy is one of the most potentially 
morbid procedures in thoracic surgery, and 
patients with esophageal cancer frequently 
have multiple comorbidities related to obe-
sity, smoking and/or alcohol use. Minimally 
invasive Ivor Lewis esophagectomy mini-
mizes surgical morbidity to the patient, while 
providing oncologic benefit that is equal or 
superior to open approaches. This allows for 
better patient outcomes, especially in patients 
with multiple medical problems. In this chap-
ter we provide our approach to minimally 
invasive Ivor Lewis esophagectomy, includ-
ing surgical tips to avoid complications and 
intraoperative trouble shooting.
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Introduction

Minimally invasive Ivor Lewis esophagectomy 
(MIE) is a technically challenging procedure, 
requiring advanced skills in both thoracoscopy 
and laparoscopy. With experience, the proce-
dure can be performed with excellent patient 
outcomes, both in terms of perioperative mor-
bidity and oncologic efficacy, with only a mod-
est increase in operative time compared to open 
approaches [1–7]. By avoiding open incisions, 
especially regarding thoracotomy, the mini-
mally invasive approach results in less pain and 
blood loss and fewer pulmonary complications 
[4, 5, 8–13]. Accordingly, length of stay is also 
reduced [5, 7, 9, 14–16]. While several stud-
ies have demonstrated no difference in anasto-
motic leak rate [5, 6, 8–10], at least two recent 
studies did find a higher rate of leak with the 
minimally invasive approach [15, 16] and some 
studies have demonstrated a small but signifi-
cant increased need for reintervention compared 
to open esophagectomy [4, 6, 15]. In several of 
these studies overall morbidity and length of 
stay were lower in the MIE group despite the 
higher incidence of leak. Importantly, oncologic 
outcomes, including completeness of resec-
tion, number of nodes removed, recurrence, and 
3- and 5-year survival appear equivalent, if not 
improved with minimally invasive esophagec-
tomy [7–9, 14]. Potential oncologic benefits 
of the minimally invasive approach include 
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Abdominal Port Placement

A 5 mm port is placed under direct visualiza-
tion just under the left costal margin in the mid-
clavicular line; after abdominal insufflation with 
CO2 at 15 mmHg the other ports are placed as 
followed: a 5 mm camera port in the midline 
just below the falciform ligament, a 10 mm port 
in the right flank and a 5 mm port in the right 
upper quadrant such that instruments will have 
an easy trajectory under the liver and falciform 
ligament and towards the hiatus. An optional 
additional 5 mm port may be placed in the left 
upper quadrant for the assistant. A Nathanson 
liver retractor is placed just below the xiphoid 
to elevate the left lobe of the liver and expose 
the hiatus (Fig. 1). Most of the work is done by 
the primary surgeon standing on the patient’s 
right, with an atraumatic grasper in the left hand 
and Harmonic scalpel (Ethicon, Somerville, 
NJ) in the right. The first assistant stands at the 

improved visualization for more complete lym-
phadenectomy, especially in obese patients, 
and less immune dysfunction related to surgi-
cal stress and blood transfusion. Quality of life 
at 1 year is also improved compared to open 
esophagectomy [5, 11–13, 17].

Operative Technique

The patient is intubated with a left-sided dou-
ble lumen endotracheal tube, and two large bore 
IVs, a radial arterial line and urinary catheter are 
inserted. An epidural catheter is not required, 
an added benefit of avoiding laparotomy and 
thoracotomy incisions and allowing for faster 
removal of urinary catheters and less post-oper-
ative hypotension. If the patient has not had a 
recent upper endoscopy prior to surgery, this is 
performed prior to making incisions to deter-
mine the extent of the tumor and any associated 
Barrett’s esophagus, to confirm the suitability of 
the stomach as a conduit and assess the patency 
of the pylorus. A pyloric drainage procedure is 
unnecessary in most patients and may increase 
long term morbidity and need for reintervention, 
so we do not routinely perform it [18]. If Botox 
pyloromyotomy is being performed (see below), 
there is an option to perform it endoscopically 
at this point, with or without pyloric dilation, 
but always care must be taken to minimize the 
amount of air insufflated into the stomach, 
which will hinder laparoscopy. The stomach is 
suctioned out with the scope and an orogastric 
tube is placed to completely decompress the 
stomach.

The patient is positioned supine on a bean 
bag. The feet are secured to a padded footboard 
with tape. The arms are comfortably abducted 
to allow access to the abdomen. The abdo-
men is widely prepped and draped. Reverse 
Trendelenburg position, used during laparos-
copy to aid in visualization of the upper abdo-
men, is introduced gradually to avoid sudden 
hypotension.

Fig. 1  Abdominal port placement
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patient’s left and uses a grasper in each hand 
to assist with retraction. The camera opera-
tor stands to the patient’s right below the pri-
mary surgeon. Mobilization of the most cranial 
and caudal extents of greater curvature of the 
stomach is done by the surgeon standing on the 
patient’s left, especially the division of the high-
est short gastric vessels and mobilization of the 
pylorus.

Abdominal Lymphadenectomy 
and Gastric Mobilization

The dissection begins with division of the gas-
trohepatic ligament, proceeding superiorly until 
reaching the right crus. The left gastric, splenic 
and common hepatic arteries are identified in 
order to perform a complete dissection of their 
associated nodes. Exposure is facilitated by 
the assistant lifting the stomach with a closed 
grasper along the lesser curve, behind the stom-
ach and to the left of the left gatric pedicle. This 
puts the left gastric vessels in a vertical orienta-
tion toward the ceiling and allows optimal visu-
alization of the lesser sac. Dissection is started 
at the superior aspect of the pancreas and the 
hepatic artery is identified. This artery is skel-
etonized superiorly to the takeoff of the left 
gastric and splenic arteries. Once the left gastric 

artery is identified, the lymph nodes are swept 
upwards into the specimen so that the artery and 
vein can be divided at their origin using a vas-
cular stapler (Fig. 2). By retracting the stomach 
anteriorly, access is gained to the celiac artery 
nodes found between the left gastric artery 
stump and the base of the diaphragmatic crus. 
Using this exposure, posterior gastric attach-
ments can start to be divided and the tip of the 
fundus can be partially mobilized from behind, 
which can facilitate the later dissection along the 
greater curve.

Attention then returns to the hiatus. The dis-
section is carried to the base of the hiatus and 
into the posterior mediastinum. The left crus is 
dissected from phrenoesophageal attachments 
toward the angle of His. Fibers of the crura 
should be preserved if possible while staying 
wide enough to ensure an adequate radial mar-
gin from the tumor. Muscle of the crura may be 
resected en bloc if there is concern for invasion 
by bulky disease at the gastroesophageal junc-
tion. The hiatus should be repaired in case of 
partial resection or when a large paraesophageal 
hernia is encountered. Leaving a large diaphrag-
matic crural opening will likely lead to paracon-
duit herniation of abdominal content into the 
mediastinum, a complication more commonly 
seen with minimally invasive esophagectomy, 
possibly due to lack of intraabdominal adhesions 

Hepatic
artery

Left gastric
artery and
vein

Splenic
artery

Hepatic Artery

Left Gastric Artery and Vein

Splenic Artery

Fig. 2  The hepatic and splenic arteries are skeletonized superiorly and the left gastric vessels are completely dis-
sected at their base before division with vascular stapler

Laparoscopic and Thoracoscopic Ivor Lewis Esophagectomy
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from the stomach and proximal duodenum. 
The pylorus will nearly reach the hiatus and a 
Kocher maneuver is neither required nor encour-
aged, as excessive duodenal mobility may result 
in herniation of the duodenum into the chest 
with kinking of the gastric conduit.

Pyloric Drainage and Feeding 
Jejunostomy

A pyloric drainage procedure is not neces-
sary and we do not typicaly perform one. If a 
pyloric drainage procedure is being performed, 
100 units of Botox in 5 cc of sterile saline are 
injected into the muscle of the pylorus using a 
transabdominal needle.

The decision to perform feeding jejunostomy 
should also be individualized to each patient. 
If a feeding tube is required, the bed is lev-
eled for the jejunostomy placement. The colon 
is lifted superiorly to identify the ligament of 
Treitz at the base of the transverse mesocolon. 
A proximal loop of jejunum that reaches eas-
ily to the abdominal wall of the left mid abdo-
men is selected for jejunostomy placement. Four 
absorbable sutures are placed in a diamond pat-
tern on the anti-mesenteric aspect of the bowel, 
surrounding the planned jejunostomy site. Each 
suture is brought through the abdominal wall 
with a Carter-Thompson fascial closure device 
and secured loosely with hemostats. A Seldinger 
technique is then used to perform a percuta-
neous jejunostomy (Fig. 3). Care is taken to 
ensure the tube is intraluminal and not dissect-
ing within the wall of the bowel and is directed 
antegrade. Once the tube has been inserted, the 
four anchoring sutures are tied externally within 
the subcutaneous layer, securing the jejunum to 
the anterior abdominal wall. Next an anti-torsion 
stitch is placed about 2 cm distal to the jejunos-
tomy itself. The tube is secured to the skin with 
non-absorbable sutures. The tube should be 
flushed after securing it to ensure patency. After 
the jejunostomy is completed, the transverse 
colon and the omentum are returned to their 
standard position.

[19]. The esophagus should not be completely 
encircled at this time, nor should extensive tran-
shiatal dissection yet be performed, to avoid 
pneumothorax and hemodynamic instability 
early in the procedure.

Careful handling of the stomach throughout 
the procedure will help preserve the submucosal 
collateral vessels that are the only vascular sup-
ply of the conduit in the area of the anastomosis. 
Where possible the stomach should be retracted 
bluntly with closed instruments, avoiding grasp-
ing the stomach as much as possible in the area 
which will constitute the conduit. Attention is 
turned to dissecting the greater curvature of the 
stomach. The stomach is gently retracted ante-
riorly and to the right, exposing the gastrocolic 
ligament. The right gastroepiploic artery is visu-
alized and must be preserved to perfuse the gas-
tric conduit. Staying well away from this artery, 
the gastrocolic ligament is divided along the 
greater curve toward the fundus. While preserv-
ing this arterial pedicle it is still important not to 
stray to far from the greater curve, which risks 
injury to the transverse colon. Eventually the 
artery terminates, though there are sometimes 
horizontal collaterals with one or two short gas-
tric arteries which should be preserved. Above 
this level, it is safest to stay close to the stom-
ach. Doing so allows the short gastric arteries to 
be divided with a long stump on the splenic side. 
Care is taken not to injure the spleen as mobili-
zation continues towards the previous dissection 
along the left crus. It is generally easier to divide 
the last attachments holding the fundus while 
standing at the patient’s left. If posterior attach-
ments of the stomach to the retroperitoneum are 
encountered these can now be divided. Posterior 
gastric arterial branches may also be identified 
and divided.

Once the fundus is completely mobilized, 
division of the gastrocolic ligament is contin-
ued caudally towards the pylorus. Fully dividing 
these attachments between the distal stomach 
and the colon reduces tension on the anastomo-
sis and helps decrease the risk of colonic hernia-
tion via the hiatus. The pylorus should be freely 
mobile and the colon completely separated 
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Creation of the Gastric Conduit

A location on the lesser curve, just cranial to 
the pylorus is selected to begin tubularization 
of the conduit. Preservation of several small 
draining veins along the distal lesser curve may 
promote better conduit perfusion. Ensure that 
the orogastric tube is withdrawn completely 
out of the stomach to avoid it being caught in 
the staple line. The conduit is divided from 
the specimen, proceeding superiorly toward 
the fundus. The conduit should be 4–5 cm in 
width. The staple line is kept as straight as pos-
sible by stretching the stomach from the tip 
of the fundus towards the left shoulder (Figs. 
4 and 5). Stop the staple line approximately 
3 cm proximal to the fundus so that the speci-
men and conduit can later be delivered into the 
chest together in the proper orientation. Finally, 
the Penrose drain is passed through the hiatus 
where it will later be retrieved via the chest. 
The liver retractor is removed, hemostasis is 
ensured and port sites are closed in the standard 
fashion.

Transhiatal Dissection

The bed is returned to reverse Trendelenburg 
position to begin the transhiatal dissection of 
the esophagus. A ½ inch Penrose drain is passed 
around the distal esophagus, and secured with 
a locking clip to create a mobile handle. Using 
the drain to aid in retraction, a transhiatal dis-
section is performed as high as feasible, about 
to the level of the inferior pulmonary vein. 
Periesophageal lymph nodes, including nodes 
anteriorly along the back of the pericardium, 
should be kept en bloc with the specimen. If a 
pneumothorax occurs at this point, make the 
pleural opening wide enough to avoid entrap-
ment of air within the chest and tension physi-
ology. If hemodynamic instability due to 
pneumothorax is noted several remedies can 
be employed. Decreasing the intra-abdominal 
insufflation pressure, increasing the airway pres-
sure and taking the patient out of steep reverse 
Trendelenburg are useful maneuvers that resolve 
the problem in most cases. Placement of a chest 
tube is almost never required.

Fig. 3  A loop of jejunum is anchored to the abdominal wall with absorbable stitches placed on a diamond shape. A 
needle is inserted between the stitches to pass a guidewire which will allow placement of a 14F sheath and the feeding 
jejunostomy

Laparoscopic and Thoracoscopic Ivor Lewis Esophagectomy
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10 mm optical trocar in the seventh intercostal 
space in the posterior axillary line. Additional 
ports are placed as follows: A 5 mm camera 
port in the ninth intercostal space just posteri-
orly to the first port, a 10 mm port in the fourth 
or fifth intercostal space in the mid-axillary 
line, and a 5 mm port in the seventh intercostal 
space between the scapula and the spine (Fig. 6). 
Chest insufflation with CO2 at a pressure of 
8 mmHg helps exposure by flattening the dia-
phragm, collapsing the lungs towards the ante-
rior mediastinum and decreasing movement of 
the mediastinum.

Thoracoscopic Dissection

The inferior pulmonary ligament is divided 
and the associated lymph nodes removed. The 
mediastinal pleura is incised anteriorly to the 
esophagus, heading superiorly to the level of the 
azygos vein which is divided using a vascular 
stapler. Next, the dissection is carried back down 
to the diaphragm, this time dividing the pleura 
posterior to the esophagus. As the dissection is 
carried inferiorly the transhiatal dissection per-
formed via the abdomen is eventually encoun-
tered. Locate the Penrose drain and use this as 
a retraction handle. Dissect the esophagus com-
pletely out of its bed in the mediastinum, pro-
ceeding again superiorly toward the level of the 

Positioning for the Thoracic Phase 
and Port Placement

The patient is positioned in the left lateral decu-
bitus position leaning slightly forward on a 
bean bag, with an axillary roll and arm support 
and with the table flexed. At this point anesthe-
sia should switch to single lung ventilation. The 
chest is entered under direct visualization with a 

Fig. 4  The stomach is stretched at the fundus dur-
ing tubularization to avoid twisting and folding. 
Tubularization is started just above the pylorus to allow 
unfolding of the lesser curvature and adequate conduit 
length

Fig. 5  The conduit is not completely divided from the specimen to facilitate transposition in the chest. A few inter-
rupted stitches over the staple line are useful to minimize gastric injury or hematomas during retraction of the stomach
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tracheoesophageal fistula. Exercise caution when 
using energy devices near the airway, particu-
larly during the subcarinal node dissection. Even 
minor thermal injury, often not even visible dur-
ing the operation, can progress over the course of 
several days to a full thickness injury and fistula 
formation. In addition, bronchial artery branches 
supplying the airway should be preserved to pre-
vent ischemia. Always ensure that the bronchial 
cuff of the double lumen endotracheal tube is 
not overinflated, which can put the left mainstem 
bronchus at increased risk of injury.

Esophagogastric Anastomosis

The dissection of the esophagus is extended 
beneath the pleura around 2 cm superiorly past 
where the pleura was divided at the level of 
the azygos vein. The preserved pleura will act 
as a buttress for the eventual anastomosis. The 
esophagus is divided using a linear stapler at 
the level of—or above—the azygos vein, after 
confirming that the orogastric tube and esopha-
geal temperature probe have been removed. 
Tension is minimized by placing the anasto-
mosis no higher in the chest than necessary but 
at least at the level of the azygos vein to avoid 
redundant gastric conduit in the chest which can 
lead to reflux. Next, the anesthesiologist gently 
advances an oral anvil for the circular stapler 
(Orvil, Medtronic, Minneapolis, MN). The sta-
ple line is grasped on both sides to help guide 
the tube and keep the staple line horizontal. 
Once the tip of the tube can be seen, cautery is 
used to create a small opening just above the sta-
ple line on the medial aspect (towards the vena 
cava) of the staple line, allowing the end of the 
tube to be pulled through as the anesthesiolo-
gist guides the anvil over the back of the palate 
(Fig. 7). A pursestring stitch with reabsorbable 
suture is placed around the anvil to ensure a 
tight seal around the device.

The distal esophagus is gently pulled 
upwards to deliver the specimen and the con-
duit into the chest. Avoid excess traction and 
any twisting of the conduit. The staple line of 

azygos vein. Before reaching the azygous, the 
aorta will be seen to arch towards the left chest. 
At this level caution must be taken to identify 
and avoid injury to the aorta and the left main-
stem bronchus. For gastroesophageal junction 
tumors there is no oncologic need to obtain a 
wide radial margin at this proximal part of the 
esophagus, and staying close to the esophageal 
wall minimizes the risk to the airway.

The thoracic duct is also at particular risk 
for injury during esophageal mobilization in the 
chest because of its inconsistent course and the 
fact that it is often difficult to visualize, espe-
cially in obese patients or after neoadjuvant 
radiation. Again, injury occurs when dissection 
strays outside of the periesophageal plane of dis-
section. Identify and clip lymphatic branches 
coming from the thoracic duct and arterial 
branches from the aorta. Prophylactic ligation 
of the thoracic duct itself has not consistently 
been shown to reduce postoperative chylothorax, 
but if injury to the duct or its branches is sus-
pected the duct should be ligated just above the 
hiatus. Fluorescence imaging may be useful to 
help delineate the anatomy of the duct to aid in 
its preservation or ligation, though it is not rou-
tinely necessary [20].

Complete the lymphadenectomy by dissect-
ing the subcarinal nodes, again taking care not to 
injure or devascularize the airway. Avoidance of 
injury to the airways, including the trachea and 
both mainstem bronchi, is vital in preventing 

Fig. 6  Thoracic port placement

Laparoscopic and Thoracoscopic Ivor Lewis Esophagectomy
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with no tension, leaving the greater curvature 
vessels on the tracheal side of the anastomo-
sis in order to protect the airways in case of 
leak (Fig. 9). Once the circular stapler is fired, 
the redundant tip of the stomach is used as a 
retraction handle to expose the anastomosis and 
place two stay sutures: One suture is placed to 
reinforce the area where the staple lines cross 
at the lateral aspect of the anastomosis. This is 
then further buttressed with omentum to pro-
tect the airway and aorta. The second suture is 
placed on the medial aspect of the anastomosis 
to further relieve tension. After placing these 
sutures, a nasogastric tube is guided into the 
body of the stomach under direct vision. Finally 
the opened proximal end of the conduit is closed 
with a linear stapler, making sure the anastomo-
sis and this gastric staple line are at least 1–2 cm 
apart to avoid ischemia (Fig. 10). At this point 
the anastomosis is allowed to retract under the 
superior mediastinal pleura. The conduit can 
be tacked to the pleura with absorbable sutures. 
Intraoperative gastroscopy can be performed to 
assess the anastomosis and perform an insuffla-
tion leak test as the conduit is submerged under 
water. The anesthesiologist then advances a 
nasogastric tube under direct vision until the tip 

the conduit should be oriented to the patient’s 
right and be totally straight. At this point the 
conduit perfusion can be assessed using fluo-
rescence imaging using a proprietary camera 
such as the Pinpoint system (Novadaq, Ontario, 
Canada). The speed of fluorescence appearance 
and any areas of demarcation can help to iden-
tify regions of poor perfusion in the conduit. If 
a demarcation is seen, mark the area so that the 
anastomosis can be created caudally where there 
is preserved perfusion, resecting the poorly per-
fused portion of the stomach after the anastomo-
sis is performed [20].

The specimen is fully divided from the con-
duit using a linear stapler, taking care to main-
tain an adequate margin and leave enough room 
for insertion of the circular stapler to form 
an end to side esophagogastric anastomosis 
(Fig. 8). The specimen is removed in a retrieval 
bag and sent for intraoperative assessment of the 
proximal and distal margins. The anastomosis is 
performed only after the margins are confirmed 
to be uninvolved. The proximal tip of the con-
duit is grasped and opened parallel to the staple 
line with cautery, wide enough to allow inser-
tion of the circular stapler. The anastomosis is 
performed in an area of good conduit perfusion 

Fig. 7  The Orvil is retrieved through an opening in the 
esophageal stump. It is important to stay as close as pos-
sible to the esophageal stump staple line so that this is 
cut by the circular stapler

Fig. 8  The specimen is retracted towards the ante-
rior mediastinum and the conduit is completely divided 
making sure the margin at the level of the hiatus is not 
compromised
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Postoperative Care

Patients should be extubated in the operating 
room and monitored in the post-anesthetic care 
unit overnight. The nasogastric tube is kept to 
low intermittent suction and the patient is kept 
NPO. Jejunostomy feeds can be initiated on 
post-op day #1–2 and advanced according to 
protocol. The nasogastric tube is usually ready 
to be removed by post-op day #3 or 4, depend-
ing on the output and provided the conduit is 
not distended on X-ray. Contrast esophagram 
does not reliably identify or rule out a sub-
clinical anastomotic leak and does not need to 
be routinely performed. The patient can start 
clear fluids on approximately post-op day #5 
unless there are clinical signs of a leak such as 
tachycardia, atrial fibrillation, fever or rising 
white blood cell count. The chest tube should 
be removed once a chyle leak has been ruled 
out after initiating tube feeds, and if there are 
no signs of leak, typically by post-op day #3. 
Careful attention must be paid to the patient’s 
fluid balance. Most patients benefit from diure-
sis starting on around post-op day #3, which is 
often continued up to discharge. Patients should 
ambulate 1 mile/day and use incentive spirom-
etry at least hourly.

Any unexpected deviation from the clini-
cal course, such as fever, cough or arrhyth-
mia, may signal a more serious complication 
such as anastomotic leak or pneumonia. These 
should be investigated appropriately, typically 
with an IV and oral contrast CT scan of the 
chest. In the absence of complications most 
patients are discharged by around post-op 
day #7. After discharge the patient can slowly 
advance their diet and tube feeding can be 
weaned as oral calorie intake improves. The 
jejunostomy tube can usually be removed at 
the first follow-up appointment 2 weeks after 
discharge.

is within the distal conduit. Lastly, the conduit 
can be tacked to the diaphragm at the hiatus with 
non-absorbable suture to help prevent against 
paraconduit herniation. A single straight 28 Fr 
chest tube is placed and the lung is re-expanded. 
Incisions are closed in the standard fashion.

Fig. 9  The anastomosis is performed using a special 
grasper designed for use with the Orvil. The greater 
curve vessels are positioned against the airway to protect 
against fistula formation in the case of a leak. The pre-
served mediastinal pleura which will cover the eventual 
anastomosis is seen

Fig. 10  Resection of opened proximal end of the con-
duit with linear stapler
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Surgical Tips

Abdominal Phase

– The addition of a 5 mm port in the left upper 
quadrant allows both the primary surgeon and 
the first assistant to work with two hands, 
which can facilitate exposure. This is espe-
cially useful when less experienced trainees 
are involved, but as expertise is gained, this 
port can be omitted without compromising 
the operation.

– Minimize grasping the greater curve of the 
stomach, which will become the conduit. 
Plan grasper placement carefully for retrac-
tion during each phase of the stomach mobi-
lization, so that the grasper doesn’t have to be 
continually readjusted. Bluntly lift the stom-
ach instead of grasping it when possible.

– Avoid performing transhiatal dissection until 
late in the abdominal phase. This avoids a 
pneumothorax early in the case with resulting 
issues with hypotension. If a pneumothorax 
does occur it can usually be managed without 
inserting a chest tube.

– The use of the Carter-Thompson fascial clo-
sure device and the Endostitch (Covidien, 
Dublin, Ireland) greatly facilitates the crea-
tion of the jejunostomy, which can be one 
of the most frustrating parts of the operation 
when starting out.

Thoracic Phase

– The use of CO2 insufflation aids exposure 
and stabilizes the surgical field.

– Locate the previously placed Penrose drain 
early on after dividing the mediastinal pleura 
anteriorly and posteriorly. This provides a 
useful handle to retract the esophagus during 
dissection.

Outcomes

Several studies have compared MIE and open 
esophagectomy. Biere et al. randomized 115 
patients at five centers to either MIE or open 
esophagectomy [5]. MIE was superior in terms 
of blood loss (200 vs 475 mL, p < 0.001), 
length of stay (11 vs 14 days, p = 0.044), 
recurrent laryngeal nerve injury (2 vs 14%, 
p = 0.012), visual analog pain scale (2 vs 3, 
p < 0.001) and several short term quality of life 
measures, and was inferior only in operative 
time (329 vs 299 min, p = 0.002). Takeuchi, 
et al. performed a propensity matched compari-
son of MIE and open esophagectomy in 7030 
patients, performed in over 700 Japanese hos-
pitals [4]. MIE was superior in terms of blood 
loss (442 vs 608 mL, p < 0.001), need for > 48 h 
ventilation (8.9 vs 10.9%, p = 0.006), rate of 
atelectasis (3.6 vs 5.1%, p = 0.002) and super-
ficial infections (6.7 vs 8.7%, p = 0.022). MIE 
was inferior in terms of operative time (526 vs 
461 min, p < 0.001), recurrent laryngeal nerve 
injury (10.3 vs 8.1%, p = 0.002) and the need 
for reoperation (7 vs 5.3%, p = 0.004) though 
there was no difference in anastomotic leak, 
pneumonia, overall morbidity, or operative and 
30 day mortality. Sihag, et al. retrospectively 
studied the Society of Thoracic Surgeons data-
base to compare MIE and open esophagectomy 
in 3740 patients [6]. MIE was superior in terms 
of length of stay (9 vs 10 days, p < 0.001), 
postoperative transfusions (14.1 vs 18.7%, 
p = 0.002) and wound infections (2.3 vs 6.3%, 
p < 0.001) but was inferior in terms of opera-
tive time (443 vs 312 min, p < 0.001), empyema 
(4.1 vs 1.8%, p < 0.001), need for reoperation 
(9.5 vs 4.4%, p < 0.001), and need for dilation 
prior to discharge (5.5 vs 1.9%, p < 0.001). Key 
results of these and other studies are summa-
rized in Table 1.
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to patient positioning or a pneumothorax. If 
hypotension occurs, start by taking the patient 
out of reverse Trendelenburg position. If this 
solves the problem, gradually reintroduce 
reverse Trendelenburg to allow the patient 
time to compensate. If a pneumothorax is 
suspected, ensure that the pleural opening is 
extended widely to prevent tension physiol-
ogy. Decreasing CO2 insufflation pressure 
can help in both circumstances. Communicate 
with the anesthesia team to avoid excess 
administration of IV fluids, often a reflex 
reaction to transient hypotension, and which 
can be associated with cardiac and pulmonary 
complications postoperatively.

– Ensure that the bronchial cuff of the double 
lumen tube is not overinflated. If it is, the 

– Preserving the mediastinal pleura above the 
azygos vein provides an envelope of pleura to 
surround the anastomosis and allows anchor-
ing the conduit to combat the effects of grav-
ity when the patient is upright.

– It is often easiest to perform the subcarinal 
node dissection separately, after the esopha-
gus is completely mobilized.

– Assess the conduit using fluorescence, color 
and/or Doppler signal. This will help select 
the ideal location for the anastomosis.

Intraoperative Trouble Shooting

– Hypotension is a common occurrence during 
the abdominal phase, and is typically related 

Table 1  Superior operative approach for selected surgical and oncologic outcomes

Length of stay MIE ND MIE MIE MIE

ICU length of stay/ventilation ND MIE ND MIE –

Operative time OE OE OE ND –

Blood loss/transfusion MIE MIE MIE MIE MIE

Anastomotic leak ND ND ND ND ND

Recurrent nerve injury MIE OE – ND –

Superficial/wound infection – MIE MIE – –

Pneumonia/empyema – MIE OE ND MIE

Pain MIE – – – –

Need for reoperation ND OE OE – –

Margin ND – – ND ND

Nodes removed ND – – ND MIE

Operative/30 day mortality ND ND ND ND ND

Palazzo [9]Tapias [7]]6[ gahiS]4[ ihcuekaT]5[ ereiBemoctuO

MIE minimally invasive esophagectomy-blue, OE open esophagectomy-yellow, ND no difference-grey
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 9. Straatman J, van der Wielen N, Cuesta MA, Daams 
F, Roig Garcia J, Bonavina L, et al. Minimally 
invasive versus open esophageal resection: three-
year follow-up of the previously reported rand-
omized controlled trial: the TIME trial. Ann Surg. 
2017;266(2):232–6.

 10. Palazzo F, Rosato EL, Chaudhary A, Evans NR, 
Sedecki JA, Keith S, et al. Minimally invasive 
esophagectomy provides significant survival advan-
tage compared with open or hybrid esophagec-
tomy for patients with cancers of the esophagus 
and gastroesophageal junction. J Am Coll Surg. 
2015;220(4):672–9.

 11. Nagpal K, Ahmed K, Vats A, Yakoub D, James D, 
Ashrafian H, et al. Is minimally invasive surgery 
beneficial in the management of esopahgeal cancer? 
A meta-analysis. Surg Endosc. 2010;24:1621–9.

 12. Xiong WL, Li R, Lei HK, Jiang ZY. Comparison of 
outcomes between minimally invasive oesophagec-
tomy and open oesophagectomy for oesophageal 
cancer. ANZ J Surg. 2017;87:165–70.

 13. Kauppila JH, Xie S, Johar A, Markar SR, 
Lagergren P. Meta-analysis of health-related qual-
ity of life after minimally invasive versus open 
oesophagectomy for oesophageal cancer. Br J Surg. 
2017;104:1131–40.

 14. Yerokun BA, Sun Z, Yang CF, Gulack BC, Speicher 
PJ, Adam MA, et al. Minimally invasive versus open 
esophagectomy for esophageal cancer: a population-
based analysis. Ann Thorac Surg. 2016;102:416–23.

 15. Seesing MFJ, Gisbertz SS, Goense L, Van 
Hillegersberg R, Hidde K, Lagarde SM, et al. A 
propensity score matched analysis of open versus 
minimally invasive thoracic esophagectomy in the 
Netherlands. Ann Surg. 2017;266:839–46.

 16. Harriott CB, Angeramo CA, Casas MA, 
Schlottmann F. Open versus hybrid versus totally 
minimally invasive Ivor Lewis esophagectomy: 
systematic review and meta-analysis. J Thorac 
Cardiovasc Surg. 2022;164:e233–54.

 17. Maas KW, Cuesta MA, van Berge Henegouwen MI, 
Roig J, Bonavina L, Rosman C, et al. Quality of 
life and late complications after minimally invasive 
compared to open esophagectomy: results of a rand-
omized trial. World J Surg. 2015;39:1986–93.

 18. Nobel T, Tan KS, Barbetta A, Adusumilli P, Bains 
M, Bott M, et al. Does pyloric drainage have a role 
in the era of minimally invasive esophagectomy? 
Surg Endosc. 2019;33(10):3218–27.

 19. Murad H, Huang B, Ndegwa N, Rouvelas I, 
Klevebro F. Postoperative hiatal herniation after 
open versus mimimally invasive esophagectomy; 
a systematic review and meta-analysis. Int J Surg. 
2021;93:106046.

 20. Turner SR, Molena D. The role of intraoperative 
fluorescence imaging during esophagectomy. Thorac 
Surg Clin. In Press.

membranous wall of the left mainstem bron-
chus can be stretched and prone to injury dur-
ing esophageal mobilization and subcarinal 
node dissection.

When performing the anastomosis, double check 
that the conduit is not twisted. The staple line 
should be straight and to the patient’s right (up 
towards the ceiling with the patient in decubitus 
positioning). The greater curve vessels should 
lie to the left and are laid to buttress between the 
conduit and the airway.
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Robotic Assisted Ivor Lewis 
Esophagectomy

Kunal J. Patel and Christopher D. Scott

Abstract

Robotic thoracic surgery has been increas-
ingly adopted across the field. Many surgeons 
have found the articulating instrumentation, 
better visualization, and improved ergonom-
ics immensely beneficial in either transition-
ing their practices from open to minimally 
invasive or enabling increased complexity 
in their minimally invasive practice. Robotic 
assisted minimally invasive esophagectomy 
(RAMIE) remains in the early stages of adop-
tion. Similar to the early era of minimally 
invasive esophagectomy (MIE), outcomes 
are plagued by the growing pains of a steep 
learning curve. Understandably, many in the 
field find it difficult to justify these worse 
outcomes in the name of learning a new tech-
nology. However, as a new generation of sur-
geons is trained on the robotics platform and 
the outcomes become equivocal, the benefits 
of RAMIE, to both the patient and the sur-
geon, will come into sharper focus. Herein, 
we review the technique of a completely 
robotic assisted Ivor Lewis esophagec-
tomy. We discuss the operative technique for 
both the abdominal and thoracic portions, 

including demonstration of port place-
ment as well as ‘troubleshooting’ scenarios 
intraoperatively.

Keywords

Robotic · Ivor Lewis · Esophagectomy · 
Esophageal cancer · Minimally invasive 
esophagectomy · RAMIE · MIE

Introduction

Robotic thoracic surgery has been increas-
ingly adopted across the field. Many surgeons 
have found the articulating instrumentation, 
better visualization, and improved ergonom-
ics immensely beneficial in either transitioning 
their practices from open to minimally invasive 
or enabling increased complexity while remain-
ing minimally invasive [1]. Robotic assisted 
minimally invasive esophagectomy) (RAMIE) 
remains in the early stages of adoption. 
Similar to the early era of minimally invasive 
esophagectomy (MIE), outcomes are plagued 
by the growing pains of a steep learning curve 
[2]. Understandably, many in the field find it 
difficult to justify these worse outcomes in the 
name of learning a new technology. However, 
as a new generation of surgeons is trained on 
the robotics platform and the outcomes become 
equivocal, the benefits of RAMIE, to both the 
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trocar, and a 5 mm laparoscopic trocar for the 
liver retractor (Fig. 1).

Initial insufflation pressure is 15 mmHg 
of CO2 with a flow of 40 L/min on Standard 
Insufflation Mode. In patient’s without prior 
abdominal surgery, the initial 8 mm trocar (Arm 
2—30° camera) is placed ‘blindly’ paramedian 
approximately 15 cm subxiphoid. This obviates 
the need for an additional laparoscopic camera 
set up. For patients with prior abdominal sur-
gery, a 5 mm trocar is placed at Palmer’s point 
after insufflation is achieved and a 5 mm 30° 
laparoscopic camera is introduced. Under direct 
visualization the remainder of the trocars are 
placed: laterally to the patient’s left, an 8 mm 
trocar just above the level of the intrabdominal 
fat (Arm 4—tip up fenestrated grasper); splitting 
the difference between Arm 2 and Arm 4, an 
8 mm trocar (Arm 3—vessel sealer); a 12 mm 
trocar in the right upper quadrant lateral to the 
falciform (Arm 1—cadiere forceps [with 8 mm 
reducer] and eventually the stapling port); in 
the right lower quadrant triangulated inferiorly 
between Arm 1 and Arm 2 is the AirSeal; and 
finally in the RUQ laterally just below the liver 
is the trocar for the liver retractor.

Once the AirSeal port is attached and ready, 
we convert the insufflation to AirSeal Mode 
(Smoke Evacuation Mode is not beneficial 
here). The laparoscopic snake liver retractor is 
inserted through the 5 mm trocar and secured to 

patient and the surgeon, will come into sharper 
focus.

Operative Technique

In many regards, RAMIE is conducted very sim-
ilarly to the minimal invasive esophagectomy as 
described elsewhere in this volume. However, 
there are a few key differences that the robot-
ics platform necessitates, and we will highlight 
these as we move through the procedure. Our 
operative technique is evolved and adapted to 
the DaVinci Xi® system (Intuitive, Sunnyvale, 
CA), although much of what we discuss can 
be extrapolated to older systems such as the 
Si®, but these differences will not be discussed 
herein.

The patient is positioned supine on the oper-
ating table with arms tucked and a footboard 
for support, as we tend to utilize steep reverse 
Trendelenberg positioning during the abdomi-
nal portion of the procedure. We do not typi-
cally utilize the integrated Table Motion Trumpf 
bed for the DaVinci system, as we have not 
found it necessary. The standard approach with 
a left-sided dual lumen endotracheal tube, large 
bore IV access, radial arterial line, and urinary 
catheter is undertaken. We routinely perform 
a pre-operative upper endoscopy to assess for 
any unexpected findings in the esophagus or 
stomach. The pylorus is visualized but it is not 
our standard practice to perform any endo-
scopic dilations (or indeed any pyloric drainage 
procedure).

Abdominal Port Placement 
and Gastric Mobilization

The abdomen is widely prepped and draped 
from the nipple line to the pubis, and laterally to 
the furthest extent possible. Abdominal access 
can be obtained however the surgeon feels most 
comfortable; we utilize the Veress needle entry 
at Palmer’s point. Our trocar setup includes 
three 8 mm robotic trocars, one 12 mm robotic 
trocar, an 8 mm AirSeal (Conmed, Utica, NY) Fig. 1  Abdominal trocar placement
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the bed with the retractor post. With the robot, 
this retractor has proven to be lower profile, and 
facilitates robot docking and arm clearance. One 
should still attempt to swing the post arm down 
and away from the patient as much as possible 
when securing the retractor though to maximize 
robot motion.

Once the robot is docked using the “Upper 
Abdomen” setting and the instruments (as 
listed above) are installed, we begin our gastric 
mobilization with the hiatal dissection. For this 
portion of the procedure, the bedside assistant 
generally is not required for any significant 
intra-abdominal manipulation and is limited 
mostly to instrument exchanges when the time 
for stapling arrives. We begin by opening the 
pars flaccida and identifying the right crus. 
The esophagus is then circumferentially mobi-
lized from the hiatus with the dissection carried 
cranially towards the inferior pulmonary veins. 
Anyone that has ever performed benign fore-
gut procedures with the robotic platform will 
know how facile it becomes to extend this dis-
section rather far into the mediastinum. In our 
experience, there is very little downside to this, 
especially if the anatomy is favorable, and will 
only expedite the thoracic portion of the case. 
During this dissection, the tip up grasper is 
used to provide counter traction, largely with-
out needing to grab the specimen. It is quite 
common to violate the pleura during this dis-
section, particularly in the setting off post-
induction therapy effects. If possible, we prefer 
to remain extra-pleural during this dissection to 
avoid any respiratory or hemodynamic issues 
that may result from the capnothorax, espe-
cially with the AirSeal.

After a thorough crural dissection, we turn 
our attention to the mobilization of the greater 
curve of the stomach. The gastrocolic ligament 
is elevated and the right gastroepiploic artery is 
identified. As a key step for the entirety of this 
procedure, and given that manual palpation 
is not an option, it is essential to visualize the 
artery and take great care to preserve it for the 
length of its course along the greater curve, in 
addition to avoiding any accidental manipulation 
with a robotic instrument.

The greater omentum is then divided with the 
vessel sealer along the greater curve of the stom-
ach. During this dissection, a vascularized pedi-
cle of omentum is created to use as a buttress 
for the anastomosis later and buffer between 
the anastomosis and airway. At the level of the 
short gastric vessels, we move the dissection 
closer to the stomach, as the right gastroepiploic 
becomes dimunitive and finish the mobilization 
of the fundus by dividing the gastrosplenic liga-
ment. The remained of the greater curve is then 
mobilized by carrying the dissection towards 
the pylorus and duodenum, performing a ‘par-
tial’ Kocher maneuver. Any remaining retrogas-
tric attachments are mobilized. With the pylorus 
freed in this fashion, we have found that a full 
Kocher maneuver is rarely necessary as the 
pylorus will reach the hiatus without any undue 
tension. Additionally, as stated previously, we do 
not perform any pyloric drainage procedure.

The final step of our gastric mobilization 
is the division of the left gastric vascular pedi-
cle. The greater curve is elevated superiorly to 
expose the left gastric artery and vein through 
the lesser sac. Gentle dissection is performed 
to sweep lymphatic tissue distally towards the 
specimen and expose the vessels. The pedi-
cle is then transected with a single fire of the 
SureForm™ 45 stapler, typically a gray load 
(Fig. 2). We use this same stapler for the entirety 
of the procedure, inserted through the lone 
12 mm trocar.

Conduit Creation

The final step of the abdominal portion of the 
procedure involves assessing and creating the 
gastric conduit. At this juncture, we will first 
assess the mobility of the pylorus for its ability 
to reach to the hiatus. Assuming this is the case, 
we can feel confident that the proximal extent 
of our conduit would reach the distal esophagus 
in the chest without tension. If it is felt that the 
pylorus is still tethered, additional mobilization 
can be undertaken at this time.

Our next step is to assess the perfusion of the 
gastric area likely to be included in our conduit. 

Robotic Assisted Ivor Lewis Esophagectomy
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then used to create the conduit that is approxi-
mately 4 cm in width from the greater curve of 
the stomach. Our initial stapler load is a blue 
thickness, and with the dynamic compression 
of the robot, we have found this to be more than 
sufficient. However, one may need to upsize to 
a green load for certain patients if the stapler is 
unable to compress appropriately.

A useful retraction technique is to place the 
tip up grasper in Arm 4, grasp the fundus and 
retract cranially. Since this portion of the fundus 
will be incorporated in the specimen, it can be 
handled safely in this way. A penrose drain can 
be placed at the pylorus and the assistant can 
retract caudally, thus lengthening the stomach. 

The Firefly™ technology incorporated into 
the robotic platform provides an efficient and 
effective visual assessment of the gastric perfu-
sion (Fig. 3). We have our anesthesia colleagues 
administer 10 mg (4 mL) of indocyanine green 
(ICG) dye while the Firefly™ is activated on the 
surgeon console, and we can assess global per-
fusion of the stomach with the left gastric pedi-
cle divided.

We then begin dividing the conduit with the 
SureForm™ 45 stapler. A starting point on the 
lesser curve proximal to the “crow’s foot” is 
cleared with the vessel sealer. Any probes or 
suction catheters are removed to avoid mistak-
enly stapling them. A series of stapler fires are 

Fig. 2  Transection of the left gastric vascular pedicle is performed by first elevating the greater curve of the stomach 
to expose the vessels. Once the vein and artery are identified and sufficiently dissected free of extraneous tissue, a sin-
gle fire of the SureForm™ 45 Gy load is used to divide the base

Fig. 3  The conduit is transected with a series of stapler fires from the lesser curve to the fundus. Indocyanine green 
and Firefly™ technology is utilized to assess conduit perfusion, particularly at the proximal extents of the conduit
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placement begins with the insertion of the 8 mm 
camera trocar which occurs at the 5th intercos-
tal space along the posterior axillary line, just 
anterior to the latissimus dorsi. We use the blunt 
obturator as this insertion is performed blindly. 
The 30° camera is then inserted to confirm 
injury-free intrathoracic placement and insuf-
flation is started at 8 mmHg CO2 with a flow of 
40 L/min on Standard Insufflation Mode. Under 
direct visualization, and utilizing the sharp obtu-
rators now, we place the other three robot trocars 
and the AirSeal trocar (Fig. 4).

The trocar placement must consider both 
interior and exterior landmarks for optimal func-
tionality with minimal opportunity for instru-
ment collisions or range of motion limitation. 
Exteriorly, the robot trocars will ideally be 
placed an approximate handbreadth apart from 
each other. Arm 1 (tip up fenestrated grasper) 
will be an 8 mm trocar that is placed posteri-
orly and inferiorly on the patient. Moving two 
handbreadths away from the camera trocar will 
position this trocar in the 9th or 10th intercos-
tal space and just above the diaphragm. Arm 2 
(cadiere forceps [with 8 mm reducer] and even-
tually the stapling port) is a 12 mm trocar placed 
one handbreadth inferior from the camera port 
and one handbreadth anterior from arm 1. This 
will generally be at the 7th intercostal space. 
The AirSeal in then triangulated between arm 
2 and arm 3 as far anterior as possible with-
out injuring the diaphragm. Lastly, arm 4 (ves-
sel sealer, needle driver) is an 8 mm trocar that 
is placed at approximately the 3rd intercostal 
space. This is usually difficult to obtain a full 
handbreadth away from arm 3, but largely does 
not present a problem with collisions. As this 
port is placed high in the axilla, it is necessary 
to consider external landmarks here as well, 
specifically remaining anterior to the latissimus 
dorsi, and leaving enough space away from the 
arm for the robot to appropriately angle towards 
the inferior chest. Interiorly, this port placement 
roughly coincides with the superior aspect of the 
major fissure of the right lung.

The AirSeal is activated appropriately, and 
the robot is docked on the ‘Thoracic Right’ pre-
set and the axis is slightly adjusted manually or 

This helps to minimize ‘bunching’ and spiral-
ing of the conduit. We also liberally use the 
Firefly™ to help guide our conduit creation, 
particularly as we reach the proximal extent 
of the stomach (Fig. 3). The conduit is com-
pletely transected at the fundus. We then suture 
the proximal conduit to the gastric specimen 
using a figure-of-eight suture with a 3-0 silk. 
The omental flap is also incorporated into this 
stitch and the knot is tied loosely but securely, 
as we rely on this to help bring the conduit and 
omental flap into the chest when the specimen is 
mobilized.

Jejunostomy Tube Insertion

It is not our standard practice to place a jejunos-
tomy tube in every esophagectomy patient, how-
ever there are certain patients that will clearly 
require and benefit from the enteral access. In 
these select patients, we will utilize the robot 
to place the feeding tube at this juncture in the 
case. For robotic jejunostomy tube insertion, 
it is often easier to port hop the camera to Arm 
3 and use Arm 2 and 4 for the cadiere and nee-
dle driver, respectively. The Ligament of Treitz 
can be identified and subsequently the jejunum. 
Once the appropriate area of jejunum is selected, 
a barbed suture (V-lock or Stratafix) can be used 
to tack the lateral aspect of the jejunum to the 
abdominal wall. A pursestring suture can be 
created in the jejunum and the J tube can be 
inserted via seldinger technique. With the tube 
in place, the pursestring can be tied down. The 
prior barbed suture can then be continued cir-
cumferentially, creating a broad-based Stamm 
and fully enclosing the J tube site.

Thoracic Positioning and Port 
Placement

The patient is then repositioned into left lateral 
decubitus with the bed flexed per usual operative 
thoracic positioning. The anesthesia team will 
selectively ventilate the left lung via the dual 
lumen endotracheal tube. The thoracic trocar 
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prematurely. A penrose drain placed around the 
esophagus aids in retraction and can be espe-
cially helpful when dissecting the esophagus 
from the airway. We also utilize this opportunity 
to perform regional lymph node sampling. As a 
technical point, we prefer the vessel sealer for 
the majority of the dissection because it lends 
to better hemostasis and (in our opinion) better 
lymphostasis. A key component of the intratho-
racic dissection is mobilization of the esophagus 
from the airway. For this portion, energy dissec-
tion is used sparingly and with utmost attention. 
Bipolar energy dissection is used for this portion 
of the dissection, as it has less thermal spread 
than monopolar or vessel sealer energy.

Once the thoracic esophagus is mobilized 
several centimeters above the level of the azy-
gous vein, the esophago-gastric specimen and 
gastric conduit are delivered into the chest, with 
particular attention given to maintaining appro-
priate orientation—this can be monitored by 
monitoring the position of the staple on the con-
dit, which should be directly facing the surgeon. 
The tacking sutures are cut, and the length of 
the gastric conduit is assessed to assure appro-
priate length to the anastomotic site. At this 
point, 10 mg (4 mL) of indocyanine green (ICG) 
is administered and Firefly is used to assess 
the perfusion of the conduit. Commonly, the 

if using the targeting function, approximately 
the level of the azygos vein is selected for target 
anatomy. The instruments are inserted as above 
and we continue the surgery with the intratho-
racic esophageal dissection.

Esophageal Mobilization 
and Esophagogastrostomy

We begin by opening the inferior pulmonary lig-
ament with the vessel sealer and extending the 
pleural incision over the esophagus to the azy-
gous vein. This is best accomplished by using 
the tip up grasper (and occasionally the assistant 
as well) to retract the lung anteriorly to expose 
the posterior hilum. The azygous vein is mobi-
lized from the underlying esophagus with the 
intent to pass a stapler across the vein. We then 
transect the azygous vein with a gray load of the 
Sureform™ 45 stapler.

The esophagus is then dissected from the 
posterior mediastinum taking care to avoid the 
thoracic duct and with meticulous hemosta-
sis of the bronchial arteries supplying the mid-
distal esophagus. The vessel sealer is excellent 
for this purpose. The final hiatal dissection is 
saved for last, as dissection here too early can 
inadvertently deliver the conduit into the chest 

Fig. 4  Right thoracic trocar placement
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through the posterior esophagus to the anterior 
conduit. These sutures facilitate the stapler posi-
tioning by keeping the esophageal lumen open. 
We then use the monopolar scissors to open the 
anterior conduit (Fig. 6). A generous opening is 
necessary to facilitate the stapler. The gastrot-
omy does not need to be a large distance away 
from the proximal conduit as the stapled anas-
tomosis only utilizes approximately 30 mm of 
the stapler length. A blue load stapler is used to 
create the posterior anastomosis (Fig. 7). It is 
paramount to plan the site of the gastrotomy far 
enough from the conduit staple line to preserve 
blood flow to the anastomosis.

The completion of the anastomosis is per-
formed with two six inch 3-0 absorbable 
Stratafix™ (Ethicon, USA) sutures in a sin-
gle layer running fashion. We run these barbed 
sutures from each corner of the anastomosis 
towards the center, with some overlap, prior to 
tying the sutures to each other (Fig. 8). Before 
tying these sutures, we will have the anesthesia 
team pass a nasogastric tube past the anastomo-
sis into the conduit. We do not standardly but-
tress the anastomosis, but if deemed necessary, 
additional sutures can be placed. The final step 
of the anastomosis is to wrap the omental flap 
around the staple line and anastomosis, pref-
erentially creating a buffer between the airway 
and the conduit (Fig. 9). A single chest tube is 

proximal conduit will be trimmed back with the 
stapler depending on the length. Excess length 
on the conduit is not desirable as it can lead to 
redundancy and delayed emptying.

The anastomosis is constructed with a ‘modi-
fied Orringer’ technique—linear stapled side-
to-side esophagogastrostomy with hand-sewn 
closure of the common enterotomy. The proxi-
mal esophagus is grasped with a tip up grasper 
in Arm 1 and retracted anteriorly. The conduit 
can then be positioned posterior to the proximal 
esophagus. It is important that the esophagus is 
dissected at least 3 cm proximal to the intended 
site of the anastomosis to allow the conduit to 
be positioned adequately. The authors routinely 
perform the anastomosis at the level of the 
azygos vein, even with more distal tumors, to 
ensure proper margins and conduit length/drain-
age issues as discussed previously. A more prox-
imal anastomosis is also possible, depending on 
the location of the tumor. Approximating sutures 
are placed from the lateral aspects of the esopha-
gus to the gastric conduit (Fig. 5), after which 
the esophagus is transected sharply with monop-
olar scissors. The specimen can then be located 
out of the field or retrieved via a specimen bag 
through the assistant port if margin evaluation is 
warranted.

Prior to making the anastomosis, we place 
two more 2-0 Vicryl sutures full thickness 

Fig. 5  Prior to transecting the proximal esophagus, two 
lateral tacking sutures are placed using a 2-0 Vicryl at 
the 3- and 9-o’clock positions (left). The esophagus is 

transected with the monopolar scissors 1–2 cm proximal 
to the tacking sutures to create an overlap between the 
conduit and esophagus (right)
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Postoperative Care

Our standard postoperative pathway sees our 
patients extubated in the operating room and 
transferred directly to the surgical ICU for over-
night monitoring. They remain NPO with the 
nasogastric tube to low continuous wall suction 
until evaluation of the anastomosis on post-oper-
ative day #5. If a jejunostomy tube was placed 
at the time of surgery, we will begin trickle tube 

placed posteriorly, directed towards the apex of 
the chest in close proximity to the conduit with-
out contacting it. The specimen is placed into a 
15 mm extraction bag and removed through the 
AirSeal port (which needs to be enlarged) and 
sent for routine pathologic analysis. The lung is 
then inflated under direct visualization, the tro-
car sites are closed, and the procedure is thus 
concluded.

Fig. 6  The location of the gastrotomy is carefully cho-
sen at a distance sufficiently far from the conduit staple 
line, but not so far as to create an excessively large “dog 
ear” behind the anastomosis. Two more traction sutures 

on placed between the esophagus and conduit (left) and 
the gastrotomy is created with the monopolar scissors to 
create a reasonable size match (right)

Fig. 7  A blue load of the linear stapler is utilized to cre-
ate the posterior anastomosis. The larger arm of the sta-
pler is placed within the conduit with the slimmer arm in 
the esophagus. Gentle tension on the esophagus is used 
to ensure there is no retraction of the tissue, and the sta-
pler is only advanced to about 30 mm to create an appro-
priately sized esophago-gastrostomy

Fig. 8  Running 3-0 barbed sutures are used to close the 
anterior anastomosis in a single layer with full thickness 
bites. Occasionally, at surgeon discretion, the anastomo-
sis can be reinforced with Lembert-type sutures
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created with insufflation. While it is possible to 
place all four robotic trocars across the abdomen 
at the same level in a straight line, the authors 
find that moving Arm 1 superiorly a few centim-
eters is helpful in creating additional space for 
the assistant port. This allows the assistant port 
to move higher on the abdomen and increase 
their reach into the mediastinum, while avoiding 
Arm 1 and 2. When placing the Arm 1 trocar, 
the falciform is identified and the port is placed 
just below this level.

When placing the trocars for the thoracic por-
tion, the spacing is optimized by placement of 
Arm 4 high enough in the chest. This decision 
need be made prior to placing the first trocar 
so that spacing can be optimized. This trocar is 
typically placed in the 3rd intercostal space. It is 
important to understand the relationship of this 
trocar and the right shoulder/arm. When posi-
tioning, it is helpful to adduct the right arm as 
much as possible. Prior to making the incision 
for this port, an empty trocar can be used to 
simulate the motion of the instrument to ensure 
there are no collisions with the right shoulder/
arm.

Capnothorax

Commonly, we are operating on patients in 
the neoadjuvant setting. Given the location of 
the tumors abutting the pleural spaces and the 
resultant inflammatory effects of induction ther-
apy, it is common and often necessary to enter/
resect the pleura. Typically, the creation of a 
capnothorax can be adequately managed with 
routine anesthesia maneuvers. If difficulties 
with ventilation persist, the CO2 pressure can be 
reduced. It also important to ensure that a ten-
sion physiology is not created, as a small rent 
in the pleura can lead to tension as the airseal 
maintains a steady pressurization that can trap 
air in the pleural space. If a difficult mediasti-
nal dissection is anticipated, and/or the patient’s 
pulmonary reserve is compromised, the authors 
prefer to save this step for later in the case so as 
to minimize physiologic decompensation.

feeds on post-operative day #2 and advance to 
goal as tolerated. On day #5, we routinely obtain 
a contrast esophagram, which in conjunction 
with clinical markers of progress (e.g. absence 
of fevers, white blood cell count, chest tube out-
put, etc.) are used as a milestone for removing 
the nasogastric tube, and subsequently the chest 
tube. The esophagram also helps us evaluate 
gastric emptying, which occasionally prompts 
us to perform an endoscopic pyloric procedure if 
necessary.

Discharge home usually occurs on post-
operative day #7 on our normal pathway with 
the patient on a soft diet. The nutrition team at 
our institution maintains close contact with our 
post-esophagectomy patients and will generally 
manage the cessation of tube feeds if patients 
are tolerating their diet and maintaining caloric 
intake. This enables us to remove the jejunos-
tomy tube at the routine post-operative visit 
3–4 weeks after discharge.

Intraoperative Troubleshooting

Port Placement

Typically, external collisions are uncommon 
during the abdominal portion of the procedure, 
given the working domain and extra space 

Fig. 9  An omental flap is a useful and relatively easy 
adjunct to reinforce the staple lines and anastomosis and 
create a buffer between the conduit and airway
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 3. Yoshimura S, et al. Quality of life after robot-
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of a multicenter randomized controlled trial: the 
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in robot-assisted minimally invasive esophagectomy 
(RAMIE): results from the multicenter international 
registry. Ann Surg. 2022;276:e386–92. https://doi.
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tomosis during robotic-assisted Ivor Lewis minimally 
invasive esophagectomy (RAMIE). Dis Esophagus. 
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 11. Zhang H, et al. Robotic side-to-side and end-
to-side stapled esophagogastric anastomosis of 
Ivor Lewis esophagectomy for cancer. World J 
Surg. 2019;43:3074–82. https://doi.org/10.1007/
s00268-019-05133-5.

 12. Wang F, et al. Intrathoracic side-to-side esophago-
gastrostomy with a linear stapler and barbed suture 
in robot-assisted Ivor Lewis esophagectomy. J Surg 
Oncol. 2019;120:1142–7. https://doi.org/10.1002/
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 13. Wee IJY, Kuo LJ, Ngu JC. A systematic review 
of the true benefit of robotic surgery: ergonom-
ics. Int J Med Robot. 2020;16: e2113. https://doi.
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Outcomes

Some of the beneficial endpoints of MIE ver-
sus open esophagectomy (reduced pain and 
blood loss, shorter length of stay, fewer respira-
tory complications, etc.) are already being repli-
cated or surpassed by RAMIE [2–8]. We would 
anticipate that as experience and techniques 
evolve, essential endpoints such as leak rates 
and oncologic outcomes will similarly equili-
brate, as this is the predictable evolution of any 
widely adopted technology. Indeed, a recent mul-
ticenter trial comparing RAMIE to MIE dem-
onstrated equivalent (and acceptable) leak rates 
(12.2 vs. 11.3%), however other international 
studies have been far more varied, with compli-
cation rates close to 30% [6, 9]. Several factors 
were cited for the noticeably high leak rate at the 
varying centers, most prominently anastomotic 
technique with handsewn performing by far the 
worst. However, surgeon experience and practice 
environments (academic versus private) will also 
make a difference. In addition to this study, other 
single center experiences have demonstrated 
acceptably low leak rates with circular (4–10%) 
and linear (8%) stapling techniques, including the 
technique we describe here (8.1%) [7, 8, 10–12].

As a final comment, an underappreciated 
and under-investigated aspect of the robot is the 
ergonomic benefits afforded the operative sur-
geon [13]. While surgeon health and wellness 
has not been a main consideration, in the pres-
ence of equivocal patient outcomes with robotic 
technology, the surgeon’s wellbeing may stand 
to benefit as well. The Ivor Lewis esophagec-
tomy, in all its current iterations is a demanding 
procedure, mentally and physically. If the robot-
ics platform can improve upon this, there lies a 
benefit that cannot be adequately quantified.
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Minimally Invasive McKeown 
Esophagectomy

Yehonatan Nevo and Lorenzo Ferri

Abstract

Minimally invasive McKeown esophagec-
tomy (MIE) has several potential benefits 
over the open approach, including: reduced 
post-operative pain, lower rates of pulmo-
nary complications, and faster recovery with 
shorter length of stay. MIE also results in less 
blood loss, reducing the need for blood trans-
fusions. MIE is a demanding procedure but 
with the right training and proctoring can be 
safely adopted into practice without compro-
mising the surgical or oncological quality.
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Introduction

Minimally invasive McKeown esophagectomy 
(MIE) has several potential benefits over the 
open approach, including: reduced post-oper-
ative pain, lower rates of pulmonary complica-
tions, and faster recovery with shorter length of 
stay. MIE also results in less blood loss, reduc-
ing the need for blood transfusions. MIE is a 
demanding procedure but with the right training 
and proctoring can be safely adopted into prac-
tice without compromising the surgical or onco-
logical quality [1–11].

Preoperative Considerations

• Pain Management: We routinely use tho-
racic epidural catheter, although paraverte-
bral analgesia has recently emerged as a safe 
alternative while avoiding the thoracic epi-
dural associated-side effects including hypo-
tension. Intercostal (IC) nerve blocks using 
long-acting liposomal local anesthetics is 
another alternative to epidurals in minimally 
invasive thoracic surgery patients, though it’s 
efficacy in MIE is yet to be proven.

• Single-lung ventilation: Excellent single-
lung ventilation is vital to maintain good 
exposure during thoracoscopy. Although 
positive pressure capnothorax especially in 
the prone position, can obviate the need for 
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important element of ERP’s. Preoperative 
conditioning intervention including exercise, 
nutrition, and physcological prehabilitation 
help prevent functional impairment before 
and after surgery, as well as improve qual-
ity of life. Patients receive teaching from a 
nurse-educator at the pre-operative clinic, 
and are provided with a comprehensive 
information booklet that reviews all proce-
dures in an easy-to-understand language with 
illustrations.

Operative Technique

Thoracoscopy

After completion of intraoperative EGD includ-
ing endoscopic pyloromyotomy, the patient is 
positioned in the hybrid left lateral-prone position 
(Fig. 2). Patients are placed in the left semi-prone 
position, and the operating table is then rotated to 
create the left lateral decubitus position. The left 
leg (lower leg) is flexed gently at the knee and 
the upper leg remains in extension, with adequate 
padding between the legs. The arms are well pad-
ded and supported on arm boards. A vacuumed 
beanbag is used to secure the patient, in addition 
to the use of tape or Velcro.

We employ a four-port thoracoscopy using 
12 mm trocars (Fig. 3). Our trocar placements 
are the following:

1. Third intercostal space, anterior axillary line
2. Fifth intercostal space, posterior axillary line

a double lumen tube, our preference is for 
single-lung ventilation. Because of the short 
right mainstem bronchus, we prefer a double-
lumen tube rather than a right sided bronchial 
blocker for lung isolation.

• EGD with endoscopic pyloromyotomy: An on-
table esophagogastroduodenoscopy (EGD) is 
routinely performed to verify the lesion and 
confirm its location prior to beginning the pro-
cedure. Particular attention is devoted to the 
extent of involvement in the lesser and greater 
curvatures, which may alter the conduit. 
Endoscopic pyloromyotomy is done using an 
ITknife2™ (model KD-611L, Olympus) with 
cutting the pyloric mucosa and muscularis 
propria in three different areas, ensuring that 
the lip of tissue between the duodenal bulb 
and pre-pyloric antrum is completely elimi-
nated and the pyloric channel is completely 
open (Fig. 1). We have previously demon-
strated the utility and effectiveness of this 
novel technique of pyloric drainage.

• Enhanced Recovery Pathway: Establishing 
and following an enhanced recovery path-
way (ERP) provides standardized and evi-
dence-based perioperative management for 
the esophagectomy patient. We have shown 
that ERPs are cost-effective, with decreased 
complications and shortened postoperative 
length of stay. Key elements of the pathway 
include extubation immediately after the 
operation, avoidance of routine ICU care, 
early removal, or complete avoidance of 
the nasogastric (NG) tube, early oral feed-
ing, and diligent chest physiotherapy with 
frequent ambulation. Prehabilitaiton is an 

Fig. 1  a The endoscopic Myotomy is performed by using ITknife b The muscularis propria is adequately cut and the 
pyloric channel is completely open c Pyloromyotomy in three different areas
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3. Seventh intercostal spaces mid axillary line
4. Ninth intercostal spaces posterior axillary 

line.

The first port is inserted using an optical trocar 
and artificial pneumothorax is achieved using 
carbon dioxide at a pressure of 8–10 mmHg 
to collapse the right lung and expand the 

mediastinum. The subcarinal dissection is per-
formed by initially rotating the table to almost 
prone position. The azygous vein is circumferen-
tially dissected and divided with a linear stapler 
device and the pleura is divided anteriorly and 
posteriorly along the length of the esophagus 
with hook cautery. The mobilization of the tho-
racic esophagus is performed from the thoracic 
inlet to the diaphragm, and subcarinal mediasti-
nal lymph node dissection is completed (Fig. 4). 
Further dissection is completed with a harmonic 
scalpel, and a Penrose drain is used to encircle 
the esophagus to provide countertraction. The 
thoracic duct is clipped behind the lower esopha-
gus and resected together with the esophagus.

Dissection with energy devices near the tra-
chea is performed with great care, as inadvert-
ent injury may result in airway fistulization. The 
supracarinal dissection is performed by placing 
the patient in the left lateral decubitus position. 
The pleura is incised along the posterior edge of 
the esophagus up to the right subclavian vein. 
The dorsal and left sides of the upper esopha-
gus are dissected along with the thoracic duct. 
Dissection along the left and right recurrent 
laryngeal nerve (RLN) is then performed. The 
anterior part of the upper esophagus is dissected 
from the trachea, and the upper esophagus is 
circumferentially dissected along with the sur-
rounding nodes. The thoracic duct is clipped at 
the level of the arch of the aorta.

Once the esophagus is fully mobilized 
from the thoracic inlet to the diaphragm, with 
all nodal tissue swept into the specimen, it is 
divided at a level proximal to the tumor, usually 
cephalad to the azygous vein, consequently also 
dividing the vagus below the bifurcation of the 
recurrent laryngeal nerves with electrocautry. 
The proximal and distal margins are secured to a 
common umbilical tape to facilitate retrieval via 
the neck and laparoscopy. The chest is copiously 
irrigated and a large-capacity 19-French closed 
suction Jackson-Pratt (JP) drain is inserted in 
lieu of a chest tube (Fig. 5) The trocar sites are 
closed in layers, and the double-lumen endotra-
cheal tube is exchanged for a single-lumen tube 
to enhance mobility of the airway during the 
cervical portion of the operation.

Fig. 2  Hybrid left lateral-prone positioning for 
thoracoscopy

Fig. 3  Thoracoscopy trocar placement
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the left upper quadrant mid-clavicular line, 
a 12-mm port is placed supraumbilically for 
the camera, a 5-mm port on the left, mid-point 
between the umbilical and left upper quadrant 
ports, for operating instruments, a 5-mm inci-
sion in the epigastrium for the Nathanson liver 
retractor, and a 5-mm operating port in the right 

Laparoscopy

The patient is repositioned in the supine, 
split-leg position for laparoscopy. The neck 
is extended, with a roll placed between the 
scapula. A five-port laparoscopy is employed 
(Fig. 6). A 12-mm optiview port is placed in 

Fig. 4  a Esophageal mobilization b, c Subcarinal dissection

Fig. 5  Use of large-capacity Jackson-Pratt drains in lieu 
of chest tubes Fig. 6  Laparoscopy trocar placement
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(Fig. 9). The retrogastric attachments are freed 
and dissection is carried up to the left esopha-
geal hiatus. A Kocher maneuver is completed, 
with adequate mobilization of the pylorus 
ensured by testing its extension to the caudate 
lobe or right crus. After ensuring satisfactory 
hemostasis, the esophageal hiatus is completely 
mobilized and the phrenoesophageal membrane 
is divided.

An accessory incision 5 cm in length is con-
structed in the upper midline, with insertion 
of a wound protector (Fig. 10). A 4-cm gas-
tric conduit is fashioned with sequential firings 
of the GIA™ stapler (generally three firings) 
and oversewing of the staple line (Fig. 11). 
Extracorporeal construction is a useful adjunct 
in the creation of an excellent conduit and 
greatly facilitates assessment and revision of the 
distal margin, should this be necessary.

Cervical Phase

A 4- to 5-cm cervical collar incision is made, 
the platysma is incised, and subplatysmal planes 
are generated. The omohyoid muscle and middle 
thyroid vein are divided for optimal exposure. 

upper quadrant at the midclavicular line and a 
12-mm port on the right, mid-point between the 
umbilical and the right upper quadrant ports for 
operating instruments. A 10-mm, 30° camera is 
employed.

The gastrohepatic omentum is opened and 
the right and left crura are circumferentially dis-
sected without complete division of the phre-
noesophageal membrane, in order to preserve 
pneumoperitoneum.

We perform a complete D2 celiac lymph 
node dissection by skeletonizing the splenic 
artery, the hepatic artery, and the splenic vein 
(Fig. 7). The left gastric pedicle is dissected, 
skeletonized, clipped, and divided. We do not 
staple the left gastric pedicle, as it may provide 
an inadequate lymph node dissection. All lymph 
node–bearing tissue is included with the speci-
men (Fig. 8). We proceed along the entire celiac 
axis down to the aorta to include the periceliac 
lymph nodes en bloc with the specimen.

The greater curve is dissected after creation 
of a window in the gastrocolic omentum, and the 
lesser sac is entered. Dissection proceeds 5 cm 
from the greater curvature, with extreme cau-
tion taken to preserve the gastroepiploic arcade, 
the dependent blood supply to the future conduit 

Fig. 7  D2 dissection and dissection of the left gastric pedicle to be divided
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Fig. 8  Completed D2 dissection demonstrating skeletonized hepatic and gastroduodenal arteries

Fig. 9  Dissection along the greater curve of the stomach
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posterior mediastinal orthotopic position, using 
the accessory incision and delivering the conduit 
into the neck while always maintaining orienta-
tion to prevent conduit torsion.

The cervical anastomosis can be completed 
with a stapling device (side to side or end to 
side) or, as we prefer, through a hand-sewn 
anastomosis (Fig. 15). Our preference is to use 
single-layer running suture with incorporation 
of the muscular layer and small bites of mucosa. 
A JP drain is inserted in the neck near the anas-
tomosis. Fascia for the abdominal incisions is 
closed with 1 polydioxanone suture (PDS). The 
platysma at the collar incision is approximated 
with 2-0 Vicryl sutures. Skin closure is com-
pleted with 4-0 Monocryl sutures.

We do not routinely employ a jejunostomy 
under most circumstances because the associ-
ated complication rate surpasses our rate of 
anastomotic leak.

Perioperative Care

In the postoperative part of our ERP the follow-
ing daily objectives are included: removal of the 
NG tube (we recently omitted the use of routine 
NG tube placement entirely) and foley cath-
eter on day 1. Sips of water are allowed on day 

Blunt dissection and lateral mobilization are 
completed in order to deliver the esophagus into 
the wound. Identification of the left recurrent 
laryngeal nerve is paramount to its preservation, 
and lymph nodes along this structure are resected 
(Fig. 12). The proximal margin is revised in the 
neck, and stay sutures of 4-0 silk are placed at 
four corners to facilitate the eventual anastomo-
sis (Fig. 13).

The conduit is introduced into an endoscopic 
camera bag in preparation for guidance to the 
neck (Fig. 14). The proximal end is secured 
with a Foley catheter, which is also attached to 
the umbilical tape at the cervical esophagus. The 
surgeon then gently guides the conduit in the 

Fig. 10  Accessory incision

Fig. 11  Construction of gastric conduit

Minimally Invasive McKeown Esophagectomy
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The planned discharge date is day 6, although 
patients can leave earlier if appropriate. Each 
patient is assessed daily and is deemed fit for 
discharge if he meets the following criteria: suf-
ficient liquid oral intake, adequate oral analgesia 
using both opioid and non-opioid analgesics, 
vital signs within normal limits and inflamma-
tory parameters not trending up. A dedicated 
nurse-coordinator follows the patients routinely 
after surgery and contacts them after discharge; 
patients can also contact the nurse directly if ad-
hoc issues arise at home.

Technical Pitfalls and Complications

Bleeding

Serious hemorrhage during esophageal sur-
gery is reported to occur in up to 4% of surger-
ies. The extent of bleeding and repair largely 
depends on the vessel injured. Excellent ana-
tomical knowledge and awareness of the tra-
jectory of all major vessels is critical during 
esophageal dissection. The esophagus is in 
proximity to several major vessels, includ-
ing the aorta, pulmonary veins, and pulmonary 
arteries; their inadvertent injury will result in 
catastrophic hemorrhage. Furthermore, if the 
feeding vessels to the esophagus originating 
from the aorta are not adequately controlled dur-
ing mobilization, significant bleeding can result.

Splenic Injury

Splenectomy rates during esophagectomy are 
reported to be between 4 and 9%. Injury is pri-
marily due to excessive tension on the short gas-
tric vessels during gastric mobilization, which 
results in a splenic capsular tear. If possible, 
splenic salvage techniques for arresting the hem-
orrhage are attempted prior to splenectomy. The 
increasing use of laparoscopy has decreased 
splenic injury rates, owing to decreased tension 
on the short gastric vessels.

2 with gradual progression to a liquid diet. We 
do not perform a routine barium esophagogram 
based on review of our experience showing min-
imal impact on the clinical course, and remove 
the 19-French JP drain on day 5. The epidural 
catheter is also removed on day 5.

Fig. 12  Dissection of cervical esophagus with visualiza-
tion and preservation of recurrent laryngeal nerves

Fig. 13  Prepared cervical esophagus with stay sutures
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interrupted fashion, with further buttressing 
with muscle or a fat pad. Injuries that are distal 
to the endotracheal tube may result in signifi-
cant hemodynamic instability (although this is 
limited for double-lumen tubes). Repair options 
include advancing the tube past the injury, if 
possible, and swift repair of the opening.

Nerve Injury

The recurrent laryngeal nerve is vulnerable to 
injury during dissection at the thoracic inlet and 
during the cervical portion of the three-hole 
esophagectomy. Careful dissection and clear visu-
alization of the nerve avoids its inadvertent injury.

Conduit Necrosis

One of the most dreaded complications is the 
loss of the gastric conduit due to inadvertent 
injury to the right gastroepiploic arcade. The 
rate of gastric conduit ischemia is approximately 
3%, with higher rates reported for colonic 
and jejunal conduits. Conduit ischemia can be 
addressed by gentle handling of the conduit, 
careful dissection (especially at the pyloro-antral 
region), and verification of the artery trajectory 
during dissection of the greater curve.

Airway Injury

The trachea, the carina, and the right and left 
bronchi are all susceptible to injury during 
esophageal mobilization. The thin-walled mem-
branous portion of the airway that abuts the 
esophagus is particularly vulnerable to cautery 
or blunt injury. Injuries proximal to the endotra-
cheal tube usually will not result in an unsta-
ble physiological status, as air does not escape 
into the thoracic cavity. These injuries are pri-
marily repaired with absorbable sutures in an 

Fig. 14  Insertion of conduit in camera bag in preparation for guidance to neck

Fig. 15  Construction of cervical anastomosis
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Other Postoperative Complications

A complete discussion of postoperative compli-
cations is beyond the scope of this chapter. Early 
postoperative complications include chylotho-
rax, delayed conduit necrosis, and anastomotic 
leak. Respiratory complications (atelectasis, 
pneumonia) are among the most common and 
morbid for the post-esophagectomy patient and 
are best avoided with early ambulation, incen-
tive spirometry, and excellent chest physi-
otherapy. Cardiac complications such as atrial 
fibrillation and supraventricular tachycardia may 
occur in isolation in the postoperative period, 
but they often herald another complication such 
as an anastomotic leak or pneumonia, so their 
occurrence should prompt a thorough work-up.
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Colonic Interposition After 
Esophagectomy

Michele Valmasoni and Stefano Merigliano

Abstract

Reconstruction after esophageal cancer 
esophagectomy represents a complex clini-
cal and surgical question. Patients facing this 
procedure are fragile with many comorbidi-
ties and often a history of chemoradiation and 
previous surgery. The two main esophageal 
substitutes are the gastric and colonic con-
duit, both of which require complex surgi-
cal procedures that must be carried out with 
expertise and knowledge to be successful. In 
this chapter, we describe our experience with 
the use of colon interposition.

Keywords

Esophageal cancer · Esophagectomy · 
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Introduction

The colon was historically the first bowel seg-
ment to be used as a substitute for the esophagus; 
the first colonic interposition after esophagec-
tomy was performed successfully by Von Hacker 
in 1914. However, after the 1960s, the stom-
ach replaced the colon as the conduit of choice 
because its vascularization is more reliable, the 
functional results are better, and the substitution 
is technically easier, requiring only one anasto-
mosis. Today, after esophagectomy for cancer, 
the colon is used only when the stomach is not 
available or is not anatomically suitable [1–17].

Indications

Colonic interposition is indicated whenever 
the stomach is not available due to a history of 
gastric surgery, the necessity of extended gas-
tric resection for oncological reasons, vascular 
impairment, or other gastric pathology such as 
caustic burns. Colon interposition can also be a 
solution for reconstructions that require a longer 
conduit after pharyngo-laryngo-esophagectomy. 
Colon is the bowel of choice after previous gas-
tric conduit failure.

Contraindications to the use of the colon 
include a history of colon surgery, the presence 
of significant colon pathology (e.g. diverticula 
and tumors) or alteration to its vascular integrity.
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Preparation of the Left Colon

A median xiphopubic incision allows easy 
access to the abdominal cavity and an abdomi-
nal retractor allows for correct field exposure.

Initial exploration of the peritoneal cavity: 
any adhesions are lysed very carefully, avoiding 
injuries to the colon and its mesentery. If, in the 
initial evaluation, the residual stomach (when 
present) is sufficient for a distal colon-gastric 
anastomosis, it is important to pay attention to 
preserve the gastro-epiploic arch. If the remain-
ing stomach is not sufficient, it is better to com-
plete the gastrectomy.

The greater omentum (if present) is moved 
upwards and the gastro-colic ligament is sec-
tioned along the whole transverse colon to 
access the transverse mesocolon. In this phase, 
if the vascularization of the omentum is not sat-
isfactory, it is better to remove it; otherwise, we 
suggest preserving it, because it could be useful 
for wrapping the intra-abdominal anastomoses.

The colon is then completely mobilized, 
releasing and lowering the splenic and hepatic 
flexures completely and continuing the dissec-
tion to the left until the colon-sigmoid junction, 
and to the right until the cecum. Particular atten-
tion should be paid to the anatomical plane iden-
tified by the Gerota fascia in the left and right 
parietal-colic grooves, to avoid entering the 
mesocolon with the risk of damage to the vas-
culature or vice versa to open the renal capsule.

When the colon is completely mobilized, its 
mesentery is tensioned with a cautious maneu-
ver by pulling the colon vertically to be able to 
evaluate the entire vascular anatomy. The use of 
trans illumination makes it easy to visualize vas-
culature in most cases (Fig. 1).

The left, middle, and right colic vessels, 
as well as the marginal colic vessels, must be 
identified with certainty; their integrity must be 
checked (paying attention to the Griffiths point) 
and we recommend checking the anatomy of the 
sigmoid vessels too (Fig. 2).

At this point, it is necessary to measure the 
colon segment necessary for reconstruction. We 
use a large thread or umbilical tape, starting to 

Preoperative Evaluation

The patient’s preparation includes oncological 
staging and typical preoperative studies neces-
sary for major surgery (with particular atten-
tion to the presence of diabetes, cardio-vascular, 
and pulmonary pathology). The need to perform 
a thoracotomy for esophagectomy and recon-
struction at the same time requires a careful 
assessment of the functional respiratory reserve. 
Nutrition is very important and if the oncologi-
cal timing allows it, it is preferable to obtain the 
best possible nutritional status before proceed-
ing with surgery.

The preoperative evaluation of the colon is 
fundamental and should be performed with a 
colon computed tomography, or alternatively 
with contrast enema, to rule out the presence of 
colon pathology and evaluate the length of the 
colon. We do not routinely perform endoscopy 
and angiographic study is performed only in 
the presence of particular indications (e.g. his-
tory of vascular pathology, symptoms sugges-
tive of intestinal vascular insufficiency, previous 
abdominal surgery, advanced age).

Patient Position

If esophagectomy is required, a right thoracot-
omy is performed in the left lateral decubitus. 
We use the same position even if the resection 
is performed with minimally invasive technique.

For reconstruction, the patient is placed on 
the operating bed in a prone position, with the 
legs closed and the arms along the body. The 
neck should be extended as much as possible, 
eventually using a roller under the shoulders to 
accentuate the extension of the head. The head 
must then be rotated to the right to allow a clear 
operating field on the left cervical side.

The preparation of the surgical field goes 
from the jaw to the pubis; the cervical field can 
be temporarily protected during the abdominal 
step with a sterile drape. However, it is impor-
tant to have contemporary access to the two ana-
tomical districts (the abdomen and the neck).
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measure from the origin of the left colic ves-
sels, following the marginal arcade (and not 
the colon), passing the middle colic vessels and 
beyond to obtain a sufficient length. During this 
measurement, it is important to consider the 
transposition pathway, because the retrosternal 
and subcutaneous routes are longer than the pos-
terior mediastinal path (Fig. 3).

Once the necessary length has been identi-
fied, the mesocolon is opened near the middle 
colic vessels and the marginal arch, at the identi-
fied section point. Before proceeding with liga-
tion of the vessels, it is necessary to verify the 
effectiveness of residual vascularization by plac-
ing vascular clamps at the base of the medium 
colic pedicle (carefully preserving the V-shaped 
right-left bifurcation) and the marginal arch near 
the point of the section. After a few minutes, we 
proceed to a touch evaluation of the arterial flow 
and a visual evaluation of the venous outflow 
(Figs. 4 and 5). Some authors use a Doppler 
probe for added security and in recent years the 
use of indocyanine green enhanced near-infrared 
fluorescence is gaining popularity for the perfu-
sion assessment of the conduit.

When the medium colic vessels and the mar-
ginal arch are ligated, the colon is sectioned with 
a linear stapler; we always prefer to secure the sta-
ple line with some hand stitches (Figs. 6 and 7).

Cervicotomy

A left cervical incision is made. It needs to be 
sufficiently wide, to allow a good vision and 
an easy mobilization of the esophagus or of the 
esophageal stump that had been stitched to the 
skin in a terminal esophagostomy (the cervi-
cal esophageal segment has to be maintained as 
long as possible during the esophagectomy).

Fig. 1  Vascular anatomy of the left colon. MCA mid-
dle colic artery, MA marginal artery, ABLCA Ascending 
branch of left colic artery (Drawing by Gonzalo 
Etchepareborda)

Fig. 2  Checking the left colic vessels, after complete 
colon mobilization

Fig. 3  Measuring the needed conduit length from the 
left colic pedicle to the neck
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We remove the sternal head of the left clavicle, 
to ensure sufficient passage of the colon while 
avoiding compression, which can cause local 
ischemia. In our experience, it is only rarely 
necessary to perform a sternal split.

In the very rare case of a previous sternot-
omy, the conduit can be transposed to the neck 
using a subcutaneous route.

If the esophagus was mobilized in the thorax 
during the same operation, we attach a large sponge 
or tube to the abdominal esophagus to bring the 
sponge along the posterior mediastinal pathway 
while recovering the esophagus through the cer-
vicotomy. We prefer to fix the colon to the sponge 
and not to the esophagus for transposition, because 
of the risk of esophagus rupture during pull-up.

If the posterior mediastinal pathway is not 
available, we proceed to the deep cervical fascia 
incision to gain access to the retrosternal space. 

Fig. 4  After closing with a clamp the base of the mid-
dle colic pedicle and the marginal arch coming from the 
right, it is important to check if the vascularization from 
the left colic vessels is valid

Fig. 5  Ligation of the middle colic artery, paying atten-
tion to preserve the V-shape left–right bifurcation

Fig. 6  Division of the colon with a linear stapler 
(Drawing by Gonzalo Etchepareborda)

Fig. 7  The isolated colonic conduit ready to be trans-
posed to the neck
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that hemostasis is satisfactory before proceed-
ing because it can be difficult to stop bleeding 
after transposition of the colon. Remember to 
close the diaphragmatic hiatus to avoid visceral 
hernias.

The colonic segment is then accompanied 
through the retrosternal pathway with long ring 
forceps and recovered at the neck to perform the 
anastomosis (Fig. 9).

Subcutaneous Route

The subcutaneous route remains the last chance 
when the retrosternal pathway is not avail-
able, for example, for a previous sternotomy or 

Colon Conduit Pull-Up

Posterior Mediastinum Route

This way is anatomically preferable, but not 
always possible. If esophagectomy was per-
formed with previous surgery, mediastinal adhe-
sions render this path unusable.

Before proceeding to colon transposition, it 
is necessary to isolate the diaphragmatic crus to 
make it wide enough to allow an easy passage 
of the colon. If necessary, a partial section of the 
right diaphragmatic pillar can help, taking care 
not to enlarge the hiatus too much to avoid the 
onset of visceral hernias.

The colonic segment is wrapped with a suit-
able length sterile plastic bag (for example, the 
one used to cover the laparoscopic camera), to 
guarantee vascular protection during the pull-up, 
and then fixed to the sponge previously pulled in 
the posterior mediastinum. With a careful trac-
tion of the sponge from the neck, the colon is 
pulled up, helping the transdiaphragmatic pas-
sage with the hands, until a sufficient portion of 
the colon reaches the left lateral cervical space. 
Once the plastic bag has been removed from the 
neck, the esophagus is dissected to measure for 
the anastomosis.

The esophago-colic, termino-lateral anasto-
mosis is hand sewn with two semi-continuous 
4/0 or 3/0 polydioxanone (PDS) sutures and a 
second layer of single stitches. Once the pos-
terior wall of the anastomosis is completed, a 
nasogastric tube is accompanied by the anasto-
mosis and pushed into the colonic conduit.

Retrosternal Route

Before pulling the colonic conduit to the neck 
through the retrosternal route, it is necessary 
to remove the xiphoid process and detach the 
medial insertions of the diaphragm to access 
the retrosternal space; then, with blunt hand 
dissection, a retrosternal tunnel is prepared up 
to the neck, avoiding if possible opening the 
pleurae (Fig. 8). At this stage, it is important 

Fig. 8  Blunt hand dissection to prepare the retrosternal 
route

Fig. 9  Colon pull-up with a sponge trough the retroster-
nal route
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We recommend performing a nutritional 
jejunostomy.

Right Colon: Technical Differences

The dissection of the colon occurs in a way sim-
ilar to that described for the left colon; in this 
case, however, a sufficient mobilization of the 
cecum and the last ileal tract is necessary. The 
ileocolic, right colic, and ileal vessels should be 
exposed and clamped with vascular clamps to 
verify that the flow of the middle colic vessels is 
adequate (Fig. 11).

irradiation. Removal of the xiphoid process is 
particularly important to avoid colon trauma. 
The subcutaneous tunnel must be large enough 
to allow an agile passage of the conduit with-
out compressing it but not too large to prevent 
redundancy. Sometimes it is necessary to stage 
the placement of an expander if the skin is not 
sufficiently compliant.

Abdominal Anastomoses

After cervical esophageal-colic anastomosis 
and verification that the colic conduit is rectilin-
ear and there is no traction on the anastomosis, 
intra-abdominal anastomoses are performed.

The transposed colon must be interrupted in 
the abdomen to have two sufficiently long por-
tions to perform the proximal anastomosis (colon-
gastric or colon-jejunal) and the distal colon-colic 
anastomosis. Particular care must be taken to 
isolate the needed colon tract, by interrupting the 
vasa recta for a sufficient length while preserving 
the marginal arch scrupulously. We recommend 
always removing a small portion of the isolated 
colon to avoid ischemia of the anastomoses.

If a suitable gastric residue is present, a ter-
minolateral colon-gastric anastomosis can be 
performed on the posterior surface of the stom-
ach (hand sewn or with a circular stapler, intro-
duced through a gastrotomy, or semi-mechanical 
with a linear stapler).

In the absence of a gastric stump, a termi-
nolateral colon-jejunal anastomosis is necessary 
on a Roux-en-Y jejunal loop. This second option 
allows for easier reconstruction and ensures 
greater control over bile reflux.

Before performing the proximal anastomo-
sis, the nasogastric tube previously positioned in 
the colonic conduit is always positioned through 
this anastomosis.

The colon continuity is then reestablished 
with the colon-colic anastomosis (termino-ter-
minal or latero-lateral) laid in front of the colon-
jejunal anastomosis. Our preference for these 
anastomoses is to perform them with two semi-
continuous double layer sutures (Fig. 10).

Fig. 10  Status after using the left colon for colonic 
interposition (Drawing by Gonzalo Etchepareborda)
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similar to the cervical esophagus, but the clini-
cal results are better for the interposition of the 
left colon with a significantly lower incidence of 
postoperative necrosis or ischemia.

Postoperative Care

In the early postoperative days, it is important to 
maintain adequate volume (avoiding fluid over-
load) and blood pressure, possibly without using 
vasoconstrictors medications, to avoid reduced 

Measurement of the necessary length of the 
colon takes place as already described, starting 
from the middle colic pedicle. After ligation of 
the right ileocolic and colic vessels, and if nec-
essary, the ileal vessels, the colon is transected 
from the last ileal tract to the measured length. 
An appendectomy is always performed. The 
colon conduit is transposed to the neck as previ-
ously described (Fig. 12).

An end-to-end or end-to-side esophagus-ileal 
anastomosis is performed with semi-continuous 
and double-layered 4/0 or 3/0 absorbable mono-
filament sutures.

Abdominal anastomoses are performed in a 
similar way to the previous description, with the 
distal one being an ileo-colic anastomosis (Fig. 13).

Some authors prefer to use the right colon 
because the dimension of the terminal ileus is 

Colonic Interposition After Esophagectomy

Fig. 11  Right colonic conduit preparation: isolation of 
the last ileal tract

Fig. 12  The ileo-colic conduit ready to be transposed

Fig. 13  Status after using the right colon for colonic 
interposition (Drawing by Gonzalo Etchepareborda)
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is indicated only in the presence of symptoms 
that have an impact on quality of life, since cor-
rective surgery is not easy and potentially dan-
gerous for the survival of the colonic conduit.

Cancer of the transposed colon is a rare 
event, but if the patient develops dysphagia dur-
ing follow-up, an endoscopy is mandatory.

Regarding long-term quality of life, the 
results are very satisfactory and, in some ways, 
superior to gastric transposition, since there are 
usually no problems related to acid or biliary 
reflux.

Surgical Tips

• When sectioning the esophagus, we perform 
a knife section of the esophageal muscular 
layers to obtain a longer mucosal cylinder 
useful for easier anastomosis.

• After performing the termino-lateral 
esophago-colon anastomosis in the neck, it is 
sometimes useful to approximate the terminal 
end of the colonic conduit to the esophagus, 
with some stitches, to avoid the formation of 
a “cul de sac” that can impair deglutition.

• We recommend resection of the clavicular 
head even if the passage seems to be large 
enough when using the retrosternal route.

• Pay particular attention to preserve the 
V-shaped left–right bifurcation of the mid-
dle colic vessels; if necessary, perform a tan-
gential resection of the superior mesenteric 
vessels.

• If the vascularization of the colon conduit 
vascularization is dubious after the pull-up 
(congested mucosa, swelling) perform only 
half of the esophago-colon anastomosis and 
a temporary cutaneous stoma to check the 
colonic trophism.

• Some stitches between the colon conduit and 
the diaphragm crus can help reduce redun-
dancy, but they must be placed after the 
esophago-colon anastomosis has been per-
formed to avoid tension to the anastomosis.

microcirculation and the risk of anastomotic 
ischemia.

We consider early extubation to be impor-
tant, as well as mobilization of the patient and an 
effective use of incentive spirometer. For this rea-
son, postoperative pain control must be optimal.

We maintain the nasogastric tube until con-
trast swallowing or endoscopic check of anas-
tomosis, which usually occurs in 7–8 days. The 
patient then gradually resumes oral feeding 
while decreasing nutritional intake through the 
jejunostomy.

Outcomes

The results reported in the literature are highly 
variable, with a leak rate of 0–15%, a conduit 
necrosis rate of 0–10%, and a postoperative 
mortality rate of 0–16%. The risk of leakage 
has been reported to be higher in patients who 
underwent chemoradiation.

Anastomotic leaks can be treated conserva-
tively if promptly diagnosed, if the colon is not 
ischemic at endoscopy, and if the risk of sepsis 
is controlled. We suggest opening the cervical 
incision and draining the leak externally to avoid 
mediastinitis.

The most severe complication is represented 
by necrosis of the colonic conduit; this event 
often requires immediate surgery to save as 
much bowel as possible for future reconstruc-
tion. In this case, the prevention of sepsis and 
adequate nutrition are critical to patient survival.

Dysphagia, reflux, and dumping syndrome 
may be common in the postoperative period, but 
these symptoms usually resolve within a few 
months without specific therapies.

Anastomotic stenosis is described in 0–40% 
of cases and often can be successfully treated 
with endoscopic dilations; only a low percentage 
of cases require reoperation.

In the long run, colonic kinking can occur 
due to relaxation and redundancy (0–40% of 
cases in the literature). We believe that surgery 
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Perioperative Care 
and Management   
of Post-operative Complications

Darren S. Bryan and Mark K. Ferguson

Abstract

As perioperative management of patients 
undergoing esophageal resection becomes 
more nuanced, the importance of a patient-
centered approach to care is increasingly 
apparent. Predictors of adverse outcomes 
after esophagectomy include low spirometry 
and DLCO, extremes of body mass index, 
advanced age, frailty, sarcopenia, and neo-
adjuvant therapy. Perioperative care plans 
as part of enhanced recovery after surgery 
(ERAS) pathways include interventions 
designed to minimize the adverse impact 
of surgery on the patient, reduce postopera-
tive complications, shorten the duration of 
hospital stay, and decrease costs. Despite 
improved risk stratification and interventions 
focused on modifiable risk factors, adverse 
outcomes continue to have a negative impact 
on hospital length of stay, morbidity, and 
mortality. The most common postoperative 
complications are pneumonia, atrial fibrilla-
tion, anastomotic leak and chyle leak. Early 
identification and timely intervention are 

essential to minimize the effects of these 
potentially devastating complications.

Keywords

Esophagectomy · Esophageal cancer · 
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recovery · Complications · Postoperative care

Introduction

Esophageal resection is associated with high 
rates of post-operative complications [1, 2]. 
While outcomes have improved over time with 
advances in surgical techniques and a greater 
understanding of important points of periop-
erative care, esophageal resection remains well 
within the domain of “high risk” surgery [3]. 
Complications are related to the inherent mor-
bidity of esophageal surgery, as well as com-
mon comorbidities associated with esophageal 
malignancy. For these reasons, an emphasis is 
placed on the identification of appropriate candi-
dates for resection, the implementation of perio-
perative care regimens directed at predefined 
post-operative goals (e.g. nutritional intake, 
physical activity, pain management), and a focus 
on minimizing operative morbidity and mortal-
ity. To these ends, enhanced recovery after sur-
gery (ERAS) programs have been implemented 
across surgical specialties, generally showing 
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informing patients of what an esophageal opera-
tion entails and adequately emphasizing the 
importance of the patient’s role in their own 
preparation and recovery. Thus, the importance 
of an early start to patient education with a uni-
fied, multidisciplinary, and coherent message 
cannot be overstated. Education should be tai-
lored to the patient and support network, with 
frequent checks for understanding. Motivated 
patients who are engaged in their care and par-
ticipate in a shared decision-making process 
are more likely to be satisfied in their care, 
and more likely to adhere to therapy [18–20]. 
Examples of materials that are useful in this pro-
cess include decision making aids, printed hand-
outs, informative videos, question and answer 
sessions, and consultation with patient advocacy 
and survivor groups.

Smoking Cessation

Cigarette smokers have an increased risk of 
pulmonary and wound healing complications, 
which are mitigated in part by smoking ces-
sation [21, 22]. Although the required dura-
tion of abstinence from smoking to achieve a 
reduction in complications is not established, 
greater than eight weeks is preferable [21–23]. 
A meta-analysis of randomized controlled tri-
als demonstrated a 41% reduction in both total 
and pulmonary complications for past smokers 
compared to current smokers. Each week of ces-
sation increased the magnitude of the effect by 
19% [22]. Smoking cessation is best achieved 
with the combination of behavioral intervention 
(clinician consultation and continued interven-
tion with support groups or toll-free number 
support) and medication including nicotine 
replacement therapy, and should be done in con-
junction with the patient’s primary care team.

Exercise

Exercise regimens as a component of prehabili-
ation programs have been shown to reduce mor-
bidity, postoperative pain, and hospital length of 

decreased morbidity, decreased costs of treat-
ment, and improved lengths of stay [4–9]. ERAS 
programs for esophagectomy have been demon-
strated to be feasible and safe. Multiple studies 
have shown no increases in perioperative surgi-
cal or medical complications, and unchanged 
mortality with shorter lengths of stay [9–13]. 
When complications arise, early identifica-
tion and management are important for positive 
outcomes.

Preoperative Management

Patient deconditioning is a common feature 
of esophageal cancer and must be evaluated as 
part of treatment planning. Sarcopenia, a state of 
dysregulated energy metabolism that results in a 
reduction of skeletal muscle mass, is present in 
up to 75% of patients with esophageal cancer 
and is associated with adverse outcomes includ-
ing induction therapy toxicity, an increase in 
post-operative complications, and worse overall 
survival [14–17]. Sarcopenia is driven by nutri-
tional deficiencies in the setting of an inflam-
matory state, increased tumor-related metabolic 
demands, malignant dysphagia, and induction 
therapy. Multimodal prehabilitation, focusing on 
patient education, exercise, nutrition, and modi-
fiable risk factors, shows promise in the ability 
to limit disease- and treatment-related sarco-
penia. When initiated before induction therapy 
for esophageal cancer, prehabilitation has been 
shown to limit skeletal muscle loss and to be 
associated with decreased visceral obesity and a 
lower risk of postoperative complications [17].

Patient Education

Patient engagement in the care process, starting 
at the initial point of contact in the clinic, is of 
vital importance. Patients and their support sys-
tems should be recruited as integral components 
of the care team, and the physician–patient rela-
tionship conceptualized as a two-way street with 
each party contributing to the partnership. Brief 
consultations often fall short of appropriately 
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stay after esophageal surgery [24, 25]. Although 
the regimens used in these studies are heteroge-
neous, they demonstrate that both pre-and post-
operative pulmonary exercises such as incentive 
spirometry and walking therapy are effective 
and easily implemented, with goals that enable 
measurement of progress.

Carbohydrate Loading

Traditionally, patients have been restricted to 
‘nothing by mouth’ after midnight on the night 
prior to surgery, however prolonged fasting 
aggravates the surgical stress response, increases 
insulin resistance, exaggerates protein losses, 
and impairs gastrointestinal function [26–29]. It 
also increases the time to resolution of negative 
protein balance and anabolism. From a patient-
centered standpoint, fasting results in unneces-
sary symptoms such as thirst, hunger, headaches 
and anxiety. Current guidelines recommend that 
clear liquids can be ingested up to 2 h before 
procedures [30]. Preoperative carbohydrate 
loading with a high-calorie (12.5% carbohy-
drate, 400 mL) clear drink 2 h before surgery 
has been shown to decrease insulin resistance, 
improve gastric emptying, and may reduce dura-
tion of hospital stay [31]. Importantly, it has not 
been shown to increase the risk of perioperative 
aspiration.

Assessment of Risk for Postoperative 
Nausea and Vomiting

Postoperative nausea and vomiting (PONV) in 
esophagectomy patients can delay oral intake 
and ambulation and increase the risk of aspira-
tion. Routine pre-operative screening helps to 
identify patients at risk. The Apfel simplified 
score is a useful quick screen for PONV which 
assigns a single point to female gender, patients 
with a history of PONV or motion sickness, 
non-smoking status, and predicted postopera-
tive opioid use (Table 1) [32]. Patients with an 
Apfel score ≥2 have a greater than 39% chance 
of postoperative nausea and vomiting and should 

be considered for prophylaxis, such as the appli-
cation of a scopalamine patch in the preopera-
tive holding area. The use of low dose propofol 
(<20 mcg/kg/min) and intraoperative ondanse-
tron reduce PONV and should be considered for 
all patients in the absence of a contraindication 
[33].

Predictors of Perioperative 
Complications

Postoperative complications in patients undergo-
ing esophageal resection are common, occurring 
in up to 60% of cases (Table 2) [2, 34]. Great 
emphasis has been placed on identifying patients 
at increased risk for specific postoperative com-
plications after esophagectomy, providing means 
to mitigate risk.

Pulmonary

The most common complications after 
esophagectomy are pulmonary, with pneumonia 
occurring in 14.6% [2]. Post-operative pulmo-
nary complications are associated with a ten-
fold higher rate of postoperative mortality and a 
substantially shortened life expectancy [35–39]. 
Predictors of postoperative pulmonary compli-
cations include low forced expiratory volume 
in the first second (FEV1), administration of 
preoperative radiation, extremes of BMI, poor 
performance status, and advanced age [38–41]. 
Given the prevalence and impact of pulmonary 

Table 1  Apfel risk scoring system for postoperative 
nausea and vomiting (PONV). A point is assigned for 
female gender, a history of PONV or motion sickness, 
non-smoking status, and predicted postoperative opioid 
use; the sum is the Apfel score [32]

Apfel score Risk of PONV 
(%)

0 10

1 21

2 39

3 61

4 79

Perioperative Care and Management  of Post-operative Complications
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to employ measures to reduce their incidence. 
These measures include preoperative respira-
tory rehabilitation (smoking cessation, inspira-
tory muscle training), enhanced oral hygiene 
including frequent preoperative teeth brush-
ing, postoperative pulmonary toilet maneuvers, 
and adequate postoperative pain management 
[47–49].

Cardiovascular

Atrial dysrhythmias

Atrial dysrhythmias such as atrial fibrillation 
(AF) occur in up to 15% of esophagectomy 
patients [2, 50, 51]. When AF occurs, there 
should be a high index of suspicion for other 
complications such as anastomotic leak and 
pneumonia. As an isolated event, AF is associ-
ated with an increase in hospital length of stay, 
a possible need for medical intervention, and 
patient distress. Prevention of postoperative 
AF begins with preoperative optimization of 
modifiable risk factors such as cardiac disease, 

complications, a risk scoring system has been 
developed to assess relative risk of postoperative 
pulmonary complications based on weighted 
scores for FEV1, diffusing capacity of the lung 
for carbon monoxide (DLCO), age, and perfor-
mance status (Fig. 1) [42].

Postoperative pulmonary complications 
are more common in patients with reduced 
FEV1, lower DLCO, and in those receiving 
higher doses of induction radiation [39, 43, 
44]. Changes in pulmonary function follow-
ing induction chemoradiation have been shown 
to have predictive value for patients undergo-
ing esophagectomy. Reduced post-treatment 
DLCO, in particular, is associated with pro-
longed intubation and pulmonary complications 
[43]. In addition, patients with low or very high 
body mass index (BMI) have an increased inci-
dence of pulmonary complications compared to 
patients with normal BMI [41, 45, 46]

Because of the morbidity and mortality asso-
ciated with pulmonary complications, it is vital 

Table 2  Incidence of esophageal complications among 
high volume centers internationally [2]

Complication category Incidence 
(%)

Pulmonary 27.8

Gastrointestinal 22.4

Cardiac 16.8

Infection 14.2

Neurologic/psychiatric 9.4

Urologic 8.3

Thromboembolic 5.1

Wound/Diaphragm 2.9

Other 6.8

Frequent individual complications Incidence 
(%)

Pneumonia 14.6

Atrial dysrhythmias 14.5

Anastomotic leak 11.4

Chyle leak 4.7

Recurrent laryngeal nerve injury 4.2

Conduit necrosis 1.3
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Fig. 1  Incidence postoperative pulmonary complica-
tions categorized by assigned risk score based on age, 
performance status zubrod/eastern cooperative oncology 
group (ECOG), forced expiratory volume in the first sec-
ond (FEV1), and diffusing capacity of the lung for carbon 
monoxide (DLCO). From Reinersman et al. with permis-
sion [42]
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dl [53]. Patients who are low risk (< 1% risk of 
MACE) require no additional workup. Among 
patients at increased risk of MACE, no addi-
tional testing is indicated if they can climb a 
flight of stairs or walk on level ground at 3 to 4 
mph (equivalent to ≥4 METs). For patients who 
are at increased risk and have an exercise abil-
ity <4 METs or that cannot be determined, fur-
ther workup is suggested [53].

Venous thromboembolism (VTE)

The risk of venous thromboembolism follow-
ing esophagectomy is reported to range from 3 
to 8%, with the greatest risk during the initial 
post-operative hospitalization [54–56]. Large, 
population-based studies have also identified 
pre-operative VTE in up to 3% of patients [54]. 
Risk factors for in-hospital VTE are male sex, 
white race, prolonged ventilation, and other 
major complications of surgery. Risk factors for 
post-discharge VTE are advanced age and major 
postoperative complications. VTE prophylaxis 
includes pharmacologic and mechanical meas-
ures, should be routine, and should be started 
prior to induction of anesthesia. Currently, there 
is no consensus on the duration of postoperative 
prophylaxis, though elderly patients and those 
with major postoperative complications are most 
likely to benefit from extended-duration (4 to 
6 weeks) chemoprophylaxis [55].

Intraoperative Management

Fluid Administration

Perioperative fluid management to maintain euv-
olemia reduces morbidity and improves recov-
ery of postoperative gastric emptying and bowel 
function [57–59]. This is achieved by strict 
intraoperative and postoperative monitoring of 
fluid balance, avoidance of unnecessary intra-
venous fluid administration including transfu-
sions, and ‘permissive oliguria’ in appropriately 
selected patients [60].

smoking, and alcohol abuse [52]. All patients 
taking a preoperative beta-blocker should con-
tinue it perioperatively. Esophagectomy is clas-
sified as a high-risk procedure, and guidelines 
indicate that anyone who has preserved left ven-
tricular function and is not taking a beta-blocker 
should be managed with perioperative prophy-
lactic diltiazem or amiodarone [52].

Major adverse cardiac events

Assessment of activity level, along with a brief 
cardiac and medical history, is sufficient to 
determine which patients need preoperative car-
diac evaluation. Level of activity is classified in 
terms of metabolic equivalents (METs). The risk 
of a major adverse cardiac event (MACE) can 
be calculated using the Revised Cardiac Risk 
Index for Pre-Operative Risk (Fig. 2), which 
incorporates the type of surgery and a history of 
congestive heart failure, ischemic heart disease, 
cerebrovascular disease, or creatinine >2 mg/

Estimated perioperative
risk of MACE

Low risk
(<1%)

YesNo further
testing

Proceed to
surgery

Pharmacologic
stress testing

Moderate or
greater functional 

capacity 
(>4METs)

Elevated risk

Fig. 2  Use of the revised cardiac risk index for deter-
mining which patients require preoperative cardiac eval-
uation. MACE: major adverse cardiac events; METs: 
metabolic equivalents. Modified from Fleisher et al. with 
permission [53]
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can be added if pain scores remain elevated fol-
lowing initial use of the narcotics. In patients 
undergoing a thoracotomy, neural blockade can 
be employed, and there is no clear evidence 
demonstrating superiority of a paravertebral 
block or an epidural block. Some studies suggest 
a reduction in minor procedure-related compli-
cations with the use of paravertebral blocks and 
reduced use of additional analgesic modalities 
with the use of epidurals [66]. Patients should 
be assessed early and regularly in order to make 
appropriate adjustments to pain medications and 
reinforce the importance of deep breathing and 
ambulation.

Early Mobilization

Early ambulation in surgical patients reduces 
pain scores, decreases postoperative pulmonary 
complications, and improves patient satisfaction 
[67]. Early ambulation within hours of surgery 
has been shown to be feasible and safe [68]. 
Patients can be placed in a chair upon arrival in 
their room and should be encouraged to ambu-
late with assistance as soon as possible on the 
day of surgery.

Diet and Nutrition

Weight loss is common both pre- and postopera-
tively in patients with esophageal cancer [69]. 
The majority of patients with esophageal malig-
nancies present with some degree of dysphagia, 
which contributes substantially to pre-treatment 
nutritional deficiencies. Induction therapy is 
highly effective in decreasing tumor size, with 
most patients experiencing dysphagia relief 
during the first cycle of chemotherapy, obviat-
ing the need for surgically placed feeding tubes 
[70]. Nevertheless, surgeons should carefully 
consider nutritional status prior to undertaking 
esophageal resection. Gastrostomy tubes are tra-
ditionally avoided in patients who may undergo 
resection, preserving the stomach for conduit 
creation.

Maintenance of Body Temperature

Maintenance of normothermia is associated with 
a reduction in wound infections, cardiac compli-
cations, bleeding, and transfusion requirements 
[61–64]. For this reason, accurate, noninva-
sive, and continuous intraoperative temperature 
monitoring is essential. Forced air heating cov-
ers should be used for all patients undergoing 
esophagectomy. In the event of intraoperative 
hypothermia, warmed intravenous fluids should 
be used. For rapid rewarming, infusion of warm 
intraperitoneally or intrapleural saline is an 
effective strategy.

Anesthetic Considerations

Perioperative pain management should be 
preemptive and multimodal. Initiation of neu-
roaxial blockade before surgery and its mainte-
nance throughout surgery decreases the need for 
anesthetic agents, opioids and muscle relaxants 
in the perioperative period [65]. Non-steroidal 
anti-inflammatory agents in conjunction with 
acetaminophen and gabapentinoids reduce the 
need for postoperative analgesia [65]. The use of 
low dose propofol (<20 mcg/kg/min) with avoid-
ance of inhalation anesthetics reduces PONV 
and should be considered for all patients [33].

Postoperative Management

Pain Management

The goals of pain control after esophagectomy 
are to permit deep breathing, prevent atelectasis, 
and allow unhindered ambulation, while reduc-
ing the use of opioids. This can be accomplished 
with the use of intraoperative local and regional 
anesthesia, and a multimodal perioperative regi-
men including acetaminophen, non-steroidal 
anti-inflammatories and gabapentinoids, with a 
limited amount of narcotic available for break-
through pain. Patient controlled analgesia (PCA) 
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are important to minimize the impact on the 
patient’s recovery.

Pulmonary

Despite preventive measures, postoperative 
atelectasis, aspiration and pneumonia remain 
the most common postoperative complications 
in esophagectomy patients. Atelectasis may be 
asymptomatic or present as an increased work of 
breathing with hypoxemia. Treatment is guided 
by the presence or absence of secretions. If 
the patient has no secretions, first line therapy 
includes deep breathing exercises and incentive 
spirometry. If this is unsuccessful, continuous 
positive airway pressure reduces the incidence 
of reintubation and pneumonia [77]. In patients 
with excessive secretions, first line treatment is 
mucus clearance through frequent suctioning 
and chest physiotherapy. The use of bronchos-
copy has been frequently reported but no clear 
benefit has been demonstrated [78].

The diagnosis of postoperative pneumonia 
can be challenging. The use of standard diag-
nostic criteria for hospital acquired pneumonia 
results in over diagnosis [79]. Postoperative 
pneumonia should be suspected in a patient 
with clinical signs of infection (fever, purulent 
sputum, leukocytosis or leukopenia and worsen-
ing oxygenation) and a new radiographic infil-
trate. Treatment of hospital acquired pneumonia 
in high-risk patients is guided by institutional 
microbiological sensitivity data and infectious 
disease guidelines.

Atrial Fibrillation

Atrial fibrillation is one of the most common 
post-operative complications following esopha-
geal resection. After ensuring patient stability, 
the tenants of management of AF include: (1) 
reducing or stopping catecholaminergic ino-
tropic agents; (2) optimizing fluid balance; and 
(3) evaluating for the presence of and treat-
ing all possible correctable triggering factors. 
These include bleeding, pulmonary embolism, 

Early postoperative alimentation decreases 
time to neutral protein balance, reduces wound 
and pulmonary infections, and is associ-
ated with shorter length of hospital stay [71]. 
Postoperative management of nasogastric tubes 
is highly surgeon specific, however multiple 
groups have shown they can be removed safely 
on the first postoperative day if the output is 
minimal and there is no radiographic evidence 
of conduit dilation [72]. Timing of diet initiation 
is also highly center- and surgeon-specific, how-
ever recent publications, including a randomized 
controlled trial, have shown early feeding to be 
a safe practice. A clear liquid diet as early as 
post-operative day 1 is well tolerated with no 
difference in time to recovery or in rate of com-
plications, including anastomotic leak and pneu-
monia [73, 74].

Routine Postoperative Anastomotic 
Evaluation

It is common practice in many centers to per-
form a postoperative swallow evaluation or 
endoscopy prior to initiating a diet, however, 
routine postoperative anastomotic evaluation is 
ineffective in diagnosing subclinical leaks and 
thus does not substantially change outcomes. 
The positive predictive value of routine postop-
erative endoscopy and contrast swallow are 8% 
and 3%, respectively [75]. In the absence of a 
clear indication for evaluation, anastomotic eval-
uation is unnecessary, costly, bears an inherent 
risk of aspiration, and may delay oral alimenta-
tion and discharge.

Management of Postoperative 
Complications

Postoperative complications after esophagec-
tomy can result in patient distress, prolonged 
hospital stay, non-home discharge, delayed 
or incomplete recovery, delay in initiation of 
adjuvant treatment, and death [76]. Vigilance, 
early identification, and appropriate interven-
tion in the event of postoperative complications 

Perioperative Care and Management  of Post-operative Complications
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the intestine. It is an effective adjunct to opera-
tive or non-operative management [84].

A short course of nonoperative management 
of a chylothorax with a pleural drainage tube in 
place is appropriate. However, if the leak per-
sists at >10 ml/kg for more than two to three 
days, it is unlikely to resolve without further 
intervention [85]. When non-operative manage-
ment has failed, postsurgical chylothorax can 
be effectively managed with thoracic duct liga-
tion. This can be performed by a thoracoscopic 
or open approach. This decision is based on the 
clinical scenario and local expertise [86, 87]. 
In order to identify the leak intraoperatively, 
dairy cream or olive oil mixed with lipophilic 
dye may be administered via a nasogastric or 
jejunal feeding tube 20 min prior to anesthetic 
induction.

Access to the thoracic duct injury is usually 
via the side with the chylothorax. However, the 
approach to esophageal resection, the type of 
reconstruction, and the unique anatomy of the 
patient’s duct may affect the approach. When the 
leak is identified, direct ligation of the duct is 
performed with non-absorbable ligatures above 
and below the level of injury. If the duct injury 
cannot be identified then mass ligation is used, 
which includes all tissues located between the 
aorta and the azygous vein. This is most easily 
performed via the right chest just above the dia-
phragmatic hiatus. In these cases, care is taken 
not to injure the conduit or its blood supply.

Alternatively, thoracic duct embolization 
is a nonsurgical method of chylothorax treat-
ment. There are several methods for accessing 
the cisterna chyli, the most common of which 
is direct trans-abdominal percutaneous nee-
dle cannulation [88–90]. Contrast is used to 
identify the source of the leak and the affected 
segment is embolized with coils or glue. 
Experience with thoracic duct embolization is 
limited and no randomized trials exist. Given 
the low morbidity rates and promising case 
series, this approach may be attempted prior to 
surgical intervention in centers with appropriate 
experience.

pneumothorax, pericardial irritation, myocardial 
infarction, and mediastinal infection secondary 
to anastomotic leak. In the hemodynamically 
unstable patient, synchronized cardioversion 
is indicated. In the hemodynamically sta-
ble patient, the immediate goal is rate control 
(heart rate <110 bpm). Intravenous esmolol, 
metoprolol, diltiazem, or verapamil are each 
recommended for use. In the presence of heart 
failure, esmolol is preferred. If the patient is 
hypotensive, esmolol or diltiazem are the drugs 
of choice, whereas in the presence of chronic 
obstructive pulmonary disease (COPD) or 
asthma, diltiazem or verapamil are preferred 
(Fig. 3) [52].

Chylothorax

Injury to the thoracic duct is associated with 
mortality rates as high as 18% [80, 81]. The 
diagnosis should be considered in association 
with high chest tube output or a change in the 
nature of the effluent—typically a milky appear-
ance following initiation of enteral alimenta-
tion. Chyle leak is confirmed with a pleural 
fluid triglyceride level >110 mg/dl or a fluid tri-
glyceride level of 50 mm/dl and the finding of 
chylomicrons in the pleural fluid [82, 83]. Once 
a diagnosis is established, the tenets of manage-
ment are: (1) drainage of the pleural space; (2) 
reduction of lymph flow; and (3) maintenance of 
hydration and nutrition.

Medium chain triglyceride (MCT) diets have 
been used with variable success. This widely 
practiced approach is predicated on the fact that 
MCTs are taken up preferentially by the portal 
system and thus bypass the thoracic duct system. 
This effect, however, appears to be mitigated 
by the fact that oral intake stimulates chyle pro-
duction. For this reason, many authors advocate 
complete bowel rest and parenteral nutrition. 
Octreotide, a somatostatin analog, acts on soma-
tostatin receptors to reduce the flow of thoracic 
duct lymph by reducing gastric, biliary and pan-
creatic secretions, and to inhibit absorption from 
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Hemodynamically stable, new onset (<48 hrs), no WPW
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No structural heart disease Structural heart disease
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Anticoagulation if >48 hrs,
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with cardioversion in 4-6 weeks

Consider:

Consider:

Maintenace oral therapy
for 4-6 weeks

Anticoagulation for high
risk patients

*Caution should be exercised and a TEE considered if amiodarone is used after 48 hours after the onset AF,
as there is a possibility that the rhythm could convert with risk of thromboembolism.
^Esmolol or diltiazem first line depending on degree of hypotension

Antiarrhythmic drug therapy
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Fig. 3  Management of postoperative atrial fibrillation 
less than 48 h in duration in a hemodynamically stable 
patient. Reproduced with permission from Frendl et al. 
[52]. WPW: Wolff Parkinson White; HR: hear rate; i.v.: 

intravenous; HR: heart rate; LV: left ventricular; COPD: 
chronic obstructive pulmonary disease; AF: atrial fibril-
lation; DC: direct current; TEE: trans esophageal 
echocardiography
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the anastomosis, often with extension into the 
pleural space or mediastinum. Cervical anasto-
motic leaks have a low morbidity and mortal-
ity rate compared to intrathoracic leaks. This is 
due primarily to the relatively decreased rates 
of mediastinitis and empyema. In contrast, the 
severity of thoracic anastomotic leaks is highly 
variable, from asymptomatic to severe sep-
sis with multi-organ dysfunction. Leak sever-
ity and extent of conduit necrosis is correlated 
with outcomes, including survival [92]. Tables 
3 and 4 demonstrate a method of classification 
of esophageal leaks and conduit necrosis by 
the Esophagectomy Complications Consensus 
Group (ECCG) [50].

Cervical anastomotic leaks

Small contained cervical leaks are managed 
with observation and maintenance of a clear 
liquid diet. Larger contained cervical leaks can 
often be managed successfully by opening and 
packing of the wound and less commonly with 
closed drain placement, if one is not already 
in place. Leaks that are large, uncontained, or 
are accompanied by signs of sepsis more often 
require examination under general anesthesia, 
copious irrigation and, if possible, attempted 
repair and muscle flap coverage [93].

Thoracic anastomotic leaks

In the stable patient, initial work-up should 
include imaging and endoscopic evaluation. 
Chest computed tomography should be per-
formed early in the course of the treatment to 
determine if there are undrained fluid collections. 

Anastomotic Leak

Anastomotic leak is a dreaded, though not 
uncommon complication following esophagec-
tomy. Leaks are classified on a spectrum of 
severity, spanning from small biochemical leaks 
detected via elevations in drain amylase and 
minimal clinical change, to leaks secondary to 
anastomotic dehiscence and conduit necrosis 
causing life threatening sepsis. The basic tenets 
of esophageal anastomotic leak management 
include [91]:

(1) Adequate drainage of any infected spaces. 
This can occur via percutaneous catheter 
insertion, surgical exposure, pleural catheter 
insertion and/or intraluminal drainage such 
as nasogastric tube or vacuum sponge.

(2) Initiation of broad-spectrum antibiotics 
often including antifungal agents

(3) Optimizing nutritional status via enteral or 
parenteral feeding.

For clinically significant leaks, early endoscopy 
is often indicated to differentiate between anas-
tomotic leaks limited to defects in the anasto-
mosis with healthy surrounding tissues versus 
conduit necrosis, as the clinical management of 
these two entities differs substantially.

Contained anastomotic leaks are defined as 
leaks in which contrast material extravasates 
outside the alimentary lumen to a limited extent 
and gathers in a well-defined and small collec-
tion. Patients with contained leaks are, by defi-
nition, minimally symptomatic. Uncontained 
leaks are characterized by free extravasation of 
intraluminal contents into the space surrounding 

Table 3  Classification of esophageal leaks [50]

Classification Description

Type I Local defect requiring no change in therapy or treated 
medically or with dietary modification

Type II Localized defect requiring interventional but not surgi-
cal therapy; for example, interventional radiology drain, 
stent or bedside opening, and packing of incision

Type III Localized defect requiring surgical therapy
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healing. The most commonly used flaps include 
intercostal muscle, latissimus dorsi, serratus 
anterior, pericardium, pleura, and omentum. The 
area surrounding the repair should be widely 
drained. In the rare case of a type III (severe) 
conduit necrosis, conduit resection and proximal 
salivary diversion should be performed.

In all cases, if initial management is inef-
fective, secondary, or tertiary management 
strategies should be explored. Many surgeons 
advocate for a “step-up approach” to leak 
management, beginning with less invasive 
techniques before proceeding to operative inter-
vention [99]. Regardless of the path chosen, new 
management strategies should be adopted when 
faced with failure of initial therapy [92].

Endoluminal vacuum assisted closure 
(EVAC) devices for anastomotic defects have 
gained popularity in recent years, offering an 
alternative to other non-surgical endoluminal 
therapies, such as stents. The EVAC is a form 
of negative pressure wound therapy applied to 
an area of the GI tract via a porous sponge con-
nected to a negative pressure device—typically 
a nasogastric tube. With a mechanism of action 
similar to traditional negative pressure therapy, 
EVACs remove luminal fluid while physically 
shrinking the defect and driving changes in 
the wound environment such as angiogenesis 
and neurogenesis that promote healing [100, 
101]. Multiple published case series have dem-
onstrated EVAC assisted closure of anasto-
motic defects at rates greater than stent-based 
approaches and with lower morbidity [102–
106]. A recent meta-analysis included 18 stud-
ies investigating EVAC therapy for esophageal 

Endoscopy provides an assessment of the sever-
ity of disruption and necrosis as well as enabling 
interventions such as covered stent placement. 
Conduit necrosis, if present, is classified using 
the ECCG grading system (Table 4) [50].

Stents have shown promise in permitting 
early oral feeding and reduction of leakage of 
intraluminal contents, while endoluminal sponge 
vacuum systems have shown excellent control 
of leaks and enhanced rates of closure [94]. 
Conversely, there is concern that the radial force 
of the expandable stent could cause worsening 
local ischemia [95, 96]. Stent migration occurs 
in up to 75% of patients, although the problem is 
less frequent with increased experience and with 
the use of endoscopic fixation techniques [97]. 
Stent erosion and ingrowth limit the time that 
they can be left in place [94, 98].

Decisions on operative management are 
based on clinical status, the level of extralumi-
nal contamination, and the presence or absence 
of conduit necrosis. Small, contained leaks can 
often be managed without intervention and sim-
ple NPO status with nutritional supplementation. 
Conversely, the presence hemodynamic instabil-
ity, extensive intrathoracic/mediastinal contami-
nation, or Type II or III conduit necrosis requires 
intervention. This may include thoracostomy 
tube placement, stenting or other endoluminal 
therapies, and/or an operation. When an opera-
tion is deemed necessary and the leak is not 
accompanied by extensive conduit necrosis, all 
devitalized tissue should be debrided from the 
site. Primary repair of the leak should be consid-
ered, even if the diagnosis is delayed. Coverage 
with a vascularized pedicled flap may aid in 

Table 4  Classification of esophageal conduit necrosis [50]

Classification Description

Type I Conduit necrosis focal
Identified endoscopically
Treatment is additional monitoring or non-surgical therapy

Type II Conduit necrosis focal
Identified endoscopically and not associated with free anastomotic or conduit 
leak
Treatment is surgical therapy not involving esophageal diversion

Type III Conduit necrosis extensive
Treated with conduit resection with diversion
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occurs over time, and has been attributed to 
increased involvement of the myenteric plexus 
in pyloric function and gastric motility [111]. 
In instances in which delayed gastric emptying 
is unremitting despite pharmacologic and endo-
scopic intervention, pyloromyotomy or pyloro-
plasty can be considered.

Conclusions

Despite improvements in operative tech-
nique and the adoption of minimally invasive 
approaches, successful esophageal resection 
demands precise and high-quality perioperative 
care. Appropriate preoperative risk-stratification 
can assist in properly identifying suitable can-
didates for resection and recognizing poten-
tially modifiable risk factors. The application of 
perioperative ERAS protocols has been shown 
to reduce adverse outcomes and minimize the 
impact of surgery on the patient, thus reduc-
ing postoperative complications, minimizing 
length of hospital stay, and lowering costs. Pre-
operative elements such as high-quality patient 
education, PONV screening, and minimization 
of the effects of preoperative fasting prepare 
patients for surgery. The use of multimodal 
analgesia, prophylactic antiemetics, judicious 
fluid administration, and permissive oliguria are 
important in the operative phase. Post-operative 
elements include early ambulation, multimodal 
pain control, and early alimentation. When post-
operative complications occur, prompt identifi-
cation and appropriate management can reduce 
their negative sequelae.
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Quality of Life After 
Esophagectomy

Francisco Schlottmann, Fernando A. M. Herbella 
and Marco G. Patti

Abstract

Esophagectomy for esophageal cancer is a 
complex operation which involves work-
ing in the abdomen, chest and often in the 
neck. The stomach is the preferred esopha-
geal substitute. Transhiatal esophagectomy, 
Ivor Lewis esophagectomy, and McKeown 
esophagectomy are the techniques most fre-
quently used (open or minimally invasive). 
When lymph node involvement is suspected 
during the pre-operative staging, neoadjuvant 
therapy is used. While in the past the focus 
was mostly on survival, today importance has 
also been given to the quality of life as often 
the operation is associated to longer survival. 
This is particularly true when the esophagec-
tomy is performed for early-stage tumors 
discovered during follow-up for Barrett’s 
esophagus or in patients who had a complete 

response to neo-adjuvant therapy. This chap-
ter will focus on the factors that may influ-
ence the quality of life after the operation.

Keywords
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survival · Complications · Quality of life · 
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Introduction

The incidence of esophageal cancer, particu-
larly esophageal adenocarcinoma, is expected 
to rise dramatically in many Western countries. 
Surgical resection, often after neo-adjuvant 
therapy, is the cornerstone of curative treatment. 
Although there has been a significant improve-
ment in operative techniques and postoperative 
care, esophagectomy remains one of the most 
demanding surgical procedures, with significant 
associated morbidity and mortality.

While in the past the focus was mostly on 
survival, today importance has also been given 
to the quality of life as often the operation is 
associated to a longer survival. This is particu-
larly true when the esophagectomy is performed 
for early-stage tumors discovered during fol-
low-up for Barrett’s esophagus or in patients 
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ASA I–II. Cardiac comorbidities were associ-
ated with worse quality of life and dyspnea, 
while pulmonary comorbidities were associ-
ated with coughing [2]. Both studies stress the 
importance of discussing with patients before 
surgery the potential detrimental effect of these 
comorbidities on the postoperative quality of 
life. Comorbidities, particularly previous myo-
cardial infarction and congestive heart failure, 
are also associated with increase mortality after 
esophagectomy for cancer [3].

Preserving functional capacity is a key ele-
ment in the care continuum for patients with 
esophagogastric cancer. In a prospective and 
randomized trial from McGill University, 
Minnella and colleagues showed that pre-habil-
itation (a preoperative conditioning by exercise 
and proper nutrition) improved the functional 
capacity both before surgery and after surgery, 
avoiding a physical and nutritional status decline 
[4].

Neoadjuvant Therapy

The CROSS trial clearly showed that neoad-
juvant therapy (chemotherapy and radiation 
therapy) followed by surgery determines an 
increased in survival in patients with locally 
advanced esophageal cancer as compared to sur-
gery alone [5]. Initially there was some concern 
about the effect of this regimen on postoperative 
HRQL, as a decline was seen in the global qual-
ity of life, physical function, fatigue, nutrition, 
and emotional problems one week after com-
pletion of therapy. However, an analysis of the 
results of the initial trial showed that there was 
no effect of the neoadjuvant treatment on the 
HRQL in the postoperative period as compared 
with patients who had surgery alone [6]. These 
findings were confirmed by other studies which 
showed that chemoradiation does not have an 
adverse effect on the postoperative quality of life 
after esophagectomy [7, 8], and therefore should 
be considered standard of care for patients with 
locally advanced esophageal cancer.

who had a complete response to neo-adjuvant 
therapy.

While overall survival and disease-free sur-
vival are easy concepts to understand and meas-
ure, health related quality of life (HRQL) is a 
more complex concept. HRQL is, in fact, a mul-
tidimensional concept that includes physical, 
emotional, mental, and social elements.

This chapter will focus on the factors 
that may influence the quality of life after 
esophagectomy.

Preoperative Comorbid Conditions

It has been shown that preoperative comorbid 
conditions affect the HRQL after esophagec-
tomy. Djarv and colleagues in Sweden con-
ducted a prospective, population based, 
nationwide study of patients who underwent 
esophagectomy for cancer between April 2001 
and December 2005 [1]. Survival data were 
assessed through the Swedish Register of the 
Total Population; 56% of patients had preop-
erative comorbidities. Regarding the effect of 
any comorbidity on HRQL, the selected aspects 
were global quality of life, physical function, 
emotional function, social function, fatigue, 
and dyspnea. The most common comorbidi-
ties were cardiac (28%) followed by diabetes 
(25%) and pulmonary (22%). The study showed 
that patients with comorbidities had a clini-
cally and statistically poorer global quality of 
life compared with those without comorbidities. 
Specifically, the presence of preoperative car-
diac comorbidities was associated with worse 
postoperative dyspnea and fatigue [1]. In a 
similar study, Backemar and colleagues found 
that among 136 patients after esophagectomy, 
those with 3 or more comorbidities at the time 
of surgery had poorer global quality of life and 
physical function and more fatigue compared 
with those without comorbidities [2]. Patients 
with ASA III–IV reported more problems with 
the above aspects of the HRQL and worse social 
function and pain compared with those with 
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Postoperative Complications

Many patients experience complications after 
esophagectomy. A national cohort study from 
the Netherlands showed that complications 
occurred in 1046 of 1617 esophagectomy 
patients (65%). Of these patients, 468 (29%) had 
a major complication. Most common complica-
tions were pneumonia (19%), esophageal anas-
tomotic leak, staple line, or localized conduit 
necrosis (19%), and atrial dysrhythmia (15%). 
The 30-day mortality was 1.7% [9].

There is no consensus on how postopera-
tive complications affect long-term quality of 
life. Derogar and colleagues used the Swedish 
Esophageal and Cardia cancer register to assess 
the influence of major postoperative complica-
tions (respiratory failure, pneumonia, anasto-
motic leak, myocardial infarction, stroke) on 
HRQL among patients that had survived 5 years 
after the operation. Among 141 patients, 33% 
had sustained a major complication. Dyspnea, 
fatigue, and eating restrictions deteriorated more 
during the follow-up period in patients with 
major postoperative complications compared 
with patients without major complications. They 
concluded that the occurrence of postoperative 
complications exerts a long-lasting detrimental 
effect on HRQL in patients who survive 5 years 
after esophagectomy for cancer [10].

A more recent study from Sweden has 
assessed the effect of medical (pneumonia, res-
piratory failure, myocardial infarction, renal and 
liver insufficiency) and surgical complications 
(anastomotic leak, major bleeding, splenectomy, 
severe lymph leakage, empyema) on HRQL 
after esophagectomy for cancer. At long-term 
follow-up (up to 10 years), the HRQL was worse 
in patients with medical complications, while in 
patients with surgical complications the HRQL 
was worse up to 5 years after surgery but eventu-
ally the effect decreased after 5 years [11].

Other studies, however, have reached dif-
ferent conclusions showing that postoperative 

complications after esophagectomy for cancer 
were not associated with short- or long-term 
decreased HRQL [12, 13].

Operative Approach and HRQL

An Ivor Lewis esophagectomy, performed 
through a laparotomy and a right thoracotomy 
has been considered standard of care for many 
decades. The operation, however, was associated 
to some long-term problems such as develop-
ment of abdominal ventral hernia or post-thora-
cotomy pain. During the last decade, minimally 
invasive techniques using laparoscopy and 
thoracoscopy have being slowly replacing the 
open approach as it has been shown that a mini-
mally invasive esophagectomy (MIE) is associ-
ated with reduced perioperative morbidity while 
having the same oncologic outcomes of an open 
esophagectomy [14].

The effect of a MIE on quality of life is more 
controversial. Kauppila and colleagues recently 
performed a meta-analysis of HRQL after MIE 
versus open esophagectomy for esophageal can-
cer. They included in their qualitative analysis 
9 studies involving 1157 patients who had MIE 
and 907 patients who underwent open surgery. 
MIE resulted in better scores for global quality of 
life, physical function, and pain compared with 
open surgery at 3 months follow-up. However, at 
long-term follow-up of 6 and 12 months no sig-
nificant differences remained [15].

Klevebro and colleagues compared the 
HRQL following totally-MIE (laparoscopy 
and thoracoscopy), hybrid minimally invasive 
esophagectomy (thoracoscopic/open abdo-
men or laparoscopic/open chest) and open 
esophagectomy (open abdomen and open chest). 
Of the 246 patients recruited, 153 underwent a 
minimally invasive esophagectomy, 75 hybrid 
and 78 totally MIE. After adjusting for age, sex, 
Charlson comorbidity index, pathologic stage 
and neo-adjuvant therapy, at 2-year follow-up 
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complications than high volume surgeons, spe-
cifically, grade II and III complications were 
more frequent. A possible explanation for the 
higher complication rate is that low volume sur-
geons performed fewer MIE  (30% vs 70%). In 
addition, the conversion rate to open surgery 
was higher among the low volume group.

Conclusions

Esophageal resection for cancer is a challenging 
procedure associated with significant morbidity 
and mortality. The best results are obtained in 
centers that perform a large number  procedures 
every year, where patients are evaluated and 
treated by a multidisciplinary group and oper-
ated by experienced surgeons.
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Palliative Treatment 
of Esophageal Cancer

Simon Y. W. Che and Michael B. Ujiki

Abstract

Esophageal cancer has a rising incidence 
with many presenting in late stages of dis-
ease. Overall prognosis is poor and when 
unresectable, management focuses on pal-
liation of symptoms and improving qual-
ity of life. Patients with locally advanced 
esophageal cancer most commonly presents 
with dysphagia, weight loss and pain. There 
are various modalities used for alleviation of 
symptoms including chemoradiation, endolu-
minal stenting, brachytherapy and other abla-
tive techniques. Each option has associated 
risks and benefits. Patient performance status 
should be taken into account and choice of 
approach should be individualized with the 
aid of a multidisciplinary care team.

Keywords

Unresectable esophageal cancer · Dysphagia · 
Endoscopic stenting · Brachytherapy · 
Palliative chemoradiation

Introduction

Worldwide, esophageal cancer is the sixth lead-
ing cause of cancer-related deaths [1]. In the 
Western world, the incidence of esophageal 
adenocarcinoma has increased almost seven-
fold from 1973 to 2006 [2]. Despite advances in 
medical technology, the 5-year survival rate is 
still less than 20%.

Most patients present with advanced disease 
due to delayed onset of symptoms, most com-
monly, dysphagia and pain. They either have 
surgically unresectable disease or are too mal-
nourished from progressive dysphagia and are 
unfit to undergo surgery. As a result, more than 
50% of patients presenting with esophageal 
cancer are not candidates for curative surgi-
cal resection [3]. Tumors are unresectable if 
they meet any of the following criteria: distant 
metastasis, invasion into adjacent organs (T4b 
disease), associated with multi-station bulky 
lymphadenopathy or esophagogastric junction/
supraclavicular lymphadenopathy [1]. Even 
amongst those who undergo surgical resection, 
70–80% have regional lymph node metasta-
sis. On the other hand, cancer related cachexia 
is seen in 52.9% of patients in esophageal can-
cer [4]. Cachexia is associated with decreased 
survival, poorer outcomes and may preclude 
patients from undergoing chemotherapy and/or 
surgery. Despite optimal treatment, most patients 
develop disease progression or recurrence. When 
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including three-dimensional conformal radia-
tion therapy and intensity-modulated radiation 
therapy are able to obtain similar effects on 
tumor growth while diminishing radiation tox-
icity. Historical studies show an overall 5-year 
survival rate of 9.0% and median survival of 
8.9 months in patients with locally advanced 
esophageal cancer treated by radiation alone 
[5, 6]. Dysphagia improved in 66% of patients 
treated with radiation alone [7]. Best results are 
seen in high-dose radiation with no improve-
ment with dose escalation past 50.4 Gray [8, 9].

The addition of chemotherapy to conven-
tional radiation increases overall survival with a 
moderate increase is adverse events. Combined 
therapy is recommended in all patients 
with good performance status. The Eastern 
Cooperative Oncology Group Performance 
Status Scale (ECOG) and Karnofsky 
Performance Status Scale are most commonly 
used to assess overall fitness. A Karnofsky Score 
of ≥ 60% or ECOG score ≤ 2 typically indicates 
patient tolerance of combined therapy [10].

A phase III, randomized study showed com-
bined chemotherapy with radiation was superior 
to radiation alone. One hundred and twenty-
three patients with primarily squamous cell car-
cinoma were randomized in each arm. Those 
undergoing combined therapy had a median 
survival of 14.1 months and a 5-year survival 
rate of 27% compared to median survival of 
9.3 months and 0% 5-year survival rate in the 
isolated radiation therapy group. However, as 
expected, systemic side effects such as nau-
sea, emesis and myelosuppression were more 
common in the combined group [11]. A simi-
lar randomized trial reported survival benefit of 
combined therapy with a 44% and 20% rate of 
severe and life-threatening side effects respec-
tively [7].

Current National Comprehensive Cancer 
Network (NCCN) guidelines recommend a 
two-agent regiment in combination with a total 
radiation dose of 50.4 Gray [10]. Primary agents 
include paclitaxel and carboplatin for adenocar-
cinoma and 5-fluorouracil and cisplatin for squa-
mous cell carcinoma.

this occurs, care focuses primarily on mitigation 
of symptoms.

The sequelae of late-stage esophageal can-
cer include dysphagia, odynophagia and aspira-
tion. Around 70% of patients with inoperable 
esophageal malignancy develop dysphagia [3]. 
Malnutrition and psychological difficulties 
from prolonged fasting also occur. Palliation 
is an individualized approach and aims to 
maximize quality of life. Active communica-
tion is necessary and identifies patient goals. 
Multidisciplinary care teams consider tumor 
pathology and patient physiology to ascribe a 
proper treatment plan.

There is a wide array of modalities in the 
treatment of unresectable esophageal cancer. 
Palliative chemotherapy is standard in patients 
with unresectable esophageal cancer. Pain and 
nausea are best treated with opioid analge-
sics, anti-emetics and anxiolytics. Malnutrition 
can be abated with gastrostomy tube feeds. 
Radiation therapy and endoscopic stenting are 
the most common methods for palliation of dys-
phagia. Often a combination of modalities is 
used to obtain maximum quality of life.

Palliative Treatment of Esophageal 
Cancer

Chemotherapy and External Beam 
Radiation

Systemic chemoradiotherapy is standard in most 
cases of unresectable or metastatic esophageal 
cancer. Radiation therapy can decrease tumor 
bulk and symptoms, but has little survival ben-
efit as a sole modality. The addition of chemo-
therapy can help to ameliorate tumor growth, 
extend survival and improve quality of life. 
Initiation of radiation therapy and systemic 
chemotherapy should be individualized based on 
patient performance status.

Prior to the advent of modern chemotherapy, 
external beam radiation therapy was used for 
controlling tumor growth and local regional 
disease. Today, advances in radiation therapy, 
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Palliative systemic therapy increases overall 
survival compared to best supportive care with 
a modest increase in formation of tracheoe-
sophageal fistulas, ulcers and strictures [12, 
13]. Radiation is important in reducing tumor 
bulk and improving dysphagia with 50% of all 
patients having improvement in dysphagia score 
[14]. Additional study is ongoing regarding the 
addition of immunotherapy and targeted thera-
pies. Trastuzumab or pembrolizumab can be 
added to standard regiments in adenocarcino-
mas that overexpress the Herceptin-2 receptor. 
However, response rate to systemic therapy is 
still only 35% and overall survival is less than 
one year [15]. Furthermore, patient’s tolerance 
and performance status can limit initiation of 
chemoradiotherapy.

Management of dysphagia and the seque-
lae of late-stage esophageal cancer remains 
paramount. With combined chemoradiation, 
symptom improvement occurs at median of 
two weeks with maximum improvement at four 
weeks [16]. For those who present with severe 
dysphagia or who cannot tolerate or do not 
respond to chemotherapy or radiation therapy, 
other palliative modalities including endoscopic 
stenting or brachytherapy may improve quality 
of life.

Endoscopic Dilation and Stenting

Endoscopic stenting is one of the most valuable 
modalities in the palliation of dysphagia from 
esophageal cancer. It has since replaced endo-
scopic dilation in the management of malignant 
strictures and palliation of dysphagia. Compared 
with dilation, esophageal stenting produces 
more durable results with fewer procedural 
related complications.

Endoscopic dilation typically involves the use 
of a weighted bougie (Maloney or Hurst bou-
gie) or a wire-guided balloon dilated (Savory-
Gillard dilator). Placement of a bougie or dilator 
can be completed under fluoroscopic guidance. 
There is an associated perforation rate of 0.4% 
up to 2.6% and a 1% associated mortality [17, 
18]. In general, no more than three dilations in 

1 mm increments should be completed in a sin-
gle session. This may require multiple attempts 
at dilation in order to obtain symptomatic 
improvement. Today, dilation is still sometimes 
performed in high-grade strictures as a means to 
safely performing stenting or when endoscopic 
stenting is not available.

Endoscopic stenting is indicated in inoper-
able tumors or patients who are unable to tol-
erate chemotherapy. Modern endoscopic stents 
have evolved from rigid plastic tubes to self-
expanding metal stents (SEMS). These advances 
are meant to reduce tissue ingrowth, migration 
and obstruction. Compared to other modalities, 
stenting can result in immediate relief of dys-
phagia and initiation of oral feeds. SEMS can be 
either fully covered, partially covered or uncov-
ered. Uncovered stents are rarely used due to the 
high rates of tissue ingrowth. Meanwhile, fully 
covered stents are associated with high rates of 
migration, but low rates of tissue ingrowth and 
recurrent dysphagia. Partially covered stents are 
uncovered at the proximal and distal phalanges 
to prevent migration and are the primary choice 
for the palliation of malignant dysphagia. Newer 
evolutions include stents with anti-reflux valves 
or stents with implanted radioiodine seeds. 
Radioactive SEMS have reported higher rates of 
survival with more durable relief of dysphagia at 
three and six months with similar rate of compli-
cations [19].

Esophageal stenting can be performed under 
moderate sedation. Upper endoscopy is com-
pleted to identify the lesion and determine the 
length of obstruction and degree of narrow-
ing. SEMS are typically deployed under either 
endoscopic or fluoroscopic guidance two ensure 
at least a 2 cm overlap. Following stent place-
ment, fibrous foods are avoided to prevent stent 
obstruction and patients are encouraged to eat in 
an upright position to prevent associated reflux 
when the stent is deployed across the gastroe-
sophageal junction.

SEMS are associated with relief of dyspha-
gia within 1–2 days after placement [12, 20]. Of 
those who undergo endoscopic stenting, 95% 
are able to tolerate a liquid diet [21]. SEMS 
placement has been shown to increase quality of 
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palliation of malignant dysphagia over other 
ablative techniques [22]. However, this proce-
dure is associated with significant adverse events 
and need for additional procedures. Esophageal 
stent placement should be reserved for those 
who are unable to undergo radiation therapy and 
have a short-expected survival. SEMS can also 
be combined with other adjuncts such as brachy-
therapy to improve efficacy and durability.

Brachytherapy

Brachytherapy can provide effective palliation 
of malignant dysphagia. It consists of an intra-
luminal application of a radioactive substance 
providing effect directly to the tumor site mini-
mizing further exposure to surrounding tissues. 
Brachytherapy can be used alone or in con-
junction with other modalities. The European 
Society for Gastrointestinal Endoscopy (ESGE) 
recommends the use of brachytherapy in con-
junction with SEMS placement to improve qual-
ity of life [22].

Brachytherapy is performed at specialized 
centers. Unlike external beam radiation therapy, 
endoluminal application of a radioactive sub-
stance, typically iridium based, provides thera-
peutic effect over a three-to-eight-week time 
span. Its effects are not as immediate as endo-
scopic stenting, but it may provide more dura-
ble results and local control in 25 to 35% on all 
individuals [26].

A randomized control trial showed brachy-
therapy has equal long-term outcomes in the 
palliation of malignant dysphagia when com-
pared to SEMS. Brachytherapy was also asso-
ciated with improved quality of life and fewer 
adverse effects. Adverse events and acute toxic-
ity occurred in up to 21% to 58% of individu-
als [27, 28]. Brachytherapy is associated with 
a 12% risk of esophageal fistula formation and 
should be reserved for palliation in individuals 
with short life expectancy. The main limitations 
of initiating brachytherapy include limited avail-
ability, technical difficulty as well as logistical 
challenges [22].

life when compared to gastrostomy or jejunos-
tomy tube feeds.

Placement of a SEMS is also useful in the 
management of malignant tracheoesophageal 
fistulas, a late sequalae of esophageal cancer. 
Around 5–15% of patients develop fistula and 
present with symptoms of aspiration, dyspnea 
and dysphagia [22]. Proper placement of a stent 
can occlude the fistula. Sometimes, an additional 
stent in the airway is also used. Endoscopic 
stenting has also been utilized in the pallia-
tion of dysphagia for cervical lesions as well. 
Despite anatomic constraints of the hypophar-
ynx, placement of covered stents is feasible and 
leads improvement in dysphagia [23].

Placement of SEMS are best reserved for 
individuals with a short life expectancy due to 
associated adverse events. The most common 
complication of endoscopic stenting if migration 
with a rate of 0% to 23% with 25% to 50% of 
patients requiring reintervention [12, 24]. Pain 
is also frequent following endoscopic stenting. 
Esophageal perforation (2%), hemorrhage (8%), 
aspiration pneumonia (5%), fever (5%), fistula 
formation (3%), pressure necrosis (2%) are less 
common adverse events related to stent place-
ment [25]. Stent associated mortality is between 
0 and 2% [22]. Placement of stents may also 
lead to extraluminal compression of the airways, 
ulceration of severe gastroesophageal reflux.

When compared to radiation therapy alone, 
endoscopic stenting has a 51% increased risk 
of adverse events. Adverse events also occurred 
sooner, at a median of 43 days, after esophageal 
stenting than with radiation therapy, a median of 
114 days [24]. Retrospective studies show com-
parable relief of pain and more durable man-
agement of dysphagia with radiation therapy 
[24]. Furthermore, endoscopic stenting should 
not be performed following radiation therapy as 
stent associated mortality increases from 0–6% 
to 0–54% [22]. Prior radiation leads to tissue 
destruction, fibrosis and ischemic changes result-
ing in higher rates of perforation and necrosis.

Placement of a SEMS can immediately 
improve malignant dysphagia. Current guide-
lines recommend esophageal stenting for 
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dysphagia, cryotherapy has a low adverse event 
rate of 6.7% with a majority being minor [32].

Photodynamic Therapy (PDT) represents a 
more targeted ablative technique. Patients ini-
tially undergo infusion with a photosensitizing 
agent (Photofrin) which is absorbed by malig-
nant cells. In another session, tumor cells are 
exposed to a low power laser. A unique wave 
length (630 nm) causes a photooxidative reac-
tion and tumor necrosis.

Surgical Palliation

Surgical management including palliative resec-
tion or bypass has fallen out of favor due to 
high associated morbidity and mortality. These 
techniques have been widely replaced with 
endoscopic modalities. Palliative surgery is 
associated with an in-hospital mortality ranging 
from 10 to 35%. Furthermore, a database review 
of 2812 patients receiving palliative surgery 
showed a median overall survival of 6 months, 
about 5.5 months less than non-palliative 
approaches [33].

Newer surgical techniques, though not 
widely adopted, have been shown to preserve 
oral intake up to one year. A study from Japan 
reports the use of a modified bypass proce-
dure, the drainless tubeless (DRESS) surgery, 
in patients with unresectable cancers. This pro-
cedure creates a Y-shaped gastric tube. The 
esophagus remains in continuity with the lesser 
curvature of the stomach while the tubularized 
greater curvature is used to create an esophago-
gastric anastomosis often in combination with 
an esophagostomy. They reported two of three 
patients alive at one year and tolerating oral 
intake [34]. However, surgical palliation is still 
not recommended in the palliation of esophageal 
cancer.
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Endoscopic Ablative Techniques

The most common mechanisms for manage-
ment of malignant dysphagia include radiation 
induced tumor necrosis and mechanical stenting 
of tumor related stenosis. Endoscopic ablation 
can achieve destruction of tumor cells to allow 
for passage of intraluminal contents. Different 
techniques have been developed including laser 
ablation, argon plasma coagulation, cryotherapy 
and photodynamic therapy.

Laser ablation was one of the first ablative 
techniques developed. It uses a high-energy 
laser light delivered endoscopically with a 
probe resulting in heating and vaporization of 
tumor cells. Laser therapy achieves improve-
ment in dysphagia in 70 to 80% of individuals. 
Longer strictures were associated with poor out-
comes due to an increase risk of disorientation 
and adverse events including perforation. Laser 
therapy has since fallen out of favor due to high 
rates of adverse events.

Argon plasma coagulation (APC) uses 
monopolar electrocautery conducted by argon 
gas to achieve tumor destruction. Improvement 
in dysphagia is seen in up to 94% of patients 
[29]. A median of three APC sessions were 
required to obtain patency with as many as two 
thirds requiring repeat treatments every three 
to four weeks [30, 31]. APC does show some 
promise and is found to have statistically sig-
nificant improvement in median survival days 
for both stage III and stage IV disease as well as 
reduction in 30-day mortality [30].

Other ablative techniques include the used of 
liquid nitrogen cryotherapy resulting in cryone-
crosis of tumor cells. Cryotherapy has shown the 
potential to obtain complete luminal response 
in treatment of T1 and T2 esophageal cancers. 
More recently, cryotherapy has been proposed 
as a salvage technique in the palliation of malig-
nant dysphagia. Each cryotherapy treatment 
consists of multiple freeze and thaw cycles and 
can be repeated as needed. Retrospective stud-
ies have shown a 0.7 point improvement in dys-
phagia score with a median of 2.5 cryotherapy 
treatments. Despite only modest improvement in 
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